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INTRODUCTION
 

The operation and maintenance of infrastructure projects are
 
one of the basic factors for the efficient continuity of those
 
projects. Accordingly, it is very important train personnel
to 

in the ideal techniques of operation and develop a good
 
maintenance system.
 

Operation and maintenance 
 is a very profitable investment since
 
it ensures quality and regularity of service, and maintains
 
project assets for the 
longest possible utilization period.
 

Thus, the main purpose of this handbook is to provide assistance
 
in the field of O&M to engineers and technicians working on
 
infrastructure projects. it demonstrates O&M techniques with
 
rules, organization, planning and management.
 

Whenever there is work, there 
 are problems and difficulties.
 
This is natural but should not stop 
projects operating and
 
people benefiting them.
from This would be a waste of public
 
money. Practice and follow up experiences show that the cause
 
of difficulties can 
 be basically summarized as lack of
 
understanding of maintenance 
 techniques and performance at all
 
levels. Some problems are caused by neglect of O&M cost
 
considerations in project planning. This results in poor

selection of projects and equipment, either because the selected
 
technclogy is too sophisticated, or the choosen equipment is not
 
adequate for the planned work. 
 Lack of good design guidelines
 
for maintenance workshops and centers can 
result in poor site
 
selection and inaccurate technical specifications of
access, 

work items, and lack of enough space inside MCs for easy
 
movement. All these have negative effects on 
)roject efficiency
 
and adequacy.
 

The handbook introduction is followed by the first chapter which
 
discusses O&M considerations at planning and design stages and
 
the drawing up 
of equipment technical specifications and
 
maintenance contracts.
 

The second chapter 
 presents equipment operation instructions,
 
either for the or the
operator authority responsible for
 
operation.
 

The third zhapter discusses types of periodic maintenance for
 
water, wastewater and road projects, heavy 
 eruipment, and
 
vehicles. .'his includes maintenance periodicity and required
 
technical procedures and operations for each type of
 
maintenance.
 



The 
fourth chapter discusses troubleshooting for diesel engines,

electric motors, water pumps, vehicles and equipment.
 

The fifth chapter discusses organization and management 
of
 
maintenance workshops 
and centers with regard to organizational

and functional structure, the documentary cycle of maintenance
 
and repair, the way of managing those centers, warehouse
 
planning systems, and management of stored spare parts. In
 
addition, there is a proposed 
incentive system for maintenance
 
center personnel and the assessment factors 
 that should be
 
considered when determiibing the inc2ntive value 
to raise
 
performance rates. 
 The chapter also reviews differenc types of
 
vocational training for O&M personnel and training methods.
 
Finally, the chapter 
presents industrial safety instructions
 
when using hand tools, mechanical and electrical devices, and
 
when operating cranes.
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SECTION ONE
 
OPERATION AND MAINTENANCE CONSIDERATIONS DURING PLANNING
 

AND 	DESIGN STAGES
 

1.1 	OPERATION AND MAINTENANCE CONSIDERATIONS DURING PROJECT
 
PLANNING STAGEO
 

Maintenance 
 :n itself is ai, independant investment 
as it results
 
in the ideal utilization of operation capacities and the growth

of prooucticn 
 revenues. Maintenance is a productive operation

that shcu- .,t start at the beginning of a project's operation,

but at [I;, early planning stages. It should be taken into
 
consideratir 
 when deciding the 
 project specifications and
 
before pr ]ect selection.
 

If 	 we d. rot take 
lorg term 0&M costs into cons.ideraticn when
 
planning a project, 
it could result in poor selection of project
 
type (dirt or asphalt roads), poor selection of the type of

equipment purchased 
 (cneap, high operation and maintenance
 
costi). Tnus project 
 mcintenance and productivity are two

connected and concurrent operations which imply giving attertion
 
to O&A c(.nsiderations at a project's selection and planning

stage. 
 As is well known, projects give a service, while
 
maintenaince is concerned with the quality of 
that service.
 

The 	 basic L,,Ie of maintenaiice is shown by the fact that it: 

o Maintains the project or equipmen. in good operating

condition during its Dperational perioc


* Ensures operatir c:ontinuity with ;? high level of
 
ertectiveness arid efficiency, 
with the utmost economy
 
t time and c ,st.
 

Accordingly, it is necessary 
to take OM into consideration when
 
starting to plan for project 
 r equipmcnt requirements.
 

Project Planning Considerations:
 

There are several considerations 
 that should be taken into
 
account 
 when planning projects. Planning start with 
identifying

the reasons behind estabilshing the project, 
 and ends with
 
necessary the O&M procedures. Figure 1.1 
shows a summary of
 
different planning stages 
and procedures and O&M location at all

project stages. These steps or procedures can be summarized as
 
follows:
 

0 	 The word "project" is used occasionally to express the
 
equipment, machine, 
 facility or different installations, in
 
addition to its 
 common meaning of 
a series of connected
 
operations which lead to achieving certain odjectives.
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A. 	Project Needs Description:
 

This includes the preliminary description of project size, 
and
 
whether it is going to solve an existing problem or future ones
 
in the framework of a long term plan.
 

B. 	 Preparation of a Feasibility Study:
 

This speciLfies the 
beneficiary authorities and persons, and the
 
project's social and economic and environmental effects. This
 
study wili De prepared by the authority requesting the project.
 

C. 	Project Size and Costs Study:
 

This is done using the pr,,ject preliminary description. This
 
study nuuld be prepared by a work team of technicians and
 
financial affairs personnel at the markaz level 
at least. It
 
takes into consideraticon 'he feasibility study, and suitability
 
of the proposed site r the project. The study should include
 
determining 
 the required annual cos for operation and
 
maintenance of a project's units during 
its estimated life-span.
 

D. 	Study _f Project O&M Funding Resources Until the End of
 
its estimated life span:
 

This includes: o Studying different available project
 
funding resources (government-grants, loans, popular
 
contributin, ... etc). 
 o Studying O&M funding resources and
 
proposed stylo of operation (governmental, investing,
 
economical)
 

Technical bodies capable of operating and maintaining
 
the project (public or private sector)
 

o Ways of recruiting required technical labour
 
o Necessary training programs
 
o Identifying O&M funding resources future needs (if it
 

is implemented in stages)
 
" The ways of funding rehabilitation.
 

The study contents show that it should be prepared at the markaz
 
or governorate level according to the project size, nature and
 
location. The study could be also aasigned to external
 
specialized bodies such as universities, consulting offices ...
 
etc.
 

E. 	Evaluation Studs:
 

This is carried out 
by the technical and financial authorities
 
at the marKaz or governorate level according to project type, in
 
cooperation with local popular coiuncils. It will determine the
 
extent of achieving projects' described needs, and the "olume of
 
popular contribution at the different implementation stages up
 
to the reibilitation stage: Also, reference is made t' the
 
project request in case there are any remarks or specifications
 
that need amendment or should be included before starting 
to
 
prepare the terms arid specifications notebook.
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F. Preparation of Projec-
 :urate Technical Description,

and Terms and Speci.. j.,ns Notebook for Tende:inq:
 

The following items are considered:
 

o 	 Legal and contractual terms
 
o 	 Financial terms and penalties
 
o 	 Technical specifications 
 of work items and the
 

contractor r supplier responsibility. This includes
 
that the supplier of 
 the projects' mechanical or
 
electrical components 
 or complete equipment should
 
provide a list of 
 fast wearing spare Darts (filters,
 
gaskets, bearings, etc) equivalent to at least 10% of
 
tne equipment price.
 
Interim toll'w up methods 
during implementation,
 
responsible personnel and 
 corresoondence 
 and
 
noti fications style
 

o 	 Primary receipt, te ig and final receipt 
terms
 
o Guarantee period te
 
o 
 Terms of training -n different implementation stages
 

and operation
 
o 	 Stipulation of 
presentation of implementation schedule
 

A higher level committee snould be 
formed to inspect and review
 
the terms and specifications notebook 
 before tendering and
 
requesting bids and fixing a date foi 
the awarding session.
 

G. Studyinq bids arid Awardinq:
 

In evaluatirg bids, those 
matching the projects' technical terms
 
and specifications and requiring 
 less O&M costs should be
 
selected. 
 This is done by studying the economics of the
 
project, taking 
into account unifying equipment types as much as
 
possible to make easier provision of spare parts and materials
 
in the projects' operation and maintenance.
 

H. Project Implementation:
 

An engineer responsible for 
the project should be assigned to do
 
the following:
 

o 	 Follow up implementition according to the standard
 
technical terms and specifications
 

o 	 Ensure the contractor abides by the 
 implementation
 
schedule
 

o 
 Take primary receipt of project according to the
 
technical basis previously mentioned in the 
terms and
 
specifications notebook.
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Organize benetits to be obtained 
 from the guarantee

period after the testing op.eration is finished. The
 
engineer's ccrect im 
 with the project should continue
 
until the guaraotee period is 
finished and operation is
 
regular.
 

o 	 The engineer w,Ll prepare and present the site 
register
 
as a complete dccumentati.)n 
 of the implementation
 
per iod.
 

I. Project Operation:
 

o 
 A plan should be prepared for project O&M after final
 
handover, showing time tables 
 for different typea of
 
maintenance, ano ..nnual needs for 
 spare parts, raw
 
materials, arid compnnent,.
 

* 	 A record or :egister of follow up O&M must be kept on a
 
prepared 
form 	in order to evaluate performance.
 

* 	 A record of the 
 actual costs of the project must be
 
kept as soon as it in operation in order to rectify
 
any deficit jr 
 increase in prices when determining the
 
next year's budget.
 

J. Project Documentati(,;
 

AlI previcUSly inentioneo project documents and papers should be
 
collecteu, in additior 
 to the site register, financial
 
acquittarnces, final 
 account, primary and final receipt, testing

results, perrormance report during guarantee period and O&M QPR

during first year, all
as of these are a record of experience to
 
be used arid referred to when plannit.g a similar project in the
 
future.
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1.2 	O&M CONSIDERATIONS DURING MAINTENANCE
 
WORKSHOPS AND CENTERS DFSIGN STAGE
 

Before starting io design and implement maintenance facilities,
 
such as village workshops and mainitenance centers, a program

should be prepired specifying the work to be done, the time
 
required and a suitable date to 
start. This program should show
 
a logic sequence of work so as to avoid difficulties during

;mplementation and to achieve objectives quickly and with minimum
 
effort.
 

The 	work prog,-am can be divided into the following:
 

A. 	Project selection and preparation of preliminary design with
 
all technical details.
 

