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INTRODUCTION
 

This manual has been developed to provide guidance and assistance to highway design 
personnel in the practices and procedures for the detailed design of highways aiid the 
preparation of contract plans. 

The principal objectives of the manual are 

" 	To document Highway Administration policies with regard to standards of 
design and procedures for development of contract plans. 

* 	 To define criteria to guide judgments and decisions made by highway design 
personnel. 

* 	 To describe the most effective design techniques and procedures and to present charts, 
tables and other information found to be useful by designers. 

The material in the manual has been reviewed and edited by a committee of HA personnel 
who are knowledgeable of current design requirements and procedures. In this first edition, 
emphasis has been placed principally on compiling and documenting policies and procedures 
currently being followed as a result of various memoranda and verbal instructions. New 
and improved procedures have been incorporated in the manual when it was evident that 
they would be more effective. 

This initial publication should not be considered a completed comprehensive design manual 
- rather it is a first step toward orderly documentation of policies, procedures, instructions 
and guides. 

Those persons who use the manual can contribute to its continuing improvement by submitting 
suggestions to the Director of Engineering, for ways in which the manual can be made 
more useful and practical. The Director will periodically assemble a committee of persons 
capable of acting on the suggestions for improving this manual. The committees will be chaired 
by the Director and will designate the improvements to be incorporated. 
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CHAPTER ONE
 
DESIGN STANDARDS 

PURPOSE
 

Standards have been developed to guide the design of highways and to ensure that motorist 
convenience, environmental, safety and esthetic considerations are implemented in the most 
economical manner consistent with the highway service considerations. 

SOURCE OF STANDARDS 
The basic design criteria in this section are taken from the AASHO Manual entitled A Policy 
on Geometric Design of Rural Highway, 1965. Reference should be made to this AASHO 
Manual for design criteria not covered in thi, section, and for more comprehensive background 
information regarding the development of criteria. Additional information on urban design and 
design related to safety can be found in the AASHO publication entitled. A Policy on Design 
of Urban Ilighways and Arterial Streets, 19/3. The designer should refer to the 
Highway Administration's Standard Specifications for Highways and Bridges du.ring design. 

DEPARTURE FROM STANDARDS 
Design policies and standards generally represent minimum values. Higher standards should 
be used within reasonable economic limits. 

To ensure uniform practice on a nationwide basis, Iwier design standards may not be used 
without approval from the Director of Engineering (DOE). 

DESIGN CONTROLS 
Three basic factors control the selection of design standards: 

I. The anticipated TRAFFIC VOLUME 

2. The TERRAIN
 

3. An appropriate DESIGN SPEED 

The ,various geometric design standards are selected on the basis of one or more of the 
control factors. These relatho-ships are presented for each type of highway. 

GEOMETRIC DESIGN STANDARDS 
Geometric design standards for the various classes of highways are summarized on Standard 
Sheet No. 101. 
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Only desirable minimum standards are shown in the tables, Absolute minimum standards 
are contained in the notes. The geometric design standards are Identified by the factors of design 
control. Their relationships are defined below. 

Design Speed 

The design speed is the maximum safe speed that can be maintained over a specified 
section of highway when conditions are so favorable that the design features of the highway 
govern. Design speed governs the limits for curvature, sight distance and other geometric features. 

Sudden changes in design speed along any highway should be avoided, particulaily on roa.', 
with high design speeds. When geometrics have been selected for a project, the designer should 
check controlling design speeds at consecutive sections within the project. It is desirable that any 
change in design speed between sections be minimized and no greater than 25 kilometers per 
hour. Such changes should be effected over sufficient distance to permit drivers to change speed 
naturally and gradually before reaching the se:tion of highway with the different design speed. 

The designer should realize that in the design of multilane highways, intersections, and 
interchanges the capacity of the highway system may be a more heavily weighted design 
consideration than the design speed. In such cases, reference shou!d be made to the Highway 
Capacity Manual. A copy of this manual is located in the Director of Engineering's files. 

Degree of Curvature 

The combination of design speed and maximum superelevation controls the maximum degree 
of curvature. Flatter curves must be provided where possible. Guidelines for desirable 
horizontal alignment are presented in Chapter Three. Transitios are also discussed in 
Chapter Three. 

Superelevation 

The rate of superelevation of a curve is controlled by the design speed and the degree 

of curvature. For a given degree of curve, specific superelevation rate is correct for only one 
driving speed. 

The maximum superelevation rate has been established at 0.08 meter of vertical rise per 
1.0 meter of horizontal distance. Guidelines for the application of superelevation is 
represented in Chapter Three. 

Stopping Sight Distance 

Stopping sight distance is controlled by design speed. The table below shows minimum 
and desirable stopping sight distance for various design speeds. 

I 

Design Speed, KPH 35 50 65 1 80 100 

Stopping Minimum 47 63 83 106 152 

Sight I I . . 

Distance, m. Desirable 47 63 90 137 212 
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All highway design should provide desirable stopping sight distance. Economil. considerations, 
however, will necessitate the use of minimum standards under certain conditions. 
Stopping sight distance is most important when designing vertical alignment. Guidelines for 
ensuring, adequate stopping sight distance on vertical curves presented in Chapter 4.are 
Horizontal alignment should also be checked for stopping sight restrictions according to 
criteria in Chapter 3. 

Passing Sight Distance 

On 2-lane highways, consideration should always be given to providing passing sight
distance. Guidelines on providing passing sight distance on vertical curves are presented in 
Chapter 4. Techniques for determining passing sight restrictions due to horizontal curvature 
are given in Chapter 3. 

Gradient. 

Standard sheet No. 101 shows max;mum gradients for each highway design type. Where 
economically feasible, grades should be less than the maximum. Under certain conditions, 
steeper grades are permitted. Minimum grades are sometimes stipulated to provide adequate 
longitudinal drainage. Guidelines for the design of vertical alignment are presented in Chapter 4. 

Typical Sections 

rypical sections for the highway types are shown on Standard Sheets No. 102 through 107. 
When selecting the typical section to be used in a design, the following guidelines should 
*e followed : 
:lass A - Routes with ADT/VU count greater than 1000. If the DHV is greater than 750, 

however, a four-lane route should be studied. 
'lass B - Routes with ADT/VU count between 500 and 1000. 
:lass C - Routes with ADT/VU count between 200 and 500. 
'.lass D - Routes with ADT/VU count less than 200. 

Cross Slopes 

kates and directions of cross slopes for driving lanes, shoulders and medians are shown on 
Standard Sheets No. 102 through 107. 

ADT/VU - Average Daily TraiclVehtclo Unlit
 
DHV - Design Hourly Volume (30th Highest hourly volume)
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CHAPTER TWIrO 
SOURCES OF INFORMATION 

Many different kinds of information must be available to a highway designer. Some information
 
is related to a specific project - other information is related to all projects.
 

This manual is a principal source of information providing general guidance on design policies
 
and procedures.
 

Other sources of information to be used by designers ore set forth below. They include field
 
survey information, books, manuals, memorandums and related special engineering services.
 

FIELD SURVEY INFORMATION 

Field survey information provides the basic data needed for the design of specific projects. The 
following field survey information normally is received for use throughout the design process: 

" Plotted topographic maps 

" Soils profiles showing the locations of drill logs and soils classifications 

* Shrinkage factor recommendations
 

" Local water data and geologists' recommendations
 

" Existing drainage and drainage recommendations
 

" Irrigation and access recommendations
 

* Telephone and electric service information
 

" Recommended gradelines
 

* 	 Narrow-band ownership maps 

* 	 Survey notes, includirg transit notes, level data, topography notes, property ties, 
cross-section data and drainage data. 

BOOKS, MANUALS AND MEMORANDU MS 

Several backs, manuals and memorandums contain information needed by designers. These 
'sources of information are cited below. 

minisiretion Publications 

me following items ore published by the Highway Administration: 

a Standard Specifications 

fhe book of "Standard Specifications for Highways and Bridges" describes work to 
be performed under various contract bid items. 

* 	 Supplemental Specifications 

A pamph:*t of Supplemental Specifications sets forth the current amendments ­

additions, deletions and revisions - to the Standard Specifications 
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0 	 Standard Drawings 

The book of Standard Drawings is a compilation of standardized details frequently used 
in highway design. As needed, the designer will select specific Standard Drawings 
to be included with each set of contiact plans. 

0 	 Policy Memorandums 
New design policies often will be set forth in Administration policy memorandums. 
De:,igners will receive copies of these memorandums. Periodically those policies 
will be incorporated in revisions to the Design Manual. 

AASHO Publications 

The American Association of State Highway Officials has published several reference sources 
containing background information and derivations for design criteria. The AASHO publications 
used most often are .1 lJohcil on t/e Geometric Design of Rural Hiqhways, commonly referred 
to as the "AASHO blue Book", and A Policy or' the Geometric Design of Urban Hightilays, 
commonly refer, ad ft as the "AASHO Red Book". More detailed guidance on specific aeas 
of design ore contained in the following AASHO piblications. 

" Guide Specifications for Highway Construction, 1972 
" Standard Specification for Highway Bridge, Eleventh Edition, 1973. 

" Construction Manual for Highway Bridges and Incidental Structures, 1973. 
" Standard Specification for Highway Materials and Methods of Sampling and 

Testing, Part I, 1970. 
" Standard Specification for Highway Materials and Methods of Sr"pling and Testing, 

Part II, 1970. 
These publications are available in Director of Engineering files. 

Sulplier Publications 

Literature on special design problems usually is available from suppliers of construction maarials. 
Such literature may be useful in the design of special culvert", retaining walls and other items. 

ENGINEERING SERVICES 
The highway designer frequently will encounter design problems which require guidance 
and assistance of persons with specialized training and competence. The following organizations 
within the Administration are available to designers for special engineering services. 

" Hydraulics Section 

" Traffic Section 

" Surfacing Section
 

" Bridge Design Division
 

" 	 Right-of-Way Division 
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CHAPTER THREE 
HORIZONTAL ALIGNMENT 

GENERAL CONSIDERATIONS 
Criteria for the horizontal alignment of highways are directed to providing vehicle operation 
at consistent speeds with safety and consideration for aesthetic and economic factors. This 
is accomplished primarily through use of design speed as an overall control. 

Factors such as traffic volumes, terrain conditions and construction costs will influence decisions 
on appropriate design speed. After design speed is established, it is essential 1hat the 
characteristics of the horizontal alignment assure continuous safe operation at that speed. 

Alignment criteria involve two basic considerations: 

I. The degree of curvature and superelevation 

2. Sight distance 

In the design of highway curves it is necessary to establish the proper relationship between 
design speed, degree of curvature and superelevation and sight distance. 
Usually, horizontal alignment will be established in the field by location engineers in 
occordance with controlling design standards. It is the responsibility of the designer to check 
the alignment and verify compliance with standards. 

STANDARDS FOR CURVATURE
 

Maximum Dearee of Curvature 

Degree of curvature is defined as the angular change a curve makes in a given distance along 
its length. In this manual the given distance is 20 meters. This means that a one­
degree curve changes direction one degree in 20 meters ; a two.degree curve changes two 
degrees in 20 meters and se. on. The maximum degree of curvature Is lim;ed by the design 
spced of the highway and the maximum superelevation permitted. Highway 
Administrations designate 8 percent as the maximum amount of superelevation. Using this 
maximum superelevation, the sharpest permissible curve for each design speed is as follows 

DESIGN SPEED 

35 KPH 
50 KPH 
65 KPH 

MAXIMUM DEGREE OF 

37000' 
1500' 
8000' 

CURVE RADUIS, 

31 
76 

143 

M 

80 KPH 
100 KPH 

5000' 
3000' 

229 
382 

Never use curves sharper than those shown above. 
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De*rebie Curvature 
Avoid the use of maximum degree curves, unless they are economically necessary due 
to topographical conditions. For s-nall deflection angles, curves should be long enough to 

avoid the appearances of kinks. 

GENERAL ALIGNMENT CRITERIA 
In addition to the alignim.nt standards related to design speed, he designer should give 
consideration to the following general criteria : 

" 	 Avoid sharp curves at the ends of long tangents. 

" 	Avoid sudden changes from easy curvature to sharp curvature. 

" Avoid compound curvature - adjacent horizontal curvatures with no tangent length 
separating them. 

" Avoid sharp reverse curvature. Provide adequate distance for superelevation runoff 

" 	Avoid broken back curvature - two curves in the some direction separated by a short 
tangent length. Use a single longer curve for this situation. 

SUPERELEVATION 
Provide superelevations on horizontal curves to permit sufe traverse of vehicles without exces­
sive horizontal forces. The correct amount of superelevation depends on the sharpness of the 
curve and the speed of the vehicle. 

Siperelevations must be designed to ft particular conditions in urban areas.
 
Design superelevations according to Standard Sheet No. 301 for rural areas.
 

Amount of Superelevat"on
 

The maximum amount of superelevation for HA is 8 percent (A slope of 0.08m vertical to
 
i.Om horizontal).
 
Standard Sheet No. 301 shows the correct amount of superelevation for each combination of
 
degree of curvature and design spied.
 

Tre.isitions 

For simple curves, the transition from normal crown to full superelevation occurs entirely on 
the tangents precodin, the P.C. and following the P.T. * This transition distance is labeled 
"runoff distance", and the required length depends on design speed, number of lanes and 
degree of curvature as ndicated on Standard Sheet No. 301. 

On 4.lane divided highways where both roadways have t% same profile grade elevation, 
supmelevation will be rotated about the profile grade. This profile grade is located on the 
inside edge of the pavement. On 2-lane highways and on -- lone highways where the 
roadways have different profile grade elevations,smperelevation on ea,,h roadway will be rotated 
about the inside edge of the traffic lane at an elevation of profile grade less normal crown. 

* 	 For explanation of abbreviations, see page 18. 
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SIMPLE CURVES
 

Computations of simple curves involve the relationships expressed in the formulas below. 

Arc definition is always used foo curve computation. Usually the P.I. station, the deflection 

angle ( A ) and the degree of curvature ( D ) ore established. The remaining curve data 

must be computed. * 

"" L 

• For explanation of abbreviations, see page 18. 
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P.I. = Point of Intersection 

20A 
P.C. = Point of Curvature L D -­ 190 

1145.92 20(360) 
P.T. - Point of Tangency R D2 D 

A Central Angle T R tan 
A 

D Degree of Curvature 

L Length of Curve (in) 

E - R( -R Radius of Curve (m) 
cos.1 

T Tangent Length (m) 

E 	 i)F = External (m) 	 R (S.€2-

C -- 3.1416 

Computation is simplified considerably by using 	a table of functions for a I-degree curve. 

external for a I-.degree curve with given
Where T and E are the tangent length and the 

6, then: 

DD 

P.C. Sta.=P.I. Sta. - T 

P.T. Sta. = P.C. Sto. + L 

Specify the degree of curvature (D) to the nearest minute ; calculate all other curve data 

to the nearest second, whichever
and show to the nearest one-hundredth of a meter, or 

is applicable. 
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Sight Distances on Horizontal Curves 
Alignment on horizontal curves takes into consideration that stopping 5ight distances may beaffected by lateral obstacles such as houses, walls or high-cut slopes. The diagram belowshows the geometric variables, together with the equations required for 	their solution. 

IL 	 OFINSIE LAE inIGHT DISTANCE (S) MEASURED 

E INYEEOF SIG H 0 JEN LONG T 13 L N 

HEIGHT Or EYE 1.15 M OSTRUCTION OF CUT BANK HEIGHT OF OBJECT O.ISM 

LINE OF SIGHT I 0 S M ABOVE INSIDE LANE AT POINT OFOBSTRUCTION 

if 	 S = Sight distance, in meters 

R , Radius of centerline inside lane, in meters 

D Degree of curvature 

m = Middle ordinate: (distance from centerline of inside lane to sight obstruction 

in meters) 

Then 

M R [,-Cos . 

and 

SR 	 R19­
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The graph below shows a linear plot of these equations for a variety of design speeds, from 
which the value of m can be found, given R (or D), and vice versa. 

DESIGN SPEED 35 50 65 so 100 
KPH ,I , .S.00
 

STOPPING SIGHT 63 90 1-

DISTANCE METERS 63 90 137 212 

I g 
a MAX D WHENJ- 0 

SUPER FLEVATIONs , 

0 _ _ _ W'_
oW100 

_! o ,i' 90 Ul 

IL 

> qo-30000.--'- 10 -o Wm 

0 200,,o 

_ _ _ __ _ I000 

M'MIDDLE ORDINATE 2000­

~INSIDE LANE TO SIGHT OBSTRUCTION. METERS 
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EQUATIONS 
An equation is used to equate two station numbers, one that is correct when measuring on the 

line back of the equated station, and one that iscorrect when measuring on the line ahead of 

the equated station. Most equations result from office relocation, and are used where stationing 

is not continuous throughout a prolec - as discussed below. 

Locations of Equations 

Equations ore computed where the centerline to be used (project centerline) becomes coincident 
with the surveyed centerline (staked centerline) This situation is shown below. 

4:: 
0I.
W 

U) a 

1z1
SURVEYS 

EQUATED STATION WHERE PROJECTED LINE BECOMES 

COINCIDENT WITH SURVEYED LINE 
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Equations ore also computed in certain cases where projected lines become parallel withsurveyed lines. If the project line remains parallel with t4e survey line for a considerable
distance representing numerous cross sections, it is more convenient to compute an equation
than to restation the cross sections. An example of such an equation is shown below. 

EQUATED STATION WHERE PROJECT'ED LINE SECOMES 
PARALLEL WITH SURVEYED UiNE 

In general, show stationing to the nearest hundredth of a meter. 
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RADIUS DEGREE I 
35KPH 

RUNOFF 

50KPH 

RUNOFF 

65KPH 

RUNOFF 

8OKPH 

RNOFF 

IOOKPH 

RUNOFF 

OFJRWOFCCWT RLOWN DISTANCE,lit
C A CIRWURE SLE I 
IN METERS 2-1ANE 4-LANE 

CROWNSLOPE ITNEM 

2-LANE 4-LANE 

CONSLOPE DSfCNDSTCC 

2-LANE 4-LANE 

CRWSLOPE 

-

DSACE1DISTANCEM 
2-LANE 4-LANE 

CONSLOPE DISTANCE,M 

2-LANE 4-LANE 

1%) 

4.583 66 

2,291 031,,1415 92 
76394 

1.14192
572 6 
458 37 
381 97 
28646 
229 If 
19099 
163 70 
14324 
127 32 
12459 
104 7 
95 49 
f 5 

@1 85 

76 39 
71 62 
5730
52 0 
52 09 
4775 
4407 
40 93 
38 20 

0015 

035|00 
1030 
1000
2000 
2030 
3000 
4000 
5000 
6000 
700 
8000 
9000 

10000 
1Wlo 
12000 
13000 
14000 

15000 

16000 

2000022o00 
22000 
24000 
26000 
28000 
30 

0
0 

NC 

NCNC 
RC 
RC
AC 
2 
2 
3 
3 
4 
4 
5 
5 
5 
5 
5 
6 
6 

g 
T 

7 
6 

6 
6 
a
* 

30 

30 
30
35 

NC 

NCRC 
2 

RC
3 
3 
4 
5 
5 
6 
6 
7 
7 
7 
8 
a 
8 
a 

MAX 

8 

30 

3102I7 

1 

30 
35 
35 
40 
40 
40 
45 
45 
45 

1 45 

DEGREE 

4 

3 

35 
40 
45 

50 
55 
60 
60 
60 
6 
05 
5 

70 

15_0 

_5___ 

NC 

NC2 
3 

4 
5 
5 
6 
7
8 
8 
8 

MAX 
8 

40I 

1 
40 
45 
5c 

50 
50 

DEGREE 
50 

40 

40 
45 
50 
60 
65
70 

75 
T5 

80 

75 

NC 

RC3
4 

5 
6 
7 
8 
8 

MAX 
8 

50 

50 
55 
60I 

DEGREE 
60 

501 
50 

60 
65 
75 
85 
85 

500
85 

PC 55 55 

2 554 so 
6 60 

7 55 85 
a 65 85 
8 65 to0 

MAX DEGREE 3-00 ' 
8 65 100I-- -a_5_o 

PROFILE GRADE LESS NORMAL CROWN 
(INSIDE EDGE OF TRAFFIC LANE) 

PROFILE GRADE 

POINTS OF ROTATION 

FOR 2-LANE HIGHWAYS AND 4-LANE DIVIDED 
HIGHWAYS WITH DIFFERENT PROFILE GRADE 
ELEVATIONS 

3090 3700 a 35 

MAX DEGREE 37-00 --PROFILE GRAUE- 7 

_______ - 8PER LEI'' 3I -­ !!", I 

,4 A PC 0TPOINTS OF ROTATION 

NOTES 
NC- NORMAL CROWN SECTION 

SUPERELEVATION TRANSITION 

FOR SIMPLE CURVE 

FOR 4- LANE DIVIDED HIGHWAYS WITH SAME 
PROFILE GRADE ELEVATION 

PC- REMOVE %DVERSE CROWN, 
SUPERELEVATION AT 
NORMAL CROWN SLOPE 

A4 

II . ..." 
I--~om 

....-

,lmi 

I EBEni 





CHAPTER FOUR
 
VERTICAL ALIGNMENT 

INITIAL CONSIDERATIONS 

The vertical alignment of a highway is referenced to a gradeline which isshown as part of the 
highway profile. The elevations of the surfacing and other features of the highway are 
established from the gradeline. 
Initially, working profiles are prepared in the predesign phase of highway development. These 
profiles are the basis for specifying the final gradeline and profile to be included in the 
contract plans by the designer. 

VERTICAL ALIGNMENT STANDARDS 

Grades 
The slope or grade of each tangent is expressed in percent rise (+) or fall (-) to the 
second decimal place. 

Maximum Grades 

Maximum grades 
steeper than those 
Engineering. 

for each 
shown 

high
can be 

way 
used 

class are 
only 

shown 
with 

on 
prior 

Standard 
approval 

Sheet 
of 

No. 101. 
the Dir

Grades 
ector of 

Minimum Grades 

In general, a flat ,r 0.00 percent grade is acceptoLle. For curbed or diked roadway sections 
and bridgest a grade of 0.50 percent is desirable. Flatter grades would cause the ponding of 
storm water across the traffic lanes. 

Cdrtical Lenaths of Grade 

The figure on the next page gives the critical lengths of grade tangent related to the 
percent of upgrade and the speed reduction in kilometers per hour for a typical heavy 
truck of 180 kilos per horsepower. (For normal design purposes a speed reduction of 25KPH is 
acceptable; however, depending on the preceding terrain, the permissible speed reduction 
on the upgrade may be increased following a downgrade or momentum grad..) 
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4 %0s- - 4 

42 

0 100 200 300 400 500 SOI 700 

LENGTH OF GRADE-METERS 

CRITICAL LENGTHS OF GRADE FOR DESIGN 

ASSUMED TYPICAL HEAVY TRUCK OF 180 KILOS PER RORSEPOWER 

For further details on the use of this figure, refer to the AASHO publicationsA Policy on 
Geometric Design of Rural Ifighaways, and the lighway Capacity Manual. 

Vertical Curves 

The stationing of each vertical PI. is identified to the nearest hundredth of a meter (0.01 m). 
Each ,erticai curve is identified by a curve length, L, usually defined to the nearest one­
hundredth meter. The relationship between L and A, ihe algebraic difference in percent of 

L 
grades, which is most useful in design is *ThAs factor, termed the Kvalue, is the horizontal 

distance in meters required to effect a I percent change in grade; it is therefore a measure 
of curvature. Minimum K values with minimum and desirable stopping sight distances for 
both crest and sag vertical curves are shown in the table on the next page for 
a range of design speeds. 
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Design Speed KPH 35 50 65 80 100 

Minimum K-value with 
Stopping sight distance 
Crest vertical curves 

minimum 
for • 5 9 16 27 55 

Sag vertical curves 8 12 17 23 35 

Minimum K-value with 
Stopping sight distance 
Crest vertical curver 

desirable 
for 5 9 19 45 107 

Sag vertical curves 8 12 1 19 31 52 

Vertical curves on rural and non-curbed highways should be no less than 100 meters long, even
 
when the desirable stopping sight distance is considerably less.
 

The following tections deal with the control of curve variables for crest and sag vertical curves
 
to ensure that desirable stopping sight distances are achieved.
 

Crest Vertical Curves 

S 

HEIGHT OF EYE ( 1Om ) HEIGHT OF OBJECT ( 2 m) 

S STOPPING SIGHT DISTANCE, m 
L LENGTH OF VERTICAL CURE, m 

A : ALGEBRAIC DIFFERENCE IN GRADES,PERC.NT 
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Minimum lengths of crest vertical curves as determined by sight distance requirements generally 
are satisfactory from the standpoint of safety, comfort and appearance. The equations and 
figure below may be used to determine the minimum length for different values of A to produce 
desirable stopping sight distance at each design speed. 

When S>L When S<L 

9L = 2S- L - -and L= KA 
A 419 

z 

12 IL 

z 

0 100 too 300 400 500 Goo 

La MINIMUM LENGTH OF CREST VERTICAL CURVE METERS 
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Sag Vertical Curves 

S
 

S = Hejdlight beam distance 

= Stopping sight distance, meters 

L = Length of vertical curve, meters 

A = Algebraic difference in grades, percent 

Minimum lengths of sag vertical curves depend mainly on headlight distance at night. For 
overall safety on highways, i. is desirable that the light beam distance be nearly the same as the 
stopping sight distance; hence, the equations and figure which follow give minimum lengths 
for different values of A to produce desirable stopping sight distances at each design speed. 

