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SECTION 101 DEFINITION OF TERMS 

ABBREVIATIONS 

A.A.S.H.O. American Association of State Highway Officials 
A.S.C.E. American Society of Civil Engineers 
A.S.T.M. American Society for Testing and Materials 
A.N. S.I. American National Standards Institute 
A.W.S. American Welding Society 
H.A. Highway Administration 

GLOSSARY
 
ADDITIONAL WORK s
 

An increase in the quantity of a contract item. 

ADVERTISEMENT .
 
The same as Invitation For Bids.
 

AWARD: 

The acceptance by HA of a proposal. 

BASE : 
The layer or layers of a pavement structure, of specified 

materials and thickness, placed on the, subbase or subgrade 
for supporting the. pavement or surface layer. 

VD:
 
The declaration of costs and prices contained in a proposal. 

UIDDER # 
An individual, partnership, company, corporation, or a 

joint venture, submitting a proposal. 
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BRIDGE: 
erected over a depressionA structure, including supports, 

or obstruction such as water, a roadway, or railway, and 

having a track or passageway for carrying traffic or other 

moving loads and having a length measured along the center 

of roadway of more than six (6) meters. 

BRIDGE LENGTH : 

The greater dimension of a bridge structure measured along 

the centerline of the roadway between the backs of abutment 

backwalls or between the extreme ends of the bridge floor, but 

in no case less than the total clear opening of the structure. 

BRIDGE ROADWAY WIDTH i 

The clear width of the structure measured at right angles 

to the longitudinal centerline of the structure between the bottom 

of -the curbs or guard timbers, or in the case of multiple height 

the bottoms of the lower risers, or if curbsof curbs, between 

are not used, between the inner faces of parapets .or railings.
 

CALENDAR DATE OF COMPLETION : 

The fixed calendar date on which all work on a project is 

to be satisfactorily completed. 

CALENDAR DAY : 

Any day shown on the calendar,, beginning and ending 

at midnight. 

CHANGE ORDER 

A written order by the Engineer to the Contractor covering 

changes in the plans or quantities or both, within the scope of 

the contract and establishing the basis of payment and time 

adjustments for the work effected by the change:.. 

COMPANY t 

A firm or business enterprise with limited responsibilities 
with applicable laws.chartered or established in conformity 
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CONTRACT 
An official, signed agreement between the Government 

and the Contractor setting forth the obligations and respon
sibilities of the parties thereto, including, but not limited to, the 
prosecution of the work, the providing of labor equipment and 
materials, and the basis of payment. 

A contract includes Proposal, Bid, Agreement, Contract 
Bond, Standard Specifications, Supplemental Specifications, 
Special Provisions, Construction Plans and Notice to Proceed, 
all of which together constitute one legal instrument. 
CONTRACT ITEM (PAY ITEM): 

A specifically described unit of work for which a quantity 
and a price are provided In the contract. 

CONTRACTOR i 
An individual, partnership, company, corporation, or a joint 

venture contracting with HA for the performance of prescribed 
works. 
CONTRACT IME: 

The period of time prescribed in the contract for complelion 
of the work. 
CORPORATION: 

A group of Individuals who as a body are granted by
Government charter certain of the legal powers, rights,
privileges, and liabilities of an individual, distinct from those 
of the individuals making the group. 

COST-PLUS PAYMENT 
A basis of payment to be used in certain special cases at

the discretion of HA whereby the Contractor is compensated 
at his actual direct costs for labor, insurance, equipment, and 
materials, plus specified fixed percentages to cover indirect 
costs and all other compensation. 
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CULVERT 1 

Any structure not classified as a bridge which provides an 
opening under the roadway. 

DATE: 

Any specified day in a given month and year, including 
Sundays and official holidays. 

DISTRICT ENGINEER : 
The HA Engineer who is in responsible charge over all 

administrative and operational functions of a HA District 
organization. 

ENGINEER. 
The Director General of HA, acting directly or through 

his authorized representative subordinate officers for exercising
administrative control and technical inspection of works in 
progress. 

EQUIPMENT: 
All machinery, implements, tools, and apparatus, together

with the necesiary supplies for upkeep and maintenance, for 
the proper construction and acceptable complelion of the v,-rk. 

EXTRA WORKi 
An item of work for which there is no description, quantity 

or price in the contract as awarded, but found by the Engineer 
to be essential to the satisfactory completion of the, contract 
within its intended scope. 

GOVERNMENT % 
The Government acting through

its Ministries and administrative subdivisions. 

HIGHWAY: 

A general term denoting a public way for purposes of 
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vehicular travel, usually in a rural location, including the entire 
area within the right-of-way. 

HOUDAYs 

The following are legal holidays • every Sunday 
and holidays stipulated -by Government Decree. 

INDIVIDUAL: 

Sole proprietor of a contracting 
business. 

INSPECTOR 

The Engineer's authorized representative assigned to make 
detailed inspections of the Contractor's work. 

INVITATION FOR BIDS : 

The advertisement for proposals on all work or materials 
supply for which bids are required. Such advertisement will 
indicate with reasonable accuracy the quantity and location of 
the work to be done or the character and quantity of material 
to be furnished and the time and place of the opening of 
proposals. Invitation For Bids will be distributed without charge 
to all prospective bidders holding valid HA Contractor Ratings. 

JOINT VENTURE s 

Two or more individuals, partnerships, companies, or 
corporations, joined together in any combination for the purpose 
of bidding and performing contract works, and having essentially 
the same legal rights and responsibilities as a partnership. 

LABORATORY: 

The testing laboratory of HA, or any other testing labo
ratory which may be designated by the Engineer to test materials 
used in HA works. 

LUMP SUM PAYMENT: 

A basis of payment whereby the Contractor is paid a fixed 
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amount for a specified item or items of work, which amount isthe 
total and only compensation for the completed work. 

MAJOR AND MINOR CONTRACT ITEMS : 

Any item having an original contract value of ten (10) 
percent or more of the total original contract amount shall be 
classed as a major item. 

MATERIAL : 

Any substance specified for use in the construction of the 
project and its appurtenances. 

NOTICE TO PROCEED : 

The written notice to the Contractor to begin the contract 
work. The date stipulated in such notice is the beginning date 
of contract time. 

PARTNERSHIP : 

Two (2) more individuals having the same legal rights and 
pledging to be equally responsible in bidding and performing 
contract work. Partnerships must be established in conformity 
with current laws. 

PAVEMENT STRUCTURE: 

The combination of sub-base, base course, and surface 
course placed on the subgrade to support the traffic load and 
distribute it to the roadbed. 

PERFORMANCE GUARANTY: 

The security given by the Contractor and his surety to 
guarantee performance of the work in accordance with the 
provisions of the contract. 

PLANS : 

The approved plans, profiles, typical cross-sections, working 
drawings and supplemental drawings, or exact reproductions 
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thereof,, which show the location, characier;-dimensions; and 
details of the work to be done. 

PROJECT s 

The specific section of -the- highway together with all 
appurtenances and construction to be performed thereon under 
the contract. 

PROJECT ENGINEER 

The EngineeF's authorized representtive who. is appointed 
to exerctse administrative control and to direct the technical 
inspection of contract works in progress on HA projects. 

PROPOSAL: 
The offer of a bidder, on the prescribed form, to perform 

the work and to furnish the required labor and materials at the 
prices quoted, for a specific HA project. 

PROPOSAL FORM: 
. The'approved Orm on which'. HA r'iequires bids to be pre

pared an6 submitted fcor*contract work. " 

PROPOSAL GUARANTY: 

The security given with a bid to guarantee. that the bidder 
will enter into a contract if his bid is accepted. 

PUBUC WORKS: . 

All constructed works built in place. on real estate for a 
public purpose and for a legal administrative agency of the 
Government. All HA projects are Public Works Projects. 

RIGHT-OF-WAY: 
A general term denoting land and property, and the public 

interest therein, acquired for or devoted to public use for 
purposes of maintaining a highway. 

ROADBED: 
The graded portion of ahighway within top an'd side slopes, 
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prepared as a foundation for the pavement structure and 
shoulders. 

ROADSIDE: 

A general term denoting the area adjoining the outer 

edge of the roadway. Extensive areas between the roadways 

of a divided highway may also be considered as roadside. 

ROADWAY: 

The portion of a highway within limits of construction. 

SHOULDER: 

The portion of the roadway contiguous with the traveled 

way for accommodation of stopped vehicles, for emergency use, 

and for 'lateral support of base and surface courses. 

SIDEWALK 

That portion of the roadway primarily constructed for the 

use of pedestrians. 

SPECIAL PROVISIONS 

Additions and revisions to the Standard and Supplemental 

Specifications covering conditions peculiar to an individual 

project. 

SPECIFICATIONS: 

A general term meaning these Specifications together 

with all directions, provisions and requirements pertaining to 

performance of the work which are intluded in the contract. 

STANDARD DRAWINGS: 

Special drawings and sketches, including detailed instruc

tion, where necessary, issued and made available by the 

Engineer to the Contractor and other interested persons. 

They will pertain to certain items of work contained in a 

contract. 
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STREET: 

A general term denoting a public way for purposes of 
vehicular travel in an urban location, including the entire area 
within the right-of-way. 

STRUCTURES : 
A general term denoting bridges, culverts, catch basins, 

drop Inlets, retaining walls, cribbing, manholes, endwalls, 
buildings, sewers, service pipes, underdrains, foundation drains, 
and other features which may be encountered in the work and 
not otherwise classed herein. 

SUB-BASE: 

The layer or layers of specified material and thickness 
placed on a subgrade to support a base course. 

SUB-CONTRACTOR: 

An individual, partnership, company, corporation or joint 
venture who performs one or more parts of a contract for the 
principal Contractor according to a separate agreement with 
the principal Contractor. 

SUB-GRADE : 

The top surface of a roadbed upon which the pavement 
structure and shoulde, s are constructed. 

SUBSTANTIAL CONFORMITY 

Substantial conformity means compliance with reasonable 
and customary manufacturing and construction tolerances where 
working tolerances are not specified. Where working tolerances 
are specified, substantial conformity means compliance with 
such working tolerances. 

Without detracting from his complete and absolute discre
tion, the Engineer may accept variations beyond such tolerances 
as substantial conformity where they will not materially affect 
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the value or utility of the work and the Interests of HA. 

SUB-STRUCTURE : 

That portion of the structure found below the bearings of 

simple and continuous spans, skewbacks of arches and tops 

of footings of rigid frames, together with the backwalls, 
wingwalls and wing protection railings. 

SUPERINTENDENT t 

The Contractor's authorized representative in responsible 
charge of the work. 

SUPERSTRUCTURE : 

The entire structure above the sub-structure. 

SUPPLEMENTAL AGREEMENT *: 

A written agreement executed by the Contractor and HA, 
with the consent of the Surety, which isa supplement to the 
original contract. 

SUPPLEMENTAL SPECIFICATIONS 

Additions and revisions to these Standard Specifications 
that are adopted subsequent to issuance of the printed book. 

SURETY : 

The underwriter who gives a monetary guarantee on 
behalf of the. Contractor, and assumes liability jointly with the 
Contractor for his contractual obligations. 

SURFACE COURSE : 

The top layer of a pavement structure, designed to accom
modate the traffic load and to resist traffic abrasion and the 
effects of climate. 

TOP SOIL : 

Surface soil which is suitable for support of normal plant 
growth. 
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TRAVELED WAY 

The portion of the roadway which is Intended for the 
movement of vehicles, exclusive of shoulders and auxiliary lanes. 

WORK: 

Work means the furnishing of all labor, materials, equipment, 
and other incidentals necessary to. the successful completion 
of the project, and the carrying out of all the duties and 
obligations imposed by the contract. 

WORKING DRAWINGS• 
Stress sheets, shop drawings, erections plrns, false work 

plans, framework plans, cofferdam plans, bending diagrams 
for reinforcing steel, or other supplementary plai or similar 
data which the Contractor is required to submit to the Engineer 
for approval. 

UNIT PRICE PAYMENT 

A basis of Payment whereby the Contractor *is paid unit 
prices for unit items of work, the total compensation for the 
work being the product of the unit price and the actual 
quantity of work perfomed. 
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SECTION 102
 

CONTRACT TYPE AND CONTRACTING PROCEDURE
 

102.01 	 CONTRACT TYPE 

Contracts for HA project works may be established under 
one of the following types: 

Unit Price Contract 
Lump Sum Contract 
Cost Plus Contract 

Unless otherwise specifically stipulated on an individual 
contract basis, all contracts for HA works will be of the Unit Price 
type. These Specifications, and in particular the General Provi
sions contained herein, are applicable only to this type of contract. 

Lump Sum and Cost Plus are considered to be "non-standard" 
contract types. If either of these types is to be used for any 

HA project, the particular terms and conditions will be 
stipulated In Special Provisions and/or Supplemental Speci
fications as may be required. These will be contained in the 
concerned Proposal. 

102.02 	 CONTRACTING PROCEDURE 
HA project works may be contracted under one of the 

following procedures according to HA financial and accounting 
regulations or by authorization of the Chairman of the HA 
Administrative Council In special cases: 

Open Bid 
Restricted Bid 
Mutual Agreement 

(I) 	APPUCATION OP OPEN BID 

The Open Bid procedure is applied for regular works which 
'do not require any special technical capabilities and which 
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can be advertised with full competition between Prequalifled
 
and Registered Contractors in accordance with these
 
Specifications and any necessary Supplemental Speci
fications und Special Provisions contained in the Proposal,
 
with no inconvenience to the interest of HA.
 
These Specifications, necessary Special Provisions, and
 
the Plans prescribe the bidding conditions, characteristics
 
of the work, and conditions for performance of the work.
 
The Invitation For Bids will prescribe what categories of
 
Contractors on the list will be authorized to participate in
 
the 	bid. Selection of apparent winners is based only on
 
the prices quoted by responsive Bidders.
 
When an Open Bid fails twice, HA has the option to
 
enter into a Mutual Agreement according to (3)following.
 

(2) 	 APPUCATION OF RESTRICTED BID 

Restricted Bid is applied for projects which, due to their 
special character would cause great inconvenience to the 
interest at HA if contracted under the procedure for 
Open Bid. 
Invitations for Restricted Bid are extended to those Con
tractors selected by HA from the Contractor lilt whose 
special technical and financial capabilities have been 
recognized. 
Selection of apparent winners is based only on the prices 
quoted by responsive selected Bidders. 
A Restricted Bid is only valid when there are at least three 
(3) selected Contractors. The bidding is still valid when 
only one Contractor submits a Proposal, although the 
number of selected Bidders is three (3) or more. 
When a Restricted Bid fails twice, ' HA has the option to 
enter into a Mutual Agreement according to (3), following. 
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Procedures for opening bids and other specifications 
prescribed for Open Bid are applicable to Restricted Bid. 

(3) 	 APPLICATION OF MUTUAL AGREEMENT 

Mutual Agreement is a form of contract entered into by 
HA by negotiation with one or more selected Contractors, 

rather than by competitive bidding.
 
The procedures for contracting by Mutual Agreement shall
 
be those of the National Budget.
 

Only the following contracts will be negotiated under the
 
form of Mutual Agreement between HA and the selected
 
Contractor :
 
(a) 	Projects pertaining to study, supply or services requiring 

special technical capability. 
(b) 	Objects or materials covered by a patent or being 

under the exclusive sale ol a licensed agent. 
(c) 	Projects, exploration or supply Intended for experimen

tation or study. 
(d) 	Objects, raw materials or materials to be bought and 

selected from their source due to their special character 
and utility. 

(e) 	Projects, supply or transportation that have been 
exposed to competitive bidding without result. 

(f) 	 Projects, supply or transportation that HA must 
complete because of the Contractor's default. 

(g) Transportation by sea, by road or by air entrusted to 
transporting Contractors or companies belonging to the 
Government or subsidized by the Government. 

(h) 	Projects or supply which cannot be completed according 
to deadlines prescribed for competitive bids, due to 
emergency situations. 



16 102.02.., 

(I) Projects, suppl/ or service which must be kept secret. 
In this case, an approval by he Chairman of the 'HA 
Administrative Council Is required. 

(j) 	Projects, supply or service which rnust bWe perfornied 
on. a cost plus fixed fee basis. 

(k) Projects, supply 6r service, the amount of,'whicl is 
within the limit specified in HA financial and accounting 
regulations. 

Unless otherwise stipulated on an individual contract basis, 
all contracts for 'HA project works will be established 
under the procedure of Open Bid. These Specifications,.and 
in particular the General Provisions contained* herein are 
specifically applicable to this bidding procedure. 

If the procedures for Restricted Bid or Mutual Agreement 
are at any time to be utilized for particular projects, this 
' vill be so directed in the Invitation For Bids. In such case 
the particular procedure and conditions for bidding will be 
stipulated in Special Provisions as may be requkied. These 
will be contained in the concerned proposal. 
In no case will the procedures for Restricted Bid or Mutual 
Agreement be used in combination' with that for Open 
Bid in the same Bidding. Utilization of the. procedure 
for Restricted Bid or Mutual Agreement will require 
independent establishment of the concerned dontract 
according to the appropriate provisions and regulations. 
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SECTION 103
 

BIDDING REQUIREMENTS AND CONDITIONS
 

103.01 PREQUALIFICATION AND REGISTRATION 
* OF BIDDERS 

The execution of a contract on HA work will be entrusted 
only to a Bidder whose name is in the HA List of Prequalified 
and Registered Contractors. This list will be established by the 
Prequolification and Registration Committee of HA and will 
remain 	 in full force and effect at all times. 

Before his Proposal may be accepted in any Bidding, said 
Bidder's Application must be accepted and approved by the 

HA Prequalification and Registration Committee, and his 
eligibility for bidding must be duly registered by the Committee 
with assignment to him of a 'HA Contractor Rating. 

The. Contractor Rating will authorize the Bidder to submit 
.proposals for individual projects requiring a particular type of 
work within a.maximum monetary amount. 
t Bidders intending to consistently submit proposals shall 

apply for prequalification and registration, with subsequent 
evaluation of Contractor Rating, at successive intervals not 
exceeding one (I).year. A Contractor's Rating may be changed 
at the sole discretion of the Committee at any time during such 
ope year period upon evidence of exemplary or unsatisfactory 
performance of work by the Contractor. 

103.02 INVITATION FOR BIDS 

The Invitation For Bids will be posted at least twenty (20) 
days before the bidding date and made known to the interested 
bidders by information bulletin to all Contractors in the HA 

.List of Prequalified and Registered Bidders. 
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This Invitation will show: 

- Objective of the project 

- Place for consultation of bidding dossiers 
- Bidding date, time and place 

- The prices to be paid for Proposal Forms, Specifications 
and Plans 

After publication of this advertisement, if there should be 
any change in the Plans, Specifications or Special Provisions, 

HA will extend a new Invitation according to the some 
procedures as stated above. 

In emergency cases, or in the case of a second Invitation 
for the same bidding, the invitation time may be reduced to 
ten (10) days. (Emergency bid advertisement). 

10'3.03 CONTENTS OF PROPOSAL FORM 

Any Prequalified and Registered Bidder who desires to 
participate in bidding must submit to HA in accordance with 
the deadtine specified in the Invitation For Bids, a request for 
Proposal on the prescribed form entitled "Request for Plans and 
Proposal Form". Upon receipt of such request, HA will furnish 
the Bidder with a Proposal form. This form will state the location 
and description of the contemplated construction and will 
show the estimated quantities of the various kinds of work 
or materials to be furnished, and will contain a schedule 
of the work or material items for which unit bid prices 
are invited. The Proposal form will state, along with other 
information and instructions the time in which the work Is to 
be completed, the amount of the Proposal Guaranty, the 
amount of the Performance Guaranty and the date, time, and 
place of opening proposals. The form will also include any 
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Special Provisions or requirements which vary from or are not 
contained in these Standard Specifications. 

All papers bound with or attached to the Proposal form are 
to be considered as a part thereof and must'not be detached 
or altered when the Proposal is submitted. 

The Plans, these Standard Specifications and other 
documents so designated in the Proposal Form are so be 
considered a part of the Proposal whether attached or not. 

103.04 ISSUANCE OF PROPOSAL FORM 

HA reserves the right to refuse to issue a Proposal Form 
if a Bidder is in default for any of the following reasons : 

(I) 	 Failure of the Bidder to be in possession of a valid HA 
Contractor Rating. 

(2) 	Failure of the Bidder to comply with any of Ihe Rules and 
Regulations Pertaining to Prequaiification and Registration 
of Prospective Bidders and Contractors. 

(3) 	 Unsatisfactory work or unsatisfactory progress on HA 
works under contract to the same Bidder at the time of 
bidding. 

(4) 	 Uncompleted work under contract to the same Bidder at 
the time of bidding, which in the opinion of HA might 
hinder the progress of additional work if awarded. 

(5) 	Default of a previous contract. 

(6) 	 Conclusive evidence of fraudulent practices concerning 
previous HA contracts with the same Bidder. 
The Bidder will be required to pay to HA the amount 

stated in the Invitation For Bids for each copy of the Proposal 
Form, each copy of the Standard Specifications and Special 
Provisions, and each set of Plans. 
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103.05 PREPARATION OF PROPOSAL 

The Bidder's Proposal must be prepared on the form 

provided by HA in three (3) copies, with fiscal tamps fixed 
on the original. 

If the Proposals are submitted without or short of fiscal 
HA will send these to thestamps, these are slill valid ; but 


Registry Office for penalty due to violation of fiscal stamp laws.
 

The blank spaces in the Proposal Form must be filled in 

correctly for each and every item for which a quantity is given. 

Inthe price list the Bidder must state the unit price in figures 

and in words for which he proposes to perform each listed item 

of work. The total price for each item must be shown in figures 

as the product of the quqntity and the unit prices. The total of 

must be shown both in words and in figuresall the ;tern prices 
as the bid price for the contract. 

All prices, extensions and tabulations must 

to each other. If there is any difference, indicationscorrespond 
of unit prices shown in words on the price list will be considered 

as correct and other indications, including errors in calculation, 

will be corrected in order to establish the real value of the bid 

no circumstances will the proposed.unit pricesproposal. Under 
HA nor will unit price changes bebe changed or altered by 

Bidder after submission of the Proposal.permitted by the 

All entries on Proposal forms must be made with ink or 

typewriter. 

The Bidder must sign his proposal correctly, with Ink, 

showing his name and post office address. 

The Proposal of'an individual must be signed by the 

Contractor himself. 

The Proposal of a partnership must be signed by its 

authorized signatory. 



103.07 21 

The Proposal of a company or joint venture must be signed 

by the person having power of attorney as signatory for the 

Bidder and the names and addresses of the members or officers 

of the company or joint venture must be given. 

103.06 	 INTERPRETATION OF PROPOSAL QUANTITIES 

The Bidder's attention is called to the fact that the estimate 

of quantities of work to be done and materials to be furnished 

under 	 these Specifications, as shown in the Proposal form, is 
basis of calculation uponapproximate and is given only as a 

which the award of the contract is to be made. HA does not 

assume any responsibility that the final quantities will remain 
shall theIn strict accordance with estimated quantities nor 

Contractor plead misunderstanding or deception because of 

such estimate of quantities or of the character, location or 

other conditions pertaining thereto. 

Actual quantities will be paid for at the contract unit price 

or prices. 
The right is reserved for the Engineer to increase, decrease, 

or omit any of the Proposal quantities during prosecution of 

the work as may be required to fulfill the intent of the contract, 

as provided in Sections 105.02 and 110.05. 

103.07 	 EXAMINATION OF PLANS, SPECIFICATIONS, SPECIAL 

PROVISIONS AND SITE OF WORK. 

The Bidder is required to examine carefully te site of the 

work, the Plans, Specifications, Special Provisions and contract 

form pertaining to the work contemplated. 

The submission of a Propoqal shall be conclusive evidence 

that he has judged for and satisfied himself as to the conditions 

to 	 be encountered, the character, quality and quantities of 

work to 	be performed and materials to be furnished, and the 

requirements of these Specifications and the contract. 
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103.08 IRREGULAR PROPOSALS 
Proposals may be considered irregular and may be rejected

for the following reasons : 
(I) 	 If the Proposal ison a form other than that provided by

HA; or if the form isaltered or any part is detached. 
(2) 	 If the Proposal is not signed by the Bidder. 
(3) 	If there are unauthorized additions, conditional or alternate 

bids, or irregularities of any kind which may tend to make 
the proposal incomplete, indefinite or ambiguous as to its 
meaning. 

(4) If the Proposals for two more projects, advertised separately, 
are connected, or made contingent one upon the other, in 
such manner that the Proposal for any particular project
shall icarry a provisional deduction in the bid price on one 
or more of the other projects. 

(5) 	 If the unit prices contained in the Proposal are obviously
unbalanced, either above or below the reasonable cost 
analysis value. 

(6)" If the Bidder adds any provisions reserving the right to 
accept or reject the award of a contract. 

(7) 	 If the, Proposal fails to contain a unit price for every pay
item indicated in the price list. 

(8) 	If the Proposal isnot accompanied by all required enclosures. 

103.09 PROPOSAL GUARANTY 
No Proposal will be accepted unless it is accompanied by

a Proposal Guarailty in the amount stipulated in the Proposal
made unconditionally payable to HA, which may be: 
(I) 	A bank or Treasury certified check valid until four (4) days

after the bid opening date. 
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(2) Any other guaranty that may be especially approved by 
HA. 

103.10 DELIVERY OF PROPOSALS 

Each Proposal should be submitted in a wax-sealed special 
envelope provided by HA. The blank spaces on the envelope 
shall be filled in correctly to clearly indicate its contents. When 
an envelope other than the special one furnished by HA is 
used, it shall be of the same general size and shape and be 
Identically marked to clearly indicate its contents. If submitted 
by mail, the above-mentioned envelope must be enclosed in a 
second wax-sealed envelope, addressed to the Chairman of the 

HA Bidding Committee at the concerned location. This should 
be sent by registered mail. 

Proposals will be received until the date and hour set for 
the opening of bids and must be in the hands of the Bidding 
Committee by that time. The responsibility for delivery of the 
Proposals shall be entirely with the Bidder. All Proposals 
received after the time for opening of bids will not be accepted 
and will be returned to the Bidder unopened. 

No responsibility will be attached to HA for the premature 
opening of abid not properly addressed and identified. Telegra
phic'bids will not be considered. 

The Proposal will be placed in the envelope with the 
following enclosures : 

- A Proposal Guaranty in accordance with the Provisions 
of Section 103.09. 

- A certificate showing Bidder's membership in 
Workman Compensation Fund (issuing date not m
than one (I) month before the bid opening date). 

the 
ore 

- Any other enclosures as stated in the Proposal. 
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103.11 	 WITHDRAWAL OR REVISION OF PROPOSALS 
A Bidder *may withdraw or revise a Proposal after it has 

been deposited with HA, provided the request for such 
withdrawal or revision is received by HA in writing forty-eight 
(48) hours before the time set for opening Proposals. After this 
48 hour deadline, no Proposal may be re-examined, altered, 
withdrawn. 

103.12 PUBLIC OPENING OF PROPOSALS 

All HA Biddings will be conducted by a Bidding Committee 
composed of a Chairman and two (2)or more members. 

The Bidding is valid if the Committee Chairman and at least 
two (2) members, and at least one (I) Bidder, are present. 

Proposals will be opened and read publicly at the time 
and on the date set forth in the Invitation For Bids, by the 
Bidding Committee. Bidders, their authorized agents, and other 
interested parties are invited to be present. 

In certain instances budgetary restrictions may require that 
HA fix maximum prices for the award of a contract. 'HA may 

also in some cases fix minimum prices as a protection to the 
Bidder against unusual conditions or gross errors In calculation. 

If maximum and/or minimum prices are fixed for award of 
a contract, these prices will be contained in a wax-sealed 
envelope on the Chairman's desk at the bid.opening time. This 
will be opened after Proposals have been opened and classified. 

Bids quoted above the previously fixed maximum or below 
the previously fixed minimum may be rejected. Previously fixed 
maximum and minimum prices will be kept confidential by the 
Chairman. 

After the bid opening, the Bidding Committee will have 
seven (7) days for checking all Proposals. If, during checking 
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of Proposals, it is discovered that errors were made and
consequently a*Bidder other than the one who was designated 
in the public meeting is declared as apparent winner, the
Chairman will notify both Bidders before expiration of this 
deadline. 

The process and results of the bidding, unexpected events,
and complaints of any kind will be recorded in an official 
statement signed by the Chairman and all Committee members. 

Bidding results are only valid when approved by the 
competent authorities of HA. 

103.13 DISQUALIFICATION OF BIDDERS 
Either of the following reasons may be considered as being

sufficient for the disqualification of a Bidder and the rejection
of 	his Proposal or Proposals : 
(I) 	More than one Proposal forthe same work from an individual, 

firm, corporation, partnership or joint venture under the 
same or different names. 

(2) Evidence of collusion among Bidders. Participants in 
collusion will receive no recognition as Bidders either singly 
or in joint venture, for future work of HA until each 
participant has been reinstated as 	 a qualified Bidder. 

103.14 	 MATERIAL GUARANTY 
The successful Bidder may be required to furnish a complete

statement of the origin, composition and manufacture of all
materials not furnished by HA and to be used in the 
construction of work together with samples which may be 
subjected to the tests provided for in these Specifications ta 
determine their quality and fitness for the work. 
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SECTION 104
 
AWARD AND EXECUTION OF CONTRACT
 

104.01 	 CONSIDERATION OF PROPOSALS 
After the Proposals are opened and read, they will be 

compared on the basis of the summation, written in words, of 
the products of the quantities shown in the bid schedule and
the unit bid prices. (Total contract amount). The results of such 
comparisons will be immedialely announced to the public. In
the event of discrepancy between unit bid prices and subsequent
extension or summation, the unit bid prices shall govern. 

The Bidder offering the lowest total contract amount will 
be declared as the temporary, or apparent 'winner. If two or 
more Bidders offer the same total contract amount, the apparent
winner will be declared on the basis of the lowest unit prices
offered for the major items of work. 

No contract will be awarded unlil after a detailed scrutiny
of the Proposals has been made and it has been -ascertained 
that award of a contract on the basis of the Proposals received 
is in the best interest of MA. 

No Bidder will have the right to any claim, except for the 
return of his Proposal Guaranty, in event of his failure to 
obtain a contract for any reason." 

HA reserves the right to reject any or all proposals, to 
waive technicalities or to advertise for new proposals, if in
the judgement of HA, the best interest of HA will be 
thereby promoted. 

104.02 	 AWARD OF CONTRACT 
The award of contract, if awarded, will be made within 

sixty (60) calendar days after the opening of Proposals, to the 
successful Bidder. 
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The 	 successful Bidder will be notified by offtcial order at 
the address shown on his proposal, that his proposal has been 
approved and that he has been awarded the contract. 

If this notification can not be made, the official order will
be posted at the headquarters of the Province where the 
work is located, and will be considered as sufficient notice. 

If award of a contract isnot made within sixty (60) calendar 
days, the Bidder will have the right to withdraw his proposal.
However, after this deadline, if the Contractor does not use his 
above-mentioned right, the approved contract will still be 
forwarded to him and he will have a seven-(7) day period
after receiving notice of award of contract to withdraw his 
proposal. After this seven-(7) day deadline, if the Bidder does 
not advise HA in writing of withdrawal of his proposal, said 
contract will be considered as executed. 

104.03 	 CANCELLATION OF AWARD 
HA reserves the right to cancel the award of a contract 

at any time prior to the execution of said contract by all parties, 
without liability against the HA. 

104.04 RETURN OF PROPOSAL GUARANTY 
All Proposal Guaranties, except those of the three lowest 

Bidders, will be returned immediately following the opening and 
checking of the Proposals. The retained proposal guaranty of 
the unsuccessful of the three lowest Bidders will be returned 
within seven (7) days following the bid opening and that of the 
successful Bidder will be returnod after a Performance Guaranty
has been furnished and the contract has been executed. 

104.05 APPROVAL AND EXECUTION OF CONTRACT 
The successful Bidder wili be considered as having entered 

into a contract with HA when his proposal for the work is 
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approved. A Proposal will not be considered as binding upon
HA 	until it has buen approved and the Performance Guarantydeposited as detailed in Section 104.06, following. Approval of

the 	 proposal and deposit of the Performance Guaranty will 
constitute execution of the contracl. 

The original copy of the approved contract and its enclosures
will be given to the Contractor via the official order informing
him that his contract was approved. 

If the contract is to be mortgaged, a special copy of the 
contract will be issued by HA for this purpose. 

Unless otherwise prescribed in Special Provisions, within
twenty (20) days after receipt of his approved contract, and 
after having it registered, the Contractor must deliver to HA
twenty (20) copies of his contract and its enclosure% 

If the Contractor delivers typedcopies, the original copy will be taken as proof. The Contractor
is 	entirely responsible for all mistakes and/or omissions in 
these copies, if any. 

The Contractor must pay for fiscal stamps and fees for
registration of the contract and its enclosures and attachments, 
according to current regulations. 

The Contractor will not be permitted, except under special
emergency circumstances, to begin work, nor will payment be
made for materials delivered, prior to approval of the contract. 

104.06 	 CONTRACT PERFORMANCE GUARANTY 
The Contractorshalldeposit with HA a permanent bond toguaranty his performance of the work in accordance with the

provisions of the contract and these Specifications.
 
This Performance Guaranty must be. 
 deposited within

twenty (20) days after the date of 	notification of award of 
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contract. The guaranty must be in the amount stipulated in the
proposal, and may be in the form of a certified checkunconditionally payable 

made 
to HA, or bark warranty or surety

bond. If a bank warranty or surety bond is deposited for
Performance Guaranty, such warranty or bond must be in aform approved by HA and shall be executed by a banksurety company authorized 

or 
by law to transact such business. 

If deposit of the Performance Guaranty is not made within 
the above twenty (20) day deadline, the Contractor will be
considered as having failed to accept the approved contract. 

The Performance Guaranty will be returned to the Contractor after satisfactory completion and final acceptance of 
the work. 

104.07 FORFEITURE OF PROPOSAL GUARANTY
 
Failure by the Contractor to accept the approved 
contract

in accordance with Section 104.02 shall be just cause for
annulment of the award. In the event of such annulment, theContractor's Proposal Guaranty shall be forfeited to HA, not 
as a penalty, but as liquidated damages against costs incurred
by HA. Award may then be made to the next lowest
responsive Bidder, or the work may be readvertised, or 
otherwise, as HA may decide. 
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SECTION 105 SCOPE OF WORK 

105.01 INTENT OF CONTRACT 

The intent of the contract is to provide for the construction 
and completion of the project in every detail as described in 
the Plans, in these Specifications, the Special Provisions, the 
-Proposal, and the contract. The Contractor shall provide all labor, 
materials, equipment, tools, transport, supplies and incidentals 
required to complete the work as described, in accordance with 
the terms of the contract. It shall be understood that the work 
to be performed under the 'contract may extend beyond the 
boundaries of the right-of-way. The Contractor shall agree to 
perform such work at the contract unit prices. The Contractor 
shall further agree that all responsibility and liability assumed 
by him under the terms of the contract shall extend to such 
work. HA may obtain the necessary permission to enter on 
and use private property when such entry is necessary for 
performance of the work. 

105.02 ALTERATION OF PLANS OR CHARACTER OF WORK 

(I) GENERAL 

The Contractor may not change the project in any detail 
at his will, or for any cause other than a direct order in 
writing from the Engineer. 

HA reserves the right to make, at any time during progress 
of the work, such increases or decreases in quantities and 
such alterations of plans and design detail within the general 
scope of the contract,. including alterations in the elevation, 
gradient, and alignment of the road or structure, as maybe 
found necessary or desirable to maintain the structural 
integrily of the work, regulate the cost of the work, or 
preserve the public interest, or all. 
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Such increases, decreases, alterations or changes will be 
in writing in the form oF approved Change Order and 
Supplemental Agreement as described in the following 
paragraphs, and will not invalidate the contract or release 
the surety.The Contractor shall agrne to perform the work 
as altered the same as if it had been a part of the original 
contract. 
Alteration of the plans or of the nature of the work will not, 
under any circumstances involve work beyond the terminal 
ends of the proposed construction, except as may be neces
sary to a minor extent for satisfactory completion of the 
work. 

(2) INCREASED OR DECREASED QUANTITIES 

(a) CHANGE ORDER 

A change in the quantity of any item of work in the 
contract will be authorized by issuance to the Contractor 
of an approved Change Order by the Engineer. The 
Change Order will show, in detail, the increased or 
decreased quantity of work to be performed, or of 
materials to be furnished, and the amount to be added 
to or deducted from the contract amount for the 
increased or decreased item. 

For any major item of work as defined in Section 101. 
and for any minor item so defined when its quantity is 
increased by more than 25% from the contract quantity, 
the Contractor shall not perform any increased quantity 
or deliver any increased quantity of material until he 
has received the duly approved Change Order. 
For any minor item of work when the quantity is 
increased by 25% or less from the contract quantity, 
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the authorizing Change Order may be received 
subsequent to performance of the work. 

Work involving decreased quantities will be performed 
without delay, and the authorizing Change Order will 
be issued to the Contractor subsequent to performance 
of the work. 
For those items of work or material whose actual 
quantity can not be determined until final measurement 
is made of the completed work, increased or decreased 
quantities will be authorized in a Final Change Order,
to be issued to the Contractor with the Final Payment 
Estimate. 
If the quantity of any item of work in the contract is 
increased or decreased by 25% or less from the 
contract quantity, the Contractor shall complete the 
work at the contract unit price for that item. Such 
changes will be authorized by issuance of the au
thorizing Change Order, only. 
The Contractor shall signify his understanding and 
acceptance of a Change Order by the signature of 
himself or his authorized representative. If the Con
tractor refuses for any reason to accept a Change 
Order issued in accordance with the foregoing, he will 
be considered to be in default of his contract. 

(b) SUPPLEMENTAL AGREEMENT 
Major items of work as defined in Secion 101, 
except foundation excavation and bearing piles shall 
be eligible for negotiated adjustment of their unit 
prices if the quantitiei of any such items are 
increased or decreased by more than 25y from 
the contract quantity, provided that the project is 
prosecuted to completion. 
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Bearing piles and minor items of work shall not be 
eligible for unit price adjustment in any case, regardless 
of increase or decrease in quantity. 

If a quantity is increased as stated above, only that 
portion in excess of 125% of the contract quantity 
shall be eligible for unit price adjustment. if a quantity 
is decreased as stated above, the revised quantity 
after reduction shall be eligible for such adjustment. 

Any adjustment of unit prices as specified above shall 
be limited as follows : 

When the quantity of any item is increased or 
decreased by more than 25%, a negotiated 
increase of the unit price shall not exceed 15% of 
the contract unit price ; a negotiated decrease of 
the unit price shall have no limit. 

In addition to his acceptance of the Change Order as 
detailed in (a), preceding, the Contractor shall signify 
his understanding and acceptance of the adjusted unit 
prices through execution of a Supplemental Agreement 
to the original contract. 

Adjustment of prices as provided herein shall be for 
the benefit of either party to the contract, whichever is 
adversely affected by the change of quantities. 

The above provisions for adjustment of unit prices will 

not apply in the case of changes caused by suspension 
of the work or annulment of the contract. 

If the Contractor refuses to accept the provisions of 
these Specifications for unit price adjustment he will 
be considered to be in default of his contract. No 

claim for adjustment under these provisions shall be 
allowed if presented after final payment. 
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In emergency situations, or when for any valid reason 
agreement can not reached on adjustment of unit 
prices, HA has the right to order that the Contractor 
be compensated for increased quantities of work on a 
Cost-Plus basis in accordance with the provisions of 
Section 110.04. 

(3) EXTRA WORK 
The Contractor may be required to perform Extra Work, 

as defined in Section 101, in emergency situations or 

whenever this is necessary to fully complete the project in 
compliance with the intent of the contract. Such work shall 
be performed in accordance with the contract, the plans, 
these Specifications, and as directed by written order of 
the Engineer. 

The written order of the Engineer shall be contained in a 
Change Order in which the purpose, nature, and quantity 
of the Extra Work is described. The Contractor shall signify 
his understanding and acceptance of the Change Order 
for Extra Work by the signature of himself or his 
authorized representative. 

Payment for Extra Work will be made as provided in Section 
110.04 of these Specifications, either on the basis of 
negotiated unit prices and Supplemental Agreement, or on 
a Cost-Plus basis at the discretion of HA. 

Extra Work may be required and performed as described 
herein, or that portion of the work involving Extra Work 
may be deleted from the contract if HA determines such 
action to be in the public interest. 
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105.03 MAINTENANCE OF THE WORK 

(I) GENERAL 
Contractor shall maintain the constructed or installedThe 

portions of the work at all times until the project is accepted 

by HA. This maintenance means the performance of 
by day, with sufficientcontinuous and effective work day 

roadway and structuresequipment and labor to keep the 

in satisfactory condition. 

is not limited toMaintenance of the work includes, but 

Keeping in satisfactory and useable condition the 

travelled way through the project. 

Smoothing and reshaping the subgrade, side sloped,
 

ditches, and base or pavement courses whenever and
 

wherever necessary.
 

Cleaning debris from drainage channels, bridges,
 

culverts, and inlets.
 

Removing debris left from construction activities.
 

Repair or replacement of damaged parts of the work
 

or installations.
 

Maintaining detours and irrigation water supplies.
 

Special Maintenance.
 

Providing access to residences, businesses, and other
 

roads, and keeping existing access paths open.
 

Maintaining and preserving the new condition of the
 

constructed roadway and structures.
 

Disposing of all excess or removed matter.
 

anIn the case of a contract providing for placement of 

base or paving course upon a previouslyadditional 
or subgrade,constructed or existing pavement, base, 
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the Contractor shall maintain in satisfactory condition such 
underlying surface throughout the limits of the project 
during all construction operations. 

The cost for maintenance of the work, with the exception 
of Special Maintenance and Traffic Control, shall be 
included in the various contract items, unless otherwise 
provided. The Contractor will not be paid an additional 
amount for such work. 
The Contractor will be considered as relieved from any 
further responsibility for maintenance of the work upon 
final acceptance by 'HA of all or any portion of the work. 

(2) SPECIAL MAINTENANCE 

The Engineer may direct that Special Maintenance be 
performed for the benefit of the public, or to effect repair 
of extensive damage resulting from causes which are 
beyond the Contractor's control. Payment for special main
tenance will be at the contract unit prices for the various 
Items of work, or as Extra Work, all in accordance with 
Section 105.02 or 110.04 of these Specifications. 

(3) MAINTENANCE OF TRAFFIC AND DETOURS 

(a) MAINTENANCE OF TRAFFIC 
Within any portion of the project through which there 
is an established travelled way, such travelled way 
shall at all times be kept open to traffic. Within the 
limits of the right-of-way, suitable temporary roadways
shall be provided and maintained by the Contractor 
around structure sites and other features of the work 
through which traffic can not pass. "Suitable" isdefined 
as adequate for the passage of any-vehicle normally 
using the travelled w, y. 
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The cost for such maintenance of traffic shall be included 
in the contract unit prices for the various items of work, 
except when Special Maintenance is ordered by the 
Engineer, or when the contract contains an item for 
"Special Detours". 

(b) 	 SPECIAL DETOURS 

When the contract contains an item for "Special Detours" 
payment for such item will be considered to covpr all 
costs for constructing, maintaining and removing such 
detours, including the construction and removal of inci
dental drainage structures and their accessory feature:,. 

Right-of-way for Special Detours will 	be obtained by 
HA. All or any portion of an existing structure that is 

suitable for use may be utilized in the detour. Any 
modification of an existing structure, or construction ot 
a temporary structure will require the approval of the 
Engineer before proceeding with the work. 

When the contract contains an item for Temporary 
Bridge, such bridge and its approaches shall conform 
with, and will be paid for under the provisions of 
Section 527 of these Specifications. 

(c) 	 MAINTENANCE OF TRAFFIC DURING TEMPORARY
 
SUSPENSION OF WORK
 
Before any temporary suspension of work, the Contractor 
shall make passable, and open to traffic, those 
uncompleted portions of the work, connections, and 
temporary roadways as may be directed by the Engineer. 
During such temporary suspension, the'Contractor shall 
maintain the travelled way through the project at no 
cost to HA, except when the contract contains an item 
for 	"Special Detours ", or "Temporary Bridge". 
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(4) PROVISIONS FOR TRAFFIC CONTROL 

(a) GENERAL 
The Contractor shall take all necessary precautions forthe protection of the work and the safety of the publicwith respect to the movement of traffic within theproject limits. Where existing roadways must be closedto traffic, the public safety shall be protected by
effective traffic control devices. 
No highway or section of highway or bridge shall beclosed to traffic except with the written permission ofthe Engineer. No construction operations shall be startedthat will for any reason render the roadway generalilyunsuitable for use of the traveling public, until adequateprovision, satisfactory to the Engineer, has been madeto detour or bypass traffic in safety and comfort. 
The Contractor shall furnish, erect, maintain, and uponcompletion of their function remove, all barricades, signs,signals and other traffic control devices which are
required to warn and direct the traveling publicthrough or around construction operations.
Unless otherwise provided in the Plans, all warningsigns shall be erected beyond the limits of the project,at least one hundred and fifty (150) meters (500 ft.)
beyond each end of the project and at least onehundred and fifty (150) meters (500 ft.) in advance ofany place on the project where operations interferewith the use of the road by traffic, including all inter.mediate points where the new work crosses or coincides 
with the existing road. 
Lights, lanterns or other lighting devices shall beoperated between sunset and sunrise whenever 
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necessary. Flashing signals may be required as the
 
situation demands.
 
Flagmen and watchmen must be employed at every

location where this is necessary to protect the safety

of the public. The wearing apparel (uniform or jacket)

and hand-held signs used by flagmen and watchmen
 
shall be such as can be plainly seen by motor vehicle
 
drivers.
 
All maintenance of traffic control devices will be the

responsibilfy of the Contractor, and will include removal
 
of dirt or other Foreign matter from sign faces as well
 
as immediate repair or replacement of any such devices
 
which become damaged.
 
All traffic control devices will at all times remain the
 
property of the Contractor, except those for special
 
purposes which may on occasion be furnished by HA
 
under Special Provisions to the contract.
 

(b) METHOD OF MEASUREMENT 

The method of measurement for Traffic Control shall 
be on a lump sum basis when this item of work is 
included in the Proposal. 
When the item of Traffic Control is not included in the 
Proposal, provisions for traffic control shall not be 
measured separately, but shall be considered as 
included in the other items of work in the contract. 

(c) BASIS OF PAYMENT 

The basis of payment for. Traffic Control shall be a 
lump sum contract price when this item of work is 
included in the Proposal. 
When this item is not included in the Proposal, 
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no separate payment will be made for provisions for 
traffic control, but will be considered as included in 
the contract unit prices for the various items of work in 
the contract. This basis of payment for traffic control 
shall be considered as full compensation for furnishing, 
erecting, maintaining, and removing the devices so 
ordered, and for the services of flagmen and watchmen 
as ordered by the Engineer. 

(5) MAINTENANCE OF IRRIGATION WATER 

Whenever, during- the course of construction, it becomes 
necessary that water be made available for the irrigation. 
of crops, the various project drainage features related to or 
affedced by the irrigation shall be made to maintain a 
sufficient flow of irrigation water. 

The Contractor may not divert or reduce the flow of irrigation 
water at any location without first consulting the water 
master or owner of the ditch and obtaining written permis
sion for the period during which the water is diverted or 
reduced. 

No payment will be made for maintenance -ofirrigation water. 
Any costs related thereto will be considered as included 
in the contract unit prices for the various items of work. 

105.04 	 RIGHTS IN AND USE OF MATERIALS FOUND 
IN THE WORK 

The Governm'ent has the full right to take possession of 
objects 	 of every kind 'and nature, found in excavated or 
destroyed areas within the limits of the project.. When fine 
arts objects or war materials are found within the project 
limits, the Contractor must immediately notify the Engineer 
for instructions as to the appropriate action to be taken. 
When the Contractor's excavating operations reveal remains 
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of prehistoric people's dwelling sites or artifacts of historical 
or archaeological significance, or explosive objects, operations 
in the immediate area shall be temporarily discontinued 
and the Engineer immediately notified. The Engineer will 

contact archaeological authorities, or Army to determine 
the disposition of the discovered objects. Under direction of 
the Engineer, the Contractor shall excavate the site in such 
a manner as to preserve the articles encountered for removal 
and deLvery to the custody of the proper authorities. When 
such excavation is necessary it will be paid for as Extra Work. 

When explosive war materials or devices are, or may be, 
encountered in the work, the provisions of Section 108.09 shall 
also apply. 

Artifacts and objects thus found and recovered are the 
sole property and possessions of the Government. The taking 
of such objects by the Contractor or his personnel shall be 

considered an unlawful *act. 

The Contractor is responsible for notifying his emoloyees 
and subcontractors of this Government right of possession. 

In the construction of the structutes or pavements the 
Contractor may be allowed to use earth materials found in the 
project excavations (stone, gravel, sand, etc.) if these meet all of 
the requirements of the Specifications relating to choracter and 
quality for the intended use. Such use will be only with the 
written authorization of the Engineer. 

If such use isauthorized by the Engineer, the Contractor will 

be paid only for the excavation of such material and for the 
work in which the excavated material isused at the appropriate 
corresponding contract unit prices. The Contractor shall then 

replace the excavated material entirely at his own expense 
with other suitable material for construction of the embankments, 
backfills, approaches, etc., according to the requirements of 
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the specifications for such material, and with approval of the 
Engineer. 

The Contractor shall not excavate or remove any material 
or object from within the project right-of-way which is not within 
the construction limits, as indicated by the slope and grade 
lines, without written authorization from the Engineer. 

The material to be salvaged from any existing old structure 
may be used temporarily by the Contractor in erection of a 
new structure with authorization of the Engineer. Such material 
may not be cut, changed, modified, or damaged in any way 
except with the prior written approval of the Engineer. 

105.05 FINAL CLEARING OF JOBSITE 

According to progress of Ihe work, and before acceptance 
of the project, the Contractor shall clear the project step by 
step and restore the job-site back to the original situation, 
including land, public or private property being occupied for 
performance of work, removing unused materials, temporary 
installations, and clearing ditches, drains, or streambeds which 
have been obstructed during performance of the work. 

The Contractor can request a temporary authorization to 
store excess equipment and material in a cleared area within 
the project right-of-way until acceptance of the Project. Prior 
to acceptance of the Project;, all equipment, material, and 

other property of the Contractor must be removed from such 
areas. 

All piles which are no longer necessary to the project 
must be cut off at least 0.60m (2ft.) below the ground surface, 
or even with the channel bottom if located in a waterway. 
All pile cutoffs and I remnants are to be removed from the 
Project right-of-way. 
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If the Contractor fails to comply with any of the provisions 
of this Section, the Engineer will give written notice of such 

failure to comply. Thirty days after issuance of this notice, HA 
otherwill cause the removal of any equipment, materials, or 

items belonging to the Contractor which remain within the 

project limits. This removal will be at the Contractor's expense 

and he shall be responsible for any consequence of such removal. 

This action shall not bar HA from taking other actions or 

applying other sanctions against the Contractor as may be 

provided In Special Provisions. 
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SECTION 106 CONTROL OF WORK 

106.01 	 AUTHORITY OF THE ENGINEER 

The Engineer has the authority to decide all questions which 
may 	 arise regarding, but not limited to: 

Quality and acceptability of materials 

Quality and acceptability of work performed
 

Methods of performance of work
 

Rate of progress of the work
 

Mutual rights between Contractors
 

Interp, . ition of Plans, Specifications, and contract 
requirements 

Mea;,urement of quantities for the calculation of payment 
to the Contractor 

Other powers as described in these Specifications 

Advising and informing the Contractor as to performance 
of the work in conformance with contract requirements, 
schedules for progress of the work, official orders and 
decisions pertinent to the foregoing. 

The Engineer has the further authority to suspend the 

work wholly or in part for failure of th~e Contractor to correct 
conditions which are unsafe for his workmen or for the public; 
for failure of the Contractor to abide by provisions of the 
contract ; for failure to abide by orders and instructions of the 
Engineer or his authorized representative ; for conditions of 
weather or other causes which are unsuitable for prosecution 
of the work ; or for any reason or condition for which suspen

sion is necessary to preserve the public interest. 

The Engineer may delegate his authority to his appropriate 
subordinates, including Inspectors who will be present at 
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the jobsite and who will be empowered to act as defined in 
Section 106.12. 

106.02 PLANS AND WORKING DRAWINGS 

The project plans will show the limits of construction, the 
horizontal and vertical roadway alignments, side slope gra
dients, drainage gradients, typical roadway cross-sections, the 
locations and design of all structures, and a summary of items 
appearing in the Proposal. Plans for bridges will show the 
general layout and features, and those details necessary for 
preparation of working, shop, or fabrication drawings. 

All project plans will be furnished by HAto the Contractor 
and will be a part of the contract. 

The plans will be supplemented by working or shop 
drawings as are necessary to adequately control the work. 
Such drawings as may be required will be furnished by the 
Contractor. They shall provide all necessary detailed information 
for the fabrication and erection of structural steel, for the 
erection of falsework and scaffolding, for the construction of 
cofferdams and temporary bridges, and for any other works or 
details of construction not covered in the project plans and for 
which drawings are necessary for adequate control of the work. 
All working or shop drawings must be approved by the 
Engineer prior to beginning the corresponding work. Such 
approval shall not relieve the Contractor of his full responsibility 
for successful completion of work in accordance with the 
contract. The Contractor shall take full responsibility for any 
dimensional errors in drawings furnished by him, and for the 
adequacy and safety of falsework, cofferdams or other tem
porary work. 

The Contractor is required to submit t6 the Engineer for 
approval, five (5)copies of each drawing ten (10) days before 
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beginning work except as otherwise provided by Special Provi
sions. These will be examined by the Engineer and either 
approved or returned to Contractor for incorporation of changes 
required by the Engineer. The Engineer will not approve the 
drawings until all required changes or modifications are 
incorporated in the drawings as submitted. Prior to approval of 
these drawings, any work done or materials ordered for the 
structure involved shall be at the Contractor's risk. 

The cost of preparing and submitting working or shop 
drawings is considered to be included in the contract unit 
prices for the various items of work. 

106.03 	 CONFORMITY WITH PLANS AND SPECIFICATIONS 

All work performed and all materials furnished shall be in 
substantial conformity with the alignments, gradients, cross
sections, dimensions and material requirements, including 
tolerances, shown in the plans or indicated in the Specifications. 
Substantial conformity is a defined in Section 101 of these 
Specifications. 

In the event the Engineer finds the materials furnished, 
work performed, or finished products to be not in substantial 
conformity with the plans and specificatior., but adequate to 
serve the intended design purpose, he will make a determi
nation if the work should be accepted and remain in place. In 
this event the Engineer will then document by Change-Order 
the basis of acceptance. This Change Order shall provide for 
an equitable adjustment of the contract price for the items of 
work involved. In this case, however, the Contractor shall not 
be entitled to an increase in payment because of ldrger dimen
sions or higher cost of materials and work. Such price 
adjustment will conform to the Engineer's determination based 
on 	sound engineering judgement, 

In the event the Engineer finds the materials furnished, work 
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performed, or finished products to be not in substantial con
formity with the plans and specifications, and not adequate to 
serve the intended design purpose, being inferior and not 
acceptable, he will so notify the Contractor in writing. The 
concerned materials, work, or products shall then be removed 
and replaced by the Contractor at his own expense, according 
to Section 106.14. 

106.04 COORDINATION OF PLANS, STANDARD SPECIFICA-
TIONS, SUPPLEMENTAL SPECIFICATIONS, AND 
SPECIAL PROVISIONS 

These Specifications, the Supplemental Specifications, the 
Plans, Special Provisions, and all supplementary documents are 
essential parts of the contract, and any requirement occurring 
in one will apply to all.They are intended to be complementary 
and to describe and provide for a complete work. In case 
of discrepancy or contradiction, priorities will be anplied as 
follows • 

Special Provisions 
Plans 
Supplemental Specifications 
Standard Specifications 

over 
dimensions scaled from drawings. 

Dimensions calculated according to design will govern 

The Contractor shall not take advantage of any apparent 
error or omission in the plans or specifications. In the event the 
Contractor should discover an error or omission, he must 
immediately notify the Engineer. The Engineer will then make 
necessary corrections or interpretations and give additional 
instructions to the Contractor to assure fulfillment of the intent 
of the design. 
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106.05 	 SILENCE OF PLANS AND SPECIFICATIONS 

It is understood by all parties to the contract that the 
apparent silence of the Plans, Specifications ci Special Provi
sions as to any detail, or the apparent omission of a detailed 
description concerning any point, shall be regarded as meaning 
that only the best general practice is to prevail and that only 
material and workmanship of the first quality are to be used. All 
interpretations of these Specifications shall be made on this basis. 

106.06 	 COOPERATION BY THE CONTRACTOR 

The Contractor will be supplied with a minimum of two 
(2) sets of approved plans and contract documents, including 
Special Provisions. The Contractor must keep one (I) set of 
these available at the jobsite at all times. 

The Contractor shall give the work the constant attention which 
is necessary to facilitate progress, and shall cooperate in every 
way with the Engineer, the Inspectors, and other Contractors. 

The Contractor shall cause to be present on the work at 
all times, as his representative agent, a competent superinten
dent who is capable of reading and thoroughly understanding 
the plans and specifications, who is thoroughly experienced 
in the type of work being performed, and who will receive and 
act on instructions from the Engineer or his representatives. In 
all cases the superintendent will be considered as having been 
delegated every power and responsibility at the jobsite by the 
Contractor for prosecution of the work. He shall have full 
authority to execute ciders or directions of the Engineer without 
delay, and to promptly supply such materials, equipment, tools, 
labor, and other items as may be required to successfully 
complete the work. Nomination of any superintendent must be 
approved by the Engineer, if other than the superintendent 
named in the Contractor's application for prequalification and 
registration. 
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106.07 COOPERATION WITH PUBLIC UTILITIES 

HA will notify all public 'utility companie's ' and other 
parties affected by the work, and will endeavor to have all 
necessary adjustments of their facilities accomplished with a 
minimum of inconvenience to the project. 

Water lines, electric power lines, service connections, 
water meter and valve boxes, light standards, cable ways, 
signals, and all other utility appurtenances within the limits of 
construction which must be relocated are to be moved by the 
owners at their expense, unless otherwise provided in the 
contract. 

It is understood and agreed that the Contractor has consi
dered in preparing his proposal all of the pertinent utility 
appurtenances in both their original and relocated positions 
as shown in the Plans, and that no additional compensation 
will be allowed to him for any delays, inconvenience, or 
damage resulting from their existence or the operation of 
moving them. 

106.08 COOPERATION BEtWEEN CONTRACTORS 

HA reserves the right to contract for or perform other or 
additional work on or near the job-site of the work called for 
in the contract. 

When separate contracts are let within the limits of a 
single project, each Contractor shall conduct 'is work so as not 
to interfere with or hinder the progress of other Cotractors. 
Contractors working on the same project shall cooperate to. 
gether as directed by the Engineer. 

Each Contractor involved shall assume all liability, financial 
or otherwise, in connection with his contract and shall not make 
any claim of damages against HA because of inconvenience. 
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delay or loss incurred by him as a result of other Contractors 
working within the limits of the same project. 

Each Contractor shall arrange his work, locate his equip
ment, store his materials, and dispose of wastes so as to assure 
'minimum interference with the operations of other Contractors. 
He shall join his work with that of the others in an acceptable 
manner and perform it in proper sequence to that of the others. 

106.09 SECURITY OF THE JOBSITE 
The Contractor must know before starting his operations all 

places intended for his work sites and the means of entrance 
and exit to such locations. The Contractor must observe all 
regulations and instructions of the Government, HA, and the 
responsible local authority where work is taking place, with 
respect to the safety and security of his jobsites. All procedures 
put into practice by the Contractor for mcintaining order and 
providing security to his workers are subject to approval of the 
Engineer. 

If the Invitatiun For Bids and/or Special Provisions state 
that the work under contract pertains to a national defense 
purpose, the following requirements shall be in effect: 
(I) 	 When necessary in the national interest and to protect 

the security of the work, the Engineer has the aulhority to 
require the Contractor to suspend the work and remove all 
his personnel from the jobsite. Neither the Government nor 

HA can assume any responsibility for the consequences 
of this action. 

(2) 	If the Contractor should discover any.action causing damage 
to the work, he must immediately make this known to the 
Engineer. Failure to do so can result in prosecution under 
the law, in cancellation of the contract, or both. 

(3) 	 If, after the reporting of such action, the Engineer determines 
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that special security measures are required, the Contractor 
must immediately carry out such measures with no grounds 

for claiming damages or extra payment. 

(4) 	 The Contractor is responsible for notifying the provisions of 

(I), (2) & (3) above to his subcontractors and his supervising 

personnel at the job-site. 

(5) 	 PROTECTION OF SECRECY 

(a) 	 When the contract has a secret caracter, In total or 

in part, or when work is to be performed at placcs 

where special preventive measures must be taken to 

ensure secrecy or otherwise protect the notional interest, 
HA will invite Bidders to itsthe Government, through 

offices to receive instructions pertaining to protection 

of secrecy in private firms engaged in national defense 

projects. Every Bidder who is so instructed shall be 
as to such instructions.considered fully informed 

(b) 	 Upon award of the contract or contracts, HA will 

advise the Contractors of any special preventive 
measures to be applied. 

(c) 	 The Contractor and his subcontractors shall use every 

lawful means to safeguard and protect classified mate
rials which are entrusted to them, ant %hall :-edia

tely notify the Engineer of ev-,y loss or une.xpecied 
incident which might occur. All pir'.e concerned shall 

keep secret all military informal kn.-,.,, i,)them 
during prosecution of the work. 

(d) 	 The Contractor shall be responsible ic.r -,bsr,. ,',nce of 
to control of hi; ri-sn,,-el andinstructions pertaining 

protection of secrecy as directed in ',". t's for 
preventive measures. He shall also be re. nrn: ole for 

the actions of his subcontractors in this req',rd. 
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(e) 	 The Contractor shall not be entitled to ext'a or increased 
payment for costs incurred with respect to protection of 
secrecy. Such costs shall be considered as included in 
the contract unit prices for the various items of work. 

(f) 	 If the Contractor or any subcontractor fails to comply 
with the provisions for protection of secrecy, the 
Contractor will be in default of his contract, in which 
case HA will take appropriate action under the 
provisions of Section 109.08. The Contractor in this 
case may also'be subject to prosecution under the law. 

106.10 CONSTRUCTION STAKES, LINES AND GRADES 

The Engineer will set construction stakes establishing 
alignment, slopes, right-of-way limits, and continuous profile 
grade for roadwork; centerlines and bench marks for bridges, 
culverts, and miscellaneous structures as may be necessary ; 
and will provide the Contractor with all necessary information 
relating to lines, slopes, and grades. These stakes aqd marks 
will constitute the field controls in accordance with which the 
Contractor shall establish other necessary marks and guides, 
and perform the work. 

The 	Contractor will be held responsible for preserving the 
stakes and marks. If construction stakes or marks are lost or 
destroyed by willfull acts of the Contractor or his workers, or 
through their carelessness or neglect, the cost of replacing them 
will be deducted from payment to the Contractor. 

HA will be responsible for the accuracy of established 
lines, slopes, grades, control marks, and other field engineering 
works performed by HA personnel. 

The Contractor shall cooperate with HA field engineering 
personnel, and shall provide without claim for payment all 
reasonable assistance as may be necessary to facilitate their 
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work and assure the accuracy and dependability of established 
marks and guides. 

The Contractor shall take no advantage of any apparent 
error, omission, or delay by HA in performing construction 
staking or other engineering work. When such apparent error, 
omission or delay is discovered, all work shall cease on the 
affected contract items. The Contractor shall notify the Engineer 
in writing within three (3) days after such discovery of the 
nature and location of the error, omission, or delay and define 
the affected contract items. No claim by the Contractor for 
adjustment or damages will be eligible for consideration should 
he fail to meet the foregoing three (3)day deadline. 

106.11 	 AUTHORITY AND DUTIES OF THE PROJECT 
ENGINEER 

As the direct representative of the Engineer, the Project 
Engineer has immediate charge of the engineering details of 
each construction project. He is responsible for the adminis
tration and satisfactory completion of the project. He has the 
authority to reject defective material, to suspend any work that 
is being improperly performed, and to cause unacceptable or 
unauthorized work to be removed. 

106.12 	 AUTHORITY AND DUTIES OF INSPECTORS 

Inspectors will be appointed by the Engineer and stationed 
on the work to : 

Keep the Engineer informed as to the progress of the 
work and the manner in which it is being done ; 

Report whenever it appears that the materials furnished 
and the work performed by the Contractor fail 
to fulfill the requirements of the Specifications and 
contract ; 
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- Call to the attention of the Contractor any deviation 
from, or infringement upon the plans and specifications; 

-	 Perform necessary analytical tests on all work and 
materials. 

Inspectors shall be authorized to inspect all work done and 
materials furnished, and to exercise such additional authority 
as may be delegated to them in writing by the Engineer. Such 
inspection may extend to all or any part of work done and 
material furnished. They shall have authority to reject defective 
materials and to suspend any work that is being improperly 
done, subject to the final decision of the Engineer. 

Such inspection shall not relieve the Contractor from any 
obligation to furnish acceptable materials or to perform all 
work strictly in accordance with the requirements of the plans, 
specifications, and contract. 

Inspectors shall not be authorized to revoke, alter, enldrge, 
relax or release any requirements of the specifications, nor to 
approve or accept any portion of the work, nor to issue 
instructions contrary to the plans and specifications. 

Inspectors shall, in no case, act" as foremen, or perform 
other duties for the Contractor, nor interfere with the Contractor's 
management of the work. Any advice which Inspectors may 
give the Contractor shall in no way be construed as binding the 
Engineer or HA in any manner, or releasing the Contractor 
from the fulfillment of the terms of the contract. 

106.13 	 INSPECTION OF WORK 
All materials and each part of detail of Ihe work shall be 

;ubject to inspection by the Engineer. The Engineer will be 
allowed access to all parts of the work and shall be given 
such information, facilities, and assistance by the Contractor 
as may be required to make a complete and detailed inspection. 



106.14 	 55 

No work shall be done nor materials used without suitable 
supervision and inspection by the Engineer or his authorized 
representative. Work done or materials used without such 
supervision and inspection may ba ordered removed and 
replaced at the Contractor's expense. Failure to reject any 
defective work or material shall in no way prevent later rejection 
when such defect is discovered, or obligate the Engineer to 
final acceptance. 

When another unit of Government or political subdivision 
or public utility is to pay a portion of the cost of the work 
included in the contract, its authorized representative shall have 
the right to inspect the work, but such inspection shall in no 
sense make the unit of Government or political subdivision or 
public 	 utility a party to the contract, and shall in no way 
interfere with the rights of either HA or the Contractor as 
parties 	to the contract. 

At any time before acceptance of the work the Contractor 
shall remove or uncover for inspection such portions of the 
finished work as the Engineer may require. After examination, 
the Contractor shall restore said portions of the work to meet 
the requirements of the plans and specifications. Should the 
work thus exposed and examined prove to be acceptable, the 
uncovering, removing, replacing, covering, and restoring of the 
parts removed will be paid for as Extra Work; but, should the 
work thus exposed and examined prove to be unacceptable, all 
work associated with the exanjination will be at the Contractog's 
expense. 

106.14 	 REMOVAL OF UNACCEPTABLE AND 
UNAUTHORIZED WORK 

All work which does not conform to the requirements of the 
contract will be considered unacceptable, unless otherwise deter
mined to be acceptable under the provisions of Section 106.03. 
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Unacceptable work, whether resulting from poor work
manship, defective materials, damage through carelessness, or 
any other cause, shall be removed and replaced in an accept
able manner before final acceotance of the oriject. 

No work shall be done until the necessary lines and grades 
have been established by the Engineer. Work done contrary 
to the instructions of the Engineer, work done beyond the lines 
shown in the plans, or as given by construction stakes, or any 
extra work done without authority will be considered as 
unauthorized and will not be paid for. Unauthorized work may 
be ordered to be removed or replaced at the Contractor's 
expense. 

The Contractor shall not incur any licability by reason of 
verbal directions or instructions given by the Engineer or his 
representative, nor will HA be liable for extra materials or 
work performed unless the materials or work are required of 
she Contractor by written order of the Engineer. 

If the Contractor fails to comply within ten (10) days after 
receipt of any order of the Engineer given under the provisions 
of this Section, the Engineer will have the authority to employ 
other means for correction, replacement, or removal of unac
ceptable or unauthorized work. All costs thus incurred will be 
deducted from payments due or to become due the Contractor. 

106.15 	 LOAD RESTRICTIONS 
The Contractor shall comply with all legal load restrictions 

in the hauling of materials on public roads beyond the limits 
of the project and on completed portions of the project. The 
Contractor will be responsible for the repair of any damage to 
roads or structures resulting from the movement of his vehicles 
not in compliance with load restrictions. Special permits or 
authorizations to exceed legal load restrictions will not relieve 
the 	Contractor of this responsibility. 
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The movement of equipment or hauling vehicles of such 
weight, or so loaded, as to cause damoge to the works under 
contract on the project will not be permitted. Vehicle weights 
for movement on the subgrade, base course, or finished 
pavement will be limited as directed by the Engineer. No loads 
(live loads or added dead loads) will be permitted on any 
concrete structure, pavement, or base until after expiration of 
the 	specified curing period for the concrete. 

106.16 	 FINAL INSPECTION AND ACCEPTANCE OF WORK 
The Contractor shall notify the Engineer in writing as to 

the date of completion of the entire project and request 
acceptance of the project. The Engineer will arrange for final 
inspection of the work within fifteen (15) days after receiving 
the Contractor's written request. If all work is complete, but 
the final inspection can not be made within the fifteen (15) day 
time limit due to causes beyond the Contractor's control, no 
contract working time will be counted from the ending date of 
this fifteen (15) day period to the date of the final inspection. 

If the final inspection shows all the work provided for and 
contemplated in the contract to be satisfactorily completed and 
acceptable, the Engineer will notify the Contractor by issuance 
of a Certificate of Acceptance. Such Certificate will acknow
ledge that the work has been accepted as of the date of 
completion of the work, as confirmed by the Engineer. 

If the inspection discloses unacceptable or unauthori.ed 
work, the Engineer will give the Contractor the necessary 
instructions for correction, and the Contractor shall immediateiy 
comply. The provisions of Section 106.14 will apply in this case. 
When the Contractor has corrected the noted deficiencies, 
another inspection will be made. If the work is found to be 
satisfactorily compieted and acceptable, the Engineer will issue 
a Certificate of Acceptance as of the confirmed date of 

http:unauthori.ed
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completion of the work. Contract working time will continue to 
accrue against the Contractor in accordance with the provisions
of Section 109.06 until all of the work provided for and 
contemplated in the contract is satisfactorily completed 
and acceptable. 

Upon written application of the Contractor, the Engineer
may also issue a Certificate of Acceptance, before completion
of whole of the work, for any substantial part of the work
which has been occupied and used by HA. When such certifi
cate is issued with respect to a part of the work, that part
shall be considered as completed. A Certificate of Acceptance
issued for any part of the work shall not certify acceptance of 
any ground or surfaces which require restoration prior to 
acceptance of the whole of the work, unless this is stipulated 
in the certificate. 

106.17 	 CLAIMS FOR ADJUSTMENT 
If the Contractor is of the opinion that additional compen

sation is due him for work or material not clearly covered in 
the contract, or not previously ordered by the Engineer as Extra

Work, the Contractor shall notify the Engineer in writing 
 of 
his 	 intention to make a claim for such additional compensation

before proceeding with the work.
 

If this notification is not given before prosecution of 	the
corresponding work, and the Contractor does not afford the
Engineer every means and opportunity for keeping strict 
account of the actual costs incurred, then the Contractor hereby 
agrees to waive any and all claim for such additional compen
sation. Such notice given by the Contractor, and the keeping
of accounts by the Engineer shall not in any way prove or 
substantiate the Contractor's claim. If the claim is found to be
iust after due consideration by the Engineer, it will be paid 
as 	 Extra Work or as provided for Cost-Plus Work. 
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Nothing foregoing in this Subsection shall be construed 
as establishing the basis for any claim contrary to the terms 
and conditions of the Plans, Specifications, Special Provisions, 
Agreement, or any other part of the contract. 

106.18 SETTLEMENT OF DISPUTES 
If disputes arise during prosecution of the work, it is 

expected that every reasonable effort will be made by all 
parties to the dispute to reach a settlement within the 
jurisdiction of the District Engineer. When a settlement can 
not be reached through diligent consultation, the following 
procedures shall be in effect. 

(1) DISPUTE BETWEEN CONTRACTOR AND DISTRICT ENGINEER 
Any unsettled dispute between the Contractor and the 
District Engineer must be reported to the Assistant Director 
for Operations for settlement. 
The District Engineer will prepare an official statement of 
the dispute. A copy of this statement will be sent to the 
Contractor who shall respond with a written report of his 
reasons for the dispute and the amount .of any damages 
claimed. This report must be submitted within five (5)days 
after receipt of the District Engineer's statement, Sundays 
and holidays excluded. The District Engineer will send his 
official statement and the Contractor's report to the 
Assistant Director for Operations for settlement of the 
dispute. The Assistant Director for Operations will give 
his decision for settlement within two (2)months after the 
date of submittal of the Contractor's report. 
Should the Contractor fail to submit his written report to 
the District Engineer within the five (5)day time limit, the 
decision of the District Engineer for settlement of the 
dispute, shall 'stand as final. 
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(2) 	DISPUTE BETWEEN CONTRACTOR AND ASSISTANT DIRECTOR 
FOR OPERATIONS 
If the Contractor disputes the decision of the Assistant 
Director for Operations, in order to protect his disputing 
rights, he must send to the Assistant Director for Operations 
a written report of his reasons for continuing the dispute 
and the amount of damages claimed. This report must be 
submitted within a period of two (2) months from the date 
when the decision of the Assistant Director for Operations 
is made known. The Assistant Director for Operations will 
send his official statement and the Contractor's report to 
the competent higher authority for settlement of the dispute. 
Should the Contractor fail to submit his written report to 
the Assistant Director for Operations within the two (2) month 
time limit, the decision of the Assistant Director for Opera
tions shall stand as final. 

(3) 	 DISPUTE BETWEEN CONTRACTOR AND COMPETENT AUTHORITY 
If the competent higher authorily does not render a decision 
in the dispute within a period of two (2) months after 
the date of .,ubmittal of. the Contractor's report, the Con
tractor may take recourse to the courts. 
If the Contractor does not accept the decision of competent 
higher authority, he must take his claim to an Administrative 
Court of relevant jurisdiction within a period of four (4) 
months from the date of receipt of such decision. 
Should the Contractor fail to comply with this four (4) 
month time limit, the decision of competent higher authority 
shall stand as final. 

(4) 	 DEFINITION OF COMPETENT HIGHER AUTHORITY 

Competent higher authority in the context of this Subsection 
shall be the DirectorGeneral of HA, or the President of 
the HA Administrative Council, according to current HA 
administrative policy. 
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SECTION 107 CONTROL OF MATERIALS 

107.01 SOURCE OF SUPPLY AND QUALITY OF MATERIALS 

All materials incorporated into the work shall meet all of 
the requirements of the Plans, and these Specifications, and of 

any applicable Supplemental Specifications or Special Provi
sions of the contract. The source of supply of each of the mate
rials shall be approved by the Engineer before delivery is 
started.An approved source of supply will remain approved only 
as long as the materials obtained are acceptable. If it is found 
after trial that sources of supply previously approved do not 
produce uniform and satisfactory products, or if the product 
from any source proves unacceptable at any time, the Contractor 
shall furnish materials from other approved sources. 

Approval of material: by the Engineer shall in no way 
relieve the Contractor of the responsibility for correcting or 
replacing work found to be unacceptable because of poor 
workmanship, defective materials, or any other cause. 

107.02 	 INSPECTION, SAMPLING AND TESTING 

All materials shall be approved by the Engineer prior to 
use in the work, and shall be subject to inspection, sampling, 
testing, and approval or rejection at any time prior to or during 
incorporation into the work. Any work in which untested mate. 
rials are used, without approval of the Engineer, shall be 
performed at the Contractor's risk. Payment will not be made for 
materials found to be unacceptable or unauthorized. Unac
ceptable or deficient materials shall be made acceptable, or 
shall be replaced, as directed by the Engineer, at the Con
tractor's expense. In order to expeclbo 'he inspection and 
testing of materials, the Con'rct:..' sho, notify the Engineer of 
his proposed sources of supp.., prior to delivery of materials to 
the work. At the option of the Engineer, materials may be 

http:started.An
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inspected, tested, and approved at the source of supply 
before delivery is started. 

Unless otherwise provided, tests will be performed in 
accordance with the standard methods of AASHO or ASTM as 
cited in these Specifications. Tests will be performed by and 
at the expense of HA unless otherwise noted in the Plans or 
in Special Provisions. All samples will be taken by a qualified
representative of HA. Copies of test results will be furnished 
to the Contractor at his request. 

HA may retest all materials which have been tested and 
accepted at the source of supply after the same have been 
delivered. All materials which, when retested do not comply.
with the requirements of the Specifications will be rejected. 

107.03 LOCALLY AVAILABLE NATURAL MATERIALS 
Certain sources of locally available natural materials may 

be designated on the Plans and described in Special Provisions. 
The quality of material in such depo;its will be considered 
acceptable in general, but the Contractor shall determine for 
himself the amount of equipment and work required to produce 
material meeting the specification requirements. It shall be 
understood that the acceptability of an enti;e deposit of natural 
material can not be guaranteed, that variations are usual and 
exoected. The Engineer may order procurement of material 
from any portion of a deposit, and may reject other portions 
as unacceptable. 

HA may acquire and make available to the Contractor 
the right to take materials from sources designated on the Plans 
and described in Special Provisions, together with the right to 
use such property as may be specified for plant site, stockpiles, 
and hauling roads. 

If the Contractor desires to use material from sources other 
tnan those designated, or if material dposits aore not designated, 
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the Contractor shall provide material acceptable to the Engi

neer. All costs related to acquiring necessary rights, exploring 

and developing such sources shall be considered to be includ. 

ed in the unit prices bid for the work. 

When sources of material are provided by the Contractor. 

he shall without charge, provide the Engineer with samples 

for testing to determine the suitability of the material. Tests 

of such samples will be performed by HA. 

107.04 	 CERTIFICATE OF COMPLIANCE 

The Engineer may permit use, prior to sampling and testing, 

of certain materials or assemblies which are covered! by a 
assem-Certificate of Compliance stating that such materials or 

blies fully comply with the requirements of the Planis and Speci

fications. This Certificate shall be prepared in a form accep

table to the Engineer and shall be signed by the manufacturer 

or producer. Each lot of such materials or assemblies delivereo 

to the work must be covered by a Certificaie of -omplianc

in which the lot is clearly Identified. 

Materials or assemblies usea oit the basis of .ertficate; 

may be 	sampied and testec; at any lire and ifof Compliance 

found to be not in substantial conformity to the requirements wil'
 

be subject to rejection, removal, ana replacement in ihe work
 

at the Contractor's expense.
 

The Engineer has the right at all times to refuse permis

sion for the use of materials or assemblies on the basis of 

Certificates of Compliance. 

AT MANUF6,'TURING107.05 	 INSPECTION OF MATERIALS 

PLANTS 
as cited in the foregoing Subsections"Source of supply" 

may requireshall include manufacturing plants. The engineer 

that-manufacturing plants be inspected periodicaly tar com
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pliance with specified manufacturing methods and that product
samples be tested in the HA laboratory for compliance with 
material quality requirements. 

In the event that inspection at manufacturing plants is 
required, the following conditions shall be met : 
:1) 	 The Contractor shall assist the Engineer in obtnining the 

'full cooperation of the manufacturer, and shall *furnish 
without charge all reasonable facilities that the Engineer 
may require for collecting and forwarding samples. 

(2) 	The Engineer shall have full access at all times to such 
parts of the plant as are involved in the production of 
materials for use in HA works. 

(3) 	 Aggregate crushing or screening facilities shall be 
equipped with suitable sampling devices. 

'4) 	Adequate safety measures shall be provided and maintained 
for HA Inspectors. 

107.06 MATERIALS PROVIDED BY HA 
I) HA will make available to the Contractor for use in 

connection with and under the terms of the contract, such 
materials as are listed and described in the Special
Provisions. These materials will be provided to the Con
tractor at the times and locations stipulated, or if not so 
stipulated, in sufficient time and at the proper location to 
enable the Contractor to cQmplete the wo'rk on schedule. 
In the event that materials to be provided by HA are 
not made available to the Contractor at the stipulated or 
agreed time a:ed place, the Engineer will, upon the Con
tractor's request, make a determination of the delay
occasioned thereby, and will equitably adjust the working 
time and contraci price, if any, by Supplemental Agreement. 
In the event that materials to be provided by HA are 
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received by the Contractor in a condition not suitable for 
the intended use, the Contractor shall notify the Engineer 
of such fact within ten (10) days after receipt of such 
materials. 

The Engineer will then replace the unsuitable materials or 
have them made suitable by the Contractor, with related 
costs to the Contractor paid for as Extra Work or as Cost-
Plus Work. In this case the Engineer will, upon request 
of the Contracto make an equitable adjustment of the 
contract working time. 

(2) 	By written notice to the Contractor, the Engineer may 
decrease, by any amount, the quantity of materials to be 
provided by HA from thct stipulated in the Special Provi
sions, and the Contractor shall not be entitled to contract 
price adjustment. The Contractor shall, in this event, furnish 
the necessary materials at the unit bid price given in the 
contract for this eventuality. The Engineer will, upon request 
of the Contractor, make an equitable adjustment of the 
contract working time for any delay occasioned by this 
procedure. 

(3) 	Materials provided by HA shall, unless otherwise provided 
in the Special Provisions, be used only for the work 
contemplated in the contract. 

(4) 	 The Contractor shall maintain and administer, in accordance 
with sound technical practice, a program for transportation, 
handling, storage, protection and preservation of the HA
furnished materials and shall be responsible for such 
materials except in case of Force Majeure. Deductions 
will be made from payments due the Contractor to correct 
for shortages, deficiencies or damages which are not 
justified or accountable. In the case of loss or destructior 
of such materials due to the Contractor's fault or negligence, 
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the Contractor shall replace the lost or destroyed materials, 
or indemnify HA a sum totaling three (3) times the value 
of such materials based on their prices specified in the 
Special Provisions. This indemnity will be deducted from 
payments due or to become due the Contractor. 

(5) The Engineer shall at all reasonable times have acces.s,
for 	inspecticn, to the premises wherein any HA furnished 
material is located. 

(6) 	 Upon completion of the contract or at such earlier dates as 
may be fixed by the Engineer, the Contractor shall submit in 
a form acceptable to the Engineer a list covering all items 
of HA fqrnished materials not consumed in the perfor
mance of the contract (including any resulting salvage).

(7) 	The Contractor shall return all HA furnished materials 
not consumed in the performance of the contract in as 
good condition as when received or as made suitable 
under (I) above. 

107.07 FOREIGN MATERIALS 
Materials manufactured outside the country

shall be delivered to approved locations within the country
where they shall be kept until sampling and testing are completed. 

The Contractor shall, at no cost to the Government, 
arrange for any required testing which HA is not equipped to 
perform. All testing arranged for by the Contractor shall be 
performed in the country an d shall be observed 
by the Engineer's authorized representative. 

Each lot of foreign material shall be accompanied by a
Certificate of Compliance in accordance with the provisions of 
Section 107.04. Certified test reports must be attached to the 
Certificate of Compliance when these are required by 	the
Engineer. These must clearly identify the lot to which they apply. 



107.08 67 

Structural materials requirirg reports of chemical and 

physical analysis will be accepted only from those manufac

turers who have previously established to the satisfaction of 

the Engineer the adequacy of their manufacturing quality 

control to assure uniform material which is in conformance with 

rhe contract requirements. No structural materials will be 

accepted which can not be clearly identified with reports of 

chemical and physical analysis and Certificates of Compliance. 

107.08 STORAGE AND HANDLING OF MATERIALS 

Materials must be stored in such a way as to preserve their 

quality and fitness for the work. Materials must be placed on 

wood floors or hard, clean surfaces, and well arranged to ease 

the Engineer's inspection. Stored materials must also be well 

covered and protected from the elements whenever necessary, 

as instructed by the Engineer. After testing, materials must be 

kept separate for use in the work as indicated and shall not 

be used for other work without authorization of the Engineer. 

Stored materials, even though approved before being placed 

in storage, may again be inspected, sampled, and tested prior 

to their use in the work. 

Certain portions of the riol" nf-way not required for public 

travel may be used for storage purposes with permission of the 

Engineer. Any additional spa,- reeded for storing materials 

must be provided by 0-- Co-'..n, tor nt his expense. Private 
property shall not be used for v-orng materials without the 

written permission of the owner or .essee. Copies of such written 

permission must be given to '-e Engineer upon his request. 

Upon completion of the v.r.,r nil storage sites shall be 
restored to their original cond !-or, by the Coniractor at his 

expense. 

Materials shall be handed in ;uch a way as to preserve 
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their quality and fitness for the work. Aggregates shall be 
transported in tight vehicles constructed so as to prevent loss or 
segregation of the particles after loading and measuring. 
Flammable materials, in particular petroleum fuels, and highly 
volatile or toxic petro-chemicals, shall be handled in accordance 
with the governing safety public health regulations. 

Storage and handling of particular materials which will be 
incorporated into the work shall be as required in the 
following Sections of these Specifications or in 
Provisions. 

various 
Special 

107.09 UNACCEPTABLE MATERIALS 
Materials which are considered defective and therefore 

unacceptable shall include segregated aggregate materials, 
other materials which have been damaged or contaminated in 
storage (even though previously tested and approved), and 
any and all materials which for any reason do not meet the 
requirements of the Plans and Specifications. 

All of the provisions of Section 106.14, Removal of Unac
ceptable and Unauthorized Work, shall also apply to unac
ceptable materials. 

All materials which are rejected by the Engineer as 
unacceptable and for which no payment is made under the 
terms of the contract shall remain the pioperty of the 
Contractor. All such materials shall be removed from the 
project by the Contrador at his expense prior-to scheduling 
the final inspection of the work. Presence of rejected materials 
on the project at the time of final inspection will be cause for 
the Engineer to refuse acceptance of the work. 

107.10 PROJECT ENGINEER'S OFFICE AND LABORATORY 
The Contractor shall provide suitable shelter to be used as 

an office and laboratory by the Project En jlineer, Inspectors 
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and other HA personnel assigned to the Project for control 

of work and materials. Such shelter shall have a minimum floor 

square meters (215 sq. ft.), a minimumarea of twenty (20) 
meters (11.5 ft.), one (I)dimension of three and one-half (3.5) 

two (2) windows. The shelterentrance door, and a minimum of 

shall be well constructed and weatherproof. Windows shall 

be fitted with steel bars and the entrance door shall be 
a suitable lock.substantial, securely attached, and fitted with 

The interior shall contain: 

I drawing table
 

2 desks with chairs
 

2 closets with locks 
a minimum dimension of forty-fiveI washing sink with 

(45)cm. (18 in.), a minimum capacity of twenty (20) liters 
the outside(5-," gal.), and fitted with a drain pipe to 

The Contractor shall provide and maintain a water supply 

not less than 200 liters (50 gal.), piped to the washing sink. Non

potable water is permitted, providing it is clear and not salty. 

be furnished with electricity, whereverSuch shelter shall 
reasonably available, at the Contractor's expense. 

A facility meeting the foregoing requirements may be a 

separate structure provided only for this 	 purpose which is 
may be providedeither fixed in its location or movable, or 

within other buildings maintained at the work site by the 

own use. In either case, the facility must beContractor for his 
the work site, and thein a location easily reached from 

must be given full independentEngineer's assigned personnel 

control over access to the facility at all times.
 

All costs of providing the shelter for use as a Project 

Engineer's office and laboratory shall be considered as included 

in the contract prices for the various items of work. 
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108 LEGAL OBLIGATIONSSECTION 
TO THE PUBLICAND RESPONSIBILITY 

108.01 LAWS TO BE OBSERVED 

In addition to the provisions of these Specifications, the 

Contractor will be considered at all times as being fully informed 

the current Government regulations, decree-laws,regarding 
decrees, orretes, ordinances, and local regulations which in 

any manner pertain to those who are employed in the work, or 

materials, equipment, or methods to be used in performance 
all times comply with, and indemnifyof the work. He shall at 

the Government, HA and its representativesand protect 
against any claim or liability arising from the violation of any 

decree, arrete, ordinance, orsuch regulation, decree-law, 

local regulation, whether by himself, his employees, his agents,
 

his suppliers, or his subcontractors.
 

108.02 HIRING OF WORKERS 

Not less than eight (8) days before beginning work on the 

project, the Contractor must advise the local Labor Agency as 

to his labor requirements at the work site. 

This requirement must be classified by jobs offered along 

with details pertaining to the work, salary, and othur necessary 

which will be useful to jobless persons seekinginformation 
work. The Contractor must repeat these procedures at appro

priate times when new recruiting is necessary, cs when the 

workload is increased. 

The Contractor must interview candidates recommended by 

Labor Agencies. However, he has the full right to select his 

workers, and he is not obligated to hire workers who do not 

have the required speciality. When he refuses to hire a 
must give his reason for refusal oncandidate, the Contractor 
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the 	recommendation slip and return it to the Labor Agency. 

The required labor strength covers all personnel needed 
for the work, except those persons who are employed by the 

Contractor at the time of avard of the contract. 

If the Labor Agency fail to recommend candidates to the 

Contractor within fifteen (15) days after being advised of his 

requirement, then the Contractor has the right to recruit workers 
by his own means. 

108.03 	 FOREIGN WORKERS 

The percentage of foreign persons employed on the project 
by the Contractor shall not exceed the percentage prescribed 

in Special Provisions, if any, with respect to current labor 
regulations. 

To enable the Engineer to follow close application of this 
provision, the Contractor shall periodically update the list of 

his workers indicating their nationality, technical capability, 
hiring procedure, and date of employment. This list must be 
submitted to the Engineer upon his request. 

The provisions of this Section shall not in any way annul 

or affect the application of any International Agreement. 

108.04 	 APPLICATION OF LABOR LAWS AND REGULATIONS 

TO CONTRACTOR'S PERSONNEL 

The Contractor is responsible for application of labor laws 
and regulations to his personnel, with particular regard to 
minimum wages, health, and safety. 

The wages paid to workers of each category shall not be 

less than the minimum rate fixed by the Ministry of Labor. 
Payment for overtime worked beyond the legal time limit shall 
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be increased in conformance with current labor regulations, 
or with general labor agreements applied to the various cate
gories cf workers in each locality, if higher rates are provided 
in these agreements. 

The Contractor may, in exceptional cases, apply a lower 
wage rate to workers who are obviously less capable than 
other workers of the same category. The maximum proportion 
of these workers in any category and the percentage of reduc
tion of their wages must conform to current labor regulations. 

In addition to the obligations fixed by current regulations 

in the matter of labor inspection, the Contractor shall show, 
upon request of the Engineer, all necessary documents which 
indicate that the wages paid to workers are not lower than 
the established wage rates. Government officials ,.hall have the 
right to witness the payment of workers. 

If payment of wages to workers is not made on a fixed 
date or their wages are lower than the established rates, the 
Engineer will notify the local Labor A-ency for necessary 
action against the Contractor, according to law. 

In the case of sickness or injury to any worker at the 
work site, the Contractor shall immediately provide appropriate 
transport of the sick or injured worker to the nearest hospital 
or to his home, depending upon the nature of the sickness or 
injury and the request of the wo-ker. The Contractor shall 
comply with requirements of the labor low pertaining to provid
ing suitable first-aid stations at the work sites. 

In addition to provisions of the labor law or these Speci
fications concerning working conditions, the Contractor shall 
afford to his personnel other working benefits which might be 
required in local regulations, in general labor agreements, or 

in professional tradilions. The Contractor shall not require 
any person to work in surroundings or under conditions which 
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are unsanitary, hazardous, or dangerous to health or safety. 

The Engineer has the authority to order or permit tempo. 
rary exceptions to the foregoing provisions of this Section, 
particularly with regard to working time and holidays, if this 
is in the public interest. 

The Contractor shall post at the work site a notice showing 
the name, title and address of the HA Project Engineer, the 
name and address of the local Labor Inspector, and the 
minimum wage rates established by the Ministry of Labor. The 
cost of this posting shall be considered as included in the 
contract prices for the work. 

The Contractor shall notify his subcontractors, agents, 
suppliers, and all other appropriate parties as to the provisions 
of this Section and shall be responsible for their actions 
thereunder. 

108.05 PATENTED DEVICES, M.'.TERIALS AND PROCESSES 
In accepting and signing the contract, the Contractor agrees 

to release HA and the Government from all complaints, claims, 
and damages which may arise from his use of any design, 
device, material, or process which is covered by patent, 
copyright, or registered trademark. When necessary, the Con
tractor shall obtain the necessary authorizations or permits from 
owners of patents, copyrights, or trade marks and pay any 
fees, taxes, or damages for which he is liable. 

If any third party lodges a complaint against HA or the 
Government because of the Contractor's unlawful use of 
patented or copyrighted designs, devices, materials, or processes, 
the Contractor will be responsible to the court for the payment 
of all legal costs and damages involved. 
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108.06 	 PUBLIC SAFETY AND CONVENIENCE 

The Contractor shall perform the work and manage his 
operations In such a way as to at all times ensure and protect 
the safety and convenience of the public, and avoid disruption 
or interference with the movement of traffic on both public and 
private roads. 

The safety and convenience of the general public' and the 
residents along the project, and the protection of persons and 
property shall be provided by the Contractor as specified in 
Section 105.03. 

108.07 	 CONSTRUCTION OVER OR ADJACENT TO 
NAVIGABLE WATERS 

If any construction work is to be done over, within, or 
adjacent to navigable waters or streams, the Contractor shall 
regulate and manage his operations so as not to cause any 
interference with the movement of vessels. 

No work shall be started or carried on within or over any 
shipping channel without the knowledge and prior approval of 
the Directorate of Navigation and/or other authorities having 
control over such waters. Not less than fifteen (15) days before 
beginning any work over, within, or adjacent to any navigation 
channel, the Contractor shall send written notice to 

Chief of Inland Waterways Service 
Directorate of Navigation 

or any other .authority as may have jurisdiction over the use 
of waterways at the construction site. 

This notice must state the preicise location of the work, the 
nature of. the work, the date work is to begin, and the 
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approximate duration. No work shall begin until this notice has 
been acknowledged by the proper jurisdictional authority and 
arrangements have been made for posting the proper naviga
tion signals for any channel obstructions contemplated in 
prosecuting the work. 

The Contractor shall be responsible for and pay any 
damages in connection with complaints, lawsuits, and other 
actions arising from his operations over, within, or adjacent 
to navigable waters. 

108.08 PROTECTION AND RESTORATION OF PROPERTY 

AND LANDSCAPE 
The Contractor shall be solely and directly responsible 

for any damage, loss, or inconvenience to public or private 
property and for any suits, actions, or claims of any character 
brought on account of any injuries or damages which may 
result from his manner of conductino the work. When any 
direct or indirect damage or injury is done to public or private 
property by or because of any act, omission, neglect or 
misconduct in prosecution of the work by the Contractor, he 
shall restore such property, at his own expense, to a condition 
equal to that existing before the damage was done. 

When the work sites are adjacent to or within the property 
of railroads, shipping ports, airports, highways, telephone, 
electric, water supply, sewerage systems and underground 
structures, trees, crops, fences or other properties and facilities 
which are vital to the public, the Contractor must obtain all 
necessary information regarding such properties and shall give 
notice in writing to the owners, or the proper authority, at 
least 48 hours before his op3rations will affect such property. 
He shall proceed with the work only when protective measures 
have been taken with approval and under authority of the 
concerned owners or agencies. 
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Land survey or boundary markers established by the Land 
Bureau or Geographic Agencies or by private persons must be 
carefully protected by the Contractor and must not be moved or 
in any way disturbed except under instructions and when 
witnessed by the concerned agencies or owners of the 
properties. 

HA will make necessary arrangements with concerned 
agencies for removal of public utilities and other properties
which cause hindrance to the Contractor's operations. The 
Contractor shall cooperate with these agencies in order to 
afford uninterrupted progress of his work and to avoid breaks 
in the operation of public facilities. If a break occurs in the 
water supply, electric or other public utility systems, the Con
tractor must immediately notify the concerned agency and 
fully cooperate in making the necessary repairs as promptly 
as possible. 

When damage to public or private property, other than 
public utility systems, is brought to the attention of the Engineer, 
hc will make an inspection to determine if the damage has been 
caused by any act on the part of the Contractor in conducting 
the work. If such is found to be the case, the Engineer will so 
notify the Contractor in writing. Within forty-eight (48) hours 
after receiving such notice, the Contractor shall show to the 
Engineer conclusive evidence that he has arranged for repair 
of the damage to the satisfaction of the owner. Upon failure of 
the Contractor to meet this deadline, the Engineer may undertake 
the necessary repairs to the satisfaction of the owner, and may 
deduct the resulting costs from payments due or to become due 
the Contractor. If such costs exceed the amount of payments 
due or to become due the Contractor, the Contractor shall pay 
the difference. 
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108.09 USE, STORAGE, AND DISPOSITION OF EXPLOSIVES 

The Contractor shall at all times observe current laws and 
regulations with regard to the purchase, transporting, storing, 
and use of explosives. 

of explosives is necessary for prosecutionWhen the use 
of the work, the Contractor shall use the utmost care not to 

and shall beendanger life or property, including new work, 
fully responsible for all damage resulting from the use of 

explosives. 

The Contractor shall notify each resident, property owner, 

and public utility agency living, or having structures or facilities 

near the work site of his intention to use explosives. Such notice 

shall be given sufficiently in advance to enable them to take 

the necessary steps to protect their persons and property from 

injury or damage. 
a secure manner. WhereAll explosives shall be stored in 

no local regulations apply, storage places for explosives 

shall in general not be less than three hundred (300) meters 

(1000 ft.) from any road, airport, building, or area of human 

occupancy. 
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108.10, BARRICADES, WARNING DEVICES, SECURITY, AND 
GUARD FACILITIES 

Maintenance of traffic through or crossing the project and 
provisions for traffic control, including the erection of barricades, 
signs, lights, signals, and the posting of flagmen and watchmen 
shall be as specified in Section 1105.03. 

The erection of fences or walls by the Contractor for the 
protection of stored materials or portion of the work shall be 
subject to the approval of the Engineer. 

All costs for the erection of fences or walls or posting 
of guards for security of materials and work shall be 
considered as included in the contract prices for the various 
items of work. 

108.11 RESPONSIBILITY FOR DAMAGE CIAIMS 

The Contractor shall indemnify and protect the Government, 
HA, its officers and employees from all lawsuits, actions, or 

claims of any nature which may be brought because of any 
injuries or damages to persons or properties on account of 
the Contractor's operations; or in consequence of any neglect 
in safeguarding the work; or through the use of unacceptable 
materials ; or because of any act of omission, neglect, or mis
conduct of the Contractor; or because of violation by the Con
tractor of any law, decree, arrete, ordinance, or regulution, or 
infringement of any patent, trademark or copyright.. 
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If the Government or HA or any of its officers or employees 
should be named in any lawsuit as a result of any of the 
foregoing causes on the part of the Contractor, the Contractor's 
Performance Bond or surety may be retained until such law
suit is settled and suitable evidence to that effect is furnished 
to HA; except that the Performance Bond or surety will not 
be retained if the Contractor produces satisfactory evidence 
that he is adequately covered by public liability and property 
damage insurance. 

108.12 CONTRACTOR'S RESPONSIBILITY FOR WORK 

Until final written acceptance of the work is given by the 
Engineer, the Contractor shall have the full charge and care of 
the project and shall take every precaution against injury or 
damage to any part of the project by action of the elements 
or from any other cause, whether it may arise from prosecu. 
tion or non-prosecution of the work. The Contractor shall 
rebuild, repair, restore, and make good all injuries or damages 
to any portion of the work resulting from such causes before 
the final acceptance, and shall bear the related cost. 

The Contractor shall take all necessary and appropriate 
measures to assure that stored materials, prefabricated structural 
components, and other items .o be used in the work will not be 
damaged, lost, or destroyed by -. :fid, rain, flood sea waves, or 
other atmospheric occurrences. The Contractor, shall repair, 
replace, and make good all injuries and damages to such items 
resulting from his failure to take protcctive measures, and shall 
bear the related cost. 

The above provisions will not apply to occurrences which 
are beyond the Contractor's control, on condition that the 

Contractor must notify the Engineer in writing within ten (10) 
days after any occurrence resultina in loss or damage to the 
work or materials. Upon receipt of such notice, the Engineer 
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will consider the Contractor's claims for extra costs and damages 
resulting from occurrences beyond his control. After this ten 
(10) day time limit, thc Contractor's claims will not be 
acceptable. 

In no circumstances, including those which are recognized 
as being beyond the Contractor's control, shall any claim be 
considered for loss or damage to movable tools and equipment. 

108.13 	 SUSPENSION OF WORK 
In case of suspension of work from any cause, the Con

tractor shall be responsible for the project and shall take all 
precautions that may be necessary to prevent damage to the 
work, shall provide for normal drainage, and shall erect any 
necessary temporary structures, signs, or other facilities, bearing 
all costs so incurred. During any period of. suspension, the 
Contractor shall properly and continuously maintain the work 
in accordance with the provisions of Section 105.03. 

When temporary suspension of the work is ordered for 
any period or ' for any reason, the Contractor shall store his 
materials and equipment in such a way that these will not be 
damaged, lost, or cause obstruction to traffic. The Contractor 
shall also take all necessary steps to prevent damage to 
completed or parlially completed work during the period of 
suspension, and shall not remove any equipment, tools, or 
materials from the project except with written approval of the 
Engineer. 

When HA orders that work be suspended for a period 
of less than six (6) months, the Contractor shall have no right 
to request termination of his contract, but may present a claim 
for damages if he has losses which can be proven to result 
directly or indirectly from the ordered suspension. Such claim 
shall be acceptable only within a period of one (I) month 
after the end of the suspension period. 
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After 	notification of contract approval, if HA orders that 
work be suspended for a period of more than six (6) months, 
either before or after issuance of Notice to Proceed, the 
Contractor will have I1he right to request termination of his 
contract, and may present a claim for damages, if any. The 
Contractor's request for termination of his contract shall only be 
acceptable within three (3)months after receipt of the order to 
suspend the work. If this order gives no time limit for suspension 
of the work, the Contractor's request for contract termination is 
only acceptable within a period of one (I) month after work 
has been suspended for six (6) months. The foregoing provision 
is cpplicable when work is suspended several times during the 
term of th e contract and the cumulative suspension time exceeds 
six (6) months, even though work is resumed otter each suspension. 

In case of any suspension of work for a continuous period of 
more than six (6) months, the Contractor may request acceptance 
and payment for partial works which have been completed. 

If HA orders permanent suspension of the work, the 
contract will be immediately terminated, and the provisions of 
Section 109.09 shall be in effect. 

108.14 	 PROVIDING RIGHT-OF-WAY 
HA will be responsible for acquiring and Providing ah 

necessary right-of-way in advacic: of LcJriviuclion. Any excep 
tions to this will be indicatpe- in the p'i' nnad in Special 
Provisions. 

108.15 	 PERSONAL LIABILITY OrF PUBL' r OfFiCIALS 
In carrying out any of the provisions of these Specifications, 

or in exercising any power nr authority granted to them by 
or within the scope of the con,,nir the,e shall be no liability 
upon the Chairman of the HA Administraiive Council, the 
Director General, or any of their authorized representatives, 
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either personally or as officials of HA, it being understood 
that in all such matters they act only as agents and reoresento
tives of HA. 

108.16 	 NO WAIVER OF LEGAL RIGHTS 
Final acceptance of the work shall not constitute a waiver 

of any legal rights of HA nor preclude HA from correcting 
any measurement, estimate, or certificate made before or 
after completion of the work; nor shall HA be precluded 
from recovering from the Contractor or his surety the amount of 
any overpayments which might be made, or the amount of 
cost incurred because of failure by the Contractor to fulfill his 
obligations under the contract. 

The Contractor, without prejudice to the terms of the 
contract, shall be liable to HA for latent defects, fraud 
or such gross mistakes as may amount to fraud, or as regards 

HA's rights under any guaranty or warranty. 

108.17 	 ENVIRONMENTAL PROTECTION 

The Contractor shall comply with all laws, decree-laws, 
decrees, arretes, and local regulations controlling pollution of 
the environment. He shall take all necessary and required 
precautions to prevent pollution of streams, lakes, and water 
reservoirs with fuels, oils, bitumens, chemicals or other harmful 
materials, and to prevent pollution of the atmosphere from 
particulate or gaseous matter. 
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SECTION 109 PROSECUTION AND PROGRESS 

109.01 SUBLETTING OF CONTRACT 
The Contractor shall not sublet, sell, transfer, assign, or 

otherwise dispose of his contract or any parts of it without the 
written consent of HA. If this consent is given, the Contractor 
will be permitted to give a portion of his work to subcon
tractors. In any case, the Contractor shall perform with his own 
organization, work amounting to not less than 50% of the total 
contract amount. 

Giving portions of the work to subcontractors will not 
relieve the Contractor of any responsibilities and obligations
under the contract; he shall remain as the only responsible 
party toward HA. 

109.02 NOTICE TO PROCEED 
The Notice to Proceed will stipulate the date on whi'ch it 

isexpected the Contractor will begin the work. This will be the 
beginning date of contract working time. 

If the Contractor begins any work on the project prior to 
issuance of the Notice to Proceed, such as mobilimation of 
equipment and labor or collection of materials, contract working
time will still be counted from the date stipulated in the Notice 
to Proceed. 

109.03 PRE-CONSTRUCTIbN CONFERENCE 
Upon award of the contract, and prior to issuance of the Noti

ce to Proceed, the Engineer will advise the Contractor of the date, 
time, and place for a Pre-Construction Conference to be attended 
by representatives of HA and the Contractor. The Contractor's 
project superintendent is required to attend this conference. 

The Contractor shall submit to the Engineer at the time of 
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the Pre-Construction Conference, his progress schedule for 
prosecution and completion of the work. The Contractor's 
progress schedule will be reviewed in the conference and 
approved, with inclusion of any mutually agreed changes or 
modifications. 

The Engineer has the option to waive the requirement for 
a Pre-Construction Conference if this is in the best interests of 

HA. In this case, the Contractor shall be required to submit 
his progress schedule not less than seven (7) days prior to 
beginning work. 

109.04 SCHEDULED PROGRESS OF THE WORK 
The Contractor shall submit to the Engineer in accordance 

with the provisions of Section 109.03 a progress schedule 
showing the sequence by which he proposes to undertake the 
work and the dates on which he contemplates beginning and 
completing the major items of work. 

The Contractor shall schedule the commencement and 
prosecution of his work in such a way that growing food crops 
encountered within the Right-of-Way are left undisturbed to 
allow harvesting at maturity. 

The Contractor shall use all practical means to make the 
progress of the work conform to that shown in the progress 
schedule which is in effect. If the work falls behind the scheduled 
progress, the Contractor shall take such steps as may be 
necessary to improve his progress. In event of his failure to 
do so, HA may require him to increase his labor force, 
working hours per day, working days per week, or amount of 
equipment, so as to bring his progress into conformity with 
the approved schedule, all without additional cost to HA. 

If the progress of the work falls 20% or more behind that 
given in the Contractor's approved progress schedule (based 
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perform
on the total contract amount) at any time during the 

ance of the work, the Engineer will advise the Contractor of 

him to 	 submit a revised progressthis delinquency and direct 
HA list

schedule. The Contractor may be eliminated from the 
for as 	 long as the delinquentof Prequalified Contractors 

progress status exists. 

a progress scheduleThe Contractor shall submit revised 

on any occasion that an extension of the contract working time 

is approved by the Engineer. 

The revised progress schedule must show how the Con. 
work withintractor proposes to complete the balance of the 

the allotted working time. The Contractor shall submit a revised 

(10) calendar days after the date 
progress schedule within ten 

of request by the Engineer. The Contractor shall make every 
requirementsprogress schedule consistent with all the contract 

of 
regarding the sequence of performance of various portions 

to the Contractor while
the work. No payment will be 	made 

with the Engineer's request to
he is delinquent in complying 


progress schedule.
submit 	a revised 

One month after the submission of a revised progress 
ifthe progress

schedule, necessitatedby delinquent progress, 
behind 	 this revised progressis 20% moreof the 	work or 

in default of hisContractor will be consideredschedule, the 

contract.
 

AND
109.05 	 CHARACTER OF WORKMEN, METHODS 


EQUIPMENT
 
sufficient labor

The Contractor 	shall at all times employ 

carrying on and completing the work in 
and equipment for 

the manner required by these specifications and in the time 

contract.allotted in the 
experiencesufficient skill andAll workmen shall have 	 to 
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properly perform the work assigned to them.Workmen engaged 
in work requiring special skills, such as operation of equipment, 
shall hove sufficient training and experience in such work and 
in operation of the equipment to perform the work in a 
satisfactory manner. 

Any person employed by the Contractor or any subcon
tractor who, in the judgement of the Engineer, does not perform
his work in a proper and skillful manner, or who does not 
properly comport himself during working hours shall, at the 
written request of the Engineer, be expelled from the project. 
Such person shall not again be employed on the same project 
except under written approval of the Engineer. If the Contractor 
fails to expel such person or fails to employ suitable personnel 
for satisfactory prosecution of the work, the Engineer may
suspend the work, by written notice, until there is compliance 
with his request. The Contractor will not be allowed any 
extension of contract working time because of this suspension. 

All equipment used in the work shall be of sufficient 
capacity and in such mechanical condition as to meet the 
requirements for the work and to produce finished work of 
satisfactory quality. 

When the methods and equipment to be used in accom
plishing the construction are not prescribed in the contract, the 
Contractor will be permitted to use any methods or equipment
that will accomplish the work in accordance with the plans and 
specifications. 

When the plans or specifications direct the use of certain 
methods and equipment, these shall be employed by the Con
tractor unless others are authorized by the Engineer. If the 
Contractor desires to use a method or type of equipment other 
than that specified, he must request the necessary authorization 
from the Engineer. His request shall be in writing and shall 
include a full description of the methods and equipment proposed 
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and of the reasons for desiring to make the change. Ifapproval 
is given, it will be on the condition that the Contractor will be 
fully responsible for producing work which is in conformity with 
all of the requirements. If, after trial use of the alternate methods 
or equipment, the Engineer determines that the work produced 
does not meet the requirements, the Contractor shall discontinue 
use of the alternate method or equipment and complete the 
remaining work by use of the specified methods or equipment. 
The Contractor shall remove and replace any deficient work, 
or take other corrective actions directed by the Engineer. No 
change will be made in the basis of payment for the various 
items of work, nor in allotted contract working time, as a 
result of the Engineer's authorization for use of alternate 
methods or equipment. 

109.06 	 DETERMINATION AND EXTENSION OF CONTRACT 
WORKING TIME 

The time allowed for completion of all the work under the 
contract will be given in the Proposal and/or Special Provisions 
and will be known as the "Contract Time". 

The contract time shall be counted from the beginning date 
as defined in Section 109.02. Contract time will include all 
Sundays, holidays, and non-work days. 

When the contract time is fixed in days, this time will 
expire at the end of the last day of the time stipulated in the 
contract. 

When the contract time is fixed in months, the solar 
calendar shall apply, and the time will be counted from the 
stipulated date in the starting month to the corresponding date 
in the expiring month. If the corresponding date does not exist 
in the expiring month, the contract time will expire at the 
end of the last day of the expiring month. 



88 
109.06 

All calendar days elapsing during any suspension of thework which is ordered by the Engineer for reasons beyond theContractor's control will be excluded from the counting ofcontrbct time. 
The determination of contract working time isgiven carefulconsideration by HA in the preparation of plans and proposalsfor the work contemplated. The time allowed for completion of theproject is based on the estimated quantities of the various itemsof work as defined in Section 103.06. If satisfactory fulfillmentof the contract requires an increase in the quantity of anymajor item of work in addition to that given in the proposal, thecontract time will be increased on a basis commensurate withamount and difficulty of the added work. The Engineer willadvise the Contractor of such additional work, and theextension of time allowed, by an official order.

If during prosecution of the work the Contractor finds thatit is impossible for reasons beyond his control to completethe work within the contract time as specified or as extendedin accordance with the above provisions, he may submit awritten request to the Engineer for an extension of time settingforth the reasons which he believes will justify the granting ofhis request. Such request must be submitted to the Engineer
prior to the expiration of allotted contract time. The Contractor's
plea that insufficient time was given in the proposal shall notbe accepted as a valid reason for extending the contracttime. If the Engineer finds the Contractor's request to bereasonable, valid, and justified, and that delay of the workis caused by conditions beyond the control and without thefault of the Contractor, he may extend the time for completionby such amount as the conditions justify. The extended timefor completion shall th& be in full force and effect the sameas though it were the original contract time.
 
When final acceptance of the work 
 has been made by the 
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Engineer as prescribed in Section 106.16, the counting of 
contract time will cease. 

109.07 	 FAILURE TO COMPLETE THE WORK IN TIME 

For each calendar day that any work remains uncompleted 
after expiration of the allotted contract time and any exten
sions granted under the provisions of Section 109.06, the amount 
stipuluted in the proposal will be deducted from any money 
due the Contractor Qs liquidated damages. 

Liquidated damages are assessed without prior notice, 
effective from the expiration date of contract time as stipulated 
or as extended. 

Permitting the Contractor to continue and complete the 
work or any part of it after the time fixed for completion, or 
after the date to which the contract time may have been 
extended, shall in no way constitute a waiver on the part of 

HA of any of its rights under the contract. Assessment of 
liquidated damages shall not cause any obstacle to enforcement 
against the Contractor of any applicable provisions of the 
contract. 

In certain cases, HA may waive such portion of the 
liquidated damages as may accrue after the project is in 
condition for safe, convenient, and unrestricted use by the 
traveling public. Judgement for exercising such waiver lies 

entirely with HA. 

109.08 DEFAULT AND TERMINATION OF CONTRACT 

The 	Co-itractor is in default of his contract if he: 

Fails to begin the work within the time specified in the 
Notice to Proceed. 

Fails to perform the work with sufficient workmen, equip
ment or materials to assure prompt completion. 
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Performs the work unsuitably or neglects or refuses to 

remove and again perform work, or removes and replaces 
being

material that is rejected by the Engineer as 

unacceptable. 

the work without an order for suspension from
Discontinues 
the Engineer. 

has been suspendid, withinFails to resume work, which a 
so.reasonable time after receiving 	notice to do 

the work in an acceptableFails for any reason to carry on 

manner. 
in accordanceRefuses to accept a Change Order issued 


with the provisions of Section 105.02(2) (a).
 

Fails to comply with the provisions of Section 106.09(5). 

Fails to comply with the provisions of Section 109.04. 

comply with any official order of the Engineer.Fails to 

If the Contractor is found to be in default, the Engineer 

will give written notice to t P Contractor and his surety of such 

default, specifying the same and directing what action shall 

be taken. The Contractor or his surety shall have ten (10) days 

such notice to take necessary action for
after receipt of 

cause him to be in default.correction of the conditions which 
within this time,If the Contractor or his surety fails to act 

HA shall have the full power and authority, without violating 

apply either of the following proceduressthe contract, to 

I. HA may terminate the contract, with forfeiture of the 

Contractor's Performance Guaranty, and eliminate the 
list of Prequalified andContractor from the HA 

byRegistered Contractors for a term to be determined 

HA shall have the option to purchase from the Con-HA. 
on the job-site attractor any acceptable materials stored 

in the absence of contract prices,the contract unit prices, or 
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at the prices agreed upon by both parties. HA jp6i 

also take any appropriate or necessary legal action 
against the Contractor. 

2. 	 HA may take the prosecution of all or any portion of the 
work out of the hands of the Contractor without violation 
or prejudice to the contract and continue the work' by 
either or both of the following procedure,, according to the) 
best interest of HA' 

(a) 	 The work may be continued by HA forces. In./thii 
case the Contractor may continue the presence o'f hii' 
personnel and equipment on the work, and may obseria 
the performance of the work, but shall have no right 
to prevent others from executing the Engineer's orders. 

HA may appropriate and use any and all materials 
which have been delivered and/or equipment required 
for prosecution of the work, or take such other 
steps qs in the opinion of the Engineer are required for 

manner.completion of the work in an acceptable 

The counting of contract time shall continue during' any 
period that the Contractor is in default and prosecu. 
tion of the work is in the hands of HA forces. In this 
case, if the time for completion of the work exceeds 
the contract time, the assessment of liquidated damages 
may be waived at the discretion of HA. During any 
such period no payment will be made to the Conlraclor , 

for work performed, except for previously delbvered 
materials which are incorporated into the work. 

Prosecution of the work by HA forces will bIe ended 

if the Contractor shows conclusive evidence that he is 

prepared to rectify that which caused him *Jo be in 

default, ard is provided with all means to continue the 
work and complete the project in a satisfactory monrier. 
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The Contractor shall have no right or ground for 
complaint against this procedure. 

(b) 	 HA may enter into a separate agreement for comple
tion of any portion of the contract according to its 
terms and provisions. In this case, the contract will be 

terminated with respect to those items of work which 

are placed under separate agreement. The Contractor 
shall not receive further payment for such items of 

work, nor shall any adjustment be made of any unit 
prices for any remaining items of work left in the 
hands of the Contractor. Contract time for the comple
tion of such remaining items will be adjusted as 
directed by HA. 

The Contractor shall have no right or ground for 
complaint against this procedure. 

If prosecution of the work by HA forces or by separate 
agreement should lead to an increase in costs incurred by HA 
in excess of the original contract amount, any and all such 
costs shall be deducted from any money due or to become due 

the whichthe Contractor. If such costs exceed amount may 
be payable to the Contractor, then the Contractor and his 
surety shall be liable and shall pay to HA the amount of 
such excess. If prosecution of the work by HA forces or by 
separate agreement should lead to a reduction of costs, the 

Contractor shall have no right to claim any benefit as a result 
of such reduction. 

The contract shall be terminated with no damages accruing 

to the Contractor if: 

The Contractor becomes bankrupt or is undergoing 

bankruptcy, unless HA con approve a request for conti
nuation of works submitted by the Finance Manager, 
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provided he is authorized by 'a Court to continue the Con
tractor's business. 

The Contractor comes under judicial liquidation and is not 
authorized to continue his business. 

The Contractor dies, except when HA can approve a 
request for continuation of works submitted by the Con
tractor's heirs. 

109.09 	 TERMINATION OF CONTRACT FOR NATIONAL 

EMERGENCIES AND SUSPENSIONS LONGER THAN 

SIX MONTHS 

HA will terminate the contract or any appropriate portion 
thereof by written notice when the Contractor is prevented from 
proceeding with the work as a direct result of an Executive 
Order or Decree of the President with respect to the prosecu
tion of war or in the interest of national defense. The Con

tractor may request termination of the contract in accordance 
with the provisions of Section 108.13 in tile event that work is 
ordered by HA to be suspended for more than six (6) months. 

When the contract or any portion thereof is thus terminated 
before completion of all the items of work, payment to the 
Contractor will be made for the actual number of units or items 
of work completed at the contract unit prices, or as mutually 
agreed for items of work partially completed or not started. 
No claim for loss of anticipated profits shall be considered. 

Reimbursement for employing workers, for administrative 
costs (when not otherwise provided for in the contract), and 

for moving equipment and materials to and from the work site 
will be considered, the intent being that an equitable settlement 
should be made with the Contractor. 

Acceptable materials, obtained or ordered by the Contractor 
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for the work and not incorporated into the work will, at the
Contractor's request, be purchased by HA at the contract
unit prices, or in the absence of contract prices, at the prices
agreed upon by both parties. Such materials, if purchased,
shall be deposited by the Contractor at points of delivery
within the project limits, as designated by the Engineer. 

Termination of the contract or any portion thereof under
the provisions of this Section shall not relieve the Contractor ofhis 	 responsibilities for the completed work; nor 	shall it relievehis surety of any obligation toward or concerning any justified
claim arising out of the work performed. 

109.10 	 PURCHASE OF EQUIPMENT ON TERMINATION 
OF CONTRACT 

When the contract is terminated for any reason, HA
shall have the option to buy from the Contractor all or any
portion 	of : 

Temporary structures whose installation has been accepted 
by the Engineer. 
Special equipment manufactured or procured for perform
ance of the work in accordance with the contract. 
The amount to be paid for such temporary structures orspecial equipment shall be the prevailing market price, or the

Contractor's landed cost in the case of imported equipment,
less any appropriate deduction agreed upon by both parties 
for depreciation. 

In no case shall such amount exceed the prevailing 
market cost. 

109.11 	 FORCE MAJEURE 
Force Majeure shall be considered as any unforeseeable 

occurrence beyond the control and wiihout the fault or negligence 
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of the Contractor and his employees, including, but not 
restricted to cataclysmic phenomena of nature such as earthquake, 
tidal wave, tornado, hurricane, flood, or fire, or acts of a public 
enemy, acts of war, rebellion, insurrection, expropriation, 
disease epidemics, quarantine restrictions, strikes, freight 
embargoes, and delays to the Contractor's pro.ecution of the 
work resulting from such occurrences. 

When, in the opinion of the Contractor, Force Majeure 
conditions exist, he shall notify the Engineer in writing within 
ten (10) days of the occurrence causing such conditions. This 
notice shall state the date of occurrence, the nature, and the 
probable duration of Force Majeure conditions. The Engineer 
will reply in writing, advising whether or not HA concurs in 
the existence of Force Majeure conditions. 

If HA does not concur in the existence of Force Majeure 
conditions, the reasons for "non-concurrence will be given in 
full detail, and the Contractor will be required to proceed 
with the work under the terms and conditions of the contract. 

In the existence of Force Majeure conditions, if any, the 
work shall be immediately suspended and the provisions of 
Section 108.13 shall be in effect for the duration of Force 
Majeure conditions except that. 

The Contractor may remove his personnel, tools, equip
ment, and materials from the project site to a secure 
location. 

The Contractor shall be relieved of responsibility for 
damage to the work, except that which is caused by his 
carelessness or lack of proper supervision and control. 

The Contractor shall be relieved of responsibility for 
Maintenance of the Work as provided in Section 105.03. 
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SECTION 110 MEASUREMENT AND PAYMENT 

110.01 	 MEASUREMENT OF QUANTITIES 
All work completed under the contract will be measured 

by 	the Engineer according to the standard units of measure in 
the country . Where English units of measure are 
given in these Specifications for clarity, in conjunction with 
metric units, the metric units shall govern in all cases. 

The unit of linear measure will be the meter, or any 
fraction or multiple thereof in the international metric system. 

The method of measurement and computations to be used 
In determination of quantities of material furnished and of work 
performed under the contract will be those methods generally 
recognized as conforming to good engineering practice. 

In all cases the Contractor shall not rely on customs, and 
habits to obtain any advantage for himself In qounting, 
measuring and weighing operations. 

Unless otherwi-se specified, longitudinal measurements for 
area computations will be made horizontally, and, except for 
structures, no deductions will be made for individual fixtures 
having an area of one (I) square meter or less, Unless 
otherwise specified, transverse measurements for area computa
tions will be to the lines and dimensions shown on the plans or 
ordered in writing by the Engineer. 

Structures will be measured according to dimensions and 
lines shown on the plans or as altered to fit- field conditions. 

All items which are measured by the linear meter, such 
as pipe culverts, guardrail, underdrains, etc., will be measured 
parallel to the base or foundation upon which such structures 
are placed, unless otherwise shown on the plans. 

In computing volumes of excavation the average end area 
method, or other acceptable methods, will be used. 
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The thickness of plates and galvanized sheet used in the 
manufacture of corrugated metal pipe, metal plate pipe 
culverts and arches, and metal cribbing will be specified and 
measured in standard metric units. 

The term "ton" will mean the metric ton consisting of 
1,000 kg. All materials which are measured or proportioned 
by weight shall be weighed on accurate, approved scales by 
competent, qualified personnel at locations designated by the 
Engineer. If material is shipped by rail, the car weight may be 
accepted, provided that only the actual weight of material be 
paid for. Trucks used to haul material being paid for by
weight shall be weighed empty, daily, at such times as the 
Engineer directs, and each truck shall bear a plainly legible 
identification mark. Each loaded truck shall be weighed for 
each delivery, and only the net weight of material shall be 
paid for. 

If materials are shipped by barge or sampan, the weight 
of such materials will be determined by the barge displacement 
method. The Contractor shall furnish HA a barge load capacity 
chart showing the load in metric tons versus the full and empty
draft reading, and with corrections for salt water versus fresh 
water displacement, for each barge or sampan used to deliver 
materials. The charts must be certified and standardized to 
the satisfaction of the Engineer. The cost of certification and 
standardization -l: be borne by the Contractor. The Con
tractor's desire., .. ding of the barge shall be indicated by a 
red line marking .r, each end and both sides of the barges or 
sampans. The barges or sampans shall then be loaded until 
the top of the red lines are at the water level. For the purpose
of insuring the correct weight of materials delivered to HA, 
the full load line shall be observed by the Engineer's 
representative prior to unloading. After the barge or sampan
is completely empty, the vessel shall be inspected by the 
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Engineer's representative and the empty load line observed. 
Car, ship, or truck weights will not be acceptable for 

material to be passed through mixing plants. In this case the 
materials will be measured by the weighing devices incor
porated in the mixing plant. 

If the contract specifies that aggregate material is to be 
paid for by the ton, the Engineer may require daily tests to 
determine the bulk unit weight of the material furnished by the 
Contractor. 

Whenever the bulk unit weight of the aggregate furnished 
exceeds 1780 kg/M3 , the weight of material furnished that day 
will be adjusted for payment according to the following ratio: 

1780 
Pay Weight --Weight furnished 	 bulk unit weight 

determined b,, test 

Material to be measured by volume in the transporting 
vehicle or vessel shall be transported in approved vehicles or 
vessels and measured therein at the point of delivery. Vehicles 
or vessels for this purpose may be 	of any size or type accept
able to the Engineer, provided that the body or hull is of such 
shape that the actual contents may be readily, and accurately 
determined. All vehicles or vessels shall be loaded to at least 
their water level capacity and all loads shall be leveled when 
the vehicles or vessels arrive at the point of delivery. 

When requested by the Contractor and approved by the 
Engineer in writing, material specified to be measured by the 
cubic meter may be weighed and such weights will be converted 
to cubic meters for payment purposes. Factors for conversion 
from weight measurement to volume measurement will be 
determined by the Engineer and shall be agreed to by the 
Contractor before such method of measurement of pay 
quantities is used. 



110.01 99 

Bituminous materials will be measured by the liter or ton. 
Volumes of bituminous materials will be measured as 

provided in ASTM D 1250 for asphalts or ASTM D 633 for tars.
Net certified scale weights or weights based on certified 
volumes will be used as a basis of measurement, subject to
correction when bituminous material has been lost from the
distributor, has been wasted, or otherwise not incorporated in 
the work. 

When bituminous materials are shipped by railcar, drum,
truck tank, or barge tank, net certified weights or volume,
subiect to correction for loss or foaming, may be used for 
computing quantities. 

Cement, timber, reinforcing steel, structural steel, and all 
other materials not specifically mentioned in this Section will 
be measured as provided in the succeeding relevant Sections 
of these Specifications.
 

The term "lump sum" when used as an item of 
 payment

will mean complete payment for 
 the work described in the
 
contract.
 

When a complete structure or structural unit (in effect,

"lump sum" work) is specified as the unit of measurement, the

unit will be construed to include all necessary fittings and 
accessories. 

When standard manufactured items are specified such as
fence, wire, plates, rolled shapes, pipe conduit, etc., and these
items are identified by gage, unit weight, section dimensions, 
ect., such identification will be considered to be nominal weights
or dimensions. Unless more stringently controlled by tolerances
in cited specifications, manufacturing tolerances established by 
the industries involved will be accepted. 

Scales for the weighing of highway and bridge construction 
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materials which are required to be proportioned or measured 
and paid for by weight, shall be furnished, erected and 
maintained by the Contractor, or shall be certified, permanently 
installed commercial scales. 

Scales shall be accurate within the tolerance specified in 
the governing Sections of these Specifications. The Contractor 
shall have the scales checked under the observation of a HA 
inspector before beginning work and at such other times as 
requested. The increments of weight measurement shall be 
uniform in spacing throughout the graduated or marked length
of the beam or dial and shall not exceed 1/1000 of the 
nominal rated capacity of the scale. The use of spring balances 
will not be permitted. 

Suitable protection shall be provided for scales incorporated
in mixing or proportioning plants to prevent their weighing 
accuracy from being affected by wind currents. 

Beams, dials, platforms and other scale equipment shall
be so arranged that the operator and inspector can safely 
and conveniently view them. For scales used for weighing trucks, 
a suitable weatherproof enclosure or "house" shall be provided
for beams or dials, operator, and inspector. 

Scales must be tested for accuracy and serviced before use 
at a new site. Platform scales shall be installed and maintained 
with the platform level and rigid bulkheads at each end. 

Scales which are overweighing (indicating more than true 
weight) will not be permitted to operate and the total weight
for payment of all materials received subsequent to the last 
previous correct weighing accuracy test will be reduced by
the percentage of error in excess of the specified tolerance. 

In the event inspection reveals the scales have been.under
weighing (indicating less than the true weight), they shall be 
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adjusted and no additional payment to the Contractor will be 
allowed for materials previously weighed and recorded. 

All costs in connection with furnishing, installing, certify
ing, testing, and maintaining scales; for furnishing test weights 
and scale house and for all other items specified in this 
Section for the weighing of highway and bridge construction 
materials for proportioning or payment shall be included in 

the contract unit prices for the various pay items of the project. 

When the contract quantities for a specific portion of the 
work are designated as the pay quantities, they shall be the 
final quantities for payment for such specific portion of the 
work, unless the dimensions of said portions of the work 
shown on the plans are revised by the Engineer. If revised 
dimensions result in an increcase or decrease in the quantities 
of such work, the final quantifies for payment will be revised 
in the amount represented by the autnorized changes in the 
dimensions. 

For increased quantities or Extra Work performed on a 
Cost-Plus basis, rental of equipment will be measured by time 
in actual working hours. If equipment has been ordered held 
on the job on a stand-by basis by the Engineer, half-time rates 
for the equipment will be paid. 

110.02 SCOPE OF PAYMENT 

The Contractor shall receive and accept compensation 
provided for in the contract as full payment tor furnishing all 
materials and for performing all work under the contract in a 
complete and acceptable manner and for all risk, loss, damage, 
or expense of whatever character arising out of the nature of 
the work or the prosecution thereof, subject to the provisions 
of Section 108.12. 

If the "Basis of Payment" clause in the specifications 



10 	 110.02 

relating to any unit price in the bid schedule requires that the 
said unit price cover and be considered compensation for 
certain work or material essential to the item, this same work or 
material will not be again measured or paid for under any other 
pay item which may appear elsewhere in the Specifications. 

110.03 	 COMPENSATION FOR ALTERED QUANTITIES 
AND EXTRA WORK 

When contract quantities are altered, or when Extra Work 
is performed, the Contractor shall accept as payment in full, 
at the contract unit prices, at adjusted unit prices, or on a 
Cost-Plus basis, for the accepted quantities of work done, as 
provided in Sections 105.02 and 110.04. No allowance except 
as provided in Section 105.02 will be made for any increased 
expense, loss of expected reimbursement, or loss of anticipa
ted profits suffered or claimed by the Contractor resulting 
either directly from such changes, or indirectly from unbalan
ced allocation among the contract items of overhead expense 
on the part of the Contractor and subsequent loss of expected 
reimbursements therefor, or from any other cause. 

110.04 	 COST-PLUS PAYMENT 

When increased quantities or Extra Work are ordered by 
HA to be performed -on a Cost-Plus basis, the Contractor 

shall be compensated for such work in the following 
manner: 

(I) LABOR 

For all workmen, equipment operators, and foremen in 
direct charge of the specific operations, the Contractor 
shall receive the rates of wages agreed upon in writing 
by both parties for each and every hour that each 
workman, equipment operator, and foreman is actually 
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engaged In such work, to which shall be added an amount 
equal to twenty percent J20%) of the sum thereof. 

(2) 	BOND, INSURANCE, AND TAX 
For property dbmage, liability, and other insurance 
premiums, and taxes in connection with such Cost-Plus work,
the Contractor shall receive the actual cost, to which cost
five percent (5Yo) will be added. The Contractor shall 
furnish satisfactory evidence of the rate or rates paid for 
such bond, Insurance, and tax. 

(3) MATERIALS 
For materials accepted by the Engineer and incorporated
in the work, except those furnished by HA, the Con
tractor shall receive the actual cost of such materials 
delivered on the work, including transportation charges
paid by him, as shown by receipted bills (exclusive of 
equipment rental as hereinafter set forth). 
If such materials are taken from the Contractor's stock,
they shall be paid for at the unit prices agreed upon in 
writing by both parties. 
To 	 the sum of all such material costs,fifteen percent (15%) 
will 	be added. 
Any such materials not remaining permanently in the work 
shall be the property of HA. 

(4) 	 EQUIPMENT 
For any machinery or special equipment (other than small 
tools), the use of which has been authorized by the Engi
neer, the Contractor shall receive the rental rates agreed 
upon In writing by both parties for the actual time that 
such equipment Is in operation on the work, to which rental 
sum fifteen percent (15%1) will be added. 
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The payment thus made shall be considered as covering
all fuel and lubricants, transportation costs, use of small 
tools and equipment for which no rental is allowed, and 
the time required for setting up and removing the equip
ment from the work. 

(5) 	 SUPERINTENDENCE AND OVERHEAD 
No additional allowance will be made for general super
intendence, or other overhead costs for which no specific 
allowance is herein provided. 

(6) 	 RECORDS 
For each day, the Contractor's representative and the 
Engineer shall keep corresponding records of the cost of all
work which is ordered to be done on a Cost-Plus basis. 

(7) 	 STATEMENTS 
No 	 payment will be made for work performed on a Cost-
Plus 	 basis until the Contractor has furnished the Engineer
with duplicate itemized statements of the cost of such 
Cost-Plus work detailed as follows : 

(a) 	 Name, classification, date, daily hours, total hours, 
rate, and amount due for each laborer and foreman. 

(b) 	Designation, dates, daily hours, total hours, rental 
rqte, and amount due for each unit of machinery and 
equipment. 

(c) 	Quantity, price, and amount due for each item of 
material. 

(d) 	Costs for transporting materials incorporated into 
the work. 

(e) 	 Cost of property damage, liability, and other insurance 
premiums, and tax. 
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Statements shall be accompanied and supported by 
receipted bills for all materials used and transportation 
charges. 

The additional payment, based on the percentages stated 
above, shall constitute full' compensation for all types of 
expenses not specifically designated. The total payment made 
as provided above shall constitute full compensation for 
such work. 

110.05 ELIMINATED ITEMS 

Should any items contained in the Proposal be found 
unnecessary for the proper completion of the work, the Engineer 
may, upon written order to the Contractor, eliminate such 
items from the contract, and such action shall in no way 
invalidate the contract. When the Contractor is notified of the 
elimination of items, he will be reimbursed only for actual 
work done and direct costs incurred, on the project, including 
procurement and delivery of materials prior to said notification. 

If the eliptination of items should result in a reduction of 
the total contract amount by more than twenty-five percent 
(25%), the Contractor may present a claim which includes, in 
addition to the above costs, the indirect costs which are 
included in the unit prices for the eliminated items. To qualify 
for consideration, such a claim must include an analysis of the 
unit prices for the eliminated items to identify the indirect costs. 

110.06 PARTIAL PAYMENTS 

Partial payments will be made once each month as the 
work progresses. Said payments will be based upon estimates 
prepared by the Engineer of the value of the work performed 
and materials* in place in accordance with the contract and for 
materials delivered in accordance with Section 110.07. 
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No 	oartial payment will be made when the total value of 
the 	work done since the last estimate amounts to less than 

$500.00. 
From the total of the amounts ascertained to be payable, 

an 	amount equal to ten percent (10%) of the whole will be 
deducted and retained by HA until after completion of the 
entire contract in an acceptable manner. The balance, or an 
amount equal to ninety percent (90%) of the whole, less all 
previous payments, shall be certified for payment. 

Should any attachment be made against amounts payable 
to the Contractor by a debtor for materials, services, or financing 
in connection with the project, attached amounts will be 
deducted from the payment due and deposited by HA in the 
Deposit and Consignment Fund. 

Any applicable modification of this provision for specific 
projects will be stipulated in Special Provisions. 

110.07 	 PAYMENT FOR MATERIAL ON HAND 
When requested by the Contractor and approved by 

the Engineer, partial payments may include the value of 
tested and accepted, nonperishable materials, delivered to 
the project and properly stored according to the Engineer's 
directions. 

Payment for such material will be made under the category 
of "Material Properly Stored, But Not Used". 

Prices to be paid for such material shall be as fixed in the 
HA Schedule of Material Prices or as agreed by both parties. 

In no case shall the agreed price for material on hand exceed 
the 	contract bid price. 

In order for partial payment to be made for material on 
hand, the following conditions must be met. 
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(I) 	 The material must be accepted by the Engineer for 
incorporation in the work. 

(2) 	 The quantity must be certified by the Engineer. 
(3) 	 Of the quantity certified by the Engineer, 75% will be 

allowed for payment in the partial payment estimate. 
(4) 	 The amount to be; pad for the material must be not 

less than $500.00 before deductions. 
The Contractor shall be responsible for any loss of the 

materials through deterioration, waste, theft, or other causes, 
which loss shall be replaced at the Contractor's expense. 

No partial payment will be made for living plant materials 
until they are planted and surviving in place. 

From the amount so ascertained to be payable, ten 
percent (10%) will be deducted and retained by HA until 
after completion of the entire project in an acceptable manner. 
The remaining Pnety percent (90%) will be certified for payment 
together with partial payment for work performed in accordance 
with the provisions of Section 110.06. 

110.08 ACCEPTANCE AND FINAL PAYMENT 

When the project has been accepted as provided in 
Section 106.16, the Engineer will prepare the final estimate of 
the quantities of the various items of work performed. Within 
sixty (60) days after the date of final acceptance, the final 
estimate will be submitted to the Contractor for his review and 
approval. If the Contractor approves the final estimate, or if he 
files no claim within thirty (30) days of receiving the final 
estimate, *HAwill process the estimate for final payment. With 
approval of the final estimate by the Contractor, or after 
the thirty (30) day deadline, he will be paid the entire sum 
found to be due, including the amount retained under the 
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provisions of Section 110.06, after deducting all previous 
payments and any amounts to be retained or deducted under 
other provisions of the contract. 

If the Contractor files a claim for additional payment in 
accordance wiJh contract provisions, it shall be submitted in 
writing in sufficient detail to enable the Engineer to ascertain 
the basis and amount of such claim. In such case the final 
amount determined by the Engineer to be due will be paid,
pending study of the claim. Upon final adjudication of the 
claim any additional payment determined to be due the Con
tractor will be computed in a supplemental final estimate and 
processed for payment. 

All prior partial estimates and payments shall be subject 
to correction in the final estimate and payment. 

110.09 	 ECONOMIC ADJUSTMENT OF PRICES
 
It is recognized by HA that 
 the prices of certain con

struction materials and petroleum products are subject to 
unusual fluctuations. 

When these items are required in substantial quantities,
and are essential to accomplishment of the work, Special
Provisions will be included in the contract to provide for the 
economic adjustment of prices, for the mutual protection and 
benefit of the Contractor and HA. 

When such Special Provisions are not included in the 
Contract, economic adjustment of prices shall, not apply. 
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SECTION 201 CLEARING SITE 

201.01 DESCRIPTION 

The work of Clearing Site consists af the removal, reloca
tion, or protection of all vegetation and small man-made 
objects within the limits of the project. Removal refers to, but 
is not limited to, removal of trees and brush, grubbing of stumps 
or roots, and the renfoval of existing bridges, structures, and 
houses unless plans or Supplementary Specifications indicate 
that these structures are to be removed by others. Relocation 
refers to, but is not limited to, relocation of road signs, govern. 
ment billboards, roadside shrines, and similar objects which 
shall be re-located to points designated by the Engineer. Pro
tection refers to, but is not limited to trees, brush, shrines, and 
other objects designated by the Engineer to be left in place. 
These objects shall be protected as the Engineer directs. 

201.02 METHODS OF CONSTRUCTION 
Except where designated by the Engineer, the ground sur

face within the limits of the project shall be cleared of all trees, 
brush, weeds, roots garbage, debris, structures, and all other 
unsuitable material. Stumps less than one foot above ground 
surface may be left in place if they are outside the construc
tion lines of cut and embankment areas. All stumps and roots 
shall be removed within the construction lines of cut and em
bankment areas except that when subgrade or embankment 
slope is more than one meter above the top of stumps or roots 
they may be left in the ground. In embankment areas, hole left 
after stumps are removed shall be backfilled *ith suitable ma
terial and compacted to a density of not less than 95 percent. 

The Contractor shall not remove trees, shrubs, and other 
landscape features which are shown on the plans or designated 
by the Engineer to be preserved. These trees shall be trimmed 
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of overhanging branches to a height of 6 meters (20 feet) above 
the finished roadway. Branch stubs shall be painted with an 
asphalt base paint prepared for tree surgery. 

All dead trees and those which die during the life of the 
contract, if they are along the edge of wooded areas remaining 
after clearing the site, shall be removed. Individual freestanding 
trees within the right of way but outside the limits of construc. 
tion, which are dead or which have died during the life of the 
contract, shall be removed. Such removals shall be a part of 
the work included in Clearing Site. 

In the performance of Clearing Site, the Contractor shall 
be responsible for the preservation of all public and private 
property, existing trees, plants, and other vegetation that is to 
remain within or adjacent to the highway and shall use every 
precaution necessary to prevent damaging or injuring them. He 
shall give special attention to the protection of the natural 
vegetation and other existing landscape features and surround. 
ltigs. At locations adjacent to operations performed by moto
rized equipment, the Contractor shall erect and maintain a 
one meter (3 foot) fence around all trees and around areas 
containing vegetation which is to be preserved. The Contractor 
shall repair all injuries to bark, trunk, limbs, and roots of 
remaining plants by properly dressing, cutting, and painting, 
using only approved tree surgery methods, tools, and material, 
and shall replace to their original condition, by approved seeding 
methods and materials, all grass areas beyond the limits of con
struction which have been damaged by his work. The Contractor 
shall not remove, cut, Injur6 or destroy trees or shrubs outside 
the limits of construction without authority of the Engineer. 

When or where any direct or indirect damage or injury Is 
done to public or private property by or on account of any act, 
omission, neglect, or misconduct on the part of the Contractor in the 
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execution of the work, such property shall be restored by the 
Contractor, at his expense, to a condition equal to that existing
before such damage or injury was done, or he shall make 
good such damage or injury in such other manner as may be 
acceptable to the Engineer. 

Roadside shrines shall be removed carefully and shall be 
reset at the exact locations approved by the owners and by
the Engineer. Street and road signs, and government billboards 
shall be removed carefully and shall be reset at the locations 
designated by the public authorities having jurisdiction. 

201.03 STRUCTURE REMOVAL 
Existing bridges and other structures within the project

which are to be removed by the Contractor shall be taken down 
and disposed of as may be directed by the Engineer. If needed 
for maintenance of traffic until new structures have been built,
they shall not be removed until provisions for traffic, satisfactory
to the Engineer, have been made. Cellars of houses, cesspools, 
and similar cavities shall be cleaned out. 

Buildings shall be demolished or removed from the right-of
way by the Contractor if and where specifically provided for 
in the plans or Supplementary Specifications except as other
wise hereinafter provided. The work shall consist of complete
demolition or removal of the buildings including but not limited 
to removal of equipment and fixtures, .foundation walls above 
the ground, concrete floors (except in cellars), porches, steps.
sifeds, garages, barns and other outbuildings. concrete, masonry
and -timber structures, fences, hedges, gasoline pumps, island 
and tanks, and other miscellaneous structures appurtenant to 
the buildings shown to be demolished ; disconnecting and termi
nating utility service facilities ; cleaning out of cellars ; refilling of 
cellars unless otherwise specified; breaking up concrete and 
masonry cellar floors for drainage; the removal and disposal 
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of materials and debris; final cleaning up of the site and other 
incidental work. 

Buildings which are-provided to be demolished or removed 
under the contract shall not be destroyed by burning but shall 
be torn down or moved to new locations outside the right-of
way of the project and outside other right-of-way proposed 
oc contemplated for acquisition by the HA. 

It shall be the responsibility of bidders to determine by
their own inspection and investigation, the sizes and condition 
of buildings, their types of construction, and data concerning
equipment and fixtures in the buildings, whether or not such
Information Is shown or given in the plans, specifications or
other coniract documents, and to make such other Investigation
that may be necessary for a complete understanding of the 
work' to be performed. Bids shall be based on the bfdders'own 
findings. 

The HA does not guarantee that the condition and con
tents of buildings will be the same at the time of starting work 
as they were when bidders inspected the site or prepared their 
bids ; neither does the HA assume any responsibility for 
destruction or loss due to fire, theft, or vandalism that may occur
prior to the time that the Contractor takes possession of the
buildings for demolition. The Contractor shall accept buildings
in the condition prevailing at the time they made availableare 
to him for demolition. 

The Contractor shall not start the demolition of any build.
ing before he has been notified by the Engineee that the build
ing Is available for demolition. He shall not start the demoli
tion of any building that will damage, or jeopardize occupancy 
or use of, an attached or adjacent buildling that is proposed
for. demolition before such attached or adjacent building isdeclared by the Engineer to be available for demolition. The 
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demolition of buildings attached or adjacent to other buildings
that are not to be demolished under the contract shall be con
ducted carefully to prevent damage to such other buildings and 
so that occupancy or use thereof is not jeopardized. Damage
to attached or adjacent buildings due to violation of the fore
going provisions, or otherwise caused by the Contractor's 
work, shall be repaired and made good by the Contractor 
without payment. 

All building materials, fixtures and equipment in, attached 
or belonging to, the buildings at the time they are declared 
available for demolition shall become the property of the 
Contractor unless otherwise provided in the Supplementary
Specifications or in the right-of-way agreements with the 
owners. 

All building materials, equipment, fixtures, and debris 
shall be removed from cellars of buildings demolished or re
moved by the Contractor. Concrete and masonry cellar floors
shall be, broken into pieces having areas of not more than 1 
square meter with well defined cracks through the full depth
of the floors, or holes of not less than 100 square cm area 
shall be made through the floors on approximately 3 meter 
centers, to provide vertical drainage. Cellar floors of wood shall 
be removed. 

Materials and debris shall not be placed or stored within 
the limits of any existing street. The parking, loading, and 
operation of trucks on existing highways or streets shall be 
governed by existing laws, ordinances, and regulations. 

In embankment areas, cellars of buildings demolished or
removed by the Contractor shall be filled with suitable 
embankment material to be approved by the Engineer. Cellar 
fills shall be placed and compacted to a density of not less 
than 95 per cent by the Dry Fill, Density Control m6thod. 
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Wherever necessary for protection of the public or 
where required by National or local laws, regulations or 
ordinances, the Contractor shall construct and maintain ade. 
quote sidewalk canopies abutting the buildings to be demo. 
lished and substantial barricades or fences closing off open 
cellars: 

Prior to the demolition of buildings, or other installations 
to be demolished under this contract, the Contractor shall 
oxterminate rats therein. 

This extermination shall consist of the phases: 

(1) Initial. This phase shall start immediately after execution 
of the contract where and as directed. All foods edible by 
rodents shall be removed from the buildings and surround
ings by the Contractor, and then a commercially pioduced 
toxic material containing red squill or norbormide sharl be 
placed in all structures to be demolished in such places 
as to attract the greatest possible number of rodents. 
The toxic material shall be used in accordance with the 
producers' Instructions. 

(2) Maintenance. One week (more or less, as directed) after 
the Initial phase, the Contractor shall start a program of 
maintenance to rid the structures and adjacent areas within 
the limits of this contract of any remaining rodents or 
their carcasses and to prevent their migration to other 
adjacent areas. The toxic material shall consist of anti
coagulents such as marfarin,. pival, diphadnone, PNP, or 

fumarin as A.2-1/2 percent mixture with a suitable cereal for 
treatment of structures, and in torpedo form for the 
treatment of all adjacent areas wthin the limits of this 
contract, such as vacant lots and alleys. 

All visible carcasses of rodents shall be removed and 
disposed of- satisfactorily. 
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The toxic bait, shall be renewed semi-monthly, if so 
directed by the Engineer, throughout said maintenance period
until the structures have been demolished and the cellars have 
been filled to the extent required. 

Prior to the demolition of any building, the Contractor 
shall provide for the disconnection and termination of all 
water, sewer, electric, and telephone service facilities that are 
connected to the building, in conformance with the require
ments of municipalities and utility companies owning or con
trolling them. The Contractor shall notify the municipalities and 
utility companies of the time any such disconnection may need 
be made and he shall perform the work according to their 
standard practices and requirements and under their supervi
sion, or arrange for its performance by their forces. The cost 
of any and all such utility work, including charges, if any,
which may be made by the municipalities and utility compa
nies, shall be borne by the Contractor and shall be included 
in the prices bid for the various demolition items. 

Prior to acceptance of the prolect, all materials and 
debris accumulated from demolition of buildings and from other 
work in connection therewith shall be removed from the site 
of the project and shall be disposed of by the Contractor as 
specified in Section 201.04, The ground surface shall be graded,
if necessary, to eliminate water pockels and the entire site 
of the project shall be cleaned up and left in a condition 
satisfactory to the Engineer. If cellars are not required to 
be filled under the contract, barricades or fences that have 
been erected adjacent therelo shall be left in place for the 
protection 

removal. 
of the public, unless the Engineer orders their 

201.04 DISPOSAL 6F MATERIAL 

Unsuitable materials accumulated by clearing, grubbing, 
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removal of bridges and other structures, and cleaning out as 
above described shall be disposed of by the Contractor at 
sites to be provided by him outside the limits of the highway, 
in a 	manner satisfactory to the Engineer. Material suitable for 
embankment shall be used for-that purpose if needed. Wood, 
trees, and brush cleared from the site may be burned within 
the limits of the right-of-way if approved by the Engineer, and 
in confornlance with National and local laws and regulations, 
at such places and times, and in such manner, that adjacent 
forests, and vegetation which is to be preserved, shall not be 
damaged by fire. 

Timber that the Engineer decides is large enough Jik have 
commercial value -shall remain the property of the, HA. The 
Contractor shall trim limbs and tops and shall stock the logs 
along the roadway in sites designated by the Engineer. 

Concrete pavement, sidewalks, curbs, gutters, and other 
mass concrete designated for removal shall be : 

Broken into pieces and used for rip-rap on the project 
where designated on the plans, or ; 

Broken into pieces of approximately 1/4 cubic meter In 
volume and stockpiles at designated locations for use 
by 	 the HA. 

Railroad ballast, gravel, and flexible paving materials shall 
be removed from the site and stockpiled at designated loca
tions for use by the HA. 

201.05 METHOD OF MEASUREMENT 
(I) 	 No measurement will be made of the area within the 

contract where Clearing Site is to be carried out unless the 
area is changed from the limits shown on the plans. In such 
a case, the increase or decrease in area will be measured 
in square meters. 
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(2) 	If structures to be demolished are to be paid for sepa
rarely, such information will be included in the, Plans and 
Specifications. In such a case, the measure of structures to 
be demolished shall be the total count of structures so 
designated and actually demolished. 

201.06 BASIS OF PAYMENT 
(I) 	 Clearing Site will be paid for at the lump sum bid in the 

proposal, provided there is no change in the designated 
area. This lump sum shall include payment for all work 
described in sections 201.01 to 201.04. This work will 
include demolition of structures unless the provisions of 
section 201.05 (2)apply. If the designated area for Clearing
Site is changed, the lump sum bid will be increased or 
decreased proportionally with the increase or decrease 
of area as measured in 201.05. 

(2) 	If demolished structures are listed for separate payment,
they will be paid for at the lump sums bid in the proposal
for the various structures actually demolished. 

(3) 	If the item Clearing Site is not scheduled in the Proposal, 
the cost thereof shall be included in the prices bid for 
other items scheduled therein. 
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SECTION O0 	 ROADWAY EXCAVATION 

202.01 	 DESCRIPTION
 
Roadway excavation 
 shall consist of the excavation andremoval of all earth, rock, boulders, brick, stone and concrete masonry, small underground structures, and 	other materialsencountered of whatever nature, required for the construction

of roadways and their appurtenances. Roadway excavationshall also consist of the transportation of the excavated mate.
rials; the construction of embankments with the materialsexcavated ; the disposal of unsuitable material and surplusmaterial; the trimming and shaping of embankment and cut.slopes, and the fine grading of embankment and cut surfacesto. prepare the subgrade for roadway base and pavement. 

202.02 CLASSIFICATIONS 
(I) 	Roadway excavation may be provided for in the contract as 	 Unclassified Excavation or, 	on a classified basis, asEarth Excavation and Rock Excavation. 
(2) 	Unclassified Excavation shall consist of 	the removal ofearth, rock, alland other materials encountered, of 

whatever nature. 
(3) 	 Earth Excavation shall consist of the removal of all

materials encountered except rock as defined below. 
(4) 	 Rock Excavation shall include only such rock and.hard

packed material that cannot be removed by a powershovel of one cubic-meter capacity, in good condition andproperly operated, without continuous drilling and blasting.
Rock Excavation shall also include boulders and massesof masonry more than 0.5 cubic meter (0.6cu yd) in volume. 

202.03 METHODS OF CONSTRUCTION 
Before grading work is started, the vegetation and under
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lying topsoil within excavation and embankment areas shall 
be stripped off to a depth of not less than 10 and not more 
than 15 centimeters below the existing ground surface, where 
shown on the plans or directed by the Engineer. Stripped
material which is or may be made suitable for use as topsoil
shall be stored and used therefor as needed. Stripped topsoil
in excess of the quantity required for the project topsoil shall 
be stored at locations specified or shown on the plans, for 
future use by the HA. Topsoil shall not be stored in areas 
where it will interefere with surface drainage or with the 
conservation of trees, shrubs, and other vegetation scheduled 
to remain. 

Roadway excavation shall be carried to the lines, grades, 
and slopes as shown on the plans. 

Whether the excavation is classified or unclassified, rack 
and boulders shall be excavated to the subbase subgrade
(or to bottom limits shown on the plans if a subbase course 
Is n'ot provided for) between lateral limits 0.5 meter (I - feet) 
outside the shoulders or front face of curbs, theand to neat 
bottom lines of excavation shown on the plans in median,
island, sidewalk and berm areas. Rock shall be excavated 
and finished to fairly uniform slopes, parallel to the prescribed
slope lines shown on the plans. No point of the rock shall 
be more than 0.5 meter (I !feet) inside or outside such pres
cribed slope lines. All pieces of rock outside the slope surfaces 
as excavated which have been loosened, or may become 
loose in the opinion of thp Engineer, shall be removed. 

Any space created by rock excavation in pavement,
shoulder, and curb areas, below the prescribed bottom 
limit of excavation, shall be backfilled with the specified
subbase material when a subbase course is provided for in
the contract, or with a granular material when a subbase 
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course is not provided for. In other areas, any space 
which may be excavated below the prescribed limits of rock 
excavation shall be backfilled with material as specified in 
the Supplementary Specifications. 

Cellar walls and other foundations shall be removed to 
a depth of not less than 0.5 meter below the proposed 
pavement subgrode. Earth slopes, shoulders, and other 
formed surfaces shall have a neat finish. When permission is 
given to widen an excavation to obtain additional embankment 
maar.:.i, The slopes and other surfaces of the widened work 
shall be neatly finished to the lines prescribed by the Engi
neer. They shall be topsoiled and seeded, if and as directed, 
without additional compensation. Roadway excavation shall 
be carried out so that the subgrade throughout the work is 
kept properly drained. 

Unless otherwise prescribed in the Supplementary Specifica. 
tions, all excavation material, including rock, that isnot required 
for ordinary backfill for structures, shall be placed in the embank
ment as defined in Section 203, insofar as space as available. 
Excavation material in excess of these requirements, and all 
unsuitabe r.materials, shall be disposed of by the Contractor 
outside the limits of the project at places to be provided by 
him, except as otherwise hereinafter provided for excess rock 
disposal withi.i the project limits. Excavation material suitable 
and needed for embankment or for backfill for structures, 
that :s used for other purposes, or that is wasted, shall be 
reolaced with the specified embankment material, at the Con
tr.w:cr's expense. If the Supplementary Specifications prescribe 
that a portion or portions of the excavation material be used 
for purposes other than embankment, any of such excavation 
material that iswastedor used for purpc.es other than prescribed 
shall be replaced at the Contractor's expense. This material, 
used for replacing excavated material shall conform to the 
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requirements specified for the purpose for which the wasted or 
misused material was intended. 

Unstable or unsuitable material encountered at the bottom 
limits of roadway excavation shall be removed within the 
limits of the proposed pavement and shoulders or within such 
other limits as may be directed by the Engineer. The exca
vated areas shall be backfilled with suitable, approved 
material obtained from roadway excavation or borrow areas, 
or with subbase material, as directed. The backfill shall be 
placed and compacted as specified for embankment, or as 
specified for subbase if this is used. The unstable or unsuitable 
material removed shall be excavated and paid for as Roadway 
Excavation, Earth, or Unclassified, whichever is scheduled in 
the Proposal. 

Rock shall be excavated and used in the embankment 
whenever possible. The work of excavation and embankment 
shall be arranged so that all rock, or the maximum amount 
thereof, will be used in the qmbankment in accordance with 
the requirements for embankment as specified in Section 204. 
If the Contractor fails to reserve space for the disposal of 
rock in the embankment, and additional borrow is necessary 
on that accounlit shall be furnished and placed by the Con
tractor without compensation. 

In the disposal of rock in embankments, priority shall be 
given to its use in the deeper embankments. If necessary, rock 
shall then be placed in progressively shallower embankments 
except that it shall not be placed within 0.5 meter (I L"feet)
of the proposed or future pavement subgrade. If there is rock 
in excess of that which can be disposed of, as specified above, 
within the normal lateral limits of embankment, it shall be 
used to widen embankments within the project limits, or depo
sited along slopes adjacent to streams for slope protection, 
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as the Engineer directs. If no use is specified for surplus rock,
it shall be disposed of as hereinbefore provided for the 
disposal of excess excavation. 

When separate payment is to be made for rock excavation,
the Contractor shall remove the earth cover in advance of the 
rock so that proper measurements- of its surface may be 
taken. The Contractor shall keep the Engineer informed of the 
exposure of the rock surface for measurement. Rock removed 
prior to such measurements will be measured- and paid for 
as earth. 

The Contractor shall make his own arrangement with 
owners of abutting property regarding permission to store 
topsoil, to dispose of excess and unsuitable excavation mate-' 
rials, to place embankment and other materials, and to 
excavate beyond the limits of the right-of-way and of slope
rights acquired for the project. Where any such materials or 
excavation remain beyond the prescribed slope lines and 
outside of the right-of-way and slope easement areas acquired
by the HA when the project is otherwise completed, the 
Contractor shall obtain and deliver to the Engineer written 
releases from the owners of the properties on whose land
such materials or excavation remain. The releases shall be 
in a form satisfactory to the Engineer and shall protect the 

HA against claims or actions of the owner with respect to 
the presence of such materials or excavation. 

Existing vegetation that is to be preserved within the 
highway right-of-way shall be protected against damage from 
the runoff and spreading of topsoil and excavation-materials 
that may be stored or disposed of adjacent to the highway
right-of-way. 
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202.04 BLASTING OPERATIONS 

(1) 	 GENERAL 
All necessary precautions in drilling and blasting operations
shall be exercised in order to preserve the rock
remaining in the finished slope in a natural, undamaged
condition. 
Prior to drilling and blasting in any area where there is 
rock, the Contractor shall remove any existing overburden 
to the top surface of the rock. 
The methods of drilling and blasting as defined below 
shall be employed on this project unless otherwise directed 
by the Engineer at the locations shown on the Plans or 
as directed by the Engineer. 

(2) 	 PRESPLITTING ROCK BACK SLOPES 

(a) 	 DESCRIPTION
 
Where presplitting is called for in rock 
 cuts, the 
following specification shall apply. Presplitting is the 
construction of a smooth plane in rock by controlled 
blasting with correctly timed explosives chosen for the 
particular rock and correctly placed in properly aligned
and suitably spaced drill holes. Presplitting should 
cause a continuous fracture between these drill holes. 
The 	primary objective of presplitting rock backslopes is 
to produce a smooth face on the rock backslopes, that 
will, reasonably conform to the design lines and grade
and is reasonably free of loose rock. The Contractor 
shall conduct his operations to achieve the stated 
objectives as nearly as possible without unduly
disturbing the rock outside the excavated prism. 
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(b) CONSTRUCTION METHODS 

(I) DRILUNG 
The holes for presplitting shall be drilled at intervals 
of not more than one meter (3 feet) center to 
center. An interval of from one-half to one meter 
(1. feet to 3 feet) is generally recommended for 

trial spacing. The holes shall be from 6 centimeters 

to 8 centimeters (24 inches to 3 inches) in diameter. 
All holes in any cut shall have the same diameter 

unless otherwise approved by the Engineer. The 
Contractor shall vary the spacing of the holes to 
provide a reasonably smooth face in the material 

encountered. The hole spacing interval for each 
cut shall be subject to approval of the Engineer 
before work is begun. 

Hole depth shall be limited to a depth within which 
accurate drilling can be accomplished. The 
maximum drilling depth shall be limited generally 
to the depth of the roadway grade elevat;or, 
unless this depth exceeds approximately 8 meters 
(25 feet). The lift depth shall be controlled io 
prevent hole wander in excess of 20 centimeters 

(9 inches) from neat lines. Cut sections with depths 

in excess of 8 meters (25 feet) may require 
presplitting in two or more lifts. The cut depth to 

each presplit lift will be determined by the Engineer. 

Presplitting accomplished in two or more lifts shall 

have a 30 centimeter (I foot) offset providea on 
each lift before presplitting the next lift. The proper 
adjustments in equipment or methods shall be 
made to insure that the faces of backslopes are 
parallel, when more than two lifts are required. 
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The primary blasting holes nearest the presplit face 
shall at no point be closer than one meter (3 feet) 
from the presplit face. This distance may be 
widened at the direction of the Engineer, to prevent 
overbreakage. Primary blasting holes shall be loaded 
in a manner and quantity to minimize overbreakage. 

(2) BLASTING 

The explosive used in presplitting shall be used 
with care. The quantity and manner of use shall 
be such that overbreak is negligible, that seams in 
the backslope rock are not opened, and that the 
backslope rock is not fractured excessively. 

The explosive used shall be from 1/10 to one 
kilogram per meter (1/10 to 3/4 of a pound per 
foot) of 40 percent extra strength dynamite or other 
equivalent explosive charge that shall produce 
equally satisfactory results. The recommended 
charge is 0.33 kilogram per meter (J)pound per 
foot) of 40 percent extra strength dynamite. The 
charges shall be prepared by taping fractional 
portions of standard explosive cartridges to a length 
of detonating fuse (Primacord) or by some other 
approved method which creates equivalent explosive 
density. Fuse length shall be as long as the drill 
hole is deep. A detonator of appropriate suitable 
strength shall be used with each explosive. 

Charges, attached to a detonating cord, shall be 
uniformly spaced and evenly distributed throughout 
the length of the hole. A charge of no more than one 
kilogram (2pounds):of dynamite shall be concentrated 
at the bottom of each hole; 0.5kilogram (one pound) 
is the recommended load. The top charges shall be 
not less than0.75meter (2feet) or more than one 
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meter (3 feet) from the surface. The charges in 
each hole shall be spaced at intervals of appro
ximately 30 centimeters (12 Inches). The charges 
in adjacent holes shall be staggered vertically.
The Engineer may require a change in the size 
and spacing of the individual charges in each 
cut. A reduction of the charge, up to 50 percent, 
may be made in i1e upper portion of the hole 
to control overbreak near the top of a slope If 
overbreak has occurred in previous blasts. 
Stemming material shall be dry. It shall pass a 

10 millimeter (3/8 inch) standard sieve and may 
be clean stone chips, sand, or drill cuttings. 
Stemming shall be required the full depth of holes 
in badly fractured rock. Stemming shall be 
requ'rea in the lop one meter (3 feet) only of 
holes drilled in sound unfractured rock. 
The presplitting holes shall be shot at least 100 milli
sec ds prior to any other blasting within 15 meters 
t50 feet; of the longitudinal limits, within which all 
presplitting is to be accomplished. Presplitting holes 
snail oe shot within I day after they hove been 
!oaced. No charged holes shall be left unattended. 
elas'.ng shall be done in such a manner that the 
prespti, backslope does not vary more than 20 
centimeters (9 Inches) from the line of drill holes. 
Whon blasting in badly broken rock, rock with 
excessively large seams, or rock where unavoid
or.': irregularities may occur, it may be necessary 
tha. holes for presplitting be drilled and fired 
414.-e primary holes are drilled. 

(3! 	Pj!MARY BLASTING 
Primary or core blasting shall be performed between 
oesp.i stopes. Primary or core blasting shall be 

http:elas'.ng


128 202.04 

accomplished with suitable explosives and bore 
hole size and spacing to produce the required 
degree of fragmentation acceptable to the Engineer. 
Milli-second delay detonators arranged as indicat
ed on the Plans shall be used to detonate all 
primary or core blast holes, except that the first 
charge in each round may be instantaneous. The 
first row of primary or core blast holes inside of 
the presplit slope shall be on a plane parallel to 
the plane of the presplitting slope holes. The 
clearance between primary or core blast holes 
and the presplit slopes shall be at least one meter 
(3 feet). Proposed variations in the delay pattern 
shall be submitted to the Engineer in writing 
with suitable diagrams showing the proposed 
delay pattern at least 48 hours prior to the blasting 
operation. No variation in the delay pattern as 
shown in the typical dotails may be detonated 
until the Contractor is in receipt of the Engineer's 
written approval of the proposed variation. 

202.05 METHOD OF MEASUREMENT 

Roadway Excavation will be measured in its original 
position by the cross section method, and the volumes of earth 
and rock will be computed by averaging end areas. The quan
tities measured for payment will be the volumes actually 
removed within the neat lines of excavation as shown on the 
Plans or as directed by the Engineer, except as follows: 

The quantity of Stripping Topsoil measured for payment 
will be the area stripped in accordance with the Plans or as 
directed by the Engineer, measured in square meters. Such 
stripping will not be measured as roadway excavation. 

If rock is entirely removed to within 30 centimeters (I foot) 
of the prescribed slope lines shown on the plans, measured 
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normal to such slope lines, as hereinqbove specified In Section 
202.03, or if it be removed to a greater Width without written 
order of the Engineer, the lateral payment limits of rock 
excavation shall be the slope lines as shown on the Plans. 

If rock is entirely removed to the subgrade of the subbase, 
or to other prescribed bottom limits of excavation, the bottom 
payment limit or limits of rock excavation shall be the subbase 
subgrade or other prescribed bottom limits of excavation, 
respectively. 

If the'plans indicate an earth overburden on the rock, the 
earth shall be excavated to the required slope lines including. 
an additional 30 cm (I ft) in width from the top of the rock cut, 
and this additional material shall be measured for payment as 
Roadway Excavation, Earth. 

Any material outside the slopes, as excavated, which has 
been shattered or loosened, or which may become loose, in the 
opinion of the Engineer, because of blasting or other operations 
of the Contractor, shall be removed without further compensation. 

Re-excavation due to slips, slides, and other causes will be 
measured for payment only when, in the opinion of the Engineer, 
such slips or slides were not.the fault of the Contractor. 

If the excavalion is unclassified, the volume measured for 
payment shall bi equal to the total combined volume of earth 
and rock, measured and determined as above specified except 
that the earth and rock will not be measured and computed 
separately. Where fock is encountered and the excavation is 
unclassified, measurement for payment for unclassified excava
tion will be made within the payment limits specified for earth 
and rock payment. 

When roadway excavation is provided f r as earth excava
tion only, and rock is enc6untered but is not scheduled in the 
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Proposal, payment for the rock will be made at 5 times the 
unit price bid for the item Roadway Excavation, Earth. 

202.06 BASIS OF PAYMENT 

Payment for Roadway Excavation, Earth, Roadwby Excava
tion, Rock, and Roadway Excavation, Unclassified, as and when 
scheduled, will be made for the quantities of each as above 
determined, measured in cubic meters, at the prices bid in the 
Proposal, which prices shall include the cost of excavation of the 
materials encountered including all costs incidental to blasting 
and presplitting removal of small structures; transportation of 
the excavated materials, the construction of embankment with 
the materials excavated, refilling cellars, backfilling in rock 
excavation as hereinafter specified ) the shaping and dressing 
of slopes, shoulders, islands, and other surfcrce, the disposal ,f 
all excess and unsuitable materials, cleaning pavements and 
for all labor, equipment, and incidental items necessary to 
complete the' work. 

The unit price bid for Unclassified Excavation, or for Rock 
Excavation, if classified, also shall include the cost'of .backfill 
in rok .excavation areas below the unclassified or rock 
excavation, limits with materials as specified in Section 204. 
Backfill in rock excavation, above the prescribed rock or 
unclassified excavation limits, made with borrow 'excavation or 
subbase material will be paid for at the respective unit prices 
bid in 'the Proposal. 

Payment for Stripping will be made for the quantity as 
above determined, measured in square meters, at the price 
per square meter bid in the Proposal, which price shall include 
the cost of stripping and storing the st'ipped material, disposal 
of excess and unsuitable material, all labor, equipment and 
incidental items necessary to complete the work. 
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SECTION 203 EMBANKMENT 

203.01 EMBANKMENT CONSTRUCTION 

(I) 	 GENERAL 

Embankment construction shall consist of constructing 
roadway embankments, with approved materials, including 
preparation of the areas upon which they are to be 
placed. Preparation of areas shall include the placing and 
compacting of embankment material in roadway areas 
where unsuitable material has been removed. and the 
placing and compacting of embankment material in holes, 
pits, and other depressions within the roadway area. 
Suitable materickl shall be secured from designated 
roadway, trench, structure, channel and borrow excavation 
in conformity with the lines and grades and locations shown 
on the Plans and as directed.. 