B. 	Constrction maintenance facilities buildings 
 which
 
includes the ft wing:
 

o 	 Selection of maintenance facility fial location
 
o 	 Preparation cf building and constructions designs
 
o 	 Tendering the buildings and construction
 

C. 	Description of required machines and equipment, including:
 

* 	 Detailed specifications cf tools, machines and
 
equipment
 

o 	 Tendering the supply 
 of tools, machines and
 
ec;uipment
 

Presented here are summarized guidelines on how to design

maintenance units usually required at the local level (VC's

worksnops, MMC's). These guidelines 
could be also used for
 
designing larger maintenance 
 units, sucn as governorate
 
maintenance centers, but 
 some modifications to allow for the
 
increased size would be needed:
 

a. 	 The design should be suitable for the function of the
 
facility that will 
use both the site and the building
 
in future. This requires determining adequate

dimensions, aerial connections ton site and building),
 
special fittings, installations, Linishings and
 
features.
 

b. 	 The design should bIeflexible and expandable: The
 
site and building designs should 
take into consideration
 
possible 
 future expansion, as building utilization
 
changes over a 
period of tisne whicn could require more
 
area or changes in the use of existing space. Figure

1.2 	 shows some 
 types of site plan with their expansion
 
potential.
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C. 	 The design should allow for ease of maintenance:
 
Both the site and building are part of the public
 
infrastructure that should 
 be operated and r!aintained.
 
Therefore, the preliminary design shoild allow for 
ease
 
of O&M by ensuring the use of adequate materials and
 
adhering to finishing specifications.
 

d. 	 Design should consider safety, and ease of cortiol:
 
Correct dimensions 
 of stairs, entraces and corridors,
 
doors opening to the outside, the provision of
 
fire-extinguishers, protection from water overflows, and
 
placing circuit-breakers in proper places are design
 
safety considerations.
 

T, raise the efficiency control of operations, management offices
 
should be centralized and movemert inside the building
 
facilitated.
 

Figures 1.3, 1.4 and i.5 show 
some proposed models presenting
 
internal plann.ng of maintenance units according to available
 
space, and the level at which the 
unit 	is established.
 

In addition to good design, achieving the required final result
 
will not be accomplished without:
 

o 	 Direct supervision of construction
 
o 	 Choosing tK- contractor who is capable of implementing
 

the job (not just the lowest bidder)
 
o 	 Continuous and interim 
 inspection of construction
 

operations on site (preferable daily)
 
o 	 Refusing 
 to accept poor quality work by suspension of
 

any performance rewards and final payments until the 
job
 
is done correctly as required
 

Table 1.1 shows what is recommended as regards building selection
 
and design considerations, and its application capabilities to
 
different maintenance facilities, in order to 
 assist in
 
developing and reviewing design.
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Fig. 1.5 
Markaz Maintenance Center Model 
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MAINTENANCE FACILITY SITE 
ELECTION AND DESIGN GUIDELINE$
 

SITE SELECTION CONSIDERATIONS 


*Site should be level and flat 


*Site should have direct & easy 

to a main road 


access
 

*Site should be located in industrial
 
or non-residential area 


*Siie should have space for expansion 


*Site should have adequate soace for
 
buildings, parking and storage 


*Site should be roughly square in 
proportion 


SITE DESIGN CONSIDERATIONS
 

*Site design should arrange buildings
 
arid circulation to allow 
ease of future
 
expansion and upgrading, as well as O&M 


*Site design should have large (minimum 
2('X:C)m) courtyard for turning, parking
and maneuvering vehicles and equipment 

*Courtyard snould be partly covered by
 

lightw.eight roof 
or trees to provide

shade for outside wcrk 


*Courtyard should be paved with gravel
 
over a compacted fill subgrade 


Note: 	 MAYBE indicates that Judgement 

assessment.
 

WORK-
SHOFS 


YES 


MAYBE 


MAYBE 


YES 


MAYBE 


YES 


YES 


MAYBE 


YES 


MAYBE 


depends 


N/A indicates that the 
consideration 

applicable.
 

VILLAGE MARF:EZ WATER OTHER
 
j-MCs P, WORK­
jrIARAGE SHOPS
 
YES YES YES
 

YES YES MAYBE
 

YES YES MAYBE
 

YES YES YES
 

YES MAYBE MAYBE
 

YES YES YES
 

YES 	 YES YES
 

YES MAYBE MAYBE
 

YES 	 YES YES
 

YES MAYBE MAYBE
 

on a case-by-case
 

is generally not
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MAINTENANCE FACILITY DESIGN GUIDELINES
 

BUILDING DESIGN CONSIDERATION 
 VILLAGE MARIEZ WATER OTHER
 
WORK- MCs & WORK-
SHOPS GARAGE SHOPS 

*Bildirtg layout should arrange spaces
and circulation to allow ease of future
expansion and upgrading, as well as O4&1 YES 'ES YES YES 

*Main workshops should be large rooms 
(minimum 4x8m) with layout and size 
depending on required activities, 
equipment and materials YES YES YES YES 

*Offices should generally be located on
the first floor, not the ground floor MAYBE YES MAYBE MAYBE 

$Manager's office should have good
sightlines to workshops and be raised YES YES YES YES 
in large facilities 

*Toilets should be located away from 
public view and be well-ventilated YES YES YES YES 

*Design should feature pull-through
vehicle repair and maintenance bays NO YES NO MAYBE 

*Vehicle and equipment bays should have 
reinforced concrete flooring N/A YES MAYBE MAYBE 

*Workshops should have smooth concrete 
flooring with tile or concrete to other 
areas (i.e. offices, stores, toilets) YES YES YES YES 

*All workshop flooring and pavement
should slope to grated drains and then 
to collection sump YES YES YES 'ES 

*Workshops should have grade access or 
ramps from ground level YES YES YES YES 

*Greasing and service bays should have 
floor hoists or built-up ramp, instead 
of grease pits below grade N/A YES N/A MAYBE 

*Main workshops should have wide doors 
(minimum 2.4nm, overhead roller type)
to accommodate vehicles and equipment YES YES YES YES 
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(continued)
 

MAINTENANCE FACILITY DESIGN GUIDELINES
 

BUILDING DESIGN CONSIDERATION VILLAGE MARKEZ WATER OTHER
 
WORK- MCs & WORK-
SHOPS GARAGE SHOPS 

*Ground floor structure shoulo have 
heavy columns or protective bollards
 
for lightweight columns 
 MAYBE YES MAYBE MAYBE
 

*Ceilings should be high (,ninimum 3.5m)

for cooling in sUmmer and accommodation
 
of large vehicles and equipment YES YES YES YES
 

*Rooms should have ceiling fans and
 
through ventilation at high level YES YES YES YES
 

lWorkshops should have high windows with
 
SZCurity bars and shutters but no glass YES '(ES. YES YES
 

*Workshop ceilings should have built-in
 
hoist hooks 
 YES YES YES YES
 

*All workshop light fixtures should have
 
protective covers 
 YES YES YES YES
 

*Storerooms and workshops shojld be
 
fitted with built--in shelves, cabinets,
 
workbenches, etc. 
 YES YES YES YES
 

*Workshops should have circuitbreakers
 
and appropriate fire extinguishers by
 
the entry door (especially in workshops
 
for welding and batteries) YES YES
YES YES
 

*Workshops should have a wash-up sink by
 
the entry door (with taps at or a hose
 
to other room locations) YES YES
YES YES
 

*Large facilities should provide
 
compressed air via a central pump with
 
a hose reel 
 MAYBE YES MAYBE MAYBE
 

*Specialized workshops (for injectors,
 
hydraulic pumps/cylinders, fuel pumps
 
and control valves) should be located
 
in dust-free clean rooms 
 N/A YES NiA MAYBE
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1.3 GENERAL CONSIDERATIONS FOR DRAWING
 
UP 	EQUIPMENT TECHNICAL SPECIFICATIONS
 

AND MAINTENANCE CONTRACTS
 

1.3.1 General Considerations for Equipment Technical
 

Specifications
 

Accurate technical descriptions of equipment are one of the most
 
important factors to be emphasized during the planning stage.
 
Accordingly these specifications should be accurately prepared
 
by technicians as they are 
the only criteria or basis on which
 
equipment is received frnm the supplier.
 

The 	 following are some of 
the general considerations to be taken
 
into account when drawing up equipment technical 
specifications:
 

I. 	 Specification 
of required year of manufacture of the
 
equipment.
 

2. 	 Definition of required engine specifications in detail,
 
showing the 
 engine type (diesel - gasoline), 
horsepower, required cooling system, and type of air, 
fuel 	and oil filters.
 

3. 	 Accurate specification of driving cabinet, the metal
 
used in manufacturing it and the components of the
 
gauges and indicators' tableau.
 

4. 	 Type of body, structure and required fittings.
 
5. 	 Type of transmission 
 (either manual or automatic),
 

required number of front and rear 
speeds, and type of
 
front or back traction, or both.
 

6. 	 Power steering type (either mechanical or hydraulic).
 
7. 	 Type and number of required tires, including spare.
 
8. 	 Type of brakes required (either hydraulic or with
 

compressed air, or both).
 
9. 	 Electric circuits and the required battery voltage.
 
10. 	 It should be stipulated that the bid should be
 

accompanied 
 by a list of fast wearing spare parts
 
equivalent to at least 10% of the equipment price.
 

11. 	 The bid should include a list of hand tools, whether
 
ordinary 
 or special ones, necessary for maintenance or
 
Lepair.
 

12. 	 The provision of a sufficient number of O&M, spare
 
parts 	and repair catalogues.
 

13. 	 The bid should include a maintenance and repair
 
contract 
 for at least two years beyond the guarantee
 

period.
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Appendix "A" includes some examples of the items to be mentioned
 
when drawing up equipment general technical specifications.
 
They are:
 

o 	 Bulldozer on tires
 
o 	 Motorgrader
 
o 	 Road roller
 
o 	 Scraper
 
o 	 Small sewage dump truck
 
o 	 Small refuse dump truck
 
o 	 Water spray truck, rear spray, small
 
o 	 Sewage pipe cleaning truck, jet type
 
o 	 Light columns repair and maintenance truck
 
o 	 Tractor
 
o 	 Workshop equipped truck
 

1.3.2 	 General Considerations for Equipment Service
 
Contract Items:
 

As most heavy equipment (specially road equipment) is highly
 
sophisticated, preventive maintenance and repair are usually
 
beyond the capacities of perscnnel working in local maintenance
 
workshops and centers.
 

Therefore, when equipmeIlt is jmurchased it is preferable to draw
 
up a maintenance and repair contract, so that the supplier is
 
committed to perform all the maintenance and repairs stipulated
 
in the contract. This ensures the efficient continuity of
 
equipment operation b:zu rpnairs will be made as 
soon as
 
possible according to standard speciifications.
 

Accordingly the terms and specifications of the contract are
 
most important as they control the equipment's maintenance and
 
repair during operation. Below are listed some basic terms to
 
be taken into account when tendering such a contract, but local
 
units should add any other terms according to their particular
 
situation.
 