When S> L When S < L 

L - 2S 121.6+ 3.55 L = ASA
A 1216 +n L3.3 
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L *MINIMUM LENGTH OF SAG VERTICAL CURVE-METERS 
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Passing Sight Distance 

p 

HEIG1Tor EYE I HEIGHT OF OBJECT I2m 

- P = PASSING SIGHT DISTANCE 
L : LENGTH OF VERTICAL CURVE METERS 
A: ALGEBRAIC DIFFERENCE IN GRADES PERENT 

The geometrics concerning passing sight distances for crest vertical curves on a 2-lane highway 
are similar to those for stopping sight distance. The differences ara(a) the height of object is 
considered as 1.2 meters and (b) the minimum passing distances are six to ten times greater 
than the stopping sight distances for the same design speeds. The equations for minimum length 
of vertical curves are as follows 

When P> L When P < L 

L = 2P 878 AP2 

A L= and L = KA 

The table below shows minimum passing sight distances and related K values for a range of 
design speeds. 

Design Speed, KPH 35 50 65 80 100 

Minimum passing sight distance 240 342 455 550 670 
for design, feet I 

Rounded K value for passing 66 133 236 345 511 
Sight distance, 2-lane highway 
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Do not be misled by these passing sight distance criteria. There are conditions that make it 
impractical to provide adequate passing sight distance at every v~rtical curve. In some instances 
it will be necessary to concede that certain areas be striped for "no passing". When this 
happens, the no-passing zone should be as short as practical to assure that passing can be 

permitted on a greater portion of the total project length. 

Do not design vertical curves which nearly, but not quite, provide passing sight distance. 

The designer should recognize the desirability of increasing the passing sight distance where 
appreciable grades are en,;ountered. 

BALANCING EARTHWORK 

Projects will be designed to produce balanced earthwork unless particular features dictate 
otherwise. Material excavated from within the limits of the section should be the amount needed 
to construct embankments to the designed gradF 

To ttain balanced earthwork, grade adjustments generally are preferable to ditcm widening. 
In some instances * ,ire grade controls are critical, it will not be possible to adjust grades 
to attain balanced earthwork. Provisions must be made to borrow or waste material as 
necessary. 

Adjustments to side slopes and areas within loops and ramps to either slightly reduce fill 
requirements or gain excavation should be weighed against possible aesthetic damage and 
maintenance problems in these areas. 

Urban Areas 

Due to the many vertical controls in urban areas, balancing earthwork is not usually a 
controlling factor in the design of urban highways. An excess of excavation is preferable to 
the need for borrow because of the high cost of borrow in urban areas. 

Hidden Dips 

Hidden dips in the profile are hazardous during passing maneuvers. Sight distance should not 
be sacrificed for earthwork balance. When practicable, use flatter grades and higher elevations 
through the low spots. 
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Balance Areas
 

The desirable length of balance should be between one kilometer and one- and-a­
half kilometers.
 

Short balances of 50 to 100 meters should generally not be shown on the plans; they should
 
be shown as part of a combined larger balance.
 
Wherever possible, balance earthwork at bridge ends, railroad crossings and highway
 
intersections.
 

Earthwork distribution plans should not require borrow to be hauled through one balance to
 
another balance.
 

The change in elevation of a vertical P.I. required to produce a given volume of material can
 
be computed using the formula below; for other information on earthwork distribution analysis,
 
refer to Chapter 6 of this manual.
 

AVERAGE WIDTH OF LIMITS OF CONSTRUCTIONaW(METER) 

ELEVATIONE (METERS). 
f -, - NEW P. I, 

If the volume of additional excavation required is V (cubic metersi 
V WLX
thenX= 
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SPECIAL CONSIDERATIONS
 

Field-Recommendations 
At the time of the preliminary survey, the Dfstrict Engineer and possibly the Roadway Design
Engineer should review the groL,,idline profile data and develop recommendations for certain
grade-line controls. The working pr.file is then developed with notations indicating the
recommended grade to established low lakeline be across flats, beds, stream bottoms,
important intersecting roads, in front of improved property, and at other places requiring 
special attention. 
The designer should review and consider these recommendations and establish a tentative
grade line on the working profile consistent with the design standards and the guidelines in 
this manual. 

Ties with Adjoining Projects 
A smooth transition is needed with adjoining projects. The designer should consider the grade
line for a distance of at least 600 meters before and after the project. Connections wlih
previously built projects should be compatible with the design speed of Ihe prolect.new 
A connecting grade should be established which satisfactorily adjoins the existing alignment
and which can be utilized when the adjoining project is reconstructed. 
Refer to as-built plans for alignment of adjoining highways and specify project numbers of 
adjoining projects at the beginning and the end of the project. 
Smooth Grade Line 
Changes in grade should be gradual and consistent with the type of highway and the
character of terrain. Numerous breaks and srg-rt lengths of grade tangents should be avoided. 

Bro[ken-Back Grade Lines 
A broken.back grade line - two vertical curves in the same direction separated by a short
(150 meters or less) section of grade tangent-should be avoided. This is particularly important
in sags where the full view of both vertical curves is not pleasing.
 
This type of grade line may be avoided by ;oining the vertical curves or replacing them with
 
a single curve of greater length.
 

Relationship with Horizontal Curvature 
Lengths of vertical curves and grades should be influenced by the lengths of the horizontal
elements on which they are superimposed. The following guidelines should be considered: 

a Horizontal rurvature should lead vertical curvature and remain somewhat longer than 
the latter. Visually, they should be similar In length. 

e The locations of vertical curve P.l.'s aiJ horizontal curve P.l.'s should roughly coincide. 
a Sharp horizontal curvature should not be introduced at the crest or at the low point

of a vertical curve. 
9 Horizontal curvature and profile should be made as flat as feasible at highway

intersections where sight distance along both highways is important. 
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Railroad Grade Crosings 

The finished surface grade line must match the elevation of the top of the rails at railroad
 
grade crossings. In most instances, mior wurping of the surface cross slopes at the crossing
 
will be required.
 

In cases where a railroad has a maintenance road parallel to the tracks, it may be necessary
 
to provide travel across the highway. Such cases, and those involving horizontal clearances,
 
may require special consideration. The designer should contact and coordinate with the
 
Rallway System.
 

Drainage Structures
 

Chapter 7 discusses the cover thickness based on the strength of the culvert. For minimum
 
thickness of cover for box culverts, refer to the standard plans.
 

Grade design in the vicinity of bridges should be coordinated with bridge design to ensure
 
adequate high-water clearance at the bridge.
 

Soils Conditions
 

Areas of poor or wet- soil conditons will be indicated in field recommendations, along with
 
recommendations for minimum fill heights. Occasionally, areas of high water table are
 
encountered. The water table elevation will be indicated in the Soil Survey Report. Final
 
determination of fill height will be made by Road Design Engineer based on recommendations
 
from the Soils Engineer. Upon receipt of the Soils Survey Report, the need for the selective
 
placement of soils should be checked against the earthwork distribution to assure that cross­
hauling is not necessary. If selective placement of soils is anticipated, earthwork distribution
 
should not be finalized until selective placement is determined.
 

Structure Clearances
 

For design purposes the minimum vertical clearances at-grade separations for through facilities
 
is 4.5 meters. This value is intended for general guidance only ; final grade decisions should
 
be coordinated with division responsible for the facility or structure design.
 

When setting a preliminary grade line, a rough estimate of superstructure depth is 1.5 meters
 
for railroad structures and 1.2 meters for highway bridges.
 

It will frequently simplify bridge design if the low point in the grade line under a structure
 
is set a sufficient distance from the intersection of the centerlines of the structure and the
 
highway. This will allow drainage structures to clear bridge footings.
 

The grade line on bridge decks should preferably be a tangent. For long bridges where
 
drainage is confined to the bridge deck, a 0.5 percenl.grade is a desirable minimum.
 

URBAN GRADE DESIGN 

The design of vertical alignment on urban project. frequently involves special considerations. 
Existing street elevations normally control vertico alignment. There may also be local laws 
which should be followed that establish minimum and maximum grades allowed on 
city streets. 
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Grades 
The profile grade line is generally determined from the highest elevation point of the normal 
cross section. It is sometimes necessary to supplement the main profile with other profiles ­
gutter grade lines or other controlling grade lines. On curbed sections when the centerline is not 
the profile line, the profile should represent the elevation of the projection of pavement cross­
slope onto back of curb, as in the figure below. 

PROFILE GRADE POINT 

Spline curves or adjustable curves are helpful in establishing grades in urban areas where it 
,s necessary to meet numerous elevations in relatively short distances. The gutter lines can be 
shown as spline curves, with the beginning and end of each spline curve tied into the grade 
lines. Elevations along spline curves should be shown at 10-meter intervals on vertical curves, 
and at 20-meter intervals on tangent profiles. 

Vertical Curves 
Vertical curves are not required on urban streets where the algebraic difference in grades is 
less than 02",. Curves must be long enough to ensure desirable stopping sight distance, but­
should not be flattened beyond this distance to such an extent as to make drainage 
a problem. 
Where possible, P.l.'s of crest vertical curves should be located at or near the centerlines 
of cross streets. 

Surface Drainage 
Grade lines should be established to make the top of curb either coincident with or slightly
 
below the natural ground. This permits adjaceno surface drainage to flow into the gutter for
 
controlled outlet at specified locations.
 
Try to avoid grades that impound water back of the curb.
 
Gutters should be placed on a grade of at least 05% to allow for adequate drainage. Avoid
 
level sections of gutter or low spots in the gutter that do not have outlets.
 
At major intersections, a v(lley gutter is unacceptable. Valley gutters should generally be
 
avoided as they may present a driving hazard, although they are allowable at minor
 
intersections. As a general rule, take drainage runoff into the storm sewer system on the
 
upstream side.
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Existing Roadside DeIeopment 

Occasionally, a situation will arise where extensive development exists on both sides of the 
street, and the ground or development on one side is higher than on the other. In this situation, 
a grade line may fit the development on one side but result in extensive property damage to 
the development on the other side. An unsymmetrical section may be used ; the total drop 
from crown point to gutter will be greater than normal on one side and less than normal on 
the other side. 

The grade line should be placed so that the curb and gutter on the project will meet the 
curb and gutter existing on intersecting cross-streets. 

SURFACE ELEVAION COMPUTATIONS 

Normally, surface elevations will be computed and recorded to the nearest one-hundredth of a 
meter (0.01m). Grades should be computed and recorded as a percent to two decimal 
places (0.00%). 

Profile grade points should be shown on typical sections as follows 

" 	 For an undivided symmetrical section, at the centerline. 

" 	 For a divided section with median, at the intersection of the inside back of median 
curb and the pavement cross slope. 

Grade elevations should be shown on profile views as follows . 

" 	 For a standard section and grade, at 20-meter intervals, using a scale of 1cm to 
5 meters. 

" 	 For an irregular section or warped grade, at 10-meter intervols, using a scale of 
I centimeter to 2 meters. 

A tolerance of +0.01in in elevation is permitted when a computed grade is projected to a 
previousy established P.. elevation. 

If necessary, additional decimal places will be used in grade computations to assure adherence 
to the P.1. elevation tolerance requirements. 

VeEicel Curve Elevations 

The vertical curve is a parabolic arc. The offset distance from a parabola to its tangent varies as 
the square of the distance from its point of tangency. To determine profile grades on vertical 
curves, offsets from the tangent grades are compulsd and added to or subtracted from tangent 
grade elevations. 
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Computetwns 

Dimensions 	 and equations for use in vertical curve computations are shown below. 

P.. C.
 

LL 

L 

Elev. of P.T. 	 =Elev. of P.C.+G 1+L 2 

4m X2 
.. (GlevfP le.o 2-GL .-G) L 2L2 , 

LG 

G = Elev. of P.C. -JElev. of Po 
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Where : 

L = Horizontal length of curve, in stations 

G, G2 - Rates of grade, expressed algebraically in Fercent 

m = middle ordinate, in meters 

P = any point on the curve 

Z = Tangent offset of point P, in meters 

X = horzorital distance from the P.C. or P.T. to P, in stations 

S = Slope of a line tangent to the curve at P, in percent 

P= is the high or low point of the curve 

X, =- horizontal distance from the P.C. to P0 in stations. 

When compJ.'ng vertical curve elevations on a slide rule, using the middle ordinate method(27)2
and the formula Z = m( 2 - follow these steps t 

I Set the runner to m on the A scale; 
L 

2. Bring - on the C scale to the runner; 

3 Set the runner to any desired value of X on the C scale; 

4. Read Z for that X value on the A scale. 

Computation Procedures 

Manual computation is facilitated by special columns for this purpose cn standard sheets for 
earthwork computation. 

Elevations are recorded for each cross-section station, P L's are identified by asler sks, veVMC 
curve lengths are ide-t fied, and the profile grade elovaftons along vertical curves are shown. 
The figura on the next poge shows a portion of an earthwork compufation sheet with grade 
computations properly recorded. 
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14.76 14.84 
14.68 14.83 

14.62 14.82 

14.59 14.83 
14.50 14.84 
14.64 14-BB 

14.78 1.4.93 

14.86 14.97 

14-91 14.99 

15.05 15.09 
15.19 15.20 

15.33 15.33 
15.61 

15.88 
115.99i 

1 
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Nigh or Low Points on Curvft 

High points on crest vertical curves and low points on sag vertical curves can be calculated 
as follows: 

G,'L G-G, where P is the horizontal distance (ii stations from the to theG-G2 P.C. 

high or low point on the curve). 

CLIMBING LANES 

During the design of vertical alignment, consideration should be given to the possible need 
for climbing lanes. 

A climbing lone is an additional lane provided for slow-moving vehicles on long, steep 
ascending grades. The design of climbing lanes is governed by several criteria such as design 
speed and length of grade. Refer to the Hiqhway Capacity aiuat for detailed design 
criteria. General criteria are presented below: 

Lane Width 

The widths of climbing lanes will be the standard lane-width for that class of roadway. 

Shoulder Width 

Shoulders adjacent to climbing lanes will be standard shoulder-width for that class of roadway. 

Iransition 

The transition into a climbing lane will be on a 25: I tape; and the transilion out will be 
on a 50: I taper. 

Minimum Length 

The minimum length for climbing lanes is 350 meters. If the design procedure indicates lengths 
below this limit, do not install a climbing lane. 

Connecting Climbing Lanes 

Two or more climbing lanes may occur on the same highway on the same long grade. If the 
distance from one climbing loane to the next is small, it is preferable to extend one climbing 
lane into the other to form one long climbing lane rather than leave a short stretch of 2-lane 
highway between them. 

Climbing Lane Ends 

The full climbing lane width is carried to a point beyond the crest of the hill where the 
truck has resumed a speed which is, at the most, only 25 KPH less than the average speed 
and can return to the through lane without hazard. 
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CHAPTER FIVE
 
CROSS SECTIONS 

GENERAL CONSIDERATIONS 
Cross sections provide graphical pictures of the relationships between proposed roadways and 
the existing ground surface. This chapter presents guideline, for the preparation of cross­
sectior, sheets including j 

" prelimirary cross sections 

" roadway templates 

" earthwork 
* drainage 

" miscellaneous. 

CROSS SECTIONS 

Surwey Notes 

The survey notes provide the data needed to prepare cross sections. A sample of these notes 
iz shown below. 

5,TA 8 I~I
5M117
 

tl, JI C. kip 

V.P ii.7 *ld~ It//.Nd?1| NRT 

rip 1. * Sat dW#t N si m a 

1Y*11 litI0I - i l I 

MI 
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Generally, cross sections are required at a maximum interval of 25 melors lot rurol areas and 
20 metes in urban areas. The following section gives guidelines for Placing this information on 
c'oss-section sheets. 

Shet Layout 

Place cross sections horizontally. When narrow sections would leave extra wide margins, . 
('ouble column may be used as shownt 

NOIMAL OR WIDE SECTIONS NARROW SECTIONS 

The arrows in the diogram above show the order in which cross sections are read. 

When cross-section 1loFe lines would extend beyond sheet limits, the slope lines will be 
br.,ken and indented - - not folded back onto the shot. The break points will be identified 
by elevation and offset distance from centerline - as shown below: 
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Plotting 

The initial plotting of present ground lines is mode in pencil. Allow enough space vertically 
between ground lines to avoid overlapping of the completed cross sections after roadway 
templates are plotted. Space requirements can be determined by checking the profile and 
anticipating large cuts and fills. The plotted ground lines are identified by station numbers 
and elevations at centerlinei as illustrated below: 

IZ. 100 

12+050 

124000 

PLOTTED GROUND LINES 
Showing Station Numbers and Ground Elevations at Centerline 

The centerline symbol is placed on centerline at the bottom of each cross-section sheet, 
as shown in the illustration above. 

Scales 

The following scales should be used for cross sections: 

Rural Design Horizontal lcm= Im 
Vertical Icm = 0.5m 

Urban Design Horizontal I cm = 0.5m 
Vertical Icm = 0.2m 

Special situations (for clarity) Horizontal Icm = 0.5m 

Vertical or LESS 
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Scales are shown in the upper right-hand corner of all cross-section sheets. 

Topoqraphy
 

Buildings, utilities and other major topography along the proposed route are shown on cross.
 
section sheets. This helps to determine the effect of proposed construction on the existing
 
facilities.
 

Topographic features ore located using scaled distances for Interal lication and plus station
 
for longitudinal locations. These features are drawn on the nearest main-line cross section.
 

Sheet Numbers
 

As cross ssction sheets are drawn, sequential sheet numbers, beginning with I, are written in
 
pencil in the title blocks at the lower right corner cf the sheets.
 

Inking
 

After the ground lines and topography have been pencil drawn and checked, the following
 
items are inked :
 

• Ground lines
 

0 Stationing
 

* Elevations of ground at ceriterline 

e Malor topography. 

t'o other items on cross-section sheets will be Inked. 

ROADWAY TEMPLATES 

After a typical roadway section has been determined and a tentative profile grade established,
 
roadway tomlates are plotted on the cross sections.
 

Roadway templates are plotted in pencil. The plotted templates may require adjustment
 
several times, so the pencil lead should be soft enough to permit complete erasures.
 

Typical Sections 

Standard typical sections are described with illustrations accompanying the geometric design 
standards in Chapter One. 

Only the grading templates (subgrades and side slopes) need plotting to complete the cross 
sections. Surfacing is not shown. Unusual special excavation below the normal subgrade 
should be plotted. 

Shear Sections 

Where applicable, shear sections will be inserted after the typical section. Examples for 
use of shear sections are roadside parking areas, climbing and acceleration lanes. 
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A vertical closing line is shown on each relevant cross section to indicate earthwork 
discontinuities, as between romp and main-line sections. Shear se.tions are used when the 
roadway width changes from the typical section. The figure below illustrates where shear 
sections are drawn. 

LAST REGULAR
 

SETINSHOUL 
DER7I__ ,__ __I __ _ _I_ _ _ _ 

-T 
I 

11+925 11+950 14O00 12+050 12+100 
SI I ___ I _ __ _ 

BEGIN HERE WITH 

SHEAR SECTIONS -SHEAR SECTIONS 

The figure below taken from the above alignmeit, illustrates a typical shear section. 

61IO MRT, 

12+050
 

40 

6.0 M RT, 
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Crede Elevations
 
Profile grade elevations, repreventing finished grade, are read directly from the earthwork
 
computation sheets and entered on f0 t cross-section sheets.
 
Profile grade elevations are placed vertically above the profile grade points as shown in the
 
previous example.
 

Slopes 
The basic policies and criteria for slopes are presented In Chapter Two. Back slopes, inslopes
and median slopes are designed in accordance with these criteria for existing terrain 
conditions, cut depths and fill heights. 

Intersections 
Plot cross sections in the vicinity of intersectir,% or entrance roads according to the following
guidelines : 

" Show intersecting roads on all main-line cross sections within the limits of the main-line 
cross section. 

• 	 Where high fills are encountered at an intersection, draw cross sections along the 
lines of the pipe culverts. 

" 	Auxiliary cross sections of intersecting roads, where required are drawn along
the normal ditch line or through the ends of radii, whichever provides the widest 
section. 

The following figure illustrates these guidellnes. 

1z 

~I~ 

+-0 -F, _S TA 
850+005 

0 d 	 STAI 

LI 	 -I
-f 'MAINLINE 

CROSS STION 

REGULAR "L REGULAR 
AUXILIARY­
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Ditch Widening 

Widening of ditches to balance quantities or secure additional excavation should be in 
accordance with the typical section being used. The figure below shows a commonly used 
ditch-widening section 

\ 	 NOMAL BACKSLOPE 

6"1
 

~DITCH 

DITCH LINE WIDENbNG 

Daylighting 

The term daylighting refers to the practice of removing small berms, hills and other surface 
irregularities which lie beyond the ditch line. Daylighting may be used to' provide needed 
fill material and to increase sight distance on cJrves. Do not use daylighting if guardrall must 
be provided as a result - except for specifically designed turnout areas. 

When daylighting is used to gain excavation or to improve sight distance, the following 
considerations should be taken into account : 

" 	 The need for a physical separation of runoff within the highway right-of-way and 
adjacent private property. 

* 	 The consequences of removal of the earth barrier regarding noise pollution, off­
roadway glare, driver distraction, view from the road and from off the road, and 
other aesthetic considerarlons. 
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The figures below illustrate cross sections which may be used for daylighting. 

NORMAL BACKSLOPE
 

DITCH LINE 

NORMAL BACKSLOPE 

DITCH LINE[. , 

Slopes in Urban Areas 

Gradelines in urban areas should be designed so that the top of the curb is either level with 
or preferably slightly below the existing ground. It is desirable to leave a natural appearance 
adjacent to the roadway. 

When the natural ground is above or below the top of the curb, and a cut or a fill is 
required, follow these criteria : 

" Provide a minimum 1.5 meter bench or berm behind the curb, level with the top of 
the curb and sloped 2% toward the roadway. 

" When a sidewalk is installed, widen the bench or berm behind the curb to 2.5 meters 
before beginning the cut slope or the fill slope. 

" Use a 6: I cut slope or fill slope to natural ground, except where a steeper slope 
is necessary to stay within the right-of-way limits. 
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The fNgures below illustrate these criteria: 

-[aft WITHOUT SIDEWALK 

2.S t -I 2 . 5 M 

MIN. MIN WITH SIDEWALK";,.,.t] i 2% 

Bridge End Slopes 

At grade separations, the backslopes of the road must be the same as the bridge end slopes. 

Backslope transitions, if necessary, must be made to avoid cutting into bridge end slopes. The 
standard bridge end slope is 2:1. 

ROAD DITCH 
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Bafore plotting roadway templates at grade separations, check the roadway typical sections 

with the bridge plans to see that they are the sum@, 

EARTHWORK 

Procedures for computing earthwork are presented in Chapter Six. Guidelines for recording 
earthwork data on cross-section sheets are presented below. 

Earthwork data recorded on cross section sheets are (I) the areas of cut and fill, in square 
meters, at each cross section and (2) the volumes of cut and unadjusted fill, in cubic meters, 
between adjacent cross sections. This data is recorded in pencil, with cut quantities on the 
left and fill quantities on the right as shown on the next page. The column headings are 
identified at the top of each sheet.using an imprint of a standard rubber stamp provided for 

this purpose. The following illustration demonstrates the use of the rubber stamp and the 
placement of the areas and volumes. 
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CUr VOL CUT AREA 
-FL AREA FILL VOL 

2. 0 29# 100 

5.3 

6,5 

225 
0 
0 

1,4I,4 29 + 050 

3.7 
flO 

I 25 

0 

30 1 13 

RDWY 
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DRAINAGE
 

The basic policies and criteria for drainage are presented in Chapter Seven. Guidelines for 
showing drainage items on cross sections are presented below. 
Drainage items are shown in pencil. Drainage details may be modified several times, so the 
pencil lead should be soft enough to permit erasures. 

Culverts 

Culverts must be fully described on cross-section sheets. Ea.h description includes a drawing 
and a note. The details of the drawings and the contents of the notes are discussed and 
illustrated below. 

Mainline Culverts Without Slews 

Main-line culverts without skews are c own on the closest adjacent cross section of the main line. 
Each culvert drawing shows lines representing the top of the pipe, the flowline of the pipe 
and, where applicable, flared end-terminal sectionc 

Mainline Culverts With Skews 

Skewed main-line culverts are drawn on the closest adjacent cross sections of the main line. 
Each culvert drawing shows lines representing the top of the pipe, the flowline of the pipe 
crnd, where applicable, flared end-terminal sections. 

Approach Pipes and Median Drains 

Approach pipes and median drains are shown as circles on the closest adjacent main-line 
cross sections. 

Notes 

Culvert drawings are supplemented with notes containing the following data, as appropriate: 
" Location of culvert at main-line centerline section. 