Stumps, trees, logs, rubbish, vegetation, or other unsuitable 
materials shall not be placed in embankments. Sod mixed 
with surface soil containing large amounts of humus or other 
organic materials shall be -pread over the embankment 
slopes or incorporated In the embankments outside of the 
shoulder lines. Pockets of rock or muck will not be 
permitted. 

Compaction of embankments, including backfilling and 
preparation of embankment foundation areas, shall meet the 
requirements of Section 203.05, unless otherwise specified. 

203.02 MATERIALS 

(I) 	 Materials for embankment shall be Soil Aggregate obtained 
from roadway, trench, structure, or channel excavation as 
defined in Sections 202, 204, 205, 206 or obtained from 
borrow pits as defined in Section 207. 



132 203.02 

Materials from these sources shall meet the requirementsof AASHO Designation M 145 and shall be defined according
to the "Standard Definitions of Terms Relatinc to Subarnde, 

Soil-Aggreqate, and Fill Material," AASHO M 146. TheEngineer will determine the Group Classification that shall
be used in the various parts of the embankment. 
Where embankments are to be placed on soils having arelative compaction of less than ninety percent as determined
by Test AASHO T 191, the ground surface shall be scarified,
watered and compacted before placing embankment
material until a relative compaction of at least ninetypercent is reached in the upper 20 centimeters (8 Inches)
of the compacted soil. The width of the above treatment
shall be at least the width of roadbed surface as a minimum,
and mnre when directed by the Engineer. Should lightly
compacted soils be encountered that extend to depths greater
than 20 cm (8 in), the upper portion between the limits of
fill shall be removed to the depth ordered by the Engineer,
after which the ground surface shall.be compacted until a.relative compaction of ninety percent is reached in the upper 20 centimeters (8 inches). Material removed asprovided above shall be placed in embankment directlyfrom excavation or utilized as topsoil when directed by the
Engineer. The material in the top 20 centimeters (8 inches)
of subgrade in cuts shall be compacted to the same density 
as that in adjoining embankments. 
Whenever a compacted road surface containing granular
materials lies within one meter (3 ft) of the subgrade, the
road surface shall be scarified to a depth of at least 20 
centimeters (8 inches). This scarified material shall be 
recompacted. 

http:shall.be
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(2) 	EARTH EMBANKMENT 

Roadway embankment of earth material shall be. placed in 
horizontal layers not exceeding 20 centimeters (8 inches)
loose measurement, and shall be compacted as specified 
before the next layer is placed. Effective spreading equip
ment shdll be used for each lift to obtain uniform thickness 
prior to compacting. As the compaction of each layer 
progresses, continuous leveling and grading will be required 
to assure uniform density. Water shall be added or removed, 
if necessary, in order to obtain the required density. 
Construction equipment shall be routed uniformly over the 
entire surface of each layer. 

3) 	 ROCK EMBANKMENT 
When the excavated material contains more than twenty
five percent by volume of rock larger than 30 centimeters 
(one foot) in the greatest dimension, it shall be placed 
in the embankment in layers of sufficient depth to contain 
the maximum size rock present in the material provided, 
however, that in no case shall the thickness of layers 
before compaction exceed 60 cm (24 in). The placing of 
Individual rocks and boulders greater than 60 centimeters 
(2 feet) in diameter will be permitted provided that, when 
placed, they do not exceed 120 centimeters (4 feet) in 
vertical height and provided they are carefully distributed 
with the clearance between adjacent fragments sufficient 
to provide adequate space for filling and compacting in 
horizontal layers. 
Under all conditions, the upper portions of the embankment, 
for a depth of at least 60 centimeters (2 feet), shall be 
composed of suitable material smoothed and placed in 
layers not exceeding 20 centimeters (8 inches) In loose 
thickness and compacted as specified for embankments... 
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Rock encountered in excavations shall be worked to the 
stream face of embankments, when these embankments 
are adjacent to streams or channels. The cost of this work 
shall be incidental to the unit price bid for unclassified 
excavation or for rock excavation. 

(4) EMBANKMENT OVER SWAMPY AREAS 

When embankment is to be constructed across swampy 
ground that will not support the weight of hauling equip
ment, the lower part of the fill shall, if approved by the 
Engineer, be constructed by dumping successive loads 9f 
material in uniformly distributed layers df a thickness not. 
greater than necessary to support the hauling equipment 
while placing subsequent layers In the previously specified 
manner. 

(5) UNSUITABLE OR EXCESS MATERIAL 

All excess or unsuitable excavated material, including rock 
and boulders, that cannot be used in embarkments may be 
placed in the side slopes of the nearest fill in a satisfactory 
manner and shall be placed so as to maintain a distinct 
shoulder line by keeping all such waste material the 
specified distance below the finished shoulder elevation. In 
case it Is impossible to dispose of all such material in the 
manner described, the remainder shall be disposed of as 
directed by the Engineer. 

203.03 MOISTURE AND DENSITY REQUIREMENTS 

Each layer of roadbed material shall be compacted,with
the proper use of water, until the in-place density of the material 
being compacted is not less than ninety five (95) percent of 
the maximum density established for the material being com. 
pacted. Water required shall be sufficient to obtain optimum 
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moisture content plus or minus two percentage, points, as 
determined by appropriate test methods. 

203.04 	 EMBANKMENT' AT STRUCTURES 
Rocks, broken concrete, or-other solid materials shall not 

be placed in embankment areas where piling is to be driven. 
If embankment can be deposited on one side only of abut

ments, wing walls, piers or culvert headwalls, care shall be taken 
that the area immediately adjacent* to the structure is not 
compacted to the extent that it will cause overturning of, or 
excessive pressure against, the structure. When noted on the 
plans, the fill adjacent to the abutment of a bridge shall not be 
placed higher than the bottom of the back wall of the abutment 
until the superstructure is in place. 

Embankment and backfill shall be placed in layers of not 
more than 20 centimeters (8 inches) loose thickness and 
compacted adjacent to structures, around columns and similar 
structural supports, on both sides of. concrete walls, box-4ype 
structures and similar structures. Backfill material placed within 
the 'excavation limits shall be compacted. "Backfill material 
placed above the excavation limits or ground line shall extend 
at least 3 meters (10 feet) from the structure or structural 
support before compacting. Structures or structural members that 
have moved or have become distorted as a result of placing 
embankment shall be adjusted, repaired and, restored by the 
Contractor at no cost to the HA. 

When embankment is placed prior to completion of a 
structure, the embankment shall be stopped 100 meters (300 feet) 
from the nearest point of the excavation limits. When the 
structure is complete, backfill and embankment shall- be 
completed in accordance with the provisions of this section. 

When footings for bridge structures are to be placed on 
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embankment above the ground level, embankment shall be 
placed and compacted up to the level of the bottom of the 
footing. The placing of embankment may be continued but 
shall be discontinued at a point 100 meters (300 feet) from the 
nearest point of the footing. 

203.05 CONSTRUCTION METHODS 

(I) PREPARATION OF EMBANKMENT FOUNDATIONS 

When embankment is to be placed and compacted on 
hillsides, or when new embankment is to be compacted 
against existing embankments, or when embankment is 
built 1/2 width at a time, the slopes that are 4 : I or steeper 
shall be continuously benched over those areas as the 
work is brought up in layers. Benching shall be of sufficient 
width to permit operations of placing compacting equipment. 

Each bench shall be cut as close to the one below as the 
ground slope will permit. Acceptable material cut out of 
benches shall be incorporated into the new embankment. 
Where embankment is to be placed and compacted and 
end dumpinp is permitted, the slopes of the original ground 
or embankment shall be deeply plowed o cut into before 
starting end dumping. Where an embankment of less than 

1..25 meters (4 feet) in thickness is to be made, all sod 
and vegetable matter shall be removed from the surface 
upon which the embankment is to be placed, and the 
cleared surface shall be completely broken up by plow
ing, scarifying or stepping to a minimum depth of 15 
centimeters (6 inches). This area shall then be recompacted. 
Where the embankment to be placed is greater than 1.25 
meters (4 feet) in thickness, the removal of sod is not 
required. 

Material tests used to establish the maximum density values 
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will be performed in accordance with Test Method AASHO 
T 99, "A" or "C." In-place density and moisture testinq. 
will be performed in accordance with applicable Test 
Method AASHO T 191. The percent compaction will be 
determined after making proper adjustments, when 
necessary, for oversize material. 
Each layer of roadbed material that cannot be properly 
tested by the above test methods shall be compacted with 
compaction equipment in addition to compaction by haulino 
and spreading equipment. Compaction equipment for rocky 
material that cannot be tested shall normally be grid
rollers, pneumatic-fred rollers, vibrating rollers, vibrating 
compactors, or self-propelled tamping rollers. Sheepsfoot 
rollers shall not be used unless specifically directed. Water 
shall be used where directed. 

203.06 FINE GRADING-SUBGRADE 
Fine Grading-Subgrade shall consist of the final grod:nq 

of the embankment to bring the subgrade of the subbase .ourse 
to conformity with required grade, alignment, and cross section 
shbwn on the Plans or ordered by the Engineer. After all
d(ainage structures have been installed and the subgrade has 
been shaped correctly, it shall be brought to a firm, unyieliing 
surface compacted to attain at least 95 percent of the maximv
dry density. This density shall be determined by the Sf-ndord 
Method of Test for the Moisture-Density Relations of Suols.. 
AASHO T 99, Method C. 

A power grader or other approved equipment shall be 
used during the compaction to obtain the specified cross 
section. 

Areas of soft, yielding, or other unsuitable material thajt
will not compact readily shall be removed and replaced won a 
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suitable material and properly compacted as directed by the 
Engineer. 

All loose rock or boulders encountered at subgrade in the 
earth excavation shall be removed or broken off to a depth not 
less than 30 cm (12 inches) below the subgrade. 

In excavation areas, the ground shall not be excavated or 
disturbed below the subgrade except as shown on the Plans or 

required in the Special Provisions, or as ordered by the 
Engineer. All ditches and drains shall be constructed so theywill 
effectively drain the highway before the placement of any 
subbase or surface course material. If the placement of subbase 
material is delayed by the Contractor or if subbase and paving 

are 	included in a later contract, the Contractor shall make drainage 
openings into the permanent drainage structures at a point 
below inlet level in order to drain the subgrade. These openings 
shall be fitted with straw filters to keep silt from washing into 
the drainage system. Any silt washed into the drainage system 
shall be removed at no cost to the HA. Filters shall be changed 
or cleaned when the Engineer directs. This maintenance work 
shall be continued until paving is placed or until the project is 
accepted. If pavement placement is'part of the contract, the 
openings shall be properly sealed at the time of placing 
subbase. The making of openings, maintaining them, cleaning 
silt spills, and repairing the openings will be iqcidental to 
Fine Grading-Subgrade. In handling materials, tools and 
equipment, the Contractor shall protect the subgrade from 
damage. In no case shall vehicles be allowed to travel in a 
single track and form ruts. If ruts are formed, the subgrade 
shall be reshaped and compacted, and any pockets of clay, 
sand, or soft material that may have been left in the subgrade 
shall be removed 9nd replaced with approved material and 
properly compacted at the Contractor's expense. The subgrade 

shall be kept in such condition that it will drain. Subbase, base, 
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or surface material shall not be deposited on the subgrade
until the subgrade has been checked and approved by the
Engineer. After the subgrade has been approved, hauling shallnot be done nor equipment moved over the subgrade which 
will distort the cross section. 

A tolerance of I centimeter (y inch) above or below thefinished subgrade will be allowed provided that this toleranceabove or below subgrade is not maintained for a distance 
longer than 15 meters (50 feet) and that the required cross 
section is maintained. 

203.07 	 METHOD OF MEASUREMENT
 
No measurements need be made, 
 for payment .purposes, 

of embankment from the various kinds of excavation. Howeverthe Engineer may make measurements for record purposes and',
if borrow is measured for payment in the embankment in
accordance with Section 207.04 (2), the Engineer will measure
all 	 embankment in accordance with the Provision of Section 
207.04 (2). The Contractor shall grant the Engineer all necessary
assistance in making such measurements. 

The area to be measured for payment under Fine Grading-

Subgrade will be measured in square meters 
 front the plans

and will be measured between the lines of subbase as shown on 
the plans. 

Material excavated for forming benches, as defined inSection 203.05, 2 meters (6 feet)'or less in width will not be
measured for payment.
 

Material excavated for forming 
 benches greater than 2meters (6 feet) in width will be measured for payment in cubic 
meters. 
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203.08 BASIS OF PAYMENT 

There will be no separate payment for embankment. 
However, the Engineer may specify that borrow placed in the 
embankment be paid for according to volume measurement of 
the embankment. In such a case, payment will be in accordance 
with the provision of Section 207.04 (2). All costs of transporting, 
placing, compacting embankment, and all other work incidental 
Ihereto shall be included in the costs for Unclassified 
Excavations; Roadway Excavation, Earth ; Roadway Excava
tion, Rock; Channel and Ditch Excavation ; Foundation Exca
vation; Drainage Structure Excavation; Borrow Excavation 
-Owner Source ; and Borrow Excavation -Contractor 
Source. Fine Grading-Subgrade will be paid for at the unit 
price bid per square meter, which price will cover all work 
necessary to fine grade the subgrade in accordance with the 
provisions of this section. 

Excavation for forming benches, as defined in Section 
203.05, greater than 2 meters (6 feet) in width will be paid
for at the contract unit price per cubic meter for Roadway
Excavation, Unclassifiedlor Roadway Excavation, Earth. 
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SECTION 204 STRUCTURE EXCAVATION 

204.00 DESCRIPTION 
Structure Excavation shall mean all excavation necessary

for the construction of 	 bridges and incidental structures. The
provisions of Section 501 shall apply within the limits of 
Structure Excavation as shown on 	the Plans 

204.01 	 DISPOSAL OF MATERIAL 
Material from Structure Excavation meeting the requirements

of 203.02 (I) and not needed for backfill around the structures,
shall be used for embankment. Unsuitable material shall be
disposed of as specified in Section 203.02 (5). 
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SECTION 205 SUBSURFACE STRUCTURE -EXCAVATION 

205.01 DESCRIPTION 
Subsurface Structure Excavation shall include excavation 

for drain pipes and culverts, sewers, water pipe, 'gas pipe, 
electric cable, electriq conduits, manholes, inlets, catch basins, 
and similar structures. 

Rock in the excavation for subsurface structures is defined 
as boulders more than 0.5 cubic meter in volume,,and rock in 
ledge formation which, in the opinion of the Engineer, cannot 
be removed by means of heavy equipment ordinarily used for 
trench excav#' 'n without blasting. 

205.02 	 MFT1-IODS OF CONSTRUCTION 
Before laying pipes of any connected drainage system, or 

any pipe line or oulvert, the Contractor shall ascertain the 
location and grade of utility pipes and other subsurface 
structures which may interfere with such construction. Test pits 
shall be excavated wherever necessary to obtain the required 
information, subject to the approval of the Engineer. 

Subsurface structure excavation shall be made in open cut 
unless otherwise specified and shall be wide and deep enough to 
permit the 'installation of the subsurface structure in a workman
like manner. Trenches and openings for subsurface structures 
located within the proposed or existing pavement, shoulder, 
and sidewalk areas shall be excavated with vertical sides.. 
except that.the sides may be sloped above the bottom of pro
posed subbase or other prepared foundation course. Trenches 
for pipes shall be not less than 30 centimeters (I foot) wider 
at the bottom than the outside diameter of the pipe and, when 
conditions permit, shall be opened fo.r a distance of not more 
than 100 meters (300 feet) in advance of the laying of the pipe. 
The excavation shall be properly shored, braced and sheathed 
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as conditions may warrant. If close to existing pavement, 
sidewalks, curb, pipes, railroads, or structures of any kind, the 
excavation shall be secured by sheet piling or other shoring 
system acceptable to the Engineer, so that such facilities and 
structures will be adequately protected. Suitable trench crossings 
shall be provided ondmaintainedwhere necessary. 

When the material at the bottom of d trench or other 
subsurface structure excavation is soft or otherwise unsuitable, 
it shall be removed to such a depth as the Engineer may 
require and the space backfilled with suitable granular material 
obtained from the project excavation, or from borrow exca
vation if it be not available within the project. Rock and boulders 
in the excavation for all pipes shall be removed within 15cm 
(6 inches) of the outside surface of the barrel of the pipe. All 
earth, rock, and other material in the excavation for concrete 
and clay pipes shall be removed within 15 centimeters (6 inches) 
of the outside surface of the barrel of the pipes at the bottom 
and sides. The space excavated below the pipe grade shall be 
filled with suitable bedding material, either class A or class B, 
as called for in Section 601.04. Class B bedding material shall 
be compacted with mechanical tampers or vibratory compac
tors so that it is uniformly dense and firm. The bottom of the 
trenches prepared with class Bbedding above shall conform to 
the grades of the bottom of pipes or structures and shall be 
recessed for pipe bells. 

Backfill to a height of 60 centimeters (2 feet) above the top 
of pipes and culverts, except underdrains, shall be made with 
earth, free from stones or rock fragments of a size larger than 
5cm (2 in). This backfill shall be placed in layers not more than 
15cm (6 inches) thick and each layer shall be compacted with 
approved mechanical tampers. 

All backfill more than 60 centimeters (2 feet) above the 
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top of pipes and culverts, except underdrains, shall be.com
pacted as follows : 
(I) 	By approved vibratory soil compactors, if the backfill 

material be mostly sand; sandor and gravel containing 
more than 12 ',percent by weight, of material that will pass
the 	 No. 200 sieve. 

(2) 	By approved vibratory 'compactors or mechanical tampers
if the material be mostly sand, or sand and gravel, con
taining not more than 12,ercent 1,by weight, of material 
that will pass the No. 200 sieve. 

(3) 	By approved mechanical tampers, if the backfill material is 
not mostly sand, or sand and gravel.
 
Backfill around inlets, 
 manholes, and other subsurface 

structures shall be compacted by mjechanical tampers. 
In (I) and (2) above, approved mechanical tampers" may

be substituted for the vibratory soil compactors where theshoring and bracing of trenches or other special conditions 
mdke the use of vibratory compactors impracticable. 

The special backfill in trenches for underdrains shall be 
compacted by approved vibratory soil compactors or mechanical 
tampers except that it need not be compac,,ed.if the under
drains are located outside of the areas of. proposed or future 
pavement, improved shoulders, or improved sidewalks. Earth 
backfill above the special backfill material shall be compacted 
as specified in (I), (2)and (3) abbve. 

Where mechanical tampers or vibratory soil compactors 
are used in accordance with the foregoing provisions, the
backfill shall be placed and compacted in layers not more than 
15cm (6 inches), loose measurement. 

Shoring, bracing, and sheathing shall be withdrawn as the 
filling proceedslunless otherwise specified or approved by the 

http:compac,,ed.if
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Engineer. Surplus material from subsurface structure excavation 
that is suitable for embankment shall be used as specified for
the use of roadway for embankment, and all unsuitable materials 
shall be disposed of by the Contractor at places to be provided
by him outside the limits of the project. 

205.03 METHOD OF MEASUREMENT 
No specific payment will be made for subsurface structure 

excavation and backfill, and the cost thereof shall be included
 
in the prices bid for the subsurface structures for which the
 
excavations are made, except as otherwise hereinafter provided.
 

Rock and boulders as defined in Section 205.02 will be
 
measured for payment as Rock Excavation, Subsurface
 
Structures, when encountered Mensurement for rock in mass
 
formation will extend 30cm (I roctl beyond 
 the nominal barrel
 
diameter of pipes and outmost r.at lines of 
 other structures
 
at the 
 bottom and sides, except that, in underdrain trenches,
measurement will extend 15cm (6 in:-nes) beyond the prescribed
limits of the special backfill material at the sides and bottom
if such backfill limits be more than 15cm (6 inches) beyond the
outside barrel diameter of the pipes. For boulders exceeding
1/2 cubic meter in volume, measurement will be made of the 
actual volume excavated within the payment limits prescribed
above for rock in mass formation. 

Earth excavation below the proposed grades of pipes or 
subsurface structures shown on the Plans caused by changes
in grades of such pipes and structures, or made upon order of 
the Engineer to remove unsuitable material, will be measured 
for payment as Earth Excavation, Subsurface Structures,
Additional Depth, for the quantity excavated within vertical 
planes located 30cm'(l foot) outside the external surface of the
barrels of pipes and 15cm (6 inches) outside the outmost neat 
lines of other structures/ except that for pipes of less than 
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30cm (12 inches) measurement for payment will be based on a 
trench width of one meter (3 feet). 

When subsurface structure excavation is within the lateral 
limits of roadway excavation or of any excavation which is paid 
for under other scheduled items, measurement for payment of 
rock excavation and boulders in the" subsurface structure 
excavation, as hereinbefore specified, will apply only below 
the prescribed bottom limit of such roadway or other 
excovation unless, in the opinion of the Engineer, the subsurface 
structure excavation must be made before the roadway or 
other excavation. 

205.04 BASIS OF PAYMENT 

Payment for rock and boulders in excavation for subsurface 
structures, as above described, will be made for the quantity 
as above determined, measured in cubic meters at the price 
per cubic meter bid in the proposal, which price shall include 
excavation, backfilling, use or disposal of surplus material as 
specified, all labor, equipment and, all else necessary therefor 
4nd incidental thereto. 

Payment for earth excavation below the proposed grades 
of pipes and subsurface structures, as above described, will be 
made for the quantities as above determined, measured in 
cubic meters at the price per cubic meter bid in the Proposal, 
which price shall include the cost of excavation and the use or 
disposal of surplus material as specified, backfilling except as 
otherwise hereinafter specified, pumping, sheathing, shoring 
and bracing below such proposed grades, aH labor, equipment, 
and all else necessary therefor and incidental thereto. 

Where backfill below the bottom of pipes or other 
subsurface structures is ordered by the Engineer to be made 
with granular or other selected material obtainied from outside 
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the project, payment will be made for such material, measuredin place in the trenches, within the payment limits prescribedfor the trench excavation below the proposed grade, at theunit price bid for the item Borrow Excavation.
The foregoing provisions for quantity and payment for earthexcavation and backfill below the proposed gradeand other subsurface structures of pipes

shall not apply$ (I) to theexcavation and backfill required for a depth of 15cm (6 inches)belov, the bottom of concrete and clay pipes; (2)to the specialbackfill and excavation therefor below underdrains; or (3)to theextra depth of excavation necessary for the extra depth ofinlets and manholes paid for under separate scheduled itemsof the Proposal. 
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SECTION 206 CHANNEL AND DITCH EXCAVATION 

206.01 	 DESCRIPTION 
Channel excavation and ditch excavation shall consist of the 

excavation required for the construction of new water channels 
and for deepening, widening, and relocating existing water 
channels. 

The excavation of water channels is jefined as channel 
excavation if the bottom width thereof is more than 2 meters 
(6 feet), and as ditch excavation if the bottom width is less than 
2 meters (6 feet). 

Channel excavation and ditch excavation shall be classified 
as earth and rock or shall be unclassified, as specified for 
Roadway Excavation. If classified, rock and earth in channel 
excavation shall be governed by the definitions thereof as spec
ified for roadway excavation, earth and rock, in Section 202.02. 

206.02 METHODS OF CONSTRUCTION 

Water channels shall be constructed to the lines, grades, 
and cross sections, and at the locations shown on the Plans 
and the excavation shall be neatly sloped and finished. 
Suitable material excavated shall be used for embankment 
when needed for this purpose. Surplus material shall be disposed 
of by the Contractor at places to be provided by him. The Con
tractor shall obtain and submit to the Engineer written permission 
of the property owners for the temporary storage and final 
disposal of any excavation materials on private lands outside 
of the right-of-way or outside of easement areas acquired by 
the HA. Excavated material that may be disposed of adjacent 
to the channels shall be neatly graded and sloped to provide 
adequate drainage flow from the adjacent lands to the 
channels; and the sites shall be restored to a condition 
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satisfactory to the property owners and the Engineer. Prior to 
final acceptance of the project, the Contractor shall obtain and 
submit to the Engineer releases from all property owners, 
public. and private, on whose land materials from channel 
excavation have been temporarily stored or permanently 
placed. The releases shall be in a form satisfactory to the HA, 
shall recite that the owner's land has been satisfactorily 
restored, and shall protect the HA against claims or other 
actions of the owners with respect to materials stored or 
disposed of on their lands. 

206.03 	 METHOD OF MEASUREMENT 
The quantities of Channel Excavation and of Ditch Exca

vation, in earth, for which payment will be made will be the 
actual volumes measured in place, removed within the neat 
lines shown respectively therefor on the Plans or as directed 
by the Engineer. 

When rock isencountered, payment will be made as Channel 
Excavation, Rock or Unclassified, and Ditch Excavation, Rock 
or Unclassified, as specified and scheduled, for the respective 
quantities thereof actually excavated within limits 30cm (I foot) 
outside the above mentioned neat lines at the bottom and 
sides, measured normal thereto. 

206.04 BASIS OF PAYMENT 
Payment for Channel Excavation and for Ditch Excavation 

will be made for the quantities of each as determined, measured 
in cubic meters at the respective unit prices bid in the Proposal, 
which prices shall include the costs of excavation, placing and 
compacting the material in embankment, or disposal of the 
material as specified, shaping and dressing slopes and other 
surfaces, final restoration of the sites adjacent to the water 
channels, necessary permits and releases, all labor and 
equipment, and all else necessary therefor and Incidental thereto. 
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SECTION 207 BORROW EXCAVATION 

207.01 DESCRIPTION 
Bdrrow Excavation-Owner Source shall include clearing 

borrow site, construction and maintenance of access roads, 
excavating, transporting, placing, compacting, and fine grading 
material required for embankment in excess of that obtained 
from Roadway and other Project Excavation. Borrow Excavation-
Owner Source shall be obtained by widening cuts or by exca
vating from sources provided by the Engineer. The Contractor 
shall have no choice in selection of areas to be excavated. 
Borrow Excavation-Owner Source shall be excavated to the 
lines and grades established by the Engineer. 

Borrow Excavation-Contractor Source shall include furnish
ing, placing, compacting, and fine-grading borrow material 
requ*ired for embankment in excess of that obtained from 
Roadway and other Project Excavation. Except that sources 
of Borrow Excavation-Contractor Source may not be located 
on land owned by the. Government, the Contractor 
shall have complete freedom of choice in selection of areas to 
be excavated. 

207.02 	 MATERIAL 
Borrow excavation materials from either source shall con

form to the requirements of Section 203.02. The Contractor 
shall guarantee to the Engineer complete access, at all times, 
to all sources of Borrow-Contractor Source so that the Engineer 
may make necessary cross-sections, take samples and perform 
in-place tests. 

207.03 METHODS OF CONSTRUCTION 

When the Ccntractor is performing work in connection 
with Borrow-Owner Source, he shall follow the provisions for 
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roadway excavation as stated in Section 202.03. When the 
Contractor is performing work in connection with Borrow.Con
tractor Source, his construction methods shall be under control 
of the Engineer when the borrow material arrives wifhin the 
borders of HA control, whether on an existing highway or 
the project limits. However, the Contractor will, at all times,
be subject to owner's, local, District, Province, or National 
regulations and the Engineer may refuLe to accept material 
from a source if he determines that the Contractor is not 
complying with appropriate regulations in the conduct of his 
off-site work. 

207.04 METHOD OF MEASUREMENT 
Borrow Excavation will be measured by one of the following

methods described in (I) and (2)below. The method chosen 
will be stated in the Supplementary Specifications or 
designated by the Engineer. 

(I) 	 MEASUREMENT INBORROW PITS 
(a) 	The amount of material taken as Borrow-Owner Source 

will be measured in cubic meters by the cross-sectlion 
average-end method. When Borrow-Owner Source is 
taken from designated borrow pits, the amount measured 
will be the amount computed from pre-excavation and 
final sections with a reducton made for unsuitable 
material and surface stripping. When Borrow-Owner 
Source istaken from widened roadway cuts, the amount 
measured will be the difference between standard 
roadway excavation lines and the actual excavation 
lines made in accordance with the directions of the 
Engineer. 

(b) The amount of material taken as Borrow-Contractor 
Source will be measured in cubic meters and will be 
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the amount computed from pre-excavation and final 
sections. 

21 MEASUREMENT IN PLACE IN THE EMBANKMENT 
The payment quantity of Borrow Excavation will be the 
excess volume of the authorized embankment over and 
above the specified shrunken volume of the authorized 
roadway excavation and other project excavation suitable 
and available for embankment. 
The volume of the above mentioned authorized embankment 
that will be used in the determination of the payniertt 
quantity will be the computed volume of embankment in 
place, actually constructed. Meosu'em~rt will be within the 
lines of embankment shown on the Plans and the ground
surface as it existed at the time of starting construction. 
If prescribed topsoil stripping was carried out prior to 
placing embankment, a volume equal to the volume of 
topsoil stripped will be added to the embankment computed 
above. 
The volume of the above mentiot~id athorited roadway
and other project excavation that will be Used in the deter
mination of the Borrow Excavation paytnerit qvthtity will 
be the sum of the following: 
(a) Roadway extavatidn adtUally performed below the 

ground surface as it existed at the tife 6f starting 
tbristtUction. 

(b) Volume of all other project excavation that Is available 
for embankment. 
This sum will be reduced by the volume of topsoi.l
stripped in the excavation area's and will be fdrther 
reduced by a shrinkage factor as' given in the 
Supplementary Specifications or shown on the Plans. 
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If any project excavation, including roadway excava. 
.tion, is deemed unsuitable by the Engineer, its volume 
will not be used in the above determination. 
No allowance will be made in the payment quantity 
of Borrow Excavation for shrinkage of the borrow 
excavation needed to complete the embankment. 

The cost of furnishing, placing and compacting the 
additional borrow excavation on this account shall be 
included in the unit prices bid for the items of Borrow 
Excavation. 

207.05 BASIS OF PAYMENT 

Payment for Borrow-Owner Source and Borrow-Contractor 
Source will be at the unit prices bid per cubic meter in the 
Proposal. These payments will include all costs of the work of 
placing Borrow-Owner Source and Borrow-Contractor Source, 
as defined in Section 207.01. 

If method 207.04 (I) of measurement is specified and if the 
Contractor is permitted to use Roadway Excavation-Rock or 
rock from Roadway Excavation-Unclassified as a source of 
aggregate for pavement, and if the rock thus diverted was 
needed to 'complete the embankment to plans, the Engineer 
will deduct from the borrow or excess cut volume a volume of 
Borrow Excavation equal to the volume of Aggregate Base 
Course, Macadam Base, or Aggregate Surfacing thus furnished 
and placed. 
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SECTION 300 BASE COURSES 

300.00 DESCRIPTION 

This section defines the materials, mixes, equipment and 
construction methods used to provide foundation base courses, 
both water bound and bituminous bound, for bituminous 
pavements described in Section 400, and for Portland cement 
concrete pavements described in Section 550. 

If the base course is to be placed on newly constructed 
embankment, preparation of the subbase to receive the base 
course will follow the provisions of Sectron 203.06. In such 
case, there will be no separate payment for preparation of 
subbase, the costs of such work being already included in the 
various unit prices for excavation or borrow. 

If the base course is to be placed on an existing road, 
modification of this existing roadbed and pavement will follow 
the provisions of Section 306 and measurement and pclyment 
will be made in accordance with that section. 

301.00 PLANT MIX BITUMINOUS BASE COURSE 
Plant mix bituminous base course shall be prepared and 

placed in accordance with the provisions of Section 402. 

302.00 ROAD MIX BASE COURSE 
Road mix base course shall be prepared and placed in 

accordance with the applicable provisions of Section 405. 
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SECTION 303 AGGREGATE BASE COURSE 

303.01 DESCRIPTION 
This work consists of furnishing, placing, and compacting 

one or more courses ofdggregate base, with additives if required, 
on a prepared surface. 

303.02 CLASSES OF AGGREGATE 
Aggregate bases are designated as Class I or Class 2.

The class of aggregate base to be used will be shown on the 
Plans or In the Special Provisions. 
(I) 	Class I -Aggregate for base shall be clean and free from 

vegetable matter and other deleterious substances. The 
grading requirements for aggregate material shall conform 
to AASHO Designation M 147, Grading B, shown in the
following table, as determined by Standard Test Method 
AASHO T27. 

PERCENTAGE BY WEIGHT
 
SIEVE SIZE 
 PASSING SQUARE MESH SIEVES 
50mm (2 inch) 100
 
2 5mm (I inch) 75-95
 
9.5mm (3/8 inch) 
 40-75 
4.75mm (No. 4) 30-60
 
2.00mm (No. 10) 20-45
 
0.425mm (No. 
 40) 15-30
 
0.075mm (No. 200) 
 5.20 

The 	aggregate shall also conform to the quality require
ments shown in the following table. 
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INDIVIDUAL 

TEST METHOD TEST RESULT 
Abrasion Resistance T 96 50%/ Max. 
Sand Equivalent T176 25 Min. 
Resistance (CBR) 	 T193* 70 Min.
 

** Liquid Limit 89
T 25 Max. 
** Plasticity Index T 90 6 Max. 

The fraction passing the #200 sieve shall not be greater 
than 2/3 of the amount passing the #40 sieve. 
This test is modified by use of molds and compaction as 
per AASHO T 180. 

** 	 That portion of sample passing a .r40 sieve only. 
(2) 	 Class 2 - Class 2 aggregate shall be manufactured from 

material excavated at locations designated on the Plans or 
In the Special Provisions, and shall meet the gradations 
specified on the Plans or In the Special Provisions. 

The Contractor may break up, crush, or screen waste 
material in any combination, or use any process he elects to 
produce aggregate meeting the grading requirements specified 
in the Special Provisions. 

All excess material resulting frdm processing shall be used 
in construction of embankments/ or shall be otherwise disposed
of within the right-of-way as directed by the Engineer. Payment 
therefor is included in the contiact unit prices for excavation. 

303.03 	 SPREADING 
Aggregate for base shall be placed on the roadbed as a 

uniform mixture, spread in layers or windrows, free from pockets
of coarse or fine material. Base shall be shaped, watered, and 
compacted to the required grade and cross-section within the 
tolerance specified in Section 303.05. 
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When the subgrade for aggregate base; consists of loose
sand, a portion of aggregate may be dumped on the subgrade
and spread until the subgrade is stabilized to the satisfaction 
of the Engineer. 

The maximum thickness of compacted layers is 15 centimeters 
(6 inches). 

303.04 	 COMPACTING 
Water shall be applied to aggregate bases as provided in 

Section 307.
 
The relative compaction of each 'layer of compacted 
 base

material shall be 95 percent or more of dry density as determined 
in 	 accordance with Standard Test Method AASHO T 180 
Method Dtwith replacement of coarse material as described in 
note 6 of Method C. 

303.05 TOLERANCE 
The finished surface of aggregate base which isnot to be

covered, or is to be covered by material which is paid for by
the metric ton, when measured with a 3-meter (10 feet) straight
edg, shall not vary at any point more than 20 millimeters (3/4
inch) above or below the grade established by the Engineer. 

The finished surface of aggregate base to be covered by
material which is paid for by the cubic meter :ihall not project
above the grade established by the Engineer at any point. 

303.06 METHOD OF MEASUREMENT 
(I) When payment for aggregate is specified on a ton basis,

each truckload delivered shall be weighed by acertified 
weighmaster on certified approved scales. The weighmaster

shall furnish to the truckdriver duplicate weighmaster slips
showing the gross, tare, and net weight. The weighmaster's 
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signature and official seal shall be affixed to.each slip. 
One copy of theso delivery slips shall be furnished the HA 

representative on the Projet. No material will be accepted 

unless accompanied by such a delivery slip. 

(2) Quantities of aggregate base paid for by the cubic meter 

will be calculated on the basis of the dimensions shown on 
change ordered

the Plans adjusted by the amount of any 

by the Engineer.
 

303.07 BASIS OF PAYMENT 

Quantities of aggregate base will be paid for at the contract 
metric ton or cubic meter, whichever unit isunit price per 


designated in the contract.
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SECTION 304 MACADAM BASE 

304.01 DESCRIPTION 
This work consists of furnishing and placing one or more 

.courses of crushed stone base with filler and filter layer, if 
required, on a prepared surface in conformity with the lines, 
grades, thicknesses, and typical cross sections. 

304.02 MATERIALS 
Crushed stone base and filler materials shall meet the 

requirements of AASHO Designation M 75 for the size 
specified on the Plans. or In the Special Provisions. Crushed 
stone base and filler material may be produced under this 
contract or furnished by HA from previous produced stockpiles 
as indicated in the Special Provisions. 

The type and grade of bituminous material will be specified 
in the Contract. Physical requirements are specified in Section 
407.00. 

304.03 SURFACE PREPARATION 
The roadway surface shall be prepared in accordance with 

instructions in Section 300.00 prior to plac;,g crushed stone 
base aggregate. 

304.04 	 PLACING CRUSHED STONE BASE 
Before placing on the subgrade, crushed stone shall be 

thoroughly mixed or turned over until it presents a homogenous 
appearance when placed. 

Crushed stone shall be deposited directly on the subgrade 
with spreader boxes or other measuring devices approved by
the Engineer. Crushed stone shall be spread to the proper depth 
so that compacted layers will not exceed 10 centimelers 
(4 inches)1 maximum thickness. Each layer shall be inspected 
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thoroughly before rolling to detect high and low spots. Crushed 
stone shall be added or existing stone shifted to provide a 
true surface. Segregated spots or areas contaminated with
subgrade material shall be corrected by removal of unsuitable 
material and replacement with crushed stone. 

304.05 	 COMPACTION 
Each layer shall be compacted with" two 10 metric ton,

minimum size, smooth-wheel rollers with a weight of 50 to 60kilograms per centimeter (3300 to 4000 lb.per ft.) of width of 
the roller. Rolling shall begin at both shoulders or edges first 
to lock the stone firmly af the edges, then progress gradually.
toward the center, until the entire layer isthoroughly compacted. 

Any depressions formed during rolling shall be brought to
true section and grade by the addition of more crushed stone 
and further rolling. 

All vehicles, except the pressure distributor required for
bituminous macadam, shall be kept off the surface during andafter rolling. If necessary, one-half of the roadway width will
be worked at one time, traffic rerouted to the other half and
the 	 provisions of Section 105.03 shall apply. Any disturbed 
areas must be rerolled and again locked before applying 
screenings or binder. 

304.06 APPLICATION OF SCREENINGS 

(I) 	 WATER BOUND MACADAM 
Each layer shall be bound by gradually applying stone 
screenings over the surface. Dry rolling shall be continued 
to prevent caking or bridging on the surface. Later appli.
cations of screenings shall be reduced by one-half when
the interstices in the coarse aggregate are filled. The
surface shall be swept with mechanical or hand brooms to 
aid spreading. The surface shall be sprinkled with water 
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until it issaturated, then followed immediately with rolling.Application of water shall follow the provisions of Section307. More screenings shall be added as required. Sprinklingshall be continued, together with sweeping and rolling,
using a speed of 3 km/H (1.8MPH) until a grout is formedthat fills all the voids and forms a wave of grcut in front ofthe 	roller. A curing period of two days shall follow therolling. During this period no vehicles will be allowed onthe 	surface. Traffic provisions stated in Section 304.05 will 
apply. 

(2) 	 BITUMINOUS MACADAM 
The compacted layer of crushed stone shall be sprayed
with an application of bituminous material using a pressuredistributor. The surface of rock shall be dry and free fromforeign material. The amount of 	bituminous material shallbe sufficient to coat the stones but not to fill the voids. Thetype of bituminous material will be specified on 	 the Plans or Supplemental Specifications and shall meet the
provisions of Section 407. 
Screenings shall be spread uniformly immediately afterthe 	 application of bituminous material, and shall be swept
with mechanical or 	 hand brooms to assure a uniformapplication. The surface shall be rolled immediately afterspreading and leveling the screenings, adding smallamounts of screenings as needed, while rolling progressesto fill all voids. When the stone has been locked in placeby 	 rolling, the surface shall be broomed clean of loosescreenings. A curing period of one day shall follow the
rolling. During this period, no vehicles will be allowed onthe surface. Traffic provisions stated in Section 304.05 will 
apply. 
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304.07 METHOD OF MEASUREMENT 
Quantities of crushed stone base and screenings paidby the metric ton or. by 

for
cubic -meter will be determined asprovided in Section 303.06. 

Bituminous malarial will be measured in accordance
Sections 407.05, 407.09 and 

with 
407.14. 

304.08 BASIS OF PAYMENT
 
Accepted quantities of crushed 
stone base and screeningswill be paid for at the contract unit price per metric ton or cubicmeter, whichever unit is designated in the contract. 
Bituminous material Will'be paid for. at the contract unitprices for Asphalt Cement, Liquid Asphalt, and for AsphaltEmulsion complete in place. 



305.04 165 

SECTION 305 LIME TREATED SUBGRADE 

305.01 DESCRIPTION 
This work consists of constructing one or more courses of

subgrade using a mixture of soil, hydrated lime and water and 
includes the preparation of the roadbed; preparation pf
materials; application of lime; addition of water; mixing,
compacting, and finishing; and protection and maintenance of 
the completed subgrade. 
305.02 MATERIAL 

Type I, high calcium hydrated lime shall meet requirements 
of AASHO Designation M 216. 

The grade and type of bituminous material are specified in 
the contract, and the. physical requirements in Section 407. 

305.03 PREPARATION OF ROADBED 
The surface of the roadbed shall be bladed to the established 

lines, grades, and cross section. Earth ramps at grade control 
points, such as existing pavements or bridges, shall be removed 
to a depth to provide the required thickness for pavement and 
base. Excess excavated material shall be disposed of as 
directed. 

Sufficient dr.,ins shall be cut through excavated material 
on the shoulders to drain the roadbed completely at all times. 
Drains shall be cut through windrowed base materials at
sufficient intervals to prevent ponding of water, and the 
windrowed material shall be moved, when necessary, to permit 
the subgrade to dry. 

305.04 PREPARATION OF MATERIALS 
The prepared roadbed shall be scarified to the depth and 

width required for the subgrade stabilization. The material thus 
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obtained shall be partially pulverized. The depth of scarifica
tion shall be carefully controlledoand blading operations con
ducted in a manner to provide that the surface of the roadbed 
below the scarified material shall remain undisturbed and shall 
conform to the established cross section. Prior to beginning 
stabilization work, all existing unsuitable material and stones 
retained on a 75mm (3-inch) sieve shall be removed. 

305.05 APPLICATION OF HYDRATED LIME 

The rate of application of lime shall be as shown on the 
Plans or as directed by the Engineer. Lime shall be applied to 
the partially pulverized material as dry powder or as a slurry. 

Spreading equipment shall uniformly distribute the lime 
without excessive loss. No equipment except water trucks and 
equipment used for spreading and mixing shall be permitted to 
pass over the spread lime until it is mixed. Any procedure 
which results in excessive loss or displacement of the lime shall 
bc immediately discontinued. 

305.06 	 ADDITION OF WATER 
Water may be added to the mixture of lime and subgrade 

material by means of pressure water distributors or by means 
of a traveling plant. Water shall be added during mixing opera
tions to provide a moisture content in a range from the optimum 
moisture content of the mixture to plus 5 percentage points. 

305.07 MIXING 

The lime and water shall be thoroughly mixed throughout 
the scarified material. The mixture shall then be placed in 
windrows or spread over the roadbed, and the surface sealed 
with a steel wheel or pneumatic roller to retard the loss of 
moisture. The mixture shall then age for a period of not less 
'than 48 hours. 
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After the 48-hour aging period, water shall be added andthe mixture brought to the opfimum moisture content plus or 
minus 2 percentage points. 

When traveling plants used,are additional mixing withblades, tillers, discs, harrows, or repeated passes of the plant 
may be required. 

305,08 COMPACTION AND FNISHING 
Final compaction and finishing shall be completed within24 hours after final mixing unless otherwise specified by theEngineer. After the materials have been satisfactorily mixed,the mixture shall be spread and compactec to a density of notless' than 95 percent of the inmaximum density determined

accordance with AASHO T 99, Method C, or other approved
methods. Light sprinkling may be required during layingoperations to maintain the specified moisture content. Compac
tion shall be accompanied by sufficient blading to eliminate 
all irregularities. 

The surface shall be lightly scarified during finishingoperations and bladed to eliminate any imprints left by the
equipment. Final rolling of the 
 completed surface shall be
accomplished with a pneumatic tire roller. 

In-place field density determinations will be made inaccordance with AASHO T 191, T'205, or other approvedmethod. The use of AASHO T 224 to correct for oversize 
particles may be required. 

305.09 PROTECTION AND CURING 
Upon completion of the compaction and finishing of thetreated subgrade, no vehicles or equipment other than sprinklingequipment shall be permitted on the treated subgrade for aperiod of 7 days unless otherwise directed. During the curing 
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period the treated subgrade shall be lightly sprinkled with 
water at frequent intervals to prevent drying. 

Any damage to the treated subgrade due to other phases
of construction shall be repaired. At least one course of base 
or subbase shall be constructed on the treated subgrade before 
hauling operations for the other phases of the project are 
prmitted on the treated subgrade. 

305.10 METHOD OF MEASUREMENT 
Hydrated lime will be measured by the metric ton. All

materials which are measured or proportioned by weight shall 
be weighed on accurate, approved scales by competent,
qualified personnel at locations designated by the Engineer. 
If material is shipped by rail, the car weight may be accepted
provided that only the actual weight of material be paid for. 
However, only scale weights will be acceptable for material to
to be passed through mixing plants. Each day trucks used to 
haul material being paid for by weight shall be weighed
empty and at such times as the Ehgineer directs. Each truck 
shall bear a plainly legible identification mark. If socked 
hydrated lime is used, the net weight 'as packed by the 
manufacturer will be.used for measurement-

Bituminous materials will be measured in accordance with 
Sections 407.05, 407.09, and 407.14. 

Processing will be measured by the square meter wfthin 
dimensions shown on the Plans. 

305.11 BASIS OF PAYMENT 
The accepted quantities of lime treated subgrade will be

paid for at the contract unit prices per metric ton for Hydrated
Lime, per liter for Liquid Asphalt and Emulsified Asphalt, and 
per square meter for Processing Lime Treated subgrade 
complete in place. 
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SECTION 306 ROADBED MODIFICATION 

306.01 DESCRIPTION 
The work in this section consi.ls of modifying the existingroadbed (subgrade and riding surface) of a dirt road or abituminous-.surfaced dirt -road. The modified base will be usedfor a base for a pavement surface of a higher degree. 
Materials in the existing roadbed to be consideredacceptable for this work shall meet the requirements of

AASHO Designation M 145 and shall be in group A-I, A-2-4or A-2-5 or A-3 of that standard. The Engineer shall orderroadbed material removed from the site if it does not meet theabove standards. Borrow material, if ordered, shall meet the 
same requirpments. 

306.02 CONSTRUCTION 
If required on the plans, the shoulder slopes and ditches

shall be bladed sufficiently to form a uniform shoulder line,
neat in appearance. The material so obtained and thesurfacing material existing on the road surface shall be spreaduniformly over the roadbed. All weeds, sod, gross, roots, orother objectionable material obtained from the shoulder slopesand ditches shall be removed from the surface. If necessary
to provide the required depth of subgrade modification, the
roadbed shall be scarified to the necessary depth or additional
material hauled in from designated locations. All malerialshall be thoroughly mixed and pulverized until not morethan 5 percent of the material, exclusive of gravel or stone,is retained on a 50mm (2 inch) sieve. The material so mixed
shall be placed in a uniform windrow. 

The quantity of aggregate for subgrade modification, asdesignated on the plans, shall be placed, windrowed and
brought to a uniform section. The windrowed materials shall be 

http:consi.ls
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blended together until all materials are uniformly distributed 
throughout the combined windrow. 

Sufficient water shall be added during the mixing operation 
to provide the optimum moisture content, plus or minus 2 
percentage points. 

The material shall then be spread uniformly to the required 
cross section and conipacted to a density of not less than 95 
percent of the maximum density determined in accordance with 
AASHO T 180. Rolling shall be accompanied by sufficient 
blading to assure a smooth surface. In place field density 
determinations will be made in accordance with AASHO T 191, 
T 205, or other approved method. The use of AASHO T 224 to 
correct for oversize particles may be required. 

306.03 	 FINISHING AND CURING 
If a base or surface course is included in the contract, the 

surface of the completed subgrade shall be satisfactorily 
maintained until .the base or surface course has been placed.
If required, additional water shall be applied to prevent checking 
or raveling. 

306.04 METHOD OF MEASUREMENT 

Roadbed modification will be measured by scuare meters
of roadbed actually modified. 

Borrow material will be measured in cubic meters. Borrow 
pit measurement or truck volume measurement will be used at. 
the option of the Engineer. 

306.05 BASIS OF PAYMENT 

Roadbed modification will be paid for at the unit price bid 
per square meter. This price shall include blading of ditches and 
shoulders; scarifying and pulverizing the exi.sting surface; placing 
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and mixing of matecials on the road; compacting materials ; 
finishing the surface; and maintenance of completed surface, 
when so directed in the Plans or Supplementary .pec.iflca

tions. 

Borrow material will be paid for at the unit price bid 
per cubic meter and shall include all the costs of furnishing 
borrow material to the point where it is to be built into the 
roadbed. 
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SECTION 301 WATERING 

307.01 DESCRIPTION 
Watering shall consist of furnishing and applying water asrequired in the compaction of embankments, roadbeds and

surfacing materials, in accordance with the Plans and Specificalions. It shall also refer to applying water for dust control in

traffic areas adjacent to construction and along detour roads.
 

307.02 MATERIAL 
Water shall be free of excess vegetable material, shall notbe septic, or have an objectionable odor or color.The Contractor


shall obtain permission from the appropriate authority before
 
removing water 
from a water supply system or before pumping
from a stream or pond. Copies of such permission shall be
 
furnished to the Engineer.
 

307.03 CONSTRUCTION METHODS 
(1) WATER FOR MAINTENANCE OF TRAFFIC AND DETOURS 

In the maintenance of traffic and detours, watering shall
be performed at qny hour of the day and on any day of the
week that the Engineer may determine as necessary for proper performance or protection of the work and for 
adequate alleviation of dust nuisances. 

(2) WATERING OF EMBANKMENTS, ROADBEDS, AND SURFACING 
AGGREGATES
 
Water shall be applied on the areas 
and in the quantities
and at the times directed by the Engineer. The Contractor
shall furnish and operate water-applying tanks, equipped
with spray bars for Use on embankments, subgrades, and
surfacing. Thby shall be mounted on pneumactic-tired 
trucks or pneumatic-tired trailers pulled by pneumatic
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tired equipment. The minimum capacity of any water
distributing tank shall be 4000 liters (1000 gallons). The 
water- distributing equipment shall be constructed to
provide and assure accurate and uniform distribution of 
the 	required rates of water per unit of surface area. The 
control valves shall be constructed to permit positive
closing and to prevent leakage. 
Sufficient equipment shall be available at all times to 
apply the amount of water required within the time interval 
necessary to secure proper results before evaporation 
absorption, or drainage, prevents required results. When 
permitted by the Engineer, watering may be done at night 
or at other times to minimize losses by evaporation, 
absorption or drainage. 

(3) 	 PRE-WETTING EXCAVATION AREAS 
The Contractor may in lieu of, or in addition to, the 
methods provided by Section 307.03 (2) pre-wet the material 
in excavation areas prior to removal and placement in 
embankment. 
The soil shall be moistened by sprinkler irrigation. The 
excavated material shall contairi a uniform nioisture 
content approaching optimum for the full depth of the 
excavation. 

307.04 METHOD OF MEASUREMENT 
(I) 	 Water used in accordance with Section 307.03 (I) will be 

measured by the number of one-thousand liter units as 
ordered, measured in the vehicle at the point of delivery 
on the road. Measuring may be done by a meter of an 
approved type, or manual count of the number of loads
delivered or as counted by an approved type of a load 
counter affixed to the vehicle. All equipment for measuring, 
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such as a meter or load counter shall be furnished and 
installed at the expense of the Contractor. 

(2) Water used in accordance with Section 307.03 (2)will not
be measured. However, if the Engineer directs that a 
subgrade or base course, previously compacted, be re
worked, the. water used in reworking will be measured in 
accordance with Section 307.04 (I) above. 

(3) 	Water used in accordance with Section 307.03 (3)will not 
be measured. 

307.05 BASIS OF PAYMENT 
The accepted quantities of this item shall be paid for at 

the unit price bid per one thousand liter unit, which price and 
payment shall be full compensation for the work. 
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SECTION 308 AGGREGATE SURFACING 

308.01 DESCRIPTION 
This work consists of placing a surface course of aggregate 

on a previously prepared surface, and includes compaction of 
the material and finishing to the specified smoothness. 

308.02 MATERIALS 
The type, gradation and other requirements of surface 

aggregate will be specified on the Plans or in the Special
Provisions. Aggregate material may be produced under this 
contract or furnished by HA from previously produced
stockpiles as indicated on the Plans or in the Special Provisions. 

Binder material, when required in addition to that naturally
present, consists of fine natural soil particles or crusher dust 
free from vegetable matter, humus, or other undesirable matter. 
The type, gradation and use of binder material will be deter. 
mined by the Engineer during the process of the work. 

Sources of binder will be shown on the Plans or designated 
by the Engineer. 

When required, binder s' 'I be added at the plant or on
the roadbed. f added on th oadbed, binder shall be spread
uniformly across the roadwr, ier the loosely placed surfacing 
course in the designated ar .-nts, and thoroughly blended and 
mixed into the surfacing material. Binder shall be worked into 
the entire depth of the surface course when the depth is 
7.5 centimeters (3 inches) or less, and into at least the top 7.5 
centimeters (3 inches) when the depth of surface course is 
greater. 

308.03 ROADBED PREPARATION 
The roadbed shall be 

proviions of Secic.n 300. 
prepared in accordance with the 
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308.04 PLACING SURFACE AGGREGATE 
Surface aggregate material shall be placed on the roadbed 

starting at a point farthest from the loading source. Material 
shall be deposited in a uniform manner to insure the planned
thickness of each course after compaction. When the required 
compacted depth of an aggregate surfacing course exceeds 
15 centimeters (6 inches), it shall be constructed in two or more 
layers of approximately equal thickness. The maximum 
compacted thickness of any one layer shall not exceed 15 
centimeters (6 inches). 

Any one of the following methods for mixing the surface 
material may be used, unless otherwise specified. Binder shall 
be added during the mixing process. 

The aggregate may be watered to optimum moisture content 
prior to or after crushing and loading in transport vehicles. 

A. 	 STATIONARY PLANT METHOD 
Mix the surfacing material and water in an approved mixer. 
Add water during the mixing operation in the amount 
necessary to obtain optimum moisture content. 
Transport the mixed material to the job-site without loss of 
moisture and place it on the roadbed using an approved 
aggregate spreader. 

B. 	 TRAVEL PLANT METHOD 

Place the material for one layer of surfacing through an 
aggregate spreader or windrow sizing device for proper 
distribution along the roadbed. Add water while mixing the 
material with a traveling mixing plant to obtain optimum 
moisture content. 

C. 	 ROAD MIX METHOD 
After the material for each layer of surfacing course has 
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been placed,use motor graders for mixing until the mixture 
isuniform and at optimum moisture content. 
After mixing is completed, spread each layer of material, 
without segregation, to the proper grade and section. Cor
rect 	or remove equipment that fails to maintain uniform 
gradation of material over the entire width and depth of 
the 	 work. Water may be added, if directed, prior to 
compacting. 

308.05 	 COMPACTION
 
Compaction of each layer shall continue until at least 95%
 

of maximum density determined in accordance with Standard 
Test Method AASHO Desi gnation T 180, Method D. is obtained. 
The surface of each layer shall be maintained during compaction
operations in a manner that produces a uniform texture and 
firmly keys the aggregate together. 

In place field density determinations will be made in 
accordance with Standard Test Method, AASHO Designation 
T 191 or T205. 

308.06 TOLERANCE 
The tinished surface of aggregate surfacing material shall 

not vary from the established grade by more than 25 millimeters 
(I inch* when the maximum size aggregate is more than 40 
millimeters (I . inch); by more than 20 millimeters (3.'4 inch) 
when maximum size aggregate is between 20 millimeters (3!4 
inch' and 40 mllimeters (I inch); and by more than 15 milli
me:ers (5/8 inch) when maximum size aggregate is less than 
20 millimeters 13 4 inch). 

The maximum deviation of the surface from a 3 meter (10 
feet' long, straight edge placed parallel to centerline of the 
roaoiway shall not exceed 15 millimeters (5/8 inch). Areas 
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exceeding this tolerance shall be repaired using similar surfacing
material and methods approved by the Engineer. 

308.07 	 METHOD OF MEASUREMENT 
Surface aggregate and binder material will be measured 

by the cubic meter or metric ton 'n accordance with Section 
303.06. 

The weight of aggregate may include the actual weight
of natural moisture up to a maximum of 56 moisture content. 
The weight of natural moisture in excess of 5% will bd deducted 
from the aggregate scale weights. Weight of water added atthe direction of the Engineer, above the natural moisture contentf 
will be deducted from the weight of aggregate. Moisture 
determinations will be made on 	 the dry basis as follows:
Weight of wet sample minus weight of dry sample equals the 
weight of water. 

Weight of water in sample X 100 - Percent Moisture 
Weight of dry sample 

308.08 	 BASIS OF PAYMENT 
Accepted quantities of surface aggregate will be paid foi 

at the contracd unit price per cubic meter or metric ton for 
aggregate and binder. 
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SECTION 309 REPAVING OF EXISTING SURFACE 

309.01 DESCRIPTION 

This work consists at reshaping the existing earth, gravel, 
or bituminous-surfaced roadbed, to conform with the typical 
sections and true grade line in preparation for immediate 
construction of a new surface of the same degree. 

309.02 	 SUBGRADE REPAIRS 
In areas where the Engineer determines that surface failures 

are the result of soft and unstable subgrade, the Contractor 
shall remove the dnmaged surface and excavate all soft and 
undesirable material from the subgrade. The excavated subgrade 
shall be backfilled with select material meeting the conditions 
required in Section 309.03. 

The subgrade shall be cumpacted and graded to conform 
with the subgrade profile and section. Surface repaving shall 
then be continued as desciibed below. 

309.03 MATERIALS 
Materials in the exisling road surface, to be considered 

acceptable for this work, shall meet the requirements of AASHO 
Designation M 145 and shall be in Group A-I, A-2-4# 
A-2-5 or A-3 at that Standard. The Engineer shall order 
material removed from the job if it does not meet the above 
standards. Borrow material, if ordered, shall meet the same 
requirements. Bituminous materials shall meet the requirements 
of Settion 407. 

309.04 WATER-BOUND AGGREGATE SURFACES 
Before forming the road surface, the shoulders and ditches 

shall be bladed sufficiently to form a uniform shoulder line, 
neat in appearance. The material so obtained and the surfacing 
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material existing on the road surface shall be spread uniformly 
over the roadbed. All weeds, sod, grass, roots, or other 
objectionable material obtained from the shoulders and ditches 
shall be removed from the surface. All material shall be 
thoroughly mixed and pulverized until not more than 5 percent
of the material, exclusive of gravel or stone, is retained on a 
50mm (2 inches) sieve. The material so mixed shall be placed
in a uniform windrow. Sufficient water shall be added during
the mixing operation to provide the optimum moisture content, 
plus or minus 2 percentage points. 

The material shall then be spread uniformly to the required 
cross section and compacted to a density not less than 95 
percent of the maximum density determined in accordance with 
AASHO T 180. Rolling shall be accompanied by sufficient 
blading to assure a smooth surface. In-place field density
determinations will be made in accordance with AASHO T 191,
T 205, or other approved method. The use of AASHO T 224 
to correct for oversize particles -may be required. 

309.05 BITUMINOUS-BOUND AGGREGATE SURFACES 
The existing bituminous surface shall be scarified and 

broken up. The shoulders and ditches shall be bladed 
sufficiently to form a uniform shoulder line, neat in appearance.
The mateial so obtained, if acceptable to the Engineer, shall 
be spread on the roadbed and mixed with the broken' bituminous 
surface. When the mixture is.uniform and homogenous, it shall 
be graded and rolled to the grades and profiles shown on the
plans. When* the surface Is rolled to maximum density and to 
proper profile, bituminous material shall be 'applied in accor
dance with directions shown on the Plans or given by the 
Engineer. Screenings shall be spread over the bituminous 
material and broomed before allowing traffic to use the road. 
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309.06 	 METHOD OF MEASUREMENT 
Repaving of existing surfaces will be measured by area 

for each type of surface prepared. 
Borrow material will be measured as provided in Section 

306.04. 
Bituminous material will be measured in accordance with 

Sections 407.09 and 407.14. 

309.07 	 BASIS OF PAYMENT 
. Accepted quantities of Existing Surface Repaving will be 

paid 	for at the contract unit price per square meter. 
Bituminous material will be paid for at the contract unit

prices for liquid asphalt or for emulsified asphalt, complete in 
place. Aggregate will be paid for at the contract unit prices 
per metric ton or cubic meter. 
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SECTION 310 STOCKPILING SURFACING AGGREGATE 

310.01 DESCRIPTION 
This work consists of furnishing and stockpiling surface 

aggregate at sites designated by the Engineer. The aggregate 
furnished may be intended for future use on the project or it 
may be furnished and stockpiled for future use by the HA. 

310.02 STOCKPILES 
The Contractor shall prepare the stockpile area after its 

limits have been set by the Engineer. All weeds, stumps, rocks, 
or other contaminating material shall be removed from the 
site. The ground shall be graded and compacted. Aggregate
shall be placed in piles so spaced that there are at least two 

meters ( feet) of clear space between the toes of slope of adjoininc 
piles. When material is removed from a pile, care shall be taken 
to prevent contamination with adjoining piles and any contami
nation shall be immediately corrected. No aggregate shall be 
stockpiled on travelled roads. 

310.03 	 MEASUREMENT AND PAYMENT 
There will be no payment for preparation of site, stockpiling, 

or removal of the material; these costs shall be included in 
the various unit prices for furnishing and placing aggregate. 
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SECTION 311 SOIL-CEMENT BASE COURSE 

311.01 DESCRIPTION 
This 	work shall consist of constructing one or more courses 

of a mixture of soil and Portland cement on a prepared surfac S 
or by processing existing material and Portland cement in 
accordance with these specifications in reasonably close 
conformity with the lines, grades, thicknesses and typical cross
sections shown on the Plans or established by the Enqineer. 

Unless otherwise provided, the Contractor may use either 
the mixed-in-place or central plant method as described below. 

311.02 MATERIALS 
Materials shall meet the requirements of the appropriate 

sections as listed below-: 
Water 	 Section 504 
Portland Cement Section 504 
Bituminous Material Section 407 

311.03 	 WEATHER AND SEASONAL LIMITATIONS 
Cement shall not be applied to or mixed with the soil 

when, in the opinion of the Engineer, the weather conditions 
are unfavorable. 

311.04 PREPARATION OF SUBBASE 
Where the existing material is to be processed, the area 

shall be carefully shaped to the proper grade and cross
section by shaping the existing material and adding material 
as necessary. Any material retained on a 75mm (3 inch) 
sieve, any vegetation, and other objectionable material shall 
be removed. 

Where the base course is to be constructed on a prepared 
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surface, the surface shall be shaped to the lines, grades and 
.cross-section shown on the plans and brought to a firm, un
yielding surface compacted to attain at least 95 percent of the 
maximum dry density as determined by the Standard Method 
of Test for the Moisture Density Relationship of Soils, AASHO 
T 99, Method C. 

Areas of soft, yielding or other unsuitable material that 
will 	not compact readily shall be removed and replaced with 
a suitable material, and properly compacted as directed by the 
Engineer. 

311.05 PULVERIZING 
When necessary, the soil to be processed shall be scarified 

and pulverized prior to the application of the cement. Pulverizing 
shall continue during dry mixing operations until 100 percent 
of the soil by dry weight passes a 2.5cm (I inch) sieve and 80 
percent of the soil passes a 4.75mm (No. 4) sieve, exclusive 
of gravel or stone retained on these sieves. 

311.06 	 APPLICATION OF CEMENT 
The specified quantity of Portland cement, as determined 

by the Engineer, shall be uniformly spread with an approved 
mechanical spreader on the soil to be processed in a manner 
satisfactory to the Engineer. 

When bulk cement is used, only methods and equipment 
approved by the Engineer shall be used for handling, weighing 
and spreading the cement. 

The spreading operations shall be limited to such an aiea 
that the spreading of cement, dry mixing, application of water, 
moist mixing and compaction shdll be continuous and completed 

in daylight hours and within a 10-hour period. 
The percentage of moisture in- the soil at the time of 
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cement application shall not exceed the quantity which willpermit a uniform mixture of soil and cement during the mixing
operations. 

Spread cement that has been displaced by the elements or by the Contractor's operations shall be replaced at the 
Contractor's expense before mixing is started.
 

No equipment, except that 
 used in spreading and mixing,will be allowed to pass over the freshly spread cement until 
it is mixed with the soil. 

311.07 MIXING 

(1) IN-PLACE MIX 
After the cement has been spread, it shall be mixed with
pulverized soil, using mixing devices approved by theEngineer. Mixing shall be continued until the resulting
mixture is thoroughly blended and uniform in appearance. 
Water shall then be added uniformly to the mixture bypressure-distributing equipment equipped with a metering
device which will assure that the application of all the waterrequired on the section being processed will be placed
within a 3-hour period. Each application or increment ofwater shall be incorporated into mixture in such a m iner 
as to avoid excessive concentration of water on and nearthe surface. Mixing shall be continued until a uniform
mixture of soil, cement and water is obtained.
 
The mixing operations shall be confined within 
 the lines
shown on the Plans, and spillover of material on the 
shoulders shall be avoided. 

2) CENTRAL PLANT MIX 
The soil, cement and water shall be mixed in a pugmill
either of the batch or corntinuous flow type. The plant shall 
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be equipped with feeding and metering devices which will 
introduce the soil, cement and water into the mixer in the 
quantities specified. Mixing shall be continued until a 
uniform mixture of soil, cement and water is obtained. 
The mixture shall be transported to the roadway in suitable 
vehicles equipped with protective covers and spread on the 
prepared moistened surface in a uniform layer by an 
approved spreader. 
Dumping of the mixture in piles or windrows upon the 
prepared surface will not be permitted. 
Not more than 60 minutes shall elapse between the start 
of moist-mixing at the pugmill and the start of compaction 
of the soil cement on the roadway. 

311.08 MOISTURE 
When mixing iscompleted or when plant mixture has been 

placed, the percentpge of moisture in the mixture, based on 
oven-dry weights, shall not be more than 2 percent above 
or below the specified optimum moisture content. 

The specified moisture content and maximum density will
be determined in the field by a moisture-density, test using
AASHO T-134, Method B,on representative samples of soil
cement mixture obtained from the base course being processed, 
at the conclusion of moist-mixing operations. 

311.09 COMPACTION 
Prior to the beginning of compaction, the mixture shall be

in a loose condition for its full depth and width. The loose 
mixture shall then be compacted by rolling, until the entire soil
cement mixture has been uniformly compacted to the density
specified by the Engineer. The type, size, weight and number 
of rollers and the rate. of operation shall be sufficient to 
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uniformly compact the section being processed to the required 
density within 2 hours after completion of moist-mixing. 

Any portion of the soil-cement that has a density of 80 
kg/meter3 (5 pound/cu. ft.) or more below the maximum density 
as determined in the field by a moisture density test using 
AASHO T-134, Method B, shall be corrected, or removed and 
replaced to meet this specification. 

311.10 FINISHING 

When initial compaction of the soil-cement mixture is nearing 
completion, the surfacd of the base course shall be shaped with 
an approved power grader in close conformity with the lines, 
grades, and cross-section and compaction continued using a 
steel wheel or pneumatic-tired roller or both, supplemented 
by broom-dragging, if necessary, until uniform and adequate 
compaction is obtained. 

The moisture content of the surface material shall be 
maintained at not less than the specified optimum moisture 
content during finishing operations and until the curing material 
is applied. 

Surface compaction and finishing shall be done in such a 
manner as to produce, in not longer than 2 hours from the 
completion of the compaction, a smooth, dense surface, relatively 
free of surface compaction planes, ridges, low spots or loose 
materials. 

311.11 PROTECTION AND CURING 

After the soil-cement base course has been finished as 
specified herein, it shall be protected against drying by the 
application of cutback asphalt. The curing material shall be 
applied as soon as possible, but not later than 24 hours after 
the completion of finishing operations. 
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Periodic water applications shall be applied to the finished 
surface if, in the opinion of the Engineer, it is necessary to 
prevent drying before the application of the bituminous material. 
The soil-cement base course shall be cured 7 days before the 
application of any wearing surface. 

At the time the bituminous material is applied, the surface 
shall be free from all loose material. 

The bituminous material used shall be uniformly applied 
to the surface of the completed soil-cement base course at the 
rate of approximately I liter per sq. meter (0.2 gallon per sq. 
yard) with heating and distributing equipment approved by the 
Engineer. 

Sufficient granular cover shall be applied to prevent the 
pickup of the bituminous material. 

311.12 CONSTRUCTION JOINTS 

At the end of each day's construction, a straight transverse 
construction joint shall be formed by cutting back into the 
completed work to form a vertical face. Damage to completed 
work shall be avoided. 

Base course for roads, streets, or similar areas shall be 
processed and finished full width each day without longitudinal 
construction joints. Base courses for parking areas or wide 
surfaces shall be built in a series of parallel lanes of 
convenient length and width, meeting the approval of the 
Engineer. Straight, transverse and longitudinal joints shall be 
formed at the end and at the edge of each day's construction 
by cutting back into the completed work to form a vertical 
face, free of loose or shattered material. 

311.13 TRAFFIC 

Completed portions of the soil-cen'ent base course may be 
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opened for use immediately to passenger vehicles and unloaded
pickup trucks, and to all traffic after seven days'curing period,
provided the base course has hardened sufficiently to .prevent
marring or distorting of the surface by equipment or traffi.i
and provided the curing, as specified in Section 311.11 is not 
impaired. 

311.14 MAINTENANCE 
The Contractor shall be required, within the limits of his 

contract, to maintain the soil-cement base course in good
condition and in a manner satisfactory to the Engineer from the
time he first starts work until all work has been completed and
accepted. Maintenance shall include immediate repairs of any
defects that may occur. Repairs 
 are to be made in a manner
 
to insure restoration of a uniform surface and durability of the

part repaired. Faulty work shall be replaced for the full depth

of treatment. 
Any low areas shall be remedied by replacing

the material for the full depth of treatment rather than by

adding a thin layer of soil-cement to the completed work.
 
Maintenance, repairs and correction of faulty work 
 shall be
 
at the Contractor's expense.
 

311.15 TOLERANCE 
The base course shall be finished to within the tolerance


allowed on the 
 typical section, provided that this deviation is 
not maintained for a distance of longer than meters15 (50
feet), and provided that the required crown or superelevation
is maintained. It shall be in close conformity to the lines, grades
and cross-sections as shown on the Plans or as determined by. 
the Engineer. 

Thtthickness of Soil-Cement Base Course shall have atolerance of plus or minus 12mm (1/2 inch) as determined by 
cores taken in the finished base course. 



190 311.16 

311.16 METHOD OF MEASUREMENT 

The quantities will be measured for payment in accordance 
with the following methods : 

(I) 	 Soil-Cement Base Course will be measured in place and 
the area computed in square meters of the base course 
completed in place. 

(2) 	The number of cubic meters of Unclassified Excavation for 
Soil-Cement Base Course, excavated according to the Plans 

and 	Specifications, measured in its original position by the 
method of average end areas, including the removal of 
any unsuitable material as specified in Section 311.04. 
When excavation is included in the contract, all authorized 
excavation will be measured for payment under the 
applicable excavation item. 

(3) 	The number of cubic meters of soil for Soil-Cement Base 
Course, placed in accordance with this Specification and 
the soil used to replace unsatisfactory material in ac
cordance with Section 311.04, will be measured by average 
end areas or other approved methods in its original 
position. 

(4) 	The number of metric tons of Portland cement for Soil-
Cement Base Course, used according to these Specifications. 

(5) 	The number of liters or metric tons of Cutback Asphalt,
 
measured as specified in Section 407.
 

311.17 	 THICKNESS MEASUREMENT 
Thickness of soil-cement base will be checked by means of 

core samples. At such locations as the Engineer may designate, 
one core will be taken for each 800 square. meters (1,000 
square yards) of soil-cement surface. If the thickness of this core 
iswithin 12mm (1/2 inch) of the plan thickness, the area will 
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be 	acceptable and full payment will be made. If the thickness
of this core differs from the plan thickness by more than 12mm
(1/2 inch) but not more than 25mm (I inch), 2 additional cores
will be taken from the area represented and the average of
the 3 cores determined. If the average thickness is not more
than 12mm (1/2 inch) from the plan thickness, the area will 
be acceptable. If the -average thickness of the cores Is more
than 12mm (1/2 inch), but not more than 25mm (I inch) from 
the plan thickness, an adjusted unit price will be paid for 
each 800 square-meter (1,000 square-yard ) area that is 
deficient. 

In calculating the average thickness of 	the pavement,
measurement which is in excess of the specified thickness by
more than 12mm (1/2 inch) shall be considered as the specified
thickness, plus 12mm (1/2 inch). 

If the average thickness is deficient by more than 25mm
(I Inch), the Soil-Cement Base Course shall be removed and 
replaced or will not be included in the area measured. 

311.18 BASIS OF PAYMENT 
The accepted quantity of Soil-Cement Base will be paid

for as follows • 
(I) 	 Preparation of surface, scarifying, spreading cement,

watering, rolling, and maintenance will be paid for at the 
unit price bid per square meter of Soil-Cement Base 
Course. 

(2) 	Removal of unsuitable material will be paid for by the 
cubic meter as Roadway Excavation-Unclassified. 

(3) 	Soil for Soil-Cement Base Course will be paid for by the 
cubic meter. This price will include furnishing, placing,
spreading andtif directed, compacting soil before spreading 
cement, 
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(4) 	Portland cement will be paid for by the metric ton. This 
price will include all costs of furnishing and delivering 
cement to the site. 

(5) 	 Cutback Asphalt will be paid for by the liter or metric ton 
as specified. This price will include the cost of furnishing 
and placing cutback asphalt and furnishing and placing 
granular cover. 
When the Soil-Cement Base Course average thickness as 

determined under measurement is found to be deficient more 
than 12mm (1/2 inch) in thickness, but with a deficiency of not 
more than 25mm (I inch), an adjusted price will be used in 
payment. This adjusted price will bear the same ratio to the 
contract unit price as the average thickness bears to the 
thickness specified on the Plans. 

No payment over the contract unit price for Soil-Cement 
Base Course will be made for any pavement, the average 
thickness of which, determined as provided above, exceeds 
the thickness shown on the Plans. No payment shall be made 
for Soil-Cement Base Course if the thickness as determined 
pbove isfound to be deficient by more than 25mm (I inch). 

Plan thickness will be the nominal thickness specified 
without allowance for tolerance. The average thickness of 
cores in determining adjusted unit price will not take into 
consideration the allowable tolerance. 

No allowance will be made for any materials used or work 
done outside the limits indicated on the Plans or as specified 
by the Engineer. 
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SECTION 400 BITUMINOUS PAVEMENT 

400.00 DESCRIPTION 
This section defines the materials, mixes, equipment, and 

construction methods used to provide bituminous-bound surfaces. 
In addiion, as stated in Sections 301.00 and 302.00, it also 
contains the pertinent provisions for bituminous-bound base 
courses. 

SECTION 401 BITUMINOUS CONCRETE 

401.01 	 DESCRIPTION 
This section covers general requirements that are applicable

to all types of bituminous pavements of the plant-mix type 
irrespective of gradation of aggregate, kind and amount of 
bituminous material, or pavement use. Deviations from these 
general requirements will be indicated in the specific require
ments for each type. 

Plant-mix pavement work.shall consist of one or more 
courses of plant-mix bituminous mixture constructed in accordance 
with these specifications and in reasonably close conformity
with the lines, grades, thickness, and cross-sections shown on 
the plans or established by the Engineer. 

The types of Plant-Mix Bituminous Surfacing shall be 
designated as Type I (no-bin separation) ; Type 2 (2-bin
separation) or Type 3 (3-or more bin separation). 

401.02 	 COMPOSITION OF MIXTURES 
The bituminous plant-mix is composed of a mixture of 

aggregate, filler if required, and bituminous material. The 
aggregate fractions are sized, uniformly graded and combined 
in such proportions that the resulting mixture meets the grading
requirements of the job-mix formula. 
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The Engineer will establish all job-mix formulas. At least15 days prior to mixing operations, the Contractor shall submit 
representative samples of the proposed plant-mix aggregates
and mineral filler to the HA laboratory for analysis and
design of the job-mix formula. These samples shall meet the 
requirements of Section 401.04, Table I or Table I1,and ofSection 401.05, before the Engineer will design the job-mix
formula. Any delays due to the Contractor's failure to submit
acceptable samples will be his responsibility.
 

The maximum permissible variations from 
 the job-mix
formula are as shown for each type of plant-mix. The permis
sible variation from the job-mix formula does not 	 permit the 
use of any-mix which is outside the specification limits, through
the application of the variation. 

A change in sources of aggregate materials shall require 
a new job-mix formula before the new material is used. 

401.03 	 BITUMINOUS MATERIAL
 
Bituminous 
material shall be the type and grade slipulated

in the contract or shown on the Plans and shall be in conform
ance with the requirements of Section 407. 

401.04 AGGREGATE 

(I) 	 GENERAL REQUIREMENTS 
(a) The, aggregate shall meet the applicable requirements 

of Section 303 - Aggregate Base Course. 
(b) The material from which-the aggregate is to be pro

duced shall have a wear factor not to exceed fifty
percent at five hundred revolutions, as determined by
AASHO Test Method T,96. 

(c) 	 Not less than fifty. percent by weight of the coarse 
aggregate particles shall have at least one fractured face. 
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(d) 	The liquid limit for that portion of the fine aggregate 
passing a No. 0.425 (40) sieve shall not exceed twenty
five, nor shall the plasticity index exceed six, as deter

mined by AAS*HO Test Methods T 89 and T 90 respectively. 
(e) 	 The composite aggregate shall be free from adherent 

films of clay or other matter that will prevent thorough 
coating with bituminous material. 

(f) 	 No intermediate sizes for cover aggregate or for other 
purposes shall be removed from the material in the 
course of production unless authorized in writing by 
the Engineer. 

(g) 	Material retained on the No. 4.75 (4) sieve shall be 
classed as coarse aggregate~and material passin6 the 
No. 4.75 (4) sieve shall be classed as fine aggregate. 

(2) 	 REQUIREMENTS 

TYPE I & 2. The aggregate for Type I or Type 2 Plant. 
Mix Bituminous Surfacing, including mineral filler when 
required, shall meet the requirements of Table I below. 

TABLE I - TYPE 1 and TYPE 2 

Percentage by Weight Passing Square-Mesh Sieves 

AASHO T2 

SIEVE SIZE PERCENT PASSING JOB-MIX VARIATION 

Passing 
19mm (3/4 inch) Sieve 100 
No. 4.75 (No. 4) Sieve 45-70 Plus or Minus 7.0%0 
No. 2.0 (No. 10) Sieve 25-55 Plus or Minus 4.0% 
No. 0.075 (No. 200) Sieve 2-10 Plus, or Minus 2.0%y 

Asphalt Y by weight of total mi'x 4-7. Plus or Minus 0.4% 
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(3) REQUIREMENTS 

TYPE 3. The aggre
including mineral 

gate 
filler 

for Type 3 asp
when required, 

halt concrete, 
shall meet the 

requirements shown in Table II. 

TABLE II -TYPE 3 

Percentage by Weight Passing Square-Mesh Sieves 
AASHO T2 

SIEVE SIZE 	 PERCENT PASSING JOB-MIX VARIATION 

19mm (3/4 inch) Sieve 100.
 
12mm (1/2 inch) Sieve 80-100 Plus or Minus 7.0%
 
9mm (3/8 inch) Sieve 70-90 Plus or Minus 7.0% 

No. 4.75 (No.4) Sieve 50-70 Plus or Minus 7.0% 
No. 2.36 (No.8) Sieve 35-50 Plus or Minus 4.0% 
No. 0.425 (No. 40) Sieve 15-25 Plus or Minus 4.0% 
No. 0.180 (No. 80) Sieve 9.18 Plus or Minus 3.0% 
No. 0.075 (No. 200) Sieve 4-10 Plus or Minus 2.0% 

Asphalt % by weight of total mix 4-7 Plus or Minus 0.4% 

401.05 	 MINERAL FILLER 
Mineral filler shall meet the requirements of AASHO M 17. 
When the combined grading of the coarse and fine 

aggregates is deficient in material passing the No. 0.075 (200) 
sieve, a commercial filler shall be added. The amount of filler 
added shall be only that necessary to make the combined 
grading of the materials comply with the grading requirements 
of the completed mixture. The maximum amount of filler 
added shall not exceed 3 percent by weight of the combined 
aggregate. 

Commercial filler may consist of Portland cement, ground 
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limestone, fly ash, hydrated lime, fine graded silt, clay, or slag, 

finely powdered material from crushed rock, or other fine graded 

mineral material. 

401.06 BITUMINOUS MIXING PLANT 

(I) 	 REQUIREMENTS FOR ALL MIXING PLANTS 

The plant shall be of sufficient capacity and shall be 

designed and coordinated to handle adequately the propo

sed bituminous concrete mixtures withini the specified job-mix 
shalltolerances as provided in the contract. The plant 

condition. Any defectbe maintained in good mechanical 

which adversely affects the functioning of a plant or plant 

unit, or the quality of the mixture, in any manner, shall be 

corrected immediately upon instructions from the Engineer. 

The plant site shall have adequate storage facilities. 
be 	 provided for separateSufficient storage space shall 


stockpiles, bins, stalls for each size of aggregate.
or 
Different aggregate sizes shall be kept separated until they 

have been delivered, without segregation, by the feeder or 

feeders to the boot of the cold elevator, or elevators, in their 
shall be maintainedproper proportions. The storage yard 

neatly and orderly and the separate stockpiles shall be 

readily accessible for sampling. 

Mixing plants shall be either the weight-batching type or 

the continuousflow type. Both types of plants shall be equip. 

ped wilh satisfactory conveyors, power units, aggregate 

handling equipment, aggregate screens and bins, and shall 

be so coordinated and operated as to produce a rnixture 

consistent within the job-mix tolerances specified. 

Mixing plants, batch or continuous, shall have a minimum 
tons anproduction ccpacity of 50 metric hour unless the 

Encineer permits. a plant of lesser capacity. 
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Mixing plants that' are not capable of continuously 
producing a mixture, meeting requirements as specified, 
shall not be used. 

(2) MINERAL FILLER 

If no provision is made to weigh the 'mineral filler in the 
weigh box at the mixing plant with the other aggregates, 
the proportions of mineral filler shall be determined on a 
weight basis and shall be measured separately from the 
other aggregates. After the proportions of mineral filler 
have been determined, the material may be added to the 
mixture at the mixing plant by volume or weight 
measurement. 

The mineral filler shall be stored in a separate bin and 
fed directly into the mixture in a manner that will provide 
complete mixing. The rate of feed shall be controlled to 
provide a Uniform weight of mineral filler into each batch 
or load. 

(3) STORAGE AND HEATING EQUIPMENT 

Tanks for storage of bitumen shall have a total capacity
sufficient for not less than four hours' run of the mixing 
plant#and shall be capable of heating the bitumen, under 
effective and positive control at all times, to "temperature 
requirements specified. The heating system shall provide 
uniform heating of the entire contents of tanks. 
Storage tanks shall have a positive means of measuring 
the quantity therein, by gauge, calibrated ro, or float. 
Heating shall be accomplished by steam coils, electricity, 
or other approved means. No flame shall come in contaci 
with the heating tanks. The circulating system for bitumen 
shall be a closed system of adequate capacity. It shall 
cause proper and continuous circulation during the entire 
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operating period, have its own pvmp or pumps, and shall 
have no inlet or outlet pipe or drain into which fuel oil or 
similar material can be introduced. 

(4) 	 FEEDER FOR DRYER 

Plants shall be provided with accurate mechanical means 
for uniformly feeding the mineral aggregate into the dryer. 
Uniform production shall be obtained. 

If separate stockpiles are provided, storage space shall be 
large enough so that each size of aggregate can be stored 
without contaminating the other sizes. 

(5) 	DRYER 

Plants shall include a dryer or dryers which continuously 
agitate the aggregate during the healing and drying process. 
The dryer shall be equipped with an approved dial scale 
and an armored thermometer, electric pyrometer, or other 
approved thermometric instrument. The thermometric instru
ment shall be placed at the discharge chute of the dryer 
and shall indicate or register automatically the temperature 
of #he heated aggregate. After drying, all transfer and 
conveyance of material shall be completely enclosed. 

(6) 	SCREENS 

Plant screens, capable of screening all aggregate to the 
specified sizes and proportions and having normal capacity 
in excess of the full capacity of the mixing unit, shall be 
provided. 

(7) 	BINS 

The plant shall be equipped withstorage bins, designed 
to protect the aggregate from the weather, and of sufficient 
size to adequotely supply the mixer when it is operating 
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at full capacity. Bins shall be so arranged that separate
and adequate storage of appropriate fractions of aggregate
is assured. Each bin shall be provided with overflow pipes,of such size and at such locations as to prevent backingup 	of material into other compartments or bins. Each bin
shall be provided with its individual outlet gate, designed
and constructed so 	 that when closed, there will be noleakage and the gates will cut off quickly and completely. 
Bins, and access to the sampling areas of bins, shall be soconstructed that representative samples can be readily andsafeiy obtained. Separate dry storage shall be provided
for mineral filler, when used. 

(8) 	 BITUMINOUS CONTROL UNIT
 
Satisfactory means, either by weighing, metering, 
 or volu.
metric measurements, shall be provided to obtain the proper
quantity of bitumen in the mix within the variation specified.Suitable means shall be provided for checking the quantity
or rate of flow of bituminous material into the mixer. An
armored thermometer or 	 other approved thermometric
equipment shall be fixed in the bitumen feed line at a
suitable location near the charging valve at the mixer. 

1(9) 	 THERMOMETRIC EQUIPMENT 
Thermometric equipment shall have an adequate range intemperature reading, shall be accurate to plus or miius
5 degrees Centigrade, and shall be sensitive to a rate oftemperature change of not less than 10 degrees Centigrade 
per minute. 

(10) 	 DUST COLLECTOR 
The plant shall be equipped with a dust collector constructed 
to waste or return uniformly to the hot elevator all or any
part 	of material collected. 
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(II) SCALES FOR HAULING UNITS 

Scales shall be furnished by and at the expense of the 
Contractor. They shall be satisfactory to the Engineer and 
shall be tested and sealed at the' expense of the Contractor 
prior to their use on the Project and as often thereafter 
as the Engineer may consider necessary to insure their 
accuracy. The Contractor shall have on hand not less than 
ten weights for testing scales. 
When measured by the ton, the material shall be weighed 
on scales of a type capable *ofweighing complete loads in 
an unbroken operation. The recording devices of the scales 
shall be housed in a suitable manner and the scales shall 
be so located as to facilitate accurate weighing of loads. 
The scales shall be accurate to one-half of one percent at 
any weight. Alternate methods or devices for weighing may
be acceptable in lieu of platform scales, provided that 
these methods or devices produce the same degree of 
accuracy as required of the accepted platform scales. 

(12) PLANT SCALES 

Scales shall be accurate to 0.5 percent of the maximum 
load that may be required. Balance weights shall be designed 
to be locked in any position and to prevent unauthorized 
change of position. 

Scales for any weigh box or hopper may be either the 
beam or springless dial-type and shall be of a standard 
make and design. Scales of the beam type shall have a 
separate beam with a telltale indicator for each size 
aggregate and a tare beam for balancing the hopper.

the telltale indicator shall start to function when the 
load being applied is within 50 kg (110 Ibs) of the 
load desired. 
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Dial scales shail be springless, of standard make, designed,constructed and installed so that they can be maintained
free from vibration. They shall be of such size that thenumerals on the dial may be read at a distance of atleast three meters. The dial shall be of the compounding
type having full complements of index points. Pointers so 
placed as to give excessive parallax errors shall not beused. The scales shall be substantially constructed and, if 
not capable of maintaining positive adjustment, shall bereplaced when so ordered. All dials shall be so located as tobe plainly visible to the operator at all times. The Contractor
shall have on hand not less than five 25-kg (50-bs)
weights for testing scales. Scales shall be inspected and
sealed as often as the Engineer deems necessary to assure 
continued accuracy. 

(13) AUTOMATIC PRINTER SYSTEM 
The Contractor may provide an approved automatic printer
system in lieu of plant and truck scales, provided thesystem is used in conjunction with an approved automatc
batching and mixing control system. An automatic printer
system shall print the weights of materials delivered andsuch weights shall be shown on a weigh ticket for each 
load. 
The recorded weight shall be accurate to 0.5 percent of 
true weight. The Engineer may require random loads to be 
checked on sealed scales. 

401.07 BATCHING PLANT 

(I) WEIGH BOX -OR HOPPER 
The plant equipment shall include a means for accurately
weighing each size of aggregate in a weigh box or hopper 
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suspended on scales and of ample size to hold a full batch 
without hand leveling or running over. The gate shall be 
close fitting, quick operating, and shall close tightly. No 
material shall be allowed to leak into the mixer while a 
batch Is being weighed. 
The weigh box shall be so designed that the entire batch 
is discharged quickly and cleanly into the mixing unit. The 
weigh box shall be open at 4he top. If an excess of one 
size of aggregate is introduced into the weigh box, it shall 
be removed by the operator. 
Automatic plants may proportion all aggregate by simul. 
taneous measuring if a weight hopper with a separate 
compartment for each bin size, calibrated by weight, isused. 

(2) BITUMINOUS CONTROL 

The equipment used to measure the bituminous material 
shall be accurate to plus or minus 0.5 percent. The capacity
of the bitumen bucket shall be at least 10 percent greater 
than the quantity of bituminous material required for each 
batch. 

The bituminous material bucket, its discharge valve or 
valves, and spray bar shall be adequately heated. Steam
 
jackets, if used, shall be efficiently drained, and all
 

connections shall be constructed so that they will not interfere
 
with the efficient operation of the. scales. The bitumen
 
bucket shall be a non-tilting type fitted with a loose, sheet
 
metal cover. The bitumen bucket shall be suspended on
 
beam-type scales equipped with a telltale that shows the
 
tare weight of the bucket for each weighing. The net weight

of the bitumen shall be measured to plus or minus 0.5
 
percent of the weight required. The plant shall have an
 
adequately heated quick-acting, non-drip, charging valve
 
located directly over the bituminous material bucket.
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The bucket shall be so arranged that it will deliver the
heated bitumen in a thin uniform sheet or in multiple 
streams to the full width of the mixing unit. 
The indicator dial shall have acapacity of at least 15 percent
in excess of the quantify ot bituminous material used in a 
batch. The controls shall be constructed so that they may be
locked at-any dial setting and will automatically reset to 
that reading after the addition of bituminous material to 
each batch. The dial shall be in full view of the mixer 
operator. The flow of bituminous material shall beautoma
tically controlled so that it will begin immediately after' the 
dry mixing period is over. All of the bituminous material 
required for one batch shall be discharged in not more 
than 15 seconds after the flow has started. The size and 
spacing of the spray bar openings shall provide a uniform 
application of bituminous material the full length of the
mixer. The section of the bituminous line between the 
charging valve and the spray bar shall be provided with a
valve and outlet for checking the meter when a metering
device is substituted for a bituminous material bucket. 

(3) MIXING UNIT 

The mixing unit shall be an approved type, capable of 
producing a uniform mixture within the job-mix variation. 
The mixer box, if not enclosed, shall be equipped with a 
dust hood that prevents loss of dust. 
The clearance of blades from all fixed and moving parts
shall not exceed one inch unless the maximum diameter of 
the aggregate in the mix exceeds 40 mm (1' inches), in 
which case the clearance shall not exceed 40mm (! inches). 
The mixer box shall be equipped with a 'ock timing device 
that accurately controls the mixing cycle. 
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Control of time shall be flexible, permitti'g adjustment of 
cycles up to three minutes in five-second intervals. 

401.08 CONTINUOUS MIXING PLANT 

(I) AGGREGATE PROPORTIONING 

The plant shall include means for accurately proportioning 
each size of aggregate. Bins shall be equipped with telltale 
devices that indicate the position of the aggregate in the
 
bins at the lower quarter points.
 
Each compartment bin being used shall provide a uniform
 
head of aggregate. The plant shall have a feeder mounted
 
under each bin. The feeding units shall provide a uniform
 
flow of aggregate.
 
Each compartment bin shall have an accurcrt'ey controlled,
 
individual gate to form an orifice for volumetrically mea
suring the material drawn from each bin. The feeding orifice
 
shall be rectangular with one dimension adjustable by

positive mechanical means, provided by a lock. A cutoff
 
system shall be used which automatically stops mixing

operations when the minimum level in the bin has been
 
reached. Each bin shall have an overflow spout to control
 
the top level of the aggregate in the bin.
 

(2) WEIGHT CALIBRATION OF AGGREGATE FEED 
The plant shall include means for calibration of gate open
ings by weighing test samples. Provisions shall be made 
so that material coming out of individual orifices may be 
by-passed to individual test boxes. The Contractor shall 
provide a platform scale of approximately 250kg-(550 Ibs)
capacity and containers of adequate size'for weighing test 
samples drawn from the gates. 
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(3) BITUMINOUS CONTROL 

The volumetric proportioning device for the bitumen shall 
be a rotating, positive-displacement, bitumen-metering pump 
with a satisfactory nozzle arrangement at the mixing unit. 
The operating speed of the pump shall be synchronized 
with the flow of aggregate to the mixing unit by an automatic 
interlocking control. This control shall be capable of easy and 
accurate adjustment. Means shall be provided for accurately 
checking the rate of flow of bitumen into the mixture. 

(4) MIXER UNIT 

The plant shall include a continuous mixer of an approved 
type, adequately heated and capable of producing a uni
form mixture within the job-mix variation. 
The mixer shall be equipped with a discharge hopper with 
dump gates which will permit rapid and complete discharge 
of the mixture. The paddles shall be adjustable for angular 
position on the shafts and reversible to retard the flow of 
the mix. The mixer shall have a manufacturer's plate giving 
the net volumetric contents of the mixer at the several 
heights inscribed on a permanent gauge. Charts shall be 
provided showing the rate of feed of aggregate per minute 
for the aggregate being used. 
The clearance of blades from all fixed and moving ports 
shall not exceed 25mm (one inch) unless maximum size of 
aggregate mix exceeds 32mm (I4- inches), in which case 
the clearance shall not exceed 3amm (IL-inches). 

The plant shall be equipped with a surge hopper having 
positive acting gates at the end of the pugmill to provide 
for discharging the mixture in sufficient quantity to prevent 
segregation. 
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401.09 ROADWAY EQUIPMENT 

(I) MOTOR GRADERS 

Motor graders shall be in good mechanical condition, of 
adequate tractive power, weighing not less than 20,000 
pounds, with a minimum wheel base of 5.4 meters. They 
shall be equipped with mold boards not less than 3.66 
meters in length. Other mechanical methods for leveling 
and shaping the roadway base section which will secure 
satisfactory results may be used when approved by the 
Engineer. 

(2) PAVERS 

Spreading, shaping and finishing of the surfacing course 
or courses of bituminized mixture shall be done by one or 
more self-contained, self-propelled units or pavers, operated 
in such a manner that no supplemental spreading, shaping 
or finishing will be necessary to provide the surface 

smoothness required. Pavers shall contain an integral, 
activated screed or strike-off assembly, heated if necessary. 
They shall be capable of spreading and finishing the 
surfacing course to not less than the full width of a traffic 
lane and from 2cm (I inch) to 15cm (6 inches) in depth, 
true to line, grade and crown of the section specified by 
the Plans. 

Extension and cut-off shoes shall permit changes in widths 
by increments of 30 cm (1 foot) or more. 

The screed or strike-off assembly shall produce a finished 
surface of the required smoothness and texture without 
tearing, shoving or gouging. The unit or paver shall be 
provided with rolling, tamping, or other suitable devices so 
as to produce a surface course uniformly dense throughout, 
smooth and free from inequalities and irregularities. 
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The paver shall have a receiving
capacity 	 hopper of 'sufficientto 	 avoid decreases in 	 spread while receivingloads, and shall operate efficiently. Unnecessary delays indumping trucks shall be avoided. 

The paver shall include a device for forming beveled edgesof the surfacing courses when required.
Pavers shall have power adequate for efficient operationon 	 ascending grades of 7 percent while pushing a loaded
truck. 
Pavers shall have 
operate at speeds 

quick, positive steering ability andcommensurate with satisfactory placingof the surfacing course mixture. 

(3) 	 TRUCKS
 
The beds 
 of 	hauling vehicles
smooth. No truck will be 

shall be light, clean and
permitted on the Project if It hasmechanical defects that cause-excessive segregation, unduedelays or detrimental oil leaks. When necessary, each loadshall be covered with canvas or other approved material ofsufficient size to 	 protect the 	 mixture from dust, foreignmaterial, or the weather. 

(4) 	ROLLERS 
Rollers of both steel-wheel, type and pneumatic-tire typewill 	be required. Rollers shall be 	 in good condition,capable of reversing wtfhoul backlash, and shall be operated at speeds slow enough to avoid displacement of thebiluminous mixture. The number and weight of rollers shallbe sufficient to covpa.t 

Vibratory 
the mixture to the required density.rollers w h separate controls for energy andpropulsion, and c.pe~iolly des.gried for bituminous mixturecompaction m4i, r . u with the express approval of theEngineer. The ,st 	 ,r aqtipment which results in excessive 
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crushing of the aggregate will not be permitted. Pneumatic 
tire rollers shall have a minimum contact pressure of 4.3 kg 
per sq. centimeter (60 PSI) unless a soft mix is encountered 
or the roller is used as a "breakdown" roller. In such cases, 
the Engineer may direct that lesser tire pressure be used. 

All types of rollers shall be equipped with self cleaning 
devices and suitable means for evenly watering the roller. 
Steel surfaces shall be free from flat areas, grooves or 
projections that would mar the surface of the pavement. 

401.10 PREPARATION OF AGGREGATE 

(I) 	 GENERAL 

Aggregates shall be dried and heated at the plant so that 
when delivered to the mixing unit they shall be at as low 
a temperature as is consistent with proper mixing and 
laying, and in no case to exceed 165C (326 F). Flames 
used for drying and heating shall be properly adjusted. 
Heat shall be kept below the point that would cause 
damage to the aggregate. No unburned oil or carbon 
residue shall be lefton the aggregate. 

Drying shall continue for a sufficient time and af a suffi
ciently high temperature, consistent with this Specification, 
to cause the aggregate to become throughly surface dry. 
If the bituminized mixture contains evidence of excessive 
moisture, the operation of the plant shall be regulated in 
such a manner that the aggregate can be properly dried. 
The existence of one or more of the following conditions 
will be construed to mean that the aggregate is not 
properly drieck. 
(a) 	Foaming on the surface of the coarse aggregate 

particles. 
(b) 	Excessive slumping of the mix in the truck. 
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(c) Condensed water dripping from the truck box. 
(d) Bubbles or blisters forming on the surface immediately

behind the paver.
The Engineer will require the moisture content to belowered if excess moisture is indicated by any of conditionsin a, b, c, d, above. Immediately after heating and drying,the aggregates shall be screened and conveyed infoseparate compartments ready for batching and mixingwith biturnous material. Aggregate for Type 2 and 3 shallbe separated into two or more fractions, as specified. 
All aggregates shall be stored in a manner that controlsthe temperature within the limits prescribed for mixing andalso prevents accumulation of moisture. Additional naturalmaterials (not mineral filler), if required to meet the gradingrequirements, shall be proportioned and blended with, theaggregate before being screened into the separated bins.This natural material may be added to the aggregate atthe mixing plant by premixing it thoroughly with the otherfine aggregates or by feeding it into either the hot or coldelevator. Spreading this natural material over the tops ofthe aggregate piles or dumping it into the hoppers atcrushing plants will not be permitted.

Aggregate shall be delivered to the plant from a stockpileor stockpiles prepared before mixing operations. Stockpileconstruction shall be done in accordance with the provisionsof Section 310. The quantity of stockpiles material shallbe sufficient for t least one day of mixing plant operations.The mixing plant shall not be charged with aggregatescoming directly from crushing or screening plants
combinations of these plants. 

or 

*The aggregate for the bituminous mixture will be sampledfor testing after drying and before bituminizing. Should, 
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there be any oversize material or an excess of inaterial 
passing the 0.075mm (No. 200) mesh sieve, the mixing pla, 

shall be so regulated that the oversize material and excess 
fine materials can be removed prior to preparing the 
bituminous mixture. 

(2) TYPE I PLANT MIX SURFACING 

Aggregate for Type I plant-mix surfacing shall meet the 
requirements of Section 401.02. The aggregate shall be 
heated, dried and otherwise prepared as specified in Sec
tion 401.10(l), except that separation into fractions is not 
required. 

(3) TYPE 2 PLANT MIX SURFACING 

Aggregate for Type 2 plant-mix surfacing shall meet the 
requirements of Section 401.02. 

After the aggregate has been heated and dried and 
otherwise prepared as specified in Section 401.10(I), it 

shall be separated by screening on the 4.75 mm (No. 4) 
screen. The two sizes shall later be combined in the di
rected proportions upon charging the mixing unit. 

(4) TYPE 3 PLANT MIX SURFACING 

Aggi%'ga:iefor Type 3 plant-mix surfacing shall meet the 
requireme-nts of Section 401.02. 

After the aggregate has been heated and dried and 
otherwise prepared as specified in Section 401.10(I), it shall 
be separated by screening into at least three sizes and 
stored in separate compartments. At least one of the bins 
shall contain material passing the 2.0mm (No. 10) sieve. TI 

other separations of the aggregate shall be between such 
limits as may be necessary to produce the mixture 
specified. 
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!01.11 PREPARATION OF BITUMINOUS'MIXTURE: 

I GENERAL' 

The hot aggregate shall be accurately measured and 
conveyed into the mixing unit in the proportionate quantities
of each aggregate required to meet the specified grading. 
The aggregate shall be introduced into the mixing unit at 
a temperature of: 
(a) 	Not more than I 10C(225FP when cutback liquid asphalt 

is used; and 
(b) 	 Not more than 162C (325F) when asphalt cement or 

slow curing liquid asphalt is used. 
IN NO CASE shall asphalt be introduced into the mixing 
unit at 14C (25F) degrees or-more below the temperature
of the aggregate. The bituminous mixture, immediately 
after mixing, shall be within the temperature range specified 
in the data on "Temperature-Viscosity" furnished for the 
bituminous material used. Mixing shall produce a homo
genous mixture in which ail aggregate particles are 
thoroughly and uniformly coated. 
A mixture will be considered unsatisfactory if it-shows an 
incorrect quantity of asphalt, has been injured or damaged 
by burning, is improperly mixed, or does not meet specifica
tion requirements after mixing. An unsatisfactory mixture 
shall be disposed of before placement, or removed and 
replaced if detected in the roadway, except that unsatis
factory material inadvertenily placed in the roadway may 
be accepted if the quantities are small or the material is 
not detrimental to the roadway. Removing, replacing or 
disposing of unsatisfactory material shall be at no cost to 
the' HA. 
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(2) MIXING TIME 

(a) BATCH PLANT 

The mixing unit shall be charged with aggregates and 
dry mixed for a period of 5 to 10 seconds. After dry 
mixing, the bituminous material shall be added and the 
mixing continued for a period of at least 25 seconds. 
The mixing time is defined as starting when the asphalt 
is first added, and stopping when the completed 
mixture discharges from the mixing unit. 

(b) CONTINUOUS PLANT 

Mixing time shall not be less than 35 seconds. 

Mixing time is defined as capacity of pugmillin kilo
grams divided by pugmill output per second. 

401.12 CONSTRUCTION METHODS 

(i) BASE PREPARATION 

Preparation of the existing surface shall be performed in 
accordance with the pertinent requirements of Section 300: 

(2) PRIME COAT 

When a prime coat of approved bituminous mate'rial 
is determined to be necessary, it shall be applied, 
prior to application of the plant mix material, at the rcte 
directed. 

The plant-mix bituminous surfacing course shall not be 
placed until the prime coat has cured a minimum of 
24 hours, or longer if directed.
 
Plant-mixed, bituminous surfacing maleri l shall not be
 
placed on any primed surface tha. contains an excessive
 
percentage of moisture, as determined by the Engineer.
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3) PROTECTION OF TRAFFIC AND ROADWAY STRUCTURES 

(a) 	Traffic protection shall be performed in,accordance with 
Section 105.03. 

(b) 	Protection of highway structures shall be performed in 
accordance with Section 407.08. 

(c) 	 All equipment shall be removed from the road at the 
conclusion of the day's work. 

TRANSPORTATION AND DELIVERY OF MIXTURE 
The bituminous mixture shall be transported in pneumatic
tired vehicles. 

SPREADING AND FINISHING 

Placing 'of the mixture shall be. done on an approved
 
surface. The mixture shall be spread, with pavers, over the
 
entire width or such partial width as may be practicable.
 
Material for shoulder widening may be placed with other
 
approved equipment.
 
Whenever the planned compacted thickness of a plant-mix
 

.bituminous surfacing course is 5 centimeters (2 inches) or
 
less, it shall be constructed in one course, unless specified
 
otherwise on the Plans or Proposal. A planned, compacted

thickness of more than 5 centimeters (2 inches) shall be
 
constructed as directed.
 
The Engineer will establish horizontal alignment controls
 
for spreading each course. The Contractor shall set a string
 
based on this control, and cause one edge of the first lane
 
of each lift of surfacing to follow the string.
 

Certain areas to be paved may be too small or too irregular
 
in shape to accommodate a paver. In addition it may be
, 
impossible to operate a paver properly in areas adjacent 
to manholes, inlets, curbs or walls. in such cases, plant-mix 
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material shall be spread by motor grader, by specia 
pavers, or by hand methods. Compaction of mix in suci 
areas shall be done as directed. The compaction equipmen 
used shall be small, self-propelled rollers, trench 'ollers 
vibratory tampers, heavy hand rollers, or similar, approvec 
compactors. 
Hauling over any plant-mix surface course will not bE 
permitted until the mixture has been properly compactec
and h-s cooled to atmospheric temperature. 

(6) JOINTS 

Placing of each course shall be as continuous as possible. 
The width of each course shall be adjusted so that longituc
joints are offset by at least 15 centimeters (6 inches) in 
vertical planes. Transverse joints shall be offset at least 7 
meters (20 feet) in vertical planes. 
Longitudinal and transverse joints shall be formed with 
reasonable care and good workmanship. Ridges or depres.
sions at joints that exceed the surface tolerance shall be 

Joints with accumulations of mud, dust or other foreign mal 
foreign matter shall be cleaned or trimmed back as directed 
before placing the adjoining material. The exposed face 
of all joints, except those formed by echelon paving, 
(paving with two or more pavers working together with one 
slightly behind and to one side of the other), shall have a 
coot of SS I emulsified asphalt or other approved bituminous 
material applied just before placing the abutting course. 
Longitudinal joints in the top course of plant mix shall be 
constructed at the center line or lane line. If those locations 
are not practicable, the joint may be constructed near the 
center of the lane by paving in echelon or outside of the 
lane lines, if directed. 
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A transverse joint shall be made in a course if laying of 
that course is to be discontinued long enough to let the
mixture become cold. The transverse joint may be formed 
or cut but shall result in a vertical face the full depth of
the course. Material that is cut away to make the vertical 
face shall be removed; the joint face shall be brushed 
with asphaltiand the fresh mixture compacted against the 
joint face when paving is resumed. 
The end of a course that is temporarily subjected to traffic 
shall be beveled at the approximate ratio of 20 horizontal 
to I vertical. When paving of the course resumes, a 
transverse joint 4hall be made through the full depth of
the course. The beveled portion shall be removed. Joints 
at bridge ends or other rigid structures shall be made by
first conditioning and compacting the existing base. The 
mixture shall be placed slightly higher than the structure. 
Compaction shall be in a transverse direction as well as 
longitudinal, and as directed. 

) COMPACTION 

(a) GENERAL REQUIREMENTS 
Unless otherwise directed, rolling shall start at the sides 
and proceed parallel toward the center of the lane or 
high side, overlapping on successive trips by at least 
one-half of the rear wheel, or two rear wheels in the 
case of a pneumatic-tired roller. 
The speed of rollers shall not exceed 8 kilometers (5
miles) per hour. Rollers shall not displace the mixture 
or be operated in a hazardous manner. 
Rollers shall be kept in continuous operation, as nearly 
as practicable, in such a manner that all parts of the 
pavement shall receive substantially equal compaction. 
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Stops or reversal of direction shall not be made in the 
same transverse location of each pass. Displacement 

shall be corrected at once byoccurrinq from any cause 
use of fresh mixture and hand-raking and smoothing, 

(b) PROCEDURE 

Compaction shall be performed in three phases and in 

the following sequence, unless changed by the Engineer. 

The number of complete coverages specified for each 

phase shall be increased, if directed. 

The density of the freshly compacted pavement may 

be checked occasionally to aid in establishing a 

rolling sequence that will achieve satisfactory density 

while the mix is within the temperaure range speci

fied. 

Phase I Initial or "breakdown" rollincLwith a smooth.
 

steel-wheeled roller.
 

Phase 2 Intermediate rolling with self-piopelle4 pneumatic

tired roller.
 

Phase 3 Finish rolling with an approved steel-wheeled
 
roller.
 

Phase I - Initial rolling shall be done as soon as the mixture
 

can support the roller without undue displacement, trans

verse cracking or hairline checking.
 

Initial rolling, if done with a nonvibratory steel-wheel
 

roller, shall progress with the drive wheel forward in the
 

direction of paving. When excessive grade is encountered,
 
the tiller wheel may be placed forward in the direction of
 

paving.
 

Initial rolling shall consist of at least ono complete coverage
 
over the surface.
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Phase 2 - Intermediate rolling shall follbw Initial rolling as 
soon as possible. Intermediate rolling shall continue on each 
lift until a minimum of three complete coverages has been 
accomplished while the temperature of the. mix being rolled 
is above 71 C (160F) degrees. 

Phase 3 - Finish rolling shall begin immediately after 
intermediate rolling and continue until all roller marks are 
eliminated or until the Engineer determines that sufficient 
rolling has been done. 

8) 	 PAVEMENT REPAIR 

If repairs are made by cutting out the pavement, the sides 
and bottom of the hole shall be cleaned and brushed with 
an approved, bituminous material. Fresh mixture shall then 
be placed into the hole, compacted and leveled to meet 
the 	required surface smoothness. 

(9) SURFACE SMOOTHNESS 
The finished surface shall be of uniform texture, conform 
to the grade and typical section and shall have a smooth 
riding quality. 
The finished surface shall be free from defects and de
pressions exceeding 5mm (3/16 inch), as measured with a 
3-meter straightedge placed parallel to the center of the 
roadway. 

Unsatisfactory work shall be repaired or replaced. 

401.13 METHOD OF MEASUREMENT 

The plant-mixed surfacing materials will be measured by 
the ton, on approved scales, after complete mixing of all 
ingrediets. The pay weight will include the bituminous 
material and any mineral filler contained in the mixture. 
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401.14 BASIS OF PAYMENT 
(I) Plant-mixed surfccing material, used in the completed and 

accepted work, will be paid for at the contract unit price 
bid per ton. This price and payment, except as may be 
otherwise specified, will be full compensation for the work. 

(2) Existing surface preparation, unless otherwise specified, will 
not be paid for separately but will be included in payment 
made for the other items of the contract and shall include 
all operations necessary to complete the work. 
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J SECTION 402"' BITUMINOUS BASE COURSE 

.o2.o DESCRIPTION 
I The plant-mix bituminous base course shall be composed 
fa mixture of aggregate, filler if required, and bituminous 
naterial. It shall be mixed in a central plant, spread. and 
lompacted on an approved surface in reasonably close 
ionformity with the lines, grades, thicknesses, and typical cross 
lections shown on the Plans or established by the Engineer. 

102.02 	 COMPOSITION OF MIXTURES 

The Engineer will establish all job-mix formulas. At least 
5days prior to mixing operations, Ihe Contractor shall submit 

,epresentative samples of the proposed plant-mix aggregates 
ind mineral filler to the HA laboratory for analysis and 
lesign of the job-mix formula. These samples shall meet the 

fequirements of Section 401.04, Table I or Table II,and of 
ection 401.05, before the Engineer will design the job-mix 

Iormula. Any delays due to the Contractor's failure to submit 
(cceptable samples will be his responsibility. 

The maximum permissible variations from the job-mix 
ormula are as shown for each type of plant mix. The 
ermissible variation from the job-mix formula does not permit 

he use of any mix which is outside the specification limits, 
hrough the application of the variation. 

102.03 MATERIALS 

I) 	 BITUMINr", MATERIAL 

Biluminous material shall meet the requirements of Section 
407 for the type and grade specified in the contract. The 
Engineer may change the grade two steps at no change 
in unit price. 
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Bituminous tack and prime material, if required, shal 
meet the applicable requirements of Section 403. 

(2) 	 AGGREGATE 

Aggregate shall meet the provisions of Section 303 anc 
the following requirements: I 
(a) 	The material, from which the aggregate is to be 

a factor not to exceedt
produced, shall have wear 

fifty percent at five hundred revolutions, as determined 
by AASHO Test Method T 96. 

(b) The portion of the total aggregate passing the No. 40 
sieve shall have a liquid limit of not more than 25 and 
a plasticity index of not more than six, as determined 
by AASHO Test Method T 89 and T 90 respectivel) 

(c) 	Dust Ratio. The portion passing the 0.075mm (No. 2 
sieve shall not 1-e greater than two-thirds (2/3) of the 
portion passing the No. 0.425mm No. (40) sieve. 

(d) 	 Aggregate for plant-mix bituminous base course shall 
meet the gradation requirements of the table below, 
including the mineral filler when used. 

SIEVE SIZE PERCENT PASSING BY WEIGHT 

No. 37.5mm (1 inches) 
No. 25mm (1 inch) 
No. 4.75 mm (No. 4) 
No. 0.075mm (No. 200) 

GRADE 
100 

90-100 
35-65 

3-10 

I GRADE II 

100 
35-65 
3-10 

The point of acceptance for the aggregate will be after 
drying but before bituminizing. 
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402.04 CONSTRUCTION REQUIREMENTS 

(I) 	 GENERAL 

The plant-mix bituminous base shall be constructed in 
layers not exceeding I5cm-(6 inches) compacted thickness, 
unless otherwise specified. A tack coat shall be used 
between layers when the base course is constructed in 
more than one layer. 

(2) 	EQUIPMENT 

The central mixing plant shall be a batch or continuous-flow 
type meeting the requirements of Section 401.060except that 
intermediate screening or bin storage will not be needed. 

Motor graders, rollers, pavers and trucks shall meet the 
applicable provisions of Section 401.09. 

(3) 	 PREPARATION OF AGGREGATE 

Aggregate shall be prepared in accordance with Section 

401.10, except that dried and heated aggregates may be 
transferred from the dryer directly to the mixing unit. 

If the gradation of aggregate materials cannot be conti

nuously maintained within the specified gradation limits, 
aggregate gradation controls shall be used. 

(4) 	 PREPARATION OF BITUMINOUS MIXTURES 

Bituminous mixtures shall be prepared in accordance with 
the requirements of Section 407. 

402.05 PLACING AND COMPACTING 

The plant-mix base material shall be laid upon an approved 
surface, spread and, struck off to the grade and elevation 
established. Bituminous pavers or other approved laydown 
equipment shall distribute the mixture over the entire width or 
over such partial width as may be practicable. 
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The 	bituminous mixture shall be thoroughly and uniformly
compacted by rolling immediately after it is spread and struck 
off. 	 In no case shall less than two rollers be furnished. The 
number of rollers shall be increased, when directed, to keep 
pace with production. One of the rollers shall be a self
propelled, pneumatic-tire roller. A steel-wheel roller shall 
also be used, if directed. Rolling shall be continued while the 
mixture is in a workable condition until all roller marks are 
eliminated and a density of at least 95 percent of a test speci
men is obtained. The test specimen will be prepared in the 
field in like proportions to the mix being used and tested in 
accordance with Test Method AASHO T 166. 

402.06 SURFACE TOLERANCE 
The 	finished surface shall be free of defects or depressions 

exceeding 1cm (3/8 incb) as measured under a 3'-meter (10
feet), straightedge place parallel to the roadway centerline. All 
work not meeting surface tolerance requirements shall be 
corrected as directed. 

402.07 METHOD OF MEASUREMENT 
Plant-mix bituminous base course will be measured as
 

specified in Section 401.13.
 

402.08 	 BASIS OF PAYMENT 
The accepted quantities of plant-mix bituminous base 

course, measured as specified, will be paid for at the contract 
unit 	price for each ton of bituminous base mixture.
 

"Existing Surface Preparation, if'used, will be .id.fQr
 
as 	 specified in Section 401.14. Bituminous material used in 
'he 	 accepted plant-mix bituminous base course will not be 
I jid for separately, but prime or tack coat will be paid for 

accordance with Section 407 at the contract unit price. 
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SECTION 403 BITUMINOUS PRIME OR TACK COAT 

403.01 DESCRIPTION 

This work shall consist of preparing and treating an existing 
surface with bituminous material and blotter material if 
required, in substantial conformity vith these Specifications and 
the 	Plans. 

' Tack coat shall be the application of bituminous material 
to a previously constructed surface ot any type, in preparation 
of placing bituminous surfacing materials. 

403.02 MATERIALS 

(I) 	BITUMINOUS MATERIAL 

The type and grade of bituminous material will be speci
fied 	in the contract or shown on the Plans and shall meet 
the 	requirements of Section 407. 

The 	 Engineer reserves the right to change or substitute the 
type and grade of bituminous material to be' used, depend
ing on seasonal or other conditions. In case of such change 
or substitution, the basis of payment will be in conformity 
with Section 407. The grade may be changed one step, 
by the Engineer, at no change in unit price. 

403.03 	 WEATHER LIMITATIONS 
Prime coat may be applied only during daylight hours, 

except as approved by the Engineer. 

Neither.prime nor Jtack coat may be aDDlied when the 
Engineer determines that weather or roadway surface conditions 
are unfavorable to achievement of satisfactory results. 

403.04 	 EQUIPMENT 

Equipment shall meet the requirements of Section 401.09 
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to the extent required for satisfactory accomplishment of 
the work. 

403.05 	 CONSTRUCTION METHODS 
Construction shall be performed in accordance with Section 

404.04, except thdt the third sentence of the second paragraph 
of Section 404.04 (3), referring to thickness of pavement course, 
does not apply. 

Amounts of bitumen to be applied and rates of application 
shall be as directed by the Engineer in accordance with on-4he
job determinations of the particular work requirements. Prior 
to the application of the prime coat upon an aggregate base, 
ifin the opinion of the Ergineer the surface has become too 
dry, water shall be applied to the surface at a rate designated 
by the Engineer. Bituminous material shall not be applied 
when surface or weather conditions would prevent proper 
application. 

When SS-I Emulsified Asphalt is called for on the Plans, it 
shall be applied as directed by the Enginr.er and at a rate not 
to exceed 0.45 liter per square meter (0.1 gal. per sq. yd.). 
The proportions of water and emulsified asphalt blended for 
application may vary from one to three parts of water with one 
part of emulsified asphalt, the exact proportion to be determined 
during construction by the Engineer. The distribution unit shall 
conform to the requirements specified in Section 404.03 (I),and 
the SS-I Emulsified Asphalt shall conform to Section 407 and 
references made therein. 

The exact quantity of asphalt may vary and will be deter
mined by the Engineer. 

Prime coat shall not be applied to any aggregate surface 
that contains an excessive percentage of moisture, as determined 
by the Engineer. 

http:Enginr.er
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(I) BLOTTER MATERIAL 
The Contractor shall spread blotter material to surfaces 
covered by bitumen in areas and within'the time designated 
by the Engineer. Spreading shall be done by approved 
methods. 

Blotter material shall meet the requirements for Screening 
in AASHO Designatior, M 75. 

Surplus blotter material, resulting from any spreading 
method, shall be swept from the blotted surface by power 
brooming, hand brooming or blowing before placing other 
bituminous surfacing courses over the blotted areas. The 

surplus material swept from the blotted surface shall be 
removed from the site unless otherwise directed by the 
Engineer. Surplus blotting material that is allowed to foul 
drainage structures, including open ditches and curb gutters 
shall be removed by the Contractor at his expense, and 
the drainage structure cleaned. 

The quantity of blotter material specified in the contract 
is separate from other quantities of like sized surfacing 
aggregates and is not guaranteed to be used or required. 

(2) MAINTENANCE OF SURFACE 

The Contractor shall maintain the prime- or tack-coat 
surface intact until it has been covered with subsequent 
surfacing. All breaks, holes, failures, deterioration or 
disintegration of the underlying course or courses of 
surfacing, from any cause, shall be satisfactorily repaired. 
Repairing these defect, Including any materials necessary, 
will not be paid for directly but will be considered included 
in the bid items of the contract. 
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403.06 	 PROTECTION OF TRAFFIC AND HIGHWAY 

STRUCTURES 

Traffic protection shall be performed in accordance with 
Section 105.03. Highway structures shall be protected as 
specified in 407.08. When so directed by the Engineer, not 
more than one-half of the width of the roadway shall be 
treated in one application. Care shall be taken that the 
application of bituminous material in any area is not in excess 
of the specified amount. Excess bituminous material shall be 
squeegeed from the surface. Skipped areas or deficiencies shall 
be corrected. Building paper shall be placed over the end of 
the previous applications and the joining application shall 
start on the building paper. The used buildiitg paper shall be 
removed from the site of the work. 

403.07 	 METHOD OF MEASUREMENT 

Bituminous material and emulsified asphalt will be measured 
in accordance with Sections 407.05, 407.09, 407.14. 

Blotter material, used in the completed and accepted work, 
will be measured in tons or cubic meters. Measurement will 
be made in accordance with the applicable provisions of 
Section 404.06pr truck measurement will be used if the. Enaineel 
so determines. 

403.08 	 BASIS OF PAYMENT 

Bituminous material will be paid for at the contract unit 
bid price in, accordance with Section 407.09. 

Emulsified asphalt will be paid for in accordance with 
Section 407.14. 

Payment for blotter material will be made by the ton or 
the cubic meter. 
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SECTION 404 BITUMINOUS SURFACE TREATMENT 

404.01 DESCRIPTION 
Bituminous surface treaiiw'ent shall consist of one or moret 

applications of bituminous material on a properly prepared 
roadway surface. Each application, unless specified otherwise, 
shall be covered with aggregate surfacing material in conform
ity with these requirements and the Specifications and Plans. 

404.02 MATERIAL 

(I) 	Bituminous material shall be medium-curing liquid asphalt, 
MC-80 0 conforming to the requirements of AASHO M 82. 
The bituminous material shall be sampled and accepted In 
accordance with the procedures of Section 407 of these 
Specifications, except that-the samples will be obtained 
from the distributor or from the storage tank if me is provided 
for the exclusive use of this project. 

(2) 	 Aggregate material for covering the bituminous material 
shall be the type and grade stipulated in the Table below. 
Aggregate shall consist-of crushed stone of uniform quality, 
free from dirt, clay balls, organic materials and other 
extranpous matter. Aggregate shall have a percent of Wear 
not greater than 40 at 500 revolutions as determined by 
AAS"O Designation T 96. Aggregate shall meet the strip
ping requirements of AASHO T 182. 



230 404.02 

Percent by weight passing square 
mesh sieve, AASHO Designations, 

Tll & T27 
SIEVE DESIGNATION GRADATION A GRADATION B 

Ist Application 2nd Application 
25mm (I inch) 100 
19mm (3/4 inch' 90-100 
12.5mm (I/2 inch) 40-55 100 
9.5mm (3/8 inch) 20-30 85-100
 
4.75mm (No. 4) 0- 10 10-40
 
2.36mm (No. 8) 0-5 0- 10
 

404.03 EQUIPMENT 
The Contractor shall maintain on the .Project throughout the 

course of the work the following equipment: 

(I) DISTRIBUTOR 

One fully operable, bituminous material pressure distributor 
of at least four thousand liter-(one thousand gallon) capacity, 
with tanks insulated and equipped with internal steam 
coils or equivalent heating facilities. The distributor shall 
be fully equipped with a spray bar of the full$circulating 
type at least 3 meters (10 feet) in length. Sufficient 
extervsions30cm (I foot) ond 60cm (2 ft) in lengthwshall be 
provided so that the bar may be extended to a length of 
8 meters (24 fee). The bar shall be constructed to allow 
for vertical adjustment of the nozzles to the desired height 
above the road surface to allow adjustments to conform to 
the roadway crown, and to permit lateral shifting of the 
entire spray bar during operation. The spray bars and 
nozzles shall be constructed so as to prevent clogging of 
the nozzles during intermittent operation and provide 
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positive and immediate cutoff when distribution of the 
bitumen ceases, thus preventing dripping of the bitumen 
from the bar. The nozzles attached to tte bar shall be of 
an approved flat-slotted type. The valves which control the 
flow nozzles shall be of positive acting design to provide a 
uniform, unbroken spread of bitumen on the surface. 

The distributor shall be equipped with devices and charts 
to provide for accurate, rapid determination and control 
of the amount of bitumen being applied per square meter 
of surface and an odometer of the fifth-wheel type 
indicating speeds in meters per minute. The pressure pump 
shall be powered independently from the propelling motor 
of the vehicle. The distributor shall be equipped with a 
pressure pump, pressure gauge, thermometer well, thermo. 
meter, end an accurately calibrated fluid-content gauge. 
11 shall be equipped with pneumatic tires and shall be 
adequately powered to perform the necessary work without 
assistance from other units. In addition, the distributor spray 
bar shall be so arranged that its height above the 
roadway, as set, shall remain cons-ant throughout the 
application of bituminous moter;al to the surface. 

The distributor shall be capable of applying the bituminous 
material with an allowable variation, from any specified 
rate, of not to exceed 0.1 liters per square meter (.022 
gallons per square yard). 

HEATING EQUIPMENT 

Devices capable of heaing bituminous material to the 
required application temperature. 

ROLLERS 

Rolling equipment meeting the applicable requirements of 
Section 401.09(4). 
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(4) 	AGGREGATE SPREADER 
One aggregate spreader of approved design supported by 
at least 4 wheels equipped with pneumatic tires on two 
axles. The aggregate spreader shall be equipped with a 
means of applying the larger cover coat material to the 
surface before applying the smaller cover coat material. 
The spreader shall have positive controls to insure that the 
required amount of material is deposited uniformly over 
the full width of the bituminous material. 

(5) 	CLEANING EQUIPMENT 

For cleaning the roadway surface. Equipment may consist of 
efficient power brooms, blowers and suitable hand brooms. 

(6) 	 WATERING EQUIPMENT 

Conforming to the applicable provisions of Section 307. 

(7) 	 SCALES 

Meeting the applicable requirements of Section 401.06. 

404.04 CONSTRUCTION METHODS 

(1) 	 APPUCATION OF MATERIALS 
Bituminous surface treatment may be single course (SBST) 

or double course (DBST) as called for on the Plans or in, 
the Supplementary Specifications. The rates of application 
shall be as follows: 

FIRST COURSE - Bituminous material shall be, applied at 
the raoe of 2.26 liters per square meter (1/2 gallon per 
square yard . Aggregate, Gradation A, shall be applied 
at the rate of 27 kilogdrams per square meter (5.5 lbs per 
square foot). 
SECOND COURSE - Bituminous material shall be applied 
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at the rate of 0.90 liters per square meter (0.2 gallon per 
square yard). Aggregate, Gradation B, shall be applied 
at the rate of II kilograms per square meter (2.2 lbs per 
square foot). 

(2) EXISTING SURFACE PREPARATION 

Surface preparation shall be done in accordance with the 
provisions of Section 203.06, if the work is done on new 
embankment. If the work is done on the modified roadbed 
of an existing road, the provisions of Section 306 shall 
apply. 
Attention is directed to the condition that stability and 
riding quality of the completed bituminous surface treatment 
are dependent on the careful preparation and smoothness 
of the aggregate surface to which the .reatment is applied. 
The entire course of surface aggregate to which the 
bituminous surface treatment is applied shall not be laid 
down and prepared until such time as weather and other 
conditions will permit the immediate application of the 
bitumen. It is the intent of this Specification that the 
Contractor shall no; place any cover aggregate Lpon the 
roadway until such a time that he can complete the paving 
operation without interruption. If the paving operation cannot 
be completed, the cover aggregate may be, stockpiled. 

(3) SWEEPING 
Immediately prior to the first application of, biluminous 
material, the roadway surface shall be swept clean of all 
dust, dirt or foreign matter by means of a power broom, 
blower, or hand broom as required for satisfactory 
cleaning of the surface. 
If directed, a light, uniform application of water.shall. be 
applied to the roadway sufface just prior to application of 
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the bitumen. Equipment shall conform to Section 307. The 
"top five centimeters (2 inches) of the course shall not 
contain more than three percent of moisture by weight of 
aggregate. If determined necessary by the Engineer, as a 
measure of surface consolidation, a prime coat of bitumi
nous material shall be applied, at the rate directed,, prior 
to the initial application of bituminous surface treatment. 

(4) APPLICATION OF BITUMEN 

Immediately following the cleaning and wetting of the 
roadway surface, the first application of bitumen shall be 
uniformly applied at the temperature and at the rate per 
square meter, as directed, by means of a pressure distributor 
of the type described in Section 404.03(l). Extreme care 
shall be taken in application of the bitumen to secure 
uniform surface cover and true lines. Weather conditions 
shall be considered so that the bitumen will not become 
set before the cover material can be spread and rolled. 

Work shall not be started without consent of the Engineer 
and shall be promptly terminated in the event of rain, high
wind velocity, or the occurrence of unfavorable road or 
weather condiliops. 

(5) APPLICATION OF COVER AGGREGATE 

When directed by the 'Engineer, the first application of 
bitumen may be allowed to remain uncovered for a period 
of time up to, sixty minutes. Spreading of a minimum 
amount of cover aggregate shall be made on the freshly 
spread bitumen when the Engineer determines that the 
maximum depih of downward penetration has been attuined 
and that the consistency of bitumen has become such that 
the best "keying" results will be obtained. In the case of 
heavy viscosity types of bituminous materials, the Contractor 
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shall not proceed with the application of bitumen until a 
supply of aggregate sufficient to cover the entire appli
cation Is immediately available for covering the bitumen 
in less than -five minutes. The bitumen application shall 
be covered with the specified cover aggregate at the 
directed rate per square meter, spread unifurmly over the 
bitumen with a self-propelled or truck-mounted mechanical 
-spreader of the type hereinbefore specified. Aggregate 
spreaders that fail to make a uniform and satisfactory 
distribution of material must be promptly removed from 
further use. Special care must be exercised in the spread
ing of cover aggregate to insure uniformity of cover and 
security of longitudinal lines. 

When directed by the Engineer, water shall be applied to 

cover aggregate at least three days prior to spreading on 
the bituminous material. 

When directed by the Engineer, brooming, by mechanical 
or hand methods, shall be employed to provide uniform' 
distribution of the cover aggregate. Particular caution 

shall be exercised in brooming to avoid displacement or 

loosening of cover aggregate particles from the bitumen. 

Bituminous material shall not be applied in areas where 

the uncovered bitumen has cooled to the extent that the 
maximum amount of cover material will not be keyed. 

Bitumen shall be applied wiih care in order that transverse 
and longitudinal joints or lines of successive applications will 
be smooth and consistent with adjacent completed surfaces. 

Longitudinal laps may be from 15 to 25cm (6 to 10 inches) 
in width, but there shall be no overlap at the end junction 

of application. In order to prevent lapping at transverse 
junctions, the distributor shall be promptly shut off, and, 

if necessary to prevent dripping, a drip pan shall be 
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inserted under the nozzles when the application begins 
to thin. Before continuing the application of the bitumen, 
building paper shall be spread over the treated surface for 
a sufficient distance back from the joint on the cover 
aggregate so that the sprayers are operating at full force, 
and the distributor has attained the predetermined speed 
upon reaching the surface to which application is to be 
made. The bitumen application shall be stopped or shut 
off on paper. Any paper used for covering joins shall 
be removed from the site of the work. 
All transverse joints shall be covered with aggregate and 
broomed back before the next longitudinal application of 
bitumen is made. Traffic, including trucks hauling covering 
material to the spreader units, shall not be permitted to 
cross over or drive on any uncovered bituminous material 
including lines. When operating over freshly spread. cover 
aggregate, the speed of vehicular traffic shall be so 
regulated that loosening and displacement of cover aggre
gate shall not occur. 
Drivers failing to observe these requirements shall be 
promptly dismissed from the work. When it is necessary 
to cover lines to permit trucks or traffic to cross over, 
aggregate shall be neatly broomed back, exposing the 
full width of the line before the abutting application of 
bitumen is made. 
There shall only be permitted a minimum number of lines, 
compatible with tha width of the roadway surface. Permis
sion may be granted by the Engineer to make full road
surface width application of bitumen and cover aggregate, 
to be performed in a single continuous operation so coordi
nated that the movement of public traffic will not suffer 
greater inconvenience than that resulting from strip or half
roadway width methods. 
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(6) ROLLING 

Rolling of cover aggregate shall start immediately after 
spreading. All freshly spread material shall be rolled 
without delays. Rolling shall be accomplished with pneu
matic-tire rollers capable of a ground contact pressure of 
not less than 3.5kg/cm 2 (50 psi) nor more than 6.7kg/cm2 

(95 psi). Rolling shall proceed in a longitudinal direction 
beginning at the outer edges of the treatment and working 
toward the center, each pass overlapping the prior pass 
by about half the width of the roller. The first rolling of the 
aggregate must bv completed within one-half hour after 
it has been spread. All rollers shall be self-propelled and 
two rollers must be used for each aggregate spreader used. 
The rolling shall be continued until a smooth thoroughly 
compacted surface has been obtained. The speed and 
reversal of direction of movement of rollers shall be so 
regulated as to avoid displacement or loosening of cover 
material. 

(7) CURING TIME AFTER FIRST APPLICATION 

After the rolling is complete and the surface Is smooth 
and free of ruts and ridges, the surface may be opened 
to traffic, subjecf to traffic protection requirements of the 
Special Provisions. 
The surface shall be allowed to cure for a minimum period 
of five days and longer, if necessary, as determined by 
the Engineer, for the surface to become satisfactorily 
cured for placement of the succeeding course. Any breaks 
or holes that develop in the treated surface shall be 
repaired immediately with bituminous treatment methods or 
a premixed bituminous aggregate. Any areas showing 
excessive bitumen shall be covered with aggregate and 
rolled. Cost of any such repairing required will not be 
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paid for directly but will be included in the other bid 
items in the contract. 

(8),. CLEANING 
After the first application of bitumen and cover aggregate 
has satisfactorily cured and set, and any repairs required 
have been properly made, all excess cover aggregate, 
dirt, dust and foreign materials shall be removed from 
the surface. This shall be accomplished by sweeping with 
power brooms, hand brooms, blowers, or water washing to 
produce a clean surface. Construction of the succeeding 
course may then proceed on the clean surface. 

(9) COMPLETION 

Upon completion of the final course, the surface shall be 
opened to traffic for a period of three days. All regulations 
pertaining to traffic control shall remain in effect. During 
this period, the surface shall be maintained by brooming 
and rolling, as directed. Any holes or breaks that may 
occur shall be satisfactorily repaired by methods hereinbe
fore specified. Any areas showing excess bitumen shall be 
covered with aggregate and rolled. Any irregularities 
influencing the stability and riding quality of the surface 
shall be corrected in a satisfactory manner. Cost of 
any such repairing or corrections will not be paid for 
directly but will be included in the other bid items in the 
contract. 

404.05 PROTECTION OF TRAFFIC AND HIGHWAY 

STRUCTURES 

(I) TRAFFIC PROTECTION 

This work shall be performed, unless otherwise stipulated, 
in accordance with Section 105.03. 
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(2) STRUCTURE PROTECTION 

The Contractor shall provide whatever protective covering 
may be necessary to protect the exposed portion of bridges, 

culverts, curbs, gutters, guard fences, road signs and other 

roadside structures from becoming splashed or sprayed 

with bitumen. He shall remove from such structures any 

bitumen, dirt or other undesirable matter that may come 

upon them by reason of his operation. Compensation for 

this protection will be included in the unit price bid for 

the application of bituminous material. 

The Contractor shall repair, at his own expense, any 

damage done to'the highway or structures due to the 

operation of his equipment or caused by traffic being 

forced away from the usual line of travel. 

404.06 METHOD OF MEASUREMENT 

(I) BITUMINOUS MATERIAL 

Bituminous material used in the completed and accepted 
work will be measured In accordance with Sections 
407.05, 407.09, 407.14. 

(2) COVER AGGREGATE 

Cover aggregate used in the completed and accepted work 

will be measured by the ton. on scales furnished by the 
.Contractor, or by the cubic meter measured in the vehicle 
at the point of delivery on the roadway. 

404.07 BASIS OF PAYMENT 

Bituminous material, cover aggregate, rolling, watering and 

other items specified in the contract will be paid for at the 
contract unit price bid in the Proposal, which price and, 
payment will be full compeinsation for furnishing all milterial, 
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unless otherwise indicated, for delivering, preparing, handling 
and placing all materials for maintenance of the completed 
surface until acceptance and for all other operations necessary 
to complete the work. 

Existing surface preparation will be paid for under the 
provisions of Section 203.08 or Section 206.05 whichever is 
appropriate. 

On projects in which bituminous surface treatment is a 

P~cut contract, ixisting iurface 'preprtionshall be per 
formed in accordance with Section 306.02 and, unless otherwise 

surface preparationspecified, the work required for existing 

will be paid for under the provisions of Section 306.05.
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SECTION 404~50 PENETRATION AGGREGATE 
SURFACE COURSE 

404.51 DESCRIPTION 
Penetration aggregate surface course shall consist of theconstruction, on a previously prepared base course, of a 

pavement surface of washed gravel or broken stone penetrated
with a hot application of bituminous binder. 

404.52 	 MATERIALS
 
Large aggregate shall be 25mrn-(l 
 inch) size broken stone or washed gravel. Cover material shall be 9.5mm-(3/8 inch)

size broken stone or washed gravel. 
Broken stone, and gravel shall conform to the requirements

specified in Section 303.02. 
Large aggregate of both gravel and broken stone shall not 

be used on the same Project except when and as approved by
the Engineer. 

Bituminous binder shall be asphalt cement, Penetration 
Grade 120-150, conforming to the requirements Section 407. 

404.53 	 EQUIPMENT 
The provisions of Section 404.03 will apply. 

404.54 METHODS OF CONSTRUCTION 
The surface course shall be constructed on a previously

constructed base course which shall be dry, free from loose oradhering foreign materials, and properly finished at the time
the surface course is placed thereon. 

The 25mm..(I inch) size aggregate shall be spread on the
base course to such a depth that the surface course, when
completed, will 	have at least the prescribed thickness and will 
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not exceed the prescribed thickness by more than 15mm 
(L inch). The large aggregate shall be spread by self-propelled 
stone spreaders equipped with a strike.off bar or screed capable
of being adjusted to the required grade and crown. After being
spread, the aggregate shall be kept clean and protected from 
coatings of foreign materials. 

Not more than sufficient aggregate for a day's work shall 
be spread in advance of rolling and application of bituminous 
binder, unless otherwise approved by the Engineer. After 
spreading, the aggregate shall be rolled longitudinally with a 
3-wheel, power-driven roller, weighing not less than 10 metric 
tons and having a load on the rear wheels of not less than 
53.5 kg/cm (330 Ib/in.) of width of the wheels, until it is properly 
compacted to the prescribed grade and contour. Before 
the application of bituminous binder, any depressions or 
projections in excess of the tolerances hereinafter specified for 
the completed surface shall be corrected. 

Bituminous binder shall be applied to the large aggregate 
by pressure-distributing trucks conforming to the requirements
of Section 404.3(1). The rate of application for a prescribed 
5cm-(2 inches) thickness of surface course shall be between 
6.8 and 8.2 liters per square meter (1.5 and 1.8 gallons per 
square yard) if broken stone is used. It shall be between 
4.5 and 6.8 liters per square meter (1.0 and 1.5 gallons per 

square yard) if qravel is used. If the prescirbed thickness s
other than 5cm (2 inches), the rate of application shall be as 
specified in the Supplementary Specifications. The temperature 
of the bituminous binder at the time of application shall be 
150-175C (300-350F). The bituminous binder shall be applied
only when the aggregate is dry for the full depth of the course 
and the conditions are favorable for proper penetration and 
adhesion, and when the weather conditions otherwise are 
favorable in the opinion of the Engineer. 
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Precautions satisfactory to the Engineer shall be taken to 
prevent spilling of the bituminous binder on the surface course 
when the equipment is being readied for operation and to 
prevent duplication of application when operations are stopped 
temporarily. Adequate shields shall be provided and operated 
to prevent spilling bituminous binder on areas or structures 
adjacent to the penetration surface course. 

Immediately after the application of the bituminous binder, 
10 mm (3/8 inch) cover material shall be spread uniformly over 
the large aggregate in the amount of approximately 15kg 
per square meter (25 pounds per square yard) and such as to 
provide a light amount over that required to fill the surface 
voids. Immediately after spreading the 10 mm-(3/8 inch) cover 
material, the surface shall be rolled longitudinally with the 
3-wheel roller specified above, dragged with an approved
type drag and rerolled. The final rolling operation or 
operations shall be longitudinal or a combination of longitudinal 
and diagonal rolling as may be necessary to smooth out 
ridges and other unevenness. 

In all rolling herein specified, the rear wheels of the roller 
shall uniformly overlap their tracks of the previous pass. The 
wheels of the rollers shall be kept moistened when operdting 
after the bitumen has been applied. When bituminous binder 
sticks to the roller wheels, additional 10mm-(3/8 inch) cover 
material shall be spread. 

The completed surface course shall have the required 
thickness, shall be thoroughly compacted and bound toqether. 

shall be at the prescribed grade and crown, and free from 
projections and depressions of more than 10 mm (318 inch) in 3 
meters (10 feet) when tested longitudinally and transversely. 
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1404.55, PROTECTION OF TRAFFIC AND HIGHWAY 
STRUCTURES 

The provisions of Section 404.05 will apply. 

404.56 METHOD OF MEASUREMENT 

i i quantity of penetration aggregate surface course 
to be measured for payment will be the actual area 
constructed, without deduction of areas occupied by manholes 
ant! similar structures within the paved area, and the volume
of bio,-minous binder used. Bituminous binder will be measured 
as directed in Section 407. 

404,57 BASIS OF PAYMENT 
Payment for penetration aggregate surface course will be 

made for the quantity as above determined, measured in 
square meters at the price per square meter bid for the item
penetration aggregate surface course in the Proposal, which 
price shall include the cost of the surface course complete,
all ma+erials, labor, equipment and all else necessary therefor 
and incidental thereto, except furnishing and applying the 
bituminous binder. 

Payment for the bituminous binder will be made for the 
quantity as above determined, at the unit price bid for the item 
Bituminous Binder in the Proposal, which prfce sholl include the 
cost of furnishing and applying the bituminous material, all
labor, equipment and all else necessary therefor and incidental 
thereto. 
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SECTION 405 ROAD MIX BITUMINOUS PAVEMENT 

405.01 DESCRIPTION
Road mix bituminous surfacing shall consist of aqqreate 

and bituminous material, constructed on the roadway by me
chanically mixing and processing these materials and spreading 
and compacting the resulting mixiure in agreement with the 

Plans, Specifications, and the following requirements. 

405.02 MATERIAL 

(I) 	 BITUMINOUS MATERIAL 

Bituminous material shall be the type and grade stipulated 
in the Proposal or shown on the Plans and shall meet 
applicable requirements of Section 407. 

(2) 	 AGGREGATE 

Aggregate shall either come entirely from an outside 
source or shall be a blend of new aggregate and material 
obtained from the existing roadway surface. New aggregate
shall be of the type and grading stipulated which meets 
the requirements of Section 401.04. 

405.03 EQUIPMENT 

(I) 	 BITUMINOUS DISTRIBUTOR 

The Contractor will be required, regardless of the Project 
length or type of mixing equipment being used, to maintain 
on the project a bituminous distributor meeting the require
ments of Section 404.03. 

(2) 	 ROADWAY EQUIPMENT 

Roadway equipment shall meet the requirements of Section 
401.09. 
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'3) 	ROAD PLAN'S AND MACHINES 

All traveling road-mixing plants and machines shall meet 
the approval of the Engineer. Such plants or machines 
shall be equipped with positive measuring devices, to be 
set as directed and not variedexceptby the Engineer, for 
the accurate volume or weight,-measuring and proportioning 
of the bitumen and aggregate. Aggregate pickup devices 
shall be capable of taking up all loose material, leaving 
the base surface clear and undamaged. Mixing machines 
which do not pick up the aggregate mc/ also be used 
if approved. Auxiliary mixing machines which mix the 
material on the roadway but are not equipped with a 
bitumen proportioning device also may be used if 
approved. If the windrow is too large for the machine to 
handle properly, it may be divided into two or more 
windrows of workable and equal size. If a traveling plant 
or mixing machine is used, the Contractor shall provide 
blade graders to properly aerate the materials, complete 
the mixing operation and place the mixture. Irrespective of 
the type of rood-mixing plant or machine used, the Contractor 

shall maintain on the Project not less than two motor 
graders of the type specified. 

(4) STATIONARY PLANTS 

If approved, the mixing of new aggrga.e and bituminous 
material in a stationary plant will be permitted. In this case 
mixing and aeration of the material, if not completed in 
the plant, shall be completed on the roadway as required 
under these Specifications. The mixing, spreading and 

compacting shall be done in accordance wth the provisions 

of Section 401. 
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405.04 CONSTRUCTION METHODS 

I) LIMITATIONS AND CONDITIONS 

On Projects five kilometers or more in length, theContractor shall be capable of completing at least one-half
kilometer of continuous road-rnixed surface each day. On

Projects less than five kilometers in length, he shall
complete the road-mix construction in ten working days 
or less. When the Project is used by traffic, the rates of progress on the various phases shall be such that only a
minimum length of work shall be under construction at one 
time. Sufficient mixing units shall be maintained on the 
Project to insure compliance with the required rate of 

construction progress. 
The Contractor shall not open up more than two kilometers 
in one operation and at no time shall there be more than
three kilometers under actual bituminous construction. 

(2) STOCKPILING 

The Contractor shall place rio aggregate upon the roadway
until such time that he can complete the mixing operation
without interruption. If this operation cannot be completed,
the material may be stockpiled at his option. If the Contractor elects to produce the aggregate at such a time that
the mixing operation cannot be completed, the aggregate 
may be stockpiled for later use and the costs and allincidentals involved in the stockpile operation shall be at 
no expense to the HA. Stockpiling of aggregate shall be
done in accordance with the provisions of Section 310. 

(3) MOISTURE CONTENT 
Should the moisture content of the aggregate exceed three
(3) percent by weight, it shall be dried before applying 
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the bitumen. When the mixture is not in excess of five 
(5) percent moisture, the Contractor, at his own expense, 
may use a previously approved commercial antistripping 
additive in the bitumen to assist mixing, when emulsified 

asphalt is called for in the Plans.. In such a case, the 
limiting moisture content of the aggregate will be specified 
in the Special Provisions, or as directed. 

In the event of rain during the application of bitumen or 
during the mixing operation, the material shall be wind
rowed promptly. Immediately after the rain has stopped, 
the Contractor shall drain all water puddles and shall not 
resume work until the treated material and the base are dry, 
except that such mixing as will facilitate drying will be 
permitted. In no case shall the bituminized material be 
placed while the material or the roadbed is damp or.wet. 
The Engineer will be sole judge as to when the roadbed 
has dried suff:ciently for work to be resumed. In no case 
shall the moisture content in the upper 15cm (6 inches) of 
the base be more than three and one-half percent when 
the mixture is placed. 

(4) PROTECTION OF TRAFFIC AND HIGHWAY STRUCTURES 
Protection of traffic shall be 
Section 105.03. Protection 
conform to Section 404.05. 

performed in accordance with 
of highway structures shall 

(5) PRIME O TACK COAT 
Aplication of orime or tack coat, when desianated on the 
- Plans and Proposal, or as directed, shall be accomplished 
in accordance with Section 403. 

(6) AGGREGATE 

(a) Where aggregate is to be obtained, in whole or in 
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part, from the existing roadway, the surface shall be 
scarified to a depth which will produce the quantity 
of loose material required for the compacted thickness 
of the bituminous surfacing shown on the Plans. Extreme 
care shall be exercised to avoid loosening of the base 
surface or scarifying below the depth necessary to 
produce the required amount of material. All lumps 
shall be broken and the loose material bladed into a 
windrow. The base surface shall be shaped and 
compacted to conform to the typical section. When new 
material is blended with material obtained from the 
existing roadway, the amount of new material to be 
added will be designated on the Plans or by the 
Engineer. Blending of the old and new material shall 
be complete, in all respects, before the application of 
bitumen. 

(b) 	When new aggregate is to be used exclusively, the 
existing roadway surface shall be shaped and com
pacted to the design sections shown on the Plans, and 
the prime coat applied, when directed, prior to placing
the new aggregate. The new aggregate for the 
bituminous surface course shall be placed in a uniform 
windrow on one side of the roadway. 

(c) 	After the material, either new or from the existing 
roadway, is windrowed at one side of the roadway, 
the windrow shall be equalized in size throughout 
its entire length by means of graders or mechanical 
equalizing devices. When necessary to secure uniform
ity of the windrow, material shall be hauled from 
sections where there is an excess to deficient sections. 

(7) 	 BITUMEN APPLICATION 

Bituminous material shall be applied at the rates, 
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temperature, and in the manner directed. All aggregate
shall have received uniform amounts of bitumen when the 
application process is completed. When applied with a 
distributor or mixing machines equipped with applicators, 
the windrowed aggregate shall be spread by laying in 
successive layers not less than 2.4 meters (B feet) wide. 
A uniform amount of bitumen shall be applied before 
adding each next layer. Not less than three layers of 
aggregate and application of bitumen shall be made. 

L8) PROCESSING 

After the last application of bitumen is applied to the last 
layer, the entire mass of surfacing material shall be moved 
byblade graders into a windrow. The windrow shall then be 
bladed from side to side of the roadway with a revolving 
motion until all particles of aggregate are coated with 
bitumen and the who te mass has a uniform color and bitumen 
contentland has been satisfactorily aerated for spreading 
and compacting. At least eight moves of the material 
across the roadway will be required under the most 
favorable conditions of air temperature, material, grading, 
efficiency of equipment and skillful workmanship. A move 
shall be understood to consist of the movement of the 
entire mass from one edge of the proposed roadway section 
to the other. Under conditions less favorable for effective 
mixing, as many more moves will be required as are 
necessary to produce the desired uniformity of mixture. 
The moving or mixing shall be carried on in such a manncr 
that there will be neither segregation of material nor 
loss of mineral filler from the mixture. 

No mixed material shall be spread or allowed to remain 
on the roadway until the entire mass of material is 
thoroughly mixed. It then shall be spread and placed in 
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one operation unless, in the " iudgment of the Engineer,it may be expedient to permit a small portion of themixture to serve as a mixing floor.
 
Equipment other than 
 that specified may be used, withapproval of the Engineer, if it will produce a completedmixture equal to that which would be produced by themeans specified. The Engineer reserves the right to orderdiscontinued the use of equipment which damages asection or portion of the roadway or fails to produce a
satisfactory end result.
 
After mixing operations are completed, the 
 mixture shallbe examined to determine whether the proper proportionof bitumen has been used. If the propo''tion of bitumenis excessive, additional uncoated material shall be hauledonto the moist section and shall be thoroughly mixed withthe original mass by blading. If more bitumen is required,a portion of the mixed material shall be spread upon oneside oF the roadway, the required additional bitumendistributed thereon, and the mixing resumed until a uniform 

mixture is secured.
 
Oversize material which 
 may enter the mixture, regardlessof its origin, shall be removed from the roadway, at theContractor's expense, during the progress of the mixing.
Costs resulting from the required addition of bituminousmaterial or untreated surfacing material to correct theuniformity of the mix will not ba pc-.id for directly and willbe considered incidental to related items. Any additionalmaterial or work required due to the entrance of moistureor for other reason, prior to the completion of the finalrolling of the surface, such as widening of the bituminoussurfacing course over intermittent sections for turnouts, 
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traffic lathes and the like, not shown on the 	 Plans, shall be
considered incidental to the unit price of bid items, and no
additional compensation for such work will be allowed. 

,9) 	 SPREADING AND COMPACTING 
After a satisfactory mixture has been obtained, it shall be
spread to the 	 prescr.bed thickness by a pneumatic-tired 
motor grader of the prescribed type. Rolling shall be contin
ued throughout the laydown opera'ion-. The pneumatic
tired roller shall start with the initial blade layou'-of the 
bituminous mixture and continue until the mat is uniformly
and thoroughly compacted alland ioller marks are 
eliminated. Rolling shall proceed in a longitudinal direction,
beginning at the outer and working toward the 	center or
beginning on the low side, onsuperelevated sections, and 
working upward. Each trip shall overlap the prior trip by
about one-half the width of the rear roll. The pneumatic
tired roller shall be self-propelled and the pneumatic tires
shall exert a pressure on the mat of not less than 4.3 kg 
per cm2 (60 pounds per in'). 
Final rolling shall be done with the metal-wheeled roller. 
Roller operating speeds may be between 3 and 8 kilometers 
per hour (2 and 5 miles oer hour) but shall not be of 
such speed as to cause displacement of material. Any
displacement shall be corrected immediately. The use ofkerosene or diesel fuel to prevent pickup on the 	finishing 
roller will not be allowed. 
Defects, ravelling or other imperfections caused by faulty
workmanship shall be 	corrected to the satisfaction of thethe 	 Engineer. New work shall not be started until such 
defects have been remedied. However, after the bitumen
has been mixed with the aggregate and has been spread 
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and finally compacted in compliance with the Specificatons, 
any additional materials and work required will be paid 
for on a force account basis. This provision will not cover 
failures which may be patched or repaired by hand 
methods, but will apply to those sections of the surface 
which necessitates tearing up with motorized equipment, 
adding bituminous material or aggregate, remixing, relaying, 
and compacting. 
The finished surface shall be free of ruts, defects and 
depressions exceeding one cm (3/8 inch) as measured 
under a three-meter straightedge paralleling the center of 
the roadway, and shall have a smooth riding quality.
Variations shall be corrected by scarifying and relaying the 
mixture at the Contractor's expense. 

(10) 	 SEAL COAT 

Seal coat, when specified, shall be applied in accordance 
with Section 406. 

405.05 METHOD OF MEASUREMENT 
Bituminous material will be measured in accordance with 
Sections 407.05, 407.09, 407.14. 
New or additional aggregate required for the bituminous 
surfacing course and the shoulders will be measured by 
the cubic meter or metric ton. 
Processing of all bituminous surfacing materials in the 
completed and accepted work will be measured by the 
kilometer along the centerline of the roadway, or by the 
square meter, as stipulated in the Proposal. 

405.06 	 BASIS OF PAYMENT 

Bituminous material will be paid for at the contract unit 
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bid price in accordance with Sections 407.05, 407.09, 
407.14.
 
When emulsified asphalt is called for, the additional water
 
required during mixing as determined by the Engineer shall
 
be included in the unit price bid for emulsified asphalt.
 
New or additional surfacing aggregate required to construct
 
the bituminous surface course of the shoulders will be paid

for at the contract unit bid price in accordance with the
 
requirements of Section 308.
 
If stationary plant methods are permitted in accordance
 
with the provisions of Section 405.03(4), no compensation,

other than price adjustment for change of type or grade
 
of bituminous material, will be allowed. If stationary plant
 
methods are permitted, the grade of bituminous material
 
may be changed one step by the Engineer, at no change
 
in price.
 

Aggregate obtained from the roadway will not be paid for 
directly but shall be considered incidental and necessary 
to the performance of the other items of the contract. 
Payment for all operations necessary to use aggregate
obtained from the roadway will be included in the bid 
prices for the other items of the contract. 
Processing of the bituminous surfacing materials will be paid 
for at the contract unit bid price per kilometer or per 
square meter, which price and payment will constitute full 
compensation for the work. 
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SECTION 406 SEAL COAT 

406.01 DESCRIPTION 
This work shall consist of an application of bituminous 

material followed by an application of cover coat material in 
accordance with the lines shown theon Plans or established
 
by the Engineer.
 

406.02 MATERIAL 

(I) 	 BITUMINOUS MATERIAL 
Bituminous material of the kind and arade stipulated in 

the Proposal or shown on the flans shall meet the 
requirements of Section 407. 

(2) 	 COVER AGGREGATE 

Cover aggregate shall be of the kind and grade stipulated 
. in the Proposal or called for in the Plans, or shall meet 

the requirements for screening in AASHO Designation M 75. 
It may be produced under the contract for seal coat or it 
may be obtained from stockpiles produced under a previous 
contract, as stipulated in the Proposal or shown in the Plans. 

406.03 	 EQUIPMENT 
The following equipment will be required 

(I) 	 Equipment for heating and applying bituminous material, 
meeting the requirements of Section 404.03. 

(2) 	An approved rotary power broom. 

(3) 	A minimum of two pneumatic-tired rollers meeting the 
requirements of Section 401.09. 

(4) 	 An aggregate spreader which shall meet the requirements 
of Section 404.03. 
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406.04 CONSTRUCTION METHODS 

(I) GENERAL 
No bituminous material shall be applied when the roadway 
surface is damp or wet, or weather conditions are such 
that the bitumen will become cooled or set before the cover 
material can be spread and rolled. Work shall not be 
started without the consent of the Engineer and shall be 
promptly terminated in the event of unfavorable weather 
conditions. 
In no event shall the seal coat be placed on a newly 
constructed or reconditioned surface in less than ten (10) 
days after such surface has been constructed. Bitumen 
and aggregate for the seal coat shall not be placed 
upon a plant-mix bituminous surface sooner than twenty
one days after placement of the surface, unless directed 
otherwise. 

When directed, the cover aggregate shall be wetted by 
watering at least three days prior to spreading. 

(2) SWEEPING 

Directly in advance of the first application of bituminous 
material, the roadway surface shall be swept clean of all 
dust, dirt or foreign matter by means of a power broom, 
blower, or hand brooming. Water washing may be required 
to remove clay, shale or other material that cannot be 
removed by mechanical or hand broom.. Such cleaning 
will not be measured nor paid for directly but shall be 
considered ipcidental to the other items of the contract. 
If the surface texture on which the seal coat is being 
constructed is such as to permit rapid absorption, the 
Engineer may direct a preliminary application "at a rate of 
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approximately 0.5 liters per square meter (0.1 gallon per 
square yard) of the type bitumen as specified. Such 
application will be measured and paid for as provided in 
the applicable provisions of Sections 407.05, 407.09, 407.14. 

(3) APPLICATION OF BITUMEN 

Immediately following the cleaning, the first application of 
bitumen shall be uniformly applied at the application 
tQmperature and at a rate per square meter directed by 
means of a pressure distributor of the type described in 
Section 404.03. Extreme care shall be taken in applying 
the bitumen to secure auniform surface cover and true lines. 

(4) APPUCATION OF COVER AGGREGATE 

The Contractor shall not proceed with the application of 
bitumen until a supply of aggregate sufficient to cover the 
entire application is available for covering the bitumen 
immediately. Spreading of cover material shall be made 
promptly on the freshly spread bitumen when the Engineer 
determines that its consistency has become such that the 
best keying results will be obtained. The bitumen applica
tion shall be promptly covered with the specified cover 
material at the rate directed. 

The cover material shall be spread uniformly over the 
bitumen with a self-propelled or truck-mounted mechanical 
spreader. The rate of application of the spreader shall be 
controlled independent of its motive power. Aggregate 
spreaders that fail to make o uniform and satisfactory 
distribution of material shall be promptly removed from the 
site. Special care shall be exercised in spreading cover 
material to secure uniformity of application. 
Brooming by mechanical or hand methods, if directed, shall 
be employed to insure uniform distribution of the cover 
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material. When brooming is resorted to, particular caution 
must be exercised to avoid displacement or loosening of 
particles of cover material From the bitumen. 
Bituminous material shall not be applied to such distances 
that uncovered bitumen becomes chilled to such extent 
during the time interval that it does not successfully key 
the maximum amount of cover aggregate. Bitumen must be (5) 
a.olied in such manner and with such care that transverse 
and longitudinal joints of successive applications do not 
result in ridges or depressions. 
Longitudinal laps (meet lines) may be from 15 to 25cm (6 to 
10 inches) in width, but there shall be no overlap at the 
end junclion of applications. To prevent lopping at trans
verse junctions, the distributor shall be promptly shut off (6) 
and, if necessary, a drip pan shall be inserted under the 
nozzles when the application stops. Before continuing the 
application of the bitumen, building paper shall be spread 
over the treated surface for sufficient distance back from 
the joint and on the cover aggregate so that the 
sprayers are operating at full force upon reaching the 
surface to which application is to be made. The bitumen 
application shall be stopped or shut-off on paper. Paper
used for covering joints shall be removed from the site of 
the work. 

All transverse joints shall be covered with aggregate and 
broomed back before the next longitudinal application of 
bitumen. When it is necessary to cover meet lines to 
permit trucks or traffic to cross over, such cover aggregate 
shall be neatly broomed back exposing the full width of 
the meet line before the abutting application of bitumen 
is made. 

Meet lines shall be kept to a minimum. If the Engineer 
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approves, the Contractor may make a full road-4urface 
width application of bitumen and cover aggregate, to be 
performed in a single continuous operation. This operation 
shall be so coordinated that the movement of public traffic 
will not suffer greater inconvenience than that resulting from 
strip or half-rocdway width methods. 

ROLLING 

Rolling of cover aggregate shall be in accordance with 
Section 404.04(5). 
The use of equipment which results in excessive crushing 
of the aggregate will not be permitted. 

OPENING TO TRAFFIC 

Upon application of the .coveraggregate course, the surface 
shall be opened to traffic for a period of not to exceed 48 
hours. During this period the specific traffic control, as 
directed in conformity with Section 105.03, shall be in effect, 
and the surface shall be maintained by brooming and rolling 
as directed. Holes or breaks that may occur shall be 
satisfactorily repaired. Areas showing excess bitumen 
shall be covered with aggregate and rolled. Irregularities 
influencing the stability and riding quality of the surface 
shall be corrected in a satisfactory manner. Cost of such 
repairing or corrections shall not be paid for directly but
shall be incidental to other bid items in the contract. 

Trucks hauling cover material to the spreader units or traffic 
shall not be permitted, under any circumstances, to cross 
over or to drive on any uncovered bituminous material, 
When operating over freshly spread cover material, the 
speed of vehicular traffic shall be so regulated that loosen
ing and displacement of cover material shall not occur. 
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Drivers failing to observe this requirement will be promptly 
removed from the work. 

(7) 	 STOCKPILING AGGREGATES 

Stockpiling of aggregates shall be done in accordance with 
the provisions of Section 310. 

(B) 	PROTECTION Of: TRAFFIC AND HIGHWAY STRUCTURES 

Protection of traffic and highway structures shall meet the 
requirements of Sections 105.03 and 404.05. 

406.05 METHOD OF MEASUREMENT 
(a) 	 Bituminous material used in the completed and accepted 

work will be measured in accordance with Sections 407.05, 
407.09, 407.14. 

(b) 	Cover material used in the completed and accepted work 
will be measured by the ton on scales furnished by the 
Contractor, or by the cubic meter, measured in the vehicle 
at the point of delivery on the roadway, as stipulated in 
the Proposal. 

406.06 BASIS OF PAYMENT 

Accepted quantities of bituminous material, cover aggregate, 
rolling and traffic protection will be paid for at the respective 
un;t prices bid, or stipulated in the contract. These prices and 
payments will be full compensation for furnishing all materials, 
labor, equipment and incidentals necessary to complete the 
work. Furnishing water and wetting cover material, when directed, 
shall be accomplished by the Contre.ictor at no additional cost 
to the HA. 
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SECTION 407 BITUMINOUS MATERIALS 

407.01 ASPHALT CEMENT 
Asphalt cement shall be an oil asphalt, or a mixture of the

refined liquid asphalt and refined solid asphalt prepared from 
crude asphaltic petroleum. It shall be free from contamination 
by residues obtained from the artificial distillation of coal, coaltar,or paraffin oil, and shall be homogeneous and free from 
water. No emulsification shall occur when a 3 0-gram sample
is boiled for 2 hours with 250 cubic centimeters of distilled 
water in a 500 cubic-centimeter Erlenmeyer flask equipped 
with a reflux condenser. 

407.02 GRADES 
Asphalt cements shall be classified by penetration cind shall 

conform tothe requirements set forth in Table I of AASHO M20. 
Methods of sampling and testing shall be those shown in 
AASHO M 20. 

During the process of manufacture, or during construct-,n,
asphalt shall not be heated to the extent that it will be injured. 
One evidence of such injury is the formation of carbonized 
particles. 

407.03 TEST REPORTS 
A test report shall be furnished, in duplicate, by the vendor 

at the time of shipment of any portion of an order. The report
shall show the shipment number, date of shipment, contract 
number or purchase order number, quantity, and the results of 
the above specified tests. The test report shall accompany each 
shipment and a copy shall be mailed to the Engineer. 

407.04 APPLYING ASPHALT 
Asphalt shall be heated and applied in accordance with the 
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provisions of Section 407.03 except as otherwise provided under 
various sectionsof these Specifications, and full compensation
therefor shall be considered as included in the price paid for 
the 	 asphalt or in the prices paid for the items of work 
involving the use of the asphalt. 

Unless otherwise provided in these Specifications or in the 
Special Provisions, paving asphalt shall be applied at a 
temperature of not less than 121C (250F) nor more than 177C 
(350F), the exact temperature to be determined by the Engineer. 

407.05 MEASUREMENT AND PAYMENT 
(I) 	Asphalt cement will be measured and paid for by the metric 

ton. Each vehicle used in transporting asphalt cement will 
be weighed completely empty and then after loading, 
and the difference in weights will be used as the basis 
for computing the tonnage. Any scale used shall be capable 
of weighing the transporting unit in an unbroken operation 
and shall be satisfactory to the Engineer. The scales shall 
be tested and sealed, at the expense of the supplier, as 
often as the Engineer may consider necessary to insure 
their accuracy. 

(2) 	If asphalt cement is delivered in drums, the Contractor 
shall furnish certification from the supplier o+the standard 
weight of asphalt per drum. The Engineer will spot check 
the weight of drums. 

(3) 	In the case of plant-mix operations, the asphalt cement 
may be weighed, with approval of the Engineer, on the 
plant scale. 

(4) 	Payment for asphalt cement will be at the unit price bid per 
metric ton, which price will include all costs of furnishing' 
and placing the asphalt cement, and all cost-, incidental 
thereto. 
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407.06 LIQUID ASPHALTS 
Liquid asphalts shall consist of materials conforming to the 

following classifications: 

(I) 	 SC ASPHALTS 

Slow curing products designated by the letters SC shall 
consist of natural crude oils or residual oils from crude 
asphaltic petroleum, and shall meet the requirements of 
AASHO M 141 when tested in accordance with Methods of 
Sampling and Testing shown therein. 

(2) 	 MC ASPHALTS 

Medium curing products designated by the letters MC 
shall consist of paving asphalt conforming to the provisions 
of Sections 407.01, 407.02. Asphalts, fluxed or blended with 
a kerosene solvent, shall meet the requirements of AASHO 
M 82 when tested in accordance with the Methods of 
Sampling and Testing shown therein. 

(3) 	 RC ASPHALTS 

Rapid curing products designated by the letters RC shall 
consist of paving asphalt conforming to the provisions in 
Sections 407.01, 407.02. Asphalts with a penetration of 
approximately 85 to 100, fluxed or blended with a naphtha 
solvent, shall meet the requirements of AASHO M 81 
when tested in accordance with the Methods of Sampling 
and Teiting shown therein. 

407.07 	 TEST REPORTS 
Test rerorts shall be furnished in accordance with Section 

407.03. 

407.08 	 MIXING AND APPLYING 
Attention is directed to the appropriate provision for 
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preservation of property and responsibility for damage. Care 
shall be taken to prevent spraying upon adjacent pavements,
that portion of the traveled way being used by traffic, struc. 
tures, railings and barriers, markers, frees and shrubbery, 
adjacent property and improvements and other highway 
improvements not mentioned herein. 

Unless otherwise specfied, the various grades of liquid 
asphalt shall be applied at temperatures within the limits 
specified in the table of application temperatures below. When 
liquid asphalt is to be mixed with aggregate, the temperature of 
the aggregate at the time of adding the liquid asphalt shall not 
exceed that shown in the column of pug-mill mixing temperatures. 

At no time shall the temperature of the liquid apshclt be 
raised above that given in the last column of the following 
table, unless authorized by the Engineer. 