Terms to 	be considered in a maintenance and repair contract:
 

o 	 The supplier will perform quarterly periodic inspection
 
of the equipment on site. This will include testing
 
all parts, engine system, braking system and hydraulic
 
system according to each type of equipment and on the
 
basis of the manufacturer's instruction-=.
 

o 	 The supplier agrees to repair troubles discovered
 
during inspection and pay for required technical
 
labour. The governorate will be responsible for the
 
expense of spare parts, materials, oils and greases
 
either by paying cash to the supplier if he provides
 
them, or the governorate will provide them from its
 
warehouses if they are available there.
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o 	 The supplier agrees to perform biannual equipment
 
maintenance on including all
site, system adjustments
 
and changing damaged components.
 

o 	 If the equipment breaks down during the three months
 
guarantee period, the supplier should be notified of
 
the details of the trouble, and he is committed to
 
repair it within 15 days. Such repair is done on site
 
except when t requires using equipment in the
 
supplier's workshop that cannot be moved 
to the site.
 

o 	 The equipment supplier is committed to providing all
 
spare parts necessary for O&M operations for the period
 
decided on by the governorate technicians. Spare part
 
prices will be agreed upon in the light of required
 
quantities and the technicians' opinions on the
 
suitability of prices. Payment will be paid in local
 
currency.
 

" 	 The supplier agrees to perform all equipment and parts
 
repairs except for the engine overhaul. This will be
 
at the expense of the governorate according to a
 
detailed bill of quantities presented by the supplier.
 
This bill mUst include details of all required spare
 
parts and their prices, and the cost of repairs. The
 
governorate 
may provide spare parts (included in the
 
bill of quaItLties) that it has available. 
 The value
 
of governorate provided parts will be deducted from the
 
total cost.
 

" 	 In all cases the supplier bears transportation, and
 
lodging expenses for personnel performing equipment
 
inspectiono, maintenance repairs
and inside the
 
governorate.
 

o 	 The supplier should use a sufficient number of
 
specialized and skilled labourers, and be responsible
 
to the governorate (or the requesting authority) for
 
delivering the equipment in good condition on a fixed
 
date. If there 
 are any delays he will be subject to
 
penalties until handing over.
 

" 	 The supplier will be fully responsible for taking
 
necessary procedures and precautions against Pny
 
accidents or iniuries 
to workers during operation. He
 
is also solely responsible for any damage to government
 
or individuals property. The governorate bears no
 
responsibility for any deaths, injuries, robbery or
 
compensation.
 

1-17 



o 	 The supplier should abide by all relevant government
 
and local laws and regulations.
 

o 	 This contract is valid for two years starting from the
 
signing date, aside from the equipment guarantee
 
period.
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SECTION TWO
 

Operat ion
 

Proper operation of equipment is ore of the most important
 
factors in maintaining it, reducing repairs, extending of
 
preventive maintenance periodicity and saving expenses. If the
 
equipment ig misused this will result in increased troubles, low
 
performancu,, increase cf operation 
 costs and the equipments'
 
work program will not be implemented.
 

If equipment operated as a service is not 
used properly, the
 
interests :of citizens wil! be affected. If it is used for
 
production, productivit, vill decrease together with that of the
 
facility. 
 This will rean losses or decrease in profits.
 
therefore, .peratlOn 
 ,en of the most important factors to be
 
taken t."[. considerati ,n regarding projects and equipment. It 
should ever, be placed iirst, as a successful project depends 
mainly a, 1roper operat 1i. 

Operatiin is & series ot steps performed on any piece of
 
equipment according to the producers' instructions.
 

Because (if the variety of equipment, whether mobile or fixed,
 
this subject will be presented generally and from two aspects:
 

The operators' rcit
 
The operating authority role
 

2.1 The Operator's Role
 

The diiver/operatur wili do some maintenance on the equipment he
 
is operatirg. Some )f this is 
done before starting the
 
equipment, some during 
 operation, some before shutting-off the
 
equipment arid, 
finally, some after stopping the equipment. This
 
is in addition to the manufacturer's instructions for the
 
equipment.
 

2.1.1. Pre-Start Procedures:
 

A. 	 Check tne equipments' general appearance
 
(cleanlines, polish, any bumps on the body) and
 
ensure there are no loose parts.
 

B. 	 Check tires and their rated pressure
 
C. 	 Check front and Lack lights and indicators
 
D. 	 Check for leaks in cooling, oil, and fuel systems.
 

Check radiotozr water level, engine oil level.
 
Check drive belt tinsions and change if necessary.
 

E. 	 Start engine to check any for irregular sounds in
 
all systems. Test brakes, clutch, hand brake.
 
Check engine oil pressure, charging, and level of
 
fuel tank from gauges. Check windshield wipers
 
and horn.
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F. 


G. 


Figures 2.1, 

on equipment 


2.1.2 


A. 


B. 


2.1.3 


A. 


Tf the engine fa Is to start, notify repair and
 
maintenance team without persisting in trying to
 
start it.
 
Check driver's tools and legal permits and
 
license.
 

2.2, 2.3 and 2.4 show examples of procedures done
 
before starting.
 

Control Instructions During Operation:
 

Mobile Equipment:
 

o 	 Observe any irregular features during
 
operation such as: Engine overheat, low oil
 
pressure, increase or decline in any gauges'
 
readings frcm normal.
 

o 	 Any route deviation caused by steering
 
system, brakes or tires.
 

" 	 Any irregular sounds in engine, systems or
 
fittings.
 

Fixed Equipment:
 

" 	 Observe any irregular features during
 
operation such as overheating, low oil
 
pressure, and irregular engine sounds.
 

" 	 Observe any vibrations during the running of
 
the engine, and check any wobble in torque
 
connectiors between the engine and the pump.
 

Operations to be done before and after
 
stopping the equipment:
 

Mobile Equipment:
 

o 	 Ensure the equipment has stopped by applying
 
hand brake
 

o 	 Run the engine at idling speed for at least
 
one minute to check gauges for any irregular
 
readings
 

o 	 Check cooling water and fill to correct level
 
before stopping the engine.
 

o 	 After stopping the engine check for any
 
water, fuel or oil leaks, or anything else
 
unusual.
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Figure 2.]
 

Inspection Chart for an Excavator
 

Indicators and 
Gauks : 

Check for damage 

Engine Compartment 
Check for oil and fuel 

leaks 

Bucket levers and 

fhekfor wear 
leaks 

and 

Srransmissindv-worn and 

FinldieTrash 

Check for leaks 

I;T Cooling System 

Check for leaks 
hoses 
build up 

MIn 

-4 

Sprockets:Check for wear /t 

Hydraulic System: 

r 
> 

m Covers and Guards 
C 

Check for damage
Check for loose or 
missing bolts 

Equalizer Bar 

Support pin 
Check for leaks 

/ 

Rollers and Idlers 

Check for wear 
Check for leaks 

Check for leaks 
Check for worn hoses 
Check for damaged
lines 



Figure 2.2
 
Inspection Chart for a Grader
 

HYDRAULIC CYLINDERS 
Inspect tor !eaks 
or dam~age.TIE 

FRONT WHEEL SPINDLE BEARING HOUSING 
Inspect for leaks. 

AXLESc 
Inspect for leaks 

GJLADE, END BITS AND MOLDBOARD 
Inspect for excessive 
wear or damage. 

OPERATOR'S COMPARTMENT 
Inspect for damagedgauges and cleanliness. 

gcleanliness. 

HYDRAULIC SYSTEM 
Measure oil level and oInspectnspet for lea ks. 

inspeect leaks. 

AIR CLEANER'INDICATOR 0 
Observe indicator. 

-

ENIEPRECLEANER 
Inspect for dirt build-up. 

COOLING SYSTEM 
Inspect for leaks and debris 
build-up on and near radiator. 

2-4 

.___JIRES3 

FInspect for damage, excessive wear and ccrrect inflation. 

CIRCLE DRIVE HOUSING
inspoct for leaks. 

BAECRL HE
Inspect for wear and adjustment. 

Inspect for looseness 

STEPS AND GRAB IRONS 
Inspect condition and 

P 
for trash. 

for 

ENG,.'E COMPARTMENT 

Inspect for leaks and 
trash build-up. 

DIFFERENTIALS AND TRANSMISSION 

Inspect for leaks. 

BEST AVAILARLE COPY 



Figure 2.3 

Inspection Chart for a Luader 

DIFFERENTIALS(front and rear) 
BUCKET 
Inspect for damageor__ecsiewa..f 
or excessive wear. 

BUCKET CONTPO'LINKAGE 

Inspect under machine 
for leaks, 

Inspect for damage 
or excessive wear. 

FINAL DRIVESfront and rear) 

-Inspect for leaks . 

Inspect for damageand proper 

MC 

r-,-
. 

I TInspect 
Inspect for brokenbulbs. 

O VERS AN D G UA RDS 

Be sure they are 
firmly in place.Inspect for damage. 

Inspect foInspect 

' - .., 

~STEPS 

-INSTRUMENT PANEL 
for broken 

Insec 

AND GRAB IRONSI 
Inspect condition and 
cleanliness. 

HYDRAULIC SYSTEM1 

for leaks. 

• -)I TRAS ONn p e t o r l e ks . 
O 

OPERATOR'S COMPARTMENTIn s p e ct for c le an lin e ss - -
broken gauges. 

[ C' 
Inspect for leaks-
trash build-up. 

---- COOLING SYSTEM 
Inspect for leaks­
trash build-up, 



Figure 2.4
 
Inspection Chart for a Truck
 

Hydraulic System: 

Check for leaks 
Check lines and 
hoses 

Lights: 

Check Lamps 

Driver Cabinet: 

Check window glass 
Check gauges 

Engine: 

Check ful or oil 

leaks 
SCheck belts 

_Cooling System:________ 
Check water leaksI 
of connections and 
hoses 

Mirrors: Front axle: Final drive: 
Inspect for con- Check for leaks Check for leaks 
dition Check brake joints 

Check springs 

Tires:
 

Check tires
 
Check rated pres­
sure
 

Cargo body:
 

Check box cleanli­
ness and safety
 
Check loading
 
requirement
 

Rear axle:
 

Check for leaks
 
Check brake joints

Check springs and

shock absorber safety 

Reserve tire:
 

Check safety
 
Check rated pres­
sure
 



LOADAN 

BEST AVAILAPIE (rrY 
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B. 	 Fixed Equipment:
 

o 	 Disconnect load from engine after taking
 
necessary procedures (such as closing cocks,
 
etc)
 

o 	 Run the engine at idling speed for two
 
minutes to check any irregular readings of
 
gauges.
 

" 	 Follow the rest of instructions mentioned
 
under mobile equipment.
 

2.2 The Operating Authority's Role:
 

Authorities responsible tcr operating equipment (either mobile
 
or fixed) in VC's worksnops, MMC's, city garages or marakez
 
Roads Departments arid governorate Road Directorate should
 
consider the following:
 

A. 	 Operate the equipent in ways suitable for its
 
nature and function and according to loading rules
 
mentioned in the producers' instructions and
 
directions.
 