" Description of pipe, including inside diameter. 
" Amount of skew in degrees, measured right or left as shown below: 

~PROjF.CT 7SKEW LEFT AHEAD 

RIGHT AHEAD
SKEW 
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OUTLET 

I+033 

54. 200 030 

56+200 INLET 

NEwO6MK2M MCP 36.030 36+ 030 
CLASS I2 EV•S 4.027 NErW IOMXZ4Ml NC P 

02 COVER 
25 C N CULV EXC FL 12 5 

CLASS 
SKEIW 

e 

2 FETS 

AI 
LT AHEAD 

1 5 M COVER 

MAINLINE CULVERT WITHOUT SKEW 
MAINLINE CCULVERT 

1680 CM CULY
ISK EWIT H SKEW 

CXC 

25 4-150 WORTH SOUND 

31+000 
30 1"000254 

25 +150 
I50 (NORTH SOUNGI 

31+i000 0ANEW OSNX ZOMV C P ORAIN 

NEWOR
U 
X1MRCP RAIN CLASS I 

ELASS 2 I-FETS RT 
0-FE TO I-NEW MEDIAN INLET COVER 
S06M COVEN TYPE I 

5 0 CM CULV EEC 1I011 COVER 
20 0 CM CULVExc 

APPROACH PIPE 
MEDIAN DRAIN 



a Description of end treatment 

* Height of cover, measured from the top of the pipe to the top of the finished surface 

e Cubic meters of culvert excavation 

e Quantity of bedding material. 

Drop Inlets and Storm Sewers 

Draw dropDrop inlets and storm sewers ore shown on the nearest main-line cross sections. 

tops of pipes. Where storminlets to the top-of-wall elevations and show the flowlines and the 

sewers run parallel to the main line, their locations and flowlines are shown on each main-line 

cross section. 

Drop inlets and storm sewers also, are described by a note. Each note indicates the station 

meters of culvert excavation. Alocation, full descriptions of the items required and the cubic 

typical note is shown below: 

17 + 051
 

NEW 0.3m Xl 0m R.C.P. (CL.2)
 

I NEW DROP INLET LT.
 

15 C.M. CULV. EXC.
 

CONN. TO NEW M. H.
 

Drain Ditches 

Inlet and outlet drain ditches are drawn on cross sections, and described by notes wherever 

they are used. Each note indicates the station location, the cubic meters of additional 

excavation, whether it is an inlet ditch or an outlet ditch and whether it is left or right of the 

main line. A typical note is shown below: 

25 + 025 

25 C.M. ADD. EXC. 

OUTLET DT. LT. 

Large Pipe Installations 

A typical note for large culverts should be in the forma+ shown below: 

1250 + 000 

NEW 5m X 50m (description of pipe here) 

COVER 3.Om 

SKEW 300 LT. AHEAD 

ENDS SKEWED 200 WARP SLOPES TO FIT 

145 C.M. BEDDING MATERIAL 

175 C.M. CULVERT EXC. 
6.0 C.M. CLASS D CONC. (cutoff walls) 

61.4 C.M. TYPE B RANDOM RIPRAP (inlet and outlet) 
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Curb and Gutter Sections
 

Curbs and gutters are drawn on cross sections only where they adjoint drop inlets.
 

MISCELLANEOUS 
sheets. Guidelines forSeveral types of miscellaneous items are also shown on cross-section 

showing some of the most common items are presented betow. 

Road Approaches 

Road approaches are drown on the closest adjacent cross sections of the main line and noted 
in the manner shown below: 

150+010
 
100 C.M. ADD FILL
 

10OORD APP. LT. 

Individual cross sections of road approaches are not shown except in cases of unusual 
special design. 

Ditch Blocks 

Ditch blocks are drawn on the nearest cross section of the main line and noted in the manner 
shown below 

152+055 152+050 
25, CM.ADD FILL 
0T. BLK LT. 
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Right-of-Way Limits 

Right-of-way limits are shown on the first cross section of each sheet where these limits are 

are shown on each cross section.constant. In transition areas the limit 
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CHAPTER SIX
 
EARTHWORK COMPUTATIONS 

GENERAL CONSIDERATIONS 

Earthwork computations are to be done using the methods and guidelines presented in 
this chapter. 

Earthwork computations invclve these basic steps 

* Computing cross-section areas of cut and fill 

* Computing volumes of excavution and embankment 

* Plotting mass diagrams and computing haul. 

COMPUTATION SHEETS 

Record earthwork computations on computation sheets provided by the Director of Engineering. 
A sample computation sheet, properly completed, is shown on the next page. 

The first five columns of the sheet (grades, vertical-curve data, grade elevations, stations and 
distance between stations) are completed during the process of computing grades, The remaining 
columns will be used for documenting cross.section areas, with volumes between cross sections 
and mass curve data used for plotting mass diagrams. 

Prepare computation sheets for each 1000 meter-section of roadway. This will speed the 
preparation of mass diagrams as explained later. 
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COMPUTING CROSS-SECTION AREAS 

Definition of Areas 

The end areas to be computed are defined by the ground lines and the template lines, except 
in fill areas where select borrow is used. Where special borrow is used, fill areas will be 
computed to the bottom of the select borrow. See the example below. 

GROUND LINE .,.TEMPLATE LINE & 

l S U B G R A D E / 

CUTARA O BE MEASURE7 

FILL AREA TO BE MEASURED 

SECTION WITHOUT SELECT BORROW 

Z/"--GROUND LINE EMPLATE LINE 8 

SUBGRADESUGD SPECIAL BORROW 

CUT AREA TO BE MEASURED FILL AREA TO BE MEASURED 

SECTION WITH SELECT BORROW 
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Computation 	 Method 

Measure the end areas in square meters, using either a planimeter or a mathematical method. 

If a planimeter is used, instructions accompanying the instrument should be followed in 

determining the proper scales to use. 

The end areas for cuts and fills will be recorded below each cross section, as described in 

Chapter Five. 

COMPUTING VOLUMES 

Computation 	 Formula 

Compute volumes of excavation and embankment using the average end-area formula as 

shown below : 

v-- A + XD
2 

Where: 

V --	 Volume, in cubic meters. 

A, + A, = 	 Sum of cut- or fill-end areas of adjacent sections, in square 

meters. 

D = 	 Distance between sections, in meters, 

Transfer the cut- and fill-area figures for each cross section from the cross-section sheet to the 

computation sheet and record them in the 4rea column. The .iAveiage Area column shows 

the average of the adjacent cross-section areas. Record the volumes in the Total column for 

excavation and in the .Acliual column for embankment. If instructions have been given to 
classify certain areas as rock excavation record the cut volume in the Roc, column. 

Transfer the volumes of excavation and embankment from the Total and Actual columns and 
record between cross sections0 as discussed in Chapter Five. 

Shrinkage and Swell Factors 

Adjust the volumes of embankment recorded in the Actual column for shrinkage and swell* 

Record the adjusted volumes in the Emb. + column. 
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Adjust volumes for shrinkage and swell as recommended by the District Engineer. In the absence 
of recommendations from the District Engineer, use the standard tables as presented below. 

STANDARD SHRINKAGE TABLE 

AVERAGE END SHRINKAGE 
AREA M2 FACTOR 

0-5 1.45 
5-15 1.35 

15-35 1.25 
35-50 1.15 

Over 50 1.10 

The Standard Swell Table is used when rock quantities are involved. To obtain the Endm. -­
volume, multiply the Actual embankment by the swell factor appropriate for estimated 
percentage of rock. 

STANDARD SWELL TABLE 

ESTIMATED 
PERCENT 

ROCK 

SWELL 

FACTOR 

010 
II-25 
26-50 
51-75 
76-90 
91-100 

1.00 
0.95 
0.90 
0.80 
0.75 
0.70 

Mass Curve Data
 

Mass Curve data are computed and recorded in the lost three columns of the
 
computation sheet.
 

Where the excavation quantity exceeds the embankment quantity between two cross sections,
 
the difference is recorded in the Cut + column. When the embankment exceeds the
 

excavation, the difference is recorded in the Fill - column.
 

In the last column, record the accumulated difference between cut and fill at each cross
 
section. An accumulated surplus of excavation is identified with the plus symbol: +. Where
 
there is insufficient accumulated excavation for the required fill, the mass curve value is
 
identified with the minus symbol: -.
 

Computation sheets are prepared for each 1000-meter section of roadway. At the beginning of
 
each section, record the mass in the last column as 0 (zero) and compute the mass accordingly.
 
This makes it easier to prepare mass diagrams as discussed in the next section.
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COMPUTING HAUL
 

Haul will be computed for all projects. The steps involved in computing haul are: 

9 Plo'tting the mass 

* Computing the balance points 

* Computing haul under curve. 

Plotting the Working Mass Diagram 

Using cross-section paper, plot the accumulative mass at each station as shown in the last 
column of the computation sheet. The horizontal scale should be 100 meters per centimeter. A 
vertical scale should be selected which adequately illustrates the changes in accumulative mass ­
normally a scale between about 5,000 to 50,000 cubic meters per centimeter. It space permits, 
1000-meter segments of mass may be plotted on one sheet. If a review of the mass diagram 
indicates that more balanced earthwork is necessary, grade adjustments may be r-ade ut this 
time. Any grade adjustments will affect the mass diagram already plotted. To avoid replotting 
the entire mass diagram, the original mass diagram should be plotted in 1000-meter segments 
per line, beginning each line with mass at 0 (zero) and the balance line in its iclalive position 
with the mass. An example mass diagram is shown on the next page. The first 1000-meter 
segment is plotted using the mass data from the earthwork computation sheet shown at the 
beginning of this chapter. 

By plotting mass diagrams in this manner, grade changes will require replotting of the mass 
curve only on the sheet where the grade changes are made. Subsequent sheets can be revised 
by simply adjusting the balance lines. 

Mass diagrams used +a compute haul usually require several sheets. These will not be included 
in the contract plans. Instead, the contract plans will include an abbreviated one-sheet mass 
diagram condensed from the original. Guidelines for preparing mass diagrams for the contract 
plans are presented in Chapter Fifteen. 
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650+600100 

-829 

651+600652+600 
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652+600 4Ul 

0 

653+600 
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Computing Balanc* Points 

Once 1he grades have been finalized and the earthwork has been balanced, compute balance 
points and earthwork quantities for summarization. It is not necessary to compute earthwork 
quantities for each balance point. Several small balance points may be combined within 
distances of approximately 300 meters. Where a balance point falls between the stations listeet 
or, the computation sheet, compute the stationing using a straigh' ie relationship. For example, 
the stationing of the balance point between itations 651 + and 651 + 550 (see the 
exnmple computation sheet) is computed as follows v 

j,+ 29 T 
o 	BALANCE LINE 

-11521 

STA 651+ 500 	 STA 651 + 550 

Stationing of Balance Point = 651 + 500 Plus X meters 
X 1521 

22×50 

X = 33.1m 

Stationing of Balance Point = 651 + 500 + 33m = 651 + 533 

Compute the stationing of each balance point to the nearest tenth of a meter on the computation
 
sheet and record to the nearest meter on the mass diagram.
 

When the balance points have been documented, calculate the excavation quantities and the
 
adjusted embankment quantities Ietween balance points. Check these calculations to see that:
 

" 	 Excavation equa's adjusted embankment between each pair of adjacent balance points. 

" 	 The sum of the total excavation and embankment quantities between balance points 

equals the sum of the sheet totals for the entire plolect. 

Record the excavation and adjusted embankment quantities between balance points on the 
computation sheet and the mass diagram. 
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Computing Haul 

Haul - to be computed in laloinitet (htibu meters - is represented by the areas between the 
mass curve and the balance line. To compute haul, measure the areas between balance points 
with a planimeter and convert the areas to kilometer cubic meters by using a formula based on 
the plotting scales. 

The following formula may be used 

Kilometer cubic meters per square centimeter= Stations per cm X Cubic meters per cm. 

Record the haul between ,alance points on the computation sheet and the mass diagram. 

Borrow 
When borrow is to be used from sources other than the roadway prism, the excavation 
and the haul are both charged to the section where the material is deposited. 
Deadhaul must be computed separately from the borrow source to the highway c=,iterine and 
combined with the haul for distributing the material. 
When borrow is used, the balance line on the mass diagram should be adjusted downward at 
the statio ng where the haul road intersects the centerline. The amount of downward adlustment 
should reflect the total amount of borrow. 

TYPICAL HAUL COMPUTATIONS FOR BORROW 

UNC XC Ic upNC.LtXC iwo +. UNCL EXC 17, 500 CM. me +.NL XC CNN+,~i40M.',440M. %50M 6250C BORROW 6, 000 CM. 4550Mrsc mo 

IAUL %000MM CI HAUL 24'0S M-CM HM*UL3600 1111-c" N6W. SO 1MC.eC 

12,0 C0m o000CIIM9 Z 

WlmGAL TO 

OCAD MAL TO 
BORROW PIT 
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CHAPTER SEVEN
 
DRAINAGE 

GENERAL CONSIDERATIONS 
The ultimate objective of good highway drainage design is to prevent the accumulation and 
retention of water on and adjacent to the highway. This can be accomplished by means of the 
following : 

I. 	Anticipation of the amount and frequency of storm and other surface water runoff. 

2. 	Identification of natural areas of concentration of surface, ground and stream waters. 

3. 	Evaluation of hydrological controlssuch as design discharge rates. 

4. 	Provision for the most efficient disposal structures and facilities considering the initcal 
cost, type and importance of the highway, and maintenance costs. 

Economic Considerations 

During the design of adequate highway drainage and systems of erosion control, the following 
,economic factors should be considered : 

9 The cost of construction and right-of-way.
 
9 Useful life and cost of replacement or extension.
 

0 Delays, interruptions and inconvenience to traffic due to flooding or roadway failures.
 
* 	 Injuries and hazards to persons and vehicles caused by flooding or roadway failures. 

a Damage to highway drainage facilities with resultant repair and maintenance costs. 

a Damage to private and public property and utilities. 
* 	 Pavement or subgrade failure with resultant costs of repair. 

* 	 The cost of repairing or replacing other public facilities or utilities due to contamination 
or flooding of public water supplies or sewerage systems and the resultant dangers to 
public health. 

RUNOFF ESTIMATES 

lasic Policy and Considerations 

he runoff estimate or design discharge depends upon many variables. Some of the more 
nportant are (I) duration and intensity of rainfall, (2) frequency of storms, (3) shape, size, 
lope and imperviousness of the drainage area, and (4)changes in runoff characteristics of the 
rainage area due to changes in land use. 

xperience and judgment are essential in making runoff estimates. Estimates may vary 
oftenonsiderably because present methods of eshmating are not exact and drainage areas 


3ck reliable hydrological data.
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The Rational Method is used to calculate the design discharge. 1he nomograph on page 7-7 
which is based on the Rational Method is used for this purpose. The nomograph simplifies the 
calculation by combining the factors of rainfall intensity, K factor, time of concentration and 
drainage area. 
An explanation of this method is given on this and the following pages. 

Rational Method 

The Rational Method for computation of design discharge is based on the formula, Q = KiA, 

where 

Q = runoff or design discharge, in cubic meters or cubic feet per second 
K = coefficient of runoff 
i =intensity of rainfall, in centimeters or inches per hour 
A = drainage area, in square kilometers or acres. 

Coefficient of Runoff (K)
 

The coefficient of runoff, K, is expressed a'. a percentage to which the peak runoff is reduced
 
due to IIasnilorI, .totage.
 
This value depends primarily on the watershed veqehlaion and ioil poto ily. The K factor
 
will drop in value as the density of the vegetation cover or the soil porosity or both increase.
 
This is because more water is held back on the surface by the vegetation cover or soaks into
 
the ground due to the porosity of the soil.
 
Determination of K is arbitrary and should be selected with care. In these values will
 
generally range from 20 to 70 percent.
 
The following table will serve as a guide in determining K factors. K values for the same type
 
surface may vary at different times of the year under different conditions. For example, during
 
the rainy season K factors will approach 100'% since the ground will eventually become
 
saturated and rain, that in drier seasons would be absorbed, would now become runoff water.
 

Pavements (concrete or asphalt) 070 to 0.95 
Gravel or Macadam pavements 0.35 to 0.70 
Impervious soils 0.40 to 0.65 
Impervious soils, with turfs 0.30 to 0.55 
Slightly pervious soils ' 0.15 to 0.40 
Pervious soils1 0.01 to 0.10 
Wooded areas depending on surface slope and water 0.01 to 0.20 

'Coefficients are for slopes from I to 2 percent. For greater slopes increase the 
coefficient by 0.2 for every 2 percent of slope. The coefficient, however, cannot 
exceed 1.0. 

TABLE 7-1 

-70­



In urban areas when several surface types are included w~thln the dra:nage area, a weighted 
average for K based on surface area will be used ; for example, 

Given : Total drainage area =0.12 square kilometers 

Made up of Pavement and rood surface .01 square kilometers 

Dense residential area .05 square kilometers 

Cultivated land clay .06 square kilometers 

Find Coefficient of Runoff for drainage area. 

Solution .01
.5X 080 -= 0.07 
.12 

.05 x 0.60 0.25 

.12 

Coefficient of Runoff (K) " 0.50 

In rural areas where generally the drainage areas are much larger and the surface types 
are more varied the above method may not prove satisfactory. The designer's own decision on 

K factor based on a through field investigation of the drainage area and his own judgement 

will give better values than the weighted average method. 

DESIGN STORM FREQUENCIES 

Design storm frequencies by drainage facility type and design location are given in the 

following table 

Culverts Storm 
Design and Sewers Roadway (A Structure 

Location Approach Systems Gutters (A Strr 
ppeover 6 meters) 

National 50 yr. 50 yr. 50 yr. 50 yr. 

Intraprovincia 50 yr. 50 yr. 50 yr. 50 yr. 

Secondary 50 yr. 10 yr. 10 yr. 50 yr. 

Local 25 yr. 10 yr. 10 yr. 50 yr. 

TABLE 7.2 

- 71 ­



Occasionally a design storm frequency higher or lower than those in the table may be used 
in unusual circumstances. If a lower frequency than those tabulated is used, caution should 
be exercised to see that increased back water will not cause damage upstream. Also 
the increased chances of losing the structure or roadway or both should be carefully 
constdered. 
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RATIONAL MtTHOD NOMOGRAPH
 

CHART I
 

DEFINITION OF SYMBOLS AND
 
INSTRUCTION FOR USE
 

The symbols on the nomograph are defined as follows: 

H = The difference in elevation between the upper most point of the drainage area 
and the culvert invert or stream bottom measured in meters or feet. 

L = Length of stream or water course between the uppermost point of the drainage 

area and the culvert or bridge site measured in kilometers or miles. 

T = Time of concentration which is the time necessary for precipitation to reach the 
structure site from the furthermost point in the drainage area. 

G Rainfall measured in centimeters or inches per hour that can be expectee at least 
once in every 10 years for various areas, 

I Intensity of rainfall in cenlimeters or inches per hour for the time of concentration. 

A = Drainage area measured in square kilometers or acres. 

P = Discharge in cubic meters or cubic feet per second if all rainfall in the drainage 
area reached the structure site disregarding the K factor. 

K = Coefficient of runoff, expressed as a percentage. 

Q10 = 10 year design discharge in cubic meters or cubic feet per second. 

To determine the design discharge, Q, values for H, L, G, A and K must first be found. Values 
for H*, L and A are found using the surveyed topographic data obtained in the field and 
topographic maps of the area. 

Values for G are obtained from the map of 106.year storm design rainfall shown earlier 
in this chapter. Values for K are obtained as discussed earlier in this chapter. 

When 	 these values are found, proceed as outlined below : 

I. 	Connect with a straightedge, the elevation differential, H, and the length of water 
course, L,and extend this line to intersect scale T. 

2. 	Connect with a straightedge this time of concentration, T, and the 10-year storm 
design rainfall, G, and extend this line to intersect scale I. 

3. 	Connect with a straightedge this rainfall intensityl, and the area, A, and extend this 
line to intersect scale P. 

4. 	 Finally, connect with a straightedge this unmodified discharge, P,and the coefficient 
of runoff, K, and extend the line to intersect scale Q. 

5. 	The value obtained on the scale Q is the design discharge for a 10-year storm. 

To modify this value to obtain other storm frequencies follow the procedure outlined earlier in 
the section entitled Rainfall Intensity. 

NOTE 	 If the uppermost I 5n length of the stream shows a marked Increase In slope, such as 3 or more tWags 
greater than the overall slope, the H should be reduced by approximately 1/2 of the elevation difference 
beiween the uppermost point, and the point 15%. of the stream length from the uppermost point. 
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The following example illustrates the above procedure. 

Problem : 

A bridge site is 5 kilometers (3.1 miles) downstream and 120 meters (390 feet) 

lower than the remotest point in the drainage area. Determine the 50-year design 
discharge at the bridge site. 

Solution: 

I. 	The following information is first determined 

H 	 = 120 meters (390 feet) 

L 	 = 5.0 kilometers (3.1 miles) 

G 	 = 10cm per hr.(4 inches per hour) 

A = 6.0 square kilometers (1480 acres) 

K 40% 

2. 	 On the nomograph, begin by drawing a line from H 120 meters through 
L = 5.0 kilometers, intersecting T at 58 minutes. 

3. 	 Begin a second line at T - 58 minutes, extending it through G 10cm per hour, 
intersecting I at 12.0cm per 60 minutes. 

4. 	 Begin a Ihird line at I = 12 0cm per 60 minutes, extending it through A =- 6.0 square 
ktlometers, intersecting P at 210 cubic meters per second. 

5. 	 Finally, begin a fourth line at P = 210 cubic meters per second, extending it through 
K = 40 percent, intersecting Q0 at 90 cubic meters per second. 

6. 	 Using the factor of 1.50 obtained from table 7-3, Q50 equals 90 X 1.50 or 135 cubic 
meters per second (4760 cubic feet per second). 

The nomograph can be expanded to deal with watersheds larger than the limits shown. 
For example,, in the above problem if the area had been 15 square kilometers instead of 
6 square kilometers, the value for P would have fallen off of the scale. This situation 
is corrected by multiplying the A, P and Q scales by 10. 

With the scales modified, a new line is drawn from the original turning point on the 

I scale through 1.5 square kilometers (now 15 square kilometers intersecting the P scale 
at 48 cubic meters per second (now 480). 

A second line is drawn from P = 48 cubic meters per second (now 480) through K = 40,'O 
intersecting Qj$ at 20 cubic meters per second (ncv 200). 
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0 

CULVERT DESIGN 

Nearly all drainage involves the use of some kind of pipe or box culvert. Culvert design 
involves consideration of the following factors i 

* Culvert material and structural requirements 
* Culvert location 
* Culvert size 
* Multiple installation 
* End sections 
0 Inlet structures
 
0 Outlet velocity
 
e Culvert length and extension
 

Slope and alignment 
• Bedding and fill requirements. 

Culvert Material and Structural Requirements 
The material used for culverts falls into several categories, listed in the table below. Reference 
should be made to the Standard Specifications for informatton on the structural requirements 
for type of pipe. 

Material Code Material Type 

ACP Asbestos Cement Pipe 
___---.- PVC Polyvinyl Chloride 

01 CP Vitrified Clay Pipe 

I RCP Reinforced Concrete Pipe 
i.mG
 

,. NRCP Nonreinforced Concrete Pipe 

CMP/ACCMP Corrugated Metal Pipe and 
a. 
. A-ophaW-Coated CMP 

- - CIP Cast-Iron Pipe 

SPP/PA Structural Plate Pipe and Pipe Arches 

RCAP Reinforced Concrete Arch Pipe 
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Culvert Location 

:ulvert locations will be noted on the premilinory survey; a design discharge may also be 
ipecified. All location and culvert data will be reviewed at the plan in-hand inspection. 

Culvert Sizes 

:ulverts will be selected according to both hydraulic and economic considerations, using the 
:harts and methods outlined on the following pages. 

rhe following table shows the minimum sizes of culverts to be used. 

Type of Structure Minimum Size 

Cross Drain Pipe .60 m 

Approach Road Drain Pipe .40 m 

Box Culvert (Width X Height) 1.5 m X 1.25 m 

ilection of culvert size can easily be made by use of the culvert charts and the following 
ocedure. 

Step I: List design data. 

a. Design discharge, Q, in cubic meters per second (cubic feet per second).
HW 

b. Allowable .- radio, where HW is the vertical distance from the culvert invert (flow. 

line) at the entrance to the watei-.urfaces elevation permissible in the headwater 
pool or approach channel, and D is the diameter of round pipes, the rise of pipe 
arches, or height of opening of box culverts. 

HW 
-should not exceed 0.9 for large structures (a structure having a span of 6 meters 

(20 feet) or greater). Small culverts, in certain instances, may have an allowable 
H_.W of greater than one, even up to 2, 3 or possibly 4. It should be realized thatD
 

HW
 
culverts having a HW greater than one will cause increased backwater and temporary 

flooding conditions upstream. The allowable headwater depth should be 0.5 meter 
(1.6 feet) or more lower than the subgrade at the shoulder. 

c. Type of culvert and entrance type. 

Step 2 Using the appropriate chart and starting at the right side of the chart, intercept 
the discharge, Q, and determine the size of culvert needed. 

)TE The above motedal and the norographs consider only those culverts which operate under Inlet control. 
(See note accompaning the nomographs) As most culvert Installations will generally operate under Inlet 
contrcl, outlet centrol will not be discussed hero, but there are many books on hydraulics of culverts 
that go Into detail in the compocoled outlet control area if the designer wishes to pursue It. A manual 
on outlet control Isavailable Inthe DOE files. 
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Talbot Method 

An alternate method of determining the cross-4ectional area of a waterway opening is the 
,
use of the widely known Talbot formula. The formula is : A = C4*I1 where A = area 

of waterway opening in square feet, D = drainage area in acres, and C = a coefficient that 

depends upon the slopes, shape and cliaracter of the area to be drained. This is presented 

in the form of a nomograph for ease tf use. 