APPLICATION TEMPERATURES OF LIQUID ASPHALTS 

Pug-Mill Mixing Asphalt
Grade Temperature of Application 

of Aggregate Temperature 
Liquid Asphalt Maximum Minimum Maximum 
SC-70 N/A * 41C(105F) 79C(175F) 
SC-250 93C(200F) 60C(1 40F) 107C(225F) 
SC-800 107C(225F) 79C(175F) 124C(255F)
SC-3000 127C(260F) 102C(215F) 143C(290F)
MC-70 N/A 41C(105F) 79C(I 75F) 
MC-250 93C(200F) 60C(140F) 107C(225F) 
MC-800 107C(2.6F) 79C(I 75F) 124C(255F) 
MC-3000 127C(260F) 102C(215F) 143C(290F)
RC-70 N/A 41C(105F) 79C(175F) 
RC-250 N/A 60C(140F) 107C(225F)
RC-800 N/A 79C(175F) 124C(255F) 
RC-3000 N/A 102C(215F) 143C(290F) 

http:107C(2.6F
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No grade of rapid curing liquid asphalt shall be plant-mixed
 
with heated aggregate.
 
N/A (Not Applicable) refers to asphalts not usually mixed
 
with aggregate.
 
Liquid asphalt shall be heated by a retort or by steam 

coils in such a manner that steam will not be introduced directly
into the liquid asphalt during heating. Contractor shall furnish 
and keep on the work at all times an accurate thermometer 
suitable for determining the temperature of the liquid asphalt 
being applied.
 

The distributor shall be so designed, equipped, maintained
 
and operated that bituminous material at even heat may be 
applied uniformly on variable wfdths of surface up to 5 meters 
(15 feet) at readily determined and controlled rates from 
0.23 to 9.0 liters per square meter (0.05 to 2.0 gallons per 
square yard), with uniform pressure and with an allowable 
variation from any specified rate not to exceed 0.09 liter per 
square meter. Distributor equipment shall include a hand-spray
nozzle and hose, a tachometer, pressure. gauges, accurate 
volume-measuring devices or a calibrated tank and a thermo
meter for measuring temperatures of tank contents. Distributors 
shall be equipped with a power unit for the pump and full 
circulation spray-bars adjustable laterally and vertically. 

407.09 MEASUREMENT AND PAYMENT 
(I) 	Liquid asphalt will be measured and paid for by the liter. 

If the liquid asphalt is measured directly in liters, the 
volume will be measured at 16C(60F) or corrected to this 
basis by means of the appropriate group table as design
ated in volume correction tables ASTM D 1250. Liquid
asphalt, when measured by the liter, shall be transported
in tanks previously certified as to their capacity. Each tank 
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shall be accompanied by its proper measuring rod and 
calibration card. 

(2) If the Engineer approves, the liquid asphalt will be -mea
sured by the metric ton as specified in 407.05(l). The 
tonnage will be converted to liters at 16C(60F) using the 
table below. 

AVERAGE WEIGHTS AND VOLUMES OF LIQUID ASPHALT 
Grade of Liters Gallons Kilograms Pounds 
Liquid Per Metric Per Metric Per Liter Per Gal. 
Asphalt Ton at 16C(60F} Ton at 16C(60F) at 16C(60F) at 16C(60F) 

70 1055 279 .948 7.90 
250 1039 274 .963 8.03 
800 1022 270 .978 8.16 

3000 1006 266 .994 8.30 

(3) When surfacing material is obtained from commercial plants
and liquid asphalt is to be paid for as a separate contract 
item, the weight of liquid asphalt as determined by the batch 
scales of the mixing plant will be accepted as the basis for 
computing pay quantities of liquid asphalt, when permitted
in writing by the Engineer. The weight shall be adjusted 
to volume at 16C (60F) as specified in (2) above. 

(4) Payment for liquid asphalt will be at the unit price bid 
per liter, which price will include all costs of furnishing
and placing the liquid asphalt and all costs incidental 
thereto. 

407.10 	 EMULSIFIED ASPHALTS 
Emulsified asphalts shall be composed of a bituminous base. 

uniformly emulsified with water and an emulsifying or stabilizing 
agent. 
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407.11 	 GRADES 
Thi grades of anionic emulsified asphalts shall conform to 

the requirements set forth in Table I of AASHO M 140. Methods 
of sampling and testing will be in accordance with AASHO 
M 140. 

The grades of cationic emulsified asphalts shall conform to 
the requirements set forth in Table I of AASHO M 208. Methods 
of sampling and testing will be accordance with AASHO M 208. 

407.12 TEST REPORTS 
Test reports shall be furnished in accordance with Subsection 

407.03 Test Reports. 

407.13 	 APPLYING 
Emulsified asphalt may be reheated if necessary, but at 

no time shall the temperature of the emulsion be raised above 
71 C(160F), unless permitted by the Engineer. The emulsified 
asphalt shall be agitated during all reheating operations to 
prevent localized overheating. Emulsified asphalt shall be 
applied in accordance with the provisions in Section 407.06 
and the following additional requirements. 

Settinq Grade 1, emulsified asphalts, except when used for 
fog-seal coats, shall be applied at a temperature between 
43C (I lOF) and 66C (150F), unless otherwise directed by the 
Enigineer. 

407.14 MEASUREMENT AND PAYMENT 
(I) 	 Emulsified asphalt will be measured and paid for by the liter. 

When water is added to emulsified asphalt, the quantities 
of emulsified asphalt to be paid for will be determined 
prior to the addition of the water. 
If the emulsified asphalt is measured directly in liters, the 
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volume will be measured at 16C(60F) or corrected to this 
basis by means of the appropriate group table as desig
noted in volume correction tables ASTM D 1250. 

Emulsified asphalt, when measured by the liter, shall be 
transported in tanks previously certified as to their capacity. 
Each tank shall be accompanied by its proper measuring 
rod and calibration card. 

(2) 	 If the Engineer approves, the emulsified asphalt will be 
measured .by the metric ton as specified in 407.05(l). The 
tonnage will be converted to liters at 16C(60F) using the 
table below. 

AVERAGE WEIGHT AND VOLUME OF ASPHALTIC EMULSION 

Type Liters Per Gallon Per Kilograms Pounds 
Of Metric Ton Metric Ton Per Liter Per Gallon 

Emulsion At 16C(60F) At 16C(60F) At l6C._.Fj At 16C(60F) 

All Types 1001 265 999 8.33 

(3) 	Payment for emulsified asphalt will be at the unit price bid 
per liter, which price will include all costs of furnishing 
and placi'ng the emulsified asphaltland all costs incidental 
thereto. 
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SECTION 501 STRUCTURE EXCAVATION 

501.01 	 GENERAL 
Foundation excavation shall include the removal of all 

material, of whatever nature, necessary for the construction of 
foundations and substructures in accordance with the Plans or 

as directed by the Engineer. It shall include the furnishing of all 
necessary equipment and the construction of all cribs, 
dewatering, etc., which may be necessary for the execution of 

the work. It shall also include the subsequent removal of 
cofferdams arid cribs and the placement of all backfill as 

specified. It shall also include the disposing of excavated 
material not required for backfill, in a manner and in 
locations so as not to affect the carrying capacity of the 
channel. 

Compensation for all clearing and grubbing shall, unless 
otherwise specified, be included in the unit price or prices bid 
for another item or other items. 

All substructures, where practicable, shall be constructed in 
open excavation and, where necessary, the excavation shall be 
shored, braced or protected by cofferdams in accordance with 

approved methods. When footings can be placed in the dry, 
backforms may be omitted with the approval of the Engineer 

and the entire excavation filled wh,. concrete to the required 
elevation of the top of the footing. The additional concrete 
required shall ba placed at the expense of the Contractor. 

501.02 PRESERVATION OF CHANNEL 

The natural stream bed adjacent to the structure shall not 
be disturbed without permission from the Engineer. Material 

deposited within the stream area from foundation or other 

excavation shall be removed and the stream area thereby 

freed from obstruction. 
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501.03 DEPTH OF FOOTINGS 

The elevation of the bottoms of footings, as shown on the 

Plans, shallbe considered as approximate only and the Engineer 

mayorder, in writing, such changes in dimensions or elevation 
may be necessary to secure a satisfactoryof footings as 

foundation. 

FOR FOOTINGS501.04 	 PREPARATION OF FOUNDATION 

All rock or other hard foundation material shall be freed 

from all loose material, cleaned and cut to a firm surface, either 

level, stepped or roughened, as may be directed by the Engi

neer. Seams shall be cleaned out. 

When masonry is to rest on an excavated surface other 

than 	rock, special care- shall be taken not to disturb the bottom 
the final removal of the foundationof 	 the excavation, and 

before thematerial to grade shall not be made until just 

masonry is to be placed. 

501.05 COFFERDAMS AND CRIBS 

(I) 	 GENERAL 

Cofferdams and cribs for foundation construction shall be 

carried to adequate depths and heights, be safely 

designed and constructed, and be made as water-tight as 

is necessary for the proper performance of the work 

done inside them. In generaL the interiorwhich must be 
be 	 such as todimensions of cofferdams and cribs shall 

give sufficient clearance for the construction of forms and 

the inspection of their exteriors, and to permit pumping 
cribs which are tiltedoutside of the forms. Cofferdams or 

or moved laterally during the process of sinking shall be 

righted, reset or enlarged so as to. provide the necessary 
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clearance, and this shall be at the sole expense of the 
Contractor. 
When conditions are encountered which, in Ihe opinion of 
lhe Engineer, make it impracticable to unwater the founda
tion before placing masonry, he may require the construc
tion of a concrete foundation seal. 

Generally, the construction of a seal is as follows: The 
excavation is made, allowing the water inside the cofferdam 
tc be at the same level as the water outside. When the 
desired depth is reached, the excavation is stopped and 
the hole cleaned and shaped. If piles are to be used, they 
are then installed. The piles are allowed to extend a 
distance more than the required seal thickness. The seal 
concrete is carefully placed under water. After the concrete 
has set and gained its strength, the cofferdam is unwatered. 
The surface should be leveled, cleaned, and laitance 
removed. The remainder of the masonry is then constructed 
in the dry. 

(2) 	 PROIECTION OF CONCRETE 
Cofferdams shall be constructed so as to protect fresh 
concrete against damage from a sudden rising of the stream 
and to prevent damage to the foundation by erosion. No 
timber or bracing shall be left in cofferdams in such a 
way as to extend in to the substructure masonry, without 
written permission from the Engineer. 

(3) 	DRAWING REQUIRED 
For substructure work the Contractor shall submit, upon 
request, drawings showing his proposed method of 
cofferdam construction and other details left to his 
choice or not fully shown on the Engineer's drawings. Such 
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drawings shall be approved by the Engineer before 
construction is started on work governed by them. 

(4) 	 REMOVAL 

Unless otherwise specified, all cofferdam sheeting and 
bracing shall be removed after the completion of the 
substructure, care being taken not to disturb or otherwise 
damage the finished masonry. 

501.06 PUMPING 
Pumping from the interior of any foundation enclosure shall 

be done in such a manner as to preclude the possibility of the 
movement of water through any fresh concrete. No pumping 
will be permitted during the placing of concrete or for a 
period of at least 24 hours thereafter; and in no case until 
the seal has set sufficiently to withstand the hydrostatic 
pressure.
 

501.07 VACANT 

501.08 VACANT 

501.09 INSPECTION 
After each excavation is completed, the Contractor shall 

notify the Engineer, and no concrete sl be placed until the 
Engineer has approved the depth of t . excavation and the 
character of the foundation material. 

501.10 	 BACK-FILL 
All material used for backfill shall be, of a quality accep

table to the Engineer and shall be free from muck, vegetable 
matter or other extraneous material. 

All spaces excavated and not occupied by abutments, piers 
or other permanent work shall be refilled with earth up to the 
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surface of the surrounding ground, with a sufficient allowance 
for settlement. All backfill shall be thoroughly compacted and 
its lop surface shall be graded. 

The fill behind abutments and wing-walls of all bridge 
structures shall be deposited in well-compacted, horizontal 
layers not to exceed 30 centimeters (12 inches) in thickness. 
The backfill in frunt of such units shall be placed first to 
prevent the possibility of forward movement. Special precau
tions shall be taken to prevent any wedging action against 
the masonry, and the slope bounding the excavation for 
abutments and wing-walls shall be removed by stepping or 
roughening to prevent wedge action. Jetting of the fill behind 
the 	 abutments and wing-walls will not be permitted. 

Fill placed around culverts and piers shall be deposited on 
both sides to approximately the same elevation at the same time. 

Adequate provision shall be ma de for the thorough drainage 
of all back-filling. Frenrh drains shall be placed at weep holes. 

No backfill shall Le placed against any masonry abutment, 
wing-wall or culvert until permission shall have been given by 
the Engineer and until the masonry hus been in place 14 days. 
Backfilling of of sectional plate pipes and arches shall be 

done in accordance with Sections 523.05 and 523.06. 

501.11 	 APPROACH EMBANKMENT 
When the contract for any bridge structure requires the 

placement of approach embankments, they shall be constructed 
and paid for in accordance with the highway specifications 
governing this class of construction. 

501.12 CLASSIFICATION OF EXCAVATION 

Classification, if any, of excavation will be indicated on 
the Plans or set forth in the Proqosal. 
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50..13 METHOD OF MEASUREMENT 

Tie quantity of material to be measured for payment shall 
be he actual number of cubic meters of material acceptably 
excavated in conformity with the Plans or as directed by the 
Engineer, but no material shall be included in the measurement 
for payment which is outside of a volume bounded by vertical 
planes 50 centimeters (18 inches) outside of and parallel to the 
neat lines of the footing. The cross-sectional area measured 
shall not include water or other liquids, but shall include mud, 
muck and other similar semi-solids. 

The top and bottom limits of computed volumes shall be 
the original ground or the top of the required grading cross 
section, whichever is lower, and the bottom of the completed 
footing. 

When it is necessary in the opinion of the Engineer to 
carry the foundations below the elevations shown on the Plans, 
the excavation for the first meter of additional depth will 
be included in the quantity for which payment will be made 
under the item "Structure Excavation". Excavation below this 
additional depth will be measured as II times the actual 
volume. 

501.14 	 BASIS OF PAYMENT 

Payment for foundation excavation shall be made at the 
contract unit price per cubic meter and shall include the cost 
of all labor, material, equipment and other items necessary for 
completion of the excavation to the elevation of the bottom of 
the footing. It shall also include the cost of removing surplus 
material which has been removed during the nr.css of 
excavation, and shall include the 0cost of backfilling and 
compacting an amount of material equal to the amount of 
excavation. 



271; 	 502.0 I 

SECTION 502 - SHEET PILES 

502.01 GENERAL 
This Specffkcation coversonly sheet piling shown on the 

Plans, or ordered by the Engineer, to be left in place so that 
it becomes a part of the finished structure. 

502.02 	 TIMBER SHEET PILES 
The timber, unless otherwise noted, shall be preservatively 

treated, and may consist of any treatable species which will 
satisfactorily stand driving. It shall be sawed or hewn with square 
corners and shall be frie from wormholes, loose knots, wind 
shakes, decayed or unsound portions, or other defects which 
might impair its strength or tightness. 

The piles shall be of the dimensions shown on the Plans 
either cut fron the solid material or made by building up the 
piles of three planks securely fastened together. The piles shall 
be drift-sharpened at their lower ends so as to wedge the 
adjacent piles tightly together. 

The tops of the piles shall be cut off to a straight line at 
the elevation indicated and shall be braced with waling strips, 
properly lapped and joined at all splices and corners. The 
wales shall preferably be in one length between corners and 
shall be bolted near the tops of the piles. 

502.03 CONCRETE SHEET PILES 
Where concrete sheet piles are required, they shall be in 

strict accordance with the detailed design. The requirements 
governing the manufacture and installation of concrete sheet 
piling shall conform, in general, to those governing precast 
concrete bearing piles. 

502.04 	 STEEL SHEET PILES 
Steel sheet piles shall be of the type and weight indicated 
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on the Plans or designated in the Special Provisions and of the 
material required below. 

The piles, when in place in the completed structure, shall 
be practically water-tight at the joints. Painting of steel sheet 
piles shall conform to Section 502.14. 

Steel sheet piles shall conform to the requirements of 
AASHO M 202 (ASTM A 328). 

502.05 METHOD OF MEASUREMENT 
Timber, concrete and steel sheet piles to be measured 

for payment shall be actual square meters of piling in place 
and accepted by the Engineer. Horizontal measurement of 
steel sheet piling will be the projected width or driving distance 
of the sheet pile. 

No separate measurement for payment of cutoffs will 
be made. 

502.06 	 BASIS OF PAYMENT 
Timber, concrete and steel sheet piles will be paid for at 

the contract unit price per square meter for furnishing, driving 
and cutting off of the piles. 

The contract unit price per square meter shall include full 
compensation for furnishing, driving, cutting off of the pile, and 
for furnishing all labor, materials, tools, equipment and 
incidentals necessary to set the pilling to required penetration 
as shown on the Plans or specified or as directed by the 
Engineer. 
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SECTION 503 BEARING PILES 

503.01 MATERIALS 
Steel piles shall consist of structural steel shapes of the 

section provided on the Plans or as otherwise specified. The 
steel shall conform to the Specification for Structural Steel, 
AASHO M 183 (ASTM A 36). 

503.02 DESIGN AND CONDITIONS OF USE 
General and Design : Refer to Division I,Section 4. Bearing

Value, Design : Refer to Section 1.4.4 of the Standard Specifi
cations for Highway B.idges. 

503.03 PREPARATION FOR DRIVING 

(1) 	 EXCAVATION 

In general, piles shall not be driven until after the excava.
tion iscompleted. Any material forced up between the piles 
shall be removed to correct elevation without cost to the 

HA before foundation masonry is placed. 

(2) 	 CAPS 
The heads of all concrete piles and the heads of timber
rples, when the nature of the driving is such as to unduly
injure them, shall be protected by caps of approved design,
preferably having a rope or other suitable cushion next to 
the pile head and fitting into a costing which in turn supports 
a timber shock block. When the head of any timber pile
is greater than that of the face of the hammer, a suitable 
cap shall be provided to distribute the blow of the hammer 
throughout the cross-section of the pile. 
The head shall be cut square and shall be shaped or 
chamfered to prevent splitting at its periphery. 
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For 	 special types of piling, driving heads, mandrels or 
other devices in accordance with the manufacturers'recommendations shall be provided so that the pile may be 
driven without injury. 
For 	steel iling the heads shall be cut squarely and a
driving cap shall be provided to hold the axis of the pile
in line with the axis of the hammer. 

(3) 	COLLARS
 
Collars, bands, or other devices to protect timber 
 piles
against splitting and brooming shall be provided where 
necessary. 

(4) 	 POINTING 
Timber piles shall be pointed where soil conditions require
it. When necessary, the piles shall be shod with metal 
shoes of a design satisfactory to the Engineer, the points
of the piles being carefully shaped to secure an even cnd 
uniform bearing on the shoes. 

(5) 	 SPLICING PILES 
Full-length piles shall be used where practicable. In 
n.xceptional circumstances splicing of piles may 1,.e permitted.
Tne method of splicing shall be as shown on the Plans or 
as approved by the Engineer. When the splicing of steel 
piles or steel shells of special piles is done by welding, 
the arc method shall be given preference. 

(6) 	 PAINTING STEEL PILES 
When required, steel piles shall be painted as specified 
in Section 503.17. 
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503.04 METHODS OF DRIVING 

(1) 	 GENERAL 
Piles may be driven with a gravity hammer, a steam hammer, 
a diesel hammer or a combination of water jets and 
hammer. Precast concrete piles, preferably, shall be driven 
by means of a combination of hammer and jet. 
Pile hammers, other than drop hammers, shall be approved 
steam, air, or diesel hammers that develop sufficient energy 
to drive piles at a penetration rate of not less than 3 .5mm 
(1/8 inch) per blow at the required bearing value. The Con
tractor shall provide the Engineer with sufficient hammer 
data, a published by the manufacturer, to enable him to 
compute the bearing values of the driven piles. 
Unless otherwise directed by the Engineer, piles shall not 
be driven within 8 meters of any concrete structure or cast
in-place pile that has not cured for at least 7 days. 

(2) 	 HAMMERS FOR TIMBER AND STEEL PILES 

Gravity hammers for driving timber piles shall weigh not 
less than 900 kilograms (2,000 pounds), preferably 1,350 
kilograms (3,000 pounds), and for steel piles not less than 
1,350 kilograms (3,000 pounds); but in no case shall the 
weight of the hammer be less than the combined weight of 
driving head and pile. The fall shall be so regulated as to 
avoid injury to the piles and in no case shall exceed 5 
meters (15 feet). V/hen a steam hammer is used, the total 
energy developed by the hammer shall be not less than 
830 meter-kg (6,000 foot-pounds) per blow. 

(3) 	 HAMMERS FOR CONCRETE PILES 
Unless otherwise provided, concrete piles, precast piles, or 
shells for cast-in-place piles shall be driven with a hammer 
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which shall develop an energy per blow at each full stroke 
of 1he piston, of not less than 0.30 meter-kg for each 
kilogram (one foot-pound for each pound) of weight driven. 
In no case shall the total energy developed by the hammer 
be less than 830 meter-kg (6,000 foot-pounds) per blow. 

If a gravity hammer is used, it shall have a weight not less 
than 50 per cent of the weight of the pile, but in no case 
less than 1,350 kg (3,000 pounds); and the drop of the 
hammer shall not exceed 2.4 meters (8 feel). 

4) ADDITIONAL EQUIPMENT 

In case the required penetration is not obtained by the use 
of a hammer complying with the above minimum require
ments, the Contractor shall provide a heavier hammer, or 
resort to jetting at- his own expense. 

1(5) LEADS 

Pile driver leads shall be constructed in such a manner as 
to afford freedom of movement of the hammer, and they 
shall be held in position by guys or stiff braces to insure 
support to the pile during driving. Except where piles are 
driven through water, the leads, preferably, shall be of 
sufficient length so that the use of a follower will not be 
necessary.
 
Inclined leads shall be used in driving battered piles.
 

(6) FO.LOWERS 

The driving of piling with followers shall be avoided if 
p-acticable and shall be done only under written permission 
of the Engineer. When followers are used, one pile from 
each group of 10 shall be a long pile driven without a 
fullower, and shall be used as a test pile to determine the 
rvwracie bearing po'wer of the group. 
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(7) WATER JETS 

When water jets are used, the number of jets and the 
volume and pressure of water at the jet nozzles shall be 
sufficient to freely erode the material adjacent to the pile.
The plant shall have sufficient capacity to deliver at all 
times at least 7 kilograms per sq. cm (100 pounds per 
square inch) pressure at two 19mm (3/4 inch) jet nozzles.
Before the desired penetration is reached, the jets shall be 
withdrawn and the piles shall be driven with the hammer 
to secure the final penetration. 

(8) ACCURACY OF DRIVING 
Piles shall be driven with a variation of not more than 2 
cm/meter (1/4 inch per foot) from the vertical or from the 
batter shown on the Plans,, except that piles for trestle 
bents shall be so driven that the cap may be placed in
its proper location without inducing excessive stresses in 
the piles, and foundation piles shall not be out cf the 
position shown moreon the Plan than 15 cm (6 inches) 
after driving. 

503.05 DEFECTIVE PILES 
The procedure incident to the driving of piles shall not


subject them to excessive and undue abuse, producing crushing

and spolling of the concrete, injurious splitting, splintering and 
brooming of the wood, or deformation of the steel. Manipulation
of piles to force them into proper position, considered by the 
Engineer to be excessive, will not be permitted. Any pile
damaged by reason of internal defects, or by improper driving,
or driven out of its proper location, or driven below the eleva
tion fixed by the Plans or by the Engineer, shall be correctedat the Contractor's expense by one of the following methods 
approved by the Engineer for the pile in question : 
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(I) 	 The pile shall be withdrawn and replaced by a new and,
if necessary, a longer pile. 

(2) 	A second pile shall be driven adjacent to the defective or 
low pile. 

(3) The pile shall be spliced or built up as otherwise provided
herein or a sufficient portion of the footing extended toproperly embed the pile. Timber piles shall not be spliced
without specific permission of the Engineer. All piles pushed
up by the driving of adjacent piles or by any other cause 
shall be driven down again. 

503.06 DETERMINATION OF BEARING VALUES (See also 
Section 1.4.4 in the Design Specifications.) 

(I) 	 LOADING TESTS 
When required, the size and number of piles shall be 
determined by actual loading tests. In general, these tests
shall consist of the applicafion of a test load placed upon 
a suitable platform supported by the pile, with suitable 
apparatus for accurately measuring the test load and the
settlement of the pile under each increment of load. 
In lieu thereof, hydraulic jacks with suitable, yokes and 
pressure gauges may be used. 
The safe allowable load shall be considered as 50 percent
of that load which, after a continuous application of 48 hours,
produces a permanent settlement not greater than 0.6 
centimeter (1,4 inch) measured at the top of the pile.
This maximum settlement shall not be increased by 	 a
continuous application of the test load for a period of 
60 hours or longer. 
At least one pile for each group of 100 piles,, preferably,
should be tested. 
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(2) FRICTION PILE FORMULAS 
When not driven to practical refusal, the bearing values of 
piles preferably shall be determined by load tests
specified above. 

as 
In the absence of loading tests or

substantiated adequate pile formulas, the safe bearing
values for timber piles shall be determined by the follow
ing formulas: 

METRIC UNITS 

WH= for gravity hammers
 
6S + 15
 

WH 
p= 6S6S + 1.5 for single-acting steam or diesel hammers 

p = H(W+ Ap) for double.acting steam hammers
 

65 + 1.5
 
where P - safe bearing capacity in metric tons,
 

W =weight, in 
metric tons, of striking parts of 
hammer, 

H = height of fall in centimeters, 

A = area of piston in square centimeters,. 
P = steam pressure in metric tons per square 

centimeter at the hammer, 
S = the average penetration in centimeters per 

blow for the last 5 to 10 blows for gravity 
hammers and the last 10 to 20 blows for 
steam hammers. 

U.S. STANDARD UNITS 
-2WH 	 _ for gravity hammers,
 

5 + 1.0
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p_ 	2 WH for single-acting steam hammers, or dieselS +f 	0.1 hammers, 

P 2H (W+Ap) for double.acting steam hammers, 
S + 	 0.1 

where 	 P = safe bearing capacity in pounds, 
W = weight, in pounds, of striking parts of hammer. 
H = height of fall in feet, 
A = area of piston in square inches, 
p = steam pressure in pounds per square inch at 

the hammer, 
S = the average penetration in inches per blow 

for the last 5 to 10 blows for gravity hammers 
and the last 10 to 20 blows for steam 
hammers. 

The above formulas are applicable only when: 
The hammer has a free fall. 
The head of the pile is not broomed or crushed. 
The penetration is reasonably quick and uniform. 
There is no appreciable rebound. 
A follower is not used. 

Twice the height of the bounce shall be deducted from 
"H" to determine its value in the formula. 
Unless 	 otherwise ordered by the Engineer, timber piling
shall be driven to the bearing value given on the Plans or
in the Supplemental Specifications. If bearing values arenot given, timber piling shall be driven to a minimum 
value of twenty tons. 
In case water jets are used in connection with the driving,
the bearing capacity shall be determined by the above 
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formulas from the results of driving after, the jets have 
been withdrawn, or a load test may be applied. 

(3) CONCRETE AND STEEL PILES 
When not driven to practical refusal (10 blows per 25mm 
or 10 blows per inch), the bearing value for concrete and 
steel piles preferably shall be determined by means of 
loading tests specified above. In the absence of 	loading
tests, their safe bearing values may be approximated by 
substantiated adequate pile formulas or those specified for 
timber piles. However, the character of the soil penetrated, 
conditions of driving, distribution, size, length and weight of 
the piles or shells drive3n, and the computed load per pile 
shall be given due consideration in determining their 
probable safe bearing value. 

503107 TEST PILES 
When required, the Contractor shall drive test piles of a 

length and at the location designated by the Engineer. These 
piles shall be of greater length than the length assumed in the 
design in order to provide for any variw'.,n in soil conditions. 

503.08 	 ORDERING PILES 
The piling shall be of the type and size indicated on the 

Plans. The lengths shown on the Plans for a structure, unless 
otherwise specified, shall be used for estimating purposes only. 

The order length of piling will be determined by the Con
tractor, either from the Plans, Special Provisions, or by driving 
test piles. 

The lengths of piles indicated on the Plans are based on 
the lengths which are assumed to remain in the completed 
structure. 
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503.09 	 STORAGE AND HANDLING OF TIMBER PILES 
The method of storing-.and handling shall be such as to 

avoid injury to the piles. Special care shall be taken to avoid 
breaking the surface of treated piles. Cuts or breaks in the 
surface of treated piling shall be given three brush coats of hot 
creosote oil of approved quality, and hot creosote oil shall be 
poured into all bolt holes. 

503.10 	 CUTTING OFF TIMBER PILES 
The tops of all piling shall be sawed to a true plane, as 

shown on the .Plans, and at the elevation fixed by the Engineer. 
Piles which support timber caps or grillage shall be sawed to 
conform to the plane of the bottom of the superimposed structure. 
In general, the length of pile above the elevation of cutoff 
shall be sufficient to permit the complete removal of all 
material injured by driving, but piles driven to very nearly the 
cutoff elevation shall be carefully adzed or otherwise freed 

from all splintered or injured material. 

503.11 CUTTING OFF STEEL OR STEEL SHELL PILES 
Piles shall be cut off at the 'required elevation. If capping

is requiredthe connection shall be made according to details 
shown on the plans. 

503.12 CAPPING TIMBER PILES 
After cutoff, the heads of timber piles shall be protected 

as specified in Section 520.07. 

503.13 MANUFACTURE OF PRECAST CONCRETE PILES 

(I) 	 GENERAL 
Piles shall be constructed in accordance with details shown 
on the Plans. 
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(2) 	 CLASS OF CONCRETE 

Class A or AE concrete shall be used for precast 
concrete piles. 

(3) 	 FORM WORK 

Forms for precast concrete piles shall conform to the general 
requirements for concrete form work as provided in 
Section 504.19. Forms shall be accessible for tamping and 
consolidation of the concrete. Under good weather-curing 
conditions, side forms may be removed at any time not less 
than 24 hours after placing the concrete, but the entire 
pile shall remain supported for at least seven days and 
shall not be subjected to any handling stress until the 
concrete has set for at least 21 days or as determined 
by the Engineer. 

(4) 	 RENFORCEMENT 

Reinforcement shall be placed in accordance with details 
shown on the Pfans. 

(5) 	 CASTING 
The pile may be cast in either a horizontal or a vertical 
position. Special care shall be taken to place the concrete 
so as to produce satisfactory bond with the reinforcement 

and avoid the formation of "stone pockets", honeycomb 
or other defects. 
To secure uniformityand remove surplus water, the 
concrete in each pile shall be placed continuously and 
shall be compacted by vibrating or by other means accep
table to the Engineer. The forms shall be overfilled, the 
surplus concrete screeded off, and the top surfaces finished 
to a uniform, even texture similar to that produced by 
the 	forms. 
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(6) FINISH 

Trestle piling exposed to view shall be finished above the 
ground line in accordance with the provisions governing 
the finishing of concrete columns. Foundation piling, that 
portion of the trestle piling which will be below the ground 
surface, and piles use sea water orfor in alkali soils 
shall not be finished except by pointing as specified in 
Section 504.25 

(7) CURING 

Concrete piles shall be cured as provided elsewhere in 
these Specifications for concrete. As soon as the piles 
have set sufficiently they shall be removed from the forms 
and piled in a curing pile separated from each other 
by wood spacing bldcks. No pile shall be driven until it 
has set for at least 21 days or as determined by the 
Engineer. Concrete piles for use in sea water or alkali 
soils shall be cured for not less than 30 days before 
being used. 

503.14 STORAGE AND HANDLING OF PRECAST 

CONCRETE PILES 

Removal of forms, curing, storing, transporting and handling
precast concrete piles shall be done in such a manner as to 
avoid excessive bending stresses, cracking, spalling or other 
injurious results. The method of handling shall be such as will 
not induce stresses exceeding those specified in Section 1.5 
when computed according to Article 1.4.5G of the Design 
Specifications. 

Piles to be used in sea water or in alkali soils shall be 
handled so as to avoid surface abrasions or other injuries 
exposing the interior concrete. 
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503.15 MANUFACTURE OF CAST-IN-PLACE CONCRETE PILES 

(I) 	 GENERAL 
Piles shall be constructed in accordance with details shown 
on the Plans. 

(2) 	INSPECTION OF METAL SHELLS 

At all times prior t o the placing of concrete in the driven 
shells, the Contractor shall have available a suitable light 
for the inspection of each shell throughout its entire length. 
Any improperly driven, broken or otherwise defective shell 
shall be corrected to the satisfaction of the Engineer by
removal and replacement, or the drivina of an additional 
pile, at no cost to the HA. 

(3) CLASS OF CONCRETE 
Class A or.AE concrete shall be used for cast-in.place 

piles. 

(4) 	 REINFORCEMENT 
Reinforcement shall be placed in abcordance with the Plans 
or Special Provisions. 

(5) 	 PLACING CONCRETE 
No concrete shall be placed until all driving within 8 meters 
has been completed, nor until all the shells for any one bent 
have been completely driven. If this cannot be done, all 
driving within the above limits shall be discontinued until the 
concrete in the last pile cast has set at least seven days. 
Concrete shall be placed as specified for piles precast in 
the vertical position. Accumulation of water or any other 
foreign material in the *shells shall be removed before 
concrete is placed. 

503.16 EXTENSION OR "BUILD-UPS" 
Extensions, splices or "build-ups" on concrete piles, when 

necessary, shall be made as follows : 
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After the driving is completed, the concrete at the end of 
the pile shall be cut away, leaving the reinforcement steel 
exposed for a length of 40 diameters. The final cut of the 
concrete shall be perpendicular to the axis of the pile. Rein
forcement similar to that used in the pile shall be securely 
fastened lo the projecting stee, and the necessary form work 
shall be placed, care being taken to prevent leakage along 
the pile. The concrete shall be of the same quality as that used 
in the pile. Just prior 4o placing concrete, the top of the pile 
shall be thoroughly wetted and covered with a thin coating of 
neat cement or other acceptable bonding material. The forms 
shall remain in place not less than seven days and shall then be 
carefully removed and the entire exposed surface of the pile 
finished as previously specified. 

503.17 PAINTING STEEL PILES AND STEEL PILE SHELLS 

Unless otherwise provided, when steel piles or steel pile 
shells extend above the ground surface or water surface, they 
shall be protected by three coats of point, as specified for 
Painting Metal Structures in Section 514. This protection shall 
extend from an elevation 60cm (2 feet) below the water or 
ground surface to the top of the exposed steel. 

503.18 	 METHOD OF MEASUREMENT 

The length of timber, concrete and steel piles to be meas
ured for payment shall be the total length in place in the 
completed work. 

Pile loading tests will be measured in units of one. 

No measurement for payment of pile cutoffs or splices will 
be 	 made. 

503.19 	 BASIS OF PAYMENT 

Timber, steel and concrete piles will be paid for at. the 
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contract unit price per meter for furnishing, driving and cutting 
off of the piles. 

The contract unit price per meter shall include full com
pensation for furnishing, driving, cutting off of the pile and for 
furnishing all labor, materials, tools, equipment and incidentals 
necessary to complete the pile in place to the required bearing
and penetration as shown on the Plans and as specified or as 
directed by the Engineer. 

This contract unit price shall also include the filling materials 
for cast-in-place piles, constructing reinforced concrete extensions, 
splicing steel piles and steel shells, and furnishing and installing 
pile anchors and lugs, as shown on the Plans and as specified 
in the Special Provisions or as directed by the Engineer. 

Full compensation for furnishing all reinforcing steel and 
prestressing in concrete piles and reinforcing steel in reinforced 
concrete extensions, including reinforcing steel required to 
extend beyond the lengths as shown on the Plans, shall be 
considered as included in the price paid per linear meter of 
pile, and no additional compensation will be allowed therefor. 

Test piles driven to determine pile lengths and to become a 
part of the completed structure will be paid for at the contrac
prices for the type of piling used. 

Full compensation for all jetting or other work necessary to 
obtain the specified penetration and bearing value of the piles,
for all excavation and backfill involved in splicing or construc
ting concrete extensions shall be considered as included in the 
contract unit price paid per meter, and no additional compensa
tion will be allowed therefor. 

No payment will be made for piles driven out of place or 
for imperfect piles, or for piles which are damaged in handling 
or driving. 

Pile loading tests will be paid for at the contract unit price 
of each 
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SECTION 504 CONCRETE MASONRY 

504.01 GENERAL 
Concrete masonry shall consist of Portland cement, aggregates and water which shall conform to the requirements of

this section and which shall be proportioned as hereinafter 
specified. 

504.02 MATERIALS 

(I) CEMENT 

(a) PORTLAND CEMENT 
Six types of Portland cement are recognized by these 
SpecIfications, designated as follows: 
Type I For use in general concrete construction 

where the special properties specified under 
Types II and III are not required. 

Type IA Air-entraining Portland cement for the same 
uses as specified under Type 1. 

Type II For use in general concrete construction 
exposed to moderate sulfate action where ,
moderate heat of hydration is required. 

Type IIA Air-entraining Portland cement for the same 
uses as specified under Type 11. 

Type III For use when high early strength is required. 
Type liA Air-entraining Portland cement for the same 

uses as specified under Type Ill. 
Portland cement of the type or types specified shall
conform to the requirements of AASHO Specifications

for Portland Cement, M 85 .Unless otherwise provided
or called for in the Special Provisions, Type I shall 
be furnished. 
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Airentraining Portland cement of the type or types 
specified shall conform to the above requirements. 
Unless otherwise provided or called for in the Special 
Provisions, Type IA shall be furnished. 

(b) 	 MASONRY CEMENT 

Two types of masonry cement are recognized by these
 
Specifications, as follows:
 
Type I For use in general purpose masonry.
 
Type II For use where high strength is required.
 
Masonry cement of the type or types specified shall
 
conform to the requirements of AASHO Soecifications
 
for Masonry Cement, M 150 (ASTM C 91).
 

(c) 	 NATURAL CEMENT 
Natural cement shall conform to the requirements of 
AASHO Specifications for Natural Cement, M 135. 

(d) 	 SAMPLING AND TESTING 

Hydraulic cements shall be sampled and tested in 
accordance with the standard methods referred to in 
the 	 applicable Specifications of AASHO. 
The 	Contractor shall notify the Engineer of dates of 
delivery so that there will be sufficient time for sam
pling the cement. 

(2) 	 WATER AND ADMIXTURE 

(a) 	 QUAUTY OF WATER 
Water for use with cement in mortar or concrete shall 
be subject to the approval of the Engineer. It shall 
not be salty and shall be reasonably clear and free 
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from oil, acid, injurious alkali or vegetable matter. 

As soon as practicable, the Contractor shall give to 
the Engineer, in writing, the proposed source of water 
to be used for concrete masonry. 

(b) TESTS FOR WATER 

When required by the Engineer the quality of the 
mixing water shall be determined by the Standard 
Method of Test for Quality of Water to be used in 
concrete, AASHO Methods of Sampling and Testing, 
Designation T 26. 
In sampling water for testing, care shall be taken 
that the containers are clean and that samples are 
representative. 
When comparative tests are made with a water of 
known satisfactory quality, any indication of unsound
ness, marked change in time of setting or a reduction 
of more than 10 percent in mortar strength shell be 
sufficient cause for rejection of the water under test. 
I 

(c)... ADMIXTURES 

Admixtures in concrete should be used only when 
approved by the Engineer. Air-entraining admixturos 
shall conform to the requirements of AASHO Standard 
Specifications for Air-Entraining Admixtures for Con
crete, M 154. 

(3) FINE AGGREGATE 

(a) FINE AGGREGATE 

All fine aggregate for concrete shall conform to the 
Specification or Fine Aggregate for Portland Cement 
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Concrete, AASHO M 6. Soundness requirements, if 
required, will be stipulated in the Special Provisions. 

(b) 	 SAND FOR MORTAR 

Sand for mortar shall conform to the Specifications for 
Mortar Sand, AASHO M 45. 

(4) 	 COARSE AGGREGATE 

All coarse aggregate for concrete shall conform to the 
Specification for Coarse Aggregate for Portland Cement 
Concrete, AASHO M 80as to qualityand to the Specifica
tion for Standard Sizes of Coarse Aggregate for Highway 
Construction, AASHO M 43 as to size. 

504.03 	 CARE AND STORAGE OF CONCRETE AGGREGATES 

The handling and storage of concrete aggregates shall be 
such as to prevent segregation or the admixture of foreign 
materials. The Engineer may require that aggregates be stored 
on separate platforms atsatisfactory locations. 

When noted in the Special Provisions, the coarse aggregate 
shall be separated into two or more sizes in order to secure 
greater uniformity of the concrete mixture. Different sizes of 
aggregate shall be stored in separate stockpiles sufficiently 
removed from each other to prevent the material at the edges 
of the piles from becoming intermixed. When space does not 
allow adequate separation, bulkheads (partitions) shall be 
built to separate the stockpiles. 

504.04 STORAGE OF CEMENT 

Cement shall be stored in suitable weatherproof buildings 
which will protect the cement from dampness. These buildings 
shall be placed in locations approved by the Engineer. Provisions 
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for storage shall be ample, and the shipments of cement as 
received shall be separately stored in such a manner as to 
provide easy access for the identification and inspection of 
each shipment. Storage buildings shall have a capacity for the 
storage of a sufficient quantity of cement to allow sampling at 
least 12 days before the cement is to be used. Stored cement 
shall meet the test requirements at any time after storage when 
a retest is ordered by the Engineer. 

On small jobs, storage in the open may be permitted by 
written authorization from the Engineer, in which case a raised 
platform and ample waterproof covering shall be provtded 

The Contractor shall keep accurate records of the deliveries 
of cement and of its use in work. Copies of these records shall 
be supplied to the Engineer in such form as may be requiredi 

504.05 	 CLASSES OF CONCRETE 
Ten classes of concrete are provided for in these specifica

tions. Each class of concrete shall be u.eed in that part of the 
structure where called for on the Plans or where designated by 
the Engineer. The following requirements shall govern unless 
otherwise noted : 

Class A or Class AE concrete shall be used for all 
superstructures, except as noted below, and for reinforced 
substructures except where the sections are massive and lighily
reinforced.The more important items of work included are slabs, 
beams, girders, columns, box culverts, reinforced abutmefts, 
retaining walls, reinforced footings, precast piles and cribbing. 
Concrete deposited in water shall be Class A with 10 percent 
additional cement. 

Class A (AE) shall be used in all locations where the 
concrete will be exposed to salt water action. 

Class B or Class B (AE) concrete shall be used in mass 



298 	 504.05 

footings, pedestals, massive pier shafts, gravity walls, with none 
or only a small amount of reinforcement. 

Class C or Class C (AE) concrete shall be used in massive 
unreinforced sections. 

Class X or Class X (AE) concrete shall be used in massive 
sections, lightly reinforced, where a higher grade than Class 
Bor Class B (AE) is required. 

Class Y or Class Y (AE) concrete shall be used in thin 
reinforced sections and for handrails except as specified for 
precast railing under "Railings". 

504.06 	 COMPOSITION OF CONCRETE 
The cement content, coarse aggregate size, consistency, 

air content if air-entrainment is required and the approximate 
weighls-of fine and coarse aggregate (saturated surface-dry 
basis) for each class of concrete shall be as shown in Tables I 
and IA. 

The weight of fine and coarse aggregate given in Tables I 
'and IA is based on the use of aggregates having bulk specific 
gravities, in a saturated surface-dry condition, of 2.65+05. 
For reasonably well-graded malerials of normal physical 
characteristics, the use of the above indicated proportions, 
together with sufficient water to obtain the required consistency, 
will result in concrete of the specified cement content, plus or 
minus two percent. For aggregates having spetific gravities 
outside the ranges indicated above, the weights shall be 
corrected by multiplying the weights shown in the table by 
the ratio of the specific gravity of the aggregate to be used 
and 2.65. 

The relative weights of fine and coarse aggregate per sack 
of cement given in the above table are based on the use of 
a natural sand having a fineness modulus within the range of 



TABLE 1 

METRIC UNITS a 
CLASS CEMENT COARSE CONSISTENCY AIR APPROXIMATE WEIGHTS (KILOGRAMS)OF CONTENT AGGRE. (RANGE IN SLUMP) CONTENT (SATUR.-TED SURFACE-DRY) OF 

Concrete (S0kg socksl GATE SIZE AGGREGATE PER CUBIC METER OF 
VIBRATED NON-VIBR. (RANGE) CONCRETE 

SACKS PER ROUNDED COARSE ANGULAR COARSE 
CUBIC CENTI- CENTI- PERCENT AGGREGATE AGGREGATEMETER METERS METERS

METERMFINE COARSE FINE COARSE
 
A 7 25mm 5-10 8-13 - 760 1070 805 945
 

4A (AE) 7 .7
to 
5mm 5-10 8-13 4-7 695 1070 740 945
 

B 5 50mm 2.5-5 5-8 - 710 1300 775 1180
 
toB (AE) 5 4 .75mm 2.5-5 5-8 3-6 650 1300 720 1180 

C 4 50mm 2.5-5 5-8 - 705 1315 775 1215 
toC(AE) 4 4.75mm 2.5-5 5-8 3-6 650 1315 725 1215
 

X 6 50mm 2.5-5 5-8 - 680 1320 760 1190
 
to 

X(AE) 6 4.75mm 2.5-5 5-8 3-6 610 1320 680 1190
 
Y 8 12.5mm 5-10 8-13 - 875 815 890 755
 

4Y (AE) 8 .7
to 
5mm 5-10 8-13 6-9 820 815 840 755 



TABLE I AU.S. STANDARD UNITS 
CLASS CEMENT COARSE CONSISTENCY AIR APPROXIMATE WEIGHTS (POUNDS)OF CONTENT AGGRE. (RANGE IN SLUMP) CONTENT (SATURATED SURFACE-DRY) OF 

CONCRETE (941b sacs) 
GATESIZE
-AGGREGATE 
VIBRATED NON-ViBR (RANGE) PER SACK OF CEMENT 

SACKS ROUNDED COARSE ANGULAR COARSEPER INCHES INCHES PERCENT AGGREGATE AGGREGATECU. D;_FNE COARSE FINCO-RS-
A 6.0 1 in-No.4 2-4 3-5 2320 310 235 275 
A (AE) 
B 

(AE) 

C 

6.0 

4.5 
4.5 

3.5 

I in-No.4 
2 in-No.4 
!2 in-No.4 

2 in-No.4 

2-4 

1-2 
1-2 

1-2 

3-5 

.2-3 
2-3 

2-3 

4-7 

-
3-6 

-

200 

265 
245 

345 

350 

485 
485 

640 

215 

290 
270 

380 

275 

440 
440 

593 
((AE) 3.5 

5.5 
2 
2 

in-.',o.4 
in-No,41 

1-2 
1-2 

2-3 
2-3 

3-6 
-

315 
205 

640 
400 

350 
230 

590 
360 

X (AE) 
Y 

5.5 
7.0 

2 in-No.4 
L in-No..A 

1-2 
2-4 

2-3 
3-5 

3-6 
-

185 
215 

400 
200 

205 
220 

360 
185 

(AE) 7.0 -in-No.4 2-4 3-5 6-9 200 200 205 185 
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2.70 to 2.90 and methods of placing which do not involve 
high frequency vibration. When sharp, angular-manufactured 
sands, or extremely coarsely graded sands are used, the 
relative amount of fine aggregate should be increased. For 
finer sands the relative amount of fine aggregate should be 
decreased. In general, the least amount of sand which will 
insure concrete of the required workability for the placing con
ditions involved should be used. Any change in weight of fine 
aggregate made by the Engineer for the purpose of adjusting 
workability should always be compensated for by changing the 
weight of coarse aggregate in the opposite direction by a 
corresponding amount. 

When air-entrained concrete is specified, and an air
entraining admixture is to be used, it shall be added to the 
batch at the plant by means of an approved mechanical 
dispenser or other approved method capable of acccurate 
measurement within a limit of accuracy of 3 percent. All 
dispensers shall include visual inspection aids. such as gra
duated transparent cylinders. Admixtures shall be dispensed in 
such a manner as will insure uniform distribution of the 
material throughout the batch within the specified mixing 
period. 

It-shall be the responsibility of the Contractor to use tho 
quantity of agent necessary to obtain the designated air content 
within the allowable operating tolerance. 

When a retarding admixture is specified or its use request
ed by the Engineer for increasing the workability or for 
delaying the set, it-shall be added to the batch at the plant in 
a manner approved by the Engineer. 

504.07 SAMPLING AND TESTING 

Compliance with the requirements indicated in Section 
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504.06 shall be determined in accordance with the following
standard methods of AASHO: 
(a) Sampling fresh concrete........ T 141 (ASTM C 172)

(b) Cement content . . ....... 	 T 121 (ASTM C 138)

(c) Size of coarse aggregate . . . .. T 27
 
(d) Consistency slump ..........
4 .T 	 119 (ASTM C 143)
(e) 	 Bulk specific gravity and absorption . T 84
 

T 85
 
Tests for strength (when required) shall be made In accor

dance with the following :
 
(a) Molding concrete specimens in the field.. T 23 (ASTM C 31),
(b) Compressive strength of molded cylinders . T 22 (ASTM C 39) 

504.08 MEASUREMENT OF MATERIALS 
Materials shall be measured by weighing, except as other

wise specified or where other methods are specifically author
ized by the Engineer. The apparatus provided for weighing the
 
aggregates and cement shall 
 be suitably designed and con
structed for this purpose. Each size of aggregate shall be weighed
separately. If bulk cement Is used, a separate bn, hopper, and 
scale shall be used. The accuracy of al weighing devices 
shall be such that successive .uantities can be measured to 
within I percent of the desired amoiunt. Cement in standard 
packages (sack) need not be weighed, but bulk cement shall 
be weighed. The mixing water shall be measured by volume or by
weight. The water measuring device shall be susceptible of 
control accurate to plus or minus - percent of the capacity ofthe tank. All measuring devices shall be subject to approval. 

Where volumetric measurements are authorized by the
Engineer for projects where the amount of concrete is small,
the weight proportions shall be converted to equivalent 
volumetric proportions. In such cases, suitable allowance shall 
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be made for variations in the moisture condition of the 
aggregates, including the bulking effect in the fine aggregate. 

When the aggregates contain more water than the quantity 
necessary to produce a.saturated-dry condition as contemplated 
in Section 504.06, representative samples shall be taken and 
the moisture content determined for each kind of aggregate. 

When sack cement is used, the quantities of aggregates 
for each batch shall be exactly sufficient for one or more full 
sacks of cement, and no batch requiring fractional sacks of 
cement will be permitted. 

504.09 MIXING CONCRETE 

(I) GENERAL 
Unless otherwise authorized by the Engineer, concrete shall 
be machine-mixed at the site. 

(2) MIXING AT SITE 

Concrete shall be thoroughly mixed in a batch mixer of an 
approved size type will insure aand which uniform 
distribution of the materials throughout the mass. 
The mixer shall be equipped with adequate water storage 
and a device for accurately measuring and automatically 
controlling the amount of water used in each batch. 
Preferably, mechanical means shall be provided for 
recording the number of revolutions for each batch and 
automatically preventing the discharge of the mixer until 
the materials have been mixed the specified minimum lime. 
The entire contents of the mixer shall be removed from the 
drum before materials for a succeeding batch are placed 
therein. No mixer having a rated capacity of less than a 
I-bag batch shall be usednor shall a mixer be charged In 
excess of its rated capacity. 
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All concrete shall be mixed for a period of not less than 
ILminutes after all muterials, including water, are in the 

mixer. During the period of mixing, the mixer shall operate 
at the speed for which it has been designed, but this 
speed shall be not less than 14 nor more than 20 revolu
tions per minute. 

The first batch of concrete materials placed in the mixer 
shall contain a sufficient excess of cement, sand and water 
to coat the inside of the drum without reducing the requir
ed mortar content of the mix. Upon the cessation of mixing 
for a considerable period, the mixer shall be thoroughly 
cleaned. 

(3) TRUCK MIXING 
Truck mixers, unless otherwise authorized by the Engineer, 
shall be of the revolving drum-type, watertight, and so 
constructed that the concrete can be mixed to insure a 
uniform distribution of materials throughout the mass. All 
solid materials for the concrete shall be accurately meas
ured in accordance with Section 504.08, and charged 
into the drum at the proportioning plant. Except as 
subsequently provided, the truck mixer shall be equipped 
with a tank for carrying mixing water. Only the prescribed 
amount of water shall be placed in the tank unless the 
tank is equipped with a device by which the quantity of 
water added can be readily verified. The mixing water 
may be added directly to the batch, in which case a tank 
shall not be required. Truck mixers may be required to be 
provided with means by which the mixing time can be 
readily verified by the Engineer. 
The maximum size of batch in truck mixers shall not exceed 
the maximum-rated capacity of the mixer as stated by the 
manufacturer and stamped in metal on the mixer. Truck 
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mixing shall be continued for not less than 50 revolutions 
after all ingredients, including the water, are in the drum.
The speed shall not be less than 4 r.p.m., nor more than a 
speed resulting in a peripheral velocity of the drum of 70 
meters (225 feet) per minute. Not more than 100 revolutions 
of mixing shall be at a speed in excess of 6 r.p.m.. Mixing
shall begin within 30 minutes after the cement has been 
added either to the water or aggregate. 
When cement is charged into a mixer drum containing 
water or surface.wet aggregate, and when the temperature
is above 32 C (900 F), or when high-early strength Portland 
cement is used, this limit shall be reduced to 15 minutes. 
The limitation on time between the introduction of the 
cement to the aggregates and the beginning of the mixing 
may be waived when, in the judgment of the Engineer, the 
aggregates are sufficiently free fron moisture so that 
there will be no harmful effects on the cement. 

(4) PARTIAL MIXING AT THE CENTRAL PLANT 

When a truck mixer or an agitator provided with adequate
mixing blades is used for transportation, the mixing time 
at the stationary machine mixer may be reduced to 30 
seconds and the mixing completed in a truck mixer or 
agitator. The mixing time in the truck mixer or agitator
equipped with adequate mixing blades shall be as 
specified for truck mixing. 

(5) PLANT MIX 
Mixing at a central plant shall conform to the requirements 
for mixing at the site. 

(6) TIME OF HAULING AND PLACING MIXED CONCRETE 
Concrete transported in a truck mixeragitator or other 
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transportation device shall be discharged at the job and 
placed in its final position in the forms within I hours after 
the introduction of the mixing water to the cement and 
aggregate, except that in hot weather or under other 
conditions contributing to quick stiffening of the concrete, 
the maximum allowable time may be reduced by the 
Engineer. The maximum volume of mixed concrete trans. 
ported in an agitator shall be in accordance with the 
specified rating. 

(7) 	 HAND MIXING 
When hand mixing isauthorized, it shall be done on a water
tight platform and in such a manner as to insure a uniform 
distribution of the materials throughout the mass. Mixing 
shall be continued until a homogeneous mixture of the 
required consistency is obtained. 

(8) 	DELIVERY 
The organization supplying concrete shall have sufficient 
plant capacity and transporting apparatus to insure 
continuous delivery at the rate required. The rate of 
delivery of concrete during concreting operations shall 
be such as to provide for the proper handling, placing 
and finishing of the concrete. The rate shall be such 
that the interval between batches shall not exceed 20 
minutes. The methods of delivering and handling the 
concrete shall be such as will facilitate placingwith the 
minimum of rehandling and without damage to the structure 
or the concrete. 

(9) 	 RETEMPERING 

The concrete shall be mixed only in such quantities as are 
required for immediate use, and any which has developed 
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initial set shall not be used. Concrete- which has partially 
hardened shall not be retempered or remixed. 

504.10 HANDLING AND PLACING CONCRETE 

(I) GENERAL 

In preparation for the placing of concrete, all sawdust, 
chips and other construction debris and extraneous matter 
shall be removed from the interior of forms. Struts, stays 
and braces, serving temporarily to hold the forms in correct 
shape and alignment pending the placing of concrete at 
their locations, shall be removed when the concrete placing 
has reached an elevation rendering their service unneces
sary. These temporary members shall be entirely removed 
from the forms and not buried in the concrete. 

No concrete shall be used which dees not reach its final 
position in the forms within the time stipulated under 
Section 504.09 (6). 

Concrete shall be placed so as to avoid segregation of the 
materials and the displacement of the reinforcement. The 
use of long troughs, chutes and pipes for conveying 
concrete from the mixer to the forms shall be permitted 
only on written authorization of the Engineer. In case an 
inferior quality of concrete is produced by the use of such 
conveyors, the Engineer may order discontinuance of 
their use and the institution of a satisfactory method of 
placing. 

Open troughs and chutes shall be of metal or metal-lined; 
where steep slopes are required, the chutes shall be 
equipped with baffles or be in short lengths that reverse 
the direction of movement. 

All chutes, troughs and pipes shall be kept clean and free 
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from coatings of hardened concrete by thoroughly flushing 
with water each run. Water used for flushing shall be 
discharged clear of the structure. 
When placing operations would involve dropping the 
concrete more than 1.5 meters (5 feet), it shall be deposited 
through sheet metal or other approved pipes. As for as 
practicable, the pipes shall be kept full of concrete during 
placing, and their lower ends shall be kept buried in the 
newly placed concrete. After initial set of the concrete, 
the forms shall not be jarred and no strain shall be placed 
on the ends of reinforcement bars which project. 

Concrete, during and immediately after depositing, shall 
be thoroughly compacted. The compaction shall be done 
by mechanical vibration subject to the following provisions: 

(a) 	The vibration shall be internal unless special author;
zation of other methods rs given by the Engineer or 
as provided herein. 

(b) 	Vibrators shall be of a type and design approved by 
the Engineer. They shall be capable of transmitting 
vibration to the concrete at frequencies of not less 
than 4500 impulses per minute. 

(c) 	The intensity of vibration shall be such as to visibly 
affect a mass of concrete of 2.5cm (I inch) slump over 
a radius of at least 45cm (18 inches). 

(d) 	The Contractor shall provide a sufficient number of 
vibrators to properly compact each batch Immediately 
after it is placed In the forms. 

(e) 	Vibrators shall be manipulated so as to thoroughly 
work the concrete around the reinforcement and 
Imbedded fixtures, and into the corners and angles of 
the forms. 
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Vibration shall be applied at the point of deposit awd 
in the area of freshly deposited concrete. The vibra
tors shall be inserted and withdrawn out. of the 
concrete slowly. The vibration shall be of sufficient 
duration and intensity to thoroughly compact the 
concrete, bui shall not be continued so as to cause 
segregation. Vibration shall not be continued at any 
one point to the extent that localized areas of grout 
are formed. 
Application of vibrators shall be at points uniformly 
spaced and not faether apart than twice the radius 
over which the vibration is visibly effective. 

(f) 	 Vibration shall not-be applied directly or through the 
reinforcement to sections or layers of concrete which 
have hardened to the degree that the concrete ceases 
to be plastic under vibration. It shall not be usad to 
make concrete flow in the forms 'over distances so grea 
as to cause segregation, and vibrators shall not be 
used to transport concrete in the forms. 

(g) 	Vibration shall be supplemented by such spading as 
is necessary to Insure smooth surfaces aWJ dens. 
concrete along form surfaces and in corners and loca
tions impossible to reach with the vibrators. 

(h) 	The provisions of this section shall apply to precast 
piling and other precast members except that, if 
approved by the Engineer, the manufacturer's methods 
of vibrations -nay be used. 

Concrete shall be placed in horizontal layers not more than 
30cm (12 inches) thick except as hereinafter provided. 
Vhen less than a complete layer is placed inone operation, 
it shall be terminated in a vertical bulkhead. Each layer 
shall be placed and compacted before the preceding batch 



504.10,310 

has taken initial set to prevent injury to the freshly placed 

avoid surfaces of separation between theconcrete and 
batches. Each layer shall be compacted so as to avoid the 

formation of a construction joint with a preceding layer 

which has not taken initial set. 

placing of concrete is temporarily discontinued,When the 
retain its form,the concrete, after becoming firm enough to 

shall be cleaned of laitance and other objectionable 
sound concrete. Tomaterial to a sufficient depth to expose 

avoid visible joints as far as possible upon exposed faces, 

concrete adjacent to the forms shallthe top surface of the 
a trowel. Where a "feather edge" mightbe smoothed with 

be produced at a construction joint, as in the sloped-top 
used tosurface of a wing-wall, an inset form shall be 

produce a blocked-out portion in the preceding layer which 

shall produce an edge thickness of not less than 15cm 

(6 inches) in the succeeding layer. Work shall not be 

discontinued within 45cm (18 inches) of the top of any face 

unless provision has been made for a coping less than 45cm 

(l8 inches) thick, in which case, if permitted by the Engineer, 

made at the under side of
the construction joint may be 

the coping. 

Immediately following the discontinuance of placing concrete, 

all accumulations of mortar splashed upon the reinforcement 
shall be removed. Driedsteel and the surfaces of forms 

chips and dust shall not be puddled into the unsetmortar 
concrete. If the accumulations are not removed prior to the 

concrete becoming set, care shall be exercised not to injure 
near the surface or break the concrete-steel bond at and 


of the concrete while cleaning the reinforcement steel.
 

(2) 	CULVERTS 
or footings of box culverts shall

In general, the base slab 
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be placed and allowed to set before the remainder of the 
culvert is constructed. In this case suitable provision shall 
be made for bonding the sidewalls to the culvert base, 
preferably by means of raised longitudinal keys so construct. 
ed as to prevent, as far as possible, the percolation of 
water through the construction joint. 
Before concrete is placed in the sidewalls, the culvert 
footings shall be thoroughly cleaned of all shavings, sticks, 
sawdust or other extraneous material and the surface 
carefully chipped and roughened in accordance with' the 
method of bonding construction joints as specified herein. 
In the construction of box culverts 1.3 meters (4 feet) or 
less in height, the sidewalls and top slab may be con. 
structed in one placement of concrete. When this method 
of construction is used, any necessary construction joints 
shall be vertical and at right angles to the axis of the 
culvert. 
In the construction of box culverts more than 1.3 meters 
(4 feet) in height, the concrete in the walls shall be placed 
and allowed to set before the top slab is placed. In this 
case, appropriate keys shall be left in the sidewalls for 
anchoring the cover slab. 
Each wing-wall shall be constructed, if possible, as a 
monolith. Construction joints, where unavoidable, shall be 
horizontal and so located that no joint will be visible in the 
exposed face of the wing-wall above the ground line. 

S)GIRDERS, SLABS AND COLUMNS 
For simple spans it is preferable that the concrete shall 
be deposited by beginning at- the center of the span and 
working from the center toward the ends. Concrete in 
girders shall be deposited uniformly for the full length of 
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the girder and brought up evenly in horizontal layers. For 
continuous spans, where required by design considerations, 
the concrete-placing sequence shall be shown on the IPlan', 
or in the Special Provisions. 

Concrete In girder haunches less than I meter (3 feet) in 
height shall be placed at the same time as that in the 
girder stem. The column or abutment tops shall be cut back 
to form seats for the haunches. Whenever any haunch orl 
fillet has a vertical height of I meter (3 feet) or more, the 
abutment or columns, the haunch and the girder shall be 
placed in three successive stages: first, up to the lower 
side of the haunch ; second, to the lower side of the girder; 
and third, to completion. 

For haunched-continuous girders, the girder stem (including 
haunch) shall bo placed to the top of stem. Where the size 
of the placemeint is 'such that it cannot be made in one 
placement, vertical construction joints shall preferably be 
located within the area of contraflexure. 

Concrete In slab spans shall be placed in one continuous 
operation for each span unless otherwise provided. 

The floors and girders of through-girder superstructures 
shall be placed in one continuous operation unless other
wise specified, In which case special shear anchorage shall 
be provided to insure monolithic action between girder and 
floor. 
Concrete in T-beam or deck-girder spans may be placed in 
one continuous operation or may be placed in two separate 
operations, each of which shall be continuousI first, to the 
top of the girder stems;. and second, to completion. In the 
latter case, the bond between stem and slab shall be 
positive and mechanical, and may be secured by means 
of suitable shear keys or by artificially ioughening the 
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surface of the top of the girder stem. In general, sutable 
keys may be formed by the use of the timber blocks appro. 
ximately 5 X 10cm (2 by 4 in.) in cross-section and having a 
length 10cm (4 in.) less than the width of the girder .;em. 
These key blocks shall be spaced along the girder stem, as 
required, but the spacing shall be not greater thart 30cm 
(I ft) center to center. The blocks shall be beveled and 
oiled in such manner as to insure their ready removcl, and 
they shall be removed as soon as the concrete has set 
sufficiently to retain its shape. 
Concrete in box girders may be placed in two or three 
separate operations. In either case the bottom slab shall 
be placed first. Bond between the bottom slab and stem 
shall be positive and mechanical. If the webs are placed 
separately from the lop slab, bond between the top slab 
and web; shall be secured in the same manner as for 
T-beams. Requirements for shear keys for T-beams shall also 
apply to box girders, except that keys need not be deeper 
than the depth to the top of bottom slab reinforcement. 

Concrete in columns shall be placed in one continuous 
operation, unless otherwise directed. The concrete shall be 
allowed to set at least 12 hours before the caps are placed. 
Unless otherwise permitted by the Engineer, no concrete 
shall be placed in the superstructure until the column foims 
have been stripped sufficiently to determine the character 
of the concrete in the columns. The load of the superstruc
ture shall not be allowed to come upon the bents until they 
have been in place at least 14 days, unless otherwise 
permitted by the Engineer. 

504.11 VACANT 

504.12 	 PUMPING 
Placement of concrete by pumping will be permitted only 
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if specified in the Special Provisions or if authorized by the 
Engineer. The equipment shall be suitable in kind and adequate 
in capacity for the work, and shall be so arranged that no 
vibrations result that might damage freshly placed concrete. 
The pump shall be operated to produce a continuous stream of 
concrete without air pocket,. After pumping is completed and 
if the concrete remaining in the pipeline is to be used, it shall' 
be ejected without contamination or separation of the ingredients. 
After ejection of concrete in the line, the entire equipment 
shall be thoroughly cleaned. 

The use of aluminum pipe or pumping equipment with 
aluminum parts which will come into contact with the concrete 
or concrete ingredients is prohibited. 

504.13 DEPOSITING CONCRETE UNDER WATER 

Concrete shall not be deposited in water except with the 
approval of the Engineer and under his immediate supervision; 
and in this case the method of placing shall be as hereinafter 
designated. 

Concrete deposited in water shall be Class A with 10 percent 
excess cement. To prevent segregation, it shall be carefully 
placed in a compact mass, in its final position, by means of a 
tremie, a bottom-dump bucket or other approved method, and 
shall not be disturbed after being deposited. Still water shall 
be maintained at the point of deposit and the forms under water 
shall be water-tight. 

For parts of structures under water, when possible, concrete 
seals shall be placed continuously from start to finish; the 
surface of the concrete shall be kept as nearly horizontal as 
practicable at all times. To insure thorough bonding, each 
succeeding layer of a seal shall be placed before the preceding 
layer has taken initial set. 
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A tremie shall consist of a tube having a diameter of not 
less than 25cm (10 inches), constructed in sections having
flanged couplings fitted with gaskeis. The tremie shall be rup
ported so as to permit free mov .rnent of the dischargl? end 
over the entire top surface of the work nnd. so as to permit
i-3pid lowering when necessary to retard or stop ;,Ie flowv of 
!concrete. The discharge end shall be closed at the start ci work 
so as to prevent water entering the tube, and shall be entirely
sealed at all times; the tremie tube shall he kept full to the 
bottom of the hopper. When a batch is dumped into 1he hopper,
,the 'flow of concrete shall be induced by slightly raising
the discharge end, always keeping it in the deposited concrete. 
!he flow shall be continuous until the work is completed. 

Depositing of concrete by the drop--bottom bucket method 
shall coiform to the following Spec Mcation.The top of the 
bucket soall be open. The bottom doors shall open freely
downwaro and outward when tripped. The bucket shall be 
completely filled and slowly lowered to avoid backwash. It 
shall not be dumped until it rests on the surface upon which 
the concrete is to be deposited,and when discharged shall be 
withdrawn slowly until well above the concrete. 

The slump of concrete shall be maintained between 10 
and 20cm (4 and 8 inches). 

Unwatering may proceed when the concrete seal is 
sufficiently hard and strong. All lailance or other unsatisfactory 
material shall be removed 
scraping, chipping or 

from the 
other means 

exposed 
which will 

s
not 

urface by 
injure the 

surface of the concrete. 

504.14 CONSTRUCTION JOINTS 

(I) GENERAL 
Construction joints shall be made only where located on 
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the Plans or shown in the placing schedule, unless otherwise 
approved by the Engineer. 

(2) 	 BONDING 
Before depositing new concrete on or against concrete whict 
has hardened, the forms shall be retightened. The surface 
of the hardened concrete shall be roughened as requirec. 
by the Engineer in a manner that will not leave loosenec 
particles of aggregate or damaged concrete at the surface 
It shall be thoroughly cleaned of foreign matter anc. 
laitance, and saturated with water. To insure an excess o 
mortar at the juncture of the hardened and the newl 
deposited concrete, the cleaned and stiturated surfaces 
including vertical and inclined surfaces, shall first b( 
thoroughly covered with a coating of mortar or nea 
cement grout against which the new concrete shall be 
placed before the grout has attained its initial set. 

The placing of concrete shall be carried continuously 
from joint to joint. The face edges of all joints which are 
exposed to view shall be carefully finished true to line 
and elevation. 

504.15 	 RUBBLE OR CYCLOPEAN CONCRETE 
Rubble or cyclopean concrete shall consist of either Class 

B.or Cconcrete, as specified, containing large embedded stones. 
It shall be used only with the approval of the Engineer it 
massive piers, gravity abutments and heavy footings. The stone 
for this class of work may be one-man stone or derrick stone 
conforming to the requirements of Section 507.02 (I). 

The stone shall be carefully placed, not dropped or cast, 
so as to avoid injury to the forms or to the partially-set adjacent 
masonry. All stone shall be washed and saturated with water 
before placing. 
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The total volume of the stone shall not be greater than one-
Jhird of the total volume of the portion of the work in which it is 
-laced. For walls or piers greater than 60cm (2 feet) in thickness, 
,pne-man stone may be used; each stone shall be surrounded 
"byat least 15cm (6 inches) of concrete; and no stone shall be 
tloser than 30cm (I foot) to any top surface nor any closer than 
-.5cm (6 inches) to any coping. For walls or piers greater than 
.'2meters (4feet) in thickness, derrick stone may be used; each 

.. tone shall be surrounded by at least 30cm (I foot) of concrete; 
9nd no stone shall be closer than 60cm (2 feet) to any top 
,surface nor closer than 20cm (8 inches) to any coping. 

) 04.16 CONCRETE EXPOSED TO SEA WATER 
. Unless otherwise specifically provided, concrete for struc
tures exposed to sea water shall be Class A (AE) concrete as 
,specified in Section 504.06. Unless indicated otherwise on the 
Plans or in the Special Provisions, the clear distance from the 
face of the concrete to the nearest face of reinforcement steel 
shall be not less than 10cm (4 inches). The concrete shall be
mixed for a period of not less than 2 minutes and the water 
content of the mixture shall be carefully contiolled and regulated 
so as to produce concrete of maximum impermeability. The 
concrete shall be thoroughly compacted and stone pockets shall 
,be avoided. No construction joints shall be formed between 
levels of extreme low water and extreme high water as deter

,mined by the Engineer. Between these levels sea water shall 
not come in direct contact with the concrete for a period of not 
less than 30 days. The original surface, as the concrete comes 
from the forms, shall be left undisturbed. 

504.17 CONCRETE EXPOSED TO ALKALI SOILS OR 
ALKALI WATER 

WMiere concrete may be exposed to the action of alkaline 
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waters or soils, special care shall be taken to place it Inaccord
ance with placing Specifications herein.Whenever possible,
placing shall be continuous until completion of the section or 
until the concrete isat least 45cm (I 8 inches) above ground or 
water level. Alkaline waters or soils shall be kept from contact 
with the concrete during placement and for a period of at least 
72 hours thereafter. 

504.18 FALSEWORK AND CENTERING 
Unless otherwise provided, detailed plans for falsework or 

centering shall be supplied to the Engineer on request, but, in no 
case shall the Contiactor be relieved of responsibility for results 
obtained by the use of these Plans. 

For designing falsework and centering, a weight of 2400 kgs 
per cubic meter (150 pounds per cubic foot) shall be assumed 
for plastic concrete. All folsework shall be designed and 
constructed to provide the necessary rigidity and to support
the loads, without appreciable settlement or deformation. The 
Engineer may require the Contractor to employ screw jacks or 
hardwood wedges to take up any settlement in the formwork 
either before or during the placing of concrete. 

Falsework which cannot be founded on a satisfactory
footing shall be supported on piling which shall be' spaced,
driven, and removed in a manner approved by the Engineer. 

Falsework shall be set to give the finished structure the 
camber specified or indicated on the Plans. 

Arch centering shall be constructed according to centering
plans approved by the Engine.er. Provision shall be made by 
means of suitable wedges, sand boxes, or other devices for 
the gradual lowering of centers, and rendering the arch self
supporting. When directed, centering shall be placed upon
approved jacks in order to take-up and correct, any slight 

http:Engine.er
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settlement which may occur after the placing of masonry 
has begun.
 

504.19 FORMS 
Forms shall be built mortar-tight and of sufficient rigidity 

to prevent distortion due to the pressure of the concrete and 
other loads incident to the construction operations. Forms shall 
be constructed and maintained so as to prevent warping and 
the opening of joints due to shrinkage of the lumber. 

The forms shall be substantial and unyielding and shall be 
so designed that the finished concrete conforms to the proper 
dimensions and contours. The design of the forms shall 
take into account the effect of vibration of concrete as it is 
placed. 

Forms shall be filleted at all sharp corners and shall be 
given a bevel to insure easy removal. 

Metal ties or anchorages within the forms shall be so 
constructed as to permit their removal to a depth of at least 
5cm (2 inches) from the face without injury to the concrete. 
In case ordinary wire ties are permitted, all wires, upon removal 
of the forms, shall be cut back at least 7mm (L inch) from the 
face of the concrete with chisels or nippers; for green concrete, 
nippers are necessary. All fittings for metal ties shall be of 
such design that, upon their removal,' the cavities which are 
left be, of, the smallest possible size. The cavities shall be filled 
with cement mortar and the surface left sound, smooth, even, 
and, uniform,, in color. 

All forms s:. be set and maintained true to the line 
designate4-until the concrete is sufficiently hardened. Forms 
shall, remain in place for periods which shall ba determined as 
hereinafter specified. When forms appear to be unsatisfactory 
in any way, either before or during the placing of concrete, the 



Engineer shall order the work stopped until the defects have 
been corrected. 

The shape, strength, rigidity, watertightness, and surface 
smoothness of ireused forms, shallbe maintained at all times. 
Any Warped or bulged lumber must be iresized before beingi

be reused. Forms which are unsatisfactory in any respect shall not 
be reused. 

For narrow walls and columns where the bottom of the form 
is inaccessible, the lower form boards shall be left loose so 
that they may be removed for cleaning the inside areas of dirt, 
wood chips and similar material immediately before placing 
the concrete. 

All forms shall be treated with oil or saturated with water 
immediately before placing the concrete. For rail members or 
other members with exposed faces, the forms shall be treated 
with an approved oil to prevent the adherence of concrete. 
Any material which will adhere to or discolor the concrete shall 
not be used.
 

504.2,0 REMOVAL OF FALSEWORK AND FORMS 
If,,field operations, are not controlled by beam or cylinder 

tests, the following, period, for removal of forms and 'supports, 
may be -usedas a guide: 

'Arch centers. .. •.•. ..... . 14days 
'Ce Itering urider beams ." . . . . . 14 days 
Floor slabs .......... 7-14 days 
Walls, . . . ......... 12-24hours 

'Columns.1-7 'days 
'Side of beams and all other parts . . 12-24 hours 
Ifhigh-early strength cement is usedthese periods ma 

reduced as directed by the Engineer.y 
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If field operations are controlled by beam or cylinder tests,
the removal of forms and supports may be begun when the 
strengths reach values which shall be fixed by 	 the Engineer
for 	the particular method of testing which is to be used. The 
beams or cylinders shall be cured under conditions which are 
not 	 more favorable than the most unfavorable conditions for 
the 	 portions of the concrete which the beams or cylinders 
represent. 

Methods of form removal likely to cause over-stressing of 
the concrete shall not be used. In general, the forms shall be 
removed from the boitom upwards. Forms and their supports
shall not be removed without the approval of the Engineer,
Supports shall be removed in such a manner as to permit the 
concrete to uniformly and gradually take the stresses due to 
its own weight. 

In general, arch centering shall be struck and the arch made 
self-supporting before the railing or coping is placed. This 
precaution isessential in order to avoid jamming of the expansion
joints and variations in alignment. For filled spandrel arches,
such portions of the spandrel walls shall be left for construction 
subsequent to the striking of centers, as may be necessary to 
avoid jamming of the expansion joints. 

Centers shall be gradually and uniformly lowered in such a 
manner as to avoid injurious stresses in any part of the structure. 
In arch structures of two or more spans, the sequence of striking 
centers shall be specified or approved by the Engineer. 

504.21 	 LOADING OF CONCRETE 
No superstructure load shall be placed on concrete bents,

piers or abutments without the Engineer's permission. The 
minimum time allowed before any superstructure load shall be 
placed on the substructure is seven days. 
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Static loads such as forms and other materials necessary to 
construction may be placed on any concrete after if has been 
in place 72 hours, provided proper curing is maintained. 

Except as provided above, no material other than that 
required for actual curing operations shall be placed on concrete 
structures or concrete bridge deck during curing, and concrete 
decks shall be carefully barricaded from traffic. 

The Contractor shall keep all bridge decks free of all 
motor vehicles and heavy equipment for the entire period from 
the time of placement of the bridge deck until at least 14 days 
after placement of the concrete curbs or sidewalks, and in no 
case shall the Contractor allow loads over the completed 
structure in excess of the legal loads permitted for the completed 
highway. 

504.22 CURING CONCRETE 

Concrete surfaces exposed to conditions causing premature 
drying shall be protected by covering as soon as possible with 
canvas, straw, burlap, sand, other satisfactory material and 
shall be kept moist. Curing compounds conforming .o the 
requirements of AASHO Standard Specifications for Liquid 
Membrane-Forming Compounds for Curing Concrete M 148, Types 
I, 2 or 3 may be used with prior approval of the Engineer. If 
the surfaces are notcovered, they shall be kept moist by flushing 
or sprinkling. Curing shall continue 4nr a period of not less than 
seven days after placing the conciate. If high-early strength 
cement is used, this period may be reduced as directed by the 
Engineer. Other precautions to Insure the development of 
strength shall be taken, as the Engineer may direct. 

504.23 	 EXPANSION AND FIXED JOINTS AND BEARINGS 
All joints shall be constructed according to details shown on 

the Plans.
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(I) 	 OPEN JOINTS 

Open joints shall be placed in the locations shown on the 
IPlans and shall be constructed by, the insertion and 
subsequent removal of a wood strip, metal plate or other 
approved material. The insertion and removal of the 
template shall be accomplished without chipping or 
breaking the corners of the concrete. Reinforcement shall 
not extend across an open joint unless so specified on 
the 	Plans. 

(2) 	 FILLED JOINTS 

Poured expansion joints shall be constructed similar to open
joints. When premolded types are specified, the filler shall 
be in correct position when the concrete on one side of 
the joint isplaced. When the form is removed, the concrete 
on the other side shall be placed. Adequate water stops
of metal, rubber or plastic shall be carefully placed, as 
shown on the Plans. 

(3) 	 PREMOLDED EXPANSION JOINT FILLERS 

Non-extruding and resilient types shall conform to the 
Specification for Preformed Expansion Joint Fillers for 
Concrete of the AASHO M 153 (ASTM D 1752). 
Bituminous fiber types shall conform to the Specification for 
Preformed Expansion Joint Fillers for Concrete, AASHO 
M213 (ASTM D 1751). 
Bituminous type filler shall conform to the Specification for 
Preformed Expansion Joint Filler for Concrete, AASHO M33. 

(4) 	 STEEL JOINTS 

The, plates, angles or'- other structural shapes shall be 
acc'urately shaped, at the shop, to conform to the section 
of the concrete deck. The fabricotlon and painting shall 
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conform to the requirements of the Specifications covering
those items. When called for on the Plans or in the SpecialProvisions, the material shall be galvanized in lieu of
painting. Care shall be taken to insure that the surface inthe finished plane is true and free of 	warping. Positive
methods shall be employed in placing the joints to keepthem in correct position during the placing of the concrete. 
The opening at expansion joints shall be that 	designatedon the Plans at normal temperature; care shall be taken to
avoid clearance impairment. 

(5) 	WATER STOPS' 
Adequate water stops of metal, rubber or plastic shall beplaced as shown on the Plans. Where movement at the jointis provided for, the water stops shall be of a type permitting
such movement without injury. They shall be spliced,.welded 
or 	 soldered to form continuous watertight joints. 

(6) 	 SHEET COPPER 
Sheet copper shall conform to the Specification for CopperSheet, Strip and, Plate, AASHO M 138 (ASTM B 152). 

(7) 	 BEARING DEVICES 
Bearing Iplates, rockers and other expansion devices shallbe 	 constructed according to details shown on the Plans.
Unless set in plastic concrete or as otherwise specified,
they shall be set in togrout insure uniform bearing.Structural steel and painting shall conform to 	 the 'Specfications for those item. When called'for on the Plans or inthe Special Provisions, the material shall be galvanized inlieu of painting. The rockers or other expansion devices
shall be set to conform to the temperature at the time of 
erection. 
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504.24 FINISHING CONCRETE SURFACES -GENERAL 

Surface finishes shall be classified as follows:
Class I. Ordinary Surface Finish 
Class 2. Rubbed Finish 

Class 3. Floated Surface Finish 
All concrete shall be given Class I, Ordinary Surface Finish,and in addition, if further finishing is required, such other typeof finish as is specified. If not otherwise specified, the following

surfaces shall be given a Class 2, Rubbed Finish : the exposed
faces of piers, abutments, wing-walls, and retaining walls ;the outside faces of girders, T-beams, clabs, columns brackets,
curbs, headwalls, railings, arch rings, spandrel walls, and 
parapets ; but not on the tops and bottoms of floor slabs andsidewalks, bottoms of beams and girders, sides of interior 
beams and girders, backwalls above bridge seat, or theunderside of copings. The surface finish on piers and abutments
shall include all exposed surfaces below bridge seat to lowwater elevation or 30cm (I foot) below finish ground line when
such ground line is above the water surface. Wing-walls shall
be finished from the top to 30cm (I foot) below the finish slopelines on the outside face and shall be finished on top and for 
a depth of 30cm (I foot) below the top on the back sides. 

Unless otherwise specified, roadway floors shall be given
Class 3, Floated Surface Finish. 

504.25 CLASS I, ORDINARY SURFACE FINISH 
Immediately following the'removal of forms, all fins and irreg

ular projections shall be removed from all surfaces except fromthose which are not to be exposed or are not to be waterproofed.
On all surfaces the cavities produced by form ties and all other
holes, honeycomb spots, broken corners or edges, and otherdefects shall be thoroughly cleaned, and after having been 
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kept saturated with water for a period of not less than three 
hours shall be carefully pointed and trued with a mortar of 
cement and fine aggregate mixed in the proportions used in 
the grade of the concrete being finished. Mortar used in 
pointing shall be not more than one-hour old. The mortar 
patches shall be cured as specified under Section 504.22. All 
construction and expansion joints in the completed work shall 
be left carefully tooled and free of all mortar and concrete. 
The joint- filler shall be left exposed for its full length with clean 
and true edges. 

The resulting surfaces shall be true and uniform. All repaired 
surfaces, the appearance of which is not satisfactory to the 
Engineer, shall be "rubbed" as specified under Section 504.26. 

504.26 CLASS 2, RUBBED FINISH 

After removal of forms, the rubbing of concrete shall be 
started as soon as its condition will permit. Immediately before 
starting this work the concrete shall be kept thoroughly saturated 
with water for a minimum period of three hours. Sufficient time 
shall have elapsed before the wetting down to allow the mortar 
used in the pointing of rod holes and defects to thoroughly set. 
Surfaces to be finished shall be rubbed with a medium coarse 
carborundum stone, using a small amount of mortar on its face. 
The mortar shall be composed of cement and fine sand mixed 
in proportions used in the concrete being finished. Rubbing shall 
be continued until all form Inarks, projections and irregularities 
have been removed, oil voids filled, and a uniform surface has 
been obtained. The paste produced by this rubbing shall be 
left in place at this time. 

After all concrete above the surface being treated has been 
cast, the final finish shall be obtainel by rubbing with a fine 
carborundum stone and water. This rubbing shall be continued 
until the entire surface is of a smooth texture and uniform color. 
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After the final rubbing is completed and the surface hasdried, it shall be rubbed with burlap to remove loose powder
and shall be left free from all unsound patches, paste, powder
and objectionable marks. 

504.27 CLASS 3, FLOATED SURFACE FINISH 

(I) SRIKING OFF 

After the concrete is compacted as specified under Section
504.10 (1), the surface shall be carefully rodded and struck
off with a strike board to conform to the cross-section andgrade shown on the Plans. Proper allowance shall be made 
for camber, if required. The strike board may be operated
longitudinally or transversely and shall be moved forward 
with a combined longitudinal and transverse motion, themanipulation being such that neither end is raised from
the side forms during the process. A slight excess of 
concrete shall be kept in front of the cutting edge at 
all times. 

(2) FLOATING 
After striking off and consolidating as specified dbove,
the surface shall be made uniform by longitudinal or 
transverse floating, or both. Longitudinal floating will be
required except in places where this method is not feasible. 

(3) LONGITUDINAL FLOATING 
The longitudinal float, operated from foot bridges, shall be
worked with a sawing motion while held in a floating
position parallel to the road centerline and passing
gradually from one side of the pavement to, the other. The
float shall then bemoved forward one-half of its lengthand the above operation repeated. Machine floatin* which 
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produces equivalent resultsmay be substituted for the 
above hand methody 

(4) 	 TRANSVERSE FLOATING. 
The transverse float shall be operated across the pavement 
by starting at the edge and slowly moving to the center 
and back again to the edge. The float shall then be moved 
forward one-half of its length and the above operations 
repeated. Care shall be taken to preserve the crown and 
cross-section of the pavement. 

(5) 	 STRAIGHTEDGING 

After the longitudinal floating has been completed and the 
excess water removed, but while the concrete is still plastic, 
the slab surface shall be tested for trueness with a 
straightedge. For this purpose, the Contractor shall furnish 
and use an accurate 3-meter (10-foot) straightedge swung 
from handles I meter (3 feet) longer than one-half the 
width of the slab. 
The straightedge shall be held in successive positions 
parallel to the road centerline and in contact with the 
the surface, and the whole area gone over from one side 
of the slab to the other as necessary. Advancement along 
the deck shall be in successive stages of not more than 
one-half the length of the straightedge. Any depressions 
found shall be immediately filled with freshly mixed 
concrete, struck off, consolidated and refinished. High areas 
shall be cut down and refinished. The straightedge testing 
and refloating shall continue until the entire surface is 
found to be free from observable departures from the 
straightedge and the slab has the required grade and 
contour, until there are no deviations of more than 3mm 
(1/8 inch) under the 3.-meter (10-foot) straightedge. 
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(6) FINAL FINISHING 
When the concrete has hardened sufficiently, the surface
shall be given a broom finish. The broom shall be of an 
approved type. The strokes shall be square across the slab,
from edge to edgewith adjacent strokes slightly overlapped,
and shall be made by drawing the broom, without tearingthe concrete but so as to produce regular cotrugations not 
over 3mm (1/8 inch) in depth. The surface thus finished 
shall be free from porous spots, irregularities, depressions,
and small pockets or rough spots such as may be caused
by accidental disturbing, during the final brooming, of
particles of coarse aggregate embedded near the surface. 

504.28 SIDEWALK FINISH 
After the concrete has been deposited in place, it shall be 

compacted and the surface shall be struck off by means of a
strike board and floated with a wooden or cork float. An edgingtool shall be used on all edgis and at all expansion joints. The 
surface shall not vary more than 3mm (1/8 inch) under a3,meter (10-foot) straightedge. The surface shall have a granular 
or matte texture which will not be slick when wet. 

Sidewalk surfaces shall Oe laid out in blocks with an
approved grooving tool as shown on the Plans or as -directed 
by the Engineer. 

SECTION 504.29 THROUGH 504.32: VACANT 

504.33 PRESTRESSED CONCRETE 

(I) GENERAL 
The construction of prestressed concrete members shall 
conform 'to the requirements of preceding Articles in this 
Sefon;- except as those requirements are modified orsupplemented by the provisions which follow. 
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Prior to casting, the Contractor shall submit fabrication 
drawings for the Engineer's approval which show complete
'details of the proposed method, materials, and equipment
to be used in the prestressing operation. Such details shall
outline the method and sequence of stressing, complete 

Specifications and details of the proposed prestressing steel
and anchoring devices, reinforcement, conduit, enclosures 
and other such information necessary for the fabrication 
and erection of the prestressed concrete members. 

(2) 	 SUPERVISION 
Unless specifically permitted by the Engineer, the Contractor 
or Fabricator shall provide a technicianskilled in the use 
of the system of prestressing to be used who shall super
vise the work and give the Engineer such assistance as in 
his judgment may be necessary. 

(3) 	 EQUIPMENT 
The Contractor or Fabricator shall provide all equipment 
necessary for the construction and the prestressing. Pre.
stressing shall be done with approved lacking equipment.
If hydraulic jacks are used, they shall be equipped with
accurately-reading pressure gages. The combination of jack
and gage shall be calibratedand a graph or table showing
the calibration shall be furnished the Engineer. Should 
other types of jacks be used, calibrated proving rings or
other devices shall be furnished so that the jacking forces 
may be accurately known. 

(4) 	 CONCRETE 
Con-rete shall be controlled, mixed and handled asspecified in otherArticles of this Sectionexcept that, with 
the approval of the Engineer, the cement content may be 
increased by the Contractor to meet the strength require
ments specified on the approved fabrication drawings. 
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The compressive strength of the concrete will be determined
from concrete test cylinders sampled from the same 
concrete and cured under conditions similar to those 
used to cure the prestressed unit. 
Concrete shall not be deposited in the forms until the
Engineer has inspected and approved the forms, the
placing of the reinforcing, conduits, anchorages and 
prestressing steel. 
The concrete shall be vibrated internally or externally, or
both, as ordered by the Engineer. The vibrating shall be
done with care in sOch a mannei as to avoid displacement
of reinforcing, conduits or wires. 

(5) STEAM CURING 
Steam curing shall be done under a suitable enclosure to
contain the live steam and minimize moisture and heat
losses. The initial application of the steam shall be from two 
to four hours after the final placement of concrete,to allow
the initial set of the concrete to take place. If retarders are
used, the waiting period before application of the steam
shall be increased to from four to six hours. The steam
.shall be at 100 percent relative humidity to prevent loss
of moisture and to provide excess moisture for proper
hydration of the cement. Application of the steam shall not 
be directly on the concrete. During application of the steam,
the ambient air temperature shall increase at a rate not to
exceed 220C (40 F) per hour until a maximum temperature
of from 600C to 700C (140 F to 160 F) is reached. The
maximum temperdture shall be held until the concrete has 
reached the desired strength. 
When the desired concrete strength has 'been., reached,
steam curing may be discontinued. The members shall be
detensioned immediately after termination of steam curingg 
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while the concrete and forms are still worm. Indiscontrlnung 
the steam, the ambient air temperature shall not decrease' 
at a rate to exceed 220C (40 F)per hour until a temperature 
has been reached about 101C (20 F)above the temperature 
of the air to which the concrete will be exposed. 

(6) TRANSPORTATION AND STORAGE 
Precast girders should be transported in an upright position, 
and points of support and directions of the reactions with 
respect to the girder should be approximately the same 
during transportation cind storage as when the girder is in 
its final position. In the event that the Contractor deems 
it expedient to transport or store precast girders in other 
than this position, it shall be done at his own risk. 

Care shall be taken during storage, hoisting and handling 
of the precast units to prevent cracking or damage. Units 
damaged by improper storing or handling shall be 
replaced by the Contractor at his expense. 

(7) PRETENSIONING METHOD 

The prestr6ssing elements shall be accurately held in 
position and stressed by jacks. A record shall be kept of 
the jacking force and the elongations produced thereby. 
Several units may be cast in one continuous line and stressed 
at one time. Sufficient space shall be left between ends of 
units to permit access for cutting after the concrete has 
attained the required strength. No. bond stress shall be 
transferred to the concrete, nor shall end anchors be 
released until the concrete has attained a compressive 
strengtheas shown'by standard cylinders made and cured 
identically with the members, of at least the minimum 
strength shown on the Plans or in the Specifications f6r 
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such transfer of load. The elements shall be cut or released 
In such an order that lateral eccentricily of prestress will 
be a minimum. 

(8) 	 POST-TENSIONING METHOD
 
The tensioning 
 process shall be conducted so that the 
tension being applied and the elongation may be measured 
at all times. 
The friction loss shall be estimated' as provided in Article 
1.6.7 of Design Specifications. A record shall be kept
of gage pressures and elongations at all times and 
submitted to the Engineer for his approval. Loads shall 
not be applied to the concrete until it has attained
strength as specified. in Section 504.23 (7) for pretensioning 
method. 

(9) 	 GROUTING OF BONDED STEEL 
Post-tensioned prestressed bridge members preferably
shall be of the bonded type in which the tensioned steel is 
installed in holes or flexible metal ducts cast in the concrete 
and bonded to the surrounding concrete by filling the tubvs 
or ducts with grout. The grout shall be a mixture of cement 
and fine sand passing a 0.60mm sieve (No. 30) in the 
approximate proportions of one part cement to 0.75 part 
sand, the exact proportion to be adjusted to form a grout 
having the proper consistency.
 
All prestressing reinforcement to be bonded shall be free

of dirt, loose rust, grease or other deleterious substances.
 
Before grouting, the ducts shall be free of water, dirt or 
any other foreign substance. The ducts shall be blown out 
with compressed air until no water comes through the duct. 
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For long members with draped strands an open top at the 

low point of the duct may be necessary... 

The grout shall be fluid (consistency of thick paint) but 

proportioned so that free water w"ill'nbtseparate out of 

the mix. Unpolished aluminum powder may be added in an 

amount of one to two teaspoons ,per ,sack of cement. 
manu-Commercial plasticizers used in acco-rdance with the 

facturer's reconimendation may be used, provided they 

contain no ingredients that are corrosive to steel. Sufficient 

pressure shall be used in grouting to force the grout 
duct, care being taken that rupturcompletely through the 


ing of the ducts does not occur.
 

(10) 	 PRESTRESSING REINFORCEMENT 

Prestressing reinforcement shall be high-tensile-strength 

steel wire, high-tensile-strength seven-wire strand, or high

tensile-strength alloy bars, as called for on the Plans or in 

the 	Special Provisions. 

High-tensile-strength steel wire shall conform to AASHO 

M 204 (ASTM A 421).
 

High - tensile - strength seven-wire strand shall conform
 

to the requirements of AASHO M 203 (ASTM
 
A 416).
 

stress relievedHigh-tensile-strength alloy bars shall be 
and then cold stretched to 'a minimum of 9,140 kgs/cm2 

(130,000 psi). 

After cold stretching, the physical properties shall be 

as follows: 

Minimum ultimate tensile 
strength 10,200 kgs/cm (145,000 psi) 
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Minimum yield strength,
 
'measured by the 0.7
 
percent extension under
 
load method shall be * 
not less than 9,140 kgs/cm2 (130,000 psi) 

Minimum modulus of 
elasticity 1,760,000 kgs/cm2 (25,000,000 psi) 

Minimum elongation in 
20-bar diameters after 
rupture 4 percent 

Diameter tolerance +0.76mm (+0.03") 

-0.25 mm (-0.01 ") 

(II) TESTING PRESTRESSING REINFORCEMENT AND ANCHORAGES 

All wire, strand or bars to be shipped to the site shall 
be assigned a lot number and tagged for identification 
purposes. Anchorage assemblies to be shipped shall be 
likewise identified. 
All samples submitted shall be representative of the lot to 
be furnished and, in the case of wire or strand, shall be 
taken from the same master roll. 
All of the materials specified for testing shall be furnished 
free of cost and shall be delivered in time for tests to be 
made well in advance of anticipated time of use. 
Where the Engineer intends to require nondestructive 
testing of one or more parts of the structure, Special 
Specifications shall be drawn giving the required details of 
the work. 
The vendor 'shall furnish for testing the following samples 
selected from each lot. If ordered by the Engineer, the 
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selection of samples shall be made at the, manufacturer's 
plant by the Inspector.. 

PRETENSIONING METHOD - For pretensioned strands, one 
saumple at least 2.2 meters (7 feet) long shall be furnished, 
in accordance with the requirements of paragraph 7.11 
AASHO M 203. 
POST-TENSIONING METHOD - The following lengths shall be 
furnished : 

For wires requiring heading - 1.52 meters (5 feet). 
For wires not requiring heading - sufficient length to 
make up one parallel-lay cable 1.52 meters (5 feet) 
long, consisting of the same number of wires as the 
cable to be furnished. 
For strand to be furnished with fittings-.52 meters 
(5 feet) between near ends of fittings. 
For bars to be furnished with threaded ends and nuts
1.52 meters (5 feet) between threads at ends. 

ANCHORAGE ASSEMBLIES-Two anchorage assemblies shall 
be furnished, complete with distribut;on plates of each size 
or type to be used, if anchorage assemblies are not attached 
to reinforcement samples. 

504.34 	 METHOD OF MEASUREMENT 
The quantity of concrete to be measured for payment shall 

be the number of cubic meters of concrete in the structure as 
computed in accordance with the dimensions shown on the 
Plans. The quantity of concrete involved in fillets, scorings, and 
chamfers 6.5 square centimeters (I square, inch) or less in cross
section al area shall be negIected. 

http:fittings-.52
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Deductions from the computed volumes of concrete, measured 
for payment, shall be made as follows: 

(I) 	The volume of structural steel, including steel pilings, 
encased in concrete. 

(2) The volume of timber piles encased in concrete, 
assuming the Volume to be 0.075 cubic meters per
linear meter of pile (0.8 cubic foot per linear foot of 
pile). 

(3) The volume of concrete piles encased in concrete. 

No 	deduction from the computed volume of concrete,
measured for paymen, will be made for the volume of concrete 
displaced by steel reinforcement, expansion joint material, 
scuppers, weep holes, conduits, inset panels of 4 centimeters 
(11- inches) or less in depth, or any pipe less than 20 centimeters 
(8 inches) in diameter. 

The volume of concrete measured for payment will not 
include concrete contained in other bid items when payment 
for the other items include the concrete involved. 

The quantity of prestressed concrete units to be measured 
for payment shall be the actual number of prestressed 
concrete structural members, except piling installed complete,
in place and accepted. Each member shall include the 
concrete, reinforcement and prestressing steel, enclosures for 
prestressing steel, bearing plates and rockers, anchor bolts and 
nuts, and other such material contained within or attached to 
the unit. 

If handrail is a separate bid item, that portion of the 
railing above the top of the roadway curb or that portion
above the surface of the sidewalk shall not be included in 
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the volume of concrete'measured'for payment but'shall -be 
paid for as handrail. 

When it is impracticable to compute the volume of concrete 
from -Plan dimensions, such as a concrete seal, the core con. 
crete when using rubble masonry and other difficult-to-measure 
volumes, the Engineer may determine the volume of concrete 
from bag count, truck count or other acceptable method. 

504.35 BASIS OF PAYMENT 

The accepted quantities of cast-in-place concrete will be 
paid for at the contract unit-price per cubic meter for the 
various typesand ' Aii include compensation for all equipment, 
tools, material, fal,ework, forms, bracing, labor, surface finishing 
and all other Ier,. of expense to complete the work shown on 

the Plans,, with the exception of reinforcing steel. The payment 
of concrete shall include the cost of joint fillers, metal drains, 
expansion joints and miscellaneous metal devices, unless they 
are covered by other items in the contract. 

The precast, prestressed member, except piling, shall be 
paid for at the contract unit-price bid per member, determined 
as provided above, complete in place; and payment shall 
constitute full compensation for furnishing the member, trans
portation and erecting complete in place, and for all labor, 
equipment, tools and incidentals necessary to complete 
the item. 
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SECTION 505 REINFORCEMENT 

505.01 MATERIAL 

(I) 	 BAR REINFORCEMENT 

Bar reinforcement for concrete in sizes up to and including
No. 18 shall conform to the requirements of the Specifica
tions for Deformed Billet-Steel Bars for Concrete Rein
forcement, AASHO M 31 (ASTM A 615); or Rail-Steel Bars 
for Concrete ReinforcementAASHO M 42,with the following:
modifications 
(a) 	 The use of cola twisted bars is not permitted. 
(b) Steel for all bars shall be made by the open-hearth,

electric furnace or basic oxygen process, unless 
otherwise called for in the Special Provisions or on 
the Plans. 

(2) 	 WIRE AND WIRE MESH 
Wire shall conform to the Specification for Cold-Drawn 
Steel Wire for Concrete Reinforcement, AASHO M 32 
(ASTM A 82). 
Wire mesh, when used as reinforcement in concrete, shall 
conform to the Specification for Welded Steel Wire Fabric 
for Concrete Reinforcement AASHO M 55 (ASTM A 185).
The type of mesh shall be approved by the Engineer. 

(3) 	 BAR MAT REINFORCEMENT 
Bar mat reinforcement for concrete shall conform to the
Specification for Fabricated Steel Bar or Rod Mats for 
Concrete "Reinforcement AASHO M 54 (ASTM A 184). 

(4) STRUCTURAL SHAPES 
Structural shapes used as reinforcement in concrete shall 
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conform to '1h'e"requirements for structura'l ifteel as provided 
in these Specifications. 

505.02 ORDER LISTS 
Before ordering material, all order lists and bending dia

grams shall be furnished by the Contractor for the approval of 
the Engineer, and no materials shall be ordered until such lists 
and 	bending diagrams have been approved. The approval of 
order lists and bending diagrams by the Engineer shall in no 
way 	relieve the Contractor of responsibility for the correctness 
of such lists and diagrams. Any expense incident to the revision 
of material furnished in accordance with such lists and diagrams 
to make it comply with the design drawings shall be borne by 
the 	Contractor. 

505.03 PROTECTION OF MATERIAL 

Steel reinforcement shall be protected at all times from 
injury. When placed in the works it shall be free from dirt, 
detrimental scale, paint, oil or other foreign substance. However, 
when steel has, on its surface, detrimental rust, loose scale 
or rust which is easily removable, it may be cleaned by a 
satisfactory method, if approved by the Engineer. 

505.04 	 FABRICATION 
Bar reinforcement shall be bent to the shapes shown on 

the Plans. 
All bars shall be bent cold, unless otherwise permitted by 

the Engineer. No bars partially imbedded in concrete shall be 
field-bent except as shown ton the Plans; or specifically 
permitted by the Engineer. 

The radii of bend measured on the inside of the bar for 
standard hooks shall be not less than the following: 
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BAR SIZE MINIMUM RADII 

3,4 OR 5 21/2 BAR DIAMETERS 
6,7 OR 8 3 BAR DIAMETERS 
9,10 OR II 4 BAR DIAMETERS 

2'/2 BAR DIAMETERS FOR BILLET STEEL 

Bends for stirrups and ties shall have radii on the inside
of the bar not less than one bar diameter. Bends for all other 
bars shall have radii on the inside of the bar not less than the 
values tabulated in the preceding paragraphs. 

Bar reinforcement shall be shipped in standard bundles/ 
togged and marked. 

505.05 PLACING AND FASTENING 
All steel reinforcement shall be accurately placed in the

positions shown on the. Plans and firmly held during the placing
and setting of concrete. When placed in the workit shall be
free from dirt, detrimental rust, loose scale, paint, oil or other
foreign material. Bars shall be tied at all intersections except
where spacing is less than 30cm (I foot) in each direction, in 
which case alternate intersections shall be tied. 

Distances from the forms shall be maintained by means of 
stays, blocks, ties, hangers or other approved supports. Blocks
for holding reinforcement from contact with the forms shall be 
precast mortar blocks of approved shape and dimensions or 
approved metal chairs. Metal chairs which are in contact with
the exterior surface of the concrete shall be galvanized. Layers
of bars shall be separated by precast mortar blocks or by
other equally suitable devices. The use of pebbles, pieces of 
broken stone or brick, metal pipe and wooden blocks will not be 
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permitted. The minimum spacing of bars shall be as specified in 
Article 1.5.6 (A) in the Design Specifications. Reinforcement ;-I 
any member shqll be placed and then inspected and appro-vod 
by the Engineer before the placing of concrete begins. Concrete 
placed in violation of this provision may be rejected and 
removal required. 

If fabric reinforcement is shipped in rolls, it shall be 
stra: htened into flat sheets before being placed. 

Bundled bars shall be tied together at not more than 2 
meters (6.4 feet) centers. 

5L0.06 SPLICING 

All reinforcement shall be furnished in the full lengths
 
indicated on the Plans. Splicing of bars, except where shown on
 

the Plans, will not be permitted without the written approval of 
the Engineer. Splices shall be staggered as far as possible. 

Unless otherwise shown on the Plans, bars shall be spliced 
in accordance with Article 1.5.6 (C) in the Design Specifications. 

In lapped splices, the bars shall be placed in contact and 
wired together in such a manner as to maintain a clearance 
of not less than the minimum clear distance to other bars and 
the minimum distance to the surface of the concrete specified 
in Article 1.5.6 (B) in the Design Specifications. 

505.07 LAPPING 
Sheets of mesh or bar-mat reinforcement shall overlap each 

other sufficiently to maintain a uniform strength and shall be 
securely fastened at the ends and edges. The edge lap shall 
not be less than one mesh in width. 

505.08 SUBSTITUTIONS 
Substitution of different size bars will be permitted only 
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with specific authorization by the Engineer. The substituted
bars shall have an area equivalent to the design area, or 
larger. 

505.09 	 METHOD OF MEASUREMENT 
Steel reinforcement incorporated in the concrete masonry

will be measured in kilograms based on the total computed
weight for the sizes and lengths of bars, mesh or mats shown 
*on the Plans or authorized. I. 

The 	weight of mesh will 	be computed from the theoretical 
weight of plain wire. If the weight per square meter is given 
on the Plan,, that weight will be used. 

The weights of plain bars or bar mat- or of deformed bars
which do not comply with AASHO M 31 (ASTM A 615) will 
be computed from the theoretical weight of plain round or 
square bars of the same nominal size as shown in the following 
tables a 

Millizmieters 6.4 9.5 12.7 15.9 19.1122.2 25.1 28.6 31.8 38.1 
SIZE -

lches 1/4 3/S 1/2 5/ 8 ' ,8 1 111/8 11,4 11/2 

Kilogram Round 0.25 0.36k 0.99 1.55 2.20 3.04 3.97 

Per Mete Square 1.26 5.05 6.40 7.91 11.38 

Pounds Round 0.17 0.38 0.67 1.0 1.50 2.01 2.67 

Per Foot Square 0.85 13.40 4.30 5.31 7.65 

The weight of bars which comply with AASHO M 
(ASTM A 615) will be calculated as follows: 

31 
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DESIGNATION BAR NO. 3 4 5 6 7 8 9 10 11 

Kilogram
Klraeter0.56 0.99 1.55 2.24 3.01 3.97 5.06 6.40 7.91Per Meter 

WEIGHT 

Pout ds 
0.38 0.67 1.04 1.50 2.04 2.67 3.40 4.30 5.31 

Per Foat 

Bars of designation Nos. 9, 10, and I I correspond to the former 
I In. square, I 118 in. square, and I L in. square sizes, and are 
equivalent to those former standard bar sizes in weight and 
nominal cross-sectional areas. 

The weight of reinforcement used in railings shall not be 
included when railings are paid for on a linear-meter basis. 
The weight of reinforcement in precast piles and other items 
where the reinforcement is included in the contract price for 
the item shall not be included. 

N6 allowance will be made for clips, wire separators, wire 
chairs and other material used ;n fastening the reinforcement in 
place. If bars are substituted upon the Contractor's request 
and, as a result, more steel is used than specified, only the 
amount specified shall be included. 

When laps are made for splices, other tha.i those shown on 
the Plans, for the convenience of the Contractor, the extra steel
shall not be measured unless the additional steel is approved 
for payment by the HA. 

505.10 BASIS OF PAYMENT 
Payment for reinforcement as determined under measure

ment shall be made at the contract price per'kilogram. Payment
shall include the cost of furnishing, fabricating and placing of 
the reinforcement. 

http:eter0.56
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SECTION 506 ASHLAR MASONRY 

506.01 DESCRIPTION 
Ashlar masonry shall consist of first.class, cut stone masonry

laid in regular courses/ and shall include all work in which, as
distinguished from rubble masonry, the individual stones are 
dressed or tooled to exact dimensions. 

506.02 MATERIALS 

(I) ASHLAR STONE 
Stone for ashlar masonry shall be of the kind specified 
on the Plans or in the contract. The stone shall be tough,
dense, sound and durable, resistant to weathering action,
reasonably fine-grained, uniform in color, and free from 
seams, cracks, pyrite inclusions or other structural defects. 
Preferably, stone shall be from a quarry, the product of 
which is known to be of satisfactory quality. Stone shall be 
of such character that it can be cut to such lines and 
surfaces, whether curved or plane, as may be required. 
Any stone having defects which hiave been repaired with 
cement or other materials shall be rejected. 
Each bidder shall submit with his bid a l5cm.6 inches)
cubical block of the stone he proposes to furnish/and shall 
designate the quarry from hich it is obtained. The quality
of the stone furnished shall be at least equal to that of 
the sample. The sample shall be squared and dressed on 
three sides; one side shall be smooth-finished, one side 
fine-finished, and one side shall be given the finish indicated 
'on the Plans for exposed surfaces of face stone. The
remaining sides shall be left with quarry face. 
When permitted by the Engineer, bidders may submit bids,
accompanied by samples as specified above, on kinds of 
stone other than that specified. 
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The stone shall be kept free from dirt, oil or any other 
injurious material which may prevent the proper adhesion 
of the mortar or detract from the aopearance of 'the 
exposed surfaces. 

(2) 	 MORTAR 

Mortar for laying the stone and pointing shall be composed 
of one part of Portland cement and three parts of sand 
unless otherwise provided. The sand shall conform to the 
requirements of Section 504.02 (3). 

506.03 	 SIZE OF STONE 
The individual stones shall be large and well proportioned. 

They shall not be less than 30cm (12 inches) nor more than 
75cm (30 inches) in thickness. The thicknesses of course, if varied, 
shall diminish regularly from bottom to top of wall. The size of 
ring stones in arches shall be as shown on the Plans. 

506.04 	 SURFACE FINISHES OF STONE 
For the purpose of thisSpecification thesurface finishes of 

stone are defined as follows : 
Smooth-finished : Having a surface in which the variations 

from the pitch line do not exceed 2mm (1/16 inch). 
Fine-finished s Having a surface in which the variations 

from the pitch line do not exceed 6mm (1/4 inch). 
Rough-finished: Having a surface in which the variations 

from the pitch line do not exceed 13mm (L inch). 

Scabbled: Having a surface in which the variations from 
the pitch line do not exceed 19mm (3/4 inch). 

Rock-faced : Having an irregular projecting face without 
indications of tool marks. The projections beyond the pitch line 
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shall not exceed 80mm (3 inches),and no part of the face shall 
recede back of the pitch line. 

506.05 DRESSING STONE 

Stones shall be dressed to exact sizes and shapes before 
being laidland shall be cut to lie on their natural beds with 
top and bottom truly parallel. Hollow beds will not be permittvd. 
The bottom bed shall be full size of the stone and no stone 
shall have an overhanging top. In rock-face construction, the 
face side of any stone shall not present an undercut contour 
adjacent to its bottom arris giving a top-heavy, unstable 
appearance when laid. 

Beds of face stone shall be fine-finished for a depth of not 
less than 30cm (12 inches). 

Vertical joints of face. stone shall be fine-finished and 

full to the square for a depth of not less than 25cm (10 
inches). 

Exposed surfaces of the face stone shall be given the 

surface finish indicatedon the Plans, wfih edges pitched to true 
lines and exact batter. Chisel drafts 40mm (1- inches) wide 
shall be cut at all exterior corners. Face stone forming the 
starling or nosing of piers shall be rough-finishedunless other
wise specified. 

Holes for stone hooks shall not be permitted to show in 
exposed surfaces. 

506.06 	 STRETCHERS 

Stretchers shall have a width of bed of not less than 
I! times 2Jtheir thickness. They shall have a length of bed not less 

than twice nor more than 3 - limes their thickness, and not less 

than 90cm (36 in). 
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506.07 	 HEADERS 
Headers shall be placed in each course and shall have 

width of not less than I- times their thickness. In walls 
having a thickness of 1.2m (4 ft) or less, the headers shall 
extend entirely through the wall. In walls of greater thick
ness, the length of headers shall be not less than 2L times 
their thickness when the course, is 45cm (18 in) or less in 
height, and not less than 1.2m (4 ft) in courses of greater height.
Headers shall bond with the core or backing not les4 than 
30cm (12 in). Headers shall hold in the heart of the wall the 
same size shown in the face and shall be spaced not further 
apart than 2.5m (8 ft) center to center. There shall be at least 
one header to every two stretchers. 

506.08 CORES AND BACKING 
Cores and backing shall consist either of roughly bedded 

and jointed headers and stretchers, as specified above, or of 
Class B or C concrete, as may be specified. 

When stone is used for cores or backing, at least ILof the 
stone shall be of the same size and character as the face 
stone, and with parallel ends. No course shall be less than 
20cm (8 in) thick. 

Concrete used for cores and backing shall conform to the 
requirements specified in Section 502.04. 

The headers and stretchers in walls having a thickness of
0.9m (3 ft) or less shall have a width or length equal to the 
full thickness of the wall. No backing will be allowed. 

506.09 	 MIXING MORTAR 
The mortar shall be hand-or machine-mixed, as may be 

required by the Engineer. In the preparation of hand-mixed 
mortar, the sand and cement shall be thoroughly mixed together 
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in a clean, tight mortar box until the mixture is of uniformcolor, after which clean water shall be added in such quantityas to form a stiff plastic mass. Machine-mixed mortar shall beprepared in an approved mixer and shall be mixed not less
than IIf minutes. Mortar shall be used within 45 minutes after
mixing. Retempering of mortar will not be permitted. 

506.10 LAYING STONE 

(1) FACE STONE 
Stone shall not be dropped upon, or slid over the wall;nor will hammering, rolling or turning of stones on the
wall be al!owed. They shall be carefully set withoutjarring the stone already laid, and they shall be handledwith a lewis or other appliance which will not cause 
disfigurement. 
Each stone shall be cleaned and thoroughly saturated with 
water before being setand ihe bed which is to receive itshall be cleaned and well-moistened. All stones shall beweli.*bedded in freshly made mortar and settled in placewith a suitable wooden maul before the setting of themortar. Whenever possible, the face joints shall be properly
pointed before the mortar sets. Joints which cannot be sopointed shall be prepared for pointing by raking them outto a depth of 2 inches before the mortar has set. The face
surfaces of stones shall not be smeared with the mortar
forced out of the joints or that used in pointing. No pir.ning up of stones with spalls will be permitted and no
spalls will be permitted in beds. 
Joints and beds shall be not less than J0mm (3/8 inch) nor more than 13mm (1/2 inch) in thicknes ,and the thickness 
of the joint or bed shall be uniform throughout.
 
The stones in any one course shall be placed so as 
to form 
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bonds of not less than 30cm (12 in.) with the stones of adjoining 
courses. Headers shall be placed over stretchers and, in 
general, the headers of each course shall equally divide 
the spaces between the headers of adjoining courses; but 
no header shall be placed over a joint and no joint shall 
be made over a header. 

(2) STONE BACKING AND CORES 

Stone backing shall be laid in the some manner as specified
above for face stone, with headers interlocking with face 
headers when the thickness of the wall will permit. Backing 
shall be laid to break joints with the face stone. Stone 
cores shall be laid in full mortar beds so as to bond not 
less than 3 0cm (12 inches) with face and backing stone and 
with each other. Bed joints in cores and backing shall 
not exceed 25mm (I inch t and vertical joints shall not 
exceed 10cm (4 in.) in thickness. 

(3) CONCRETE CORES AND BACKING 

The operations involved in the handling and placing of 
concrete used in cores and backing shall conform to the 
requirements specified in Section 504. However, the 
puddling and compacting of concrete adjacent to the 
ashlar masonry facing shall be done in a manner that will 
insure the filling of all spaces around the stones and secure 
full contact and efficient bond with all stone surfaces. 

506.11 LEVELING COURSES 
Stone cores and backing shall be carried up to the 

approximate level of the face course before the succeeding 
course Is started. 

The construction joints produced in concrete cores or 
backing by the intermittent placing of concrete shall be located, 
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in general, not less than 15cm (6 in) below the top bed of any 
course of masonry. 

506.12 RESETTING 
In case any stone is moved or the joint broken, the stone 

shall be taken up, the mortar thoroughly cleaned from bed and 
joints, and the stone reset in fresh mortar. 

506.13 DOWELS AND CRAMPS 
Where required, coping stone, stone in the wings of abut

ments and stone in piers shall be secured with wrought-iron 
cramps or dowels as indicated on the Plans. 

Dowel holes shall be drilled through each stone before 
the stone is placed and, after it is in place, such dowel holes
shall be extended by drilling into the underlying course not 
less than 15cm (6 in). 

Cramps shall be of the shapes and dimensions shown on 
the Plans or approved by the Engineer. They shall be inset in
the stone so as to be flush with the surfaces. 

Cramps and dowels shall be set in lead, care being taken 
to completely fill the surrounding spaces with the molten metal. 

506.14 COPINGS 
Stones for copings of wall, pier and abutment-bridge seats

shall be carefully selected and fully-dimensioned stones. On 
piers, not more than two stones shall be used to make up the 
entire width of coping. The copings of abutment- bridge seats 
shall be of sufficient width to extend at least 10cm (4 in)
under the backwall. Each step forming the coping of a wing.
wall shall be formed by a single stone which shall overlap
the stone forming the step immediately below it at least 30cm 
(12 in). 



352 	 506.14 

Tops of copings shall be given a bevel cut at least 5cm 
(2' in)wide, and beds, bevel cuts and tops shall be fine-finished. 
The vertical joints shall be smooth-finished and the copings 
shall be laid with joints not more than 0.6cm (L in) in thickness. 
'The undersides of projecting copings, preferably, shall have 
a drip bead. 

Joints in copings shall be located so as to provide not less 
than a 30cm12 in) bond with the stones of the undercourse, 
and so that no joint will come directly under the superstructure 
masonry plates. 

506.15 	 ARCHES 

The number of courses and the depth of voussoirs shall be 
as shown on the Plans.Voussoirs shall be placed in the order 
indicated, shall be full size throughout, dressed true to template 
and shall have bond not less than the thickness of the stone. 
Beds and joints shall be fine-finished, and mortar joints shall 
not exceed 2cm (3/4 in) in thickness. Exposed surfaces of the 
intrados and arch ring shall be given the surface finish indicated 
on te Plans. 

Backing may consist of Class Bconcrete or of large stones 
shaped to fit the arch, bonded to the spandrels and laid in 
fIll beds of mortar. The extrados and interior faces of the 
spandrel walls shall be given a finishing coat of I : 21- cement 
mortar which shall be trowelled smooth to receive the 
waterproofing. 

Arch centering, waterproofing, drainage and filling shall 
be as specified for concrete arches. 

506.16 POINTING 
Joints not pointed at the time the stone is laid shall be thor

oughly wet with clean water and filled with mortar. The mortar 
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shall be well driven into the joints and finished with an approved
pointing tool. The wall shall be kept wet while pointing is being
done, and in hot or dry weather the pointed masonry shall be 
protected from the sun and kept wet for a period of at least
three days after completion. 

After the pointing is completed and the mortar set, the 
wall shall be thoroughly cleaned and left in a neat and 
workmanlike condition. 

506.17 METHOD OF MEASUREMENT 
The quantity ot stone masonry to be measured for 

payment under this item shall be the number of cubic meters 
measured in the completed work,, and the limiting dimensions 
shall not exceed those shown on the IPlans or fixed by the 
Engineer. 

506.18 BASIS OF PAYMENT 
The cubic meters of stone masonry, determined as provided 

above, will be paid for at the contract unit-price per cubic 
meter. The contract price shall include all labor, tools, materials 
and other items incidental to the satisfactory completion of the 
work. Concrete filling material for the interior of the structural 
unit will be paid for as indicated on the Plans or Soecial 
Provisions. 
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SECTION 507 MORTAR RUBBLE MASONRY 

507.01 DESCRIPTION 
Mortar rubble masonry, as here specified, shall include 

flie classes commonly known as coursed, random and random 
range worktand shall consist of roughly squared and dressed 
stone laid in cement mortar. 

507.02 MATERIALS 

(I) RUBBLE STONE 

Stone shall be of approved quality, sound and durable, and 
free from segregations, seams, cracks and other structural 
defects or imperfections tending to destroy its resistance 
to the weather. It shall be free from rounded, worn or 
weathered surfaces. Weathered shall bestone rejected. 
The stone shall be kept free from dirt, oil or any other 
injurious material which may prevent the proper adhesion 
of the mortar. 

(2) MORTAR 

The mortar used shall conform, as regards materials, 
proportions and mixingto the mortar specified in Section 
504.02 (2). 

507.03 SIZE 
Individual stones shall have a thickness of not less 

than 20cm (8 inches) and a width of not less than IL times 
the thickness. No stones, except headers, shall have a length less 
than IL times their width. Stone! shall decrease in thickness 
from bottom to top of wall. 
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507.04 HEADERS 

Headers shall hold in the heart of the wall the same size 
shown in the face, and shall extend not less than 30cm (12 in.) 
into the core or backing. They shall occupy not less than 1/5 
of the face area of the wall and shall be evenly distributed. 
Headers in walls 0.6m (2 fl) or less in thickness shall extend 
entirely through the wall. 

507.05 SHAPING STONE 

The stones shall be roughly squared on joints, beds and 
faces. Selected stone, roughly squared and pitched to line, 
shall be used at all angles and ends of walls. If specified, all 
corners or angles in exterior surfaces shall be finished with a 
chisel draft. 

All shaping or dressing of stone shall be done before the 
stone is laid in the wall, and no dressing or hammering which 
will loosen the stone will be permitted after it is placed. 

507.06 LAYING STONE 

The masonry shall be laid to line and in courses roughly 
leveled up. The bottom or foundation courses shall be composed 
of large, selected stones and all courses shall be laid with 
bearing beds parallel to the natural bed of the materil. 

Stone shall be cleaned and thoroughly saturated with 'vater 
before being se and the bed which is to receive it shall be 
clean and moist. All stone shall be bedded in freshly made 
mortar. The mortar joints shall be full and the stones carefully 
settled in place before the mortar has set. No spoils will be 
permitted in the beds. Joints and beds shall have an average 
thickness of not more than 2.5cm (I inch). 
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Whenever possible, the face joints shall be properly 
pointed* before the mortar becomes set. Joints which cannot 
be so pointed shall bi prepared for pointing by raking them 
out to a depth of 5cm (2 inches) before tho mortar has set. 

The face surfaces of stones shall not be smeared with the 

mortar forced out of the joints or that used in pointing. 

The vertical joints in each course shall break with those 
in adjoining courses at least 15cm (6 inches). In no case shall 

a vertical joint be so located as to occur directly above or 
below a header. 

In case any stone is moved or the joint broken, the stone 

shall be taken up, the mortar thoroughly cleaned from bed 

and joints, and the stone reset in fresh mortar. 

507.07 COPINGS, BRIDGE SEATS, AND BACKWALLS 

Copings, bridge seats and backwalls shall be of the 

materials shownon the Plans,and when not otherwise specified 

shall be of Class A concrete which shall conform to the 

requirements of Section 504. 

Concrete copings shall be made in sections extending the 
full width of the wall, not less than 30cm (12 inches) in thick

ness, and from 1.5 ta 3 meters (5 to 10 feet) long. 

507.08 VACANT 

507.09 POINTING 

Joints not pointed at the time the stone is laid shall be 

thoroughly wet with clean water and filled with mortar. The 
mortar shall be well driven into the joints and finished with an 

approved pointing tool. The wall shall be kept wet while pointing 

isbeing done, and in hot or dry weather the pointed masonry 
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shall be proteclee from the sun and kept wet for a period of 
ot 	 least three days after completion. 

After the pointing is completed and the mortar set, the wall 
shall be thoroughly cleaned and left in a neat and workmanlike 
condition. 

507.10 	 METHOD OF MEASUREMENT
 
The quantity of stone masonry to measured
be for 

payment under this item shall be the number of cubic meters 
measured in the completed work. and the limiting dimensions
shall not exceed those shown ,on the Plans or f;ed by the 
Engineer. 

507.11 BASIS OF PAYMENT 
The cubic meters of stone masonry, determined as provided

above, will be paid for at the contract unit.price per cubic 
meter. The contract price shall include all labor, tools,
materials and itemsother incidental to the satisfactory
completion of the work. 

Concrete used in connection with rubble masonry will be
paid for as in the case of other concrete construction. 
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SECTION 508 DRY RUBBLE MASONRY 

508.01 DESCRIPTION 

Dry rubble masonry as here specified shall nclude the 
classes commonly known as coursed, random and random range 
work and shall consist of roughly squared and dressed stone 
laid without mortar. 

508.02 MATERIALS 

Stone shall be of approved quality, sound and durable, 
and free from segregations, seams, cracks and other structural 
defects or imperfections tending to destroy its resistance to the 
weather. It shall be free from rounded, worn or weathered 
surfaces. All weathered stone shall be rejected. 

508.03 SIZE OF STONE 

The stones shall conform in size to the requirements 
specified in Section 507. 

508.04 HEADERS 

Headers shall conform to the requirements specified in 
Section 507. 

508.05 SHAPING STONE 

The stone shall be roughly squared on joints, beds and 
faces. Selected stone, roughly squared and pitched to line, 
shall be used at all angles and ends of walls. 

508.06 LAYING STONE 

The masonry shall be laid to line and in courses roughty 
leveled up. The bottom or foundation courses shall be composed 

of large, selected stones, and all courses sholl be laid with 
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bearing beds parallel to the natural bed of the material. Face 
joints shall not exceed 25mm (I inch) in width. 

In laying dry rubble masonry, care shall be taken that 
each stone takes a firm bearing at not less than three separate 
points upon the underlying course. Open joints, both front and 
rear, shall be "chinked" with spoils fitted to take firm bearing 
upon their top and bottom surfaces, for the purpose of securing 
firm bearing throughout the length of the stone. 

When required by the terms of the contract, the open 
joints on the rear surfaces of abutments or retaining walls shall 
be "slushed" thoroughly with mortar to prevent seepage of 
water through the joints. 

508.07 	 COPINGS, BRIDGE SEATS AND BACKWALLS 
Copings, bridge seats and backwalls, when used in 

connection with dry rubble masonry, shall conform to the 
requirements specified in Section 507. 

508.08 METHOD OF MEASUREMENT 

The quantity of stone masonry to be measured for payment 
under this item shall be the number of cubic meters measured 
in the completed work, and the limiting di(nensions shall not 
exceed those shown on the Plans or fixed by the Engineer. 

508.09 	 BASIS OF PAYMENT 
The cubic meters of stone masonry, determined as provided 

above, will be paid for at the contract unit-price per cubic 
meter. The contruct price shall include all labor, tools, materials 
and other items incidental to the satisfactory completion of 
the work. 
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SECTION 509 BRICK MASONRY 

509.01 DESCRIPTION 
Brick masonry shall consis# of brick laid in cement mortcar
 

and shall include such construction with building brick as may
 
be specified. Brick pavements are not included under this
 
designation. 

509.02 MATERIALS 

(I) 	 BRICK
 
The brick shall have a fine-grained, uniform and dense
 
structure, free from lumps of lime, laminations, cracks, 
checks, soluble sails or other defects which may in any 
way impair their strength, durability, appearance or useful. 
ness for the purpose intended. Bricks shall emit a clear,, 
metallic ring when struck with a hammer. 

(2) 	 MORTAR 
The mortar used shall be composed of one part Portland 
cement and three parts sand. Sand shall conform to 
requirements of Section 504.02 (3). 

509.03 	 CONSTRUCTION 
The brick shall be laid in such manner as will thoroughly 

bond them into the mortar by means of the "shove-joint" 
melhod; " buttered" or plastered joints will not be permitted. 
All brick must be thoroughly saturated with water before being 
laid. The arrangement of headers and stretchers shall be such as 
will thoroughly bond the mass, and, unless otherwise specified, 
brick work shall be of alternate headers dnd stretchers with 
consecutive courses breaking joints. Other types of bonding, 
as for ornamental work, shall be as specified on the Plans. 

All joints shall be completely filled with mortar. They shall be 
not less than 6mm (I. inch) and not more than 12mm ( inch) in 
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thickness, and the thickness shall be uniform throughout. All 
joints shall be finished properly as the work progresse and on 
exposed faces they shall be neatly struck, using the "weather" 
'joint. 

509.04 	 COPINGS, BRIDGE SEATS AND BACKWALLS 
The tops of retaining walls, abutment wing.walls and 

!similarly exposed brick work shall be provided, in general,
with either a stone or concrete coping. The underside of the 
1coping shall have a batter or drip bead at least 2.5cm (I inch)
beyond the face of the brick work wall. The coping upon an
abutment backwall will commonly have no projection beyond its 
,bridge seat face. When concrete isusedsit shall be of Class A 
quality. For thin copings, mortar of the same proportions as 
!used for laying the brick may be used to produce precast sections 
not less than I meter (3 feet) nor more than 1.5 meter (5 feet)
in length. No coping shall be less than 10cm (4 inches) thick. 

Copings of piers and abutment-bridge seats shall be of Ashlar
stonework or of Class A concrete and shall conform to the 

requirements for "Concrete Masonry" or -as the Plan may
indicate. When not shown upon the Plans, concrete shall be used. 

509.05 	 METHOD OF MEASUREMENT 
The quantity of brick work to be measured for payment 

under this section shall be the number of cubic meters of brick masonry actually placed in the structure in accordance with the 
Plans or as modified by the Engineer. 

509.06 BASIS OF PAYMENT 
The cubic. meters of hrick masonry, determined as provided

above, will be paid for at the contract unit price per cubic meter. 
The contract price shall include all labor, tools, materials and 
other items ii.cidental to the satisfactory conlpletion of the work. 
Filling material for the interior of the wall, when not of brick,
will be paid for as indicated on the Plans or Special Provisions. 
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STEEL STRUCTURES FABRICATIONSECrION 510 

510.01 TYPE OF FABRICATION 

These Specifications apply to riveted, boiled and welded 

construction. 

510.02 QUALITY OF WORKMANSHIP 

Workmanship and finish shall be equal to the best general 

practice in modern bridge shops. 

510.03 MATERIALS 

(I) 	 STRUCTURAL STEEL 

(a) 	 GENERAL 

shall be furnished according to the followingSteel 
Specifications. Unless otherwise specified, structural 

carbon steel and structural rivet steel shall be furnished. 

(b) 	 STRUCTURAL STEEL 

(1) 	 CARBON STEEL 

Unless otherwise specified, structural carbon steel 

for riveted, bolted or welded construction shall con
form to: Structural Steel, AASHO M183 (ASTM A36). 

(2) 	 EYEBARS 

Steel for eyebars shall be of a weldable grade. 

These grades include structural steel conforming to: 

Structural Steel, AASHO M 183 (ASTM A 36). 

High Strength Low-Alloy Structural Steel, of a 

weldable quality, AASHO M 161 (ASTM A 242). 

High Strength Low-Alloy Structural Manganese 

Vanadium Steel, AASHO M 188 (ASTM A 441). 
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High Strength Low-Alloy Structural Steel with 35 
kg/sq mm (50,000 psi) Minimum Yield Point to 
10.16cm (4 in.) thick, AASHO M 222, (ASTM A 58a) 
with Supplementary Requirement "SI of AASHO 
M 222 mandatory). 

(c) HIGH STRENGTH LOW-ALLOY STRUCTURAL STEEL 

High Strength Low-Alloy structural steel shall conform to 

High Strength Low-Alloy Structural Steel, AASHO 
M 161 (ASTM A 242). 

High Strength Structural Steel, AASHO 
M 187 (ASTM A 440). 

High Strength Low-Alloy Structural Manganese 
Vanadium Steel, AASHO M 188 (ASTM A 441). 

High Strength Low-Alloy Columbium-Vanadium Steels 
of Structural Quality, AASHO M 223 (ASTM A 572). 
High Strength Low-Alloy Structural Steel with 35 kg/ 
sq mm (50,000 psi) Minimum Yield Point to 10.16cm 
(4 in.) Thick, AASHO M 222 (ASTM A 588). 

(d) HIGH STRENGTH LOW-ALLOY STRUCTURAL STEEL FOR WELDING 

High Strength Low-Alloy structural steel for welding
 
shall conform to :
 

High Strength Low - Alloy Structural Manganese
 
Vanadium Steel, ASH"O M 188(AS'rM A 4)
 

High Strength Low-Alloy Structural Steel, AASHO M161
 

(ASTM A 242) of a weldable quality.
 

High Strength Low-Alloy Columbium-Vanadium Steels
 

of Structural Quality, Grades 42, 45 and 50, AASHO
 
M 223 (ASTM A 572 with Supplementary Requirement S2
 

1of AASHO M 223 mandatory)
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High Strength Low-Alloy Structural Steel with 35 kg/ sq 

mm (50,000 psi) Minimum Yield Point to 10.16cm (4 in.) 

thick, AASHO M 222 (ASTM A 588 with Supplementary 
Requirement S 1 of AASHO M 223 mandatory). 

,e) 	 HIGH STRENGTH STRUCTURAL STEEL FOR RIVETED OR 

BOLTED CONSTRUCTION 

High strength structural steel for riveted or bolted 
construction shall conform to : 
High ,5 trength Structural Steel, AASHO M 187 (ASTM 

A 440).
 
High Strength Low-Alloy Structural Steel, AASHO M 161
 

(ASTM A 242). 
High Strength Low-Alloy Columbium-Vanadium Steels 
of Structural Quality, AASHO M 223 (ASTM A 572). 

High Strength Low-Alloy Structural Steel with 35 kg/sq 
mm 	(50,000 psi) Minimum Yield Point to 10.16cm (4 in.) 

thick, AASHO M 222 (ASTM A 588).
 
High Strength Low-Alloy Structural Munganese
 
Vanadium Steel, AASHO M 188 (, STM A 441).
 

(f) 	HIGH YIELD-STRENGTH, QUENCHED AND TEMPERED ALLOY 
STEEL PLATE 
High Yield-Strength, quenched and tempered alloy 
steel plate shall conform to 

High Yield-Strength, Quenched and Tempered Alloy 
Steel Plate, suitable for welding, ASTM A 514. 

High Strength Alloy Steel Plates, Quenched and 
Tempered for Pressure Vessels, ASTM A 517. 

Quenzhed and tempered alloy steel structural shapes 
and seamless mechanical tubing, meeting all of the 
mechanical and chemical requirements of A 514/A 517 

steel, except that the specified maximum tensile strength 
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may be 98 kg/sq mm (140,000 psi) for structural 
shapes and 102 kg/sq mm (145,000 psi) for seamless 
mechanical tubing, shall be considered as A 514/A 517 
steel. 

(g) 	 STRUCTURAL RIVET STEEL
 
Structural rivet steel 
 shall conform to: 
Steel Structural Rivetj AASHO M 228, Grade I (ASTM 

A 502, qrade 1). 

(h) 	 HIGH STRENG1H STRUCTURAL RIVET STEEL 
High strength structural rivet steel shall conform to: 
Steel Structural Rivets, AASHO M 228, Grade 2 (ASTM
A 502, grade 2). 

(I) 	 HIGH STRENGTH BOLTS
 
Bolts, nuts and circular washers shall conform to:
 
High Strength Bolts for Structural Steel Joints, including
Suitable Nuts and Plain Hardened Washers, AASHO 

M 164 (ASTM A 325). Bolts manufactured to AASHO 
M 164 requirements are identified by marking on the 
top of the head with three radial lines and the symbol
A 325, and nuts are marked on one face with three 
similar circumferential markings, 120 degrees apart, 
or alternatively, with C, 2, D, 2H or DH. Bolt and nut 
dimensions shall conform to the dimensions shown in 
Table 510.03A, and to the requirements for Heavy
Hexagon Structural Bolts and for Heavy Semi-Finished 
Hexagon Nuts given in ANSI Standard B18.2.1 and 
B18.2.2, except as allowed in the following paragraph. 
Subject to the approval of the Engineer, high strengtli
steel lock-pin and collar fasteners may be used as 
an alternate for high strength bolts or rivets as shown 
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on the Plans. The shank and head of the high strength, 
steel lock-pin and collar fasteners shall meet the 
chemical composition and mechanical property require
ments of AASHO M 164 (ASTM A 325). Each fastener 
shall provide a solid shank body of sufficient diameter 
to provide tensile and shear strength equivalent to or 
greater than the bolt or rivet specified, shall have a 
cold forged head on one end, of type and dimen
sions as approved by the Engineer, a shank length 
suitable for material thickness fastened, locking grooves, 
breakneck groove and pull grooves (all annular 
grooves) on the opposite end. Each fastener shall 
provide a steel locking collar of proper size for shank 
diameter used which, by means of suitable installation 
tools, is cold swaged into the locking grooves forming 
a head for the grooved end of the fastener after the 
pull groove section has been removed. The steel 
locking collar shall be a standard product of an 
established manufacturer of lock-pin and collar 
fasteners, as approved by the Engineer. 
Circular washers shall be flat and smooth, and their 
nominal dimensions shall conform to the dimensions 
given in Table 510.03B, except that for lock-pin and 
collar fasteners, flat washers need not be used. 
Beveled washers for American Standard beams and 
channels shall be square or rectangular, shall taper 
in thickness, and shall conform to the dimensions given 
in Table 510.03B. 
Where necessary, washers may be clipped on one 
side to a point not closer than 7/8 of the bolt diameter 
from the center of the washer. 



TABLE 510.03A 

NOMINAL BOLT DIMENSIONS NUT DIMENSIONS 

HEAVY HEXAGON STRUCTURAL BOLTS HEAVY SEMI-FINISHED HEXAGON NUTS 
WIDTH ACROSS FLATS HEIGHTTHREADLENGTH WIDTH ACROSS FLATS HEIGHT 

MM INCH MM INCH MM INCH MM INCH MM INCH MM INCH 

12.7 1/2 22.2 7/s 7.9 5/16 25.4 I 22.2 7/g 12.3 /6, 

15.9 5/s 27.0 11/16 9.9 25/64 31.8 11/4 27.0 It/ o 15.5 39/6 4 

19.1 3/4 31.8 I '/4 1".915/32 34.9 I3/s 31.8 11/4 18.7 47/64 

22.2 7/g 36.5 17/1 6 13.9 35/64 38.I 11/2 36.5 17/16 21.8 55/64 

25.4 I 41.3 IS/g 15.5 39/e 44.5 I /4 41.3 I /g 25.0 63/64 

28.6 I1/9 46.0 I13/,6 17.5 A1/1650.8 2 46.0 113/16 28.2 I-/64 

31.8 11/4 50.8 2 19.8 25/32 50.8 2 50.8 2 31.0 1 /32 

34.9 I3/ 55.6 23/t6 21.4 !j'32 57.2 2f/4 55.6 2s/16 34.1 11/32 

38.1 1'/2 60.3 23/a 23.8 '5116 57.2 2'/4 60.3 23/a 37.3 I'5/32 



TABLE 510.03B
WASHER DIMENSIONS 

CIRCULAR WASHERS SQUARE OR RECTANGULAR BEVELED WASHERS 
FOR AMERICAN STANDARD BEAMS AND CHANNELSONOMINAL NOMINAL THICKNESS MINIMUM MEANBOLT SIZE OUTSIDE DIAMETER SIDE


"D DIAMETER a OF HOLE MINIMUM MAXIMUM DIMENSION THICKNESS TAPER
 

MM INCH I MM INCH MM MMINCH INCH MM INCH MM INCH MM 
1/7 27.0 '/4 1.8 I 

INCH2.6 / .09159 /4 353.3I/ 6.7 2, 3.1 .122 57.2 I/44.54.5 177177 44.5 13/4 7.97.9 S/il1,6 1:61:6191 814 37.3 1lS: 20.6 13/, 6 3-.1 122 45 1 7 4 . 34 795 : 

22.2 7/8 44. /23.8.. 15/ 6 3.5 .136 4. 17 44.5 1314 7.9 5/46 1:62.I 508 2 27.0 1'/,,3 3-.5 .136 -4.5 1-77 44.5 1314 7.9 5/16 I1:628-.6 -P/ 5-7.2 21/4 31.8 11/4 _3 5 .136 45 .177 57.2 21/4 7.9 16'/s
31.8 I/4 63.5 2/2 34.9 1/8 3.5 .136 4.5 .177 .57.2 214 7.9 Via 1:634.9 13/I 69.9 2314 38.1 I1/ 2 3.5 .136 4.5 .177 57.2 2/4 7.9
38.1 1 /2 76.2 3 41.3 I5/8 3.5 .136 4.5 .177 57.2 21/4 7.9 /16 

116 
1:644.5 I/4 85.7 33/, 47.6 I1/ 4.5 l.178 .1.280 - . .. 

50.8 2 95.3 33/4 54.0 21/s 4.5 .178 7.1 .280 50.8over2 2"D-mT ,.1.,O,,Sm .4 8.63.340
to

SO8o er 2 -ID- 12.7mm "D .+3.2 'D .+ I/ 6.1j .240 
101.61ncL4 2 "- 12 

...... MAY BE EXCEEDED 
...... 4.8 MM (3/,, INCH) NOMINAL.0 
...... 6.4 MM ( 1/4 . INCH) NOMINAL. 

C, 

. BY 6.4 MM (4/i INCH). 



(j) 	 COPPER BEARING STEELS 

When copper bearing steel is specified, the steel shall 

contain not less than 0.2 per cent of copper. 

(k) 	 WELDED STUD SHEAR CONNECTORS 

(I) 	 Shear connector studs shall conform to the 

requirements of Cold Finished-Carbon Steel Bars 
and Shafting, AASHO M 169 (ASTM A 108), cold

drawn bars, grades 1015, 1018, or 1020, either 

semi-or fully-killed. If-flux retaining caps are used, 

the 	steel for the caps shall be of a low carbon 

grade suitable for welding and shall comply with 

Cold-Rolled Carbon Steel Strip, ASTM A 109. 

(2) 	 Tensile properties as determined by tests of bar 

stock after drawing or of finished studr shall 
conform to the following requirements: 

Tensile Strength (min) 42 kg/sq mm (60,000 psi': 

Yield Strength (min) (as determined by a 0.2% 

offset method.) 35 kg/sq mm (50,000 psi) Elongation 

(min) 20% in 5cm (2 inches); reduction of area 
(min) 50%. 

(3) 	 Tensile properties shall be determined in accord

ance with the applicable sections of ASTM A 370, 

Mechanical Testing of Steel Products. Tensile tests 

of finshed studs shall be made on studs welded 

to test plates using a test fixture similar to that 

shown in Figure 510.23B. If fracture occurs outside 

of the middle half of the gage length, the test 

shall be repeated. 

(4) 	 Finished studs shall be of uniform quality and 
seams,condition, free from injurious laps, fins, 

cracks, twists, bends or other injurious defects. 
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Finish shall be as produced by culd drawing, cold 
rolling or machining. 

(5) 	 The manufacturer shall certify that the studs as 
delivered are in accordance with the material 
requirements of thirSection.Certified copies of in
plant quality control test reports shall be furnished 
to the Engineer upon request. 

(6) 	 The Engineer may select, at the Contractor's 
expense, studs of each type and size used under 
the contract, as necessary for checking the 
requirements of this Section. 

(I) 	 UNFILLED TUBULAR STEEL PILES 

Unfilled Tubular Steel Piles shall conform to the 
requirements of Welded and Seamless Steel Pipe 

Piles. ASTM Desianation A 252, Grade 2, w'ith 
Chemical Requirements meeting ASTM Designation 

A 53, Grade B. 

(2) 	 STEEL FORGINGS AND STEEL SHAFTING 

(a) 	 CARBON STEEL FORGINGS 

Steel forgings shall conform to the Specifications for 
Carbon Steel Forgings for General Industrial Use, 
AASHO M 102 (ASTM 235). Class C I forgings shall be 
furnished unless otherwise specified. 

(b) 	 COLD FINISHED CARBON STEEL SHAFING 

Cold finished carbon steel shafting shall conform to 
the Specifications for Cold Finished Carbon Steel Bars
and Shafting, AASHO M 169 (ASTM A 108). Grade 
Designation 1016-1030, Inclusive, shall be furnished 
unless otherwise specified. 
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(c) ALLOY STEEL FORGINGS 

Alloy steel forgings shall conform to the Specifications 
for Alloy Steel Forgings for General Industrial Use, 

ASTM A 237. Class A forging shall be furnished unless 
otherwise specified. 

) STEEL CASTINGS 

(a) STEEL CASTINGS FOR HIGHWAY BRIDGES 

Steel castings for use in highway bridge components 
shall conform to Standard Specification for Steel Cast
ings for Highway Bridges, AASHO M 192 (ASTM 486), 
or Mild-to-Medium-Strength Carbon-Steel Castings for 
General Applications AASHO M 103 (ASTM A 27). The 

Class 70 or Grade 70-36 of steel, respectively, shall be 
used unless otherwise specified. 

(b) CHROMIUM ALLOY-STEEL CASTINGS 

Chromium alloy steel castings shall conform to the 
Specification for Corrosion-Resistant Iron.Chromium 
and Iron-Chromium-Nickel Alloy Castings for General 
Application, AASHO M 163 (ASTM A 296). Grade CA 
15 shall be furnished unless otherwise specified. 

(4) IRON CASTINGS 

(a) GENERAL 
Iron castings shall be gray iron castings conforming to 
the Specification for Gray Iron Castings, AASHO M 105, 
Class No. 30,unless otherwise specified. 

(b) WORKMANSHIP AND FINISH 

Iron castings shall be true to pattern in form and 
dimensions, free from pouring faults, sponginess, 
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holes and other defects in positionscracks, blow 
for 	 the serviceaffecting their strength and value 


intended.
 

Castings shall be boldly filleted at angles and the 

arrises shall be sharp and perfect. 

(c) 	 CLEANING 

All 	castings must be sandblasted or otherwise effec
present atively cleaned 	of scale and sand so as to 

and uniform surface.smooth, clean 

5) DUCTILE IRON CASTINGS 

(a) 	 GENERAL 

Ductile iron castings shall conform 	to the Specifications 

for Ductile Iron Castings, ASTM A 536, Grade 60-40-18, 

unless otherwise specified. In addition to the specified 

test coupons, test specimens from parts integral with 

as risers, shall be tested for castingsthe castings, such 
weighing more than 450 kilograms (100 pounds), to 

obtained in thedetermine that the required quality is 

finished condition.
castings in the 

(b) 	 WORKMANSHIP AND FINISH 
to pattern in form andIron castings shall be true 

dimensions, free from pouring faults, sponginess, cracks, 

blow holes and other defects, in positions affecting 

for 	 the service intended.their strength and value 
shall be boldly filleted at angles and theCastings 

and perfect.arrises shall be sharp 

(c) 	CLEANING 
All castings must be sandblasted or otherwise effuctively 
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cleaned of scale and sand so as to present a smooth, 
clean and uniform surface. 

(6) MALLEABLE CASTINGS 

(a) GENERAL 

Malleable castings shall conform to the Specification 
for Malleable Iron Castings, AASHO M 106 (ASTM 
A 47) ; Grade No. 35018 shall be furnished unless 

otherwise specified. 

(b) WORKMANSHIP AND FINISH 

Malleable castings shall be true to pattern ii form and 

dimensions, free from pouring faults, sponginess, cracks, 
blow holes and other defects in positions affecting 
their strength and value for the service intended. 

The castings shall be boldly filleted at angles and 
the arrises shall be sharp and perfect. The surfaces 
shall have a workmanlike finish. 

(C) CLEANING 

All castings must be sandblasted or otherwise effectively 

cleaned of scale and sand so as to present a smooth, 
clean and uniform surface. 

(7) BRONZE CASTINGS AND COPPER-ALLOY PLATES 

(a) BRONZE CASTINGS 

Bronze castings shall conform to Standard Specifications 
for Bronze Castings for Bridges and Turntables, AASHO 
M 107 (ASTM B 22),Alloys A or B. 

(b) COPPER-ALLOY PLATES 

Copper- alloy plates shall conform to Standard 
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Specifications for Rolled Copper-Alloy Bearing and 
Expansion Plates and Sheets for Bridge and other 
Structural Uses, AASHO M 108 (ASTM B 100). 

(8) 	 SHEET LEAD 

Sheet lead shall conform to the requirements for Common 
Desilverized Lead of the Specification for Pig Lead, AASHO 
M 112 (ASTM B 29). 

(9) 	SHEET ZINC 

Sheet zinc shall conform to the requirements for Type II 
of the Specifications for Rolled Zinc, AASHO M 113 
(ASTM B 69). 

(10) 	 GALVANIZING 

When galvanizing is shown on the Plans or specified in the 
Special Provisionsferrous metal products shall be galva
nized in accordance with the Specifications for Zinc (Hot-
Galvanized) Coatings on Products Fabricated from Rolled, 
Pressed and Forged Steel Shapes, Plates, Bars and Strip, 
AASHO M III (ASTM A 123). 

(II) 	 CANVAS AND RED LEAD FOR BEDDING MASONRY PLATES AND 
EQUIVALENT BEARING AREAS 

The canvas shall conform to the Standard Specifications 
for Numbered Cotton Duck and Army Duck, AASHO M 166 
(ASTM D 230), and to the weight specified. The red lead 
paint shall conform to theSpecifications forpaint for metals, 
Article 514.02 

(12) 	PREFORMED FABRIC PADS 

The preformed fabric pads shall be, composed of multiple 
layers of 270gms/ml (8-ounce) cotton duck impregnated and 
bound with high-quality natural rubber, or of equivalent 
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and equally suitable materials compressed into resilienti 
pads of uniform thickness. The number of plies shall be 
such as to produce the specified thickness, after compres
sion and vulcanizing. The finished pads shall withstand 
compression loads perpendicular to the plane of the 
laminations of not less than 700 kilograms per sq cm (10,000
pounds per square inch) without detrimental reduction in 
thickness or extrusion. 

510.04 STORAGE OF MATERIALS 

I) 	 GENERAL 
Structural material, either plain, or fabricated, shall be 
stored at the bridge shop above the ground upon platforms, 
skids or other supports. It shall be kept free from dirt, 
grease and other foreign matter, and shall be protected 
as fur as practicable from corrosion. 

1510.05 STRAIGHTENING MATERIAL AND CURVING 
ROLLED BEAMS AND WELDED GIRDERS 

(I) 	 STRAIGHTENING MATERIAL 

Rolled material, before being laid off or worked, must be 
straight. If straightening is necessary, it shall be done by 
methods that will not injure the metal. Heat straightening 
of ASTM A514/A517 steel shall be done only under rigidly 
controlled procedures, each application subject to the 
approval of the Engineer. In no case shall the maximum 
timperature of the steel exceed 610 0C(I 125 F). Sharp kinks 
and bends shall be cause for rejection of the material. 

[2) 	 CURVING ROLLED BEAMS AND WELDED GIRDERS 

(a) 	MATERIALS 
Steels that are manufactured to a yield point greater 
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than 35 kg/sq mm (50,000 psi) shall -not be heat! 
curved. 

(b) TYPE OF HEATING 

Beams and girders may be curved by either continuous 

or V-type heating as approved by the Engineer. For 

the continuous method, a strip along the edge of the 

top and bottom flange shall be heated simultaneously; 
the strip shall be of sufficient width and temperature 

to obtain the required curvature. For the V-type heat

ing, the top and bottom flanges shall be heated in 

truncated triangular or wedge-shaped areas having 

their base along the flange edge and spaced at regular 

intervals along each flange; the spacing and 

temperature shall be as required to obtain the required 
curvature, and heating shall progress along the top 

and bottom flange at approximately the same rate. 

For the V-type heating, the cpex of the truncated 
triangular area applied to the inside flange surface 
shall terminate just before the juncture of the web and 
the flange is reached.* When the radius of curvature 

is 300 meters (1,000 feet) or more, the apex of the 
truncated triangular heating pattern applied to the 

outside flange surface shall extend to the juncture of 

the flange and web. When the radius of curvature is 
less than 300 meters (1,000 feet), the apex of the 
truncated triangular heating pattern applied to the 
outside flange surface shall extend past the web for a 
distance equal to 1/8 of the flange or 7.6cm (3 inches), 

To avoid unnecessary web distortion, special care shall be taken when 
heating the Inside flange surfaces(the surfaces that intersect the web) 
so that heat is not applied directly to the web. 
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whichever is less. The truncated triangular pattern shall 
have an included angle of approximately 15 to 30 
degrees, but the base of the triangle shall not 
exceed 25cm (10 inches). Variations in the patterns 
prescribed above may be made with the approval of 
the Engineer. 
For both types of heating, the flange edges to be 
heated are those that will be on the inside of the 
horizontal curve after cooling. Heating both inside and 
outside flange surfaces is only mandatory when the 
flange thickness is 32rm (11- inches) or greater, in 
which case the two surfaces shall be heated concur. 
rently. The maximum temperature shall be as prescribed 
below. 

(c) 	TEMPERATURE 
The heat-curving operation shall be conducted in such 
a manner that the temperature of the steel does not 
exceed 6200'C (I 150F), as measured by temperature 
indicating craybns or other suitable means. The girder
shall not be artificially cooled until after naturally 
cooling to 3150 C (600 F); the method of artificial 
cooling is subject to the approval of the Engineer. 

(d) 	 POSITION FOR HEATING 

The girder may be heat-curved with the web in either 
a vertical or a horizontal position. When curved in the 
vertical position, the girder must be braced or supported 
in such a manner that the tendency of the girder to 
deflect laterally during the heat-curving process will 
not cause the girder to overturn. 
When curved in the horizontal position, the girder 
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its ends and at intermediate'must be supported near 
points, if required to obtain a uniform curvature ; thel 

bending stress in the flanges due to the dead weighti 

of the girder must not exceed the usual allowablel 

design stress. When the girder is positioned horizontally' 

for heating, intermediate safety catch blocks must be 

mid length of the girder within 5cmmaintainid at the 
(2 inches) of the flanges at all times during the 

heating process to guard against a sudden sag due to 

plastic flange buckling. 

(e) 	 SEQUENCE OF OPERATIONS 

The girder shall be heat-curved in the fabrication shop 

before it is pointed. The heat-curving operation may 

before or after all the requiredbe conducted either 
welding of transverse intermediate stiffeners is com

pleted. However, unless provisions are made for girder 

shrinkage, connection plates and bearing stiffeners shall 

be located and attached after heat-curving. If longi

tudinal stiffeners are required, they shall be heat-curved 

or oxygen-cut separately and then welded to the 

cover plates are to be attachedcurved girder. When 
to rolled beams, they may be attached before heat

covercurving if the total thickness of one flange and 

plate is less.thaht 6.4 cm (2L inches) and the. radius of 

curvature is greater than 300 meters (1,000 feet). For 

other rolled beams with cover plates, the beams must 
plates are attached ;be heat-curved before the cover 

cover plates must be either heat-curved or oxygen-cut 

separately and then welded to the curved beam. 

(f) 	 CAMBER 
Girders shall be cambered before heat-curving. Camber 

for rolled beams may be obtained by heat-cambering 
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methods approved by the Engineer. For plate girders, 
the web shall be cut to the prescribed camber with 
suitable allowance for shrinkage due to cutting, 
welding and heat curving.* However, subject to the 
approval of the Engineer, moderate deviations from 
specified camber may be corrected by a carefully 
supervised application of heat. 

(g) 	 MEASUREMENT OF CURVATURE AND CAMBER 
Horizontal curvature and vertical camber shall not be 
measured for final acceptance before all welding and 
heating operations are completed and the flanges have 
cooled to a uniform temperature. Horizontal curvature 
shall be checked with the girder in the vertical 
position by measuring offsets from a string line or wire 
attached to both flanges or by using other suitable 
means. Camber shall be checked by adequate means. 

1510.06 FINISH 
Portions of the work exposed to view shall be finished 

ineatly. Shearing, flame cutting and chipping shall be done 
carefully and accurately. 

510.07 RiVET AND BOLT HOLES 

(I) 	 HOLES FOR RIVETS, HIGH STRENGTH BOLTS AND 
UNFINISHED BOLTS* *
 

All holes for rivets or bolts shall be either punched or
 

The heat.curving process may tend to change the vertical camber 
present before heating. This effect shall be most pronounced when 
the top and bottom flanges are of unequal widths on a given 
transverse cross-sectlon. 

See Section 510.19 for bolts Included In designation "Unfinished Bolts". 
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drilled. Material forming parts of a member composed of 

not more than five thicknesses of metal may be punched 
1.6mm (1/16 inch) larger than the nominal diameter of the 

rivets or bolts whenever the thickness of the material is 

not greater than 19mm (3/4 inch) For structural steel, 16mm 

(5/8 inch) for high-strength steel or 12mm (1/2 inch) for 

quenched and tempered alloy steely unless subpunching 

and reaming are required under Section 510.10.. 

When there are more than five thicknesses, or when any 
of the main material is thicker than 20mm (3/4 inch) for 

structural steel, 16!-um (5/8 inch) for high-strength steel, 

or 12mm (1/2 inch) for quenched and tempered alloy 

steel, all holes shell either be subdrilled or drilled 
full -size. 

When required under Section 510.10, all holes shall be 
either subpunched or subdrilled (subdrilled if thickness 

limitation governs) 5mm (3/16 inch) smaller and, after
 

assembling, reamed 2mm (1/16 inch) larger or drilled full

size to 2mm (1/16 inch) larger than the nominal diameter of
 
the rivets or bolts.
 

When permitted by Article 1.7.5 in the Design Specifications,
 

enlarged or slotted holes are allowed with high strength
 

bolts.
 

(2) HOLES FOR RIBBED BOLTS: TURNED BOLTS OR OTHER APPROVED 

BEARING-TYPE BOLTS 

All holes for ribbed bolts, furned bolts or other approved 
bearing-type bolts shall be subpunched or subdrilled 5mm 
(3/16 inch) smaller than the nominal diameter of the bolt 

and reamed assembly, or to a steel template or, after 
assembling, drilled from the solid at. the option of the 
Contractor. In any case, the fiiished holes shall provide 
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a driving fit as specified on the Plans or in the Special 
Provisions. 

510.08 PUNCHED HOLES 

The diameter of the die shall not exceed the diameter of 

punch by more than 2mm (1/16 inch). If any holes must be 
enlarged to admit the rivets or bolts, such holes shall be reamed. 
Holes must be clean-cut, without torn or ragged edges. Poor 
matching of holes will be cause for rejection. 

510.09 REAMED OR DRILLED HOLES 

Reamed or drilled holes shall be cylindrical, perpendicular 
to the member, and shall comply with the requirements of 
Section 510.07 as to size. Where practicable, reamers shall be 
directed by mechanical means. Burrs on the outside surfaces shall 
be removed. Poor matching of holes will be cause for rejecion. 
Reaming and drilling shall be done with twist drills. If required 
by the Engineer, assembled parts shall be taken apart for 
removal of burrs caused by drilling. Connecting parts requiring 
reamed or drilled holes shall be assembled and securely held 
while being reamed or drilled, and shall be match-marked 
before disassembling. 

510.10 SUBPUNCHING AND REAMING OF FIELD 

CONNECTIONS 

Unless otherwise specified in the Special Provisions or on 

the Plans, holes in all field connections and field splices of 
main members of trusses, arches, continuous beam spans, bents, 
towers (each face), plate girders and rigid frames shall be 
subpunched (or subdrilled if subdrilling is required according 
to Section 510.07) and subsequently reamed while assembled or 
to a steel template, as required by Section 510.14. All holes for 
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floor-beam and stringer-field end connections shall be subpunch
ed and reamed to a steel template or reamed wvhile auem. 
bled. Reaming or drilling full-size of field connection holes 
through a steel template shall be done after the template has 
been l cated, with utmost care as to position and angle and 
firmly bolted in place. Templates used for reaming matching 
members or the opposite faces of a single member shall be 
exact duplicates. Templates used for connections on like parts 
or members shall be so accurately located that the parts or 
members are duplicates and require no match-marking. 

For any connection in lieu of subpunching and reaming 
or subdrilling and reaming, the fabricator may, at his option, 
drill holes full-size with all thicknesses of material assembled in 
proper position. 

If additional subpunching and reaming are required, they shol 
I be specified in the Special Provisions or on the Plans. 

510.11 ACCURACY OF PUNCHED AND DRILLED HOLES 

All holes punched full-size, subpunched or subdrilled shall 
be so accurately punched that after assembling (before any 
reaming is done) a cylindrical pin 3mm (1/8 inch) smaller in 
diameter than the nominal size of the punched hole may be 
entered perpendicular to the face of the member, without 
drifting, in at least 75 percent of the contiguous holes in the 
same plane. If the requirement is not fulfilled, the badly 
punched pieces will be rejected. If any hole will not pass a 
pin 5mm (3/16 inch) smaller in diameter than the nominal size 
of the punched hole, this will be cause for rejection. 

510.12 ACCURACY OF REAMED AND DRILLED HOLES 

When holes are reamed or drilled, 85 percent of theholes 
In any contiguous group shall, after reaming or drilling, show 
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no, offset greater thun Imm (1/32 inch) between adjacent 
thicknesses of metal. 

All steel templates shall have hardened steel bushings in 
holes accurately dimensioned from the center lines of the 
connection as inscribed on the template. The centerlines shall 
be used in locating accurately the template from the milled 
or scribed ends of the members. 

510.13 FITTING FOR RIVETING AND BOLTING 
Surfaces of metal in contact shall be cleaned before 

assembling. The parts of a member shall be assembled, well 
pinned and firmly drawn together with bolts before reaming or 
riveting is commenced. Assembled pieces shall be taken apar?
if necessary, for the removal of burrs and shavings produced
by the reaming operation. The member shall be free from twists, 
bends and other deformation. 

Preparatory to the shop-riveting of full.sized punched
material, the rivet holes, if necessary, shall be spear-reamed
for the admission of the rivets. The reamed holes shall not be 
more than 2mm (1/16 inch) larger than the nominal diameter of 
the rivets. 

End-connecting angles, stiffener angles and similar parts
shall be carefully adjusted to correct position and bolted,
clamped, or otherwise firmly held in place until riveted. 

Parts not completely riveted in the shop shall be secured 
by bolts, in so far as practicable, to prevent damage in 
shipment and handling. 

510.14 SHOP ASSEMBLING 
The field connections of main members of trusses, arches,

continuous beam spans, bents, towers (each face), plate girders 
and rigid frames shall be assembled in the shop with milled 
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7.	 510. 

ehdsof ompression 	 4mmers|n full beaing, "6nd ' then 'sha ll 
hae " their subsize holes . ...... fiede 's e 'th' e 
connections are assembled'. "'Ass'embly 'shall- be 'Full 

1. rea'med..t speclf si hilehi e 

Truss 4or 
Girder Assembly unless'Progressive Truss or Girder Assembly,
Full Chord Assembly, Progressive'Chord Assembly "or Special
Complete Structure Assembly, is specified .in. the Special
Provisions or on the Plans. 

(I) 	 FULL TRUSS OR GIRDER ASSEMBLY 
Full 	"Truss or Girder Assembly shall consist of assembling
all 	 members of each truss, arch rib, bent,''tower face,
continuous beam line, Plate girder or rigid frame at 
one 	 time. 

(2) 	PROGRESSIVE TRUSS OR GIRDER ASSEMBLY
 
Progressive Truss or Girder -A~sembly 
 shall consist of
assembling initially for each'truss, arch rib,, bent, tower
face,' continuous beam line, plate girder or rigid frame 
at least three contiguous shop sections or all members in 
at least three contiguous panels, buy cot less than the
number of panels associated with three contiguous chord 
lengths (i.e., length between field splices); and not less 
than 45,meters (150 feet) in the case of structures longer
than 45 meters (150 feet). At least one shop section or 
panel or as many panels as are associated with a chord
length shall be added at the advancing end of the assembly 
before any member is removed-fromthe-rearward end, so,
that the assembled portion of the structure is never less 
than that specified above. 

(3)FULL CHORD ASSEMBLY 
Full Chord Assembly shall consist of assemibling, with 
geometric angles at the joints, the full length of each chord 
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of each truss or open spandrel arch, or each leg of each 
bent or tower, then reaming their field-connection holes 
while the members are assembled and reaming the web 
member-connections to steel templates set at geometric 
(not cambered),, angular relation to the chord lines. 
Field connection holes in web members shall be reamed 
to steel templates. At least one end of each web member 
shall be milled or shall be scribed normal to the 
longitudinal axis of the membe, and the templates at 
both ends of the member shall be accurately located from 
one of the milled ends or scribed lines. 

(4) 	PROGRESSIVE CHORD ASSEMBLY 
Progressive Chord Assembly shall consist of assembling 
contiguous chord members in the manner specified for Full 
Chord Assembly and in the number and length ,pecified 
for Progressive Truss or Girder Assembly. 

(5) 	SPECIAL COMPLETE STRUCTURE ASSEMBLY 
Special Complete Structure Assembly shall consist of 
assembling the entire structure, including the floor system. 
(This procedure is ordinarily needed only for complicated 
structures such as those having curved girders or extreme 
skew in combination with severe grade or camber.) 
Each assembly., including camber, alignment, accuracy of 
holes and fit of milled joints, shall be approved by the 
Engineer before reaming is commenced. 
A camber diagram shall be furnished the* Engineer by the 
Fabricator showing the camber at each panel point of each 
truss, arch rib, continuous beam line, plate girder or rigid 
frame. When the shop assembly is Full Truss or Girder 
Assembly or Special Complete Structure Assembly, the 
camber diagram shall show the camber measured in 
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assembly. When any of, the, other, methods, -of shop 
assembly is used, the camber diagram shall show- calcu
lated camber. 

510.15 DRIFTING OF HOLES 
The drifting done during, assembling shall be only such as 

to bring the parts into position, and. not sufficient too enlarge 
the holes or distort the metal. If any holes must be enlarged to 
admit the rivets, they shall be reamed. 

510.16 MATCH-MARKING 

'Connecting parts assembled in the shop for the purpose of 
reaming holes in field connections shall be match.marked, and a 
diagram showing such marks shall be furnished the -Engineer 

510.17 RIVETS 

The size of rivets called for on the Plans shall be the 
size before heating. Rivet heads shall be of standard shape, 
unless otherwise specified, and of uniform size for the same 
diameter of rivet. They shall be full, neatly made, concentric 
with the rivet holes, and in full contact with the surfaces of the 
member. 

510.18 FIELD RIVETS 

Sufficient field rivets shall be furnished to rivet the entire 
structure' with an ample surplus to replace all rivets burned, 
lostor, cut out. 

510.19' BOLTS AND BOLTED CONNECTIONS 

The Specifications of this Article do not pertain to the use 
of high strength bolts. Bolted connections fabricated with, high 
strength bolts shall conform to Section 510.20. 
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GI)GENERAL 

Bolts shall be unfinished, turned or rilbbed bolts conforming 
to the requirements for Grade A Bolts of Specification for 
Low-Carbon Steel Externally and Internally Threaded 
Standard Fasteners, ASTM A 307. Bolted connections shall 
be used only as indicated by the Plans or Sp.cal Provi
sions. Bolts shall have single self.locking nuts or double 
nuts unless otherwise shown -on the Plans or in the Special
Provisions. Beveled washers shall be used where bearing 
faces have a slope of more than I 20 with respect to a 
plane normal to the bolt axis. 
Except as otherwise provided in this Article, construction 
shall conform to applicable Specifications For riveted. 
structures. 

(2) UNFINISHED BOLTS 

Unfinished bolts shall be furnished -unless other typesare, 
specified. d u o 

(3) TURNED BOLTS 
The surface of the body of turned bolts shall meet, the 
ANSI roughness-rating value of.125. Heads: and nuts shall 
be hexagonal, with standard dimensions for bolts of the 
nominal size specified or the next larger nominal size. 
Diameter of threads shall be equal to the body of the 
bolt or the nominal diameter of thei bolt specified. Holes 
for turned bolts shall be carefully reamed with bolts fur
nished to provide for a light driving fit.Threads shall be 
entirely outside of the holes. A washer shall be provided 
under the nut. 

4)"RIBBED BOLTS 

The body, of ribbed bolts shall- be of an approved form 
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with continuous longitudinal ribs. The diameter'of the body 
measured on a circle through the points of the" ribs "shall 

be 2mm (5,64 inch) greater than the nominal' diameter 

.specified for the bolts. 

Ribbed bolts shall be furnished with round heads conform

ing to ANSI B 18.5 unless otherwise specified. Nuts shall 

be hexagonal, either recessed or with a washer of suitable 
shall make a' driving fit with thethickness. Ribbed bolts 

holes. The hardness of the ribs shall be such that the ribs 

do not mash down enough to permit the bolts to turn in 

the holes during tightening. If for any reason the bolt twists 

before drawing tight, the hole shall be carefully reamed 

and an oversized bolt used as a replacement. 

USING HIGH STRENGTH BOLTS51020"CONNECTIONS 

(I) GENERAL 

This Article covers the assembly of structural joints using 
IAASHO M 164 (ASTM A 325) high strength carbon'steel bolts 

a high tension. Theor ' equivalent fasteneis tightened to 
:bolts are used in holes conforming to the requiremens of 

Sections 510.07, 510.08 and 510.09. 

(2) BOLTS, NUTS AND WASHERS 

Bolts, nuts and washers shall conform to the requirements 

'of' Section, 510.03.; (I) i. 

(3) BOLTED PARTS 

The slope of surfaces of bolted parts in contact with the bolt 

head and nut shall not exceed 1:20 with respectto', a 
bolt axis. Bolted parts ihall fit solidlyplanenormal to the 

together when assembled and shall not be separated by 

gaskets, or any other interposed compressible material. 
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When assembled, all joint surfaces, including those adjacent 
to the bolt heads, nuts or washers, shall be free of scale 
except tight mill scaleand shall also be free of dirt, loose 
scale, burrs, other foreign material and other defects that 
would prevent solid seating of the parts. 