B. 	 Consider features indicating misuse or hard
 
operation. These include overloading and
 
utilization in inadequate jobs (such as using the
 
grader to clean 
city asphaltic streets). These
 
will cause irregular wearing of the equipment and
 
its fittings.
 

C. 	 Calcuiation cf fuel and oil consumption rates as
 
follows:
 

Fuel:
 

Fuel consumption rate can be calculated by one of
 
the two following methods:
 

First: 	 Depending on the quantity of fuel
 
consumed for each unit, usually we use
 
the following measurement: litres of
 
consumed fuel/100 km.
 

Second: 	 Depending on the consumed quantity
 
during operation time, usually 
we use
 
the following measurement: litres of
 
consumed fuel/working hour.
 

Calculation of fuel consumption 
 rates is for evaluation
 
purposes.
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Oils
 

Ensure that operators have checked oil levels and
 
refilled if necessary. Register data in the
 
relevant records. Also register quantities of
 
changed oils according to O&M plan in order to
 
calculate the amount of outgoing oils for the
 
equipment either to refill, add or change.
 

D. 	 Observe maintenance implementation schedule, which
 
includes the different kinds of maintenance, when
 
planning equipment operation. This ensures that
 
the equipment is not loaded with work at a time
 
that would cause postponment of thL maintenance
 
until a later date.
 

E. 	 Each driver or operator should be in charge of 
operating one piece of equipment, and must not be 
replaced by another operator whatever the reasons
 
are. This is in order to ensure that equipment is
 
safely and properly operated. Equipment could be
 
misused by its temporary driver or operator.
 

F. 	 Draw up a costs pattern to prepare for an
 
economical method of operation.
 

G. 	 Record data on equipment operation forms and
 
records, in order to:
 

o 	 Calculate the actual cost of fuel, oil and
 
operation requirements for each separate
 
piece of equipment.
 

o 	 Calculate monthly working and inoperative
 
days for each piece of equipment, and its
 
daily production rate.
 

o 	 Calculate timing needs and requirements and
 
plan the storage of operation requirements.
 

o 	 Calculate the estimated budget for
 
equipments' operation.
 

2.3 Operation Planninq:
 

Projects and equipment maintenance depends mainly on having an
 
accurate operation system. This includes loading tables with a
 
good system for recording data, in order to make an analysis to
 
assist the concerned department in obtaining information about
 
the efficiiency of projects and equipment utilization. It also
 
helps decision makers to define projects and equipment types and
 
numbers when planning Ecr the future. To properly prepare for
 
operation, the following should be taken into account:
 

2-10 



A. 	 Preventive maintenance dates for equipment should
 
be included in the maintenance plan.
 

B. 	 The possibility of using one piece of equipment to
 
do jobs on more than one site if the other sites
 
are nearby. This reduces operation costs and
 
saves time wasted in tzansportation.
 

C. 	 The volume of required work in :elation to
 
equipment capacity should be considered to avoid
 
overloading.
 

1). 	Observance of operators' vacations.
 
E. 	 Observance of technical condit'ons when assigning
 

equipment fur jobs on different sites.
 
F. 	 Assignment 'If a percentage of each type of
 

equipment t, work as a standby 
 for operating
 
equipment, bearing in mind the need 
 for
 
maintenance on the standby equipment.
 

2.4 Operaticr, Cost:
 

There are several ways of calculating equipment operation cost,
 
but they all depend mainly on the operation conditions, such as
 
if the equipment 
is being operated in dusty or hot conditions or
 
is being overloaded. These conditions 
increase equipment wear
 
compared with equipment operated in normal weather conditions
 
arid 	 with suitable loading. Also operator efficiency affects
 
equipment operation and maintenance cost.
 

Costs elements can be summarized as follows:
 

A. Waaqe:
 

Including operator and 
 assistants wages, social insurances and
 
incentives.
 

B. Petroleum Materials:
 

Including fuel (solar - gasoline), oils and greases used for O&M
 
daily operations.
 

C. Other Expenses:
 

Includes the cost of 
 chemical materials used in some water
 
operations (chlorine, alums ... etc). "Register and follow-up
 
O&M plan implementation guidelines" - Chemonics - October 1988,

included the forms for calculation of total operation cost for
 
fuel, oil, 
grease, raw materials and components.
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2.5 Equipment Productivity and Utilization:
 

To calculate equipment productivity it is necessary to provide
 
some basic data such as the distance (kilometrage), number of
 
operating hours, and actual operation days, and days when
 
equipment was idle. In Table 2.1 is a register of equipment
 
type, driver name, operator, kilometrage or number of operation
 
hours, actual operation days, inoperative days, reasons fGo
 
inoperation or stopping. If this data is available for any
 
piece equipme.-nt, its producdivity can be calculated as follows:
 

Equipment productivity =
 

Number oL actual operation days monthly
 
=__X 100
 
Number of formal operation days monthly
 

If estimating total productivity for all equipment, the
 
equipments' Jata should be registered in table 2.2 which
 
includes the afore-mentioned data after accumulation from table
 
2.1 as follows:
 

Equipments' Productivity
 

Equipments' operating days monthly
 
X 100
 

Formal working days monthly x No. of pieces of equipment
 

Through analyzing data listed in table 2.2 we can identify
 
existing weak points (such as lack of operators, too many
 
faults, underloading and overloading) so as to avoid them.
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Table 2.1 

EQUIPMENT'S DAILY OPERATION 
REGISTER 

Markaz : 

Month : 

S.N. Type and Brand 1 2 3 4 5 6 7 8 9 10 11 2 1314 5 1617 181920 122 23 24 25 ?2 Total 

<~ I 
r-1 

daily operation hours are registered in front of each piece of equipment, 
it is not
 

Kilometrage or 

operated, write down reasons using the following symbols:
 

I = Idle M = Maintenance
D = No driver N = No work 




Table 2.2 

PRO7?UCTIVITY REGISTER AND EQUIPMENT UTILIZATION 

DURING THE THREE MO1TtS C / / 

Gcvernorate: 

Narkz : 

Equipment Type 
Operator 

or 
Driver Kum 

Distance 
Covered or 
Operating 

No. of 
Operating

Days 

No. of 
Days Out 
of Order 

Reaaona of Non-OperatLing Day, 
Productivity

operating Day, 
Hours No Not

Driver Needed 
Out of 
Order 

Maint. O.orating Days
Ha- of Working Days 

DI 

Total
 

* State number of non-operation days in the right column.
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SECTION THREE
 
MAINTENANCE
 

Recent economic and technical studies have proved that

maintenance provides an 
indirect ,.,fit as it protects a machine
 
against unexpected failures and treakdowns durng operation and

extends it utilization life-span. Consequently, it is necessary

to understand all the operation elements 
technically, the duties
 
and responsibilities of 
the maintenance units at 
all levels and,

in addition, the periodicity of carrying each
out type of

maintenance. ThL- chapter 
covers different 
types of maintenance
 
for infrastructure projects and equipment, and daily service and
inspection 
work carried out on different kinds of equipment

whether fixed or mobile. It also covers checking equipment

before operation to ensure efficiency all day long.
 

Daily service is usually 
 connected to operation (speciaily as

regards equipment, vehicles 
 and lifting units in water and
 
wastewater projects) as 
the operator does the daily service. In

the case of 
 read projects, the laboui appointed on the road is
 
responsible for 
this kind of service.
 

Daily servicing different
for projects and equipment will be
presented 
 in turn after presentation of its preventive
 
maintenance.
 

Daily inspection of equipment 
 is extremely important for
 
detection 
 of any failures and deciding ;hat operations are to be

taken into consideration when performing daily servicing.
 

Preventive Maintenance: (Periodic - Routine) is called periodic

because it is 
carried out periodically as recommended bv the

producer in the 
 equipment manual depending on the hours 
it has

worked. So this maintenance takes place either every 50, 100,

or 150 working hours. (In 
 the case of vehicles the working
hours are 
 interpreted in kilometers, so its is every 1250 km,

2500 km, 
 5000 km ... etc) However these limits 
are flexible in

operation 
 and can be changed provided that they do not 
exceed

10% + or -. 
 It also depends on other conditions, as the
maintenance routines 
 mentioned in the manuals do not 
take into
consideration 
the local environment and its difference from the
 
equipments' 
 original environment, or the increase in load beyond

the maximum designed load ip manuals.
 

Working hours between each maintenance are calculated in working

days, so periodic maintenance 
could be weekly, monthly, or
 
bi-annual (assuming we have 
one shift daily).
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3.1 Factors Affecting Maintenance Periodicity:
 

The following factors determine 
 preventive maintenance
 
perioJic.ity:
 

i. Utilization
 

2. Climatic conditions
 
3. Labour technical standard
 
4. Fuel, oils and greases
 
5. Raw materials and spare parts
 

First: Utilization
 

This means the operation period, and the 
type or kind of loads.
 
Loads can be classified as hard, ordinary and light.
 

A. Hard Uti- tion Conditions:
 

Utilization .- considered hard if operation exceeos 2000 hours
 
annually tor fixed or slow 
 moving equipment, and 60,000 km
 
annually for vehicles. This is accompanied by complete loading
 
during most operation periods.
 

B. Ordinary Utilization Conditions:
 

Operation is considered ordinary if annual operation varies
 
between 1000 
 to 2000 hours, or between 30,000 to 60,000
 
kilometers. This is not accompanied by overloads.
 

C. Light Utilization Conditions:
 

Light utilization is when operation does not exceed 1000 hours
 
or 30,000 kilometers. This is accompanied by partial loads
 
during most of the operation periods.
 

Second: Climatic Conditions:
 

Weather conditions in Egypt vary from hot (summer) to moderate
 
(winter) with a percentage of moisture and dust 
that differs
 
from one place to another. These conditions require increasing
 
the rate of maintenance operations (shorter periods in between)

from the 
 rate mentioned in the manual. The increased rate is
 
needed generally in summer, and specially when there is an
 
increase in dust.
 

Third: Labour Technical Standard:
 

The low technical standard of labour in operations and
 
maintenance 
 means that the equipment manual instructions
 
(recommended by the producing companies) are not followed either
 
because of negligence of some items or inaccurate and low
 
quality mplementation.
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This results in the increase of sudden breakdowns and the need
 
for repairs which represents a waste of money.
 

Maintenance periods can not 
 be adjusted to take 
 this into

consideration, 
but this problem could be addressed using 
two
 
basic methods:
 

- Development or upgrading 
 of field training levels and 
standards. 

- Accurate inspection of labour performance quality in
 
order to improve or correct it.
 

Fourth: 
 Fuel, Oils and Greases:
 

A. Fuel:
 

As the sulfate and phosphor percentages in 
the 
fuel used is

higher tnan 
 recommended 
 the maintenance periodicity

implementation 
 is affected. This is especially important 
in the
 
periodicity of changing an engine's 
 oil as the residue of

sulfate combustion 
 is combined with 
the water vapor (resulting

from combustion 
 insioe the cylinder) forming diluted sulfuric
 
acid which damages the cylinder sides in addition to slopping

the engine's oil 
 and changing its characteristics. 
 This
 
accelerates the necessity for changing it.
 