It will serve as a check of other methods of determining water openings. 

This formula is recommended primarily for structures requiring a waterway opening of up to 

400 square feet. In additionthe formula is intended for a rainfall intensity of 10cm/hr (4 inches 

per hour) fo one hour or less. For locations having greater intensities than this, the required 

opening may be computed by multiplying the area of the drainage structure obtained from 

the formula by the ratio: 

rainfall intensity at the location 
10cm (4") 

The key to the use of the formula is the judgment exercised by the Engineer in the choice 

of a value for the coefficient C. 

Example use of monograph: 

area of 500 hectares.Determine the size culvert required for a drainage 

On nomograph, line from C. of .4 (Low Hills) to the D line (drainage area) of 500 hectares 

passes through the A line (opening size) at 80 square feet. These values can then be converted 

into hectares and square meters and placed on the computation sheet. 
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Calculation Sheet 

Computation sheet entitled Culvert/Bridge Openings should be used when designing all culvert 
sizes and bridge openings. The following illustration shows a completed computahon sheet. 
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Multiple Installations 

The use of multiple barrel installations should be avoided whenever possible. While multiple 
barrel installations in theory will double or triple the installationsO capacity, they also present 
a flow restriction to debris, which results in a partial or complete blockage of the installahon. 
When such an installation is necessary to provide an adequate waterway, it will be identified 
by the station representing the center of the installation. 

End Sections 

The need for culvert. headwalls and other end sections should be based on the physical, 
hydraulic, safety and aesthetic conditions prevailing at the site. Flared end-terminal sections 
(F.E.T.S) should be used on the upstream end of rural culverts whenever feasible. The material 
of the flared end-terminal section should match the pipe material. When using F.E.T.S., 
considerations should be given to using them on both ends of the culvert, especially if the water 
crossing is subject to reverse flow at hines. Headwalls should only be specified as a lost 
resort as they are a very serious traffic hazzard. 

When headwalls are neededs they should be designed with wingwalls which are flared away 
from the flowline of the pipe at an angle of between 300 and 750 degrees. 

The use of headwalls or other protection such as rip rap should be considered for the 
following situations: 

" twin and triple installations; 

" culverts with slopes too steep for F.E.T.S. attachment; 

" broken-back culverts where the possibility of slippage exists, for example drop 
structures in backslopes. 

Inlet Improvements 

The basic reason for considering inlet- improvement structures for culverts is increased flow 
capacity. An inlet that provides a smooth transition from open channel flow to culvert flow 
increases the flow capacity in two ways, (I) there is less head loss due to t.urbulence 
ar- the entrance; (2) the contraction of the stream at the leading edge of the culvert- is 
decreased or even eliminated. 

This improvement In made in basically two ways. When using concrete pipe, a well-rounded 
inlet or its equivalent as shown below should be used. When metal ppe is used, a flared end 
section is preferred. This end section will have the same effect as the well-rounded inlet used 
for concrete pipes. The diagrams on the next page show where the turbulence and contraction 
-are located cnd how a rounded inlet eliminated them. 
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ROUNDED STEPPED OR BELL SQUARE 9DSED 

There is another important reason for improving inlets. The height of water on the upstream 

side ot a culvert required to produce a given discharge in a culvert flowing full is much less 

thnn the height required to produce the same discharge in the same culvert flowing partly full 

due to a poorly designed inlet. This difference in height may be the difference between 
flooding the adjacent property and a good design. 

Outlet Velocity 

The outlet velocities of all culverts and stream velocities when designing bridge abutments 
should be checked for possible erosion problems. Each site must receive individual consideration 
by the designer since there is no one velocity above which slope protection will always be 
needed. Tolerable outlet and stream velocities can vary considerably. A bridge or culvert site 
in a rocky defile may be able to withstand almost unlimited velocities, while at another site 
velocities of 3 meters per second could endanger an embankment consisting of fine sand. 

In cases where erosion would result the following alternatives should be considered: 

* Increase the culvert size 

9 Design a broken-back structure 

* Provide rip rap at the inlet or outlet 

* Design an improved inlet and/or outlet for the structure. 

Culvert Lengths 

Culvert lengths are computed directly from the dro;nage cross section, which is 6-awn along 
the flowline. (See Chapter 5). 

For method of measurement the designer should refer to the Standard Specification, Section 
6011 Culverts and Storm Drains. 
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Culvert Extension 

Culverts to be extended should be in good condition, and shall be extended with like material, 
if possible.
 

Concrete pipe culverts shall be extended using a concrete collar or elbow to join old and
 
new sections. Corrugated metal pipe culverts shall be extended using a connecting band.
 
Vitrified clay or cast iron pipe may be extended by use of a concrete collar. Structural plate pipe
 
extensions will be considered on an individual basis. The Bridge Division will be contacted for
 
a recommendation before extending a box culvert.
 

Slopes and Alignment 

Abrupt changes in slope or direction are undesirable with regard to maintenance and pipe 
durability under abrasrve flow. 
It is preferable that drainage pipes follow the natural slope of the ground to minimize pipe 
excavation and allow for gravity drainage. The velocity of flow in a pipe, a minimum of 
0.6 m/sec., shall be sufficient to prevent sedimentation of sludge and light mineral 
matter. 

CONDUIT LOADING AND STRENGTH REQUIREMENTS 

Loads 

After the culvert size has been determined using methods discussed earlier in this Chapter, the
 
class or strength must be specified. To do this. the backfill load which acts upon the conduit
 
must first be determined.
 
This section presents equations for calculating the backfill lead as presented O~nthe AASHO
 
publication, Slandard Specifications for Highway Bridqes, 1973.
 

For a more detailed discussion on determining backfill loads the designef should consult the
 
above mentioned publication, a text on culvert design, or a concrete pipe handbook. When
 
specifying metal pipes, the manufacturer's technical manuals should be consulted.
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Underground conduits are classified as follows , 

UNDERGROUND CONDUITS 

Yielding Unyielding Yielding Unyielding
 
Foundations Foundations Foundations Foundations
 

Earth pressures or loads on culverts may be computed ordinarily as the weight of earth directly 
above the structure. For box culverts and culverts with cast'-in-place inverts or footings, the 
wteight of the earth may be taken at 70 percent of its actual weight. For flexible and rigid 
pipes, not cast-in-place, the weight of the earth may be taken at 03 percent of its actual 
weight. 

The 	 following are recommended formulas for the above conditions. 

(I) 	 Culverts in trench on yielding and unyielding subgrade, or culverts untrenched on yielding 
subgrade: 

P 	 WH 

(2) Culverts untrenched on unyielding foundation (such as rock or piles): 

P = W (9.37H-4.25B) for H > 1.7B. 

P = 12.64 BW (ek _I) for H < 1.78. 
0.385H 

Where k = 035 

P 	 the unit pressure in kilograms per square meter due to earth backfill. 

B = 	 width in meters of trench, or in case there is no trench, the overall width 
of the culvert. 

H = 	depth in meters of fill over culvert. 

W = 	effective weight per cubic meter of fill material, which may be taken as 70 
percent, or 83 percent, of actual weight in accordance with above stated 
provisions. 

e ,-	 2.7182818 - base of natural logarithms, abstract number. 
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For design purposes, a culvert will be considered to be in an untrenched condition if the width 
of the trench is greater than 3 times the outside diameter of the conduit. 

Live Loads
 

When the depth of fill is 06 meters (2 feet) or more, concentrated loads shall be considered
 
as uniformly distributed over a square, the sides of which ore equal to I 3/4 times the depth
 
of fill.
 
The shear produced by such loads shall be calculated as provided for dead loads.
 

When such areas from several concentrations overlap, the total load shall be considered as
 
uniformly distributed over the area defined by the outside limits of the individual areas, but
 
the total width of distribution shall not exceed the total width of the supporing slab. For
 
single spans, the effect of live load may be neglected when the depth of fill is more than 2.5
 
meters (8 feet) and exceeds the span length ; for multiple spans it may be neglected when the
 
depth of fill exceeds the distance between faces of end supports or abutrnents. When the
 
depth of fill is less than 0.6 meter (2 feet). the wheel load shall be distributed as in slobs
 
with concentrated loads.
 

Structural Requirements 

The minimum structural requirements which must be met by all types of drainage pipes ore 
found in the Standard Specifications. Tables and other information regarding allowable fill 
heights over each class of a particular type of conduit can be found in the pipe manufacturer's 
literature. 

Structural and fill requirements for conduits crossing a railroad may differ from the normal 
situation. Coordination with the railroad authorities in such cases will be handled by the Railroad 
Liaison Engineer who shall be supplied with prints and other data on the proposed design 
for presentation to the ra'lroad. 

Bedding Requiremeiits 

The load that a pipe will support depends in part on the width of the bedding contact area and 
the quality of the contact between the pipe and bedding. To develop the full load-bearing 
capacity of a pipe, a segment of the bottom of the pipe equal to or greater than one-fourth of 
the outside diameter (B)must be firmly supported. Bell holes must be carefully excavated at 
proper intervals to ensure that no part of 'he load is supported solely by the bells. 
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To ensure positive contact between the bedding and the pipe surface, careful selection of 

bedding materials must be made. 

Bedding materials larger than 30 millimeters may cause stress concentrations. A blend of materials 
consisting of sand or sandy soil, all of which passes the 9.5mm sieve and not more than 10 percent 
passing a No. 0.075mm sievesis preferred. 

The depth of the bedd-ng should be one-fourth the outside diameter of the pipe but not less 

than 15 centimeters. For rock or other incompressible materials, the trench should be undercut 
a minimum of 15 centimeters. 

Pipe bedding should normally be continuous between manholes or in the case of a roadway 
cross section, continuous throughout the fill. In addition, the same class of conduir should be 
maintained throughout the installation. The three classes of bedding for both circular and arch 
culverts are shown on the next page for trench and embankment bedding. Normally, the 
installation will be Class B, shaped subgrade ; however, in cases where heavy loading is 
anticipated, such as at railroad croisings or in high fills, two solutions ae open : 

* 	 Increase the supporting strength of the conduit by specifying a higher class for the 
conduit. 

e 	 Incrviase the support capacity by using Class A. 

Iti situations where he bearing capacity of the soil is very low and heavy loading is anticipated, 
the use of tram piles should be considered. These tram piles would be used with Class A bedding. 
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STRUCTURE EXCAVATION MEASUREMENT
 

Quantities of required structural excavalion shall be computed for conduit and major and minor 
structures in accordance with Section 205, Subsurface Structure Excavation and Section 501, 
Structure Excavation of the Standard Specifications. 

OPEN-CHANNEL FLOW 

At times it may be judged more economical to reroute a small stream or river channel rather 
than build a structure to allow the water to pass under the road. This rerouting is called a 
channel change. Channel changes should be considered as a last-resort method of drainage 
control. Channel changes will normally require maintenance for a number of years after 
construction in order to keep its cross section constant. There is also a constant- problem of 
channel erosior, particularly where the channel and streambed join. To design an extensive 
channel change requires a knowledge of the hydraulics of open-channel flow and sound 
engineering judgment. The discussion of hydraulics in this manual does not provide the knowledge 
of open-channel flow needed for the more difficult design problems ; nevertheless, a brief 
review of some of the hydraulic principles governing open-channel flow should be helpful to 
the designer. 

flow in open channels is classified as steady or unsteady. Unsteady flow results from 
variations in the supply and will not be covered in this manual. Although the flow in 
most channels during the storm period is an excellent example of unsteady flow, we are 
usually interested in designing a channel to carry a peak flow that recurs with a selected 
frequency. Considering the peak flow as steady flow greartly simplifies the design of 
drainage channels. 

Steady flow occurs when the quantity of water passing any section of the stream is constant. 
Steady flow is further classified as uniform if velocity and depth of flow are constant, 
and nonuniform or varied if velocity and depth of flow change from section to section. 

To have uniform flow, the grade must be constant and all cross sections of flow must be 
identical in form, roughness and aren, necessitating a constant mean velocity. Under uniform 
flow conditions, the depth and the mean velocity for a particular discharge are said to be 
normal. Under these conditions, the water surfar is parallel to the streambed. Normal 
depth is also defined as the depth at which uniform flow well occur when a given quantity 
of water flows through a long channel of uniform dimensions, roughness (n) and slope. 

Uniform flow conditions are rarely attained in drainage channels, but the error in assuming 
uniform flow in a channel of fairly constant slope and cross section is small in -:omparison to 
the error In determining the design discharge if the channel cross section, roughness and 
slope are fairly constant over a sufficient distance to establish essentially uniform flow; 
equations such as that of Manning give reliable results. 
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The Manning equmtlo, 
Water flows In a sloping drainage channel because of the force of gravity. The flow is 
resisted by the friclion between the water and the wetted surface of the channel. The quantity
of water flowing (Q), the depth of flow (d), and the velocity of flow (V) depend upon the 
channel shape, roughness and slope (So). 

1.49 
V - R2/3 S112 (I) 

n 

Where
 

V = mean velocity in feet per second (f.p.s.).
 

n = Manning coefficient of channel roughness. 

R = hydraulic radius, In feet. 

S = slope, In feet per foot. When the Manning equation applies, S = So. 

Some n values for various types of channels are liven on page 99. 

R, the hydraulic radius, Is a shape factor that depends only upon the channel dimensions and 
the depth of the flow. It is computed by the equation. 

R--A " (2)
Wil 

Where 

A = crobs-sectional area of the flowing water in square feet taken at right angles to 
the direction of flow. 

WP - wetted perimeter or the length, In feet, of the wetted contact between a stream of 
water and i+s containing channel, measured in a plane right angles toat the 
direction of flow. 

Another basic equation in hydraulics is: 

Q = AV (3) 

or discharge (Q) is the product of the cross-sectional area (A) and the mean velocity (V), 
By combining equations (I) and (3), the Manning equation can be used to compute discharge 
directly or 

Q AR213 S112 (4)n 
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When a channel cross section is irregular In shapesuch as one with a relatively narrow, deep 
main channel and a wide shallow overbank channel, the cross section must be subaivided and 
the flow computed separately for the main channel crid c the overbank channel. The some 
procedure is used when different parts of the cross section have different roughness 
coefficients. In computing the hydraulic radius of the subsections, the water depth common 
to two adjacent subsections is not counted as wetted perimeter. 

The slopes of the proposed channel change and streambed must matc),to prevent degradation 
of the streambed. Where the new channel is much shorter than the old channel, matchin0 both 
the existing slope and streambed elevations at both ends at the same time may prove to be 
impossible. In cases such as this consideration should be given to incorporating a drop structure 
into the design. An alternate to the drop structure is to steepen a middle segment of ihe 
new channel and line it with rip rap. 
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ROUGHNESS COEFFICIENTS FOR USE IN MANNING EQUATION
 
ClosM condults : 	 MANNING n 

RANGE 

A. 	Concrete pipe 0.011-0.013 
B. Corrugated metal pipe or 


pipe arch : 

I. 	22/3 by 1/.-in. corrugation

(riveted pipe) 

a Plain or fully coated 0.024 

b. Paved invert (ranqe

values are for 25 and 
50 percent of circum 
ference paved) : 

(I) Flow full depth 0.021-0018 
(2)Flow 0.8 depth 0021-0.016 
(3)Flow 0.6 depth 0.019-0013 

2. 	3 by I-on. corrugation 0.027
3. 	6 by 2-in. corrugation

(field bolted) 0.032 
C. Vitrified clay pipe 0012-0.014 
D. Cast-iron pipe, uncoated 0013 
E. Steel pipe 	 0.009-0.011 
F. 	Brick 0.014-00:7 
G. 	Monolithic concrete; 

I. Wood forms, rough 0.015-0.017 
2. Wood forms, smooth 0012-0014 
3. Steel forms 0.012-0013 

H. Cemented rubble masonry walls: 
1.Conrenter alop
man t 0.017002I. Concrete floor and top 0.017-0022 
2. Natural floor 0.019-0.025 

I. Laminated treated wood 0.015-0.017 
J. Vitrified clay liner plates 0.015 

.Lined o* 
open chanels. 

A. 	Concrete, with surfaces as indicated' 
I. Formed, no finish 0.013.0.017 
2. 	 Trowel finish 0012-0.014 
3. 	Float finish 0.013-0.015 
4. 	 Float finish, some gravel 

on bottom 0.015-0.017 
5 Gunate, good section 0016-0.019
6. 	 Gunite, wavy section 0.018-0.022 

B. Concrete bottom float finished, 

sides as indicated : 

I. Dressed stone in mortar 0.015.0,017
2. 	Random %one in mortar 0017-0.020
3. 	Cement rubble masonry 0.020-0.025 
4. 	 Cement rubble masonry,

plastered 	 0.01 6-0.02(o
5. Dry rubble (rip rap) 0.020.0.030 

C.Gravel bottom, sides as indicated: 
I. Formed cocrete 0.017-0.020 
2. Random stone in mortar 0.020.0.023 
3. Dry rubble (rip rap) 0.023-0.033 

MANNING n 
RANGE
 

D. Brick 	 0.014-0.017 
E. 	Asphalt

I. 	Smooth 0013 
2. 	 Rough 0.016

F. Wood, planed, clean 0.011-0 013 
G. 	Concrete-lined excavated rock . 

I Good section 0X17-0.020 
2. Irregular section 0.022-0.027 

III Unlined open channels: 
A. Earth, uniform section : 

I. 	Clean, recently completed 0.016.-0 018 
2. 	 Clean, after weathering 0.018-0.020 
3 	 With short grass, few 

weeds 0.022-0027 
4. 	 In .rovely, soil, uniform 

serfian, clean 0.022-0 025 
B. Eart, fairly uniform section! 

I No vegetation 0022-0025 
2 Gross, some weeds 0.025-0 030 
3. 	Dense weeds or aquatic

plants in deep channels 0.030-0.035 
4. 	 Sides, clean,gravelbottom0,025 0030 
5. 	 Sides, cleancobblebottorn 0.030 0 040 

C. Dragline excavated or dredged:
I No vegetation 0,028-0033
2. 	 Light bru!;h on banks 0,03j-0.050D. Rocks 
I. 	Based on design sectinn 0035 
2. 	 Based on actual mean ieclion 

a Smc,oth and uniform 0.035-0.040
b. 	Jagged and irregular 0.040-0&045

E. Channels not maintained,
 
weeds and brush uncut:
 

I. 	Dense weeds, high as 
flow depth 10"8-0,12 

2. 	Clean bottom, brush on 
sides 0.05-0.08 

3. 	Clean bottom brush on 
sides, highest stage of flow 0,07-0.11

4. 	 Dense brush, high stage 0.10-0.14 
IV. 	Street and expressway gutters:

A Concrete gutter, troweled finish 0.012 
B. Asphalt pavement:

I. 	Smooth texture 0.013 
2. 	 Rough texture 0.016 

C. Concrete gutter with asphalt#
 
pavement:

I. 	Smooth 0.013 
2. 	 Rough 0.015 

D. Concrete pavement:
I. 	Float finish 0.014 
2. 	 Broom finish 0.016 
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E. For gutters with small slope, 

where sediment may 
accumulate, increase all 
above values of n by 0.002 

V. 	Highway channels and swales 
with maintained veqetation: 
(values shown are for velocities 

of 2 and 6 f.p.s.): 


A. 	Depth of flow up to 07 fool: 
I. 	Bermuda grass, Kentucky 

bluegrass, buffalo grass * 
a. 	Mowed to 2 inches 0.07-0.045 
b. Length 4 to 6 inches 0.09-0.05 

2. 	Good stand, any grass : 
a. 	 Length about 12inches 0.18-0.09a. 	 24nchesb. 	LengthLength aboutabout 24inches 0.30-0.15 

3. 	Fair stand, any grass :. 
a. a. engh bou1 inhes0.4-008a.Length about 12 inches 0.14-0.08 
b. 	 Lengthabout 24,inches 0.25-0.13 

B. Depth of flow 0.7-1.5 feet 
I. 	Bermuda grass, Kentucky

bluegrass, buffalo grass: 
a. 	Mowed to 2 inches 3.05-0.035 
b. 	Length 4 to 6 inches 0.06-0.04 

2. 	Good stand, any grass' 
a. 	Lengthabout 12 inches 0.12-0.07 
b. 	Length about 24 inches 0.20-0.10 

3. 	Fair stand, any grass: 
a. 	Length about 12 inches 0.10-0.06 
b. 	Length about 24 inches 0.17-0.09 

VI. Natural strearn chennels: 

A 	 Minor streams (surface width 

at flood stage less than100ft): 

I. 	Fairly regular section : 

a. 	Some grass and weeds, 
little or no brush 0.030-0.035 

b. 	 Dense growth ofweeds, depth of flow 
greatermaterially height 0.035-0.05than weed 

c. Some weeds, light
brushSm weds light5
brush on bunks 0.04-0.05 

d. Some weeds, heavy
brush on banks 0.05-0.07 

e. 	 Some weeds, dense 
willows on banks 0.06-0.08 

f, 	For trees within 
channel, with branches 
submerged at high 
stage, increase all 

above values by 0.01.0.10 

2 	 Irregular sections, with 

pools, shght channel 
meander ; increase values 
in I a-a about 0.01-0.02 

3. Mountain streams, no
 
vegetation in channel,
 
banks usually steep, trees
 
and brush along banks
 
submerged at high stage:
 
a. 	Bottom of gravel, cob­

bles, and few boulders 0.04.0.05 
b. Bottom of cobbles, 

with large boulders 0.05-0.07 
B. Flood plains (adjacent to 

natural streams) : 
I. 	Pasture, no brush 

a. 	 Short grass 0030-0.035
High grassareas. 0.035-0.052. 	Cultivated 

Cultivated03-0.0. 
No 	crop 0.03-0.04b. 	Mature row crops 0.035-0.045 

c. 	Mature field crops 0.04-0.05 
3. 	Heavy weeds, scattered 

brush 0.05-0.07 
4. 	 Light brush and trees: 

a. Winter 0.05-0.06 
b Summer 0.06-0.08 

5. 	Medium to dense brush 
a. Winter 	 0.07-0.11 
b. Summer 	 0.10-0.16 

6. 	 Dense willovs, summer, 
not bent over by current 0.15-0.20 

7. 	 Cleared land with tree
 
stumps, 100-150 per acre t
 
a. 	No sprouts 0.04-0.05 
b. With heavy growth

of sprouts 0.06-0.08 
8. 	Heavy stand of timber,
 

a few down trees, little
 
undergrowth :
 
a. 	Flood depth below 

branches 0.10-0.12
b. Flood depth reachesbrar'ches 	 0.12-0.16 

. ajrs e s(srfcew1t
C. 	Major streams (surface width 

at 	 flood stagu more than 
100 ft.): Roughness coeffi­
cient is usually less than for
 
minor streams of sinlor
 
description on accountof less
 
effective resistance offered
 
by irregular banks or
 
vegetation on banks. The
 
value of n for larger streams
 
o most regular sections,
 
whiA no boulders or brush,
 
may be in the range of from 0.026.0.033 
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Open Channel Flow Calculation Sheet 

A computation sheet covering open-channel flow has been prepared for the convenience of the 
designer. The following illustration shows a properly completed computation sheet 

SKETCH 

HYrROLOGIC .NFORMATION -P. 75-' C -
OPEN CHANhtEL FLOW i l *V r W/ 

PROJEci Z. (, 3) ?, 0 " t ,.,,A 

CFIANNLL LOATION ' ' 

DESIGNEH v v 7 

DATE /9 74 

CHECKED BY , .V-' eQ. 7VTr,-

A 
fi t 

R 
ft 

ra 
fl/ft 

n 
ftAec vREAKft/lsec RMARKS 

13.33 3,23 0,003 000 tO *do ,oorm iN 70 M4" 

469.47 , 34 0,00 O00s 103.9 ro I ),rjoMoN 7144 IML 

185.6;1 3,3 0,003 0 1155 Cod2 er rovmrP oNw 

CALCULAT IONS 

Wpw SN# 2VI 5t46.14,41M-#7.5SF'7 41,(/E4.01 )34.9Pta lt7 W (14,41 f-2 3.250 54. F 

A=s5*4^I s I+,ZS Mlz 103 33Pr A 10J(l<r- v 16V.l~)7trJL AtL#14-..t5 fe 3,r [. 

,qA /5-4 .3 3'"A AC/4 

IM:32Sft IM3 =333111i 
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CHAPTER EIGHT
 
HIGHWAY INTERSECTIONS 

General Consideration 

All highway intersections fall into one of the following three classest 
" At-grade intersections 

" Grade separations 

" Interchanges 

The design criteria for at-grade intersections are presented in this Chapter. For more information 
on all three classes, the AASHO Manuals entitled A Policy on Geometric Design of Rural 
Highways, 1965, and A Policy on Design of Urban Highways and Arterial Streets, 1974 should 
be consulted. These books ore located in the Director of Engineering's files. 

Design Factors 

Although several intersections, especially those which are close together in urban projects, 
may have factors in common, the design of each intersection in general is treated as an 
individual problem. Some of the factors which determine the design of an intersection are 
shown below, grouped into four main categories: 

* Human 

+ driving habits
 
4 decision and reaction times
 

+ effects of surprise 

* Traffic 

+ intersection capacities 

+ turning movements 

+ size and operating characteristics of vehicles 

+ control of vehicle movements within the intersection
 

" vehicle speeds
 
+ pedestrian movements 
+ accident history and experience 

+ unusual traffic volumes due to seasonal, social or recreational facilities 
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* Physical 

+ topography
 

t geometric design criteria
 

+ highway improvements and associated requirements 

+ physical requirements of channelization, if any 

e Economic 

+ cost of improvement 

* right-of-way costs and availability 

+ effect on adjacent buinesses or properties. 