Contact surfaces within friction-type joints shall be free Of 
oil, paint, lacquer or rust inhibitor, except that hot.-dip 
galvanizing will be permitted, provided that contact surfaces 
are scored by wire brushing or blasting after galvanizing 
and prior to assembly. The wire-brushing treatment shall 
be a light application of manual or power brushing that 
marks or scores the surface but removes relatively little of 
the zinc coating. The blasting treatment shall be a light 
brush-off treatment which will produce a dull gray 
appearance. However, neither treatment should be severe 
enough to produce any break or discontinuity in the zinc 
surface. 
When specified on the Plans, galvanized, high strength 
structural bolts shall be furnished and installed in conform
ance with ASTM A 325-7 1A, in which a special lubricant 
is required for the nuts and additional test requirements are 
specified for a full.size assembled joint. 

(4) 	 INSTALLATION 

(a) 	BOLT TENSION 
Each fastener shall be tightened to provide, When all 
fasteners in ti1',joint are tight,' at least the minimum 
bolt tension 'shown in"Table 510.20A 'for 'the. size of 
fastener 'used.' 



30 510.2 

TABLE 510.20A 

MINIMUM BOLT TENSION II 
BOLT SIZE. AASHO M 164 B 

ASTM A325 BOLTS 

Millimeter Inches Kilograms Pounds, 

12.7 '1/2 5467 12050 

15.9 5/8 * 8709 19200 

19.1 -12882 28400 
22.2 ' 17804 39250
 

25.4 , I -,23360 51500,, 

:28.6 - .25606 56450 

31.8 11/4 32523 71700 
34.9 1I/- 38760 ,"85450"
 

38. I 1I'/ 47174, 104000 
(I) EQUAL TO THE PRoF LAD LENGT ESURMENT METHOD) 

GIVEN IN AASHO M1 64 (ASTM A325) 

Threaded bolts shall be lightened with properly 
calibrated wrenches or by the turn-of..nut method. If 
required because of boll-entering and wrench-operation 
clearances, tightening by either procedure may be 
done by turning the bolt while the nut is prevented 
from rotating. Impact wrenches, if used, shall be of 
adequate capacity and sufficiently supplied with air to 
perform the required tightening of each bolt in approx
imately ten seconds. 
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(b) WASHERS 

All fasteners shall have, a hardened washer under the 
element (nut o 'bolt' "head) turned in tightening. 
Where.an outer face of the bolted parts has a slope 
of more than I : 20 with respect to a plane normal to 
the b0t axis, a, smooth beveled washer shall be used 
to compensate for the lack of parallelism. 

(c) CALIBRATED WRENCH-TIGHTENING 

When calibrated wrenches are used to provide the 
bolt tension specified in paragraph (4) (a) above,
their setting shall be such as to induce a bolt tension 
51t to I0% in excess of this value. These wrenches 
shall be calibrated at least once each working day by 
tightening, in a device capable of indicating actual 
bolt tension, not less than three typical bolts of each 
diameter from the bolts to be installed. Power wren
ches shall be adjusted to stall or cutout at the 
selected tension. If manual torque wrenches are used 
the torque indication corresponding to the'calilrating 
tension, shall be noted and used in the installation; 
of all bolts of the tested lot. Nuts shall be turned in: 
the tightening direction when torque is measured., 
When using calibrated wrenches to install several bolts: 
in a single joint, the wrench shall be returned, to, 
touch up bolts previously tightened which may have 
been loosened by the tightening of. subsequent bolts,' 
until all are tightened- to the prescribed, amount. 

(d) TURN-OF-NUT TIGHTENING 

When the turn-of-nut method is used to provide *the 
-bolt ,tension specified in paragraph"(4)(a)," theri"sihlF

first be enough boits brought.'to a snugl tight. condition 
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to insure that the parts of the joint are brought into 
full contact with each other. Snug-tight is defined as 
the tightness attained by a few impacts of an impact 
wrench or the full effort of a man using an ordinari 
spud wrench. Following this initial operation, boltsi 

shall be placed in any remaining holes in the connec-: 
tion and brought to snug-tightness. All bolts in the jointI 

shall then be tightened additionally by the applicable 
amount of nut rotation specified in Table 510.201, 
with tightening progressing systematically from the 
most rigid part of the joint to its free edges. During 
this operation there shall be no rotation of the part not 
turned by the wrench. 

TABLE 510.901 

Nut rotation ()(2) from snug-tight condition 

DISPOSITION OF OUTER FACES OF,BOLIED PARTS 

'Both faces normal to bolt 'axis or Both faces sloped (3) 
one face normal to axis'and other from noimal to bolt axis 

'face sloped '(3) (bevel washer not (bevel washers not used) 
Sused) 

Bolt length (4)not Bolt length (4)ex- For all lengths: of bolts 
exceeding 8 dia-
meters or 20.3cm 

ceeding 8 dia
meters or 20.3cm 

(8B") (8 In.) 

/4turn
1/2'turn 2/3 turn 
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(I) 	 For coarse thread heavy hexagon structural bolts of all sizes andlengthsand heavy hexagon seml-fintshed nUtS.r
(2) 	 Nut rotation Is rotation relative to bolt regardlesof the element (nutor bolt) being turned. Tolerance on rotation : 116 turn (600) over and 

nothing under. 
(3) 	 Slope I: 20 maximum. 
(4) Bolt length Is measured from underside of head to extreme end 

of bolt. 

(e) 	 LOCK-PIN AND COLLAR FASTENERS 
The 	installation of lock-pin an'd collar fasteners shall be
by methods and procedures approved by the Engineer. 

(5) 	 INSPECTION 
(a) 	 The Engineer shall determine that the requirements of 

paragraphs (b) and (c) following, are 	met in the work. 
When the calibrated wrench-method of tighteningused, the Engineer shall 

is 
have full opportunity to

witness the calibration, tests prescribed in paragraph 
(4) (c), above. 

(b) 	 The Engineer shall observe the installation and tight
ening of bolts to determine that the selected tight
ening procedure is properly usedand shall dutermine 
that all bolts are tightened. 

(c) 	 The following inspection shall be used unless a more 
extensive or different inspection procedure is specified. 
(I) 	 Either the Engineer or the Contractor in the 

presence of the Engineer, at the Engineer's option,
shall use an inspection wrench which may be either 
a !torque wrench or powera wrench that can be 
accurately adjusted in accordance' with the
requirements 'of paragraph (4) (c), above. 
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(2) 	Three bolts of the some grade, size and condition 
as those under inspection shall be placed indivi
dually in a calibration device capable of indicating 
bolt tension. There shall be a washer under the 
part turned in tightening each bolt. 

(3) 	When the inspecting wrench is a torque wrench, 
each bolt specified in paragraph (5) (c) (2) shall 
be tightened in the calibration device by any 
convenient means to the minimum tension specified
for its size in paragraph (4) (a). The inspecting 
wrench then shall be applied to the tightened bolt, 
and the torque necessary to turn the nut or head 5 
degrees (approximately 2.5cm at 30.5cm radius/ 
or I inch at 12 inches) in tightening direction 
shall be determined. The average torque measured 
in the tests of three bolts shall be taken as the job. 
inspecting torque to be used in the manner specified 
in paragraph (5) (c) (5). 

(4) When the inspecting wrench is a power wrench, it 
shall be adjusted so that it will tighten each bolt 
specified in paragraph (5) (c) (2) to a tension 
at 	 least 5 but not more than 10 percent 
greater than the minimum tension specified for its 
size in paragraph (4) (a). This setting of wrench 
shall be taken as the job-inspecting torque to be 
used in the manner specified in paragraph (5)(c)(5)o 

(5) Bolts, represented by the sample prescribed in 
paragraph (5) (c) (2), which have been tightened 

Ain th. structure shall be inspected by applying, 
in the tightening direction, the inspecting wrench 
and its job-inspecting torque to 10 percent of the 
Iolts, but not less than two bolts, selected at 
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random in each connection. If no nut or bolt head 
t isiturned by this application of the iob.irispiting
torque, the connection shall be "accepted 'asproperly tightened. If any nut or bolt head isturned by the application of the job-inspecting
torque, this torque shall be applied to all bolts inthe connection, and all bolts whose nut or headis turned by the iob-inspecting torque shall betightened and reinspected; or alternatively, theContractor, at his option, may retighten all ofthe bolts in the connection and then resubmit the

connection for the specified inspection.
Jd) The procedures for inspecting and testing the lock-pin andcollar fasteners, and their installation to assure that therequired preload tension is provided, shall be as approved

bythe Engineer., 

510.21 RIVETING 
Rivets shall be heated uniformly'to a light herryred c01ond shal' be drivenwhile hot. Any rivet whose point isheated 

fore than the rem inder shall not be driven. When a rivet iseay foradriving, it shall be, free front slag, scalepther- aaering matter. Any rivet which, in 
and
 

the opinion of the
,ngineer, is scaled' excessively, will be rejected.

A!! rivets that 
are loose, burned, badly formed or otherise, defective shall be.removed and replaced with satisfactoryivets. ,Any rivet whose head is defective in size or whose
ead is. driven off, center,,will be considered defective and
hallbe removed., Stitch rivets that are loosened by drivin"gf adjacent rivets shall be removed and replaced with satis.actory: rivets. Caulking, recupping, or, double gunnina ',of

ivet heads willnot be permitted.
I 
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Shop rivets shall be driven by direct-acting'rivet machines 
when practicable. 

Approvedbeveled rivet sets shall be used for forming rivet 
heads on sloping surfaces. When the use' of a direct-acting 
rivet machine isnot practicable, pneumatic hammers of approved 
size shall be used. Pneumatic bucking tools will be required 
when, in the opinion of the Engineer, the size and length of therivets warrant their use. 

Rivets may be driven cold, provided their diameter is not 
over 10mm (3/8 inch). 

510.22 PLATE-CUT EDGES 

(I) EDGE PLANING 

Sheared edges of plate more than 16mm (5/8 inch) in 
thickness and carrying calculated stress shall be planed 
to'a depth of 6mm (1/4 inch). Re-entrant corners shall, be 
filleted to a minimum radius of 19mm (3/4 inch) before 
cutting. 

(2) VISUAL INSPECTION AND REPAIR OF PLATE-CUT EDGES 

The following provisions shall apply to permissible repairs 
to discontinuities discovered by visual inspection of the 
plate-cut edges before fabrication, welding or during routine 
examination of welded joints by radiography or ultrasonic 
inspection in plates of all steels covered by these Specifi
cations, in thicknesses up to and including 10.2cm (4 inches) 
maximum. These principally include discontinuities resulting 
from, gas pockets or blow holes and shrinkage cavities 

"which are manifested as laminations or pipe characterized 
by a:distinct separation of. the metal which is parallel to 
the plane of the plate. To a, lesser extent, these include 
discontinuities resulting from entrapped slag or refractory 
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or deoxidation products which are manifested as deposits
of foreign material in the steel, but only in the case where 
these deposits are parallel to the plane of the plate. 
Muftiple:discontinuitles shall be considered continuous 'when 
located in the same plane within five percent of .the plate 
thickness aid separated by a distance loss than the length 
of the smaller of two adjacent discontinuities. 
The corrective procedures described in TaLle 510.22 (B)
shall not apply to discontinuities in rolled plate surfaces, 
which discontinuities may be corrected by the Fabricator in 
accordance with the provisions of AASHO M 160 (ASTM A 6). 
These provisions are not applicable to material stressed in 
tension in the "through-thickness direction" 
The limits of all internal discontinuities required to be 
explored, which are not explored to their full depth by 
other means, shall be determined by ultrasonic inspection. 
Plates containing discontinuities of the types shown in 
Figure 510.22Br and as described in the following Table 
510.22 (B) may be corrected by measures listed hereunder. 
The length of the discontinuity is the visible, long di
mension on the plate-cut edge, and the depth is the distance 
that the discontinuity extends into the plate from the 
cut edge. 
In nmaking any repairs, the amount of metal removed shall 
be the minimum necessary to remove the discontinuity or 
to determine that the permissible limit isnot exceeded. Plate 
edges may be at any angle wilh respect to the rolling 
direction, but the directions of discontinuities shall be 
considered with respect to the directions of the plate edges. 
All repairs of the discontinuities mnde by welding shall 
conform to applicable provisions of AWS D1.I-72 as modi
fied by these Specifications.. 
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,Edges of plates shall be inspecte4 and required repairs 
-completed as early as feasible in the fabrication sequence 
so as to allow maximum opportunity for the Fabricator to 

areas.incorporate repaired plates in the least critical 

TABLE 510.22 (B) 

DESCRIPTION OF DISCONiINUITY 

Any discontinuity 25mm (V') in 
length or less. 

Any discontinuity over 25mm 
(I") in. length and 3mm (I/8") 
maximum depth. 

Any discontinuity over 25mm 
(I") in length,with depth over 
3mm (I/8") but not grealer than 
6mm (114"). 

Any discontinuity over 25mm 
(1") in length. with depth over 
6mm (1/4") but not greater than 
25mm (I"). 
And discontinuity over 25mm 
(l")in lengttwith depth greater 
than 25mm (1"). 

REPAIR REQUIRED 

None-need not be explored. 

None-depth should be eXplor
ed. 

Remove-need not weld. 

Completely remove and weld. 
Aggregate length of welding 
not over 20% of plate-edge 
length being repoired. 
Applicable provisions, as found 
in FOOTNOTES below. 
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FOOTNOTES FOR FIG. 510,22B 

(1) 	 Where such a discontinuity, as (A), (B), or (C), is determined 
visually prior to completing the joint, the size and shape of 
the discontinuity shall be determined by ultrasonic inspec
tion. The area of the discontinuity shall be determined as' 
the area of total loss of back reflection'when tested in 
accordance with the procedures of ASTM A 435. 

(2) 	 For acceptance of Types (A), (B) and (D) discontinuities, 
the area of the discontinuity (or the aggregate area of 
multiple discontinuities) shall not exceed 4/ of plate area 
(length X width),except that if the width of the discontinuity, 
or the aggregate width of discontinuities on any transverse 
section as measured perpendicular to the plate length 
exceeds 20% of the plate width, the 4% plate area shall 
be reduced by the percentage amount of the width exceed
ing 20%. (For example : If discontinuity is 30% of plate 
width, ouea of discontinuity cannot exceed 3.6% of plate 
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area). The discontinuity on the cut edge of the plate shall 
be gouged out to a depth of 25mm (I") beyond its inter
section of the surface by chipping, air carbon-arc gouging 
or grinding, and blocked off by welding with the manual
shielded metal-arc process in layers not to exceed 3mm 
(1/8") in thickness. 

(3) 	 If a discontinuity (D), not exceeding the allowable area in 
(2), is discovered after the joint has been completed and 
is determined to be 25mm (I") or more away from the 
face of the weld as measured on the plate surface, no 
repair of the discontinuity is required. If the discontinuity 
(D) is less than 25mm (I") away from the face of the 
weld, it shall be gouged out to a distance of 25mm (1") 
from the fusion zone of the weld by chipping, air carbon
arc gouging or grindingand blocked off by welding with 
the manual-shielded metal-arc process for at least 4 layers, 
not to exceed 3mm (I/8")thickness per layer. The submerged 
arc or other process may be used for the remaining layers. 

(4) 	 If the area of the discontinuity (A), (B) or (D)exceeds the 
allowable in (2), the plate or subcomponent shall be 
rejected and replaced, or repaired at the discretion of the 
Engineer. 

(5) 	 The aggregate length of weld repair shall not exceed 20% 
of the length of the plate-cut edge without approval of 
the Engineer. 

(6) 	 All repairs shall be in accordance with Section 510.23. 
Gouging of the discontinuity may be done from either 
plate surface or edge. 

(7) 	 For discontinuities of Type (C), if the actual net cross
sectional area which would remain afier removal of the 
discontinuity would be 98% or greater of the net area of 
the plate based on nominal dimensions, it shall be 
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unnecessary to ,epalrby welding. Such corrections shall
be faired '-,to the plate-cut surface with a slope not 
exceeding I in-10. 

(8) For discontinuities of Type (C), if the actual net cross
sectional area which would remain after removal of the 
discontinuity would be less than 98% of the net area of 
the plate based on nominal dimensions, the area may be
repaired by welding with the approvql of the Engineer. 

(9) For discontinuities of Types (A) and (B), all repair welds 
in A514/A517 steel shall be made with low hydrogen
electrodes not exceeding 4mm (5/32") in diameter. Allrepair -welds in A514/A517 steel will be inspected not less 
than 48 hours after they are completedtand the butt weld 
shall not be made until after the repair weld has been 

accordance with the provision 

approved by the Engineer. 
(!o)"For discontinuities ofType (C), in A514/A517 steel, no 

welding repairs will be permitted. 

510.23 WELDS 

(I)GENERAL 
Welding of steel .'structures, when authorized in 

of Division- I, shall con
form'to Specifications for Welded Highway and Railway
Bridges of the American Welding Society. AWS DI.1-72, 
when using struciural steel of AASHO M 183 (ASTM,A'36),high strength low alloy structural steel of AASHO
M 161 (ASTM A 242) of a weldable quality, AASHO 
M 188 (ASTM A 441), AASHO M 223 (ASTM A572 
with Supplementary Requirement S2 of AASHO M 223 
mandotory),.Grades 42, 45 and 50 and AASHO M 222 

(ASTM A 588 with Supplementary Requirement SI of 
AASHO M, 222 mandatory), unless these Standard 
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Specifications conflict with the AWS Specifications, in 
which case these Standard Specifications will govern.
'Welding procedures shall be qualified in accordance 
'"With Art. 9.2.3 of D1. 1-72,except as otherwise provided
in this Article. Reference to A 514 steel in AWS 
DI.1-72 sh5ll be applicable to A 517 steel. 
Welding procedures for ASTM A 514/A 517 steel shall
be submitted for approval and the procedures qualified 
prior to the start of production welding. 
No temporary or permanent welds, if not shown on thePlans or permitted in the Specifications, shall be made 
without specific written authorization by the Engineer. 

-(2) FILLER METAL 
All electrodes for manual-shielded metal-arc welding
shall conform to the low-hydrogen classification requi
rements of the latest edition of the American Welding,
Society's Filler Metal Specifitation AWS A 5. or AWS 
AS.5,and be capable of producing weld metal having 
an impact strength of at least 2.8kg-m, (20 f -Ibs)
(Charpy V Notch) at -1811C (OOF). All bare electrodes 
and flux used in combination for submerged arc weld
ing, the electrode and gas shielding used, in. combina
'tion for gas metal-arc welding, or the electrode and 
shielding medium used in combination for. flux cored 
arc welding of steels shall conform to the requirements
in the latest edition of the American Welding Society,
AWS A 5.17, A 5.18 or A 5.24 capable of producing 

.weld metal having'a minimum impact strength of 2.8kg-m
(20 ft-lbs) (Charpy V-Notchi at- 180C (OOF), or shall 
be capable of producing !ow-alloy weld meta! having
the mechanical proper.ties -listed in paragraphs 4.12 

'and 4.16 of'AWS DI,72. 
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Low-alloy weld properties shall be determined from a 
mulliple pass weld made In accordance with the 
requirements of the latest edition of the applicable 
Specification (AWS A5.17, A5.18, or A 5.20) or the 

welding procedure Specification. Each user shall demon
strate that each combination of electrode and flux or 
electrode and shielding medium will produce weld 
metal having the above mechanical properties until the 
applicable AWS Filler Metal Specification is issued; 
at that time the AWS Filler Metal Specification will 
control. The test assembly for Grades F 100 and F 110 
shall be made using ASTM A 514/A 517 steel. The 
Engineer may accept evidence of record of a combina
tion that has been satisfactorily tested in lieu of the 
test required, provided the same welding procedure 
is used. 
Electrodes conforming to AWS A 5.1 shall be purchased 
in hermetically sealed containers or shall be dried for 
at least two hours between 2320 C and 2600 C (450OF/ 
500"F) before they are used. Electrodes conforming to 
AWS A 5.5 shall be purchased in hermetically sealed 
containers or shall be dried one hour + 15 minutes at 
a temperature of 4280 C + 15o C (80011F± 251F) before 
being used. All electrodes for use in welding A 514/ 
A 517 steel having a strength lower than that of the E100 
classification shall be dried for I hoiur + 15 minutes 
at a temperature of 4280 C ± 150 C (800F ± 250F) 
before being used. Electrodes shall be dried prior to 
use if the hermetically seavRd container shows evidence 
of damage. Immediately a-her removal from, hermet
ically sealed containers or from drying ovens, elec
trodes shall be stored in ovens held at a temperature 
of at least 1200 C (250"F). E70 XX electrodes that are 
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not used within four hours, E80 XX within two' hours,
E90XX within one hour, and E 100XX and E IOX 
within one-half hour after removal from hermetically 
sealed containers or removal from a drying or storage 
oven shall be redried before use. Electrodes which 
have been wet shall not be used. Electrodes shall be 
redried no more .than one time. 
Flux used for submerged arc welding shall be non
hygroscopic, dry and free of contamination from dirt,
mill scale or other foreign material. All flux shall be
purchased in moistureproof packages capable of being
stored under normal conditions for at least six months 
without such storage affecting its welding characteristics 
or weld properties. Flux from packages damaged in 
transit or handling shall be discarded or shall be dried 
before use at a minimum temperature of 1200 C(2500F) for one hour. Flux shall be placed in the 
dispensing system immediately upon opening a package.
If flux is used from an .open package, or an open 
hopper that has been inoperative, for four hours or 
more, the top 25mm (one inch) shall be discarded. Flux 
that has been wet shall not be'- used., Flux 'fused in 
welding shall not be reused. .. . 
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(1) ELECTRODES,- AND FLUX ELECTRODES- COMBINATIONS 
Base Metal I _ 

' \9Welding Process / 4AASHODesignatlion Shielded Metal- Submerged Arc 
I bJCa

Ga Metal-Arc Flux-Cored Arc(ASTM Designation) Arc _ _-_

M 183 (A36) AWS A 5.1- orA AWS A 5.17 AWS A.5.18 AWSA,5.20 ' 5.5 E 7016, 18 F61,
or 28 -

F62, F63 E7OS- B, 2,3, 6 160T-8,or F 64-EXXX or E 70U-1 ... 
M 161 (A 242); AWSA 5.1 orA AWSA5.17M 188(A441); AWS A 5.18 AWS-A'5.20' 5.5 E 7016, 18 F71, F72, F73 E70S-IB,2,3, E7OT1, 5 or6M 223 (A 572); or 28 or F74-EXXX 6, or E 70U-1Gr 42, 45, and 50;

222 (A 588) _
A 514, A 517 

___ 

AWS A5.5 'Grade F II0 
_ __ 

Grade E IIOS Grade E I0T -7 
El 018-M r
Use of some type filler metal having next higher mechanical properties as listed in AWSSpecification is permitted.' 

II In joints involving base metals of different yield points or strength, filler metal applicableto the lower strength base metal may be used._/ When welds are to be stress-relieved, the deposited weldmetal shall not exceed 0.05percent vanadium.
?/ See AWS Art. 4.20 for Electroslag and Electrogas weld metal requirements, Appendix CImpact Requirements mandatory.Lower strength filler metal may be used for fillet welds and partial-penetration groovewelds when indicated on the Plans or in the Special Provisions.. 

http:AWS-A'5.20
http:AWSA5.17
http:AWSA,5.20
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(2) 	Electrodes and flux-electrode combhgations for unpain 
ad,applications. For expose4 bare, unpainted applica
tions of A588 steel requiring deposited weld metal 

:with atmospheric corrosion resistance and coloring 
characteristics similar to that of the base metal, the 
filler metal shall conform to the requirements listed' in 

Table 4.14 of AWS DI.1-72. 

In multiple-pass welds, the underlying layers may be 

deposited with one of the filler metals specified in the 
table for 510.23 (2) (a),provided the last three layers 
for shielded metal-arc, gas metal-arc, or flux-cored 

arc weldingor the last two layers for submerged-arc 
welding are deposited with one of the filler metals 
specified in the above table. 

This procedure may also be used where the weld Is 
made from one side on a backing strip which will be 

removed, providing the same number of layers are 

"deposited against the backing strip with a filler metal 
specified in the table above. 

After removing runoff tabs, the exposed weld metal 

of the'underlying layers shall be removed by gouging 

to a minimum depth of 6mm (1/4 inch) from the edge of 

the base materialand replaced by welding with one 
of the filler metals specified in the table above. 

The weld shall be ground-flush with the edge of the 

material., 

(3) .PREHEAT AND INTERPASS TEMPERATURE 

With' the exclusion of Electroslag and Electrogas 

"welding, :preheat and interpass temperatures shall 

.be as follows: ' 
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MINIMUM PREHEAT-AND INTERPASS TEMPERATURE * 

Welding Process 

Shielded Metal-Arc Welding 
with Low Hydrogen Electrodes; 

Thickness of Thick- Submerged Arc Welding Submerged Arc
iot Point at Point with Carbon or Alloy Steel Welding with 

of Welding Wiro. Neutral Flux; Gas Carbon Steel WireMetal-Arc Welding, or Flu,- Alloy FluxCored Arc Welding 

AASHO M183 
(ASTM A36) ; 
AASHO M161 
(ASTM A242)

ASHO MI88 
(ASTMAASHO A441),M223; ASTM ASTMAASHO M222 A3 14/517 A 5141517 

To 19mm (3/4), Incl. 100 C (50 F) 100 C (50 F) 100 C (50 F) 

Over 19mn to 38mm 210 C (70 F) 20 C(125 F) 940 C(200F) 
(3/4.-") incl. 

-

Over 38mm to 63mm 
( i. -2 ,y.) Incl. 660 C (150 F) 800 C (175 F) .30 C (300F) 

Over 63mm (2-") 1070 C (225 F) 107o C (225F) 2000 C ('4OQF) 

• See footnote pag- 408. 
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1 When the base metal Is below the temperature listed for the welding 
process being used and the thickness of material being welded, It 
shall be preheated (except as otherwise provided) In such manner 
that the surfoceof the parts on which weld metal Is being deposited 
are at or above the specified minimum temperature for a distance 
equal to the thickness of the part being welded but not less than 
76mm (3 inches), both laterally and In advance of the welding. Preheat 
and Interpass temperatures must be sufficient to prevent crack farina. 
tion. Temperature above the minimum shown may be required for highly 
restrained welds. For A514/A517 steel he maximum preheat and 
Intorpass temperature shall not exceed 2006C (430 F) for thickness up 
to 38mm (I! . In.), Inclusive, and 2200C (450 F) for greater thickness 

heat Input when welding A5I41A517 steel shall not exceed the steel 
producer's recommendation. The use of stringer beads to avoid 
overheating Is recommended. Welding shall be carried continuously 
to completion or to a point that will Insure freedom from cracking 
before the joint is allowed.to cool below the minimum specified 
preheat and interpass temperature. 

(4) QUAUFICATION OF WELDERS, WELDING OPERATORS AND' 

TACKERS 

Allwelders, welding operators and tockers shall be 
qualified in accordance with the requirements of AWS 
D1.1-72. If a fabricating shop prequalifies its welders, 
welding operators and tackers according to the 
standard qualification procedures of the American 
Welding Society. and certifies to the Engineer that the 
welder, welding operator or tacker has been pro
qualified within twelve months previous to the beginning 
of work on the subject structure, the Engineer may 

http:allowed.to
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consider him qualified. The certificate shall state that 
the welder, woelding Oerator' oe tacker has been 
dolng satisfactory welding of the required type within 
the three-month period previous to, the subject work. 
A certification shall be' submitted for each welder,
welding operator or tacker, and for each project,
stating the name of the welder, welding operator or 
tacker, the name and title of the person who conducted 
the examination, the kind of specimens, the position 
of welds, the results of the tests and the date of the 
examination. Such a certification of prequalification 
may also be accepted as proof that a welder, welding 
operator and tacker on field welding is qualified, if 
the Contractor who submits it is properly staffed and 
equipped to conduct such an examination or if the 
examininq and testin.q are done by a recocnized aaencywhich' is staffe'd and equipped for such purposes. 

,In-addition, evidence must be presented, satisfactory 
to the Engineer, that each welder, welding operator 
and tacker has had at least three* months' satisfactory
experience welding A514/A517 .teel. In. lieu of such 
experience, each welder, welding operator and tacker 
shall be instructed in welding A514/A517 steel. The 
instruction course shall meet the approval of the 
Engineer as adequate to result ina working knowledge 
of the procedures for welding A514/A517 steel. 

(5) PROCEDURE QUALURCATION 

Procedure qualification of groove' welds shall ' 6e' in 
accordance with AWS DI. 1-72, except for the fol!ow. 
ing modifications for groove welds in A514/A517 
steel z 
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(a) A procedure qualification is required i 

(I) 	 With a plafe thickness equal to the thickest 
material to be welded on the structure. 

'(2) 	 Wh'en'ever there is an 'increase in plate 
thickness or whenever there is a decrease in 

p!ate thickness of 25mm (I inch) or more. 
" Thickness is a procedure variable. 

(3) 	 Whenever the number and location of passes 

are changed, except a proportional reduction in 
the number of passes is permissible without 
requalification whenever the thickness 
reduction is less than 25mm (I inch) and the 

heat input does not exceed the manufacturer's 
recommendation for the heat input of the 
thickness of material being welded. 

(4) Whenever the heat input is changed by more 

than + 10%. 

(5) 	 Whenever the arc voltage is changed by more 

than + 7%. 

(6) 	 Whenover the speed of-travel is changed by 

more than ± 109). 

(7) 	 Whenever the interpass temperature is 

changed by more than 151C (- 25F). 

(b) Reporting of the procedure qualification shall 

,.Include specific, values for all variables listed 

. in (I) above- and for those included in the AWS 

DI.1.72 procedure, qualification. 
shall be in accord-Procedure qualification of fillet welds 

ance with AWS DI.1.72 and/ inaddition, for fillet welding of 
thickness with weldA514/A517 steel over. 25mm (I..inch).in 

metal ,having "minimum specified tensile strength of over 

http:inch).in


510.23 

66.3 	kg/sq mm (90,000 psi), the qualification lest of T-joints.shall be in accordance with ;Figure 510.23A. 
All qualification tests of groove welds shall be radiograph.ically tested for soundness. Radiographic testing shallapply only to the portion of the weld between the discard
strips as Indicated in the applicable figures of Section 5 ofAWS D1.1-72, except that a minimum of 15cm (6 inches) of
effective weld length shall be tested. 
If the radiographic inspection indicates any defect orporosity exceeding the requirements of Art. 9.25 of AWSD1.1-72, the procedure test shall be considered as havingfailed, except that, for the procedure qualification test
for 	 A514/A517 steel, there shall be no defects other
than allowable porosity in the qualification test weld. 

(6) 	 INSPECTION OF WELDS 

(a) 	 GENERAL 

Inspection of welds in all steel other than A514/A517
may begin immediately afler they are 	,completed.Welds in A514/A517 steel shall be inspected not less 
than 48 hours after they are completed. 
In addition to inspection as required by AWS D1.1.72
and as required below under Radiographic andMagnetic Particle Testing, all welds shall: be visually
examined. Procedures, technique and standards ofacceptance shall be in accordance with AWS D1.1.72. 

(b) 	RADIOGRAPHIC TESTING 
Butt 	 welds in main members shall be tested radiographically as follows : 

(I) 	 All tension splices and all splices subject to reversal
of stress, except that 	 on girder and beam webs, 
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PROCEDURE QUAULICATION
 
FILLET WELDED TEE JOINT TEST
 

FOR' A5I41A517 STEEL IN FLANGES 
 QVER 25mm THICK (I") AND WITH
MINIMUM SPECIFIED TENSILE STRENGTH OF DEPOSITED WELD METAL
OVER 63.3 kglsq .mm (90,000 psi.) MANUAL, AUTOMATIC AND 

SEMIAUTOMATIC 

SHEET I 
F!ILLET WELD KEYHOLE "T" BEND TEST 

e ILI THST SPECIM E' 

' -
Tl = Design Section-Flange H > 4T2 or 50mm (2") 
T2 ;Design' Section-Web W> 3T1 or 130mm (5")
S Design 'Section-Fillet Weld L > ILTI or 4 5mm (I 3/4") 

NOTES 
I. PREPARATION OF SPECIMENS 

Test specimens may be sawed or machined (not flame-cut)from a welded sample. as illustrated above.,These specimens are prepared as shown above., 
; 

Ih TESTING 
A. Macro Etch Test (See Procedure Qualification"AWS D2.0). 
B., Bend Tests 

Specimen shall be loaded and failedas illustrated below. 
iC. , Hardness Tes.ts ,

Hardness Tests shall be made on a'lightly etched section
of Mocroetched test specimenswith a-suitablemachine. 

FIGURE O51.23A 
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PROCEDUREe qYAUFICATION
 
FILLET WELDED TEE -JOINT TEST
 

SHEET 2 

40 Drill Hole "A" To Equal,
• T2 IL A .'A. 2 + 1.6mm ! Inch)S A 2 ; 16 

FI1I HACut-out Cross HotchedArea 

Specimen 

7'21u46i t7Sulo~'pr 

'veddatk Begmi'ning of Test 

' nd bend to failure or until 

keyhole "V" notch is closed. 

Failure is indicated by opening 
in weld surface or cross-section 
greater than 1.6mm (1/16") in 

Support Support any direction. 

Load At Intermediate
 
Stage. of Test Illus
trating Manner of Bendfz.Z. SUC;
 

FIGURE 510.23A 
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PROCEDURE QUALIFICATION
 
FILLET WELDED TEE JOINT TEST
 

SHEET 3 

Ill. 	 TEST RESULTS REQUIRED 

A. 	 Macro Etch Test (See Procedure Qualification AWS 
D2.0) 

B. 	 Bend Tests
 
/s must not be less than 180 at failure
 

C. 	 Hardness -

Brinell Hardness of weld metal shall be within the 
following limits: 
I. 	 Max. Brinell Hardness: 

Max. Specified or Tested Tensile 
Strength () of Parent Metal + 70 

500 
2. 	 Min. Brinell Hardness 

Min. Specified Tensile Strength of Weld Metal 
5O 

1his test may be performed with a Rockwell 
Machine and converted to Brinell Hardness 
using ASTM conversion chart. 

(,) Whichever is greater. 

FIGURE 510.23A- . 
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'only' 16 of Athe web depth, beginning at the 
point, or, points of maximum tension, and 25 
percent of the remainder of the web depth need 
be radiographed. 

(2) 	 25% of each compression and shear splice, except 
thatfor splices in built-up members requiring less 

,than 1.2m (4 ft) of groove weld in compression, 
,only one joint connecting the thickest components 
in each splice need be radiagraphed. Maximum 
spacing of the radiographs shall be four times the 
l.ength of the radiographs. Alternatively, 25% of 
the compression and shear splices selected by the 
Engineer shall be radiographed. When and if 
unacceptable defects are found in more than 10% 
of the radiographs of the compression and shear 
splices of a member, all compression and shear 
splices of that and succeeding members shall be 
radiographed until the accumulated rejection level 
fallsto 10% or less, at which timothe radiographing 
shall revert to the 25% level specified above. 

(3) 	 Should a radiograph indicate rejectable defects, 
the areas on each side of the defect shall be 
radiographed to determine the extent of the 
defective work. 

(4) 	 Defective welds shall be radiographed after 
repair. 

(5) ,The Inspector. shall view the making of'the radio
graphs, examine and interpret the radiographs and
the technician's reports, approve satisfactory 

welds, disapprove or reject unsatisfactory welds, 
approve, satisfactory methods proposed" by the 
Contractor for repairing disapproved welds, and 
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inspect the preparation and rewelding of disap
,poed welds. ,' Thelnspctor sha[l' record the 

location and findings of all radiographic inspections, 

together with descriptions of any' repairs made. 

(c) 	 MAGNETIC PARTICLE TESTING 

(I) 	 For-A5l4/A5I7 steel, fillet welds and all other 
welds, except the butt welds radiographed in 
accordance with subparagraph (b)above, shall 
be 100% magnetic-particle tested. Defective welds 
shall be retested after repair. 

(2)The Inspector shall view he making of the magnetic 
particle inspections, examine and interpret the 

magnetic particle patterns, approve satisfactory 
welds, disapprove or reject unsatisfactory welds, 
approve satisfactory methods proposed by the 
Contractor for repairing disapproved welds, and 
inspect 'the preparation and rewelding of 
disapproved welds. The Inspector shall record the 

locations of inspected areas and defects found 
by magnetic particle inspection, together with a 
description of any repairs made. 

(7),, STUD SHEAR CONNECTORS 

(a) 	 Stud shear connectors shall be of a design suitable 
for electric end-welding and shall be end'welded to 
steel beams, girders or plates with automatically timed' 
stud, welding equipment connected to a suitable power 
source. The type, size of diameter and length of stud 
shall be as specified by the Plans, Specifications or 
Special Provisions. (See Figure'510.23B for allowable 
tolerances or dimensions). A,maximum variation of 25mm 
(one inch) from location'shown wthe' accepted,will 	be 
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'provided the adjacent 'studs are not:closer than 65mm 
(2- inches),center to center and'clearances specified
in Article. 1.7.98 of the Design Specifications are
maintained. Adequate provision shall madebe Inthe fabrication of structural members to compensce
for loss of, camber due to welding of the shear 
connectors. 

STUD SHEAR CONNECTOR 

'DIMENSIONS AND TOLERANCES 
STANDARD DIMENSIONS- INCHES 

C LW H T 

f .o'674'1.06" IJ*' a J"Min. 
t', oo062o oi
 
0 -o,05"j- -. lE 

FIGURE 2.10.23B 
t 

*• . 40611111(1) ISstandaL Other Isnlrthe map beobtained by special(2) Flalahad Btuds shall be at 11iform order. 
sumls creaces Qualily and coaditlon. freefrom Injurioustwists, beb or other Injurious derecta. lAInlhshall be as produced

ape. AN.
 
drawling, oldrolling or machining. ][,ed, b; aim
 
stack of shear Connector OF anchor studs toor bus., which aresubjectare names forthe sene thing.tlstlruptlon or the perliphery of the head of 

Creeks Bad burstp desgnate as abrupt 
nrroplions do 

the stu by radial oepartl.uo .f the Met. fsuchnot advirsly affect the structural*lreneglh,stional requiremente of li.ar crrosion reultlnce or other tunc.cuiunectur r studs. stud cracksoran.ho, A withthas one.haltthedistance from the Wuriphery of the head oftheshaolimay be 
burt. deeper 

cawe fur reJection. 

(b) If two or more stud welding guns are to be operated
from the same power source,' they shall be interlocked 
so that only one gun can operate at a time and so thatthe power source has fully recovered from making one 

http:oepartl.uo
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weld before another weld is started. The power sourceshall be adequate for the.size ofslud, being welded. 
Studs shall notA(c) be painted' or'galvaniie. The studs
shall be free from' excessive rusi, scale, :rust pits and 
oil at' the time of welding, as determined by theEngineer. The beam surface to. which the -studs are 
welded shall be free from excessive mill scale, rust, dirt,
paint, grease or any other material which might impair
the satisfactory welds, the areas on the beam, girder
or plate to which the studs are to be welded shall be 
wire-brushed, peened, prick-punched, or ground-free 
of scale or rust. 

(d) Welding shall not be done when the surface is wet or 
exposed to rain. 

(e) While in operation the welding gun shall be held in
position without movement until the weld metal has 
solidified. 

(fj An arc shield (ferrule) of heat-resistant ceramic or
other material shall be furnished with each stud. The
material shall not be detrimental to the welds or cause
excessive slagand shall have sufficient strength so as 
not to crumble or break due to a thermal or structural 
shock before the weld is completed. 
Ferrules furnished with shop-welded studs shall be
removed in the shop prior to delivery, and ferrules
furnished, with field-welded studs shall be removed 
before plpcing.concrete slabs. 

(g). Flux. for welding shall be furnished with each stud,
either -attached t'o the end of the stud or combined* 
with the arc shield for automatic applicatlia in the 
welding operation., 
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(h)- Only' qualified studs shall be used. A stud to be 
qualified shall have passed the tests prescribed inParagraph (I) of this Article.The arc shield used in
production shall be the same as used in the qualification
tests. Qualification of the studs, prior to use under 
the contract, shall be at the expense of the 
manufacturer. 

(i)The Contractor shall submit to the Engineer for
approval, before installation, information on the studs 
to be furnished. Desirable information would include: 
(I) 	 The name of the manufacturer. 
(2) 	 A detailed description of the stud and ar: shield. 
(3) A certification from the manufacturer that the stud 

is qualified as specified in'paragraph (I). 
(4) 	 A notarized copy of the qualification test report 

as certified by the testing laboratory.
(j) 	 The studs, after welding, shall be free from any 	defect 

-or substance which would interfere with their function 
as shear connectors. 

(k), Stud-Weldability Qualification Procedure 

(I) 	PURPOSE 
The purpose of this procedure Is 4o 'prescribe
weldability tests that will qualify"shearconnector
stud for weilding under Shop or field conditions. 

'The tests may be performed by a university,
independent laboratory or other testing agency
satisfactory to the Engineer. The agency performing 
the tests shall submit to the manufacturer of the 
stud a certified report giving 'procedures and 
results for all tests including the information listed 
ynder subparagraph (8). 
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(2) 	 DURATION OF QUAUFICATION 

A 	 type and size of stud with arc shield, once 

qualified, are considered qualified until the manufac
turer makes any change in the base of the stud, 
the flux or the arc shield which affects the 
welding characteristics. 

(3) 	 PREPARATION OF SPECIMENS 

(a) 	 Test specimens shall be prepared by welding 
represent,6tive studs to the center of square 
specimen plates 13 to 20mm (1/2 to 3/4 inch) 
thick, of structural steel, AASHO M 183 (ASTM 
A 36). At the option of the manufacturer, studs 

,may be welded to a large plate and the 
Ispecimen plates cut to a size suitable for test 
equipment used. 

(b) 	 Studs shall be welded with power source, 
welding gun and control equipment as 
recommended by the manufacturer. Welding 
voltage, current and time (see subparagraph 
(4)) shall be measured by suitable instrumenta
tion and recorded for each specimen. Lift and 

lunge s be at the optimum setting as 

recommended by the manufacturer. 

(4) 	 NUMBER OF TEST SPECIMENS 
I(a), Thirty (30) test specimens shall be welded 

consecutively with optimum time held constant, 
but, current 10%, above optimum. Optimum 
current and time shall be the midpoint of the 
range normally recommended by the manufac
turer for production welding. 
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(b) Thirty (30) test specimens shall be welded 
consecutively with time held constant at 
optimum, but with current 10% below optimum. 

(5) 	 QUALIFICATION TESTS 
(a) 	Tensile tests - Ten (10) of the specimens 

welded in accordance with subparagraph (4) 
(a) and ten (10) of the specimens welded in 
accordance with subparagraph (4) (b) shall 
be subjected to a tensile test in a fixture 
similar to that shown in Figuie 510.23C. A 
stud shall be considered as qualified for 
tensile tests if all test specimens have a 
minimum tensile strength* of 42kg/sq mm 
(60,000 psi). 

(b) 	Bend tests. Twenty (20) of the specimens 
welded in accordance with subparagraph (4) 
(a) and twenty (20) specimens welded in 
accordance with subparagraph (4) (b) shall be 
placed in a bend-testing device shown in 
Figure 510.23D and bent alternately 30 degrees 
in opposite directions until failure occurs. A 
stud shall be considered qualified for bend 
tests if, on all test specimens, fracture 
occurs in the stud or in the plate, but not in 
,the weld. 
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SLOTTED FIXTURES1 OOLD STUDtNHrAD AND SPECIMEN PLATE. 

TENSILE TEST FIXTURE 

Joe CENTERIILE OF STUD SHALL 9E 
MEASURED ATCENTERLINE OF 

... . --- r" II I i-- .- 17 HYDTUI.I 

FIXTURE HOLDS SPECIMEN, AND STUD IS ALTERNATELY SENTDIRECTIONS. 300 IN OPPOSITELOAD CAN SE APPLIED WITH HYDR.p -.IC CYLINDERS AS SMOWNOR WITH FIXTURE ADAPTED FOR USE WITH TENSILE.-TESTINS MACHINE 

FRACTURE IN WILD 
"EAR STUD FILLET FRACTURE TMRU WELDFFILLET 
REMAINS ON PLATE TORN FROM PLATE' 

* FRACTURE 
LINE 

FACtR 

TYPICAL. FRACTURES IN INAN OF STUD TYPICAL WELD FAILURES 

BEND-TEST' FIXTURE AND FAILURES 
FIG. 510.231
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,(6), RETESTS, 
If a failure occu'rs in any of - the',tensile or bend
test groups, that group may be,,retested. If failure 
repeats,' the stud shall fail to qualify. 

(7) 	 QUAUFICA1ION 
For a manufacturer's studs andarc shields to be 
qualified, each group of thirty '(30)' studs shall, by 
tests or retest, meet the" requirements prescribed 
in subparagraph (5) (a) and,(5) (b).,,' 

(8) 	 'REPORTOF TESTS 
The laboratory report shall include' the following 
(a) 	 Drawings which show shapes and dimensions 

with' tolerances of studs, arc shields and flux. 
(b) 	 A complete description of materials used in 

the studs and arc shields, including the quantity 
and analysis of the flux. 

(c), 	 A certification that the studs and arc shields 
described in the report are qualified in accord
once with paragraph (I) (7) of this Article 

(I) 'The first two studs welded on each beam or girder, 
after being allowed to cool, shall be bent 450 by
'striking'the, stud with a hammer. If failure occurs in 
,the weld of either stud, the procedure shall be corrected 
and. two successive studs successfully welded and 

,-tested before any more studs are welded to the beam 
or girder. The Engineer shall be promptly informed of 
any changes in the welding procedure at any time 

7during construction. 
(m)Studs on which a full 3600 weld Is not obtained may, 

at the option of the Contractor." be repaired by adding, 
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a 5mm (3/16") fillet weld in place of the lack of wdld, 
using the shielded metal-arc processwiWfiow-hydrogen 
welding electrodes. 

(n) 	 Ifthe reduction in the height of "studs' as they, are 
welded becomes less than normal, Welding shall be 
stopped immediately and not resumed until the cause 
has 	been corrected. 

(o) 	 Before welding a new stud where a defective one has 
been removed, the area shall be ground smooth and 
flush, or in the case of a pullout of metal, the pocket
shall be filled with weld metal using the shielded 
metal-arc process with low-hydrogen welding electrodes 
and then ground flush. In compreszion areas of flanges, 
a new stud may be welded adjacent to the defective 
area in lieu of repair and replacement on existing weld 
area. (See paragraph (7) (a) of this Article). 

(p) 	INSPECTION 'REQUIREMENTS 

(I) After the studs have beun welded to the beams a 
visual inspection shall be made and each stud 
shall be given a light blow with a hammer. Any 
stud which does not have a complete ec;d weld, 
any stud which does not emit a ringing sound when 
given: a light blow with a hammer, any stud that 
has been repaired by welding, or any stud which 
has less than normal reduction in height due to 
welding, shall be struck with a hammer and bent 
15o from the correct axis of installation; and in the 
case of a defective or repaired weld the stud shall 
be bent 150 in the direction that will place that 
defective portion of the weld in the ,greatest tension. 
Studs that crack either in the weld or in the shank 
shall be replaced. 



2 '510.24 

Stu's Which are to be replaced 'for the above 
reaso ns or because they have been otherwise 
rendered unacceptable may be manually welded, 
with a full 3600 6mm (1/4") fillet weld for 19mm
(3/4") studs and with a full 3600 8mm (5/16") fillet 
weld for 2 2mm (7/8") and 2 5mm ("). studs as 
specified under G (14) and G (16) above. 

(2) 	 The Engineer, at his option, may select additional 
studs to be subjected to the bend, test specified 
above. 

(3) 'The studs tested that show no sign of failure' shall 
'*be leftin the bent position.

(4). 	 If,during the progress of the work, inspection 6nd 
testing indicate in the judgment of the Engineer
that the shear connectors' being obtained are 
not satisfactory, the Contractor will be required at 
his expense to make such changes in welding
procedure, welding equipment and type of shear 
connector as necessary to secure satisfactory 
results. 

(5)., At the option of the Engineer, the Contractor may'
be, required at any time to submit studs, of the 
types used under the contract for: check qualifi
,cation .by the, Engineer in accordanceIprocedures 	 with Itheof 510.23 (7). In tho event such studs 
are,required, for checking,_ their qualification,
payment will be made to the Contractor for the 
studs so furnished. 

510.24 	 OXYGEN CUTTING 
Steel and 	weld Imetal may be oxygen-; cut, provided a 

smooth 'and regular surface free from "cracks" and "notches is 
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secured, and provided that an accurate profile is secured by
!he use of a mechanical guide. Hand cutting shall be done 
only where appreved by the Engineer. 

Mill scale and extraneous material shall be removed from 
the torch side -of A514/ A517 steel plates along the lines to be 
flame-cut, when necessary to obviate excessive notches. 

All oxygen cutting shall be In accordance with AWS 
01.1-72, except that occasional notches or gouges in edges ofA5141 AS 17 steel shall not be rvopaired by welding exc:ept 
under the following conditions 
(1).-Cutting defects not-more than 5mm (3/16 inch) deep in plate

edges which wl form the faces of a groove weld joint and 
which will subsequently be completely fused with the weld 
(nay be repaired by welding. Nonmetallic stringers or 
pipes opening to these edges shall be removed to a depth
of 6mm (1/4 inch) below the surface by grinding or chip
ping, and the gouge repaired by welding. Laminations 
opening to these edges shall be removed to a depth of 
13mm (1/2 inch) below the surface by grinding and chip
ping and the gouge repaired by welding. 

(2) 	 Cutting defects not more then 5mm (3/16 inch) deep in 
plate edges which will form a fillet-welied corner joint 
shall be repaired by welding only on the part of the edge
which will become the faying surface for the joint and the 
fusion zone of the fillet weld. 7he part of the defect outside 

'the toe of the completed fillet weld shall be removed by
machining or grinding, and faired with the surface of the 
cut on a bevel of I to 6 or less. 

(3) 	All welding for these r'epairs shall be made by suitably 
preparing the defect, welding with low-hydrogen electrodes 
not,,exceeding 4mm (5/32 inch) in diameter, observing the 
applicable requirements ef Section, 510.23, and grinding 



510.25 

the completed weld smooth and flush with. the adjacent
surface to produce a workmanlike finish. 
Oxygen.cut edges of AASHO M 187 (ASTM A 440) steel
13mm (1/2 inch) or greater in thickness* shall be removedto a depth ofatleast 3mm (I/8 inch) by machining or grinding,except that machine flame,-cut edges may be used withoutsuch removal if the edges are softened after cutting : (a)by heating the cut edge uniformly and progressively tored heat, visible in ordinary shop light 6200 to 

a 
6800C

(1,150 to 1,250 F)to a depth of at least 2mm (1/16 inch) ;or (b) by means of a post heating torch attached to andfollowing the cutting torch with the tips, gas pressure, speedof travel and the distance of the post heating torch fromthe kerf regulated to the thickness of the steel. Bend-test
specimens 38mm (l- inches) wide and of the full thickness
of the material or with thickness reduced to 19mm (3/4inch) in accordance with Paragraph 6.3.5 of ASTM A 6,andhaving edges flame.cut and flame..soflened in accordance 
with this Article shall meet the bend-test requirementsspecified in AASHO M 187 (ASTM A 440) for the thicknessof material under consideration. 
Oxygen-cut surfaces of members carrying calculated stressshall have their corners rounded to 2mm (1/16 inch) radius 
by grinding after cutting. 

,510.25 FACING OF BEARING SURFACES
 
The 'suiface finish of bearing and base plates 
 and other 

* AASHO M 161 (ASTM A 242) steel not approved for welded constructionrequires this treatment or oxygen-cut edges In all thicknesses'andwlithbend tests, as applicable, conforming to AASHO M 161 (ASTM A4242)for the thickness of material under consideration. 
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bearing surfaces that a.-e to come in contact with each other or 
withvconcrete shall meet the ANSI surface roughness require
ments as defined in ANSI B46.1,' Surface Roughness, Waviness 
and Lay, Part I: 

Steel slabs . . . . . . . . . .,
 

Heavy plates in contact in shoes to 
bewelded. . ....... ANSI 1,000
 

Milled ends of compression members, 
milled or ground ends'of stiffeners 
and fillers .... . . .. ANSI 500 

Bridge rollers and rockers. . . .*. . ANSI 250 

Pins and pin holes ..... ANSI 125 

Sliding bearings ANSI 125 

510.26 ABUTTING JOINTS 
Abutting joints in compression members and girder 

flanges, and in tension members where so specified on the 
drawings, shall be faced and brought to an even bearing. 
Where joints are not faced, the opening shall not exceed 6mm 
(1/4 Inch). 

510.27 END CONNECTION ANGLES 
Floorbeams, stringers, and girders having end-connection 

angles shall be built to exact length shown on the Plans measured 
between the heels of the connection angles, with a permissible 
tolerance of plus 0mm to minus 2mm (0 to minus 1/16inch). 
Where continu:ty is to be required, end connections 'shall be 
faced. The thickness of the connection angles shall not be less 
than- 10mm (3/8 inch), nor less than that shown on the detail 
drawings, after facing. 
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510.28 	 LACING BARS
 
_,.The endsof lacing bars, 
 shall be neatly rounded unless 

another form Is required. 

510.29 	 FINISHED, MEMBERS
 
Finished members shall be 
 true 	to line and free from twists,open joints.'bendsand 

510.30 	 WEB PLATES 
In girders having no cover plates and not to be encased inconcrete, the top edge of the web plate shall not extend above

the backs of the flange angles, and shall not be more than 3mm(I/8 inch) below at any point. Any portion of the plate pro
jecting beyond the angles shall be chipped flush with the backsof Ie angles. Web plates of girders having cover plates may
be 13mm (1/2 inch) less in width than the distance back-to-back 
of flange angles. 

Splices of webs in girders without cover plates shall besealed on top with red lead paste prior to painting. 
At web splices, the clearance between the ends of the webplates' shall not exceed 10ram (3/8 inch). The clearance at thetop and bottom 6:ids of the web splice plates shall not exceed 

6mm (1/4 inch). 

510.31 BENTPLATES 
Unwelded, cold-bent, load-carrying, rolled-steel 'plates -shallconfor"mto the following: 
(a), They shall be so taken from the stock plates that the

bend line will' be at right angles' to the direction of
rolling, except that cold-bent ribs,for orthlotropic deck
bridges 'may"be bent in the direction of rolling if 
permitted by the Engineer. 
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(b) Bending shall be such that no cracking of the plate
occurs. Minimum bend radii, measured to the concave 
face of 	the metal, are shown in the following table 

THICKNESS'
 
MILLIMCTER UP TOOVER 3 OVER OVER

12 12TO 26 26TO 38 38 TO 64 64 TO 102 

INCHES UP TO 1/2 OVER 112 OVER I OVER 1 1/2 OVER 2 1/2
TO I' TO 1 112 TO 2 1/2 TO 4 

ALL GRADES OF J 
STRUCT'L STEEL IN 2T 2 1/2T 3 T 3 I1/2 T 4 TTHIS SPECIFICN_ / 

NOTE: 	 Low-alloy steel Inthicknesses over 12mm (1/2") may require hot
bending for small radii. 

Allowance for springback of A514 and A517 steels 
should be about 3 times that for structural carbon steel.For brake press forming, the lower die span'should be 
at least 16 times the 'plate thickness. Multiple hits are 
advisable. 
Ifa shorter' radius is essential, the plates shall be bent 
hot 	at a temperature not greater than 6500 C(1200 F),
except for AA514/A517 steel. If A514/A517 steel plates 
to be bent are heated to a temperature greater
than 6100 C (1124 F), they must be requenched and
tempered in accordance with the producing mill's 
piactice. Hoi,-bent plates shall conform to requirement 
(a) above. 

(c) 	Before bending, the corners of the plate shall be
riounded to a radius of 2mm (1/16 inch) throughout
the portion of the plate al which the bending is to 
occur. 



510.32, FIT OF STIFFENERS 
End stiffeners of girders and stiffeners intended as, supports

for concentrated loads shall have full bearing (either milled,
ground or, on weldable steel in compression areas of flanges,
welded as shown on the Plans or specified) on the flanges to 
which they transmit load or from which they receive load. 
Stiffeners not intended" to support concentrated loads shall,
unless shown or specified otherwise, fit sufficiently light to 
exclude water after being painted. Fillers under stiffeners shall 
fitwithin 6mm (1/4 inch) at each end. 

510.33 EYEBARS 
Pin holes may be flame-cut at least 50mm (2") smaller in 

diameter than the finished pin diameter. All eyebars that are 
to be placed side by side in the structure shall be securely 
fastened together in the order that they will be placed on the 
pin and bored at both ends while so clamped. Eyebars shall 
be packed and match-marked for shipment and erection. All 
identifying marks shall be stamped with steel stencils on the 
edge of one head, ofV each member after fabrication is 
completed so as to be visible when the 	 bars are- nested In 
place on the structure. The eyebars shall be straight and free 
from twistsand the pin holes shall be accurately located on:the 
centerline of the bar. The inclination of any bar to the plane
of the truss shall not exceed 2mmin 30cm(I1/6inchfoafoot)." 

The edges of eyebars that lie between the transverse 
centerline of their pin holes shall be cut simultaneously with 
two mechanicilly-operated torches' abreastIofeach other;
guided by a substantial "template, in such' e manner as to 
prevent distortion of the plates." 

510.34 	 ANNEALING AND STRESS RELIEVING, 
Structural members which are indicated in the contract to 
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be annealed or normalized shall have finished-machining, 
boring and straightening done subsequent to heat treatment. 
Normalizing and annealing (full annealing) shall be as specified 

inASTM E 44. The temperatures shall be maintained uniformly 
throughout the furnace during the heating and cooling so that 
the temperature at no two points on the member will differ by 

more than 56"C (100 F) at any one time. 

steels shall not be annealed orMembers of A514/ A517 
normalized, and shall be, stress- relieved only with the approval 

Of th Engineer. 

A record of each furnace charge shall identify the pieces 
in the charge -and show the temperatures and schedule actually 

used. Proper instruments. including recording pyrometers, shall 

be, provided for determining at any time the temperatures of 

members in the furnace. The records of the treatment operation 

shall be available to and meet the approval of the Engineer. 

The holding temperature for stress-relieving A514/A517 steel 

shall not exceed 6000C (1125 F). 

Members, such as bridge shoes, pedestals or other parts 

which are built up by welding sections of plate together shall be, 
stress-relieved in accordance with the procedure of paragraph
3.9 of AWS DI. 1-72,when required by the Plans, Specifications, 
or Special Provisions governing the contract. 

510,35 PINS AND ROLLERS 

S,Pins and rollers shall be accurately turned to the dimen

sions shown on the drawings, and shall be straight, smooth 
and %free from flaws. Pins and rollers more than 23cm (9") in 

diameter shall be forged and annealed. Pins and rollers 

23cm (9") or less in diameter may be either forged and 
annealed or cold-finished carbon-steel shafting. 

In pins larger than 23cm (9") in diameter, a hole not 
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less than 50mm (2") in diameter shall be bored full-length
along the axis after the forging has been allowed to cool to a 
temperature below the critical range, under suitable conditions 
to prevent injury by too rapid cooling and before being
annealed. 

510.36 BORING PIN HOLES 
Pin holes shall be bored true to the specified diameter,

smooth and straight, at right angles with the axis of the member
and parallel with each ot er unless otherwise required. The
final . slurfac( shall ' be produced by a finishing cut. 

The distance outside- to-outside of end holes in tension 
members and inside-to-inside of end holes in compression
members shall not vary from that specified more than 0.8mm

,(1/32 inch). Boring of holes in built-up members shall be done 
after theriveting is completed. 

510.37 PIN CLEARANCES 
" The diameter of the pin hole shall not exceed that of the
pin by more than 0.5mm (1/50 inch) for pins 12.7cm (5") or 
less in diameter, or by 0.8mm (1/32 inch) for larger pins. 

510.38 THREADS FOR BOLTS AND PINS 
- ,Threads, for all bolts and pins for structural steel con
struction shall conform to *the Unified Standard Series UNC.
ANSI, B1.1, Class *2A for: external threads and Class 2B for
internal -threads,, except that -pin' ends having a diameter of
3 5rm (I 3/8") or more shall ,be threaded 2 threads per-

centimeter (6 per inch).. 

510,39 PIL AND DRIVING NUTS 
Two pilot nuts and two driving nuts for each sizeof pin shall 

be furnished,. unless otherwise specified. 
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510.40 	 NOTICE OF BEGINNING OF WORK 

The Contractor shell give the Engineer ample notice of the 
so that inspectionbeginning of work at the mill or in the shop, 

means any rolling mill ormay be 	 provided. The term "mill" 
foundry 	where material for the work is to be manufactured. No 

material 	 shall be manufactured, or work done in the shop, 
before the Engineer has been so notified. 

510.41 	 FACILITIES FOR INSPECTION 

The Contractor shall furnish facilities for the inspection of 

material and workmanship in the mill and shop, and'the nspt rs 
shall be allowed free access to the necessary parts, of the works. 

510.42, 	 INSPECTOR'S AUTHORITY 

.Inspectors shall haVe the authority to reject any material 
or workwhich does hot meet the requirements of these SPeci

fications. In case of dispute the Contractor may appeal to the 

Engineer, whose decision shall be final. 

510.43 	 ,WORKING DRAWINGS AND IDENTIFICATION OF
 

STEEL DURING FABRICATION'
 

(I) 'WORKING DRAWINGS 

The Contractor shall submit copies of the detailed shop 
drawings., to the Engineer for approval. Any work done 

i Prior to :the approval of these Plans shall be at the Con
in advance,tractor's 	risk. When material must be ordered 

specific 	 approval of such an action shall be obtained by 

-the Contractor prior to plecing the order. Shop drawings 
for steel structures shell give full detailed dimensions and 
sizes of component parts of the structure and details of 
all miscellaneous parts, such as pins, nuts, bolts, rivets 
and, drains. 
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'The' Contractor shall expressly understand that the Engi. 
neer's'approval of the working drawings submitted by tim 
Contractor covers,the requirements for "strength and detail", 
and the Engineer assumes no responsibility for errors in 
dimensions. 

.(2) IDENTIFICATION OF STEELS DURING FABRICATION 

(a) 	 IDENTIFICATION BY CONTRACTOR 
The Engineer shall be furnished with complete certified 
mil-test reports showing chemical analysis and 
physical tests for each heat of steel for all member, 
unless excepted by the Engineer. Each piece of steel 
to be fabricated shall be properly identified for the 
Engineer. 

Shop drawings shall specifically identify each piece that 
is to be made of steel which is to be other than AASHO 
M 183. (ASTM A 36) steel. Pieces made of different 

grades of steel shall not be given the same assembling 
or erecting mark, even though they are of Identical 
dimensions and detail. 

The 	Contractor's system of assembly-marking individual 
pieces, required to be made of steel other than AASHO 
M 183 (ASTM A 36) steel, and the issuance of cutting 
instructions to the shop (generally by cross-referencing 
of the assembly-marks shown on the shop drawings 
with the corresponding item covered on the mill 
purchase order) shall be such as to maintain identity 
of the mill test report number. 

The Contractor may furnish from stock. material 
that he can identify by heat number and mill 
test report. 

Any excess material placed in stock for later, use shall 
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,be~morked with the mill-test report number and shall 
be-marked with its AASHO M 160 (ASTM A 6) Speci
fication identification color code (see Table 510.43)/if 
any, when separated from the full-sizo piece furnished 
by the supplier. 

(b) 	 IDENTIFICATION OF STEELS DURING FABRICATION 
During fabrication up to the point of assembling 
'members, each piece of steel, other than AASHO M 183 
(ASTM A 36) steel, shall show clearly and' legibly its 

Specification identification color code shown in Table 
510.43. 
Individually marked pieces of steel which are used In 
furnished size, or r;uced from furnished size only by 
end or edge trim that does not disturb the heat number 
or color code or' 1,3ave any usable piece, may be used 
without further color coding, provided that the heatnumber or color code remains legible.
 

Pieces of steel, other than AASHO M 183 (ASTM A 36)
 
steel, which, prior to assembling into members, will be
 
subject to fabricating operations such as blast-cleaning,
 
galvanizing, heating for forming, or painting which
 
might obliterate paint color-code marking, shall be
 
marked for grade by steel-die stamping or by a
 
substantial tag firmly attached.
 
The following identification color code shall be used 
to identify material required to meet the individual 
,Specifications listed Table 510.43. 
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TABLE. 5i0.4i 

IDENTIFICATION COLOR CODES: 
,AASHO M 1,6l(A 242), Blue 
-AASH0.M 187 (A440) Brown 
AASHO M 188 (A 441) "Yelow 

A 514 Red. 
A 517, ,Red and Blue 

-AASHO M 223 (A 572), Grade 42 Green & White-
Grade 45 Green & Black, 
Grade 50 Green & Yellow 
Grade 55 Green & Brown 
Grade 60 Green & Gray 
Grade 65 Green & Blue 

'AASHO M 222 (A588) Blue and Yellow 
Other steels, except AASHO M 183 (ASTM A 36) steel,
not covered above: nor included in ihe AASHO M160
(ASTM A6),.Specification, shall have an individual 
color code which shall be established and onrecord 
for the Engineer. 

(c) 	CERTIFICATION 'OF IDEN1IFICATION
 
Upon: request, the Contractor 
 shall, furnish an affidavit 
certifying that.,throughout, the fabricationoperation he
has maintained 1he identification- of steel in accord
ance with this Specification. in cod 

546.44 WEIGHING OF MEMBERS 
In case it is specifiod that any part of the material is to be

paid for by actual weight, finished work shall be weighed in
the presence of the inspector, if practicable. In such case, the 
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Contractor shall supply 'satisfactory scales and shall perform
all work Involved In handling and- weighiing the various parts. 

510.45 	 FULL-SIZE'TESTS ' K -

When the full-size tests of fabricated "structural, members 
or eyebars are required by the contract, the Plans or Speciti, 
cations shall state the number and nature of the tests, the 
results to be attained and the measurements' of strength, 
deformatiun or other performance that are to be made. The 
Contractor shall provide suitable facilities, material, supervAsron 
and labor necessary for making and recording the lests. The 
members tested in accordance with the contract shall be paid 
for' in accordance with Section 510.64. The cost of testing,
Including equipment, handling, supervision, labor and incidentals 
for making the testishall be included in the contract price for 
the fabrication or fabrication and erection of structural steel, 
whichever is the applicable item in the contract, unless other
wise specified. 

510.46 MARKING AND SHIPPING,. 
'Ea-h member shall 'be painted or marked with an erection 

mark foi, identification, and an erection diagram shall be fur
nished with erection marks shown thereon./ 

The Contractor shall, furnish to the Engineer as many copies 
of material orders, shipping statements and erection diag'ams 
as the 'Engineer 'may direct. The weights of the individual 
members 'shall be' shown on the statements. Members weighing 
more -than 2.7 met 'r si tons (6,000 Ib) shall have the' weights 
marked thereon. Structural 'members shall be loaded on trucks 
or cars in such a manner that they may be transported' and 
unloaded at their destination without being" 'excessively 
stressed, deformed or otherwise damaged. 

....loltWandrivets of one length and diameter and loose nuts 
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or washers of 'each size-shall .be packed separately. Pins; small, 
parts and packages, bolts, rivets, washers and nuts shall 
be shipped in boxes, crates, kegs or barrels, but the,. gross 
weight of any package shall not exceed 140 kilograms, (300
lbs). A list and description of the contained material shall be 
plainly marked on the outside of each shipping container., 

510.47 	 PAINTING 
Unless otherwise shown on the Plans or specified, all iron 

and steel surfaces shall be cleaned and painted in accordance 
with Section 514. 

ERECTION 

51 0.48" VACANT, 

510.49 	 ' ERECTION OF STRUCTURE 
The Contractor shall' erect the metalwork, remove. the 

temporary construction and do all the work required to complete
the. bridge or bridges as covered by the agreement, including
the removal of the old structure or siructures, if stipulated,
 
all in 'accordance with the Plans and these SpecificationS.';
 

510.50 VACANT 

510.51 PLANT 
The Contractor shall 'prvide ' the falsework: nd all, tools; 

machinery and' applicances, including'"drift pins and t'itting.' 
up bolts, necessary for the expeditious handling of th' w 

510.52 VACANT 

510.53 	 HANDLING AND ' STORAGING MATERIALS-
Material to be stored shall be placed on skids above the 
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ground. It shall be kept clean and properly drained. Girders 
,'and beams shall be placed upright and shored. Long members. 
such as columns and chords, shall be supported on skids placed 
near enough together to prevent injury from deflection. If the 
contract Is for erection only, the Contractor shall check the 
material iurned over to him against the shipping lists, and report 
promptly in writing any shortage or injury discovered. He shall 
be reiponsible for the loss of any material while in his care, 
or for any damage caused to it after being received by him. 

5:0.54 FALSEWORK 

"Thefalsework shall be properly designed and substantially 
constructed and maintained for the loads which will come 
upon it. The Contractor, if required, shall prepare and submit 
to the Engineer for approval, plans for falsework or for 
changes in an existing structure necessary for maintaining 
traffic. Approval of the Contractor's plans shall not beconsid. 
ered as relieving the Contractor of any responsibility. 

510.55- METHODS AND EQUIPMENT 
,Before starting the work of erection, the Contractor shallinform the Engineer fully as to the method of erection he 

proposes to follow, and the amount and character of equipment 
he proposes to use,'which shall be subject to the approval 
of the Engineer. The approval of the Engineer shall not be 
considered as relieving the Contractor of the responsibility for 
the safety of his method or equipment or from carrying out 
the work in full accordance with the Plans and Specifications. 
No work shall be done until such approval by the Engineer 
has been obtained. 

510.56 BEARINGS AND ANCHORAGES 
Bridge bearings shall be set level, in exact position, and 

must have full and even bearing on the masonry. 
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Elastomeric bearing pads,- if used,,shall set directly, on the 
concrete' masonry. 

Cast iron or steel, or rolled-steel bearings shai be bedded on 
the masonry with alternate layers of red lead and canvas, or a 
slngle'thickness of sheet lead or preformed-fabric bearing pad. 
* The Contractor shall drill holes for anchor bolts and set 

them in Portland cement grout, or preset them as shown on 
the Plans or as specified. 

Location of anchors and setting of rockers or rollers shall 
take into account aiy variations from mean temperature at time 
of setting and anticipated lengthening of bottom chord or 
bottom flange due to dead load after setting, the intention 
being tha, as near as practicable, at mean temperature and 
under dead load the rockers and rollers shall set vertical, and 
anchor bolts at expansion bearings will center their slots. Care 
shall be taken that full and free movement of the superstructure 
at the movable bearings is not restricted by improper setting 
or adjustment of bearings or anchor bolt and nuts. 

Bridge bearings shall not be placed on masonry bearing 
areas which are irregular or improperly formed. 

510.57 STRAIGHTENING BENT MATERIAL AND CAMBERING 

(I) 	STRAIGHTENING BENT MATERIAL 
The straightening of plates, angles, other shapes and 
built-up members, when permitted the Engineer, shall be' 
done by methods that will not produce fracture or other 
injury. Distorted members shall be straightened by
mechanical means or, If approved by the Engineer, by the 
carefl4 planned and supervised application of a limited 
amount of localized heat, except that heat-straightening
of Ai14/A517 steel members shall be done only under 
rigidly controlled procedures, each application subject 
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to the approval of the Engineer. In no case shall the 
maximum temperature of the A514/A517 steel exceed 6200C 
(1125 F), nor shall the temperature exceed 510°C (950F) 
at the weld metal or within 15cm (6 Inches) of weld metal. 
Heat, shall not be applied directly on weld metal. In all 

,other steels, the temperature of the heated area shall not 
exceed 6500C (1200 F)(a dull red) as controlled by temper
ature indicating crayons, liquids or bimetal thermometers. 

Parts to be heat straightened shall be substantially free 
of stress and from external forces, except stresses result

" ing from mechanical means used in conjunction whic the 
application of heat. 

Following the straightening of a bend or buckle, the surface 
of the metal shall be carefully inspected for evidence of 
fracture. 

(2) 	 CAMBrkKING 

Correction of errors in camber in welded beams and girders 
of A514/A517 material shall be done only under rigidly 
controlled procedures, each application subject" to approval 
of the Engineer. 

510.58 ASSEMBLING STEEL 
The parts shall be accurately assembled as shown on the 

Plans and any match-marks shall be folldwed. The material 
shall be carefully handled so that no parts will be bent, broken 
or otherwise damaged. Hammering which will injure or distort 
the members shall not be done. Bearing surfaces and surfaces to 
be in permanent contact shall be cleaned before the members 
are assembled. Unless erected by the cantilever method, truss 
spans shall be erected on blocking so as to give the trusses 
proper camber. The blocking shall be left in place until the 
tension chord splices are fully riveted or bolted and all other 
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truss: connections pinned and bolted. Rivets or permanent boltsin.splices of butt joints of compression members and rivets orpermanent bolts in railings shall not be driven or tighteneduntil the span has been swung. Splices and field connectionsshall have one-half of the holes filled with bolts and cylindricalerection pins (half bolts and half pins) before riveting orbolting with high-strength bolts. Splices and connections carryingtraffic during erection shall have three-fourths of the holes 
so filled. 

Filling-up bolts shall be of the same nominal diameter asthe rivets or high-strength bolts, and cylindrical erection pins .shall 
be 0.8mm (1/32 inch) larger. 

510.59 RIVETING 
Pneumatic hammers shall be used for field riveting, except
when the use of hand tools is permitted by the Engineer. Rivets
larger than 2 3mrnm (7/8 inch) in diameter shall not be driven by
hand. Cup-faced dollies, fitting the 
 head closely to insure goodbearing, shall be used. Connections shall be accurately and
securely fitted up before the rivets are driven. Drifting shall be
only such as 
 to draw the parts into position and not sufficientto enlarge the holes or distort the metal. Holes, not true, shall
be reamed or drilled. Rivets shall be heated uniformly to a light
"cherry red" color and shall be driven while ho. They shallnot be overheated or burned. Rivet heads shall be full andsymmetrical, concentric with the shank, and shall have fullbearing all around. They shall not be smaller than the headsof the shop rivets. Rivets shall be tight and shall grip theconnected parts securely together. Caulking or recuppingwill not be permitted. In removing 'rivets, the surrounding

metal shall not be injured; if' necessary, thtg shall bedrilled out.y , 
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510.60 PIN CONNECTIONS 

Pilot and driving nuts shall ,be used in driving pins. They 

shbll be furnished by the Contractor without charge. Pins shall 

be so driven that the" members will take full bearing on them. 

Pin nuts shall be screwed up tight and the threads burred 

at the face of the nut with a pointed teol. 

-

510.61 MISFITS 
amountsT'e correction of minor misfits involving harmless 

of reaming, cutting and chipping will be considered a legitimate 

part of the erection. However, any error in the shop fabrication 

orideformation resulting from handling and transportation which 

prevents the proper assembling and filting-up of parts by 
a amount ofthe moderate use of drift pins or by moderate 

reaming and slight chspping or cutting, shall be reported 

immediately to the Inspector and his aQproyal of the method 
made in hisof correction obtained. The correction shall be 

provides for complete fabricationpresence. If the contract 
and erection, the Contractor shall be responsible for all 

shall make the necessarymisfits, errors and injuries and 
corrections and replacements. If the contract is for erection 

only, the Inspector, with the cooperation of the Contractor, 

shall keep a correct record of labor and materials used and 
shall render within 30 days an itemized billthe Contractor 


for the approval of the Engineer.
 

510.62 ORTHOTROPIC-DECK BRIDGES 

(1) 	PROTECTION OF DECK PLATE AFTER SAND BLASTING 

If sand blasting to a white metal, or an equivalent method, 
'is used to prepare the deck plate to' receive a wearing 
surface, a protective coating shall be applied to the plate 
immediately after* cleaning. 



(2) DIMENSIONAL TOLERANCE UMITS 
Dimensional tolerance -limits for othotropic-deck bridge
members shall be applied to each completed but unloaded
member and shall be as specified in the AWS Specification
referred to In Section 510.23 (I), except as superseded
hereinafter. The deviation from detailed flatness, straight
ness or curvature at any point shall be the perpendicular
distance from that point to a templet edge having the 
detailed straightness or curvature and which is in contact 
with the element at- two other points. The term element 
as used herein, refers to individual panels, stiffeners, flanges 
or other pieces. The templet edge may have any length
not 'exceeding the greatest dimension of the element 
being examined and, for any panel, not exceeding
1.5 times the least 'dimension of the boundaries of the 
element. The deviation shall measuredbe between 
adjacent points of contact of the templet edge with'the 
element; the distance between these adjacent points of 
contact shall be used in the formulas to establish the 
tolerance limits for the segment being measured whenever 
this distance is less than the applicable dimension of the 
element specified for the formula. 

(a) FLATNESS OF PANELS' 
The term panel as used in this Article means a clear 
area of steel plate surface bounded by stiffeners, webs,
flanges or plate edges and not further subdivided by 
any such elements. The provisions of this Article apply
to -all panels in the bridge; for plates stiffened on 
one side only, such as orthotropic deck plates or
flanges of box girders, this Includes the total clear 
width on the side without stiffeners as well as the 
panels between stiffeners on the side with stiffeners. 
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The maximum deviation from' etailed flatness or
*curvature of a panelshall not-exceed the greater or: 

'
 5mmo D' (3/16, inch'or 'D " 

where 
D - the least dimension along the boundary of the 

panel in cm. (in.). 
T = the minimum thickness of the plate comprising the 

panel in cm. (in.). 

(b) STRAIGHTNESS OF LONGITUDINAL STIFFENERS SUBJECT TO 
CALCULATED COMPRESSIVE STRESS, INCLUDING ORTHOTROPIC-
DECK RIBS 

The maximum deviation from detailed straightness or 
curvature in any direction perpendicular to its length 
of a longitudinal stiffener subject to calculated com
pressive stress, including each orthotropic-deck rib, 
shall not exceed; 

L 
480 

where 

L - the length of the stiffener or rib between cross
members, webs or flanges. 

(c) STRAIGHTNESS OF TRANSVERSE WEB STIFFENERS AND OTHER 
STIFFENERS NOT SUBJECT TO CALCULATED COMPRESSIVE STRESS 
The maximum deviation from detailed straightness or 
curvature in any direction perpendicular to ils length of 
o transverse web stiffener or other stiffener not subject 
to calculated - compressive stress shall not exceed 

L 



where,'' 
L 	 the lenglh",of. the stiffener betweencross-Members, 

Webs or flanges. 

510.63' REMOVAL OF 	OLD STRUCTURE AND FALSEWORK 
If stipulated in the agreement, the Contractor shall dismantle

the old structure which, unless olherwise provided, shall bethe property of the HA, 	and shall store the material in theimmediate vicinity of the bridge site, as Engineer maythe 
direct. If the old structure is to be re-erected, it shall bedismantled without unnecessary damage and the parts match
marked and carefully stockpiled. 

Upon completion of the erection and 	before final acceptance, the Contractor shall remove all falsework, excavated oruseless materials, rubbish and temporary buildings, replacri or
fencesrenew any damaged, and restore in an acceptable 

manner all property, both public and private, which may havebeen damaged during the prosecution of this work, and shall
leave the bridge site and adjacent highway in a neat andpresentable condition satisfactory to the Engineer. All excavated
material or falsework placed in channelthe 	stream during
construction shall be removed by the Contractor before final 
acceptance. 

510.64 	 METHOD OF MEASUREMENT 
The _weight of Metal work tothe be paid for under the 

item 'of sfructural'steel shall be 'computed an the following basis: 
(a) Unit weights- Grams/cm Lb cu ft. 

Aluminum cast or 
Swrought 2.771 ,_ 173.0 

Bronze, cast' 
Copper alloy 

8.587 
8.587 

536.0 
536.0 
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Copper sheet 8.939 558.0 
Iron, cast 7.129 445.0 
Iron, mallable 7.529 .470.0 
Iron, wrought 7.802 487.0 
Lead, sheet 11.326 707.0 
Steel, rolled, cast, 

copper-bearing, . 
silicon, nickel 7.850 490.0 

Zinc 7.209 450.0 

(b) 	The weights of rolled shapes shall be computed on the 
basis of their nominal weights per foot as shown on the 
drawings, or listed in the handbooks. 

The weights of plates shall be computed on the basis of 
the nominal weight for their width and thickness as 
shown on the drawings, plus an estimated overrun 
computed as one-half the "Permissible Variation in 

.Thickness and Weight" as tabulated in Specification, 
"General Requirements for Delivery of Rolled Steel 
Plates, Shapes, Steel Piling and Bars for Structural 
Use", AASHO M 160 (ASTM A 6). 

(c) 	The weight of castings shall be computed from the dimen
sions shown on the approved %hopdrawings, deducting 
for open holes. To this weight shall be added 5 per
cent allowance for fillets and overrun. Scale weights 
may be substituted for computed weights In the case of 
castings or of small complex parts for which accurate 
computations of weight would be difficult. 

(d) 	 The weight of temporary erection bolts, boxes, crates 
and other containers used for shipping, and materials 
used for supporting members during transportation and 
eiection shall not be included. 
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'
'(e)" n computing pay .weight on the basis of computed 
net welgh, the following stipulations in" addition to 
those in paragraphs a, b, C 'and d aliovie shall apply. 
The weight shall be computed on the basis of the 
net-finished dimensions of the parts as shown on 
the approved shop drawing, .deducting for copes, 
cuts, clips and all open holes, except rivet and 
bolt holes. 
The weight of all rivet heads, both field and shop,' 
shall be included on the basis of the following weights il 

DIAMETER OF RIVET WEIGHT PER 100 HEADS 

Millimeters Inches Kilograms Pounds 

12.7 /21.8 4 

15.9 3.2 7 

19.1 3/4' 5. 12 

22.2 7/s 8.2 18 

2151.4, 1I 11.8 26 

28.6 ,'/ '+ 16.3 36 

31.8 . , 21.8 48
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The weight of heads, nuts, single washers and threaded 
stick-through of all high-tensile-strength, shop bolts, shall 
be included on 'the basis of the following weights 

DIAMETER OF BOLT WEIGHT PER 100 BOLTS 
Millimeters Inches Kilograms Pounds 

12.7 1 Vs , 8.9 19.7 
15.9 . / . 144....... 31.7 
19.1 3/4 23.8 52.4 
22.2 ... .... 7 ..... 36.5 ..... 80.4 

2.4
28.6". 

I 
. . 1/. 

53.0 
74. .. 

16.7 
J 65.1 

31.6 l'/4 96.2 212.0 
34.9 P/i .. .... 127.0 ...... 280.0 

t38.r1/2 154.2 340.0 

The weight of weld metal shall be computed on the basis 
of'the theoretical volume from dimensions of the welds. 

(f) In computing pay weight on the basis of scale weights, 
the pay quantity of structural steel will be thie shop 

.scale weight of the fabricated members, which shall 
be weighed on satisfactory scales in the presence of 

the 	Inspector. If the shop paint has been applied to 
the completed member when weighed, 0.4 of I .per

cent of the weight of the member shall be deducted 
from the scale weights to compensate for weight of 
shop paint. No payment will be made for any weight 
in excess of II per cent above the computed net 
weight of the whole item. 

(g) Shop painting of steel will be measured for payment 
as 0.4 of 1 percent of the total weight of steel, as 
measured for payment as specified above. 
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510.65 	 BASIS OF PAYMENT 
The contract-price for fabrication and erection structural steel 

shall include all labor, materials, transportation and shop painting 
necessary for the proper completion of the work in accordance 
with the contract. The contract price for fabrication without
erection shall include all labor and materials necessary for the 
.proper completion of the work in accordance with the contract. 

Under contracts contairi.ng an item for structural steel,
all metal parts other than metal reinforcement for concrete,
such as anchor bolts and nuts, shoes, rockers, rollers, bearing
and slab plates, pins and nuts, expansion dams, roadway
drains and scuppers, weld metal, bolts embedded in concrete, 
cradles and brackets, railing and railing posts, blast plates.
and water stops, shall be paid for as structural steel unless 
otherwise stipulated. 

Payment will be made on a kilogram-price or a lump..sum
basis as required by the terms of the contract, but, unless 
stipulated otherwise, it shall be on a kilogram-price basis. 

The payment in kilogram-price contracts shall be based on 
the computed net weight of metal in the fabricated and erected 
structures unless it is provided that payment shall be based 
on scale weight. 

For members comprising both carbon steel and other special
steel or material, when separate unit prices are provided for 
same, the weight of each class of steel in each such member 
shall be separately computed, and paid for at the contract 
unit price therefor. 

Full-size members which are tested in accordance with the 
Specifications, when such tests are required by the contract, shall

be paid for at the same rate as for comparable members for the 
structure. Members which fail to meet the contract requiriements,
and members rejected as a re.-tult of tests, sho!l not be paid 
for 	 by the purchaser. 

http:contairi.ng
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SECTION 511 BRONZE OR COPPER-ALLOY BEARING 

AND EXPANSION PLATES 
' 511.01.1 GENERAL 

Plates' shall' be of the kind of metal specified in the Special 
P'rovisioni -or as shown on the Plans. 

511.02, MATERIALS .. 

(-) 	 BRONZE, BEARING AND EXPANSION PLATES 

Bronze-bearing and expansion plates shall conform to 

the Specification for Bronze Castings for Bridges and 
,Turntables, AASHO M 107 (ASTM B 22). Alloy B shall be 

furnished unless otherwise specified. 

(2) 	 ROLLED COPPER-ALLOY BEARINGS AND EXPANSION PLATES 

,Rolled copper-alloy bearing and expansion plates shall 

conform to the Specification for Rolled Copper-Alloy Bearing 
and Expansion Plates and Sheets for Bridge and Other 

Structural Uses, AASHO M 108 (ASTM B 100). Alloy No.I 

shall be furnished unless otherwise specified. 

(3) 	 METAL POWDER-SINTERED BEARINGS AND EXPANSION PLATES (OIL 

IMPREGNATED) 

.Metal powder sintered bearings and oil impregnated 

expansion plaies shall conform to Ithe S'prcifications for 

such material of the ASTM B 438, Grade I, Type Ilsor 

Grade 2, Type I. 

5i1.03 BRONZE PLATES 

Plates shall be cast according to details shown, on, h e 

Plans. Sliding surfaces shall be planed parallel to the movement 
of the spans and polished unless detailed otherwise. 
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511.04 COPPERALLOY PLATES
 
Plates shall be 
 furnished according to details'shown 6the,Plans Finishing of the rolled platz will not be required providedthey have a plane, true and smooth surface. 

511.05 PLACING 
Bearing plates shall be accurately set in correct position asshown on the Plansand shall have a uniform bearing over thewiole area. Provision shall be made to keep the plates incorrect position as the concrete is being picced. 

511.06 METHOD OF MEASUREMENT 
The metal work to be measured for payment under theitem of bronze or copper-alloy bearing and expansio plateis'

shall be the certified shopscale weight of the plates as placedin the structure, unless' otherwise provided.the If specified incontract or permitted by the Engineer, computedweightsobtained as herein described may be made the basis of
 
measurement.
 

511.07 BASIS OF PAYMENT
 
Payment for bronze 
 or copper-alloy. bearing and expansion plates shall be made at the coniract. unitkilogam. Payment shal price perinclude ihe furnishingof materil ,ndall labor and incidental work that are required to complete

the item. 
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SECTION 519. STEEL-GRID FLOORING 

512.01 ,,GENERAL , 
Steel-grid flooring hall be of the open-type, or the concrete

filled type as specified in'the" Special Provisions or as shown 
on the Plans. 

The floor shall meet the requirements for the. design of
steel *grid'floors: Article 1.3.6 in the Standard Specifications. 
Before fabrication or construction is undertaken the Contractor
shlll submit 'complete shop and assembly details to the 
Engineer for approval. 

512.02 MATERIALS 

(I,)_STEEL 

All steel shall conform to the Specification for Structural 
Steel of the AASHO M 183 (ASTM A 36), AASHO M 161 
(ASTM A 242) of a weldable grade or AASHO 'M 188
(ASTM A-441). Unless the material is galvanized it shall 
have a copper content of 0.2 percent. 

(2) PROTECTIVE TREATMENT (SHOP COAT) 

Open.type floors shall begalvanized inaccordance with the 
Specification for Zinc (Hot-Galvanized) Coatings on Products 

'Fabricated from Rolled, Pressed and Forged Steel Shapes,
Plates, Bars and, Strip, AASHO M III (ASTM A 123)., 
In lieu of galvanizing, the floor may be painted if specified in 
the Special Provisions. The paint shall be applied according 
to the Specifications for Painting Metal Structures, except
that dipping will be permitted. The paint shall be as 
specified for metal structures unless paint of other type is 
required by the Special Provisions. 
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(3) CONCRETE 
All concrete in filled steel-grid floors shall conform, to theSpecification for concrete, Section,504. The concreteandthe 	 size of aggregate shall be as specified for Class Y 
concrete. 

(4) 	 SK D RESISTANCE
 
The upper 
 edges of all members forming the wearingsurface of an open-4ype grid flooring should be fabricated 
or treated to give the maximum skid resistance. 

512.03 ARRANGEMENT OF SECTIONS
 
Where 
 the 	main elements are normal to centerline ofroadwa)y, the units generally shall be of such length as to extendover the full width of the roadway for roadways up to 12 meters(approximately 40 feet), but in every case the units shall extendover at least three panels. Where joints are required, the endsof the main floor members shall be welded at the 	joints overtheir full cross-sectional area, or otherwise connected to provide


full continuity.
 
Where the main elements are 
parallel I to centerline o(.roadway, the sections shall extend over not 	less than threepanels, and the ends of abutting units shall be welded overtheir full cross-sectional area, or otherwise connected to providefull continuity in accordance with the design. 

512.04 PROVISION FOR CAMBER
 
Unless otherwise provided 
 . on 	the Plans, provision for.camber shall be made as follows:
 
Steel units 
 so rigid that they will not readily follow' thecamber required shall be cambered in the'shop. To0 providea bearing surface parallel to the crown of the roadwa* 
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the stringers shall be canted or provided with shop.welde4 
beveled bearing bars. If beveled bars are used, they shall 
be placed along the centerline of Ihe stringer flange, in 
which case the design span length shall be governed by 
the width of the bearing bar instead of by the width at the 
stringer flange. 
Longitudinal stringers shall be mill-cambered or provided 
with bearing strips so that the completed floor after dead
load deflection shall conform to the longitudinal camber 
shown on ;he Plans. 

512.05 FIELD ASSEMBLY 
Areas of considerable size shall be assembled before the 

floor is welded to its supports. The main elements shall be made 
continuous and sections shall be connected together along their 
edges Iby, welding, bolting or riveting. The connections shall 
meet with the approval of the Engineer. The rivets may be 
cold-driven. 

512.06 CONNECTION TO SUPPORTS 
The floor shall be connected to its steel supports by, 

welding. Before any welding is done the floor shall either be 
loaded to make a tighi ioint with full bearing or it shall be 
clamped down. The location, length and size of the welds shall 
be subject to the approval of the Engineer, but in no case shall 
they be less than the manufacturer's standards. 

The ends of all the main steel members of the slab shall' 
be securely fastened together at the sides of the roadway for 
the full length of the span by means of steel plates or angles 
welded to the ends of the main members, or by thoroughly 
encasing the ends with' concrete. 

512.07 	 WELDING 
All shop and field welding shall be done,, in accordance 
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with the current Specifications of the American Welding Society
for Welding Highway and , Railway 'Bridges, unless thes 

Specifications conflict w,.ith he AWS Specifications, in which 
case these Specifications shall govern. 

Surfaces to be welded shall be free from paint, grease, 
loose scale, rust and other material that will prevent a proper 
weld. A thin coating of linseed oil, without pigment, need not 
be removed. Any clinkers or slag caused by flame-cutting or 
other causes shall be removed before welding. 

512.08 	 REPAIRING DAMAGED GALVANIZED COATINGS 
All galvanizing that has been chipped off or damaged in 

handling or transporting, or in welding or riveting, shall be 
repaired by field-galvanizing by the application of a paste
composed of approved zinc powder and flux with a minimum 
amount of water. The places to be coated shall be thoroughly 
cleaned, including removal of slag on welds, before the paste 
is applied. The surface to be coated shall first be heated 
with a torch to a sufficient temperature so that all metallics 
in the paste are melted when applied to the heated surface. 
Extreme care shall be taken to see that the galvanized 
surfaces are not damaged by the torch. The flux in the 
paste will cause a black substance to appear on the surface 
of the coated parts, and ,this black sub'stance, shall be- removed 
by wiping off "with' waste or by the "quick application of 
cold water. 

512.09 	 CONCRETE FILLER 
Floor-types with bottom flanges not In contact with each 

other shall be provided with bottom forms of metal or wood to 
retain the concrete filler without excessive leakage. 

If metal form strips are used, they shall fit tightly on the 
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bottom flanges of the floor members and be placed in short 
lengths so as to extend only about 2.5cm (I nch) onto the edge 
of each support; but in all cases the forms shall be such as 
will result in adequate bearing of slab on the support. 

The concrete shall be mixed, placed and cured in accord
ance with the requirements of Section 504. The concrete shall 
be thoroughly compacted by vibrating the steel..grid floor. The 
vibrating device and the manner of operuting it shall be subject 
to the approval of the Engineer. 

512.10 PAINTING 
Flooring furnished without galvanizing, but with a shop coat 

of paint, shall be given two field coats of paint in accordance 
with ther6quirements of Section 514. 

If a structural steel plate is used on the bottom of a filled.. 
type floor, the bottom surface of the plate shall be painted 
one shop coat and two field coats of paint. 

512.11 METHOD OF MEASUREMENT 
The quantity to be measured for payment shall be the 

number of square, meters of steel-grid flooring complete, in 
place and in accordance with these Specifications. 

512.12 BASIS OF PAYMENT 

The quantity of steel-grid flooring, measured as specified
above, ,will be paid for at the contract unit price per, square 
meter, which price shall be full compensation for performing
the work specified to include painting and concrete when 
required, and the furnishing of all labor, tools, material1 
equipment and incidentals to complete the .work. 
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513 RAILINGSSECTI ON 

513.01 GENERAL 
Railings for bridges shall include all work constructed above 

the top of sidewalk, top of curb more than 15cm (6 inches)
wide or, if a sidewalk or curb Is not used, above the top of 
the roadway. Railings for wing-walls or retaining walls shall 
include all work above the top of wall, or if used, top of curb 
or top of sidewalk. The item shall include the furnishing of all 
material, equipment, tools, supplies and labor necessary for the 
proper construction of the railing, as shown on the Plans or as 
provided in the Special Provisions. Payment will be as shown on 
the Plans or in the Special Provisions. 

513.02 	 MATERIALS 
All materials shall conform to the requirements of the 

applicable AASHO Material Specifications, the.Plans or the 
Special Provisions. 

513.03 LINE AND GRADE 
The line and grade of the railing shall be true to that shown 

on the Plans,. and shall not follow any unevenness in the super
structure. Unless otherwise specified or shown on the Plans, the 
handrail and curbs on bridges, whether superelevated or not, 
shall be vertical. 

513.04 VACANT 

513.05 VACANT 

CONCRETE RAILING 

513.06 	 GENERAL 
In no cose shall concrete railings be piaced until the 



460 513.06 

centering or falsework for the span has been released, 
rendering the spany self-supporting ...... 

513.07 MATERIALS 
Except as-. modified herein; materials: shall conform'to the 

requirements of Section 504 and 505. , 

,513.08 RAILINGS CAST-IN-PLACE 
The portion of the railing or parapet which is to be cost 

in place shall be constructed in accordance with the requirements 
of Section 504. Care shall be exercised to secure smooth and 
tight-fitting forms which can be rigidly held in line and grade 
and removed without injury to the concrete. 

Forms shall be either single-width boards or lined with 
material that isapproved by the Engineer. Form joints in plane 
surfaces will not be permitted. 

Moldings, panel work and bevel strips shall be constructed 
according to the detail Plans with neatly mitered joints;and all 
corners in the finished work shall be true, sharp and clean-cut" 
and shall be free from cracks, spoils or other defects. 

513.09 PRECAST RAILS 
.....
Molit-tomped mortar precast members shall be made, ot 
a mixture of cement and sand approximately in the proportions 
.of one part of cement to two and one-half parts of sand.-The 
sand Shall be specially selected for color and grading.' The 
sand shall be screened through a screen having 3mm (I/8 
inch) square meshes, and all oversize particles shall be 
discarded. Only sufficient water shall be used in mixing to 
permit the immediate removal of the member from the mold. 

The precast members shall be cast in mortar-tight metal 
or metal.lined molds. The precast. members shall be removed 
from the molds as soon as practicable and shall bekept damp 
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for 	a period of at least 10 days. During this period they shall 
be protected from the sun and weather. The method of storage
and hcndling shall be such as to preserve true and even edges
,and corners, and any precast members which become chipped,
marred or cracked before or during the process of placing
shall be repaired. 

513.10 COMBINATION RAIL 
A combination of reinforce4 cast-in-place rail posts andreinforced,, precast rail bars shall be in accordance with the 

requirements of Sections 504 and 505 and ihe details as shawn 
on the Plcins. , a di a 

513.11 SURFACE FINISH 
The surfaces of railings shall conform to the requirements 

of Section 504. 

513.12 EXPANSION JOINTS 
Expansion joints shall be so constructed as to permit freedom

of movement. Upon completion of work, any mortar likely to
spall under movement shall be carefully removed from the joints, 

513.13 METHOD OF MEASUREMENT 
The quantity of railing to be measured for paymant shall

be the number of'linear meters of the type of rail specified
complete in place. Measurement will be made along the face 
of rail from end to end. 

513.14 	 BASIS OF PAYMENT 
The linear meters of railing, determined as provided above,

will be paid for at the contract unit price per linear meter forthe type of railing specified; complete in place.The 'contract
price shall include all labor, tools, materials and otheir items 
incidental to the satisfactory completion of the work. 
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SECTION 514 PAINTING METAL STRUCTURES 

514.01 	 G'ENERAL• 
The painting of metal structures shall'include, unless other. 

wise provided in the contract, the preparation of the metal
surfaces, the application, protection and drying of. the paint
coatings, and the supplying of labor and materials necessary 
for the work. 

514.02 MATERIAL 

(I) SHOP COAT (PRIME COAT) 
The shop or prime coat of paint for metal shall be a red
lead paint and shall conform to the Spocification for Red 
Lead Ready-Mixed Paint M 72. 
Red lead pigment In the dry form or as a paste in oil shall 
conform to ASTM D 83. The 97% grade shall be specified
for dry pigment. 
In mixing the paint, raw linseed oil (ASTM D 234) may be 
replaced with boiled linseed oil (ASTM D260) to the extent 
of 50% of the total oil content. 
The paint, preferably, shall be factory-mixed. As an 
alternative the pigment shall be furnished in the form of 

.red lead paste. 

(2) 	 FIRST FIELD COAT 

The 	first field coat shall be a red lead paint as specified
for the shop coat, tinted light brown as required with lamp 
black in an amount not to exceed 30gms per liter (I pound 
per 	gallon).of linseed oil. 

(3) 	 SECOND ELD COAT (FINISH COAT) 
The paint to be used for the second field coat shall 

http:gallon).of
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'conform, unless specified otherwise, to one of the following
AASHO Specifications i .. . 
(a) 	Foliage Green Bridge Paint, M 67._ 
(b) 	 Black Bridge Paint, M 68. 
(c) 	 Aluminum Paint (Paste-Mixing Vehicle), M&69.0 

Reay-0xda8(d) 	 White and Tinted Ready-Mi' (Ladnd ZincPoint (Lead an 
Base), M 70. 

(e) Red Lead (Dry and, Paste-in-Oil) and Paint Made 

(f) 
Tkerefrom, M 71. 

Red Lead Ready-Mixed Paint, M 72. 
If red lead is used for the second field coat, it shall be
tinted with lampblack as directed by the Engineer. 

514.03 NUMBER OF COATS AND COLOR 
. Steel shall be pointed one shop or prime coat and withnot less than two field coats, as sp6cified in Section 514.02 The

color shall be as specified or determined by the Engineer. Coatsshall be different in color to permit detection of incomplete
application. 

514.04 MIXING OF PAINT 
paint shall be factory. mixed except, as provided in thisSection. All paint shall also be field-mixed before applying, in

order to, keep the pigments in uniform suspension. 

514.05 	 WEATHER CONDITIONS 
Paint shall not be applied when the steel isdamp, the airis misty, or when, in the opinion of the Engineer, conditions areotherwise unsatisfactory for the work. 
Material, painted under coverin damp or cold weather shallremain under cover until dry or until weather conditions permit 
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Its exposure in the open. Painting shall not be done when the 
meta is hot enough to cause the paint :to:blister and produce 
a porous paint film. 

514.06 APPLICATION 

(I) 	 GENERAL 
Painting shall be done in ct neat ,manner and may be 
applied with' hand brushes or by spraying, except that 
aluminum paint preferably shall be applied by spraying. 
By either method the coating of paint applied shall be 
smoothly and uniformly spread so that no excess paint will 
collect at any point. 

(2) 	BRU-SHING 

When brushes are used; the paint shall be so manipulated 
under the brush as to produce a smooth,' uniform,' even 
coating in close. contactwith the, metal or with previously 
applied point, andshall be worked'into all corners 'and 
crevices. 

'(3) 	 SPRAYING 
Power-spraying equipment shall apply the point in a fine, 
even spray without the addition of any thinner. 

Paint when applied with spray 'equipment shall be 
'immediately followed by brushing when necessary to secure 
uniform coverage and to'eliminate wrinkling, blistering and 
airholes. 

(4) 	 INACCESSIBLE SURFACES 

"On all surfaces which :are inaccessible for' paint brushes,' 
the, point shall be applied by sl'raying or'applied 'with'

-, sheepskin daubers, to' insurethorough, covering. 
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514.07,,, REMOVAL OF-,PAINT 
If the-,painting is unsatisfactory to 'the Engineer, the paintshall be .removed and the ;metal thoroughly, cleaned and 

repainted. 

5,14:08 T'HINNING PAINT, 
Paint as delivered in containers when thoroughly mixed is 

ready for use. If it is necessary in cool weather to thin the paint
in order. that it shall spread more freely, this shall be done
only by heating in hot water, and liquid shall not be added 
nor removed unless permitted by the Engineer. 

514.09 	 PAINTING GALVANIZED SURFACES 
Galvanized surfaces which are required to be painted 

shall be treated as follows 
For the purpose of conditioning the surface of galvanized

surfaces for painting, the painting shall be deferred as long as

possible in order that the surface may weather. 

Before painting galvanized surfacesthey shall be treated 
as 	 follows 

In 4 liters (I gallon) of soft water, dissolve 55 grams
(2 ounces) each of copper chloride, copper nitrate. and sal
ammoniac; then add 60m 1 (2 ounces) of commerical muriatic acid.
This should be done, in an ,earthen or glass vessel, never in tin 
or other metal receptacle. Apply the solution with a wid9 flat
brush to the galvanized surface, after which it will assume a
dark, almost black, color whcl on dryingbecomes a grayish film. 

514.10, CLEANING OF SURFACES 

(I) 	 GENERAL 
Surfaces of metal to be painted shall be thoroughly cleaned,
removing rust, loose mill, scalef, dirt, oil: or grease. 
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Weld areas shall be neutralized with a Proper chemical,,after which they shall be thoroughly rinsed with water. 
The removal of rust, scale and dirt shall be done by the 
use of metal brushes, scrapers, chisels, hammers or other
effective means. Oil and grease shall be removed by the 
use of a suitable effective solvent. Bristle or wood fiber 
brushes shall be used for removing loose dust. 

51.11 SHOP PAINTING 
-,- Unless otherwise specified, before shipping, steelwork shall 
be given one coat of approved paint after it has been accepted
by the Inspector. 

Surfaces not in contact but inaccessible after assembly orerection shall be painted three coats. The shop contact surfaces
shall not b painted. Field contact surfaces shall receive a shop
coat ov' paint, except contact surfaces of high-strength bolted,
friction-.type joints, and main splices for chords of trusses and
large girder splices involving multiple thicknesses of material
where a shop coat of paint would make erection difficult. Fieldcontact surfaces not pointed with the shop coat shall be given
a coat of approved lacquer or other protective coaling if it is
expected that there will be a prolonged period of exposure
before erection. 

Surfaces which will be in contact with concrete shall not 
be, painted. 

'With'the exception of abutting joints and base plate'sl,
machine-finished surfaces shall be'coateli as soon 'as practicable after being accepted, with a. hot mixture of -white leadand tallow or other approved coating before removal from 
the shop. 

Structural steel which is to bi welded shall not be painted
before 'welding. Steel which is' to be flelda-welded shall be 
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given one coal of boiled linseed oil or' other approved
protective coating after shop. welding and shop fabricaton are 
completed.. 

Erection marks for the field identification of members and 
weight marks shall be painted upon surface areas previously
painted with the shop coat. Material shall not be loaded for 
shipment until It is thoroughly dry, and in any case not les's than 
24 hours after the paint has been applied. 

514.12 FIELD PAINTING 
When the erection is complete, all rust, dirt and grease

shall be removed as specified under Section 514.10. 
As soon- as the Inspector has approved all field rivets,

bolts and field welds, these surfaces shall be cleaned and 
thoroughly covered with one coat of shop-coat paint. Any
surface from which the shop coat of paint has become worn off 
or has otherwise become defective shall also be (leaned and 
painted as above. 

Contact surfaces to be bolted and surfaces which will be 
in contact with concrete shall not be painted. Surfaces which 
will be inaccessible after erection shall be painted with such 
field coats as are called for on Plans or authorized. When the 
paint applied for retouching the shop coat has thoroughly
dried and the field cleaning has been satisfactorily completed, 
such' field coats at are called for on the Plans or are 
authorized shall be applied. In no case shall a succeeding 
coat be applied until the previous coat has dried throughout
the full thickness, of th-a paint film. All small cracks and cavities 
which were not sealed in a watertight manner by the first. 
field coat shall: be filled with a pasty, mixture of red lead 
and linseed oil before the second coat iR applied. 

If, in the opinion of the Engineer, traffic produces an 
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objectionable amount of dust, the Contractor shall, at his own 
expense,,, allay. the dust,'for-the necessary distance on each 
side ofIthe, bridge and take any other precautions necessary 
to prevent dust and dirt from coming in contact with freshly 
painted surfaces or with surfaces before the paint is applied. 

The application of the second field coat shall be deferred 
until adjoining concrete work has been placed and finished. 
If concreting operations have damaged the paint, the surfae 
shall be recleaned and repainted. 

The Contractor shall protect all portions of the bridge 
superstructure and substructure against disfigurement by 
spatters of,paint rnateKdols, 

514.13 	 METHOD OF MEASUREMENT 
on aThe quantity to be measured for payment shall be 

unit basis for field-patnting each structure ,jr structural unit, 
as indicated on the Plans or specified in the contract. Field
painting consists of two coats of paint unless specified otherwise. 

514.14 	 BASIS OF DAYMENT 

Painting will be paid for at the contract lump-sum price for 
each structure or structural unit, which lump sum shall be full 
compensation for furnishing, transporting, handling and apply
ing the material specified and the furnishing of all labor, 
tools, equipment, cleaning materials, scaffolds, rigging and 

incidentals necessary to complete the work. 
. The cost of cleaning, touching up of the shop coat and 

preparation of surfaces will not be paid for directly but shall, 
be -considered as Included in the lump-sum bid for painting., 

Shop cleaning ,and shop painting will be paid for under 

Section 510-STEEL STRUCTURES. 

Dust control will not be paid for directly, but shall be consid ' 
' 

ered incidental to the painting of the structure or structural 	unit:; 
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-SECTION 515 PROTECTION OF EMBANKMENTS 
AND SLOPES 

515.01 "'GENERAL 
This work consists of furnishing and placing a protective

covering of erosion-resstant material for riprap as slope or
pier foundation protection. The work shall be done in reason
ably close conformity to the Plans and Specifications. 

The areas to receive riprap or slope protection of any
kind shall be dressed smooth to the slopes or shapes called 
for 	on the Plans and shall be free from stumps, organic matter or waste material. Generally, a toe trench should be provided

in which to key the bottom course of riprap. A filter blanket
should be provided where it is anticipated that there may be 
migration of fines through the riprap. These items shall be

shown on the Plans or called for in the Project Specifications. 
All material, regardless of type or kind, shall be placed

reasonably close to the lines called for on the 	Plans. 

515.02 	 MATERIALS
 
All stone, regardless of use, shall bu clean 
 (free from


organic matter) durable, angular with fra 'ed faces, nearly

rectangular in shape with a breadth 
or thi less at. least one
third Its length, and have a gradation depeiaent upon maximum 
size as determined by the Engineer. 

Project Plans or Specifications will sthjte.; size'and quality.requirements of stone to be used for the various classes of work.
Sizes shown In the following table are recognized by these 
SPec if ications. 



_____ 

MINIMUM PECENTAGE LARGER "HAN 

CLASS :OF STONE' "LTER 
MATERAL

ROCK 
METRIC 

SIZE 
U.S. STD. 

a 
-TON 

4 
TON 

2 
TON TON 

1/2 
TON 

114 
TON 

UGH~ FAGAG No 'N0 

2 
8 Ton 8 Ton 50 0 - - "* - -
4 Ton 4 Ton 95 50 0 
2 

j 
Ton 

Ton 

2 

I 
Ton 

Ton 

-

-

95 
-

50 
95 

0 
50 0 -

_ 

-

, 

"o 
1/2 Ton 112 Ton - 95 50 0 ____ 

I/4 Ton 1/4Ton - 95 50 0 
90 Kg 200 lb -- - .- 50 .0 
35 Kg 75 lb " - .. . . 90-- 50 
2 Kg 5ib - " " 90 90 0 
4.75mm 

0.075mm 

N4 

N0 200' -

" :" 
-

*" 
'-
,-

" 
. - - -

- 50 

9 
-5 

_0 

90 
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Th, table above sets out minimum requirements for the 
large stotin per class. It is understood that the Contractor will
furnish matirial well-graded with smaller stones,,to the extent that 
a homogenous blanket of riprap will result with all interstices

reasonably well-filled with rock. Quality requirements for rockto be furnished under these Specifications shall be checked 
prior to use, by the stipulated tests and at appropriate times 
throughout the life of theProject as determined by the .Engineer. 

515.03 LOOSE RIPRAP FOR SLOPES 
Stone for riprap shall be placed on the prepared or natural

slope in a manner which will produce a reasonably well-graded 
mass of stone with the minimum practicable percentage of
voids, and shall be constructed to the lines, gades and thick
nesses shown on the drawing, or as direcled. Riprop protection
shall be placed to its full-course thickness at-one operation
and in such a manner as to avoid displacing the underlying
material. Placing of riprap protection in layers or by dumping
into chutes, or by similar methods likely to cause segregation
will not be permitted. The larger stone shall be well distributed
and the entire mass of stones shall be roughly graded to 
conform to approximate gradation specified in Section 515.02.
All material going into riprap protection shall be so placedand distributed that there will be no large accumulations 
or areas composed largely of either the larger or smaller sizes
of stone. It is the intent of the Specifications to produce a fairly
compact riprap protection in which all sizes of material are 
placed in their proper proportions. Hand-placing or rearranging
of individual stone by mechanical equipment may be requfrn d 
to the extent necessary to secu're ihe results specified above.
A tolerance of plus or minus 20cm (8 inches) from the thick
nesses shown on the drawing will be allowed in the finished
surface of the riprap protection, except that either extreme 
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of such tolerance shall not be continuous over an area greater 
than 20 square meters (200 square feet). The tolerance limitwill be determined on 	 the basis of the,, average surface 
elevation within 0.25 square meters (3square feet). The desired 
distribution of the various sizes of stone throughout the mass 
may be obtained, at the option of the Contractor, either by 
selective loading at the quarry, or controlled dumping of 
successive loads during placing, or by a combination of these 
methods. Unless otherwise authorized by the Engineer, the riprap 
protection shall be placed in conjunction with the construction 
of 	the embankment with only sufficient lag in construction of 
the 	riprap protection as may be necessary to prevent mixture 
of embankment and riprap material. 

515.04 	 MORTAR RIPRAP FOR SLOPES 
Stone for this purpose shall, as far as practicable, be 

selected as to size and shape in order to secure fairly large, flat
surfaced stone which will lay up with a true and even surface 
and a minimum of voids. These stones shall be placed first and 
roughly arranged in close contact, the largest stones being
placed near the base of the slope. The spaces between the 
larger stones shall be filled with stones of suitable size, leaving
the surface smooth, reasonably tight and conforming to the contour 
required. In general, the stone shall be laid with a degree of 
care that will insure for plane surfaces a maximum variation 
from a true plane of not more than 3cm in I meter (ly inches 
in 4 feet). Warped and curved surfaces shall have the same 
general degree of accuracy as specified above for plane surfaces. 

As each of the larger stones is placed, it shall be surrounded 
by fresh mortar and adjacent stones shall be shoved into 
contact. After the larger stones are in place, all of the spaces 
or openings between them shall be filled with mortar and the 
smaller stones then placed by shovihg them into oosition. forcina 
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excess mortar, to the surface and insuring that each stone is 
- carefully and firmly bedded laterally. 

After th'e work has been completed as above described,ex. 
cess, 'mortar forced up shall be spread uniformlyto completely fill 
all surface voids. All surface joints shall then be roughly pointed 
up either with flush joints or with shallow, smooth-raked joints. 

Weep' holes shall be provided through the riprap cover as 
shown 'on the Plans or as directed by the Engineer. 

Mortar shall consist of one part cement complying with 
Section 504.02 (I) (a) and three parts sand complying with 

ISection 504.02 (3) (b), thoroughly mixed with water to have a 
thick1 creamy consistency. During hot, dry weather the work 
shall be protected from the sun and kept moist for a minimum
of three days after placement. 

Rock shall be kept wet during placine of the mortar. 

515.05 	 STONE RIPRAP FOR FOUNDATION PROTECTION 
Stone shall be placed as nearly as is practical to the 

locations .and areas called for on, the Plans. 
When placed under water, free dumping, will not be 

permitted without written permission of the Engineer. Placement 
shall be by controlled methods using bottom-dump buckets, or 
wire-rope baskets lowered through the waler to the point of 
placement. 

515.06 CONCRETE RIPRAP IN BAGS 
In generalthis type material shall be used only where it 

can be placed in the dry. , 

Concrete for riprap in bags shall be Class "C" concrete 
complying with Section 504.05. " 

Heavy burlap bags, '244 grams 'per 'squa re meter (10 oz, 
about 50cm X 90cm (20"X 36") inside seams are preferred. 
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If sacks of larger sizes are used, the-ends shall be folded to 
secure close contact with adjacent bags and to contain 
approximately 20 liters (2/3 cu. ft.) of concrete. 

The bags shall be securely tied or folded over and 
,immediately placed in the work. If bags are folded, the fold 
shall be placed underneath the bag for headers and against 
the previously placed bog for stretchers. Each course shall be 
thoroughly tamped into place so that close contact with 
underlying and adja'ent bags is obtained. No more than four 
horizontal courses shall be laid above concrete not yet having its 
initial set. At the start of each day's work, previously placed 
sacks uhall be moistened and dusted heavily with cement. 

Weep holes shall be provided through the riprap cove 
as 'shown on the Plans or as directed by the Engineer. 

515.07 CONCRETE SLAB RIPRAP 

(I) 	 GENERAL 
Concrete slab riprap may be either cast-n-place slabs 
or precast slabs manufactured on the job 'or at a regular 
masonry-unit manufacturing plant. If- reinforcement is 
required, it shall be furnished and placed ;as :bown onthe 

Plans., All blocks shall be of the, limiting dimensions 'shown 
on the Plans. 

(2) 	MANUFACTURE 

Cast-in-place slabs or precast slabs manufactured on the 
job shall be made of'Class "A" concrete complying with 
the requirements of Section 504 except that the minimum 
compressive strength of the concrete shall be- 125 kgs 
per square cm (1,800 pounds per square inch). All edges 
shall be tooled and the exposed surfaces shall be a 
wood-float and fiber-brush finish. 
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Plant-manufactured slabs shall be uniform in texture,,with 
true sharp edges. Tooling of edges and brush finish will 
not be required. Plant-manufactured blocks shall comply
with ASTM Specification C 145, for grade U-Il units. 
Either' conventional aggregate complying with Section 
504.02 (3) (a) and 504.02 (4) (a)1or lightweight aggregate
complying with ASTM C 330 may be used in manufacture 
of the blocks. 

(3) PLACING 
A trench of the dimensions shown on fhe Plans or as given
by the Engineer shall be dug at the toe of the slope,, and 
the slope shall be dressed to the lines and grades given
by the Engineer. Excess material removed in dressing 
slopes shall be used in filling low areas, and any excess 
not required for Ihis purpose shall be spread on adjacent
highway slopes as directed by the Engineer. Filled 
areas shall be compacted. Placing Imported material 
will be considered a part of the work of dressing
the slopes. The riprap shall be placed in blocks of 
the dimensions shown on the Plans.. Unless otherwise 
specified, blocks shall be laid in horizontal courses and 
successive courses shall break joints with proceding 
courses. Joint details shall be as shown on the Plans, but 
if not shown, horizontal joints and joints up the slope in 
either' type construction shall be 2 cm (3/4"), filled with I 
to 3 grout and raked 2 cm (3/4"). 

Weep holes shall be provided through the riprap cover 
as shown on the Plans or as directed by the Engineer. 

The Contractor shall maintain the riprap protection as 
may be necessary to prevent mixture of embankment and 
riprap material. The Contractor shall maintain the riprap 



476 	 515.07 

protection until accepted, and any material displaced by 
any cause shall be replaced at no additional cost to the 

HA to the lines and grades shown on the drawing. 

515.08 	 FILTER OR BEDDING MATERIAL 
Pit or quarry-run material of the size specified and 

complying with Section 515.02 will be acceptable. 
Stone shall be placed as nearly as is practical to the 

locations and areas called for on the Plans. 
When placed under water, free dumping will not be 

permitted without written permission of the Engineer. Placement 
shall be by controlled methods, using bottorn-dump buckets 
or wire-rope baskets lowered through the water to the point 
of placement. 

515.09 METHOD OF MEASUREMENT 

(1) 	 LOOSE RIPRAP FOR SLOPES 

Loose rip rap for slopes may be measured for payment on 
either a square-meter, cubic-meter or weight basis as 

,specified. If ineasured on a square-meter basis, the quantity
measured will, be that actually placed to the limitina 

dimensions shown' on the Plans or as the Plan dimensions 
may be, revised by the Engineer. 

(2) 	 MORTAR RIPRAP FOR SLOPES 

Mortar, riprap for sIlopes will be measured for payment on
a square-meter basis.,'The quantity measured will be that 
actually placed to the limiiing dimensions shown on the 
plans or' as the plan dimensions may be revised by the 
Engineer. 

(31 	STONE RIPRAP FOR FOUNDATION PROTECTION 
Unless otherwise specified, stone riprap will be measured 
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for payment ona Weight (tony basis. Weighing shall be done
in the presence of an inspector inthe hauling vehicles, eitherat the quarry or at or near the point of placement as maybe directed by the Engineer. The quantity measured forpayment will be that actually placed in accordance 
with 	instruction given by the Engineer. 

(4) 	 CONCRETE RIPRAP IN BAGS 
Unless o therwise specified concrete riprop in bags will bemeasured for payment on a volume (cubic.meter) basis. Thequantity measured will be that actuully placed to the limiting dimensions shown on the Plans c'r as the Plan

dimensions may be revised by the Engineer. 

(5) 	 CONCRETE SLAB RIPRAP 
Preparation of slopes will b!measured for payment on a 
square meter unit. The quantity measured will be thatactually prepared for coverage by riprap required byasPlan dimensions or as Plan dimensions may'be revised 
"by the Engineer. Excavated area for the trenches orcurbs, if required, will be included in these limiting
dimensions. 
Concrete slab riprap will be measured for payment on a

square-meter unit. The 	 quantity measured will be thatactually placed within the limiting dimensions called for on
the' Plans, or us Plan dimensions may be revisedby theEngineer. Curbing, if required, wi!! be included in these 
iiniting dimensions. 

(6RLTER ",OR hl)DDIN4GMATERIAL 
Filter or bedding material will be measured for paymenton a cubic-meter, square-meter or weight basis as calledfor in the Project Specifications. The quantity measured will 
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be that actually placed, to the limiting, dimensions shown 

or as the Plan .i.ns'maybe revised byot ethPlans, m 

the Engineer. Measurements on a square-meter basis shall 

,,be measured parallel to th finished surface. 

"515.10 BASIS OF PAYMENT 

(I) 	 LOOSE RIPRAP FOR SLOPES 

Loose riprap for slopes measured in accordance with bec

lion 515.09 (I) will be paid for at the price bid per square 

meter, per cubic meter or per ion,as set forth in the IProject 

Specifications. 

(2) MORTAR RIPRAP FOR SLOPES 

for slopes measured in accordance withMortar riprap 
for 	at, the price bid perSection 515.09 (2) will be paid 


square meter.
 

(3)' 	 STONE RIPRP FOR FOUNDATION PROTECTION 

Stone riprap for foundation protection measured in accord
be 	paid for at the'priceance with Section 515.09 (3) will 


bid per ton. unless otherwise specified.
 

(4) 	 CONCRETE RIPRAP IN BAGS' 

Concrete riprap in bags measured in accor'dance with Sec
tion 	515.09 (4) will be' pard for at the price bid 'er cubic 

meter unless otherwise specified. 

(5) 	CONCRETE-SLAB RIPRAP 

Payment for preparation of slopes will be made at the 

unit price bid per square meter, which price and payment 
placing allshall be 'full compensation for furnishing and 

and 	'incidentalsmte rial including labor,an tools, quipmenta n 
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necessary to complete preparation of the area tot. be
 
covered, including excavation and backfill of toe trenches
 
and curbs if required.
 
Payment for concrete-slab riprap will be at the unit price

bid per square meter therefor, which price and payment

shall be full compensation for furnishing all materials,
 
including labor, equipment, tools and Incidentals necessary
 
to complete the work.
 

(6) FILTER OR BEDDING MATERIAL 
Filter or bedding material measured in accordance with 
Section 515.09 (6) will be, paid for on the cubic-meter,
square-meter or weight basistas called for in the Proect 
Specifications. 

(7) GENERAL 
Payment for riprap of the various classes at the unit- prices
bid will include full and complete compensation for all
labor, materials, equipment or other incidental expense in 
connection with preparation of subgrade, excavating and 
backfilling toe trenches where required, furnishing and 
placing the stone, slabs, grout, mortar, reinforcing steel, ifrequired, and all other work and incidental material required
to complete the work in accordance with the Plans and.-' 
Specifications. 
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SECTION 516 CONCRETE CRIBBING 

516.01 	 GENERAL 

cThe cribbing shall consist of theonstruction of concrete 
furnishing and installation of reinforced concrete crib members 

and the placing of the interior filling materials. The crib mem
withbers shall be cast in the proportions and in conformance 

bearingthe general requirements set forth for precast concrete 

piles. Dowels, where used, shall be of wrought iron or galvanized 
(I inch) 	 in diameter and of thesteel not less than 25mm 

:required length. 

Casings for dowels shall be of galvanized steel or iron pipe 

not less than. 3.2cm (IL inches) in diameter. 

The details of the crib members and their arrangement shall 

Ibe as shown on the Plans. If specific details for reinforcement 
are not shown on the Plans, or if the Contractor is permitted 

to purchase the crib members from manufacturers, he shall submit 

elailed Specifications and Plans for the app'roval of the Engi

neer, and such Plans must be approved before delivery of the 

material is begun. 

All members shall be free from depressions and spoiled, 

patched or plastered surfaces or edges, or any other defects 

which may Impair their strength or durability. Cracked or other

wise defective members will be rejected. 

516.02 	 CONSTRUCTION 
be firm 	 andThe foundation or bed for the cribbing shall 

shall be approved by the Engineer before any of the crib work 
is placed. In general, transverse-concrete sill members shall 

be used to support the lower cribbing course. Crib members 
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shall be carefully handled and erected in such manne', as to 
avoid any injury due to shock or impact. Each member 
shall be secured by approved interlocking details or by means 
of dowels passing through galvanized or iron catings. Any
members which become cracked or otherwise injured during 
erection shall be completely renewed and replaced. 

The filling for the Interior of the crib shall progress
simultaneously with the erection of the cribbing, and shall 
be of apprbved material placed in layers not to exceed 30cm 
(12 	 inches) in thickness and tamped or consolidated to the 
satisfaction of the Engineer. 

5!6.03 METHOD OF MEASUREMENT 
The quantity of concrete cribbing to be measured for 

payment shall be the number of cubic meters for the net volume 
of concrete in the crib members as shown on the Plans. 

The quantity of fill material for the interior of the crib to 
be measured for payment shall be the number of cubic meters 
of material complete and in place. 

516.04 	 BASIS OF PAYMENT 
Concrete cribbing will be paid for at the contract unit 

price per cubic meter, complete in place, and shall include 
all materials, equipment, tools and laborincluding any neces. 
sary excavation to complete the work. 

Fill material will be paid for at the contract unit price 
per cubic meter for crib filling complete and in place. 
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SECTION 517 WATERPROOFING 

517.01 GENERAL 
When specified on the Plans in the Special Provisions, 

surfaces shall be waterproofed as specified herein. 

517.02 MATERIALS 

(I) 	 MORTAR 
Mortar for the protective course shall conform to th 
provisions of Section 506.02 (B). 

(2) 	 ASPHALT 
Waterproofing asphalt shall conform to the Specification 
for Asphalt for Dampproofinp. and Waterproofing, AASHO 
M 115 ASTM D 449). NOTE: Type A is for use below 
ground and Type B for use above ground. Unless otherwise 
specified, Tybe B shall be used. 
Primer for use with asphalt in waterproofing shall conform 
to the Specification for Primer for Use With Asphalt in 
Dampproofing and Waterproofing, AASHO M 116. 

f3 ) 	PITCH 
Waterproofing pitch shall conform to the Specification for 
Coal-Tar Pitch for Roofing, Dampproofing and Waterproof
ing, AASHO M 118 (ASTM D 450). Type B pitch shall be 
furnished unless btherwise specified. 

Primer for use with coal-tar pitch in Dampproofing and 
Waterproofing shall conform to the Specification 'for 
Creosote for Priming Coat with Coal-Tar Pitch in Dampproof
ing and Waterproofing, AASHO M 121 (ASTM D 43). 

(4) 	FABRIC 
The fabric shall conform to the Specification for Woven 
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Cotton Fabrics Saturated with Bituminous Substances for
Use in Waterproofing, AASHO M 	 117 (ASTM D 173). 

(5) 	 TAR FOR ABSORPTIVE TREATMENT
 
Tar for absorptive treatment shall 
 be 	 a liquid water-gas
tar which conforms to the following requirements i 

Specific gravity, 25/250 C(77/77 F). .1.030 to 1.100
Specific viscosity at 400 C (104 F)

(Engler), not more than ...... 3.0 
Total distillate, Ipercent by weight, to 

3000 C (572 F), not more than . . . . 50.. 
Bitumen (soluble in carbon disulphide), 

not less than, percent . .. . 98.0 
Water, not more than, percent . . . 3.0 

(6) 	TAR SEAL COAT 
Tar seal coat shall conform to the Specification for Tar for 
Use in Road Construction,, AASHO M 52, Grade RTCB-5. 

(7) 	JOINT FILLERS 
Filler for use in horizontal joints in 'waterproofing work
shall be a straight-refined oil asphalt conforming to the 
following requirements : 

Flash point i Not less than 2320 C (450 F).
Softening point : 48.90C (120 F)to 54.40 C (130 F).
Penetration : at O*C (32 F), 200 grams, I minute# 

not 	less than 15. 
At 250 C (77 F), 100 grams, 5. seconds, 50 to 60.
At 460 C ( 15 F) 50 grams, 5 seconds, not more 
than 300. 

Loss on heating : At 1630 C (325 F), 50 grams, 5 hours, 
not- more than 0.5 percent. 
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Ductility: at 250 C (77 F), 5 centimeters per minute, 
not less than 85. 

Total b;tumen (soluble in carbon disulphide) : Not less 
than 99.5 percent. 

Filler for use in vertical joints in waterproofing work shall 
be an asphalt conforming to the requirements specified above 
for horizontal joint filler, to which has been added 20 per-. 
cent, by weight, of asbestos fiber. The incorporation of the 
asbestos fiber with the asphalt shall be done at the factory 
of the manufacturer to insure a uniform distribution of the 
fiber throughout 1he mix. 

(8) INSPECTION AND DEUVERY 

All waterproofing materials shall be tested before shipment. 
Unless otherwise ordered by the Engineer, they shall be 
tested at the place of manufacture, and, when so tested, a 
copy of the test results shall be sent to the Engineer by 
the chemist or inspection bureau which has been desig
nated to make the tests; and each package shall have affixed 
to it a label, seal or other mark of identification showing 
that it has been tested and found acceptable, and identi
fying the package with the laboratory tests. 
Factory inspection is preferred, but, in lieu thereof, the 
Engineer may order that representative samples, properly 
identified, be sent to him for test prior to shipment of the 
materials. After delivery of the materials, representative 
check samples shall be taken which shall determine the. 
acceptability of the materials. 
All materials shall be delivored on the work in original 
containers, plainly marked with the manufacture's brand 
or label. 
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517.03 STORAGE OF FABRIC,
'Thefabric shall be stored in a dry, protected place.The 

rolls shall not be stored on end. 

517.04 PREPARATION OF SURFACE 

All conctete surfaces which are to be waterproofed shall 
be reasonably smooth and free from projections or holes 
which might cause puncture of the membrane. The surface 
shall be dry so as to prevent the formation of steam when 
the hot asphalt or tar is applied . and, immediately before 
the application of the waterproofing, the surface shall be 
thoroughly cleaned of dust and loose materials. 

No waterproofing shall be done in wet weather. Should 
the surface of the concrete become temporarily damp, it shall 
be covered with a 2-inch layer of hot sand, which shall be 
allowed to remain in place from one to two hours, or long 
enough to. produce a warm and surface-dried condition, after. 
which the sand shall be swept back, uncovering sufficient sur
face for beginning work, and the operation repoated as the 
work progresses. 

517.05, APPLICATION - GENERAL 

Asphalt shall, be heated to a temperature- between 
1500 and, 175 0C (300 and 350F), and tar for hot applicaition 
shall be heated to a temperature! between 950 and 120 0C 
(200 and 250 F), with frequent stirring to avoid local overheating. 
The heating kettles shall be equipped with thermometers. 

I.An all cases, the waterproofing shall begin atthe low: point 
of the , surface to be waterproofed, so that water will run over, 
and. not-,against or,;alongthe laps. ,, , * , -o- ,'' I 

, The first strip of fabric shall,be of haif-width ;the *second 
shall be full width, lapped the full width of the* first sheet ; 
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and, the third and each succeeding strip shall be full width 
and lopped so that there will be two layers: of fabric'at all 
points ,with' laps not less than 5cm (2 in) wide. All end laps 
shall be at least 30cm (12 in); 

Beginning at the low point of the surface to be water
ptoofed,' a coating of primer shall be applied and allowed 
'ta dvy liefore the first coat of asphalt is applied.,The water
proofing shall then be applied as follows: 

Beginning at the low point of the surface to be water
proofed, a section about 50cm (20 in) wide and the full 
length of the surface shall be mopped with the hot asphalt 
or "'tar,and there shall be rolled into it, immediately 
following. themopping the first strip of fabric, or half. 
width, -which shall be carefully pressed into place so as 
"t6 -eliminate all' air bubbles and obtain close conformity 
with the surface. This strip and an adjacent section of 
the surface of a width equal to slightly'more than half of 
the width of the fabric being used shall then be mopped 
with, hot asphalt or tar, and a full width of the fabric 
shall be rolled into this, completely covering the first strip 
and pressed into place as before. This second strip and 
an adjacent section of the concrete surface shall then be 
'mopped with h6t asphalt or tar and the third strip of 
fabr'ic "shingled "on so as to lap the first strip not less than 
5cm (2 in). This process shall be continued until the entire 
surface is covered; each strip of fabriolapping at least 
5cm (2 in) over the last strip but one. The entire surface 
shall then be given a final mopping'of hot asphalt or tar. 

The completed waterproofing shall be a firibly bonded 
membrane composed of two layers .of fabric and three mapp
ings of asphalt or.tar, together with a coating of primer. Under 
no circumstances shall one layer of fabric touch another layer 
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t any pointor touch the surface, as there must be at least ree complete mappings of asphalt or tar. 
In all cases the mopping on concrete shall cover theurface so that no gray spots appear, and on cloth it shall beufficiently heavy to completely conceal the weave. On hori.ontal surfaces not less than 45 liters (12 gal.) of asphalt orr r shall be used for each 10 sq. meters (100 sq. ft.) of finishedork,and on vertical surfaces not less than 55 liters ( l5gal) shalle used. The work shall be so regulated that, at the close of aay s work, all cloth that is laid shall have received the finalpopping of asphalt or tar. Special care shall be taken at all ps to see that they are thoroughly sealed down. 

17.06 APPLICATION-DETAILS 

At the edges of the membrane and at any points whereispunctured by such appurtenances as drains or pipes,uitable provisions shall be made to prevent water from gettingetween the waterproofing and the waterproofed surface. 
All flashing at curbs and against girders, spandrel wall,tc, shall be done with separate sheets lapping the mainembrane not less than 30cm (12 in). Flashing shall be closelyealedeither with a metal counter-flashing or by embedding thepper edges of the flashing in a groove poured full of joint filler.
Joints which are essentially open joints but which are notesigned to provide for expansion shall first be caulked withakum and lead wool and then filled with hot joint filler.
Expansion joints, both horizontal and vertical, shall berovided with sheet copper or lead in "U" or "V" form inccordance with the details. After the membrane has beenlaced, the joint shall be filled with hot joint filler. The memrane shall be carried continuously across all expansion joints.
At the ends of the structure the membrane shall be carriedell down on the abutments, and suitable provision made for 

11movement. 
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517.07 DAMAGE PATCHING 

Care -hall be taken to prevent Injury to the finished 
membrane by the passage over it of men or wheelbarrows, 
or by throwing any material on i. Any damage which may 
occur shall be repaired by patching. Patches shall extend at 
least 30cm (12 in) beyond the outermost damaged portiorand 
the second ply shall extend at least Scm (3 in) beyond the first. 

517.08 	 PROTECTION COURSE 
Over the waterproofing membrane, constructed as specified 

above, there shall be constructed a protection course which, 
unless otherwise specified or shown on the Plans, shall be a 
5cm (2 in) course of mortar mixed in the proportion of one 
part Portland cement and two parts sand. This mortar course 
shall be reinforced midway between its top and bottom 
surfaces with wire netting of 15cm (6 in) mesh and No. 12 
gauge, or its equivalent. The top surface shall be troweled to 
a smooth, hard finish and, where required, true to grade. 

The construction of the protection course shall follow the 
waterproofing so closely that the latter will not be exposed 

without protection for more than 24 hours. 

317.09 METHOD OF MEASUREMENT 
The quantity of membrane waterproofing to be measured 

for payment shall be the actual number of square .meters, 
measured in place. No measurement of turned-up edges will 
be made and no deductions will be made for open joints, 
scuppers or other small openings. 

517.10 	 BASIS OF PAYMENT 
Waterproofing, nccepted and measured as specified above 

shall be paid for at the contract unit price per square meter. 
Such price shall include the cost of furnishing all equipment, 
materials and lbbor necessary for the satisfactory completion 
of the waterproofing membrane and the protection course. 
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SECTION 518 DAMPPROOFING, 

518.01 GENERAL 

When specified on te Plans or, ih tl'e Special Provisions, 
surfaces shall be dampproofed.as specified he'.ein. ' 

518.02 MATERIALS 

The material used for dampproofing shall be tar or asphalt 
as required by the Special Provisions.. 

Tar for absorptive treatment (or primer), tar seal coat, and 
asphalt for primer and seal coat shall conform to the require
ments of Article 517.02. 

518.03 PREPARATION OF SURFACE 
The surface to which the dampproofing coating is to be 

applied shall be cleaned of all loose and foreign material and 
dirt, and shall be dry. When necessary, the Engineer may 
require the surface to be scrubbed with water and a stiff brush, 
after which the surface shall be allowed to dry before applica
ifon of the primer. 

518.04 APPLICATION 

Concrete, brick or other surfaces which are to be protected 
by dampproofing shall be thoroughly clean before the primer 
is applied. They shall then be brush- or spray-painted with 
two or more coats (as indicated on the IPlans or in the' 
Special Provisions) of tar or asphalt for absorptive treatment. 
Below ground not less than two coos shall be applied, using 
0.45 liters (1/8 gal.) for each square meter of surface. On the 
well.primed surface one application of tar or asphalt seal coat 

http:dampproofed.as
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shall be appiled by brashi using 0.41liters (0.1 gal.) per square
meter 

Care shall be taken to confine, all paints to the areas to be 
waterproofed and to prevent disfigurement of any othe. 
parts of the structure by dripping or spreading of the tar or 
asphalt. 

518.05 METHOD OF MEASUREMENT 
The quantity of dampprooflng to be measured for payment

ihall' be the actual number of square meters of surfacedamp 
proofed as specified above. 

518.06 BASIS OF PAYMENT 
Dampprooflng, accepted and measured as specified above 

shall be paid for at the contract.unit price, per square moter. 
Such price shall include the cost of furnishing. all equipment, 
materials and labor necessary for' the satisfactory completion 
of the dampprooflng. 
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SECTION 519 NAME PLATES 
519.01 GENERAL REQUIREMENTS 

When specified, the Contractor shall furnish and install 
,nameplates of such form , dimensions, material and design as 
may be shown on-the Plans. Unless otherwise provided, the 
contract price for the superstructure shall include the- cost of 
such nameplates. 

No permanent plates or markers other than those shown 
,on the Plans- or approved by the Engineer wili be permitted 
on any structure. 
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SECTION 520' TIMBER STRUCTURES 

520.01 MATERIAL 

(I) 	 LUMSIR AND iMER' j(Solld Sowed or Glued Laminated) 
Sawed lumber and timber shall conform to the Specifications 

for Structural Timber, Lumber and Piling, AASHO M 168, or 
equivalent local Timber, Lumber or Piling acceptable to 
the Engineer. 

Structural glued laminated timber shall conform to U.S. 
Commercial Standard CS 253-63 for Structural Glued 
Laminated Timber. The term structural glued laminated 
timber, as employed in CS 253-63, is an engineered, 
stress-rated product of a timber laminating plant, comprising 
assemblies of suitably selected and prepared wood lamina
tions securely bonded together with adhesives. The grain 
of all laminations is approximately parallel longitudinally. 
The separate laminations may not exceed 50mm (2 inches)
in net thickness. They may comprise pieces end-joined 
to form any length, pieces placed or glued edge-to-edge 
to make wider ones, or pieces bent to curved form during 
gluing. 
For the various structural purposes, appropriate grades 
or their equivalenf shall be selected In accordance with 
the design requirements for stress-grades given in Section 
1.10 In the Design Specifications. 
Structural lumber and timber, solid sawed, or glued lami
nated, shall not be used in exposed permanent structures 
without pressure preservative, treatment. Temporary struc
tures or lumber and timber With adequate heartwood 
requirements (see AASHO M t6S),need not require preser
vatively..treated lumber and timber. 
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(2) STRUCTURAL SHAPES 
Rods, pla4es and shapes shall be .of structural steel or 
wrought-4ron, as specified, conforming to the requirements
of Section 510.03. Eyebars shall conform to the requirements 
of Section 510.03. (11 (b) (2). 

(3) CASTINGS 
Castings shall be cast steel or gray-iron, as specified,
conforming to the requirements or Section 510.03 (4). 

(4) HARDWARE 
Machine bolts, drift-bolts and dowels may be either wrought
iron or medium steel. Washers may be cast.iron ogee or
malleable iron castings, or they may be cut from medium 
steel or wroughs'iron plate, as specified. 
Machine bolts shall have square heads and nuts, unless 
otherwise specified. Nails shall be cut or round wire of 
standard form. Spikes shall be cut or wire spikes, or 
boat spikes, as specified. 
Nails, spikes, bolts, dowels, washers and log screws shall 
be black or galvanized, as specified. 
Unless otherwise specifiedall hardware for treated timber
bridges, except mallbable iron connectors, shall be galva
nized or cadmium.-plated. 

(5) PAINT FOR TIMBER STRUCTURES 
Paint for timber structures, except as- otherwise provided
herein, shall conform to the Specification for White and
Tinted Ready-Mixed Paint (Lead and Zinc Base), AASHO M 
70. The paint as specified is intended for use in covering
previously painted surfaces. When it is applied to unpainted
timber., turpentine and linseed oil shall be added as required 
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by the character of the surface in an amount not to exceed 
,1/8 liter each per liter (one pint each' per gallon) of the 
paint as specified. The paint shall be elther white or tinted, 
as directed by the Engineer. 
If aluminum or black paint is specified. the first or prime 
coat shall be as specified above. The paint for additional 
coats shall be as follows: 

(a) ALUMINUM PAINT 
Aluminum point shall conform to the Specification for 
Aluminum Point, AASHO M 69. 

(b) BLACK PAINT 

(1) COMPOSITION 

Maximum Minimum 
,percent' percent 

Pigment. . . . . . 32 28 
Liquid (containing at 

least 80 percent 
linseed oil) . . . 72 68 

Water. . . . . . . 05 -

Coarse particles: and 
"skins" (total resdue' 
retained on No. 325 
siove based on 
pigments) .. . . 1.5 

Weight per liter, not 
less than 1.0 kilogram 
( per gallon, not less 
than 9.0 Ibs) 

(2) PIGMENT 
The pigment in both semipaste and ready-mixed 
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paints shall consist of carbon, lead oxide, insoluble
mineral material, and, at the option of the manu
facturer, oxide of iron. The pigment shall show, 
on analysis, not less than 20 percent of carbon
and not less ithan 5.percent of lead oxide calcu
lated as Pb3O4. (Since oxide of lead may be dissolved
by the oil in paint, in all cases when the amount 
of lead in the pigment calculated as Pb304 is found 
to be less than 5 percent of the pigment, lead 
should be determined in the vehicle and the total 
lead in the paint computed to percentage of

pigment.) The total of the lead oxide, iron oxide,
insoluble mineral material and loss on ignition
shall be not less than '90 percent.. 

(3) VEHICLE 
The liquid in semipaste paint shall be entirely
linseed oil; in ready-mixed paint it shall contain 
not less than 80 percent of linseed oil, the balance 
to be combined drier and thinner. The thinner 
shall be turpentine, volatile mineral spirits or a 
mixture thereof. 

(4) READY-MIXED PAINT 
Unless otherwise authorized by the Engineer the 
paint shall be factory-mixed. 

Ready-mixed point shall be well-ground, shall not* 
settle badly or cake in the container, shall be
readily broken up with a paddle to a smooth,uniform
paint of good brushing consistency, and shall dry
within 18 hours to a full oil gloss, without streaking,
running or sagging. The color and hiding power 
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when specified, shall beequal tothose of a sample 
mutually agreed upon:, by buyer and seller. 

(6) TIMBER CONNECTORS 

(a) GENERAL 
Connectors for treated timber structures, except those 
of malleable iron, shall be galvanized in accordance 
with AASHO M II I(ASTM A 123),and shall be of the 
type specified in Section 520.02. (See Table 520.01 for 
Typical Dimensions of Timber Connectors.) 

TABLE 520.01 

SPLIT RINGS 
'Millimeters Inches 

Ring Size 63.5 101.60 2 1/2 4 
Split Ring
 

Inside Diameter at Center When Closed 63.5 101.60 2.500 4.000
 
Thickness of Metal at Center 4.1 4.90 .163 .193
 
Depth of Metal (Width of Ring) 19.1 25.40 .750 1.000
 

Groove :
 
Inside Diameter 65.0 103.63 2.56 4.08 
Width 4.6 5.33 18 .21 
Depth 9.5 12.7. .375 .50 
Bolt-Hole Diameter 14.3 20.64 9/16 13/16 

Washers, Standard 

ROUND Cast or Malleable Iron, Dia. 66.7 76.20. 2 5/8 3 
Wrought-lron (Minimum) : 

Diameter 34.9 50.80 1 3/8 2 
Thickness 2.4 4.0 3/32 5132 

SQUARE Le'ngth of Side 50.8 76.20 2 3 
PIATE Thickness . 3.2, 4.8 1/8 3/16 
Projected Area 7.1 14.51 1.10 2.25 
Portion of One Ring within Member SqCm SqCn Sq In Sq In 



TABLE 520.01 (CONTINUED) 
TOOTHED__ RINGS 

MI#LUMETERS 	 INCHES 

Ring Size 50.8 66.7 85.7 101.6 2 25/8 33/81 4 

z Diameter 50.8 66.7 85.7 101.6 2.000 2.625 3.375 4.000 

0 Thicknes of Metal 1.6 1.6 1.6 1.6 .061 .061 .061 .061 

0 	 Depth 23.9 23.9 23.9 23.9 .940 .940 .940 .940 

Depth of Fillet (Minimum) 6.4 6.4 6.4 6&4 .250 .250 .250 .250 

Bolt-Hole Diameter 14.3 17.5 20.6 20.6 '9/16 11/16 13/16 13/16 

ROUND
 
Cas or MaIIeable Iron (Dia.) 50.8 66.7 76.2 88.9 2 25/8 3 3 1/2
 

-Z SQUARE PLATE
 
Length of Side 50.8 63.5 76.2 88.9 2 1123 312
 
Thickness 4.8 6.4 6.4 9.5 3/16 I1/ 14 3/8
 

PROJECTED AREA ; " 0
 
Portion of One Rin6 606.5 793.5 1025.9 1219.4 .94 i 1.23 1.59 1.89
 
within Member 	 SQM/M S M/M SQ MIM JSO MM So IN; SQ IN s a j SOIN ED 
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SHEAR PLATES 
MILLIMETERS 

PLATE SIZE 66.7 68.7 101.6 101.6 2 5/8g/ 
Shear Plate, I

Material Pressed Light Malleable Pressed 
Steel Gage Iron Steel 

Diameter of Plate 66.5 66.5 102.1 102.1 2.62
Diameter of Bolt Hole 20.6 206 20.6 23.9 0.81
Thickness of Plate 4.4 3.J 5.1 5.1 0.17
Depth of Flange 10.7 .9 15.8 15.8 0.42 

Hole Diameter for Bolts 20.6 20.6 20.6 23.8 13/18
In Straps or Shapes I/ 

CIRCULAR DIMENSIONS 

A A 66.8 66.8 102.4 102.4 2.63 
B 27.2 39.4 39.4 
C X0.6 20.6 20.6 23.9 0.81 

H D 16.5 24.6 24.6 

E o E 4.8 3.3 6.9 6.9 0.19 
F 11.4 9.7 16.3 16.3 0.45 

c G 8.4 36 5.6 5.6 0.25 

H 8.6 12.7 12.7 
v 1 57.2 60.2 88.7 88.7 2.25 

SSOLT HOLE 

SOLT HO! 

INCHES 

2 4i4 
I 

Light
Gage 

Malleable 
Iron 

2.62 
0.81 

4.02 
0.81 

4.02 
0.94 

0.12 
0.35 

0.20 
0.62 

0.20 
0.62 

13116 13116 15/16 

2.63 4.03 4.03 
1 07 1.55 1.55 
0.81 0.81 0.94 
0.65 0.97 0.97 
0.13 0.27 0.27 
0.38 0.64 0.64 
0.14 0.22 0.22 

0.34 0.50 050 
2.37 3.49 3.49 



TABLE 520.01 (CONTINUED)
SHEAR PLATES b 

MILUMETERS "INCHES 

STANDARD WASHERS 

ROUND Cast or Malleable Iron 
(Diameter) 76.2 76.2 76.2 88.9 3 3 3 3 1/2 

Wrought-Iron:
 

Mn Diameter 50.8 50.8 50.8 
 57.2 2 2 2 2 1/4Min Thickness 4.0 4.0 4.0 4.4 5/32 5/32 5/32 11/64 
SQUARE Length of Side 76.2 76.2 76.2 76.2 3 3 3Thickness 6.4 6.4 6.4 1/4 1/4 1/4 

36.4 1/4 

Bolt-Hole Diameter (Timber) 20.6 20.6 20.6 23.8 13/16 13/16 13/16 15/16
 

Projected Area:
Portion of One Shear 7.6 6.4 16.6 16.6 1.18 1.00 2.58 2.58Plate within Member sq CM Sq CM Sq CM Sq CM Sq IN Sq IN Sq IN Sq IN
 
I) Steel Strap or Shapes for 
use with Shear Plates shall be designedIn accordance with accepted Engineering Practices. 
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(b) SPLIT RING CONNECTORS 

Split rings of 64mm (22 inch) iide diameter, 102mm 
(4 inch) inside diameter and 152mm (6 inch) inside dia
meter shall be manufactured from hot-rolled, low 
carbon steel conforming to AASHO 162. Except for the 
152mm (6-inch) ring (which Is relcfngular in cross 
section,the metal section shall be beveled from 4he 
central portion toward the edges to a thickness less 
than the midsection. It shall be cut through in one 
place in its circumference to form a tongue and slot. 
Connector grooves in timber shall be cut concentric with 
the bolt hole and shall provide a snug fit. Inside
groove diameter shall be larger than ring diameter 
in order that the ring will expand slightly during 
installation. 

(c) TOOTH-RING CONNECTORS 
Tooth-ring timber connectors shall be stamped cold 
from U.S. Standard 16-gauge hot-roled sheet steel 
conforming to AASHO M 162 and shall be bent cold 
to form a circular, corrugated, sharp-toothed band and 
circle. All sizes, 51mm, 67mm, 86mm and 102mm dia
meters (2 inch, 2 5/8 inch, 3 3/8 inch and 4 inch) shall 
have an overall depth of 24mm (.94 inch) and a depth 
of fillet of 64mm (.25 inch). 

(d) SHEARWPLATE CONNECTORS 

PRESSED-STEEL TYPE. Pressed steel shear-plates of 67mm 
(2 5/8 inch) diameter shall be manufactured from mild 
steel conforming to AASHO M 162. Each plate shall be 
a true circle with a flange around the edge, extending 
at right angles to the -face of the plate and 
extending from one face only. 
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MALLEABLE IRON TYPE. Malleable iron shear-plales of 
102mm (4 inch) diameter shall be manufactured 
according to AASHO M 106 for malleable iron castings.
Each casting shall consist of a perforated round plate
with a flange around the edge extending at right angles
to the face of the plate and projecting from one face 
only. 

(e) SPIKE.GRID CONNECTORS
 
Spike.grid 
 timber connectors shall be manufactured
according to AASHO M 106 for malleable iron castings.
They shall consist of four rows of opposing spikes
forming a 105mm-(4 1/8 In) square grid with 16 teeth,
which are held in place by fillets. 
Circular grids of 83mm (3L inch) diameter shall
consist of 8 opposing spikes equally spaced around
the outer circumference and held in place by connect
ing fillets around the outer diameter and radial
fillets projecting to a central circular fillet which 
forms a bolt hole opening of 32mm (11 "). 

520.02 TIMBER CONNECTORS - ASSEMBLY 
Timber connectors shall be furnished as specified on thePlans. The split ring and the shear-plate shall be Installed in 

precut grooves of dimensions as given herein or as recom
mended by the manufacturer. The toothed ring and the spikegrid shall be forced into the contact surfaces of the timbersjoined by means of pressure equipment. All connectors of thistype at a joint shall be embedded simultaneously and uniformly. 

. Fabrication of all structureFusing connectors shall be done
prior to treatment. When prefabricated from templates or shopdetails, bolt holes shall not be more than 2mm (1/16 inch) fromrequired placement. Bolt holes shall be 2mm (1/16 inch) larger 
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than bolt diameter. Bolt holes shall be bored perpendicular 
to the face of the timber. 

Timber after fabrication shall be stored in a manner which 
will prevent changes in the dimensions of the members before 
"assembly. 

Dimensions of material and details not otherwise specified 
shall' meet with the approval of the Engineer. 

520.03 STORAGE OF MATERIAL 

Lumber and timber stored on the site shall be kept in orderly 
piles or stacks. Untreated material shall be open-stacked on 
supports at least 0.3 meters (12 inches) above the ground 
surface to avoid absorption of ground moisture and permit air 
circulation, and it shall be so stacked and stripped as to 
permit free circulation of air between the tiers and courses. 
It will be advisable in particular cases for the Engineer to 
require protection from the weather by a suitable covering. 

On gluedelaminated structural members that are not to be 
preservotively treated, an approved end sealer shall be applied 
after end-trimming of each completed member. 

520.04 	 WORKMANSHIP 

All framing shall be true and exact. Unless otherwise 
specified, nails and spikes shall be driven with just sufficient 
force to set the heads flush with the surface of the wood. 
Workmanship on metal parts shall conform to the requirement 
of Section 520.02. 

520.05 TREATED TIMBER 

(I) 	HANDLING 

Treated timber shall be carefully handled without dropping, 
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breaking of outer fibers, bruising or penetrating the sur
face with tools. It shall be handled with rope slings. Cant
hooks, peaveys, pikes or hooks shall not 	 be used. 

(2) 	 FRAMING AND BORING 

All cutting, framing and boring of treated timbers shall be 
done before treatment in insofar as is practicable. When 
treated timbers are to be placed in waters infested by
marine borers, untreated cuts, borings or other joint 
framings below high water elevation shall be avoided. 

(3) 	 CUTS AND ABRASIONS 
All cuts in treated piles or timbers, and all abrasions, after 
having been carefully trimmed, shall be covered with 2 
applications of a mixture of 60 percent creosote oil and 
40 percent roffing pitch or brush-coated with at least two 
applications of hot creosote oil and covered with hot 
roofing pitch. 

(4) 	 BOLT HOLES 
All bolt holes bored after treatment shall be treated with 
creosote oil by means of an approved pressure-bolt hole 
treater. Any unfilled holes, after being treated with 
creosote oll, shall be plugged with creosoted plugs. 

(5) 	 TEMPORARY ATTACHMENT 
Whenever, with the approval of the Engineer, forms or 
temporary braces are attached to treated timber with nails 
or spikes, the holes shall be filled iy 	 driving galvanized
nails or spikes flush with the surface, or plugging holes 
as required for bolt holes. 

520.06 	 UNTREATED TIMBER 
In structures of untreated timber the following surfaces shall 
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be thoroughly coated with two coats of hot creosote oil before 
assembling t ends, tops, and all contact surfaces of sills, caps, 
floor beams and stringers; and all ends, joints, and contact 
surfaces of bracing and truss members. The back faces of 
bulkheads and all other timber which Is, to be In contact with 
earth, metal or other timber shall besimilarly treated. 

Bolts passing through non.resinous, wood shall be 
galvanized. 

520.07 TREATMENT OF PILE HEADS',

(I) GENERAL 

Pile heads, after cutting to receive the caps and prior to 
placing the caps, shall be treated to prevent decay. 
immediately after making final cutoff on treated-timber 
foundation piles, the cut areashall be given two liberal 
applications of preservative followed by a heavy applica
tion of coal-tar pitch, or other approved sealer. Treated 
timber piles which will have the cutoff exposed in the 
structure shall be further protected-by one of the following
methods, as specified on the Plans. If not otherwise 
specified, Method B shall-be used. 

(2) METHOD A-ZINC COVERING 

The sawed surface shall be covered with three applications 
of a mixture of 60.percent creosote oil and 40 percent' 
roofing pitchor thoroughly brush-coated with three appli
cations of hot creosote oil and covered with hot roofing 
pitch. Before placing the cap, a sheet of 12-gauge,0.7mm 
(.028 inch) zinc shall be placed 'on each pile head. The 
sheet zinc shall be of sufficient size to project at least 
102mm (4 inches) outside of the -pile, and it shall be bent 



520.08 	 505 

down, neatly trimmed, and securely fastened to the faces
of the pile, with large-headed galvanized roofing nails. 

(3) 	 METHOD B-FABRIC COVERING
 
The heads 
 of all piles shall be covered with alternate 
layers of hot pitch and loosely woven fabric similar to
membrane waterproofing, using four applications of pitch
and three layers of fabric. The cover shall measure at least 
1,52mm (6 inches) more in dimension than the diameter of 
the pileand shall be neatly folded down over the pile and 
secured by large-headed galvanized nails or by binding or
serving with ndt less than seven complete turns of galva
nized wire securely held in place by large-headed galva
nized nails and staples. 
The sawed heads of untreated piles shall be thoroughly
brush coated wilh two applications of hot creosote oil. 

520.08 HOLES FOR BOLTS, DOWELS, RODS AND LAG 
SCREWS
 

Holes for round drift-bolts and dowels shall be bored
 
with a bit 2 mm (1/16 inch) less in 
 diameter than the bolt or
dowel to be used. The diameter of holes for square drift
bolts or dowels shall be equal to the least dimension of the 
bolt or dowel. 

Holes for machine bolts shall. be bored with a bit 	the same diameter as the bolts, except as otherwise provided in 
Section 520.02. 

Holes for rods shall be bored with a bi+ 2mm (1/16 inch)
greater in diameter than the rod. 

Holes for lag screws shall be bored with a bit not (arger
than the body of the screw at the base of the thread. 
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520.09 BOLTS AND, WASHERS 

A washer, of the size and type specified, shall be used 
under all bolt heads and nuts which, would otherwise come 
in contact with wood. 

The nuts of all bolts shall be- effectually locked after 

they have been finally tightened. 

520.10 COUNTERSINKING 

All'recesses in treated timber, formed for countersinking 
shall be painted with hot creosote oil. Recesses likely to 

collect injurious materials shall be filled with hot pitch. 

520.11 FRAMING 

All lumber and timber shall be accurately cut and framed 

to a close fit In such manner that the joints will have even 
bearing over the entire contact surfaces. Mortises shall be true 

to size for their full depth, and tenons shall fit snugly. No 

shimming will be permitted in making joints, nor will open 

joints be accepted. 

520.12 	 PILE BENTS 

The piles shall be driven as indicated on the Plans, withi 

a variation of the portion above the ground of not more than 

2mm 	per meter (L inch per foot) from the vertical or batter 

or so that the cap may be placed in its properindicated, 
location without inducing excessive stresses in the piles. 

Excessive manipulation of the piles will not be permitted, and 
the Contractor will be required to redrive or use other satis

factory methods to avoid such manipulations. No shimming on 
tops of piles will be permitted. 

The piles for any one bent shqll be carefully selected as 

to size, to avoid undue bending or distortion of the sway 
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bracing. However, care shall be exercised in the distribution 
of piles of varying sizes to secure uniform strength and rigid
ity in the bents of any given structure. 

Cutoffs shall be accurately made to insure perfect bearing 
between the cap and piles. 

520.13 FRAMED BENtS 

(I) MUD SILLS 

Untreated timber used for mud sills shall be of durable 
timber. Mud sills shall be firmly and evenly bedded to 
solid bearing and tamped in place. 

(2) CONCRETE PEDESTALS 

Concrete pedestals for the support of framed bents ;hall 
be carefully finished so that the sills or posts will take 
even bearing on them. Dowels of not less than 19mm-(314 

inch) diameter and projecting at least 152mm (6 inches) 
above the tops of the pedestals shall be set in them 
when they are cast, for anchoring the sills or posts. 

(3) SILLS 

Sills shall have true and even bearing on mud sills, piles 
or pedestals. They shall be drift-bolted to mud sills or piles 
with bolts of not less than 19mm-(3/ 4 inch) diameter and 
extending into the mud sills or piles at least 15cm (6 inches). 
When possible, all earth shall be removed from contact with 
sills so that there will be free air circulation around them. 

(4) POSTS 

Posts shall be fastened to pedestals with dowels of not less 
than 19mm-(3/4 inch) diameter, extending at least 15cm 
(6 inches) into the posts. 
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Posts' shall be fastened to sills by one* of the following 
methods, i as indlcated on the Plans: 
(a) 	By dowels of not less than 19mm (3/4 inch) diameter, 

extending at less 15cm (6 inches) into posts and sills. 
(b) 	By drift-bolts of not less than 19mm (3/4 inch) diamete, 

driven diagonally through the base of the post and 
extending at least 23cm (9 inches) into the sill. 

(5) 	DESIGN AND CONSTRUCTION 
Where framed structures will be subjected to wind or 
tractive loads, the connections between members thereof 
shall be so designed and constructed as to resist the forces 
resulting therefrom. (See Article 1.2.1 in the 
Specifications). 

Design 

520.14 CAPS 
Timber caps shall be placed, with ends aligned, in a man

ner to secure an even and uniform bearing over the tops of the 
supporting posts or piles. All caps shall be secured by drift
bolts of not less than 19mm (3/4 inch) diameter, extending at
least 23cm (9 inches) into the posts or piles. The drift-bolts shall 
be approximately in the center of the post or pile. (See Sec. 
tion 520.13 (5)). 

520.15 BRACING 

The ends of bracing shall be bolted through the pile, post 
or tap with a bolt of not less than 16mm (5/8 inch) diameter. 
Intermediate intersections shall be bolted, or spiked with wire 
or boat spikes, as indicated on the Plans. In all cases spikes 
shall be used in addition to bolts. 

520.16 	 STRINGERS 
Stringers shall be sized at bearing and shall be placed in 
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position so that knots near edges will be in the top portions of 
the stringers. 

Outside stringers may have butt joints with the ends cut on 
a taper, but interior stringers sholl be lapped to take bearing 
over the full width of the floor beam or cap at each end. 
The lapped ends of untreated stringers shall be separated at 
least 12mm (1/2 inch) for the circulation of air, and shall be
securely fastened by drift-bolting where specified. When
stringers are two panels in length.,the joints shall be staggered. 

Cross.bridging between stringers shall be neatly and accu
rately framed and securely toe-nailed with at least two nails in 
each end. All cross-bridging members shall have full bearing 
at each end against the sides of stringers. Unless otherwise 
specified in the contract, cross-bridging shull be placed at the 
center of each span. 

520.17 	 PLANK FLOORS 
Plank shall be of the grade required as specified in Section 

520.01 (I). 
Single plavk floors shall consist of a single thickness of 

plank supported by stringers or joists. The planks shall be Ilqd
heart-side down, with 6mm (1/4 inch) openings between them for 
seasoned material and with tight joints for unseasoned material. 
Each plank shall be securely spiked to each joists. The planks
shall be carefully graded as to thickness and so laid that no
two" adjacent planks shall vary in thickness by more than 2mm 
(1/16 inch). 

Two-ply timber floors shall consist of two layers of flooring
supported on stringers or joists. The top course may be laid
either diagonal or parallel to the centerline of roadway, as 
specified, and each floor piece shall be securely fastened to the
lower course. Joints shall be staggered at least I meter 
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(3 fee+). If the top flooring is placed parallel to the centerline of 
the roadway, special care shall be taken to securely fasten the 
ends of the flooring. At each end of the bridge these members 
shall be beveled. 

520.18 	 LAMINATED OR STRIP FLOORS 

The strips shall be of the grade required as specified in 
Section 520.01 (I). The strips shall be placed on edge, at right 

angles to the centerline of roadway. Each strip shall be spiked 
to the preceding strip at each end and at approximately 1/2 
meter-(18-inch) intervals., with the spikes driven al4ernately near 
the top and bottom edges. The spikes shall be of sufficient
 
length to pass through two strips and at least half-way through
 
the third strip.
 

If timber supports are usedoevery other strip shall be toe
nailed to every other support. The size of the spikes shall be
 

as shown on the Plans. When specified on the Plans, the strips 

shall be securely attached to steel supports by the use of 
approved galvanized.metal clips. Care shall be taken to have 
each strip vertical and tight against the preceding one, and
 
bearing evenly on all the supports.
 

520.19 	 WHEEL GUARDS AND RAILING 

Wheel guards and railing shall be accurately framed in 

accordance with the Plans and erected true to line and grade. 

Wheel guards shall be laid on, seclions not less than 3.7 
meters (12 feet) long. 

520.20 PAINTING 
Rails and rail posts of untreated itimber shall be painted
 

with three coats of paint.
 

Parts of the structure, otherthan rails and raTI posts, which 
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are 	 to be painted shall be designated on the Plans or in the 
Special Provisions. 

Metal parts, except hardware, shall be given one coat of
shop paint and, after erection, two coats of field point, as 
specified in Section 514. 

520.21 METHOD OF MEASUREMENT 
Lumber and timber, unless otherwise specified, shall be

measured for payment by the cubic meter for the material as 
called for on the Plans and remaining in the finished structure.No 	 allowance for waste will be measured for payment. 

520.22 	 BASIS OF PAYMENT 
Lumber and timber will be paid for at the contract unit 

price per cubic meter, measured as specified above. 
Payment for timber structures shall include the furnishing

of material, preservative treatment, hardware, equipment,
tools and labor necessary for the erection and painting of the 
work 	in a satisfactory manner. 

Metal parts, other than hardware, will be paid for at
the contract unit price per kilogram, the weight being computed
in the same manner as specified for steel structures, Section 
510.63. 
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SECTION 521 PRESERVATIVE TREATMENTS
 
FOR TIMBER
 

521.01 GENERAL 
The kind of preservafve treatment required shall be 

as specified in the Special Provisions or as noted on the 
Plans. 

The preservatives specified herein not intended to beare 

used interchangeably, but the kind of preservative 
 to be 
used shall be adopted for its suitability to the conditions of 
exposure to which it will be subjected. Some of the conditions 
to be considered are : effect of mar~ne borers, effect of 
termites, action of exposure to water and leaching of the pre.
servative, effect of contact with the ground, painting, require
ments and cleanliness requirements. Experience records for 
the particular exposure intended shall be given consideration 
in selecting the treatment to be used. 

521.02 MATERIALS 

Piling, -sawed lumber and timber shall conform to therequirements of AASHO M 168, or equivalent local piling,
lumber or timber acceptable to the Engineer. All wood
species are not equally treatable and therefore all species 
are not equally acceptable under severe exposure conditions.
Care should be exercised to select those species which are 
acceptable for the intended application. 

Timber preservatives and treatment method shall conform 
to AASHO M 133, except that the timber quality shall be as 
stated above. The type of preservative furnished and its
retention shall be in accordance with that specified in the 
Special Provisions or as as noted on the Plans. 

Timber expected to be painted should be treated with 
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-waterborne salts or pentachlorophenol carried in a volatile 
organic solvent. 

521.03 IDENTIFICATION AND INSPECTION 
Each piece of treated timber shall bear a legible brand,mark or tag indicating the name of the treater and thespecification symbol or specification requirements to which

the treatment conforms. The Engineer shall be provided adequate
-facilities and free access to the necessary parts of he treating
plant for inspection of material and workmanship to determinethat the contract requirements are met. The Engineer reservesthe right to retest all materials after delivery to the job-site,and to reject all materials which do not meet the requirements
of the contract ; provided that, at the job-site reinspeclion,
conformance within five percent of contract requirements shallbe. acceptable. Reinspection at the job-site may include assayto determine retention of preservatives, and extraction and
analysis of preservative to determine its quality. 

521.04 METHOD OF MEASUREMENT
 
No separate 
 measurement of preservative treatment will 

be made. 

521.05 BASIS OF PAYMENT 
No direct payment for preservative treatment will bemade and all costs of such treatment will be considered

incidental to the piling sawed lumber or timber for which thistreatment is specified. 



522.01514 

SECTION 522 TIMBER CRIBBING 

522.01 MATERIAL 

(1) 	 TIMBER 

Timber used for cribbing shall conform to the requirements 
of Section 520, and unless otherwise specified shcU be 

as 	 etc. If treated timber isthe same for caps, posts, sills, 


used, all hardware shall be galvanized.
 

(2) 	 LOGS 
the re-Logs used for cribbing shall conform in quality to 

piles in AASHO M 168.quirements specified for timber 

522.02 PREPARATION 

When timber or logs are to be treated, all framing shall 

and all surfaces cleaned ofbe completed before treatment 

dirt and grease. 
angle.All timber and log framing shall be true to line and 

522.03 DIMENSIONS 

(1) 	 TIMBER 

When cribs are constructed of sawed timber, no timber 

shall be less than 20 centimeters (8 inch) in least dimension. 

The face timber in the base tier shall be not less than 25 

(10 inch) in least dimension.centimeters 

(2) 	 LOGS 
shallWhen cribs are constructed of logs, no face log 

a diameter at the small end of less than 25 centimetershave 
tie logs shall be not less than 20 centimeters(10 inch) and 

log in the
(8 inch) In diameter at the small end. The face 
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base tier shall be not less than 30 centimeters (12 inch) in
diameter at the small end. 
All logs for cribbing shall be selected from the logs availablewith as small an amount of toper as possible. The lengthof 	 logs used beshall depender* upon the taper. 

522.04 CONSTRUCTION 

(I) 	 FOUNDATION 
The foundation or bed for 	the cribbing shall be excavatedto 	 exact grade and shall be approved as to bearingquality by the Engineer before any of the crib work is 
placed. 

(2) 	 MUD SILLS
 
When mud sills are used, they shall be set at 
 right anglesto the face of the cribbing, and firmly and evenly bedded 
in the foundation material. 
Mud sills shall be not less than 30 X 30 centimeters (12"X i2") in squared cross-sectional dimensions and not lessthan one meter (3 feet) in length. They shall be spaced
not 	more than 1.2 meters (4 feet) apart
Log or timber mud sills shall be leveled to fit the first tierresting upon them. In no case shall there be less than 650square centimeters (100 square inches) of flat surfacebetween the face log and each mud sill. 
Foundation material shall be thoroughly tamped around all 
mud sills. 

(3) FACE LOGS OR TIMBERS 
The logs or timbers in the base tier and in alternate tiersabove the base shall be as long as practicable
preferably shall extend the full length' of the face. 

and
In 
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intermediate tiers they may have a length of not less than 
2.5 meters (8 feet), arranged to break joints. Crib faces 
shall be laid solid or with spacersas indicated on the Plans. 