B. Oils:
 

The difference between local 
 oils specifications and
 
international 
 standards 
 results in the speedy change in
 
characteristics 
 of an oil in use and, therefore, the need 
to

change it more frequently. It is recommended not to 
change the
 
type of ii used in 
an engine from the beginning of operation
 
until the date of 
the engine's overhaul.
 

C. Greases:
 

The grease used 
should be suitable for the operating conditions
 
of the parts needing to be greased as regards speed, load, high

temperature and exposure to 
water. For example, grease used for
 
cooling-fan or belt-tension pullies should be able 
to withstand
 
high temperatures, be suitalle for low 
temperatiireG, and not
 
wash away in water.
 

The 
following should be considered:
 

o Different kinds 
 of grease should not be mixed and then
 
used for greasing.
 

o Too little grease, or too much grease, are equally in­
effective.
 

o Manufacturers' 
 instructions and recommendations 
should
 
be followed otherwise sudden breakdowns will result.
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D. Cooling Liquids
 

Cooling liquid and cooling components are most important in the
 
oper&tion and maintenance of liquid cooled engines. The cooling
 
liquid generally used is fresh water. 
 Anti-freezing liquid is
 
added to it in 
 cold weather countries. Rust and sediment
 
preventer can also be added.
 

The used water should not be hard (hardness degree should not
 
exceed 300 p.p. million) as the existence of calcium and
 
magnesium elements If water results in a 
 layer of sediment
 
building up in the engine's cooling system. 
 This leads to in­
efficiency as heat is not conducted from the engine to the
 
cooling 
 system and this results in the engine overheating. The
 
existence of chlorine ard sulfate in the water should not exceed 
100 p.p. million as they cause errosion of engine parts and 
hoses. 

Fifth: Raw materials and Spare Parts:
 

Using the original spare parts as specified by the producer
 
extends the equipment's lifespan, and helps in Lonforming to the
 
maintenance periodicity as instructed. Alternative spare parts
 
are often used because tr lack of the original ones in the local
 
market or the high ptice of criginals. This leads to shortening
 
the life span of ite equipment and decreases 
the period of time
 
between maintenance. The 
 same problem occurs when the
 
alternative spare parts 
 are manufactured locally using
 
inadequate materials. 
 This results in decreasing the period of
 
time between maintenance by half.
 

On the basis of the aforementioned factors affecting the
 
equipment and vehicle maintenance periodicity, the following
 
timetable is 
 suggested to implement maintenance according to
 
weather conditions:
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MATNTENiANCE 

IIT TLI ZAT ION
 

Maintenance
 
Type 


Factors 


*LIn Summer*w:
 
Hard Utilization 

Ordinary 1 

Light 

*uln Winter*w: 
Hard Utilization 

Ordinary 

Light 


FERIODICITY ACCORDING 


I Pt P2 PI P1 
+ 
'P 


1000 km 20.') 3000 4':)00 5000 

1500 3000 4500 

2000 4000 6000 


150(' 30'00 45(.)') 6':O0 75:) 

120(')0 40 '6: 6000 

[2500' 50C() 7500 


3 -5 


TO WEATHER AND
 

P2 P1 P F7
 
+ P2n+ 
P1 '
 

'60 70.)0 90,:o)) 8000 

9000 3500
 

1200'.' 1*30'O
 

90'0 I ')50'0) 12000 1350
 
12000 19000
 
1500 22501
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3.2 Preventive Maintenance 6r water Projects:
 

Water projects usuall' consists 
 of engines (diesel and
 
electrical), pumps, wells, tanks, pipes networks and valves.
 

Types aid models -f orines used in water projects are
 
numerous. 
 It is therefore, recommend adopting the following

method i- implementirg 
 engines' preventive maintenance without
 
prejudice to the producers' instructions where there is
 
contradition. 
 As it is rot possible to present maintenance
 
programs tor all types ard this
models, method handles the
 
subject jenerally. Oiesel engines do not differ to such an
 
extent trnat the maintenance pattern is affected. 
The basic
 
preventive mainteriance activitLies are:
 

o Check ng
 
o Inspect in
 
o Fastening
 
o Cleaning
 
O Adjusting
 
O Lubricating
 

Each maintenance Itivity includes a list of the parts and sets
 
that are needed according to its type and periodicity.
 

The remainder of 
 tiese project's components resemble each
 
other. Tnere is no big difference, for example, between
 
maintenance of a pipeline network 4" or network 6".
 

3.2.1 Diese1 t:gires:
 

First: 
 Operation and Daily Maintenance
 

Operators of water stations and pump units are 
responsible for
 
carrying out engines' service
the daily before starting

operation. 
This service includes the following:
 

o Cleaning the engine
 
o Checking and inspection of:
 
engine oil level (figure 3.1)
 
cooling water level
 
leakage of water/oil/fuel
 

o Operating 
 the engine and monitoring and
 
recording all readings and any unusual 
sounds.
 

Second: Preventive Maintenance (I) (Pl)
 

Frequency: Every week, 
.or 5G working hours
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Figure 3.1
 
Checking of Engine Oil Level
 

10.15m 

Water pump belt tension
 

Generator belt tension
 

Fig. 3.2 Belt Tension Method
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Personnel: Mechanic, electrician, operator

Tools: 
 Mechanic'3 tools, electric...'s tools,
 

funnel, hydrometer, voltimeter, torque
 
'wrench, oilcans.
 

Materials and Spare Parts: 
 Motor oil, grease, distilled
 
water, sand paper, gaskets,
 
cleaning cloth, water pump
 
stuffing.


Operations: 
 o Wash and clean all engines parts
 
o 	 Check engine's oil or change it, and
 

cheCK the air filter oil or change it if
 
necessary using the correct type of oil
 

o 	 Fasten all engine parts and all chassis
 
anchor bolts, and pump coupling bolts,
 
and fasten the bolts that fix the pump
 
to the chassis 

* 	 Check the water pu )acking
 
o 	 Check the batter the solution level
 

and density, batt voltage, and supply
 
it with distilled - er (fig. 3.3)
 

* 	 Check the starter, the dynamo, the
 
cutout, the accumulation (charging)
 
regulator and oil and grease them if
 
needed
 

o 	 Check the tightness of the water pump
 
vee belt and generator (fig. 3.2)
 

o 	 Operate the engine and the pump to check
 
it there are any unusual sounds after
 
maintenance and report any breakdowns to
 
ne repaired
 

o 	 Clean the engine and the water pump
 
after maintenance
 

Third: Preventive Maintenance (II) (P2)
 

Frequency: 
 Every month, or every 200 working hours.
 

Personnel: Mechanic, electrician, operator, pipe fitter
 

Tools: A A
set mechanic's tools, electrician's
 
tools, pipe titter's tools, funnel, oilcans,
 
hydrometer, voltimeter, torque wrench, vise.
 

Mdterials and spare parts: Engine 
oil, distilled water,
 

grease water pump packing,
 
gaskets, sand paper, cleaning
 
cloth, fuel filter element,
 
oil filter element, etc.
 

Operations;: This maint-.ance includes all 
steps described
 
in Preventive Maintenance I plus the
 
following:
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Fig. 3.3 Battery Inspection
 

I 10-15 n 

Check Solution Level
 

Check Density
 

Check Voltage
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o 	 mhange/clean the filtering elements in
 
oil, fuel and air filters
 

o 	 Check any water leakage from the engine
 
cooling pump, and fasten it if needed
 

o 	 Check the cooling fan for tightness
 
o 	 Check the rust preventer in the radiator
 

water, and add it if needed
 
o 	 Operate the engine to check if there are
 

any unusual sounds
 
o 	 Check the water pump ball bearing
 

roulement or bearings according to their
 
type and way of installation
 
Check all connections and valves for any
 
loakage
 

Fourth: Biannual Mainteiance
 

Frequency: Every 
 6 montns, or every 1000-1200 working
 
hours
 

Personnel: Mechanic, experienced electrician, operator
 

Tools: Same as in PM2 plus an injector adjusting
 
device
 

Materials and Spare Parts: Same in
as PM2 plus injector
 
nozzles
 

Operations: This maintenance includes all operations
 
mentioned in PM2 plus the following:
 

o 	 Adjust the injector pressures and change
 
nozzles if needed
 

o 	 Fasten cylinder head according to
 
sequence
 

o 	 Adjust the valve clearances
 
o 	 Adjust fuel pump coupling
 
o 	 Check the fuel pump closing lever
 
o 	 Check the accelerator and adjust the
 

silencer speed
 
o 	 Check the meters (oil - fuel - water 

pressure - water quantity) 
o 	 Check the water pump shaft to ensure the
 

coincidence of the pump and engine axles
 
o 	 Check the engine and water pump
 

mountings and change them if needed
 
o 	 Disassemble the dynamo and the starter
 

to check all parts
 
o 	 Check the water elevation pump and
 

change packing if necessary
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Torque
 
wrench
 

Fig. 3.5
 

Cylinder Head Tightening
 
according to the sequence
 

Fig. 3.4
 
Pump Stuffing Material
 

Fig. 3.6
 

Valve Clearance Adjusting
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3.2.2 Electric MLturs:
 

First: 
 Operation and Daily Maintenance
 

The operator should do the following before operating the
 
electrical units:
 

o Clean the motor
 
" Turn the motor by hand to make sure 
that
 

the bearings are 
 in good condition and
 
there is 
no unsual resistance.
 

o 	 Check the electrical connections to make
 
sure the insulation is intact.
 

o 	 Run the motor and observe the indicators
 
on the distribution board and record any
 
unusual readings or disturbances.
 

Second: Preventive Malntenarcer__)(PI)
 

Frequenc-: Every week, 
or evry 50-75 working hours.
 

Person el: Electrician and operator
 

Tools: 
 One set )f electrician's tools
 

Materials and Spare Parts: 
 PVC tape, cleaning cloth,
 

water pump packing.
 

Operations: o 
 Check holts holding the engine to the
 
chassis
 

o 	 Clean out the connection box and check
 
the cables
 

o 	 Check the inulation of cables 
and
 

connections
 

o 	 Check that there is 
no ipark between the
 
brusher and the commutator segments and
 
clean them
 

o 	 Check the operation of the cooling air
 
fan 

0 Check the water pump packing and change
 
it ;E needed
 

Third: Preventive Maintenance (II) (p2)
 

Frequen..: 
 Every montn, or every 200 working hours
 

Personnel; Electrician, operato,
 

Tools: One 
set of electrician's tools, multimeter,
 
grease gun.
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Materials and Spare Parts: 
 PVC tape, grease, electricity
 

oil, alcohol, cables, iron
 
sand paper, water pump
 
packing.
 