General Types of At-Grade Intersections 

Illustrated on the next page are the most commonly used three, four and multileg intersections. 

Most intersection designs will be based on one of these general types. For more illustrations of 

at-grade intersections the designer should refer to one of the AASHO manuals in the 
Director of Engineering's files. 
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4- LEG INTERSECTIONS 

UNCHANNELIZED 

MULTILEG INTERSECTION ROTARY INTERSECTION 

GENERAL TYPES OF AT-GRADE INTERSECTIONS 
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Stopping Sight Distance 

Minimum stopping sight distances as stated in Chapter One ore provided on each leg of an 
intersection consistent with its design speed. An extension to the table of stopping sight 
distances, for low speeds, is shown in table 8-1. Desirable stopping sight distances should be 
provided wherever possible. 

STOPPING SIGHT DISTANCE FOR TURNING ROADWAYS 

Design Spized, KPH 20 30 40 50 

Stopping Minimum 15 30 45 60 

Sight 

Distance, m. Desirable 15 30 45 60 

Table 8-1 

In addition to observing the requirements for minimum stopping sight distance, the designer 
should be sure that signing and other structures at or near the intersection will not obstruct the 

drivees view of approaching vehicles. 

The location of each intersection and approach should be reviewed 4o be sure that sight 

restrictions do not create a hazardous situation. Where possible, the location should be adjusted 
to avoid sharp blind curves and deep-cut or fill sections. 

Approaches should not be hidden behind crest verh.ial curves, nor located off high fills, 

especially where the existing ground falls away from the through highway. If an approach 
to a high fill is unavoidable, a 5-meter minimum platform on the same slope as the shoulder 
will be provided. Intersections occurring on horizontal or crest vertical curves are undesirable 
with respect to operation as well as sight distance. When selecting an intersection location, 
avoid horizontal and vertical curv atures wherever possible; for major intersections, a grade 

change or even a grade separation may be warranted. 

Curve Geometrics 

The determination of turning radii should be based on the figures on the following pages, which 
show the turning circle templates of four standard design vehicles passenger car (P), single. 
unit truck (SU), bus and semitrailer combination (WB-50). 
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Compound Curve 

For most right-angled Intersections, a ctngle cIrcular arc joining the tangent edges of pavement 
is adequate design. However, the use of such an arc as the inside pavement edge In 
oblique-angled turns may lead to an unduly large paved area and can create di'ficulties 
regardi,4 sign placement. In such cases, a three-centered compound curve may be usad. The 
table at the right gives simple and compound edge-of-pavement curve data for various angles 
of turn and design vehicles. The designer should refer to the figure and formulae on the 
next page, showing computation procedures for three-centered curves. 

It should be noted that a replacement of the large-radius arcs of a three-centhred curve by 
straight-line tapers 15 to 30 meters long will produce almost the same effect as the compound 
curve. This alternative is recommended except when right-of-way and space limitations are 
so severe as Io necessitate a three-centered curve. 
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MINIMUM EDGE OF PAVEMENT DESIGNS FOR TURNS AV INTERSECTIONS
 

Angle Simple 3-Centered Compound 3-Centered Compound 
Design of Curve Curve Symmetric Curve Asymmetric 

Vehicle Turn(degrees) Radius(meter) Radii (meter) Offsetet Radii (meter) Offset 
(motor) (mtr) 

P 30 20 - - -

SU 30 ... 
WA-50 60 ... 

45 15 - -

SU 25 - -

WB-50 50 60-30-60 1.0 -

P 60 10 - -

SU 20 - -

W&50 - 60-25-60 2.0 60-25-80 0.6-1.8 

P 75 10 30-10-30 0.6 - -

SU 15 35-15-350 0.6 - -

WB-50 - 45-15-45 1.8 45-15-70 0.6-3.0 

P 
SU 

90 10 
15 

30-10-30 
35-10-35 

0.8 
0.6 

-
-

WB-50 - 60-20-60 1.8 35-12-60 0.6-3.0 

P 105 - 30-5-30 8 -

SU - 30-10-30 1.0 -
WB-50 - 60-15-60 2.4 45-40-65 0.6-3.0 

P 120 - 30-5-30 .6 -
SU - 30-10-30 1.0 -
W-50 - 60-12-60 2.6 45-10-70 0.6-3.6 

P 135 - 30-5-30 0.5 -
SU - 30-10-30 1.2 -
WB-50 - 50-10-50 2.7 40-10-55 1.0-4.3 

- - -

P 150 - 25-5-25 0.6 - -

SU - 30-10-30 1.2 -
WB-50 - 50-10-50 2.1 35-10-60 1.0-4.3 

P 180 - 15.5-15 0.2 -
SU - 30-10-30 .5 - -
WB-50 U-Turn - 40-10-40 2.9 30-10-60 1.8-40 

Table 8-2 
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Step I: The following quantities will be known, or can be selecten, by the designer s 

" angle of turn (deflection angle) 4 (degrees) 

" radii R1, R2 and R3 (feet) 

" offsets p and q (feet). 

Step 2:Compute the intermediate deflection angles from 

s- (RI + q)cosA,= R-(R+P)K,- R2 csAC -- KI - K2 

andA 2 = A-(At + AS) 

Step 3: Compute the tangent lengths from the point of interse.tion to the beginning (5) and 
end (E)of the compound curve, from : 

TB p c os n A 4 + R2tan ++ (R-R 2) sin A,sinA 2
 

TEq A + R2 ton + (R3 - R 2) sin As
sin A +2+ 

When A = 900 (a commonly encountered case) 

TB = q + R2 + (Ri - R2) sin A4 

TE= p + R2 + (Rs - R2) sin A. 

The formulae above are for an asymmetric three-centered curve. 

For asymmetric curve, 

Rs'- Rs and p = q
 
So Al = A3 =cosI R -(R 2 + p)
 

I~- R2
 

and A 2 = - 2 A. 

and TB=TE= P(I--cosA) + RR2 tan +(R j isin Ai2sin A 
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SkMewed Interectioe 

Skewed iniersecticnz on major highways should be avoided where possible by means of 
relocations similar to those shown below: 

INTESECING POADREOOT' . - uORIGINAL 

INTESCTING OADO A­

. .. - -. HIGHWAY -

R LOCATiON OF SKEWD IiTeRSKIION 

Intersection angles should be skewed no more than 300 from a right angle approach. 
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Rural Intersect;ons 

Approaches are designed for all intersections with public roads. Such roads normally carry 
enough traffic to make the design geometrics significant. Short relocations are often desiroable. 
Traffic turning lanes and chcnnelization may also be warranted. The figure below shows a 
typical rural intersection. 

HIGAY-..--- -E- - -
Ii 

EVGE OF PAVEMENT EDGE OF PAVEM9WT
 
INTERSECTING
 - .o 

#Mt ROAD RADIU 

15 MIAD I U 8 4UL1 RDU 
TO MATCH 9KSTING 

I I 
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Urbs" Streeb 

There is little new location in urban areas; due to this fact, the design of urban atgrade 
intersections must be coordinated with and tied to the geometrics of the existing system. Grades, 
widfs and return radii will therefoie be rratched with those already present, using drawings 
with a horizontal scale of I cm to 2 meters and vertical scale of 1cm to 0 2 maters. 

Pimensions for paved urban intersection: with minor loral streets are shown in the 
figure below: 

6.OW
 
MIIMUM WIDTH
 
BACK TO BACK
 

OF CURIO
 

IM MINIMUM NADIU8 

--- OF MAJOR MWr - ----

Urban intersections involving major streets of arterial highways usually will incorporate some 
foim of channelization. The discussion which follows and the accompanying figure Illustrate 
tha design controls and criteria applicable to channelized intersections. 

Chennelizetion 

The object of channelization is to separate or regulate cor',cting traffic movements into definite 
paths of travel by the use of traffic islands, pavement markings or other suitable means to 
facilitate the safe, orderly movements of both vhicles and ptdestrians. 
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A traffic analysis generaNy is per(ormed to establish the type of channelization by identifying
tho relative importance of conflicting movements. Giving preference to major movements is a 
gc1,d practice-- this may require control or even elimination of minor movements such as 
stopping or parking. Close liaison should be maintained with the Traffic Engineer before, during 
and after the preliminary design phase. 

It is essential that judgment be eoercsed during design so as not to introduce the following: 

e driver confusion 

e excessive restrictions 

e unsafe conditions. 

Complex intersections which present many choices io the driver are undesirable. Simplicity
both of movement and signalized or Implicit instruction, is a desirable goal However, designs
which reduce or eliminate too many movementi can be unnecessarily punitive. 
Determination of the lengths of left-turn and storage lanes should be made using the procedure 
on page 8-14. 

.,TumFm1 

PON,-"i5-I
NI,,IVeiTU~,
 

A N L P T -TMff pi I " 
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Left-Turn Lenes 

1he length of a leftwurn lane should be designed in such a manor that the number of vehicles 
desiring to m ake a left turn during any interval will exceed the left-turn lane capacity only 5 
percent of the tmo. The following procedure, based on a probability (Poisson) distribution 
method, will be use . for determining the length (L) of a left-turn lane. A minimum lane langth 
of 30 meters wil be used, regardless of calculated results. 

Step I 8 

Calculate m, the average number of vehicles per interval, from 

DXI m = 3600 

Where : 

D = design hourly volume of vehicles mcking the left turn 

I 	 (interval) = 60 seconds in rural areas 

= 	 90 seconds in urban and suburban areas. 
(Other values may be used, dependent on 4ignalization-phase periods.) 

Step 2 :
 

Enter table 8-3 with the calculated valuo of m and read off the corresponding value of X, the
 
probable maximum number of vehicles appearing the given interval. Appropriate values of x have
 
been obtained from a Poisson distributionso that the probability of x being exceeded is 0.05, or
 
5 percent.
 

Step 3 :
 
Allowing a distance of 5 meters for each stared vehicle, multiply x by 5 to obtain L, the
 
required left-turn lane length, in meters.
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TABLE - LEFT-TURN LANE LENGTH 

AVERAGE NUMBER 95% PROBABLE LENGTH OF 
OF VEHICLES MAXIMUM NUMBER LEFT-TURN LANEOF VEHICLES DURING 
PER INTERVAL THE SAME INTERVAL 

m X L, meters 

0.1 to 0.3 2 30
 

0.4 to 0.8 3 30
 
0.9 to 1.3 4 30
 
1.4 to 1.9 5 30
 
2.0 to 2.6 6 30
 
2.7 to 3.3 7 35
 
3.4 to 4.0 8 40
 
4.1 to 4.7 9 45
 
4.8 to 5.4 10 50
 
5.5 to 6.2 11 55
 
6.3 to 7.0 12 60
 
7.1 to 7.8 13 65
 
7.9 to 8.6 14 70
 
8.7 to 9.4 15 75
 
9.5 to 10.2 16 80
 

10.3 to 110 17 85
 
11.1 to 11.8 18 90
 
11.9 to 12.6 19 95
 
12.7 to 13.4 20 100
 
13.5 to 14.2 21 105
 
14.3 to 15.0 22 110
 

Table 8-3
 

Example= Given DHV - 486 (left-turning vehrcles) 
Urban Area
 
486 xK 90
 

Solution m -- 86 -9 = 12.153600
 

Average number of vehicles per interval = 12.15
 
From the table, x = 19
 

The number of vehicles appearing during the given interval will exceed 19 only
 
5% of the time.
 
Length of lefL.turn lane, L = 5mtrs X 19 = 95 meters.
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Speed-Change Lanes 

Speed-change lanes should be considered when designing oil at-grade intersections. The use of 
the additional lanes will reduce te hazard and increase the capacity of the intersection by 
removing from the traveled way the slower moving vehicles which are entering and leaving 
the highway. 

Warrants for the use of such additional lanes cannot be stated specifically. There are several 
factors, however, which should be considered, namely: 

9 average running speeds 

i traffic volumes 

0 capacity 

9 type of highway 

a arrangement and frequency of intersections 

a accident experience. 

Speed-change lanes are of two 'types., acceleration and deceleration lanes. Basic design criteria 
are discussed in the following paragraphs. 

Deceleration lanes
 

The length of a deceleration lane is determined by three factors t
 

a average running speed on highway
 

" average iunning speed on exit curve
 

a deceleration vote.
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Table 8-4 shows 	the length of deceleration lanes to be used for different combinations of highway 
and exit 	speeds. The lengths shown in this table are based on a vehicle decelerating in Iwo steps 
first, a three-second slowing down in gear without the use of brakes; and second, ihe comfortable 
breaking at a rate of 10 kph per second. 

Lx LENGTH OF DECELERATION LANE-METER 

HIGHWAY AVERAGE F.CR DESIGN SPEED OF iXIT CUrYV - KPH (NO) 
DESIGN RUNNING STOP I LENGTH 
SPEED SPEED c0NW- 20 30 40 50 60 701 0 90 0 OF 

Kb'H 	 KPH TiON -o, I I I TAPER 
(V) 	 () FOR AVERAGE RUNiNG SPEED ON EXIT CURVE-KPH( Vj) 

0 18 26 37 47 55 63 172 79 7 m 

35 3227 15 12-	 - - - - 25 

50 	 47 76 5 5 7 - - - - - - 40 
59a 104 41 65 76 58 46 - - - -.- 50 

, o _ 13 1 119 1161104 887 3 55 - - - 65 
,00 	 o7 16 162 152 146j13 119 107 1 21 67 - 60 

V DESIGN SPEED OF HIGHWAY Vj- AVERAGE rfUNNING SPEED 
ON EXITCURVE 

Vu- AVERAGE RUNNING SPEED 
ON HIGHWAY Lt LENGTH OF TAPER 

V1 - DESIGN SPEED OF EXIT
 

CURVE
 
L 

DECELERAtION COMFORTABLE 

INGEAR (Lt) BRAKING 

II 

TABLE 8- 4 

DERIVATION OF LENGTHS FOR DECELERATION LANES 
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Acceleration !anes 

kcceleration lanes con be designed with a uniform toper, usually 20:1 to 50: Ior wit A 
iarallel lane with a more abrupt taper at the end. The tcper length, regardless of the method 

ised, is to be considered part of the lone length, The factors effecting acceleration lane length 

ire similiar to those effecting deceleration lanes, namely 

" average running speed on highway 

" average running speed on entrance curve 

" acceleration rate. 

'he lengths shown in table 8-5 are based on an acceleration rate varying from Akph/sec for a 
,ehicle traveling at 10 kph to I.5kphsec for a vehicle traveling at 100 kph. 

-- - - i-l 

HIGHWAY L-LENGTH OF ACCELERATION LANE- METERS 

FOR ENTRANCE CURVE DESIGN SPEEDKPH 

DESIAN SPEED STOP 
CON- 20 30 40 50 160 70 10 So 100SPEED, REACHED OlTIO I I 1 1 

KPM (V)KPH AND INITIAL SPEED (Vo ) KPH 

0 O 26 37 47 55 63 72. 79 87 

35 32 43 - ..- - ­

50 47 107 98 76 46 -- -. 

65 59 198 160 170 137 58 46 - ­

so 72 332 320 305 259 213 165 95 _ - ­

00 87 485 470 457 430 405 363 302 198 122 -

DERIVATION OF LENGTHS FOR ACCELERATION LANES 

Table 8-5 
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Speed-Chenge Lane Adjustmt.nts 

Tables 8-4 and 1-5 were developed without regard to the grade of the road. When the 
speed-change lanes are to be designed on a grade, table 8-6 must be used to modify the 
lane lengths. 

Design speed of Ratio of length on grade to length 
highway, kph on level fore 

All 3 to 4% upgrade 3 to 4,%downgrade
0.9 1.2 

All 5 to 6% upgrade 5 to 6% downgrade 
0.8 1.35 

Acceleration Lanes 

Ratio of lngth on grade to length 
on level for: 

Design speed of 
highway, kphi Design speed of turning roadway 

curve, kph 

35 50 65 80 All speeds 

3 to 4% upgrade 3 to 4% downgrade 
65 1.3 1.3 - - 0.7 
80 1.3 14 1.4 - 0.65 

100 1.4 1.5 1.5 1.6 0.6 

5 to 6% upgrade 5 to 6% downgrade 
65 1.5 1.5 - - 0.6 
80 1.5 1.7 1.9 - 0.55 

100 1.7 1.9 2.2 2.5 0.5 

Table 8 6 

For example, from table 8-5 it is found that an acceleration lane must be 170 meftrs long for 
a highway design speed of 65 kph and an entrance curve design speed of 30 kph. Assuming the 
intersection is on a 3.5% upgrade, the adjustment factor is 1.3. The adjusted lane length then 
is 170 meters X 1.31 oi 221 meters. 
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Private Approaches and Driveways 

Generally, it is the policy of the Highway Administration to replace existing approaches 

where highways are to be constructed. Where highways are on new locations, approaches will 

be provided as required by the abutting property owners, providing that the approach is not a 

safety hazard. 

Care should be taken to avoid an excessive number of approaches. Keep in mind that: 

" 	 approaches are expenswe - including costs of excavation, surfacing materials and 

pipe culverts. 

" 	 some existing farm entrances and approaches may have outlived their usefulness and 

may no longer be required. 

" 	 each approach presents a potentially hazardous conflict with highway traffic, particularly 

when the volume of traffic is large. 

" 	 each approach represents an obstruction in the recovery area. 

Recommendations for private approach locations will be made during the plan-in-hand inspection. 

In some cases, the need for a private approach may be obvious from the plan-sheet layout 

If there is any question about the need for an approach, the situation should be investigated 

during the plan-in-hand or other field inspections. Final determinations of the needs for 

approaches will be documented at the lime of right-of-way negotiations. 

Rural Approaches 

rhe following points should be considered when designing approaches and driveways in rural 

locations . 

* 	 Joint access to adjoining properties should be provided where possible, with the 

access opening centered on the property line. Such openings generally will be 8 meters 
wide, with 5 meter radii on the returns. 

SMAX. 

,- -HIGHWAY I- , ,, 
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* Grades of rural access openings ahould not exceed a maximum of ±8%. 
is in a high-cut or deep-411 situation, where a maximum grade of +12"4, 
In such cotes the shoulder slope should be continued for a minimum 

beyond the edge of shoulder before breaking to the steeper slope, 
the figure below. 

An -exception 
is allowable. 
of 5 meters 
as shown in 

. ISTIfi, GRO~UNO LIJE 

IE E . men ,n -

'EP ES I m mrn
 
---& HOULDER SLOPE
M FILL SECTION 

NmMAL SECTION TEMPLATE ,, 

Aiherever possible, consideraion should be given to relocating the access opening to, or at least 

near, a roadway section where the cut changes from cut to fillmn order to avoid the situation 
shown above. 

Urban Approaches and Driveways 

In considering new driveway locations in urban areas, close halison should be mointined %ith 

the Riht-of-Way Division, which will negotcale with *e property owners using he initial design 

as a basis for negotiation. 
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The major part of design work on private approaches in urban areas involves improvements on 
existing locations. Factors to be considered are: 

" accommodation of existing approaches 

" development of abutting property 

" the need to keep adjacent development information up-to-date during the design phase 

e location of curb inlets. 

All new driveway design will be in accordance with the criteria shown in table 8-7. 

DRIVEWAY WIDTH CRITERIA 

TYPE OF PROPERTY 

Residential Commercial 

4m Desirable 3m Desirable 
6m Maximum lOta Maximum 

6m Desirable 

8m Maximum 

DOUBLE 	 in existing locations
 

only. Use single in
 

new locations.
 

JOINT USE 8m Desirable 12m Desirable 
(Driveway on lOm Maximum 15m Maximum 
property line) 

Table 8-7 

Driveway geometrics are referenced to the project centerline. Returns should be located on 
tangents, not on curves. 

Frontage Roads 

Frontage roads should be designed to provide safe and convenient access to property 
adjoining a major through-highway, especially one with high design speed and volume 
of -traffic. 
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Signalization
 

The method and design of signalization at intersections ore the responsibility of the Traffic 

Engineer. Generally, urban intersections are the only ones requiring signalizotion. The Design 

Divi6ion will furnish base plans to the Traffic Engineer. 

Pedestrian Provisions 

Ordinarily, little or no provision is made for pedestrian use of highways in rural areas. In 

urban areas, sidewalks -.- ll be provided along all highways. Sidewalks should be 1.5 meters 

wide and, where possible, should be set back a minimum of 1.0 meter from the curb. In cases 

where there is insufficient room to set the sidewalk back, the width may be increased to 1.8 

meters. Consideration should be given to the relative locations of inlets and sidewalks or 

crosswalks to ensure that neither grates nor ponded water are hazardous to pedestrians. The 

following figure illustrates correct inlet locatfons. 

INLETS UPSTREAM 
OF CROSSWALKS "%' 

INLIT LOCATIOIN
 
A? URBAN INTERSECTIONS
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CHAPTER NINE
 
SURFACING 

GENERAL CONSIDERATIONS 
This Chapter sets forth criteria and procedures to follow in estimating quantities of highway 
surfacing materials.
 

For each project, basic decisions relative to surfacing design are formulated by the Road Design
 
Engineer based on recommendations from the Soil Engineer. These decisions include:
 

" Type of finished surface
 

" Kinds of materials
 

• Thicknesses of the various courses. 

Following review and approval by the Director of Engineering, the project designer is advised 
of the recommendations. 

TYPICAL SECTION GEOMETRICS 
The recommendations for structural design of the surfacing must be applied to the standard 
typical section selected for each projec. Surfacing thicknesses will be defined to the nearest 
centimeter. The horizontal dimensions of the various surface courses must be determined for 
the purposes of . 

* Computing surfacing quantities 

* Construction staking in the field. 

Symmetrical Sections 

Most commonly used typical sections are for 2-lane highways an tangent alignment with 
normal crown slopes. Dimensions of the subgrade width and intermediate surfacing courses 
will be symmetrical about the centerline. 
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wfdth will be shown on the standard typical section. The first computltionThe fintshed roadway 

subgrade using the following formulais to establish the width of 

W.W,.2 
-'W ~( 0.03 Z)W,~~ ""21-

where 
W, Width of subgrode in meters 

W -- Width of finished grade in meters 

t Total surfacing thickness at finished shoulder 

Z -Horizontal proportion of the side slope i.e. Z 6 for a 6:1 side slope. 

Wf
 

For example, where Wt = 12.20m 

t = 0.55m 

Z 6; 1 
W.= 12.20 + 2 X (0.55X6) 

- 12.20 + 8.04 = 20 24 

- 20 2 (Round to nearest 0.1 meter). 

Because of the rounding process, the side slope through the surfacing courses will not be exactly 

6; 1, but the differe'ice is negligible and the even dimension facilitates staking of the subgrade. 

The second computation is to esrablish the width of the intermediate surfacing courses. Each 

horizontal dimension shall be computed in proportion to the thickness. 

For example, the width at the top of any surfacing course may be determined by the 

following formula : 

= Wt + L W -W-2WX 
t 
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Where: 

W, =- Top width of intermediate surfacing course 

Wt = Width of finished grade 

W. = Width of subgrade 

t = Total surfacing thickness at finished shoulder 

t = Accumulative thickness of courses above WS 

WX 

Wf
 

WI 

All dimensions are in meters.
 

All computed intermediate widths (W.) will be rounded to the nearest 0.05 meters.
 

Unsymmetrical Sections 

When sections are not symmetrical about the centerline, the widths to the left and right of 

centerline must be computed and shown separately. This situation exists with all superelevated 

sections 
different 

and 
widths. 

with divided highways where the inside and outside shoulders are 

To compute 
used : 

subgrade widths for superelevated sections, the following formulae will be 

Low Side 

W,j = Wf (low side) + tZ 

Hig.h Side 
tZ 

Wh = Wf (high side) +-t 
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Where: 

W =i- Width from centerline to edge of subgrode on low side of superelevaton 
in meters 

W~h =- Width from centerline to edge of subgrade on high side of superelevotion 
in meters 

Wf Width tif finished grade in meters 

f Total thickness of surfacing in meters 

S . Slope of superelevation (mIm)
 

Z -- Horizontal proportion of the side slope.
 

.W f - Wt -
LOW SIDE Wil 310EK 

Wf 
LOW I4) WIN 

The computed values for Wi and Wsh will each be rounded to the nearest 0.1 meter.
 

For divided highways on tangent or curve sections, the subgrade widths left and right of
 

certerline are computed as follows:
 

TANGENT 
tZ+ I - 0.03Z= Wi (inside)W, (inside) 

tZ+ I-.O.03ZWf (outside)W, (outside) c= 
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Cuve Sections 

Subgrade widths on curves are determined using one of the following four formulae. A formula 
was derived for each different situation as listed below: 

FORMULA SITUATION 

tZ 
W, (outside) - W* (outside) + t- Outside Roadway, Outside Width 

tZ 

W, (inside) " W. (inside) + j-t Outside Roadway, Inside Width 

tZ 
W. (,nside) = Wf (inside) + I Z Inside Roadway, Inside Widthtz 

W, (outside) - Wt (outside) + _ Inside Roadway, Outside Width 

Inside roadway refers to the roadway closest to the curve's radius point. Outside roadway refers 
to the roadway farthest from the curve's radius point. 

Both Ws (inside) and Ws (outside) will be rounded to the nearest 0.1 meter. 