All framed surfaces shall receive a heavy coat of approved
 
preservative at the time of assembling.
 
Care shall be exercised in the erection of all cribs to
 
produce a true facesasshown on the Planst and all timbers
 
or logs in faces shall be horizontal.
 

(4) 	 TIES 
The length of ties shall be sufficient to develop the 
required anchorage against overturning, and in no case 
shall the length of tie extending into the fill be less than 
two-thirds of the height of fil above the tie in question. 
Ties shall be anchored to the face walls by framing, either 
dove-tailed or by sufficient projection beyond the face of 
the crib to form the proper anchorage. Ties shall be 
anchored at the fill end to cross pieces fastened to them 
at right angles by drift-bolts or other suitable means. 

Ties shall be spaced not more than 2.5 meters (8 feet) 
center- to- center in any horizontal tier, and shall be 
staggered with the next adjacent tier of ties. Tiers of 
ties shall be not more than I meter (3 feet) apart vertically. 

(5) 	 FASTENING 

Each successive tier of logs or timbers shall be drift-bolted
 
to the one upon which it rests by drifts not less than 19
 
millimeters (3/4 inches) in diameter and of sufficient length
 
to extend through 2 tiers and not less than 10 centimeters
 
(4") into the third tier.
 
Drift-bolts shall be staggered and not more than 2.5 meters
 
(8 'eet) center-to-center in each tier.
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All 	end joints and splices shall be half-lapped for 25 
centimeters (10") and drifted at the center. 
Before assembling, all framed joints in contact shall be 
heavily coated with an approved preservative. 

522.05 FILLING 
Filling inside and around cribs shall be placed to avoid

distortion of the crib. Filling shall be placed in even horizontal 
layers and compacted to prevent voids. 

522.06 	 METHOD OF MEASUREMENT 
Timber shall be measured for payment by the cubic meter

for material remaining In the finished structure. 
Logs shall be measured for payment by the linear meter 

for materials remaining in the finished structure.
 
Excavation for cribbing shall be 
 measured for payment.as 

specified in Section 501.13. 
Filling material for cribbing shall be measured for payment, 

in place, by the cubic meter. 
522.07 BASIS OF PAYMENT 

Timber will be paid for at the contract unit price per cubic 
meter. Logs will be paid for at the contract unit Drice per
linear meter for each size specified. 

Excavation will be paid for as specified in Section 501.14. 
Filling material will be paid for at the contract unit price

per cubic meter for crib-filling complete and in place. 

http:payment.as
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SECTION 523 STRUCTURAL PLATE PIPES, PIPE
 
ARCHES AND ARCHES
 

523.01 GENERAL 
This work shall consist of fabrication, furnishing and erecting

structural plate pipes, pipe arches and arches of the sizes,
dimensions and thicknesses at locations designated on the Plans, 
in accordance with these Specifications and in reasonably close 
conformity with the lines and grades specified or ordered by
the Engineer. 

523.02 	 MATERIALS 
Structural steel plates, bolts and nuts for pipe, pipe

arches and arches shall conform to the requirements of AASHO 
M 167. 

Structural aluminum-alloy plates, bolts and nuts for pipe, 
pipe arches and arches shall conform to the requirements of 
AASHO M 219. 

Asphalt filler shall conform to the requirements of AASHO 
M 18, Grade A, or equivalent if approved by the Engineer. 

523.03 BEDDING 
The structure shall be bedded in an earth foundation of 

uniform density, carefully shaped to fit the lower plate oV 
plates of the structure. 

523.04 FOUNDATION 
Where rock in either ledge or boulder formation is encoun

tered, it shall be removed below the invert grade to a depth of 
30cm (12") and replaced with granular backfill in such a man
ner as to provide a uniformly compacted earth cushion. 

Where an unstable material is 'encouptered, the unstable 
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material shall be removed .for the depth and width shown on 
the Plans, or as directed by the Enginee, and replaced withgranular material and compacted to the satisfaction of the 
Engineer. 

523.05 CAMBER 
The invert grade of the structure, when required, shall be

cambered as shown on the Plans or as ordered by the Engineer. 

523.06 ERECTION 
Structural plate pipes, pipe arches and arches shall be

erected in accordance with the Plans and detailed erection
instructions. They may be assembled in their final location or 
adjacent to it and then placed on the prepared bed. Elongated 
pipe shall be installed with the longer axis vertical. 

Steel bolts for structural plate sections shall be torqued
during installation to 28 kilogram-meters (200 foot-pounds)
plus or minus 14 kilogram-meters (100 foot-pounds). Aluminurn 
bolts for structural plate sections shall be torqued during
installation to 17 kilogram-meters (125 foot-pounds) plus or
minus 3.5 kilogram-meters (25 foot-pounds). The hold-on period
may vary from 2 to 5 seconds. Any nuts loosened by plates
being drawn together shall be retightened. Bolts shall be of 
sufficient length to provide for a full nut. 

The concrete footings for structural plate arches shall be
constructed in accordance with the details on the Plans and I 
the excavated areas shall be backfilled to the flow line before 
assembling the structural plate arch. 

523.07 BACKFILLING 
Granular material for backfilling of structural plate struc

tures shall be placed within the limits shown on the Plans. The 
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structures shall be protected by sufficient cover before 
permitting heavy equipment to pass over them during 
construction. 

Fill material shrall be deposited evenly, and compacted on 
both sides of the pipe or pipe arch. The layers shall not 
exceed 15 cm (6 inches) in depth until at least the 3/4 point 
has been reached. Special care shall be taken to thoroughly 
tamp each layer for the width of the trench and above the 
trench for a distance each side of the pipe or pipe arch equal 
to the diameter of the pipe or span of the pipe arch to the 
density required for adjacent embankments. The fill shall 
continue uniformly on both sides until at least 1.2 meters 
(4 feet) of compacted material is obtained above the top of 
the structure or until subgrade is reached. 

When backfilling arches, the material shall first be placed 
midway between the ends of the arch on both sides, forming as 
narrow a ramp as practical, by distributing the fill material 
around and over the arch in uniform layers. The backfill 
material shall oe thoroughly compacted, preferably by 
mechanical tampers, as it is placed. After the ramp has been 
built over the top of the arch, the remainder of the backfill 
shall be deposited, widening the ramps uniformly both 
ways from the center to the ends and as evenly as possible 
on both sides of the arch, each layer conforming to the 
shape of the arch and thoroughly compacted as the work 
progresses. 

523.08 DAMAGES TO GALVANIZED SECTIONS 

Any place where the galvanizing has been removed from 
the metal shall be repaired by thoroughly cleaning the 
damaged areas with a wire brush and painting the damaged 
oreas with two costs of zinc-rich paint. 
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523.09 METHOD OF MEASUREMENT 

The quantity to be measured for payment shall be on a 
unit basis for each plate structure shown on the Plans or. 
specified in the contract. 

523.10 	 BASIS OF PAYMENT 
The accepted work will be paid for at the contract price

bid for each structure, which price shall be full compensation
for furnishing, fabricating, transporting, handling and assem
bing the structure and furnishing of all labor, tools, equipment,
field painting and incidentals necessary to complete the work. 
The price shall also include furnishing and placing the galva
nized bearing shapes used in the construction of metal plate 
arches. 

Excavation, granular backfill and riprap will be paid for 
under their respective items. 
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SECTION 524 WEARING SURFACES 

524.01 DESCRIPTION 
Separate wearing surfaces, when required, shall conform 

to details shown on the Plans, and construction shall conform 
to all applicable Subsectionsof Section 504 and 505 for Port
land cement concrete wearing surfaces and to all applicable 
Subsections of Section 400 for bituminous concrete-wearing 
surfaces. 

524.02 METHOD OF MEASUREMENT 
Unless otherwise specified, wearing surface materials will 

be measured for payment as specified in Sections 504.34 and 
505.09 for Portland cement concrete-Wearing surfaces and 
Section 400 for bituminous concrete-wearing surfaces. 

524.03 BASIS OF PAYMENT 

The accepted quantities of wearing surfaces will be paid 
for at the contract unit price as specified on the Plans or in i 

the 	Proposal,.and shall include compensation for all equipment, 
tools, materials, labor surface finishing and all other items of 
expense to complete the work shown on the Plans. Reinforcing, 
if required, will be paid for separately. 
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SECTION 525 ELASTOMERIC BEARINGS 

525.01 DESCRIPTION 
Elastomeric bearings as herein specified shall include plainbearings (consisting of elastomer only) and laminated bearings

(consisting of layers of elastomer restrained at their interfaces 
by bonded laminates). 

525.02 MATERIALS 
The elastomer portion of the elastomeric compound shall be100% virgin natural polyisoprene (natural rubber) meeting therequirements of Table Aor 100% virgin chloroprene (neoprene)

meeting the requirements of Table B, as specified by the Engineer. Compounds of nominal hardness between the values shown 
may be used and the test requirements interpolated. When 
test specimens are cut thefrom finished product, a 10%
variation in "Physical Properties" will be allowed. 

(See tables on following pagesl 
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TABLE A
 
ASTM 
 50 60 70Standard 	 Physical Properties Duro Duro Duro 

Hardness ASTM D2240 50±5 60±5 70+5
Tensile strength, min. psi
ASTM D 412 2500 2500 2500Ultimate elongation, min. ) 450 400 300 
Heat Resistance 

Change in durometer hardness, 

D573 max. points +10 +10 +10 
70 hr Change in tensile strength,

max. W -25 -25 -25
700C Change in ultimate elongation,

a (158 F) 	 max. % -25 -25 -25 

Compression Set 

D395 
Method B 	22 hours a 158 F,max. / 25 25 25 

Ozone 
25 pphm ozone in air by volume, No No No
DI149 20% strain 100 F+2 F,48 hours Cracks Cracks Cracks
 
mounting procedure D518, Procedure A
 
Adhesion
 

Bond made 	during vulcanization,
D429,B lbs. per inch 40 40 40 

Low Temperature Test 

ASTM 	 Brittleness at - 40.C(-40F) No No NoD 746 Failure Failure Failure 
Procedure B 
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TABLE B 
ASTM 
Standard Physical Properties

Hardness ASTM D 2240 

50 
Duro 
50±5 

60 
Duro 

60+5 

70 
Duro 

70+5 
Tensile strength, min. psi
ASTM D 412 
Ultimate elongation, min. A 

2500 
400 

2500 
350 

2500 
300 

Heat Resistance 

D573 

Change in durometer hardness, 
max. points +15 +15 +15 

70 hr. 
al00C 

(212F) 

Change in tensile strength,
max. ,%o -15 
Change in ultimate elongation,
mdx. % -40 

-15 

-40 

-15 

-40 
Compressive Set 

D395 
Method B 22 hours I000C(212F), max. 0, 35 35 35 

Ozone 
DI 149 100pphm ozone in air by volume, No No No

20% strain 38'C+ 10 (I001F+2F), CracksCracksCracks 
100 hours mounting procedure
D518, Procedure A 

Adhesion 
Bond made during vulcanization 

D429,B lbs. per inch 40 40 40 
Low Temperature Test 

ASTM Brittleness at - 40OC(-40F) DuroD 746 No No NoProcedure B Failure Failure Failure 
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Laminates shall be rolled mild-steel sheets conforming to 
AASHO M 183 (ASTM A 36) or A 245, Grade C or Dunless 
otherwise specified by the Engineer. 

525.03 MANUFACTURING REQUIREMENTS 
Plain bearings may be molded individually, cut from 

previously molded strips or slabs, or extruded and cut to length. 
Cut edges shall be at least as smooth as AN61 250 finish. 
Unless otherwise shown on the Plans, all components of a 
laminated bearing shall be molded together into an integral 
unit, and all edges of the nonelastic laminations shall be 
covered by a minimum of 3mm (I/8 inch) of elastomer except 
at laminate-restraining devices and around holes that will be 
entirely closed on the finished structure. 

525.04 METHOD OF MEASUREMENT 

525.05 BASIS OF PAYMENT 
Unless otherwise specified, no separate measuremont or 

payment for elastomeric bearings will be made and the furnish
ing and placing of them shall be considered incidental to the 
placement of the beams. 
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SECTION 526 CONSTRUCTION OF TUNNEL USING
 
STEEL TUNNEL LINER PLATES
 

526.01 SCOPE 
These Specifications are intended to cover the installation 

of tunnel liner plates in tunnels constructed by conventional 
tunnel methods. For the purposes of these Specifications,
tunnels excavated by-full face, heading and bench, or multiple
drift procedures are considered conventional methods. Liner 
plates used with any construction procedure utilizing a full 
or partial shield. a tunneling machine or other piece of 
equipment which will exert a force upon the liner plates for 
the purpose of propelling, steering or stabilizing the equipment 
are considered special cases and are not covered by. these 
Specifications. 

526.02 DESCRIPTION 
This item shall consist of furnishing cold-formed steel. 

tunnel liner plates conforming to these Specifications and of 
the sizes and dimensions required on the Plans and installing
such plates at the locations designated on the Plans, by the 
Engineer and in conformity with the lines and grades established 
by the Engineer. The completed liner shall consist of a series 
of steel liner plates assembled with staggered longitudinal
joints. Liner plates shall be fabricated to fit the cross-section 
of the tunnel. Liner plates herein described must meet the Sec
tional Properties-thickness, area and moment of inertia-as 
listed in Article 1.13.9 of the Standard Specifications for 
Highway Bridges. 

All plates shall be connected by bolts on both longi
tudinal and circumferential seams or joirts and shall be so 
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fabricated as to permit complete eriection from the inside of 
the tunnel. 

Grout holes 5cm (2in) or larger in diameter shall be provided 
cas shown on the Plans to permit grouting as the erection of 
tunnel-liner plates progresses. 

526.03 FORMING AND PUNCHING OF LINER PLATES 
All plates shall be formed to provide circumferential flanged 

joims. Longitudinal joints may be flanged or of the offset lap
seam type. All plates shall be punched for bolting on both 
longitudinal and circumferential seams or joints. Bolt spacing, in 
circumferential flanges shall be in accordance with the manu
facturer's standard spacingland shall be a multiple of the plate 
length so that plates having the same curvature shall be inter
changeable and will permit staggering of the longitudinal 
seams. Bolt spacing at flanged longitudinal seams shall be in 
accordance with the manufacturer's standard spacing. For 
lapped longitudinal seams, bolt size and spacing shall be in 
accordance with the manufacturer's standard but not less thar, 
that required to meet the longitudinal seam-strength require
ments of Article 1.13.4 of the Standard Specifications for 
Highway Bridges. 

526.04 INSTALLATION 
All liner plates for the full length of a specified tunnel 

shall be of one type only, either the flanged or the lapped
seam type of construction. 

Liner plates shall be assembled in accordance with the 
manufacturer's instructions. 

Coated plates shall be handled. in,such a manner as to 
prevent bruising, scaling, or breaking of the coating. Any 
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plates that are damaged during handling or placing shall be 
replaced by the Contractor at his expense, except that small 
areas with minor damage may be repaired by the Contractor 
as directed by the Engineer. 

Whenand as designated by the Engineer, voids occurring 
between the liner plate and the tunnel wall shall be force
grouted, the grout I shall be forced through the grouting holes 
in the plates with such pressure that all voids will be completely 
filled. 

Full compensation for back-packing or grouting shall -be 
considered as Included in the contract price paid for tunnel and 
no separate payment will be made therefor. 

526.05 METHOD OF MEASUREMENT 
The length of tunnel to be paid for will be the length 

measured on the tunnel-liner plate invert in linear meters. 

526.06 BASIS OF PAYMENT 
Payment for each size of tunnel as determined under 

measurement shall be at the contract unit prices per linear 
meter bid for the various sizes, which payment shall include 
full compensation for furnishing all labor, materials, tools, 
equipment and incidentals to complete this item, including 
removal and disposal of material resulting from the excavation 
of the bore and force-grouting voids. 
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SECTION 597 TEMPORARY BRIDGES 

527.01, GENERAL 
This work shall consist of the construction, maintenance and 

removal of a temporary structure, its substructure and ap
pro aches, with warning signs, barricades and lights which 
may be required for the safety and convenience of the public,
all in accordance wilh these Specifications and at the location 
des ignated on the Plans or as ordered by the Engineer. 

527.02 	 MATERIALS
 
The Contractor 
 may choose any material or combination of 

materials, meeting the approval of the Engineer, for constructing 
a temporary bridge and its approaches. 

527.03 CAPACITY 
The capacity of all temporary bridges to carry vehicular 

traffic shall meet the legal loads permitted under law for the 
particular route on which the bridge is located. The capacity of
footbridges shall be 300 kgs per square meter (60 pounds per 
square foot) of floor surface and the combined capacity of 
vehicular and pedestrian bridges shall be a combination of the 
above loadings. Detail drawings of the proposed bridge shall be 
submitted for approval by the Engineer prior to starting work 
on this item. Such approval shall not relieve the Contractor of 
any responsibility. 

The waterway opening shall be adequate to handle the 
largest discharge anticipated during the period of use of the 
temporary bridge. 
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527.04 STRUCTURES 
When a one-way bridge Isspecified, the clear width between 

faces of curbs hall be a minimum of 4.2 meters (13.8 feet). When 
a two-way bridge is specified, a clear width of 7.5 meters (24.6
feet) shall be furnished, unless otherwise shown on the Plans 
or directed by the Engineer. Bridges for pedestitan traffic only
shall have a minimum clear width of 1.25 m (4 feet). Combined 
vehicular and pedestrian bridges shall maintain the minimum 
widths as given above. 

Guard curbs having a minimum height of 30cm (12") shall
be securely fastened on each side of a structure carrying 

vehicular traffic. 

Guard rails meeting the approval of the Engineer shall be 
constructed along each side of the bridge,,and..in the case of 
combined vehicle and pedestrian bridge, guard rail shall be 
constructed between the sidewalk and roadway portions of the 
structure. 

527.05 APPROACHES 
Approaches shall be constructed with suitable earthwork 

material and properly compacted to carry the traffic load for 
which the temporary bridge is designed. The grade and 
alignment of the approaches shall safely accommodate traffic 
and be satisfactory to the Engineer. 

For one-way temporary bridges, a suitable turnout shall 
be provided at each end of the bridge. 

527.06 MAINTENANCE 
The Contractor shall maintain each temporary bridge and 
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its approaches, warning signs, lights and other safety devices 

to the satisfaction of the Engineer. 

527.07 LIABILITY 

The Contractor shall assume all liability for the structure, 
the approaches and warning devices to insure the safe use of 

the facility by the traveling public. 

527.08 	 METHOD OF MEASUREMENT 
onThe quantity to be measured for payment will be a 

unit basis for each temporary bridge of the type specified, 
constructed and accepted In the work. 

527.09 BASIS OF PAYMENT 

The accepted quantity will be paid for at the contract 
lump-sum price for each temporary bridge of the type specified, 
which price shall be full compensation for furnishing, tranport
ing, handling, placing, maintaining and removing the bridge 
and approaches and furnishing all labor, tools, equipment, 
materials and incidentals necessary to complete the work. 
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SECTION 550 PORTLAND CEMENT
 
CONCRETE PAVEMENT
 

550.01 	 DESCRIPTION 
This work shall consist of constructing, a pavement of 

Portland cement concrete on a prepared subbase as specified
in these Specifications and the Special Provisions. 

Unless otherwise provided, pavement shall be constructed 
of Class X concrete and shall conform to the provisions of Sec
tion 504. Subbase for Portland Cement Concrete Pavement 
shall be in accordance with the Provisions of Section 300. The 
subbase shall be thoroughly wet just before placing concrete 

At the option of the Contractor, concrete pavement may
be constructed with equipment utilizing stationary side forms 
or by the use of slip-form paving equipment. 

550.02 	 WATER SUPPLY
 
Water for mixing concrete shall meet the requirements of
 

Section 504. Water for wetting subbase and for curing concrete
 
shall meet the requirements of Section 307.
 

Before placing pavement the Contractor shall develop a 
sufficient supply of water and have it available throughout
the work. An inadequate water supply will be considered 
sufficient cause for delaying the start of, or stopping the 
mixing operations. In case of a deficiency of water, the 
requirements for wetting the subbase and curing the concrete 
already placed shall have priority over mixing. 

550.03 	 SIDE FORMS 
Side forms shall conform to the following: 

(I) 	 IDE-FORM CONSTRUCTION 
Metal side forms shall be used exclusively and shall weigh, 
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not including stakes, not less than 27 kg per meter (18 lbs 
per ft.) for pavements less than 22 cm (9 inches) thick; 
not less than 30 kg per meter (20 lb per ft) for pavements 
between 22 & 25 cm, (9 & 10 -in) thick; and not less than 
33 kg per meter (22 lb per ft) for pavements more than 
25 cm (lOin) thick. 

Side forms shall be of such section and of sufficient rigidity, 

both in the form and in the interlocking connection with the 

adjoining forms, that springing will not occur under the 
weight of the paving equipment nor from the pressure of 

the concrete when placed. The Contractor shall provide 
forms so that there will be no delay in placingg',ficient 

Me pavement. 

Side*form sections shall be straight, free from warps, bends, 
indentations or other defects. Defective forms shall be 

removed from the work. Before placing side forms, the under
lying material shall be at the proper grade. Side forms 
shall have full bearing upon the foundation throughout 
their length and width and shall be placed to the required 
grade and alignment of the edge of the finished pavement. 
They shall be so supported during the entire operation of 

placing, compacting and finishing the pavement that they 
will not deviate vertically at any time more than 3mm 

(0.01 ft) from the grade established by the Engineer. 

The maximum vertical deviation of the top of any side form, 

including joints, shall not exceed 3mm (0.01 ft) from a 
3-meter (10-foot) straightedge, nor shall the inside face 
vary more than 6mm (0. 02 ft) from c 3-meter (10-foot) 
straightedge. Stake pockets and interlocking devices shall 
be in such condition that they.will prevent movement of 
the form. 

Side forms shall be staked firmly'by means of steel stakes 
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at each end of the section, and at intermediate points not 
more than 1.5 meters (5 feet) apart;and shall be so designed 
that stakes may be driven through the base of the forms. 
Forms shall be provided with means for locking stakes in 
position. Side-form sections shall be laid with an expansion 
gap of approximately 3mm (0.01 ft). The stakes used in 
staking side forms shall be of sufficient length so that the 
side forms shall be held firmly in place. Any lateral 
movement of forms greater than 6mm (0.02 ft),while sup
porting moving equipment shall be considered as evidence 
that the steel stakes do not hold the side forms firmly in 
place,, and longer stakes shall be provided by the Con
tractor at his expense. 
Immediately in advance of placing pavement and after all 
subgrade operations are completed, side forms shall be 
trued and maintained to the required line and grade 
for a distance sufficient to prevent delay in placing the 
pavement. 
Side forms shall remain in place until the day after 
placing the pavement, and in all cases until the edge of 
the pavement no longer requires the protection of 
the forms. 

Side forms shall be thoroughly cleanled and oiled after they 
have been stripped and shall be oiled again just before 
concrete is placed against them. 

(2) 	 SUP.FORM CONSTRUCTION 
Slip.form paving r~fuipment shall be equipped with travel-
Ing side forms of sufficient dimensions, shape and strength 
to support the concrete for a sufficient length of time during 
placement to produce pavement of the required cross-section. 
No abrupt changes In longitudinal alignment oF the pavement 
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will be permitted. The horizontal deviation shall not exceed 
3cm (0.10 ft) from the alignment established by the Engineer. 

550.04 	 GRADE TOLERANCE 
The subbase to receive concrete pavement, immediately 

prior to placing, shall conform to the compaction and elevation 
tolerances specified for the material involvedand shall be free 
of loose or extraneous material. 

550.05 REINFORCEMENT 

Concrete pavement shall be reinforced at structure ap
proaches and other locations as shown on the Plans or directed 

by the Engineer. Reinforcement shall conform to the provisions 
of 	Section 505. 

505.06 MIXING AND TRANSPORTING 

Mixing, and transportinU shall conform to the provisions 
of Section 504. 

550.07 PLACING 
The Contractor shall make adequate advance arrangements 

for preventing delay in delivery and placing of the concrete. 
An interval of more than 45 minutes belween placing of any 

for2 consecutive batches or loads will constitute cause 
stopping paving operations and the Contractor shall make 
a contact joint at his expense, at the location and of the 
type directed by the Engineer, in the concrete already 
placed. 

Unless otherwise specified in these Specifications or in the 
Special Provisions, concrete pavement shall be placed in 
traffic-lane widths separated by contact joints as shown on 

the Plans, or at the option of the. Contractor the concrete 
placed monolithic, Iwo or more traffic-lanespavement may be 
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wide without a contact joini, but with a longitudiral-weakened 
plane joint a each traffic-lone line. 

All concrete shall be used while fresh. Retempering any 
concrete with water will not be permitted. 

Any concrete showing improper proportions of materials,
including water, shall not be used in the pavement and any
such unsatisfactory concrete shall be remo.ed and disposed 
of by the Contractor at his expense. 

The Contractor shall protect freshly placed concrete from 
damage by any cause and any damage shall be repaired by 
the Contractor at his expense. 

Expansion joint material shall be protected while depos
iting fresh concrete adjacent thereto. 

Concrete work shall be adequately barricaded in all 
directions to protect the work. 

550.08 SPREADING, COMPACTING AND SHAPING 
Spreading, compacting and shaping shall conform to the 

following 

(I) SIDE-FORM CONSTRUCTION 
The concrete shall be distributed uniformly with a mechan. 
ical spreader. 
The spread concrete shall be vibrated, screeded and 
tamped by a machine or machines. 
The number and capacity of machines furnished shall be 
adequate to perform the work required at a rate equal
to the progress of the mixer. Any delay in excess of 15 
minutes in vibrating, screeding and tamping shall constitute 
cause for stopping the mixer until the machines performing
such work are again in proper position in the paving train. 
The concrete, for its full width, shall be vibrated by 
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meanst of surface vibrators with internal vibrators adjacent 
method ofto each longitudinal edge or by -tome other 

vibration that produces equivalent results without segre

gation. The rate of vibration shall be not less than 3,500 

per minute for surface vibrators and 5,000vibrations 
vibrations per minute for internal vibrators. The amplitude 

be sufficient to be perceptible on theof vibration shall 
30 cm (I ft) from thesurface of the concrete more than 

vibrating element. 
or side forms.new pavementsVibrators shall not rest on 

Power to the vibrators shall be so connected that vibration 

when the forward or backward motion of thewill cease 
machine is stopped. 

tamping shall be performed with twoScreeding and 
reciprocaling screeds between which is mounted a tamping 

bar, actuated at each end by positive displacement devices. 

When concrete is being placed adjacent to an existing 

pavement, that part of the equipment which is supported on 

shall be equipped with protectivethe existing pavement 
pads on crawler tracks or rubber,.tired wheels on which the 

to run a sufficient distancebearing surface shall be offset 
from the edge of the pavement to avoid breaking or crack

ing the pavement edge. 

Screeding and tamping shall be performed by making at 
of the paveleast 2 complete passes over the entire area 

the tamper shall be adjusted toment. On the first pass, 
produce the proper tamping action and the tamping bar 

shall not be operated during the second pass unless other

wise directed by the Engineer. The screeds shall be adjusted 

to an elevation slightly above grade so that, when properly 

consolidated and finished, the completed surface of the 

pavement will be at the establi'shed grade, true to the cross
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section shown on the Plans and free from porous areas.The or the adjacent pavement and the
tops of the forms 


contact surface 
 of the crawler tracks or wheels shallbe kept clean by effective devices attached to themachine. The travel of the machine shall be maintainedtrue without lift, wobble or other variation which wouldhave an adverse effect on precision screeding. The machineshall be of ample strength to withstand severe use and shallbe fully and accurately adjustable to compensate for wear.During each pass of the machine, a roll of concrete shallbe maintained ahead of the front screed for the entirewidth of pavement being placed andexcept when makingan expansion joint, the machine shall not be operatedbeyond that point where the roll of concrete can be main.tained. 'rhe intent of this Specification is that the equipment
shall produce a surface requiring minimum cutting duringthe floating and final finishing, as specified in Sections 
550.10 and 550.11.
 
Concrete required 
 to be placed in widths less than atraffic lane may be compacted and shaped by a powerec4,mechanicalrcompacting and shaping machine, supplementerdby hand methods where necessary. Where hand compaction
is performed, the 
 tamper shall be constructed of a heavyplank whose length exceeds the width of pavement by aminimum of 30cm (one foot). It shall be shod with a heavy
strip of metal for a tamping surface and shall be stiffened
adequately to maintain the required shape during use. Forconcrete production in excess of 30 cubic meters (40cubic yards) per hour, and where all compaction isperformed by hand methods, not less than two tampers

shall be used. 
The hand tamper shall be used with a combined tampingand longitudinal motionoraising it from the side form and 
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dropping it to consolidate the concrete. A surplus of con
crete shall be kept in front of the hand tamper and tamping 
shall continue until the required cross-section is obtained 
and the mortar flushes slightly to the surface. 
Where hand compaction is performed on grades in excess 
of five percent, a light strike board constructed similar 
to the heavy tamper shall be used following the heavy 
tamper. or tampers to correct any displacement caused by 
flow of the concrete. 

(2) SUP-FORM CONSTRUCTION 

Slip-form paving equipment shall spread, consolidate, 
screed and float-finish the freshly placed concrete in 
such a manner that a minimum of finishing with a hand 
float, as specified in this Sectionswill be required to provide 
a dense and homogeneous pavement. 

The concrete shall be distributed uniformly into final po
sition by the slip-form paver without delay. 

The concrete for the full paving width shall be effectively 
consolidated by internal vibration with transverse vibrating 
units or a series of longitudinal vibrating units. If series 
of longitudinal vibrating units are used, they shall be 
spaced at intervals not to exceed 75cm (2.5 ft) measured 
center-to-center. 
The term "internal vibration" specified in the above para
graph means vibration by means of vibrating units located 
within the specified thickness of pavement section and a 
minimum distance ahead of the screed equal to the 
pavement thickness. 
The rate of vibration of each vibrating unit shall be not 
less than 5,000 vibrations per* minute, and the amplitude 
of vibration shall be sufficient to be perceptible on the 



550.09 541 

surface of the concrete along the entfre length of the 
vibrating unit and for a distance of at least one foot 
therefrom. 

When concrete is being placed adjacent to an existing 
pavement, that part of the equipment which is supported 
on the existing pavement shall be equipped with protective 
pods on crawler tracks or rubber-tired wheels on which 
the bearing surface shall be offset to run a sufficient dis
tance from the edge of the pavement to avoid breaking or 
cracking the pavement edge. 

At locations inaccessible to slip-form paving equipment, con
crete pavement shall be placed by methods and equipment 
conforming to the requirements for placing concrete in 
widths less thcn a traffic lane, as specified in Section 
550.08 (I). At such locations, the use of stationary side forms 
conforming to Section 550.03(l) will be required. Locations 
inaccessible to the slip-form paving equipment shall be 

finished by the hand-float method and equipment specified 
in Section 550.10(1)(b). 

550.09 JOINTS 
Joints in pavement will be designated as longitudinal and 

transverse contact joints, transverse expansion joints and longi
tudinal and transverse weakened-plane joints, and shall be 
constructed as shown on the Plans and in accordance with the 
following provisions. 

All transverse joints shall be constructed at the angle to 
the centerline of the pavement shown on the Plans, and the 
faces of all joints both transverse and longitudinal shall be 
normal to the surface of the pavement. 

.All joints shall be clean and free of all foreign material 
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after completion of shoulder work and prior to acceptance of 
the contract. 

Reinforcing-steel at joints shbll conform to the requirements 
of Section 505. Every other bar shall be bent at right angles 
about 10cm (4 inches) from one end to form a support resting 
on the subgrade. 

Tie bars in existing pavement for longitudinal joints shall 
be straightened before placing fresh concrete against the joint. 
Full compensation for straightening existing tie bars shall be 
considered as included in the contract price paid per square 
meter for concrete pavement, and no additional compensation 
will be allowed therefor. 

(I) CONTACT JOINTS 

Contact joints are those made by placing fresh concrete 
against hardened concrete. 

(2) WEAKENED PLANE JOINTS 

Weakened plane joints shall be formed by-cutting a groove 
in the pavement with a power-driven saw at the locations 
shown on the Plans. The grooves shall be cut to a minimum 
depth of 5cm (2 in),and the width shall be the minimum 
width possible with the type of saw being used, but in no 
case shall the width exceed 6mm (- in). Every fourth-plan
ned transverse-weakened plane joint in the initial lane of 
concrete, and also the first joint immediately after the 
transverse contact joint shall be sawed within 24 hours 
after the conceete has been placed, the exact time to be 
determined by the Engineer. Every second-planned transverse
weakened plane joint shall be sawed within 48 hours 
after placing the concrete, the exact time to be determined 
by the Engineer. The remaining longitudinal and transverse
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weakened plane joints may be sawed a- such time,
after 24 hours, as the Contractor may elect, except they
shall be completed before placing concrete in succeeding
adjacent lanes and before any traffic is allowed to use 
the pavement. 
In succeeding lanes of concrete pavement the transverse 
joints opposite those which have opened in the initial lane
shall be sawed within 24 hours after the concrete has been 
placed, the exact time to be determined by the Engineer;
but in all cases not more than 3 consecutive-planned 
transverse-weakened plane joints shall be omitted. The 
remaining longitudinal and transverse-weakened plane
joints may be sawed at such time, after 24 hours, as the 
Contractor may elect, except they shall be completed
before placing concrete in the succeeding adjacent lane 
and before permitting the Contractor's traffic or public 
traffic to use the pavement. 
No sawing shall be done where unplanned transverse 
cracks exist. If an unplanned transverse crack falls within 
I.Sm (5ft.) of the location of a proposed sawed joint, the 
sawed joint shall be omitted. Joints sawed in violation of 
the provisions in this paragraph will not be measured for 
payment. 

At the option of the Contractor, transverse-wveakened plane
joints may be formed by placing a continuous strip of 
plastic or other material which will not- react adversely
with the chemical constituents of the concrete or bond 
with the concrete. The strip shall have a minimum thick
ness of 0.3mm (0.013 inch) and a width of 5cm (2 in). After 
placement, the vertical axis of the joint material shall be 
within l0degrees of a plane normal to the surface of the 
pavement. The iop of the strip shall not be above nor 
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more than 7mm (0.03 foot) below the finished pavement 
surface. Final alignment of the strip shall conform to that 

shown on the Plans for transverse-weakened plane joints 
and shall not vary more than 3cm (0.1 fl) from the edge of 
a 3 n-meter (10 ft) straightedge. 

The strip shall be placed by means of a mechanical installa
tion device which shall vibrate the plastic concrete suffi
ciently to cause an even flow of concrete about the joint 

material. The concrete shall be free of segregation, rock 
pockets or voids, and the finished concrete surface on 
each side of the joint shall be in the same plane. Splices 
in the joint material will not be permitted. 

The Contractor shall maintain a stand-by multiple-bladed 
power joint saw, in operating condition, on the Project 
at all times while concrete-paving operations ore under 
way, regardless of the type of weakened plane joint 
being constructed. 

At the option of the Contractor, longitudinal-weakened 
plane joints at traffic-lane lines in multi-lane monolithic 
concrete pavement may be formed by placing a con
tinuous strip of plastic or other material which will not 
react udversely with the chemical constituents of the 
concrete. The joint insert material shall be of such width 
and character that when placed vertically in the concrete 
it will not bond with the concrete and will form an effective 
weakened plane joint of 5cm (2 in) minimum depth. The 
joint material shall be inserted with a mechanical device 
that places the material in a continuous strip, except 
where intervening structures break the continuity of 
paving. Splices in the joint material will be permitted, 
providing they are effective in. maintaining the continuity 
of the joint material as placed. The joint material 
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shall be placed in such manner that the top of the
strip is not more than 3mm (0.01 ft) below the finished 
surface of the concrete. The joint material shall not 
be deformed from a vertical position, either in the 
installation or in subsequent finishing operations performed 
on the concrete. The alignment of the finished joint
shall be uniformly parallel with the centerline of the 
pavement, and shall be free of any local irregularity which 
exceeds 12mm (0.04 ft), measured by a 3-meter (10-foot)
straightedge, except for normal curvature of 	 centerline 
alignment. The mechanical installation device shall vibrate 
the concrete during placing the strip sufficiently to cause 
the concrete to flow evenly about the joint material pro
ducing homogeneous concrete free of segregation and 
rock pockets or voids. 

(3) 	 TRANSVERSE EXPANSION JOINTS 
Transverse expansion joints shall be 	formed at structure 
approaches 'as shown on the Pcns and cs specifid in
 

th'is Section.
 
Transverse expansion joints 
 shall be formed by means of
premolded expansion- joint filler strips conforming to 
the provisions of ASTM Designation D 1752, AASHO M 153,
and placed as specified in thisSection.The joint strips shall 
be firmly supported in position by metal holders and
end supports. The supports shall b.e held firmly in posi
tion and shall remain in place after completion of the 
pavement. 
The metal holders shall be fabricated of sheet steel not 
less than 1.5mm (I in) in thickness. They shall be in theform of a deep channel, extending down on both sides of 
the joint strip to a depth of not less than 12cm (4y inch)i 
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They 'hall be slotted and cut away as necessary to allow 

the concrete to make contact with the joint strip at close 
iniervals. The ends of the holders shall be spread to admit 
the end supports. 
During placing and compacting the concrete, the joint hold
er and end supports shall be so secured as to insure 
against movement of the joint strip and to keep the top
edge of the joint strip approximately Icm (y" In)below the 
surface of the finished pavement. After the concrete has
been placed and compaction completed, the metal holder 
may be removed nnd a suitable shallow metal channel 
substituted therefor which shall fit snugly over the top
edge of the joint strip and shall remain there until the 
joint is edged.
 
,Filler shall extend the full width of the 
 concrete being
placed. less Icm (L-in),and after the side forms have been
removed, any concrete which has flowed around the ends 
of the joint filler shall be removed. 

550.10 PRELIMINARY FINISHING 
Unless adequate lighting facilities are provided by the

Contractor, the placing of concrete pavement shall cease at
such time that finishing operations can be completed during
daylight hours. 

Necessary workmen shall remain at work long enough to
complete the finishing and curing of the pavement. 

In case fine cracks or hair checks appear in newly placed
concrete before it is thoroughlyset, water shall be applied
the concrete surface, using a nozzle that so 

to 
atomizes the flow 

that a mist isformed, until the finishing operations are completed
and the curing is applied, 
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(1) SIDE-FORM FINISHING 
After spreading and compacting and while the mortar is 
still workable, the concrete shall be given a preliminary 
finish by any one of the following float methods. 

(a) MACHINE- FLOAT METHOD 
The surface of the concrete shall be finished smooth 
and true to grade by means of a machine float. 

The number and capacity of machines furnished shall 
be adequate to perform the work required at a rate 
equal to the progress of the mixer. Any delay in 
excess of 30 minutes in performing the preliminary 
finishing shall constitute cause for stopping the mixer 
until the machine or machines performing such work 
are again in proper position in the paving train. 

The machine float shall be self-propelled and designed 
to run on the side forms or adjacent lanes of concrete. 
When the machine float runs on the adjacent pavement, 
the pavement shall be protected as specified in 
Section 550.08. The aggregate length of the floats in 
contact with the surface shall be at least four times 
the width of the concrete being finished. The floats 
shall be of such length and shall be set at-angles with 
the axis of the machine so as to effectively spread and 
smooth the surface of the concrete, eliminating uneven. 
ness and producing a surface texture of urilform 
appearance. The machine shall be equipped with a 
suitable full-width metal roller placed at one end 
ahead of all the flou.ts, which roller will have the effect 
of more fully embedding the coarse aggregate in the 
cement mortar and of bringing a slight excess of 
mortar to the surface of the concrete. All floats shall 



548 350. 10 

be constructed of hardwood or steel. The roller and 
floats shall be equipped with adjusting devices which 
will permit the independent adjustment of each to the 
required finished cross-section of the pavement and 
which will permit the lowering and raising of the floats,
both individually and as a unit. The machine shall be 
capable of operating at speeds adequate to perform all 
finishing operations necessary. The speed of operation 
shall be such as to give the best results. 

(b) 	HAND-FLOAT METHOD 
The surface of the concrete shall be finished smooth 
and true to grade with 2 suitable floats 30cm (12 in)
wide and 3.5 meters (12 feet) long with edges of
 
bottom surfaces rounded, and equipped with plow

handles of such length that the operators may stand
 
uprighf while working from bridges.
 
The floats shall be operated longitudinally over the
 
entire surface of the pavement and with a combined 
longitudinal and transverse motion, passing slowly 
from one edge of the pavement to a point past the 
center a sufficient number of times to smooth all ridges
and fill all depressions, until the float on its last passage
shall show contact with the concrete throughout its 
entire length and width. The float shall rest flat on the
surface of the concrete throughout this operation, except 
that if a ridge be encountered which cannot be elimi
nated by floating, the float may be tilted so that its 
edge will operate as a screed to remove the excess 
concrete, after which the surface shall be refloated with 
the float in the flat position. Depressions appearing
after the initial passage of the float shall be filled 
with additional concrete before the final passage. 
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The float shall be operated by men working on bridges 
that span the full width of pavement. In moving forward 
with the float, each successive position shall overlap 
Ihe preceding position by one-half of the length of 
the float. 

(2) SUP-FORM FINISHING 

After the concrete has been given a preiiminary finish by 
means of finishing devices incorporated in the slip-form 
paving equipment, the surface of the fresh concrete shall 
be checked by the Contractor with a straightedge not less 
than 3 meters (10 feet) in length. High areas indicated by 
the straightedge shall be removed by the hand-float method 
specified in Section 550.10(l*), Each successive check with 
the straightedge shall lap the previous check path by at 
least one-half of the length of the straightedge. 

Any edge slump of the pavement, exclusive of edge round
ing, in excess of 6mm (;- in) shall be corrected before the 
concrete. has hardened. 

550.11 FINAL FINISHING 

After the preliminary finishing has been completed, the 
edges of an initial pavement lane shall be rounded to a 
12mm (7-in) radius. Transverse contact joints, expansion joints 
and joints adjacent to an existing pavement shall be rounded 
to a 6mm (1 in) radius. 

In advance of curing operations, the pavement shall be 
textu.red with a drag strip of burlap or other device which will 
produice scoring parallel to the centerline. The burlap drag 
shall consist of one or more pieces of burlap fastened to a 
cross-member riding on the subgrade or side forms by means 
of wheels or skids to form a continuous strip of burlap the full. 
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width of the pavement. Drags shall be maintained clean and 
free'from, encrusted mortar. Drags that cannot be cleaned shall 
be discarded and new drags substituted. 

When a straightedge 3 meters (10 feet) long is laid on the 
finished pavement in a direction parallel to the centerline, th 
surface shall not vary more than 6mm (L in) from the lower 
edge of the straightedge. The transverse slope of the pavement 
shall be uniform to a degree such that no depressions greater 
than 6mm ('- in) are present when tested with a straightedge 
3 meters (10 feet) long laid in a direction transverse to the 
centerline. Upon completion of the pavement, any points that 
are high in excess of the tolerances set forth above shall be 
removed by grinding. 

550.12 PROTECTION AND CURING 

(I) MEMBRANCE 

After the concrete has been finally finished and the free 
water has left the surface, the entire area of the pavement
surface shall be sealed, by hand or machine spraying, 
using a uniform application of curing compound, specified 
in Section 504.22. The solution shall be applied in one or 
twooperationsas may be recommended by the manufac
turer and as directed. If the solution is applied in two 
increments, the second application shall follow the first 
application within thirty minutes. The Contractor shall 
provide satisfactory equipment and means to properly 
control and assure the direct application of the curing 
solution on the pavement surface so the result is a uniform 
coverage in the pavement at the rate of I liter per 4m2 

(I gallon per 150 Ft2) of area. Satisfactory equipment and 
means to control and apply the curing solution shall be 
construed as being whatever appliances and methods 
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are needed to prevent the loss of any of the solution 
during the application, together with an approved means 
of measuring the quantity to be applied and to insure 
complete and uniform coverage of the pavement. 
If rain falls on the newly coated pavement before the 
film has dried sufficently to resist damage, or if the film 
is damaged in any other way, the Contractor will be 
required to apply a new coat of material to the affected 
portions equal in curing value to that specified. All areas 
cut by finishing tools subsequent to the application of the 
curing solution shall immediately be given new applications 
at the specified rates. 
The Contractor shall apply, on the job, sufficient burlap
for the protection of the pavement in case of rain 
or breakdown of the spray equipment. In the event that 
hair-checking develops before the curing compound can 
be applied, the procedure shall be modified in the initial 
curing with wet burlap, cotton mats or other approved
material, and shall be performed before the curing 
compound is placed. 

(2) WET BURLAP OR COTTON MATS 

Preliminary curing may be accomplished by covering the 
entire surface of the pavement with blankets of wetted 
burlap, cotton fabric or other material of highly absorptive
quality, previously approved by tile Engineer, laid directly 
upon the finished surface as soon after finishing as possible
without marring the surface. The material shall be kept
saturated in place, for at least seventy two hours. 
For completion of the curing, the mats used for the preli
minary curing period may be left in place and kept satu
rated for ninety-six hours or may be removed at-the end of 
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thirty hours and immediately sealed with the curing com
pound specified in Section 504.22. 

550.13 METHOD OF MEASUREMENT 
(I) 	Portland cement concrete pavement shall be measured by 

area in square metersand the area to be paid for shall be 
the number of square meters of concrete pavement of the 
specified thickness, completed and accepted, measured in 
place. The width for measurement will be the width from 
outside-4o.outside of completed pavement, but not to exceed 
fhe width as shown on the Plans or as ordered by the 
Engineer. The length will be the actual length measured 
along the centerline of the pavement surface. 

(2) Fillets for widened sections or at drainage structures and 
similar locations placed monolithic with the pavement will 
be measured and included as pavement. No deduction will 
be made for any fixture located within the limits of the 
pavement when such fixture has a surface area in the plane 
of the pavement surface of I sq meter (9 sq feet) or less. 

(3) Pavement will be measured to the nearest one-tenth square 
meter. 

(4) It is the intent of the Specifications that pavement shall be 
constructed strictly in accordance with the thickness shown 

on the Plans. The thickness of the pavement will be meas
ured.. and where any pavement is found not so constructed,
such pavement may be paid for at a reduced. unit price 
per square meter, or such pavement may be remov.d and 
replaced with satisfactory pavement. 

(5) 	 DEFICIENT THICKNESS 

If so ordered, pavement thickness may be determined by 
cores taken from the completed pavement, Cores will be 



550.13 553 

taken, one for eacho. kilometer (.3 mile) of two-lanepavement in alternate lanes and at such other locationsas the Engineer may direct. Pavement slabs which aredeficient in thickness by more than 12mm (y in) may, ifso ordered, be removed and replaced at no cost to 
the HA. 
If pavement slabs deficient in thickness by more than12 mm (y-in) are left in place, compensation for thesesections shall not exceed fifty percent (50%0() of the bidprice. Pavement slabs deficient in thickness by more than18mm (3/4 in) shall be removed cnd replaced at no expenseto the HA. Deductions for deficiency in thickness are

shown below 

DEFICIENT PROPORTIONAL PART OFTHICKNESS CONTRACT PRICE ALLOWED
 
3mm to 6mm (1/8 in to 1 in) 90%0

6mm to 12ntm ( iin to y in) 
 75% 

12mm to 18mm iin to 3/4 in) 50Yo 

In removing pavement that is deficient in thickness, thepavement shall be removed from the edge to a longitudinaljoint, ur between longitudinal joints and on each side ofthe deficient measurement until no portion of the exposedcross.4ection is more than 3mm (1/8 inch) deficient, exceptthat in no instance shall there be less than 3meters (10 feet)
of pavement removed. If, in meeting the above 
 requirements, there remain less than] .5 meters (5 feet) of acceptable pavement between the section that has been removed
and a transverse plane of weakness (contraction, expansion
or construction joints), the Contractor shall remove the 



554 550.13 

pavement to the plane of weakness. The Contractor shall 
then replace with satisfactory pavement all of the pave
ment that has been removed. Deductions for deficient
thickness will be included in the next monthly payment due
the Contractor after the information becomes available. 

(6) 	 Material used as a foundation course for the concrete pave
ment will be measured in accordance with the item as bid 
and in agreement with the provisions of the Sectionpertain. 
Ing 	to that material. 

(7) 	 Reinforcing-steel, including dowels, tie bars and spacer
bars in structure approaches or in other locations shown 
on the Plans or as directed by the Engineer will be meas
ured for payment in accordance with the provisions of 
Section 505. 

550.14 BASIS OF PAYMENT 
The area of completed and accepted Portland cement 

concrete pavement, measured as provided with no additional 
compensation for excess thickness, shall be paid for 	at the 
contract unit price per square meter for concrete pavement
wiih proper allowance made for any deductions for deficiency
in thickness, which price and payment shall be full compensation
for 	furnishing, hauling, preparing, placing, curing and protecting
concrete and for all joint materials except dowels, tie bars,
and spacer bars, and for all other operations necessary to 
complete the work. 

Material used as a foundation course will be paid for as 
indicated in the Proposal form* and in accordance with the 

applicable Section. 
Reinforcing steel, including dowels, tie bars, and spacer

bars, will be paid for in accorda'nce with the provisions of 
Section 505. 
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SECTION 601 CULVERTS AND STORM DRAINS 

601.01 'DESCRIPTION 
This work consists of construction or reconstruction of culverts 

and storm drains, hereinafter referred to as "conduit", in con
formity with the with the Plans and Specifications. 

601.02 	 MATERIALS 
Reinforced Concrete Pipe shall conform to the requirements 

of AASHO M 170 for the specified diameters and strength classes. 
Non-Reinforced Concrete Pipe shall conform to the require

ments of AASHO M 86 for the specified diameters and strength 
classes. 

Vitrified Clay-Lined Reinforced Concrete Pipe shall meet 
the applicable requirements of AASHO M 170 and M 65. Lner 
or liner elements shall be clay or first quality, sound, thoroughly
and perfectly burned, without warps, cracks or other imper
fections,and fully and smoothly glazed. 

Reinforced Concrete Arch Culvert, Storm Drain and Sewer 
Pipe shall conform to the requirements of AASHO M 206. 

Reinforced Concrete Elliptical Culvert, Storm Drain and 
Sewer Pipe shall conform to the requirements of AASHO M 207. 

Corrugated Iron or Steel Pipe and Pipe Arches shall 
conform to the requirements of AASHO M 36 for the specified
sectional dimensions and thickness. Special sections, such as 
elbows and prefabricated flared-end sections shall conform to 
the applicable reauirements of AASHO M 36. 

Bituminous -Coated Corrugated Iron Steel Pipe and Pipe
Arches shall conform to the requirements of AASHO M 190 for
the specified sectional dimensions, thicknesses and type of 
bituminous coating. Coupling bands shall be fully coated with 
bituminous material. Special sections, such as elbows and 
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prefabricated flaredend sections, shall conform to the applicable
requirements of AASHO M 190. When asbestos-bonded bitumi
nous coating is specified, these requirements shall apply
equally, and in addition, the special process of embedding
asbestos fiber in the molten-metallic bonding medium shall be
used to bond the bituminous coating. 

Corrugated Aluminum-Alloy Culvert Pipe shall conform tothe requirements of AASHO M 196 or AASHO M 211. 
Bituminous-Coated Corrugated Aluminum-Alloy Culvert Pipe

shall conform to the requirements of AASHO M 197 or M 211
and shall be cocted with bituminous material conforming to the
requirements of AASHO M 190. Coating and invert paving shall 
be the type specified. 

Cast-Iron Cutvert Pipe shall conform to the requirements ofAASHO M 64 for the specified diameters and strength classes.
Unless otherwise specifiedeither smooth, corrugated or ribbed 
pipe may be furnished. 

Polyvinylchloride (PVC) Sewer and Drain Pipe shall con.
form to the requirements of ASTM D 2729 except.wall thick
ness shall conform to ASTM D 2836, Tdble 4. 

Vitrified Clay Pipe shall conform to the requirements ofAASHO M 65 for the specified diameters and strength classes 
for the circular, unperforated pipe.

Asbestos Cement Pipe shall conform to the requirements ofAASHO M 217 for the specified diameters and strength classes. 
Joint Mortar shall consist of one part Portland cement andtwo parts approved sand with water as necessary to obtain

the required consistency. All materials shall meet the require.
ments of Section 504. Mortar shall be used within 30 minutes 
after preparation. 

Rubber Ring (,ne-et shall conform to the requirements of 
AASHO M 198. 
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Poured filler for joints shall conform to the requirements of 
AASHO M 173. Other types approved by the Engineer may 
be used. 

601.03 EXCAVATION 
Trenches shall be excavated in accordance with the 

requirements of Section 205. 

The completed trench bottom shall be firm for its full length 
and width. Where required, In the case of drains, the trench 
shall have a longitudinal camber as spec; if ed on the Plans.. 

Where conduits are to be placed wholly or partly in 
embankment fill, the excavation shall be made only after the 
embankment has been completed and compacted to a height 
of one meter (3 feet) above the top of conduit. 

If it Is Impossible to provide I meter (3 feet) of cover above 
the conduit, the pipe may be laid with whatever cover can be 
achieved, and backfill shall be carried out following the pro. 
visions of Section 601.08. 

If the conduit is designed to carry a stream, the pipe may 
be laid before any embankment is place4 even if this means 
the top of pipe extending above ground level. Backfill then 
will follow the provisions of Section 601.08. 

601.04 	 BEDDING 
The conduit bedding shall conform to one of the clastes 

specified. When no bedding class is specifiec the requirements 
for Class C bedding shall apply; 

Class A bedding shall consist of a continuous concrete 
cradle conforming to the Plan details 

Class B bedding shall be sand or selected sandy soil, all 
of which passes a 10-millimeter (3/8-Inch) sieve and not more 
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than 10 percent passes a No. 0.075 (No. 200) sieve. The layerof bedding material shall be 15cm t6 in) deep at the lowestpoint of the outside of the barrel of the conduit and shall becompacted and shaped to fit the conduit for at least 15 percent of its total height. Recesses in the trench bottom shall beshaped to accommodate the bell when bell and spigot,-typeconduit is used. After the pipe is laid and joints made thebedding material shall be continued and compacted until itreaches at least half-way up the pipe.
Class C bedding shall be the same as Class B beddingabove, except that the additional bedding material above. the

15 percent point will not be placed. 

601.05 LAYING CONDUIT 
The conduit laying shall begin at the downstream end ofthe conduit line. The lower segment of the conduit shall be In 

contact with 
Bell 

the shaped bedding throughout its full length.or groove ends of rigid conduits and outside circumferential
laps of flexible conduits shall be placed facing upstream.When possible, flexible conduit shall be placed with longitudinal
laps or seams at the sides. No conduit shall be placed until 
a suitable outlet is provided. 

Paved or partially-lined conduit shall be laid so that the 
longitudinal centerline of the paved segment coincides withthe flow line. Elliptical conduit and circular conduit reinforcedwith other than a -full circular cage or cages shall be installed so the orientation of a vertical plane through the longitudinal
axis of the conduit does not vary more than 5 degrees from 
the design orientation. 

601.06 JOINING CONDUIT 
Rigid conduits may be of bell and spigot, or -tongue andgroove design unless one type Is.specified. Conduit sections shall 
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be joined so that the inner surfaces are reasonably flush and 
even, and the ends are joined as required. 

Joints shall be made with (a) Portland cement mortar, (b)
rubber gaskets, (c) oakum and mortar, or (d) oakum and joint
compound, or (e) by a combination of these types. 

Mortar Joints shall be made with an excess of mortar to
form a bead around the outside of the conduit, and shall be 
finished smooth on the inside. For poured joints, molds or runners 
shall be used to retain the poured grout or joint compound.
Rubbep-ring gaskets shall be installed so as to form a flexible 
watertight seal. Where oakum is used, the joint shall be calked 
with this material and then sealed with the specified material. 
Joints in concrete pipe should be thoroughly wetted before 
mortar or-grout is applied. 

When Portland cement mixtures are used, the completed
joints shall be protected against rapid drying by suitable 
curing materials. Flexible conduits shall be firmly joined by 
coupling bands. 

Conduit shall be. Tinspected before any backfill Is placed.
Any pipe found to be materially out of alignment, unduly
settled or damaged shall be taken up and relaid or replaced. 

601.07 	 RELAID CONDUIT 
The construction requirements herein shall equally apply in 

the case of relaid conduits. In addition, all conduit salvaged
for relaying shall be cleaned of all foreign material prior to 
reinstallation. 

601.08 BACKFILLING 
After the conduit is installed, the trench shall be backfilled 

with selected material in accordance with Section 205. 
When the top of the conduit is exposed above the top of 
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the trench, embankment material above the trench shall be 
placed and compacted for a width on each side of the conduit 
equal to at least twice the horizontal inside diameter of the 
conduit, or4 meters (13 feet), whichever isgreater. The embank
ment on each side of the conduit, for a distance equal to the 
horizontal inside-diameter of the conduit, shall be of the 
same material and compacted in the manner described for back
filling. The remainder of the fill material shall not contain slona 
in excess of 8 centimeters-(3-inch) diameter, or other objec
tionable material. Compaction shall be achieved as provided 
for backfill or by rolling. The embankment shall be placed 
and compacted simultaneously on both sides of the conduit 
for the full width of the roadbed up to an elevation 30 cen
timeters (I foot) above the top of the conduit. Above this 
elevation, embankment shall be placed and compacted in 
normal maner, except where the imperfect trench method is 
prescribed. All conduit, after beirg bedded and backfilled as 
specified in this section shall b!) protected by a I - meter 
(3-feet) cover of fill before heavy equipment is .permitted to 
cross during construction of the roadway. 
601.09 IMPERFECT TRENCH 

Under this method, which shall be used for rigid conduit 
only, the embankment shall be completed as described above, 
to a height above the conduit equal to the vertical outside 
diameter of the conduit plus 30 centimeters (I foot). A trench 
equal in width to the outside horizontal diameter of the con
duit shall then be excavated 4o within 30 centimeters (I foot) 
of the top of the conduit, trench walls being as nearly vertical 
as possible. This trench shall be loosely filled with highly 
compactible soil. Straw, hay, corn stalks, leaves, brush or 
sawdust may be used to fill the lower 1/4 to /3 of the trench. 
Construction of embankment above shall then .proceed in a 
normal manner. 
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601.10 METHOD OF MEASUREMENT 
Conduit of the different types and sizes, both new andrelaid, will be measured by the linear meter in place. Conduitwith sloped or skewed ends will be measured along the invert.
End sections will be measured by the number of units 

installed. 
Branch connections and elbows will be measured by the 

number of units installed. 
Excavation for conduits, including excavation below flowline grade and for imperfect trench, bedding and backflll willbe measured for payment as provided in Section 205. 

601.11 BASIS OF PAYMENT 
The accepted quantities of conduit will be paid for at thecontract unit price per linear meter for conduit of the typesand sizes specified complete in place. End sections, branch connections and elbows will be paid for at the contract unit priceper each for the kind and size specified complete in place.

Excavation for conduits, including excavation below flow.line grade and for imperfect trench, bedding and backfillewillbe measured and paid for as provided in Section 205. 
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SECTION 609 MANHOLES, INLETS AND CATCH BASINS 

602.01 DESCRIPTION 
This work consists of the construction of manholes, inlets

and catch basins in conformity with the lines and grades shown 
on the Plans or established by the Engineer. 

602.02 MATERIALS 
Concrete for these structures shall meet the requirements 

of Section 504. 

(I) 	 CORRUGATED METAL UNITS 
Corrugated metal units shall coiform to the Plan dimen
sions and the metal to AASHO M 36. Bituminous coating,
when specified, shall conform to AASHO M 190 Type A. 

(2) 	 CLAY OR SHALE BRICK 
Clay or shale brick shall conform to the requirements of 
one of the following Specificolions.and shall be of the grade 
specified. 

Sewer Brick - AASHO M 91 
Building Brick - AASHO M 114 

(3) 	CONCRETg ##!qK 
Concrep brjck shall conform to the requirements of ASTM 
C 55 gradp p; specified. 

(4) 	 CONCRETE MASONRY BLOCKS 
Concrete masonry blocks may be rectangular or segmented
and when specified, shall have ends shaped to provide
interlock at vertical joints. Solid blocks shall conform wi4h 
requirements of ASTM C 139 or ASTM C 145 grade a's 
specified. Hollow blocks shall conform to the requirements 
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ofASTM"C 901 giwde as specified. Dimensions shall be as 
specified. 

(5) JOINT MORTAR. 

Joint mortar shall consist of one part Portland cement and 

two parts approved sand with water as necessary to obtain 

the required consistency. Mortar shall be used within 30 
minutes after preparation. 

(6) 	 FRAMES, GRATES AND COVERS, AND LADDER RUNGS 

Metal units shall conform to the Plan dimensions; and to the 

following Specification requirements. 

Gray iron castings shall conform to the requirements of 

AASHO M 105. Strength class shall be optional unless 
otherwise designated. 

Carbon-steel castings shall conform tothe requirements of 
shall be optional unless otherwiseAASHO M 103. Grade 


designated.
 

Structural steel shall conform to the requirements of AASHO
 
M 183.
 

Galvanizing, where specified for these unils, shall conform 

to the requirements of AASHO M Il l. 

requirementsMalleable iron castings shall conform to the 
of AASHO M 106. Grade shallbe optional unless other'wise 
designated. 

(7) REINFORCING STEEL 
the requirements ofReinforcing, steel shall conform to 


Section 505.
 

(8) 	 PRECAST CONCRETE UNITS . 

Precast concrete units shall be cast in substantial permanent 
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steel forms. Structural concrete used shall attain a minimum 
28-day compressive strength of 210 Kg/Cm- (3000 p.s.i)
as determined in accordance with AASHO T 22. When
air-entrained concrete is specified, it shall have an aircontent of 6 percent plus or minus Ii percentage points,
The precast units shall curedbe in accordance with
AASHO M 170. Additional reinforcement shall be provided 
as necessary to provide for ha.ndling of the precast units& 

The Contractor shall cast a sufficient number of cylinders
from the concrete used to permit compression tests a 7.14 
and 28 days, and to allow for at least two cylinders for
each test. These tests shall be conducted by the Contrac
tor at the siie of manufacture and in the presence of theEngineer. If the strength requirement is met at 7 er 14
days, the units will be certified for use 14 days from date
of casting. If the strength requirement is not met at 28days, all units made from that run of concrete will 
be rejected. 
Cracks in precast units, honeycombed or patched areasin 
excess of 200 square centimeters (30 square inches), or
failure to meet strength requirements will be cause for 
rejection. 
Precast reinforced -concrete manhole-riser sections and'
 
appurtenances shall conform to the requirements of AASHO
 
M 199.
 
IRubber-ring gaskets shcdll conform to the 
 requirements of 
AASHO M 198. 
Poured filler for joints shall conform to the requirements of
AASHO M 173. Other types approved by the Engineer may
be used. 
Preformed fillers for joints shall conform to the requirements
of AASHO M 33, M 153, M 213 or M 220 as specified. 
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602.03 CONSTRUCTION REQUIREMENTS 

Concrete construction shall conform to the requirements for 
Section 504. Masonry shall conform to the requirements for the 
respective type.. Joints shall be full mortar joints and shall not 
be more than 1.5cm (,. inch) wide. When specified, the outside 
face of structures shall be plastered with a 1.5cm (i. inch) thick 
cement4and mortar coat. Unless otherwise provided, exposed 
surfaces of concrete and masonry shall be cured wet for a 
period of not less than 48 hours. 

Joints for precast-concrete manhole sections shall be made 
with Portland cement mortar, rubber gaskets, mastic joint fillers, 
or by a combination of these types. The completed mortar joint 
shall be formed with a bead on the outside and finished smooth 
on the insid6 of the sections, and suitably cured. The rubber. 
ring gaskets shall be installed so as to form a flexible 
watertight seal. The mastic joint filler shall be applied in 
accordance with the manufacturer's recommendations so as to 
form a watertight seal. 

Metal frames shall be set in a full mortar bed. Pipe sections 
smaller in diameter than the structure shall be flush on the 
inside df the structure wall and project outside, sufficiently for 
proper connection with next pipe section. Pipe sections larger 
in diameter than the structures shall be constructed as 
monolithic tee sections. Masonry shall fit neatly and tightly 
around the pipe. 

When grade adjustment of existing structures isspecified, 
the frames, covers and gratings shall be removed and the walls 
reconstructed as required. The cleaned frames shall be reset 
at the required elevation. Upon completion, each structure 
shall be cleaned of any accumulations of silt, debris or foreign 
motter of any kind and shall be kept clear of such accumulation 
until final acceptance -of the work. 
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Excavation and backfill shall be done in accordance with 
Section 205.02. 

602.04 METHOD OF MEASUREMENT 

Manholes, inlets and catch basins, both new and recon
structed, will be measured by the unit. Manholes will be divided 
into two types. 

Type I • Structures connected to pipes less than I meter 
(42 Inches) or less in diameter, regardless of the pipe skew. 

Type 2 : Structures connected to at least one pipe larger 
than I meter (42 inches) in diameter, regardless of the pipe skew. 

In addition, each 30cm (I ft) of manhole depth that exceeds 
2 meters (6 feet) will be measured for additional payment 
known as Manhole Additional Depth. This additional depth shall 
be measured in linear meters from a point 2 meters (6 feet) above 
the invert of the deepest pipe to the top of the cover or grating. 

602.05 	 BASIS OF PAYMENT 

The accepted quantities of manholes, inlets and catch 
basins will be paid for a- the contract unit price per each, 
complete in plar- Manhole Additional Depth, measured as 
indicated abovo, - 11be paid for at the contract unit price per 
linear meter. S' payments shall be full compensation for 
excavation, bat ill and construction of the manhole, for 
furnishing all castings, fittingi and other appurtenances called 
for on 0 e Plans to complete the item for making necessary 

pipe connection s, regardless of skew for all other materials 
needed and for the disposal of surplus material. 

Excavation, bedding, backfill, replacing pavement where 
required, reinforcing steel and disposal of surplus material will 
not be measured and paid for separately, but shall be included 
in the contract price for each structure unless otherwise specified. 
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SECTION 603 UNDERDRAINS 

603.01 DESCRIPTION 
This work consists of construcing uhderdrains Inconform

ance with the lines-and gredes shown on the Plans or esta. 
blished by the Engineer. 

603.02 	 MATERIALS 

Perforated Plastic Pipe for Underdrain shall conform to the 
requirements of ASTM 2729;. wall thickness shall conform to ASTM 

D 2836, Table 4. Size and spacing of perforations shall con
form to AASHO M 189. 

Corrugated Iron or Steel Pipe for Underdrains shall conform 
to the requirements .of AASHO M 36. 

Perforated Concrete Pipe shall conform to the requirements 
of AASHO M 175 or to ASTM M 175 or to ASTM C44 for the 
specified diameters and strength classes. 

Drain Tile shall conform to the wquirements of AASHO M 
178 or M 179 for the specified material, diameters and quality 
classes. When specified, the pipe spacer shall have Integral 
spacer lugs to provide for an annular opening and self-center
ing feature. 

Porous Concrete Pipe shall conform to the requirements of 
AASHO M 176 for the specified diameters. 

Perforated Asbestos Cement Pipe shall conform 4o the 
requirements of AASHO M 189 for the specified diameters. 

Asbestos Cement Pipe shall conform to the requirements of
 

AASHO M 217 or ASTM C428 for the specified diameters and
 
strength classes.
 

Perforated Vitrified Clay Pipe shall conform to the 



603.02 569 

requirements of AASHO M.65 for pipe with full circular cross
section, for the specified diameter and strength class. When 
specified, the bell shall have integral spacer lugs to provide 
for an annular opening. 

Cradle Invert Clay Pipe shall conform to the applicable 
requirements of AASHO M 65. 

Perforated Bituminized-Fiber Pipe shall conform to the 
requirements of AASHO M 177 for the specified diameters. 
Unless otherwise specified, either Type I or Type II couplings 
may be furnished. 

Bituminized-Fiber Pipe shall conform to the requirements 
of AASHO M 177. 

Corrugated Aluminum-Alloy Pipe for Underdrains shall 
conform to the requirements of AASHO M 197. 

Aggregate for drainage shall conform to the following. 

Permeable Material for use in backfilling trenches under, 
around and over underdrains and permeable material for 
blankets or other subdrainage purposes shall consist of 
hard, durable, clean sand, gravel, crushed stone or crushed 
slag, and shall be free from organic material, clay balls 
or other deleterious substances. 

Coarse Aggregate for Underdrain and Drainage Course 
shall meet the quality requirements of AASHO M 80 with 
gradation meeting requirements of AASHO M 43 for size 
No. 89. 
Fine Aggregate for Underdrain shall meet the requirements
 
of AASHO M 6.
 
Aggregate requirements will be shown on the Plans or in
 
the Special Provisions.
 



57'0 603.03 

603.03 PIPE INSTALLATION 

Trenches shall be excavated to the dimensions and grade 
required by the Plans or as directed. A minimum 7.5 centimeters. 
(3.inch) bedding layer of granular backfill material of the type 
noted on the Plans shall be placed and compacted in the bot
tom of the trench for its full width and length. 

Subdrainage pipe of the type and size specified shall be 
embedded firmly in the bedding material. 

Perforated pipe shall normally be placed with the perfora
tions down. except that the last 3 meters (10 feet) at the outlet 
endswhich may be non-perforated pip, and the pipe sections 
shall be joined securely with the appropriate coupling fittings 
or hands. 

Non-perforated pipe shall be laid with the bell end upgade 
and with open joints, wrapped with suitable material to permit 
entry of water or unwrappedas may be specified. Upgrade 
ends of all subdrainage pipe installations shall be closed with 
suitable plugs to prevent entry of soil materials. 

After the pipe installation has been inspected and approved, 
granular backfill material shall be placed to a height of 30 
centimeters (12 inches) above the top of pipe. Care shall be 
taken not to displace the pipe or the covering at open joints. 
The remainder of the granular backfill material shall then be 
placed and compacted to the required height. Any remaining 
portion of trench above the granular backfill shall be filled with 
granular or impervious material, as may be specified, and 
thoroughly compacted. 

603.04 UNDERDRAIN OUTLETS 

Trenches for underdrain outlets shall be excavated to the 
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width and depth shown on the Plans. Pipe shall be laid in thetrench with all ends firmly joined by the applicable methods
and means. After inspection and approval of the pipe installa.
tionj,the trench shall be backfilled with suitable material in
layers and compacted as provided for drainage pipe. Eachoutlet end of the subdrainage system shall be marked in accord
ance with Plan details. 

603.05 	 METHOD OF MEASUREMENT
 
Underdrains and outlets 
 will be measurred by the linear 

meter for pipe of the type and size specified,
 
Excavation will be measured for payment 
as provided in 

Section 205. 
Aggregate for drainage, of the type specifiedtwill be meas

ured by the cubic meter or by the metric ton. 

603.06 	 BASIS OF PAYMENT 
The accepted quantities of underdrains will be paid for atthe contract unit price per linear meter of each kind, and of the 

types and sizes specified complete in place. 
Excavation will be paid for provided In Section 205.as 

Aggregate for drainage of the type specified will be paid for
by the cubic meter or metric ton. 
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SECTION 604 GUARD RAIL 

604.01 DESCRIPTION 

This work consists of the construction of guard rail in 
conformity with the lines and grades shown on the Plans or 
established by the Engineer, and shall include the assembly 
and 	erection of all component parts and materials complete at 
the 	 locations shown on the Plans or as directed. 

The 	types of guard rail are designated as follows: 
Type G I Wood Beam Guard Rail 
Type G2 Cable Guard Rail 
Type G3 "W" Beam Guard Rail 
Type MBI "W" Beam Median Barrier 
Type MB2 Concrete Barrier (New Jersey) 

604.02 	 MATERIALS 

Concrete for guard rail posts and for center median 
barriers shall meet the requirements of Section 504. Rein
forcing-steel for concrete shall meet the requirements of Sec
tion 505. 

Wire Rope or Wire Cable shall conform to the requirements 
of AASHO M 30 for the specified type. 

Metal Beam Rail elements shall be corrugated sheet-steel 
beams conforming to the requirements of AASHO M 180 of the 
designated class and type. Rub rails shall conform to AASHO 
M 183 for galvanized or painted rails or to AASHO M 22 for 
corrosion-resistant rails. Galvanizing shall be in accordance 
with AASHO M III. 

Timber for rails and posts shall be cut from the specified 
grade of dry, well seasoned and dressed timber stock of the 
species specified, which shall meet the applicable requirements 
,7 AASHO M !68. 
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Surfaces which will be in contact with earth materials 
shall be thoroughly coated with two applications of hot 
creosote oil to a height of 15 centimeters (6 inches) above 
ground line. 

Guard Rail Hardware shall conform to the applicable stand
ards contained in the ARBA Bulletin No. 268 "A Guide to 
Standardized Iiighway Barrier Rail Hardware7 approved by the 
AASHO-ARBA Joint Committee. 

Guard Rail Posts shall conform to the applicable standards 
contained in ARBA Bulletin No. 268 "A Guide to Standardized 
Highway Barrier Rail Hardware7 approved by the AASHO-
ARBA Joint Committee. 

Paint for field painting of guard rail shall conform to the 
AASHO Specifications for the type and color specified in the 
contract. If not otherwise specified, the requirements for Section 
514 shall apply. 

604.03 POSTS 

Posts shall be set plumb, in hand-dug or mechanically-dug 
holes, unless driving is permitted. In the latter case, the 
manner of driving shall be such as to avoid batfering or 
distorting of posts. Post holes shall be backfilled with 
acceptable material placed in layers and thoroughly compacted. 
When it is necessary to cut post holes in existing paving,
all loose material shall be removed and the paving replaced 
in kind. 

604.04 RAIL ELEMENTS 
Rail elements shall be erected according to Plan details 

and in a manner resulting in a smooth, continuous installation 
with laps in the direction of traffic flow. All bolls, except 
adjustment bolts, shall be drawn tight. Bolts shall be of 
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sufficient length to extend beyond the nuts by not more than1.5cm (21-inch). 

Where painting of railing components is specified, any
damage to the shop coat of paint shall be corrected by an
application of an approved rust-inhibitive primer prior to other
painting. Any surfaces inaccessible to painting after erection 
shall be field-painted before erection. The railing components
shall be given the specified number of coats of paint uniformly
applied by thorough brushing or by approved pressure spray, 
as 	 specified. 

Galvanized surfaces which have been abraded so that the
base metal is exposed, threaded portions of all fittings and 
fastenersy and cut ends of bolts shall be protected with a 
zinc-rich paint. 

604.05 	 METHOD OF MEASUREMENT 
Guard rail will be measured by the linear meter from the 

center of end posts. Double-faced rail will be measured 
separately from single-faced rail. 

End anchorages and terminal sections will be measured as 
units of each kind specified and Installed. 

604.06 BASIS OF PAYMENT 
The accepted quantities of guard rail will be paid for at 

the contract unit price per linear meter for the type specified
complete in place. End anchorages and'terminal sections will 
be paid for at the contract unit price per each of the kind 
specifiedcomplete in place. 
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SECTION 605 FENCES 
605.01 DESCRIPTION 

This work consists of the construction of fence and gates inconformity with the lines and grades shown on the Plans orestablished by the Engineer. 

605.02 	 MATERIALS
 
Woven Wire 
 shall conform to the requirements of ASTMA 116 for the coating class specified.
Barbed Wire shall conform to the requirements ofA 121 	 for the coating class specified. 

ASTM 

Chain Link Fabric and required fittings and hardware shallconform to the requirements of AASHO M 181 for the kind ofmetal, coating, sizes of wire and mesh specified.
Wood fence posts shall conform to the details and dimensions indicated on the Plans. All wood posts shall be of sound,,seasoned wood, peeled and with ends cul square or as indicated. The posts shall be straight and all knots trimmedwith the surface. Where treated 	 flush 

posts are called for, the kindand type of treatment shall conform to that Indicated on 
the Plans. 

All dimension timber and lumber required for fencesgates shall be 	 orsound, straight and free fromand shakes. It shall be 	
knots, splitsof the species and grades indicated on the Plans, and shall be 
 dressed and finished onfour sides. 

Concrete fence posts shall be 	 made of concrete of theclass specified, and contain steel reinforcement as 	 shown on 
the 	Plans. 
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Steel fence posts shall be galvanized In accordance with 
AASHO M I I I except that tubular steel posts shall be galva
nized In accordance with ASTM A 120. Fittings, hardware and 
other appurtenances not specifically covered by the Plans and 
Specifications shall be standard commercial grade and in 
accord with current standard practice. 

605.03 GENERAl, CONSTRUCTION REQUIREMENTS 

The Contractor shall perform such clearing and grubbing as 
may be necessary to construct the fence to the required grade 
and alignment. 

Post spacing shall be equal throughout the length of fence 
except where a bend, break, gate, intersection or other change 
requires a post at less than panel length. In such a case, the 
reduction In panel length will be distributed over five panels 
approaching the change. 

Wen the Plans require that posts or anchors be embedded 
in concrete, the Contractor shall install temporary guys or braces 
as may be required to hold the posts in proper position until 
such time as the concrete has set sufficiently to hold the posts. 
Unless otherwise permitted, no materials shall be installed on 
such posts nor shall the strain on temporary guys and bracing 
be relieved until seven days have elapsed from the time of 
placing of the concrete. 

The tops of all posts shall be set to the required grade and 
alignment. Cutting of the tops of the post will be allowed only 
with the approval of the Engineer and under the conditions 
specified by him. 

Wire or fencing of the size and tipe requi ed shall be firmly 
attached to the posts and braces in the manner indicated. All 
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wire shall be stretched taut and be installed to the required
elevations. 

Fence shall generally follow the contour of the ground, withthe bottom of fence fabric no less than 3 centimeters (I inch)nor more than 15 centimeters (6 inches) from the ground surface.Grading shall be performed where necessary to provide aneat appearance. Where abrupt changes in the ground profilein low areas make it impractical to maintain the specifiedground
clearance, longer posts shall be used and multiple strands ofbarbed wire stretched under the fence in the low areas. 

605.04 METHOD OF MEASUREMENT 
Fence will be measured by the linear meter. Measurement

will be along the top of the fence from outside-to-outside ofend posts of each continuous run of fence. 
Gates will be measured as complete units of the size and 

type specified. 

605.05 BASIS OF PAYMENT 
The accepted quantities of fence will be, paid for at thecontract unit perprice linear meter for fence theof sizeand type specifiedcomplete in place. Gates of the types andsizes specified, complete in place, will be paid for each unit. 
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SECTION 606 SIDEWALKS 

606.01 DESCRIPTION 
This work consists of the construction of bituminous or con. 

crete sidewalks, in conformity with the lines and grades shown 
on the Plans or established by the Engineer. 

606.02 MATERIALS 
Bedding material for sidewalks shall consist of sand, grovel, 

crushed stone or other approved material of such gradation 
that all particles will pass through a standard 25mm- (1-inch) 
sieve. 

Concrete for sidewalks shall meet the requirements of Sec
tion 504. Reinforcing -steel shall meet the requirements of 
Section 505. 

Joint Fillers. Poured filler for joints shall conform to the 
requirements of AASHO M 173. Other types approved by the 
Engineer may be used. 

Preformed fillers for joints shall conform to the requirements 
of AASHO M 33, M 153, M 213 or M 220 as specified. 

Bituminous material for sidewalks shall meet the require
ments of Section 401. 

Concrete and bituminous mixes will be subject to inspection
and tests at the mixing plants, for compliance with quality
requirements. 

606.03 CONSTRUCTION-CONCRETE SIDEWALKS 

(I) EXCAVATION 

Excavation shall be made to the'required depth and to a 
width that will permit the installation and bracing of the 
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forms. The foundation shall be shaped and compacted to 
a firm, even surface conforming to the section shown on 

the Plan. All soft and yielding material shall be removed 
and replaced with acceptable material. 

(2) 	FORMS 
Forms shall be of wood, metal or other suitable material, 
and shall extend for the full depth of the concrete. All 
forms shall be straight, free from warp and of sufficient 
strength to resist the pressure of the concrete without 
displacement. Bracing and staking of forms shall be such 
that the forms remain in both horizontal and vertical align
ment until their removal. All forms shall be cleaned and 
coated with an approved form-release agent before con
crete is placed. 

(3) 	 PLACING CONCRETE 

The foundation shall be thoroughly moistened immediately 
prior to the placing of the concrete. The proportioning, 
mixing and placing of the concrete shall be in accordance 
with the requirements for the class of concrete specified. 
The concrete shall be deposited in such a manner as to 
prevent segregation. 

(4) 	 FINISHING 
The surface shall be finished with a wooden float. No plas. 
tering of the surface will be permitted. 

All outside edges of the slab and all joints shall be edged 
with a 6mm-( .. inch) radius edging tool. 

(5) 	 JOINTS 
Expansion joints shall be of the dimensions specified, and 
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shall be filled with the type of premoilded expansion-joint 
filler noted. The sidewalk shall be divided into sections 
by dummy joints formed by a jointing tool or other accept
able means, as directed. These dummy joints shall extend 
into concrete for at least 1/5 of the depth and shall be 
approximately 3mm. (1/8 Inch) wide. Joints shall match 
as nearly as possible adjacent joints in curb or pavements. 
Dummy joints may be sawed in I;eu of forming with a 
jointing tool. 

Construction joints shall be formed around all appurte
nances. such as manholes, utility poles, etcy extending 
into and through the sidewalk. Premoulded expansion
joint filler 1.5cm (L inch), thick shall be installed in these 
joints. Expansion joint filler of the thickness indicated 
shall be installed between concrete ;idewolks and any 
fixed structure such as a building or.bridge. This expan
sion-joint material shall extend for the full depth of 
the walk. 

(6) CURING 

Concrete shall be cured for at least 72 hours. Curing shall 
be by means of moist burlap or mats or by other approved 
methods. During the curing period all traffic, both 
pedestrian and vehicular, shall be excluded. Vehicular 
traffic shall be excluded for such additional time as the 
Engineer may direct. 

606.04 CONSTRUCTION BITUMINOUS SIDEWALK 

(I) EXCAVATION AND FORMS 

Excavation and forms, when required, shall meet the re
quirernents of Section 606.03, (I) ancJ (2). 
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(2) BED COURSE 

Bed course material shall be placed in layers not exceeding
10 centimeters (4 inches) in depth, and each layer shall 
be thoroughly compacted. 

(3) 	 PLACING BITUMINOUS SIDEWALK MATERIAL
 
Bituminous sidewalk material 
 shall be placed on the com
pacted bed course in one or more courses as indicated so 
as to give the required depth when rolled. Compaction
shall be accomplished by means of a roller of a type and
weight acceptable to the Engineer. In areas inaccessible 
to the roller, hand tamping will be permitted. In any
case, the bituminous sidewalk material shall be uniformly 
compacted. 

606.05 METHOD OF 	 MEASUREMENT 
Concrete or bituminous sidewalks will be measured by 	 the square meter of finished surface. Bed course material will be

measured by 	the metric ton or cubic meter. 

606.06 BASIS OF PAYMENT 
The accepted quantities of sidewalk will be paid for at thecontract unit price per square meter for concrete sidewalk or


for bituminous sidewalk, and per metric 
ton or cubic meter for

bed course 
 material complete in place.
 

Reinforcement, 
 if used, will be measured and paid for as
 
provided in Section 505.
 

Excavation, backfill, disposal of surplus materials, expansion-joint material and other related miscellaneous items will not
be paid for separately, but the cost thereof shall be included 
in the cost of the sidewalk. 
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SECTION 607 CURB -CURB AND GUTTER 

607.01 ,DESCRIPTION 

This work consists of construction or resetting of curb, gutter 
or combination curb and gutter in conformity with the lines and 
grades shown on the Plans or established by the Engineer. 

The types of curbing are designated as follows: 

Type I Stone Curbing of Quarried Natural Stone 
Type 2 Cast-in-Place Concrete Curbing 
Type 3 Precast-Concrete Curbing 
Type 4 Reflecting Concrete Curbing 
Type 5 Bituminous Curbing 

607.02 STONE CURBING 

(I) 	3TONE CURB 

Stone curb shall be approved limestone, sandstone, granite 
on other acceptable stone. Stone shall be of the material 
indicated in th. contract, or, if noie is indicated, it may be
 
any one of the three at the Contractor'- opinion, provided
 
that only one of the varieies of stone shall be supplied
 
for the Project.
 
The exposed faces of stone curb shall be free from drill
 
holes.
 
All vertical stone curb shall have a top surface sawed or
 
pointed to an approximate true plane, with no depression
 
or projection on that surface of over 6 millimeters (i inch).
 
There shall be no projection or depression on the exposed
 
bock surface which would exceed a batter of 2i-cm (I inch) 
horizontal on7.5 cm (3 in) vertical. 

The front- exposed face of vertical stone curb shall be 
sawed, pointed or smooth-quarry split, as specified on the 
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Plans for the type specified, and shall be formed to an 
approximately true plane. The remaining face distance 
shall have no projections or depressions greater than 
2.5cm (I in) -from the plane oh: the exposed face noted 
above. 
The ends of vertical stone curb shall be square with the 
planes of the top, back and face, and so finished that when 
the sections are placed end-to-end as closely as possible, 
no space more than 1.5cm (f. inch) shall show in the joint 
for the full width of the top surface and for the entire exposed
front face. The remainder of the end may break back no 
more than 10 cm (4 in) from the plane of the joint. The 
joints of circular or curved stone curb shall be cut on 
radial lines. 
The minimum length of any segment of vertical stone curb 
shall be 1.2 meter (4 feet) unless otherwise noted on the 

Plans. 
When, required- for driveways, crossings, closures or for 
other reasons a depressed or modified section of curb is 

indicated on the Plans or ordered by the Engineer, the 
Contractor shall furnish curbing with the required modi
fication. 

(2) SLOPE-STONE CURB 

Unless otherwise indicated on the Plans, slope-stone curb 
shall conform to 'the requirements for stone curb except 
as follows: 

The maximum allowable projection or depression on a 
horizontal top surface shall be 12 millimeters (L inch); on 
other exposed faces the maximum allowable projection or 
depression shall be 2.5trn (one inch). 

For unexposed surfaces the maximum allowable projection 
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of depression from a true planeon a 0.6 meter-length shall 
be 7.5cm (3 In). 
The maximum allowable space showing on exposed faces 
between adjacent segments of slope-stone curb shall be 
20 millimeters (3/4 inch). The minimum length of any seg
ment of slope-stone curb shall be 0.6 meter (2 feet). 

(3) CONSTRUCTION-STONE CURB OR SLOPE-STONE CURB 

(a) EXCAVATION 

Excavation shall be made to the required depth, and 
the base upon which the curb is to be set shall be 
compacted to a firm, even surface. All soft and unsuif
able material shall be removed and replaced with 
suitable material which shall be thoroughly compacted. 

(b) INSTALLATION 

The curb shall be set so that the front top arris line 
conforms to the line and grade required. All spaces 
under the curbing shall be filled with material conform
ing to the requirements of the material for bed course. 
This material shall be thoroughly tamped. 

(c) JOINTS 

Curbing shall be laid with joints as close as possible 
for stone curb. These joints shall be filled with mortar 
consisting of one part Portland .cement and two parts 
approved sand with water as necessary to obtain the 
required consistency. Mortar shall be used within 30 
minutes after preparation. 

In those cases where a Portland cement concrete pave
ment is to be constructed contiguous to a curbing, joints 
shall be constructed in the curbing directly in line 
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with pavement expansion joints. The joint in the curb 
shall be 20 millimeters (3/4 inch) in width and shall 
be filled with an expansion-joint filler of the same 
nominal thickness as the pavement joint. Any Voids 
between the joint filler and the stone curb shall be 
filled with mortar. 

(b) 	 BACKFILUNG 

After the curb has been set, any remaining excavated 
areas shall be filled with approved material. This ma
terial shall be placed and thoroughly tamped in layers 
Pot exceeding 15 centimeters (6 inches) in depth. 

607.03 CAST-IN-PLACE CONCRETE CURB 

(1) 	 MATERIALS 

Concrete for curbing shall meet the requirements of Section 
504. Reinforcement shall meet the requirements of Section 
505. Poured filler or preformed filler for joints shall meet 
the requirements of Section 606.02. 

(2) FORMS 
Forms shall be of wood, metal or other suitable materia 
and shall extend for the full depth of the 'concrete. All 
forms shall be straight, free from warp and of sufficient 
strength to resist the pressure of the concrete without 
displacement. Bracing and staking of forms shall be such 
that the forms remain in both horizontal and vertical align
ment until their removal. All forms shall be cleanpd and 
coated with an approved form-release agent before con
crete is placed. 

(3) 	 MIXING AND PLACING 
Concrete shall be proportioned, mixed and placecl in 
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accordance with the requirements for the class of concrete
specified. Consolidation of concrete placed in the forms 
shall be by vibration or other acceptable methods. Forms 
shall be left in place for 24 hours or until the concrete has 
set sufficiently so that they can be removed without injury
to the curbing. The concrete shall be struck off to the cross
section specified, after which it shall be finished smooth 
and even by means of a wood float. For the purpose of 
matching adjacent concrete finishes or for other reasons,
the Engineer may permit other methods of finishing. No 
plastering will be permitted. 

(4) SECTIONS 
Curbing shall be constructed in sections having a uniform 

- length of 3 meters (10 feet), unless otherwise ordered.
Sections shall be separated by open joints 3 millimeters 
(1/8 inch) wide except at expansion joints. Where the curb
isconstructed adjacent to concrete pavement, the contraction 
or open joints in the curb shall match the contraction joints 
in the pavement. 

(5) EXCAVATION 
Excavation and bedding shall conform to therequirements 

of Subsection 60 7.02 (3)(a). 
Bed course material for curbing shall consist of cinders,

sand, slag, gravel, crushed stone or other approved material 
of such gradation that all particles will pass' through a 
standard 1.5cm-(-inch) sieve. 

(6) EXPANSION JOINTS 
Expansion joints shall be formed at the intervals shown on 
tl-ePfans using a preformed expansion-'joint filler having
a thickness of 20 millimeters (3/4 inch). When the curb is 
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constructed adjacent, to or on concrete pavement, expansion 
joints shall be -located opposite or~al expansion joints In 
the pavement. 

(7) 'CURING 

Immediately upon completion of the finishing, the curbing 
shall be moistened and kept moist for three days, or the 
curbing shall be cured by the use of membrane-forming 
material. The method and details of curing shall be subject 
to the approval of the Engineer. 

(8) 	 BACKFILLING 

After the concrete has set sufficiently, the spaces in front 
and back of the curb shall be refilled to the required 
elevations with suitable material, which shall be thor
oughly tamped in layers of not more than 15 centimeters 
(6 inches). 

(9) 	 CURB MACHINE 
The curb or curb and gutter may be constructed by the 
use of a curb-forming machine meeting the requirements 
of Section 607.06(4). When the curb machine is used, 
contraction joints.may be created in a manner approved by 
the 	 Engineer. 

607.04 PRECAST CONCRETE CURB 
Precast concrete curb shalli consist of precast Portland 

cement concrete curb units constructed to the length, 
shapes cnd other details shown on the Plans. These units 
shall be reitiforced with steel reinforce cnenI when shown on 
the Plans. When required for driveways, c;ossings, closures 
or for other reascns,-a depressed or modified section of 
curb is indicaPed on the Plans or ordered by the Engineer 
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the 	 Contractor shall furnish curbing with the re4Uired 
modification. 
Manufacture of precast concrete curb shall meet the applic. 
able requirements of Section 607.03. 
Placing of precast concrete curb shall meet thi require
ments of Section 607.02(3). 

607.05 REFLECTING CONCRETE CURB 
Materials and construction methods for this item shall con
form to the requirements of Section 607.03, with the 
following supplements: 

The- reflecting surface of the curbing shall be a mortar mix 
conisting of I part white Portland cement to I 3/4 parts
of light-colored, washed mortar sand. This mortar mix shall 
have a thickness of approximately 25 millimeters (I Inch).
Alternately, the entire curbing may be constructed of con
crete with white Portland cement. 
Washed mortar sand shall meet all the requirements for 
mortar sand and be of a light color or satisfactory to the 
Engineer. The reflecting surface mortar shall be placed 
immediately after placiing of the base concrett.". In no case 
shall more than twenty minutes elapse between placing
of the base concrete and the placing of the reflecting 
surface. 
Scoring or surface deformation and finish of the reflecting
Iffnert shall confi'rm, to the details shown on the' Plans. 

607.06 	 BITUMINOUS CURB 
Bituminou%' material for curbing'shall meet the requirements 
of Sectic,, 401, 
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Excavation shall conform to the requirements of Subsection 
607.02(3)(a). 
When curbing is to be constructed on a fresh-laid bitumi
nous surface, the curb may be laid only after the surface 
has been cleaned. 
When curbing is to be constructed on a cured or 	aged
Portland cement concrete base, bituminous pavement orbituminous.treated base, the bed shall be thoroughly swept
and cleaned by compressed air. The surface shall be 
thoroughly dried and, immediately prior to placing of thebituminous mixture, shall receive a tack coat of bituminous 
material of the type and grade approved by the Engineer.
The rate of application of the tack coat material shall be
between 0.20 to 0.60 liters per square meter of surface.
The 	Contractor shall prevent the spread of tack coat to 
areas outside of the area to be occupied by the curb. 
Bituminous curbing shall be constructed by use of a 
self-propelled automatic curberor curb machine,or a paver
with curbing attachments or other methods acceptable tothe Engineer. The automatic curber or machine shall meet
the following requirements and shall be approved prior to 
its use. 

a. 	 The weight of the machine shall be such that required
compaction is obtained without the machine riding above 
the bed on which curbing is constructed. 

b. 	 The machine shall form curbing that is uniform in texture, 
shape and density. 

c. 	 The Engineer may permit the construction of curbing by 
means other than the automatic curber or machine When
short sections or sections with short radii are 	required, or, 
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for such other reasons as may seem to him to'be warranted. 
The resulting curbing shall conform in, all respects to the 
curbing produced by the use of the machine. 
When sealing or painting is required, it shall be performed 
only on a curbing which is cleon and dry. 

607.07 RESETTING CURB 

(I) 	 SALVAGE OF CVRBING 
The Contractor shall carefully remove, store and clean 
any curbing specified for resetting. The Contractor shall 
replace any existing curbing 'that is to be reset, which is 
lost, damaged or destroyed as a result of his operations, 
or because of his failure to store and protect it in a manner 
that 	would eliminate Its loss or damage. 

(2) 	 EXCAVATION
 
Excavation and bedding shall conform to the 
 requirements 

of Subsection 607.03A. 

(3) 	 RESETTING CURB 
The curb shall be set on a firm bed with the front top arris 
line conforming to the required line and grade. All sections 
of curbing shall be set so that the maximum opening
between adjacent sections is not more than 20 millimeters 
3/4 inch) wide for the entire exposed top and face. Any
dressing of the ends of the curbing necessary to meet this 
requirement shall be done by the Contractor. 
After the curb h°as been set, the joints shall be completely 
filled with morta as specified. 

(4) 	 BACKFILUNG 
The spaces in front and back of the curb shall be refilled to 
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the required elevation with suitable material. This materialshall be thoroughly tamped in layers of not over 15 centi
meters (6 inches) in depth. 

(5) CUTTING AND FITTING 
Cutting and fitting may be necessary in order to installthe curbing at the locations directed. 

1607.08 METHOD OF MEASUREMENT
 
Curbing, both new 
 and reset, will be measured by thelinear meter along the front face of the section at the finishedgrade elevation. Combination curb and gutter will be measuredalong the face of the curb. No deduction in length will bemade for drainage structures installed in the curbing sectionor for driveway openings where the gutter Is carried across 

the drive. 
Bed course material-will be measured by the metric ton or 

by the cubic meter. 

607.09 BASIS OF PAYMENT 
The accepted quantities of curbing will be paid for atcontract unit price per linearmeter 

the 
for each kind and type ofcurbing specified, and per metric ton or cubic meter for bedcourse material complete in place. Such payment shall includeall subgrade preparation and the disposal of surplus materials. 
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M6 SPECIFICATIONS FOR HIGHWAY MATERIALS 

Standard Specification for 

Fine Aggregate for Portland Cement Concrete 

AASHO DESIGNATION: M 6-65 

SCOPE 

1.1 This specification covers the quality and size of fine aggregate for portland 
cement concrete pavements or bases, highway bridges and incidental structures. 

GENERAL REQUIREMENTS 

2.1 Fine aggregate shall consist of natural sand or, subject to approval, other inert 
materials uith similar characteristics, or combinations thereof, having hard, strong, durable 
particles, and shall conform to the requirements of these specifications. 

2.2 Fine aggregate from different sources of supply shall not be mixed or stored in 
the same pile nor used alternately in the same class of construction or mix, without permis
sion from the Engineer. 

DELETERIOUS SUBSTANCES 

3.1 The amount of deleterious substances shall not exceed the following limits: 

Recommended Maximum
permitsible permlible

lImlts. limits. 
percen-bywtL percenibywL 

(Note)
Friable particle, not more than .............................. ........ 0.5 1.0
Coat and lignite ... . ............................................. 0.25 1

Material pasng the No. 200 sieve:

(a) In concrete subject to surface abrasion, not more than ................... 2 4

Obh All other classes of concrete, not more than ...................... 3


Othr deleterious substances (such as shale, alkali, mica, coated grains, si't
and flaky particles) ............................................. ... As eifd
 

Nort. The recommended limits should be specified on oil work where it Is economically practimble to obtain
materials conformins thereto. Only one set of figures forper cent by weight should be Included in purchase specilkatlons 

SOUNDNESS 

4.1 When the fine aggregate is subjected to five alternations of the sodium sulfate 
soundness test, the weighted loss shall not exceed 10 per cent by weight. 

No'a: In case It Is desired to use magnesium sulfate, a weighted loss should be pecfled yihichexperience ha shown will give results corresponding to a loss of tO per cent usig sodIurn Nufa 
4.2 Fine aggregate failing to meet the requirement given in 4.1 may, at the option

of the Engineer, be subjected to an alternate freezing and thawing test and may be accepted 
provided the weighted percentage of loss at the end of - alternations does not exceed 
- per cent by weight. 

Noas: The Engineer should insert appropriate requirements based on liLa experience with the test. 

4.3 The requirements for soundness given in 4.1 and 4.2 may be waived in the 
case of aggregate for use in structures or portions of structures not exposed to weathering. 

ORGANIC IMPURITIES 

5.1 All fine aggregate shall be free from injurious amounts of organic impurities.
Aggregates subjected to the colorimetric test for organic impurities and producing a color 
darker than the standard shall be rejected unless they pass the mortar strength test as 
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specified in 5.2. Should the aggregate show a darker color than that of samples originallyapproved for the work, its use shall be withheld until tests satisfactory to the Engineer
have been made to determine whether the increased color is indicative of an injurious
amount of deleterious substances. 

5.2 A fine aggregate failing ii: he test may be used provided that, when tested forthe effect of organic impurities on strength of mortar, the relative strength at 7 and 28days, calculated in accordance with Section 10 of AASIIO T 71 is not less than 95 per
cent. 

GRADING 
6.1 Fine aggregate shall be well-graded from coarse to fine and when tested by means

of laboratory sieves shall conform to the following requirements: 

Pasn a ch igw................., .......... Percent
,4 e.| ... 1010 
Pasing a 0. 4 dove ............................... 
 93-100PassingPassing a No.No. 16 ideve...............................
50 sleve ................. 45--*0
'.................... 10-30
 

Nars: The No. I and No. 30 sieves may b used Inaddition to those pcifled. If the Engineer des.to further control the grading of the material. 
6.2 Fine aggregate failing to pass the minimum requirement for material passingthe No. 50 and/or No. 100 sieves may he used provided a satisfactory inorganic finematerial is added to correct for the deficiency in grading.
6.3 At the option of the Engineer, when the fine aggregate is to be used in the construction of concrete pavements or bases, the specified minimum amount passing the No. 50

sieve may be reduced to 5 per cent and the specified minimum amount passing the No. 
100 sieve may be reduced to 0 per cent. 

UNIFORMITY OF GRADING 
7.1 The gradation requirements given in 6.1 represent the extreme limits which shalldetermine suitability for use from all sources of supply. The gradation from any one 

source shall be reasonably uniform and not subject to the extreme percentages of gradationspecified above. For tLe purpose of determining the degree of uniformity, a fineness
modulud (Note) determination shall be made upon representative samples, submitted bythe Coqtrrctor, fronm suLh sources as he proposes to use. Fine aggregate from any onesource having a varitlen in fineness modulus greater than 0.20 either way from the fineness
modulus of the representative sample submitted by the Contractor may be rejected. 

Nors: The fineness modulus of an aggregate Is determined by adding the pIrentages by weightretained on the following sieves having square openings, and dividing by 100:3-in, 1V1Ln., %-ln., %-am.,No. 4, No. 8. No. 16,No. 30, No.50. No. 100. 

METHODS OF SAMPLING AND TFSING 
8.1 Sampling and testing of fine aggregate shall be in accordance with the following

methods of the American Association of State Highway Officials: 

epetlns..........................................Coal and lignite .. . . . . . . . .............. .............. T 2T 113 
Amounkof macterialpasngaNo. 200sleve ..................

rle impuritie..Mensr-makins ploplnics
Sic.e snaltu,s
Soandnes soiamo rroateot magrtum ilrsel 

. . 

T It 
T 24 

. T 71
T 23
T 107 

d recan. andJthem. . .•• . • . T 101 

0 
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StandardSpecification for 

Mineral Filler for Bituminous Paving Mixtures 

AASHO DESIGNATION: M 17-70 

SCOPE 

1.1 This specification covers mineral filler added as a separate ingredient for use in 
bituminous paving mixtures. 

GENERAL DESCRIPTION 

2.1 Mineral filler shall consist of finely divided mineral matter such as rock dust 
including limestone dust, slag dust, hydrated lime, hydraulic cement, or other suitable min
eral matter. At the time of use it shall be sufficiently dr) to flow freely and essentially free 
from agglomerations. 

PHYSICAL REQUIREMENTS 

3.1 Mineral filler shall be graded within the following limits: 

Per cent passing
Sieve (by weight) 

No Un 100i).rmmt 
N q , i, i l v,i . ]i ', 9 5 - 100%0 .101,ILI,-,5 rw..'m 70-100 

3.2 The mineral filler shall be free from organic impurities and have a plasticity 
index not greater than 4. 

NoT": Plasticity index limits are not appropriate for hydrated lime and hydraulic cemet. 

METHODS OF SAMPLING 

4.1 Mineral filler shall be sampled as follows: 
4.1.1 Powdered Material in Bulk 
4.1.1.1 Bins, Piles, or Cars.-Eithera sampling tube shall be used that takes a core 

not less than I in. (2.5 cm) in diameter and that is of sufficient length to permit the taking
of a sample from the top to the bottom of the mass being sampled, or samples shall be 
taken from holes dug into at least ten separate parts of the mass. The samples so taken 
shall be thoroughly mixed and quartered, and the samples for testing shall be taken from 
the material so selected and prepared. A minimum quantity of 50 lb (23 kg) shall be 
taken for a unit of 30 tons of material, with a proportionate quantity for multiples of 
this unit, provided that at no time shall less than 50 lb (23 kg) be t.Aen as the original 
portion. The representative sample shall be mixed and quartered and a sample of not 
less than 5 lb (2.3 kg) shall be taken for testing. 

4.1.1.2 At Conveyors to or from Bins, Piles, or Cars. at Packing Machines, etc.-
Material shall be taken at regular intervals during the entire time' of movement of the 
mass being sampled. The quantity to be taken at each interval and the number of such 
intervals shall be so proportioned that the final quantity of material taken shall conform 
to the requirements prescribed in 4.1.1. 

4.1.2 Powdered Material in Packages 
4.1.2.1 At least I percent of the packages shall be sampled, but in no case shall 

fewer than five packages be sampled. Individual packages shall be taken from various parts 
of the unit being sampled.

4.1.2.2 The method of package sampling may be carried out by either of the fol
lowing two methods, as may be agreed by the contracting parties. 
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4.12.2.1 A I-lb (450 S) sample shall be taken from the top of each package. 
4.1.2.2.2 A sampling tube shall be used that takes a core not less than I in. (25 mm) 

In diameter. The tube shall be inserted into the package being sampled so that it will 
take a core of material from substantially the entire length of the package. 

Samples removed from individual packages shall be thoroughly mixed and quartered, 
and samples of not less than 5 lb (2.3 kg) each shall be taken for testing. 

METHODS OF TBST 

5.1 The properties enumerated in this specification shall be determined in accordance 
with the following AASHO Methods of Test: 

Oadation ......................................... T 37
 

hasticity idex................................ T 90
 

. -0 

StandardSpecification for 

Penetration Graded Asphalt Cement 

AASHO DEsIoNATIoN: M 20-70 

SCOPE 

1.1 This specification covers the following 5. penetration grades of asphalt cement 
for use in highway construction: 40 to 50, 60 to 70, 85 to 100, 120 to 150, and 200 to 
300. For asphalt cements graded by viscosity see AASHO M226. 

MANUFACTIURE 

2.1 Asphalt cement shall be prepared by the refining of crude petroleum by suitable 
methods. 

PROPERTIES 

3.1 The asphalt cement shall be homogeneous, free from water, and shall not foam 
when heated to 175C (347 F). 

3.2 The various grades of asphalt cement shall conform to the requirements given in 
Table 1. 

METHODS OF SAMJPI lNG AND TEStiNG 

4.1 Sampling and testing 6f asphalt cement shall be In accordance with the following 
standard methods of the American Association of State Highway Officahls: 

Sam .............................................. T 40 
Wat..T 55

T 49 
uattr ............. ............................ T 44
 

-m..T179SpotTest. .................... .. 102
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Table I-Requirements for a Specification for Asphalt Cement
AASHO Designation. M20
 

Penetration Grade 
40-50 60-70 85-100 120-150 200-300 

MaL Min. MinM Max. Mi. Max. Min. Max. 
Penetrtionat77F(25C) l00g.Ssec.. 40 	 50 60Rash int. aeveland Open Cup .. 450 . . 

70 85 200 120 150 200 300450 ... 450 ... 425 ... 350 ..Ductiirty at 77F (25C) 5 cm. per nun.,ny 
u u i --

00 ... 100 ... 100 ... 100rSom t od Inm im ,r Im ,TI. , 	 ...
flh, Ssrn or irs,.JZ5Fl:, Z2PC,5 r-,,4~~	 

... *** 

Lou on heating. percent ........... .80 .0 ... 
 1.0 ... 1.3 1.5Perttration, of residue. percent of

riginal ...... ....... ..... ... 58 ... 54 50 46 40
Ductlity of residue at 77F (25C) 5"".... ... 

pnotm.teatper min.. cm ...... ' I... 50(when a~ndtas spei6;. i . .. ......... 75 100 100
 

Note I) with):

Standard naphtha solvent 	 Negatve for all gradesNaphtha-xylene solvent. percent
 

xylene Negative for all grades
xylne slNegative 
ror all grades 

Nova. The use or the spot test is optional. When It It specified, the Engineer shall indicate whether the standardnaphtha solvent, the naphtha.sylene solvent, or the heptane-xylene solvent will be used in determiningwith the requirement, and also, in the case of the xylene solvents, the percentage of xylene 
eomtpliance

to be sir-I 

"0 

StandardSpecification for 

Fine Aggregate for Bituminous Paving Mixtures 

AASHO DESIGNATION: M 29-70 
(ASTM DESIGNATION:. D 1073-63(1969)) 

SCOPE 
1.1 This specification covers fine aggregate for use in bituminous paving mixtures. 

GENERAL 	 CHARACERISTICS 
Z1 The fine aggregate shall consist of natural sand, or of sand prepared from stone,air-cooled iron blast furnace slag, or gravel, or combinations thereof. It shall consist ofhard, tough grains, free from injurious amounts of clay, loam, or other deleterious sub. 

stances. 

GRADING 
3.1 	 Fine aggregate shall conform to one of the gradings shown in Table 1.3.2 	 Uniformity of Grading.-The gradation of fine aggregate from any one sourceshall be made upon representative samples of fine aggregate from such sources as areproposed for use. Fine aggregate having a variation in fineness modulus greater thant0.25 from the fineness modulus of the representative sample may be rejected. 

SOUNDNESS 
4.1 	 The fine aggregate, when subjected to five cycles of the soundness test, shallhave a weighted loss of not more than I5 per cent when sodium sulfate is used or 20 

per cent when magnesium sulfate is used. 
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Table 1-Grading Requirements
 
See Aggregates
 

Amounta Fins: than Each Laboroey ew= (Sqmare
Openings), per cest by wtI 

GradinNo. I Gradina No. 2 radi &c NIoo.. 3 
. • IO...HIo.4 (47S mml 


] 95 4 -too [ 65 to 100
00I66 90toIooNo ¢2 ,.mm 70 to 100 95 to I(W. 

No. Ill limm, 40to 30 IStoIC0 40to 30 
No.100= I:Omm).. 2Oto 65 651o 90 201 65........................... 

No.500.300-m)............................. 7to 40 30 to 60 7 to 40
 
No. 00 (0.1S0-mm) ............................ 2to 20 5ic 25 2to 20
 
No. 200 (0.075-mm)............................ 0 to 10 Oto 5 1 to 10
 

Nte: Isis recoGlnizd that or cesein purpoes satltdactory results may be obtained with matels not c fonnl 
to he. .peciatlionL, In such cams he salof nne aggregate not conforming to the grading requiret ntsl or the ped. 
fications may be authorized only under special proviionm bed on field experience or laboratory studiles of the pout
bllily or desianing a mixture of materials to be uaed on the job that will yield bituminous paving mttuesequsakst in 
quay to the job mix requirements. 

METHODS OF SAMPLING AND TESTING 

5.1 The aggregate shall be sampled and the properties enumerated in these speci
fications shall be determined in accordance with the following methods: 

5.1.1 Sampling.-Methods of Sampling Stone, Slag, Gravel, Sand, and Stone Block 
for Use as Highway Materials (AASHO: T2). 

5.1.2 Grading.-Method of Test for Sieve or Screen Analysis of Fine and Coarse 
Aggregates (AASHO: T 27). 

5.1.3 Fineness Modulus.-The fineness modulus of the aggregate shall be deter. 
mined in accordance with the definition of fineness modulus given in the Definitions of 
Terms Relating to Concrete and Concrete Aggregates (ASTM: C 125).'The sieve analysis 
required for this determination shall be made in accordance with Method T 27. 

5.1.4 Soundness.-Method of Test for Soundness of Aggregates by Use of Sodium 
Sulfate or Magnesium Sulfate (AASHO: T 104). 

- 0 

StandardSpecificationfor 

Defonned BDet-Steel Bars for Concrete Reinforcement 

AASHO DESIGNATION: M 31-68 

(ASTM DESIGNATION: A 615-68) 

SCOPE 

1.1 This specification covers deformed billet-steel concrete.reinforcement bars. A 
deformed bar is defined as a bar which is intended for use as reinforcement in reinforced 
concrete construction. The surface of the bar is provided with lugs or protrusions (herein
after called "deformations") which inhibit longitudinal movement of the bar relative to the 
concrete which surrounds the bar in such construction and conform to the provisions of this 
specification. The standard sizes and dimensions of deformed bars and their number desig
nations shall be those listed in Table I. 

1.2 Bars are of three minimum yield levels: namely, 40,000 psi, 60,000 psi and 
75,000 psi, designated as Grade 40, Grade 60, and Gride 75, respectively. 

1.3 The weldability of the steel is not part of this specification, but may be subject 
to agreement between a particular supplier and user. 

PROCESS 

2.1 The ste- shall be made by one or more of the following processes: open-hearth, 
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basic-oxygen, or electric-furnace. 
2.2 The bars shall be rolled from billets or ingots of properly identified heats of

open-hearth, basic-oxygen, or electric-furnace steel. 

CHEMICAL COMPOSITION 
3.1 The steel shall conform to the following requirements as to chemical com

position: 

PhohontsOven~herth,max. perent:basi..oxyge, or electric4"urnse ................... 0.03
 

LADLE ANALYSIS 
4.1 An analysis of each heat of open-hearth, basic-oxygen, or electric-furnace steel 

shall be made to determine the percentages of carbon, manganese, phosphorus, and 

Table I-Deformed Bar Designation Numbers, Unit Weights, Nominal
 
Dimensions, and Deformation Requirements a
 

Bar Nominal Dumen ix Deformation in. 

l~ea~ado.Maximum Gap
0 Unit Weight, Diameter. Crm- Perimeter. Maximum Minimum (Chord or 12;b/ft n Soctional in. Average Aveag I met o Na-Area, .' Height I. erimeter)A Spacng 

3 ........ 0.376
.. 0.375 0.11 1.178 0.262 0.015 0.1434..........0.66 0.5 0.20 1.571 0.350 0.020 0.191
S........... 0,43 0.625 0.31 1.963 
 0.437 002 0.239

6 ........ I.1.502 0.750 0.44 2.356 
 0.525 0.038 0.2167 ........ .. 2.044 
 0.875 0 60 2.749 0.612 0.044 0.3348 .......... 2.670 1.000 
 0.79 3.142 0.700 0.050 0.383
9 ........ .3.400 I 129 
 I.00 3.544 0.790 0.056 0.43110.......... 4.303 1.270 1.27 3.990 0.889 0.064 0.487
It .......... 5.313 
 1.410 1.56 4.430 0.987 0.071 0.54014 .........7.65 1.693 
 2.25 5.32 1.185 0.085 0.642

I8.........13.60 2.257 4.00 
 7. 9 1.58 0.102 0.864 

a The nominal dimensions ora deform-i bar ate equivalent to hoe of a pl n round bar havingthe sme weight 
per fool as the deformed bar.bBar numbers are based oanthe number of eighths of an inch included In the nommal damete' of thebtrs. 

sulfur, and, for Grade 75, any other elements the manufacturer considers essential to 
meet the mechanical properties of this specification.

4.2 The analyses prescribed in 4.1 shall be made by the manufacturer rom test
ingots taken during the pouring of the heats. The chemical composition thus determined 
shall be reported on request to the purchaser or his representative, and the percentage ot 
phosphorus shall conform to the requirements specified in 3.1. 

CHECK ANALYSIS 
5.1 An analysis may be made by the purchaser from finished bars representing each

heat of open-hearth, basic-oxygen, or electric-furnace steel. The phosphorus content thus 
determined shall not exceed that specified in 3.1 by more than 25 percent. 

REQUIREMENTS FOR DEFORMATIONS 
6.1 Deformations shall be spaced along the bar at substantially uniform distances.

The deformations on opposite sides of the bar shall be similar in size and shape.
L. The deformations shall be placed with respect to the axis of the bar so that the 

included angle is not less than 45 deg. Where the line of deformations forms an included
angle with the axis of the bar of from 45 to and including 70 deg, the deformations shall
alternately reverse in direction on each side, or those on one side shall be reversed in
direction from those on the opposite side. Where the line of deformation is over 70 deg 
a reversal in direction isnot required.

6.3 The average spacing or distance between deformations on each side of the bar
shall not exceed seven tenths of the nominal diameter of the bar. I 

6.4 The over-all lengths of deformations shall be such that the gap between the 

http:I8.........13
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extreme ends of the deformations on opposite sides of the bar shall not exceed 12% percent 
of the nominal perimeter of the bar. Where the extreme ends terminate in a longitudinal 
rib, the width of the longitudinal rib shall be considered the pp. Where more than two 
longitudinal ribs are involved, the total width of all longitudinal ribs shall not exceed 25 
percent of the -ominal perimeter of the bar; furthermore, the summation of gaps shall not 
exceed 25 ,;ercent of the nominal perimeter of the bar. The nominal perimeter of the bar 
shall be 3.14 times the nominal diameter. 

6.5 The spaoing, height, and gap of deformations shall conform to the requirements 
prescribed in Table I. 

MEASUREMENTS OF DEFORMATIONS 
7.1 'The average spacing of deformations shall be determined by dividing a measured 

length of the bar specimen by the number of individual deformations and fractional parts
of deformations on any one side of the bar specimens. A measured length of the bar 
specimen shall be considered the distance from a point on a deformation to a correspond-
Ing point on any other deformation on the same side of the bar. Spacing measurements 
shall not be made over a bar area containing bar marking symbols involving letters or 
numbers. 

7.2 The average Light of deformations shall be determined from measurements 
made on not less than two typical deformations. Determinations shall be based on three 
measurements per deformations, one at the oenter of the over-all length and the other 
two at the quarter points of the over-all length.

7.3 To indicate adequately the conformity to the dimensional requirements, measure
ments shall be selected as follows on representative bars taken at random: 

7.3.1 For bars No. 3 to 11, inclusive, one bar for each 10 tons of each lot or 
fraction thereof. 

7.3.2 For bars No. 14 and 18, one bar for each 25 tons of each lot or fraction 
thereof. 

7A Insufficient height, Insufficient circumferential coverage, or excessive spacing 
of deformations shall not constitute cause for rejection unless it has been clearly estab. 
lished by determinations on each lot that typical deformation height, gap, or spacing do 
not conform to the minimum requirements prescribed in 6. Requirements for Deforma. 
tions. No rejection may be made on the basis of measurements if fewer than ten adjacent 
diformations on each side of the bar are measured. 

TENSILE PROPERTIES 

8.1 Grade 40: 
1.1.1 The material shall conform to the requirements as to tensile properties pre

scribed in Table 2. 
8.1.2 The yield point shall be determined by the drop of the beam or halt in the 

gage of the testing machine. 
8.2 Grade 60 and Grade 75: 
8.21 The material shall conform to the requirements as to tensile properties pre

scribed In Table 3. 
.2.2 The yield strength shall be determined by one of the following methods: 

3.2.2.1 Extension under load using dividers with an 8-in. gage length. The extension 
under load shall be 0.04 in. for Grade 60, and 0.047 in. for Grade 75, and shall be deter. 
mined by scribing on the specimen an 8-in. gage length, pivoting from a prick-punch mark. 
The yield load shall be recorded when the total gage length under load becomes 8.04 or 
8.047 in., respectively, as measured by the dividers. 

8.2.2.2 Extension under lod using an autographic diagram method or an extensom
eter as described in Item (2) of Section 12(a) and (b) of ASTM Methods and Definitions 
A 370, for Mechai.ical Testing of Steel Products. However, the extension under load shall 
be 0.006 in./in. of gage length (0.6 percent) for Grade 75 or 0.005 in./in. (0.5 percent) 
for Grade 60. 

8.22.3 For Grade 60-Drop of the beam method, Section 12 (a)(1) of Methods 
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A 370, may be applied where the steel tested has a sharp-kneed or well-defined type of 
yield point. 

8.2.3 The percentage of elongation shall be as prescribed in Table 3. 

Table 2-Tensile Requirements 
for Deformed Barsa Grade 40 

Tensile strength. min.pal..............................
70 000Yield point. mlin................................
psi 40000
Elonaon inSim.min,percent:

Bar No. 
3.. ....................................... 
 12 

................... ........... 1
 
9........................................... 9
t..t., . ..... : : : : : : : :
 :: : :: 
11,14. 7s 

Eloapeon in 2 in., rnli. percent (ts 6or'A370)': 

14.1 ......................................... 9

•Plain round bars are available under AASHO M 227. forCarbon Stel 

tar.Subject to Mechanical Property Requinementa. 

Table 3-Tensile Requirements 

Grade 60 Grade 75. 
Tenlsile strn thMi, Pi....... ... 90000 100000
Yield trengt, ...... 60000min psi . ........ . 75000
 
Eltonn 8 in., rin, pen' n (ull sie or re

duoed diameter tet spemacc):

Bar No. 

3.4.5.6........... .9
 
7.8......... ....

9.10.11.............................. ... ,
14. 18.....................
* ... 

ELA~doolnl2i,mln. percnt (s.6 A id)
 Bar Noa.
 
910.1.141s .........................9

11!14.andi8......................... ... 6
 

am furnied onlySizes
- Grade 73 bars in ,14.and IS. 

BENDING PROPERTIES 

9.1 For bar sizes No. 3 to 11, inclusive, the bend test specimen shall stand being 
bent, at room temperature, around a pin without cracking on the outside of the bent por
don. The requirements for degree of bending and sizes of pins prescribed in Table 4 
shall be observed. 

9.2 The bend test shall be made on specimens of sufficient length to ensure free 
bending and with apparatus which provides: 

9.2.1 Continuous and uniform application of force throughout the duration of the 
bending operation, 

9.2.2 Unrestricted movement of the specimen at points of contact with the apparatus,
and 9.2.3 Close wrapping of the specimen around the pin or mandrel during the bending 
operation. 

9.3 Other methods of bend testing may be used, but failures due to such methods 
shall not constitute a basis for rejection.

9.4 Bars of size Nos. 14 and 18 shall not be subject to bend test requirements. 

TEST SPECIMENS 
10.1 Tension test specimens may be either the full section of the bar as rolled or 

at the option of the manufacturer one of the reduced section type of tests following: 
10.1.1 Standard 0.505-in. diameter test specimen, with 2-in. gage length, as described 

in Fig. 6 of Methods A 370 and from a position in the bar as outlined in Table B-I of 
Methods A 370. 
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10.1.2 Specimens machined to a reduced diameter of not less than 1%in, for alength of not less than 9 in. with an 8-in. p length.10.1.3 The unit stress determinations on full size specimens shall be based on thenominal cross-sectional areas shown in Table 1.10.2 The bend test specimens, when required, shall be the full section of the bar asrolled. 

NUMBER OF TESTS 
11.1 For bar sizes No. 3 to II, inclusive, one tension test and one bend test shallbe made of the largest size rolled from each heat. If, however, material from one heatdiffers by three or more designation numbers one tension and one bend test shall be madefrom both the highest and lowest designation number of the deformed bars rolled.11.2 In case of Nos. 14 and 18 bars, one tension test shall be made of each sizerolled from each heat.113 If any test specimen develops flaws, it may be discarded and another sub

stituted.
 
11.4. If the percentage of elongation of any tens;on test specimen is less than thatspecified in 8. Tensile Properties, and any part of the fracture is outside the middle third
of the gage length, as indicated by scribe scratches marked on the specimen before test'ng,
 

a retest shall be allowed.
 
PERMISSIBLE VARIATION IN WEIGHT
 

12.1 The permissible variation in weight shall not exceed the limits prescribed in
Table S. 

FINISH 
13.1 The bars shall be free from injurious defects and shall have a workmanlike 

finish. 

MARKING 
14.1 WMhcn loaded for Mill shipment, all bars shall be properly separated and taggedwith the manufacturer's heat or test identification number.14.2 Each producer shall identify the symbols 'f his marking system. 

14.3 All bars produced to this specification shall be identified by a distinguishingset of marks legibly rolled into the surface of one side of the bar to denote in the follow.
ing order:

14.3.1 Point of Origln-Lelter or symbol established as the producer's mill desig.
nation.

143.2 Size Designation--Arabic number corresponding to-bar designation number ofTable 1.
143.3 Type of Steel-Letter N indicating that.the bar was produced from billet steel.143.4 Minimum Yield Designation-For Grade 60 bars, either the number 60 or asingle continuous longitudinal line through at least 5 spaces offset from the center of the
bar side. For Grade 75 bars, either the number 75 or two continuous IongitudinaJines
through at least 5 spaces offset each direction from the center of the bar. 

INSPECTION 
15.1 The inspector representing the purchasert shall have free entry, at all timeswhile work on the contract of the purchaser is being perfonned, to all parts of the mnanufacturer's works that concern the manufacture of the material ordered. The manufacturershall afford the inspector, without charge, all reasonable facilities to satisfy him that thematerial is being furnished in accordance with these specifications. All test (except checkanalysis) and inspection shall be made at the place of manufacture prior to shipment,unless otherwise specified, and shall be so condhicted as not to interfere unnecessarily withthe operation of the works. 
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REJECTION 
16.1 Unless otherwise specified, any rejection based on tests made in accordancewith 5.Check Analysis, shall be reported to the manufacturer within 5 working days fromthe receipt of samples by the purchaser.16.2 Material that shows injurious defects subsequent to its acceptance at the manu.
facturer's works will be rejected, and the manufacturer shall be notified. 

REHEARING 
17.1 Samples tested in accordance with Section 5.1, that represent rejected materialshall be preserved

In case 
for two weeks from the date rejection is reported to the manufacturer.of dissatisfaction with the results of the tests, the manufacturer may make claimfor a rehearing within that time. 

Table 4-Bend Test Requirements
NOTE-d  diameer ofp around which specimen Is bent and 

rt diameter of the 9iBe. 
Nor Grade 40 Grade 60 Grade 7
 

_0 =rado 75to. ........... .
 d 3t d Qi4 
. ....... dStd Q" d-.6t 

9 . .................. 
 dd --d5tt dd - ( "tS-6€ d -S 

Table 5-Permissible Variations 
from Theoretical Weights

NOTE I-The theoretical weights for deformed bars listed in Table Ishall be used to establish contormance to this table.NOTE 2-Reinforcing bars are evaluated on the basis of nominal weights.Inno case shall the overweiht ofanybar or lot of bars because for repection. 
Lot' Under, Individual Bar.Diameter of Bars pencent Under percent 

All;Te em" oiman bars of the omaIr 6am 
The lot"mean sam nomnal"eight per linear footcotined in an individual shipping release or shipping order 

- 0 
Stan,.ard Specifcation for 

Cold Dr'awn Steel Wire for Concrete Reinforcement 

AASFR'I DESIGNATION: M 32-70
 
AST!. DESIGNATION: A 82-66
 

SCOPE 
1.1 This specifi,.,tion covers cold-drawn steel wire to
cated form, for the reinforcement of concrete, 

be used as such, or In fabri
in gages not less than 0.080 in. nor greater

than 0.625 in. 

BASIS OF PURCHASE 
2.1 
 When wire is ordered by steel wire gage number, the following relation betweenthe steel wire gage number and the diameter in inches shall apply, unless therwise speci

fied: 
4.4 The yield strength shall be determined at an extension of 0.005 in. per in. ofgage length. The manufacturer is not required to test for yield strength, but is responsible 
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for supplying a product that will meet the stipulated limit when tested in accordance with 
the provisions of 10.3. 

45 The material shall not exhibit a definite yield point evidenced by a distinct drQp 
of the beam or halt in the gag. of the testing machine prior to reaching ultimate tensile 
load. The purchaser may, at his option, accept thi featureIas sufficient evidence of com
pliance with the specified minimum yield strength to forego conducting the yield strength 
tests covered by 10.3. 

BENDING PRODUCTS 
5.1 The bend test specimen shall stand being bent cold through 180 deg without 

cracking on the outside of the bent portion, as follows: 

Dbumeter of Wire. In. Bend Tom 
0.3 or under ............ bond aroldd the ter of which is 

equal to the dianeter of the specirmen 

TEST SPECIMENS 

6.1 Tension and bend test specimens shall be of the fyll section of the wire as 
drawn, or in the case of galvanized wire, as galVanized. 

NUMBER OF TESTS 
7.1 One tension test and one bend teat shall be made from each ten tons or les 

r 
o each size of wire. 
7.2 If any test specimen shows defects or develops flaws, it may 'be discarded and 

another specimen substituted.o 

PERMISSIBLE VARIATIONS IN GAGE 
8.1 The dimensions of the wire, on any diameter, shall not vary more than plus 

or minus 0.003 in. from the specified nominal diameter. The difference between the maxi
mum and minimum diameters, as measured on any given cross-section of the wire, shall 
not be more than 0.003 in. 

FINISH 
9.1 The wire shall be free from injurious defectu and shall have a workmanlike finish 

with smooth surface. 
9.2 Galvanized wire shall be completely covered in a workmanlike manner with a 

zinc coating, which is recognized in the industry as a "regular" coating. 

NSPECTION 
10.1 The inspector representing the purchaser shall have free entry, at all times 

while work on the contract of the purchaser is being performed, to all parts of the manu
facturer's works that concern the manufacture of the material ordered. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to satisfy him that 
the material is being furnished in accordance with these specifications. 

10.2 Except for yield strength, all tests and inspection shall be made at the place 
of manufacture prior to shipment, unless otherwise specified. Such tests shall be so con
ducted as not to interfere unnecessarily with the operation of the works. 

10.3. If the purchaser considers it desirable to determine compliance with the yield 
strength requirements in 4.1, he may have yield strength tests made in a recognized lab
oratory, or his representative may make the test at the mill if such tests do not interfere 
unnecessarily with the mill operations. 

REJECTION 
11.1 Material which shows injurious defects subsequent to its acceptance at the 

manufacturer's 	 works will be rejected, and the manufacturer shall be notified. 
0 
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StandardSpecification for 
Preformed Expansion Joint Filler for Concrete 

(Bituminous Type) 

AASHO DESIGNATION: M 33-70' 

SCOPE 
1.1 This specification cov-rs bituminous preformed expansion joint filler for use in 

concrete 	construction. (See Note I)
 
NoTs I.-Attentlon is called to the Specifications for Preformed Expansion Joint Fillers
Paving and Structural Construction (Nonextrudms and Resilient Bituminous Types). AASHO 

for Concrete 
.or 	 'reformed Expansion Joint M 213 andFillers for Concrete Paving and Structural Construction (Nonextruding andResilient Nonbtutmninous Types), AASHO M 153. 

MANUFACTURE 

2.l This product shall consist of a bituminous (asphalt or tar) mastic composition,formed and encased between two layers of bituminous impregnated felt. TlI-mastic shallcomprise mineral fillers and reinforcing fibers and may contain thin strips of reinforcingsheet material. The mastic portion (exclusive of the stiffener sheets) shall contain not lessthan 70 per cent of material more than 6.35 mm (1 in.) in thickness and 65 per cent for
material 6.35 mm (V in.) or less in thickness. 

C 	 NERAL REQUIREMENTS 

3.1 Preformed strips of expansion joint filler shall be of such character as not to bedeformed or broken by ordinary handling when exposed to atmospheric conditions andshall not become brittle in cold weather. Pieces of the joint filler that have been damaged
shall be rejected. 

PROPERTIES 

4.1 Distortion at 51.7 C (125 F).-The joint filler shall not show a deflectionmitore than 25.4 mm (I in.) when tested in accordance with Section 4 of AASHO 
of 

T 42.4.2 Brittleness.-The joint filler shall not crack or shatter when tested in accordance 
wtth Section 3 of AASHU T 42. (See Note 2) 

4orb 2.-Expansion joint filler having a nominal thickness of 6.35 mm (JAIn.) or Iksguosnot be.tJit to a requirement for bnttleness. 
4.3 Water Absorption.-The water absorption of 	the joint filler, when tested inaccordance with Section 2 of AASHO T 42 shall not eiceed the following values. (See

Note 3) 

Nominal Thicknesa 	 Abmoeptlc.,
M4a per centofJoint, (mini in. Ly weight 

(25.4) I..... .............................
 2.5 
t9.SH......................................................
.z ;2 2== 45l.)H..........................................
 

NoT 3.-Expanaion Joint filler having a nominal 
 thickness of less than 93mmsubject to arequirement for water absorption.	 (1 ln.) 'all otb. 

4.4 Compresion.-The load required to compress the test specirmen to 50 per centof its thickness before test shall be not less than 0.0070 nor more than 0.327 kgf/mm 2 (100 
The technical requirements of this specification are 	 the same as those of ASIM Specificatlion 
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nor more than 750 psi) when the joint filler is tested in accordance with Section 7 of 
AASHO T 42. (See Note 4) 

Nous 4-Expanslon joint filler'havlns a nominal thickness of leha than 12,7mm (%In.) Whallnot besubject to a requirement for compression. 

DIMENSIONS AND PERMISSIBLE VARIATIONS 
5.1 The preformed strips shall conform to the dimensions specified or shown on the

plans. Strips of the joint filler that do not conform to the specified dimensions, within thepermissible variations of +1.6 mm (+ ie in.) In thickness, ±3.2 mm (±t% in.) in depth,and ±6.4 mm (± % in.) in length, shall be rejected. 

SAMPLING 
6.1 	 Size of Samples.-Each sample shall consist of sufficient material to provide atleast 3 test specimens measuring 50 x 150 nm (2 by 6 in.) and at least I test specimen

measuring 100 x 100 mm (4 by 4 in.)
0.2 Number of Samples.-One representative sample shall be selected from each

shipment of 1000 sq ft or fraction thereof of each thickness ordered.4.3 Samples shall be packed for transportation in such a manner that there will be no danger of distortion or breakage. 

METHODS OF TESTING 
7.1 	 Testing shall be in accordance with the following standard methods of the

American 	Association of State Highway Officials.
 
(Testing) 
 Preformed Expansion Joint Filler for Concrete-T 42.
 
Solubility in Carbon Disulfide-T 44.
 

0 

StandardSpecification for 

Zinc Coated (Galvanized) Corrugated Iron 
or Steel Culverts and Underdrins 

AASHO DESIGNATION: M 36-70 

SCOPE 

1.1 This specification covers Zinc Coated (Galvanized) Corrugated Iron or Steel
Culverts and Underdrains.
 
Norm ,-Ths specification Is a manufactu,in and purchase specification only, and does not includerequirements for bedding, backfill, or the relationship between earth cover load and t|vert sheet thlcknessof the pipe. However experience has shown that the successful performance of this product depends inequal amounts upon the Froper selection of the culvert sheet thicknessS .nufature 	 typ, of bedding and backfill, conin the plant, and care in the field construction work. ihepurchaser of the corrugateu irrnor steel pipe specified herein is cautioned that he must properly correlate the field requirements with theculvert sheet thicknes of the pipe and provide adequate inspection in the manufacturing plant and at the

construction site. 

TYPES 

2.1 	 Culverts covered by this specification shall be of the following types as specified:Type I. -- Culvert pipes, circular section.
 
Type It. -- Culvert pipes, other than circular section.
 
Type llI.-Underdrain Pipes.
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MATERIALS 

IRON OR STEEL SHEETS 

3.1 The zinc coated iron or steel sheets shall conform to Zinc-Coated (Galvanized) 
Iron or Steel Sheets for Culverts and Underdrains (AASHO M 218). 

ACCEPTED BRANDS OF METAL 

4.1 No metal will be accepted under this specification and no bids will be considered 
for the materials above described until after the sheet manufacturer's certified analysis 
and manufacturer's guarantee have been passed upon by the Engineer and accepted. Mis
branding or other misrepresentation, and nonuniformity of product, will each be con
sidered a sufficient reason to discontinue the acceptance of any brand under this specifica
tion and notice sent to the sheet manufacturer of the discontinuance of acceptance of any 
brand will be considered to be notice to all culvert companies which handle that par
ticular brand. The kind of base metal which it is proposed to furnish shall be designated 
by the purchaser. One brand, and one brand only, shall be approved for each kind of 
base metal furnished by each of the actual manufacturers of the sheets. 

SHEET MANUFACTURER'S CERTIFIED ANALYSIS 

5.1 The manufacturer of each brand shall file with the Engineer a certificate setting 
forth the name or brand of metal to be furnished, the specified chemical composition, and 
a typical or average analysis showing the per cent of carbon, manganese, phosphorous, 
sulphur, silicon, copper and any other elements specified for the particular kind of 
base metal. The certificate shall be sworn to for the manufacturer by a person having 
legal authority to bind the company. 

SHEET MANUFACTURER'S GUARANTEE 

6.1 The manufacturer of the sheets shall submit with the certified analysis a guaran
tee providing that all metal furnished shall conform to the specification requirements, shall 
bear a suitable identification brand or mark, and shall be replaced without cost to the 
purchaser when not in conformity with the specified analysis, sheet thickness or speller 
coating; and the guarantee shall be so worded as to remain in effect so long as the manu
facturer continues to furnish material. 

RIVETS 

7.1 All rivets shall be of the same material as the base metal specified for the 
corrugated sheets. They shall be thoroughly galvanized or sherardized. 

% FABRICATION 
TYPE I PIPE 

8,1 Culverts furnished under this type shall be of full circle and shall be fabricated 
with circumferential corrugation and riveted or resistance spot welded, lap joint construc
tion or with helical corrugations and a continuous lock or welded seam extending from 
end to end of each length of pipe. 

8.2 When specified by the purchaser, the finished pipe shall be factory elongated 
to the extent specified. The elongation shall be accomplished by the use of a mechanical 
apparatus which will produce a uniform deformation throughout the length of the section. 

CORRUGATIONS 

9.1 The corrugations shall form smooth continuous curves and tangents. The radii 
of curvature of the corrugations shall be at least one-half the depth of the corrugations. 
The corrugations shall be either annular or spiral. The crest and valleys of annular cor
rugations shall form circumferental ri: gs (complete or partial) about the axis of the culvert. 
Spiral corrugations shall form belie .s about the axis. The direction of the crests and 
valleys of the spiral corrugations in pipe with diameters greater than 21 inches shall be 
not less than 60* from the longitudinal axis of the pipe. 
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DIMENSIONS 
10.1 The widths of laps and depth of corrugations shall be as specified in Table I. 

Dimensions given for diameter of pipe are nominal. Selection of sheet thickness shall be 
in accordance with the current design criteria in the Standard Specificatiqns for Highway 
Bridges. 

RIVETED SEAMS 
11.1 Rivets shall be of the diameters for the sheet thickness specified in Table 2. 
11.2 All rivets shall be driven cold in such a manner that the plates shall be drawn 

tightly together throughout the entire lap. The center of no rivet shall be closer than twice 
its diameter from the edge of the metal. All rivets shall have neat, workmanlike, and full 
hemispherical heads or heads of a form acceptable to the Engineer, shall be driven with
out bending, and shall completely fill the hole. Longitudinal seams shall be riveted with 
one rivet in the valley of each corrugation. The longitudinal seams of all pipe 42 inches 
or more in diameter and all sizes of pipe having one inch depth corrugations shall be 
double riveted. Circumferential, shop-riveted seams shall have a maximum rivet spacing of 
6 inches, measured on centers, except that six rivets will be sufficient in 12-inch pipe. 
For pipe with one inch deep corrugations, t inch diameter bolts and nuts meeting the 
requirements of ASTM A-449 and ASTM A-563, Grade C. respectively, and galvanized 
in conformance with ASTM A-153 may be used in lieu of rivets or spot welds on a one 
for one replacement ratio. 

LOCK SEAMS 
12.1 Lock seams shall be continuous from end to end of each length of pipe section. 

Seams shall be fabricated in such a manner that they will develop the full strength of the 
pipe and not affect shape or nominal diameter of the pipe. Lock seams shall be formed 
with sufficient pressure to prevent any slippage that would appreciably affect the load 
carrying capacity of the pipe but without damage to the metal to such an extent that a 
plane of weakness is created. The metal used in fabricating lock seams shall be one tnal 
will permit cold forming without such damage. 

WELDED SEAMS 
13.1 Welded seam pipe with helical corrugations shall have a continuous welded 

seam extending from end to end of each length of pipe section. Welding shall be t 
approved methods utilizing ultra high frequency resistance equipment. Seams shall v, 
welded in such a manner that they will develop the full strength of the pipe and nu 
affect shape or nominal diameter of the pipe. Welded seams shall be controlled such 
that the combined width of weld and adjacent spelter coating burned by welding does not 
exceed 3 times the metal thickness. Damage outside this width shall be repajed as required, 
in Section 23. The manufacturer shall certify that the welds have been tested and found 
satisfactory. Such tests shall be made at least at the beginning of each shift and when ,i 
change of metal thickness is made. The tests performed shall be satisfactor to the 
Engineer. In addition, any indication of cracks, skips or deficient welds found through 
visual inspection will be cause for rejection. 

RESISTANCE SPOT WELDED SEAMS 
14.1 Resistance spot welding shall conform to the requirements specified as follows: 
14.1.1 Pipe fabricated by resistance spot welding shall be the full circle type with 

lap joint construction. Spot welds shall be made in such a manner that the metal will 
be drawn tightly together throughout the lap. The outside edge of each spot weld shall 
be at least 14- from the edge of the metal sheets. Length of sheets shall be sufficient to 
provide nominal diameter plus required lap for resistance spot welded fabrication. l.ongi. 
tudinal seams of all pipe shall be spot welded with one spot weld per corrugation 
Longitudinal seams of spot welded pipe 42 inches or more in diameter, and all sizes ot 
pipe having one inch deep corrugations, shall be double welded. The spot welds may be 
placed in either the valley, crest, or tangent of the corrugation, Circumferential spot welded 
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seams shall have a maximum weld spacing of 6 inches, except that six welds will besufficient in 12 inch pipe. The cross sectional area of the spot weld shall be equivalent tothe croei sectional area of the rivet specified in Section II.14.1.2 The welding shall be performed in such a manner that (1) the exterior surfaces of 90 percent or more of the spot welds on a length of pipe shall show no evidenceof melting or burning of the base metal; and (2) base metal shall not be exposed when thearea adjacent to the electrode contact surface area is wire brushed. Discoloration of thespot weld surfaces will not be cause for rejection.14.2 Welditg equipment shall be of sufficient capacity, of such design and in suchcondition as to make possible the production of first-class welds. Before being permittedto perform welding on corrugated metal pipe, resistance spot welding machines and operators shall be qualified by means of the test prescribed in the following paragraph.14.2.1 Tests shall be performed by the manufacturer' shop or by a recognized independent laboratory at no expense to the purchaser. Qualification tests performed by themanufacturer's shop shall be made in the presence of the representative of the purchaser.14.3 The tests, preparation of specimens, and test procedure shall be14.3.1 as follows:Three tension shear tests representing each thickness of metal to be used inthe manufacture of the pipe shall be performed. Specimen's shall be prepared by lappingtwo strips of corrugated culvert sheet IV2 inch minimum width by 5 inch length and join-

TABLE 1
 
PIPE REQUIREMENTS
 

Nominal Inside Corrugailoo Depth Minimum WidthDiameter- Norminaib or Lap 
Inches InchesiO twhes6

to
12
 
iS
Is1
 
21
24 230 236 2 
4248 or 3or I 3 
54 or 160 orl 3366 or I 372 or 1 3
78 or I84 lor 1 3

390 396 1 3
102 13
 
108 I 
 3
114 13120 13 

-The average Inside diarreter o circular pipe and pipe to be reformed 
Ito ppe arches shall not vary mor thin oe t or ow-hlin . which.ever11greater, from the nominal diameter whn =esured on teor the ,.o'nulaions. ciln 

b".Corrugifon depth is measured on the outside of the pIpMfrom astraightedgse tlid along the crest parallel to the axis of the pipe. 

TABLE 2 
RIVET DIAMETERS 

Sheet Thicknessa ,oM=i et 
inches 

.052 s1 in. 

.07/9 sIn.1:' 

.138 in.116113 

. 168 in. T/AIn. 
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TABLE 3
 
SHEAR STRENGTH
 

Thickness orCorrusated Sheet Minimum Sher Strngth 
Inchestlyrox.) Pounds 

0079 520 
0.109 7,0000.139 S0
0.168 10,000 

Ing them together by a single spot weld duplicating the size to be used in production.
The length of lap shall be 1,j inches. The longer axis of the specimen shall be parallel 
to the direction of rolling.

14.3.2 The specimens shall be tested in tension to destruction in a standard calibrated 
testing machine. The minimum shear strength in pounds, as determined by this test, shall 
be not less than that shown in Table 3 for the thickness of metal used in the tut.

14.4 After a machine and operator have been qualified by the foregoing procedure, 
the following additional tests to insure that qualification is maintained shall be made:

Three tension shear tests shall be made at the start of each work shift.
 
Three tension shear tests shall be made for each change in sheet thickness.
 
14.5 One copy of the approved machine setting shall be posted on the machine for 

use by the machine operator. No settings shall be varied, except weld phase shift and 
pressure which may be varied by 10 percent plus or minus. If the approved machine 
settings fail to produce welds of the specified quality within these limits, fabrication shall 
be stopped until the cause of the trouble is corrected. 

TYPE H PIPE 
15.1 Culverts furnished under this type shall be of the pipe arch shapes consisting

of corrugated metal pipe fabricated with a minimum radius of curvature in accordance 
witl Table 4. 

LONGrIUDINAL SEAMS 
16.1 The lapped longitudinal seams of riveted or resistance spot welded pipe arches 

shall be staggered so as to alternate not less than ten percent of the periphery. 
DIMENSIONS 

17.1 Pipe arches shall conform to the rise and span indicated in Table 4 In addition 
to the requirements of Table I for pipe of equivalent size. 

TYPE II PIPE 
18.1 Culverts furnished under this type shall consist of galvanized corrugated metal 

pipe intended to be use in underdrains. Unless otherwise specified the pipe shall be per
forated. 

11.1.1 These specification cover four classes of pipe, as follows: 
18.1.1.1 Class I. Helically corrugated pipe with a helical lock seam in diameters 

6 to 21 inches, inclusive, with perforations.
18.1.1.2 Class I. Helically corrugated pipe with a welded longitudinal seam in 

diameters 6 to 21 inches, inclusive, with perforations.
18.1.1.3 Class II. Circumferentially corrugated pipe with riveted lap joints in 

diameters 8 to 21 inches, inclusive, with perforations.
18.1.1.4 Class IV. Semicircular pipe of 4% inches diameter with top shield of 

corrugated metal. 
18.1.2 The pipe shall be of the full circle type unless otherwise specified herein. 
18.1.3 Classes 1, II and Ill shall be Type I pipe as described in 8.1, ane except as 

modified herein, pipe with helical corrugations shall conform in all respects to the require
ments of this Specification.

18.1.4 Semicircular pipe Class IV shall be fabricated of an unperforated semicircular 
bottom section with a top shield of corrugated metal both of not less than 0.0516 inches 
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thick. The smooth semicircular bottom section shall be 419 inches in diameter and shall
have a continuous lip extending outward along each side; the corrugated top shield shallbe approximately 6%. inches wide including a - inch sloping overhang on each side and
shall be secured to tie lip of the bottom section by integral tabs spaced at about 31 inchescenter to center. The top shield shall have corrugations approximately % inches center to 
center and approximately Yw inches in depth. This class does not require perforations.

18.1.5 The perforations in perforated pipe for underdrains shall be approximately
ciruar and cleanly cut; shall have nominal diameters of not less than :Y16 inch nor greaterthan % inch; and shall be arranged in rows parallel to the axis of the pipe. The perfor
ations thall be located on the inside crests or along tha neutral axis of the corrugations.
Pipe connected by couplings or bands may be unperforated within 4 inches of each end
of each length of pipe. The rows of perforations shall be arranged in two equal groupsplaced symmetrically on either side of a lower unperforated segment, corresponding to the
flow line of the pipe. The spacing of the rows shall be uniform. The distance between the 
center lines of rows shall be not less than I inch.

18.1.5.1 The minimum number of longitudinal rows of perforations, the maximumheights of the cenlerlines of the uppermost rows above the bottom of the inverts and the
inside surface chord lengths of the unperforated segments illustrated in Figure I shall be 
as specified in Table 5. 
END FINISH 

19.1 The inlet and outlet of all culverts fabricated of sheets having thicknesses of0.079 inch and less shall be reinforced in a manner approved by the Engineer, when speci
fied. 

COUPLING BANDS 
20.1 Field joints for each type ot corrugated steel pipe shall provide circumferential

and longitudinal strength to preserve the pipe alignment, prevent separation of pipe and prevent infiltration of side fill material. The coupling bands shall be made of base metal conforming to AASHO M 218 and shall be similarly zinc coated. Coupling bands may be two 

TABLE 4Pipe Arch Specification Requirements2Pipe-Arches-2 1l X !J Corrugations 
PipeArh Min. ComerStrs Equiv. Diam. SPan* Rise Radius

In. In. In. 

isXit 
 15 

-

18-2 I1 
In. 
+2 

in. 
322X13 18 22-2 13 '-2 325 X 16 21 25 -2 16 -2 329 X t8 24 29 -2 18 +2 3

36X22 30 36-2 22+2 3
43 X 27 36 43 -2 27+2 33450 X31 42 50 -2.1 31 +2.1 4
58 X 36 48 58 -2.4 36 +2.4 $65 X 40 54 65 -2.7 40 +2.7 6
72 X44 60 72 - 3.0 44+3.0 779 X 49 66 79 - 3.3 49+3.3 a85 X54 72 85 -3.6 54 +3.6 1 9 

* Minus and plus figures In span and riseare ternces. 

TABLE 5
 
Maximum Heights "H"of the Centerline of the Uppermost


Rows Above the Bottom of the Invert and Minimum Lengths

of Inner Surface "L" of Unperforated Segments
 

Diam. of Min. Rows or H LPipe-Inches Perforations Inches Inches 
6 4 2%8 4 311

10 4 4,/ 6/
12 615 6 69 7%is 6 954 

2 6 113 
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L 

.,
..F . euruim 

numerical thicknesses lighler than that used for the pipe but not more than 0.109 nor lesst ,.. 0.05 2 inches th ick.20.2 Type I and Type 11 pipe furnished wit!, circumferential corrugations shall behcit, icinted with locking hands. The corrugated bands shall be not less than 7 inches widestir iiamtcr. of t inLles to 30 inches, inclusive; not less than 12 inches wide for culverts, ,1;.ocr 36 inches to 60 inches inclurive: and not less than 24 inches wide for culverts0i0, anic,e:: greater than 60 inches. Bats, with projections shall comply to the followingp l'w.,'pt'%uch bands shall be so consrlri., .1 :1%i. lap on an equal portion of each of the•.i,. ., si'ctons to be connected, al.t -,::1I hL connectedh,"'n: nmimum dimensions of at the ends by galvanized anglestmt-inicer palvanized bolts. 
' in. 2 inches by %o inch, fastened with 3,2inch 

20. Type I and Type 11preferably rii .... with helical corrugations shall be field jointedwith bands with projci.tions T:i projections shall conform substantially to theshs.pe and depth of the pipe cornmiations a il sh. :, be in circumferential rows with one proic,11,,n for each corruga.iwn ot helical pipe shall be 
ef 

portion of cach ,of the ciiiClaIeWtion. ., ie connected. The hands for pipe diameters 
eqii.d i.. .4.i% so constructed as to lap on an

12 inches to .,4 ;rhe., inclui4r. %hallh,circumferrntial rok 
e least 10% inches wide and shall have two" f pi.,iectiomn: .nd for n.,le diameters 60 inches and greater shall beat least lei, in.,,. %ide .nd %hi;have four circumferential rowsshall be 4,oniicicd in a rn.inner approved hy the Engineer with 

of projections. The band 
a suitable fatening devicesuch as galt.,nized 2 inch by 2 inch by -Yii inch angles, or integral6and attacned flanges bolted with or %epar.tclyformed!. inch diameter galvanized bolts, or a wedge lock con'truatcd of Ihe same gage as the band itself. 
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20.4 Type III pipe may be field joined with bands as described above or with a smooth 
sleeve type coupler. The sleeve type coupling may be either plastic or galvanized steel, 
suitable for holding the pipe firmly in alignment without the use of scaling compound or 
gaskets. Integral formed flanges fastened with :!4 imh diameter galvanized bolts may be used 
in lieu of angles on two piece corrugated bands. 

20.5 Other equally effective types of coupling bands and/or band fastening devices 
may be used if approved by the Engineer. 

SIZE AND PERMISSIBLE VARIATIONS 
NETLENGTH
 

21.1 The length of culvert specified shall be the net length of the finished culvert 
which does not include any material used to procure an end finish on the pipe. If the 
average deficiency in length of any shipment of pipe is greater than I percent, the shipment 
shall be rejected. 

WORKMANSHIP AND FINISH 
WORKMANSIIP 

22.1 It is the essence of these specifications that in addition to compliance with the 
details of construction the completed pipe shall show careful, finished workmanship in all 
particulars. Culvert pipe on which the spelter coating has been bruised or broken either in 
the shop or in shipping, or which shows defective workmanship, shall be rejected. This 
requirement applies not only to the individual pipe, but to the shipmtnt on any contract as 
a whole. Among others, the following defects are specified as constituting poor workmanship 
and the presence of any or all of them in any individual pipe or in general in any shipment 
shall constitute sufficient cause for rejection: 

22.1.1 Uneven laps. 
22.1.2 Elliptical shaping. 
22.1.3 Variation from a straight center line. 
22.1.4 Ragged or diagonal sheared edges. 
22.1.5 Loose, unevenly lined or spaced rivets or spot welds. 
22.1.6 Poorly formed rivet heads or lock.seams 
22.1.7 Unfinished ends. 
22.1.8 Illegible brand. 
22.1.9 Lack of rigidity. 
22.1.10 Bruised, scaled, or broken spelter coating. 
22.1.11 Dents or bends in the metal itself. 

REPAIR O DAMAGED SPELTER COATING 
23.1 Units on which the spelter coating has been burned by welding, or otherwise 

damaged in fabrication, shall be regalvanized or painted with a zinc dust-zinc oxide paint 
conforming to Federal Specification TT-P-641. 

Regalvani7ing shall be done by the hot-dip process or by the metallizing process. 
23.2 Hot-Dip Process.-The fabricated unit shall be thoroughly cleaned prior to 

regalvanizing. A coating of spelter shall then be applied by the hot-lip piocess. 
23.3 Metallizing Process-The portion of the unit on whrch the spelter coating has 

been burned or damaged shall be thoroughly cleaned by blasting with sharp %andor steel 
grit. The blasted area shall extend at least I/2inch over the undamaged section of galvanized 
coating. The blasted areas shall be coated with zinc within 24 hours after blasting. Should 
there be a delay of more than 24 hours or should any of the cleaned portions become 
soiled prior to metallizing, these sections shall be reblasted. 

23.3.1 Zinc wire containing not less than 99.98 per cent zinc shall be used in 
the metallizing operation. The pure zinc coating applied to the blasted section shall have 
a thickness of not less than 0.005 in. (2.98 oz. per sq. ft.) over the damaged section and 
shall taper off to zero thickness at the edge of the blasted undamaged section. 

23.3.2 The metallizing shall be done so that the completed pipe shall show careful, 
finished workmanship in all particulars. Pipe, which, in the opinion of the Engineer, have 
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not been cleaned or coated satisfactorily, shall be rejected. If the Engineer so elects the 
metalllzlng shall be done in his presence. 

INSPECTION 

24.1 The pipe fabricator shall furnish a Certificate of Compliance for each shipment 
for each project, showing the quantities of fabricated material. The Certificate of Compliance
shall state that representative samples of the listed materials have been tested and that the 
test results conform to the requirements outlined herein. Test results shall be maintained 
and be made available as provided in Section 14.1 of AASHO M 218. 

24.1.1 The Engineer or his representative shall have free access to the fabricating plant 
for inspection and every facility shall be extended to him forthis purpose. This inspection
shall include an examination of the culvert pire for the item, in paragraph 22 including the 
corrugation depth, minimum width of lap and minimum outside circumference. 

24.1.2 On a random hasis. samples 2.25 ± (.01 inches square, or 2.54 ± 0.01 inches 
in diameter shall be taken for chemical analysis and spelici coating meaurement for check 
purposes. Those samples will be secured from fabricated pipc ur from sheets or coils of 
the same material used in fabrication of the pipe. 

24.2 The weigit of coating shall be determined in accordance with AASHO T 65. 

-0--

StandardSpecification for 
Rail-Steel Deformed Bars for 

Concrete Reinforcement 

AASHO DESIGNATION: M 42-70 

SCOPE 

1.1 This specification covers deformed rail le,.:,nncrete.rcinf%-rcemvnt bars. A 
deformed bar is defined as a bar which is intended 'nr use 'is reinforcement in reinforced
concrete construction. The surface of the bar is provit,-l 'ith Itir',, r p otrtusions (hereinafter
called "deformations") which inhibit longitudinal mmiement ,tihe bars relative to the 
concrete which surrounds the bars in such construction and ci... ..,- to the provisions of 
this specificatioi,. The standard sizes and dimensions of deforied hars and 'heir number 
designations shall be those listed in Table 1. 

1.2 lars are of two minimum yield levels: namely, 50 itO0p,;and 60,000 psi, desig
nated as Grade 50 and Grade 60, respectively. 

1.3 The weldability of the steel is not part of this spiticatlon, but may be subject 
to agreement between a particular supplier and user. 

Nnic I-1-he values statedin U.S. customary unitsare to ,,rfuard-d Pi theqandird. The menlo 
equi 'aients alven Inthe appei.dlx may he 'apraxir l'"ofU.S. customary unli 

MANI 1FA 'TURE 

2.1 The bars shall be ralki from ttandard section Te. rails No ,,the m..t.iaals such 
as those known lI,the ten- "reiulled", ra;I.Nt. equt,,aler., ,w *'t,.,.teel quality" shall 
be substituted. 

REQUIREMENT OF DEFORMATIONS 

3.1 Dcfirmations shall be spacel along the bar :it s.,".,.mrotl, ti"ltot.., distances. 
The deformations on opruosite sdes of ,he bar shall ticsiila, i ,,.a .aiw shal.v 
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TABLE ! 
i Deformed Bar Designation Numbers, Unit Weights, 

and Nominal Dimensions and Deformation Requirements 
Nominal Dimensionsb Deformation Reqrment. in. 

Bar Unit 	 Maximum GapDetnlllon WeIh, Diameter, Cross- Penmeter, Maximum Minimum (Chord of 12%
N. 	 lb/ft In. Sectional in. Average Average perent of Nan-

Area. in.' Spacing Height t Perimeter) 
3........ 0.376 0.375 0.11 1.178 0.262 0.015 0.143

4 ........ 0.668 0.500 0.20 1.571 0.350 0.020 0.191

S........ 1.043 0.625 0.31 1.963 0.437 0.028 0.239

6........ 1.502 0.750 0.44 2.356 0.525 0.038 0.286
7........ 2.0-4 0.875 0.60 2.749 0.612 0.044 0.334
8 ........ 2.670 1.000 0.79 3.142 0.700 0.050 0.383

9........ 3.400 1.128 1.00 3.544 0.790 0.056 0.431
tO.........4.303 1.270 1.27 3.990 0.889 0.064 0.487
 
It 5,313 1.410 1.56 4.430 0.987 0 071 0.540
 

Bar numbers are basedon the number of eighths of an inch included in the nominal diameter of the bart.
bThe nominal dimensions of a deformed bar areequivalent to those of a plain round bar having thetame weight per
foot asthe deformed ber. 

TABLE 2 
Tensile Requirements 

Grade 50- Grade 60 
Tenhile strenJth. min. pi ..... ............. 80 000 90000
Yield strentk min, pai... 	 .. ... so o 60 000 
ElonotiaonlIn 8in.. min, percent ...... . I 000 000 I 000 000 

tensile strengthb tensile strength-
Plain round bars are available under ASTM Specification A 499, for Hot-Rolled Rail Carbon Steel

Bars and Shapes.'
b See5.3 and 5.4.eLimited to 5 percent on bars. Nos. 3, 4, 5. 6, 7 and 8 to 4/ percent on bars Nos. 9, 10, and It. 

3.2 The deformations shall be placed with respect to the axis of the bar so that the 
included angle is not less than 45 deg. Where the line of deformations forms an included 
angle with the axis of the bar of from 45 to and including 70 deg, the deformations shall 
alternately reverse in direction on each side, or those on one side shall be reversed in direc
tion from those on the opposite side. Where the line of deformation is over 70 deg, a re
versal in direction is not required.. 

3.3 The average spacing or distance between deformations on each side of the bar
 
shall not exceed seven tenths of the nominal diameter of the bar
 

3.4 The over-all length of deformations shall be such that the gap between the 
extreme ends of the deformations on opposite sides of the bar shall not exceed 12i? percent
of the nominal perimeter of the bar. Where the extreme ends terminate in a longitudinal 
rib, the width of longitudinal rib shall be considered the gap. Where more than two longi
tudinal ribs are involved, the total width of all longitudinal ribs shall not exceed 25 percent
of the nominal perimeter of the bar; furthermore, the stmation of gaps shall not exceed 
25 percent of the nominal perimeter of the bar. The nominal perimeter of the bar shall be 
3.14 times the nominal diameter. 

3.5 The spacing, height, and, gap of deformations shall conform to the requirements 
prescribed in Table 1. 

MEASUREMENTS OF DEFORMATIONS 
4.1 The average spacing of deformations shall be determined by dividing a measured 

length of the bar specimen by the number of individual deformations and fractional part!
of deformations on any one side of the bar specimens. A measured length of the bar 
specimen shall be considered the distance from a point on a deformation to a corresponding
point on any other deformation on the same side of the bar. Spacing measurements shall not 
be made over a bar area containing bar marking symbols involving letters or numbers. 

4.2 The average height of deformations shall be determined from measurements made 
on not less than two typical deformations. Determinations shall be based on three measure

1 Book of ASTM Standards, Part 3. 
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ments per deformation, one at the center of the over-all length and the other two at the 

quarter points of the over-all length 
to the dimensional requirements. measure4.3 To indicate adequately the conformity 

ments shall be made as follows on representative bars taken at random. For bars No. 3 to 1I, 
each 10 tons of each lot (Note 2) or fraction thereof.inclusive, one bar tor 

Nnir 2-A loti.defiQcIallthe bars of one bar number and pattern of deformation contained inas 
an Individual shipping release or qhippLng order. 

4.4 	 Insufficient height, insufficient circumferential coverage, or excessive spacing of 
unless it ha% been clearlv establisheddeformations shall not constitute cause for rejection 

by determinations on each lot that average deformation height. gap or spacinp do not con-
Deformations. Noform to the minimum requiiements prescribed in 3. Requirement% for 

rejection may be made on the basis of measurements if fewer than ten adjacent deforma
tions on each side of the bar are measured. 

TENSILE PROPERTIFS 

5.1 The material shall conform to the requirements as to tensile properties prescribed 

in Table 2. 
5.2 The yiclu strtnaJh shall be determined by the drop of the beam or halt in the 

gage of the testing machire' 
5.3 For deformcd bars of Grade 50 over No. 6 bar (nominal diameter Ni in.) a 

deduction from the percentage of elongation prescribed in Table 2 of l.O percentage points 

shall be made for ,ich increase in bar number to a minimum of 5 percent. 
,.in.) a deduction from5.4 For N,, 3 deformed bars of Grade 50 tnominal diameter 

the percentage of elongation prescribed in Table 2 of 1.00 percentage points shall be made. 

BENDING PROPFRTIES 
room temperature. around a 

around
6.1 The bend test sp,.imen shall stand being bent. at 	

° 
pin withoult traiuking on the outside of the het portion. The bars shall be bent 90 

a pin ha,.mg a diameter 6 tIhes the diameter of the specimen. 
6.2 The bend test shall be made on specimens of sufficient length to ensure free 

bending and with apparatus which provides: 
6.2.1 Continuous and uniform application of force throughout the duration of the 

bending operation. 
6.2.2 ttnrcstricled movement of the specimen at points of contact with the apparatus, 

and 
6.2.3 Clos.e wrapping of the specimen around the pin or mandrel during the bending 

operation 
used, but iailurcs due to such methods6.3 Other methods of bend testing may be 


shall not const'tite.a basis for rejection.
 

TEST SPECIMENS 

7.1 Ten.ion and bend test specimens fr.n deformed bars shall be of the full section 
shall be based on thethe unit %tress determinationof oars at tolled. For tension tests 


,uilin.l cross sectional areas shown in Table I.
 

NUMBER OF TESTS 

8.t One tenimn t'st ,od one bend test shall be made from each lot of 10 tons or 

fraction thiat., . I -. ai size or bar designation number rolled from rails varying not more 

than 10 lb'vit in r in.I weight. 
8.2 If :..iy test specimen develops flaws, it may be discarded and another specimen 

substtuted. 
9.3 If tI percentage of elongation of any tension test specinicn is lesi than that 

specined in 5 'lensile Properties, and any part of the fracture msoutide the middle third 
on the spimtn belure testing,of th-,e:age length, as indirnted by scribe scratches marked 


a i, t. 't shal, he allowed.
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PERMISSIBLE VARIATIONS IN WEIGHT 
9.1 The permissible variations from unit weights of Table I shall not exceed thefollowing limits: 

Deformed bars, all sizes,percent:Iniiuaa.uneIndividual ba, under ..................................................
........................................................
 
NOT 3-Reinforcing bars are evaluated 6weilgt of any bar 

on the basis of nominal weights, In no cae shall the over-
NO" 4-The or lot of bars becauseterm "lot" means for rejection.all bars of the samenominal weight PerIndividual shipping release or shipping order. li foot contained in an 

FINISH 

10.1 The bars shall be free from injurious defects and shall have a workmanlike
finish. 

MARKING 
11.1 When loaded for mill shipment, all bars shall be properly separated and taggedwith the manufacturer's test identification number.11.2 Each producer shall identify the symbols11.3 All of his marking system.bars produced to this specification shall be identified byof marks legibly rolled into the surface of one side of the bar 

a distinguishing set 
to denote in the followingorder:11.3.1 Point of Origin-Letteror symbol established

11.3.2 Jize Designation-Arabic 
as the producer's mill designation.

number corresponding to bar designation numberof Table11.3.3I. Type of Steel-A rail symbol indicating that the bar was produced from railsteel 11.3.4 For Grade 60 Bars Only-Minimum yield designation--.either the number 60or a single continuous longitudinal line through at least 5 spaces offset from the center ofthe bar side. " 

INSPECTION 
12.1 The inspector representing the purchaser shall have free entry, at all times whilework 
on the contract of the purchaser is being performed, to all parts of the manufacturer's
works that concern 

the inspector, 
the manufacture of the material ordered. The manufacturer shall affordwithout charge, all reasonable facilities to satisfy him that the material isbeing furnished in accordance with this specification. All tests and inspection shall be madeat the place of manufacture prior to

conducted ak 
shipment unless otherwise specified, and shall be sonot to interfere unnecessarily with the operation of the works. 

RFJECTION 
13.1 Material that shows injurious defects subsequent to its acceptance at the manufacturer's works will be rejected, and the manufacturer shall he notified. 

APPENDIX 

Al. METRIC EQUIVALENTSAI.1 Table Al contains the metric equivalents of the U.S. customary units used ir, thebody of the standard. 

(See Page 26 for Table 1) 
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TABLE Al-METRIC EQUIVALENTS 
Inches to Millimeters 

Read, Read,In. mm- mm in. mm- mm in. mm- mm 
D.015 ........ 0.381 0.38 0.350
4.020 ... ........ 0.508 031 8.890 8.9 0.987 ......... 25.070 25.1
6.37505 . 9.525 9.5 1.000........ 25.400 25.4
0.028........... 0.711 0.71 0,383.,.... 
 . 9.728 9.7 1.228....... 28.651 28.7
0.038............ 0.97 0.431
0.965 ...... .9.947 20.0 1.178.......
0.044 ............OO 1.01 0.437 .......... 10.1 29.920 29.9
10.100 1.270......... 32.258 32.3
0.050 ............
1.270 1.27 0.487 ..... . 11.370 1.4 ....0.056........... 1.422 1.42 0.500 .... ..... 12.7 

1.410 .... 35.814 35.8

12.700 1.571.. ... 39.903 39.90.064 ........... 1.616 1.62 
 0.540....... . 13.616 13.6 1.963 49.86 49.90.071 ............2.803 1.80 0 612 ........ 
 15.545 15.6 2.3560.143 ........... 3.532 3.5 '9.84 59.8
0.625.... . 15.875 15.9 2.749... .. .69.82
0.191 ............4.051 69.8
4.9 0.700 ...... 17.780 17.8 3.142.. ... 79.81 79.80.239 ........... 6.071 6.1 
 0.750 .... 19.050 29.2 3.544 . .' 90.02 90.00.262............6.655 
 6.7 0.790....... 2".
0.286 ............7.264 7.3 

20.1 3.990 . . 101.35 101.4
0.875 ....... 22 225 22.2 4.430 
 112.52 112.50.334 ............8.474 8.5 0.889......... 
22.581 22.6 
Square Inches to Square Centimeters 

ln1" s 
cm in.t cm' m. Cm' 

0.1 ..................0.720 
 0.44 . 2.84 J 2.00... 6.4520.20 ................ 
 1290 0." ... 3.871 2.27. ,...'......8.1940.31 ................ 2.! 0.79.......... 500 
 256 .0.065 
UnitWeight in Pounds per Foot to Grams per Centimeter
 

lb/ft it cm lb/ft s/cm lb/ft 
 S/cm
0.376................ 5.595 1.502............ 2235 II 3.40........ .49:600
0.668...............9942 
 2.044 ..... ".30"417 ii 4.303...... ...... 64.033............. 15522 2.670. ..... 
 39.731 5.313 
 ...... 63
 

Pounds per Square Inch toKilograms.Force perSquAre Millimeter 
psi kg /m m s psi k / mm ,
 

50 000 ..............
 35254 80000. ... .. 56.245
60 000.............. .. 42.184 90 000 
 63.276 

i34 in. a is not e sa commercialSince001 mm appr xmates 0 .€eciir or practical meastienent. its recom.mnded the decimal millimeter be rounded tothe nearest 0.10 ecpt where adial pge is used with 0 32 readltiSg
deformation heights, these should be rounded to the nearest 0.01 mm.,
 
asont 

-- 0 

Standard Specification for 

Standard Sizes of Coarse Aggregate for Highway

Construction
 

AASHO DESIGNATION: M 43-54 
(ASTM DESIGNATION: D 448-54) 

SCOPE 
1.1 This specification covers standard size designations and maximum permissible

ranges in mechanical analysis for standard sizes of coarse aggregate and screenings for usein the construction or maintenance of various types of highways and highway structures. 
MANUFACTURE 

.1 The standard sizes of coarse aggregate prescribed in this specification may bemanufactured by means of any suitable commercial process and by the of any sizesuseor shapes of plant screen openings necessary to produce the designated sizes within thelimits of the mechanical analyses specified in Section 3. 

STANDARD SIZES 
3.1 Standard sizes of coarse aggregate shall comply with the sizes given in Table 1. 



M43 SPECIFICATIONS FOR HIGHWAY MATERIALS 27 

All sizes shall be determined by means of laboratory sieves having square opcnings and 
conforming to the Standard Specification for Sieves for Testing Purposes (AASHO M 92). 