Operations: This 
 maintenance 
 includes all operations
 
mentioned in Preventive Maintenance I plus
 
the following:
 

o Grease the motor bearings using the
 
grease recommended by the producer
 

o 
 Clean the sleeve bearings using alcohol
 
o Clean the brushes with sand paper
 
o Operate 
 the motor and load gradually to
 

check any souiids or breakdowns
 
o Clean 
 and grease water pump bearings and
 

install new packing if required.
 

Fourth: 
 Biannual Maintenance
 

Frequency: 
 Every six months, or every 1000 
 - 1200
 
working hours.
 

Personnel: Electrician, operator
 

Tools: 
 Same as in M2 olus 500 V megger.
 

Materials and Spare Parts: 
 Same as in M2.
 

Operations: 
 This maintenance 
 includes all operations in
 
M2 plus the following:
 

o Check the motor 
insulation resistance
 
o Check the windings and record reading
 

before replacing terminal box cover
 
" Clean 
 the bearing with flushing oil and
 

refill to correct level using the
 
specified grade 
of oil according to the
 
motor type
 

o 
 When sleeve bearing are being used
 
measure the clearance between the 
rotor 
and the windings - ait gap - at all 
points and record readings and adjust 
if
 
needed
 

o Check the 
 motor coupling alignment with
 
the water pump axle
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3.2.3 Maintenance ot Pipelines, Valves and Tanks:
 

Frequency: Every monrtn 

Person,?l: 
 Pipe fitter, official of the markaz health
 
directorate.
 

Tools: 
 One set 't pipe fitter's tools, tank washing
 
tools.
 

Materials and Spare Parts: 
 Stuffing materials, nails,
 
gaskets, chlorine, pipe
 
sleeves.
 

Operations: 
 o 	 Muntnl inspection of pipe]ines and
 
valve chambers to check its 
operation
 
and the existence of any laakage
 

o 	 Inspection of valve chambers to 
remedy
 
any leakage
 

o 	 Wash elevated and ground water tanks and
 
decontaminate them according 
 to the
 
health directorate instructions
 

o 	 Wash the 
 network for disposal of
 
sediment, rust ... etc
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3.3Maintenance of Wastewater Projects:
 

This 
 type of project consists of a pipe network, pump stations
 
and wastewater treatment units. 
 Pump 	station maintenance is
 
very similar to chat of potable water 
 station maintenance
 
whether diesel 
 engines or electric motors 
are used (items 4.4.1
 
and 4.4.2) consequently, we will 
 describe the maintenance of
 
wastewater pipes 
 networks. 
 Producers' instructions should be
 
followed for treatment units.
 

3.3.1 
 Targets of Wastewater pipe Maintenance:
 

o 	 To reacquire 
 the pipes' maximum capacity by cleaning

Out the sediments that block them, 
and to keep the
 
sweeping speed
 

o 	 To detect location of fractuces and cracks and weak
 
connections in the 
pipes in order to replace them
 

o 
 To provide tLime necessary for preliminary operations

prior to repairing of pipelines, and thus ensuring its
 
cleanness and 
reducing the repairing time
 

3.3.2 Wastewater 
Pipelines Maintenance Methods:
 

There are several methhods of maintenance clarified in Table
 
(3.2). 
 Some 	of them are automatic and some manual.
 

As modern equipment is highly sophisticated in its ---ration
 
(as is the work done by the operators) we recommend the

necessity of following literally the producing 
 company's

instructions 
 to get tne best results and secure the safety of
 
equipment and operators.
 

First: Hydraulic Cleaning:
 

This method depends on 
 the water pressure aenerated in a hose

that has holes at certain angles fitted with 
 )zzles. This lets
 
out 
 water at great pressure and speed (250 atmospheric

pressure). This leads to 
 a surging of the jet from the hose

inside the 
 pipes similar to jet propulsion. The water will hit

the sides of 
the pipes removing sediment and occlusions. There
 
is a vehicle equipped for this 
purpose.
 

This method is less 
 cffecrive for heavy and big disposals and
 
leads to damagc of corroded pipes. 
 So, this method st.ould not

be used if there 
 are any signs of collapse or a leakage or
 
accumulation of 
 sand and mud inside the 
line. This ;et method
 
would cause the total collapse of the damaged pipe sector.
 

The 	 jet nozzle equipment is generally used to push and 
remove
 
sludge, mud, sand, gravel, 
and stones from pipes with a diameter
 
of 300 millimetre or less. It can 
also 	be used to clean,

manholes and flushing basins.
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Operation Instructions tot 
Using the Jet Nozzle
 

O Before starting any cleaning of the wastewater
 
pipelines, always 
 make sure that the jet nozzle is
 
tightly fixed to the hose.
 

" 
 The jet nozzle should never be operated while workers
 
are inside the manhole
 

o The jet nozzle machine should never 
be operated with
 
maximum water pressure on the ground surface unless the
 
nozzle is fixeo tightly
 

0 Utmost attentio n and carefulness is musta when
 
handling the moving water 
 hose. Accordingly leather
 
gloves should used case
he in there are some sharp

fragments 
 ot giass or other deposits stuck to the hose
 
which may cut -r inflame the hands
 

0 No repairing or pumps or 
other equipment should be done
 
before stopping the machine completely
 

It is allowed to use 
high speed jet nozzle equipment to remove
 
and push stagnant water 
in sinks and gutters unequipped with an
 
outlet.
 

Second: Mechanical Cleaning:
 

This 
 includes all mechanical equipment that scrapes and drags

all sediments from inside the pipes, such as 
scavenging sticks,
 
and manual or mechanical 
bucket machines.
 

A. Line Scooter:
 

This is 
 one means of effective cleaning. It works by water
 
pressure and is easy 
to use and highly efficient in removing

sand, mud and, 
 some times, big sediments buildups. It is used

in big lines to remove grease but should not 
be used when there
 
are occlusions 
 that lead to overflow until the occlusion is

removed. The scavenger is a structure on metal wheels with a
 
metal shield. Control 
 and operating lines are fixed at the
 
front and of
rear the scavenger. 
 There are urually different
 
sizes of scavengers to be used for 
 different diameters of
 
pipelines see fig. 3.7 and 3.8.
 

The folio 'ing tools are used with the scavenger:
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Flushing Action
 

Sewage Scooter Scooter set up in line
 

Fig. 3.7 

Scooter Operation
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jPlas t i 

• -_ 
 Twist corners
 

Parachute 
set up in line (water driven)
 

air in
 

air 
out
 

Fig. 3.8
 
Parachute 
set up in line (air driven)
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o Front are rear scavenger cables
 
o Cable reels
 
o A pushing umbreila inside the pipelines
 
o Sand trap
 
o A sucking compression pump
 
o Sewage evacuation (dump) trucks
 

The scavenger is operated by inserting it in the pipes using the
 
control lines, and directing it to the parts to be cleaned.
 
This is don- by pushing an umbrella fixed to the front cable in
 
a manhole at one end of the pipe. This is 
then pulled from a
 
manhole 
 at the other and of the pipe. The scavenger is pushed

inside the exit pipe from 
an above current manhole while
 
directirjg ,'he shielded
scavergei end in a direction under the
 
current. The manhole eievators should be fixed. Then the 
sand
 
trap sr,ouid be placeo in a 
manhole beneath the current. The
 
sucking compressing pump is then dropped in the sewage line. The
 
shield plate will stop 
 the sewage water flow behind it, which
 
leads to a slight level difference at the scavenger shield
 
sides. The 
 higher level will be in a direction above the
 
current and thus the scavenger is pushed forward until it stops

because of the accumulated deposits in front of it. The
 
operator will then pull 
the control cable backward to open the
 
shield's upper part allowing the detained water to 
flow at high

speed ano pressure pu3r.ng the accumulated deposits in front of
 
the scavenger and washing the 
line. When the operator loosens
 
the control 
 cord, the shield valve will close and the scavenger
 
will move torward.
 

B. BucKets Machine:
 

This macnile is a mechanical way to clean deposits from sewage
 
pipelines by scraping arid dragging. It is usually used for
 
removing and transferring sand, gravel, stones, bricks and 
tree
 
roots, ir, addition to mud and grease. The buckets machine is
 
used mostly for removal of large quantities of heavy solid
 
imaterials, but it is a slow operation, and should only be used
 
when other methods fail. 
 It should be used with extreme caution
 
to avoid causing any damage to the sewage pipes.
 

Bucket diameters vary from 6" to 26". 
 The two bucket machines
 
are loaded on two trailers. The first is positioned at a
 
manhole over the current, and the second at a manhole under the
 
current. The cable 
will be pushed through the sewage line so
 
that the buckets are dragged through the pipe by the machine.
 
After removal of deposits precipitated in small, low-flow pipes,
 
the machine is usually placed at an 
under current manhole. It
 
is placed at an 
above current manhole when removing depoEits in
 
large diameter pipes.
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A single 
 bucket machine cannot operate alone. There have to be
two of them, one to pull 
and 	drag and the other to feed. As
 soon as 
 the cable 3tarts running, the machine parts (other than

the crank and steering arms) should 
 not 	be touched. If any

complications occur or sudden excess 
looseness of the cable, the
operator of the other 
machine should be signalled to stop it
 
completel ,.
 

C. 	Clearirq Machine:
 

The cleaning machir,e uses ilexible steel 
joints to push or drag
different cleaning 
 tools and instruments through 
 the 	sewage

lines. :t 
 is suitable fct removing obstacles. With the right

tools, and proper washing water, this machine can also remove
 
and push sludge, mud and grease. It does not require pushing
ropes. As it can be pushed 
 for 150 m in the lines, it is
considered 
 a good metnhd tc overcome blockages in emergency
 
cases. Ihs machine is iot 
suitable fcr pipes with diameters of
 more thart 380 
 mm, for nints tend to be curved, and then a lot
 
of water would 
be 	 needed for washing. In addition it is
generally weak and incapable 
 of dislodging and lifting heavy
 
solid materials.
 

Industrial 
Security Instruction:
 

o 	 The clearing stick should not be inserted or 
pushed into any

obstacle. The operating 
process should be performed
 
smoothly
 

o 	 Tne clearing sticK 
 3hould not Oe whirled in one spot for 
a
long time 
 as 	 it mignt generate heat and damage the 
tools.
 
Consequently the 
stLIm should moved 
in and out constantly.
 

0 	 The cleaning too, un,cuid never be touched before both the
 
tool and the 
 sticK pushing machine are completely stopped.

If the stick is broken be 
sure that the rotation torque is
 
removed before handling or holding it.
 

D. 	Manual Cleaning Stick
 

Manual clearing is very similar to 
the mechanical method, but

its use ind capacity are Limited, because the stick is 
pushed

manually in the line making 
the 	process slow. Standard joints

are connected as required to lengthen and push the stick 
inside
 
the sewage line.
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The manual earing stick 
 is usually used in emergency cases,

routine se :e requests, and if 
there is any blockage after
 
working 	 h, .. After r emoving such a blockage, the complete 
cleaning _q ation can be performed later. 