The widths of intermediate surfacing courses for unsymmetrical sections will be computed in the 
same manner as for symmetrical sections in proporiori to the thicknesses, except that widths 
will be computed and recorded separately for each ,ide of the centerline. 

In order to speed computation of subgrade widths, the following table has been developed for 
the most common situations-tangent and full curve. The table shows subgrade widths beyond 
the edge of finished shoulder for a one-meter thick surface. 

Z 1:1 2:1 3:1 4:1 5:1 6:1 

- 3"3 1.03 2.13 3.30 4.55 5.98 7.32 

- 8% 1.09 2.38 3.95 5.88 8.33 11.54 

+ 8 941 .93 1.73 2.42 3,03 3.57 4.05 

To use the table, first locate the correct factor using the superelevation rate and sideslope. This 
factor is then multiplied by the total thickness of surfacing. The example on the next page 
demonstrates this procedure. 

- 130­



Example 

For cross section at right, t - 0.40m ;
 

Z =.3:1;S=3%
 

from table, factor is 3.30
 

W 	= 3.30 X 0.40 = 1.32m. 

--'0.40 

COMPUTING SURFACING QUANTITIES 

For each typical section, computations will be made to determine the required quantities per 
station of'eac& type of surfacing material. Subsequentlythese values will be used to compute 
total surfacing quantihes for the entire prolect To assure consistency and uniformity, the 
computation steps described below must be followed. 

Gravel 	 Quantities 
I. 	 For estimating purposes the cross-section area for each course may be computed 

by multiplying the thickness (nearest 0.01 meter) by the average of the top and 
bottom widths. End areas should be rounded and recorded to the nearest 0.01 
square meter. 

2. 	 Compute the cubic meters per 100 meters with this formula 

C.M./1O0m = End Area (sq. m.) X lOOm 

Round 	 the answer to the nearest 0.1 cubic meter. 

3. 	 Compute tons per 100 meters. Unless otherwise directed, use 2200 kilos per cubic 
meter for conversion. 

Metric 	 Tons/lOOm = C.M./lOOm X 2200 = C.M /lOOm 2.2* 

Round 	 the answer to the nearest 0.1 ton. Specific unit weights for gravel may be 
given for individual prolects. 

Check your answer for each step before proceeding to the next step. Values should be recorded 
on the typical section sheet as illustrated on the model sheet in Chapter Fourteen. 

NOTE. 	 The conversion factor of 2 2 may be modified If the Distict Engineer determines that another factor 
Is more appropriate. 
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Plant Mix Ouantities 

I. 	Compute cross-section areas. If the plant mix course is of uniform thickness, the 
procedure is the same as for gravel courses. If cross slopes are steepened, special 
computation must b , made to allow for variable thickness. Round the answers to 
the nearest 0.01 square meter. 

2. 	 Compute cubic meters per 100 meters in the some manner as for gravel quantities. 

3. 	 Compute tons per 100 meters on the basis of a weight-of 2320 kilograms per cubic meter. 

Tons/loom -- 2320 C.M. 
1000 lOOm 

This value includes thm weight of all materials.
 

All rounding of computations should be performed in sequence by steps as directed.
 

Bituminous Material Quantities 

For estimating purposes, all bituminous material is assumed to weigh 1.00 kilogram per liter. 
Plant Mix .lsphalt - Quantities to be estimated at 6.5 percent of the computed weight of 
plant mix and recorded to the nearest 0 I ton per 100 meters. 
For plant mix bituminous base, the asphalt quantity will be computed as 5.0 percent of the 
total weight. 
Miimc Asphalt - Prime Asphalt will be estimated at the rote of 1.5 liters per square meter 
of surface area of top course gravel. Quantities will be recorded as tons per station. For 
computation purposes, the rate of appliration should be converted to 0.001385 tons/sq.m. 
Round the answer to the nearest 0.1 ton. 
Tack Asphalt - Tack asphalt will be estimated at the rate of 0.50 liter per square meter 
between lifts of plant inix material and between plant mix surfacing and bituminous-stabilized 
base courses. The square meters of surface area computed for prime asphalt should be used 
also for estimating tack asphalt quantities - even though the area is not precisely correct. 
Quantities should be computed and recorded in Ih",;per 100 meters and rounded to the 
nearest liter. Qjantihes should also be converted into tons pr 100 meters using 0.9 kilograms 
per liter as a conversion factor. Round the answer to the nerest 0.1 ton. 

Macadam 

When macadam iJrfaces are specified, the rates of application for the various materials 
involved will be provided by the pavement designer. 

Approach Surfacing 

On bituminous-surfaced projects, all private approaches will be surfaced to the right-of-way line 
unless other wise directed. Seldom used approaches, wh,'-h warrant gravel sufaces only, will 
be 	identified at the time of plan-in-hand inspection. 
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In roads where plant mix base is a part of stage construction, quantities for approaches should 
e estimated based on using a 4-meter transitional tapered section from the finished shoulder 

the road approach. This tapered section is illustrated below. 

EDOOF FUTURE 

\ PAVEMENT 

A -~A 

SECTION A-A 
/ 

I FINISHED SHOULDER 

Summary of Quantities 

Total quantities of surfacing materials will be computed and summarized in the format shown 
in Chapter Fourteen. Computed quan1ities should be rounded as follows: 

" Gravel and plant mix - nearest ton 

" All bituminous material - nearest 0.1 ton 

" Sand surfacing and pit run material - nearest C.M. 

Fovmulae are shown on the foliowing pages as on aid to computation of surface areas. 

- 133 ­



Square 

Area a=S2c I/2d2 

Rectangle and Parallelogram 

Area = ob 

= bZd- - b2 

LIII~\i.Trapezoid

Area = I/h (a + b) 

Triangle 

Area t/2bh 

/S (S - a) (S - (5(- c) 

Where6= S -/. (a + b + c) 

Regular Polygon 

n =numbern 

of sides Area = z" Cos n 

R2 sin= n-. 

n 

1r tan ­ fi 
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Circle 

Area r2 I = 2 

Perimeter 

- p ==xdr- 2ICr 

Circular Ring (Annulus) 

Area r (R2 - r2) 

-7 (R - r) (R + r) 

Sector 

xr 2Area '/,br = _ 0 Arc b 

3600 Ar 

F Quadrant(0 = 90o) 

Area = 4
 

T Segjment 

Area = '/2 [br - c (r - h)] 

3r '/2 c - h)= r 2 30- (r O 

-/ 2 [br - c(h- r)] 

7 r2 8 + 2Ac(h-r) e> 

1800­

1800 
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Fillet or Spandrel 

2
Area = r' tan. - Z -r tan - 0.008127a) 

Length of return, L, --- = - 0.0174533ra1800 .14 3 r 

90o Fillet 

Area =r 2 1 4) 0.214602r2 

Length of return, Lr -/ 29rr = 1.570796r 

\Driveway Surface
 

R2
Area (tan2 -3600) 

+r2tan 7c -) 

+1/2w Rtan! + rotan 

Ellipse 

Area = ab 

Perimeter= 27 . b2 

(approximately) 

Parabola 
k. 	aM Area = 2/3 sh 
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CHAPTER TEN 
RIGHT-OF-WAY 

GENERAL CONSIDERATIONS 

Right-of way plans must be prepared in ways to clearly define the land needed for highway 
construction. Development of right-of-way plans and the data shown on them requires the 
cooperative effort of many persons, including 

* Field survey crews
 

e Title researchers
 

e Highway designers
 

* Right-of-way designers 

* Right.of-way appraisers 

This Chapter is written for the right-of-way designer and sets forth policies and procedures 
for his guidance in coordinating the preparation of right-of'way plans. 

A typical set of right-of-way plans will consist of a title sheet and a series of plan sheets 
showing alignment, basic topography, coordinate s, tem used, property lines, property owners 
and a description of the required land. 

The base maps for this information should be prepared as soon as possible - even before 
the specific right-of-way requirements are known. Tracings prepared by the highway designer 
for construction plans can be readily adapted for right-of-way plans. 
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RIGHT-OF WAY DESIGN PROCEDURE
 

The Right-of-Way designers are to follow the basic steps as outlined below in the preparation 
of right-of-way drawings. 

I. 	After the alignment has been determined by the Road Design Division, the Right­
of-Way Division designers prepare initial right-of-way plans. This set of plans is 
prepared using the Road Design plan and profile sheets. All alignment information, 
including PC, PT, PI stationing, lertgth and bearing of tangent and curve data, as well 
as construction limits are truced onto the initial right-of-way plan sheets. Only the 
plan portion of the plan and profile sheets are used. After this is done, the right-of­
way limits are added. These limits are predetermined for the several classes of high­
ways and are shown in Table 10-1. The right-of way limits are then checked against 
the construction limits. All conflicts are noted. These conflicts will be discussed at the 
preliminciry plan-in-hand (P.I.H.) inspection. For a complete discussion of the plan-in­
hand inspectior refer to Chapter Thirteen of this manual. 

2. 	 With the initial right-of-way plans complete and possible problem areas noted, the 
right of-way designer is ready to attend the P.i.H. inspection The right-of-way designer 
w;l participate in all P.I.H field inspection trips All right-of-way problems will be 
discussed at this time Possible problems would be sensitive right-of-way takings, such 
as choice farmland, graveyards ard developed urban areas. Another problem area 
would be in those areas where the construchon limit extends past the standard right­
of-way limit. 

3. 	 Following the P.1 H. inspection, the right-of-way designer should make all correctiois 
to the initial right-of-way plans as found necessary during the inspection. Additional 
right-of-way takings beyond the standard limits should be fully described. 

4. 	 After the initial right-of-way plans are modified to include all changes made during 
the P I.H. inspection a land surveyor certified by the Land Bureau will obtain all 
necessary property ownership data to complete the right-of-way plans. 
The certified land surveyor, whether a private consultant or a HA employee, 
is responsible for reducing all property survey notes and preparing final ownership 
maps. These maps must meet criteria presented later in this Chapter, He is also 
responsible for obtaining the Land Bureau's official acceptance of the maps prior to 
their being turned over to the right-of-way designers. 

5. 	 After ownership maps are prepared, work on the final right-of way plans can begin. 
Criteria for preparation of final right-of-way plans are presented later in this Chapter. 

6. 	 During steps 4 or 5, a second P.I.H. inspection is normally held. This inspection is held 
when the road design is about complete. Its purpose is to discuss final details of -the 
project before the construction plans are finalized. Normally, no changes in right-of­
way occur. If changes do occur, the certified land surveyor will again have to be 
contacted and modifications to the ownership maps made before final right-of-way 
plans are completed. 
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OWNERSHIP MAPS
 

Ownership maps ore prepared by a certified land surveyor and approved by the Land Bureau. 
Approval of the ownership maps is obtained by the certified land surveyor and must be 
obtained prior to their being submitted to the right-of-way designer. 

The ownership maps serve as the most important source of ownership data during right-of-way 
plans preparation. For this reason an effort must be made by the right-of-way designer to 
ensure that the certified land surveyor includes on the ownership maps all data necessary for 
completion of the plans. 

The ownership maps will consist of two parts. First, the maps themselves are prepared using 
the initial right-of-way plans for guidance. All property ownership lines are shown using a solid 
line New parcels created by the right-of-way lines are clearly identified with parcel numbers. 
These parcel numbers are assigned according to Land Bureau policy. Typical parcel numbers 
and their meaning are shown later in this Chapter. Coordinates for control points, such as PC, 
PT, PI and Point on Tangent (POT), are converted into the local land coordinate system. 

A full description of the coordinate systems used and any other Land Bureau documents used 
in the preparation of the maps should appear on each ownership map. These ownership maps 
are prepared in the same scal: as the initial right.of-way plans. 

The second document prepared by the certified land surveyor is a compilation of ownership 
data. The fvllowing list shows the data necessary. 

" Owner's name and address 

e Original property parcel number 

" Area of original property 

" Class of land 

" Parcel number of property taken 

" Area of property taken 

" Parcel number of remaining property 

" Areo of remaining property. 

This list of data must also be approved by the Land Bureau prior to being turned over to the 
right-of-way designer. 

INITIAL RIGHT-OF-WAY PLANS 

Initial right-of-way plans are traced from the plan portion of the Plan and Profile sheets 4 the 
construction plan, oz prepared by the Road Design Division. 
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All alignment information, such as tangent bearings complete curve data and match linessar6 
placed on the plans All P.C., P.T., P.1 and P.O.T. coordinates are also placed on the plans. 
Items that are important duing negotiations with the owners will be shown on the righof-way 
plans. Examples of such items are trees, hedges, bushes, sidewalks, paved driveways, underground 
utilities and waterwells. Buildings are always shown. These data are normally shown on the 
roadway design topographic plans and can merely be transferred onto the initial right-of­
way plans. 

FINAL RIGHT-OF-WAY PLANS 

Rijht-of-Way Plan Set Orqanization 

Right-of-way plans will contain three different types of sheets. These sheets are, in oreer of
 
their appearance, the title sheet, ownership summary sheets, and plan sheets.
 

A description of their contents and layout is discussed below. The size of the orignal sheets and
 
title blocks will be the same as for construction drawings as discussed in Chapter Fourteen.
 

Title Sheet
 

The title sheet is normally a modified construction plan title sheet. Typical right-of-way symbols
 
and a table of contents appear on the title sheet.
 

A typical completed right-of-way title sheet is shown at the end of this Chapter.
 

Ownership Summary Sheets 

Ownership summary sheets are placed immediately after the title sheet. These sheets are similar 
to the summary sheets in the construction plan set. A summary of ownership information 
appearing on the summary sheet contains the following items. 

" Owner#s name and address 

" Original property parcel number 

* Area of original property 

* Class of land 

" Parcel number of property taken
 

" Area of property taken
 

* Parcel number of remaining property 

" Area of remaining property. 

A typical completed ownership summary sheet is shown at the end of this Chapter. 
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Plan Sheets 

Plan sheets are normally prepared by tracing the ownership mops directly. In the event the 
ownership maps were not prepared using the some scale as the initial right-of-way plans, plan 
sheets will be prepared usinp one of the following scales. 

Urban Areas 1cm = 5m 

Rural Areas Icm = lom 

These scales are the same as those used for plan and profile sheets prepared by the Road
 
Design Division.
 

Additional information which must be added to these sheets is discussed in the next section of
 
this Chapter entitled "Right-of-Way Design Criteria."
 

A typical completed right-of-way plan sheet is shown at the end of this Chapter.
 

RIGHT-OF-WAY DESIGN CRITERIA 

This section sets forth policies and criteria to guide the right-of-way designer in establishing 
and documenting right-of-way requirements. 

Construction Limits 

The principal guide for dsign of right-of-way is the identification of actual construction limits 
established by the roadway designer. 

When highway design has progressed to a point that construction limits can be identified with 
a reasonable degree of certain+y, the right of-way designer will receive the highway plans 
showing the limits of construction and other construction orientation guidelines. These data are 
then sketched onto the initial right-of-way plans, using a lightedashed line for top of cut and 
a light,dotted line for o of fill. The area of "slope rounding" should be included as a part 

of the construction limits. 
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Rigbt-of-Way Widths 
Obviously, the right-of way must be wide enough to accommodate the identified construction 
limits. 

Minimum values apply only to rural areas and to situations where high R.O.W. cost is not 

a significant factor. No set rules can be established governing R.O.W. widths in urban areas. 

Sound judgment must be used to obtain a logical balance between R.O.W. costs and widths. 

Existing Right-of-Way 

Where the proposed alignment is fairly close to the present traveled way or where it intersects 
wiih other highways, the right of-way lines defining previously acquired land should be drawn 

as a light, dashed line. This information is available from previous right-of-way maps. These 
lines should be labelled "Existing R/W". 

Right-of-Wa Breaks 

Try to design R.O.W. lines with a few breaks and changes of width as possible. A large 
number of breaks complicates the writing of R.O.W. descriptions. 

The following general criteria should apply : 

a A right-of-way width parallel to the centerline should be maintained uniformly for at 
least 100 meters. 

a Excep.1 for changes at property lines or extremely large changes (10 meters), changes 
in rifilht-of-way width should be accomplished with a taper of 4:1. 

e Wliere the width changes between adjacent property owners, the breaks should follow 
the property line. 

o 	 Where widths change close to P.C.'s or P.T.'s, try to make the breaks coincide with 

the curve points. 
* 	 Where width changes are required both left and right, try to make the break-points 

coincide at the same stationing. 

o 	 Take the ownership boundaries into consideraon. Sometimes it is advisable to run the 

right-of-way along the property line, either to avoid leaving a narrow strip of property 
or to avoid negotiating with another owner. 
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Beginning or Ending of Project 

When right-of way i designed at the beginning and ending of a project, and those points 
are within the limits of an individual ownership, consideration should be given to acquir­
ing right-of-way through the ownership for future connecting projects so that the owner 
will not have to be contacted again. 

Construction Permits did Easements 

Under certain conditions it may nor be necessary to obtain permanent possession of lend 
on which construchon work is to be performed. Instead, a construction permit should 
be obtained. 

The following general criteria should apply 

e 	Private irrigation ditches should be designed outside the right-of-way. A construc­
tion permit or a construction easement should be obtained. (See Figure I.) 

00 

Figure I 
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* 	 When Government-furnished borrow pits are outside the limits of right-of-way a 

construction easement for 'the haul road must be obtained. The land for the actual 
pit will either be leased or purchased. (See Figure 2.) 

BORROW PIT 

-67 
213 

3,
I 	 1 
lOOM 0i 

15M
15M 

I
I p 

Figure 2 

9 	 Right-of-way should be designed to include channel changes for drain ditches, streams 
or rivers. (See Figure 3.) 

o CH. CH 	 +. 

20M 	 20M 

Figre 3 
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* 	 A construction permit normally will be adequate for minor inlet and outlet ditches 
outside the regular highway right-of-way. If a concrete spillway is to Lj built or 
considerable rip rap is to be placed, additional right-of-way should be obtained to 
include the spillway. (See Figure 4.) 

z 

R.O.W. 

a 
0 
+ 
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+ 

0 0 Z 
WW 

0 

0 
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0 

WE 

on+ 

Figure 4 
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* 	 Construction permits or easements may be required in the case of railroad crossings or 
encroachments that occur when the alignment is parallel to the railroad. In cases where 
the highway centerline crosses the railroad centerline, it is necessary t' show both 
the RR stationing and the highway stationing ct the point of intersection, the angle 
between the two lines, and the railroad and highway stationing and offsefs from 
centerline of each point of R.O.W. intersection. (See Figure 5.) 

26+021 

ism 

zs+ooo 

134+969ROAW,049 
IO R 

126+070 1354031 A
Iis5 IOM R 

XX4526z t 100 

26050 115+000 

134+ 99 

ISM L IOM LR1 

PERMANENT RAILROAD EASEMENT 

14g6-eS 
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* On a parallel encroachment it is necessary to show the railroad and highway 
stationing and offsets from centerlines of each right-of-way break. (See Ffgure6.) 

R R R 0 W 

30+100 207+050RR 30+;5() 20)7+ 100 HIR 

20M Ur am ;. R ..... + .. o.. 204M . ;
30+00 07+5050+11)0 '074 s')GRR 

. /I R R RO .Wr ' , ,. 
[EMPOPA:.'Y L. MENT

>--HIGHWAY R.O.W 30+10 IO 

Figure 6 

Parcel Numbers 

A parcel number can bi a single number or letter or a comb:nation of two or more numbers 
or letters. Typical parcel numbers are shown beloN.: 

- 57 - 34 

- 183 - C 

207 A 

The original parcel numbers are 57 and 34. Each time the property is divided, a new number -s 
added. The above examples are for parcels which have been divided twice. 

Parcel numbers are for convenience in idenoifying the different land parcels to be acquired for 
a specific project. Parcel numbers for right-of-way takings ore numbered consecutively, starting 

at the beginning of the project. These numbers are assigned by #e Land Bureau. 
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The following criteria should be kpt in mind i 
* Where there is a complete severance as shown by the cross-hctched area in figure 6,

the separated portions of property belonging to the same ownor are gven different 
parcel numbers. (See Figure 7.) 

6-5
;~ 142 -L862 -19275

-7 -6 8
 

R .W. 189
 

- 61 * 5
 
1126
 

11113 
 126
 

Figure 7
 

_ 14­



" Different parcel numbers for the some owner are necessary where a dedicated street 

or alley separates the lots of that owner. 

" Different parcel numbers for the same owner are necessary where a prolect runs 

from ona province into another. 

" Where existing right of-way is adequate, it is not necessary to assign a parcel number 
unless the grade change may cause damage to the property. 

" 	 Where additional width or length of a tract is acquired subsequent to acquisition of 
the original tract, and a second deed is required from the same owner, the 

additional tract should be identified with a supplemental tract number. 

* 	 An addition in width or length of a parcel prir to acquisition of the original right­
of-way requires revision of the descripfion and retenhon of the original 
parcel number. 

" 	 A parcel originally under one ownership, but which is divided into two or more 

ownerships prior to acquisition, requires treatment as two or more individual parcels. 
The original parcel number will be retained for that portion still under the original 
ownership Portions under new ownership will be given the same parcel number, but 
with on uddiltionl ,nuinber, such as 

-27 -27 - 7 

153 , 154 , 155 , etc. 

" 	 Temporary construction permits require a parcel number unless acquired with another 
parcel. 

Area Determination 

When computing the areas taken and the areas which remain, compute and record them to the 
nearest square meter. This applies both in urban and rural areas. 

Examples of Right-of-Way Plans 

The following pages illustrate examples of a lypicol title sheet, ownership location map and 

right-of-way plan sheet. 
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CHAPTER ELEVEN
 
MISCELLANEOUS DESIGN 

Several highway design criteria are not directly related to the major topics covered elsewhere 
in this manual. These miscellaneous criteria are presented in this Chapter. 

AIRWAY HIGHWAY CLEARANCES 

Within 5 kilometers of airports, highways must be designed to provide miimum clearances 
between the highways and the navigable airspace. Navigable airspace, minimum clearances 
and related criteria are discussed below. 

Navigable Airspace 

Navigable airspace at ihe ends and to the sides of runways is illustrated in the following 
figures. Navigable is defined as the space above the approach surfaces and transition 
surfaces adjacent to a paved or unpaved runway. Highway oppur+enances such as 
overhead signs and light standards must- not penetrate navigable airspace. 

Minimum Clearances 

The minimum vertical clearances between the near road shoulder and the navigable airspace 
are set forth in the following table. These criteria apply to military and civil airfields. 
The designer should take into account : 

e future surfacing overlays which will reduce clearance. 

* future growth of the airport which may necessitate highway relocation. 

References 

For detailed airway-highway clearance regulations, the designer should contact the Directorate 
of Air Bases. Due to the frequent changes in regulations, the above agencies should be 
contacted early in the design phase if there is an airport within 5 k-lometers of the project. 
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POWERLINE CLEARANCES
 

During the design of a highway miimum clearances for powerlines and poles must be observed. 
For high voltage powerlines the following minimum clearances are to be used. 

Powerlines carrying Vertical Horizontal 

15,000 Volts or less 7.5 meters 30 meters 

over 15,000 Volts 8.5 meters 30 meters 

For more 	 detailed information concerning electrical clearances the designer should contact the 
Power Company. 

GUARDRAILS GUIDE POSTS AND MEDIAN BARRIERS 

The purpose of guardrail is to protect traffic from hazardous conditions along the roadside. The 
designer must be aware that guardrail is hazardous in itself, and should not be used when it 
:s a greater hazard than the object or condition being "protected". This section discusses the 
various types of guardrail and median barrier in use, warrants for their use, and their location 
and place. 

Safety Beam Guardrail 

Safety beam guardrail consists of a steel IV beam offset by wooden blocks from mounting 
posts spaced between 2 and 4 meters apart. It is designed such that a vehicle striking it at a 
flat angle will slide along the rail - consequently, there should be no obstructions or points of 
discontinuity to impede the movement of the vehicle. Posts should be of adequate strength to 
resist the force against them without failing, although some degree of deflection or "give" isdesirable 
to cushion the impact. Generally, a maximum deflection of 0.5 meters is expected. The rail 
element itself should be adequately anchored to withstand tensile forces resulting from the 
drag of 	the sliding vehicle along the rail and to prevent buckling and pocketing of the rail. 
Proper design of the rail termination should be realized to alleviate the danger of the 
end itself. 

Reinforced Concrete Guardrail 

Reinforced concrete guardrail is used most commonly on bridges and bridge approaches. This 
type of guardrail consists of concrete posts and rails. Both posts and rails should be of adequate 
strength to resist the forces acting against them. For more information, refer to Section 513 of 
the Standard Specifications for Highways and Bridges. 
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Steel Pipe Guardrail 

Steel pipe guardrail consists of posts and rails made of steel pipes 15 centimeters in diameter. 
The posts will be spaced approximately 2 meters apart and embedded in the embankment 
sufficiently deep to ovorcome any overturning force developed during ;mpact. 

Wooden Guardrail 

Wooden guardrails consisting of square posts and rectangular shaped rails are usually used 
at temporary bridge sites and as barricades. 

Concrete Median Barrier 

A reinforced concrete median barrier, originally developed by the New Jersey Department of 
Transportation, is constructed in an inverted Y section. Vsage of this and similar zero-deflection 
median barriers is primarily between opposing roadways on high volume frejwoys where 
neither vehicle movement nor barrier deflection across the narrow median is allowable. 