... .3: R 8' DIAMETER BRASS SIEVES 
8 : 	 U.S.S.-ASTM Defignations. :-I Sieue Size. :...... .. ,. i ,M 	 Sieve Openingco 	 Inches ...... .: o Number Micron Afillimettrsinc 
z :o COARSE SERIES
 
, .
 . . .o4 	 .... 101.6 4.00 ....... ,, .... 88.9 3.50 

:: .° 3" .... 76.2 3.00 
: : :. . .o !o 2 Ya .... 63.5 2.50 

.- :°o00° 2 .... 50.8 2.00 
Z 	 : I1"V .... 44.4 1.75 

.. .. . o.o . 1 " .... 38.1 1.50 

•'oooo°o------:0......... 0 	 .... 25.4 1.00
-
 A" 22.2000n =29P,31 	 0.875 
• 0 0 0 0 0 0 0 0
: -- -- 2 

w"N 	
6 2

o0
: 	 19.1 0.750 
... 15.9 0625 

. :oo . -OO0-00- • ' .... 1-2.7 0.50011.1 0.438 

oo .o ..... 9.52 0.375 
V .... 7.93 0.312 

o-o . FINE SERIES
U) 3(5) 	 6.5 0.250 

: :-?n 8R 8 88 7 4.76 0 187Y55.66 	 0.223 
S .	 5 4000 4.00 0.157 

0=31
o 0 0
'.a~'g ~6 	 7 3360 3.362.832830 	 0.1320. I111 

.. :-0 
 8 2380 2.38 0.0937 
: 1 2000 00787i0 2.00 

:: --- 12 1680 1.68 0.0661... . 
ILI " *9 	 - 16,14 1410 1.41 005551190 1.19 0.0469 
8888 18............. 1000 1.00 0.0394 

;; .:Z ::: .:.:: 20 840 0.84 0.0331 
049? 25 710 0.71 0.0280
:88 : : : : : i 30 590 0.59 0.0232 

8 :: 35 500 0.50 0.0197 
:: : : ii: i~ :40i 420........... 45 3 5 0 0.42 0.0165
0.3 5 0 013 8 

: : :: : :.: 50 297 0.297 00117 
. ...... ...... ....:60 250 0.250 0.0098 
:: : :.' 70 210 0.210 00083
:: .:': : .: * I ': 80 177 0.177 0.0070.' ,'.., . ' o~ooo0 Z	 149 0.149 00059p ------- " oZooo o 0 120 125 0.125 0.0049 

:! --- : 140 105.. 170 	 0.105 0.0041 .	 88 0.088 0.0035.. 	 S 200 74 0.074 0.0029 
..... .. .. 230 62 0.062 0.0024 

270 53 0.053 0.0021 
323 44 0.044 0.0017 
400 37 0.037 0.0015 
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StandardSpecifirationfor 

Aggregate for Masonry Mortar 

AASHO DESIGNATION: M 45-70 
(ASTM DESIGNATION: C 144-70) 

SCOPZ 
1.1 This specification covers aggregate for use in masonry mortar. 

MATERIAL 
2.1 Aggregate for use in masonry mortar shall consist o( natural sand or manu

factured sand. Manufactured sand Is the product obtained by crushing stone, gravel, or air
cooled iron blast-furna. slal. 

GRADING 
3.1 Aggregate for use in masonry mortar shall comply with the following limits: 

Item UmIt 
Per cent Passing Sieve:
 

No Af4SmmI 
 100No. al 16Mn... 95 to 100No lujl uII %,mmr, 25 max
N.u 2L.,.t ll1mn 0 max 

Funr~eu n.iJ..I. 1.6 to 2.5'Asier derrar, 1r1. t, *.'.l 0.65 miax 

3.2 If the fineness modulus varies by more than 0.20 from the vplue assumed in
selecting proportions for the mortar, the aggregate shall be rejected unless suitable adjust
ments are made in proportions to compensate for the change in grading. 

Norab .- For heavy construction .mploying taints thicker than t, in. (13 m), a coarser aggregate maybe desirable for sttch work a fine aggregate conforming to AASHO M 6-For Fine Aggregate for PortlandCement Concrete is satisfactory. For unusually thin joints, such as occur in units having cut or groundedges. an aggregate conforming to the requirements of these specifications, but with not les than 100 percent passing the No. 8 (2.36-mm) sieve and 95 per cent pasiing the No. 16 (1.18-mm) sieve, should be used. 

COMPOSITION 
4.1 Deleterious Substances-The amount of deleterious substances in aggregate for
 

masonry mortar, each determined on independent samples complying with the grading

requirements of 3. Grading, shall not exceed the following:
 

Maximum
Permissible 

ItemPercentlie byFriable Pa. idJes .... . .........
A , lQ h,6 B'' 1.0.Lish twe,,g.t pa,rV., fosi,,m fitQ, a'*=I i'i~a} .0II 
2r 2.0 ................................ ........... 0.5. 

aThis requirement does not apply to blass-ftsmace las asarpte. 

4.2 Organic Impurities:
4.2.1 The aggregate shall be free of injurious amounts of organic impurities. Except 

as herein provided, aggregates subjected to the test for organic impurities and producing 
a color darker than the !andard shall be rejected.

4.2.2 Aggregate failing in the test may be used, provided that the discoloration 
is due principally to the presence of small quantities of coal, lignite, or similar discrete 
particles.

4.2.3 Aggregate failing in the test may be used provided .that, when tested for the 
effect of orangic impurities on strength of mortar, the relative strength at 7 and 28 dayscalculated in accordance with Section 10 of AASHO T 71. Test for Effect of Organic
Impurities in Fine Aggregate on Strength of Mortar, is not less than 95 per cent. 
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SOUNDNESS 
5.1 Except as herein provided, aggregate subjected to five cycles of the soundnesstest shall show a loss, weighted in accordance with the grading of a sample complying withthe limitations set forth in 3. Grading. not greater than 10 per cent when Sodium Sulphate

is used and 15 per cent when magnesium sulfate is used.5.2 Aggregate failing to meet the requiremeuts of 5.1 may be accepted, providedthat mortar of comparable properties made from similar aggregates from the same sourcehas been exposed to weathering, similar to that to be encountered, for a period of morethan five years without appreciable disintegration. 
METHODS OF SAMPLING AND TESTING 

6.1 The aggregate shall be sampled and tested in accordance with the following
procedures. except as otherwise provided in these specifications:6.1.1 Sanl,lng-AASHO T2, Sampling Stone, Slag, Gravel, Sand. and Stone Block
for Use as Highway Materials6.1.2 Sieve Analysis-AASHO T 27, Test for Sieve or Screen Analysis of Fine and 
Coarse Aggregates

6.1.3 Arnount of Material Finer Tian No. 200 Sieve-AASHO T II, Test forMatedials Finer Than No. 2)0 Sieve in Mineral Aggregates by Washing.6.1.4 Water Demand-Water.cement ratio by weight of mortar proportionedtested in accordance with Section 20 of AASHO M 150, for Masonry Cement, 
and 

with the 
following exceptions:6.1.4.1 Use 420 g masonry cement, 1440 g of the sand under test (saturated-surface
dry) and sufficient water to produce a flow of 110L-6.1.4.2 Use masonry cement conforming to 

5. 
AASHO M 150. If the air content ofthe mortar is more than 15 per cent (AASHO M 150, Section 21 and 22). blend themasonry cement with portland ,.cincrt Lonforming to AASHO M 85. fir Portland Cementin such proportion that the air Lontent of tht, nirtar is between 12 and 15 per cent.6.1.5 Organic Impurities-AASHO I 21, tcst for Organic Impurities in Sands for

Concrete. 
6.1.6 Efgect of Organic Impuruii (op,,,',,,th -AA 1HAT 21.6.1.7 Friable Parlich.-AAMIO 112. for I riahleI" lest Particles in Aggregates.6.1.8 Lightweight Constittu'tn.-AASHO 1 113. Test for Lightweight Pieces in

Aggregates.
6.1.9 Fienevr Modulus-The fineness mudalus, as defined in the ASTM CTerms Relating to Concrete and Concrete Aggregates. is vhtained by adding 

125, 
the totalpercentages shown by the sieve anal)sis to be retained on each o'f the following sieves, and


dividing the sum by 100:
 
No. 100 (0.150 mm) No. 16 (0.18 mm)

No. 50 (0.300 mm) No. 8 (2.36 mam)

No. 30 (0.600mm) No. 4 14.75 mm)


6.1.10 Soundness-AASHO T 104, Test for Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate, 

0-

Standard Specificationfor 

Asphalt Plank 

AASHO DESIGNATION: M 46-70 
(ASTM DESIGNATION: D517-70) 

SCOPE 
1.1 This specification covers asphalt plank of two types as used for bridge floors: 
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11.1 Plain asphalt plank, and 
1.1.2 Mineral-surfaced asphalt plank. 

Nona.-Plain asphalt plank conforming to this specification Is also suItable for waterprooflng pro. 
tection where a solidbridge floor carries ballasted railroad track. 

MANUFACTURE 

2.1 Asphalt plank shall be formed from a mixture of asphalt, iber, and mineral 
aggregate in such manner as to produce a uniformly dense mass. 

MINERAL SURFACING 

3.1 In the case of mineral-surfaced asphalt plank, at least IS oz per sq ft of tough, 
hard, durable, coarse aggregate (well-graded from No. 4 (4.75-mm) to %'-in.(19.0.mm) 
square-opening sieves) shall be embedded under pressure into one surface of the freshly
formed hot plank to such a depth that none extends above the intended wearing 
surface. The top surface of the mineral surfacing shall not be coverea with the matrix of the 
plank surface. 

WORKMANSHIP 

4.1 The asphalt plank shall be free from defects affecting Its serviceability and 
appearance; it shall have straight edges end square corners. 

ASPHALT CEMENT 

5.1 The asphalt cement shall have such characteristics that, when combined with 
the other ingredients, a plank of desired quality will result. 

FIBER 

6.1 The fibrous material shall consist of finely divided whole threads or fiber free 
from lumpi, and when used it shall be in a fiocculent condition. This fabric and fibrous 
material shall be free from all foreign materials such as metal, leather, straw, sawdust, 
cornstalks, or other deleterious materials. 

MINERAL FILLER 

7.1 The mineral filler shall consist of finely crushed slate, limestone, asbestos, silica, 
or other aggregate which has been proven suitable for use with asphalt cement in con
structing pavement wearing surfaces. 

I)iMENSIONS 

8.1 Asphalt plank' shall have the dimensions specified or shown on the plans. Toler
anccs 	 of *.l') in. in thickness, . %4in. in width, and ±% in. in length will be permitted. 

Noir,-Tho followitng thicknesses are recugnlzed as standard: % in., I In., IA in., 1%In., and 2 in. 

A,.SORPTION 

9.1 I'hi absorption of asphalt plank shall not exceed 1.0 per cent by weight. 

BRrITLENESS 
10.1 At least 80 per cent of the specimens of each thickness of plank tested shall 

not shtow any deterimental cracking when tested in accordance with the method described 
in Setion 16. 

HARDNESS 
11.1 The hutlJr..s%, of the plank, when tested in accordance with the method prescribed 

in Section 17, shall meet the following requirements: 
"unritllur Load, 

di.C ,11u lb Penetration. In. 
I51T.4......................... ,.20 not mom than 0.25 

4 ........................... I1000 not lets tun 0.10 
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SAMPLING AND METHODS OF TESTING 
SAMPLING 

12.1 For purpose of tests, three planks shall be taken at random by the purchaser
for each 1000 planks, or fraction thereof, of each thickness included in the shipment. 
INSPECTION 

13.1 Plank from each lot shall be examined for appearance, straightness of edges, andsquareness of corners, and measured for width and length. They shall also be caliperedat four scattered points each, with a micrometer having flat bearing surfaces at both contactpoints or not less than % in. in diameter. The average of the readings shall be considered 
the thickness of the plank. 

WEIGHT OF MINERAL SURFACING 
14.1 The weight of mineral aggregate shall be determined by removing the mineralsurfacing aggregate from not less than I sq ft of mineral surfaced asphalt plank. Theaggregate shall be cleaned with any suitable solvent, dried, and sieved on a No. 8 (2.36-mm)sieve. The amount of aggregate on the sieve shall be weighed and the weight of aggregate 

per square foot determined. 

ABSORPTION TEST 
15.1 A specimen 2 b,, t in. shall be cut from the asphalt plank in such a mannerall edges are freshly cut. The specimen shall be accurately weighed to the nearest 0.10 

that 
g,immersed in water for 24 hr. removed, and the surface water wiped off with a slightlydampened cloth. The specimen shall then be weighed to the nearest 0.10 g and the percentage of absorption determined. The time elapsing between the removal of the specimen

from the bath and its weighing shall not exceed I min. 

BRITLENESS TEST 
16.1 Two 6- by 6-in. specimens shall be cut from each of the three sample planksselected in accordance with Section 12. Five of these specimens shall be tested as follows:The specimens shall be immersed in a water bath and maintained at a temperatrue of 39 to43 F (4 to 6 C) for not less than 3 hr, and then tested immediately upon their removal fromthe water bath. A smooth, common nail of the size specified in Table I shall be driven intothe face at each of two diagonally opposite corners of the specimen not less than I1§ in.nor more than 2 in. from each edge, but not directly over a piece of mineral surfacing aggregate. The specimen shall be supported over its entire base with a timber block 7 by 7 by '4in. and the nails -;hall be driven vertically with repeated blows from a 10-lb weight fallingfreely from a constant height of 20 in. jboe the level of the initial top of the nail orstriking assembly. The height shall not be adjusted to compensate for the increased fallcaused by the penetration of the nail. 'he nails shall be supported by a collar or othersimilar assembly that uill hold the nail in a verti.al position without friction. Should anail strike a piece of aggregate covered by the planking matrix, as shown by bending of thenail or by its deflection from the vertical, the specimen shall be discarded and therepeated on a new testspecimen. The nails 9hpll penetrate through the asphalt plank, withoutdeterimental cracking, to a depth of not less than I in. into the timber blum.k. Cracking shallbe considered detrimental when the cracks extend to a point neier than i.'-in to an edge. 

M 46
 
TABLE I
 

Nail Sizes Required for Brittleness Test
 
Thickncis or Asphalt A.S &W.Plank. in. Nail Size Gage No. Diamcler 

12 d 9 0.148 
4 .. . . 16d 9 0.60d 6 0.192

V. 30d 5 0.207
3Ud a0. 2U7 

http:verti.al


32 SPECIFICATIONS FOR HIGHWAY MATERIALS M46 

HARDNESS TEST 

17.1 The hardness of the plank shall be determined by means of a penetrometer in which 
the pin in contact with the plank during the test is a right cylinder % in. in diameter for a 
distance of at least 1%in. from its lower end. The specimen shall be kept submerged in water 
mainta;ned at the temperature specified for a time sufficient to insure that the specimen has 
attained this temperature throughout. The test shall be made with the specimen sub
merged in water at the temperatures indicated in Section II and supported on a smooth, 
solid support not less than 2 in. in diameter and concentric with the contact pin of the 
penetrometer. The tests shall be performed upon samples at least 6 in. in length and of the 
full width of the plank. In each case the required load shall be applied for a period of 
60 sec, and the contact pin of the penetrometer shall be applied to the specimen at points 
IV, in. or more from the edge of the specimen. 

-0 

StandardSpecification for 

AxIe.Steel Deformed Bars for Concrete Reinforcement 

AASHO DESIGNATION: M 53-68
 

ASTM DESIGNATION: A 617-68
 

SCOPE 

1.1 This specification covers deformed axle.steel concrete reinforcement bars. A 
deformed bar is defined as a bar which is intended for use as reinforcement in reinforced 
concrete construction. The surface of the bar is provided with lugs or protrusions (herein
after called "deformations") which inhibit longitudinal movement cf the bar relative to the 
concrete which surrounds the bar in such construction and conforms to the provisions of 
this specification. The standard sizes and dimensions of deformed bars with number desig
nations shall be those listed in Table I. 

1.2 Bars are of two minimum yield levels: namely, 46,000 psi and 60,000 psi, desig
nated as Grade 40 and Grade 60, respectively. 

1.3 The weldability of the steel is not part of this specification but may be subject 
to agreement between a particular supplier and user. 

MANUFACTURE 
2.1 The bars shall be rolled from carbon steel axles for cars and locomotive tenders 

in the following standard journal sizes. No other axles or material shall be used. 

Standard
Journsl Sizes
I4 by 1 in. 

Carbon stel aleg.. ............................... 15 by9 In.4 10| In.mby
16 byl11In. 

CARBON DETERMINATION 
3.1 The manufacturer shall make a determination for the carbon content of each 

axle received by him for manufacture into reinforcement bars. Based on these carbon 
determinations, all steel axles shall be stocked for subsequent rolling in separated lots by 
carbon range. The ranges of carbon shall be determined by the manufacturer as those best 
suited to meet the mechanical requirements.

3.2 When requested by the purchaser, the manufacturer shall report the carbon for 
each lot (if bars furnished. 
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REQUIREMENTS OF DEFORMATJONS 

4.1 Deformations shall be spaced along the bar at substantially uniform distances. 
The deformations on opposite sides of the bar shall be similar in size and shape.

4.2 The deformations shall be placed with respect to the axis of the bar so that the 
included angle is not less than 45 deg. Where the line of deformations forms an included 
angle with the axis of the bar of from 45 to and including 70 deg., the deformations shall 
alternately reverse in direction on each side, or those on one side shall be reversed in 
direction from those on the opposite side. Where the lane of deformation is over 70 deg., 
a reversal in direction is not required.

4.3 The average spacing or distance between deformations on each side of the bar 
shall not exceed seven tenths of the nominal diameter of the bar 

4.4 The over-all length of deformations shall be such that the gap between the 
extreme ends of the deformations on opposite sides of the bar shll not exceed 12 percent
of the nominal perimeter of the bar. Where the extreme ends terminate in a longitudinal rib,
the width of the longitudinal rib shall be considered the ap. Where more than two longi
tudinal ribs are involved, the total width of all longitudinal ribs shall not exceed 25 percent 

TABLE I 
Deformed Bar Designation Numbers, Unit Weights, and Nominal Dimensions

and Deformation Requirements 
Nominal Dimensaons- Deformation Requiremenis. an. 

Bar Unit Macimun GapDesl nation Weight Diameier, Cross Penrmeter. Maximum Minimum Chord or 121,
No. tb/ft in. %ecinonal in A.erige Aserage pcr~en at Nom. 

Area, n.' Spaing ileight tnal Perimeter)
30...... o.376 0.375 0 II t 178 0 .62 . . (i5- 0.143
4 ........ 0.668 0.500 0 20 t 571 0 350 0 (02() 0 I293
S ....... 1.043 0.625 0 31 1.963 0.437 0 26 0 23 
6 ........ 1.502 0 750 0 44 2 356 1 525 10 Os 0 286
7 ........ 2.044 0.875 0.60 2.749 0 612 0 044 0 314 

........ 2.670 1.100 0.79 3.142 o Ii..O O 3831U 5 
9 ........ 3.400 1.128 t 00 3.544 
 o 790 0 056 0 43i

10........ 4.303 1.270 1.27 3 90 0 969 
 0064 0 487 
tt ........ .. 5.313 1.410 t 56 4 430 (0 987 (171 0 540
 

*The nominal dimensions ofa deformed bar are equivalent to iho e ofra plain round bar having ihe sameweaghiper toot as the deformed bar." Bar sumbers are based on the number of eighths of an mdih included in ihe nominal diametcr of the bArs 

of the nominal perimeter of the bar; furthermore, the summation of gaps shall not exceed 
25 percent of the nontial perimeter of the bar. The nominal perimeter of the bar shall 
be 3.14 times the nominal diameter. 

4.5 The spacing, height, and gap of deformations shall conform to the requirements
prescribed in Table 1. 

MEASUREMENTS OF DEFORMATIONS 
5.1 The average spacing of deformations shall be determined by dividing a measured 

length of the bar specimen by the number of individual deformations and fractional parts
of ',eformations on any one side of the bar specimens. A measured length of the bar speci

'ecn shall be considered the distance from a point on a deformation to a corresponding
point on any other deformation on the same side of the bar Spacing measurements shall 
not be made over a bar area containing bar marking synbols involving letters or numbers. 

5.2 The average height of deformations shall be determined from measurements 
made on not less than two typical deformations. Determinations shall be based on three 
me2surements per deformation, one at the center of the over-all length and the other two 
at the quarter points of te over-all length.

5.3. To indicate adequately the conformity to the dimensional requirements, measure
ments shall be selected as follows on representative bars taken at random. 

5.3.1 For bars No. 3 to 11, inclusive, one bar for each 10 tons of each lot (Note) or 
fraction thereof. 

NOTE-A lot is defined as all the bars of one bar number and pattem of deformations containedanan individual shipping release or shipping order. 
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S.4 Insufficient height, insufficient circumferential coverage, or excessive spacing of 
deformations shall not constitute cause for rejection unless it has been clearly established 
by determinations on each lot that typical deformation height, gap, or spacing do not
conform to the minimum requirements prescribed in 4. Requirements of Deformation. No 
rejection may be made on the basis of measurements if fewer than ten adjacent deformations 
on each side of the bar are measured. 

TENSILE PROPERTIES 
6.1 The material shall conform to the requirements as to the tensile properties pre

scribed in Table 2. 
6.2 The yield point shall be determined by the drop of the beam or halt in the'gage 

of the testing machine. 

BENDING PROPERTIES 
7.1 The bend test specimen shall stand being bent, at room temperature, around a pin

without cracking on the outside of the bent portion. The requirements for degree of bending
and sizes of pins prescribed in Table 3 shall be observed. 

7.2 The bend test shall be made on specimens of sufficient length to ensure free 
bending and with apparatus which provides:

7.2.1 Continuous and uniform application of force throughout the duration of the 
bending opetration.

7.2.2 Unrestricted movement of the specimen at points of contact with the apparatus, 
and 

7.2.3 Close wrapping of the specimen around the pin or mandrel during the bending 
operation.

7.3 Other methods of bend testing may be used, but failures due to such methods shall 
not constitute a basis for rejection. 

TEST SPECIMENS 

8.1 Tension test specimens from deformed bars shall be of the full section of bars 
as rolled. For tension tests the unit stress determinations shall be based on the nominal 
cross-sectional areas shown in Table I. 

NUMBER OF TESTS . 

9.1 One tension test and one bend test shall be made from each lot of 10 tons or frac
tion thereof of each size of bar rolled from each lot of axles assorted in groups as specified 
in 3. Carbon Determination. 

9.2 If any test specimen develops flaws, it may be discarded and another apecimen 
substituted. 

9.3 If the. percentage of elongation of any tension test specimen is less than that 
specified in 6. Tensile Properties, and any part of the fracture is outside the middle third 
of the gage length, as indicated by scribe scratches marked on the specimen before testing, 
a retest shall be allowed. 

PERMISSIBLE VARIATIONS IN WEIGHTS 

10.1 The permissible variations in weights shall not exceed the limits prescribed in 
Table 4. 

FINISH 

11.1 The bars shall be free fron, injurious defects and shall have a workmanlike 
finish. 

MARKING 

12.1 When loaded for mill shipment, all bars shall be properly separated and tagged 
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with the manufacturer's test identification number. 
12.2 Each producer shall identify the symbols of his marking system.
12.3 All bars produced to this specification shall be identified by a distinguishing setof marks legibly rolled into the surface of one side of the bar to denote in the following

order:
123.1 Point of Origin-Letter or symbol established as the producer's mill designa..

tion.
 
123.2 Size Designation-Arabic number coresponding to 'Bar Designation Number 

of Table I. 
12.33 Type of Steel-Letter A indicating that the bar was produced from axle 

steel. 
123.4 Minimum Yield Designation-Either the number 60 or a single continuouslongitudinal line through at least 5 spaces offset from the center of the bar side for the 

60,000 psi grade. 

(Tables 2, 3and 4 or: Page 36 ) 

TABLE 2 
Tensile Requiiements 

Grade 40. Grade 60 
Tensile strength, In, psi ............ 70 000 90"0Yield strength, psQ...... ... 40 000 60(10Elonptton in 8In.,nmn, per cent:
 

Bar No.
 
4,6............
 

t ...............................

11 ...... '. '......... 

. 
7 

7
".. . 77I0............................. 


- Plain round bars are avellala uner AASHO M227. for Carbon SteelBara Subject to Mechanical Property Requirenents. 

TABLE 3 
Bend Test Rtquircments

Nort.-d - diameter or pin around which specimen is bent, and 
t- diameter of the specimen. 

Bar Designation No. Grade 40 Grade 60 
Under 6 ............................... 
 9I ad 900de 

d 1 d- ell6,7.8 ........................... 
 .. 9 N ede 
9. 10,1 .t.... .............. ......... 
90dell 9d cde 

TABLE 4Permissible Variations from Theoretical Weights
No'rt.-The theoretical weights ror bars listed in Table I shall be used 

to establish conformance to this table. 

Permissible Variations 
from Theoretical 

Diameter of Bart. Weights,
D Individual 

Lotb Under. Bar. Under, 
percent percent 

Deformed bars, allsizes ............... 3.5 
 6 
Reinforcing bars are evaluated on the basis of nominal welh7.In nocase shall the overweight of any bar or lot or bars be cause for rejeccdon.f-. e term "lot" means all bars of the same nominal weight per linear

foot contained in an individual shipping release or shipping order. 
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INSPECTION 
13.1 The inspector representing the purchaser shall have free entry, at all times whilework on the contract of the purchaser is being performed, to all parts of the manufacturer'sworks which concern the manufacture of the material ordered. The manufacturer shallafford the inspector, without charge, r.IIreasonable facilities to satisfy him that the materialis being furnished in accordance with these specifications. All tests and inspection shall bemade at the place of manufacture prior to shipment, unless otherwise specified, and shallbe so conducted as not to interfere unnecessarily with the operatinn of the works. 

REJECTION 
14.1 Material which shows injurious defects subsequent to its acceptance at the manufacturer's works will be rejected, and the manufacturer shall be notified. 

-0 

StandardSpecification for 

Fabricated Steel Bar or Rod ' IS!or 
Concrete Relnforceme, 

AASHO DESIGNATION: M '-70 
(ASTM DESIGNATION: A 184-65) 

8COPE 
1.1 Thib specification covers materials in mat (or heet) form fabricated from steelbars (which term shall hereinatter include steel rods) to be used for the reinforcemert ofconcrete. Such mats shall consist of two layers of bars which are assembled at right angl.sto each a:hcr and clipred or welded at all or some of the Intersections to form a rec

tangular grid. 

BASIS OF PURCHASE 
2.1 The purchaser shall specify:
2.1.1 Which of the three types of bar material listed in Section' 3 shall be used In 

fabricating the mats,2.1.2 In case new billet or axle steel is specified, which of the grades is required, that is 
Grade 40, 60 or 75, and 

2.1.3 Whether clipped or welded mats are required. 

BAR MATERIAL 
3.1 Steel bars entering into the manufacture of mats shall conform, before fabrication,to one of the following specifications of the American Association of State Highway

officials
3.1.1 Deformed conforming to the Specifications for Deformed Bilet-Steel Barsfor Concrete Reinforcement (AASHO M 31).3.1.2 Deformed conforming to the Specifications for Rail-Steel Deformed Bars

Concrete Reinforcement (AASHO M 42). 
for 

3.1.3 Deformed conforming to the Specifications for Axle-Steel Deformed Bars forConcrete Reinforcement (AASHO M 53). 

TE&T REPORTS. ON BAR MATERIAL 
4.1 The manufacturer shall supply test reports showing that the bar stock used In the 
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fabrication of the mats as delivered has fulfilled the tension and bend test requirementsof the specified type and grade as described in Section 3, which reports shall show themanufacturer's test identification numbers, including the identity of the stock. 

CLIPS 
5.1 Clips for clipped mats shall be formed mechanically prior to during theorfabrication and assembly of the mats. They may be of the form and type furnished by thefabricator provided they engage and attach both bars at any intersection in such manner thatseparation in normal handling is prevented and the assembly conforms to the requirementshereinafter specified for physical tests of attachment P,intersections. 

FABRICATION 
6.1 Fabricated mats shall be composed of two layers of bars substantially perpendicular to each other. Bars in each layer shall be substantially parallel. Mats shall befabricated in a manner that assures against appreciable dislodgement of the bars duringhandling, shipping, placing, and concreting. 

ASSEMBLY 
7.1 Mats shall be assembled by means of clipping or welding to provide attachment 

at all exterior intersections and at not less than alternate interior intersections. 
WELDS 

3.1. Welds at intersections shall be made in a workmanlike manner and shall be ofsuch quality as 
8.2 

not to break apart in normal handling prior to installation of the mats.The number and distribution of sound welds shall be not less than that requiredin Section 7, provided, however, that when welds are made at each intersection, the separation of t0 per cent o, less of all welds shall not be cause for rejection when no more thanhalf of the permissible separations are located on any one member.8.3 Welding snall be done in such a manner'that the minimum requirements fortensile strength and yield strength of bar stock as described in Section 3 shall be met whena specimen is tested across a point of weld, provided, however, that in the event of specialfield or other tests after fLbrication, failure to conform to the percentage of elongationspecified for the steel bars used shall not be cause for rejection. 

SIZE AND SPACING DIMENSIONS 
9.1 The sizes, spacing, and arrangement of bars in mats shall conform to the design

specified by the purchaser.9.2 Bars shall extend beyond exterior intersections a distance of not less than I in.9.3 The spacing of bars shall average that specified in the design, and the spacebetween .individual bars shall not vary more than I in. from~athat sptcified. 

WIDTHS AND LENGTHS OF MAI 
10.1 The over-all length or width of the ma's shall not be more than I it. greateror less than the specified dimension. Unless otherwise specified, lengths of mats shall notexceed 16 ft. Widths of mats shall preferably not uxceed 9 ft 8 in 

STRENGTH OF CONNECTIONS 
11.1 It shall be considered satisfactory compliance with these specifications if connections made by clipping shall be capable of withstanding a static load of 75 lb exerted inthe direction of either bar, with not more than Jb-in. slip; and, on either clipped or weldedmats, a static load of 150 lb exerted perpendicular to the plane of the mat tendingseparate the bars, towith no apparent loosening when applied to one intersection of bars. 

TESTS OF CONNECTIONS 
12.1 Tests of the degree of attachment of bars by clipping or welding at the inter
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sections shall be made on the mats designated in Section 13 In accordance with 12.2, 12.3 
and 12.4. 

12.2 Not less than one exterior and one interior connection in each designated mat 
shall be tested in order to establish the adequacy of attachment and, at the option of the 
inspector, additional connections in the same mat may be tested. 

12.3 Tests of connections against slipping may be performed on one intersection In an 
assembled mat by means of a spring balance. 

12.4 Tests of connections against bar separation may be performed on an assembled 
mat by placing blocks under a bar in the upper layer and applying sufficient weight on the 
bar in the lower layer. 

NUMBER OF TESTS AND MEASUREMENTS 
13.1 Two mats of each type in any order shall be tested in accordance with Sections 

11 and 12 and measurcd for over-all dimensions and bar spacings provided, however, that 
where there are more than 1000 mats of a single type in an order, one mat of such type 
shall be so tested and measured for each 500 mats, or fraction thereof, in the total order. 
Inspection as to general workmanship shall be visual. 

RETESTS 

14.1 In the case of retests after rejection, twice the number of samples specified in 12.1 
and 13 shall be selected and tested. All such samples shall meet the requirements of this 
specification. 

FINISH 

15.1 The finished mats shall be free from injurious defects in material or workman
ship and shall be suitably fiat for use. 

MARKING 
16.1 One or more mats in each consignment shall be marked witl tas showing the 

name of the manufacturer and other marking to Identify it with the order. 

INSPECTION 
17.1 The inspector representing the purchaser shall have free entry, at all times while 

work on the contract o fthe purchaser is being performed, to all parts of the manufacturer's 
plant which concern the fabrication of the mats ordered. The manufacturer shall afford the 
inspector, without charge, all reasonable facilities to satisfy him that the mats are being 
furnished in accordance with this specification. All tests and inspection shall be made 
at the place of fabrication prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with fabricating operation. 

REJECTION 
13.1 Fabricated mats which do not meet the requirements of these specifications may 

be rejected. Unless otherwise specified, any rejection shall be reported within five days 
from the time of selection of test samples. 

REHEARING 
19.1 Rejected materials shall be preserved for a period of at least two weeks from 

the date of inspection, during which time the manufacturer mqy make claim for a rehear
hig and retesting. 

RECONDIIONING 
20.1 Fabricated mats which are finally rejected as not meeting the requirements of 

these specifiactions may be reassembled and subjected to reinspection provided that the 
qualities of the individual bars and of the fabricated mats are not injured through such 
process. 

0 
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Standard Specification for 

Welded Steel Wire Fabric for Concrete Reinforcement 

AASHO DESIGNATION: M 55-70
 
(ASTM DESIGNATION: A 185-69)
 

SCOPE
 
1.1 This specification covers welded wire fabric to be used for the reinforcement 

of concrete. 
DESCRIPTION 

2.1 The term "welded wire fabric" as herein used designates a materialof cold-drawn steel wires, "as drawn" composed
or galvanized, fabricated into sheet (or so-calledmesh") formed by the 

essentially of a 
process of electric welding. The finished material shall consistseries of longitudinal and transverse wires arranged substantially at rightangles to each other and welded together at all points of intersection. 

GRADE OF WIRE 
3.1 Wire used in the manufacture of welded wire fabricStandard Specifications for Cold-Diawn Steel Wire 

shall conform to thefor Concrete Reinforcement (AASHOM 32). 

FABRICATION 
4.1 The wires shall be assembled by automatic machinesmechanical means or by other suitablewhich will assure accurate spacing and alignment of all members ofthe finished fabric.
4.2 Longitudinal and transverse memberssection by shall be securely connected at every intera process of electrical-resistance welding which employs the principle of fusioncombined with pressure.4.3 Wire of proper grade and quality when fabricated inshall result in a strong, serviceable mesh-type 

the manner herein required
product having substantially squarerectangular openings. orIt shall be fabricated and finished in a workmanlike manner, shall befree from injurious defects, and shall conform to these specifications. 

MECHANICAL PROPERTIES 
S.1 All wire of the finished fabric shall meet the minimum requirements'operties for tensileand shall also withstand the bend test a! prescribed for thecation in the Standard Specifications for Cold-Drawn 

wire before fabri-Steel Wire for Concrete Reinforce
ment (AASHO M 32).5.2 In order to assure adequate weld shear strength between longitudinal andverse wires, weld shear trans.tests as described in Section 6.3 shall average shear value of the weld 

be made. 'the minimum 
to and including six gages 

in pounds for fabric having a wire size differential of upshall be not less than 35,000 fnliiphcd bylarger wire in the area of thesquare inches, provided the smaller wire is not smaller than No. 10 gage.Typical examples of a wire size differential of six gages are .s folhw,s. 
Larger

No. 0 gage ................. 'n'ilcr............ 
 . ...No.2 gage.......... No S ae
 
.. No 8.g11t

S.3 
 Fabric having a wire gage differential between larger and smaller wires of morethan six gages shall not be subject to a weld shear requirement. 
TENSION TESTS AND WELD SHEAR TESTS 

6.1 Tests for determination of conformance to the requirements of 51 may be madeon the mesh after fabrication either across or between the welds. Not less than 50 percent of the samples tested shall be across a weld. 
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6.2 Reduction '3t area may be determined by measuring the ruptured section of a 
specimen which has been tested either across or between the welds. However, in the crse 
of a specimen which has been tested across a weld, the measurement shall be made only
when rupture has occurred at a sufficient distance from the center of the weld to permit 
an accurate measurement of the fractured section. 

6.3 Weld shear tests for determination of conformance to the requirements of 5.2 
shall be conducted using a fixture as described in Section 9. 

6.3.1 Four weldp selected at random from a specimen representing the entire .width of 
the fabric shall be tested for weld shear strength. The lot shall be deemed to conform to the 
requirements for weld shear strengih if *'eavrage of the four samples complies with the 
values stipulated in 5.2. If this average tans to meet the'preseribed minimum value, all the 
w.lds across the specimen shall then be tested. The fabric will be acceptable if the average 
of all weld shear test values r'rross the specimen meets the prescribed minimum value. 

DZND TESTS 
7.1 The bend tests shall be mk le on a specimen between the welds. 

TEST SPECIMENS 

8.1 Test specimens for testing tensile properties shall be obtained by cutting frormt 
the finished fabric units of suitable size to enable proper performance -of the intended tests. 

8.2 Specimens used for testing tensile properties across a weld shall have the welded 
joint located approximately at the center of the strand being tested, and the cross wire 
forming the welded joint shall extend approximately I in. beyond each side of the welded
joint.1.3 Test specimens for determining weld shear properties shall be obtained by cutting 
from the finished fabric a section, including one transverse wire, across the entire width 
of the sheet or roll. From this specimen four welds shall be selected at rafidon for testing. 
The transverse wire of each test specimen shall extend approximately " on each side 
of the longitudinal wire. The longitudinal wire of each test specimen shall be of such 
length below the transverse wire so as to be adequately engaged by the grips of the test
ing machine and of such length above the transverse wire that its end shall be above the 
center line of the upper bearing of the testing device. 

8.4 Tests for conformance to dimensional characteristics shall be made on full sheets 
or rolls. 

8.S If any test specimen shows defects or develops flaws it may be discarded and 
another substituted. 

WELD SHEAR TEST APPARATUS AND METHODS 
9.1 As the welds in weldel fabric contribute to the bonding and anchorage value 

of the wires in concrete, it is imperative that the weld acceptance tests be made in a 
fixture which will stress the weld in a manner similar to which it is stressed in concrete. 
In order to accomplish this the longitudinal wire in the tester must be stressed in an axis 
close to its center line. Also the transverse wire must be held closely to the longitudinal 
wire, and in the same relative position, so as to prevent rotation of the transverse wire. 

9.2 Figure 1, shows the conyplete detail% of a typical testing fixture together with 
two anvils which make it possible to test welds for wires up to 9A"in diameter. This 
tester can be used in most tensle testing machines and should be hung in a ball and 
socket arrangement at the center of the machine. This, or a similarly effective fixture 
designed on the same principle, is acceptable. 

9.3 Test specimens should be inserted through the notch in the anvil using the 
smallest notch available in which the longitudinal wire will fit loosely. The longitudinal 
wire will be in contact with the surface of the free rotating ball bearing rollers while 
the transverse wire will be supported by the anvil on each side of the slot. The bottom 
Jaws of the testing machine will grip the lower end of the longitudinalwire and the load 
applied at a rate of stressing not to exceed 100,000 psi per minute. 

NUMBER OF TESTS 
10.1 One test for conformance with the provisions of 5.1 shall be made for c ch 
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75,000 sq. ft. of fabric or fraction thereof.10.2 One specimen for each 300,000 sq. ft. of fabric or fraction thereof zs defined
in 8.3 shall be tested for conformance to the requirements of 5.2. 

GAGES, SPACINGS AND I)iMENSIONS 
11.1 Gages. spacings, arrangement of wires, and dimensions of units in flat sheet

form or rolls shall conform to the requirements specified by the purchaser. 
WIDTH OF FABRIC 

12.1 The width of fabric shall be considered to be the center-to-center distancdbetween outside longitudinal wires, unless otherwise specified.
12.2 Transverse wires shall not project beyond the centerline of each longitudinal

edge wirt: more than a distance of I in., unless otherwise specified. 
(Figure 1, Welded Wire Fabric Weld 7ester, shown on page 42 and 43) 

PERMISSIBLE VARIATIONS IN WIRE DIAMETEP 
13.1 The permissible variation in diqmeter of any wire in the finished fabric shallconform to the tolerances prescribed foc the wire before fabrication in the StandardSpecifications for Cold-Drawn Steel Wire for Concrete Reinforcement (AASHO M 32).
 

SPACINGS
 
14.1 The average spacing of wires %hall be such that the total number of wirescontained in a sheet or roll is equal to or greater than that determine' by the specificspacing, but the center-to-center distance between the individual members may vary notmore than i1 inch from the specified spacing It is undcrstood that sh#:ets of fabric of thesame specified length may not always contain an identical number of transverse wires and,therefore, may have %ariouslengths of longitudinal overhang. 

OVER.ALL DIMENSIONS 
15.1 The over-all length of flat sheet%, measured on any wire, may vary ± I in. or 

I per cent, whichever is greater.15.2 In case the width of flat sheets or rolls is specified as the over-all width (tip-totip length of cross ssires), the width shall not be more than I in. greater or less than the
specified width. 

ROLLS OR SHEETS 
16.1 Welded wire fabric shall be furnished either in flat sheets or in rolls as specified

by the purchaser. 

BUNDLING 
17.1 When fabric is furnished in flat aheets, it shall be assembled in bundles ofconvenient size containing not more than 150 sheets and securely fastened together.17.2 When fabric is furnished in rolls, each roll shall be secured so as to prevent

unwinding during shipping Pnd handling. 

MARKING 
18.1 Each bundle of flat sheets and each roll shall have attached thereto a suitabletag bearing the name of the manufacturer, description of th. material, and such otherinformation as may be specified by the purchaser. 

INSPECTION 
19.1 The inspector representing the purchaser shall have free entry at all timeswhile work on the contract of the purchaser is being performed to all parts of the manufacturer's works which concern the manufacture of the material ordered. The manufacturershall afford the inspector, without charge, all reasonable facilities to satisfy him that the 
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material Is being furnished in accordance with this specification.
19.2 Except for yield strength, all tests and inspection shall be made at the place 

of manufacture prior to shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works.19.3 If the purchaser considers it desirable to determine compliance with the yield 
strength requirements of AASHO M 32, he may have yield strength tests made in a 
recognized laboratory, or his representative may make the test at the mill if such tests 
do not incrfere unnecessarily with the mill operations. 

REJECTION AND RETESTS 
20.1 Material which does not meet the requrements of these specifications may be 

rejected. Unless otherwise specified, any rejection shall be reported to the manufacturer 
within five days from the time of selection of test specimens. 

20.2 In case a specimen fails to meet the tension or bend test, the material shall 
not be rejected until two additional specimens, taken from other wires in the same sheet 
or roll, have been tested. The material shall be considered as meeting this specification 
in respect to any prescribed tensile property, provided the tested average for the three 
specimens, including the specimen originally tested, is at least equal to the required min
imum for the particular property in question and provided further that none of the three 
specimens develop.- lessthan 80 per cent of the required minimum for the tensile prop
erty in question. The material shall be considered as meeting these specifications in re
spect to bend test requirements, provided both additional specimens satisfactorily pass 
the prescribed bend test. 

~~APU V......... 
.~~ 

~~ALM 
I" VAN II.l'--qf-
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.M 
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FiG. I.-Welded Wire Fabric Wchl Tester. 

20.3 Any material which shows injurious defects subsequent to us acceptance at the
manufacturer's works may be rejected and the manufacturer shall be promptly notified.20.4 Welded joints shall withstand normal shipping and handling without becomioig
broken, but the presence of broken welds, regardless of cause, shall not constitute causefor rejection unless the number of broken welds per sheet exceeds I per cent of the total
number of joints in the sheet, or if the material is furnished in rolls, I per cent of thetotal number of joints in 150 sq. ft. of fabric and, furthermore, provided not more thanone-half the permissible maximum number of broken welds are located on any one wire.

20.5 In case rejection is justified, by reason of failure to meet the weld shear require
ments, four additional specimens shall be taken from four different sheets or rolls andtested in accordance with Section 6.3. if the average of all the weld shear tests does not 
meet the requirement, the lot shall be rejected.

20.5.1 In case rejection is justified by reason of failure to meet the requirements for
dimensions, the amount of material rejected shall be limited to those individual sheets or
rolls which fail to meet these specifications. If, however, the total number of sheets or rollsthus rejected exceeds 25 per cent of the total number in the shipment, the entire shipment 
may be rejected. 

REHEARING 

21.1 Rejected materials shall be preserved for a period of at least two weeks fromthe date of inspection, during which time the manufacturer may make claim for a rehear. 
ing and retesting. 

-0 
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Standard Specification for 

Crushed Stone, Crushed Slag and Crushed Gravel 
for

Dense-Graded Bituminous Road and Plant-Mix Surface Course 

AASHO DESIGNATION: M 62-64
 
SCOPE
 

1.1 This specification covers the quality and size of crushed stone, crushed slag andcrushed gravel with sufficient filler for use In dense-graded bituminous road and plant-mix
surface course. 
GENERAL REQUIREMENTS 

2.1 Aggregates shall be of uniform quality, crushed to size as necessary, and shallbe composed of sound, tough, durable pebbles or fragments of rock or slag with or withoutsand or other inert finely divided mineral aggregate. All material shall be free from clayballs, vegetable matter, and other deleterious substanoes, and an excess of flat or elongatedpieces. Slag shall be air-cooled blast-furnace slag of reasonably uniform dfnsity and quality.Excebs of fine material shall be wasted before crushing.
Nolt-In addition to air-cooled blast-furnace siag, other slas having demonstrated a satsfactoryservice record may be used.
2.2 Aggregate for seal shall be free from dirt and other fine material. 

PHYSICAL PROPERTIES 
3.1 The aggregate shall conform to the following requirements:

6 	 3.1.1 Percentage of wear, Los Angeles test, not more than 50.

Non: A higher or lower percentage of wear 
 may berequired by the Engineer, depending upon thematerials available forthe work. 

3.1.2 The aggregate shall be of such nature that when thoroughly coated with thebituminous material proposed for the work, the coating will not slough off upon contact

with water.


3.1.3 The portior of the total aggregate passing the No. 40 sieve shall haveplasticity index of not more than 6.	 
a 

3.1.4 At leabt --- per cent of the gravel retained on the No. 4 sieve shall have at
least one fractured face. 

Non: The Engineer should insert appropriate requirements based on his experience with the tetl,
GRADING REQUIREMENTS 

4.1 The total aggregate shall be well-graded between the limits shown and whentested by means of laboratory sieves shall conform to the* grading requiremeats shown
below: 

]Aj~rate rorMix IASAgrepe for -Sel 
Percent by wt. 

Prasing3.ln. ... ..p'as .lo. .......
. ..........................................
Passing0-. 	 too 85-100t~4 seve ........ .. .. •4"4."i
.. .
 100
Passing No,I sieve...........................................
r 
 .... 0
 
Pasing No. 0sieve ........
................
.................
PassingP.asn N o. 2Doo............. ........: :::: .. 36:iNo. 16 sieve.ev ................. . .-. :: 	 0o te) 

Not : When desired by theEngineer, a maximum of 3 n theNo.20ieve be ipeetlfed.4.2 During any run, as determined by the Engineer, the aggregate shall not varyfrom the average beyond the following tolerances: 
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Material passing No. 4 sieve 5 per cent
Material passingNo. tn sieve * S per cent
Material passing No, 200 sieve * 2 per cent 

METHODS OF TESTING 
5.1 Testing of aggregates shall be in accordance with the following standard methods

of the American Assoc.'ation of State Highway Officials: 
Sieve analysis 
Material passing No. 200 sieve . . ................
:.:.:.:. r 27Percentage or wear . 
Plasticity index r 46 

T.1T6 

-.- 0 

Standard Specification for 

Crushed Stone, Crushed Slag and Crushed Gravel 
for 

Open-Graded Bituminous Road-Mix Surface Course 

AASHO DESIGNATION: M 63-64 
SCOPE 

1.1 This specification covers the quality and size of crushed stone, crushed slag andcrushed gravel to be used in the construction of an open-graded bituminous surface course
by road-mix methods. 

GENERAL REQUIREMENTS 
2.1 Aggregates shall be composed of clean, tough, durable fragments free from ane.!Lcess of flat, elongated, soft or disintegrated pieces and free from fragments coated withdirt or eher objectionable matter. Slag shall be air-cooled, blast-furnace slag reasonably

uniform in density. 
NOE-In addition to air-cooled blast-furnace slag. other slags having demonsti.1ted a satlisfactoryservice record may be used. 

PHYSICAL PROPERTIES 
3.1 The aggregate shall conform to the following requirements.
3.1.1 Percentage of wear, Los Angeles test, not more than 40.3.1.2 We;ht per cubic foot. pounds (blast-furnace slag), not less ttan 70. 

NoTE: This is considered the maximum safe r-rcentagecubic foot for this type of construction. A Iowe: . -ccntage 
of wear and the minimum safe weight perof wear and a higher weight per cubic footshould be specified on all work where It is economically practicable to obtain materils conforming thereto.

3.1.3 At least 50 per cent of the gravel retained on the No. 4 sieve shall have at 
least one fractured face.3.1.4 When the aggregate is subjected to five alternations of the sodium sulfatesoundness test, the ,etghted loss shall not exceed 12 pe cent by %eighl

NOTE: in certain specific cases where aggregates
aggregates with a higher percentage 

of this quality cannot e-onknucall) be ohlained.of loss may he used if a salvitotiyears duration under similar conditions of service and exposure shall h.-, 
v 'rvice record (if at least 5 

desired htn demonstrated. III .asto use magnesium sulfate, a weirhled loss should he It is
%pcilssJ whih experirost, hasgive results corresponding to i toss of shi an will12 per cent when sodium sulfate is used 

GRADING 
4.1 The coarse aggregate shall be either (I) No. 67. the 3

1 in to No 4 size. t2) No.56, the l-ih. to 1?s-in. size; (3) No. 5. the I-in. tto I-rin. size; or i4) No. 4.7, the P -n.to No. 4 size, as shown in Standard Specification., fot Standard Sizes of C),rse Aggregatefor Highway Construction (AASHO M 43). and shall be well-graded between the limtsspecified. When tested by means of laboratory sieves. the size designated shall conform to
the following requirements. 
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Per cent 
II) No. 67--.in. to No. 4 size by wt. rP uw 1.in. sieve . .. ........ ................... 100
 

Pasn&9i.on. sieve . .... ....................... 90-100
 
Pa5sing in. aeve . ............. 20-55
 
Pans iNo. 4 he e . . . .................. 0-10
 
Pawns No. 8 sieve... .................. 0-5
 

(2) No. 56-1.n. to 39 -tn. size
Paw;ns I 'ijin.sieve . ................ 100
 
Pawns I-tn sic,, 90-100
 
Passng %-in. ueve ... ................. 40-75
 
Pawns V-irt sieve ........ 25-35
 
Pan pt-n. mevc .. ......... 0-15
 

seve
P env . .. . ..... 0-5
 
(3) No. S-I -n. to -j.insize

Pasiwns I 'a-in. seve. . ... . ......... ..... 100
 
Pawns I-in. sieve 90-100
 
Pasun an. seve ... ................. 20-55
0-toPawsunI .In. s.ev.

in. me 0-15
PassingPawun ,isn. uic, . ......... ......... 0-5
 
(4) No. 467-1 -in. to No. 4 size 

Pasns 2-in. sieve . ...................... 100
 pasns I 
1 

-in. sieve . . .............. 95-100
 
Patn in. sieve........................... 35-70
 
Pawns 

t 
.. steve .................... 10-30
 

Paswns No. 4 sieve. ........................... 0-5
 

4.2 Aggregate for choke and seal shall be No. 8, the N -in. to No. 8 size as shown in 
AASHO M 43, which, when tested by means of laboratory sieves, will conform to the follow
ing requirements: 

Percent 
No. -%-in. to No. I size by wt. 

Pastin y-in. sieve.... ............................... .100
 
Pans I.in. seve .......... 55-100
 
Pawns seve.................... .......... 10-30
 
Pattng No. 8 ue e .... ......... .................... 0-10
 
Pains No. 16sievr .. ................................. 0-5
 

StandardSpecification for 

Clay Pipe 

AASHO DESIGNATION: M 65-70
 

SCOPE 
1.1 This specification covers five classes of clay pipe, as follows: 
1.1.1 Standard-Strength Clay Pipe intended to be used for the conveyance of sewage, 

industrial wastes and storm water. 
1.1.2 Extra-Strength Clay Pipe intended to be used for the construction of culverts 

or where high-strength pipe are desired. 
1.1.3 Standard-Strength k'erforated Clay Pipe intended to be used in underdrains. 
1.1.4 Extra-Strength Perforated Clay Pipe intended to be used in underdrains. 
1.. Cradle.Invert Clay Pipe intended to be used in underdrains. 

TYPE OF PIPE 
2.1 Standard-strength clay pip,. extra-strength clay pipe and standard-strength and 

extra-strength perforated clay pipe shall be of full circular cross section with outside and 
inside circumferences concentric and shall be of the bell-and spigot type. 

2.2 Cradle-invert clay pipe shall be of the bell-and-spigot type. In cross section the 
lower portion of the pipe shall be semi-circular, and the upper portion shall consist of short 
vertical extensions of the lower half connected by a slightly depressed, horizontal cradle 
invert, all portions of the cross section being integral. The cradle may be smooth or corru
gated longitudinally, and shall be of the same thickness as the barrel of the pipe. The bell 
end shall have three lugs, two of which shall be on opposite sides of the pipe near the 
horizontal transverse axis. The third lug shll extend through the lower quadrant (90*) of 
the pipe. These lugs shall be approximately j inch in thickness to produce openings of that 
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width between the bell and spigot ends of adjacent sections of pipe above the lower quad
rant and to produce a continuous flow line in the lower quadrant. 

MATERIAIS AND MANUFACTURE 
3.1 Clay pipe shall be manufactured from surface clay, fire clay, or shale, or a combi

nation of these materials. 
3.2 These materials or any combination thereof, when molded into pipe and subjected 

to suitable temperatures, shall yield a product that will be strong, durable, serviceable, free 
from objectionable defects, and shall conform to these specifications. 

RESISTANCE TO ACTION OF ACIDS 
4.1 Tests for resistance to action of acids shall be optional with the purchaser and 

shall be made only when specified by him in advance, in which case he shall specify if the 
test is to be made with hydrochloric, nitric, sulfuric or acetic acid. When specified, the test 
shall be made as described in the Standard Methods of Testing Culvert Pipe, Sewer Pipe and 
Drain Tile (AASHO T 33) and the percentage of acid-soluble matter shall not exceed 0.25 
per cent. 

PHYSICAL PROPERTIES 
5.1 The strength of clay pipe shall conform to the requirements prescribed in Table I. 
5.2 The absorption of clay pipe shall not exceed 8 per cent. 

TEST SPECIMENS 
6.1 The specimens for purpose of tests shall be sound full-size pipe and shall be 

selected by the purchaser or his representative at the point or points designated by him 
when placing the order. 

6.2 The manufacturer or seller shall furnish without charge, specimens for test, up to 
0.5 per cent of the number of pipes in each size of pipe furnished, except that in no case 
shall less than two specimens ne furnished. 

METHODS OF SAMPLING AND TESTING 
5.1 Sampling and testing of crushed stones, crushed slag and crushed gravel shall be 

in accordance with the following standard methods of the American Association of State 
Highway Officials: 

Sampling .T 2 
Perccntig. or wear ............. T 96 
Weight per cubic foot ....... . . T 19 
Steve analysis T 27
Soundness TT104 

-- 0 

MEASUREMENT AND OBSERVATION OF SPECIMENS 

7.1 The specimens shall first be freed from all visible moisture. When dry, each 
specimen shall be iiieasured and inspected. The results of these observations shall be 
recorded. 

7.2 Defective Specimens.-Specimens that are observed to have fire cracks or other 
defects in form or dimensions, in excess of the limits permitted in these specifications, 
shall be discarded and replaced with additional specimens from the shipment. 

TEST EQUIPMENT 

8.1 Every manufacturer furnishing pipe under this specification shall furnish all 
facilities and personnel necessary to carry out the tests for strength and absorption de
scribed in AASHO T 33. 

ACCEPTANCE OR REJECTION 

9.1 Failure of more than 20 per cent of the specimens of a size to conform to the 
requirements of the strength tests or the absorption tests, or both, shall result in rejection 
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of all the pipe of that size in the shipment or delivery; except that in the event of 20 
per cent of the specimens in any size failing to meet the requirements, the manufacturer 
or seller may, with the consent of the purchaser, furnish for test, without charge, additional 
specimens from the same shipment to be selected as specified in Section 6. In cue more 
than 80 per cent of the specimens tested, including those first tested, shall show sub

' stantial conformance ,r each of the various tests performed, then the entire shipment 
or delivery for this si. .tall be accepted; otherwise it shall be rejected. 

9.2 However, in the case of failure of pipe to conform to the strength requirements 
under the specified method, and the accuracy of the testing machine is questioned, a 
retest at the request of the manufacturer shall be made upon a machine whose accuracy
is known, or the machine originally used shall be recalibrated before the retest is made. 

9.3 In addition to the requirements in Paragraph 9.1 failure of 10 per cent or more 
of the individual specimens tested to develop 75 per cent of the average crushing strength 
requirements shall be cause for the rejection of the shipment, but the manufacturer or 
seller may cull the pipe and submit the balance of the shipment for retest, and if the ship
ment ihen conforms to all of the requirements of these specifications it shall be accepted. 

SIZES AND DIMENSIONS 

10.1.1 &!andard-strength perforated clay pipe shall be furnished in diameters of 4 
Inches through 24 inches and with the dimensions, including permissible variations, pre
scribed in Tables 2 and 5. 

TABLE I 
Strength lIequirements of Clay Pipe by Three-Edge Bearing Method 

Standard. Extra.
Nominal Strength Standard. Strength Extra. Cradle.
 
Internal Perforated Stren h Perforated Stenlh Invert


Diameter, Clay Pipe Clay PiPe Clay Pipe Clay Pipe Clay Pipe
 
iaches 

Average Strensth. Minimum. Pounds Per Linear Foot 
4 
6 
B 

10 

1000 
000 

1000 
1100 

1200 
1200 
1400 
1600 

1250 
1600 
2600 
1600 

2000 
2000 
220 
2400 

t000 
2000 
120 
1500 

12 1200 2800 2800 2600 2000 
s 14040 2000 2200 2900 ... 
is 1700 2200 2640 3300 .... 
21 2000 2400 3100 3850 .... 
24 
27 
30 

2400 
.... 
.... 

2600 
2800 
3300 

3520 
3760 
4000 

4400 
4700 

000 

.... 

.... 

.... 
33 
36
39 

.... 
... 
........ 

3600 
4000 

1 
4400 
4900040 

5500 
6000
6300 

.... 

.... 

10.1.2 Standard-strength clay pipe,'in diameters of 4 inches to 36 inches, inclusive. 
shall be furnished with the dimensions, including permissible variations, prescribed in 
Table 2. 

10.1.3 Extra.strength clay pipe shall be furnished in 'diameters of 4 inches' through 
39 inches with the dimensions, including permissible variations, prescribed in Table 3. 

10.1.4 Extra-strength perforated clay pipe in diameters of 4 inches through 39 inches 
shall be furnished with the dimensions, including permissible variations, shown in Tables 
3 and 5. 

10.1.5 Cradle-tnvert clay pipe shall be furnished of the sizes and of the dimensions, 
including permissible variations, prescribed in Table 4. 

10.2 When more than one length is permitted, the purchaser shall indicate, at the 
time of purchase, which lenrths shall be furnished: unless so indicated, the manufacturer 
shall furnish such lengths as he may elect. 

10.3 If the thickness of the barrel is increased beyond that given in Tables 2. 3 or 
4 in order to meet the spectfied strength requirements, the minimum and maximum diam
eter :t inside of socket shall be increased by double the increase in thickness of barrel, 
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PERFORATIONS IN STANDARD AND EXTRA.
 
STRENGTH PERFORATED CLAY PIPE
 

11.1 The perforatiorm in standard or extra-strength perforated clay pipe shall beapproximately circular and cleanly cut: shall have nominal diameters of not less than -Vtinch nor greater than 1,inch. and shall be arranged in rows parallel to the axis of thepipe. The perforations shall he approximately 3 inches center to center along the rows.The spigot end of bell and spigot pipe may be unperforated for a length .qual to thedepth of the socket. rhe row% of perforations shall be arranged in two equal groupsplaced s)mmetrically on either side of i loser unperforated segment, correspondingthe flow lineof the pipe. The spacing of the rosss shall be uniform. The distance between
to 

the ccnterlines of rows shall not be less than I inch11.1.1 Ihe minimum number of longitudinal rows of perforations, the maximum
heights of the centerlines of ih: uppermost rows above the bottom of the inverts and theinside surface chord lengths of the unperforated segments illustrated in Figure 3 shall be as 
speciflied in Fable 5. (See page 61.) 

STRAIGHTNESS 
12.1 Pipe intended to be straight shall have a maximum ordinate as measured fromthe concave side of the pipe not to exceed KA,in. per foot of length. 

GLAZING 
13.1 Pipe may be glazed or unglazed as specified by the purchaser. Glazed pipeshall be coated with a bright or semi-bright glaze except that the inner surface of thesocket and the outer surface of the spigot, for a distance equal to the specified depthof the socket, need not be glazed. Not more than 10 percent of the surface of the barrel,
exclusive of the socket, 
 of any glazed surface shall be free of glaze. Ceramic glaze need

be applied to the inside of the barrel only. 

BLISTERS 
14.1 No blisters shall exceed 3 in. in diameter and no blisters or pimples shallproject more than I in. above the surrounding surface of the pipe for sizes up to andincluding 18 in. in internal diameter. For sizes over 18 in. in internal diame:er no blistersshall exceed in diameter more than 2 in. per foot of the internal diameter of the pipe, norproject above the surrounding surface of the pipe more than % in. per foot of the internal

diameter of the pipe. 

FINISH OF ENDS 
15.1 The ends of the pipe shall be square with their longitudinal axes, except as

provided in Tables 2, 3 and 4. 
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TABLE 2 

Dimensions of Standard-Strength Clay Pipe and Standard-Strength Perforated Clay Pipe* 
Layinc Le'ngth. . .. -	 Inside Dameter ofen. . M-amnum Thickness of Socket
 

Niownrml Limit Dtflkronce Insidc I),.Mtter of Socket at 52 Inch D)-ptho"Sockci( L.). Thcknrs of Barrel at I Inch rrom Outer
2 
Internal o(Mit.u5 in Iength Barrel (D,. 4bove Base (o. Inches (T) end (.)

Diameter (D'. Minimum VariAtion, of 1 I.. Inches Inches Inches Inchest
Inchesi (L). hiltcheirj Opiposie

'S. . . .. . 
LenLth loTies Minimiu Ma imum Minimtmn Nominal Minimum Nu....l Minium Nom.t.. Minium 

Feet Ilow of %is- -- - .. 	 .. .. . . . 

4 2 	 3 ". 4 . 5% - 12 its 3;8
6 S , . I , a.. 2 

.4 I 2 is- I I V*U 
* 4 81, 2 4 	 4At Iih. 2 4 " 7./ lOt. I2 21 2. .4 I 4 


It.2 1 2%. 2'i I 5 
214" 	 .. 1-6 22i 2 1 54 a 

t 1418 ,. 171. l 1'. t hI I IIII 3. Ii'14 .,,1 , 	 2.14 ,. S . 22. 1Ii I t" 

24 3-~ 3' 2t, 4' 33 31. li 14 1 1 

'7 I 5. 26. / Si 33 312 314 214 2&j lu I g

o 	 4* 19 13 36:j is, 3t . 2!? 2 2 1 4 0 
'3 2, 3- 25 21 IS-. *If,', 	 t,. 4 I 3. 24 2,6 . ,
 

* tipI :a Ion of dit ito in this is shiol in Figure I.v 1 srnn talle 	 0 
* h-ri in ml,, 	ru .. n
I nrt i,

* %.w.. n.irt "|s n. -1 re:,t ilet.i i4 I.Inleu it In,.lusitl ev pipe of 4 24 inches. . 

%1 65 	 : 

TABLE 3 
Dirnsins ol I.stri-Strength Clay Pipe and Extra-Strength Perforated Clay Phpe 

- r la ,m, ete,th - -- I -	 __ > 

- - - - I M1,13um I Inside I1ta .er or 	 Thickness of Socket 
re
'. *- "',1 I imt ititie t Inile ametr I. N'cLi*ti ",Inch fileh r%,ikci LI. ThicknessoflBarrel at i Inch froinOuter 

In-- W Of,%I nus, in le, gti I tariA e seIDJ inches (1. end (T.) 
m .t 	 Inchesflirte.n r Dt. .It,, t .i it atin, I II I Inche Inches 	 Inches > 

Inches I t t Ii .i,'it o-'itstte 
leet Length Irlies i% inmun M i inut lminum _utimnmum _ Minimum Minimum 

• -	 . - . . __ - -.- - >
2 3:.'. 4:, 2 	 ,r-3:,.I 6t 
2' 14 	 - 6-. 1! 2 

2 
4 

9. IO4 134 24.. 
2 	 2 I4 i II- ISt' -'t1t I is2'1 


3;- ~ w .31. 1942 14 34
 
3 / 12 17 I 183 231t 2¢ 1 1.ii 

24 3 4 . 3 7 27452 2
 
2433. 
 2 24-2 30 12a 34 21lj1327 3 ", 26% 74 343 3. 2 !i
 

10 3 ia / i 29.01 304 3774 3 24 2
 
13 3 2. a. 32 331' 41l 4 341 24
 
36 3 . i, 35-i 36t 4' 4 3! 24 

39 it 38 I3 39 L 492 j 434 3H 2ft
 
Appliction of dimensions g:vn in thistable Is shoun in Figure I.
 
ihete is no limit foeplus variation. 
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TABLE 4 

Lai 
Layig 

Leng 

Dimensions of Cradle Invert Clay Pipe*
L~~thInside 

Maximum Inside Dameter of Depth of Thickness Thickness Vertical Vertical 

Nominal 
Internal 

Diameter 
(D).

Inches 

Nomi-
Dal 
(L).
Feet 

Limit of 
Minus 

Variation' 
Inches Per 

Foot of 
Length 

Difference 
In Length
of Two 
Opote 

S
Inches 

Diameter of 
Barrel (D).

Inches 

Mini- Mazi-
mum mum 

Socket at
4 Inch Above 

Base 
Inches 

Mint- Maxi-
mum mum 

Socket 
(L.I.

Inches 

Nomi- Mini-
Iat mum 

of Barrel 
and Cradle 
Invert T). 

Inches 

Non-i. Mini-
al mum 

of Socket 
at 4 inch 

from Outer 
End. Inches 

Nomi- Mini-
lal 

Inside 
Diameter of 
Barrel (A). 

Inches 

Nomi- Mini-
mum 

Outside 
Height of 
Barrel (0) 

Incies 

NomI- Mini
cal mum 

W. 

12 
8 

21 

2 3 
102.3 23 

to 

4 t 

7
9 
91 1 

10 
6t4 

1012f, 

i. 

215 
4 

34154 
2 
2la2% 

I 

2 I ]i 

C84
%sx 
t 

'/d -4 5 
6 6405 

5ki 

5 
734 
93J 

5i 
7 

0 

Application of dimensions given in this table is i.hown in Figure 2.Threis no limit for plus variation. r

0 

TABLE 5 
Maximum Heights "H" of the Centerline of the Uppermost 

Rows Above the Bottom of the Invert and Minimum Lengths 
of Inner Surface "L" of Unperforated Segments 

Diamof Min. Rows of H L 
Pipe, Inches Perforatoos Inches Inches 

4
6 

24 24 
2ti. 
3 

In~ 
-

I0 
12 

84 
4 
6 

311/d 
49,
54 7 

is 
Is 
2. 

6 
6 
6 

6t 
Ilk 
94 

I Itj 
13 

24 a8 I I 15P4 
27 
30 
33 
36 
39 

8 

8 
5 

121/a 
13li%, 
15 
I616. 
171% 

175 
193 
21 
23 
2 is 
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15.2 The inner surface of the socket and the outer surface of the spigot end of 
the pipe shall be scored by triangular.shaped or semi-circular-shaped rings about A in. in 
depth, The minimum number of scorings shall he as follows: 

site or Pipl, in Numbcr or Sorinal. min. 
4 and 6I 
$and 10 2312 to 36 

FITINGS 
16.1 Fittings shall have a plain spigot end and a socket end coresponding in all 

respects with the dimensions specified for pipes of the corresponding sections of the 
corresponding size of straight pipe and fittings. 

MARKING 
17.1 Each length of pipe shall bear the initials or name of the person, company, 

or corporation by whom manufactured, and the location of the plant. Each length of 
pipe shall likewise be marked with the nominal pipe diameter followed by the letters SS 
or ES to designate whether it is Standard or Extra Strength pipe. The markings shall be 
indented on the exterior of the pipe near the socket and shall be plainly legible for 
purpose of identification. 

7 
-

L 

' 
-'I---


T
 

A.2 

FIG I I oph -d#wst o' 1mirivion% G;iven'inl Tale 2 antd . 
, 
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LONGITUDINAL SECTION 

B AJiiOJ
CORRUGATED CRADLE SMOOTH CRADLE 

CROSS SECTIONS 
Fia. 2.-Application of Dimensions Given in Table 4 for Cradle-invert Pie. 

INSPECTION 

18.1 All pipe shall be subject to inspection at the factory, trench, or other point
of delivery by a competent inspector employed by the purchaser. The purposes of the 
inspection shall be to cull and reject pipe that, independeii of the ph)sicat tests herein 
specified, fail to conform to the requirements of these specificauo,, 

REJECTION 
19.1 Pipe shall be subject to rejection on account of an% of the following 
19.1.1 Variations in any dimensions exceeding the permissible variations given in 

Tables 2, 3 and 4. 
19.1.2 Fractures or cracks passing through the barrel or socket, except that a single

crack at the spigot end of the pipe not exceeding 75 per cent of the depth of the socket, 
or a single fracture in tht: socket not exceeding 3 in. around the circuniference nor 2 in. 
lengthwise may be permitted. 

19.1.3 Chips or fracturei on the interior of the pipe exceeding 2 in. in length.
in. in width, and of a depth more than one-fourth of the thickness of the shell 

I 
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•0"Minimum 

! ,,. if ',tr for Perloralions.ijr',n' 

69.1.4 Hlt.er that tic hrken or r~cecd the dimensions specified in Section 14. 
19 1.5 %.ario,,nof more than 1. in. per linear foot in alignment of a pipe intended 
t-t ra~ight 

19.1.6 ,i'ze that does no't cunftrm to the requirements specified in Section 13. 
19.1 7 Insecure attachment of sptrs on branches. 
19.1.1 In the %;as. ifi standard.strenpth perforated clay pile. perforations having 

diametcr greatet than -I'l,in tir less than .',,. in. 

.MARKING OF REJECTFI) SPF'!IMENS 
20.1 Ad ,ipt: nccritd cii. h pi.,I)|, ma'led by the Inspectoir. Rejected pipe shall 

nut be mdlk.U ut detaflc-i , I, illpair thlii %Hluc, hut shall be replaced by the mipu
factutic or ,lh ,.itri r P. w..cA the semctiltclent, of these specifi.,t tions, without addi.iiIeci 

tionui cost to the p' .
 

NI'IICID OF ' ll'".
11.1 r'.t c'c •,. I ,'i .,c ,n dccordance with the following standard 

r.wthtcda Ot tht .,.,',...,,.tcc, ul btatu Highway Officials: 
I..,.. ,*c.I.S.~S ~ ,uctU~cII111t. . .........
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Standard Specification for 

Foliage Green Bridge Paint 

AASHO DESIGNATION: M 67-70 

SCOPE 

1.1 This specification covers two types of foliage green paint intended for use as 
1.1 This specification covers two types of folia,'- green paint intended for use as 

finish coat on steel bridges. Type II is intended for ue in regions of low rainfall where 
the uninhibited chalking of basic carbonate white lead pigmen' might be considered 

GENERAL REQUIREMENTS 

2.1 The paint shall be well-ground, shall not settle in the container and shall be 
readily broken up with a paddle to a smooth unifor;m paint oi' good brushing consistency. 
The paint when brushed on a smooth vertical metal surface shall dry hard and elastic 
to a full oil gloss within ihe specified period without running, streaking, or sagging. 

MATERIALS 

3.1 The materials used in manufacture shall conform to the requirements of the 
following specifications.

3.1.1 Basic Carbonate White Lead.-ASTM D 81. 
3.1.2 Zinc Oxide.-ASTM D 7Q. 
3.1.3 Chrome Oxide Green.-ASTM D 263. 
3.1.4 Raw Linseed Oil.-ASTM D 234. 
3.1.5 Pale Heat Bodied Linseed Oi.-Federal TT-O-367, Type I. 
3.1.6 Drier.-ASTM 1) 600. Class B. with proper metals to give proper drying 

characteristic of paint. 
3.1.7 Mineral Spirits.-ASTM D 235. 
3.1.8 Alkyd Resin Varnish.-Federal TT-R-266, Type I. 

PIGMENT 

4.1 The pigment shall be as specified in Table I. 

VEHICLE 

5.1 The vehicle shall be as specified in Table 2. It shall be free from rosin and rosin 
derivatives. 

PAINT COMPOSITION 
6.1 The paint shall meet the requirements specified in Tab'e 3. 

M 67
 
TAB.E I
 

Pigment Composition
 
Percent by 'sc:ght 

Pigment Type I hpx II 

Mm. Max Mm. Max. 

White lead .... ....... . . . 84 0 86.0 II) 69.0 - 71.0 (2)

ZincOxide.. ... .... 14 5 15.5
Chrome oxide green...... 14 0 16 0 14 5 15.3 

(I) The while leadshall bebasic carbonate white lead. 
(2) The white lead and zinc oxide may consul or any mixture of hasic carbontie white lead basic sulfate whitelead, leaded rinc oxide and lead-free zuic oxide that meets the composition requirements ror type II pigment. 
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M 67 
TABLE 2 

Vehicle Composition 

Perxcnt by WCeight 

Ingredieni lyp . . [ . I" 
Min. , .x 

fl u .- C.],ni554901 

a.,r.lh, Id. 6.5 25.5 ..1.0 

TABLE 3 

Paint Composition 

Percent by Weight 

Chracleristit, Type I [)PC It 

- - Max." ... m. Mix. 

Pi ment. percentby weiht. 6........."."-".6.0 . . 611
 
Vehicle. percentby weight . 32.1) .32.
 
Moisture, perneat by Avcighl ... 1.5 U..
 
Course iarticlcs skin% and tiher IorcIgn miter /


(residue retained ona No. 321 sic,+, hasedon pim
mentt, percent by weight .. .1.1. 

Weilgat, per gllons, pounds 17.7 13IN.Vios.y, K. U. . 2 5 72.. NS 

DRYING TIME 
7.1 The paint shall dry hard and tough in not more than 24 hours. 

COLOR 
3.1 The color of the paint shall he foliage green and shall match the color mitually 

agreed upon by purchaser and seller. 

PACKING AND MARKING 
9.1 Paint shall he delivered in such containers as may be specified in the contract. 

Each container %hall hear a label with the following information .,htin thcreon: name 
11and addicss of c manif,,cturer and contractor, shipping point. trade mark or troue 

name, kind of paint, formula, number of gallons, date of manufacture and lot number. 

METIIOI)S OF ANALYSIS 
10.1 The paint shall be analyzed in accordance with the appropriate methods of 

Federal lest Method Standard Number 141. 

0-

Standard Specification for 

Black Paint for Bridges or Timber Structures 

AASHO DESIGNATION: M 68-70 
SCOPE 

1.1 This spcCIfiLItiuit covers black paint intended for use on steel bridge% i timber 
structures. Unless otherwise stated. it shall be supplied in a ready.mikcd conilition sitable 
for use, but if so authorized by the Engineer, it may he furnished as semipate paint. As 
specified herein the paint is intended for use on steel or previously painted isooden Sur
faces, but it may be modified as described (see Section 8) for use as the first or pHnit 
coat on timber structures. 
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GENERAL REQUIREMENTS 

2.1 The paint shall be well-ground, shall not settle or cake badly in the container 
and shall be readily broken up with a paddle to a smooth uniform paint of good brushing 
consistency. The paint when brushed on a smooth vertical metal surface shall dry hard 
and elastic to a full oil gloss within the specified period without running, streaking or 
sagging. 

MATERIALS 

3.1 The materials used in manufacture shall coiform to the requirements of the 
following specifications:

3.1.1 Red Lead (97% PbO,).-ASTM D 83. 
3.1.2 Iron Oxide.-ASTM D 84, Class Ill, Type A. 
3.1.3 Carbon black.-ASTM D 561. 
3.1.., Raw linseed Oit.-ASTM D 234.
 
3.: 5 Turpentine.-ASTM D 13.
 
3.1.6 Mineral spirits.-ASTM D 235. 
3.1.7 Drier.-ASTM D 600, Class B, with proper metals to give proper drying 

characteristics of paint. 
3.2 Any materials used in manufacture not specifically covered above shall meet the 

approval of the purchaser. 

PIGMENT 

4.1 The pigment shall consist of carbon black, red lead, acid insoluble mineral 
material and, if desired by the purchaser, Iron oxide. The pigment shall show on analysis 
not less than 20% carbon and 5% lead oxide calculated as Pb 3O,. Since some oxide of 
lead may be dissoised by the oil in the paint in all cases when the amount of lead in the 
pigment, calculated as PbOx,is found to be less than 5% of the pigment, lead shall be 
determined in the vehicle and the total lead (as PbO 4 ) in the paint computed to per
centage of pignient. The total of the lead oxile, insoluble mineral material and loss on 
ignition not be less than 90%. 

VEHICLE 

5.1 The vehicle in the ready-mixed paint shall contain not less than 80% of raw 
linseed oil and the balance to be combined thinner and drier. The thinner shall be tur
pentine, volatile mineral spirits or any mixture thereof. The vehicle in semipaste paint 
shall be entirely lituseed oil. 

PAINT COMPOSITION 

6.1 The paint shall meet the requirements specified in Table 1. 

DRYING TIME 

7.1 The paint shall dry hard and tough in not more than 24 itours. 

TABLE I 
Paint Composition 

Characteristic Min. Max. 

Pimnent, percent by %eight ..... ................ 28.0 32.0
 
Vehicle. percent by %eight .. ... . .... 68.0 72.0 
Moisture. peieni byweight ........................ 0.5 
Course part,.Ies. skins and other foreign n.g.ter. tResidje reia ned on a No.325 

sie,.e bjed on pigroent), permentbyweight. . ..... ...... .1. 

Weight per gallot,,pounds . ........... ..... 9.0 ....
 
I rnciesof grind ....... 60.. 

Visosii. K. U.. . . . . .. . 65 so 



511 SPECIFICATIONS FOR HIGHWAY MATE'RIALS M68 

PAINT FOR PRIME COAT 

8.1 The paint may be modified for use as the first or prime coat on unpainted 
timber. When so used, turpentine and linseed oil shall be added as required by the char. 
acter of the surface in an amount not to exceed one pint each per gallon of the paint as 
specified. 

PACKING AND MARKING 

9.1 Paint shall be del;vered in such containers as may be specified in the contract. 
Each container shall bear a label with the following Information shown thereon: name 
and address of the manufacturer and contractor, shipping point, trade mark or trade 
name, kind of paint, formula, number of gallons, date of manufacture and lot number. 

METHODS OF ANALYSIS 

10.1 The paint shall be analyzed in accordance with the appropriate methods of 
Federal Test Method Standard Number 141. 

Standard Specification for 

Aluminum Paint 

AASHO DEStINATION: M 69-70 

SCOPE 

1.1 This specification covers two types of aluminum paint primarily intended for 
use on steel structures. The purchaser shall designate the type desired, 

CLASSIFICATION 

2.1 Type I paint is a two component system consisting of aluminum paste and 
aluminum mt dng varnish that are combined as specified into a paint just prior to use. 

2.2 Type If paint is. ready-mixed aluminum paint. 

ALUMINUM PIGMENT PASTE FOR TYPE I PAINT (See Note I) 
NoTe .- The technical requirements for aluminum pigment paste are the same as ASTM D 962. 

Type 2 (leafing), Class B (Medium). 

3.1 General Requirements.-The aluminum pigment paste shall consist of com
mercially pure aluminum in the form of fine, polished flakes, and a suitable fatty lubricant 
combined with a volatiie thinner. It shall contain no fillers or adulterants such as mica. 

3.2 Detailed Requirements.
3.2.1 The aluminum pigment paste shall conform to the requirements given in 

Table 1. 
3.2.2 Leafing.-Lcafin., shall be not less than 50 percent. 
3.2.3 Condition in con.ulner.-The aluminum pigment paste, as received, shall be in 

a homogeneous condition, and shall be substantially free from separation of pigment from 
liquid, and shall show no hardening or caking in the container. 

3.2.4 Stability.-The aluminum pigment paste after heating at 45 C. for 24 hours 
in the presence of moisture, shall pass the stability test given in Federal Specification 
TT.A.468. Paste which within six months storage in unopened original packages after 
shipment is found to be unfit for use will be rejected. 



M69 SPECIFICATIONS FOR HIGHWAY MATFRIALS 59 

M69 
TABLE 1 

Percentby weight of Paste 
Minimum Maximum 

Non.volatile matter at 10Sto ItO C (221 to 230 F.) 65
Easilv extracted fats)and oil matter (polishing luincant) 3 0Total impurities other than fatl) and od matiter 0.7Coarse particles retained on a No 325 sieve 1 0 

ALUMINUM MIXING VARNISH FOR TYPE I PAINT 
4.1 General Requirements.-The aluminum mixing varnish shall be on oleo

resinous water-resisting spar varnish meeting the requirements hereinafter specified. The 
oils used in formulating the varnish shalt be composed of not less than 75 percent by
weight of lung oil and the varnish shall contain no lime-hardened rosin. The tung oil 
shall comply with the requirements of ASTM Specification D 12. 

4.2 Detailed Requirements.-The aluminum mixing varnish shall conform to the 
following requirements

4.2.1 Appearance.-Clear and Transparent.
4.2.2 Color -Not darker than a solution of 3 g. of reagent grade potassium dichro

mate in CC3 of pure sulphuric acid, spectfic gravtty I 84. 
4.2.3 Nonvolatile matter-Not leIs,than 50 0 percent by weight.
4.2.4 Set to touch -In not less than 2 hours and not mote than 6 hours. 
4.2.5 Dry hard and tough.-In not more than 24 hours. 
4.2.6 Viscosity at 23 C. (77 F )-Not less than 0.65 nor more than 125 poises 

(Gardner-Holdt Tubes B to E)
4.2.7 Toughness.-Shall pass a 120 percent Kaur reduction test at 25 C (77 F).
4.2.8 SAiinmg.-Shall show no skinnirg after 48 hours in a tightly closed half filled 

container. 
4.2.9 Flash point (closed cup).-Not lower than 30 C (86 F).
4.2.10 Cold water reistance.-The varnish shall be applied to a standard tinned

panel and allowed to dry for 48 hours. The dried films, after exposure to cold water for 
18 hours, shall shown no whitening, dulling, or other visible defects after drying at room 
temperature for 2 hours. 

4.2.11 Boiling water resistance -The varnish shall be applied to a standard tinned 
panel and allowed to dr) for 48 hours. The drted film, after exposure to boiling water 
for 15 minutes, shall show no whitening, dulling, or other visible defects after drying at 
room temperature for 2 hours 

4.2.12 Woring propcrties.-When mixed with aluminum pigment paste meeting
the requirements of paragraph 2 in the ratio of 2 pounds of paste to 1 gallon of varnish,
the resulting paint shall htow satisfactory spreading qualities and shall give a free flowing,
.smooth, continuous coating free from breaks or sags and when applied to a smooth vertical 
steel surface shall have satisfactory leafing properties

4.2.13 Calcium -- Calcium as calcium oxide (CaO) shall not exceed 0.1 percent by 
- -eight of solids. 

TYPE I ALUMINUM PAINT 
5.1 The aluminum paint shall be prepared just prior to application (Note 2) by

thoroughly mixing the aluminum pi ,ment paste with the mixing varlish in the propor~ion
of 2 pounds of paste h.'ing a minimum non-volatile content of 65 percent (or its 
equivalent in the case of paste having a highe: non-violatile content to I gallon of 
varnish (Note 3). 

NoTe 2-it is recommended that no more paint be mixed than can be used dur'n, it-. --"rking day
so that the paint used each day will be freshly mixed 

No're3- When two coats of aluminum paint ate to be used itis recommendet. that the undercoat 
be tinted with prussian blue or chrome green paste to properly diffrcrentiate the color of the dry under.coat from the wet second coat From 4 iti6 ounces of timing paste per gallon of paint wilt usually sufficefor this purpose. Prussian blue or chrome green shall comform to the requirements of ASTM D212 or 
D261. 
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5,2 The ni.d paint shall set to touch in not less than 2 nor more than 8 hours. 
than 24 hours.and shall dry haid .nd tough in not more 

PAINT (Note 4)REQUIREMENTS FOR TYPE 11 READY-MIXED 
Specificationthe tame asthose for FedceyaNola 4-The tcchnial requirements for Type It paint are 

rr-'P-038c. 
as specified,6.1 Maierial.-The paint as received shall consist of pigment and vehicle 

so combined as to produce a paint meeting all of the requirements specified herein. Suitable 

gassing inhibitor may be used to improve package stability. 
6.2 Composition. 
6.2.1 Pignent.-The pigment shall be commercially purc aluminum in the form of 

for making paint and shall conform to the requirements offine polished flakes suitable 
ASTM D 962, Type I or Type 11, Class B. It may be added to the vehicle in either 
powder or paste form. 

6.2.2 Jchicle.-The vehicle shall be aphenolic resin varnish of 33-gallon oil length. 

The resin shall conform to Federal Specification TT-R-271. The oil portion of the vehicle 

shall consist of tung oil conforming to ASTM D 12 and alkali-refined linseed oil con

forming to Military Specification MIL-L-15180 and shall contair a minimum of 80 percent 

tung oil. The vehicle shall not contain rosin or rosin derivatives. 
6.3 Qualitative requirements.
 
6,3.1 Type 11paint shall meet all the qualitative requirements of Federal Specifica

tion TT-P-0038c. 
6.4 Quantitative requirements for Type I!. 

as specified in6.4.1 The quantitative requirement of the ready-mixed paint shall be 
Trable 2. 

PACKiNG AND MARKING 
7.1 Type I paint shall be delivered in substantial two compartment containers or in 

such containers as may be specified in the contract. The proper quantity of paste and 

varnish vehicle shall be packaged in the proportion of 2 pounds of paste per gallon of 

vehicle and which, when mixed together. will result in one (1) or five (5) gallons or 

such other quantities of mixed paint a%may be specified. 
7.2 Type II paint shall be delivered in one (1)or five (5) gallon containers or in 

other containers as may be specified in the contract. 
a label with the7.3 Each container of either Type I or Type 1 paint shall bear 

following information shown thereon: Name and address of the manufacturer and con
or trade name, title and number of applicable specificatractor, shipping point, trade mark 

tion, including type and class, number of gallons, date otmanufacture and lot numoer. 

TEST METHODS 
8.1 The test methods to be used shall be as specified in Federal lest Method 

Standard Number 141, or in Federal Specification TT-A-468. 

M 69
 
TABLE 2
 

Quantitatie Requirements. Type It Pain
 
tt:quiitmcti 

MasimumMinimum 
Pikjicri. percentby weight of pin hiluminum metal)..... 11 I1 

Volaile %hci.le,percentbi weightof oint.. . . 43 47
 
Nonvnlatle vehicle tbydi 
 percent y weight of paint 42 46
 
Vicoiiy. seconds 35................ 45
 
F[Ish point, degree F 
 . d6
 

60I eafing, percent 
pounds d.0Weili per gallon,

nlaung lime 2Setto touch,hours 
)ry for reco.ltinp, hours ... 

lo
6 

Reduction (Rosin Fentacrthriiol), percenttoughness 
.15... .Water (moitte ..wuent, percent . ........ 


_____0-
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Standard Specification for 

White and Tinted Ready-Mixed Paint 

AASHO DESIGNATION: M 70-70 
SCOPE 

1.1 This specification covers linseed oil white and tinted ready-mixed paints of thefollowing types and classes intended for exterior use: 
1.1.1 Type I 

Class A-White, general purpose
Class B-Tint-base
Class C-White, special fume-proof (lead-free)

1.1.2 Type Il-White lead base1.2 Both Type I and Type II paints are intended formetal, and concrete For multiple coat work, 
use as finish coats on wood,the under coats may be thinned as recommended in Federal Specifications TT-P-102, 103 and1.3 Class A paint under 104.

Type I is intended forClass B paint should he used for light tints. If the paint is 
use as a white paint only and

paint to beshould he specified Class C white paint is 
tinted on the job, Class Bhe used where sulphide a special paint (lead-free)fumes may be encountered. Class C paint is not 

and should
tinted IntendedTyne If is a white lead paint sittable foe use either 

to be 
as a white or tinted pairt. 

';ENERAL REQUIREMENTS 
2.1 the paint shall be well-ground, shalland shall be readily broken up with a paddle 

not settle or cake badly in the container
consistency. The paint when brushed 

to a smooth uniform paint of good brushing
elastic on a smooth vertical surface shall dry hard andto a full oil gloss within the specified period without running, streaking, or sagging. 

MATERIALS 
3.1 The materials used in manufacture shall conform to the requirements of thefollowing specifications:
3.1.1 Titanium dioxide (anatase)..ASTNI D 476, Type I.3.1.2 Titanium dioxide (rutile) nonchalking..ASTM D 476, Type II, Class II.3.1.3 Magnesium silicate.-ASTM D 605.3.1.4 Basic carbonate white lead.-ASTM D 81.3.1.5 Zinc oxide: acicular type..-ASTM D 79.3.1.6 Basic sulfate white lead.- ASTM D 82.

3.1.7 Leaded Zinc Oxide.-ASTM D 80.3.1.8 Raw linseed oil.-ASTM D 234.3.1.9 Heat-bodied linseed oil.-Federal Specification T1T-O-367 TypeViscosity Z-2. 11 (low acid) 
3.1.10 Turpentine..ASTM D 13.
3.1.11 Mineral spirits.-ASTM D 235.3.1.12 Driers.-AS1 I D 600, Class B. with proper metals to give propercharacteristics of paint. 

drying 

Pl;MENT 
4.1 
 The pigment in each type of paint shall he as specified in Table I.
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VEHICLE 
5.1 The vehicle for each type and class of paint shall be composed of linseed oil, 

drier and thinner. The thinner in each case may be turpentine, volatile mineral spirits, or 
any mixture thereof. The vehicle of Type 1. Class C paint shall be free from lead. 

5.2 The vehicles shall be as specified in Table 2. 

PAINT COMPOSITION 
6.1 The paints shall meet the requirements specified in Table 3. 

M 70
 
TABLE I
 

Pigment Composition
 

Percent by Weight 

Pigment Type I Type I1 

Clas A Clas-B ClanuC 

Min. Max Mill Max. Min. Mil. Mix. Max. 
Titanium dioxide (TiO,). I150(l) m2 f (~ F70)-19 0i6)

White lead .......... 31 015] j(1 5; 99.0(4)
 

Magnesium sillcate. J2K1 nt 3.1 1 41 0 

(I)Anala.
 
(2) Rutile (non-chalking)
(3) The sumof tinting colors and magnesium sti.ate shil nt evieed 320":
(4) The pitment shall he basiscarbonate while lead In the taitid paints the pigment shall cnnt.ain not lensthin

95.0,; basic carbonate ahite lead. the remainier to ti high strenglh inting culors 
(5) The *.hiie lead and zine r',itcmi ¢iy ali TIlxiufie of baii, arboite while lead, bsic sulfate whitec,',,,i

lead. leaded ,inc oxide. and tonc (ltleitht iis he -i-posii,'lon rtioitl.iinois or Tablc I At the option of the pur.
chaser, the ,white lead iyiv be required ii h, i.,,sic cirlnnaie white lead 

16) Analds with not more thin h.,I ati 9 417 rutile 
(7) Leadfree. 

M 711 
TABLL 2
 

Vehicle Conpoltion
 

Perient by Weight 
....... ~ 1 )1"I~Type ' 


Inredient T...

Class A ClassR_ "' 

Min. -.. ix, x. M. Max.., S Max. 
Raw in, oil, 6n it 60o Io0.0 -- I .Blodied Hne oil 6Ih 16 0 2 0 201 2 0 j 15.5"Z2)1 20.0 

Thinnerand drier . _L 20.0 20.0 - 1 24 Ill 24.0 
(I) 1ead.rree. 

M 70 
TABLE 3 

Paint Composition 
Type I rype I 

Characteristics Class A-[ CCT, a C -' 
"Min. I.,. Mx I Ml"x Mo Mlax' Max." M. 

igent, aecetby weigni 6.. ul62.0 62.t 5') 0 1l0
 
ehicle. pei~ent by weigh. 1R. I .1 29.0
ilet,.ipec"t byweighn . I . ix I -.0

t'oarxe partl.ki. Als ,il othct rorisUtm . 
matter ftrxi, rettin,ot n a No. 3. isieve based i neitieniercent btiweht 2.0 20 2.0 2.0

Weight pet ,i T'-i' 34-.75 14.75 115 19 7 Vmov,. K 7' 90 71. qO 7i 74 n 
hr. ''ig iii, a. j 1CmISI 3*JI 

http:partl.ki
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COLORS
 

7.1 When tinted pain.' is specified the color shall match that mutually agreed upon
by purchaser Pnd *eller. 

PACKING AND MARKING 

8.1 Paint shall be delivered in such containers as may be specified in the contract.Each container shall bear a label with the following information shown thereon: nameaddress of the manufacturer and contractor, shipping point, trade 
and 

mark or trade name,kind of paint, formula, number of gallons, date of manufacture and lot number. 

METHODS OF ANALYSIS 
9.1 The paint shall be analyzed in accordance with the appropriate metlods ofFederal Test Method Standard Number 141. 

0-

Standard Specification for 

Red Lead Ready-Mixed Paint 

AASHO DESIGNATION: M 72-70 

SCOPE 

1.1 This specification covers four types of red lead ready-mixed paint intended foruse as prime or shop coat or for any maintenance coats which are placed on bridges,
similar structural steel and other ferrous metal surfaces. 

1.2 Intended use of the paint
1.2.1 Type I paint is intended for use where painting schedules do not demandrecoating in less than 36 hours. The vehicle solids, being all linseed oil, offer the bestopportunity to wet the metal surface painted and therefore to obtain an intimate bondof the paint with the surface despite the presence of limited amounts of corrosion products

found impractical to remove. 
1.2.2 Type If paint is similar to Type I with a portion of the raw linseed oil beingreplaced with pale heat-bodied linseed oil and with additional thinner to provide avehicle viscosity similar to Type I. This paint dries for handling and recoating in 2 to 36 

hours wth low gloss.
1.2.3 Types Ill and IV are semi-quick drying paints designed f,,; use where paintingschedules require handling and recoating in 16 to 24 hours. The preence of the specifiedamount of linseed oil in these types of paint is desirable for the purposw of obtainingintimate bonding with the metal surface because of the wetting chaiictcrstics of the oil.Care should be taken in the use of these paints to see that the application surface is wellcleaned and free from rust, scale and oil since the wetting properties of these paintslow areas compared to paints having vehicles composed entirely of linseed oil. Type Illpaint has a ratio of linseed oil to alkyd-rcsin solids of 1:1. It normally dries sufficientlyfor handling and recoating in 16 hours, but should be used only on surfaces cleaned bysand-blasting. Type IV paint has a linseed oil to alkyd-resin solid ratio of 3:1 and may beused on well cleaned wire-brushed surfaces. It normally requires 24 hours drying beforehandling or recoating. Type IV paint is suitable as a touch-up or intermediate field primer. 
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CLASSIFICATION 

2.1 The ready-mixed red-lead-base paints covered by this specification shall be 
furnished in the following types, as specified in the invitation for bids, contract or order.. 

I-Red lead-raw linseed oil paint 
lI-Red lead-modified linseed oil paint 

IlI-Red lead-iron oxide alkyd varnish-linseed oil paint (1:1 ratio 
linseed oil to alkyd resin solids) 

IV-Red lead-iron oxide alkyd varnish-linseed oil paint (3:1 ratio 
linseed oil to alkyd resin solids) 

MATERIALS 

3.1 The materials used in the manufacture of these paints shall conform to' the 
requirements of the following specifications. 

3.1.1 Red lead (97% PbaO,).-ASTM D 83. 
3.1.2 Red iron oxide.-ASTM D 84, Class 11, Type A, except that the Fe20 3 con

tent shall be a minimum of 85 percent.
3.1.3 Aluminum stearate.-Navy 52-A-12(a). 
3.1.4 Magnesium silicate.-ASTM D 605. 
3.1.5 Mica, 325 mesh.-ASTM D 607. 
3.1.6 Raw linseed oil.-,-ASTM D 234. 
3.1.7 Pale heatbodied linseed oil (Z-2 viscosity).-Federal Specification TT-O-367, 

Type I. 
3.1.8 Alkyd resin.-Federal Specification "T-R-266, Type 1Il. 
3.1.9 Mineral spirits.-ASTM D 235. 
3.1.10 Driers.-ASTM D 600, Class B, with proper metals to give proper drying 

characteristics of paints. 

REQUIREMENTS 

4.1 Color.-Types I and II shall be the usual red lead color and Types III at:d IV 
shall be the color characteristic of a blend of red iron oxide and red lead. Should colors 
other than those normally oblained he desired, suitable tinting pigment or pigments may be 
substituted as mutually agreed betwccn purchaser and seller. 

4.2 Pigmeri.-The pigment used in the formulation of the paint shall have the 
characteristics as specified in Table I for the respective types. 

4.2.1 The extracted pigment, upon analysis, shall conform to the quantitative require. 
ments of Table 2 for the respective types.

4.3 Vehich's.-AII vehicles shall be free from rosin and rosin deg,'tIe,. The com
potent parts of the vehicle used in the paint ,hall be as follows and in the Proortion speci. 
fied in Table 3 for the respective types. 

4.3.1 Type 1.-The vehicle %hall be cornmp,,ed of raw lin'eed oil. mineral spirits, and 
drier. 

ki 72 
1 eBLE I
 

Plo",init Composition
 

(Perwci b) Wuahin 
t',,,lI.B / 1 lXi Iand It " Ivr t III and It' 

a x. Min. 
_ _ _M

Wed Lead6
 
Aluminum SI ". '0 n 046. .

Red iron-aoid "'g n . .| IsI'.-Maanet om I,.l.3325tne .. _a --. -- - ; .. . . .. . I . . . 
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M 72
 
TABLE 2
 

Quantitative Requirements of Extracted Pigment 

Requirc nts (percent by weihl) 
Characteristics Types I nd I Types II endIV
 

M . Mi. . Max.Mi. Max. 
True t lead (PbaOj . ......... .... . 96. 62. ...
Ironoxide(FesO).. ................... . .
 ...
Siliceous ....
ritter.nd.re............... 
 .. 3
 

M 72
 
TABLE 3
 

Vehicle Composition
 

Requirements (percent
by weiht)
 

Inredients TypeI Type I1 Type IlI Type IV 
Min. Max. Mix. Max. Min. Max. Min. Ma. 

Raw linkedoil............. 90 
Pehet-bodlale nseedo (Zrvctsy .i.. 
Alyd resinelnds . we.ght .. .
Volatilethnner and dr her.......... . to 

35 
1 

50 
30 

35 

28 

528 
. 44 

4 

6 
.. 05 

M 72
 
TABLE 4
 

Paint Compousition
 

Reouurements 
Chatracteristis Type I Type 11 Tye III Type IV 

Min. 
 Max. Min. Max. Min. Max. Min. Ml. 
Pbaednppercent by weight 77 so 77 so 66 6. 68 71 
Nosatilc vehicle, by weight o 9percent

vehicle,. ... . . . 90 63 56
Moisture.
pnlclet, skinsandCoarse percent by weiht otheir'ft 65 
0.5 "' 0. S 0...matter (residue retained on No.325 sie~ce

basedon pigment). percent by %,eight ... 1 I . 2Weight per gallon. pounds . . 2i.5 2i i6. i.0
Drying time. " 

Day through, hourshourse,totouch, .. 366 " A616 .. 4 246Viscosity. K. .Phthiahc 77.........
anhydnade, percent of non-volatile77 9 75 9 66 7/ 1
vehicle . .I 

16 
. 

Oil acids.perce'nt of Pait .7... . . 6718. 
Iod;n.c No. of extracted ratty acids .. 2,7 17 .. 

4.3.2 Type 1.-The vehicle shall be a blend of raw linseed oil, pale heat-bodied
linseed oil (Z-2 viscosity), mineral spirits and drier. 

4.3.3 Types Ill and IV.-The vehicle shall consist of raw linseed oil blended with
the specified alkyd resin solution together with the necessary mineral spirits and drier,4.4 Paint quantitative requirements. The paints shall the quantitative requiremeet 
ments specified in Table 4 for the respective types.

4.5 Qualitative requirements.
4.5.1 Codition in container.-The paints shall not show excessive settling in afreshly opened can, and .hall be easily redispersed with a paddle to a smooth homogeneous

state. The paint shall show no curdling, livering, caking, or color separation, and shall b
free from lumps and skins (see 4.5.6).

4.5.2 Dilution stability.-The paints shall remain stable and uniform after reductionin the proportions of eight parts of volume of the packaged material with not more th4none part by volume of inineral spirits conforming to ASTM D 235. 



66 SPECIFICATIONS FOR HIGHWAY MATERIALS M72 

4.5.3 Bruining properiies.-The paints, as received, shall brush easily, possess good
leveling properties, and show no running or sagging tendencies when applied at a spreading
rate of 500 square feet per gallon to smooth steel vertical surfaces. 

4.5.4 Spraying properiles.-The paints when reduced as specified in 4.5.2 shall spraysatisfactorily, show no tendency to orange.peel. sag. creep, or run, and show satisfactory
spraying properties in all other respects.

4.5.5 Skinning.-The paints shall not skin within 48 hours in a three-quarters.filled, 
closed container. 

4.5.6 Appearance.-The paints shall dry to a smooth uniform finish free from
roughness, grit, unevenness, and other surface imperfections as indicated by examination
of the panel prepared for determining the brushing. The paint shall show no streaking or
separation when flowed on clean glass as follows. Flow a portion of the paint on a 4-inchby 12-inch clean glass plate. Let dry in a nearly vertical position at room temperature and
examine the area beginning 4 inches from the top. 

PACKING AND MARKING 

5.1 Paint shall be delivered in such containers as may be specified in the contract. 
Each container shall bear a label with the following information shown thereon: name andaddress of the manufacturer and contractor, shipping point, trade mark or trade name,
kind of paint, formula, number of gallons, date of manufacture and lot number. 

METHODS OF ANALYSIS 

6.1 Except as indicated in 6.2 the paint shall be analyzed in accordance with the
appropriate methods of Federal Test Method Standard No. 141.

6.2 Siliceous extender and mica shall be determined as follows: Transfer 0.5 gram
of the pigment to a 400-milliliter beaker. Add 15 milliliters of concentrated hydrochloric
acid and heat gentiy until the iron oxide and red lead are completely dissolved. Evaporate
to dryness and bake at 105 to 110 C.. for I hour. Moisten the residue with a few dropsof concentrated hydrochloric acid, dilute to 100 milliliters with hot water, boil, filter while 
hot and wash with hot ssater. Transfer the paper and contents to a weighted porcelain
"rucible. ignite, cool, and weigh. Examine the residue microscopically to determine the presence of mica. Calculate the percentage and report this residue as the siliceous extender 
and mica. 

0 

Standard Specification for 

Crushed Stone and Crushed Slag for Base Course 

AASHO DESIGNATION: M 75-64 

SCOPE 

1.1 This specification covers the quality and size of crushed stone and crushed
slag for use in a crushed stone or crushed slag base course which Is to be covered with 
any type of surface. 

GENERAL REQUIREMENTS 

2,1 Crushed Stone.-The crushed stone shall consist of clean, tough, durable frag
ments, free from an excess of flat, elongated, soft or disintegrated pieces.

2.2 Crushed Slag.-The crushed slag shall be air-cooled, blast-furnace. slag and
shall consist of angular fragments reasonably uniform in density and quality, and reason. 
ably free from thin or elongated pieces, dirt or other objectionable matter. 
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slaps having demonstrated a satisfactory service 
record may be used. 

NoT-ln addition to air-cooled blast-furnace slag, other 

PHYSICAL PROPERTIES 

3.1.1 Crushed Stone.-The crushed stone shall conform to the following require
ment: 

50Percentage of wear, Los Angeles test, not more than ................... 


Nora: This is considered the maximum safe limit for percentage orwear for this typeof construction. 
A lower value should be specified on allwork where it is economically practicable to obtainmaterials con
forming thereto. 

3.1.2 When the crushed stone is subjected to five alternations of the sodium sulfate 
soundness test, the weighted loss shall be not more than 12 per cent by weight. 

NoTe: In certain specific caseswhere aggregates complying with this requirement cannot economically
be obtained, aggregates with a higher percentage of loss may beused. provided a satisfactory service record 
of at least 5 years' duration under similar conditions of service and exposure shallhave been demonstrated. 
In caseit is desired to use magnesium sulfate, a weighted loss should be specified which experience has 
shown will give results corriponding to a loss of 12 per cent when sodium sulfate is used. 

3.1.3 Stone for screening shall be of suitable binding quality. 
3.2 Crushed Slag.-The crushed slag shall conform to the following requirements: 

Percentage of wear. Los Angeles test. not more than ............50
 
Weight per cubic toot, not less .......... ... 60 lb.
than 

NoTo: This Is considered the maximum safe limit for percentage of wear and the minimum safe weight 
per cubic foot for this type of construction. A lower percentage of wear and a higher weight per cubic 
foot should be specified on all work. where it is economically practicable to obtain materials conforming
thereto.
 

GRADING 

4.1 The crushed stone or crushed slag will be either (1)No. 3, the 2-in. to 1-in. 
size; (2) No. 2, the 2 -in. to 1 -in. size; or (3) No. 1 the 3/-in. to I1 -in. size as shown 
in Standard Specifications for Standard Sizes of Coarse Aggregate for HiSlhway Construc 
tion (AASHO M 43), and shall be well-graded between these limits. When tested by means 
of laboratory sieves, the size designated shall conform to the following requirements: 

(I)No. 3-2-in. toln.size Percent 
Passing a21-n..siee 100....................................

Pasung a 2-in.sieve ......... ..................... 90-100
 
Pssing a t14.in..seve . ....... .....................
35-70 
Passing -in,.seve....................0-15
a 
Passing a %.n.sieve ..... ............... ... 0-5 

(2)No. 2-2 )"w-in. ..to I n.size 
Passinga 3-in sieve ... .... ......................... 100
 
Passng a 2Yrin. sieve ... . 90-100........................... 


................
Passing a 2.in. seve .................... 35-70
 
Passing a ti.in. 0-1sieve............................ 

Passing a %.in.sieve ........................... 0-5
 

(3)No. I1-3Win. to I3.in. i.e 
..... 100
Passing a 4-in.sieve .................... .......


Passing a 3wrin. sieve...... . 90-100...................... 

Passing a 2Vin. sieve. ... .............. ....... 2-60
 
Passinga -in. ..........................
Steve 0-1 
Passing a X-in. Sieve ... .............. 0-5 

4.2 The screenings shall be the No. 4 to 0 size, well-graded from coarse to fine and 
free from dirt or other foreign material. When tested by means of laboratory sieves the 
size designated shall conform to the following requirements: 

(I)No. 4 to 0 size Percent
Passing P-r. sieve ........................... 100
 
PassingNo.4 sieve.. . ............... 85-100
 
Passing No. I00sieve....... 10-30
.......................... 


METHODS OF SAMPLING AND TESTING 

5.1 Sampling and testing of crushed stone and crushed slag shall be in accordance 
with the following standard methods of the American Association of State Highway 
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Officials: 

samplin ............................ T 2
 orwer ................. ......... .rntag
T 96Sou.dn ................................. T104

Unit ........................... ........ T 19
 
Sieve. ya ..................................... T 27
 

0-

Standard Specification for 

Crushed Stone and Crushed Slog for Bituminous Concrete
 
Base Course
 

AASHO DESIGNATION: M 76-64 

SCOPE 
1.1 This specification covers thp quality and size of crushed stone and crushed

slag to be used in the construction of a bituminous concrete base course. 

GENERAL REQUIREMENTS 
2.1 Crushed Stone.-The crushed stone shall consist of clean, tough, durable frag.

ments, free from an excess of fiat, elongated, soft or disintegrated pieces.
2.2 Crushed Slag.-The crushed slag shall be air-cooled blast-furnace slag and 

shall consist of angular fragments reasonably uniform in density and quality, and reason
ably free from thin or elongated pieces, dirt or other objectionable matter. 

NOant-In addition to air-cooled blast furnac stag,other slop having demonstrated a satisfactory
service recgrd may be used. 

PHYSICAL PROPERTIES 

3.1 Crushed Stone.-The crushed stone shall conform to the following requirement: 
Percentage of wear. Los Angeles test, not more than............... 45
 

Nor: This Is co~nsidered the maximum safelimit for percentage of wear for this type of construction
A lower value should he specified on all work where it i ec'inomicaily practicable to obtain material
r.'nfcrrn lhc~et 

3.1.1 When the crushed stone is subjected to five alternations of the soditm sulfatl 
sottndness tests the weighted loss shall not be more than 12 ,ncr cent by weight. 

NoiE: In certain specific cases where a,..rcpatcs cOnirltni. %trh INi requirement c snout eonnom crilyIe obtained. aggiregates with a higher percentage of lo,%mi t% -ed. prnvtd d a s~tirfactry .ersvice ttrrri , at Icait 5 yars' duration under similar conditiion%tit r'rcu and tsnouie shall have btcn demonitratedIn caseit i. desired to use magnesium sulfate, a %,whimi -- tild be specified which eaperience has
shown will ivc results corresponding to a Iss of 1: p~r t.ti -thtl sodium Nulfate is used. 

3.2 Crushed Slag.-The crushed slag shall conform to the following requirements: 

Percentage of wear. Los Aneles test o, i ine.f, OhAit 43
Weight per cubic toot. nol ii., Nt .,. II 

NOT!: This is considered the maximum safe limit ir t' 'cntage nf wear and the minimum safe weliS.ner cubic foot for this type of constriction A lucr lrrnta,e of wer and a higher weil,' per cubrtfoot should be specified on all work where it is t,,.-1 tilly practicable to obtain materiai. sonformingthereto. 

GRADING 

4.1 The crushed stone or crushed sl.ag shall be either 1I) No. 57 the I-it,, to No. 4 
size, or (2) No. 357, the 2-in. to No. 4 ai/c, as .hown in Standard Specifications for 
Standard Sizes of Coarse Aggregate for Highway Conitruction (AASHO Nt 431 and ihall 
'e well-graded between thewe limits. When letied In means of l'ihoratiwty sieves, the hij. 
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designated shall conform to the following requirements: 

asing(I) No. 37- 1-in.I 'in.to No.timc.xc4 slP n
Pastin I ..sieve .............. ......tO t
Pawmns 1.-in. sieve 

Pawsun ,o4 sieve 
 .. 93-1100
 

23-60 
Passing No sieve. 0-10


(2) No. 337 - 2 
mn.n No 4 stiePassing 212-afn ec

Pawsing 
2
-in. tstevePassng I-in. sieve 93-100 

Paing .in.sieve ......
Passing No,4 sieve 3370 
.... 10-3N"-E: Ether of the abow,-- T,I combination thereof may bespecifiedasdesired. 

METHODS OF SAMPLING AND TESTING 
5.1 Sampling and testing of crushed stone or crushed slag shall bewith the following standard methods in accordanceof the American Association of State Highway

Officials: 

Sampling T 2Percentage of wear T 9 
Weight per cut-ic foot T 96 
Soundness. 

Sieve anal) it . •.... T19 ... T 27 

-0
 

Standard Specification for 

Crushed Stone and Crushed Slag for Bituminous Concrete
 
Surface Course
 

AASHO DESIGNATION: M 79-64 

SCOPE 
1.1 This specification covers the quality and size of crushed stmne and crushed slagto be used in the construction of fine-graded bituminous concrete paver iTopeka, or stone (Modifiedfilled sheet asphalt) and coarse.gradcd bitummou, .oncite, includingasphaltic concrete binder. 

GENERAL REQUIREMENTS 
2.1 Crushcd .t"in.-The 

ments, 
crushed stone shall consist of clean, tOL, .. durablh fiag.free from an excess of flat, elongated, soft or disintegrated pieccs and tree fromstone coated with dirt or other objectionablc matter.2.2 Crushed !a.-The crushed slag shall be air-cooled .,last-furnace slag and shallconsist of angular fragments reasonablh uniform in densit) and quality, and reasonablyfree from thin or elongated pieces, dirt or other objecttonable mattet
 

NOTE-In addition Io .ilr-w.oled blast-furnace slag, other slags havingdemonstrated 
a satisfactory servicerecord may beused 

PHYSICAl. PROPERTIES 
3.1.1 Crushed Stone.-The crushed stone shall conform to the following requirement 

Percentg. olnc.or. Los Anitelet test, not more than 4NOTE: This is considered tht. maximum safe limit for percentage ofwearA lower value should bespc.v.tct for this type of contructiot.ll alssorkwhec it is ccunonii~dtty practicahle ,n,,t.u-,v nuhirnial, c.,u.forming thereio 
3.1.2 When the crushed stone is subjected to five altiernationssoundness lest the weightcd Itos %hallnot exceed 12 per t tn 

tifthe sidium silltt 
1,yaeicht 
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NOT-: In certain ,peLihc cac% where aggregates complying with this requirement cannot economically
he obtained aggregates with i higher percentage of los% may be usrd. provided a satisfactory service 
record of at least 5 yeJri' duration under similar conditions of service and e:posure shall have heendemonstrated. In came It is dcrcd to ue magnesium sulfate, a weighted loss should bespecified whichexperience has shown will give results corresponding to a loss of 12 percent when sodium sulfate is used 

3.2 Crushed Slug.-The crushed slag shall conform to the following requiremenls: 
Percentaitc of wear. Los Angeles test. not more than .. , 40
Weight per cuhic foot. not less than 70 lb. 

NOTE: This is considered the maximum safe limit for percentage of wear and the minimum safe weighter cubic foot for this type of constructjon A lower percentage of wear and a higher weight per cubicoat should be specihed on all work where it is economically practicable to obtain material% conforming
thereto. 

GRADING 

4.1 The crushed stone or crushed slag for fine graded bituminous concrete shall be 
No. 7, the ,.-in. to No. 4 size as shown in AASHO NJ43. and shall be well-graded be
tween these limits. When tested by means of laboratory sieves it shall conform to the 
following requirements: 

No 7-1j in. to No. 4 ste Percent 
Passing &,.in.sieve . ........ . 100 
Passing -,-.n. sieve. ..... . 00
Passing .-in sicc .... 40-70
Passing No. 4 sieve 0-1S

Passing No N siee' 0-.
 

4.2 The crushed stone nr crushed slag for coarse-graded bituminous concrete or
asphaltic concrete binder %hall he No. 57, the I in. to No. 4 size as shoust in AASHO 

M 43, and shall be well-graded between these limits. When tested by means of laboratory
sieves, it hall conform to the following requirements: 

No. 57-l -in. to No 4 tir. Per cent 
Pasins Ipi-in. sieve............................... 00

Passing I-tn. sieve 95-100 
Passing 11n sieve. ......... .......... 25-60
Pa"ssin No. 4 sieve ............
0-10Passing No. 8sieve ... .... ............... 0-5
 

METHODS OF SAMPLING AND TESTING 
5.1 Sampling and testing of crushed stone and crushed slag for bituminous concrete

surface course shall be in accordance with the following standard methods of the American 
Association of State Highway Officials: 

Sampling ... ..... ............................... T 2

Percenae of wear ..... .... .............................
T 96
Soundness .......... . ....................... T 104
Unit weight .......... T 19 
Sieve analyuis ........ ....... T 27 

0-

StandardSpecification for 

Coarse Aggregate for Portland Cement Concrete 

AASHO DESIGNATION: M 80-70 

SCOPE 

1.1 This specification covers the quality and size of coarse aggregate for use in 
concrete pavements or bases, highway bridges, and incidental structures. 

GENERAL REQUIREMENTS 
2.1 Coarse aggregates shall consist of crushed stone, gravel, blast furnace slag. or 
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other approved inert materis:.i of similar characteristics, or combinations thereof, havinghard, stropg, durable piece., free from adherent coatings and conforming to the requirements
of these specifications. 

DELETERIOUS SUBSTANCES 
3.1 The amount s. deleterious substances shall not exceed the following limits: 

Recommended Maximum 
permissible permissible

limit limit 
percen t percent
by vi. byst.I. Soft fragmenta 2 5 

2. Coal and lignite (Note 1) 0.23. Clay lumps 0.25 0.25 
4. Material passing the No. 200 sicev 0 5, 1,0.
5. Thin or elongated pieces (length greaterthan times average tht~kness) As spe~ified Asspecified6. Other local deleterious substanmes . As specified Asspecified 

In the caseut .rushed .tgretecs, if the matral finer than the No 200steve consists ot the dust or fratuic, essentall) free fron ti0a) or &hale, thepercentages may be nocascd to t 0 and t 5, respscotsel) 

Nort I.-For the purpose of this spcciication coal and lignite are defined as that material that float;ona tluid having a specific gravity of 2 0 and which is browsnish-black, or blackcoal of fiunite. Coke is not classed as 

Nora 2-The recommended requirmcntis should be specified all where it ison work economitillypracticable to obtain materials conforming thereto Only of figurcs forone set percentage by weight should
Dinlddin any single specification 

PERCENTAGE OF WEAR 

4.1 Coarse aggregate shall conform to the following requirement: 

Percentage of wse.ir,Los Angeles test,not mote than . . 40 
NOTE: in certain specific tarts %hete aggregate of this quality cannotaggregate with economically be obtaineda higher percentage of wear may be used if a satisfactory service record of at least 5years' duralt',u wt4dersimilar conditions of service and exposure shall have been demonstrated. 

WEIGHT PER CUBIC FOOT OF SLAG 

5.1 Slag shall conform to the following requirments: 

Weight per cubic foot. not less than .. 70 lb. 
NOTE: This is considered the minimum safe limit for weight per cubic foot of slag forconstruction. A higher weight per this type ofcubic foot shoild be specified on all work where it is economicallypracticable to obtain materials conforming thereto 

SOUNDNESS 

6.1 When the coarse aggregate is subjected to five alternations of the sodium su!fatesoundness test, the weighted loss shall not exceed 12 per cent. 
NOTE: In certain specific cases where aggregates complying with this requirements cannot economicallybe obtained aggregateswith a higher percentage of loss may be used,record of at least provided a satisfactory service5 years' duration under similar conditions of service and expoure shall have beendemonstrated. In case it is desired to use magnesium

experience has shown will give results corresponding to 
sulfate, a weijhted loss should be specified slich 
a loss of 12 per cent when sodium sulfate Is used. 

6.2 Coarse aggregate failing to meet the requirement given in 6.1 may. at the optionof the Engineer, be subjected to an alternate freezing and thawing test and may be ac
cepted provided the weighted loss at the end of  alternations does not exceed -
per cent. 

NOTE: The Engineer should insert appropriate requirements based on his experience with the test. 

6.3 The requirements for soundness given in 6.1 and 6.2 above may be waived in 
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the case of aggregate for use in structures or portions of structures not exposed to weatmil. 
ing, 

GRADING 

7.1 Coarse aggregate shall be well-graded, between the limits specified, and the size 
or sizes designated shall conform to the requirements given in Table I. 

Non. Attention is called to the fact that the shape oraperture specified for determining compliance with nricifta
lionsforsize orcoarse aggregate has no retation to the size or shape ofapenure or type or sreen used In the production
or the material. 

M 80 
TABLE I 

Percentage by Weight Passing Laboratory Sieves Having Square 

Designted Sizes Openings, in Inches 
____sne__ S__e 211 2 111 I 4 35 A, No. 4 

i-in to No. 4 (No. . . 100 90-100 40-70 0-111*5-in. soNo.4 (No. 67). .... .. • 10 90-100 20-55 0-10Iin. to No. 4 (No. 57 I 100 95-' . 25-60 0-100I,4in, to No. 4 (No. 467) 100 95-100 35- ... 10.30 0-5
2-in. to No. 4 (No. 357) . 100 95-100 35-70 .. 10-30 -I n. to %i.n.(No. 4) 100 '1-00 20-54 0-iS ... 0-5
2-in. to l-in. (No. 3) . . 100 90-100 35-70 0-15 ... 0-35' .
 

Not itiv o han 5 rwr.t;, %hallpas. I No. 8 slew 

METHODS OF SAMPLING AND TESTING 

8.1 Sampling and testing of the coarse aggregate shall be in accordtance with ,rte
following standard methods of the American Association of State Highway Ofilcials: 

Sdmping. ... .......................... T 2

Material passing the No. 200 sieve ... .......................... T I

Fnablc partcles ..... ............... ............. T 112

Cua and lignite ....... ..................... I i1
 
Pcrcnt,Lge of wcar.. ............................... r S6

5ieve analysis ..... T 27
Soundnecsscdiumn or nwipisiun sulfate) .... .......... 0
snundnes 4fn.ctnsg and thawin ) .............................. "103
 
Unit weight sl g) . . .. . ................................. r ig

%aiftframeni .... rir 

-- 0 

Standard Specification for 
Cut-Back Asphalt 

(Rapid Curing Type) 

AASHO DESIGNATION: M 81-70 

SCOPE 

1.1 "'his pccification covers liquid petroleum products, produced b) 1p1tisng 4f 
:avphallic hasi ihi suitable petroleum distillates, to be used in the treatment of road sitlfce%. 
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GENERAL REQUIREMENTS 

2.1 The cut-back asphalt shall show no separation or curdling prior to use and shall 

not foam when heated to the application temperature. 

PROPERTIFS 

Cut-back asphalt of the grade designated shall conform to the requirements ,hown3.1 
in Table I. ISee page 8K.) 

METHODS OF SAMPLING AND TESTING 

Sampling and testing cut-back asphalt (rapid curing type) shall be in accordance4.1 
with the following standard methods of the American Association of State Highway Official%. 

.................
Samping. T 4055:':Water . . ... 
Flashpoint ...... .. 79 

... T 72 
. ..T 7Kinematicviscosity ...................... 


SayholtFurolviscosity ........ ...... . . " T 78
D msillatinn . 
.. 49'..... ... rPenetratlion .. .. T....
Du.tdtty 

T 44Solubilitv in trichloroethylent... T 102Spot test 

TABLE I 

RC.?0 RC-250 RC.300 RC-300D 

Mm. Max Min. Max M IMax Mm. Max 

. .. ... 0.2 0.2 10.2 0.2
Water, percent ........... 
 26 7 (80). 26.7 80) 26.7 ,80)Flashpoint(tag.opencu).dc~refsC(F)

Kinematic Viscosity at 60C (140 F)(SeeNote I)
 3000 SM
 .... 70 144) 250 500 800 600 


Distillation test.
 
Distillate. percentage by volume of totai dis

tillate to 360 C (680 F)
 

centistokes .................... 


to 190C (374 F). . ...... . 0 
... Is ...

to225C(437F). ... . .... 0 ... 35 
43 ... 23

to26OC00F). ........ 70 ... 60 ... 
70 ...
33 ... 75as........ s0 ...
to 315C(600F). 

Residue from distillation to 360 C (630 F) volume
 
percentage of sample by differenrc........... 35 65 75 30
 

Tests on residue from distillation 
. . 80 120 s0 120 80 120 80 120

Penetration. 1O(S.5 se-t25 C(77 1-). 
25 C (77F) cm • 100 to0 ... to t -00Douctility. 5 em/mn 99.I99. 99.0 9...

Solubility in trichloroethylene. percent 
Spot test(seeNote 2) withN 

Negative foralltradesStandard naphtha. 
- percent xylene Negative for all gradesNaphtha.xylene solvent. 

forall
Negative grades

Heptine-ylene solvent, - percent sylene 

NO I. Asan alternate. Saybolt-Furol v;.,osties may be speciied as follos:
 

tirade RC-70- Furol vucossly at 50 C 1122 F)-60 to121se 
 .
 
Grde RC.250-Furol visertlity at 60 C (140 F)-125 to 2'0 
sec.
 
Grade RC.,00--Fuiol viscosity &IR22 C (1SOF)--100 in 200 sec
 
Grade RC-3000-Furol viscosity at 82.' 
 C (1eo F)-300 to 6010sec. 

the sandasd 

naphtha solvent, the naphtha xylene solvent or the heptane tylene solvent %ill beused in determining compliance with 
of the xylene solvents, the percentage of xylene tohe used. 

NoTe 2. The use of thespot test ia optional When specified. the Engineer shll indicate whether 

the requirement, and also, in the case 

0-O
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Standard Specification for 

Cut.Back Asphalt 
(Medium Curing Type) 

AASHO DESIGNATION: M 82-70 

SCOPE 

1.1 This specification covers liquid petroleum products, produced by fluxing an 
asphaltic base with suitable petroleum distillates, to be used in the treatment of road surfaces. 

GENERAL REQUIREMENTS 

2.1 The cut-back asphalt shall show no separation or curdling prior to use and shall 
not foam when heated to the application temperature. 

PROPERTIES 

3.1 Cut-back asphalt of the grade designated shall conform to the requircncnt% sho~n 
in Table I. 

METIIOI)S OF SAMPLING AND TESTING 

Sampling and testing cut-hack asphalt (medium curng t)pe) shall be in accordanix4.1 
wilh the following standard methods of the American Association of State Highway Officidl. 

S.lmphnM ..... ... . T 40
 

Ver. ......... ......... T 55
 
Flsh in ... T 79 
K1nemiilc viscoitV . T 201 
Sd)bohlFurol vm,,.osity .. T 72 
Distililion T 78 
Pent ralion ........... .49 
Dctulliy T 51 
(lubiiiv in tnchioro hylelne ... ... ...... . T 44 

Spot test .. 10,2 

M 82 
TAbLi2 I 

M.30oM "- MC2 ML--80V.C.3I., --. )
 
M1:,% M 

. 0.2 1 0.2 -I" - - I
 
-Im , . pnn F) (100)37.5 'IM 6! 15u,
 

Min. Max. Min.Mail. Min. is.gh I' %fi. 

,. up . degreesC . (100)137.8 
i .u ,i. it60 C (140 F) (we
 

N,,i€ ,msji.c¢
DitllI "htet 30 60", 70I
 140 250,P'lM.11.per| centageby .olumeof totll goo 1)) 11UJoK) I 
distl vc to1liC,680 U) I 

ii.2t{ (47 1' 25 0 20 0 10 :
1611C:"00 k .40 71 20 60 is 54; 3!i 0 1) 1 

ioliisi.00, 75 93 65 90 60 87 45 ll i 75 
k e taiue l,,, , dsis la on to3 0 C (680 F) 8"
 

i.ulunic i'crccit'c of Isniple by dlicren ce 1O ' 55 ., 67 75 so
 

I.bis on rrldue fiontdisi,.ition2 
Penc ration1001 e, it 2 120 250 12)0 250 120 250 21 2'i 1211 2N ,.. C 77 F,
Duct.i ... ,,, See? c.e loo ,cmmin100 )fil, ,l ion 
%olubtht in Irl.ilot,,wh ene percent 1 [ 99. 99 '. 49 C 

Standlard naphitha Negiwte fot all gra.1o
 
Narwhha-lllr¢ions .,t-- per
 

,c, xlnrc .%cw~tive for all grade$
 
Heplxnc-%)1enc b~ol€lt -- per.
 

cent -*:,ne . c jtli'e for nit grades
 

Voltr I As an allternate. Sa)bolt rural viscrisiles reaybe specified as iooit 

http:ioliisi.00
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Grad, i1( 70-Furo ,its it 30 C 022 N1-60 to 120sec.Grade ML-3D- Fuiol 'IkosIty at 25 C (77 F)--73Grade MC.250-Furol stkosty at 60 C (140 F)-12 
to 150 sec 

to 250 see.Grade SIC..A.- Furol viscosity at 82 2 C t180 F)-OO to 2o()sec,Grade IC.3000--Furol visosity at 82.2 C (tFO F)-300 toWONorE 2. sec.If penctration of residue is more than 200 and its ductility at 25C (77 F) Is les%ill be acceptable if its ductility at 1 
than 100cm, the material 

Nolr 3 The use of 
S5C (60 F) is illre itan Hil0cm.he spot test is optionalntphthi solvent, the niphtha Whfenspeified. the 1-noneer shall indicate%len solsC,,. or hcpie.I.n whether the standardthe requ rement, and also, it soteni will beused in determining compliance withth i.ise of the ,ylcne sovents, the percentage of xylenn to be used . 

-0 

StandardSpecification for 
Portland Cement 

SCOPE AASHO DESIGNATION: M 85-70
 
1,I This specification cOvet, five
Type L types of portland cement, as follows:For use in general conrete construction when the special properties specifiedfor types II, Ill, IV and V are not required.Type I. For use in general concrete construction exposed to moderate sulfate action,or where moderate heat of h)dration is required.

Type III. For use %%henhigh earl)' strength is required.Type IV. For use when a low heat of hydration is required. (Note.)Type 11. For use %shenhigh sulfate resistance is required. (Note.)NoTE .- Attention is called to the fact thattype V are not usually carried in stock. 
cements conforming to the requirements for type IV and 

should determine whether 
In advance of specilying their use, puchasers or their representatIvesthese types of cement are, or can be made available. 

BASIS OF PURCHASE 
2.1 The purchaser should specify the type or types desired. When to type is specified,the requirements of type I shall govern. 

DEFINITION 
3.1 Portland cement is the product obtained by pulverizing clinker consistingtially of hydraulic calcium silicates to which essen

no additions have been made subsequentcalcination other than water and/or untreated calcium sulfate, except that additions of other
to 

nondeleterious materials may be added at the option of the manufacturer in an amountnot to exceed 0.1 per cent. 

CHEMICAL LIMITS 
4.1 Portland cement of each of the five types shown in Section I shall conform 'tothe requirements prescribed in Table 1. 

PHYSICAL REQUIREMENT'S 
5.1 Portland cement of each of the five types shown in Section I shall conform to therequirements prescribed in Table 2. 

PACKAGING AND MARKING 
6.1 When the cement is delivered in packages, the nameturer and the type shall be 

and brand of the manufacplainly identified thereon, except that, in thecement, the type need case of type Inot be identified. When the cement is delivered in bulk this information shall be contained tn the shipping advices accompanying the shipment. A bag shallcontain 94 lb. net. A barrel shall consist of 376 lb. net. All packages shall be in good condition at the time of inspection. 
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STORAGE 

7.1 The cement shall be stored in such a manner as to permit easy access for proper 
inspection and identification of each shipment, and in a suitable weathertight building that 
%II protect the cement from dampness and minimize warehouse set. 

INSPECTION 

8.1 Every facility shall be provided the purchaser for careful sampling and Inspection 
or 	at the si'c of the worr, as may be specified by the purchaser. Theat either the mill 

following periods from time of sampling shall be allowed for completion of testing: 
I-day lt..... ........ ............................... 6 days
 
3-day test ........................................ days
 
7.day test....................... 12 days
 

28.day test ............................................. 	 33days
 

REJECTION 

9.1 The cement may be rejected if it fails to meet any of the requirements of this 
specification. 

9.2 Cement remaining in bulk storage at the mill, prior to shipment, for a period 
greater than six months, or cement in bags in local storage in the hands of a vendor fur 
more than three months, after completion of the tests may be retested and may be rejected 
if it fails to conform to any of the reqtirements of this specification. 

9.3 Packages varying more than 5 per cent Iom the specified weight may be rejected; 

and if the average weight of packages in any shipment, as shown by weighing 50 packages 
taken at random. ts less than that specified, the entire shipment may be rejected. 

9.4 Cement failing to meet the test for soundness in the autoclave may be accepted 
if it passes a retest, using a new %ample. at any time within 28 days thereafter. The pro. 

visional acceptance of the cement at the mdl shall not deprive the purchaser ot the right 

to relel on a retest of soundness at the tine uf delivery of the cement to the purLhs-. 

%1 85 
EARLE I 

Chemical Requirements 

-ih*on dioside SIOti,min, per cent 	 21.0 
Aluminum oxide (At .oj),mak. per cent 	 6.0 
Ferric oxide (FeOai. miax. per cent.. 	 6.0 6.5 
Magnesium oxide (MgO). anx, per cent 5.0 5.0 5.0 5.0 4.0 
Sulrur trinxide (SOal. max, per cent 

3.0 3.0 3.5 2.3 2.3When 3CaO. AO, is 0 per Lent or less 
When 3CaO.Ah1O asmore than 8 per cent 3.5 ... ,5 

Loss on agnitimo,max. percent. 3.0 3.0 3.0 2.i 3.0 
Insoluble residue. max. per cent 	 0.75 0.75 0.75 1 7:5 0.75 
Sodium and potassium oxide (NaO + 0.658 K2O). max. 

0.6 0.6 0.6 0.6 0.6r.ent (2,
Trka li."] , tC a'i1i 1zOi,). (3)mix, per cent . . 5 3t ...DI , . , . .i . ) O l (3) m i n pe r ce nt ,.. . . . 40 
r 1 -. ,r ,it I1AIOa.3) max, percent . 15 8 15(4 3 
Tetracalcium alumnnoerritc plus twiie the ncalctum alumi. 

nate (3) (4C0(AlOhOa F-c2Os+ 2{3CaOAtOti or solid 
solution (4CsO AlsOi Fe.Oi + 2aO.FerOs). as ap. 

. , . 20.0plicable, max, per ccnt 

(i) SeeNote I. 
- r "low-alkali cement." Such cement should bespecified 

.- a IL , . ' " . i iriee a hied. . he -ncrete The maiinum value ofo.6%c may be reduced when12l This requirement applies onl) when the Enineer specifies 
1 lonly t, ,, Ial|' ...... ~ l r lrs - le.the e... r ,! Ire 

(t e, €it rea..,. . , ul.. . r .r.', ... itsled assumed compoundsdoes not necessarily mean 

that 	ite s.se*..' e *.' se..a...'r."-...' 
Whe. th ratio r percentages of aluminum oxide to lernc oxide is 0.64 or more the percentages of tricalciun 

ilicate. dicalLium silicat., incalctum aluminate and tetracalcium aluminofernle shall be calculated from the chemical 
analysts is follows. 

Tn.lucium silicate - 4071 X per cent CaO) - (7.600 X per cent SiOt - :6718 X per cent AI.Oh) 
0i430 X pe cent FevOal - (2.832 X per cent SOi1 
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'itc.alcium ilicate - 2.867 X per cent StO) - (0.7544 X percent CiSI
 
I ncahsutii aluminate - (2.650 X per cent AhiOs) - (1.692 X per cent Fe.Oa)
 
Tetracalium aluminoferrite - 3.043 X per cent FesOn
 

When the alumina ferimcoxide ratio is less than 0 64. a calcium aluminofernie Solid solution (eXpresed is is 
,C.AF + CtFi) isformed. Contents or this solid solution and of tncalclum silicate shall be calculated by the follo.ivn$ 
formulas 

zz iCA- -.+.Fl - 2.1UO X per cent AliOs) + (1.702 X per cent FeOs) 

rricaicium silicte - (4 071 X per cent CaO) - 17600 X per cent SiOe) - (4.479 X per cent AI,05 1 
12 8

T ) 
X per cent FetOi) - (2 852 X per cent SO,) 

No incalciui alumnate xill be present in cemenis of this composition Dicalctum silicate shall be calculated as 
previously shown 

In the calculation of CiA. the valuesof AltO, ard FeTOs determined to the nearest 001 per cent shall he used. 
Values for CA and for the .uinof C4AF + 2CzA shall he reported to the ieatest 0.1 per cent Values for other 

compounds shallbe reported to the nearest I per cent 
141 When moderate sulfate resistance isrequired for type III cement, tricalcium aluminate may be limited to 8 per 

cent When high sulfate resistance isrequired, the trItalcium aluminate may he limited to 5 per Lent 
(51 When moderate heat of h)dration is ittluired. a limit of 58 perc ent sin the total ttialcium s1it6te n Ini. t tii 

.luminae shill appl, tor t)pe II ement 

%185 
TABLE 2 

Phstcal Requircments 
type Iype I'eV Triye lyve 

Fineness. specific sair ice, s,l. cm per s.ialtem.to methods. (2) 
Turhidlmetir test 

Average value. mn I (") I fl) I 611 I "A 
Mim. value. any one sample I, 511 I. til I .tt I !51.l 
Average .aluc, mtix. 2.200 2 200 2 2(w) 2 2191
 
M ax. AMc, any osite sample 2.30 2 30 2 31) 1 lax
 

Air permeability tcSt 
Average silue. nion 2 800 2 2 O 2 lixt 
Min value .in, one simple 2 UN) 2 6110 2 ti 2 N.st 
Average value miat 4 (X)1 4l t 4 IN1t) 
Max .alue. an) one sample 4,20t 4 200 4 200 4 2NO, 

Soundness
 
Autoclaxe esnsmin. max. .xxrLent 0 "i, Si O0 Oi 0 t 1xi 

Time of stting (aliem siemethods) 3pGillmore teml 
itiatlI st. t non . not less than .44 655 Ni dtl NI 

I Inal set, hr. not more than 1it to Ii,i t I 
islW test t 131, 

set. min , not les thiIn .5 4 41 4 411 

Air conlent t5)
 
air contient of toriar prepared and tested in accordance with
 

Method T 137 max. percent by solume 12 0 1: 0 12.1) 12.0 12.0
 

Tansilc strength,rsi 141 
The average tensile strength of not lessthan three standard
 

morar hriquets tvrermied in accordance with Method T 132.
 
%hall he equal Is or higher than Ihc values specified for the
 
ies indiwiiied fltx 

I dty its niust air 27S 
I da) it moist air 2 Jays in water I3) 2% 175 
I day in moist air. 6 dai s in vater 27k 2MI, 175 2i1 
I day in mils a. 21 das in water . 5t) J2.' 300 3. 

(ompressive strength. psi (4)
the ax.erage ssoniptes-ist sitengili ol Iti ess than three nior. 

lair cubes. pr.pared in a.iord.aisi¢ cith Method T 106. shill 

he equil to or hilher than the values specified for the ages
indic.atedt.l,.m
 

I d.tv in i si i$ Iix 71R) 
I day in moist r 2days in water 1 2110 1 1 
I d.iy in nUll ai r di) i n ,.tcr 2 10 I 1 } 8IOU I tix li 
I day inntitr V dx in x itir ' 1 t)IN, 2 ( Oi I 

I alae set. inai pe i s..tili min pet Lent (6) 4) 1t ll tItt so 

ii rCeN Oe Ae, I t 
2) Lither ol s snetllt lav be toid lheitspionlt I lw %srs caselics ,ilirnisehltseneis s iss ,11 l lie ,st lii Ihlitieter in 

otdispute of xhun ite onlII I .ilsis isi the iitluircnents itt lisIll le i .li. %%us cyst tAUrndlsll-,ci shall he uxid. 
and the re(ltuirntots in I le 2 l(tr oit invelitt shill enisr 

Ii)TheI purltix ., 4I A, I t il e I )Iette tinvi stx rsi, ired li. is lie lOdit nit s stlv ilv or in case of
,hmsutc thu n ' ilh%i t onhrequivititi it tfl I ill ,,o crn 

ltw si Ast Ai -, vh, rcoit si,4 Thenurtlh s.r l t ,i li. l i, is ii Si .1.tir,, l 'ti. ,,.v n,s iiIl stints 
rhet oltpre sic xtrtncio It l t , linless - i1 xi,i r ei il ill tert ier I ,lidil 1itI 1i t11 I -n,: It nii l 

l -

4i Leo'll pr.oii Imttis 11h l .,I w trII ixI i 1IsiI i Its Is t it. 1s. ' I l, dIntliIsv..m ilfthe 

,1%1, . l ... .. d l l11l11h0ll.1 it - ~ l-'l+lv t~'tl~l ,Iell~d iiil+111~11. i 1. h 
,ll+ 

t 

h h1%Ivh- lI*I"I It lly m * M'e ItIaK,I ,. I,,i
 

http:ialtem.to
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METHODS OF SAMPLING AND TESTING 
10.1 The sampling and testing of portland cement shall be in accordance with the

following standard methods of the American Association of State Highway Officials: 
Samplin . ........... . T 127
 
Chemical analysis ... .. . T 103 

Nome: Sodium and potasium oxidei may be determined by either the flame Photometry method out.lined In T 105. Part II. or the gravimertric method outlined in T 1 S, Part I. 

Fineness 
Turbidimeter. T 9S 
Air perneability ....... T IS3
Soundness . .


Time or setting:
Gitmore needles . ....... T 154Vi ,.. T 131

1,....rP., T 137 
N ,s'smen, T 129 
le.'s.Ie ii cia',* . I 132
Csomiressive strength ......... T 106
Falset . . . T 116 

0 

Standard Specification for 

Concrete Sewer, Storm Drain, and Culvert Pipe 

AASHO DESIGNATION: M 86-68 

(ASTM DESIGNATION: C 14-68T) 

SCOPE 
1.1 This specification covers nonreinforced concrete pipe intendad to be usad torthe conveyance of sewage, industrial wastes, storm water, and for the construction 0. 

culverts. 
Notr-The values stated in U.S. customary units are to be regarded t .... ",. "T.equivalents of U.S. customary units given in the body of the standard and n. J. kif(a).-,x nr4t

be approximate 

CLASSIFICATION 
2.1 Pipe manufactured according to these specifications shalt .o .. 

known respectively as "Standard-Strength Nonreinforced Concrete Pipv" : :-S.,en...
 
Nonreinforced Concrete Pipe."
 

BASIS OF ACCEPTANCE 
3.1 The acceptability of the pipe shall be determined by the re, . , t g~h

absorption, and permeability tests if and when required, and b) in p. :tion te determinewhether the pipe conforms to these specifications as to design and fret .om from s.e.tCts.
3.2 Acceptance as to Strength Properties.-Pipe shall be acceptable und-r the s.rength

tests when all test pipe conform to the test requirements. Should any of the prelirlinar)
test pipe provided for in 5.2 fail to meet the test requirements, then the manufatur.r will
be allowed a retest on two additional pipe for each pipe that failed, und the ripc shall
be acceptable only when all these retest pipe meet the strength requirenmnts.

3.3 Acceptance as to Absorption Properties.-Pipe shall be ace ptalble under the
absorption test when all test pipe conform to the test requirements. ,'h.-n not more than 
20 per cent uf the test pipe fail to pass the absorption requirements of thi, specification,
the manufacturer may cull his stock and may eliminate whatever quantit) of pipe hedesires and must so mark the pipe that they will not be shipped. The required tests shall 
be made on the balance of the order and they shall be accepted if they conform to the 
test requirements. 

http:le.'s.Ie
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3.4 Acceptance or to Iermeability Properiies.-Pipe shall be acceptable sshen not less 
than 80 per cent of the pipe tested meet the permcability requirements, When more than
20 per cent of the test pipe fail to pass the requirements of this specification, the manu
facturer may cull his'stock and may eliminate %shatever quantilv of pipe he desires and 
must so mark those pipe that they will not be shipped The required tests shall be
made on the balance of the order and they shall be accepted if they conform to the test 
requirements. 

NOTE-Prior to purchase, the purchaser ni.y ,peLify the hydrostatic test piv..ribed in 9 I Instead of the
permeability test. 
MATERIALS AND MANUFACTURE 

4.1 Concrete.--The concrete shall consist of portland cement, mineral aggregates, and 
water. 

4.2 Cement.-Portland cement shall conform to the requitements of AASHO N 85 
for Portland Cement, or shall be air-entraining portland cement conforming to the 
requirements of AASHO NJ134; for Air-Entraining Portland Ccniont. or shall be portlandblast-furnace slag cement conforming to the requirements of ASTM C 595, for Blended 
Hydraulic Cement . 

4.3 Aggregate.-Aggregates shall conform to AASHO NM6 and NM80 for Concrete 
Aggregates, except that the requirement for gradation shall not apply and a loss of 50 
percent in the Los Angeles Test shall be permitted.

4.4 Asixture.-The aggregates shall be so sized anid so graded and proportioned and 
thoroughly mixed in a batch mixer with such proportions of cenient and water as will
produce a homogeneous concrete mixture of such quality that the pipe will conform to 
the test and design requirements of these specifications Admixtures or blends may be
used with the approval of the consumer In no case, hosseser, shall the proportion of
portland cement in the mixture be less than six U.S. standard bags 94 lb (43 kg)/yd' 
(0.77 m 3) of concrete. 

4.5 Curing.-Pipe shall be subjected to any one of the melhods of curing described
in 4.5.1 through 4 5 4. or to any other method or combination of niethods approved by
the purchasLr that %%ill give satisfactory results The pipe shail le cured for a sufficient 
length of time so that the concrete will deselop the specified strength requirement at 
28 days or less 

4.5.1 Steam Curing.-Pipe may be placed in a curing chamber, free from outside 
drafts, and cured in a moist atmosphere maintained by the ineuilon (if steam for such
time and such temperature as may be needed to enable the pipc to meet the strength
requirements. The curing chamber shall be ,o constructed as to ,llov. full circulation of 
steam around the entire pipe.

4.5.2 Water Curing.-Concrete pipe may be %%ater-cured by covering with water

saturated material or by a system of perforated pipes, mc.ihniLl sprinklers, pouoos hose,
 
or by any other approved method that will keep the pipe motst during the specified curing

period.

4.5.3 The manufacturer may, at his option. combine the methods described in 4.5.1

and 4.5.2 as long as the specified strength is attained
 

4.S.4 A sealing membrane conforming to the requirements of AASHO NJ 145 for
Liquid Membrane-Forming Compour.ds for Curing Concrete may be applied and should be
left intact until the specified strength requirements are met. The concrete at the time of 
application shall be within 5.5C (10 F) of the atmospheric temperature. All surfaces shall
be kept moist prior to the application of the compounds and shall be damp when the com
pound is applied. 

TEST PIPE 
5.1 Selection of Pipe.-The pipe to be tested &II be selected by the purchaser orhis representative at the point or points designated 'Vyhim %khen placing the order. 
5.2 Number of Pipe.-The manufacturer or seller shall f-rnish, without charge, pipe

for crushing and absorption tests, up to 0.5 per cent of the number of pipe of each size 
included in the order, except that in no case shall less than two pipe be furnished. The test
pipe shall be sound, full-size pipe. 

http:Compour.ds
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TABLE I
 
Physical and Dimensional Requirements for Standard Strength,
 

Bell and Spigot Nonreinforced Concrete Pipe .b
 

lr.,,de Minimum 
Intcrnal Thiclkness cf D,-meter Depth of Taper of Minimum 

Vwmter. in. Wail T, In. at Mouth So ket Socket, Thickness o 
of Socket I., tn. HaL, Socketd T. 

0., in. 

I 2 3 45 6 

4............. .. 6 1' 1.20 3T 4 
6....... *.. 1.20 all timz
" I 

.......... 

10..... 


.......
12.............
IS.......,........ 


. 
21.224 ... ...... .. . 

*Seerig. I also. 

o 21% 1.20 
h3 21. .20 

1l I 5 2L. I 1.20114 IP .. 214. 1.20 

t, I 22' 2t .20 
2, 1.2023, 1 . 02 1.94 1..0 


M86 

Minimum 
Strength

lb/linear It 
Three-edge

Bearing
Method 

7 
1010
 
1100
 
1300
 
1400 
1 5 1500
15
 

2000 
2200o1 2400 

* When pipe are furnished having an increase In thickness over that given In column 2. then the diameter at the 
inside of the socket shall be Increased by an amount equal to twice the Increase of the wall. 

dThis measurement shall be taken 14in. (6.4 mm) from the outer end of the socket. 

TABLE IA 
Metric Physical and Diml.nional Requirements for Standard Strength,
 

Bell and Spigot Nontenforced Concrete Pipe.b
 

NoTe,- Thismeatlr table is for use on a metrc basis only and isnot absolutely equal to U.S.customary unit systems. 

to I olerances in Table 3.= Luject 

I 2 3 4 

Inside 
Internal Thtckneu of Ibameter Depth of 

Daneter. Wall r, cm at Mouth or Soket., w, 
cm (in.) Soket,, cm

A.. cm 

10 (4) 1.43 15.2 3.3 
Is A6) 1.59 21.0 $.1 
20 i) 1.90 27.3 3.7 

25 (10) 2.22 33.0 6.4 

31 (12) 2.54 38.7 6 4 

38 1151 3.18 47 6 6.4 

46 t1 3 at 56.3 7.0 

53 (213 4.45 65.4 7.0
61 (241 .40 74.9 7.i2 

*SeeFilg. I. also.
 
bSubject to Tolerances in Table 3.
 

56 

Mnimum Taper 
of Socket.

:Ls 

1.20 
all sizes 

7 

Minimum 
Strength, 

Minimum Thre-edge 
Thickness or ! tn
Socket,' 7', Metho d.1g/

linar cm 

3T/4 14.,
 
all szes 16.3?
 

19.J5 
20.83 
22.32 
26.04 
29.76 
32.76
35.72 

When pipe are furnished having an Increase In thickness over that given in column 2. then the diameter at the 
inside of the scket shall be increased by an amount equal to I be the increase of the wall. 

dThis measurement shall be taken 14In. (6.4 mm) from the outer end of the socket. 
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TABLE 1 
Physical and Dimensional Requirements for Extra
 

Strength Nonreinforced Concrete Pipe ,
 

Minimum 
Strength.

Internal Thickness or lh/linear it 
Diameter. in. Will in. Threc-edge 

Bearing
Method 

I 2 

4 .2(M 2t)o 
6 .. .... . ... ..... 2000 
If. 2001

to ................. I 21410
 
12 .l I......... 2250 
IS 2 'i 3310 
21.. 2i, 2750 
24 3 44(10 

- See 8.3.1 and 8.3.2. 
Where tongue and groove pipe isfiurnished, itsha'i have a minimum 

wall thickness of I ! in. (4.45 cm)except it the above mimimum thicknesstit 
ir.,lirr if"tlitL., --- J f- to give a groove tliickncrs * guil to three.r" "r I i, 

, ire . L..,%%- - .it the pipe this ncisuremnt :iali he taken
i J s -iii I , -i i r , e of the gro(oe

Nartc I i .l. . ,.' l -' 3 

TABLE 2A 
Metric Physical and Dimension Requirements for 
Extra Strength Nonreinforc d Concrete Pipe'

NiE-This mciri tibie is foruse on a netriw hdsis only and is not 
absolutely equal to U 'i. customary unit systems 

I 2 3 

Minimum
Internal %trengih. 
Diameter. Ihickness Three-edge
of 
cm (in Wall,eni Bearing Method. 

kg linear cm 

b 


t0 (4) 1.90 29.76 
15 (6) 1.90P39.76 
20 10) 2.22 29 76 
25 (10) 2.54 29.76 
31 (12) 3.49 33.4K 
38 (15) 4.13 40.92 
46 (18) 5.72 49.1 
53 (21) 6.99 57.29 
61 (24) 7.62 59.53 

See .3.1 and 8.3.2

bWher tongueand groovepipe is furnished. havea minimumitshall 


wall thickness that the above minimum thickness
of I j in.(445cm)except
applies ifthe *roove end ismodifiedto give a groovethickneusequal to three
fourths of the wait ofthepipe. betakenthethickness Thismeasurement shall 
X in.(6 4 mm)from theouterend or the groove. 

a Subjectto toc;rances in Table 3.
 

5.3 Measurement and Observation of Pipe.-The test pipe shall first be freed from 
all visible moisture. When dry, each pipe shall be measured and inspected. The results of 
these observations shall be recorded. 

5.4 Defective Pipe.-Pipewhich is observed to have cracks or other defects in form 
or dimensions in excess of the limits permitted in these specifications, shall be discarded 
and replaced with additional pipe from the shipment. 

PHYSICAL TEST REQUIREMENTS 

6.1 Crusting Strength.-The crushing strength of nonreinforced concrete pipe shall 
conform to the requirements prescribed in Tables I and 2. 

6.2 Absorption.-The absorption shaU be determined by the boiling absorption test 
and shall not exceed 8 percent. 
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Ta 

Fla. 1-Typical Bell and Spigot Joint Showing Application of Dimensions
 
Given in Table 1.
 

T 4T 

L 

FIG. 2-Typical Tongue and Groove Joint Showing Modified Groove in Dotted Lines. 
(See Table 2, Notes a and b.) 

6.3 Permeability and Hydrostatic Tests: 
6.3.1 When subject to the permeability test as specified in AASHO T 33, Test for 

Determining Physical and Chemical Properties of Culvert Pipe, Sewer Pipe and Drain Tile, 
no muist

the outer pipe surface of not less than 80 per cent of the pipe tested shall show 

or damp spots at the end of the test period due to water passing through the walls of the 

pipe. 10 psi (0.70 kgf/cm2) for
6.3.2 If subjected to the internal hydrostatic pressuret of 

T 33, the pipe shall show no leakage. Moisture
10 min and as described in AASHO 

the form of patches or beads adhering to the
appearing on the surface of the pipe in 
surface shall not be considered leakage. 

At the time of initial inspection, under either the permeability or hydrostatic test,6.3.3 
pipe shows moist or damp spots on the outer surface of the pipe, the test shall

if the 
for a period not to exceed 24 h at the option of the manufacturer or the

be continued 
or damp spots on the outer surface of the pipe at some

seller. If the pipe shows no moist 
time during the extended period, it shall be considered to have passed the test. 

6.3.4 When the hydrostatic test is used for acceptance of the pipe joint as specified 

198 for Joints for Circular Concrete Sewer and Culvert Pipe,
in Section 8 of AASHO M 

runs may be used as the
Using Flexible, Watertight, Rubber Gaskets, the same joint test 

3.4 and 6.3.2 of these
basis of acceptance for the pipe hydrostatic test allowed under 
specifications. 



83 
M86 SPECIFICATIONS FOR HIGHWAY MATERIALS 

DIMENSIONS AND PERMISSIBLE VARIATIONS 
7.1 Sizes and DintenraonT.-Pipe shall be furnished of the sizes, internal diameters.and dimensions prescribed in table%1,2 and 3.7.2 Permissible Variiaon in Dimnenston.-The permissible variationsdimensions prescribed in Tables I and 2 shall tron thenot exceed those stated in Table 3. rhis isnot to be construed, however, that heavier wall thickness pipe cannot be furnished atoption of the manufa.turer. Pipe intended to be 

the
straight shall not have variation in alignment of more than 1,in /ft (0.1 mm/cm) of length.


WORKMANSIIIP AND 
 FINISH
8.1 Absence ou Defects.-Pipes shall be substantially fiee from fractures, large ordeep cracks and blisters, laminations, and surface roughne:s.8.2 Finish o/ Ends.-The planes of the ends of the pipe shall be perpendicular tothe longitudinal axes, subject to limits of ,ariation as shown in Table 3 
8.3 Joints: 
8.3.1 The ends of the pipe shall be so formed that when the pipe areand joined, they will make a continuous uniform laid togetherline of pipe sitrh a smooth and regularinterior surface. The joints shall be of such design as will permit effective jointing to reduceleakage and infiltration to a satisfactory minimum and to permit placement without appreciable irregularities in the flow line. 

TABLE3

Permissible Variations in Dimensions for


Nonreinforced Concrete Pipe
 
Limiis or P nm7il a n in 

Iniemii IInternalLength, Length Diam- Depth Thick.Diameier. (L of To Icier, Pipe (,r ness ofIn iIn./frih Opposte orI- ) Socket Wall. in&Sides, in. Socke,- . n)
in. (.+ 

4 . .... 4. 
2 43 4- 5 

42 ~ 'a10.
 

Is ,ki,21....... I - . i 

The minus sign I-) alone indicates ihat ihe pius anation issIoihe plus and minus sign hmited.+ indicates variaion in both c€cib ond deficiency indimension
h The maximum underrun in lea it of an) sc~ito, of pipe shall notexceed ' in. 

TABLE 3AMetric Permissible Variations in Dimensions for Nonreinforced Concrete PipeNor.-This metric tablh s or useon a mei basis only and is not absolutely eulul io U S customary unlitSYSIeIM.1 2 J 3 ---6 
Limiis of Permissibie Variaiion. in,.tnoal Diameter, 

em (in.) Lengih of Two "iuiDrnalDian'eLength L). -r,__ ntI)Opposl Sides, Pip n (.t:) m' {-im(-) ittl or So=kei.' Depth orSuxken/ih.m thsckneuorWaii, 

l "
 4
6.46t o(12) 0.21 l :3.24 1.6 
I2641 () 0 

6.
6 4 

2 (1 ) 6.44


5 6 .4 l0 .2 1 1 12. .6.694. 7.5
3 (2) .21 

42.4 3.27 9 | 6A14.3 , 61 2:4) 0.31 


'The minus sign (-) alone indicates that the plus vanaion is not limied;,ariailon in both excess te pius And mi'.s sign (*+ Indicaesand deficiency in dimension. 
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$.3.2 Extra-strength nonreinforced concrete pipe under these specifications shall have 
bell-and-spigot, tongue-and-groove, or other approved type joint. 

8.4 Specials: 
8.4.1 Special shapes shall have the same joints and correspond in all respects with the 

dimensions specified for pipe of the corresponding class and internal diameter. Branches shall 
be furnished to lay the same lengths as straight pipe. All specials shall conform in finish 
to the specifications for pipes given in 8.1 and 8.2. 

8A.2 Slants shall have their spigot or tongue ends cut at an angle of approximately 
45 deg with the longitudinal axis. 

8.4.3 Curves shall be at angles of 90, 45, 22% deg, as required. They shall conform 
substantially to the curvature specified. 

8.4.4 Branches shall be furnished with the connection or connections of the size 
or sizes specified. securely and completely fastened in the process of manufacture to the 
wall of the pipe. T-branches and double T-branches shall have their axes perpendicular to the 
longitudinal axis of the pipe. Y-oranches, double Y-branches, ind V-branches shall have 
their axes approximately 45 deg from the longitudinal axis of the pipe measured from the 
socket or groove end. *,11branches shall terminate in sockets or gronves, and the branch 
shall be of sufficient length to permit making a proper joint when connecting pipe is 
inserted in the branch socket or groove. 

8.4.5 Channel or split pipe, curves and branches shall be accurate half sections of 
the corresponding size of pipe or other specials. 

8.5 Repairs.-Pipe may be repaired, if necessary, because of occasional inperfections 
in manufacture or injury during handling and will be acceptable if, in the opinion of the 

9.1 All tests shall be made in accordance with AASHO T 33 Physical and Chemical 
Properties of Culvert Pipe, Sewer Pipe, and Drain Tile. 

METHODS OF TEST 
9.1 All tests shall be made in accordance with AASHO T 33 Physical and Chemical 

Properties of Culvert Pipe, Sewer Pipe, and Drain Tile. 
9.2 Test Specimens.-The number of absorption test specimens shall.be equal to the 

number of pipe provided for testing. The specimens shall be obtained from pipe that are 
acceptable as to strength, and shall be taken from pipe used in making the strength test 
after that test is made. The specimens shall be marked with the number or identification 
mark of the pipe from which tl.ey were taken. Each specimen shall have an area of 12 to 
20 in.s (77.4 to 129 cm2), as measured on one surface of the pipe, and a thickness equal 
to the pipe wall, and shall be free from visible cracks. 

9.3 Permeability or Hydrostatic Test.-Sound full-size pipe shall be tested for leakage 
under the permeability test or hydrostatic test. The number of pipe to be tested shall be as 
prescribed in 9.3.1 and 9.3.2. 

93.1 Permeability Test.-Two per cent of the number of pipe of each size included 
in the order, but in no case less than five pipe. 

9.3.2 Hydrostatic Test-One half of one per cent of the number of pipe of each size 
included in the order, but in no case less than two pipe. 

MARKING 

16.1 The following information shall be clearly marked on each pipe: 
10.1.1 The pipe class. 
10.1.2 The date of manufacture.
 
19.1J The name or trademark of the manufacturer.
 
10J.4 Identification of the ,lant.
 
10.2 Markings shall be indented on the pipe or painted thereon with waterproof paint. 

INSPECTION 

11.1 Each length of pipe shall be subject to inspection at the factory, trench, or 
other point of delivery by a competent inspector employed by the purchaser. The purposes 
of the inspection shall be to cull and reject pipe that, independent of the physical tests herein 
specified, fail to conform to the requirementa of these specifications. 

http:shall.be
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REJECTION 
12.1 Pipe shall be subject to rejection on account of failure to conform to any of thespecification requirements. Individual sections of pipe may be rejected because of any of 

the following:
12.1.1 Variations in any dimension exceeding the permissible variations prescribed

in Table 3.
12.1.2 Fractures or cracks passing through the wall or joints, except that a singlecrack not exc 'ding 2 in 05.1 cm) in length at either end of a pipe or a single fracturein the joints not exceeding 3 in. (7.6 cm) in width nor 2 in. 15.1 cm) in length shalt not beconsidered cause for rejection unless these defects exist in more than 5 per cent of the 

entire shipment or delivery.12.1.3 Blisters where the surface is broken or which project more than 1,4in. (3.2 mmi 
above the surface. 

12.1.4 Defects that indicate imperfect mixing and molding.
12.1.5 Cracks sufficient to impair the strength, durabihty, or serviceability of the pipe. 

',t12.1.6 Variation of more than in./linear ft (0.1 mm/linear cm) of alignment of 
pipe intended to be straight.

12.1.7 Insecure attachment of branches on spurs
12.1.8 The complete absence of distinct web-like markings from the external surfaceof pipe made by any process in which the forms are removed immediately after the concretehas been placed, which is indicative of a deficiency of water in the concrete mix, unless allpipe submitted for test that do not have such web-like markings shall have passed the

physical tests required by these specifications 
- 0 

Standard Specification for 

Sewer and Manhole Brick (Made from Clay or Shale) 
AASHO DESIGNATION: M 91-70 
(ASTM DEStGNATION: C 32-69) 

SCOPE 
1.1 This sptcification covers brick made from clay or shale and burned, intended foruse in (i) drainage structures for the conveyance of sewage, industriar wastes, and storm
water, and (2) related structures such as manholes and catch basins.
 
1.1.1 	 Sewer Brick.
 

.1.1.1 Grade SS.-Brick intended for use 
 in structures requiring imperviousness andresistance to the action of sewage carrying large quantities of abrasive material at velocities
exceeding 8 ft (2.4 m)/s.1.1.1.2 Grade SM.-Brick intended for use in structures requiring imperviousness andresistance to the action of sewage carrying abrasive materials at velocities less than 8 ft 
(2.4 m)/s. 

1.1.2 Manhole Brick.
1.1.2.1 Grade MS.-Brick intended for use in manholes and catch basins not requiring high degrees of imperviousness nor abrasive resistance but where a high and uniformdegree of resistance to frost action and disintegration is needed when the brick may be frozen

when permeated with water. 
1.1.2.2 Grade MAM.-Brick intended for use as manholes not requiring high degreesof imperviousness nor abrasive resistance but where a moderate and nonuniform degree ofresistance to frost action and disintegration is needed when the brick may be permeated

with water. 
NOT I.-The values stateo in U. S. customary standards are to be regarded as the standard. The

metric equivalents of U. S. customary units may be approximate.
PHYSICAL REQUIREMENTS 

2.1 Brick for sewer or drainage structures shall conform to the physical requirementsfor the specified Grades SS or SM as established in Table 1. 
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TABLE I 
Physical Properties 

Minimum Compreaaive Strength, Maximum Water Abhepelon 
Averag GrOs Area, psi (ka/cm') by " Bollings hrret 

Av of 5 Brick Individual Av of 5 kick Individual 

Sewer brkk: 
GradeSS .................... 80 (560) 6000(420) 6.0 9.0
 
Grade SM_.................... _ sow 350) I750(263) 12.0 1.0
 

MahSM..brick: 
Grade MS. .................. 3000 (210) 2500 (175) 17.0 20.0 

b
Grade MM . . . 2500 (175) 2200 (154) 22.0 25.0 

Where a high and uniform degree of resstance to frost action In the presence ofmoistura is required, Gradea SM 
and MS shall conrorm to the additional requirement that the saturation coefficient (C/). that I&.ratio of absorpton by 
24-h submeraion in cold water to that after 5-h submersion in boiling water, ahall not exceed0.80. If the aveta com. 

or the average water absorption istle than 1.0 percent after 24-h mA rlon 

in cold water, the requirement for saturation coefficient thallbe waived.
presnve strength as greater than 800 psi 

b Maximum saturation coefficient fur Grade MM brick aitll not exceed 0.90. 

2.2 Brick for manholes, catch basins, and other related structures shall conform to the 
physical requirements for the specified Grades MS or MM as established in Table I. 

2.3 Unless otherwise specified by the purchaser, brick of Grade SS shall be accepted 
instead of Grade SM; also Grade MS shall be accepted instead of Grade MM. 

2.4 Unless otherwise specified in the invitation for bids, brick shall be either solid or 
cored at the option of the seller. The net cross-sectional area of cored brick in any plane 
parallel to the bearing surface shall be at least 75 per cent of the gross cross-sectional area 
measured in the same plane. No part of any hole shall be less than % in. (19 mm) from any 
edge of the brick. 

DIMENSIONS 4ND PERMISSIBLE VARIATIONS 
3.1 The size of the brick shall be specified by the purchaser, selecting any of the 

standard sizes of building brick. 
3.2 For any lot of sewer brick furnished under this specification, not more than 

2 percent of the brick shall vary from the nominal size requirements specified in 3.1 by more 
than thI in. (3 mm) in either transverse dimension, or by more than .k-V1in. (6 mm) In 
length. 

INSPECTION 
4.1 The brick, as delivered to the site, shall conform by visual inspection to the re

quirements specified by the purchaser or to the sample or samples approved as standard 
of comparison and to the samples passing the tests for physical requirements. Minor inden
tions and surface cracks incidental to the usual methods of manufacture, or the small 
chipping resulting from the customary methods of handling in shipment and delivery, 
should not be deemed grounds for rejection. 

4.2 Brick shall be of rectangular cross section with substantially straight edges and 
square corners. 

4.3 Kiln marks or depressions not exceeding %e in. (5 mm) in depth shall be permitted 
on the backside of the brick. 

FINISH AND APPIARANCE 
5.1 Sewer brick shall have plain or smooth iiurfaces on both ends and on the face 

side. 
5.2 Manhole brick shall have plain, slightly, or moderately textured surfaces. 

SAMPIJNG AND TESTING 
6.1 For test purposes brick that are representative of the commercial product shall be 

selected by a competent person appointed by the purchaser, the place or places of selection 
to be designated when the purchase order is placed. The manufacturer or the seller shal 
furnish specimens for tests without charge. 

62 Brick shall be sampled and tested in accordance with AASHO T 32, Sampling and 
Testing Brick. 

- O0 
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" StandardSpecification for 

Wire Cloth Sieves for Testing Purposes 

AASHO. DESIGNATION: M 92-70 
(ASTM DESIGNATION: E 11-70) 

SCOPE 

1.1 This specification covers sieves wherein a screening medium of woven-wirecloth is mounted in a frame for use in precision testing in the classification of materialsaccording to particle size (Notes I to 4). Methods of checking and calibrating sieves are 
included as information in the Appendix. 

NoE I--Some industries may possibly require more restrictive specifications for sieves fortesting purposes. Where such high piecision is required, "Matched Sieves" specialhave proven useful. MatchedSieves" areselected for comparability to a set of "Master Sieves" by a sieving test of the particularmaterial used by an industry. For further infomation on "Matched Sieves" and their sources, contactASTM, 1916 Race Street,Philadelphia, Pa. 19103
 
Nol"s2-Complete instructions and procedures the
447 Manual on Test Sieving Methods on use of test sieves are contained in ASTM STP.This manual also contains a list of all ASTM published standards onsieve analysil procedures for specific materials or industries. 
NOTE3-Attention is called to AASHO Method T 192.Test for Fineness of Hydraulic Cement by theNo. 325Sieve, which contains requirements for 2-in. (50-mm) diameter sieve%used in the mineral industry,especially the cement group. 
NOTE 4-For other types of sieves seeASTM E 323, for Perforated-Plate Sieves for Testing Purposesand ASTM E 161,for Precision Electroformed Sieves.' 

WIRE-CLOTH SIEVES 

2.1 The openings of the wire cloth of successive standard siees progress frombase of 1 mm in the ratio of approximately '22. In selecting sieves from this series
a 

it is customary to take each sieve in a given range, every second sieve, or every fourth 
sieve.

2.2 Wire cloth for standard sieves shall be woven from brass, bronze, or othersuitable wire with a plain weave, except that cloth with openings of 63 mm (No, 230) andfiner may be woven with a twill weave. The wire shall not be c',.ted or plated.
2.3 Wire cloth shall conform to the dimensional requiren-nts of Table I 'Theaverage opening (distance between parallel wires), both in the' %,tspand shoot directions,measured separately, shall conform to the value in column I, within the permissible varia.tion in average opening given in column 4. The maximum individual opening shall noiexceed the value given in column 6. Not more than 5 percent of the openings shall exceedthe value given in column 5. The average diameter of the varp anti of the shoot mirei.

taken separately, of the cloth of any sieve shall be that given in column 7. within thepermissible range given in Footnote (a). All measurements of openings and wire diameters
shall be made on the wire cloth mounted in the completed sieve.

2.4 Both the warp and shoot wires shall be crimped in such a manner that they
will be rigid when in use. 

2.5 There shall be no punctures or other obvious defects in the cloth. 

FRAMES 
3.1 General Requirements.-Frames for wire cloth sieves shall be construLted ofnon-corrosive material such as brass or stainless steel in sii.h a manner as to be per.manently rigid. Pans and covers shall be so made as to nest with the sieves. The wirecloth shall be mounted on the frame without distortion, looseness, or wavncs To prevent

the material being sieved from catching in the joint between the wire cloth ant' the frame, 

1968 Book of ASTM Standards, Part 30. 
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with solder made that,ejoint shad be sntovnl filled or so the material will not be 
tl,fpped
 

3.2 Standcad Frames.--1he standard sieve frame shall be circulai, 8 in. (203 mm) 
:n diameter, of seamless construction. The permissible variation on the insidemean 
diameter 02 in. (5 mm) below the top of the frame shall be 1- 0.03 in. (0.8 mm). The 
bottom of the frame or "sieve skirt" shall be so constructed as to have an easy sliding 
fit in any sieve conforming to the above permissible variation, and in no case shall this 

-itside diameter be less than 7,970 in. (202.44 nm) nor more than 8.000 in. (203.20 nm). 
The height of the sieve from the top of the frame to the wire cloth surface shall be either 
! in. S0 mm), designated as full-height, or I in. (25 mm). designated as half-height. The 
ioint or fillet shall be so constructed as to allow a minimum clear sieving surface 71/ain. 
.190 mm) in diameter. 