3.3.3 	 Tools and Equipment Required for Personnel
 
Protection and Satetv:
 

Gloves:
 

Workers must wear protective rubber gloves for protection from
 
chemical materials used 
in sealing and seclusion operations.
 

Glasses:
 

Worko s rmist wear protective glasses injuries caused by
to avoid 

scattered solid 
materials and protective glasses must also be
 
worn during the chemicai mixing process.
 

Fresh air mask:
 

Workers stiould this for
wear mask protection against poison
 
gases Liside the pipes, and for 
 easy respiration during the
 
carrying out of maintenance operations.
 

Fresh air compressor:
 

Because of the existeince of poison gases inside 
the pipes and 
lack of oxygen, pipes snould be ventilated. This is specially 
important if work is going to last for a long time.
 

Fire fighting equipmernt:
 

Personnel should 
 have fire-extinguishers in all vehicles
 
specially those transporting petroleum or 
chemical materials.
 

First aid kit:
 

All vehicles should iticlude first aid kits and persons should be
 
trained how to use them.
 

Rubber boots:
 

There are used to protect workers against sharp solid objects in
 
the sewerage.
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Protective jackets
 

These orange coloured jackets 
 are used 	to distinguish persons

working 	and protect them 
 from traffic accidents when they are
 
standing 
in the traffic flow and exposed to danger.
 

Solid helmet:
 

This is used to protect workers against 
 any solid objects
 
falling on their heads, if they or 
bump into hard bodies.
 

Protective Oelt:
 

This belt is put 
 on when workers descend manholes deeper than
 
1.75 meter to 
 allow the pulling out of 
injured persons. It is
 
also necessary when workers go far 
into large-diameter pipes 
to
 
protect them from drifting away as a result of 
 the strong flow.
 
This bplt is attached to a 
rope to facilitate pulling out the
 
workers 
from the 	lines.
 

3.3.-	 Precautions to oe followed while cleaning
 
sewerage and ways of 
handling:
 

" The detection of homogeneous soil, crockery pieces 
or stones
 
on the bottom floor of 
a manhole is a 
positive indication of
 
th. occurance of cracks or 
collapse 	in a part of 
the over
 
current sewerage line in this 
 location. In this case
 
extreme caution must 
be taken before performing any cleaning
 
operations.
 

o There is a great possibility that sewage pipe might
a 
 break
 
during cleaning operations if it is corroded or 
collapsing
 
or has any other structural defects. 
 In these cases it is
 
necessary to 
 make 
 an on site check to determine the
 
possibility of carrying 
out cleaning operations.
 

" Cleaning instruments 
 filling the pipe including hydraulic

fans often stick 
 to incohensive 
 joints (with discentered
 
axes), household connections, protrusions, roots, 
lumps and
 
piles, or any other 
similar obstacles.
 

Therefore, whenever 
possible a pulling rope should be used
 
with the drawing winch to recover 
the cleaning tools and
 
instruments.
 

o Cleaning 
 devices, tools and instruments should be chosen on
 
the basis of their suitability for the nature of work, 
and
 
the condition of pipes in 
 order to avoid any possible
 
damage.
 

" Check the possibilty of sewage 
 overflow in basements
 
whenever hydraulic operated equipment is used.
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3.4 	 Maintenance ot Roac jects
 

Road 	projects in governorat re divided into three main kinds:
 

A. 	 Dirt roads
 
B. 	 Gravel and Macadam roads
 
C. 	 Asphalt roads
 

Maintenance if these roads 
 is done in order to compensate for
 
erosion due to 
 traffic and weather, and soil movement at their
 
edges. It aims at keeping the roads in 
good condition and safe
 
for travel. Negligence of such maintenance in due course
 
results in doubling 
 work and costs, in addition to endangering

lives ano damaging equipment. As maintenance allocations are
 
usually i.mited roads should be kept 
in good condition with the
 
minimum cost.
 

Road 	maintenance is divided into:
 

A. 	 Routine Maintenance (watering, signs ... etc).

B. 	 Periodic Maintenance (improvement of surface and
 

shoulders, shade trees ... etc).
 
C. 	 Corrective Maintenance (applying a surface course).

D. 	 Emergency Maintenance 
 (floods, pits, road damage...
 

etc).
 

3.4.1 Routine Mairlterance
 

This is the daily r,ad maintenance done by the road workers and
 
is usually carried out 
 for dirt roads in the governorates to
 
keep the road at its original level and protect it from any
 
encroachements.
 

Personnel: Road 
 workers, generally appointed by the road
 
directorate
 

Equipment and Tools: 
 axe, lifting jack, scuttle, bucket,
 
grass cutting tools, bricklayer's
 
tools.
 

Materials: 
 Water and earth filling.
 

Operations: 0 Remove corrugations (wavings and
 
zigzags) from the road surface
 

o 	 Fill pits
 
o 	 Clean grooves
 
o 	 Water the road surface
 
o 	 Maintain walls and side coverings
 
o 	 Remove grass
 
o 	 Remove all habitations enc:roaching the
 

road
 
" 	 Maint. n longitudimal and cross section
 

eleva ins
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o 	 Maintain the cohensiveness 
of the road
 
surface and side slopes
 

o 	 Renovate all 
road 	signs (if necessary)
 
o 
 Retain and protect trees by trimming and
 

watering
 
o 	 Repair damage at 
intersections
 
o 
 Repair damage at bridge entrances
 

3.4.2 
 Periodic Maintenance
 

This is usually calieu "improvement maintenance". 
 It aims at

improving the surface of dirt, gravel and 
 asphalt roads,

maintaining their elcvaticns, and protecting them against
 
erosion factors.
 

Frequency: o 
 Once 	every month for dirt roads
 
o 	 Once every two months for gravel and
 

stone roads
 
o 
 Once 	every 6 months for asphalt roads
 

PersonneL: 
 Specialized labourers and technicians.
 

RequireJ Equipment: Grader, roller, water tanks, loader.
 

Required Material: Earth filling, asphaltic materials,
 
water, gravel, soil (dccording to
 
the kind of road).
 

Operations: A. 
 Road alignment in some 
 parts, or 
modification of critical areas, in order 
to ensure safety and smooth flow of
 
traffic:
 

" 	 Elevate the parts of the road which are
 
lower in level 
 than the cultivation
 
areas
 

o 	 Road widening
 
o 	 Improve elevations and longitudinal
 

slopes
 
o 	 Improve of elevations an- slopes of
 

cross sections
 
o 	 Increase radius of dangerous horizontal
 

curves
 
o 	 Widen the road 
on horizontal curves
 
o 	 Remove obstructions preventing adequate
 

visibility on horizontal curves
 

B. 	 Improving road surface, 
shoulders and side
 
slopes in order to improve the soil and
 
reduce surface losses.
 

3-25 5 



0 Water, specially during summer 
0 Spray bitumen (when the road is not used 

for traders' traffic)
 
o 	 Supply sand roads with clay 
soil to
 

improve cohesion
 
o 	 Supply sand to
to clay soil roads 


prevent water suction
 
o 	 Fix side sloppes and construct retaining
 

walls for collapsing slopes
 
o 	 Improve cross slopes (3 - 4%) to
 

facilitate drainage of surface water
 
o 	 CovEr areas likely to erode 
 and
 

construct side slopes
 
o 	 Renovate side 
slopes by planting wedge ­

root trees
 
o 	 clean canais
 
o 	 Make curvatures for upper and lower
 

slope edges
 

C. Improvement of Road Shoulders:
 

o 	 Place 
 the minimum of different road
 
signs for warning, kilometrage ... etc
 

o 	 Fix new steel marks on the road
 
o 	 Plant trees for demarcating and shading
 

the road
 
0 	 Remove obstructions whether buildings or
 

cultivation ... etc
 
o 	 Allocate 
 crossings for pedestrians,
 

bicycles or cattle
 

3.4.3 Corrective Maintenance
 

This is aone to repair erosion of the road surface due to

traffic or corrosion 
 and wear. It also includes laying and
 
leveling a new surface course.
 

Level of Implementation 
The markaz roads' department or the
 
governorate roads' directorate or a
 
contractor
 

Material: According to 
 type of road (earth fillings,
 
grave soil, limestones, asphaltic 
mixture,
 
liwuid asphalt.
 

A. Dirt Roads:
 

Frequercv: Every 2-3 years
 

Personnel: Specialized labourers
 

Eq'9ipment: Water 
 pumps, street sprinkler, buckets, axe,
 
scuttle, loader, grader, forks.
 

Materials: 
 Water, earth filling (a layer 10-20 cm thick)
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Operations: 
 o 	 Appiy earth filling of clay soil or
 
sand, according to 
 type of road (layer
 
thickness 10-20 cm i.e., 
15 x 5 x 1000
 
750 m3/km)
 

o 
 Level road surface using available
 
equipment. Levelling 
 is both
 
longitudinal and cross 
levelling
 

o 	 Water with a sufficient amount 
of water
 

N.B. 	 If the 
 road does not need 
 an additional layer,
 
maintenance will be as 
follows:
 

o 	 Level road surface and adjust it in
 
iongitudinal 
 and cross directions using
 
the afore-mentioned equipment
 
Water
 

" On sand roads layers of clay soil should
 
be added to 
 sand parts to maintain
 
cohesiveness
 

o 	 On clay roads a layer of sand should be
 
added to ease its levelling
 

o 	 Remove of stones and rubble 
from the
 
road surface using forks
 

B. 	 Gravel and Macadam Roads
 

Frequency: 
 Every 12 	- 18 months
 

Personnel: Specialized Labourers.
 

Equipmeni Grader, L.iler 
(5 tons)
 

Materials: Bitumunous materials, gravel soil, 
stones and
 
rubble, sand
 

Operations: 0 Fill pits and 
 gaps, and a
lay new
 
surface course
 

o 	 Level road surface with grader 
 and
 
remove unacceptable materials
 

o 	 Spray with liquid asphalt (1.5 kg/m2)
 
to give a preliminary varnish layer
 

o 	 Appl, another layer of liquid asphalt

(medium volatilization asphalt) to road
 
surface
 

o 	 Cover with clean sand
 
o 	 Cumpact with roller
 

C. 	 Asphalt Roads
 

Frequency: According 
 to damage (such as cracks, grooves,
 
settlement, and surface course damage due to
 
ground water).
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Personnel: Specialize chnical labour.
 

Equipment: Roller, .IL. .Lor, dump truck. 

Materials: Hot asphalt mixture with adjusted asphalt
 
percentage.
 