Guide Posts 

Guide posts are generally used to mark abrupt changes in shoulder width, at approaches to 
structures, at drop inlets and at cut sections to provide warning. Guide posts ore used to 
outline horizontal curves and otherwise show the direction of the road Using a reflective 
surface, such a white paint, and reflector buttons, greatly improve their visibility at night, 
when it is needed most. Guide posts are also desirable in areas subject to fog. 

The choice of providing guardrails or guide posts largely is a matter of hazard involved. 
Guardrails are designed to resist impat by deflecting the vehicle along the length of the 
guardrail at reduced speed. Guide posts are not intended to resist impact. If they are 
designed to resist impact they will not be as effective as guardrail and their cost will greatly 
increase. 

Sources of Information 

Information regarding 
publications : 

guardrail and median barriers may be found in the following 

" NCHRP Report No. 54 : Location, Selection and Maintenance of Highway Guardrails 
and Median Barriers (1968) 

" 	 HRB Special Report No. 81 : Highway Guardrail, Determination of Need and Geometric 
Requirements (1964) 

" 	 A Policy on Geometric Design of Rural Highways (AASHO, 1965). 
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Warrants For Use 

Three warranting features ore considered in establishing guardrail placement : (a) embankment 
geometry, (b) roadside obstacles, and (c) impenetrable roadside hazards in close proximity to 
the roadway. 

Emnbankmeqt geometry 

On low, flat fills it is safer for out-of-control vehicles to "ride out" a slope than to strike 
a guardrail. On high, steep fills there is less hazard in being redirected by a guardrail 
than where the vehicle is allowed to travel down the slope. 

Chart A plots an equal severity curve for the two conditions mentioned above. This 
Chart is to be used in determining the need for guardrail. 

Roadside obstacles 

A great many of all highway fatalities occur when vehicles inadvertently leave the 
roadway and strike fixed objects. If these objects are removed the vehicle operators 
would have the opportunity to regain control. Chart B shows C1plot of off-the-road 
incidents occurring within given distances of the edge of the traffic lane. From the 
Chart it is seen that 80% of the uncontrolled vehicles did not travel more than 8.5 
meters from the edge of the traffic lane. 

Foi warranting purposes, an 8-meter zone next to the traveled way is considered the 
minimum for being kept clear of obstacles. If this zone cannot be cleared due to 
practical or economic reasons, guardrail may be warranted for these areas. 

Impenetrable roadside hazards 

Roadside hazards are those which are located along a roadway for a considerable 
distance. Examples of hazards are;(I) rough-rock cuts, (2) large boulders, (3)permanent 
bodies of water with depth greater than 60 centimeters, (4) dropoffs having a slope 
greater than 1:1 and depth greater than 60 centimeters, and (5) lines of large trees. 
Because these hazards occur for some distance along the roadway, the possibility of 
uncontrolled vehicles striking one of these hazards is greater than that of a vehicle 
hitting a roadside obstacle. For this reason, guardrail may be needed at hazards 
located more than 8 meters from the traveled way. 

Median Barriers 

Warrants for median barriers are determined by median widths and traffic volume. Chart C 
should be used for guidance in determining barrier need. 

On all divided highways, regardless of median width and traffic volume, the median roadside 
must be examined for guardrail warrant as discussed earlier. 
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ROADSIDE DEVELOPMENT
 
The part played by landscaping the roadway in making highways aesthetically pleasing, safer 
and easier to maintain, should not be overlooked. Careful consideration of landscaping factors 
should be made during all phrQes of design. The following discussion lists some of the points 
which should be borne in mind by the designer - imagination and a ;en t e of totality of the 
highway function will suggest many more. 

" The eventual landscaping of the highway and surrounding area should be taken into 
account as early as possible, preferably during the preliminary location survey. 

* 	 Harsh geometric lines parallel to the highway can b, broken and softened by 
continuing existing tree masses through these lines onto the right-of-way. 

* 	 Driver awareness of horizontal and vertical curvature is increased by careful planning 
of tree lines and hill slopes to give advance warning of directional changes. 

" Slopes and cross sections should be designed to blend into the natural lines of the terrain. 

" The location of borrow pits and other material sites should be planned with a view t, 
their eventual incorporation into the landscape. 

* 	 Vegetative cover around structures is essential for erosion control, enhancing the 
natural lines of the structure, and by selection of slow-growing shrubs and grasses, 
maintenance will be reduced. 

DETOURS
 
On almost all projects, detours will be required to maintain traffic flow during construction.
 
Recommendations for possible detour roules should be made by the District Engineer during 
the plan-in-hand inspection. The designer should be aware of the arrangements made, and 
will be required to compute quantities of gravel surfacing and other construction necessary 
to 	make the proposed detour suitable for traffic. 

STAGE CONSTRUCrION 

So that projects may be completed in an orderly fashion, the scheduling of construction 
projects will have to occur during the planning and design phase. In such cases, designs and 
specifications are prepared for one stage of construction at a time One example of this would 
be designing a roadway without the final gravel course or asphalt surface. These final items 
would be added later under a different contract. Stage construction works well when considerable 
ioadway settlement and stabilization are expected. Stage consfluc*oen is also used when 
financial constraints limit the scope of the original design. 
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STRUCTURE WIDTHS AND HORIZONTAL CLEARANCES
 

Roads wi'h wide shoulders, wide gutters and flat slopes are safe and give a sense of freedom. 
Poles, walks, bridge columns and parapets set close to the pavement are potential hazards and 
cause drivers to shy away from them. Many drivers move out of their normal lane or change 
speed abruptly where there is constriction, either actual or apparent, in the roadway ahead. 
For this reason the clear width on bridges should be as great as feasible, preferably as wide as 
the approach pavement and shoulders, in order to give drivers a sense of openness. On the 
other hand, bridges that are long are costly, and on them some compromise from the desirable 
usually is ne(gssary. 

On long bridges, particularly on long-span bridges, where cost per square meter is greater than 
on short-span bridges, widths less than ideal may be acceptable because restriction in width is 
compensated somewhat by the tendency of drivers to be alert, to become accustomed to reduced 
clearance and to drive cautiously. The presence of structural elements, a marked change in the 
roadside, or a change in the pavement which results in a different appearance and sound, tend 
to alert drivers. The lighting of bridges at night also affects driver reaction favorably. On the 
other hand, short bridges are less costly relatively and on them there is less justification for a 
narrow roadway. 

In making conclusions as to the width of roadway over a bridge in determining the dimensions, 
location and design of the structure as a whole, and in detailing features adlacent to the road, 
one should aim to provide a facility on which driver reaction and vehicle placement will be 
essentially the same as elsewhere on the intersecting roads. The width should not be so great 
as to result in the high cost of structure without proportionate alue in utility and safety. 

The minimal and desirable bridge widths based on Article 1.1.7 of the AASHO Design 
Specifications and related to the HA-accepted road pavements and shoulder widths are 
shown on the following figures. 
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AASHO H - LOADING GRAPHS 
The following graphs of maximum moments, shears and reactions for HS-15 and HS-20 are 
included in this Chapterfor use primarily of the District offices. Two graphs for the HS.15 and 
HS-20 are for spans up to 70 meters. It should be noted that these AASHO loadings are for 
one lane of traffic and for simple spans. Impact is not included. 
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TIMBER 
The following tables of the physical properties of native woods are intended to 
supplement Table 1.10.1 of Structural Lumber in the AASHO Standard Specifications for 
Highway Bridges. 

They are not as complete o" workable as desirable and in some instances single values are
 
given rather than a range of values. These singular values represent only one test specimen
 
and should be treated as such.
 
For the most par, the values are from the work of Paul Maurand's "L'lndochine Forrestiere,"
 
and were obtained at a moisture content of 15 percent.
 
The values would be applicable for timber used under continuousiy dry conditionsas in a covered
 
structure. For other condihons in which the moisture content of the wood is at or above the fiber
 
saturation point, approximately 23.5 percent, the values of compression of parallel to the grain
 
and static bending should be further reduced by 10 percent.
 

The following notes apply to the tables as noted : 

I/ Maximum crushing strength, parallel to the grain. 

2/ Modulus of rupture.
 

3/ A comparative measure of toughness.
 

4/' Maximum tensile strength, perpendicular to the grain.
 

It 2,' 4,' A factor of safety of 3 to 5 must be applied to these values to obtain 

allowable working stresses. 

Note: The following tables are samples only and must be developed for each country. 
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SCIENIF!C NAME 


FAMILY NAME 
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SCIENTIFIC NAME SINDORA PINUS MERKUSII SHOREA VULGARIS LITSEA VANG SANDORICUM 

COCHINCHINENSIS INDICUM 

FAMILY NAME LEGUMINOSAE PINACAE DIPTOCARPACEAE LAURACEAE MELICEAE 

DENSITY 0.87 TO 1.125 0.55 TO 0.90 080 TO 0.93 0.59 TO 0.75 0.53 TO 0.56 

SHRINKAGE 
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SCIENTIFIC NAME HOPEA ODARATA LAGFRSTROEMIA SPP, 

FAMILY NAME DIPTEROCARPACEAE LYTHRACEAE 

DENSITY 0.71 TO 0.89 0.64 TO 0.78 

SHRINKAGE 0.39 TO 0.55 0.40 TO 0.55 
COEFFICIENT 

COMPRESSIVE 500 TO 750 400 TO 560 

STRENGTH
 
kg/Cm2 .1/
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SCIENTIFIC NAME AGLAIA GIGANTEA TOONA FEBRIQUGA TALAUU'A GIO SHOREA HYPOCHRA ANISOPTERA 
COCHINCHINENSIS 

FAMILY NAME MELIACEAE MELIACEAE MAGNOLIACEAE DIPT2ROCARPACEAE DIPTEROCARPACEAE 

DENSITY 0.68 TO 0.76 0.45 TO 0.65 0.53 TO 0.66 0.66 0.61 TO 071 
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kg/Cm2 j 
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SCIENTIFIC NAME ADINA CARDIFOLIA PINUS KHASYA EUGENIA SPP 

FAMILY NAME RUBIACEAE PINACAE MYRIACEAE 

DENSITY 0.48 TO 0.74 0.61 TO 0.75 0 90 TO 1.00 

SHRINKAGE 
COEFFICIENT 

0.55 0.59 

COMPRESSIVE 
STRENGTH 
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CHAPTER TWELVE
 
QUANTITY ESTIMATES 

GENERAL CONSIDERATIONS 

When making quantity estimates, the designer should consider the following items 

* 	 Rounding procedures 

o 	 Degrees of accuracy 

* Cost Estimates. 

These items are discussed below. 

ROUNDING PROCEDURES 
For estimating purposes, all quantities are rounded using the following procedure: 

I. 	Determine the last digit to be used. 

2. 	If the digit following the lost digit used is 4 or less, drop it and all that- follows it. Dc 
not change the lost digit used. 

3. 	 If the digit following the last digit used is 5 or more, drop it and all that follows it. Ac 
I to, the last digit used. 

DEGREES OF ACCURACY 
Quantity estimates are rounded to the nearest whole )nit used as the basis for payments. These 
units are set forth in the Standard Specifications. 

Exceptions to this general rule are given in the following table. These items will be estimated 
to 	 the nearest one-tenth of a unit. 
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SPECIFICATION ITEM UNIT 
SECTION 

401 Bituminous Concrete Top 

407 Bituminous Materials Ton 

502 All Sheet Pile Square Meter 

503 Bearing and Friction Pile Linear Meier 

504 Concrete Cubic Meter 

507 Mortar Rubble Masonry Cubic Meter 

512 Steel Grid Flooring Square Meter 

513 Railings Linear Meter 

515 Loose Rip Rap for Slopes Square Meter, 

Cubic Meter, or Ton 
Mortar Rip Rap for Slopes Square Meter 

Stone Rip Rap for Foundation Protection Ton 

Concrete Rip Rap in Bags Cubic Meter 

Concrete Slab Rip Rap Square Meter 

516 Concrete Cribbing Cubic Meter 

520 Lumber Cubic Meter 

Timber Cubic Meter 

522 Timber Cribbing Cubic Meter 

COST ESHIIMATES 

The designer will complete the second, third and fourth columns of the cost- estimate form only.
 
Contract Administration Division personnel ore responsible for developing cost data and will
 
complete the cost estimate.
 

A detailed quantity estimate is prepared following final P.I.H. inspection revisions. This estimate
 
includes all quantities in the project.
 

Close coordination with the Contract Administration Division cost estimaters is important during
 
this period of time in order to achieve an accurate and timely cost estimate.
 

A cost estimate form with the second, third and fourth column completed is shown on
 
the next page.
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CONSTRUCTION COST ESTIMATE SHEET OF__ 

PROJECT 

NUMBER (02) 000 + 960 DA DATE I APRIL 1974 

ITE
NO. 

QUANTITY 

1,273 

165,450 

38,217 

86,158 

421,678 

UNIT 

C.M. 

C.M. 

TONS 

'TONS 

S.M. 

6,189 TONS 

2,063 TONS 

419 

113 

393 

246 

TONS 

L.M. 

L.M. 

L.M. 

7%4 

38.4 

L.M. 

C.M. 

DESCRIPTION UNIT
PRICES 

AMOUNT 

STRUCTURE EXCAVATION 

BORROW- CONTRACTOR SOURCE 

BITUMINOUS 
PVMNPAVEMENT 

CONCRETE 

lITUMIr4OUS CONCRETE BASE 

PROCESSINGSBRD 
SUBGRADE 

LIME-TREATED 

HYDRATED LIME (FOR
TREATED SUBGRADE) 

LIME­

RC-100 ASPHALT CEMENT (FOR 
ASPIHALT CONCRETE SURFACING) 

RC-70 ASPHALT CEMENT (FOR 

ASPHALT CONCRETE BASE) 

LIQUID ASPHALT (FOR PRIME) 

0.6M R.C.P. CLASS II 

0.8 M R.C.P. CLASS II 

1.0 M R.C.P. CLASS II 

RELOCATED EXISTING 

1.30M x 25M R.C.P 

CURB AND GUTTER TYPE 2 

CONCRETE CLASS "B" 
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CHAPTER THIRTEEN 
DESIGN REVIEW 

GENERAL CONSIDERATIONS 
During the design phase of each prolect, one or more plan-in-hand field inspections will be made 
to 	resolve design problems. 
Designers will participate in plan-in-hand (P.l.H) inspections only when specifically requested
by the Road Design Division Chief. Others in attendance include 

* 	 District Engineer 

" 	 Construction Division Representative 

" 	 Right-of-Way Representative 

" 	 Specialists in hydraulics, traffic, bridges, utilities, etc*, as requested 
" 	 Persons representing private and governmental interests that will be significantly 

affected. 

One P.I.H. inspection should be adequate for projects when the major alignment; grade,,
drainage and access features appear to be rather simple. On more complex prolects, two 
P..H. inspections will be expected . a preliminary and a final inspection. 
The P.I.H. inspection is usually conducted by the Road Design Divsion Chief or, in his absence, 
by the designer, since the designer is responsible for preparation of the plans and is most 
familiar with the problems involved. 
On more complex projects,, the P.I.H. inspection could require several days. II is wise then to 
prepare a schedule of subjects to be covered, their order, and the persons to be present. 
From the list of persons above, only the first three are present during the entire inspection.
The others need be present only when specific problems in their areas cre involved. 

PRELIMINARY P.I.H. INSPECTIONS 

Objective 
Preliminary 

used. 
P.I.H. inspections will be made to establish the alignment and grades to be 
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Preparation 

To prepare 
and make a 
arise are : 

for 
lst of 

the 
the 
preliminary P.I.H., 

problems to 
the 
be 

designer 
resolved. 

should 
Some 

review 
areas where 

the proposed 
problems 

alignment 
commonly 

* drainage 

0 access 

e traffic maintenance during construction. 

The plans to be taken on the preliminary P..H. are as follows 

" Title sheet 

" Typical sections 

" Plan and profile showing proposed alignment, grade and drainage 

* One-page mass diagram with a grading summary attached 

e Preliminary layouts of interchanges and other facilities. 

The above titled sheets need to be completed, as described below, for use on the preliminary 
P.I.H inspection. 

Title Sheet
 

The title sheet designates the name and length of the project, shows design data, traffic
 
count, design speed, and includes a location map showing the location of the project and
 
the proposed alignment.
 

Typical Sections
 

These sheets show all proposed typical sections,including the station limits for each section. The
 
sertions show the thickness of material for each course in the roadway structure along with
 
dimensions for the side slopes.
 

Plan end Profile Sheets
 

These are the most important drawings and will be used most- frequently during the P..H.
 
inspection. For this reason, great care should be used to be sure all available data have been
 
included on the plans as accurately as possible.
 

Profiles will be completed to the point of showing grades and vertical points , ; intersection
 
elevations. Locations and lengths of vertical curves and equations will be shown. The plan 
drawings show the proposed alignient, including bearing of each tangent secton and a full 
description of each curve. Drainage structures will be described and locations shown. 
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Mass Diagram 

A one-page mass diagram will show the quantity of earthwork involved in the project. At the 

time of preliminary P.I.H the mass diagram will be a rough approximation, furnishing an indication 

of the amount of borrow required or material to be wasted. 

Interchange and Other Facilities 

Plan drawing will !2e prepared in sufficient detail to fully describe the layoutof the interchanges 

or facilities. 

Preliminary P..H. Report 

Following the preliminary P.I.H. inspection, a preliminary P.I.H. report will be prepared setting 
forth the revisions agreed to during the inspection. The report will be prepared by the 
designer if he participates in the inspechon, or by ihe Road Design Division Chief if 

the des'gner does not participate. The report, when concurred in by the participants 

of the preliminary P.I.H inspection, will be used as the basis for further development of 
the plans. 

Revising the Plans 

Revisions to the plans, as specified in the approved preliminary P.I.H. report, will be mode by 
the designer before conthnuing with the detailed design. Upon completion of the revisions, any 
grade changes which affect structures must-be sent to +he Bridge Design Division Chief 

FINAL P.I.H. INSPECTIONS 

Objectives 

Final P.I.H. inspections will be made t establish oil details needed to complete the design of 
(he project. Decisions made during preliminary P IH. inapections relarfve to alignment, grades 

and other items will not be reviewed unless major problems arise. 

Preparations 

To prepare for the final P.I.H. inspection, the designer should again review the project- plans 

and make a list of the problems to be resolved. 

The plans should be prepared in detail, wih the details ready to trace. Right-of-way lines 

and grade lines will be drawn in pencil, and all summaries must be complete. 
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All special provisions should be written in draft form and approved by the Road Design Division 
Chief. These provisions will then be submitted to the Contract Administration Division for flnal 
preparation and incorporation into the contract documents for that project. When writing special 
provisions, designers will prepare them according to 14A guidelines. 

Final P..H. Report 

Following the final P.I.H. inspection, a final P..H. report will be prepared setting forth the 
revisions agreed to during the inspection. The report will be prepared by the designer, if he 
participctes in the inspection, or by the Road Design Division Chief of the designer does not 
participate. The report, when concurred in by the participants of the final P.I.H. inspection, 
will be used as the basis for revising the plans. 

Revising the Plans 

The designer will revise the plans, based on the approved final P.1 H. report, before tracing 
the final details. 
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CHAPTER FOURTEEN 
CONTRACT PLANS ASSEMBLY 

GENERAL CONSIDERATIONS 
This Chapter presents guidelines for preparing contract plans in a clear, concise and uniform 
manner. The designer should ensure that the plans contain the irformation that is required by 
contractors, material suppliers and construction inspection personnel. Contract plans are also a 
permanent record of the design criteria for which the road was designed. The designer should 
remember that many highway employees use the contracd plans in the performance of their 
duties. Thus, the plan, must contain the data necessury for the various personnel to accomplish 
their portion of the work. The use of duplicate data and cross references should be avoided, as 
i; complicates the task of assembling, checking and revising plans. 

In circumstances not covered by these guidelines, designers should establish their own guidelines 
to be used consistently throughout the plans. 

Plan Set Organization 

Depending on the size and type of a specific project, each set of contract plans will contain 
sheets selected from, and arranged in order of the following list: 

ROADWAY PLANS SHEET CODES 

I. Title Sheet 
2. Table of Contents 
3. Symbols and Abbreviations 
4. Notes Sheet 
5. Typical Section Sheets 

6. Summary Sheets 
7. Detail Sheets 
8. Right-of-Way Plans 
9. Plan and Profile C 

10. Lighting Sheets L
 
1i. Signing Sheets S
 
12. Utility Plans U 
13. Standard Drawings 
14. Cross Sections 
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STRUCTURE PLANS 

I. Survey Sheet 

2. Layout Sheet, if not included on Survey Sheet 

3. Approah Roadwey Typical Sections and Project Cross-Sections 

4. Soils Report Sheet - Borings, Soundings etc. 

5. Substructure Details including Pile Layout & Details, if applicable 

6. Beam or Girder Details 

7. Superstructure Details 

8. Slope Protection 

9. Reinforcing Steel Schedule. 

Size and Layout of Original Sheets 

Original sheet size will be determined by the Highway Administration. Borderlines on all sheets will F 
a 8cm binding margin on the left edge and 2cm margins elsewhere, except that on cross-section 
sheets the borderlines may be omitted if sufficient space is allowed for a 8cm binding margin. 

Sheet Codes 

A number of sheets are provided with additional idertification. This identification is a 
combination of letters and numbers using the codes shown in the section entitled "Plan Se+ 
Organization". The numbers are determined by sequentially numbering the sheets within that 
particular group Typical examples of this system are: C-2, the second plan and profile -heet, 
and S-8, the eighth signing sheet. 

Abbreviated Plans 

Abbrevioaid or short plans may be used for limited scope projects, such as surfacing or 
surface widening. 

Abbreviated plans contain title sheets, typical sections, summaries of quantities, general notes 
an,'i plan sheets. Profile sheets are included to show changes in grade. 
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Sheet Identificetion 
The sheet title identification block is preprinted in the lower right hand corner of all sheets 
except title sheets. A sample title block is shown below. 

DESIGNED
 

MINISTRY OF PUBLIC WORKS AND COMMUNICATION
 
HIGHWAY ADMINISTRATION
 

DRAWN 

CHECKED
 

SUBMITTED BY DATE 

APPROVED DATE 

, , OF
 

Revisions 

Revisions to existing sheets should be made on the original sheets whenever practical. Major 
revisions, which cannot be made on the original sheet, should be shown on a new sheet placed 
immediately after the original. Its sheet number is modified by adding a lettr, for example, 
revised sheet No. 26-A would be placed immediately following original sheet No. 26, 
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Revision descriptons, symbols and dris oar lisled In te space po.4ded immediotely 4o the 
left of the title block, as in the example below 

REVISIONS 

SYMBOL DESCRIPTION DATE APPROVAL 

DELETE APPROACH ROAD STA. 153-056 LEFT 9-6.72 

CHANGE CULVERI SIZE STA. 10+325 TO 1CM CLASS 2 9-6-72 

The revision symbol is also shown near the revised data on the drawing. 

Additions 

Sheets, other than revised sheets added to a set o r plans after final numbering, are placed ct 
the end of the plan sef and numbered sequentially, continuing with -the number following the 
last sheet number in the plan set. 

Deletion 

Sheets which are to be cancelled or deleted from the plans will remain in their position within 
the plan set but are marked "VOID" and crossed out. 

All changes to the plan set, such as revisions additions ana deletions are recorded in a revised 
table of contents. 

Scales 

The use of nonstandard scales is noted to the left of the revision block. Skondard scales are 
discussed in the appropriate sections throughout the manuQL 
The format and content of all sheets are described in the following pages, and model plan 
sheets are shown, where appropriate. 
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Reduced Plans 
When reduced plans are used, a note showing the appropriate percent reduction will be placed 
immediately above the tile block. A sample of this note is shown below. 

NOTICE 

PLANS REDUCED 

APPROXIMATELY 

TITLE SHEET 

General Requirements 
The title sheet will be the front page for a set of plans Trtle sheets identify the prolects and 
their locations as described below and illustrated on the model sheet. 

Location Map 

A large scale map plated in the upper left corner of the ftle sheet shows the general location 
of the project in relation to the other roods within the highway district. 

Title Information 
Title information is shown on the top center of the title sheet in the following order 

• Highway Administration 
* Project name 
• Project number 
* Types of work covered by the set of plans (see below) 
• Highway district. 

Types of Work 
The specific types of work identified on the Title Sheet are as follows 

Grading Traffic Signals 
Detour Bridge(s) 
Base Course Roadside Improvements
 
Paving Guardrail
 
Culverts Fencing
 
Lighting
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Project Length 

The project length is shown to the newiest tenth of a kilometer Immediately below the title 
information. 

Design Data 

Project design data are included in a block in the upper right hand corner. When projects have two 
or more road segments with different design data, prepare separate design data blocks for 
each segment. 

Lettins Date 

The letting date is recorded in the space provided in the upper right corner. This date will be 
recorded by the Contract Administration Division. This date is the actual letting date, no+- a 
proposed leting date. 

Project Approval Block 

A 	prolect approval block is located a+the center of the title sheet below the layout map-

Layout Map 

The layout map localed Tn the center of the title sheet provides details of the following : 
a 	The location of the project roadway in rel t ;on to true North, towns, existing roads, 

major drainage systems such as rivers and canals, government..optioned borrow and 
surfacing sources. railroads and buildings, 

a The beginning and ending stations of the project.
 

a The numbers and stations of adjoining projects.
 

a 	 Bridges on the project. A single station numb~er is used to designate the center 
stationing of each structure. Data shows the bridge length and if it is to be constructed 
under this contract. 