3.3 Non.Standard Frames.-Frames of sieves having nominal openings of less 4han 
- mm but geater than 4.00 mm may be either of the standard size or of larger dimen
itons as may be specified in individual cases. Frames of sieves having nominal openings of 
15 mm or more should be larger than the standard size. The use of special size and shape 
"rames for special purposes is not precluded. For some purposes, sieve frames larger than 
he standard size may be either square, rectangular, or circular, and for nominal openings 
' mm and coarser may be made of metal or hardwood. The use of special size and 
tijw frames, however. should be discouraged where the standard frames could be used, 

w'se the results are not necessarily comparable.u: 
3.4 iee.Iilnh Sievtes.--Frames 3 in. (76 mm) inside diameter should not be used 

i steves with openings larger than 150 um (No. 100). The tolerances on the diameter 
i me sieve frames shall be the same as for the standard size covered in paragraph 3.2. 
he depth of the sieve from the top of the frame to the cloth shall normally be 1.25 in. 

. i1i, but not lcss than 0.75 in. (19 mm). 

L., tiEL MARKING 
4.1 	 I ach sieve shall bear a label marked with the following information:
 

A• I .S.A Standard Sieve
 
•i,4STM Designation E-I1 or AASHO Designation M 92 
'e' Standard Sieve Designation from Table 1,Column I 
•t '4inie of Manufacturer or Distributor 
.± I .1mtnnal--.Alternate sieve designation
 

,From Table I. Column 2)
 

. PPENDIX 

Al. Methods of Checking Wire--Cloth Sieves to Determine Whether or Not They 
Conform to Specifications. 

AI.I Except 'or the very cuarse sieves, the most reliable method of determining 
'he average opening is to calculate itfrom the value obtained for the average diameter 
.jf the wites and the number of wires per unit of length The value for the average 
diameter of the wires is obtained by measuring 5 to 10 wires that are evenly spaced across 
the sieve. The number of measurements depends upon the uniformity of the wire and 
the closeness of the measurement, to the limits pcmitied. All measurements must be 
,nade in both the warp and shoot directions and considered separately. 

AI.2 	 Sieves 125 to 11.2 mm: Measure I to 5 openings and wires with a vernier 
iliper or flat "go". "no.go" gauges. 

AI3 Sieves 13.2 to 3.35 mm: Determine the mesh by measuring the distance 
,.-cupied by at least 10 openings and 10 wires and measure the diameter of at least 5 

wires. Use a measuring microscope (linear comparatdr) with an 80-mm objective lens in 
he microscope* 

AI.4 Sieves 4.0 to 2.0-mm: Determine the average opening and wire diameter 
:n the same manner as in AI.3 except that a 67-mm objective lens Is used in the 
iicroscope.* 

AI.S Sieves 2.8 to 1.0-mm: Same as in AI.3 escept that a 60-mm ohiective 1.-n, 
-ed in the microscope.* 
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41.6 Sieves 850 to 425-pm: Determine the mesh by means of the 'Moire etfect 
and measure the diameter of at least 5 wires with a microscope * fitted wih a split-image
eyepiece and a 48-mm objective lens. 

AI.7 Sieve 425 to 106-pum: Sarme as in AI.6 except that the microscope* should 
be fitted with a 32-mm objective lens. 

AI.S Sieve 125 to 38-pum: Same as in AI.6 except th3t the microscope * should be 
itted with a 16-mm objective lens. 

A1.9 Determine the maximum openings and the-number of openings larger than 
the intermediate permissible variation in both the warp and shoot directions. Make measure
ments with the same devices used to measure wire diameters. Use a mechanism to hold 
the sieve and slowly move it under the microscope for a distance of at least 15cm. Scan 
the openings along a diameter of the sieve and measure excessively large openings. If the 
openings are larger than the intermediate permissible variation they should be counted and 
the percentage calculated. 

A110 Measurements needed in Sections AI.6 through At.9 can also be made with 
'-o)ection equipment having suitable magnification. 

AIJI With round "go", "no-go" gauges check the dimension ot the frames. 
A1.l2 Determine the magnification of optical devices with calibrated stage nicrom

erers. 
41.13 Determine the mesh count by means of the "Moire effect", also k'iown as 

:;icket-fer,ce interference", with accurately graduated glass sLalcs - For iht- 75 pin sieve, 
for instance, a glass scale with approximately 200 lnes, to the nmLhis used. Ihe opaque lines 
ire about equal in width to the space between the lines and must be uniformly spaLed.
When a scale such as this is laid on woven wire cloth hainng a mesh per unit lengih
-pproximating the number of lines per unit length on the scale, and a sliong light is placed
oeneath, dark bands will appear which ina unit length are equal ill number tothe difler
ence between the mesh of the cloth and the graduation of the scale If the scale is moved 
,engthwise. in a direction perpendicular to the lines, the dark bands will also move. If these 
'jands move in the same direction as the motion of the scale, the mesh of the sieve is lcs, 
-tthe motion is in the opposite direction, the mesh is greater than the number of lines on the 
-cale. If some bands move in one direction and some in the other, the number moving in 
..tich be counted separately, and the algebraic sum taken as the number ofdirection must 
inds. For sieves 850 /m (No. 20) to 212 pm (No. 70) inclusive, the bet results ate 
bained witl', a transparent line about the width of a wire diameter ruled on an opaque 

tackground. For sieves coarser than these it is usually necessary to count the wires by the
aid, of a hand lens, using a steel scale as the standard. Scales should be calibrated before 
being used in testing sieves. 

AI.14 The National Bureau of Standards accepts wire-cloth sieves 5.6 mm and finer 
for test to determine conformity to specifications. 

A2. Methods of Calibrating Wire.Cloth Sieves. 
A2.1 A wire-cloth sieve may be calibrated by plotting the frequency of occurreice 

of the size of the openings as indicated in the following procedure: Six fields are chosen in 
such a manner that one of the openings to be measured will have common wires. In each 
field the openings to be measured should lie in a diagonal direction across the sieve (see
Fig. 1).The openings in three of the fields should lie in a direction at right angles to those 
in the other three fields. Measure at least 50 openings in each field Neasure each opening
between the warp wires and the shoot wires and separately tabulate and plot the ieadings.

A2.2 For routine checking of sieves and for determining the etlective sieve opening 
a method employing glass spheres is recommended. These glass spheres should not he used 
to determine conformit to specifications. Glass spheres for sieve calihbration may be obtained 
from the Supply Division, National Bureau of Standards, Washington, D C. 20234. Four 
of these standard reference materials are now available: SRM 1l9a for calibrating sieves 
No. 8-35; SRM 1018a for calibrating sieves No. 20-70: SRNI 1017a for calibrating sieves 
No.50-170; and SRM 1004 for calibrating sieves No. 140-400. Detailed instructions for the 
use of the glass spheres for calibrating sieves are furnished with each sample. 

'ilats %cafte% from the W. S Tyler Co.. Mentor. Ohio 441W(.can beobtained 
These microscopes ahould have a tube lengthof about 160 mm and a 10 eyepiece 
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TABLE I 
Nominal Dimensions, Permissible Variations for Wire Cloth ofStandard Test Sieves 

(U. S. A. Standard Series) 

Permisible
Sieve Desination Variation Maximum
 
orAverage Opening Slo
Nominal Opening tornot Maximum Nominal

Sieve trom the more than Individual Wire
Opening* Standard 5 per cent or Opening Diameter,

Standardb 
Alternate inches Sieve Olnngs mm mm 

mm Desinalion nun 
_____________________ mm 

II) (21 (3) (4) (31 (61 (71 
123 3. in. 3. ± 3.7 130.0 130.9 8.0106 4.24 is. 4.24 3.2 110.2 111.1 6.40 
10U 4. in 4. 3.0 104.0 104.8 6.3090 	 3.51n 3.3 2.7 93.6 94.4 6.08 
75 	 3. in. 3. 2.2 78.1 78.7 5.8063 	 2i tn, 2.3 1.9 65.6 66.2 5.0
53 2.12 in. 2 12 1.6 55.2 53.7 3.13 
so 2. inA 2. 1.5 52.1 32.6 5.0543 	 Ii tn. .73 1.4 46.9 47.4 4.337.35 	 I. in. 1.3 I.I 39.1 39.3 4.59 
31.5 	 1 in. 1.25 1.0 32.9 33.2 4.23
26.3 	 1.06 in. 1.06 0.8 27.7 28.0 3.90
25.0 	 I. tn., I. 0.8 26.1 26.4 3.90
22.4 in. 0.873 0.7 23.4 23.7 3..019.0t n. 0.730 0.6 19.9 20.1 3.30
16,0 in. 0.625 0.3 16.7 17.0 3.0013.2 is. 0.330 0.41 13.83 14.05 2.73 
12.35 in.- 0.300 0.39 13.10 13.31 2.67
11.2 in. 0.433 0.35 11.73 11.94 2.439. 	 in. 0.373 0.30 9.97 10.16 2.27 

.6 in. 0.312 0.23 .41 3.38 2.07
0.265 0.21 7.05 7.20 1.87
6.3 In.d 0.250 0.20 6.64 6.78 1.823.6 No.31 0.223 0.18 5.90 6.04 1.684.75 No 4 0.187 0.15 3.02 5.14 1.544.00 No. 3 0.137 0.13 4.23 4.35 1.37 

3.35 No. 6 0.132 0.11 3.33 3.66 1.232.30 No. 7 0.111 0.095 2.975 3.070 1.102.36 No. 8 0.093 0.030 2.313 2.600 1.00 
2.00 No. 10 0.078 0.070 2.133 2.213 0.9001.70 No. 12, 0.0661 :0.060 1.820 1.990 0.310
1.40 No. 14 0.0355 0.0."0 1.305 1.365 0.7231.13 No. 16 0.0469 0.045 1.270 1.330 0.6501.00 No.18 0.0394 0.040 1.080 1.133 0.580 
0.50 No. 20 0.0331 0.035 0.923 0.970 0.310 
0.7111 No. 23 I 0.0278 0.030 0.775 0.813 0.450
0.60U No. 30 , 0.0234 0.025 0.660 0.695 0.390
0.5011 No. 35 I 0.0197 0.020 0.350 0.585 0.340
0 42 No. 40 0.016' 0.019 0.471 0.502 0.290 
()35q No. 43 0.0134 0.016 0.396 0.425 0.247
0.300 	 No. 0.0117 0.014 0.337 0.363 0.213

.2 No.60 0.)098 0.012 U.283 0.306 0.18w 

.212 No70 0.0381 0.010 0.242 0.263 0.152
0.111 No. 80 0 0070 0.009 0.207 0.227 0.131(1.150 No. 100 0 (1159 0.008 0.174 0.192 0.110 
11.12$ No. 120 0.1049 0.007 0.147 0.163 0.091 
0.106 No 140 0.0041 0.006 0.126 0.141 0.076
0.090 No. 170 1 0 0035 0.005 0.103 0.122 0.064
tt.075 No 200 0.0029 0.005 0.091 0.103 0.0530.063 No. 23U 0.0025 0.004 0.077 0:039 0.044 
1) 033 No. 270 0 0021 0.004 0.066 0.076 0.037
0.045 No. 325 0.0017 0.003 0.057 0.066 0.0300.038 No. 400 0.0015 0.003 0,048 0.057 0.025 

f Theacrige diameter of the warpand ofthe shoot %ires. taken separately, ortheclQth oranysieve shallnot deviatetrmthe nominal values by more than the following'
 
Sieves coarser than 0.600 mm 5 per cent
 
Slevs 0 600 to 0 12% mm 71 i per cent
 
Sie~es finer than 0.125 mm 10 per cent
 

Ihes sttndard dtcsiontions correspond to thevalues fortest sieve pertures reconmnended by the InleerntionOl 
.%tandards Or snizlon, (Jeneva. Sittzeriand. 

* Onl) ,ipproxmntel$ cillutalent lothe metric values in Column I.
 
I These sewsr.ienot in the standard senes but they have been included because they are In common usge.

*These numbers .31, lo 4001 are the approdim.e number otopenings per linear inch but il Ispeeerred that the

sieve be identified b) the standard designation in miltmeters. 
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'x
 

\ x 

Only the Indicated oneninD are measured. 

F1 . I-Method of Selerting Opening.i for Plot.t11g .f Diferent Stzes of Openings (see Section 
A4). 

0-

StandardSpecificationfor 

Air-Entraining Portland Cement 

AASHO DESIGNATION: M 134-70
 
SCOPE
 

1.1 This specification covers three types of air-entraining Portland cement for use
where air entrainment is desired, as follows: 

Type IA.-For use in general concrete constuction when the special properties specified
for Types IA and IlA are not required.

Type IIA.-For use in general concrete construction exposed to moderate sulphate
action or where moderate heat of hydration is required.
 

Type Il1A.-Foruse when high-early-strength is required.
 

BASIS OF PURCHASE 
2.1 The purchaser shall specify the type or types desired. When no type is specified.

the requirements of type IA shall govern. 

DEFINITION 
3.1 Air-entraining portland cement is the product obtained by pulverizing clinkerconsisting essentially of hydraulic calcium silicates, to which no additions have been made 
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subsequent to calcination other than water and/or untreated calcium sulfate, except that 
an air-entraining addition as specified In Section 4 shall be lnterground with the clinker 
and additions of other nondeleterious materials may be added at the option of the manu. 
facturer in an amount not to exceed 0.1 percent. 

AIR-ENTRAINING ADDITION 
4.1 The air-entraining addition interground with this cement rall be capab;e of form

ing an air-void system in cement paste which will provide adequate resistance to the de. 
structive effects of natural freezing and thawing. At the request of the purchaser, the 
manu .acturer shall furnish test data acceptable to the purchaser showing that the air
eniraining addition used in this cement does impart satisfactory durability to concrete. Test 
data shall be considered as demonstrating satisfactory performance in this respect if it shows 
that air.entraining portland cement containing this addition and meeting the requirements
of this specification produced concrete having a durability factor of not less than 80 
when tested in accordance with the Method of Test for Evaluation by Freezing and Thawing
of Air-Entraining Additions to Portland Cement, AASHO T 188. 

CHEMICAL REQUIREMENTS 
5.1 Air-entraining Portland cements shall conform to the respective chemical require. 

ments prescribed in Table 1. 

PHYSICAL REQUIREMENiI 
6.1 Air-entrainlng portland cements shall conform to the respective physical require. 

metits prescribed in Table 2. 

PACKAGING AND MARKING 

7.1 When cement is delivered in packages, the name and brand of the manufacturer,
and the type under this specification shall be plainly inidicated thereon. Similar informa. 
tion shLU be provided in the shipping advices accompanying the shipment of packaged or
bulk cement. The manufacturer, upon request, shall furnish the purchaser with the identity 
of the air-entraining addition used. A bag shall contain 94 lb. net. A barrel shall consist of 
376 lb. net. All packages shall be in good condition at the time of inqiection. 

ITORAGZ 

8.1 The cement shall be stored in such a manner as to pemmit easy scem for proper
inspection and identification of each shipment, and in a suitable weathertight building that 
will protect the cement from dampness and minimize warehouse set. 

INSPECTION 

9.1 Every facility shall be provided the purchaser for careful sampling and inspection.
either at the mill or at the site of the work, as may be specifled by the purchaser. The 
following periods from time of sampling shall be allowed for completion of testing: 

I ay test ................................................... 6 dys
 
3-& ytea...................................................
 
7&Y .................................................. I d s


21-tay t.s.......................... I................ 33 days
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M 134
 
TABLE I
 

Chemical Requirements 
Type ]A Type UA Type lI 

Silicon dioxide (SiOt) mn. per cent .................................

Aluminum oxide (AI01) max. per cent 21.0 

.. . ... ......... . 6.0 
 " Ferric oxide (FeiOa) max. per cent.. ........................ . '."6.0 .
Ma e.m1 oxide MgO) max. per cent C........... 5.0 .0
 
Sulfur trioside (SO)

When 3CaOAIOs is 8 percent or less. max. per cent ............... 3.0 3.0 3.5
When 3CaO AIOa is more than 8 percent. ma, per cent 3.5
Loss on Ignition, max. per cent. ... 1.0 

4.S 
. '... . 3.O 3.0Insoluble residue. max per cent 0.75 0.75 0.75Sodium and potassium oxide (Na.O + 0 658 KO) max per ceni (1)' 0.60 0.60 0.60Tricalcium siicale 3CaO SiOsi max per cent (2) 55 (4)Tricalcium aluminate (3CaO. AliOs) manx.per cent (2) 15 S I5(3) 

(I) This requirement applies only when the Engineer specifies "low-alkali cemeni." Such cements should be sped.fledonly when .lkali reactive aggregates are to be used in the concrete. The maximum value of 0 60 per cent may bereduced when the experience of the Engineer indicates that such action is desirable.
(2) The expressing of chemical limitations by means of calculated assumed compounds does not necessarily meanthat the oxides are actually or entirely present at such compounds.When the rotto ofpercentages ofaluminum oxide to ferric oxide isO 64 or more, the percentages of tncalcium silkiateand tricalcium alun'inate shall be calculated from the chemical analysis as followsTncalcium silicate - (4071 X percent CaO) - (7 600 X percent SiOs) - (6.718 X percent AliOs) 

(1.430 X percent FeOa) - (2852 X percent SO,)Tricalcium aluminate - (2.650 X percent Alts) - (1.692 X percent FesO,)
When thealumina-ferric oxide ratio is less than 0.64. no tricalciUwn aluminatc is formed and tncalcium silicate shallbe calculated by the following formula 

Tricalcium silicate - (4 071 X per cent CaO) - (7.600 X per cent SOt) - (4479 X per cent AltO,) (2.859 X per cent FeinO) - (2 852 X per cent 50)
In the calculation of(CA. values of AI, and FeiO, expressed to the nearest 0.01 percent shall be ued. For othercompounds. oxide deier inaions calculated to the nearest 0.1 per ,ent shall be uaed Compound percentage sallI becalulated to the nearest 0.1 per cent and reported to the nearest I per cent. 
(3) When mcderale sulfate resistance is required for type IlIA cement, tricalcium alumirate shall be limited toa per cent. When high sulfate resistanc. is required, the tnrcalcium alunsinale shall be limited to 5 per cent. 
(4) When moderate hej 9of hydration is required. a limit of 58 percent on the total tricalclum silicate and tricalcium 

aluminate shall apply for type IIA cement. 

REJECTION 

10.1 The cement may be rejected if it fails to meet any of the requirements of this 
specification. 

10.2 Cement remaining in bulk storage at the mill, prior to shipment, for a period
greater than 6 months after completion of the tests may be retested and may be rejected
if it fails to conform to any of the requirements of this specification.

10.3 Packages varying more than 5 per cent from the specified weight may be
rejected; and if the average weight of packages in any shipment, as shown by weighing 50
packages taken at random, is less than that specified, the entire shipment may be rejected.

10.4 Cement failing to meet the test for soundness in the autoclave may be accepted
if it passes a retest, using a new sample, at any time within 28 days thereafter. The pro
visional acceptance of the cement at the mill shall not deprive the purchaser of the right
to reject on a retest of soundness at the time of delivery of the cement to the purchaser 
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M 134 
TABLE 2 

PhysicalRequirements 
Type IA Type IIA Type 1liA 

Fineness, specific surface. sq. cm. per . (alternale method) (I): 
Turbidlmeter test:
 

AveraP value. min..................................... 
 ,600 ,00 . 

Mn.value. any onesmple. . . ............... 1100 ,.00
 

Average value. max.. ................................. 2,200 2200
 
Max. value any one ample..............................2.300 
 2,300 

Air permeability test. 
Average value, mn.... ....... ..................... 2100 2.300
 
Min. value, any onesmpie ... ........... ............. 2100 2.00
 
Avere value, maex... ......................... 4000 4.000 ...
 
Max.value, any one maple................. ... 4200 4,:00 ....
 

Soundness
 
Autoclave expansion, max..per cent ............................. 0.50 0.50 0.50
 

Time of setting (alternate methods) (2):

Ollmore test.
 

Initial set.mm.. not les than ..................................
10 60 0 

Finalact,131):notmore than .. .............................. 10 0hr.,
Vicat test (1" 
Set, rnin., not less than .... .... .......... . ..: . . 45 45 45
 

Air content of mortar, prepared and tesed Inaccodc wtM d 
T 137, percent by volume ................................... 19*3 19:b3 9*3
 

Tensile strensth, psi.(3).
 
The average tensile 
 Stenth or not kle than three standard mortar
 
briquettes,
pepared In acordance with Method T 132. shall be equal 
or higher than the values specied for the aigs Indicated below:
 

I day inmoist air ............................... 
 . 
1 day In moist air, 2 days in water........................ .150 375Ii5 


1 day In moist air,
6 daysin water .......................... 275 250 (3)
 
1 day inmoist air.27 days in water ..................... . 350 325 ....
 

Compressive strength, psi. (3).
 
The compreaaive strength of mortar cubes, composed o I 
 part cement 

and 2.75 parts gradedstandard sand, by weight, prepared and tested
 
In accordance with Method T 106.shall be equal to or higher than
 
the values specified for the agesIndicated below: 
Iday In moist air ...... . ........ .,300
 
I day in moist air. 2 daysin water. ... ...
 '900 4.......00..2So 
I day in moist air. 6 daysin water . ... . ........ I Soo 1.400 .... 

I day In moist air, 27 days In water . ... 2........0....0Boo.. 

False set, final penetration, min.,per cent (4) ...... .. ... 1U sU 

the tea ing laboratory. However. In(I) Either orthe two alternate fineness methods may be used at the option o 
sAli beto meet the requirements of the Blaine meter, the Wagner turblilner 


used, and the requirements in Table 2 for this method shall govern.
 
case of dispute, or when the sample fails 

(2)The purchaser should specify the type of setting time lss required. In cam hed on not so specify. ofmnthecase 
of dispute the requirements of the Vicas testonly shall govern. 

(3)The purchaser shall specify the type ofstrength test desired. In canehe does not so specify the requirements of 
tests for TyesIA and lEAthe compressive strength test only shall govern. Unles otherwise specifiedthe strength 

7 days. The stngth at any ageshall be higher than the stresigth of ts iext peeelingcament will be made only at3 nsd 

(4) This requirement applies only whet specifically rqueWd. 

METHODS OF SAMPLING AND TESTING 

11.1 The sampling and terting of air-entraining portland cement shall be in accord
with the following standard methods of the American Association of State Highway ance 


Officials:
 
T 127 

Chemicalanalys ................................... T 105
Samplin .........................................
 

Not: Sodium and potsdum oxides may be dartamined by eithe lbs flame photomty metbod out

thwldin T 105, Pant II.or thsiravimetrc method outlined in T 105, Pac I. 

Fimeness: . T 98Tdtrdimater 

T 153 

Atr 'sneu . TIperwmeull
Tim of setting: 
VicAt......................... .................T 131 

llmoe. .................................... T 154
 
321 

T 132
Nooal codmatey.................................. 


............................................ 

Cemmmi 


T maln str .th 
T 106
mn lm............. ......................... 


Coinprsave strength.................. ............. T 0
'T 137
 Air conent.......................................
TIMFaln at......................................... 


-____0 

http:4.......00
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Standard Specification for 

Natural Cement 

AAS1O DESIGNATION: M 135-62 
SCOPE 

1.1 This specification covers two types of natural cement as follows:Type N.-Natural cement for use with portland cement in general concrete construetion. 
Type NA.-Air-entraining natural cement for the same uses as type N. 

BASIS OF PURCHASE 
2.1 The purchaser shall specify the type of cement desired. 

DEFINITION 
3.1 For the purpose of this specification, natural cement is the product obtainedby finely pulverizing calcined argillaceous limestone. The temperature of calcination shallbe no higher than is necessary to drive off carbonic acid gas. 

ADDITIONS DURING GRINDING 
4.1 Water or untreated calcium sulfate, or both, may he used. At the option of themanufacturer, nondeleterjous materials other than water. or calcium sulfate, or both, maybe used as grinding aids in a total amount not in excess of 0.1 percent
4.2 Air.Entrainig Additgin.-The manufacturer shall inform the pui&haser as tothe identity of the air-entraining addition to be used in Type NA cement The airentraining addition intcrground with this cement shall be capable of forming an air voidsystem in cement paste which will provide adequate resistance to the destructie effect%of natural freezing and thawing. At the request of the purchaser, the manufacturer shallfurnish test data acceptable to the purchaser showing that the air-entraining addition usedin this cement does impart satisfactory durability to concrete. Test data shall be considered as demonstrating satisfactory performance 
 in this respect if they show thaitintraining portland cement containing this addition 

:r
and meeting the requirements of theSpecifications for Air-Entraining Portland Cement, AASHO: M 134, produced concretehaving a durability factor of not less than 80 when tested in accordance with the Method
of Test for Evaluation by Freezing and Thawing of Air-Entraining Additions 
to Portland 

Cement, AASHO: T 188.
4.3 Calcium Chloride.-When authorized by the purchaser, calcium chloride
amount not to exceed 
 in an2 per cent by weight of the natural cement may be intergroundwith the cement to aid development of early strength of the concrete. 

CHEMICAL REQUIREMENTS 
5.1 The ignition loss shall not exceed 12 per cent.
5.2 The insoluble residue shall be not less than 2 per cent. 

PHYSICAL REQUIREMENTS 
6.1 Natural cements shall conform to the respective physical requirements prescribed

in Table I.
6.2 The cement used is preparing the test specimens for normal consistency, timeof setting, autoclave expansion, strength and air-entrainment tests shall be a blend of25 per cent by weight of the natural cement being tested and 75 per cent by weight ofportland cement conforming to the requirements for type I! cement in the Specificationfor Portland Cement (AASHO M 85), unless otherwise specified by the purchaser. The 
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M 135
 
TABLE I
 

Physical Requirements 
Type S Typ NA 

i-neness, specific surface, sq.cm. per g:
 

Air permeability apparatus ................................................
 
Average value, min.. ...........................................
 
Minimum value, any one sample ..................................... 5500 SS00
 

Soundnes: 
Autoclave expansion, max. per cent ........................................... 0,0 0.50
 

Time or setting. Gillmore test. 
Initial time tn minutes, min ................................................... d0 60
 
Final, time in hours. max ................................ I .................... 12 12
 

Air entrainment: 
No agent used. max, per cent by volume ........................................ 12
 
Using air-cntraining agent, per cent by volume................................... ..... lv9%,3


Compresive strength. mt. per cent of control.' 
I day in moist air, 6 days In water...................................... 5 70
 
I day in moist air. 27 days In water ......................................... 5 70
 

1 SeeSec. 9.7. 

natural cement and the portland cement shall be dry mixed to a uniform blend before 
water is added. 

ACCEPTANCE AND REJECTION 
7.1 Natural cement may be accepted on the basis of 7-day tests. If the natural cement 

fails to pass 7-day strength requirements, the cement may be accepted on the basis of 
28-day strength tests. 

7.2 Cement failing to meet the initial test for autoclave soundness may be accepted if 
it passes a retest on a second and third serie of test specimens. 

7.3 The cement shall be rejected if it fails to meet any of the requirements of the 
specification subject to specific modification by the purchaser or to the modifications indi
cated herein, or both. 

7.4 Cement remaining in storage for a period longer than six months after test may
be retested and shall be rejected if it fails to meet any of the requirements of this specifica
tion at that time. 

7.5 Tentative or provisional acceptance of the cement shall not deprive the purchaser 
of the right of rejection in the event final tests or retests fail to meet applicable requirements. 

PACKAGING AND MARKING 
8.1 When cement is delivered in packages, the name and brand of the manufacturer 

and the type of natural cement contained, as defined under these specifications, shall be 
plainly indicated thereon. Similar information shall be provided in the shipping advices 
accompanying the shipment of packaged or bulk cement. A bag shall contain 85 lb. net. A 
barrel shall consist of 340 lb. net. All packages shall be in good condition at the time of 
Inspection. 

8.2 Packages varying more than 5 per cent from the specified weight may be rejected. 
If the average weight of packages in any shipment, as shown by weighing 50 packages taken 
at random, is less than that specified, the entire shipment may be rejected. 

METHODS OF SAMPLING AND TESTING 
9.1 The cement shall be sampled and tested in accordance with the following methods 

of the American Association of State Highway Officials: 
Sampling.-T 127. 
Chemical Analysis.-T 105 (Part I), (Sections 20 and 28). 
Fineness.-T 153. (In this fineness determination the specific gravity of natural cement 

shall be considered to be 2.90. Tests shall be made at a porosity of 0.530. In cas of dispute, 
the true specific gravity shall be used as determined by the Standard Method of Test 
for Specific Gravity of Hydraulic Cement (AASHO T 133)). 

Autoclave Expansion.-T 107 (except that for the purposes of this test, the autoclave 
expansion of the natural cement shall be taken as the difference between the autoclave 
expansion of specimens prepared from the blend described in Section 6.2), and that of 
specimens prepared from the portland cement used in the blend.) 



M1 38 SPECIFICATIONS FOR HIGHWAY MATERIALS 97 

Time oj Setting.-T 131.
 
Air Content of Mortar.-T 137.
 
Compressive Strength.-T 106 (The comprescive strength of specimens prepared from
 

the natilral cement blend described in Section 6.2 shall be calculated as a percentage of the 
strength of control specimens at the same ages prepared from the portland cement used 
in the blend as follows: 

A
 
Compressive Strength of blend, percentage of control - , 100
 

B 
where:
 
A - average compressive strength of specimens prepared with blend, and
 
B - average compressive strength of specimens plepared with portland cement.)
 

-0 

StandardSpecificationfor 

Copper Sheet, Strip, Plate and Rolled Bar 

AASHO DESIGNATION: M 138-68 
(ASTM DESIGNATION: B 152-68) 

SCOPE 

1.1 This specification covers copper sheet, strip, plate, and rolled bar. Various coppers 
are covered as follows: 

Copper PreviouslyUsed 
No- Designations Type of Copper 
1021 OF Oxygen-free without residual deoldants 

104, 105. 1O7 OF& Oxygen.free.silverbearng
109 Boron-deoxidized high-conductivity (BDHC)
1102 ETP Electrolytic tough pitch 

113. 114. 1161 STP Silver bearing toug pitch
1221 DHP Phosphorized. high residual phosphorus 
123 DPS Phosphorzed, silver beainng
125 FRTP Fire-refined tough pitch
141 ATP Arsenical, tough pitch 
- When no particular copper is specified, any one or the above may be 

supplied. 

NotE L,-Copper No. 104, 105. 107, 113, 114, and 116 identify coppers with specific silver content 
(see Table t). Such material Is covered by Spec!fication for Copper Strip for Building Construction 
(ASTM B 370)

NOTE 2.-This specification is not intended to cover material rolled to ounce-weight thicknesses 
Plates for locomotive fireboxes are covered by the Specification for Copper Plates for Locomotive 

Fireboxes (ASTM B I1). 

GENERAL REQUIREMENTS 
2.1 Material furnished under this specification shall conform to the applicable require

ments of the current edition of the Specification for General Requirements for Wrought 
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled Bar ASTM B 248). 

BASIS OF PURCHASE 
3.1 Orders for material under this specification shall include the following informa

tion: 
(1) Copper No. (Section 1). When types 104, 105, 107, 113, 114, 116, or 123, the 

I Except for boron-deoxidized high-conductivity (BCHC) copper, theae types of copper are classified 
in the ASTM B 224. Classification of Coppers

SAE Specification CA 102 conforms to the reqbirements for Copper No. 102. SAE Specification
CA It0 conforms to the requirements for Copper No I10; SAE Specification CA 113. CA 114. and 
CA 116 conform to the requirements for Copper Nos 113,114, and 116; and SAE Specification CA 122 
conforms to the requirements for Copper No 122 
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TABLE I 
I henucal Composition 

Ccnpa"Of [A 
CommeNo.gus! 1~i _;U Tp ugo- 116_-_u ', -. 12212 141i . -- -1 ,1132. 123 125 

- qcm rr "1 m pe c tpercet per cent percetpentpr cen cetpem 
(ap~~.rr +,einn9.59'59. 9.09909.90 199.90 99.90 99.90 99.flFloplaru 9.40! 0"015 :... 
 ... ... ... iCadan. a.. .. .. .- 0.0 - .. 

... ... ... 

..,MOO~max 0.000S ... [ . o . I 'Im...&I.%I I I ,.II 0.040 max'."n ,,, . fl..a-x-II I ...I ''° " '.-..I. . I I...r..I... .. .
... 01 ilAn.d.m ... .. . .. 0 0__ot)Sda.rin. . , 0 5 .. 
... ... ... ... ... 0.0 

** ., 0.03 0.,0 
max 0.30Sdver.mm .. W 0omi . V.. l0 25- ... 4 ... .Ni LbaSdenunai-itunkm> ... -.. . ..... .. . ... O.O L5 ..max... ... 0.025Nickel max 0.05Biuth. max . ...I. . -.. " . I .. I ">. 

thei T sIur. ead. tn imkAric. antimony. iron. nickel. muercury Zn.Phosphorus. SCIOUWT. mnnmse. cadmium. and 0OxyMtelurium,'.b~~~~~~~Thmoatioyr ualnnuth, aelenium. teiguuium and tin contents shall not exceed 0.0040 per centc40p.mnmWThe values are for ounci per tot Suilverb in n r be ether Lake rNo.q 102. I1. or t22 by the "ddtio theamount,d or silver. The SIer content is tnormally = l n yc er a per ton t to 0.0034 per cent). The i nimum silver 
If the t"eof'slmrbeariggcoppof the - ufacturer. isnotspecind (dthi, whether togh puzch, phosphorized. or oxygen-free) any one or the three tyeMay be Supplied At the option 

http:Sdver.mm
http:9.09909.90
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amount of silver in ounces per ton, 
(2) Temper (Sections 5, 6, 7),
(3) Dimensions: thickness, width, and weight (Section 14.2, 14.3 and 14.6),
(4) Whether the resistivity test is required for either Copper No. 102, 109, or 110 

(Section 13), 
(5) Embrittlement test (Section 12), 
(6) How furnished: flat or rolls, 
(7) Length (Section 14.4), and 
(8) Weight: total for each size, and also weights per roll of special sizes of roll. 

CHEMICAL COMPOSITION 
4.1 The material shall conform to the requirements as to chemical composition 

prescribed in Table 1. 

TEMPERS OF COLD-ROLLED SHEET, STRIP, PLATE, AND ROLLED BAR 
5.1 The standard tempers of cold-rolled sheet, strip, plate, and rolled bar copper of all 

types shall be designated as follows: 

Light cold-rolled 
Half- ard'
Hardrin&

tira-springs 
Commonly supplied only in strip. The manufacturer should be consulted where these tempers are

desired as sheet, plate, or rolled bar. 

Special or non-standard tempers are subject to negotiation between manufacturer and 
purchaser (Section 3.1 (2)). 

TEMPERS OF COLD-ROLLED ANNEALED SHEET AND STRIP 
6.1 The standard tempers of cold-rolled annealed copper sheet and strip shall be 

designated as follows: 

Soft anneal, and Deep-drawing anneal 
Special or non-standard tempers are subject to negotiation between manufacturer and 

purchaser. 
NoTE.-Soft anneal temper is suitable for most industrial uses of copper such asforming, spinning.

and simple drawing operations where close control of temper is not essential Deep-drawing anneal temperis especially suited for very severe drawing and forming operations where maximum ductility and close
control of temper is required 

TEMPERS OF HOT-ROLLED SHEET AND PLATE 
7.1 The temper of hot-rolled copper sheet and plate shall .be that produced by hot

rolling. The temper of hot-rolled and annealed copper sheet and plate shall be that produced
by hot-rolling and subsequent annealing. 

TENSILE PROPERTIES OF COLD AND HOT-ROLLED TEMPERS 
8.1 The tension test shall be the standard test for all tempers of both cold and hot

rolled copper sheet, strip, plate, and rolled bar. and acceptance or rejection shall dependonly on the tensile strength, which shall conform to the requirements prescribed in Table 2. 
Tension test specimens shall be taken so that the longitudinal axis of such specimens is 
parallel to the direction of rolling. 

GRAIN SIZE OF COLD.ROLLED ANNEALED TEMPERS 
9.1 Grain size shall be the standard test for cold-rolled annealed copper sheet and 

strip, and acceptance or rejection shall depend only on the grain size. The average grain
size of each of two samples of annealed material, as determined on a plane parallel to the 
surface of the sheet or strip, shall be within the limits prescribed in Table 3. 
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M 138
 
TABLE 2


Tensile Strength Requirements and Approximate Rockwell Hardness
 
Values for Rolled Tempers
 

Tensile.Strength, psi' Approximate Rockwell Hardness 
Temper 

Cold-Rolled Tempers 

Min Max 
F Scale 

Mini Max 
Superficial 30.T 
Min Max 

Light cold-rolled
Halihard 
HardSpnng
Extra ,pniig 

Hoi.Rolled Te~mpersHot.rolled 
Hoti.rolled and annealed 

32 000
17 000 
43 00050 000 
52 000 

30000 
30 000 

[ 

40 000
46 000 
52000
58000 

38 (180 
38 000 

40
77 
8691 

32
89 
9397 

75 

43 
5460 
616 

49
57 
6266 

41 
31 

SRockwellhardness values apply as folows The F scale applies to metal 0.020 In. and over In thlckness. TheSuperficial 30.T scale applies to metal 002 in.and over in ihickness. 

M 138
 
TABLE 3
 

Grain Size Requirements and Approximate Rockwell

Hardness Values for Cold-Rolled Annealed Tempers
 

ApproximateI I Rockwel 
Temper Grain Size, mmi Hardneab 

F Scale 
[__Mi Max Mini Max 

Softanneal. 65Deep-drawing anneal (0.025 m) [ 0 3. 75 
- Although no minimum grain sizeis required, this material musi be fullyrecrysallized.

Rockwell hardness values apply as follows The F scale applies io metal0.020 in. and over in thickness. 

ROCKWELL HARDNESS 
10.1 Since Rockwell hardness tests offer a quick and convenient method of checkingcopper of any temper for general conformity to the requirements for tensile strength orgrain size, the approximate Rockwell hardness values for each temper are given in Table 2 or Table 3 for general information and assistance in testing. 

MICROSCOPIC EXAMINATION 
11.1 The samples of Copper Nos. 102, 104, 105. 107, 1019,122, and 123 shall be freefrom cuprous oxide as determined by microscopic examination at 75 x magnification. 

EMBRITrLEMENT TEST 
12.1 It is to be expected that samples of Copper Nos. 102. 104, 105, 107, 109, 122,and 123 will pass the following embrittlement test, although the actual performance of thetest is not mandatory under the terms of this specification unless definitely specified: Suitabletest specimens shall be heated to a temperature of 800 to 875 C for a period of 20 mii in afurnace containing an atmosphere of hydrogen. After their removal from the furnace thespecimens shall be polished, etched if desired, and examined under a microscope at amagnification of 75 to 200 dipmeters, inclusive. The specimens shall not show gassing or open grain structure charactristic of embrittlement. 

ELECTRICAL RESISTIVITY 
13.1 When specified in the order, the electrical resistivity determined on samples ofCopper Nos. 102, 109, and 110 shall not exceed the following limits when tested at a 

temperature of 20 C 168 F) 
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Eiectal Resistivlty, 

Cmdition maxe.m erm 

Stmled) ................................... 0.15325 
CodlenigmEfa .............................. O.15775 

Na 
follows: 

3.-The Intertatoal Annaed Copper Standard electrical conductlvity equlvalents am as 

Electrical Resistivity.
ohm-ra-mmmetes 

Conductvift 
per met 

0: 11...................................................0.15775................................................... 
100.00
97,16 

13.2 The electrical resistivity of the material shall be determined in accordance with 
the Method of Test for Resistivity of Electrical Conductor Materials (ASTM: B 193). 

DIMENSIONS AND PERMISSIBLE VARIATIONS 

14.1 The dimensions and tolerances for material covered by this specification shall 
be as prescribed in the current edition of ASTM: B 248, with particular reference to 4. 
Dimensions, Weights, and Permissible variations, and the following tables of that specifica
tion: 

14.1.1 Thickness.-See 4.2, Table 1. 

14.1.2 Width: 
(1) Slit Metal and Slit Metal with Rolled Edges.--See 4.3, Table 4. 
(2) Square-Sheared Metal.--See 4.3, Table 5. 
(3) Sawed Metal-See 4.3, Table 6. 
14.1.3 Length: 
(1) Specific and Stock Lengths with and Without Ends-See 4.4, Table 7. 
(2) Schedule of Lengths (Specific and Stock) with Ends.--Sce 4.4, Table B. 
(3) Length Tolerances for Square-Sheared Metal.-See 4.4, Table 9. 
(4) Length Tolerances for Sawed Metal.-See 4.4, Table 10. 
14.1.4 Straightness: 

(I) Slit Metal.-See 4.5, Table 11. 
(2) Slit Metal and Either Straightened or Edge-rolled.--See Section 4.5, Table II. 
(3) Square-Sheared Metal.--See 4.5, Table 12. 
(4) Sawed Metal.--See 4.5, Table 13. 

14.1.5 Weight: Hot-rolled sheet and plate.-See 4.6, Table 14. 

0-

StandardSpecificationfor 

Emulsified Asphalt1 

AASHO DESIGNATION: M 140-70 
(ASTM DESIGNATION: D 977-69) 

SCOPE 
1.1 This specification covers seven grades of emulsified asphalt for use in pavement 

construction in the manner designated. 

I This specification applies to anionic emulsions. SeeAASHO: M 205 for cationic emulsions. 
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TABLE IRequirements for Emulsified Asphalt 
Type................... 
 Rapid-Setidg Medlium-Setting slow-s4ttin 
Grade .................. RS-1 RS-2 MS-I MS-2 
 MS-2h SS1 SS-Ih 

min max min max m max min max min max min mt m max 

Tests on emulsions:Vscosity.SayboltFurolat77 F. C)a... 20 100 20 100 100 100 20 100 20 100 0Viosty.SayboiltFurlatl22F (0C)s... 75 400
Settlement.-
5 days. percent ............ . S 5 5 5 
 5 5 S
 
Dcmulsubilty.. 35 ml. 0.02 NCaClt.percent 60 60 

I I I I
 
Coatin* ability and water resistance: 


Stores~t~bslityeslI.b day ........ I I 

0 

CoatmL, dry aigregate ........... z
ood good ood WCoatmnL after spraying. . ........
 a laiairarCouatng, wet aggregate ........... 
 fair fair fairCoating. after spraying ............ fair fair fair
 
Cement mixing test. percent ......... 

Stevetest. percent . . .......... .. 010 2.0 2.0
Residue by distillation. percent. . . 55 63 0.10 55 0. 0.1010 0.10 0.1065 65 57 57Tests on Residue from Distillation Test-Penetration. 77F (25C). 100 L 5 a. 100 200 100 200 100 200Ductility. 77 F (25 C). 5cm/min.cr. 40 40 

100 200 40 90 100 200 40 90 0 
solubility in trichlorocthylcne, pecent. 40 40 40 4097 S 07 5 Q?. al q 07 q 40 a q 9 7 S

Suggested uses surface surface plant or road mixture plant or road mixture with plant or road snixture with >treatment, treatment with coa arse&a te coarse aggregate substantially raded and fine a, tes. apenetration and pene- substantiallyall ofiw h all of which isretained on a substantial uantitygg wsichmacadam tration is retained on a No. 3 No. 8 (2.36-mm) sieve and panes a No. 8 (2.36-mm) siand tack macadam v(2.36-mm) siee and practically none ofwhich passas ad a portion of which mayioat practically none of which a No. 200 (0.075-nam) sieve pass a No. 200 (0.075-mm)sieve. 
> 

rasses a No 200 tO 075 slurry seal treatments 
_____________________minIThe testriremnt.or settlment_ ."_". in the that..i".dwe the er. e asphalt issieve.use"'d,tackt ciiatW, -essta5days tune; or purchaser may requirethe ilment tes be > 

run from the time tie smple is received until ii is .s 1.if the atiseil 1timeis less than 5 diyL.bIThe 24-h (I-day) storage sLibility test n i)hi li.iedinstead of the %day settlenent test.
 
The demulsibilily test shall be mide .that 
 so days from date ofshipment 

0 

http:riremnt.or


103 M 141 SPECIFICATIONS FOR HIGHWAY MATERIALS 

REQUIREMEN73 

2.1 The emulsified uphalt shall be homogenous. Within 30 days after delivery and
provided separation has not been caused by freezing, the emulsified asphalt shall be 
homogeneous after thorough mixing. 

2.2 Emulsified asphalt shall conform to the requirements prescribed in Table 1. 

SAMPLING 

3.1 Samples of emulsified asphalt shall be taken in accordance with AASHO T 40, 
Sampling Bituminous Materials. 

3.2 Samples shall be stored in clean, airtight sealed containers as specified in para
graph 4.1.2 of T 40 at a temperature of not less than 40F (4.5 C) until tested. 

METHODS OF TEST 

4.1 The properties of the emulsified asphalts given in Table I shall be determined in
accordance with AASHO T 59,Testing Emulsified Asphalts. 

0

-StandardSpecificationfor 

Slow Curing Liquid Asphaltic Road Material 

AASHO DESIGNATION: M 141-70 
SCOPE 

1.1 This specification covers liquid petroleum products of the slow curing type to 
be used in the treatment and construction of road surfaces. 

GENERAL REQUIREMENTS 

2.1 The oilshall be uniform in appearance and consistency and shall show no foam
ing when heated to the application temperature. The residue of specified penetration shall
be smooth and homogeneous in appearance. 

PROPERTIES
 

3.1 The grade of liquid asphaltic material specified shall conform to the require
ments shown in Table 1. 

METHODS OF SAMPLING AND TESTING 

4.1 Sampling and testing of the liquid asphaltic material shall be in accordance with 
the following standard methods of the American Association of State Highway Officials. 

Samptr ........................
................. .T 40 
W'er T 55 
iMa rosi T 45Kinemaik visomi r T 201SalbOll
Farl %IK.uIl) T 72Reua. feSpetinva Prir,im T 56 
ODlI T 51 

SOI..taut,imInIiom~t'wl',me T 44i 

Dwmlliion 
 .T 78 
Spot Leal......... ....... ........................ T 1O2 
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TABLE I 

sC-7o sC-250 SC-l) SC.30 

ater. uemt................. -WS 1 -k- MN I m
lash pont C (F)..... I(O)GS (175)90 (W) V11.4 MIS) 107.2
tineaticVisaity a i60C (140F)fI 6((SeeNo Itlne tok..........70 140 250 500 nO 1600 30 
 4000Asphalt reidue of 100 pen.,percen. 

on. .....................
s0 60 70 s0011ily of 100pen.r"Idue at 2i C 
M77F) 3co.per.mi cm....... 100 t00 ISO tOo
Solubility In triclhorocetyilene. perjent 99 99 9 99

Total d istillate to 360 C (690 F) per mnt 
Iby,vol ............... tO 30 4 30 2 12 0 5
Kinematic viscosity onVditii I4 2 Irtsidue-t60C(140F),Stkes.... 4 70 a 100 20 IO 40 350pot test iwhen speifiedl with: See 

Note 2)Standard Naphtha oivent. Negative for all gradesNaphtha Xylene solveat (lrert,
 
xylene} . n....e...... Negative for all grades
HeptoneXylee aoh;,;;, (,fiiri I
 
xylene)............... ... .Negte fo all wades
 
NoT I : As an alternate. Saybolt.Fui'l viecosities may bespaciled as follows:
Grade SC.70-Furol viscosity VttOC (122 F)-60 to 20 sec. 

Grade SC-230-Furol viscosity at to; C (140F)-125 to 250 sec.Grade SC4100-Furol viscoeiy at 12.1C (180F-100 to 200 sec.Grade SC-3000-Furol viacosity at 82.,C (1S0F)-30 to 600 am. 
NOTE 2: The useof the sra-,z Iti optioril. 1,n speciied. the Engineer shall lndlc.atj whether the standardnaphtha solvent, the nalt.,.xylene solvent or theheptane xylaw solvent will be used in determlnlng compliancewith the reluirement. an ','Is:d,in the cameof syleasolvents, the peeesitase of sylene to be ust. 

0-

Recommended Practicefor 

11w Clauisftion of Soils and Soil-Aggregte 
Mixtures for Highway Construction Purposes 

AASHO DESIGNATION: M 145-66 
SCOPE 

1.1 This recommended practice describes a procedure for classifying soils into seven groups based on laboratory determination of particle-size distribution, liquid limit and 
plasticity index. Evaluation of soils within each group is made by means of a "group
index," which is a value calculated from an empirical formula. The group classification.
including group index, shotdd be useful' in determining the relative quality of the soil 
mat-rial for use in earthwork structures, particularly embankments, subgrades, subbases 
and bases. 

TEST PROCEDURES 

2.1 The classification is based on the results of tests made in accordance with the 
following standard methods of AASHO: 

2.1.1 Amount of Material Finer Than No. 200 Sieve in Aggregate ........ T I1
 
2.1.2 Sieve Analysis of Fine and Coarse Aggregates ..................... T 27
 
2.1.3 Mechanical Analysis of Soils ................................... T B8

2.1.4 Determining the Liquid Limit of Soils ............................ T R9

2.1.5 Determining the Plastic Limit and Plasticity Index of Soils .......... T 90
 

NOTE 1: Either Method T 8 or Methods T'Itand T 27 will :neused to determine the panicle-slze
dislrehulion as a hasis forclatflicatinn 

CLASSIFICATION 
3.1 The classificatlou ivrmade by using the lest limits and group Index values shown 
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in Table I. If a more detailed classification is desired, a further subdivision of the groups 
shown in Table I may be made. An example of the classification with such subgroups
is shown in Table 2. The liquid limit and plasticity index ranges for the A-4, A-5, A-6, 
and A-7 soil groups are shown graphically in Figure 2. 

3.2. Classification Procedure.-With required test data available, proceed from left 
to right in Table I or Table 2 and the correct group will be found by process of elimina
tion. The first group from the left into which the test data will fit is the correct classifica
tion. All limiting test values are shown as whole number. If fractional numbers appear 
on test reports, convert to nearest whole number for purposes of classification. Group 
index values should always be shown in parentheses after group symbol as: A-2-6(3). 
A-4(5), A-6(12), A-7-5(17), etc. 

DEFINITIONS OF GRAVEL, SAND, AND SILT-CLAY 
4.1 The terms "gravel," "coarse sand," "fine sand," and "silt-clay," as determinable 

from the minimum test data required in ibis classification arrangement and as used in 
subsequent word descriptions, are defined as follows: 

4.1.1 Gravel..-Natcrial passing sieve with 3-in. (75 mm) square openings and retained 
on the No. 10 (2.00 mm) siese. 

4.1.2 Coarse Sand.-Materal passing the No. 10 (2.00 mm) sieve and retained on the 
No. 40 (0.425 mm) sieve. 

4.1.3 Fine Sand.-Material passing the No. 40 (0.425 mm) sieve and retained on the 
No. 200 (0.075 mm) sieve. 

4.1.4 Silt Clay (Combined silt and clay).-Material passing the No. 200 (0.075 mm) 
sieve. 

4.1.5 Boulders (retained on 3-in. (75 mm) sieve) should be excluded from the portion 
of the sample to which the classification is applied, but the percentage of such material, 
if any, in the sample should be recorded. 

4.1.6 The term "silty" is applied to fine material having plasticity index of 10 or less 
and the term "clayey" is applied to fine material having plasticity index of 11 or greater. 
DESCRIPTION OF CLASSIFICATION GROUPS 

S.1 Granular Material.-Contamnig 35 percent or less passing the No. 200 (0.075 
mm) sieve. Note 2. 

5.1.1 Group A-l.-The typical material of this group is a well-graded rimixture of 
stone fragments or gravel, coarse sand, fine sand and a nonplastic or feebly plastic soil 
binder. However, this group includes also stone fragments, gravel, coarse sand, volcanic 
cinders, etc. without soil binder. 

5.1.1.1 Subgroup A-l-a includes those materials consisting predominantly of stone 
fragments or gravel, either with or without a well-graded binder of fine material 

5.1.1.2 Subgroup A-l-b includes those materials consisting predominantly of coarse 
sand either with or without a well-graded soil binder. 

5.1.2 Group A-3.-The typical material of this group is fine beach sand or fine 
desert blow sand without silty or clay fines or with a very small amount of nonplastic
silt. The group includes also stream-deposited mixtures of poorly-graded fine sand and 
limited amounts of coarse sand and gravel.

5.1.3 Group A-2.-This group includes a wide variety of "granular" materials which 
are border-line between the materials falling in Groups A-I and A-3 and silt-clay materials 
of Grou,)s A-4, A-5, A-6, and A-7. It includes all materials containing 35 percent or less 
passing the No. 200 (0.075 mm) sieve which cannot be classified a%A-I or A-3, due to fines 
content or plasticity or both, in excess of the limitations for those groups.

5.1.3.1 Subgroups A-2-4 and A-2-5 include various granular materials containing
35 per cent or less passing the No. 200 (0.075 mm) sieve and with a minus No. 40 (0.425 
mm) portion having the characteritics of the A-4 and A-5 groups. These groups include 
such materials as gravel and coarse sand with silt contents or plasticity indexes in excess of 
the limitations of Group A-I, and fine sand with nonplastic silt content in excess of the 
limitations of Group A-3. 

5.1.3.2 Subgroups A-2-6 and A-2-7 include materials ,imil3r to those described 
under Subgroups A-2-4 and A-2-5 except that the fine portion contains plastic clay 
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having the characteristics of the A-6 or A-7 group. 
None 2: Classification of materials in the various groupS applies only to the fraction passing the 3-in.sve. Therefore, any pecllnicatlo regarding the use of A-T A-2, or A-3 materials In construction shouldstat. whether boulders (retained on 3-in. sieve) are permited. 

5.2 Sil:.Clay Matnrials.-Containingmore than 35 percent passing the No. 200 (0.075 
mm) sieve. 

5.2.1 Group A-4.-The typical material of this group i! a nonplastic or moderately 
plastic silty soil usually having the 75 percent or more passing the No. 200 (0.075 mm)sieve. The group includes also mixtures of fine silty soil and up to 64 percent of sand and 
gravel retained on No. 200 (0 075 mm) sieve. 

5.2.2 Group A-5.-The typical material of this group is similar to that described 
under Group A-4, except that it is usually of diatomaceous or micaceous character, and 
may be highly elastic as indicated by the high liquid limit. 

5.2.3 Group A-6.-The typical material of this group is a plastic clay soil usually
having 75 percent or more passing the No. 200 (0.075 mm) sieve. The group includes also 
mixtures of fine clayey soil and up to 64 percent of sand and gravel retained on the No 
200 (0.075 mm) sieve. Materials of this group usually have high volume change betweer 
wet and dry states. 

S.2.4 Group A-7.-The typical material of this group is similar to that described 
under Group A-6, except that it has the high liquid limits characteristic of the A-5 group
and may be elastic as well as subject to high volume change. 

S.2.4.1 Subgroup A-7-5 includes those materials with moderate plasticiky indexes in 
relation to liquid limit and which may be highly elastic as well as subject to considerable 
volume change.

5.2.4.2 Subgroup A-7.6 includes those materials with high plasticity indexes in rela
tion to liquid limit and which are subject to extremely high volume change. 

NOTE 3: Highly organic soils (peat or mucki may be classified In an A-8 group. Classifcation of thesematerials is based on visual inspection. and is not dependent on percentage pasing the No. POO(0.075 mm)sieve, liquid limit or plasticity index. The material is composed primarily of partially decayed organic matter,
generally has a fibrous texture, dark brown or black color and odor of decay.
These organic materials are unswtable for use in embankments and subgrades. Tl'heyare highly
compressible and have low strength. 

GROUP INDEX 
6.1 The group index is calculated from the following formula: 
Group index - (F-35) [0.2 + 0.005 (LL-40)J + 0.01 (F-15) (P1-40), in which 

F - percentage passing No. 200 (0.075 mm) sieve, expressed whole numas a 
ber. This percentage is based only on the material passing the 3-in. (75 mm) 
sieve. 

LL - liquid limit 
Pl - plasticity index 

6.1.1 When the calculated group index is negative, the group index shall be reported 
as zero (0).

6.1.2 The group index should be reported to the nearest whole number. 
6.2 Figure I may be used in estimating the group index, by determining the partial 

group index due to liquid limit and that due to plasticity index, then obtaining the total
of the two partial group indexes. 

6.3 When calculating the group index of A-2-6 and A-2-7 subgroups, only the PI 
portion of the formula (or of Figure 1) shall be used. 

6.4 The following are examples of calculations of the group index: 
6.4.1 Assume that an A-6 material has 55 percent passing the No. 200 (0.075 mm)

sieve, liquid limit of 40, and plasticity index of 25. Then 

Group index 	- (55-35) [0.2 + 0.005 (40-40)] + 0.01 (55-15) (25-10)
 
- 4.0 + 6.0 - 10
 

6.4.2 Assume that an A-7 material has 80 percent passing the No. 200 (0.075 mm)
sieve, liquid limit of 90, and plasticity index of 50. Then, 
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Group index - (0-35) [0.2 + 0.005 (90-40)] +. 0.01 (30-15) (50-10)
 
- 20.3 + 26.0, or 46
 

6.4.3 Assume that an A-4 material has 60 percent passing the No. 200 (0.075 mm)
sieve, liquid limit of 25, and plasticity index of 1. Then, 

Group 	index - (60-35) [0.2 + 0,005 (25-40)] + 0.01 (60-15) (1-10)
 
- 25 x (0.2 - 0.075) + 0.01 (45) (-9)
 
- 3.1 - 4.1 - -1.0 Report as 0
 

6.4.4 Assume that an A-2-7 material has 30 percent passing the No. 200 (0.075 mm)
sieve, liquid limit of 50, and plasticity index of 30. Then, 

Group 	index - 0.01 (30-15) (30.10)
 
-
 3.0 or 3 (Note that only the Pl portion of formula was used) 

BASIS FOR GROUP INDEX FORMULA 
7.1 The empirical group index formula devised for approximate within-group evaluation of the "clayey granular materials" and the "silt-clay materials" is based on the 

following assumptions: 
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so1 	 Group Index (Gi) - (F-35)[0.240.005(LL-40)]40.OI(F.15XPI.o) 
where PF %Passng No. 200sieve, LL , Liquid Limit, and C.2PI I Plasticity Index.4 

Men working with A-2.6 and A-2-.7 subgrous thePartial Group Index (PG) Isdetenrln-d Fromthe PI only. 0 
Men the oImblned Partial Group Indlesa er* negative,

the Group Indexshuld be reported as zero. 30C\1 
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Figue 	1.- Group Index Chart 
7.1.1 Materials falling within Groups A-I-a, A-I-b. A-2-4, A-2-5, and A-3 aresatisfactory as subgrade when properly drained and compacted under moderate thicknesspavement (base and/ar surface course) of a type suitable for the traffic to be carried,or can be made satisfactory by additions of small amounts of natural or artificial binders.7.1.2 Materials falling within the "clayey granular" Groups A-2-6 and A-2-7 and the"silt-clay" Groups A-4, A-5. A-6, and A-7 will range in quality as subgrade from theapproximate equivalent of the good A-2-4 and A-2-5 subgrades to fair and poor subgradesrequiring a layer of subbase material or an increased thickness of base course over thatrequired under 7.1.1, in order to furnish adequate support for traffic loads. 



TABLE I 
Classification of Soils and Soil-Awegate Mixtures 

Granular Materials Silt-Clsy Materials
 
General Classification (35% or less pasang No. 200) (More than 3!% passin No. 20U)
 

A-6 A-7Group Classification A-1 A-3 A-2 A-4 A-S 

W2Sic€e Analysis. Percent passing: 
.
No. 10 2.UU mm).. .............. 


No. 40 0425 mm) ............... . 50 ma . 51mi.. ....
 

No -00 W 075 mm) .. ................ . 23,max. l0,mx. 3i -ax. 36nU. 36mi. 36m 36m ,
 

huracternistics of Fraction passing No. 40 (0.425mm)4
I iquidlimit ............. 40 nax. 41 min. 40 tax. 41min.
 

Plastitty index 6.............. N.P. b 10 max. 0ma. I I nin. II min.
6max. 

.Ecellent FGencral Rating as Subgrade x......... to Good . o Poor 0
 
z 

*The flacmn of A-3 before A-2 is necemary in the "Weftto right elimination process" and does not indicate superiority of A-3 over A -2 (a 
S able for values. 41 

0 

TABLE 2 Z 
Classification of Soils and Soil-Agegate Mixtures 

Granular Materials Silt-Cay Materials 

(More than 35% pasing No. 200)General Classification (351Sor less pawsan No. 200) 

A-7 ,'
A-I A-2 

Group Classification A-l-a A-I-b A-3 A-2-4 A-2-5 A-2-6 A-2-7 A-4 A-S A-6 A-.5,I_ ________ ___ ___ ___ ___ ___ ___ __ _ _ __ ___ A-7-6 > 

"icsc Anals s. Percent passing" 
.. W....


Ni. 012 I .nun) 0 max 

No 40 0 425 mm) 30 maz. 50 mt. 51mm
 35 ra. 36 mn. 36 mn. 36"mm. 36 ti. > 
No 01) U 075mm). IS max 25 max 10 max 35 max. 35 max. 35 max 

(hJ.criitics of Fraction psing No 40 (0.425 mm44 
40 max 41 mm 40 max. 41 

6manx. N P. i man. 10 max. itmm. II min. 10max. 10 max. i rain. II in.-I iquid limit 
PI.isttcity index 


L s.clT)pes of Significant Constituent Materials Stone Fragments. Fine Silty or Clayey Gravel and Sand Silty Soils Clayey Soils
 
Gravel and Sand Sand
 

(ineral Rating as Subsgsde . . Excellent to Good Fair to Poor 

'Plit..mts index of A-7-5subgrnup is equal to or less than LL minus 30. Plasticity index of A-7-6 subgroup is greater than LL minus 30 (se Figure 2). 
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7.1.3 The assumed critical minimum percentage passing the No. 200 (0.075 mm) sieve 
is 35 neglecting plasticity, and 15 as affected by plasticity indexes greater than 10. 

7.1.4 Liquid limits of 40 and above are assumed to be critical. 
7.1.5 Plasticity indexes of 10 and above are assumed to be critical. 
7.1.6 For soils that are non-plastic and when the liquid limit cannot be determined, 

the group index shall be considered zero (0). 
7.2 There is no upper limit of group index value obtained by use of the formula. 

The adopted critical values of percentage passing the No. 200 (0.075 mm) sieve, liquid limit 

PLASTICITY INDEX Pl' 
00 20 30 40 50 60 T0 

90 - - // 

70-- 

60O // 4

50 -A-5- -A-7- 

30 -A-- - A----

Fla. 2.-Ldqu Limut ad PfaUitye
IadeARumse. fIo the A-4, A4, A6 

eud A-7 Subrade Groups 
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and plasticity index, are based on an evaluation of subgrade, subbase and base course ma
terials by several highway organizations that use the tests involved in this classification 
system.

7.3 Under average conditions of good drainage and thorough compaction, the sup
porting value of a material as subgrade may be assumed as an inverse ratio to its groupindex, that is, a group index of 0 indicates a "good" subgrade mater;al and group index
of 20 or greater indicates a "very poor" subgrade material. 

-0 

Standard Specification for 

Materials for Aggregate and Soil-Aggregate Subbase,

Base and Surface Courses
 

AASHO DESIGNATION: M 147-65
 
SCOPE
 

1.1 This specification covers the quality and grading of sand-clay mixtures; gravel,
stone or slag screenings; or sand. crusher run coarse aggregate consisting of grasel, crushedstone or slag with or without soil mortar or any combination of these materials for usein the construction of subbase, base and surface courses. The requirements are intended 
to cover only materials having normal or average specific grav ity. absorption and gradationcharacteristics. Where other materials are to be used, appropriate limits suitable to their 
use must be specified. 

GENERAL REQUIREMENTS 
2.1 'Coarse Aggregate.
2.1.1 Coarse aggregate retained on the No. 10 (200 mm) %;eve shall consist of hard,

durable particles or fragments of stone, gravel or slag. Materials that break up whenalternately frozen and tha%%ed or wetted and dried shall not be used.
2.1.2 Coarse aggregate shall have a percentage of wear, by the Los Angeles test, of 

not more than 50. 
NoTE: A higher or lower percentage of wear may be specified by theEngineer, depending upon the 

materials available for thework 
2.2 Fine Aggregate.
2.2.1 Fine aggregate passing the No. 10 (2.00 mm) sieve shall consist of natural or

crushed sand, and fine mineral particles passing the No. 200 (0.075 mm) sieve.2.2.2 The fraction passing the No. 200 (0.075 mm) sieve shall not be greater than
two-thirds of the fraction passing the No. 40 (0.425 mm) sieve. The fraction passing theNo. 40 (0.425 mn-) sieve shall have a liquid limit not greater than 25 and a plasticity index 
not greater than 6.

2.3 All material shall be free from vegetable matter and lumps or balls of clay. Thesoil-aggregate material shall conform to the grading requirements of Table I. The gradinj
requirements for composite aggregate material will be specied by the Engineer. 
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TABLE I 
Grading Requirements for Soil-Aggregate Materials 

Percentage by weight passing square meshsieves 

Sieve designation Grading Grading Grading Grading Grading Grading 
A B C D E F 

2inch l50mm)........ 100 100
 
I.inch (25.0 mm) 75-95 100 100 i0O 100 

Iinch (9 5mm) . 30-65 40-75 50-85 60-100 
No. 4 (4.75 mm) 2!-55 30-60 35-65 50-85 5-100 70-100 
No. 10 (200 mm) 15-40 20-45 23-50 40-70 40-100 55-10D 
No. 40 (0.425 mm) 8-20 15-30 15-30 25-45 20-541 30-70 
No. 200 (0075 rnm) 2-8 5-20 5-15 5-20 6-20 9-25 

SUBBASE MATERIALS 

3.1 Materials for subbase shall conform to the requirements of 2 and 3 for gradings 
A, B, C, D, E, or F. The type and grading desired shall be specified. 

NoTe: Where local experience has shown that lower percentages passing the No. 200 (0.075 mm) sieve 
than are required in Table I are necessary for subbase materials in order to prevent damage by frost 
action, the Engineer should specify such lower percentages. 

BASE COURSE MATERIALS 

4.1 Materials for base course shall conform to the requirements of 2 and 3 for 

gradings A, B, C, D, E. or F. The grading desired shall be specified. 

NoctE: Where local experience has shown that lower percentages passing the No. 200 (0.075 mm) sieve 
than are required in Table I are necessa.y for base course m.terials in order to prevent damage by frost 
action, the Engineer should specify such lower percentages. 

SURFACE COURSE MATERIALS 

5.1 Materials for surface course shall conform to the requirements of 2 and 3 for 
gradings C, D, E, or F. The grading desired shall be specified. 

NoTe. Where it is planned that the soil aggregate ,irface course is to be maintained for several years
without bituminous surface treatmtnt or other superimposed impervious surfacing, the Engineer should 
secify a minimum of 8 per cent passing No. 2(X) (0(75 mm) %ieve in lieu of the minimum percentages
shown in Table I for grading C. D. or E. and should specify a maximum liquid limit of 35 and plasticity
index range of 4 to 9 in leu of the limits given in 2.2 2. 

MOISTURE CONTENT 

6.1 All materials shall contain moisture equal to or slightly . below the optimum 
necessary to insure that the design density requirements are obtained when materials are 
compacted. 

ADMIXTURE 

7.1 Calcium chloride used for the control of moisture shall meet the requirements 
of Standard Specifications for Calcium Chloride (AASHO: M 144.) 

METHODS OF SAMPLING AND TESTING 

8.1 Sampling and testing shall be in accordance with the following standard methods 
of the American Association of State Highway Officials: 

Sampling T 2 
sle.e Anfllsis 7 27 or r gg
S. , ml .a.- r.ii ' H.IS'..-(a%..ji.,rs r 86-.. 'a 
Preparing Samples..... .... ................................. T 97 
Liquid Limit ................................... T e9
Plastic Limit and Plasticity Index .......................... T 90
 
Percentage or Wear . ............. . ................. T96
 
Passing No. 201)Sieve ........................................... T 1
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Standard Specification for 

Liquid Membrane.Forming Compounds for Curing Concrete 

AASHO DESIGNATION: M 148-68 

(ASTM DESIGNATION: C 309-58 (1966)) 

SCOPE 
1.1 This specification cover- liquid membrane-forming compounds suitable for 

spraying on horizontal and vertical concrete surfaces to retard the loss of water during 
the early hardening period. Four general types are included: 

Type 1. Clear or translucent,
 
Type 2. White pigmented,
 
Type 3. Light-gray pigmented, and
 
Type 4. Black.
 

Nout: The compounds covered by this specification are suitable for use as curing media not only
for fresh concrete, but also for further curing of concrete after removal of forms or after Initial moist 
curing. 

COMPOSITION AND PROPERTIES 
2.1 The ingredients of liquid membrane-forming compounds are not restricted, 

provided that none shall be toxic or dangerously inflammable. Use of benzene, toluene, 
carbon tetrachloride, methyl alcohol, and lhe other toxic materials shall not be permitted. 

2.2 The clear or translucent compound, type I, shall be light in color, may contain 
a fugitive dye, and shall be readily distinguishable upon the concrete surface for at least 
4 hr. after application. The color, if any. shall become inconspicuous within 7 days after 
application. 

2.3 The white pigmented compound, type 2, shall consist of finely divided white 
pigment and vehicle, ready mixed for immediate use without alteration The compound 
when applied to a new concrete surface at the specified rate of application, shall present a 
uniform white appearance and shall effectively obscure the original color of the concrete. 
When applied to concrete at the specified rate of application, the compound shall exhibit 
a daylight reflectance of not less than 60 per cent of that of magnesium oxide. 

2.4 The tight-gray pigmented compound, type 3, shall consist of finely divided light
gray pigment and vehicle, ready-mixed for immediate use without alteration. The compound 
when applied to a new concrete surface at the specified rate of application shall present a 
uniform light-gray appearance and shall effectively obscure the original color of the con
crete. When applied to concrete at the specified rate if application, the compound shall 
exhibit a daylight reflectance not less than 50 p .r ee.., of that of magnesium oxide. 

2.5 No special requirements are prrcrihed for the black compound, type 4. 

CHARACTER OF THE FILM 
3.1 The compound shall adhere to damp concrete and shall form a continuous co

herent film when applied at the specified rate of application. When dry, the covering shall 
be continuous, flexible, and without breaks or pin-holes and shall remain as an unbroken 
film for at least seven days after application to the laboratory specimen. The liquid mem
brane forming compound shall not react deleteriously with the concrete. 

NnTL-An approximate idea of the effect of the compound on the surface of the concrete may be 
obtained by scratching the surface with a knife or screwdriver, not les, ihan 72 hr after application, and 
comparing with the surface hardness similarly determined of a similar spet.men ihat has been moit-cured 
approximately half as long Any significant softening of the compound-treated concrete surface indicated by
such comparison shotld be considered sufficient cause for rejection of the compound. 

CONSISTENCY 
4.1 The liquid membrane-forming compound shall be of such consistency at the/time 

of application in the field that it can be sprayed readily to a uniform coating at temperatures 
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above 40 F (4 C) by means of atomizing nozzles. When sprayed on the vertical face of a 
damp concrete block In the laboratory at the specified rate of aipliation, it shall not run 
or sag. 

STORAGE STABILIY 

5.1 The membrane-forming compounds shall be storable for at least three months 
without deterioration, except that compound of the water-emulsion type will not be expected 
to resist freezing. The compound shall not settle to the extent that it cannot be readily
restored to uniformity by moderate stirring or by agitation by compressed air. 

DRYING TIME 

6.1 When applied to a damp concrete surface at the specified rate of application, the 
membrane-forming compound shall dry to touch in not more than four hours under the 
following standard laboratory conditions: 73.4 -L 3 F (23 t 1.7 C), 50 t 10 per cent 
relative humidity, and a minimum air velocity of 600 feet per minute (3.05 m/s). When 
dried, the compound shall not be tacky nor track off the concrete when walked upon, nor 
shall it impart a slippery surface to the concrete. 

MOISTURE RETENI1ON 

7.1 When tested in the water retention test, the liquid membrane-forming compound 
shall restrict the loss of water present in the test specimen at the time of application of the 
curing compound to not more than 0.055 g per 100 mm2 of surface. 

PACKING AND MARKING 

8.1 The liquid membrane-forming compound shall be delivered in the manufacturer's 
original clean, sealed containers. Each container shall be legibly marked with the name of 
the manufacturer, the name of the compound, and the manufacturer's batch number. The 
contents of the containers shall be in all respects the same as the sample tested. 

SAMPLING 

9.1 Samples may be taken at the plant or warehouse prior to delivery or at the 
point of delivery, at the option of the purchaser. The inspector representing the purchaser 
shall have free access to the containers being loaded for shipment to the purchaser. He shall 
be afforded all reasonable facilities for inspection and sampling which shall not interfere 
unnecessarily with the loading of the carriers. 

9.2 The compound to be sampled shall be shaken or stirred thoroughly in the con
tainer before the sample is taken. One .sample shall be taken at random from a single
container representing each lot, batch, or other unit of production In a shipment, provided
that no sample shall represent more than 2,000 gallons (approx. 10000 liters). 

METHODS OF TESTING 

10.1 The water retention test shall be conducted in accordance with the Standard 
Method of Test for Water Retention Efficiency of liquid Membrane-Forming Compounds 
and Impermeable Sheet Materials for Curing Concrete (AASHO: T 155).

10.2 The apparent daylight reflectance shall be determined in accordance with 
Standard Method of Test for 45-degree, 0-degree Directional Reflectance of Opaque 
Specimens by Filter Photometry (ASTM: E 97). 

O-o 
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StandardSpecification for 

Masonry Cement 

AASHO DESIGNATION: M 150-70 
(ASTM DESIGNATION: C 91-69) 

SCOPE 
1.1 *This specification covers masonry cement for general use where mortars for 

masonry are required. 

PHYSICAL REQUIREMENTS 
2.1 Masonry cement shall conform to the requirements prescribed in Table I. 

STAINING 
3.1 This requirement shall apply only when the purchaser requiresshall be nonstaining to limestone. Nonstaining cement 

that the ctment 
shall contain not more than 0.03per cent of water-soluble alkali when determined in accordance with 15. Procedure, and16. Calculation. 

NOTEI -The amount and natureThe alkali in any cement of the staining material in limestones seems tomay. therefore, vary with the stone.induce markedly different staining on different stone,the stone may have come -parentlyfrom the even thoughthe specification should not caue stain same source The amount of water-soluble alkali permitted byinsufficient means unlei 'tone high in staining material has been used,have been used to prevent infiltration of water into the masonry. or unless 

PACKAGING AND MARKING 
4.1 When masonry cement is delivered in packages, the brand, name of manufacturer,and net weight of package in pounds shall be plainly indicated thereon. Similar informationshall be provided in the shipping advices accompanying the shipment of masonry cement

in bulk. 

STORAGE 
5.1 The cement shall be stored in such a manner as to permit easy access for properinspection and identification of each shipment, and in a suitable weather-tight building thatwill protect the cement from dampness and minimize warehouse set. 

TABLE I 
Physical Requirements 

Fineness, residue on a No. 325 (0.045 mm) sieve, max. percent.i sSoces... .................................
Soundness 
15.
 

Autoclave expansion. max per cent.. .0Time of .etting od.more met
Initial set,mn hr... 
Final set,max hr. ..
Comprssive strength (averalte of 3 cubes). coosdr 2IThe compressive strength o rnortarcubes. compoe 24or'

partoemntand 3parts blended sand (hailradedOttawasand, and hatr standard 20-30 Ottawa sand) by volume,prepared and tested in accordance with this specificationshall beequal to or higher than thevalues specified for theaiesindicated below: 

28f m!L .• 500, . (0.3515)
d1ys, psi .............................
28111dapI.................................. 
 900 

Air content of r'., ra "e,.,edar, ieliN,. i. .,,Jar..'e 10.632)wiih r.:. c.-.r ,s . .11, m.v'.. i,.iMIA pirI Ce.-Ir, I .C 12 
Viler rn..i. t 1 .d ie. 1.11, xream anln L., ,w' d Iai 2 

flow......................... ................. 7 0
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INSPECTION 
6.1 Every facility shall be provided the purchaser for the necessary inspection and 

sampling.
6.2 All packages shall be In good condition at the time of inspection. 

REJECTION 

7.1 The cement may be rejected if it fails to meet any of the requirements of this 
specification.

7.2 Packages varying more than 5 per cent from the weight marked thereon may berejected and if the average weight of packages in any shipment as shown by weighing 50packages taken at random is less than the weight marked thereon, the entire lot represented 
may be rejected.

7.3 Cement remaining in storage prior to shipment for a period greater than 6 monthsafter test may be retested and may be rejected if it fails to meet any of the requirements
of this specification. 

SAMPLING AND METHODS OF TESTING MASONRY CEMENT 

SAMPLING 
8.1 The masonry cement shall be sampled in mccordp.nce with AASHO: T 127 Sam

pling Hydraulic Cement. 

TEMPERATURE AND HUMIDITY 
9.1 The temperature of the air in the vicinity of the mixin: slab and dry materials,molds, base plates, and mixing bowl shall be maintained between 20 and 27.5 C (6881.5 F). The temperature of the mixing water, 

and
moist cabinet or moist room, and waterin the storage tank shall not vary from 23 C (73.4 F), by more than ± 1.7 C (3 F). 

9.2 The relative humidity of the laboratory air shall be not less than 50 per cint.The moist cabinet or moist room atmosphere shall have a relative humidity of not less
than 90 per cent. 

9.3 The moist cabinet or moist room shall conform to the requirements , f AASHOM 201 for Moist Cabinets and Rooms Used in the Testing of Hydraulic Cements and
Concretes. 

FINENESS
 
PROCEDURE
 

10.1 Determine the residue on the No. 325 (0.045 mm) sieve in accordance with
AASHO: T 192, Test for Fineness of Hydraulic Cement by the No. 325 Sieve.
 

NORMAL CONSISTENCY
 
PROCEDURE
 

11.1 Determine normal consistency by the Vicat apparatus in accordance with
AASHO: T 129 Test for Normal Consistency of Hydraulic Cement. 

SOUNDNESS 
PROCEDURE 

12.1 Determine soundness in accordance wit'. AASHO: T 107 Test for AutoclaveExpansion of Portland Cement. After molding, store the bars in the moist cabinet or roomfor 48 hr ± 30 min before removal from the molds for measurement and test in the autoclave. Calculate the difference in length of the test specimen before and after autoclavingto the nearest 0.01 per cent of the effective gage length and report as the autoclave expan
sion of the masonry cement. 
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TIME OF SETTING 

PROCEDURE 

. 13.1 Determine the time of setting by the Gillmore needle method in accordance 
with AASHO: T 154 Test for Time of Setting of Hydraulic Cement by Gillmore Needles. 

SrEct'ic GRAvrry 
PROCEDURE 

14.1 Determine the specific gravity of the masonry cement in accordance with 
AASHO: T 133 Ttest for Specific Gravity of Hydraulic Cement, using Kerosine as the 
liquid. Use the specific gravity so determined in the calculation of the air content of the 
mortars. 

STAINiNo TEsT (DETERMINATION OF WATER-SOLUBLE ALKALI) 

PROCEDURE
 

15.1 Determine Water-soluble alkali in accordance with Section 49 of AASHO: T 105 
for Chemical Analysis of Hydraulic Cement. 

CALCULATION 

16.1 Calculate the per cent of water-soluble alkali expressed as Na.O to the nearest 
0.01 in accordance with Section 50 of T 105. 

APPARATUS 

17.1 Scales and weights, sieves, glass graduates, specimen molds, tamper, trowei 
cube molds, and testing machine as described in AASHO. T 106 lest for Lompressivt 
Strength of Hydraulic Cement Mortar (Using 2-in. (50 mmi Cube Specimens). 

17.2 The flow table shall conform to the rcquirements prescribed in AASHO: M 152 
for Flpw Table for Use in Tests of Hydraulic Cement. 

17.3 The mixing apparatus shall conforn it, the requirements prescribed in AASHO 
T 162 for Mechanical Mixing of Hydraulic Cement Pastes and Mortars of Plastic Lonsist
ency. 

17.4 The measure, straightedge, spatula, tapping stick and spoon shall conform to the 
requirements given in AASHO T 137 Test for Air Content of Hydraulic Cement Mortar. 

17.5 Specimen Molds.-Specimen molds shall be prepared in accordance with Section 
7 of T 106. 

BLENDED SAND 

18.1 The sand shall be a blend of equal parts by weight of graded Ottawa sand and 
standard 20-30 Ottawa sand. The fineness of graded Ottawa sand may' be checked by using 
the method described in Section 5 of T l0b lhe fineness of Standaid Ottawa 20-30 sand 
may be checked by using the method described in Section 4 of T 137. 

PREPARATION OF MORTAR 

19.1 Proportiont tor Mortar.-Mortar for compressive strength, water retention, and 
air entrainment shall be proportioned to contain the weight of cement, in grams, equal to 
six times the printed bag weight in pounds (13.229 times the printed bag weight in kilo 
grams) and 1440 g of sand. Ihe sand shall consist of 720 g of graded Ottawa sand and .72' 
g of 20-30 Ottawa Sand (Note 2). The quantitv ot water, measured in cmi shall be such 
as to produce a flow of 111 5 as determined by the flow table. 
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Nora 2.-Il the printed bag weight in pounds is70 (31.75 ks). the mortar shall contain 420 a ofcement. The specified mortar proportions are approximately the 1:3 nominal proportions by volume,
commonly specified for construction, as indicated in the following calculation:

It a bag of masonry cement contained I f( (0.0283 mi)of cement. and I ft' of loose damp sand 
contained 8Clb (36.29 kg) of dry sand, 

A= 1440 XC
where:
 

= number of grams of cement to be used in the mortar with 1440 g of sand,

=240 lb (108.86ks), the weight of dry sand in 3 It'(0.0949 m') of loose damp sand,

C weight per bag. 
ind 

19.2 Mixing of Mortars.-Mix the mortar In accordance with Section 6 of AASHO 
T 162. 

19.3 Determination of Flow.-Determine the flow in accordance with Section 9 of
 
AASHO T 106.
 

AIR ENTRAINMENT 
PROCEDURE
 

20.1 If the mortar has the correct flow, use a separate portion of the mortar for the 
determination of entrained air. Determine the weight of 400 ml of mortar in accordance 
with Section 5.4 of AASHO T 137. 

CALCULATION 

21.1 Calculate the aircontent of the mortar and report it to the nearest 0.1 per cent 
as follows: 

W, + W2 + Va 

A -100 W.
4D 

*here: 
D - density of air-free mor'r. 
WS - weight of cement in grams. 
W - weight of sand in grams, 

= cubic centimeters of water used. 
S, - specific gravity of cement. 

- specific gravity of Ottawa sand (2.65), 
A - percentage of entrained air, by volume, and 
Wm - weight of 400 cm 3 of mortar in grams. 

S2 

COMPRESSIVE STRENGTH 
TEST SPECIMENS 

22.1 Molding.-lmmediatelv after determining the flow and the weight of 400 ml of 
mortar. return all the morttr to the mi~x, 'oAl and remix for 15 sec at the medium 
speed. Then mu:d test!ecimens in accordan.ce with Sclion 10 of AASHO: T 106 except
that elapsed trin,: for mixir,2 mortar, delerm:ning flow. determining air entrainment, and 
starting the molting -Xcu"-, snailbe within t m:n. 

22.2 Siutave.-Store 'l,test specimens immediately after molding, in the molds on 
plane plates r. a moist cabinet, maintained at a relative humidity of 90 per cent or more, 
for from 4F, : 52 hr in such a manner that the upper surfaces shall be exposed to the moist 
air. Then ren,',wt. th .urcs from the mclds and place in the moist cabinet for 5 days in 
such a mannei ., lInallow free circulation ol air around at least five faces of the speci
mens. At the age of 7 da%!. inmerse the cubes for the 28-day tests in clean water in 
storage lanks of noncorrodible materials. 

http:accordan.ce
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PROCEDURE
 
23.1 Test the cube specimens immediately after their removal from the moist 

cabinet for 7-day specimens, and immediately after their removal from storage water for 
all other specimens. If more than one specimen at a time is removed from the moist 
closet for 7-day tests cover these cubes with a damp cloth until time of testing. If more 
than one specimen at a time is removed from the storage water for testing, place these 
cubes in a pan of water at a temperature of 23 • 1.7 C (73.4 ± 3 F) and of sufficient 
depth to completely immerse each cube unt'jtime of testing

23.2 The remainder of the testing procedure shall conform respectively to Sections 
12.2, 12.3, 13, and 14 of AASHO: T 106. 

WATER RETENTION 

APPARATUS
 
24.1 Water Retention Apparatus.-For the water retention test. an apparatus essen

tially the same as that shown in Fig. I shall he used. This apparatus consists of a water 
aspirator or other source of vacuum controlled by a mercury relief column and con
nected by way of a three-way stopcock to a funnel upon which rests a perforated dish. 
The perforated dish shall be made of metal not attacked by masonry mortar. The metal 
in the base of the dish shall have a thickness of 1.7 to I 9 mm and shall conform to the 
requirements given in Fig. 1.The bore of the stopcock shall have a 4 ± 0.5-mm diameter, 

... ...-- / ' 

A; iiwk -N. 
el--,,0,nJ
 

Mcmt.-Gasket to be syotbette rubber. Stopcock 4-mam.Bore of tubing at leat 

4 ram. Chek valve or water trap. or both, augrgeted for connection to aspIrator. 

Fia. 1-Appar-attus Assembly for the Water Retention Test. 
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*ind the connecting glass tubing shall hae a minimum inside diameter of 4 mm. A mercury
manometer connected as shown in Fig. i,indicates the vacuum. The contact surfaces of 
the funnel and perforated dish shall be plane and shall te lapped to ensute intimate con
tact. An airtight seal shall be maintained between the funnel aind the dish during a test.
This shall be accomplished by either 'ot ihe followin,- procedures: (I) A synthetic (grease
resistant) rubber gasket may be permanenti, sealed to thr top nf the funnel, using petro
latum or light grease to ensure a seal between tte funnel and dish. or 121)the top of the
funnel may be lightly coated with petrolatum or ,ght grease to ensure a seal between the
funnel and dish. Care should be taken t, ensure that none of the holes in the perforated
dish are clogged from the grease. Hardened, very smooth. not rapid filter paper shall be 
used. It shall be of such diameter that it will lie flat and completely cover the bottom of 
the dish. 

24.2 Straightedge.-A steel straightedge not less than 8 in. (203 mm) long and not 
less than tiin. (1.59 mm) nor more than ',A in thickness.in. (3.18 mm) 

24.3 Other Apparatus.-Other apparatus required for the water retention test 
shall conform to the applicable requirements of 18. Apparatus, of this specification. 

PROCEDURE
 

2S.1 Adjust the mercury relief column to maintain a vacuum of 50.8 mm as meas
ured on the manometer. Seat the perforated dish on the greased gasket of the funnel. Place 
a wetted filter paper in the K)ttom of the dish. Turn the stopcock to apply the vacuum to 
the funnel and check the apparatus for leaks and to determine that the. required vacuum
is obtained. Then turn the stopcock to shut offthe vacuum from the funnel. 

25.2 . Mix the mortar to a flow of 110 -t 5 per cent in accordance sith the procedure
described in Section 6 of AASHO: T 162. Immediately after making the flow test, return
the mortar on the flow table to the mixing howl and remix the entire batch for 15 sec at 
medium speed. Immediately after remixing the mortar, fill the perforated dish with themortar to slightly above the rim. Tamp the mortar 15 times with the tamper. Apply ten of 
the tamping strokes at approximately uniform spacing adjacent to the rim of the dish andwith the long axis of the tamping face held at right angles to the radius of the dish. Apply
the remaining five tamping s, kes at random points distributed over the central area of 
the dish. The tamping pressure shall be just sufficient to ensure filling of the dish. On com
pletion of the tamping, the top of the mortar should extend slightly above the rim of the 
dish. Smooth off the mortar by drawing the flat side of the straightedge with the leading
edge slightly above the rim of the dish. Then cut off the mortar to a plane surface flush 
with the rim of the dish by drawing the straightedge with a sawing motion across the top
of the dish in two cutting strokes, starting each cut from near the center of the dish. If the 
mortar is pulled away from the side of the dish during the process of drawing the straight
edge across the dish, gently press the mortar back into contact with the side of the dish 
using the tamper.

25.3 Turn the stopcock to apply the vacuum to the funnel. The time elapsed from the 
start of mixing the cement and water to the time of applying the ,acuum shall not exceed 
8 min, After suction tor 60 sec. quickly turn the stopcock to expose the funnel to atmo
spheric pressure. Immediately slide the perforated dish off from the funnel, touch it momen
tarily on a damp cloth to remove droplets of water, and set the dish on the table. Then,
using the bowl scraper (rubber scraper as used in AASHO: r 162) plow and mix the mortar 
in the dish for 15 sec. Upon completion of mixing, place the mortar in the flow mold and 
determine the flow. The entire operation shall he carried out without interruption and as 
quickly as possible, and shall be completed within an elapsed time of II min after the 
start of mixing the cement and water for the firstflo'w determination. Both flow determina
tions shall be made in accordance with Section 9 ofA ASIIO T 106. 
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CALCULATION 

26.1 Calculate the water retention value for the mortar as follows: 

A 
Water retention value - - X 100 

B 
where:
 
A - flow after suction, and
 
B - flow Immediately after mixing.
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Standard Specification for 

Preformed Expansion Joint Fillers for Concrete
 
Paving and Structural Construction
 

(Nonextruding and Resilient Nonbituninous Type) 

AASHO DESIGNATION: M 153-70 

(ASTM DESIGNATION: D 1752-67) 

SCOPE 

1.1 This specification covers preformed expansion joint fillers of the following three 
types for use in concrete, brick, or stone construction: 

Type 1, sponge rubber,
 
Type II, cork, and
 
Type Ill, self-expanding cork.
 

NoTr I.-Attention is called to the Specifications for Preformed Expansion Joint Fillers for Concrete 
Paving and Structural Construction (Nonextruding and Resilient Bituminous Types) (AASIIO: M 213).
and the Specifications for Preformed Expansion Joint Filler for Concrete (Bituminous Type) (AASHO
M 33). 

MANUFACTURE 

2.1 Sponge Rubber.-The joint filler shall consist of preformed strips of a durable. 
elastic sponge rubber compound, using synthetic rubber or natural rubber as a base and 
containing no reclaim rubber or factice. Unless otherwise specified, the sponge rubber 
shall have a cement gray color to blend with concrete in appearance.

2.2 Cork and Self-Expanding Cork.-The joint filler shall consist of preformed 
strips that have been formed from clean granulated cork particles securely bound together 
by a synthetic resin of an insoluble nature. 

PHYSICAL REQUIREMENTS 

3.1 Resistance to Handling.-Preformedstrips of expansion joint fillers shall be of 
such character as not to be deformed or broken by ordinary handling when exposed to 
atmospheric conditions. Pieces of the joint filler which have been damaged shall be 
rejected. 

3.2 Recovery.-The test specimen shall be compressed to 50 (0.035 kgf/mm2) per cent 
of its thickness before test. The load shall be released immediately after application. At the 
end of IQ min after release of application of the load, the specimen shall have recovered 
to at least 90 per cent of its thickness before test (Note 2). 

Nom 2.-In case of failure to comply with the above requirements, the test specimen shall be given
three applications of a load sufficient to compress the material to 50 per cent of its thickness before test. 
The load shall be released immediately alter each application. At the end of I hr after the third application,
the specimen shall have recovered to at least 90 per cent of its thickness before the test. 
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3.3 Cornpression..The load required to compress the test specimenof its thickness before to 50 per centtest shall be not less han 50 (0.035 kgf/mms)psi (1.054 kgf/mm2).
3.4 Extrusion.-The test specimen shall be compressed to 50 per cent of its thicknessbefore test with three of the edges restrained. The amount of extrusion of the free edgeshall not exceed 0.25 in. (6.35 mm).
3.5 Expansion.-.n the case of self-expanding corkonly, the test specimen (Type 111) expansion joint fillerafter being immersed in boilingthickness not less than 140 per 

water for 1 hr shall have a finalcent of the thickness before test. Discolorationwater %hallnot be considered an indication of failure. 
it the 

3.6 Boiling it Ivdroclloric Acid.-In
(Types If and 

the case of cork and self-expanding corkIlI) expansion joint fillers only, the test specimen shallof serious disintegration Discoloration, show no evidence or a small amount of swelling, shall notsidercd as failure, The tcst specimens be con
the boiling period and .hall be rejected 

shall be examined immediately after the end offor anytion" (1) particles 
of the following evidences of disintegra.of cork dislodged during the boiling periodlacks resiliency, is very friable, and easily 

(Note 3), (2) specimenbroken to pieces,appears porous and particles of cork 
or (3) surface of specimenare easily dislodged by rubbing withNore 3.-Particles of cork dislodged from edges 

fingers.
cut during preparation of the specimen should not

beconsidered as constituting failure under this requirement
3.7 .Densiy.-ln the case of sponge rubber (Type 1) expansion joint filler only,the density of the dry-air filler shall be not less than 30 lb per cu ft3.8 Weathering Tes.-A weathering (4 81g/ml. 

procedure specified test may be conducted in accordance with thein Section 7. Test specimens shall showwhen subjected no evidence of disintegrationto the specified weathering
to test. Test specimens that have beenthe specified weathering subjectedtest may be required to meet the requirements for recovery,compression, and extrusion. 
DIMENSIONS AND PERMISSIBLE VARIATIONS 

4.1 The preformed strips shall conform to the dimensions specifiedplans. Strips of the joint filler which do not or shown on' theconform tothe permissible variations of +'/if 
the specified dimensions, withinin. (1.6 mm) in thickness, ±! 

t 
in. (3.2 mm) in depth, and% in. (6.4 mm) in length shall be rejected.
 

SAMPLING
 
5.1 Size of Samples.-Each sample shall

least five test specimens measuring 4', 
consist of sufficient material to provide atby 411! in. (Approximately 115 by 115 mm).5.2 Number of Samples.-One representative sampleshipment of 1000 sq ft. (92.9 m-) 

shall be selected from each
or fraction thereof of each thickness ordered.
S.3 Samples shall be packed for transportation in suchno a mannerdanger of distortion or breakage. Samples that there will beof self-expanding cork,above, shall in addition to thebe kept dry as received and wrapped for transportation in a manner that willprevent the entrance of moisture. Tests shall be made on expansion joint fillers that have
not been deformed or broken in handling.
 
PACKING 

6.1 Self-expanding cork filler shall 
manner 

be wrapped in waterproof paper, sealed in athat will prevent the entrance of moisture, lnd packed in sizes convenient forhandling on the job. 
METHODS OF TEST

7.1 The properties prescribed in this specificationance shall be determined in accordwith the Methods of Testing Preformed Expansion Joint Fillers for Concrete(AASHO: T 42). 

0
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Standard Specification for 

Air Entraining Admixtures for Concrete 

AASHO DESIGNATION: N1 154-70 

ASTM DESIGNATION: C 260-69 
SCOPE 

1.1 This specification covers materials proposed for use as air-entraining admixtures 
Io be added to concrete mixtures in the field. 

DEFINITION 

2.1 For the purpose of this specification an air-entraining admixture is defined as a 
material that is used as an ingredient of concrete, added to the batch immediately before 
or during its mixing, for the purpose of entraining air. 

GENERAL REQUIREMENTS 

3.1 At the request of the purchaser, the manufacturer shall state in writing that the
air-entraining admixture supplied for use in the %kork is essentiailly identical in concentra
tion, composition, and performance, to the air-entraining adniture tested under this 
specification. 

Note I -it is recommended that. whenever practicable, tets with the alr-entrainlng admixture hemadeusing all (if the ingredients of the conireic proposed (or the specific work hecasus the effect produced bythe air-enirainig admixture mjy var) with the propeties of the other ingredienis of the concrete 

3.2. At the request of the purchaser, the manufatturer shall state in writing the
chloride content of the air-entraining admixture and whether or not chloride was added 
during its manufacture 

NOTE 2 -Admixtures that contain chlorides may acceIeraie corrosion of embedded metals 

3.3 At the request of the purchaser, the manufacturer shall recommend appropriate
test procedures, such a%infra-red spectrophotomeiry. p1l value and solids content, for
establishing the equivalence of materials from dih. rent lots or different portions of the 
same lot. 

OPTIONAL UNIFORMITY REQUIREMENTS 

4.1 Requirements for uniformity of a lot, or of different lots from the same source, 
may be established by agreement between the purchaser and manufacturer. It is expectedthat such requirements will in most cases be based on test procedures recommended bythe manufacturer as being appropriate for a specific air-entraining admixture. 

PERFORMANCE REQUIREMENTS 

5.1 The air-entraiiing admixture shall conform to the following requirements
5.1.1 Bkeeding.-The bleeding of concrete made with the admixture under test shall 

not exceed that of concrete made with the reference admixture by more than 2 percentage
points, the bleeding being computed as a percentage of the net amount of mixing water in 
each concrete. The net mixing water is the water in excess of that present as absorbed 
water in the aggregaLts.

5.1.2 Time ol Setting.-Both the initial and final times of setting of concrete con
taining the admixture under test shall not deviate from that of the concrete made with the
reference admixture by more than -LI hr and 15 mim. 

S.1.3 Comipressive Strength.-The compressive strength at any test age of concrete
containing the admixture under test shall he not less than 90 per cent of that of similar con. 
crete containing the reference admixture at the same test age.

5.1.4 Flrural Strength -The flexural strength at any test age of concrete contain
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ing the admixture under test shall be not less than 4J per cent of that of similar concrete 
containing the refetence admixture at the same test age (Note 3). 

S.1.5 Resistance to Freezing and Thawing.-The relative durability factor of concrete 
containing the admixture under test shall be not less than 80. The rclative durability factor 
shall be calculated as follows: 

PN 
DF (or DF1) - 

300 
DF
 

RDF - - x 100
 
DF1 

where: 
DF - durability factor of the concrete containing the admixture under test, 

DF - durability foctor of the concrete containing the reference admixture, 
P - relative dynamic modulus of elasticity in percentage of the dynamic modulus 

of elasticity at zero cycles (values of Pwill he 60 or greater). 
N number of cycles at which P reaches 60 per cent. or 300 if P does not reach 

60 per cent prior to the end of the test (300 cycles), and 
RDF - relative durability factor. 

5.1.6 Length Change.-The length change on drying of concrete containing the ad
mixture under test shall not be greater than 120 per cent of that of similar concrete con
taining the reference admixture when compared after 14 days of drying. If the length 
change of the reference concrete at the end of 14 days of drying is less than 0.030 per cent. 
the increase in length change on drying of the concrete containing the admixture under 
test shall be not more than 0.006, expressed as a percentage change in length, greater 
than that of the reference concrete. 

No'E 3.-Applicable only when speciflcally required Ity the purchawr for uc in structure% where 
fleaural strength, or volume change may be P[ critical importa:.ze 

SAMPLING 

6.1 Opportunity shall be provided the purchaser for careful sampling and inspection, 
either at the point of manufacture or at the site of the work, as may be specified by the 
purchaser. 

6.2 Samples shall be either 'grab' or 'composite' samples, as specified or required by 
this specification. A grab sample is one obtained in a single operation. A composite sample 
isone u'itined by combining three or more grab samples. 

6.3 For the purpose of this specification, it is recognized that samples will be taken 
for the Iwo following reasons: 

6.3.1 Quality Testv.-A sample taken for the purpose of evaluating the quality of a 
source or lot of admixture will be required to meet all the applicable requirements of this 
specification iamples used to determine conformance with the requirements of this speci
ficaliti %hall be composites of grab samples taken from sufficient locations to insure that 
the r,,nivlisic sample will he representative of the lot. 

A 4.Z- isiforinity Trits-A sample taken for the purpose of evaluating the uniformity 
,,. lot or of different lots from the same source will generally be subjected to a 

Im,.1 i-vtiher of tests , s the result of agreement between the purchaser and manufacturer 
tset .I 1 plinal Uniformii Requirement%). Such samples shall be composite samples from 
indiiiilhid l ls hen different lots from the same source are being comp red. When the 
unilormiil of a sinpl lot is being determined, grab samples shall be used 

6.4 l.iqud Air-Entruining Adintitures -Liquid admixtures shall be agitated thor
oughl immediately prior to sampling Grab samples taken for quality or uniformity tests 
shal! represent not more than 2500 gil (approx. 10 In') of admixture and shall have a vol
ume t At least one qI lappriis 1000 cm'). A minimum of three grab samples shall be taken. 
Composite samples shall be prepared by thoroughly mixing the grab samples selected and 
the resultant mixture sampled to provide at least one gal. for quality tests. Grab samples 
shall be taken from different locations well distributed throughout the quantity to be 
represented. 

http:importa:.ze
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6.4.1. Admixtures in bulk storage tanks shall be sampled equally fromintermediate, the upper,and lower levels by means of drain cocksweighted sampling in the sides of the tanks or abottle fitted with a)stopper that can be removed after the bottle islowered to the desired depth.6.4.2 Samples shall be packaged in impermeable. airtight containers that are resistant to attack by the admixture.6.5 Noi-Liqtid Air-Entrainig Admiviuret.--Grab samplesuniformity tests shall represent taken for quality ornot more than 2 tons (2 metric tons) of admixture andshall weigh dtleast 2 lb (Ikg). A minimum of four grab samples shall be taken. Composite samples shall be prepared by thoroughly mixing the grab samples selected and theresultant mixture samphkJ to provide at least 5 lb (2.3 kg) foi the composite sample. Grabsamples shall be taken from different locations well distributed throughout the quantity to
be represented.6.5.1. Sampte%of paLka, 'mixtures shall be obtained by meansas described in AASHO of a tube sampler-i%fel!127 Sampling Hydraulic Cement.6.5.2 Samples shall be packaged in moisture-proof, airtight cortainers.6.6 Samples shall be thoroughly mixed
recommended before testing to assure uniformity. Whenby the manufacturer, the entire sample of a non-liquid admixture shall bedissolved in water prior to testing. 

METHODS OF TEST 
7.1 The properties enumerated in 5. Performance Requirements shall be determinedin accordance with AASHO Method T 157 Testing Air-Entraining Admixtures for Con.crete. It is recommended that, whenever practicable, tests be made in accordance withSection 2.4 of Method T 1!7 using the cement proposed for the specific work. 

REJECTION 
8.1 The air-entraining admixture may be rejected if it fails to meet any of theapplicable requirements of this specification.8.2 After completion of tests, an admixture stored atmore the point of manufacture forthan 6 months prior to shipment, or an admixture in local storage in the hands of avendor for more than 6 months. may be retested before use and may be rejected if it failsto conform to any of the applicable requirements of these specifications.8.3 Packages or containers varying more than 5 per cent from the specified weightor volume may be rejected. If the average weight or volume of 50 packages or containerstaken at random is less than that specified, the entire shipment may be rejected. 

PACKAGING AND MARKING 
9.1 The proprietary name of the air-entraining admixturepounds or gallons shall be and the net quantity inplainly indicated on !he packages or containers in which theadmixture is delivered. Similar information shall be provided in the shipping advicesaccompanying packaged or bulk shipments of admixtures. 

0 
Standard Specification for 

High-Strength Bolts For Structural Steel Joints, Including
Suitable Nuts and Plain Hardened Washers 

AASHO DESIGNATION: M 164-68 
(ASTM DESIGNATION: A 325-68)

SCOPE
1.1 This specification, covers the chemical and mechanical requirements of quenchedand tempered steel bolts, !,in. (12.7mm) to 'lY,in. (38.1mm), inclusive in diamekr, made ofmedium carbon steel. These bolts, commonly known as "high.strength structural bolts,"'For ASME Boiler and Pressure Vessel Code applications see related SpecLhadioa SA-325 InSection
If of that Code. 
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ate intended for use in structural joints that are covered under requirements of the 
Specifications for Structural Joints Using AASHO M 164 or ASTM A 490 Bolts," 
issued by the Research Council on Riveted and Bolted Structural Joints of the Engineering 
Foundation. 

NOTE.I.-Bolts for general applications are covered by Specification for Quenched and Tempered 
Steel Bolts and Studs (ASTM A 449). 

1.2 Suitable nuts and plain hardened washers are also covered by this specification. 
1.3 This specification provides that heavy hex structural bolts and heavy semi-finished 

hexagon nuts shall be furnished unless other dimensional requirements are stipulated in 
the purchase inquiry and order. Dimensions of washers are limited to those in the 
Specification for Structural Joints Using AASHO M 164 or ASTNI A 490 bolts cited in 1.1. 

MATERIALS ANtD MANUFACTURE 
2.1 Steel for bolts, nuts, and washers shall be made by the open-hearth, basic.oxygen, 

or electric-furnace process. 
2.2 Bolts shall be heat treated by quenching in a liquid medium from above the 

transformation temperature and then tempering by reheating to a temperatuer of at letist 
427 C (800 F) 

2.3 Threads of bolts may be cut or rolled. 
2.4 Washers shall preferably be through quenched and tempered. Alternatively, 

carburized. quenched, and tempered washers may be furnished. 

CHEMICAL REQUIREMENTS 
3.1 Bolts, nuts, and washers shall conform to the requirements as to chemical 

composition prescribed in Table I 
3.2 Check analyses may be made by the purchaser from finished material repre

senting each lot of bolts, nuts, or washers. The chemical composition thus determined 
shall conform to the requirements prescribed in 3.1 except that resulfurized material is not 
subject to rejection based on check anal)sis for sulfur. 

MECHANICAL REQUIREMENTS 

4.1 Bolts shall not exceed the maximum hardness specified in Table 2. Bolts that are 
too short for tension testing shall meet or exceed the minimum hardness specified in 
Fable 2. 

4.2 Bolts other than those too short for tension testing shall be .,ubject to tension 
tests specified in 6.3 and 6.4. 

4.3 Bolts l, in. (28.6mm) and under in diameter shall be tested in full size and shall 
meet the requirements for tensile strength and proof load or alternate proof'load specified 
in Table 3. 

4.4 Bolts 1 t, l1,, and I-',in. in diameter, shall preferably be tested in full size 
and when so tested shall meet the requirements for tensile strength and proof load or 

TABLE I
 
Chemical Requirements
 

Washers 

Bolts Nuts Quenched and 
Element Tempered Carburized 

Ladle Check Ladle Check Ladle Check Ladle (hck
Analysis Analysis Analysis Analysis Analysis Analysis Analysis Analysis 

Carbon. min,per cent 0.30 0.27 .... . I "0 
Manganese,mis, per cent 0.50 0.47 mat, malt 
Phosphorus. max. rvr ,,.u 0.04 0.048 0.12 0.128 0.04 0.03 0.04 0 05 
Sulfur, max.pertent 0.05 0.058 0.23 0.05 0.06 0, 0.06 

The stockusedfor manufacture of carburized washers shall notcontain over 0.25 percent carbon. 

Published by American Institute ot!teel Construction. New York, N.Y. 
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TABLE 2
 
Hardness Requirements forBolts
 

Hardness Number 

Boll Size, In. Brinell Rockwell C 

Min Ma. Min Ma 

No 1. incl (12.7to2S.4mm)... 241 331 23 35
 
I 3to 3. ncl 28.6to3g.1 mnumn) 223 293 19 31
 

TABLE 3 
Tensile Requirements forFull-Size Bolts 

Alternate
b Proof
Bolt SIze,Threds perInch and Sireu Area.- Tensile Stengthb Proof Load Load. Yield 

Series Desihnation sqan. mrmn.lb Length Measure. Strength Method, 
ment Method. lb min. Ib

b 

Column I Column 2 Column 3 Column 4 Column 5 

J13UNC ........ 0.142 17 050 12 050 13 050
Il UNC ............ 0.226 27 100 19 200 20 800 

54-10UNC........ 0.334 40 100 28 400 30 700 
-9 UNC 0.462 .5 450 39 250 42 500 

I-8UNC .......... 0606 72 700 51 500 55 750 
1 W-7UNC... 0 763 80 100 % 450 61300 
IW.IUN ... 0.790 82 950 58 450 64 000 
1;-7 UNC.. 0.969 101 tO0 71 700 78 500 
14-8UN 1.000 105 000 74 000 s1 000 

I i-6UNC . 1.15 121 300 85 450 93 550 
1-SUN... ........... .1.233 129 50 91 250 99 870 
l4r6UNC 1.405 147 500 104000 113 00 
IYrIUN.................. .. 1.492 156 700 110400 120 $50 

The stress area is calculated as follows 

A. - 0.7854 D 

where: 
A. tres area. 
D - nomual bolt size, and
 
IT threadsper inch.
 

bLoads tabulated are based on the following: 

Bolt Size Column 3 Column 4 Column 5 

11o l incl.. 120 000 psi 85000 psi 92 000 psi 
I .to . incl... 105000 psi 74 000 p 8 1 000 psi 

alternate proof load specified in Table 3, but when equipment of sufficient capacity for 
such tests is not available, the bolts shall meet the requirements for machined specimens 
specified in Table 4. 

4.5 Nuts 1% in. and under in size shall meet the proof load of nuts specified in 
Table 5.Their hardness shall not exceed 352 Brinell hardness. 

4.6 Nuts IV4, JI., and 12/, in. in size shall preferably meet the requirements for 
load specified in Table 5, but when equipment of sufficient capacity for such tests is not 
available, they shall meet the hardness requirements specified in Table 5.Their hardness 
shall not exceed 352 Brinell hardness. 

4.7 Quenched and tempered washers shall have a Rockwell hardness of C38 to C45. 
Carburized, quenched, and tempered washers shall have the equivalent Rockwell A hardness 
of A69 to A73 or RI5N hardness of 15N79 to 15N83. and shall be carburized to a 
minimum depth of 0.015 in. (0.38 mm) 

DIMENSIONS 

5.1 Unless otherwise specified, bolts shall be full-body bolts conforming to the 
dimensions for heavy hexagon structural bolts specified in the ANS Standard for Square 
and Hex Bolts and Screws ANS (B18.2.1). 
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TABLE 4
 
Tensile Requirements for Specimens Machined from Bolls
 

Yield Elonga. Reduc.
Strength ion in tion or 

Tensle (0.2 per 2 in., Area, 
Boll Size, in. Strength, cent man. min. 

min. psi Offset). per per
min, pas cent cent 

IN,1tand I%. .. 10S000 1 000 14 35 

TABLE 5
 
Proof Load and Hardness Requirements for Nuts 

Nut Size, Threads per Inch. Proot Load Bnnell 
and Series Designation mn, Ib- Hardness 

It13 UNC 20 450 
%-II UNC ... 32 550 
%-10 UNC..... 48 100 
%-9 UNC.. 66 550 

I-8 UNC........... 87 250
 
Sk,-7 UNC . . . 109 900I W8SUN ... 11.3 800 

14-7 UNC ........ ... 139500 143 

14-8 UN .. ............. 144000 143
 
36-6UNC . . . 166 300 143 
3%-8UN 177600 143 
V,-6 UNC 202 300 143 

I -+8UN 214 800 143 

Based on 144.000 psion stress area or test mandrel or test bolt 

5.2 Unless otherwise specified, nuts shall conform to the dimensions for heavy 
semifinished hexagon nuts specified in the ANS Standard for Square and Hex Nuts (ANS 
B18.2.2). 

5.3 Threads shall be the Unified Coarse Thread Series as specified in the ANS 
Standard for Unified Screw Threads (ANS B1.1), and shall have Class 2A tolerances for 
bolts and Class 2B tolerances for nuts. When specified, 8 pitch thread series may be 
used on bolts over I in. in diameter. 

5.4 Dimensions of washers shall conform to those shown in the latest issue of 
the Specifications for Structural Joints Using AASHiO M 164 Bolts issued by the Research 
Council on Riveted and Bolted Structural Joints of the Engineering Foundation. Unless 
otherwise specified, circular washers shall be furnished. 

METHODS OF TEST 
6.1 Tests shau!l be conducted in accordance with Supplement III of the Methods 

and Definitions for Mechanical Testing of Steel Products (ASTM A 370). 
6.2 For tension tests a proof load determinatipn is preferred conducted in accord

ance with Method I, Length Measurement, of Supplement Ill of A 370. 
6.3 Bolts tested in full size shall be tested in accordance with the Wedge Test 

method described in Section F 2(c), Supplement III of A 370. Fracture shall be in the 
body or threads of the bolt, without any fracture at the junction of the head and body. 

6.4 The speed of testing as determined with a free-running cross head shall be 
a maximum of i%in. per min for the bolt proof-load determination, and a maximum of 
I in. per min for the bolt tensile-strength determination and nut proof-load determination. 

NUMBER OF TESTS AND RETESTS 
7.1 The requirements of this specification shall be met in continuous mass production 

for stock, and the manufacturer shall make sample inspections to ensure that the product 
conforms to the specified requirements. Additional tests of individual shipments of 
material are not ordinarily contemplated. Individual heats of steel are not identified in 
the finished product. 

7.2 When specified in the order, the manufacturer shall furnish a test report 
certified to be the last completed set of mechanical tests for each stock size in each 
shipment. 
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7.3 When additional tests are specified in the purchase order, a lot, for purposes of
selecting test samples, shall consist of all material offered for inpection at one time that 
has the following characteristics: 

(1)One type of item, that ihbolts, nuts, or washers; 
(2) One nominal size, and 
(3) One nominal length of bolts. 
7.4 From each lot, the mmber of tests of each required property shall be as follows: 

Number ofNumber of Pieces irLot Specimens
 
S0 and under.................................................

Sol to O ....................................... 

I
2
awl0to 22,000.............. 3
Over 2zo ........................... .................
 

7.5 If any test specimen shows defective machining, it may be discarded and another 
specimen substituted. 

7.6 Should any specimen fail io meet'the requirements of any specified test, double
the number of specimens from the same lot shall be tested for this property, in which 
case all of the additional specimens shall meet the specifications. 

MARKING 

8.1 Bolt heads shall be marked with three radial lines 120 deg apart, and shall
also be marked to identify the manufacturer. The heads of heavy hexagon structural 
bolts shall be marked A325, in which case, at his option, the manufacturer may then 
omit the 3 radial line marking. Heavy semifinished hexagon nuts shall be marked on 
one face with three similar circumferential markings, 120 deg. apart. Markings may
be either raised or depressed at the option of the manufacturer. 

INSPECTION
 

9.1 If the inspection described in 9.2 is required by the purchaser, it shall be specified
in the inquiry and contract or order. 

9.2 The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to allparts of 
manufacturer's works that concern the manufacture of the material ordered. The
manufacturer shall afford the inspector all reasonable facilities, without charge, to satisfy
him that the material is being furnished in accordance with this specification. All tests 
(except check analysis) and inspection shall be made at the place of manufacture prior
to shipment, unless otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 

REJECTION 

10.1 Unless otherwise specified, any rejection based on tests specified herein shall
be reported to the manufacturer within thirty working days from the receipt of samples
by the purchaser. 

NoTz 2.-Heavy semifinished hexagon nuts conforming to requirements for Grade 2 or 2H of theSpecifications for Carbon and Alloy Steel Nuts for Bolts forHigh.Pressure and High.TemperatureService (ASTM A 194)3 may be supplied as an alternate. Such nuts are marked with the grade deslgnat.ing symbol 2 or 2H and the manufacturer's symbol. 

3Book of ASTM Standprds, Part 1. 

0
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Standard Specification for, 
Structural Plate for Pipe, Pipe-Arches, and 'Arches 

AASHO DESIGNATION: M 167-70 

SCOPE' 
1.1 This specification covers galvanized corrugated steel structural plates and fastenersfor use in the construction of pipe, pipe-arches, arches, underpasses and special shapes forfield assembly. 

NoTa I.-The values stated in U.S. customary units are beto regarded as standards. The metricequivalent of U.S. customary units given in the standard may be approximate. 

APPLICABLE DOCUMENTS 
2.1 The following documents form a part of this specification to the extent specifiedherein. Unless otherwise indicated the latest issue in effect shall apply.2.1.1 AASHO T 65, Weight of Coating on Zinc Coated (Galvanized) Iron or SteelArticles.2.1.2Hardware. ASTM: A 153,2 Specification for Zinc Coating (Hot Dip) on Iron and Steel 
2.1.3 ASTM A 307,1 Specification for Low-Carbon Steel Externally and InternallyThreaded Standard Fasteners.2.1.4 ASTM A 370,2 Methods and Definitions for Mechanical Testing of SteelProducts.2.1.5 ASTM E 376,2 Measuring Coating Thickness by Magnetic-Field or Eddy-CurrenttElectromagnetic) Test Methods.2.1.6 ASTM A 569- Specification for Hot Rolled Carbon Steel Sheets, CommercialQuality.2.1.7 ASTM A 449,1 Specification for Quenched and Tempered Steel Bolts and Studs,2.1.8 ASTM A 563,1 Specification for Carbon Steel Nuts.• 2.1.9 Federal Specification TT-P-641,3 Primer Coating Zinc Dust-Zinc Oxide (forGalvanized Surfaces).

2.1.10 AASHO M 120, Slab Zinc.2.1.11 ANSI (American National Standards Institute) Standard B 18,2.1 for heavy
hex bolts. 

2,1.12 ANSI Standard B 18.2.2 for heavy hex nuts, 
DESCRIPION OF TERMS AND DEFINMONS 

3,1 Description of terms for shape of conduit.3.1.1 Pipe.-A full circular shape.3.1.2 Pipe, Vertically Elongated.-An elliptical shape with theapproximately 5 vertical diameter 
3.1.3 Pipe, 

per cent greater than the nominal diameter.Horizontal Ellipse.-An elliptical shape
approximately 20 per cent greater than the nominal diameter.

with the horizontal diameter 
3.1.4 Pipe Arch.-An arch shape with an approximate semi-circularradius corners and large radius invert. 

crown, small 
3.1.5 Vehicular Underpass.-A high arch shape with ancrown, large radius sides, approximate semi-circularsmall radius corners between sides and invert and large radiusinvert. 

I Book of ASTM Standards, Part 4.3 Book of ASTM Standards, Part 3.=Can be obtained from Superintendent of Documents, U. S. Government PrintingtOffice. Washington,D. C. 20402. 
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3.1.6 Arch.-A part-circle shape of not more than 1io.3.1.7 Special Shape.-A shape, other than described above, suitable for fabricationwith structural plates. 
3.2 Definitions.
3.2.1 Manufacturer.-Theproducer of the flat plate and accessories.3.2.2 Fabricator.-Theproducer of the components for the finished product.3.2.3 Purchaser.-The purchaser of the finished product.3.2.4 Plate.-Sheet or plate used to fabricate structural plates. 

GENERAL REQUIREMENTS FOR DELIVERY 
4.1 Material furnished under this specification shall conform to the applicable requirements of the latest edition of the documents listed under Section 2 of this specification

unless otherwise provided herein. 
4.2 Material shall be ordered to the specified thicknesses shown in Table 3. 

BASIS OF PURCHASE 
5.1 Orders for plates, shapes and fasteners under this specification shall include thefollowing information as required to describe adequately the desired material.
S.1.INumber of structures.
5.1.2 Dimensions: Span and rise, or diameter, thickness, and total length required ofeach structure. 
5.1.3 Description: Pipe, piije-arch, arch, etc. 
5.1.4 AASHO Designation number and date of issue.5.1.5 End treatment, bevel, skew or other special provision if required by the 'project

plans or specifications. 
S.1.6 Special requirements. 

NOTC: Typical ordering description%areStructural plates as follows:and fasieners required for two 180 diameter structural platepipe. AASHO M0.109 inches thick, each 140-foot nominal center 167,
Structural platesand fasteners required 

line length with end treatment as shown in theplans.
arch, for one 12'.8' span by g'-I rise structuralAASHO M plate pipe.167, 0 138 inches thick, 88 foot nominal bottom centerline length with square ends. 

MANUFACTURE--BASE METAL 
6.1 The base metal shall be made by any of the following processes: open hearth,basic oxygen, or electric furnace. 

CHEMICAL COMPOSITION 
7.1 Cast Analysi.-The base metal cast analysis shall conform to the chemicalrequirements of Table I. The requirements of this specification shall be met in continuousmass production during which the manufacturer has made analysis of individual heats so asto ensure that material is controlled within the specified limits. 

TABLE I
 
Chemical Composition by Cast Analysis
 

Copper Steel
 

CompositionElement Per cent 
Carbon, max......
Manganese, max.......
Phosphorous, max. ....... 
 ......... 
 .... .".. .......
Sulrur, max................. 
 ...............
... .. .0.0
Silicon, max .......................................

Copper, min .......... 
 ................ 
 0.20Sum of first 5elements, max ............ ............
.. 0.70
 

A tolerance under the min.limit forcopper shal not exceed 0.02 per centby check analysis. 
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BASE METAL MECHANICAL REQUIREMENTS
8.1 The mechanical properties of the black plates for the flat material prior 'to cor

rugating shall be as follows: 

Minimum Yield Minimum Tensile Minimum Elongation
Point. psi Strength, psi in 2 inches (51mm) 

21100 (1969 kg/cm') 42.000 (2953 kg/cml) 30-

ZINC COATING 
, .9.1 The zinc used for the coating shall be as prescribed in AASHO Designation

M 120. and shall be at least equal to the grade designated as "Prime Western." 
9.2 Weight of Coating.-Platesshall be zinc coated in accordance with the following: 

Specified Thickness Average Coating-
Inches (mm) Oz./FI. (g/il)
.109 (2.77) 2.0 (610).138 (3.511 2.0 (610)
.168 (4.27) 2.0 60
.188 (4.78) 3.0 (9151.218 (3.54) 3.0 (91)5
.249 (6.32) 3.0 (915).280 (7.11) 3.0 19151

-Total amount on both surfaces orthe sheet. 

RANDOM SAMPLING BY THE PURCHASER 
10.1 Check Analysis for Copper.-Base metal check analysis for copper may be 

made by the Purchaser. 
10.2 Mechanical Testing.-Tests for mechanical properties may be marie by the 

Purchaser. Testing of flat material shall be in accordance with ASTM Designation A 370.10.3 Weight of Coating.-The Purchaser may make random check of coating weights
to assure compliance with minimum value specified in Section 10.3.1. The weight may be
converted from the sum of the readings on both surfaces of the plate by a magnetic coating
thickness gage suitably checked and demonstrated for accuracy (Note 2) (I mil - .594 
oz./ft.:). In rase of dispute additional samples shall be tested in accordance with AASHO 
Method 1 65. Weight of Coating on Zinc Coated (Galvanized) Iron or Steel Articles.

Nonit . 'veral magnctic and elctcromagnetic types of coating thickness gages are commerciallyavalable and ire satisfactory basi, for accirptance when properly cabrated just prior to inspection use 
tice ASTM I' 31hi

10.3.1 If any one specimen shows values less than those given in the following, the
 
lot shall be reected:
 

Minimum Check Limit 
Specified rhickness Single Specimen 

Inches (mm) OL/Ft.' (s/m t)
.109 12.771 I 3.133 (3.5 1) 0.%)t 1550)
.168 (4.27 1,8 1550).188 14.781 
 1.7 i8241
.218 . .7
541 (824i

.249 6.32v 2 7 (824)
.20 7 It, 2.7 (38241 

FABRICATION 
11.1 Fabrication.-Structural plates furnished shall be fabricated from flat sheets or

plates, corrugated in accordance sith Section 11.2. punched for bolted lap seams in ac. 
cordance vth Section 11.3, curved to the required radius and galvanized to the coating
weights specified tn Section 9. 

11.2 Crrugatims.-The corrugations shall fu, n smooth continuous curves and 
tangents. The radii of curvature of the currugations shall be at least one-half the depth
of the corrugations. Corrugations shall form circumferential rings (complete or partial)
about the axis of the structure. The dimensions of the corrugations shall be in accordance 
with Table 2. The depth of corrugations should not underrun those specified by more than 
5 per cent. 
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TABLE 2Corrugation Dimensions in Inches 
Dpth Pitch min. Pitch max. 

Inches (mm) ndnches 
(mi Inches (mm)
2 (51) _ 5!4 (146) 614 (IS l 

11.3 Bolt holef.-The bolt holes shalldimensions, curvature, and 
be punched so that all plates having likesame number of bolts per foot of seam shall be interchangeable.To provide for four bolts per foot of seam, holes along the edge of the plates that will formlongitudinal scams in the finished structure shall be staggered in ro, s inches (51 mm)apart with holes in one row in the valle,%and holes 

tsmo 
corrugations. Bolt holes along the edges 

in the other row in the crest of theof the plates thatseams %sill form the circumferentialin the finished structure shall provide for a bolt spacing of not more than 10 inches(254.0 mm). The minimum distance from the center of a hole to the edge of a plate shall be1. times the diameter of the bolt.11.3.1 The diameter of the bolt holes in the longitudinal theplate corners, shall not exceed the bolt diameter by more 
seams, except those at 

of the bolt thn ,. inch (3 mm). The diameterholes in circumferential including those at the plate corners seamspunched to not exceed the bolt diameter by more shall be 
vided as than i inch (6 mm).required, for connecting the headwall Holes shall be proanchors, bearings and miscellaneous attach. 
ments.11.4 Special Plates.-Plates for forming skewed ends. beveled endsstructures shall be accurately or deflections ofcut to fit the order plans Cut edges of plates shall be freefrom notches, gouges, oxide or burrs and shall present a workmanlike finish. Legible idetifi.cation shall be placed on each part plate to designate its proper position in the finishedstructure and referenced to the approved erection drawings. 

ACCESSORIES 
12.1 Assembly Bolt.-All bolts shall 3be -inch (19 mm) diameter meetingprovisions of ASTM Designation A 449. Nuts shall conform the 

Grade C. Bolts to ASTM Designation A 563.and nuts shall be hot-dip galvanizedof ASTM Designation A 153. in accordance with the requirementsExcept as provided elsewhere in this section. bolt and nutdimensions shall conform to the current requirements of The American National StandardsInstitute B 18.2.1 for heavy hex bolts and B 18 2.2 for heavy hex nuts with the exceptionthat the bearing surface of both bolts and nuts shall be symmetrically shaped to a one-inchradius spherical surface. The maximum height of the wrenchbe flats on bolts and nuts shallwithin the limits specified for height and nut thickness for heavy hexin B 18.2.1 bolts and nutsand B 18.2.2 respectively. The number of bolts of each size and length furnishedshall be 2 per cent plus 2 in excess of the theoreticalstructure or structures. number required to field erect theBolt lengths shall be such astightened in place. There shall be 
to result in at least "full nuts" when 

If specified. 6 
at least four bolts per foot (305 mm) of longitudinal seam.or 8 bolts per foot of longitudinal seam shall be furnished with plates 0.28inches (7 mm) thick.12.2 


and which 
Other fasteners whi.h meet the chemical and mechanical requirements of A 449
have body diameter and bearing areas under the head andthose provided by the bolt and nut nut not less thandescribed above and which provide a comparable fitwith the corrugations may be used.12.3 Headiwall Anclorage.-Bolt material shall conform to ASI M Designation A 307.
Bolts shall have a nominal 3; inch (19 mm) 
 thread. Bolts shall be galvanized after fabrication to meet current ASTM Designation A 153. Nuts shall conform to ASTM DesignationA 563, Grade C, and be hot-dip galanized to meet the requirements to ASTM DesignationA 153.12.4 Bearings for arc/ies.-When specified, metal bearingsformed channels conforming to ASIM for arches shall be cold-Designation A 415 not less than -'i)l-inch (5 mam)in thicknes, galvanized in accordance with Section 9. Anchorage of bearings to foundationshall be fabricated as shown on the plans, with spacing at not more than 24 inches (610 mm) 
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on centers. Bolt holes shall be punched at not more than 24 inches (610 mm) on centers 
In the vertical leg of bearings to match corresponding bolt holes in the bottom arch plates.
Bolts for connecting arch plates to bearings shall conform to Section 12.1. 

TABLE 3 
Thickness Zinc Coated Plates 

Specified Thickness Minimum Thickness (I) 
Inches (mm) Inches (mm).109 (2.77) .097 (2.47)
.138 (3.51) .126 (3.21)
.168 (4.27) .156 (3.97).188 (4•78) .176 (4.48)
.218 (5. 54) .206 (5.24).249 (6.32) .237 (6.02).280 (7.1)) .268 (6.81) 

(I) No limit on over thickness. 

REWORK AND REPAIR 

13.1 Units on which the spelter coating has been damaged shall be regalvanized or the
surface prepared and painted with two coats of'zinc dust-zinc oxide paint conforming to 
Federal Specification IT-P-641. 

DIMENSIONS AND TOLERANCES 

14.1 Th/ckness.-Thicknesses shall conform to those shown in Table 3 and shall be 
measured on tangents of the corrugations. 

WORKMANSHIP AND QUALITY LEVEL REQUIREMENTS 

15.1 It is the essence of these specifications that plates and fasteners shall show 
careful finished workmanship in all particulars.

15.2 Coating Adherence.-The coating adherence shall be such that no peeling orflaking occurs during normal handling. 

MARKING 

16.1 Each plate shall be identified by showing the following: 
16.1.1 Name of plate fabr,cator.
16.1.2 Specified galvanized plate thickness. 
16.1.3 Specified weight of coating.
16.1.4 Identification symbols showing sheet manufacturer and heat number or lot 

number, and
 
16.1.. AASHO Designation M 167.
 
16.2 The marking shall be so placed that when the structure is erected the identifi

cation will appear on the inside. 

INSPECTION 

17.1 The fabricator is responsible for making such tests as he deems necessary to 
assure compliance with this specification.

17.2 Test results including chemical cotiposition and mechanical properties shall be
maintained by the base metal manufacturer for 7 years and the .weight of coating or 
other tests by the fabricator for 7 years. 

CERTIFICATION 

18.1 No metal should be accepted under these specifications and no bids should beconsidered for the materials above described until after the base metal manufacturer's
certificate and guarantee have been passed upon by the fabricator and accepted. This
certificate and guarantee shall be filed by the fabricator and show the typical average 
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analysis and the minimum specified mechanical properties for the base material for struc.lural plate. Test results upon which the certificate and guarantee are based shall be maintained as specified in paragraph 17.2 and shall be available for inspection by the purchaserupon request.
18.2 Fabricator'sCertificate.-The Fabricator of the structural plate identified by hismark should file with the purchaser a certificate setting forth the name of the fabricator,the base metal manufacturer, the specified chemical composition, and a typical oranalysis showing the per cent average

carbon, manganese, phosphorus, sulfur, silicon, copper andany other elements specified and the minimum specified mechanical properties for themetal. The certificate baseshall be sworn to for the fabricator byauthority to a person having legalbind the company. Mismarking or other misrepresentationwill each be considered by the fabricatora sufficient reason to discontinue acceptance tinder these specifications. Notice sent to the fabricator by the purchaser of the discontinuance of acceptancewill be considered to be notice top{oduct. all companies which handle that particular fabricator's 
18.3 fabricator of the structural plate shall submit with 

Fabricator'sGuarantee.-The
the certificate a guarantee providing that all structural plate furnished shall conform to thespecification requirements, and shall bear his identification mark. Whenwith the not in conformityspecified analysis, mechanical properties, shect thickness or spelter coating, thecost to the fabricator will be limited to the replacement of the material only. The guaranteeshould be so worded as to remain in effect so long as the fabricator continues to furnishthe material

18.4 Certificate of Compliance-Each shipping documentcertifying that the material described shal include a notationis in accordance with the fabricator's certificate andguarantee previously filed with the purchaser. 

-
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Standaid Specification for 

Structural Timber, Lumber, and Piling 

AASHO DESIGNATION: M 168-65 

SPECIES OF WOODS 
1.1 The standard commercial and botanical names of ihe species of woods recog

nized in these specifications are described as follows: 
Standard Commercial Bctanlcal Name 

Name 
Ash, White 
Beech 

Birch

(.edar. incense 
Cedar, Western Red 
Chestnut 
Cypress, Southern,

C(oastType
Cypress. Southern,

Inland Type
Elm, Rock 
Elm, Soft 
Fir, Douglas
Fir, Douglas, Coast 

Region
Fir. Douglas, Inland 

Region
Fir. White
Gum, Black and Red 
Hemlock, Eastern
Hemlock, West Coast 
Hickory, includes: 

Larch 
Maple. Hard 
Oak. Red, Includes: 

Red Oak 

Black Oak 
Southern Red Oak
Water Oak 
Willow Oak 
Scarlet Oak 
Pin Oak 
Shumard Red Oak 
Swamp Red Oak 

Blackjack Oak 

Fraxinus americana 
Fagus grandifolia
Betula lutea 
Libocedrus decurrens 
ThuJa plicata
Castanea dentata 
Taxodium distichum 
Taxodium distichum 

Ulmus racemosa 
Ulmus americana 
Pseudotsuga menziesii 
Pacudotsuga taxlolia

(Coast)
Pseudotsuga taxilolia 

(Inter-mountain)
Abies lasiocarpa
Nyssa sylvatica
Tsuga canadensis
Tsuga heterophylia 
Hicoria laciniosa 
Hicorla alba 
Hicoria glabra
Hicoria ovata 
Larix occidentalis 
Acer aaccharum 

Quercus borealis andQuercus borealis 
maxima 

uercus velulina 
8uercus rubra
Quercus nigra
Quercus phellos
Quercus coccinea 
Qurcus palustris 

uercus shumardil 
Quercus rubra 

pagodaefolla
Quercus marliazsdcl 

LIMITATION OF USE 
2.1 Structural lumber and timber shall 

Laurel Oak 
Texas Red Oak 


Oak. White. includes:
 
White Oak 
Chestnut Oak 
Post Oak 
Bur Oak
Overcup Oak
Swamp Chestnut 

Oak 
Swamp White Oak 
Live Oak 

Chinquapin Oak 


Pecan 


Pine. Idaho White 
(Western)

Pine, Lodge pole
Pine, Red (Norway)Pine, Ponderosa 
Pine. Southern, 

includes: 
Loblolly Pine 
Pitch Pine 
Pond Pine 
Shortleaf Pine 
Slash PinePine, Southern Longleat

Pine. Sugar 
Poplar. Yellow 
Redwood
Spruce. Eastern, 

includes: 
Black Spruce
Red Spruce
White Spruce

Spruce, Englemann 
Spruce, Sitka 
Tupelo 

Quercus laurilfolla 
Quercus texana 

Quercus alba 
Quercus montana 
Quercus stelata 
Quercus macrocarpa
Quercus lyrata
Quercus prinus 

Querus bicolor 
Quercus virginiana 
Quercus muehlenbergil
Hicoria cordiformis 
Hicoria 

myristicaeformis
Hicoria pecan
Hicoria aquatica
Pinus monticola 

Pinus contorta 
Pinus resinosaPinus ponderosa 

Pinus taeda 
Pinus rigida 
Pinus serotina 
Pinus echinata 
Pinus caribaeaPanus palusiris
Pnus lambertiana 
Liriodendron tulhpifera
Sequoia sempervirens 

Picea mariana 
Picea rubra
Picea glauca
Picea englemannil
Picea slichensis 
Nyssa aquatica 

not be used in exposed permanent structures 
without pressure impregnation of a preservative, except that with adequate heartwood 
content, the naturally decay-resistant species may be used without such treatment. 

GRADING OF YARD LUMBER 
3.1 Softwood yard lumber shall be graded in accordance with grading rules, adopted 

by a lumber grading or inspection bureau or agency recognized as being competent, which 
conform to the basic provisions of Simplified Practice Recommendation No. 16-53, 
American Lumber standard for Soft Wood Lumber, U.S. Department of Commerce. 

3.2 Hardwood yard lumber shall be graded in accordance with the rules of the 
National Hardwood Lumber Association or other equivalent rules. 

HEWN AND ROUND TIMBERS 
4.1 Hewn timbers used in place of sawed timbers shall conform in all respects 

to the grading rules for structural timber. 
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4.2 Round timbers ,sed
hereinafter specified 

in place of sawed timbers shall be of a quality equal to thatfor timber piles. The effective size of asidered the same as that of a square timber 
round timber shall be con.having sectional dimensions equal to thoseof the inscribed square of the round timber at the critical section.4.3 Hewn and round timbers shall not be used except when specifieil or approved bythe Engineer. 

GENERAL GRADING OF SOLID SAWN STRUCTURAL TIMBER 

5.1 Structural timber used as a permanent part of the structure shall be graded,for the grade selected, in accordance with the grading rules adopted byor inspection bureau or a lumber gradingagency recognized as being competent which conform to the basicpiw.visions of the "American Lumber Standards." 

GRADE TIMBER 
6.1 The grade to be uscd shall be as required by the standard specifications or asmodified in the special provisions or as shown on the plans. 

COMMERCIAL GRADING RULES 
7.1 Specifications for structural lumber shall have7.1.1 The size of each item 

the following stipulated:required, as to thickness, width, and length, with thethickness and width expressed in terms of nominal dimensions.7.1.2 The stress-grade of lumber required, including any special requirements, suchas provisions for heartwood content, freedom from wane, etc.7.1.3 Whether rough, dressed, or extent of dressing.7.1.4 The species according to standard commercial name.7.1.5 The grading rules paragraph number as a means of emphasizing the graderequired.
7.1.6 The year of issue of the applicable grading rules.7.1.7 The name of the regional agency that sponsors the grading rule for the particular species involved.7.2 The material supplied according to the commercial grading rules shall be ofequal or greater stress value than the stress-grade specified. 

HEARTWOOD REQUIkEMEN'S
8.1 There shall be no heartwood requirement for timber that is to be pressuretreated and the amount of sapwood shall not be limited.8.2 It is advisable to specify a minimum heartwood requirement for untreated structural lumber and timber for usespecify a minimum 

in exposed permanent structures. If it is necessary toheartwood requirement for untreated lumber requirements, or if it isnecessary to specify side-cut material for stringers, floor beams, and caps, definite require.
ments shall be included in the grade specifications or on the plans.
 

GENERAL TIMBER PILES 
9.1 Unless otherwise required by the plans or by the special provisions, timber pilesmay be of any species of wood which will withstand driving and support the loads imposed.Sawn timbers used as piling shall conform to the requirementsSawn Structural Timber. as set forth in Sections 5 to 8 inclusive. 

for the Grading of Solid 

QUALITY 
10.1 Soundne.s.-Piles shall be of sound wood, free from decay, red heart, orinsect attack. The butt end of cedar and cypress piles may have a pipe or stump rot holenot more than I1., inches in diameter. Cypress piles may have peck aggregating not morethan the hole limitation. Southern pin.half the permitted 

piles may have unsound knots not exceedingsize of a sound knot, provided that the unsoundness extendsmore than to notI'.-inch depth and that the adjacent areas of the trunk are not affected. Pileshaving sound turpentine scars undamaged by insects may be accepted. 
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10.2 Knots.-Sound knots in piles 50 feet or less in length, and in three quarters of 
the length from the butt of piles longer than 50 feet, shall be no longer th:n 4 inches, or 
one-third the diameter of the pile at the point where they occur, whichever is the si.aller.
Sound knots in the remaining one quarter of the length of pit-s longer than 50 feel shall be 
no larger than 5 inches, or one-half the diameter of the pil, he poir,t where they occur,
whichever is the smaller. The size of a knot shall be its diameter measured at right angles to 
the length of the pile. Unsound knots shall not be permitted except in Southern pine piles asspecified above. The sum of sizes of all knots in any foot of length of the pile shall not 
exceed twice the size of the largest permitted single knot. Cluster knots are prohibited. A
cluster knot is two or more knots grouped together, the fibers of the wood being deflected 
around the entire unit. A group of single knots with fibers deflected around each knot sepa
rately is not a cluster, even though the knots may be in close proximity.

10.3 Holes.-Holes less than one-half inch in average d;a!neter may be permitted
provided the sum of the average diameters of all holes in any square fom of pile surface 
does not exceed I]/ inches. 

10.4 Splits and Shakes.--Splits shall not be longer than the butt diameter of the 
pile. The length of any shake or combination of shakes in the outer half of the radius
of the butt of the pile, when measured along the curve of the annual ring. shall not 
exceed one-third the circumference of the butt of the pile.

10.5 Treated Piles, Sapwood.-Piles for preservative treatment shall have not less 
than one inch of sapwood at the butt end. 

10.6 Heartwood and Density.-In untreated piling for use in exposed work. the
diameter of the heartwood at the butt shall be not less than eight-tenths of the diameter 
of the pile at the butt. If high heartwood content is required for untreated foundation
piles, the ratio of heartwood to total diameter shall be specified. If high structural strength
is required, a limitation or. the minimum number of annual rings per inch of radius shall 
be shown on the plans or in the special provisions.

10.7 Peeling.-Piles shall be peeled by removing all of the outer bark and at least 
80 percent of the inner bark, well distributed over the surface of the pile. When piles
are to receive preservative treatment, ao strip of inner bark wider than one-half inch 
shall remain. 

10.3 Cutting and Trimming.-Butts and tips shall be sawed square with the axis
of the pile. All knots and limbs shall be trimmed or smoothly cut flush with the surface 
of the pile except that knots may be hand-trimmed flush with the surface of the swell 
surrounding the knot. 

10.9 Straightness.-A straight line from the center of the butt to the tip shall lie
entirely within the body of the pile. Long piles for driving to light bearing values may
be accepted under the following alternate if so specified: A straight line from the center 
of the butt to the center of the tip may lie partly outside the body of the pile, but the
maximum distance between the line and the pile shall not exceed one-half percent of the
length of the pile or 3 inches, whichever is the smaller. 

10.10 Taper.-Piles shall be cut above the butt swell and shall have a continuous 
taper from thepoint of butt measurement to the tip.

10.11 Twist of Grain.-Twist of grain in any 20 feet of length shall not exceed 
one-half of the circumference at the mid-point of length measured. 

DIMENSIONS 

11.1 Circumferences and Dlameters.-The circumferences of p,!-s measured under
the bark shall have minimum and maximum values as given in Table 1, except that 10 
percent of the piles in any lot may have circumferences 2 inches les% than the tabulated 
minimum values. The ratio of the maximum to the minimum diametr at the butt 9f any
pile shall not exceed 1.2. 

11.2 Order Lengths.-Piles shall be furnished cut to any of the following lengths as
specified: 16 to 40 feet in multiples of 2 feet; over 40 feet in multiples of 5 feet. Individ. 
ual piles may vary from the length specified as much as one foot plus or minus in piles
shorter than 40 feet and two feet plus or minus in piles 40 feet or longer. The average
length of all piles of a specified length in each lot shall be not less than the length specified. 
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TABLE I
 
Circumferences and Diameters ofTimber Piles
 

3 reel from butt t l-. __-... At tip, minirun 
Minimum Nivirnum 

Length *----- -
I Dia.meter 

-
TDiameter L)iameterClrcum|. (appro- Circum. appro. Clircum. (approx.erence imate) n ference 1mte)!erence mae. 

Feet Inches in;es inhes _ indhes i nches Inches 

Douss Fir. HFemok I. rch. Pine. Spruce or Tarrwrik
 
Under40 

4ito 50irel. 


0In. 

3838 12 61 20 22 70to 3 613 220 227

12 

25Over 901 3-

Oak and Other lardwoods C)press 

tinder 30 38 12 17 - - "23 8
 
3J to40 i.l. 
 41 13 63 20 22 7Over4O 41 i3 63 20 19 6 

Cedar
 
Under 30 
 18 12 69 22 25 8
30 o40 inc. 41 13 69 22 25 S
OXr40 1 
 69 22 22 7 

Dimemins ofpilesover 40 feet in length shallbe asLiven in the special prOVisionL 

STRUCTURAL GLUED LAMINATED TIMBER 

GENERAL
 

12.1 Structural glued laminated timber shall conform with "U.S. Commercial 
Standard CS 253.63 for Structural Glued Laminated Timber." 

0--

Standard Specification for 

Cold-Finished Carbon Steel Bars and Shafting 

AASHO DESIGNATION: M 169-70 

(ASTM DESIGNATION: A 108-69) 
SCOPE
 

1.1 This specification covers cold-finished carbon steel bars of grades, qualities and
cross-sections regarded as generally suitable for heat treatment, for machining into compo
nents, or for use in the as-finished condition as shafting, or in constructional applications, 
or for other similar purposes. Grades of steel are identified by grade numbers and cover 
a selection of compositions, including the free-cutting steels, in common use. Other
compositions may be furnished subject to agreement between the manufacturer and the 
purchaser. 

1.2 The sections of bar steel covered are as follows:
 
Rounds, 9 in. and under in diameter
 
Squares, 4 in. and under between parallel surfaces

Hexagons. 32i in. and under between parallel surfaces
 
Flats, M4in. and over in thickness and generally not over 12 in. in width.
 
1.3 Supplementary requirements (Sections SI to Si1) of an optional nature am

provided. They shall apply only when specified by the purchaser. Details of these supple
mentary requirements shall be agreed upon by the manufacturer and the purchaser, 
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GENERAL REQUIREMENTS 

2.1 Material furnished under this specification shall conform to the requirement% of 
the current edition of ASTM Specification A 29', General Requiremenlt for Hot-Rolled 
and Cold-Finished Carbon and Alloy Steel Bars, unles% otherwise provided herein. 

BASIS OF PURCHASE 
3.1 Bars and shafting may be cold drawn, or in the case of round sections also 

turned and polished, turned, ground and polished, or ground 'tnd polished from cold
drawn steel rounds, as specified. In addition some flats may be col, ,-'led. 

3.2 Orders under this specification shall include the following as required to ade
quately describe the material: 

TABLE I 
Grade Designations ar I ndl. rhemical rompositions of 

Cold-Finished ( t,hill St , lars Pn Shafting 
NoTi-Grade dresgnations and composltions correspond to the respective AISI "C" and "B" designations and 

compositions. 

Grade DesiaTCaon,. r en Mangnese. per cent Photphorus. per cent Sulfur. per Lent 

Open-Hearlh. Basic-Oxygen, and Electnc-Furna..e crddcr.tI. 

1008 .... 10 max 0.25 I 0 50 0 04 max 00 xma 
1010 	 0.08 to 0 13 0.30 to 0 60 0 040 mi. 110 max 
1015 	 0 13 to 0 18 0 30 to 0 60 0 1140Int, 0 t1() mjIt
1016 	 013 lo0 8 0 60 to 090 0 040 max 1IO m.. x 
IOta .. 0 15 to 0 20 0 61 to 090 ma x max0 0,U41 11009)i 
1020 0 I8 to 0 21 140 x IO150) max0 10to0 1)m.
1022 .. 0 Il lnl 23 0 7) to I IX) 004) mt, 111050max 
1025 0.21 to 0 28 0 31)to t0 0 114 t max 1)1094max 
1030 0 28 to 0 34 0 60)in0 91 0 (140 max 0 (t9Omax 
1035 	 0 32 to 0 38 0,60 to0190 0040 mit 4)l0 max 
11141) 037 lo 1)44 (0 60 to 091 0 040 matxl ('0 max 
1045 0 43 0o0 51 0 60 to 0 0 104,1mat 10 man1)
1050 048o 55 0 0 n 0 90 0 01)41maI (110 m.,x1t
1095 	 0 030 to 050 11140 mix 0 050 mat090to 1 03 

Open Hearth. Basic.Oxygen. and ElectriL.Fu i.,, Free-Cutting Grades- I, 

11lS 	 0.13_to_0II8 06-o090-041,tl 0 O0 to 013 
1117 ) 14 to 0 20 1.00 to 131 0114lit 008 O0i 3 
1118. 0 14 to 0.20 1 3U tot 60 0.04() max 1111tol 13
1137 0 32 to 0.39 1.35to I 65 11(W4mx 0 1i t00 
1141 ....... ,.0.37 to 0 45 1 35to 165 0 0l40max 0ONtoO I1
 
1144 	 01.40to 0 48 1 3, I ' , 1 1n., 024 too 11
1151. 0.4dto0.55 0701, tI v ti, 	 O.n 008tno013 
1211 0 13 max 0.60tol .. : I ' (l)t0I%
1212 . . 0 13 max 0 70ito I (K) 0 7 1t12 0 16 to l 23
1213 0,13 max 070to (m) 0 ll7 I 0 24 to 0 3312LI4.., 0.1 man 0 80 to 1 20 1104 t11109 0 25 to 0 3A 

Bessemer Gradets 

B1010 I 13max [ 0 30to0 60 0071.012 0060 max 
t

Bessemer Free Cutting Grades 

HIlM 0l'13 mx 0)60 In (Il. 4571on1t ° 8 to 15 
81112 0 13max 0 7, ,to 0071,)012 016to023 
01113 0 13 max 0 7U to 1.00 007 to 0.12 024to033 

Silihlon ranges asnoled below may he specified for open hearth. basicoxygen. or electrtc furnace grades 

Low Sulfur Free.Cuitng %,tin eri.ent 

Up to 1011%. 	 0 10maxccl 

11115it, 11125.ncl . 113 to 1IS1. mcl 	 0 10 max. 0 10 to 0 20. or 

015 to030 
Ovcr 102 	 0 t 1to0 20. or 0.15 to 0.30 

I.When retqulred. lead tispecified asan addedelement to a standard steel. I15to 0 35 percent, inclusve.A range of 
iontnonly spatkfied Ladle analysis lor leadis not dcternmnable ance leadis added to theladle stream while eath ingot 
tn poured.

*Lead cotent shall be 0 15 to 0.35 per cent. 
iessemer compositions and grades 1211.1211.and 1213 are not supplied ,tth a specified sitton content. 

'Book of ASTM Standards, Part 3. 

http:0.4dto0.55
http:ElectriL.Fu
http:crddcr.tI
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3.2.1. Quantity (weight or number of pieces),
3.2.2 Name of material (carbon steel bars or shafting, cold-finished), 
3.2.3 Method of finish, 
3.2.4 Cross-sectional shape, 
3.2.5 Size, 
3.2.6 Length,
3.2.7 Graue designation or complete chemical composition (Section 5), 
3.2.8 Report of ladle analysis, if desired, 
3.2.9 AASHO designation (M 169),
3.2.10 End use, exceptions to specification, special or supplementary requirements 

(Section 1.3). and 
3.2.11 Leaded steel, when required see footnote b to Table 1). 

PROCESS 

4.1 The steel shall be made by the open-hearth, basic-oxygen, electric-furnace, or 
acid-bessemer prccess. 

LADLE ANALYSIS 

5.1 The steel shall conform on ladle analysis to the limits prescribed in Table 1 for 
the respective grades, or for other grades furnished by agreement between the manufacturer 
and the purchaser. 

THERMAL TREATMENTS 

6.1 When the purchaser desires material characteristics in a grade not normally
developed in its as-rolled cold-finished condition he may specify that the material be 
annealed, normalized or stress relief annealed. The method of treatment and basis of 
testing shall be subject to agreement between the manufacturer and the purchaser. All 
steels wherein the maximum of the carbon range is over 0.55 per cent will require 
annealing for cold finishing. 

SUPPLEMENTARY REQUIREMENTS 
One or more of the following supplementary requirements %hall apply when specified

by the purchaser, details of these requirements being subject to agreement between the 
manufacturer and the purchaser. 

SPECIAL COLD HEADING 
SI. When cold-upsetting applications are involved, the purchaser may specify

special cold-heading bars which in their production are given special surface control,
special discard, special surface preparation, inspection and selection for the application. 

SPECIAL SURFACE 
S2. When inspection standards more restrictive than visual inspection are required, 

special surface may be specified. 

SPECIAL CARBURIZING 

S3. For case-hardening applications the purchaser may specify special carburizing
bars, produced to a controlled austenitic grain structure and tested and selected for 
uniform carburizing. 

SPECIAL DISCARD 
S4. When required, the purchaser may specify a definite amount of discard, this 

being subject to agreement between the manufacturer and the purchaser. 
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RESTRICTED LADLE ANALYSIS 
S5. When required,

one or more 
the purchaser may specify restrictive ladle anal),is limits onelements. The degree of restriction and the number of elements so restrictedare both subject to negotiation between the manufacturer and the purchaser. 

RESTRICTED DECARBURIZATION 
S6. The purchaser may specify a maximum affected depth of decarburization whenrequired for special applications, subject to agreement between the manufacturer and thepurchaser. 

HOMOGENEITY REQUIREMENTS (MACROSCOPIC) 
57. The purchaser may specif) a macroetch test or fracture test. The etch testconsists of deep etching a representatise section inperformed by any recognized method. The 

hot acid. The fracture test may belocation. tumber and interpretation of testsshall be agreed upon betseen the manufacturer and the purchaser before the steel is
produced. 

NONMETALLIC INCLUSION REQUIREMENTS (MICROSCOPIC) 
SO. When nonmetallic inclusion requirements are specified, the samples for testingshall be taken on a longitudinal plane midssay betwen the center and the surface of thematerial. The area of the sample to be examined should bepurchaser and the manufacturer, and the test specimen should 

agreed upon between thebe heated and quenchedbefore being pilished to avoid pits.agreed upon and 
The rating of the inclusion count should also bebe based upon examination at a magnification of 100 diameters. Resulfurized steels are not subject to inclusion ratings. 

GRAIN SIZE
 
S9. When required, austenitic grain 
 size may be specified incoarse killed steels as either(grain size I to 5. inclusive) or fine (grain size 5 to 8, inclusivet: to be determinedin accordance with Section 6, Comparison Method of Methods for Estimating the Aver.age Grain Size of Metals (ASTM Designation: F 112)., The grain structure shall be considered satisfactory if 70 per cent is within the specified limits. 

SPECIAL HEAT-TREATING Requirements 
SI0. When special heat-treating requirements are specified, all phases of the heattreating procedure and mechanical requirements are subject to agreement between thepurchaser and the manufacturer. The mechanical properties after heat treatment shall betainable for the full range of specified chemical limits. 

ob-

RESTRICTED INCIDENTAL ELEMENTS
 
S11. 
 The purchaser may specify limiting maximum requirements for copper, nickel.chromium or molybdenum subject to agreement between the manufacturer and the purchaser. 

0-

Book. of ASTNI Standards. Patt 31. 
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Standard Specification for 
Reinforced Concrete Culvert,, Storm Drain, and Sewer Pipe 

AASHO DESIGNATION: M 170-70
 
(ASTM DESIGNATION: C 76-69)
 

SCOPE
 
1.1 This specification covers reinforced concreteconveyance of sewage. industrial wastes, 

pipe intended to be used for theand storm witer, and for the construction ofculverts.
 
NOTEI -Th. values stated
equivalents in U istiomar, units are to he regzardedof U S kustomar) units given in the hody as the standud. The metric
NOTE of the standard may he2 -This %iLcation is appro ,imatea manutfaLiurti:requirements for heddit. and pui.ihase specication only,hackfill. or the relationhip htsten earth and dis, not includetcation of pipe. toI-rHoweer. eXperlenLe has shon hod and the ,trength ctast.tn equa amount% tpon the ptuper , lct.n ofi lie 

nit the sicteshit perfurmance of thii produtt dependsminufacture tn 0ass. if pipe, I) ofu heddine .ndthe plant, and care in hatktill contioiled
Liete pipe specifled 

the held uunstrucion wtrk the ptir"haiser uf the reinfortedherein is L.iutioned Lonthat he niusl properhclass of pipe specified and provide adequate (or retlre he tc d requitemtniinsrecto nf in the manuitcruring plant at 
it.h te

and the constructionsite 

CLASSES 
2.1 Pipe manufactured according to this specification shallfied be (if five classes identias class i, class II, class III, class IV, and class V. The corresponding strength require.ments are prescribed in Tables I to 5. 

BASIS OF ACCEPTANCE 
3.1 Unless otherwise designated by the purchaser at the time of, or beforean order, to separate placingand alternate bases of acceptance are permitted as follows:3.1.1 Aceptatce on Basin of Plant Liud Bearing Teits. *atertalof Alanufactured Pipe fr I estr and /tipecionVisual Detectv arn Imperfet timon -- Aeteptablity of the pipe inall diameters and classes produted in accordance with Sections 9 orby the results I) shall be determinedof the three-edge hearing tests for either the load to(025 mm) crack, or at the option of 

produce a 00(l-in.
the purchaser, the load(0.25 rm) crack and to produce . 0ll-in.the ultimate strength of the pipe: by such material tets as arerequired in Sections 5. 6 and 7. by absorption lest on selected sanples of concrete fromthe swall of the pipe: and by vistial inspection of the finished pipe to determine its conform.
ance with the accepted design anti its freedom 
 from defects3.1.2 Aiceptane on the Bavis of 'ifatera 7"etr aind Inrpectioln (j AatfacturedPipe for Defetr and Irtperlirt/c tr.-Acceptablity of the pipe in all diameters and classes
produced in accordance uith Sections 9 or 
 ll0 shall be determinedmaterial tests as by the results of suchare reqired in Sections 5. t. and I. by crushing tests on concrete corescured concrete c)linders; by absorption ortsts, on selected samples from the aall of thepipe: and by inspection of the finished pipe including amount and placement of reinforce.ment to determine its conformance with the accepted design and its freedom from defects.3.1.3 The purchaser may select and hive applied the basis of acceptance in eitherParagraph (I)or(2).3.2 Age for Acceptance.-Ppe shall bICconsidered ready for acceptance when itconforms to the requirements, -s indicated b, the specified tests. 

MATERIALS 

REINFORCED CONCRETE 
4.1 

water, in 
The reinforced concrete shall contst of portland cement, mineral aggregates, andwhich steel has been embedded in such a manner that the steel and the concrete 

act together. 
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CEMENT 

5.1 Portland cement shall conform to the requirements of the Specifications for Port. 
land Cement (AASHO Designation: M 85), or shall be air-entraining portland cement con
forming to the requirements of the Specifications for Air-Entraining Portland Cement 
(AASHO Designation: M 134), or shall be portland blast-furnace slag cement or portland.
pozzolan cement conforming to the requirements of the Specifications for Blended Hydraulic
Cements (ASTM Designation: C 595). 

STEEL REINFORCEMENT 

6.1 Reinforcement shall consist of wire conforming to the Specifications for Cold-
Drawn Steel Wire for Concrete Reinforcement (AASHO Designation: M 32). or the Specifica
tion for Deformed Steel Wire for Concrete Reinforcement (AASHO Designation: M 225). 
or of wire fabric conforming to the Specifications for Welded Steel Wire Fabric for Concrete 
Reinforcement (AASHO Designation: M 55), or the Specification for Welded Deformed 
Steel Wire Fabric for Concrete Reinforcement (AASHO Designation: N1221 ), or of bars of 
Grade 40 steel conforming to the Specifications for Deformed Billet Steel Bars for Concrete 
Reinforcement (AASHO Designation: M 31 ), or of bars of Grade 80 steel conforming to the 
Specifications for Carbon Steel Bars Subject to Mechanical Property Requirements (AASHO 
Designation: M 227). 

AGGREGATES 

7.1 Aggregates shall conform to the Specification for Concrete Aggregates (AASHO
Designation: M 6 and M 80), except that the requirement frr gradation shall not apply and 
a loss of 50 per cent in the Los Angeles test shall be permitted. 

MIXTURE 

8.1 The aggregates shall be so sized and so graded and proportioned and thoroughly
mixed in a batch mixer with such proportions of cement and water as will produce a 
homogeneous concrete mixture of such quality that the pipe will conform to the test and 
design requirements of these specifications. Admixtures or blends may be used with the 
approval' of the consumer. In no case. however, shall the proportion of portland cement 
in the mixture be less than six U. S. standard bags (94 lb) per cubic yard (56 kg per cubic 
meter) of concrete. 

DESIGN 

DESIGN TABLES 

9.1 The diameter, wall thickness, compressive strength of the concrete, and the 
amount of the circumferential reinforcement shall be as prescribed for Classes I to V in 
Tables I to 5 subject to the provisions of Sections' 10, 11, 21, and 23. 

MODIFIED OR SPECIAL DESIGNS 

10.1 If permitted by the purchaser the manufacturer may request approval by the 
purchaser of modified designs which differ from the designs in Section 9; or special designs
for sizes and loads beyond those shown in Tables I to 5, Section 9, or special designs for 
pipe sizes that do not have steel reinforcement areas shown in Tables 2 to 5 of Section 9. 

10.2 Such modified or special designs shall be based on rational or empirical evalu
ations of the ultimate strength and cracking behavior of pipe and shall fully describe to the 
purchaser any deviations from the requirements of Section 9. The descriptions of modified 
or special designs shall include the wall thickness, the concrete strength, and the area, type,
placement, number of layers, and strength of the steel reinforcement. 

10.3 The manufacturer shall submit to the purchaser proof of the adequacy of the 
proposed modified or special design. Such proof may comprise the submission of properly 
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TABLE I 
Design Requirements for Class I Reinforced Concrete Pope 

NOT!' SeeSection 3 for basis or acceplance specified by the purchaser.
The strength test requirements in pounds per linear toot or pipe under the ihree-edge hearing method shall be either 

the D-load tiest toad expressed in pounds t'.r linear fiot per foot of diameter) to produ.e a 0 01in. crack, or the D-loada 
to pradue the 0 01-in, crack and the ultinale load as specified belowi multiplied by the internal diameter or the pipeIn Feet, 

D load to produce a 0 0!-in crack 	 800 
D-load to produce the ultimate load 	 1200 

ReinforLemcni. sq in per linear foot of pipe wall 

Wall A 	 Wall B 

Internal C,,nircie Si,.ngth, 4000 psi Concrete Strenith, 41000psiDiameter ... . ----.... ---.... .. 	 . .... . .... . ... . ....-. 

of Pipe. Circular Circular
 
in. Wall Reinforcement Wall Reinforcement
 

Thickness. - -- -- - .... Llliptical Tli knes. ...- ----..- Ullptial
b
in 	 Inner Outer Plnforcement in Inner Outer Reinforcement 

Catge Cage Cage Cage 

0
66 51z 0} 30 22 0 33 61 0) 25 0) 19 0 28 
72 6 0 35 0 26 059 7 0 29 0 22 0 32 
78 61.. 0 40 0 30 0 44 712 0.32 0 24 0 36 
U4 7 0 45 0 34 Oso H 0 37 0 28 0 41 
900 71, 0 49 0 36 0 54 81, I 41 0 31 0.46 
96. . 8 '.54 0 43 060 9 0 46 0.35 0.51 

Concrete Strength. 5000 psi 

lInner 	 Inner 
102 8! [ 0.63 1 48 	 I Ctrcular 0 22 9 1, 0.54 0.41 Circular . 0.20 

Plus Plus 
Llliptical 0 48 	 Elliptical 0.41 

I1nner inner 
lo... 9 Oull 6i I Circular 0.25 10 0 61 0 46 Circular 0 22 

IPlus Plus 
or i . L _J litical 0.51 ,.,liptical0 46 

- 10 
Steel areasmay he interpolaited tiitetetn iiot shossn for ,iriations in diameler, loading or wall thikness Pipe

over161n indiameter shall hae Iu tir t.ligi.s itran inner lirtulir plus one elliptical cageol the iteel areas shown. 

; For modified or special designs sie 	 .etion 

iou 

t. The elliptical steel iiust be held in pl.iix h) means ol holding rods or imtrs or oliter positise means throughout

the entire length of the pipe and throughout the entire Listng operation .ind remain in plate until the concrete has taken 
its initial et. 

certified three-edge bearing testiplready made, which are found by the purchaser to be ade
quale or, if such three-edge hearing tests are not available or acceplahle, the manufacturer 
may be required to perform proof tests in size% and classes sclected by the purchaser to 
demonstrate to the correctness and adequacy of the proposed design. 

10.4 Such pipe must meet all of the test and performance requirements specified by 
the purchaser in accordance with Section 3. 

PLACING REINFORCEMENTS 
11.1 Where one line of circular reinforcement is used, it shall be placed from 35 to 

50 per cent of the shell thickness from the inner surface of the pipe except that for wall 
thickness less than 2!, in. (63 mm), the nominal protective cover of the concrete over the 
circumferential reinforcement in the barrel of the pipe shall be 'i in. (19 mm). In circular 
pipe having two lines of circular reinforcement, each line shall be si ,Iaced that the nominal 
protective covering of concrete over the circumferential reinforcement in the barel of the 
pipe shall be I in. (25.4 m..t). In circular pipe having elliptical reinforcement with wall 
thickness 21,.'.in. (63 mm) or over, the reinforcement in the barrel of the pipe shtall be so 
placed that the nominal covering of concrete over Ihe circumferential reinforcement along 
the vertical diameter of the pipe shall be I in (25 4 rm) from the tnside surface of the 
pipe. and the nominal protective covering of concrete over the ctrctmferenttal reinforcement 
along the horizontal diameter ofthe pipe shall be I in (25 4 mm) from the outside surface 
of the pipe. In all pipe 36 in. or more in diameter, the bell or the spigot of the joint shall 
contain circumferential reinforcement equal in area to that of a single line within the barrel 
of the-pipe. The nominal location of the reinforcement shall be subject, however, to the 
permissible variations tn dimensions given in Section 23. 
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TABLE IA 
Design Requirements for Class I Reinforced Concrete Pipe, 

NoTe' SeeSection J otrbastsof acceptance specified by purchaser.
The treng h test requirements in kilograms per linear centimeter or pipe under the three.ed;e.bearng method shall 

IV athcrthe D.load-test load expressed in kilograms per linear centimeter ptr centimeter of diameter) to produce the 
# :!1mm ,rick. or the D loads to produce the 0 25-mm crack and the ulumate load as specified below, multiplied by the 
,nternai diameter of the pipe in Lenuimecers 

D.loid to produce a 0 2.-mm track 0.391 
D-loid to produ.e the ultimate load 0.586 

Reinforcement. si cm per linear m ofpipe wall 

Wall A Wall B 

Internal (oncrete strength. 281 kgt sq cm Concrete Strength. 281kgf, sqcm 
Diameter - - -
of Pipe, Circular Circular 
cm it) %Aall Reiniorcement Will Reinforcement 

T hick ness, - .. tlc T hi - Elliptica l... L l hlpJi nes . . 
Cot Inor IOuter Reinforcemenib cm Inner Outer Reinforcement'Lagc C..age Cage CaBe 

0, 601 127 5 1 1 4.0 59 15.2 ' 4 4 3.4 4.9 
16866i 14v 6 4 1 4.7 7 0 16 5 5.3 4.0 5.9 
183,72.1 1.2 7 4 55 8 3 17 S 6 1 4 7 6.8 
148,78' 16 5 8.5 6.4 9 3 19 I 6.8 1.1 7.6 
21384 178 9 5 7 2 10 6 20 3 7.8 5.9 87 
22990 19 I I 0 4 7 6 II 4 21 6 8 7 6.6 ..7 

103 5 .2i 7.4961 .0 3 II4 12.7 9 7 10.8 
Concrete Strength. 152kgf sq .m 

259 '102)1 21.6 13.3 10 2 Inner Inner 
Circular 4.7 24 I 11.4 8.7 Circular 4.2
 

IPlus Plus

Elliptical 10.2 Elliptical.. 8.7
 

274ri081 22.9 14 4 10.8 Inner ir
 

tocular 5.3 25 4 12.9 9.7 Circular .. 4.7 
/ I Plus Plus 

J __[ Elliptical . 10.8, 1 Elliptical..5.7 

a For sizes.d loads beyond those shown in this table, pipema) be supplied using special desips involving one or 
more of the following %all thickness, high strength concrete, shear reinforcement. in accordance with the provisions or 
Section tO. 

Steel are.is mai%be interpolated betieo those shown for vanations to diameter, loading. or wall thickness. Pipe 
oter 96 in. 2.4 tm) in diameter %aillhaveto circular cages,or an inner circular plus one illptucal cage ofthe steel 
areas shown 

The ellipticil steel must be heldin place by means of holding rods or chairs or other positive means throughout the 
entire length of the pipeand throughout the entire casting operation and remain in place until the concrete has taken 
itsinitialset.
 

SeeSection t0for proisions for alternate designs. 

11.2 A line of circumferential reinforcement of any given total area may be com
posed of two layers ifthe layers are not separated by :more than the thickness o' one 
longitudinal layer plus Lsin. (6.4 mm). The two layers shall be tied together to form a single 
rigid cage. All other specification requirements such as laps, welds, and tolerances of place
ment in the wall of the pipe, etc., shall apply to this method of fabricating a line of 
reinforcement. 

LONGITUDINALS 
12.1 Each line of circumferential reinforcement shall be assembled into a cage 

Which shall contain sufficient longitudinal bars or members, extending through the wall 
ot the pipe, to maintain the reinforcement rigidly in shape and correct position within the 
form. The exposure of the ends of longitudinals, stirrups, or spacers that have been used 
to position the cages during the placement of the concrete shall not be a cause for rejection. 

LAPS, WELDS, AND SPACING 
13.1 If the splices are not welded, the reinforcement shall be lapped not less than 

20 diameters for deformed bars and deformed cold worked wire. and O diameters for 
plain bars and cold-drawn wire. In addition, where lapped cages of welded wire fabric are 
used vlthout welding, the lap shall contain a It .gitudinal wire. When splices are welded 
and are not lapped to the minimum requirements above, pull tests of representative speci
men shall deselop at least 50 per cent of the minimum specified strength of the steel, and 
there shall a minimum lap of I in. For butt-welded splices in bars or wire,be (50.8 mm). 
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TABLE 2Design Requirements for Class !1 Reinforced Concrete Pipes
Note: SeeSection 3 for basis ofacceptance specified by the purchaser.
The strength test requirements in pounds per linear root of pipe under the three-cdge-bearing method shall beeither
the D-Ioad (test load expiesaed in pounds per line.r foot per root ordtameler) togroducc 4 0.01-in. crack, or the Dleoadsto produce the 0.01-in. crack and the ultimate load as specified multiplieby tiheinternal diameter or the pipe inbelow.


feet.
 