9 	 Route numbers. 

a 	 Enlarged insert maps of cities and towns when construction is contemplated through 
those areas. 

Related Projects 

A block for related projects is located in lower left-hand corner of the title sheet. Data in 
this block list the numbers of projects not covered by the contract plans and projects 
financially related to the main project. 
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DESIGN DATA 
1970 1990AIT/VU 7o000 131000MINISTRY OF PUBLIC WORKS a COMMUNICATION 

THV 450 Boo 

HIGHWAY ADMINISTRATION 
D2 % 
V,0 KPH 

LETTING DATE-. 
PROJECT NO 01(02)000+960 DAGRADNG.CULVERTSPAVING
 

LENGTH 28.0 KILOMETERS
 



TABLE OF CONTENTS SHEIT
 

General Requirements 

A table of contents as shown on the next page is the second sheet in each set of contract plans 
One sheet will be used solely for the table of contents, except in plans so brief that the tabli 
of contents and the notes can be placed on the some sheet. 

Where the table of contents is combined with the notes, each group information is clearly labelef 
"TABLE OF CONTENTS" and "NOTES," using the same letter size as for sheet- leadings. 

Sheet Sequence 

Table of contents will list the major groups of sheets and those subgroups necessary to focilitati 
locating each item in the plans. The major groups, and the sequence of sheets within eacl 
group are shown at the beginning of this chapter. 

Addenda
 

The addenda to the table of contents list any sheets which are revised added or deleted h 
the contract plans after final numbering of sheets is completed. Each addition to the addendul 
requires a new revision of the table-of-contents sheet. 

Sheet Numbers 

The title sheet is considered as page one but is not numbered. All other sheets will have shee 
numbers shown in the title blocks at the lower right corner. 

Road plans sheets will be individually numbered in sequential order. Signing, lighting an 
bridge plans will be individually numbered within each group and have letter prefixes,( 
shown on the example sheet. Cross-section sheets will be individually numbered in sequentil 
order beginning with I. Sheets added to plans after final numbering (addenda) will be numbers 
in sequential order within each major group, as shown in the example. 
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SYMBOLS AND ABBREVIATIONS SHEET 

A sheet of symbols and abbreviations is the third sheet in each set of plans. The following items 
are shown on this sheet : 

" All standard symbols adopted by the HA, except those symbols used only for signing 
and lighting plans. 

" All the standard abbreviations which could be misinterpreted by the contractop or 
;nspecton personnel. 

" 	A skew-line diagram for diaimage structures. The skew of a structure is oriented 
with respect to a line perpendicular to the project centerline drawn through the point 
of intersection of the structure flowline with project centerline The skew is defined 
as the angle, to the right or left ahedd, between this perpendicular and the 
structure flowlhnes. 

The standard symbols and abbreviations should be used consistently in all contract plans. 

Use standard abbreviations only where room restricts the writing of complete words. 

Prep.rinted symbols and abbreviations sheets will be available for use in prepaing 
contract plans. 

-190­



SYMBOL AND ABBREVIATIONS 
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NOTES SHEEr 

Geneval Requirement 

A sheet of notes similar in format to the model sheet Is included in each set of contract plans.
One shaet is used solely for notes, except when the notes can be placed on the same sheet 
with the table of contents. 

Contents 

Notes sheets provide general information necessary for plan users to obtain on understcndn 
of the contract plans. The following type of Information Is included, when applicable: 

* Description of work to be done by noncontractor personnel.
 

" Instructions for the contractor 
regarding items not to be disturbed.
 

" General instructions for the contractor.
 

" Waste areas for excess excavation. 

" Bases fr plan quantities for surfacing materials.
 
" Description of work items absorbed In the costs of bid items.
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NOTES 

MISC T( BE MCVED OR REMOVE BY OTHERS 

LOCATIS DEll0SCRIPTION 

4+050 GRAVE 
I8+435 GRAVE 
27+735 IODOGAL GASOLINE TANK 

ALL PRIVATELYOWNED USIGSTO g REMOVED BYOWNERS 
A.L GUARDRAIL GUIDE POSTS AND GOVERNMENT OWNED 
.,C%S TOE REMOVED BY GOVERNMENT FORCES 

BASIS OF PLAN QUANTITIES 

(QUANTITIES FOR ESTIMATING PURPOSES Of.Y) 

GRAVEL WEIGIT ESTIMATE = 2200 KILOS PER CM 
PLANT MIX WEIGHT = 2320 KILOS PER CM 
PLANT MIX BIT NAT'L - 65% WEIGHTOF 

PLANT MATERIAL 
PRIME - 45 LITERS PER SCUARE UTER 
BITUMINOUS MATERIAL 00 KILO PER LITER 
TACK 4 LITERS PER SOUARE METER 

CONSTRUCTION NOTE 

CONTRACTON IS TOUSE EXTREME CAUTION IN IHE AREA 
SVR"OUNOING THE BRIDGE AT STATION 15+663 WHERE 
UEXPLODED ORDNANCE AND MINE FIELDS ARE LOCATED 
CCNTRACTOR WILLCONTACT LOCAL MILITARYAUTMORITY 
IN ORDER TO HAVE AREA CLEARED 

CLEARING AND GRUBBING 

TO iE ASSOIRIED 0 .INIT PRICE 9ID FOR EXCAVATION 
CLEAING ANOGRIS.NG TO CONSTRUCTION LIMITS 
PtUS 2 METERS 

DO NOT DISTURB 

STA.9OGS+ T DO NOT DISTURB GRAVEYARD 
WITHI RIGHT OF WAT 

. ..-- li - -

--

I 1 - I FRJEC- 40 

2 Z.2 .UL&2OA ! .. 



TYPICA. SECTION SHEETS
 

General Requirements 

One or more sheets are used to show all the typical sections. Mainline typical sections are shown, 
first fotlowed by other typical sections in the order they appear along the mainline stationing. 
All typ-cal sections will be numbered on sequential order. The first typical section is number 
one, the second typical section, number two, and so on. 

Contents 

Items to be shown for each typical section are listed below. 

* 	 The typical section number. 

o 	 The name of the road to which the typical section applies is placed di-ectly below Ihe 
typical section number. 

o 	 The locations of frontage and access roads not-pa,11el with *a. waioi;ne &" sown 
directly below the names. The locations are referenced te the mainl;ne staa ,ir. 

* 	 Beginning and ending stations for the typical section are shown in the upper right 
corner of each typical section.
 

0 A cross-section view of the typical section to show the following
 

+ 	 The grading template, including any nonstandard slope design. 

+ 	 Profile grade. 

+ 	 Surfacing template for immediate development. 

+ 	 Ultimate section for all stage construction. 

+ 	 Types, thicknesses and widths of surfacing mater;als 

+ 	 Slopes and dimensions necessary to define the typical section. The fixed point 
on the inslope at which the embankment slope changes is defined on surfacing 
sections as well as on grading sections. 

* 	 Quantities of gravel and bituminous materials represented by the typical sections are,. 
shown to the nearest tenth of a unit. 

+ 	Gravel quantities are expressed as "area in square meters", "cubic meters per 
100 metersfor "'tons per 100 meters". 

-t-Bituminous material quantities are expressed as "square meters per 100 meters," 
"tons per 100 meters", and "liters per 100 meters." 

* 	 Notes pertinent to that specific typical section. 

* 	 A note stating "NOT TO SCALE". if applicable. 
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SUMMARY SHEETS
 

Geanral Requirement. 

One or more summary sheets will be included in each set of contrw, t plans. Summary sheets 
show all quantities if work and materials required by the plans. No other data are shown on 
the summary sheets. The quantities are shown in the same format as on the model sheet. 
Stationing within each summary frame will be in sequential order whenever possible. To prevent 
unnecessary redrafting, lost minute changes may be lettered at the bottoms of frames out of 
sequence. At least 3 centimeters will be left at the bottoms of frames to permit last minute 
additions. A horizontal reference line will be drown after each tenth entry of information in 
the summary frames. 

Separate summaries for the following groups of pay items are shown, when applicable. 

" Grading items 

" Deiour items 

" Pavements items 

" Dra;nage structures 

" Roadside-Improvements items 

" Guardrail
 

" Base courses
 

" Seeding
 

" Topsoil
 

• Curbs & gutters 

" Right.of-way markers
 

" Items to be remeve,@ by contractor.
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DETAIL SHEETS 

1.iisheets are included in contract plans to show:
 

a Nonstandard items
 
e Mass diagrams.
 

tequiremrents for each type of detail sheet are presented below
 

Nonstandrd Items 

One or more detail sheets may be used to show details of nonslandnrd items They age used 
for items requiring more specific infowaion than shown on the pla end Profhle sheets. For 
example, detail sheets may be required to show hydraulic details for structures. 

Each detail she' is clearly labeled in the title box at the lower right corner of the detail 
drawing. The title box will show th, name of the detail, the station where if is applicable and 
the scale to whirl, Wis drawn. 

Mess Diagram 

A single-sheet moss diagram Is included in contract plans with ea,'hwork. The mass diagram
 
provides an overall view of the earth quantities and whee they are to be placed.
 

Balance points, cubic meters of earth, and haul quantities are shown.
 

A scale is used that places the mass diagram en one skeet. Where practicable, the mass diagram
 
should he coalinuous, with no breaks.
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RIGHT-OF-WAY SHEETS 

In order to provide supplemental right-of-way information to that appearing on plan and 
profile sheets, the ownership summary sheets of the final righs.of-way plans will be inserted 
in the contract plans. 

PLAN AND PROFILE SHEETS 

General Requirements 

Plan and profile sheets show the horizontal and vertical alignment and depict the construction 
Items and the topography necessary for construction. 

Sequece of Sheets 
Mainline plan and profile sheets are shown first, in the order of increair'g stationing. The 
continuous stationing of mainline plan and profile sheets is not interrupted by special sheets 
showing fealures on or near the mainline. 
Special plan and profile sheets showing connections, interchanges, intersections, detour roads,
frontage roads, railroads and so on, appear after the mainline plan and profile sheets in the 
order they appear along the mainline. 
Special plan and profile sheets for each feature are grouped together. 

Labeling Specil Sheets 

Special plan and profile sheets are clearly labeled on their right sides so that any plan user 
can readily determine what special feature is shown. 

Use of Notes 
Notes on plan sheets should be brief, clear, and consistent, Installations and removals are 
noted by station and a brief description. Detailed descriptions are included in summary sheets, 
but- should not be included on plan and profile sheets. 
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Typical notes for some common items are presented below: 

Items Tgpical Note 

Existing sign SIGN 

New culvert 865+ 000 
NEW O.8M RCP 

Existing culvert to be removed 	 870 + 300 
0.5M RCP. REMOVE 

New road approach 	 875-+ 205 

RD. APP. RT. 

Now metal guardrail 	 882 + 000 to 882 + 030 

NEW METAL G.R. LT, 

New rip rap 	 892 + 035 to 892 + 045 
PLACE 30 SQ M OF ONE TON RIP RAP 

North Arrows 

North arrows are shown on plan views and should be uniform in size and shape ovithin each 
set of plans. 

Drientation of Notes 

l11notes and dimensions for road plans are written horizontally, with the following exceptions: 

o 	 Plan views, Pipe installation notes, equations and right-of-way breaks should be 
written vertically. 

i 	 Profile views: Equations are written diagonally. Full stations and elevations of 
voitical curve P..'s, P.C.'s and P.T.'s ore written vertically. 
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Original ground elevations are written with the bottom of the number touching the vertical line 
representing the station) and profile grade elevations, with the top of the number touching the 
vertical line. For further clarification, the original ground elevations are placed in parentheses, 
The figure below explains this orientation. 

71"7 

PROFILE GRADE ELEVATIONSS ll .. !b ­

"----	 ORIGINAL GROUND ELEVATIONS_ 

I- •~d ­

* 	 Special consideralions: Where limited space for notes makes horizontal placemen 
detrimental to the readability of the plans, notes may be place vertically. 

No notes or dimensions are written from right to left in an inverted position. 

I 	 i
 
CORRECT 	 WRONG 
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iinline 	Plan and Profile Sheets 

,ecific guidelines for the preparation of mainline plan and profile sheets are presented 
low. 

ales 

e 	scales for mainline plan and profile sheets should be as follows: 

a 	 Rural projects - Plan Icm = lOta 
Profile 	 Icm = .5M Vertical 

Icf = 1Om Horizont-l 

* 	 Urban projects - Plan Icm 5m 

Profile 	 Icm ,25m. Vertical 
Icm 5m Horizontal 

ght.of-Wav and Land Information 

nd 	 information shown on the plan sheets should be limited to map coordinate numbers. 

pht-of-way information provided on the plan sheets she,-Id depict the relationship of the new 
D.W. to 	project centerline. 

,pography 

pography to be shown includes utilities, irrigation and drainage facilities, buildings and 
ier items pertinent to construction operations. 
here overhead utilities cross the centerline, notes indicate the centerline stations, the types of 
lities, the numbers of wires, the angle at which they cross the centerline, and the clearances 
iove the present ground. Where underground utilities cross the centerline or come within 
t construction limits, notes will reference these utilities to centerline as well as give the types 
utilities and the sizes and depths of pipe. 

adway 	 Alignment Data 

irizontal alignment data should be provided as follows: 

e Staked and projected alignments are represented, showing equations. The sfaked 
centerline within projections should be dashed. Nonparallel projections should show 
ties between staked and projected lines. 

* 	 Bearings are written near the lines to which they apply. 

* 	 Identify the P.I., P.C. and P.T. by station. 

* 	 Place lists of curve data, including full superelevation, near the P.l.'s. Full superelevation 
is expressed as a percentage. 
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The lists of curve data show the following items in this order: 

P I. (P.1 Number) 

A (Della angle)
 

D (Degree of curvature)
 

R (Radius of curve) 

T (Tangent- length' 
L, (Length of curve)
 

E (External distance)
 

e (Rate of full superelevation)
 

Vertical alignment data should be provided as follows 

Profile grade lines are shown in relation to original ground lines. Record the elevationse 
of these lines in two rows along the bottom of the profile- original ground elevations 

on the bottom row, profile grades on the top row. The drawn ground line reflects all 

centerline elevations provided by the survey. Recorded ground line elevations should 

be at 25-meter intervals for rural areas. Profile grade elevations are recorded at 

25-meter intervals. 

* 	P.C.'s and PT.'s are depicted with small circles on the grade line. Show the vertical 

curve length and middle ordinate. 

9 	 P.h's are depicted by small triangles at the intersections of the dashed tangent lines. 

Notes at P.l.'s indicate PI. stations and elevations. 

* 	 Tangent gradients are shown. 

* 	 Place bench-mark notes in the bottom part of the profile near the stations to which 

they apply. 

e 	 Record reference elevations at I-meter intervals in the columns on each side of 

the profile. 

Right-of-Wav, Easements. and Control of Access 

Right-of-way limits arc shown. Describe breaks in right-of-way alignments by centerline stations 
will be expressed in meters.and offsets Stations ure written as plus stations and offsets 

Easement areas and control of access limits, as applicable, should be clearly defined. Where 

control of access limits does not coincide with right-of-way limits, label each clearly. 

Itims to be Installed or Constructed 

Show items to be installed or constructed using standard symbols wherever standard symbols 

are applicable. The symbols are supplemented by notes indicating station locations and 

brief descriptions of the items. Refer to the section on "Use of Notes '. 
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Items to be Removed 

ihow items within the right.of-way limits to be removed. Those items Ic be removed by 
oncontractor personnel should be clearly noted. 

Earthwork Date 

'he following earthwork data for each balance nre recorded at the top of the profile view 
iear the station which represents the center of the balance areas 

a the beginning and ending stations of the balance area 

• ihe in-place quantities of roadway excavation and embankment
 

a the total in-place quantities of excavation and embankment.
 

arthwork balance points are represented by vertical lines and short arrows, at the appropriate 
tations, drawn just above the profile portion of the sheet thus: 

r 

__ _ _ _ __ _ _ _ I I I 

lan Views of Geometric Layouts 

Ian views of geometric layouts are used where mainline-plan and profile sheets canno­
dequately show horizontal alignment details of large or complex facilitie such as interchanges 
nd major intersections. 

e contents of geometric layouts are generally the some as the contents of plan views on 
ainline-plon and profile sheets, with these exceptions 

0 Topography is not shown. 

a The riames of the features are clearly shown on the right side of the sheets. 
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Supplementel Profiles 

Supplemental profiles ore used to show vertical alignment of improvements other than 
mainline roadways, such as frontage roads and ramps. 

Supplemental profiles should be drawn on cross-section paper. 

Supplemental profiles contain the same types of information as shown on profiie views of 
mainline-plan and profile sheets. In addition, the names of the supplemental profiles are 
shown on the right sides of the sheets. 

Contour Grading Plens 

Contour grading plans should be prepared for all interchanges. These plans show the final 
shape of the finished groun4using contour lines aid elevations. 

Contour grading plans should show the following items: 

" Centerlines and station marks for mainlines, crossroads and frontage roads 
" Base lines and station mnrrks for ramps 
" Object lines showing ,-tlic lanes, shoulders and drainage structures 
" Arrows showing the direction of flow through drainage structures 

" Names or other identification for crossroads, ramps, and frontage roads 
" Elevation lines at 0.5-meter intervals with elevations noted at 2-meter intervals 
" Names and scales of interchanges on the right side of the sheets. 
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UGHTING, SIGNING AND IJTILITY SHEETS 

The first sheet of each of these speciality plans will contain a complete legend of symbol. as 
used on those plans. 

Sheet Identification 

The normal sheet-numbering system used throughout the plans will be used on these speciality 
plans. In addition to this number, a sheet code number using a letter prefix will be used. 
For explanation of the sheet code, refer to the section entitled "Sheet Codes" earlier in 
this Chapter. 

Scales 

These sheers are prepared in the same scale as the plan portions of the plan and 
profile sheets. 
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MODEL BRIDGE PLANS
 

The following model bridge plans ore intended to be used as a guide in the preparation of 
contract plans. As in most bridge projects, any definite plan set organization cannot be followed 
exactly and this sot of plans is no different in that respect. 

The highway and existing bridge shown are nonexistent. 

All lettering has been done with a Leroy-lettering set for clarity, whereas in actual practice, 
freehand lettering of most small print will be found to be much faster. In freehand lettering, 
extreme care should be taken to ensure that figures and letters are clearly written and cannot 
be staken for something other than what is intended. 

Some portions of the plans, such as the reinforcing steel schedule, are not complete in that 
all the reinforcing required for a bridge of this size is na" shown. To detail more would be 
repetitious and nothing would be gained in furthering the purpose of these plans. 

It should be noted that the total number of bars are shown in the reinfor:ing-steel schedule, 
and only one schedule is used. This method should assist both the steel fabricator in supplying 
the correct amounts of steel and the project engineer in computing t9Id correct weights for payment 

The cross4ection sheet also shows only a model number of sections t,) cover most-of t1,. situations 
encountered on a typical bridge project. In practice, more sections would be requored to 
determine quantities with the accuracy necessary for an engineer's estimate. 

Some of the sheets showing details of the prestressed beams could normally be reproductions 
of standard sheets. Standard sheets are being developed for all the prestressed beams, 
precast piles a d for any other bridge component that is used repetitiously. 
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CHAPTER FIFTEEN
 
PAVEMENT STRUCTURE DESIGN 

GENERAL CONSIDERATIONS 

Pavement structure design refers to the design of the wearing course, base und subbase 
courses. These layers when properly designed and constructed are capable of transmitting 
wheel loads to the subgrade soil beneath without causing undue distortion of the pavement 
structure or the subgrade. In addition to considering the short-term effects, such as settlement 
caused by inadequate pavement thickness and strength, the designer must also consider the 
potential maintenance problems. Since repairs or replacement would be expensive and 
disruptive of traffic, the road must be built to last a reasonably long period of time with a 
minimum of maintenance. 

This Chapter contains design criteria and a guide to reference material necessary for the 
designer to develop the most economical structural section consistent with HA goals and 
policies. 

PAVEMENT SELECTION COMMITTEE 

General Consideration 

During the initial design stages of all road projects many decisions are made which will have 
an effect on the ulfimate design of the project. One such decision is the type of 
pavement to be used. A pavement selection committee is established by the Director of 
Engineering in order to make this decision. 

Committee Membership 

Committee 
the HA 

membership is made up of Engineers from the following divisions within 

" Road Design 

" Construction 
* Maintenance 
" Materials. 
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The Director of engineering or his representative acts as chairman of the committee with te 

Road Design Division responsible for reporting and carrying out the committee's final 

members, the designer who will be responsible forrecommendations. Besides these committee 


the actual pavement design will sit on the committee as a nonvoting member.
 

Pavement Selection Factors 

as to which type of pavement to ue Is primarily one of economic. Which typeThe decision 
of pavement will provide the best roadway for the least amount of construction and maintenance 

money is the question the committee must answer. This is not on easy question For example, 

a rigid pavement may cost more to construct than a flexible pavement but be cheaper to 

maintain. A rigid pavement when built on a weak subgrade, however, may break up 

excessively causing maintenance costs to go up. In this case, would it be more economical over 
orthe life of the road to build a flexible pavement on an existing surface slightly improved 

subgrade and pay higher maintenance costs, or build a rigid pavement on c much improved 

subgrade and possibly pay less maintenance costs I This and similar questions must be answered 

before a decision on pavement types can be made. 

The principal factors which influence pavement selection are listed below. 

Road Design
 

e Class of road
 

* Traffic
 

a Cost of different pavement types
 

a Hydrology data
 

Construction
 

o Availability of contractors to do work 

a Competence of contractors
 

Maintenance
 

o Direct cost of repairs 

i Road user cost when road is closed or partially closed for extensive repairs 

0 Indirect cost of serious failures (accidents, build-up of traffic, etc) 

Materials 

0 Availability of materials 

0 Cost of materials 

a Suitability of materials. 

These factors, together with facts about the actual project, will, when properly used, provide 

enough information so that an intelligent, economical decision can be made. 
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After a decision has been made, the. Pavement Selection Committee's report which has bee­
approved by the Director of Engineering Is forwarded to the deigner in charge of the pavemen 
design. This report will contain all data necessary to begin pavement design, tamelyl traffic 
counts, strength of subgrades, strengths and suitability of the materials to be used, hydrologic. 
data and other spe.ific information and recommendatiorowhich will effect the pavement design. 

FLE(IBLE PAVEMENT 

Sources of Information 

The design procedures used for flexible pavement design are fully described In the Asphalt 
Institute manuals found in the HA research library. The most frequently used of these manuals 
are: (I) 7"hichness Desiqn-Fult Depth Asphalt Pavement Sti uctures for Hlighiways and Streets, 
Manual Series No.1 (MS-I); (2) Soils Manual for Design of Asphalt Pavement Structures. Manual 
Series No.10 (MS-I0u (3) Asphalt Surface Treatments, Manual Series No.13 (MS.13 and (4) 
Asphalt Overlays and Pavement Rehabilitation, Manual Series No.17 (MS.!7). 

Outline of the Asphalt Institute Design Procedure 

The design process as described in MS-I consists of three parts. The first step is to perform a 
traffic analysis in order to determine Design Traffic Number (DTN). Next the, strength of the 
subgrade is determined using the California Bearing Ratio (CBR),Resistance Value (R or Bearing 
Value Determination (Plate Bearing Test). Finally, the traffic factor and subgrade support 
factor are used in a nomograph to determine the totul thickness of asphalt concrete pavement 
necessary. 

At this point the designer has two options. He can either specify that the entire thr.u,,.ess be 
asphalt concrete pavement or he can design an equivalent thickness using an asphalt wearing 
course and a granular base course. Both methods are fully described in MS-I. 

RIGID PAVEMENT 

Sources of Information 

Rigid pavement design will be in accordance with the Portland Cemert Association's design 
procedures. The 4hre4 principal manuals used are Thickness Design for Concrete Pavements, 
Subgrades and Subbases for Cq ..- ,.te Pavements and Joint Design for Concrete Pavements. 
These and other pavement design manuals are located in the HA research library. 
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Outline of PCA Design Procedures 

In the PCA design procedure as in the flexible design procedure, a traffic analysis Is performed 
and a subgrade support factor is determined.
 

A trial-depth of pavement is then assumed and a concrete-fatigue analysis Is performed to
 
determine the pavement's ability to withstand the expected repetition of axle loadings.
 

The fatigue analysis provides a percentage which is a measure of the fatigue res'stance used
 
during the design period by the expected axle loadings. This percentage can then be used in
 
comparing different- combinatfons of pavement depths, concrete strengths and subgrade
 
support factors.
 

PCA TIAlM. ,,! Infnrmatfon 

Several of the tables which appear throughout the PCA manuals were developed for conditions 
In the United States. Most notable is table 8 in the manual entitled Thickness Design for 
Concrete Panments This table was prepared from data obtained at 12 loadometer stations in 
the United States Io the absence of corresponding data from HA station, the table may be 
used. When local loadometer data have been recorded, s-milar charts, more appropriate 

should be prepared. 

ADDITIONAL INFORMATION 
Besides the publication discussed in the preceding sectionsmany other books and manuals on 
asphalt and concrete pavements are located in the HA research library. The manuals include 
a complete set of Asphalt Institute manuals and many PCA publication. The AASHO Interim 
Guide for Design of Paoement Structures 1972 is also availeble in the research library. This 
publication provides the designer with additional design procedures for asphalt and concrete 
pavement and presents much of the theory surrounding pavement design. 
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