D-load to produce a 0.01 .in. crack 
 I ODD D-load to produce the ultimate load 10 

Reinforcement. q in. per linear foot of pipe wall 
Wall A Wall 0 Wall CItemal Concrete Strength. 4000 psi Concrete Strength. 4000 psiDiam. Concrete Strength, 4000 pu

otier ofr
pipe. Circular .Circularin. U CircularReinforce. Reinforce.it mcnt Elliptical [ Reinforce.ment Elliptical mente e Ettiptical

Reinforce. 
 Reinforce.InnerOuer 
 ,S Inner Outer me .5 menbIter Oute 
S CagBeCage 6t Cage Cage a: Case cage

15 .... 0:712 ....IJ 0.07, -!1 o.07,12 0.07- l
 
Is.. 2 0.07- 0.07' 21 ,0 07,1 
 0.07,21... 21 0.12 0.10 2 0007,24.. 22 0.13 0 07.0.11 3 07, 0.07,27 ... 0.15 0.13 3:, 0 1330.. 22! .OlS 0.14 3, 0 14 0.11

0 1233. 1 0 16 0.15 3a 0t15 I36 .. 3 0.14 0.10 0.130 1 4 0.12 0.0942 3 0.160 0 18 412 0 13 4j 0.07 0.07 0.080 13 0.12 0.1748 ., 0.21 0.16 511 0.10 0.08 0.110.2 3 3 l0 18 J0.14 [ 0.20 5 4 0054 4,1 0.25 0 19 6 10 28 51 0.22 0.1660 5 0.30 0 22 0 33 6 025 0.19 
0 24 ia 10.17 0.13 0.190.28 6j 0.2272.... 6j 0.4110.30 0,17 0.2466. 0.45 7 10.35J0.2610.35 0.26 0 39 61, 0.31 0.23 0.39 74 1030J0.231 0.330.34 71J 0.25 0.1978. 0.28652 0.46 0 35 0.51 7,, 0.40 0.3084... 0 44 8La 0 35 0.267 0.51 0.39 0.57 8 0.46 0.34 0.51 0.39

90.. 7.2 0.57 0 43 0.63 8 'j0.51 K% 0 41 0.31 0.46
96. 8 0.62 0.47 0.69 0 38 0 57 9t 0.48 0.36 0.539 0.57 0.43 0 63 9j 0 35 0.41 0.61 

Concrete Strength, 5000 psi
Inner102... 8h l-ne0.76 0.57 Circular0.28 0.51 In.ner93I 0.68 Circular 0 24 II. 0.62 0.47 Circular 0.22PlusL. 
 usEl. 
 I :rliptical 0.57 liptical 0 5I lipticat.
0.47 
Inner 
 r Inner108...9 085 0 64 Circular0.3110 0.76 0.57 Circular
027 ,l0070 0.53 Circular 0.23 

liptical 0 64 lipti..a.570 ti 1a.0,3
For modified or Ppecial designsseeSection 10Steel areas may be interpolated between thoseshown for variations in diameter96 in. in diameter shall have two circular cagesor an inner loading, or wall thickness Pipeover

h The elliptical steelnust be heldIn place 
ctr.ular plus one elliptical cae of the steel areas shown.by means ofholdingthe entire length of the pipe and throughout 

rod. or chairs or other Positive means throughouttken its Initial wt. the enure casting operation and remain in place until the concrete has 
.aFortheseclassesand sires, the minimun practical steelreinforcement is specifiedThe actual uldimate strength Isgreaterthan the minimum strength specified for noncinforced pipe of equSaleni diamters inConcrete Sewer. Storm Dram. theSpecification forand Culvcrt Pipe (AASIHO lVesputon. M 86). 

permitted only with helically wound cages, pull tests of representative specimens shall developat least 75 per cent of the minimum specified strength of the steel. The spacing center tocenter of adjacent rings of circumferential reinforcement in a cage shall not exceed 4 in.(10 cm) for pipe up to and including pipe having a 4-in. (10 cm) wall thickness nor exceedthe wall thickness for larger pipe, and shall in no case exceed 6 in. ( 15 cm). The continuityof the circumferential reinforcing steel shall not be destroyed during the manuiacture of'the
pipe. 

JOINTS 
14.1 The ends of reinforced cancrete pipe sections shall be so formed that when thepipe are laid together they will make a continuous and uniform line of pipe, compatiblewith the tolerances given in 23.1. The joints shall be of such design as will permit effective 

http:0.4110.30
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TABLE 2A 
Design Requirements for Class II Reinforced Concrete Pipeo 

,oyi SeeSection 3forbasis of acceptance specified bypurchaser. 
The strcngth test requirements in kilograms per linear centimeter or pipe under the three.edge-bearing method shall 

heeither the D.luad rlest load espressed in kilograms per linear centimeter per centimeter of diameter) toproduce the 
ti 25mm crack.or the D.loadt to produce the 6.25mm crack and the ultimate load as specified below, multiplied Sy the 
inernal i meter or the rite in centimeters 

D)load in rroduce a 0 25mm crack 0.488 
D load ioprodul.e . .0.732the ultimate load 

Reinforcement. sq cm per linear m or pipe wall 

Vall Ai Wall a Wall C 

toncrete Strength. 281kgf sqcm ConcreteStrength. 281kgf, sqcm ConcreteStrength, 281kgf/sqcem
 
Internal
 

r .ircular Circular Circular
 
Pitope (cnf , Reinforce-


Reintorce. einforce-Pipe. , ....I .. menllptca.mI.
*m i mest Ellptical mentrc Elliptical menti Elliptical 
- Reinforce l Reinforce- Reinforce. 

mnT-- mens 
-~ ient-- '- - InnerOurrInner Oute in 

1 Lage Cei Cage C ge Cagl _4 Caee 

3112) 4 441 !51 IS' 
38,151 4.71 5 5.7 5. 
46 : 61 55.1'1I 5 

...
!3 21) 5.7 2 I 
61,241 6 3 Z 2 1 7 .t i. 
64,1.1 7,0 321 3uS , i I ' 

,271 6 303 2763 .
 
$413: 7 3 341 32 *.S 
9,I,36j)' 7630 21 3.2 1 ;1tl " "' I ' 12.0 1.5 I.5 1:7 

17421 8.934 25 38 I .11 Z 212.51 i 13.3 2.1 1.7 2.3 
2::8i ,) 3 4 6 o I: o 1 4 4 Z 15.9 3.10 3.24.0.3 5!4451 49 2- 7 1 .1, Iill 1 14.6 I .612.8]2.3 

1o) 2 74to4 4 71 7 i - 3 4 0 S 171 4.73.6 5.1 
I. 66 '147 4 87 l. 6 6 4t 18.4 5.3 4.0 5.9

11 14Iii 14 159 .t.I1t7 51 6; 5.3 4 6I0 ,, I 16S721 t - 8 7 6 4 9 i , 7 4 5 1 19.,7 6.4 4 9 7.0 

118,78: 165 1 7 74 l A 4 8 11 64 it 209 7.4 5.5 8.3 
21384 7 1I 8 83 12 I , I 71 72 Ii,. 22.2 8.7 6.6 9.7 
:2'1of1 1911 211 9.1 II lil. 6 a8of 1 23 5 10.2 7.6 11.2 

461 21)_13.1 1010 4 6 I i 24 8 11.6 8.7, 12. 

I 'n.rcic SIrTngth. 352kcf sn cm 

2-5 12 21 6 16 1: IInncrI.r I Inner 
.irular 5 2I4 t 4!" 8 (1.iilar S I 26.0 13.1 10.0 Circular 4.7 

PlusEl.Plu El-
Pius l-

li.,.icil_,I lir.il tf)8 lipical10.0
 

If I Inncr 

Circular44'l2S4 161 112 t tiilir 7 27 3 14 8 11.2 Circular53
 

274 108I 2 A11 61Inner Inner 

I ,i,.-,I Pius I1-.i rt" Plus II. : , Plus,,pticEl-l 11.2 
I .ir sies .ind Itidsht)ondthowi irtin tils ian., rlft'. n I ,1t.-poled using scial designs Involving one or 

,it r,.tthe Irlii rlio gthL..inil, %itr: teivliti.entieni. inaccordance with the provisions orstvnt w Ill thickness, lagh
t,.4tiwn IOf
 

Sferl .reastris I.e inctrol ited hiiuLcii Irrie shonins tirs lhtiri indiamcler. nading. orwallthickness.Pipeover 
o1 in '44 11t1i. 0,J1111tt s1h.llhale 1iit i it in tri.ular plus one elliptical cageof the steel areasalltiaa cs or nni.r 
shi". in 

t I lie must heheld in plai.e h-mein%i ,, s ,Irllili.il sit'l h1,ildiil IThiasr or other i'sitive means throughout the 
entire kiltlhI ti he l'il.. and thrtughoulthe entire -isting ot.i irnd rinaln in plai.c until the concrete hastaken 

itinlntlwt
 
Si.-..Sco.ltn iI) .lliernite
lirprovisions fior designs
 

I it filiew J sss and sties the ittinimntui praismal steelrouill--inti is smeld The actual ultinmate strength

hit timniutu avrit. cuisilini diameters in the Sper'Ificaion forWifte, " 0 strceth sp..ii~d i.tr nonreinforced I of 

Sturin 4*ASHO Desis %Ih,i.'s 'a".. Doon. ,nd Culvcrt Pips n ln t 

jolnting to reiuce leakage and infiltration to a satisfactort minimum and to permit placement 
Ilthout appreciable irregularities in the flow line. 

MANUFACTURE
 

PLACEMENT OF CONCRETE 

15.1 The transporting and placement of concrete shall be by methods that will 
prevent the searegatlion of the concrete materials and. the displacement of the reinforcement 
steel from it, proper position in the form. 

http:rllili.il
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TABLE 3
Design Requirements for Class III Reinforced Concrete Pipe, 

NOTE: SeeSection 3 for the basisof acceptance specified by the purchaser.The strength test requirements in pounds per linear foot of pipe under the three-edge.bearing method shall beeitherthe D-lod (test load expressed Inpounds per linear foot per foot of diameter) to produce a 0.01-in. crack. or the D-loadato produce the 0.01-in. crack and the ultimate load asspecified below, multiplied by the internal diameter of the pipe Infeet. 
D.Ioad to produce a O.0-in. crack ... . .... .... 1350

D-load to produce the ultimate load .. .......... ... 2000
 

Reinforcement, sqin. per linear foot of pipe wall 
Wall A Wall B Wall C 

Concrete Strength, 4000 psi Concrete Strength, 4000 psi Concrete Strength 4000 psi
Internal -

Diam. d I 

, 


eteror i Circular Circular Circular
Pie. Reinforce. Reinforce. Cnrcripe, .ReReinforcein. ment Elliptical WReinforce. :nt li.,l . ment EllipticalRfo.Reinforce.
mnb dmerit' ,: m-. 
InerOue Inner Outer eInnr Outer mentb

Case Cage Cage cage C;'e Case. 
12 ..... 0.07,. .. .. 2 0.07,. ."
 
15 ..... 0.07- .. 2 j 0.07.....
2o:oo 0.......1,..0 1 70...o2 ...
18... 0.4 ... 207 0.07' ...0. 52 0.07. 

24..... 2 0.17 ... 0.14 3 0.07' ... . 0.07.

27. 2 0.18 .. 0.16 3)j 0.16 0.14 ......30 ..... 0.19 ... OtA 3W 0 ... ....33 ..... 0.21 3 .130'". . 0.211 3 0.15 1 0.15.
36. 3 0.21 0.16 0.23 4 0.17 0.13 0.19 4 o0.0 0.07 0.09
42 ..... 3A 0.25 0.19 0.28 4 o4 0.'6 0.23 5 J 0.12 0.09 0.130.2148. 4 0.320.24 0.35 5 0.240.1g 0.27 5 0.16 0.12 0.1854. 44 0.39 0.28 0.42 53% 0.29 0.22 0 32 6 0.21 0.16 0.2360.. 5 0.44 0.33 049 6 0.34 0.26 0.38 6 0.2 0.19 0.2
66 ....51. 0.50 0.37 0.55 634 0.410.31 0.46 7 0.31 0.23 0.3472. 6 0.57 0.43 0.63 7 0.49 0.37 0.54 7 0.36 0 27 0.40 

Concrete Strength, 5 pi 

78 .... 6 0.640.48 0.71 734 0.57 0.43 0.63 8 0.42 032 0.4784.... 7 0.72 0.54 0.80 g 0.64 0.48 0.71 8 0.50 0.38 0.56 

Concrete Strength, 5000 psi Concrete Strength, 5000 psi 
90... 7) 0.81 0.61 0.90 89 0.69 0.52 0.77 9% 0.59 0.45 0.66 
96 ..... 8 0.93 0.70 1.03 9 0.76 0.57 0.84 954 0.70 0.53 Inner 

Circular
0.25
 
Plus El. 

liptical. 0.53 
Inner Inner Inner102.... 8 1.03 0.77 Circular 0.37 9A 0.90 0.68 Circular 0.32 IO 0.83 0.62 Circular 0.3bPlus El. Plus El. Plus El.liptical. 0.77 liptical. 0.68 liptical 0.62 

Inner Inner Inner
08.... 9 1.22 0.91 Circ~dar 0.45 10 1.08 0.81 Circular 0.39 10% 0.99 0.74 Circular 0.36Plus El. Plus El. Plus El.liptical. 0.91 liptical. 0.81 liptlical. 0.74 
For modified or special designs se Section 10. 

bThe elliptical ace by means of holdingrode or chairs or other positive means throughoutsteel must be held in p
the entire length of thepipe and througout the entire casting operation and remain in place until the concrete hastaken its Initial set.

For these classes and sizes. the minimum practical steel reinforcemcnt isspecified. The actual ultimate strength isgrater th-r !-- minimum strength specified for nonreinforced pipe of equivalent diameters in the Specification for.oi.ete Sewer,Storm Drain, and Culvert Pipe (AASHO Designation: M 86). 

CERING 
16.1 Pipe shall be subjected to any one of the methods of curing described in 16.2 to

16.5, or to any other method or combination of methods approved by the purchaser, that 
will give satisfactory results. The pipe shall be cured for a sufficient length of time so 
that the concrete will develop the specified compressive strength at 28 days or less. 

16.2 Steam Curing.-Pipe may be placed in a curing chamber, free from outside
drafts, and cured in a moist atmosphere maintained by the injection of steam for such time 
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TABLE 3A 
Design Requirements forClass Ill Reinforced Concrete Pipe
 

Noir SeeSection 3 Fotbils or c eptance specifiedby purchaser.
 
te 


The strength test requirent in kilograms per linear u.entimeter ofpipe under the -edrbadn8 method shll 

inkilot linear centimeter per cntimeter of diameter) to produce the 
1,i1 expressed per thebe either the lu3load iest mm ,rackand the ultimate load as specified belowy
natd i pr.due the 0.2S0.25.mr crack, or the 

..
internal diameier ol the pipe in s.entjiiier r.k . 6'9 
theulltimate toid 0.976IoVItdu~c . ".I)l).lrudI,.id to prtuiuLe A 2Smm c 

of pipe wall
Re-niforcenlt, sq cm per linear m 

WallC
Wall B
W 2
2 Concrete Strength. I kf/sqcm81 kgf/sqcm Circularkgf'sqcm ConcreteStrength. Il-ConcreteStcnith. 2111 - -x " -
-
,nlm.l --


c Reifre eer of 
C" einforce 

cm ,a) ~ Pip ei Illpt~i 4 mn Elliptical Inept iittca
R infrce-ai
R tn. or.ea 

RenforneReinforce-m Reinforce- m n E Inner Outer .__-__-___..InaeC -I m-e 
 Int'erer CIOut enrjE -" a';c' "CI 

- ii gceL(-iiiLam I . al Cae ...
linnero"Cage 


31(12) 4.7 •
 

I 1. •.
II51
461181 
'a 2215 7.1 

61(241 6.3 3.6 

4 
6 

3 4 
4 

3.0
 
'0127) 6 6 33. 3 .
 
76001 7 ti 4.0.i9-1 4 3.4 4. 12.0 25' ' " 

3'2147)2 3330
 

4 1 59 --7133) "73 
47 |a 9 4.4"' " b 


I0.II 6, 34
122(48l~6 7 14 . 114 4
 
361 71.6 l0. 4:9 37.1 5. 40 A
4 .80 3914 5 3 1 36 24 

5i 9li 4 4 72.2
07(2) 12. 1161 5 

8. 
. 20.9 8.9 46.84 49.9 

6i) • 
91 

8 2 1 5119.7 114133z 2 7 6 i6 . 11. 7. I 1 . 93 0:714817 ) I 12 I j 'i I 1 6l - -t165 l,3.~9V21 ISn 1081781
15' 2 7 
. 1.ar2
15. 2.1.6
I 169 4t 61312 7 8rcul .213141 I 1171 0It24 83 ..7 ItI 1 

I. ,.~4 27i 3.5. 9.42. . 
13 5) , I 9 5t~iI2 713(412 I 

9 01 


ConcreeSrenth. 352k(/Iqcm 
I ",..cletrenth. 32kgf sqCM 

1 1 t 119I 7.6 Circular 
.4 1 Plus l 

251., 2, 6 1 inne 122 I 12 1713 5.3 

PuPlus 
 El_
 
Plus El-Nir 2.8 3 1" 114 ii6 ula 

li| 13.1ptcal.144! 1. neIVIptica,2. 20 
3Itttit It.5.41129 17 Iinner2741081I" l iptk:ilI 


. ti 2 .0 ..r .3 _ 
Circular-ipica.6 15.77.6 

317 El29 ,, r,,''i'ir lt,,
I
1,,1 
I i 

-,,, 
Plu I-I.l 

l'iiasLI spci den-ivlt 13.1
liptre...1 loeo 

pipe nit.ie supplied
usn liptical. 

LIN lhr In this titlile Piu 
|l-~l 
 . ul th,,'.* li..,.l with the provisions of 

", , '. * , in accordance of the s teel ir a a 
r c ircular p u one e lliptica l cai -- -or I ' ' r.. slie.ir reinforn.ement,r .....hitih siroedi .... n ne.,[II,,knl . . Pipeovert. .u . ...oa uitl-t moureofthl hat is d ,,ii sh.. ll e i n loading. orwall thickness. 

l 2).9 11 244.cur ihr '.h.wi rrvanattnnsindameter 
. nir'~ ilbeweCin rrhiii" el i~in llt, .I Ia't 

h9 ei. 


oiher poitvemastruhIsor hao r,_,of holine ro,rean,
in....... nitecnrt
is,,Ii t I...... d en it n plc1i .iii',,, usatilng operatilonu l llU •ntre
I I ltl~'..nhli h The actual ultitnate strengjth 

(rUt the etllllrt I Is specifiedl,lleliii 
 steelCreinforcementr.... 
hstakenits iii'. ~i d .tr ii inniiit 

, M 861. In the Sp:cticatiOit forirte. , 
rc pipe of e...iva.lent diameters e IAA SI||)Designaton.rstun 

h5n rI. e 
r 

eresirci. 
iii 

i ..I 
.. 

iiiiiii 
if Ithod h.i In.ittpe pie. mehaicalccoprnke rsth prouiishof'i In t si i,,i.,iiDriit. cIteIt pthinCnp i 

Sirt. 
' foratdst~l' it l 

to meet the strength requiremlents. 
as.ma'. be needed to enable the pipe steam around

and such lenserattire full circulation of 
, , as to allow ssconstructed- itr hll he 

be wsateied• The cmlrtt cil erin with waterbcys 

the enllirc p.pCrl nl e pipe ma
c t l 

d I~tlai16.tu l~tlc lr n 
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TABLE 4 
Design Requirements for Class IV Reinforced Concrete Pipe
 

NoT: SeeSection 3 for the basis of acceptance specified b) the purchaser
 
The strength test requirements in pounds per linear loot of pipe under the three-edge.bearin method shaill be 

either the D.load (test O.in. crack, or theload expressed in pounds per linear foot per toot of diameter) toproduce a 01 
D.loads ioproduce the 0.01-tn.crack and the ultimate load asspecified below, multiplied by the internal diameter orthe
piPe In feemt. 

D.toad to produce a 01-tncrack 2000 
D-load toproduct theultimate load 30U 

Reinforcement, sq in per linear foot of pipe wall 

Wall A W B Wall C 

Internal Concrete Strength. 5000 psi Concrete Strength. 4(00 psi Conc-eie Strength. 40)0 p
 
Diam- .. .. . .
 
eter of Circular Circular Ri- r Circular 

Pipe, Wall Reinforcement Elliptical Wall Reinforcement Elliptical Wall Reinforcement Elliptical 
In. Thick. - Retnlori.e. . Thick- -Reinforce. -h'.. - Reinforce. 

nesw. Inner Outer mcnil ness, Inner Outer mcri, news. Inner Outer mentib 
in. Cage Cage in Cage Cage in. Cage Cage 

'2...... . 1 0.15 2 0 07
 
Ii.. '1 0.16 2
2% 0.10
 
Is . .7 0.15 1 0.14 0 II
 
21. 23 0.23 0.21 214 0.20 0 17
 
24.. 2!j 0.29 0 27 3 0.27 0 23 3!, 0 07 0 07 0.08
 
27.. 2 0.33 0 31 3V, 0 31 0.25 4 0.08 0 07 0.09 
30. 29 0.35 0.35 31aj 0 35 0 28 41,4 0 09 0 07 0.10 
33 3.% 0 27 0 20 010 11 0.11 0.08 0.12
 
36. 4 1.30 022 0o33 4!, 014 010 0.13
 
42 4,,a. 0 31o 6 47 5,N 0 26 I0 20 0 29
0 39 5! 0200.15 0.2248...... 0.42 0.32 0 

54 55. 0 50 0.37 05' t 0 34 0 26 0.38 

Concrete Strength. 5000 psi 

60 ...... .. 6 0.59 0.45 0 66 6 0.41 0.31 0.46 
66..... . 61-J 0.69 0.52 0 77 7 0 10.3)1 0.57 

Concrete Strength 500 psi 

72.. 7 0.79 0.60 088 71 061 0.46 06 
78.. . 0.71 05 ] 0.79
 
54 ....... 114 0.85 0 63 0.94
 
90...... 
96 ..... * 
102......105.......
 

'For modified or special designssee Section 10. 
Steel areasmay he interpolated between those shoAn for variations in diameter. loading. or wall thickness 
bThe elliptical steelmuss be held in place by means ofholdingrods orchatrs or other positive means throughout the 

entire length of the pipe and throughout the entire casting operation and remain in place until the concrete has taken its 
Initial set. 

or by any other approved method that will keep the pipe moist during the specified curing 
period. 

16.4 The manufacturer may, at his option, combine the methods described in 16.2 
and 16.3 as long as the required concrete compressive strength is attained. 

16.5 A sealing membrane conforming to the requirements of the Specifications for 
Liquid Membrane-Forming Compounds for Luring Concrete IAASHO M 148) may be 
applied and should be left intact until the required strength requirements are met. The 
concrete at the time of application shall be within 5.5 C (10 F) of the atmospheric temper
ature. All surfaces shall be kept moist prior to the application of the compounds and shall 
be damp when the compound is applied. 

LIFT HOLES 
17.1 When agreed upon by the purchaver. lift holes, not more than two. shall be 

permitted in the wall of each piece of pipe for the purpose of handling and laying 

PHYSICAL TEST RFQUIREMENTS 

TEST SPECIMENS 
13.1 The specified number of pipe required for the lest' shall be furnished ivithout 
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TABLE 4A 
Design Req'uirements for Class IV Reinforced Concrete Pipe 

NoTE: SetSection 3for bas of acceptance peclifiedby purchaser. 
The strength testrequirements in kilograms per linear centimcler of pipe under the three-ede-bearing method shall 

beeither the D.load (teslloid expre sed in kilograms per linear centimeter pcenlieer ordanaeater) to produce the 
0.25.mm crack or the D-loads to produce the 0.25-mm craLk and the ultimate loud as apecified below, multiplied by the 
internal dii meier or the pipe in centimeters. 

D.Ioad to produce a 0 23-mm crack . 0.976
 
D.Iad to produce the ultimate load...... 1.465
 

Reinrorcement. sqcm per linear m of pipe wall 

Wall A Wall B Wall C 

Internal ConcreteStrength, 352kgf siqcm ConcreteStrength. 281 kgf/sqcm ConcreteStrength. 281kgf/qcm 
Diameter .. . .. . . . 
or Pipe Circular Circular Circular 

cm (in.) Wall Reinforce. Wall Reinforce- Wall Reinforce-
Thick. ment Elliptical Th.k- ment Elliptical Thick. ment Elliptical 
nes. - ---- Reinorce- nela. Reinforce. ness, Reinforce.b 
cm Inner Outer mnti cm Inner Outer ment cm Inner Outer ment, 

Cse Cage Cage Cage Case Cage
 
31 112). 4.4 ',.2 . 5.1 1.5.. ..
 
3 115) 4.7 3.4 5.7 2.1 . .
 
46 (11) 3.1 3 6 3.2 6.3 3.0 . 2.3 .
 
53 121)... 5.7 4.9 4.4 7.0 4.2 3.6
 
61 124).. 6.3 6.1 5.7 7.6 5.7 . 4.9 9.5 1.5 i:5 1.7
 
69 127) 6.6 7.0 6.6 8.2 6.6 . 5.3 10.1 1.7 1.5 1.9
 
76 130) 7.0 8.0 7.4 8.9 7.4 5.9 10.8 1.9 1.5 2.1
 
84 '33). - - 9.5 S 7 4.2 6.21 11.4 2.3 1.7 2.5
 
91 36). 1 6.3 7 0 3.0 3.2
10.1 4.7 12.1' 2.1 

107 (42) - , 11.4 7.4 5.5 8.3 13.3 4.2 3.2 4.7 
122 (48). • . 12.7 8.9 6.8 9.9 14.6 3.5 4.2 6,1 
137 154) • . 14.0 10.6 1 7.8 11.6 15.9 7.2 5.5 8.0 

Concrete Strength. 352ksr/sqcm 

152160 . . 15.2 12.5 9.5 14.0 17.1 8.7 6.6 9.7 

168 (66) 16 5 14.6 11.0 16.3 18.4 10.8 1 8.3 12.0 

Concrete Strength. 352kgr/aq cm 

183 (721 ... 17.8 16.7 12.7 18.6 19.7 12.9 9.7 14.4 
19 .(.0 21.0 15.0 11.2 16.7 
213 1841 - ' 22.2 18.0 13.3 19.9 
2.9 (90). • . I 
244 96) .2590102),. . 
27411081. . .... _ 

For sires .and loads beyond those shoin in the ahoke table. pipe may te supplied using special designs involving 
one or more ot tht follonk wiallthiL.kness. high strength cnncrete, shear reinforcement, in accordance with the pro. 
visions of Seciton 10 

Steel areas may e interpolated hetlwen ihose shown ror sari.itnOns in dlieter. lo.tdng, oruall thickness. 
b The elliptical steel must be held in plait by means of holding rods or .hairs or other positive means throughout 

the entire length of the pipe and throughout the entire c.sting operation and remtain in place until the concrete hastaken 
Its initial set. 

SeeSection 10 for piosisions for alternate designs
@The manufacturer shall submit %all thickness. sl design, and concrete strength to the purchaser for approval

fidrr to maelsifacture. 

charge by the manufacturer and shall be selected at random by the purchaser, and shall be 
pipe that would not otherwise be rejected under these specifications. The selection shall be 
made at the point or points designated by the purchaser when placing the order. 

NUMBER AND TYPE OF TEST REQUIRED FOR VARIOUS DELIVERY SCHEDULES 
19.1 Preitninary Testv for Etentcild Delivery Schedies.-A purchaser of pipe, whose 

needs require shipments at intervals ohcr extended periods of time, shall be entitled to such 
tests, preliminary to delisery of pipe. as are required by the type of brsis of acceptance 
specified by the purchaser in Section 3, of not more than three sections of pipe covering 
each size in vhich he is interested. 

19.2 Additional Tests for Extended delivery Schedules.-After the preliminary tests 
described in 19.1. a purchaser shall be entitled to additional tests in such numbers and 
at such times as he may deem necessary, provided that the total number of pipe tested 
(including preliminary tests) shall not exceed I per cent of the pipe delivered. 

19.3 Tests for Occasiontal Orders.-A purchaser who places occasional orders shall 
be entitled to test a number of pipe not to exceed 2 per cent of an order, and not to exceed 
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TABLE 5
 
Design Requirements for Class V Reinforced Concrete Pipe-

NoT. SeeSection 3 trOthe bass or acsepiance specified by the purchaser.The strength
test rcquirementsm pounds perlinear foot of pipe underthethree-dge.bearing beeither
method shall
the .load ttest load expressed in pounds perlinearfoolperfootordiameter) a crack,ortheD.sods
toproduce 001-in.
to produce the 0.01,.in. crack and the ultinae load as specified below, multiplied by the internal diameter of the pipe 

D.Ioad to produce a 001 in. crack
D-Ioail
to produce the u! iniile load 3000

3730 
Rcinlorcement. 4 in per linear foot or pipe wallI 


Wall A Wall B Wall C .... I..60
tnal. Co_,,cr _60o00. "M .et ,,trngh. pu ... .Ccret, strength, 000 psi Conrete Stregt, 600 ps 
Diametcer
ofPipe, Circular CircuLir 
 Circular


in Wall Reintorce- Wall Reinforce. Wall Reinforce.
Thick. ment 
 Ellipticl IThick. merit Elliptical Thick. mnt EiliptlcalnesS ---. Reintorce. nes. - -- Reinforce. ne s, - Reinforce.in. Inner Outer ninlb in. Inner Outer bmenb in. Inner Outer meitsCagBe Cage Cage Cage Cage' Cape12 IS. 2jj2 0.100.14 "'
 
Is .2
 

1 0 19 0.16 
21.. * . 2, 0 24 0.2124 .. .3 0.30 0.24 3 0.12 0.09 0.13
27 .. ... 34 0.3g 0 28 0 42 4 0.14 0.11 0.16
 
33 ... 31 41 0.31 0.46
34...00 46 0.51 0.1430 : 0.35 444,1M.0.110.23 0.17 0.2D0.25 
36 . . . 4 0.50 0 33 0.56 44 0.27 0.20 0.30
42. ..... 41i 0.60 0.45 0.67 5, 0.36 0.27 0.40
48 
 5 0.73 0.53 0.1 5 0.47 0.35 0.52
54. 
 64 0.1 0.43 0.6460. 
 6 0.70 0.53 0.7866 . 7 0.84 0.63 0.93
72 77l."0.99 V.74 1.10
 
84. .
 
90 ....
 
96 . * "
102 • , • , ••
 

- For modified or special designs seeSection 10
Steel areasmay he interpolated between those shown for variations in diameter, loading, 
or wall thickness.bThe elliptical steel must be held in plaie b) means of holding rodsor chairs or other positive means through.out the entire length of the pipe and throughout the entire casting operation and remain in place until the concrete hastaken its initial set. 

A.ve pieces of any one size; otherwise the number of pipe desired for testing shall be in
cluded in the order. 

EXTERNAL LOAD CRUSHING STRENGTH TEST REQUIREMENTS 
20.1 The load to produce an 0.01-in. crack or the ultimate load, as determined by the

three-edge bearing method as described in the AASHO Methods T 33. Tests for DeterminingPhysical and Chemical Properties of Culvert Pipe. Sewer Pipe, and Drain Tile shall be 
not less than that prescribed in Tables I to 5 for each respective class of pipe. Pipe thathave been tested only to the formatton of a 0.01-in. (0.25 mm) crack and that meet tht
0.01-in. (0.25 mm) lest load requirements shall be accepted for use. 

20.2 Retests ol Pipe NrtI Meeting the External Load Crushing Strength Test Require
ments.-Pipe shall be considered as meeting the strength test requirements when all test
specimens conform to the test requirements. Should any of thL test specimens fail to meet thetest requirements, the manufacurer shallbe allowed a retest on two additional specimens
for each spc."'inen that fatled. and the pipe shall be acceptable only when all of the retest 
specimens meet the strength requirements. 

CONCRETE TEST REQUIREMENTS 
21.1 Compression Tests.-Compression tests for satisfying, the design concrete strengthmay be made on either standard rodded concrete cylinders or cylinders compacted and

cured in like manner as the pipe, or on cores drilled from the wall of the pipe. If cylinders
are tested, they shall be tested inaccordance with the Method of Test for CompressiveStrength of Molded Concrete Cylinders (AASHO Designation: T 22). The average com
pressive strength of all cylinders tebted shall be equal to or greater than the design strength 

http:7l."0.99
http:0.01,.in
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TABLE 5A 
Design Requirements for Class V Reinforced Concrete Pipe
 

Noel 'ec%,.iion is
3 for istiol atceptan.e specified by purchaser 
71,1viieng I ctirequircnent in kilograms per linear centneter titpipe under the three-edge.bearing method shall 

beeither Ih, 1) md test lo idrsprcssed in kilogrirw per lineir enimitter lr centimeter of diameter) to produce the 
1)25mini&.rj.i, or the D1liods i produte theU 25 mm .ra..k and th. ulimaie load as specified below, multiplied by the 
intern it, imeter ofl the pipel I IMnLImier 

D load to ridu-c ,a 2A mm rJ.l. 1.465
 
1)loadI pr.,due the utiminte ]omid . 2.441 

... .. rento-..nent, sq cm per linear It of pipe %all 

55 ii A ,.il ItWall 	 C 

Concrete Strength.---- (.oncite Strcngth. - -Concrete Strength, 
siLm _ 422 kgf/sq cmInternal 422 kg*f it m 422 kgf 


D~iamneter -- - ~
Cir-.u . .r Circular 	 Circularof Pipe. 

Wall Reinforce. 
Thik- meni [lipticil I hik- menit Llhipuial lhi..k. ment Elliptical 
nes. I -- - - - IReilori.e niss, ' 

i.m 	 in.) Wall I Rclnlo.e- %,.l Reinlorce. 

-----.. Heinforue- ness. -- Reinforce. 

Ii I Inner Outer Inenti In Inner Outer otentI t.m lnner Outer menu. 

I Cage (.age Lage Cage Lage Cage
 
31 tt21 
 5 I 2.1 
3)4 15) 5.7 3.0
 
46 ,I1 76 30t4 4.0 3 4
53 .211 

64 95 1.9 2.1161 .26 	 7 6 5 2.5 

8 2 It0 ..9 119 101 3 0 2 3 3.469 ,27I) 
9 7 1OS 3.8 3 0 4.28 9 h.7 667h 31 

9.7 7.4 10 114 4.9 3.6 5.384 13) 9.5 

91 Ih, 
 10 1 11.6 11 11 9 12.l 5.7 4.2 6.3 
107 142, It 4 12.7 9 5 14 2 13 3 7 6 5.7 1.5 
122 411) * 12.7 15.5 II 6 17.1 14 6 9.9 7.4 11.0 

159 12.3 9.1 13.5137 141 
152 60) * t7I 148 11.2 16.5 
1681 66) *i111.4 17.1 13.3 19.7 

, 19.7 21.0 15.7 23.3183 1721 
194 1711 
213 1841 
229 i)(1l, 
244 96 
259,1021 
27411) _ _' 

SIor streiand loads beitod thoseshown in theaboe table, pipe may be supplied using special designs involving 
one or more ofthe Iollowing wall thickness. high strength conurete, shear reinforcement, inaccordance with the provi. 
sims itt %eCilornI0 

%tel ire,is iia)heinterpolated het.een those shovn for vanations indiameter, loading, or wall thickness. 
The Ilpilmal sieel must be held in pla,.e b) means of holding rods or chairs or other positive means throughout 

the enit ncoh if the pipe and throughout the entire casting operation ind remain in place until the concrete ha. taken 

See4iutlon 10ror provisions for alternate designs. 
t ie iinufiuiurer shall submit %all thidkness, steel design, and concrete strength to the purchaser for approval 

prinr I,Iinnniaciiv 

Not mire than 0 per cent of the c)linders tested shall fall below the design strength. In no 
case %hall an, c~linder tested fall below 80 per cent of the design strength. If cores are 
cut from the wnl of the pipe and tested they shall be cut and tested in accordance with the 

testedrequitrcni.!nl, of AASHO Designation: T 33. The compressive strength of each core 
,hall be equal to or greater than the design strength of the concrete. If a core does not 
meet the requtred strength, another core from the same pipe may be tested. If this core does 
not meet the required strength, that pipe shall be rejected. Additional tests shall be made on 

other pipe to determine the acceptability of the lot. When the cores cut from a section of 
plugged andpipe successfully meet the strength test requirement, the core-holes shall be 

sealed hv the manufacturer in a manner L ch that the pipe section wit' ir .et testall of the 

reqircments of these specifications. Pipe sections, so sealed shall be considered as satis
factors for tsc 

21.2 Abvorptnun Test Requirements of Concrete.-The absorption of a sample from 

the "all of the pipe, as deterriined in AASHO Designation: T 33, shall not exceed 8 per 

cent of tiie Fach sample shall have a minimum weight of 100g, shall be free ofdry weight 
vimble crack%. and shall represent the full wall thickness of the pipe. Pipe shall be consid
ered a,,conforming it)these slecifications for absorption when not less than 80 per cent of 

the ntmher of specimens tested, including any retested, conform to the test requirements. 

When the initial absorption specimen from a pipe fails to conform to these specifications, 
tht ahsorption tet shall be made on another specimen from the same pipe and the results 
of the retest shall be substituted for the original test results. 
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21.3 Retests of Pipe Not %feelingthe Concrete Test Requirepnents.-Whcn not more 
than 20 per cent of the concrete test specimens fail to pass the requirements of the specifi
cation, the manufacturer may cull his stock and may eliminate whatever quantity of pipe he 
desires and must so mark those pipe that they will not be shipped. The required tests shall 
be made on the balance of the order and the pipe shall be accepted if they conform to the 
test requirements. 

TEST EQUIPMENT 
22.1 Every manufacturer furnishing pipe under these specifications shall furnish all 

facilities and personnel nec.ssary to carry out the tests described in AASHO Designation: 
T 33. 

PERMISSIBLE VARIATIONS IN DIMENSIONS 
23.1 The internal diameter of 12- to 24-in (30.6 to 61.0 cm) pipe shall not vary more 

than ± 1.5 per cent from the design diameter. The internal diameter oi 27- to 108-in. 
(69.0 to 274 cm) pipe shall not vary more than ± I per cent or : in. (9.6 mm), whichever 
is greater, from the design diameter. The wall thickness shall not be less than that shown in 
the design by more than 5 per cent or 31,, in. t4.8 mm) whichever is the greater. A wall 
thickness more than that required in the design shall not be a cause for rejection. Pipes
having localized va, iations in wall thickness exteeding those specified above shall be accepted
if the three-edge bearing strength and minimum steel cover requirements are met. 

23.2 Pertnisvohhe Varatio. s tin 'iPoittionof R'iniorceient--1he maximum vari
ation in the nominal position of the reinforcement shall be 10 per cent of the wall 
thickness or --.. in. (12.7 mm), whichever is greater. Pipes having variations in the position
of the reinforcement exceeding those specified above shall be accepted if the three-edge
bearing strength requirements obtained on a representative specimen are met. In no case, 
however, shall the cover over the circumferential reinforcement be less than i,,, in. 
(12.7 mm). 

23.3 Where single cage circular reinforcement is used in circular pipe and for all 
elliptical cage reinforcement, a steel area that is not less than 97 per cent of that area 
shown in Tables I to 5 %sillbe considered as meeting the design steel area. Where two 
circular cage reinforcements (one inner and one outer cage) are used, again referring to 
Tables I to 5, the inner cage steel area may vary to the lower limit of being not less than 
85 per cent of the same design elliptical steel area, and the outer cage steel area may vary 
to the lower limit of being not less than 64 per cent of the same design elliptical steel area, 
provided that in no case shall the total steel area of the inner cage plus the outer cage be 
less than 153 per cent of the same design elliptical steel area. The abose provisions of this 
paragraph shall apply only to pipe produced in accordance with section 9. For pipe produced 
in accordance with modified or special decigns under Section 10, the area of stecl reinforce
ment shall be not less than 97 per cent of the design steel area of each cage ring. Steel areas 
greater than those required for pipe produced in accordance with Sections 9 or 10 shall not 
be cause for rejection.

23.4 Variations in laying lengths (see 'L' in Fig. I of AASHO Designation: T 33) 
of two opposite sides of pipe shall not be more than i, in. (3.2 mm) per foot of diameter, 
with a maximum of :,, in. 115.9 mm) in any length of pipe, except where beveled end pipe
for laying on curves is specified by the purchaser.

23.5 The underrun in length of a section of pipe shall not be more than % in. (3.2 mm) 
per foot with a maximum of V2in. (12.7 mm) in any length of pipe. 

FINISH 
24.1 Pipe i'hall be substantially free of fractures, large or deep cracks, and surfa~e 

roughness. The ends of the pipe shall be normal to tip.walls and center line of the pipe, 
within the limits of variations given in Section 23. 
MARKING 

25.1 The following information shall be clearly marked on each section of pipe: 
25.1.1 The pipe class, 
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25.1.2 The date (f manufacture, and 
25.1.3 The minic or trade-mark of the manufacturer. 
25.1.4 One end of each section of pipe with elliptical reinforcement shall be clearly 

marked during the proLe% of manufacturing or immediately thereafter, on the inside and 
the outsi ': of opposite walls along the minor axes of the elliptical reinlorcing. Markings 
shall be indented on the pipe section or painted thereon with waterproof paint. 

INSPECTION 

26.1 The quality of materials, the process of manufacture, and the finished pipe shall 
be subject to inspection and approval by an inspector employed by the purchaser. 

RFJECTION 
27.1 Pipe shall be subject to rejection on account of failure to conform to any of 

the specification requirements. Individual sections of pipe may be rejected because of any 
of the following:

27.1.1 Fractures or cracks passing through the wall, except for a single end crack 
that does not exceed the depth of the joint. 

27.1.2 DefeLts that indicate imperfei.t proportniig. mixing, and molding. 
27.1.3 Surface defects indicating honeycombed or open texture. 
27.1.4 Damaged ends, where such damage woulti prevent making a satisfactory joint. 

REPAIRS 
28.1 Pipe may be repaired, if necesary. bem.,se of occasional imperfections in manu

facture or accidental injur) during handling anti will he aLLeptable if. in the opinion of the 
purchaser, the repairs are sound and properly finished and ureed and the repaired pipe con 
forms to the requirements of these specifications. 

Standard Specification for 

Perforated Concrete Pipe 

AASHO DESIGNArION: M 175-70 

SCOPE 
1.1 This specification covers perforated concrete pipe intended to be used for undet 

drainage. 

CLASSIFICATION 
2,1 These specifications cover two types of arrangements of perforations which ma. 

Ie used s ith pipe manufactured according to any of the standard specilications for plain il 
reinforced concrete pipe, and any of the classifications within thos. standard srecification,. 

2.1.1 Type I perforated pipe shall have circular perforations confoninig to .I 
and Table I. 

2.1.2 Ttpe 2 perforated pipe shall have slotted perforations conforming to 5.2 
and Table 2. 

METIIOD OF SPECIFYING 
3.1 It is intended that perforated pipe shall be specified by reference to this specifica

tion for the type and class of pipe desired. 

Noir I.--uample-"Pcrforaled concrete pipe %hall conform to the requirementq of AASHO M 175 
Tre 2. and all appihable requirmcnts of AASIIO Specification: M si6. ror Concrete Se,em. %irm 
twi'uln,nd (Cuitri impe.ldiic 2." 
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lASIS OF ACCEPTANCE 
4.1 1hr .cceptability of the pipe .hall be determivico hy the reu, of all al',,,:aihle

leI s iNj'. ". prescribed for the type and class of pt. specified, an-. by inspectun to 
dctcrmin: w'...her to 4p..i.Jnsdt.,ign andthe pipe conforrris these ,.s to t.cuor
 
from defects.
 

Nora 2-t :Nintended that all tests it! bie 3tppic3ble ex:tpl those havi,j to Jo with pcrm..ability
In the vdrostaix test 

SExcept for AANHO requirements regarvinK Perforations nsh::ooii 5) ths. %ipLitficatlon agrt. .t,.
,ASTM: C 444-4. 

PERFORATIONS 

5.1 The perforations shall be ;irrrcximately c r.tOur atl clearly cut; shall 1,:%t. 
nominal dtanicters ot not less than 3'o :nvh 14.76 nam nor grenter that ', inch (9.5 mm):
and shall he "irranred in rows parallel to the axis of IiL pipe. I he p,'rforations shall be
approximatlh 3 inchcs (75 mmit centet 0a center alotng he iovs. '(le spigot end of hell
aad .pirot pire nia. re unperfor:ed frr :, length cqiti ,a thc depth of the socket.

5.1.1 IV rows of perforations ,vill le arrangtd it t1o equal lroups placed .ym
metrically on either side of a lower mor- loiated set..1-tit c'-rresponditg to th- flotnline
of the p'pe. Thte ,,pacing of the rows shail Fe lijtifoiri. Ilhe d,stanm.c t'cteen the c:etiter 
lines of rovs hall be not less than I inch (:5.4 mm).

5.1.2 "hr minimum number Ul ho-igitudinal rows of perforations, the inlxit;It1:t 
heights of the certerlines ot the uppernatl. rows above the bottom ctf the inverts ,nd the
mr'stle surtace chord lengths of the unpertorated iegnienttts illustrated in Figure I shall Ie 
as specified in Table I. 

...
....
..
.
 . . .. ..\ ...

. . . . . . . . . . ! 
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Fig R,.,. P N.,.erln.. f ',.. 

i t, ,,., . . 



? sIICIFICA'rlr)NS FOR HIGHWAY MATERIALS M175 

TABI.E I
NIainluni l leig., "11"of the Cenlerline of the Uppermost
 

Ross Aoe the ttltom of the Invert and Minimum
 
L.engths of nner Surlace I." olL iperforated Segments
 
IIItln. Poisn Rn..; ,lo It L 

I . h', III. tethm,wi., I..is|mul % trm) Inhcs (mmn 

4 1.2 I1 1461 2',, 158)6 1'21 4 2, 111) 1 
4h (88)

N21i1 4 .,,,,141 55l-; (130)111 4 4 116) 6?j(16412 ;1l4 6 1' 1411o 7''to1195)Is sill I 6', Iit 9*. 4244)II J'87 1 'Ilta1 I1l, 294)2I sti, t I 244- I'j (143)24 hill, II _ 2791 W.l (392, 

TABI.. 2 
Requirements for Length anti Spacing of Slots 

Nomml. Sitc. Iteri.,i, I'llihol Spacing ofDlmilttr. in trimlif %hliti.,(mini 
 %lots-in. (mrm, 

4- .21 1 12,.4) 3176)&Alq2Ii II IN.11 3 i761t 111t 
 2 Ist0No 4 (1021 
III 2'4. 2 511.No 4 (1112)12 ilt.14l t6l , 1I '762) 61152)6 
I 13KI). 1 6
16(4116) 
IN 1447) 

1 6 
1 6
 

211, 6H . 6 
21 Al1, 
 1 624 W6ilt 3 t27 ,h16,
tndlatV.,r 4 '1021 6 

%cc .2Ilorv pIutritlist.rphtin nd plI. 

5.2 7"-ir2-Slo' sll fe circumferential in direction, not more than n',in.14.76 mm) to lcs than 1,i (; IN mini in width, ind of the lengths sihown in Table 2.
There shall hie1o roo5,,, 165 dee.(if silt%. ,spaced and centered, in the case of ellipticall)
reinforced pipe, ahoti the Iiinot ,is of the acinlhrcing Slots %hill be -,paced a%shown inTlhlc 2. exLepi as moditied heein' for pldin.entid pipe 1he distance from the spigot end, 
or from Ihe ider of ile ,Ti to Ih plr (if slots shall heend. r,,t not more than

I in. 25.4 ini) ereater tiianIhL 'IlLiied ',l.in less than I in.125.4 mini less than
spalig. nor 

the opecifiedloispacing.SIots shill Lontinie 
at tiiiforii length%pacing along the entire of
 
the barrel.


5.2.1 Slol' in plain-end Pipe 1hall he .. '.1105n in lahle 2 except that smallerpaLed as 
%pacingshall he ned ishere Inic',.ir litprooide not less ilrin three equall% spaced slotsin each rtlw Slot., %1all he Leniered osili respCLt io the end-, of the pipe ind there ,hallhe nlt litire than file spe.ilied stilt sptcing from the pipe end to the first pair of slots, or 
less than one half of the slot sl:llng cinploed. 

PERMISSIIILE VARIAIlON IN DIMENSIONS 
6.1 "lhe pertttis.ihlc '..i jaln in Lircular perforation ,17e or slotwidth oshall he

asI %petlied in S. lerhoilhIn'. Slt length. ma ie s aried - II in. I6 15 I1nis or - I. in.
13,18 I1n111.\artatlon tn i)\%,.pa.ng, or in the spacing of holes or %lit' in an% rtu., Ind)he - I iin. (12 7 n1 7 e\ccpt as may be requiied to provide speoilied cover hl feln
forcing steel. 

JOINTS 
7.1 'hie ends of the pipe sh.all he %ofirmed thaI when the pipe are laid t,.:&ih, r and

joined, heios illntk, ,i tInlintlotus and uniform line of pipe vit i nusoth ndt,..'I:I:.r
Intel dsirfa.ce. Ihe 1 ttinto, shall he (it slch design as will pernt eIIcwti'e r la.lCv,:. Itith. out applpeiable iregularities, in Ihe flow line. 

http:dsirfa.ce
http:Inic',.ir
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INSPECTION 
8.1 Each length of pipe shall be subject to inspection at the factory, trench, or other 

point of delivery by a competent inspector employed by the purchaser. The purposes of the 
inpection shall be to cull and reject pipe that, independent of the physical tests herein 
specified, fails to conform to the requirements of these specifications. 

REJECTION 

9.1 Pipe shall be subject to rejection on account of any of the applicable causes 
for rejection listed for the type and class of pipe specified, or 

9.1.1 Variations in dimension exceeding those specified in 5. Perforations, and 6 
Permissible Variation in Dimensions, or 

9.1.2 Any spall more than 1. in. (19.05 mm) in diameter or Fo in. (4.76 mm) In 
depth caused by making perforations or slots. 

MARKING OF REJECTED SPECIMENS 
10.1 All rejected pipe shall be plainly marked by the inspector and shall be replaced 

by the manufacturer or seller with pipe that will meet the requirements of these specifica
tions, without additional cost to the purchaser. 

REPAIRS 
11.1 Pipe may be epaired, if necessary, because of occasional imperfections in 

manufacture or accidental injury during handling, and will be acceptable if, in the opinion 
of the purchaser, the repairs are sound and properly finished and cured and the repaired 
pipe conforms to the requirements of these specifications. 

-0 

Standard Specification for 

Concrete Drain Tile 

AASHO DESIGNATION: M 178-65 
(ASTM DESIGNATION: C 412-65) 

SCOPE
 
1.1 This specification covers nonreinforced concrete drain tile with internal diameters 

from 4 to 24 in. 

CLASSES 
2.1 Drain tile manufactured according to this specification shall be of the following 

three classes: 
2.1.1 Standard.Quality Concrete Drain Tile, intended for land drainage of ordinary 

soils where the tile are laid in trenches of moderate depths and width%. Standard-quality 
concrete drain tile are not recommended for use where internal diameters in excess of 12 in. 
are required. 
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2.1.2 Extra-Qui.. t' Cv(-iti.i Drain Tile, intended for land dr'untie of ordinary
%oils wnere the tile are laid in trenches of considerable depths or widilts. or Loth. 

2.1.3 Spe'ial.Qualty C01n, IV. Drain Tile. intended for land drainag where special 
p'ecauttons are necessary fi. Lit. tie tile laid in soils that are markedly acd oc, contain 
unusual quantities of sulfat., t,:c Section 9). aind where the tile are laid in trenches -if 
considerable depths or width,;r('th (Note I . 

.NotL I.-Wher the calculated la1, Alte in excess of the crushing strengths presciitied in Table 3. 
fit strengths must be specified in advance he the pure.hasur. 

BASIS OF PURCHASE 

3.1 The purchaser shall specify in 'cruting the class or classes of concrete tile to be 
supplied, whether Standard-Quality. i- tra Qualilt or Special Quality. Unless Extra.Quality 
or Special-Quality concrete drain tile ha%e been -ipiulated. Standard-Quality drain tile shall 
be accepted. 

BASIS OF ACCEPT4,CF 

4.1 The acceptability of ,,ra r tile hill I- determined by (1) the results of the 
physical tests as specified in Section It and in the %leliutd%of'Test for Determining Physical 
Properties of Concrete Pipe or liit' . A\%iHfl F i1 t21 measuremi-nts and inspection 
to ascertalin whether tile tile ct'nfnrm to iti reircet'r.I. regarding dimen.ion%. shape, and 
freedom from visible detects, and iI the mar it .:irrr's certification in wriing that the 
tile have been made in accordn:e %kithan%- sree, ii rm, '-tons, such as strength, absorption, 
permeability, type of cement admixture. cuirtnr i indtions, etc. 

MATERIAl2S 

CONCRETE 

5.1 The concrete shall consist of portland .emetm. mineral aggregales and water, 
and may include admixtures and blends as descr':d in Section 8. 

CEMENT 
r6.1 Portland cement for concrete drain tile shall conform to the requirements o 

the Specifications for Portland Cement (AASHO N! 91; 1. or shall hr air-entrining portlane 
cement conforming to the requirements of the Snx'thcations for Air-Entraining Portlanc 

ement 1AASHO M 134), or shall be portland bla, i-furn.-c slag cement corlorming to the 
iequirements of the Specifications for Portland Blast-Furnace Sl. g Cement AA-SlO NI 151) 

AGGREGATES 

7.1 The aggregates for concrete drain tile shall conform to the Sri:ifications for 
Concrete Aggregates (AASHO N1 6 and N180). except that the requirement, "Ir gradation 
shall not apply and a loss of 501'% in the Los Angeles Test shall he permited 

ADMIXTURES AND BLENDS 

8.1 Admixtures or blends that have been proven to impart desirtle properties to 
concrete drain tile may be used with the approval of the purchaser. 

CHEMICAL REQ'IREMENI 

ACID AND SILFAI L RE.%II'ANC.L 

9.1 The Ir, .e' it.t p,.- special scouit ntnents in etiler to ,n." .i.t in: duraihil) 
of tile drain tile , s* iv,' ' -ie soili, s,;,%ii ci, or drairtwj.. ' thr. ire marl,...llyin %ki:s 
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acid (Note 2) or cnntain unusual quantities of soil sulfates (Note 3). Without a specificagreement in advance, no drain tile shall rejected by reason of itsbe composition as 
determined later by chemical analyses.

9.2 Concrete drain tile that will be installed in markedly acid soils shall meet the
physical test requirements given in Table 3 for Special-Quality concrete drain tile. lie that
will be exposed to unusual quantities of soil sulfates shall meet the ph5slcal test require
ments given in Table 3 and shall be made with sulfate-resistant cement%

9.3 Type V portland cement shall be used where high-sulfate resistance is required,
and types It and IIA portland cement shall be used for general concrete construction 
exposed to moderate sulfate conditions. If mutually agreed by the manufacturer and the
purchaser, other ceri.nts, as described in Secion 6, that have l'een proven to be sulfate 
resistant may be used. 

NOTE 2.-Soils or drainage waters with a pit of 6.0 or to,,er may be considered to be markedly acid. 
NOtE 3- Where the sulfates are chiefly sodium or magnesium, singly or in combination, unusual 

quantities of these sulfates may be assumed to be 3000 ppm (0 30 per ,en) for soit or &oil water. 

PHYSICAL TEST REQUIREMENTS 

PHYSICAL TESTS 

10,1 The physical properties of concrete drain tile nall conform to the requirements
specified in Table 1, or, when specified by the purchas-" in advance, they shall conform 
to the requirements given in Tables 2 and 3. 

M 178
 
TABLE I
 

Physical Test Requirements for Standard-Quality
 
Concrtle Drain Tile
 

Sta. dmad.Quatliy Concrete Drain Tile 
Three-Edge Hearing Absorption, boiled 

Nominal Crushing Strength-. . 5 hr . ..
 
Insde Minimum MatlinimDiameter, Minimum Maximnumfor Indi- fot Indi.in. Average. vidual Aserige, siduat

lb per tin ft Tile. Ib per cent 
% 
Tile, 

per in ft per cent 

4 ..... 900 80) 700 10 it 
6 ....... 900 800 700 in II 
8. 910 I 800 700 10 I 

to ... 900 800 700 10
12b. 900 800 700 10 It

i 

- Drain tile meeting ihe above strengtl requiremoents not necessarilyaresafe against cracking in deepand wideirenches
bTile with nominal diametrs greater than 12 in. should i'eei the re

uIrements spetificd in Table 2 for Extra-Qualiy or iii fable 3 for Special-Quality concrete drain ilif. 
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M 178 
TABLE 2 

Physical Test Requirements for Extra.Quality

Concrete Drain Tile
 

Extra.Qualhty Concrete Drain Tile 

Three- hdle 
Bearing (rushine Absorption.

Sirengih, boiled 5 hr 
Nominal Nom. 

Inside inal Mini. 
Diameter, Wall Mini. mum Maxi. Maxt. 

In. Thick- mum for In- mum mum 
nest. Aser. dividual Aver. for In-
In ige.lb I Ile.Ib age, dividual 

per in per lin per cent Tile. 
fI it per cen 

4 , 1100 990 9 10 
5* 1100 990 9 10 

6 0t I 9 10ll10 190 
s5 IlOO 990 9 lU 

10 i% 1100 990 9 tO 
12 1 () I 990 9 Ill 
14 Vi 1110 990 9 It) 
15 t00 990 9 10 
16 t1 tl10 I 990 IO 
IN I II 1210 I 10 0 9 10 
20 I j 1100 1170 9 10 

1I, 


21 l 4 - 1400 1260 q 10 
24 2 160(K 14410 9 10 

For iuds in euts ofthe suppiming srenglhs shown in the aboe table, 
tile nha)he supplied using designs inkoling the increise of %illthickness or 
the useofhigher strength concrete 

drain the 
strength as shown in Table I. Column A, or the three-edge bearing crushing strength and the 
5-hr boiling absorption as shown inTable I.Column B, shall meet the requirements given 
in Table I. No absorption tests are requited if the strength requirements of Table 1, 
Coliinn A, are mel. 

10.1.1 For Standard-Qualty concrete tile. three-edge bearing crushing 

10.1.2 For Extrit-Oualhty concrete drain tile, the three-edge bearing crushing strength 
and the 5-hr boiling absorption %hall meet the requirements given in Table 2. 

10.1.3 For Spectal-Quality conjcree drain tile the requirements shall be as follows: 
10.1.3.1 The three-edge-bearing crushing strength shall meet the requirements given 

in Table 3.or the higher specified load. 
10.1.3.2 The 5-hr boiling absorption shall meet the requirements given in Table 3. 
10.1.3.3 The 10-min, room temperature soaking absorption shall meet the requirements 

given in Table 3. 
10.1.3.4 The hydrostatic test shall be made, when demanded, in lieu of the 10-min 

room temperature soaking absorption tests. The leakage shall not exceed 3 liters in 10 min 
per m of length of tile for all diameter sizes. 

10.1.3.5 For sulfate exposures, sulfate-resistant cement shall be specified (see Section 
9).
 

SELECTION OF TILES FOR TESTS 

11.1 1he drain tile to be tested shall be selected at random by the purchaser or his 
representative at thepoint or points specified in the order. If agreeable to the purchaser, the 
tile may be inspected and tested in advance of shipment. Any additional expense for making 
tests and Inspection in advance of shipment shall be paid by the manufacturer or other seller. 

NUMBER AND COST OF TILE FOR TESTS 

1.1 Each standard physical test shall be made on five individual tile of each size. 
The manufacturer, or other seller, shall furnish tile without separate charge up to 0.5 
percent of each size. The purchaser shall pay for all tile in excess of 0.5 per cent at the 
same price as paid for other tile of the same size and quality. 
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M 178 
TABLE 3Physical Test Requirements for Special-Quality Concrete Drain Tile 

Special-Quality Concrete Drain Tile iFor tile exposed to corrosive waters) 

Absorption 
Nominal 

Inside
Diameter.

in. 

Minimum 
Wall

Thickness.
in. 

Minimum 
Individual

Three-Edge. 

Crsin& 
Strength.*

Ibper tin ft 

Boiled 5 hr 
Maximum 
Ma u 

Maximum for Indi. 
Average. vidual Tile. per cent per cent 

Soaked 10 
mmat Room
Temperature 

aximum 
for Indi. 

vidual Tile, 
per cent 

Sulfate Exposures 

6........... .6..
8... 

10...... ......... 112.......... ... .I
14 ......... 214 

100 
1100
1100 
1100 
1It()
11001100 
2200 

8 
8 
8 
8 
8
8 

93 
9
9 
9 
9 
99 
9 

3
3 
3 
3 
33 
3 

For sulfat exposures'
sulfate-resstant ce.ments should beapec.
ified (seeSection 9). 

18 ............. 
0............20.............. 

. 
1 54 

1200 
1200300 

8 
88 

9 
9 

3 
33 

21....24 . 1400
2....1600 8

8 1 
9 3

3 
-For loads In excess of the support strengths shown In the above table, tile may be scpplied using dtsigns involvingthe Increase of wall thickness or the useof higher strength concrete. 

RETESTS
 
13.1 Should the tile first selected fail to conform to the test requirements, the seller may, at his expense, cull the tile and have other tile selected for retest from the remainingstock. For such retests, the number of tile shall be ten for each standard physical test.In the event of failure of the tile after retest, the tile shall be rejected without further test.The manufacturer, or other seller, shall pay all costs for any retest demanded and made. 

SHAPES, SIZES, .AND PERMISSIBLE VARIATIONS 

SHAPE 
14.1 All drain tile shall be circular in cross-section. except when otherwise specified

in advance. They shall be approximately straight, except in the case of special connections.The ends of bttt-end tile shall be so regular and smooth as to readily admit the makingof satisfactory close joints. Other than butt-end tile may be furnished when mutually
agreed between the manufacturer, or other seller, and the purchaser. 

NOMINAL DIMENSIONS AND PERMISSIBLE VARIATIONS 
15.1 Permissible variations of the nominal dimensions of diameter, length, and wall

thickness, are as follows:
15.1.1 Minimum internal diameters shall not be theless than nominal diametersby more than 1%in. for 4- and 5-in. tile, I' in. for 6- and 8 -in. tile, !/2 in. for 10- to 14-in.tile, % in. for 15- to 18-in. tile. and I', in. for sizes of 20- to 24-in. tile.15.1.2 The nominal length of drain tile smaller than 12-in. diameter shall be not lessthan 12 in. Tile of 12-to 24-in: diameter, inclusive, shall havc nominal lengths not less thanthe diameters. The underrun of individual tile shall not exceed 3 per cent of the nominal 

length.
15,1.3 No wall thickness is specified for Standard-Quality concrete drain tile where thecrushing strength and the absorption tests are used to deterhiine the tile quality. When onlythe crushing strength is used to determine Standard.Quality tile, then the wall thickness forStandard-Quality tile shall not exceed the nominal shell thickness given in Table 2 by morethan 25 per cent. The wall thickness of Extra-Quality concrete drain tile at any point shallbe less than the full thickness specified in Table 2 by morenot than '/'u in. for tile having 
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inside diameters of 4. 5, and 6 in., *'. in. for tile having inside diameters of 8 and 10 in.,and INin for tile having inside diameters of 12 to 24 in. The minimum thickness of Special-
Quality drain tile walls at any point shall be not less than shown in Table 3. 

INSPECTION 

GENERAL PROPERTIES 

16.1 All drain tile shall be given a thorough inspection at the agreed delivery pointby an inspector approved by the purchaser, unless a satisfactory inspection has been madein udvance of delivery as specified in Section 12. The purpose of the inspection shall be to 
determine whether the tile, independently of meeting the physical test requirements, conform 
to the specifications as regard% shapes and sizes as prescribed in Sections 14 and 15, and 
to eliminate defective tile as defined in Section 17. The manufacturer, or other seller, of thedrain tile shall afford the inspector all reasonable facilities for his work. both as to the selec
tion of tile for tests and a, to inspection of the tile. Inspection shall be completed and
repoiled promptly and full reports of all tests and inspections shall be furnished the manu
facturer or other seller on his request. 

DEFECTIVE TILE. 
17.1 Drain tile that. when placed in a vertical position, do not give a metallic ringwhen strucK ith a light metal hammer, or that are observed to have cracks that extend 

through the tile wall and are of a length in excess of V, in. or other defects that may impair
the tile strength shall be discarded without further test Outside surface irregularities that do 
not affect the tile strength shall not be considered reason for the rejection of the tile. 

REJECTION 

18.1 The inspector shall plainly designate all drain tile that he rejects, and suchrejected tile shall he removed promptly by the manufacturer, or other seller, from any job 
to which the tile has been delivered. 

TEST METHODS 

Absorption Tests 

TEST SPECLMENS 
19.1 Specimens for the absorption tests shall be selected in accordance with the 

following provision%:
19.1.1 For tile with nominal inside diameters of 12 in. or less. and nominal lengthsof 12 in., the absorption tet shall be made on one full-length quarter segment taken from

each of the five tile broken in the strength test, constituting a standard sample as defined
in Section 12. By quarter .egment is meant one of the four pieces into which a tile usuallybreaks in the strength test If a tile breaks in such a manner that a satisfactory quarter
segment cannot be ubined. then the absorption test may be made of two or more pieces
that approximate the area of a quarter tile of that size, selected so that both ends and the 
center portion of the tile are represented. The average absorption of the pieces so selected 
shall be considered the absorption for that tile.19.1.2 For tile with norinal inside diameters or lengths in excess of 12 in.. the
absorption test shall consist of three pieces, one of the pieces shall be taken from one end
of the tile, another piece from the opposite end, arid the third piece from near the center.

he specimens shall he tire full thickness of the tile. broken or cut from the tile broken in thestrength test. Each %pc.imcn lall have a ninimum area of not less than 25 sq. in , as
measured on one barrel ,urfa.v. The average absorption of the three pieces shall be coit
sideied the abiorpitn fir that ii t. 

19.1.3 All absorplion test specimens shall be apparently sound, solid pieces of the
tile uind sh ill nit show :r icki or badly shattered edge%. 
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19,1.4 The average absorption for the Standard.Quality tile and for the Extra-
Quality tile shall be the average of the absorption tests for the 5 tile constituting thestandard sample as defined in Section 12. or the average of the absorption tests for thestrongest and the weakest tile as measured by the crushing strength of the 5 tile of the 
standard sample. When drain tile fail to meet the absorption test requirement as computed
by averaging the absorptions from the weakest and the strongest tile of a standard sample,
then the average absorption test shall be computed by averaging the absorption tests from allthe five tile from the standard sample. The average absorption for the Special-Quality tileshall be the average of the absorption tests for the 5 tile constituting the standard sample. 

PROCEDURE
 
20.1 All tests shall be made in accordance with the Methods of Test for Determining

Physical Properties of Concrete Pine or Tile (A.ASHO T 33). 

0-

Standard Specification for 

Clay Drain Tile 

AASHO DESIGNATION: M 179-67 
(ASTM DESIGNATION: C 4-62) 

SCOPE
 
1.1 This specification covers drain tile made from clay, shale, fire clay, or mixtures

thereof, and burned. In this specification, the term drain tile ot tile shall mean tile made 
only from these materials. 

CLASSIFICATION 
2.1 Three types of drain tile are covered: 
2.1.1 Type I, Standard Drain Tile,
 
2.1."Type I1.Extra-Quality Drain Tile, and
 
2.1.3 Type III, Heavy-Duty Drain Tile 
2.2 Unless otherwise specified by the purchaser, Type Itor Type III Dirain Tile shallbe accepted in lieu of Type I Drain Tile, and Type IIlDrain Tile in lieu of Type i.

Type I Drain Tile may be furnished and shall te considered As meeting thesu specifications
unless another class is specified by the purchaser. 

PHYSICAL REQUIREMENTS 
3.1 Drain tile shall conform to the ph)sical requirem-rts for the class spelified as 

prescribed in Table I.
3.Z Waiver ot Ahsorption Requirenents, Reqtirementt prescribed in Tahle I for 

water tbsorption (5-hr boiling) shall be waied provided i sample cronsislmng of livedrain tile, meeting all other requirements, shows no dointegri tion or %pallingand no lo
in dry weight of any individual tile greater than 5 per cent %tien subjected to the freez,ig
and thawing test, made as prescribed in AASIIO T )I 1he lumber of ,:ycleo of irceLaij,
and thawing to which each class of tile shall be subjected are. 

Nurnbt t 
I ydc C,del 

I S,l i iid . 

:IIt I .is-hly .4b
 
".Thitb[ IWt. II'hitn1 Cowit onN 
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TABLE I 

Physical Test R quirements for Clay Drain Tile 
-_____
 

Szn-brd flra-n Tile Lotra-Quality Dr.,n ile Heav%-Duty Drain Tile 
I , NI.,,shnun: 1€t.. M.,%a.n, %%.ater MaximumWater8,os,,l,,.,n

Internal Dt.eleer 
C rllh. I At.orpl.n h, faloti.rn.( rush. Ab-tl'lsln b) Mtinimum Crush- Absarainu .trLnth* 5 hItr .1IsL" ion byait St..nph.-


of I i'e.in. a 
5-h, lhl,lng.b ing Strength.* S-hrB.'ling. ilb per In (I ter.ent1 t Ir n It I%a -nt lb tcr Ian ft er cent 0 

je . .- 4era.' I A crare Ascrap- Ascrare Aseragef.n e Inul'iadalI ofI hin.lt.Iu.l o fisa, Indi...dual of h- I,,dla-lul ,, li, Indidual of iC Indatidualfle 
 . Tile itle ,le Tile
4 I " -- - an.... 13 -6 11,K I 990--I6 t'611 39t a-- t260 Is 13
 
6 ) 6810 I3 13
W....I 
........... 610 13 

16 1111 I i 23 4111 126 ii 13
016 990 II 13I00 11111 13511 II 13 0
 
IN ... ... I3
ID............... I ~_11 13 16
6H1 13 16 17am. 9911 i is 111..11 13I I ' Isat 1............. i4w i II :3

14 11I1 6110I I I / 16 Itlisat 9911 I I 
I ll0 720 Ii 16 ItlI) 990 II I 1771t 15311! II ISas .. .. I 70 I 740 Ii 16 

I4 113i 11.61) II II10311 103t) II II 
 I t 17110 I! 1iI12l1
16 
1OI) II I at 22110t is" II 132... I I " 
 140. I13.* II I 3.1'M24 ... .I 2410 II Ii1600 1440 I
27... . .. iI II I It 5l 271Mi II > . , 111111O 1620 II 13 3%91 35 iI 13310
 

*Strengths of'sizre not listed nmybhe interpolat~ed between tabualar values or sizesand strengthsbIn or the nearest litcads,,a~.rcase ltlefails to meet absorption reqwrements. see SmitOn 3.2. 
> 

:

%C 

http:faloti.rn
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3.2.1 If tile meet the requirements of the freezing and thawing test, the averagepe.entage absorption of the specimens used in the test shall be adopted as the maximum
allowable average absorption for the contract in question. At least 80 per cent of all tile 
tested shall meet the requirements prescribed in 3.2. 

SIZES 
4.1 Sizes of drain tile shall be designated by their inside diameters. 
4.2 Drain tile smaller than 12 in. in diameter shall have a nominal length Cfless than apprcximately 12 in. Tile 12 

not 
to 30 in. in diameter, inclusive, shall 'lave nominal

length% not less than their diameters. Tile larger than 30 in. in diameter shall have a 
nominal length of not less than 30 in. 
MATERIALS, WORKMANSHIP, AND FINISH 

S.! 1-i .,nee in drain tile of any minerals or chemicals that are known to causeslaking or disintegration of the tile shall be deemed valid grounds for rejection, unless 
satisfactory proof is submitted that the tile are durable and permanent.5.2 Drain tile shall be free froni cracks, checks, or chips extending into the bodyof the tile in such a manner as would decrease the strength appreciably. There shall be no breaks in the tile that would admit earth into the drain.

5.3 Drain tile shall be reasonably smooth on the inside and shall bc approximatelycircular in cross-section, except when otherwise specified in advance. They shall beapproximately straight, except in the case of special connections. The ends of butt-endtile shall be so regular and smooth as to make possible close joints by turning and pressingtogether the ends of adjoining tile. Butt-end tile shall be furnished unless otherwise specified
by the purchaser.

5.4 Drain tile shall conform to the general physical characteristics prescribed in 
Table 2. 

INSPECTION AND REJECTION 
6.1 All drain tile shall be given a thorough inspection by a competent inspectorapproved by the purchaser. The tile shall be inspected at a location and time agreed

upon by the purchaser and seller. The pitrposes of the inspection shall be to (I) culland reject imperfect individual tile. and (2) determine whether the tile, by visual inspection,
meet the requirements set forth in 5 and 6.6.2 Drain tile in a dry condition shall give a clear ring when held free of theground or tipped on edge, and tapped lightly with a hammer that has a head not ex
ceeding 4 oz. in weight.

6.3 The seller may appeal from decisions of the inspector when such decisions are based on visual ii-.- tion alone, in which case the point of issue shall be determined
by standard physicAt teiti made in accordance with AASHO T 33. Costs of such testsbased on an appeal be paid by the seller if the tests confirm the inspector's decision; otherwise, thr its shall be paid by the purchaser. 

TABLE 2
Disinctive General Physical Properties of Clay Drain Tile 

Extra. Heavy.
Standard 9uality UulyPhysictI Propenics Specified Drain Drain Drain 

Tile 1 Ile Tile 
Permissible %anaionof averagediameter below specified diameter.per cent . 3 3 3Permissible vdrtion between miimum and minimum diamelers or same tile. percentageof thicknss of wali 75 6 6Permissiblevitiation of average length below rrmnufacturer's specifiedlengii pL.rLent
Per, .. r -. ., ss percentageoflengih 

1 
3 3 

3 3
3P. -,5,r,, .. , , ,, lunps and flakes which do 

... .i ,., i..r peiLintigc of ihickness of 

P.rn+shle dl.mnCelrs of.thoie bliers, lumps, and flakes, perceniage", 15WI tmde diieicr iS tO 10I ,LtLr., insplttlo n . rigid veryrigid ery rigid 
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6.4 "Ihe iiisl-cetol shall plainly mark all rejected dridin tile, which shall be removed 
promptly by ttir .lierat the expense of the seller. 

6.5 No dtain tile shall be rejected by the purchaser on the basis of physical tests 
unless the labeiat.lsy lost report ismade asailable to the seller. 

SAMIPLING AN) IESIING 

7.1 Tile shall be tested in accordance with AASHO T 33. 
7.2 For piIposts of the test, full-size. unbroken drain tile shall be selected by the 

purchasei or b) his authorized representative. Specimens shall be represenative of the 
whole li:i of til tm which they are selected, after culling undesirable tile which fail to 
meet vist itinspection equirements. The place or places of selection shall be designated
when the pUR.i1sC Vider is issued. rhe manufacturer or seller shall furnish specimens for 
,est without charge. 

7.3 Each specimen shall be so marked that it may be identified at pny time. 
7.4 Unlesi olierwise specified in the purchase order, costs of tests shall be paid as 

follows: 
7.4.1 If rc,ults of tests show that tile do not conform to the requirements of these 

specifications, th,,,ostshall be paid by the seller. 
7.4.2 If results of tests show that tile do conform to requirements of these speci

fications, the cost shall be paid by the purchaser, except that in the case of the freezing
and thawing t,,ts, when specifically requested by the seller in order to justify waiver of 
absorption requirements, the Lost of tests shall be paid by tne seller. 

7.5 Should the standard sample of tile selected as prescribed in 7.1 fail to conform 
to physical req.iremenis prescribed in 3. the seller may, t his expense, cull the tile and 
have other tile ,eected for retest from the remaining stock. Selection of specimens for 
t!e pilp',se of iC.est %h;II be made as prescribed in 7.1 and 7.2, except that the number 
ot tile ,stampled bc ten per standard ph)sical test. If the tile s e Ltet fail to meet the 
rrqLirements in the retest, the lot may bo rejected by the purcha.,r as not meeting these 
specifications. 'I he seller shall pay all costs for any retesting he demands. 

SELECIION OF SPECIMENS 

8.1 Crushin1 Strength Tesls 
8.1.1 Five unbroken, full-size drain tile of each specified size shall be selected for 

tesling.
8.1.2 Dtim tile with nominal inside diameter of 12 in. or lss shall be immersed 

in ssatet for at least I hr and not more than 2 hr immediately prior to testing. Tile with 
nominal inside diameters gr.ater than 12 in. may be tested without wetting but shall not 
be dried except as may occur in complying with the provisions in 8.1.3. 

8.1.3 No ,pecimen of tile shall be exposed to water or air temperature lower than 
4.4 (740 F) :rom the beginning of wetting until tested. Frozen tile ahal! be completely
thawed before being tested. 

8.2 Absorption Test. Test Specimens shall consist of segments taken from each of 
the fivetile biken in the strength test. 

BASIS OF A( CEPTANCE 

9.1 Acepiability of the tile shall be determined by (I) measurements and visual 
inspection as pre ,cribed in Sections 6 and 7, and (2) compliance with the physical require. 
ments as rrecribed in 3. 

9.2 Accept mne of drain tile as satisfactorily meeting one of the two general require. 
nents in 9 ' IAt.l;in no %ay be construed as a waiver of the other. 
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Standard Specification for 
Corrugated Sheet Steel Beams For Highway Guardrall 

AASHO DESIGNATION: M 180--70 

SCOPE 
1.1 This specification covers corrugated sheet steel prepared 	 in

highway guardrails. Two classes and four types of guardrail are provided 
for use as beams 

as follows:1.1.1 Classes 
Class A-Base metal nominal thickness--.105-.
Class B-Base metal nominal thickness-..O.135,,


1.1.2 	 Types
Type I-Zinc coated, 1.80 ounces
2Type -Zinc per square foot, minimum single.spot.coated, 3.60 ounces per square foot, minimum single-spot.Type 3-Beams to be painted.

Type 4-Beams of corrosion resistant steel.
 

BASIS OF PURCHASE 
2.1 Orders for guardrail under this specification shall include the following informa.tion, as required, to described adequately the desired material.2.1.1 Quantity (linear feet or number of pieces)
2.1.2 Class of Guardrail 
2.1.3 Type of Guardrail2.1.4 Effective length of beam sections (12'-6'2.1.5 Exceptions 	 or 25'-0")to this specification, or special requirements, if any. 

BASE METAL MANUFACTURE 
3.1 The beam elements shall consist of sheet made of open hearth, electric furnace,or basic oxygen steel.3.2 Mechanical Properties3.2.1 The mechanical properties of the base metal for beams shall conformfollowing tensile requirements: to the 

Yield Point. minimum, 50,000 psi.Tensile Strength, minimum, 70,000 psi.Elongation. 2 inch, mininjum, 12 percent.3.2.2 Test specimens for mechanical propertiesspecified in ASTM 	 shall be prepared andA 525 exc.'pt that correction 	 tested asfor thicknessshall be 0.003" for Type I beam and 0.006" for Type 2 beam. 
of zinc coated specimens 

3.3.1 Chemical Composition3.3 The chemical composition of the base metal for Type 4 beams shall beapproved by the Engineer.	 as 

SHEET OR BEAM THICKNESS 
4.1 The nominal thickness for 	 the finish-;

reuuirements as prescribed in Table 1. 
henm or sheet shall conform to the4.2 For fabricated beams, thickness measurements 

of ,he cross-section. 
will be made on tangent portions 

SHEET WIDTH 
The .beam elements'shall5.1 	 be furmed from sheets having19 inches. Tolerance from the nominal width of minus % inch will be 

a 	 nominal width of 
permissible. 
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Nort: The requirements of paragraph 5.1 are intended to define the minimum width sheet permissible. Calculation of exact width dimensions from figure I shows that the finished product mayslightly exceed 19 inches. However, the dimensions of figure I can be met within allowable tolerances
by using the 19 inch width. Use of sheets slightly greater than 19 inches wide Is permissible provided
the tolerance In Figure I are met. 

GALVANIZED BEAMS 

6.1 The beams may be galvanized before or after fabrication. The zinc used for the 
coating shall be as prescribed in AASHO: M 120, and shall be at least equal to the grade 
designated as "Prime Western." 

6.2 The weight of coating shall conform to the requirements prescribed in Table 2 
for the types specified. The weight of coating is the total amount of galvanizing on both 
sides of a sheet or beam. expressed as ounces per square foot of sheet. 

6.3 The sheets or beams shall be of prime finish, that is, free from injurious defects 
such as blisters, flux, and uncoated spots. Uncoated edges resulting from shearing or 
punching will not be considered objectionable.

6.4 The coating shall be smooth, free of beading .or sharp projections along the 
edges and shall adhere tenaciously to the surface of the metal. The adherence of the 
zinc coating to the surface of the base metal shall be determined by cutting or prying
with a siout knife, applied with considerable pressure in a manner tending to remove 
a portion of the coating by paring or whittling, and it shall not be possible to peel any
portion of the coating so as to expose the base metal. 

6.5 The test specimen size and method of tests for determining the weight of coating
shall be as prescribed in AASHO: T 65. At the option of the Engineer, material may be 
accepted on the basis of magnetic gage determinations made in accordance with ASTM: 
E 376. 

PAINTED BEAMS 

7.1 Beams which are to be painted shall be cleaned and shop painted with one 
coat of an approved, rust-inhibitive primer. The primer shall have a tough and durable
surface and shall be thoroughly dry before the sheets are handled or packed for shipment, 

CORROSION RESISTANT BEAMS 

8.1 Beams of corrosion resistant steel shall be painted or galvanized. They shall be 
so handled and stored that the traffic face of these beams, used in a continuous run of
 
guardrail, shall not show a distinctive color differential.
 

TABLE I 
Beam or Sheet Thickness 

ClassA ClassfB 

Type Tolerance under Tolerance underThickness specified thickness, Thickness specified thickness, 
(inch) inch. No limit for (inch) inch. No limit for

over thickness over thickness 

I .... ............... 0.108 0.009 O.138 .OlO

2. ............. ... 0.111 0.009 0.141 0.010
3... ........... 0.105 0.009 0.133 
 0.010
4 ..................... 0.105 0.009 0.135 0.010
 

TABLE 2 
Weight of Coating 

Type Min Check Limit Mm Check Limit 
Single-Spot Test Triple-Spot Test 

Oz Per Sq Ft Ox PerSoFt i) 

... ........ ..... ....... 1.0 2.00o , 
2.......................... 3.60 4.00 

(I) Ibis requirement applies only when specifically requested. 
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END OR BUFFER SECTIONS 
9.1 End or buffer sections for the beam shall consist of sheet made of open hearth,electric furnace or basic oxygen steel. The section shall be of the same or superior Clanand Type used for the beam to which it is attached or the Engineer may specify theminimum thickness of metal and weight of galvanizing. 

FABRICATION 
10.1 The beams and end or buffer sections shall be shaped and punched in con.formance with the requirements shown in Figure 1. They shall be ready for assembly whendelivered. Only drilling or cutting necessary for special connections and for sampling willbe permitted in the field. Warped or deformed beams will be rejected. Beams toerected on a radius of 150 feet or 	 beless shall be shop curved to the approximate curvatureof the installation. 

CONNECTIONS AND SPLICES 
11.1 All connections or splices shall be formed with oval shoulder button headedbolts to minimize projections on the road sioe of the guard. Bolts and nuts for Types 1, 2and 3 beams shall conform to or exceed the requirementsgalvanized 	 of ASTM A 307 and shall beas specified in ASTM A 153. P'olts and *luts for Type 4 beams shall be of anapproved corrosion resistant material and conform to or exceed the requirements of ASTMA 307. 

WASHERS AND BACK.UP PLATES 
12.1 Washers shall be rectangular as shown in Figute I. Washers for Types 1, 2and 3 beams shall be galvanized in accordance with the requirements of ASTM A 153.Washers for Type 4 beams shall be of an approved corrosion resistant steel. Back-up platesif specified for use at non-splice points shall consist of one-foot sections of beams andshall be of the same Class and Type specified for the full length beams. 

MARKING 
13.1 	 Each beam element shall be identified by the following:


Name or Brand of Manufacturer

Identification Symbols or Code for Heat Number and Coating Lot
AASHO Specification Number 
Class and Type13.2 Markings shall not be placed at such a location that they will be obscured aftererection, or in a manner that the brand will be conspicuous to any traffic. Markings phicedon the traffic face of the beam shall be placed in the valley of the center corrugation andshall he die imprinted with letters and numerals not exceeding one-half inch in height.13.3 Marking material shall be such as to resist obliteration during storage, transportation and erection.

13.4 Markings for end sections and back-up plates may beattached to each section or on durable tags securelybundl.- except that when specified by the Engineer, eachindividual piece shall be marked. 

BASIS OF ACCEPTANCE 
14.1 All material shall be subject to inspection and sampling at the fabricatingplant, warehouse or after delivery to the site of construction. 
14.2 Acceptance by Sampling14.2.1 	 The Engineer may take one piece of guardrail, a back.up plate, and end orbuffer section from each 200 pieces in a lot, or from each lot if less than 200 pieces areincluded therein, for determination of compliance with specification requirements. If onepiece faik to meet, two other pieces shall be tested. If either of these pieces failform 	 to conto the 	 requirements of this specification, the lot of 	material represented by these 
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samples shall he rejected. A lot shall be considered that quantity of material offered for
inspection at one time which bears the same heat and coating identification. 

14.3 Acceptance by Brand Registration and Guarantee 
14.3.1 By mutual agreement betwseen the fabricator and Engineer, acceptance maybe based upon a Brand Registration and Guarantee filed with the Engineer by the fabrica

tor. For acceptance of a brand, the fabricator shall furnish a Brand Registration andGuarantee meeting the approval of the Engineer rnd showing the brand name or designation, the manner in which it will appear on the fabricated beams, the typical mechanical
properties, chemical composition if specified, the class and type of guardrail, and otherspecified properties. The fabricator shall also guarantee that as long as material is furnished
under that brand and designatton, it will conform fully to the requirements of the specifica
tions and shall be replaced without cost to the Engineer when found not in conformitywith any of the specified requirements. The Brand Registration and Guarantee shall 
sworn to for the fabricator by a person having legal authority to bind the company. 

be 
Upon

approval of a Brand Registration and Guarantee, that brand will be accepted without
further certification. If, in subsequent actual field use, there is evidence of misbranding,as determined by random sampling and detection of inadequate tensile strength, yieldstrength, elongation, improper chemical composition, inadequate or improper coating,
deficient thickness or improper fabrication, the material will be rejected and approval forfurther use withdrawn until subsequently reapproved. Samples for tests of any material
offered for use may be taken at any time deened desirable by the Engineer.14.3.2 The manufacturer or fabricator shall make such tests and measurements as 
necessary to insure that the material produced complies vith all specification requirements.
These tests and measurements shall be so identified b the identification symbols or codeused on the beam that the man:facturer can produce specific reports showing these
results. Copies of reports of these 

test 
tests shall be kept on file and shall be submitted to the 

Engineer upon request.
14.3.3 Ihe brand shall be removed or obliterated by the manufacturer or ffibricator 

on all material where control tests, as outlined herein, do not show conformance to this 
specification. 

Standard Specification for 

Precast Reinforced Concrete Manhole Sections 

AASHO DESIGNATION: M 199-70 

(ASTM DESIGNATION: C 478-69) 
SCOPE 

1.1 This specification covers precast reinforced concrete manhole riser sections and 
appurtenances such as grade rings, tops, and special sections up to 72 in. in diameter. 

TYPES 

2.1 Precast risers and 'grade rings shall be of one type, and precast tops shall be
of the following three types: 

2.1.1 Concentric cone, 
2.1.2 Eccentric cone, and 
2.1.3 Flat slab top. 

BASIS OF ACCI:7TANCE 

3.1 Unless otherwise designated by the purchaser at the time of, or before, placing 
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in order. acceptance of precast concrete manhole sections will be on the basis of lest%. 
of materialN, and inspection of the completed product. Acceptability of risers and all t)pcs 
of tops covered by this specification shall be determined by the results of such tests of 
m'sterials a%are required in Sections 5, 6. and 7; by crushing tests on Concrete cores or 
cured concrete cylinders, and by inspection of the finished manhole sections, including 
amount and placement of reinforcement, to determine its conformance with the design 
prescribed in this specification and its freedom from defect. 

MATERIALS 

REINFORCED CONCRETE 

4.1 The reinforced concrete shall consist of portland cement, mineral aggregates, and 
water in which steel has been embedded in such a manner that the steel and the concrete 
act together. 

CEMENT 
5.1 Portland cement shall conform to the requirements of the specifications for Port. 

land Cement (AASHO: M 85) or shall be air-entraining portland cement conforming to the 
requirements of the Specifications for Air-Entraining Portland Cement (AASHO: M 134), 
or shall be portland blast-furnace slag cement or portland pozzolan cement conforming to 
the requirements of the Specification for Blended Hydraulic Cements (ASTM Designation: 
C 595). 

STEEL REINFORCEMENT 
6.1 Reinforcement shall consist of wire conforming to the Specifications for Cold. 

Drawn Steel Wire for Concrete Reinforcement (AASHO: M 32), or the Specification fo 
Deformed Steel Wire for Concrete Reinforcement (AASHO: M 225), of wire fabric con. 
foiming to the Specifications for Welded Steel Wire Fabric Concrete Reinforcement (AASHO 
M 55), or the Specification for Welded Deformed Steel Wire Fabric for Concrete Reinforce. 
ment (AASHO: M 221), or of bars of Grade 40 steel conforming to th, Specifications for 
Deformed Billet-Steel Bars for Concrete Reinforcement (AASHO M 31). or of bars of 
Grade 80 steel conforming to the Specification for Carbon Steel Bars Subject to Mechanical 
Property Requirements (AASHO: M 227). 

AGGREGATES 
7.1 Aggregates shall conform to the requirements of AASHO: M 6 and M 80 for 

Concrete Aggregates except that the gradation requirements shall not apply and a loss of 
50 percent in the Los Angeles Test shall be permitted. 

CONCRETE MIXTURE 
8.1 The aggregites shall be so sized and so graded and proportioned, and thoroughly 

mixed in a batch mixer with such proportions of cement and water, as will produce a 
homogeneous concrete mixture of such quality that the manhole sections will conform to 
the test and design requirements of these specifications. Admixtures or blends may be used 
with the approval of the consumer. In no case, however, shall the proportion of portland 
cement in the mixture be less than six U.S. standard bags (94 lb) per cubic yard (335 kg/ 
11 

) nf concrete. 

MINIMUM DESIGNS 
9.1 The minimum compressive strength of the concrete in manhole riser and top 

sections shall be 4000 psi (2.81 kgf/mm-). The minimum shell thickness shall be one-twelfth 
of the internal diameter of the riser or largest cone diameter. 

9.2 The circumferential reinforcement in the riser and conical top sections shall con
sist of one line of steel and shall be not less than 0.12 sq in. per lineal ft (254 mm2/m) for 
sizes up to and including 54-in. (1372 mm) in diameter, and 0.17 sq in. per lineal ft (359.8 
mm;/m) in larger sizes. 

9.3 Flat slab tops shall have a minimum thickness of 6 in. for risers up to 48 in. in 
diameter and 8 in. for larger diameters. Slabs shall be reinforced with a layer of steel with 
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a minimum area of 0.12 sq in. per lineal ft (254 2mm /m) in both directions. Openings in flatslabs shall be additionally reinfo.red with a minimum2 of the equivalent of 0.20 sq in(129 mm ) of steel at 90 deg. Straight rods used to reinforce openings shall have a minimum 
length equal to the diameter of the opening plus 2 in. (50.8 mm).9.4 The circumferential reinforcement in grade rings shall have an equivalent areaof not less than 0.07 sq in. per lineal ft (148.2 mm 2/m),2 but not less than 0.024 sq in. (15.48mm ) in any one grade ring. 

ALTERNATE AND SPECIAL DESIGN 
10.1 Manufacturers may submit to the purchaser, for approval prior to manufacture,designs other than those described in Section 9. If such approval is obtained, then suchmanhole sections must meet all of the tests and performance requirements specified by the

purchaser in accordance with Section 23.10.2 If permitted by the purchaser, the manufacturer may request approvaldeiigns of special sections, such as reducers and bases. 
of 

PLACING REINFORCEMENT 
11.1 One line of circular reinforcement shall be placed in the center third of the wall.The tongue or the groove of the joint shall contain one line of circumferential reinforcementequal in area to that in the barrel of the manhole riser or top. The nominal location of thereinforcement shall be subject, however, to the permissible variations in dimensions given

in Section 23. 
11.2 In flat slab tops the layers of reinforcement shall be placed near the bottomsurface so that the nominal protective cover over the reinforcement shall be I in. Flat slab

tops manufactured without a joint or other indication of the top or bottom of the slabshall be manufactured with two layers of steel reinforcement, one located near the bottomsurface and one near the top surface so that the nominal protective cover over each layer isI in. The exposure of the ends of the reinforcement shall not be a cause for rejection.11.3 Reinforcement of a given total steel area may be composed of two layers if thelaycr. are not separated by more than the thickness of one cross member plus % in. Thetwo layers shall be tied together to form a single rigid cage. All other specification require
ments such as laps, wulds, and tolerances of placement in the wall of the manhole, risers and 
tops, etc., shall apply to this method of fabricating a line of reinforcement. 

LONGITUDINAIS 
-2.1 Each line of circumferential reinforcement shall be assembled into a cage whichshall ,-ontain sufficient longitudinal bars or members, extending through the barrel of themanule risers and conical tops, to maintain the reinforcement rigidly in shape and correctpositlon within the form. The exposure of the ends of stirrups or spacers that have beenused to position the cages during placement of the concrete shall not be a cause for rejection. 

LAPS, WELDS, AND SPACING 
13.1 If the splicu' are not welded, the reinforcement shall be lapped not less than20 diameters for deformed bars, and 40 diameters for plain bars and cold-drawn wire.The spacing center to center of adjacent rings of circumferential reinforcement in a cageshall not exceed 6 in. for manhole risers and conical tops. The continuity of the circumferential reinforcing steel shall not be destroyed during the manufacture of the manhole 

risers and tops. 

JOINTS 
14.1 The reinforced concrete manhole riser sections, excepting grade rings, shall beformed with male and female ends, so that when the manhole riser and top are assembledthey will make a continuous and uniform manhole, compatible with the tolerances given inSection 23. The joints shall be of such design as will permit effective jointing to reduceleakage and infiltration to a satisfactor) minimum and to permit placement without appreciable irregularities in the interior wall su face of the manhole. 
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MANHOLE STEPS AND LADDERS 

15.1 Manhole steps that are cast or mortared into the walls of riser or conical top
section% shall be aligned in each sertion so as to form a continuous ladder with rungs
equally spaced vertically in the assembled manhole at a maximum design distance of 
16 in., consistent with local safety codes. 

15.2 The ,nds of reinforced concrete manhole sections shall be so formed that whenthe manhole risers and the Ilop are as.sembled they will make a continuous and uniform
manhole, compatible with the tolerances given in Section 23. 

IIFT HOLES 

16.1 When agreed upon by the purchaser and manufacturer, not more than two holes 
shall be cast or drilled in the shell of each riser section for the purpose of handling and 
laying. 

PLACEMENT OF CONCRETE 
17.1 The transporting and placement of concrete shall be by methods that will prevent

the segregation of the concrete materials and the displacement of the reinforcement steel 
from its proper position in the form. 

CURING 
18.1 Manhole sections shall be subjected to any one of the method, of ctn'ing

described in 18.2 to 18.5 or to any other method or combination of methods approved by
the purchaser, that will give satisfactory results. The manhole risers and top, shall lie
cured for a sufficient length of time so that the concrete will develop the specified com
pressive strength at 28 days or less.
 

18.2 Steam Curing-Manhole sections %hallbe placed in a curing chamber, free from
outside drafts, and cured in aimoist atmosphere mainlined by the injection of steam for
such time and such temperature as may be needed to enable the manhole risers and tops
to meet the strength requirements. The curing chamber shall be so constructed as to allow 
circulation of steam around the entire manhole riser or top.

18.3 Water Curing..-Concrete manhole sections may be water-cured by covering
with water-saturated material or by a system of perforated pipes. mechanical sprinklers, 
porous hose, or by any other approved method that will keep the manhole risers and tops
moist during the specified curing pcriod.

18.4 The manufacturer may. at his option, combine the methods descrihed in 18.2
and 18.3 as long as the required concrete compressive strength is attained. 

18.5 A sealing membrane conforming to the requirements of the Specification for
Liquid Membrane-Forming Compounds for Curing Concrete AASHC': M 148 may be 
applied and should be left intact until the required strength requirements are met. The con. 
crete at the time of application shall be within 5 6 C (10 F) of the atmospheric temperature.
All surfaces shall be kept moist prior to the appliction of the compounds and shall t" damp
when the compound is applied. 

PHYSICAL TEST REQUIREMENTS 

COMPRESSION TESTS 
19.1 Compression tests for satisfying the minimum specified concrete strength :,%quire

mient may be made on either standard rodded coticrete cylinders or cylinderq :omlp.cled
and cured in a similar manner to the manhole sections .r, at the option ,,f the manutacturer, 
on cores drilled from the wall of the manhole sections. If cylinders are tested. thc shall be 
tested in accordance with the Method of Test for Compressive Strenl~h of tol,' ' flntrctt 
Cylinders AASIIO: 1 22. 1 tie average compre,,,i, strength of all Lylindcis tctlet -hall lie
equal to or greater than th specified de.,ign %trevyr'of the concrete. Not 'nre than tO p't
cent of the cylinders tested shall fall below the %IV"'cd design strength. Iti oo ca.L shall at:,
cylinder tested fall below 3200 psi 122.5 kgf'uim, ,. If cores are dril..d tritr thI%w.ill of tI
manhole sections and tested, they shall have ;, A ,rwitet not less thai, U.. i to itim;. The 
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shall be secured, prepared for testing, and tested as prescribed in the Methods of Obtainingand Testing Drilled Cores and Sawed
strength of each 

Beams of Concrete AASHO: T 24. The compressivecore tested shall be equal to or greater than the design strength of theconcrete. If a core does not meet the required strength, another core from the same manholesection may be tested. If this core does not meet the required strength, that manhole sectionshall be rejected. Additional tests shall be made on other manhole sections to determine theacceptability of the lot. When the cores cut from a section of manhole section successfullymeet the strength test requirement the core holes shall be plugged and sealedmanufaLturer in a manner by thesuch that the manhole section will meet all of the test requirements of this specification. Manhole sections so sealed shall be considered as satisfactory for use. 

ABSORPTION TEST REQUIREMENTS OF CONCRETE
 
% 20.1 The absorption of a sample from the wall of the manhole section as 
determinedin AASHO T 33, Determining Physical and Chemical Properties of Culvert Pipe, Sewer Pipe,and Drain Tile, shall not exceed 8 per cent of the dry weight. Manhole section shall be considered as conforming to this specification for absorption when not less than 80 per cent ofthe number of specimens tested, including any retested, conform to the test requirements.When the initial absorption specimen from a manhole section fails to conforrp to this specifi.cation, the absorption test shall be made on another specimen from the same manhole sectionand the results of the retest shall be substituted for the original test results. 

RETS73 
21.1 

requirements 
When not more than 20 per cent of the concrete test specimens fail to pass theof this specification, the manufacturer may cull his stock and may eliminatewhatever quantity of manhole sections he desires and must so mark them that they will notbe shipped. The required tests shall be made on the bala-ice of the order and the manholesections shall be accepted if they conform to the test requirements.
 

NUMBER AND TYPE OF TEST 
 REQUIRED 
22.1 A purchaser may require compression test specimens in the amount of 5 percent of the total order, but not to excLed two cylinders for each day's production.

PERMISSIBLE VARIATIONS IN DIMENSIONS 
23.1 The internal diameter of manhole sections shall not vary more than I per centfrom the nominal diameter. The wall thickness shall bedesign by more than 5 per cent or -3i 

not less than that described in thein. (4.8 mm), whichever is the greater. A wall thicknessgreater than that shownr ;n :he design shall not be cause for rejection.23.2 For sections with a 4-in. (102 mm) wall or less, the maximum variation in theposition of the reinforcement from that described in Section II shall bethe wall thickness or ± ± 10 per cent ofi'sin. (6.4 mm), whichever is the greater. For sections with a wallthickness greater than 4 in., the maximum variation sh.dl te ±thickness or - 10 per cent of the wall\, in. (15.9 mm) whichever is the lesser. In no ase, however, shall the coverover the reinforcement be less than 4 in. (19.0 mm).23.3 Steel areas that are 0.005 sq in. (10.6 mm 2/rn) per lineal ft less than that calledfor by the design will be considered as meeting the required steel area.23.4 Variations in laying lengths of two opposite sides of manhole sections shall be
not more than 14' in. (15.9 mm).
23.5 The underrun in length of a section of manhole riser or conical top shall be not
more than % in. per ft of length with a maximum of h in. (12.7 mm)
23.6 in any one section.The vertical spacing and vertical alignment between adjacent manhole steps andhorizontal distance from the inside wall to the center line of a manhole step may vary I in.from the design dimensions. 

FKISH 
24.1 The manhole sections shall be substantially fre; -.f fractures, large or deep cracks.and surface roughness. The planes of the ends of the manhole sections shall be perpen
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dicular to their longitudinal axis, within the limits of the variations given in Section 23. 

MARKING 
25.1 The following information shall be clearly marked on each manhole section: 
25.1.1 MH, 
25.1.2 Date of manufacture, and 
25.1.3 Name or trade-mark of the manufacturer. 
25.2 Marking shall be indented into the manhole risers and top sections or shall 

be painted thereon with waterproof paint. 

INSPECTION 
26.1 The quality of materials, the process of manufacture, and the finished manhole 

sections shall be subject to inspection and approval by an inspector employed by the 
purchaser. 

REJECTION 
27.1 Manhole sections shall be subject to rejection on account of failure to conform 

to any of the specification requirements. In addition, individual sections of manhole sections 
may be rejected because of any of the following:

27.2 Fractures or cracks passing through the shell, except for a single end crack that 
does not exceed the depth of the joint.

27.3 Defects that indicate imperfect proportioning, mixing, and molding.
27.4 Surface defects indicating honey-combed or open texture. 
27.S Damaged ends, where such damage would prevent making a satisfactory joint, 

REPAIRS 

21.1 Manhole sections may be repaired, if necessary, because of occasional imperfec.
tions in manufacture or accidental injury during handling and will be acceptable if, in the
opinion of the purchaser, the repairs are sound and properly finished and cured and the
repaired manhole sections conform to the requirements of this specification. 

0 
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Standard Specification for 

Steel Sheet Piling 

AASHO DESIGNATION: M 202-70 
(ASTM DESIGNATION: A 328-69) 

SCOPE 

1.1 This specification covers carbon steel I sheet piling of structural quality for use in 
the construction of dock walls, sea walls, cofferdams, excavations, and like applications. 

1.2 When the steel is used in welded construction, it is presupposed that welding 
procedures will be suitable for the materials being welded. All welding shall be performed 
using a low-hydrogen process. 

NoTE: The values stated in U. S. customary units are to be r-garded as the standard. The metric 
equivalents of U. S. customary units given in the standard may beapproximate. 

GENERAL REQUIREMENTS FOR DELIVERY 

2.1 Material furnished under this specification shall conform to the applicable re
quirements of the current edition of AASHO M 160, General Requirements for Delivery of 
Rolled Steel Plates, Shapes, Sheet Piling, and Bars for Structural Use. 

APPURTENANT MATERIALS 
3.1 Unless otherwise provided in the order, the current edition of the specifications of 

the American Association of State Highway Officials listed in Table I shall govern delivery 
of otherwise unspecified appurtenant materials when included with material purchased under 
this specification. 

PROCESS 

4.1 The steel shall be made by the open-hearth, basic-oxygen, or electric-furnace 
processes. 

CHEMICAL COMPOSITION 
5.1 When subjected to the ladle and check analyses, respectively, required by the 

provisions of AASHO M 160, the steel shall conform to the requirements as to chemical 
composition prescribed in Table 2. 

TABLE I
 
Appurtenant Material Specifications
 

Specification of Material.
Commodity to beFurnished with 

Steel Sheet Piling 

.... AASHO M 183Plates. han structural shapes .....Rivets. .................. AASHO M 22. 
Grade Ib 

Bolts........... .... ASTM A 307. 
Grade A

*These designations refer to the rollowing Specifications-
M 183,Structural Steel. 
A 307. Low-Carbon Steel Externally mndInternally Threaded Standard 

Fasteners, and 
M 228. SteelStructural Rivets.
 
b AASHO M 228. Grade 2,may bespecifie if desired.
 
- AASHO M 164.for High-Strength Bolts for Structural Steel Joints In. 

cluding Suitable Nuts and Plain Hardened Washers. may be specified where 
required. 

I SeeAASHO M 223, for High-Strength Low-Alloy Columbium-Vanadlum Steels of Structural Quality 
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MECHANICAL PROPERTIES 

6.1 The material, as represented by ,,e test specimens, shall conform to the require. 
ments as to tensile properties prescribed in Table 3. 

6.2 The bend test %pecimenshall stand being bent cold through 180 dog to an inside 
diameter of two times the thickness of the specimen without cracking on the outside of 
the 	bent portion. 

NnTF.-Thm ratio applies to the bending perfornance ofa test specimen only. This specimen Is always 
taken in the longitudinal direction and usually has some edgepreparation. When sheet ples are to be beat 
in a fabricating operation, more liberal bend radii must be used. 

6.3 A minimum tensile strength of 60,000 psi (42.2 kgf/mm2) and a minimum yield 
point of 36,000 psi (25.3 kgf/mms) shall be permitted for piling sections used In the fabri
cation of cold-formed connections. 

NUMBER OF TESTS 

7.1 rwo tension arid two bend tests shall be made from each heat, unless the finished 
miaterial from a heat is less than 50 tons, when one tension and one bend test will be
wuflicient. 

TEST REPORTS 

8.1 When test reports are required by the purchase order, the report shall show the 
results of each test required b) 7.1. Number of Tests, except that only one test need be re
ported when the amount of material from a heat in a shipment Is less than 10 tons. 

SUJPPLFM;'.1,%,'AKY REQUIREMENT 

The following supplementary requirement shall apply only when specified in the 
purchase order. 

SI. The minimum strength of the interlocked joint required for certain services may 
be specified for c,,rtain sheet piling sections subject to specific agreement between the material 
purchaser and th: manufacturer. 

TABLE 2
 
.,,,.mical Requirements
 

Composition. per centElement 
Ladle Check 

Phomphorus. max. 	 0.04 0.03 
Sultur. max. .... 0.05 0.063 
Co~pper (when specified), m 0.220 0.18 

TABLE 3
 
Tensile Requirements
 

Tensile strength, min, psi(ksf/min) 	 70 0OO 
(49.2) 

Yie'd rnt,min,psi (k/'mm.l ..... ... 38 500 
(27.1) 

Eto rqdton in Bin. (203.2 mm). min,percent ... .... 17 

____U__ 
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Standard Specification for 

Uncoated Seven-Wire Stress-Relieved Strand
fer Prestressed Concrete 

AASHO DE5!rNATION: M 203-70 
(ASTM DESIGNATION: A 416-68) 

SCOPE 
1.1 This specification covers two grades of seven-wire, uncoated, stress-relieved steelstrand for use in pretensioned and posttensioned prestressed concrete construction. Grade250 and Grade 270 have minimum ultim,.te strengths of 250,000 psi and 270,000 p.(190 and 176 kgf/mm2) respectively, based on the nominal area of the strand. 

BASE METAL 
2.1 The base metal shall be carbon steel of such quality that when drawn to suitableround wire sizes and fabricated into proper strand sizes and properly stress relieved afterstranding, shall have the properties and characteristics prescribed In this specification. 

WIME 
3.1 The wire from which the strand is to be fabrictled shalt have a common dry.

drawn finish. 

STRAND 
4.1 All strand shall be of the seven-wire type having a center wire enclosed tightlyby six helically placed outer wires with a uniform pitch of not less than 12 and not more

than 16 times the nominal diameter of the strand. 
4.2 When the strand is cut without seizings, the wire shall not fly o-|i of position. 

JOINTS 

5.1 There shall be no strand joints or strand splices in any length of the completedstrand unless specifically permitted by the purchaser.
5.2 During the process of manufacture of the individual wires for stranding, weldingis permitted only prior to or at the size of thL last heat treatment (patenting).
5.3 During fabrication .. the strand, butt-welded j.lomts may be made in the individualwires, provided there is not more than one such joint iti any 150-ft (45 m) section of thecompleted strand. 

Norm-When tpecifically ordered as "Wetdless Grade," product freea of welds will be fumthed.When'thi, grade is %pacified, no we Is or Joints ate permutted except as detailed in 5.2 

STRESS RELIEVING 
6.1 After stranding, all strands shall be subjected to a stress-rclieving continuous heattreatment to produce the prescribed mechanical properties Temper colors, which mayresult from the stress-relieving operati,n, are considered normal fur the finished appearance

of the strand. 

SAMPLING 

7.1 One spe~inten for test shall be taken from each 2(t-ton production lot l Iinohedstrand. Test specimens shall be cut from the outside end of reels or either enJ rf coil%or 

http:ultim,.te
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reelless packs. Any specimen found to contain a wire joint should be discarded and a new 

bpecimen obtained. 

TENSION TEST 

8.1 In tension testing the specimens, the ends shall be secured in the tensile machine 

by 	the use of fitted, slip-limiting grips or other suitable methods of anchorage. 
If any sample breaking within the grips or the jaws of the testing machine results8.2 	

limits for breaking strength, yield strength, or elongation,in values below the specified 

the results shall be considered invalid and retesting shall be required.
 

BREAKING STRENGTH 

9.1 The finished stress-relieved strand shall conform to the requirements prescribed in 

Table 1. 

YIELD STRENGTH 

10.1 As prescribed in Table 2, the minimum yield strength for all strands, measured 

by the 1 per cent extension under load method, shall be not less than 85 per cent of the 

specified minimum breaking strength. 
load shall be measured by an extensometer calibrated10.2 The extension under 

with the smallest division not larger than 0.0001 in. per in. of gage length. 

10.3 	 The initial load indicated in Table 2 shall be applied to the specimen, at which 
reading of 0.001 in. per in. of gage

time the extensometer is attached and adjusted to a 

TABLE I 
Breaking Strength Requirements 

Braklns I T Nominal 
Nominal SUength J Nominal Welght of 

Steel Area of Strands, lbDiameter or of Strand, 
ftper 1.000Strand. in. min, lb Strand. , In. 

Grade 250 

1(0.250) ... .. .. 9000 0.036 122 
(0.313) ..... .. 14 S00 0.058 197 

.20 000 0.090 272(0.375) ........... 
 490t•a0.439 _L27 000D 0.108 367Ji (0.5g........... 	 9
36 0001 0.144 j 
: Grade 270 

2f30.0... I 290 
3.8........ 31 000 0.115 390
 

(o.50O .........• .1 3.1 	 520
 

TABLE 2
 
Yield Strength Requirements
 

Mlninwn LoadMmetd,Nominal I per cent
of Srand In.at 
of StrandEin. lb lb 

Grade 250 
9 650 

4(0.250) ...... ....... 
1,450 t2 300(0.3)..................... 
 2000 17 0005(0.75)........................ ,700 23 O0
.......................
1.'(0.433) 

30 60 .. ....... 3,00 
Grade 270 

o........ 


3 :0 50O(0.(k 375) .... 3100 26935
0.438). ....... 


t (0.43) .................. 
 4,130 35 100 
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length. The load shall then be increased until the extensometer indicates an extension ofI per cent. The load for this extension shall be recorded and shall meet the requirements
prescribed In Table 2. 

ELONGATION 
11.1 The total elongation, under load, of the strand shall be not less than 36per cent and shall be measured in a gage length of not less than 24 in. The elongation shallbe determined by an extensometer which is placed on the test specimen after an initial loadhas been applied. The initial load is equivalent to 10 per cent of the required minimumbreaking strength .. prescribed in Table 2. Following an extension of 1.0 per cent, theextensometer may be removed and loading continued to ultimate failure. The elongationvalue is then determined by the movement between the jaws gripping the material on thenew base length of jaw-to-jaw distance to which will be added the value of 1.0 per cent

determined by the extensometer.
11.2 Specimens that break outside of the extensometer or in the jaws and yet meetthe minimum specified values, are considered as meeting the elongation requirements of

these specifications.
11.3 If the minimum elongation requirement is met prior to initial rupture, it is notnecessary to determine the final elongation value. 

SIZE OF STRAND 
12.1 The size of the finished strand shall be expressed as the nominal diameter of the

strand in fractions of an inch. 

PERMISSIBLE VARIATIONS IN SIZE 
13.1 All Grade 250 strands shall conform to a size tolerance of t 0.016 in. fromthe nominal diameter measured across the crowns of the wires. All Grade 270 strands shallconform to a size tolerance of + 0.026 in. - 0.006 in. from the nominal diameter measured 

across the crowns of the wire.
13.2 The diameter of the center wire of any strand must be larger than the diameter

of any outer wire in accordance with Table 3.13.3 Variation in cross-sectional area and variation in unit stress resulting therefromshall not be cause for rejection provided the diameter differences of the individual wiresand the diameters of the strand are within the tolerances specified. 

WORKMANSHIP AND FINISH 
14.1 The finished strand shall be uniform in diameter and shall be free from imper

fections not consistent with good commercial stranding practice.14.2 The strand shall not be oiled or greased. Slight rusting, provided it is not sufficient to cause pits visible to the naked eye, shall not be cause for rejection. 

PACKING AND MARKING 
15.1 The strand shall be furnished on reels or in compact coils having a minimumcore diameter of 24 in., unless otherwise specified by the purchaser. Lengths on reels, incoils, or in reelless packs shall be as agreed upon at. the time of purchase. The strandshall be well protected against mechanical injury in shipping as agreed upon at the time ofpurchase. Each reel or coil shall have a strong tag securely fastened to it showing thelength, size, AASHO M 203 or ASTM A 416 and the name or mark of the manufacturer

and the heat number of the production lot number. 

INsPECTION 
16.1 The purchaser shall state at the time of order whether outside inspection isrequired or waived. If outside inspection is required, the manufacturer shall afford the 
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inspector representing the purchaser all reasonable facilities, without charge, to satisfy him 
that the material is being furnished in accordance with these specifications. All tests and 
inspections shall be made at the place of manufacture prior to shipment, unless otherwise 
agreed upon at the time of purchase, and shall be so conducted as not to interfere un
necessarily with ,he operation of the works. If outside inspection is waived, a manufacturer's 
certification that the material has been tested in accordance with and meets the requirements 
of these specifications shall be the basis of acceptance of the material. 

REJECTION 

17.1 In case there is a reasonable doubt in the first trial as to the failure of the strad 
to meet any requilement of these specifications, two additional tests shall be made on 
samples of strand from the same coil or reel, and if failure occurs in either of these tests, 
the strand shall be rejected. 

TABLE 3 
Diameter Relation Between Center and Outer Wires 

Minimum Dfferem
Center WireNominal Diameter of Between 

Strand. in. Diameter and Diameter
of any Outer Wire. in. 

Orade 250 
(.250) ................ 0.00l
 
''(0,313) 0.0015...................... 


................. .....
(0.375 0.002
 
0 .431 . 0.0025....... .......

0. )... 0.00L 

Grade 270 
S(0.375 ............................ 0.002 
(0.435 ............................. 0.0025
 

. . . o0o. o. . 

Standard Specification for 

Uncoated Stress-Relieved Wire for Preutrused Conerete 

'AASHO DESIGNATION: M 204-70 

(ASTM DESIGNATION: A 421-65) 

SCOPE 
11 1.1 This specification covers two types 6f uncoated stress-relIeved round high-carbon 

steel wire commonly used in prestressed linear concrete construction, as follows;,
I Type BA wire is used for applications in which cold-end deformation is used, for 

anchoring purposes (Button Anchorage). 
Type WA wire is used for applications in which the ends are anchored by 'wedges, 

and no cdld-end deformation of the wire is involved (Wedge Anchorage). 

PROCESS 

2.1 The- steel shall be made by the basic-oxygen, opea hearth, or electric.furtiace 

nroces. 
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2.2 The wire shall be cold drawn to size and suitably stress relieved after cold drawirgby a continuous strand heat treatment to produce the prescribed mechanical properties.2.3 There shall be no welds or joints in the finished wire. Any welds or joints madeduring manufacture to promote continuity of operations shall be removed. 

DISCARD 
3.1 A sufficient discard shall be made from each ingot to ensure freedom from

injurious piping and undue segregation. 

CHEMICAL COMPOSMON 
4.1 The ladle analysis of the steel shall conform to the following ranges: 

Carbon, per cent ..........................................
0.72 to 0.91,Mananese, percent..............................
0.40 to 1.10Phosphorus, na per cent..........................0.040
Sultur. max,per cent .....................................
0.050
Silicon, per cent ........... .......................
0.10 to 0.35 

4.2 Variations in manufacturing processes and equipment among wire manufacturersnecessitate the individual selection of an appropriate chemical composition, within the 
above ranges, at the discretion of the manufacturer.4.3 When rcluested, an analysis of each heat of steel showing the percentages of theelements specified in 4.1 shall be furnished by the manufacturer. 

CHECK ANALYSIS TOLERANCES 
5.1 An analysis may be made by the purchaser from finished wire representing eachheat of steel. Samples for analysis shall be obtained by milling the wire in such a manneras to obtain a sample representative of the entire cross-section. Prior to milling, the surfaceshall be cleaned to remove all foreign matter. All such individual determinations shall notvary from the limits shown in 4.1 by more than the amounts prescribed in Table 1. 

TENSILE STRENGTH 
6.1 The tensile strength of type BA wire and type WA wire shall conform to the

requirements prescribed in Table 2. 

TABLE I
Permissible Variations for Check Analysis 

Permissible Varia.
don Over MaximumElement Limit or Under 

Minimum Limit. 
per cent 

Carbon 0.04Manitsnce 0.06Pnootpnona
5Aiir 0.008r ...................................... 
0.008 
Silicon
.....................................
0.02 

TABLE 2
 
Tensile Strength Requirements
 

Nominal Diameter. In. Tenile Strength, min, pli 
Type BA -type WA 

04192..................... 
 250 0000.196............... . . ........240000 
 230 0000.250........................ 
 240000 240000
0.276 ................ .. 
 235 000 
- Thesesizesarenot commonly furnishedIntype BA sire. 
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TABLE 3 
Yield Strength Requirements 

Minimum Stressat I percent Extension, psiInitial 
in. Stress,psi-

Nominal Diameter. 

Type BA Type WA 

0.192... 29000 200000 
..0.196.......... 29000 192 000 200 000
 

0.250....... . 29000 192000 192000
 
0.276 .. ......... 29 000 * 188000
 

- Thee sizes are notcommonly furnished in type BA wire. 

YIELD STRENGTH 

7.1 The minimum yield strength for all wire, measured by the 1.0 per cent extension 
under load method, shall not be less than 80 per cent of the specified minimum breaking 
strength. 

7.2 The extension under load shall be measured by an extensometer calibrated with 
the smallest division not larger than 0.0001 in. per in. of gage length. 

7.3 The initial load corresponding to the initial stress prescribed in Table 3 shall be 
applied to the specimen, at which time the extensometer is attached and adjusted to a 
reading of 0.001 in. per in. of gage length. The load shall then be increased until the exten
someter indicates an extension of I per cent. The load for this extension shall be recorded. 

at I per centThe stress corresponding to this load shall meet the requirements for stress 
extension prescribed in Table 3. 

ELONGATION 

8,1 The total elongation under load of all wire shall not be less than 4.0 per cent 
when measured in a gage length of '0 in. The elongation shall be determined by an exten

someler which is placed on the test specimen after a load corresponding to the initial stress 
prescribed in Table 3 is applied. If the fracture takes place outside of the gage length, the 
elongation value obtained may not be representative of the material. If the elongation so 

measured meets the minimum requirements specified, no further testing is indicated; but if 

the elongation is less than the minimum requirements. the test shall be discarded and a retest 
made. 

PERMISSIBLE VARIATIONS IN DIMENSIONS 

the nominal diameter specified9.1 The diameter of the wire shall not vary from 
by more than t 0.002 in, 

9.2 The wire shall not be out-of-round by more than 0.002 in, 

CAST 

10.1 A wire sample of sufficient length, when laid free on a substantially flat surface, 

shall form an arc of a circle not less than 12 ft in diameter. 

BUTTON ANCHORAGE
 

11.1 Type BA wire shall be of suitable quality to permit cold forming of buttons for 

anchorage. Splitting shall not be considered a cause for rejection if the button anchorage 

is capable of developing the full strength of the wire. 

NUMBER OF TESTS 

12.1 Unless otherwise agreed upon between the manufacturer and the purchaser, 

one test specimen shall be taken from each 10 coils or less'in a lot I and tested to determine 

compliance with Sections 6, 7, 8, 9, and 10. 

samenominal wire size contained in an Individual'The term "lot' means allthecoils of wire or the 

,hippina release or shipping order.
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WORKMANSHIP AND FINISH 
13.1 The wire shall be free from kinks. 
13.2 The wire shall be furnished in firmly tied coils, having a minimum inside diameter

of 48 in. Each coil shall be of one continuous length.13.3 The wire shall not be oiled or greased. Slight rusting, provided it is not sufficient
to cause pits visible to the naked eye, shall not be cause for rejection.13.4 Temper colors which may result from the stress-relieving operation areconsidered normal as regards the finished appearance of the wire. 

MARKING 
14.1 The size of the wire, AASHO specification number, heat number, and name oimark of the manufacturer shall be marked on a tag securely attached to each bundle of wire. 

INSPECTION 
15.1 The purchaser shall state at the time of order whether outside inspection isrequired or waived. If outside inspection is required, the manufacturer shall afford theinspector representing the purchaser all reasonable facilities, without charge, to satisfy

him that the material is being furnished in accordance with these specifications. All testsand inspections shall be made at the place of manufacture prior to shipment, unless otherwiseagreed upon at the time of purchase, and shall be so conducted as not to interfere unnecessarily with the operation of the works. If outside inspection is waived, a manufacturer'scertification that the material has been tested in accordance with and meets the requirements of this specification shall be the basis of acceptance of the material. 

REIECI1ON 
16.1 Unless otherwise specified, any rejection based on tests made in accordance withthese specifications shall be reported to the manufacturer within a reasonable length of 

time. 

0 
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Standard Specification for 

Cationic Emulsion Asphalt 

AASHO DESIGNATION: M 208-70
 

ASTM DESIGNATION:'D 2397-69
 

SCOPE 
covers six grades of cationic emulsified asphalt for use In

1.1 This specilication 
pavement construction in the manner designated. 

Noms: SoeAASIIO M 140-70 for anionic emublons. 

REQUIREMENTS 

2.1 	 The emulsifled asphalt shall be homogeneous. Within 30 days after delivery, and 

not been caused by freezing the emulsified asphalt shall be homo
provided separation has 
geneous after thorough mixing. 

to the requirements prescribed in Table 1.
2.2 Emulsified asphalt shall conform 

SAMPLING 
with AASHO T 40,

3.1 Samples of emulsified asphalt shall be taken In accordance 
Sampling Bituminous Materials. 

Samples shall be stored in clean airtight sealed containers at a temperature of not3.2 
less than 40 F (4.5 C) until tested. 

METHODS OF TEST 

4.1 The properties of the emulsified asphalts given In Table I shall be determined in 

accordance with AASHO T 59, Testing Emulsified Asphalt, with the following exceptions: 
35 ml of 0.8 percent solution of sodium dioctyl sulfo4.1.1 Demulsibllty.-Use 

succinate in place of 35 ml of calcium chloride solution (0.02 N). 
Sieve Tejs.-Use distilled water in all wetting and washing operations in place

4.1.2 

of sodium oleate solution (2 per cent).
 



--

TABLE IRequirements for Cationic Emulsified Asphalt 
_yp_ Rapid Setting Medium Setting Slow SettingGrade 

CR5.I CRS-2 C_-S-2 CMS-21 (SS-I CSS-lh 

read mixture with graded andmnt. retstration 

rests on emulsions: 
Vise.. Saybo Furol at 77 F (25 Q) we .. 

Min. Max. Min 
-

Max. Min. 
-

Max. 
-

Min. 
-

Max. 
-

Min. MaL 
_:: 

Min. Max. IJI 
"l 

Visc.. Sjybolt Furol at 122 F (50 C) c ....Settlement. (a) 5 days. % ......
Sior,-gc Stability Test. (b) I day,Dcmulsibilhy. (c) 35 ml 0.87. sodium dioctyl" 

sulfsuccinaie. A?; .-
C. ling ablity and wa.cr resitnce: .... 

Coating. dry aggregate ...
Coating. after spraying . . 
Coatir. et laggre ate 
Coating, after spraying.Partcle cl arse test . 

20 100
5 
I 

40 

tePosePnr 

100 

40> 

400 
5 

50 

od 
Fair
Fair 

450 

Paod 
Fairlar 

0 
45. 

5I 

20 00 

I 

20 00 

5I 

0 

W 

Sieve Test, 4Cement miung lest, " 
0.10 0.10 

P -. " to 
" t0 

P nml, t e 
0 t0 

.. 
Positve 

0.10 0.10 

Ioix 

DuitllaliontOil disiallJie. 
Reswue. '; 

by volume ofemulsion. c 
60 

3 
65 

3 12 
6" 

12 
57 

2.6 

57 

2.0 

Iests on residue from distillation test.Penetrataon. 77 F 425 C). 100 a. 5 w.Oucoility. 77 F (25 C). 5 cm per man.5 u bi:ity in t lkh loroe thylcn l , . 
cm.
.4 

109 
4097.3 

250 lo0 
4097.5 

250 100 
4097.5 

2_50 40 
40497.5 

90 10 
4097.3 

250 40 
40 
97.5 

90 

>C 
Sumg-sted uses- Surface treat- Surface treat. - Plant or road mixture with coarse Plant orment. penetration agg reate substantially all of which isrnidain and macadam retained on a No. 5 sieve and prac-

fine aggrr ptes, a substantul quantity
tick ct ofwhich passe a No. 8 seve and atically ntone of which pases a o. 200 portion of whih may pass a No. 200(0.075 nuni see (0.075 mm) ,ieve.slurry seal treate,-nt. 

he run from the tamethe swunpleis received until it asused, af the elapsed tine is lessthan S daystb) I he 24 hour (I day) storage stability test mjay be used instead of the 5 day settlement test. 

(a) The test requirement for settlement may be naved when the emulsied asphalt is used in less than 3 days time. or the purchaser tiny require that the settlement testi 
(c) The deniulsibilaty test shall be made %ithin 30 days from date or shipment. 

so 
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Standard Specification for 

Lime for Soil Stabilization 

AASHO DESIGNATION: M 216-68 

SCOPE 

1.1 This specification covers two types, including 3 grades each, of lime to be used 
for soil stabilization as follows: 

1.1.1 Type I. High calcium hydrated lime containing a maximum magnesium con
tent, calculated as magnesium oxide, of 4 percent by weight. Compliance with chemical 
composition requirements shall be determined by use of AASHO T 219. 

1.1.2 Type If. Magnesium or dolomitic lime containing magnesium content, cal
culated as magnesium oxide, greater than 4 but no more than 36 percent by weight. 
Compliance with chemical composition requirements shall be determined by use of ASTM 
C25-58 (Chemical Analysis of L.imestone, Quicklime and Hydrated Lime). 

NoTE-No attempt is made to present requircmrnts for waste lime. commercial lime slurry, etc. 
Specification requirements (or thee materials could be better determined on a local basis. 

BASIS OF PURCHASE 

2.1 The purchaser and contractor should agree upon the grade desired before con
struction begins. When no grade is agreed upon the requirements of Grade A shall govern. 
When Grades B and C are used, plan quantities for Grade A shall be increased, without 
additional cost to the purchaser, as follows: 

Type Grade It Grade C 
6% 20c 

iI 2% 

CHEMICAL LIMITS 

3.1 Type I lime when sampled and tested by procedures prescribed herein shall 
conlorm to the following requirements: 

Grade Grade Grade 
A B C 

Min. Hydrate alkdlinity, percent by weight 
Ca(OH)j 90 85 75 

Max. Uthydrated lime contenit, pertent by vvcighi 
CaO . . 7 9 9 

Max. "Free Water" content, percent by %eight 
3 2140 . 3 

3.2 Type 11 lime when tested in accordance with ASTM Designation C 25 shall 
conform to the following requirements: 

Grade Grade Grade 
A H c 

Calcium and magtesium oxide content oi ini. 

lion resadue, minimumt percent .... ..... 98 96 94
Carbon dioxide (as received basis) maximum 

percent . c I 8 
Unhydrated calcium oxide (as 'receicil'bit) 

maximum percent . .. 7 8 9 
"rree Water" content, maximum percent 3 3 2 

' Inition to constant Weight shall ti performed utilizing an electric 
mutile rnace operating at (i800-2000IlO0.1100*C F.). 
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PHYSICAL REQUIREMENTS 
4.1 Type I and Type II lime shall conform to the following particle size require.ments when tested according to AASHO T 192 (modified): 

Grade Grade Grade 
A B CMax. residue retained an a No. 30 (0.600 mm)sieve, percent by weight.2 3MAX.resertid on a No. 2 (0.075 mm) 4 

sieve, percent by weight 12............I IS
14 

PACKAGING AND MARKING 
5.1 When the lime is delivered in bags, the name and brand of the manufacturerand type shall be plainly identified thereon. A bag shall contain a nominal weight of 50pounds (25 kg) and all bags shall be in good condition at time of inspection. When lime isdelivered 	 in bulk, information regarding type and manufacturer shall be contained in theinvoice accompanying the shipment. 

INSPECTION 
6.1 Every facility shall be provided the purchaser for careful sampling and inspectionof the lime at either the plant or at the site of the work as may be specified by the pur

chaser. 

REJECTION 
7.1 The 	 lime shall be rejected if it fails to meet any of the requirements of thesespecifications.
7.2 Lime remaining in storage long enough prior to being used soto hand!e 	 as to be difficultor will not meet requirements of the specification when resampled and tested, or
both, may be rejected.

7.3 In the case of bag lime, bags varying more than 5 percent from the specifiedweight may be rejected. If the average weight of bags in any shipment as shown by weigh.
ing 50 bags taken at random is less than that specified, the entire shipment may be rejected.
 

METHODS OF SAMPLING AND TESTING 
8.1 The 	 sampling and testing of hydrated lime shall be in accordance with thefollowing 	standard methods of AASHO or ASTM: 

Sampling-AASHO T 218 
Chemical Analysis for Type I lime-AASHO T 219
Chemical Analysis for Type II lime-ASTM C 25 a
Particle Size Analysis-AASHO T 219
 

Except that Section 2. "Samples for Analysis" isexcluded. 

0 

Standard Specification for 

Aluminum Alloy Structural Plate for Pipe,
 
Pipe-Arches and Arches
 

AASHO DESIGNATION: M 219-66 
SCOPE 

1.1 This specification covers aluminum alloy plates and fasteners intended for tic%in the construction of structural plate pipe. pipe-arches and arches. The plates shall consist 
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of aluminut ti*loy and shall be furnished in standard sizes, to p':-;. ,1,,Lmbl) i, 
uniform incrementi as ,ho-An on the plans for the structure. 

BASE METAL 

2.1 The plates shall he fabricated front aluminum alloy 5152-HI4 The chemical 
composition of the plates shall conform to ASTM B2)9 alloy 5052, sh. wn in: Table I. 
The mechanical properties of the plates as given in Table 2 %hallbe met. 

TABLE I
 
Chemical Composition Limits of Aluminum Structural Plate Materials
 

Fe CU Mnl Mg C n I -s--Musnlnum Purpose Si 
Alloymu__± [at4 L 

"o52.141 .... Plates (0.45, +Fe) 1.10 10 2.2-2.8 .I5-.35 .10_ . 1 .i1 

TABLE 2 

Mechanical Properties of Alloy .052.H141 
Tensile Strength (psi)" Elongation in 2 in. 

Thickness (inches) Minimum ' minimum, percent 

35500 60.000to 0.175 ....................................... .
 
......... ......... ..... . 34000 8
0.175 thru 0.250 ............. 


TABLE 3
 

Nominal Thicknesses, Thickness Tolerances, anti Theoretical
 
Weight for Flat Aluminum Alloy Sheet
 

Nominal Theoretical Weight Permissble Variation 
o Fiat Sheet in ihlekneu 

Inches tb/sq. ft. inches
Thicknes 

0.090 1.26 0.012 
0.100 1.39 0.014 

1.74 0.0140.125 
2.09 0.0240.150 

0.030
0.175 2.44 

0.0300.200 2.79 
0.0320.225 3.13 

3.48 0,0360.250 

CORRUGATIONS 

a3.1 The corrugations shall have a pitch of 9 inches plus or minus 3's inch and 
minus % inch. The inside crown radius of the corrugationsdepth of 2% inches plus or 

shall be not less than 2 inches. 

PLATE THICKNESS DETERMINATION AND TOLERANCE 

in4.1 The nominal thickness and thickness tolerance of the plates shall be as given 

Table 3. The theoretical weight per square foot of flat sheet is given in Table 3. 

SAMPLING (when verifies don of chemical analysis is required) 

5.1 For testing for chemical analysis a sample shall be provided for each 100 

plates of a shipment or fraction thereof. The sample may be obtained from a piece 

approximately 3 aches square cut from a corner of a plate. The coupon shall be of the 

same nominal thickness and base metal as the plate to which it is attached. 

SHEET MANUFACTURER'S CERTIFIED ANALYSIS 

base metal shall file with the Engineer a certificate6.1 The manufacturer of the 
settiqg forth the name or brand of metal to be furnished, a typical analysis, and a 
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statement tla; :he material 

certificate sfhad 


canforms to the specified chemical composition limits. Thebe sworn to for the manufacturer by a person having legal authorityto bind the compoany. 

SHEET MANUFACTIJRER'S GUARANTEE 
7.1 1he .'lanufaLtlurer of the sheetsantee providirog that all metrI 

shall submit with the certified analysis a guarfurnished shall%hall bea- conform to the specification requirements.a %itable identification brandto the liprchiher %%hen not 
or mark, and shall be replaced without costin conformity with the specifiedcost 'o analysiv or thickness; thehe liied to the riplacement of structural plate materialshall be so wlrded is to only. The guaranteeren in in effect so long as the manufacturer continues to furnishinatet ial 

IDENTIFICATION 
8.1 No plates will be accepted unle,;s the metal is identified by stamp ona eachplate shosing

Name of base metal niaufacturer.

Name of brand and kind iof base metal or alloy designation.

Mln.ifac~uier's standard thicknessManti.acturers date of processing h a six (6 ligit number ildcating in ,.rlet the.year. moiitn, aind day of molth.The idetitification stamps ;hall be so placed that whenthe identifi-atiion will appear 

the pipe at' arch is err'tedin the inside oo the so1uctuie. 

BOLTS AND NLrrS FOR CONNE("FING PLATES 
9.1 Bolts for connecting plates shall be not lesslie hot-dip galvanized. The threads shall be 

than 4, inch in diameter ard shall 
Class Ameriran Standard2 flee fit lHlt and ,,it materials ,hall 

Coarse Thread Series,
issue of AASIIO N i64. 

coriform to the reouhirints nf the .1trentthe bolts -na' be sampled
menced, o- the bolts 

and tested linof,e erection is Cora.mav e LVtteltd 01i certification9.2 lolt heads l,} itie nlia'¢tztfi.urcr.and lits -hall be tiaped totype bolts a.d riut, 
pi(,'/ide adeq:ialt i arng, or standaildwith spet ial washeis shall be ured 

FIELD INSPECTION A i) ACCEPTANCE OF PI ATES 
10.A Ihe field inpeclion tihall beby the nanufacturer an temi. el Ntatter,'tni 

itade ty ti.r Frngineer, U1o 3hnll be ft.rno.,hedot the nuilbet :trdca.h shipment. 'n.'r 11f the ph.te, illLach platce ncuded ir, . shipment %h3l1 intthese spetLifications. ll'' .r "equiremenitsIf 25 erLcnt tool tht ))ates in um%shipninr tat,itients, the entire shipment may 
i mt IN reqit.e rejected. 

NIETHODS OF IESYI N(
11.1 Unless otherwise provided ,hemic.1 minglis, -.icciri:nte with 'i. 4, shall fil ;1,ASI t 1. 14 except 1;t %tttl,. !pvcroLl.; 'sit -'s liktwis- 1.;,be emrloyed. 
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Standard Specification for 

Steel Wire Fabric for ConcreteWelded Deformed 

Reinforcement
 

AASHO DESIGNATION: M 221-68 

(ASTM DESIGNATION: A 497-69) 

SCOPE 
from cold-worked, deformed1.1 This specification covers welded wire fabric made 

for the reinforce
wire, or a combination of deformed and nondeformed wires, to be used 

ment of concrete. 

DESCRIPTION OF TERM 
as used in this specification

2.1 Welded Wire Fabric.-The term "welded wire fabric" 
into sheet formed by the processot steel wires, fabricateddesignates a material composed 

of electric welding. The finished material shall consist essentially of a series of longitudinal 
each other and welded

wires arranged substantially at right angles to 

together at all points of intersection. 
and transverse 

GRADE OF WIRE 
of welded wire tabric shall conform to the

in the manufacture3.1 The wire used 
for Deformed Steel Wire for Concrete Reinforcement (AASHO M 225), either 

Specification Steel Wire for Concrete 
solely or in combination with the Specifications for Cold-Drawn 


M 32).
Reinforcement (AASHO 

FABRICATION 
other suitablemachines or by 

assure accurate spacing and alignment of all members of the4.1 The wires shall be assembled by automatic 

mechanical means which will 

finished fabric.
 

be securely connected at every inter
4.2 Longitudinal and transverse members shall 

employs the principle of fusion 
section by a process of electrical-resistance welding which 


combined with pressure.
 
and quality when fabricated in the manner required in this 

Wire of pioper grade 
having substantially4.3 

shall iesult in a strong, serviceable, mesh-t)pe product
specification 

fabricated and finished in a workmanlike manner, 
square or rectangular openings. It shall be 

shall be free from injurious defects, and shall conform to this specification. 

MECHANICAL PROPERTIES 
the minimum requirements for tensile 

5.1 All wire of the finished fabric shall meet 
for the wire before fabrithe bend test as prescribedand shall also withstandproperties 

cation in AASHO NI 225 and. %here applicable. AASHO NI 32. 
adequate weld shear stiength between longitudinal and trans

5.2 In order to assure 
in 6.2 shall be made. The minimum average

tests as describedverse wires, weld shear 
shear value in pounds shall be not less than 20,000 multiplied by the area of the larger wire 

of the smaller wire is 35 per cent or more of the area of the 
in square inches where the area 

larger wire, and provided that the smaller %ire is not smaller than D-4.
 

5.3 Fabric basing a relationship of larger and smaller wires other than that covered 

strength requirement of not less than 800 lb, 
in 5.2 shall meet an average weld shear 


provided that the smaller wire is not smaller than D-4.
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TENSION TESTS AND WELD SHEAR TESTS 
6.1 Tests for determination of conformance to the Tequirements of 5.1 may be madeon the welded wire fabric after fabrication either across or between the welds. Not lessthan 50 per cent of the specimens shall be tested across a weld.6.2 Weld shear tests for determination of conformance to the requirements of Section5.2 shall be conducted using a weld tester as described in Section 9. Four welds selectedat random from a specimen representing the entire width of the fabric shall be tested forweld shear strength. The lot shall be deemed to conform to the requirements for weld shearstrength if the average of the four tests complies with the values stipulated in 5.2. If thisaverage fails to meet the prescribed minimum value, all the welds across the specimen shallthen be tested. The fabric will be acceptable if the average of all weld shear test values 

across the specimen meets the prescribed minimum value. 

BEND TESTS 
7.1 The bend test shall be made on a specimen between the welds. 

TEST SPECIMENS 
8.1 Test specimens for testing tensile properties shall be obtained by cutting fromthe finished fabric units of suitable size to enable proper performance of the intended tests.8.2 Specimens used for testing tensile properties across a weld shall have the weldedjoint located approximately at the center of the wire being tested, and the cross wireforming the welded joint shall extend approximately I in. (25 mm) beyond each side of the 

welded joint.
8.3 Test specirn,¢s for determining weld shear properties shall be obtained by cuttingfrom the finished fabrj,- a section, including one transverse wire, across the entire width ofthe sheet or roll. Froi,. this specimen four welds shall be selected at random for testing.The transverse wire of each test specimen shall extend approximately I in. (25 mm) on eachside of the longitudinal wire. The longitudinal wire of each test specimen shall be of suchlength below the transverse wire so as to be adequately engaged by the grips of the testing

machine and of such length above the transverse wire that its end shall be above the center 
line of lhe upper bearing of the testing device. 

WELD SHEAR TEST APPARATUS AND METHODS 
9.1 A, the welds in welded wire fabric contribute to the bonding and anchorage value

of the wires in concrete it i%imperative that the weld acceptance tests be made in a fixturewhich will stress the weld .n a manner similar to which it is stressed in concrete.9.1.1 In order to accomplish this the longitudinal wire in the tester must be stressed inan axis close to its center line. Also the transverse wire must be held closely to the longitudinal wire, and in the ,iame relative position, so as to prevent rotation of the transverse
 
wire.
 

9.2 Figure 1 shows the con olete details of a testing fixture together with two anitswhich make it possible to test welLN for wires up to 14 in. (15.9 mm) in diameter. 
can be used in most tensile testi.(t machines and should be hug in a 

Thistester ball and sockearrangement at the center of the testing machine. This, or a similarly effective fixtur
designed on the same principle is acceptable.9.3 Test specimens should be inserted through u..i.A ;1. LhC anvil using thsmallest notch available in which the longitudinal wire 

61C 

will fit loosely. The longitudinJlwire will be in contact with the surface of the free rotating ball bearing rollers while thetransverse wire will be supported by the anvil on each side of the slot. The bottom jawsof the testing machine will grip the lower end of the longitudinal wire and the load applied
at a rate of stressing not to exceed 100,000 psi (70.3 kgf/mm 2) per minute. 

NUMBER OF TESTS 
10.1 One test for conformance with the provisions of 5.1 shall be made for each75,000 sq ft (7000 m2) of fabric, or remaining fraction thereof within a lot. 
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10.2 One specimen for each 300,000 sq ft (28,000 m) of fabric, or remaining fraction 
thereof within a lot and as defined in 3.3, shall be tested for conformance to the require
ments of 5.2. 

16.3 For sampling and test purposes, a lot, at the producer's option, shall consist 
of either: 

10.3.1 Any quantity of one style fabricated on a single machine without change over 
to another style of fabric, or 

10.3.2 A quantity of one style of finished fabric not exceeding 300,000 sq ft (28,000
2 

m ). 

SIZES, SPACING, DEFORMATIONS, AND DIMENSIONS 
11.1 Sizes, spacing, presence of deformations, arrangement of wires, and dimensions 

of units in flat sheet form or rolls shall conform to the requirements specified by the 
purchaser. 

WIDTH OF FABRIC 
12.1 The width of the fabric shall be considered to be the center-to-center distance 

between outside longitudinal 'sires, unless otherwise specified. 
12.2 Transverse wires shall not project beyond the centerline of each longitudinal 

edge wire more than a distance of I in. (25.4 mm) unless otherwise specified. 

VARIATIONS IN WIRE DIAMETER AND WEIGHT 
13.1 The permissible variation in weight of any deformed wire in the fabric or the 

permissible variation in diameter of any nondeformed wire shall conform to the tolerances 
prescribed in the appropriate wire specification before fabrication (3.1). Such measurements 
shall be made between the weld!. 

SPACINGS 
14.1 The average spacing of wires shall be such that the total number of wires 

contained in a ,heet or roll is equal to, or greater than, that determined by the specific 
spacing, but the center-to-center distance betseen individual members may vary not more 
than '/ in. (6.4 mm) from the specified spacing It is understood that sheetb of fabric of the 
same specified length may not always contain an identical number of transverse wires and, 
therefore, may have various lengths of longitudinal overhang. 

OVER-ALL DIMENSIONS 
15.1 The over-all length of fiat sheets, measured on any wire, may vary ± I in. 

(25.4 mm) or I per cent, whichever is greater. 
15.2 In case the width of flat sheets or rolls is specified as the over-all width (tip-to

tip length of cross wires), the width shall be not more than - I in. (25.4 mm) ot the speci
fied width. 

ROLLS OR SHEETS 
16.1 Welded wire fabric may be furnished either in flat sheets or in rolls as specified 

by the purchaser. 

BUNDLING 
17.1 When fabric is furnished in flat sheets, it shall be assembled in burdles of 

convenient size containing not more than 150 sheets securely fastened together 
17.2 When fabric is furnished in rolls, each roll shall be secured so as to prevent 

unwinding during shipping and handling. 

MARKING 
18.1 Each bundle of flat sheets and each roll shall ha%e attached thereto a suitahle 

tag bearing the name of the manufacturer, a description of the material, and si1Lh other 
info~rmation as ma%be specified 1,y the ptrchaser 
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INSPECTION 

19.1 The inspector representing the purchaser shall have free entry at all times while 
work on the contract of the purchaser is being performed to all parts of the manufacturer's 
works that concern the manufacture of the material ordered. The manufacturer shall afford 
the inspector, without charge, all reasonable facilities to satisfy him that the material is 
being furnished in accordance with this specification. 

19.2 Except for )ield strength, all tests and inspection shall be made at the place of 
manufacture prior to shipment, unless otherwise specified. Such tests shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

19.3 If the purchaser considers it desirable to determine compliance with the yield 
strength requirements of AASFIO M 225 or M 32, he may base yield strength tests made 
in a recognized laboratory, or his representative may make the test at the mill if such tests 
do not interfere unnecssarily with the mill operations. 

REJECTION AND RETESTS 

20.1 Material which does not meet the requirements of this specification may be 
rejected. Unless othersise specified, an, rejection shall be reported t ihit mn.iiifacturer 
within fiseda)s frini the time of selection of test specimens. 

20.2 In case a specimen fails to meet the tension or bend test, the material shall not 
be rejected until two additional specimens taken from other wires in the same sheet or 
roll hae been tested. Ihc material shall be considered as meeting this specification in respect 
to any prescribed tensile property provided the tested average for the three specimens, 
including the specimen originalh tested. i,at least equal to the required minimum for the 
particular piopcrt, in question, and further provided that none (f the three specimens 
develops less than 80 per cent of the icqu,red minimum for the tensile property in question. 
The materil, shah be considered as meeting this specification in respect to bend test 
requirements provided both additional specimens satisfa.torily pass the prescribed bend test. 

20.3 Any m,uieri,1 which shiv.s injurious defects subsequent to its acceptance at the 
manufacturers works ia be reechted and the manufacturer shall be promptly notified. 

20.4 Welded joints shall withstand normal shipping and handling without being 
broken, but the presence of broken welds, regardless of cause, shall not constitute cause 
for rejection unless the number of broken welds per sheet ex.eeds I per cent of the total 
number of joints in a sheet, or if the material is furnished in rolls, I per cent of the total 
number of joints in 15)sq ft (13.11 m-) of fabric and, furthermore, provided not more than 
one-half the permissible maxmumi number of broken wselds are located on any one wire 

20.5 tn case of rejection by reason of failure to meet the weld shear requirements, 
four additional specimens shall be taken from four different sheets or rolls and tested in 
accordance with 6.2. If the average of all the wseld shear tests does not meet the requirement, 
the lot shall be rejected. 

20.6 In case rejection is justified by reason of failure to meet the requirements for 
dimensions, the amount of material rejected shall be limited to those individual sheets or 
rolls which fail to meet the requirements of this specification. If, however, the total number 
of sheets or rolls thus rejected exceeds 25 per cent of the total number in the shipment, the 
entire shipment may be rejected. 

REHEARING 

21.1 Rejected materials shall be preserved for a period of at least two weeks from 
the date of inspection, during which time the manufacturer may make claim for a rehearing 
and retesting. 

_____ _0 
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Standard Specification for 

High-Strength Low-Alloy Columbium-Vanadium Steels of 
Structural Quality 

AASHO DESIGNATION: M 223-68, 

SCOPE 

1.1 This specification" covers six grades of high-strength low-alloy structural steel 
shapes, plates, sheet piling, and bars. Grades 42, 45, and 50 are intended for riveted, bolted, 
or welded construction of bridges, buildings, and other structures. Grades 55, 60. and 65 are 
intended for riveted or bolted construction of bridges, and for riveted bolted, or welded 
construction in other application%. When the steel is used in welded cotruetion. weldin 
procedure shall h, tb.. for th, St.'i I and the intended s,,r,,I.

1.2 lor -.t0-i,it Iitt .isnlioII tltu notch tougliics is all iupurtait tequlltenent.
For this or other applications where notch-toughness requirements are indicated, they shall 
be negotiated between the purchaser and the producer.

1.3 The use of columbium. vanadium, and nitrogen, or combinations thereof,
within the limitations noted in 4. Chemical Composition, shall be at the option of the 
producer unless otherwise specified. Where designation of one of these elements or combina
tion of elements is desired, reference is made to Supplementary Requirement S I in which 
these elements and their common combinations are listed as to type When such a desig
nation is desired, both the grade and type must be specified.

1.4 The maximum thicknesses available in the grades and products covered by this 
specirication are shown in Table 1. 

NOTE I.-The values staled in U.S. cu.tomary units are to be regarded as the standard. The metricequivalents of U.S. customary uniis given in this standard may be approximate 

GENERAL REQUIREMENTS FOR DELIVERY 
2.1 Material furnished under this specification shall conform to the applicable require-

ments of the current edition of AASHO M 160, General Requirements for Delivery of 
Rolled Steel Plates, Shapes, Sheet Piling, and Bars for Structural Use. 

TABLE I 
Maximum Product Thickness 

Masimum Thickness or SizeYield Point, min
Grade Plates and Bars 

Struciural Shapesand Sheet Piling ____________ psi kgf/mm' in mun 

42-. 	 42 000 29.5 4 101.6 145. 	 45 000 31.6 112 38.1 All shapes up to 426 tb/ft (634 kg/ml 
. ... 50 000 35 2 i:j 38. inclusive and all Sheet Piling55 	 55 000 38 7 1% 38. 

6 '. . 60 000 42 2 I 25.4 Shapes Groups I and 2b65 65 000 45 7 '2 12 7 Shapes Group lh 
-In the above tabulation. Grades 42.50 and 60 are the )ield point strength levels most closely approximaung ageometric progreasion pattern between 36,000 psi (253 kgf/mms) mm. yield point steels covered byAASIIO M 13.Structural Steeland 100.000 psi (70.3 kefnim') min, yield point steels covered by ASTM A 514.tligit.Yield Strength.Quenched and Tempered Alloy Sieel Plate, Suitable for Welding.
bSee AASHO M 160 

1Except for the AASHO Supp:.mentary requirement, this specification agrees with ASTM A 572-68.3By publication of this specification, the American Association of State Highway Officials does notundertake to insure anyone utilizing the specification against liability for infringement of Letters Patentnor assume any such liability, and such publication should not be constred as a recommendatmk of any
patented or proprietary application that may be involved. 
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TABLE 2
Chemical Requirements-

Silicon. 
Plates to I %.in.-

Carbon. ms, Manganeseb Phosphorus Sulfur,Grade 	 Thick..Shalpe to Plates Overper cent max, per cent max, per cent ma. per cent 	 426 Ib/ft. Sheet 14-. 
Puling,ard Bar% (3S. mn)Thick 
max. per cent Range. per cent 

Ladle Chock' Ladle Check' Ladle hecki adle Check Ldle fsekd Lde Cek

42... 
 0 It 0.2S 1.33 1.40 	 0.04 0.05 0.05 0.06 030 035 0. 15to o.tot 
45..... 0.22 0.26 115 1.40 0.04 0.05 005 0.06 0.30 0.35 0.350 ..... 0.23 0.27 1.,5 140 0.04 0.05 0.05 0.06 0.3050 ..... 0.2 0.29 1.35 1.40 0.04 	 0.35

0.05 0 05 0.3060 ..... 0.26 0.20 1.35 1.40 0.04 0.05 
0.06 0.35

0.05 0.06 0.30 0.356 ..... 0.26 0.30 I 35 I 40 0.04 0.05 0.05 0.06 0.30 0.35 
* Copper when specified shall have a unimum content of 020 peranalysis). cent by ladle analysis (0.18 per cent 

Manganese,minumum by ladle analysis or 0.80 per cent (0 75 per cent check analysis) shall be required for allltes over in in thickness, aminimum of 05 er ceot (045 per cent check aitalysis) shall he required for pintes % in.and les in thicknes. and for all oilier products. T he manganese to carbon ratio shall not be les than 21.
- Silicon cutent in eeceusof 0 30 per cent by ladle analysis must be negotiated.
d For ars, the check analysis tolerances shown in ASTM A 29, General Requrements for Hot-Rolled and Cold.Finished .arhon and Aloy Sleel Bara.'
* Plates to 3,1 mm thick, shapes to 634 kg/n. 

TABLE 3
 
Tensile Requirements
 

m 

Grade 


Yield Point, min Tensile Strength. min Minimum Eiongslton. per cent 

f	 In8 in. in2in.pi kf/ m psiun kgf/mmt. (203.2mml (50.8mm)$2................ .42000 
 29.5 60000 I22 20 24 
........ 455000 31.6
S 000 35.2 2250.......... ...	 60 000 42.2 19
5.......... . 1iODD 31 .7 

65 000 45.7 Is 21'
70 000 49.2 17 20'do.... . .60 000 42.2 75 000 52.7 16 
...... . 6065Oo 45.7 0oo 56.2 
Is

, .1
Appiles to bar only (seeASTM A 370, Mechanical Teting of Steel Producta) 

TABLE 4-i,
Bend Test Requirementsdof-;dD, .hF 
of tendMRatio ji meter to Thickness orSpecimen. 

Inmm 	 Grade 42 Grade 45 Graoie 50 tirade 15 Grade 60 Grade 65Land under 19 and under I

toiincl. 2 245.
9	 I I 5-' 1. . ncl 1 .0 toInj 381 	 14OverOver ItonI J 22. 	 25.4 / 2 14 22 243I 2Overto 25.4 to 38.1 2)4.mc) 2PiOver I4 to 2. incl 38.1 to 	 50.8 21 2' 3J 3"Over 2 to 4. incl. 508 to 101.6 3 

* The above ratios apply to the bending performance ofa test snecimen only. This specimen is always taken in theIongas..ulnal directin and isually has some edge preparation Where plates aremor 	 to he 6.ent in a fabricating operation,lIberal bend rLdd must be used,parlicularly i th is bend axis isI:t the unfavrablc (citglwlil) directio
b in., (12 7 mm) max. specimenthickness.
a Applicable to webs of structural shapesL 

PROCESS 
3.1 The steel shall be made by one or more rf the following ptocesses: open-hearth,

basic-oxygen, or electric-furnace. 

CHEMICAL COMPOSITION 
4.1 When subjected to the ladle and check analysis, respectively, required by theprovisions of AASHO M 	 160, the steel shall confoir to the teqnirements for chemicalcomposition prescribed in Table 2. Alloy content bhall be in acco dance with one of the 

following types: 

I Book o ASTM Standards, Pan 3. 
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Ladle CheckAnalysis. Analysi%
percent per cent

Columbium. 0.005 to 0.004 to
VanadOu 0.05 0 06 

.u . 0.O to 0.005 to0.10 0.11Columbium, (0,05 percentmax) + anadium. 0.02 to 0.01 to 
0.10 0.1lNitrosen b 

(with vanadium) 0.015 max 0.UI5 max
* Columbimn %hen added either singly or in combination with vanadiumunless combined with 0 1 per cent.nun, ilon shall berestricted to plate orbar thicknessesor 1, in 12.7 mm).of AASHONM1) max,and to shapesofTabe A, Group I 

Nitrogen (0 05 percent.max) whenadded asa supplement to vanadiumshall be reported, and the minimum ratio of vanadium to nitrogen shall be
4 1. 

PHYSICAL REQUIREMENTS 

5.1 Tensile Properties:
5.1.1 The material as represented by the test specimens shall conform to the requirements a-, to the tensile properties given in Table 3.5.1.2 For material under ''Ij in. (7.9 mm) in thickness or diameter, a deduction fromthe percentage of elongation in 8 in. (203.2 mm) specified in Table 3, of 1.25 per cent shallbe made for each decrease of l-', in. (0.8 mm) of the specified thickness or diameter below 

%6 in. (7.9 mm).5.1.3 For material over .Y4in. (19.0 mm) tn thickness or diameter, a deduction fromthe percentage of elongation in 8 in. (203.2 mm) specified in Table 3, of 0.50 per cent shallbe made for each increase of tN in. (3.2 mm) of the spectfied thickness or diameter above3/ in. (19.0 mm). This deduction shall not exceed 3 pet cent.S.1.4 For material over 3Y/ in. (88.9 mm) in thickness or diameter, a deduction fromthe percentage of elongation in 2 in. (50.8 mm) specified in Table 3. of 0.50 per cent shallbe made for each increase of / in. (12.7 mm) of the specified thickness or diameter above314 in. (88.9 mm).
5.2 Bending Properties.r-The longitudinal bend test specimens shall ,tand being bentcold through 180 deg without cracking on the outside of the bent portion, to an insidediameter which shall have a relation to the thickness of the specimen as prescribed in

Table 4. 

NUMBER OF TESTS 
6.1 Two tension and two bend tests shall be made from each heat unless the finishedmaterial from a heat is less than 50 tons, when one tension and one bend test will besufficient. However, for material 2 in. (50.8 mm) and under in thickness, when the materialfrom one heat differs % in. (9.5 mm) or more in thickness, one tension and one bend testshall be made from both the thickest and the thinnest material rolled regardless of weightrepresented. For material over 2 in. (50.8 mm) thick, when the material from one heatdiffers I in. (25.4 mm) or more in thickness, one tension and one bend test shall be madefrom both the thickest and the thinnest material rolled that is more than,2 in. (50.8 mm)

thick regardless of the weight represented. 

TEF REPORTS 
7.1 When test reports are required by the purchase order, the report shall show theresults of each test required by 6.1 except that only one test need be reported when theamount of material from a heat in a shipment is less than 10 tons and when the tlsrcknessvariations described in the paragraph immediately above are not exceeded. 

NoTE 2.-The thickness of the product tented may not necessarily be the saumeas an individual urderedthickness since It Is the Leat that is tested rather than each ordered item. 

SUPPLEMENTARY REQUIREMENT 
The following supplementary requireaent shall apply when specified in the order or 

contract: 
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TYPES 

SI.I When a'purchaser prefers to designate the specific elements (columbium, vana
dium, nitrogen, or combinations thereof), one of the types listed below shall be specified. 
The type in addition to the grade must be shown on the order. 

Type I-Columbium 
Typ, 2-Vanadium 
Type 3-Columbium and vanadium 
Type 4-Vanadium and nitrogen 
Si.2 The composition limits of 4. Chemical Composition, shall apply for any of 

these types. 

The follow.ng supplementary requirement shall apply when the steel is for use in 
welded bridges. 

IMPACF PROPERTIFS 

S2.1 Welded construction of bridges shall be limited to Grades 42, 45, and 50 and 
I, 2 and 3 of AASHO M 160 and to plates and bars into structural shapes in groups 
mm). Plates and bars over 4i in. (19.0 mm) through 112 in.thicknesses through I in. (38.1 

(38.1 mm) in thickne s shall be "killed-fine Fram practice'" 

S2.2 The producer shall make and report to the customer, for informational purposes 
only. one impact test from the thickest material in each lot furnished Each impact test 
shall be longitudinal Charpy V-notch test at 40 F (5C) conforming to the requirements of 

ASTM A 370. paragraph 23. 
S2.3 Satisfactory impact test data on previously produced steel covering the ranges 

of plate thicknesses and shape sizes to be furnished in the order shall be submitted by the 
producer to the customer fot approsal prior to ordering AASHO NI 223 steel upon which 
welding is to be performed or the impart tests requicd in S2 2 shall be for acceptance of 

the steel instead of for informational purposes only for the ranges of material for which 

satisfactory impact data arc not fuinished and at least 95 percent of the longitudinal V-notch 

tests at 40 F (5 C) shall hase s.dues of not less than 15 foot-pounds (10.3 J) Data sub
mitted shall he the produLer's 1,rade of steel proposed for the order which was rolled at the 
same mill from which the steel of the order is to be rolled 

S2.4 If rv e than 5 percent of the impact values from tests of steels furnished by a 

producer for a smecific job under ihi se requirements fall below 15 foot-pounds (10.3 J) at 
40 F (5 C), the producer shall be required to indicate to the satisfaction of the Engineer what 

adequate changes in qualit) control and mill practice will be initiated to improve the notch 

toughness of his material before it is furnished for future orders. Failure to meet the impact 

properties required for mnformational purposes only in S2.2 shall not be cause for rejection 
of otherwise satisfactory material of an order. 

S2.5 A lot, for purposes of impact testing, shall consist of 50 tons or fraction thereof 

of finished mater:i from a single heat which is rolled on the same mill and is the same 

grade, condition, type of produLt (plate, bar, wide-flange, I, H, angle, etc.) and which is 

within one of the follosumg thickness classifications 

1. Differing not more than X8in. (9.5 mm) in thickness when the least thickness of the 

lot does not exceed 2 in. (50.8 mm). 
2. Differing not more than I in. (25.4 mm) in thickness when the least thickness in the 

lot exceeds 2 in. (50 8 mm). 

S2.6 The governing thickness for wide-flange, 1, H and T sections shall be the average 

thickness of the flange. Test specimens for shapes shall be taken at a point one-third the 
leg to the web or heel of the section.distance from the outer edge of the flange or 

_____0
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Standard Specification for 

Steel Structural Rivets 

AASHO DESIGNATION: M 228-70 
(ASTM DESIGNATION: A 502-65)SCOPE 

1.1 This specification covers two grades of steel rivets in diameters from h to 1h in.,incl, for structural fabricating purposes Grade I is a carbon steel rivet for general purposes.
Grade 2 is a carbon-manganese steel rivet suitable, with proper riveting technique, for use 
with high-strength carbon and high-strength low alloy structural steels. (Note I).

NOE I--Gradc I rivets correspond to those formerly made fromfor Structural Steel (AASHO steel conforming to the Speciflca.tion Rivet M 97), and Grade 2 riets correspond to those formerly madefrom steel conforming to the Specification for High-Strength Structural Rivet Steel (AASHO M 98). 
1.2 Rivets conforming to this specification may be made by either the hot- or cold,heading process. It is expected that these rivets ordinarily will be hot driven. 

PROCESS 
2.1 The steel for rivets shall be made by the open-hearth, basic-oxygen, or electric

furnace process. 

CHEMICAL REQUIREMENTS 
3.1 The rivets shall conform to the ladle and check analysis requirements for chemical

composition given in Table 1. 

TEST SPECIMENS 
4,1 Rivets used for testing shall be heat treated in the following manner prior to 

testing:
4.1.1 Grade .- Normalize by air coolihg from above the transformation range.
4.1.2 Grade 2.-Anneal by heating to 785 C (1450 F), holding for 30 min at tempera

ture and cooling in the furnace. 

MECHANICAL REQUIREMENTS 
5.1 The rivets shall conform to the hardness requirements shown in Table 2. Hardnessshall be measured on a transverse section through the shank of the rivet at a point onequarter of the nominal diameter from the axis of the rivet. This transverse section shall betaken at a distance from the end of the rivet which is equal to the diameter of the rivet.Except as noted below, either the Brinell or the Rockwell hardness test may be used. Testprocedures shall conform to the Methods and Definitions for Mechanical Testing of SteelProducts (ASTM A 370). Brinell hardness shall be measured at only one point. Rockwellhardness shall be measured at three points, equally spaced about the axis of the rivet, andthe hardness shall be taken as the arithmetic average of the three measurements. When useof the Brinell hardness test in prohibited by proximity to the periphery of the section,measurement of iLardness shall be made by the Roi.kweli hardness test. 

DIMENSIONS 

6.1 Dimensions of rivets, unless otherwise specified, shall conform to those of one ofthe head types provided in the American National Standard for Large Rivets (% InchNominal Diameter and Larger) (ANS B 18.4). 
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TABLE I 
Chemical Requirements 

Grade I 	 Grade 2 

Ladle Anal)sls Check Analysis- Ladle Analysis Check Analysis 

Carbon, per cent 	 0 13to0 25 0.11 toO.27 0.19to0.30 0.16to0.33 
Manganese. percent 0.0 30to .,0 0.27 to0.93 1.20 to1.65 1.14 to 1.71 
Phosphorus. max, per cent: 

acid.. 0.06 0.070 0.06 0.070 
basic 0 04 0.048 0.04 0.048 

Sulfur. miax. per cent . 0.05 0.058 0.05 0.058 
Silicon, per cent is speci-	 0.10 to0 30 0.08 to 0.32Cop~per, when copper bearing steel 

mnn,perseentred. 0.20 0.18 0.20 0.18 

Check analysis is not applicable sorivets made from rimmed steel or merchant quality bars 

TABLE 2 
Hardness Requirements 

Grade I Grade 2 

Mm Max Min SIi 

Ro.kwell. B 	 55 72 76 85 
Brinell, S0.kg load, 10.mm ball 103 126 137 163 

MARKING 

7.1 Rivet heads shall be marked as follows to identify the grade, and shall also be 
marked to identify the manufacturer. Marking may be either raised or depressed at the 
option of the manufacturer. 

Grade 	 Grade Marking 
none required 

the numeral I may be used at the manufacturer's option. 2 

NUMBER OF TESTS AND RETESTS APPLICABLE FOR 
MECHANICAL (HARDNESS) TESTING AND CHEMICAL ANALYSIS 

8.1 The requirements of this specification shall be met in continuous mass production 
for stock, and the manufacturer shall make sample inspections to ensure that the product 
conforms to the specified requirements. Additional tests of individual shipments of material 
are not ordinarily contemplated. Individual heats of steel are not identified in the finished 
product.

8.2 When spectfied in the order, the manufacturer shall furnish a test report certified 
to be the last completed set of mechanical tests for each stock size in each shipment. 

8.3 Additional tests of individual shipments of rivets are not ordinarily required but 
when such additional tests are specified on the purchase order, a lot for the purpose of 
selecting test samples shall consist of all rivets in the shipment which have the following 
common cl.aracteristics: 

8.3.1 One type of head,
 
8.3,2 One nominal diameter, and
 
8.3.3 One nominal length. 
8.4 From each lot, the number of tests for each requirement shall be as follows: 

Number
of 

Number of Pieces In Lot Samples 
800 and under ............................... I 
801to8 000 ............ ............ 2
 

8 001to 22 000......... ............. 3
 
Over 22 000 ................. ................. 5
 

8.5 If any test specimen shows defective preparation it may be discarded and another 
specimen substituted. 
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8.6 Should any specimen fail to meet the requirements of its specified test, doublethe number of specimens from the same lot shall be tested for the property in which failure 
was found and all the additional specimens shall meet the specification requirements. 

QUALITY LEVEL FOR VISUAL SOUNDNESS 
9.1 Inspectlion.-Acceptable quality level (Note 2) for rivets shall be as given in 

Table 3. 
Nor, 2.-The acceptable quality levelstandards used here are 

(AQL) provides standards for visual soundness Inspection. Thethose of a recommended practice for large solid rivets formulated by the Indus.trial Fasteners Institute June, 196. That practice is based on "Military Standard, Sampling Proceduresand Tables for Inspection by Attributes," MILSTD-5ID. Table 3 Provides levels of quality for variousattributes or characteristics and these are given numerical value InTable 4. 
9.2 The AQL sampling and inspection shall be conducted in accordance with the 

sample size, acceptance, and rejection values given in Table 4. 

TABLE 3 
Levels of Quality 

Acceptable
Defect Quality Level 

Crack or burst-... 10.0
Duds (inompletedrivetorforeignmaterial) . 1.0 

- Crack and burst airtwo names forthe same thing. Each designates anofthe ofarivet
abruptinterruptionperiphery head by separation of the metal.Such interruptions do not adversely affect structuril strength, corrosion resistance, or other functional requirements of the rivet, butare unsightly Ifthey are large. For this reason. a nvetwith a crack or burst having an opening
at theperiphery o the head which iswider than 0020 in. plus 0.05 times the
rivet diameter is considered defective. 

TABLE 4
 
Numerical Values for Levels of Quality
 

Acceptable Quality Level 
Lot Sie Sample Size 1.0 10.0 

Acceptan . Reiectionb Acceptance- Rejectionb 

01o SO................... 1I 0 
 I 2 3I to 90................ 13 0 3
I 4
91to 150............... 20 
 0 I 5 6
ISlto 280 ..... ... 32 I 2 7 8
281to S0.. ................. 50 I 
 2 to II

50 to 1200......... ..... s0 2 3 14
1201to 3200 ................ 125 3 4 21 IS


22
3201to 10000 ........ ...... 200 
 5 6 21 22
10001 to 35000 .................. 315 
 7 a 21 22
 
35001to150000 .......... ....... 500 10 II 21 22
1505001to 000 ....... ....... 100 14 21
Is 22
over 0 000.... ............. 1250 21 22 21 
 22 

- .efectives foracceptanceinsamplepermitted oflot.
b Defectvesinample requiring o lot.
rejection 


INSPECTION 

10.1 If the testing described in 8.3 is required by the purchaser, it shall be specified
in the inquiry and contract or order. 

10.2 The inspector representing the purchaser shall have free entry at all times, whilework on the contract of the purchaser is being performed, to all parts of the manufacturer's 
works that concern the manufacture of the material ordered. The manufacturer shall affordthe inspector all reasonable facilities, without charge, to satisfy him that the material is
being furnished in accordance with this specification. All tests (except check analysis) and
inspection shall be made at the place of manufacture prior to shipment, unless otherwise 
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specified, and shall be so conducted as not to interfere unnecessarily with the operation of 
the works. 

REJECTION 

11.1 Rejections based on requirements specified herein shall be reported to the manu
facturer within 30 days after receipt of material by the purchaser. 

0