Ooerations: o Locate the areas that needs repairing
 
o 	 Cut the edges of the damaged areas and
 

spray an adequate quantity of bitumen to
 
forff 	a layer
 

o 	 Lay the asphalt mixture. This should
 
flot be pushed from the middle to the
 

sides
 
o 	 Compact layer using an ordinary roller
 

or a vibrator or lorry tires
 
o 	 Maintain shoulders. Fi the grooves
 

and 	 pits. Level the ulders. Add
 
earth filling to th shoulders'
 
surface. Protect by draining the water
 
from settlements, and upkeeping the
 
cross slopes
 

Asphalt roads need a new surface course every 10 years on
 
average. This is considered a new construction project.
 

3.4.4 Emergency Maintenance:
 

This maintenance covers speedy repairs of the road including all
 
sudden and unexpected works obstructing the traffic. It is
 
usually a result of:
 

* 	 Sand storms which result in the
 
accumulation of sand on the road
 

o 	 Floods and excess water resulting from
 
plunging irrigation
 

o 	 Sudden breakdowns of construction
 
beneath the road such as bridges or
 
pipes, etc as a result of an accident or
 
wear or overloads
 

Personnel: Road department labourers + any other
 
personnel as needed.
 

Tools and Equipment: Same as in routine preventive
 
maintenance, as these repairs can
 
be done by labourers or by using
 
suitable road repair equipment.
 
This will vary Oepending on the
 
type 	of emergency.
 

Materials: According to type and location of emergency.
 

3-28
 



Operations: 
 0 Rem".e sand adjacent to the road
 
o 	 Rpair collapsed area, and drain off
 

water. Concrete bridges should be built
 
or pipes should be layed beneath the
 
parts of roads exposed to floods to
 
facilitate water draining. Repair or
 
renew collapsed bridges or pipes
 

It is obvious that some preventive measures 
could reduce sudden
 
road collapses and the need for repairs. 
 These measures include
 
planting trees, constrdctirj of 
water drainage systems, and soil
 
'ixing.
 

2.4.5 Examples of Asphaltic Paving Patching:
 

I. Alligator Cracks:
 

Those are cracks cuirsisting of several small squares that looks
 
like the crocodile's sKin. They die usually a re2sult of an
 
unfixed base course 
 leading LO srvere curvature of the asphalt

surface. Water saturation 
is the basic reason for unfixdness.
 

Permanent Repair:
 

A. Remove the cracKed surface 
 deeply enough to reach a solid
 
fixed 
 layer. The cutting should be square or rectangular,

with straight vertical sides. 
 The two sides should also be
 
perpendicular 
 to the traffic. The asphalt saw will cut
 
swiftly and cleanly. (figure 3.9)
 

B. The asphalt cement la-yer will be 
 placed on the vertical
 
sides (tigure 3.10).
 

C. 
To get the best results the pit should be filled with high

quality hot asphaltic mixture (figure 3.11) and then spread

carefully so is not 
to separate its granules (figure 3.12).

This asphaltic mixti-re, because of need
its depth, does not 

an absorption layer.
 

D. If the depth exceeds 
 15 cm, the pit should be filled with
 
layers. Each layer should not 
 be more than 15 cm after
 
compaction. 
 Paving equipment differs according to the work
 
volume. 
 Regular rollers and vibrators (figure 3.13) 
can be
 
used.
 

E. If the asphaltic mixture materials are 
not available, the
 
pit is filled first with gravel materials and sprayed with a
 
liquid asphalt layer. Then a sL:face course of hot or 
cold
 
asphaltic concrete is applied. 
 The area is then compacted
 
to 
the same level as the surrounding pavement.
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1. Alligator Cracks: 

Fill with asphalt mix Remove the cracked surface 
to reasonable depth (surface 
and base-coarse) 

Fig. 3.11 Fig. 3.9 

Spread the asphalt mix 
carefully 

Put MCo coat on 
vertical edges 

Fig. 3.12 Fig. 3.10 
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F. 	 Longitudinal and cross levelling bars are 
used to level the
 
surface for traffic (figure 3.14).
 

2. Slippage Cracks
 

These are a result of the traffic, tires, and brakes friction.
 

Repair:
 

A. 	 Remove the surface 
around the sliding space until reaching
 
the fixed pavement. Provided that 
the cutting surface is
 
straight and vertical, this can 
be done using the asphalt
 
saw (figure 3.15).
 

B. 	 The iower surface should be cleaned with brushes 
 and
 
compressed air (figure 3.16).
 

C. 	 Spray a light asphalt cement layer (3.17).
 

D. 	 An adequate 
quantity of hot asphaltic mixture should be
 
placed 
 in the removed area and compacted until as it has the
 
same level as the surrounding surfaces (figure 3.18).
 

E. 	 The mixture surface should be levelled properly with the
 
fork back without any separation occuring (3.19).
 

F. 	 The surface should be 
tested with the levelling bar (3.20).
 

G. 	 The mixture should be compacted properly using the regular
 
or vibrating roller (figure 3.21).
 

3. 	 Distortion:
 

These ace small locational cavities, sometimes with cracks, and
 
their depth varies from one inch to 1.5 inches. During winter,
 
water accumulates in 
 them causing troubles for drivers. These
 
cavities are usually 
a result of insufficient layer thickness
 
and compaction upon construction, the sinking of the pavement

lower layers, or traffic heavier than 
 load the pavement was
 
designed for.
 

Repair:
 

The cavities should 
 be filled with hot asphaltic mixture and
 
compacted to the same 
 level as the adjacent pavement, as
 
follows:
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Assure Surface Levelling
 

Fig. 3.14 Fig. 3.13
 

2. Slippage Cracks:
 

Cutting with asphalt saw
 

Fig. 3.15
 

Asphalt tack coat Clean the removed surface
 
with brush
 

4k, 
_ 

Fig. 3.17 Fig. 3.16
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Check surface levelling Lay asphalt mix in the
 
removed area
 

Fig. 3.20 
 Fig. 3.18
 

Compaction with roller 
 Surface Levelling
 

Fig. 3.21 
 Fig. 3.19
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A. 	 Delimit the 
 cavity pLa:s with the levelling bar and K it
 
on the pavement (figure J.22).
 

B. 	 Cut the 
 cavity edges to make its sides vertical. This can
 
be done manually or by using a cutting device (figure 3.23).
 

.. 	 Clean thL cavity surface and surroundings (figure 3.24).
 

D. 
 Spray tack coat (1.5 Kg per square meter of asphaltic
 
emulsion dissolved in water with 1:1 proportion) on the
 
clean surface (figure 3.25).
 

E. 	 Wait until the taCK :-at evaporates and dries.
 

F. 	 Spread an 
 adequat, ayer of hot asphaltic material on the
 
cavity surface s- crat, after compaction, it will be the 
same level as tr,e surrounding pavement (figure 3.26). A 
cold as; iltic mixture could be used. This ihould be left
 
for a .nile urtil the water and dissolving materials
 
evaporate and the bitumen precipitates.
 

G. 	 Level the cavity sides if their surfaces are not vertical.
 
This can 
be done with forks. Make sure not to separate the
 
granules.
 

H. 	 Check the surface flatness using the levelling bar (figure
 
3.27).
 

I. 	 Compact the cavit;, patching mixture using a regular or
 
vibrating roller (tigure 3.28).
 

J. 	 Place a sealing sand layer on the patched compacted si -ace
 
to prevent water leaKage (figure 3.29). 
 Do not use a Irge
 
percentage of asphalt.
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III. Distortion:
 

Cleaning by compressed air 
 Locating the distortion area
 

Fig. 3.24 
 Fig. 3.22
 

Laying asphalt tack coat Cut vertical edges
 

Fig. 3.25 
 Fig. 3.23
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Compaction Spread asphalt mix
 

S ., 

Fig. 3.28 Fig. 3.26 

Laying sand seal coat Levelling 

Fig. 3.29 Fig. 3.27 
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3.4.6 
 Typcs 6f Asphaltic Mixtures fcr Maintenance Work:
 

The most common mixtures used tor maintenance are:
 

I. Hotlaid asphalt concrete:
 

These mixtures are designed to 
have high solidity and to be long

lasting. They consist of 
high quality hotlaid asphalt concrete
 
that differ in grades and 
type of gravel and asphaltic bitumen.
 
They should be compacted 
 before the mixture temperature goes
 
down below 90 degrees centigrade.
 

2. Coldlaid plant mnix i tn a;prialtic bitumen
 

This it a mil.:ture xetallic
.r gavel, asphaltic bitumen,
 
liquefacti , element, and slaked lime. 
 It is used where
 
temperatures are sutfV.ert 
 to dry the gravel granules surface
 
and melt asphalt. It be
car. spread directly if it is aired
 
before ccmpaction, and can be stored for future use.
 

3. Coldlaid plant mix with 
liquid asphalt
 

This is mechanical mixture of 
 local gravel and liquid or
 
emulsified asphalt. It 
 can be spread directly or stored for
 
future 'ise.
 

4. Local mechanical mixtare with coldla:d asphalt
 

This 
 is a loical mixture consisting of local gravel and medium or
 
slow liquid asphalt.
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3.5 Maintenance of Heavy _Equipment
 

This secticn covers main erance of equipment used in maintenance 
of roads anid constructiors, such as graders, bulldozers, loaders 
of all kinds. 

3.5.1 Operation and Daily Maintenance:
 

The operator should carry out the following work before
 
operating the equipment:
 

Frequency: Daily c 110working hours
.acr 


Personnei: The operator and equipments' mechanic
 

Tools: A set :t mecnanic %ool n, equipment's too
 

Spare Parts: Cleaninj clctr uel, oil, water, bat sy

t|uid. 

o 	 Clean the equipment inside and outside
 
o 	 Check levels of water, oils, battery solution
 
o 	 Refill with fuel if needed
 
o 	 Check tyre pressures fig. 3.30
 
o 	 Check chain connect ions
 
o 	 Check belt tensions 
O 	 Start the engine and observe indicators aand meters in
 

the dashboard and report anything unusual
 
o 	 Operate the equipment fittings and report any unusual 

,observations 
o Check brakes, clutch and steering
 
" Clean air filter wLth compressed air fig. 3.31
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BP 

Fig. 3.30
 

A \AE 

Fig. 3.31
 

Cleaning Air Filter with Compressed Air
 

337
 



3.5.2 reventive Maintenance each 50 operating hours:
 

Frequency: Weekly, or every 50 working hours
 

Personnel: Equipment's machanic and the operator
 

Tools: A set of mechanic's tools, the equipment's
 

Materials and Spare Parts: Grease, engine oil, hydraulic
 
oil, battery solution
 

Operations: a Grease all greasing nozzles according to
 
producers' instructions
 

O Check the battery, the solution level,
 
and cleanl:.ess of connection,;
 

o 	 Check the , -es' air oressure
 
o 	 Defecate se ment i the fuel tank
 
o 	 Check the hydrauli :1 level fig. 3.32
 
o 	 Check the engine'F -i level fig. 3.33.
 
o 	 Check the d4ifferential gearbox oil level
 

fig. 3.34
 

3.5.3 Preventive Mai.itenance each 200 operating hours:
 

Frequency: Every month, or every 2000 working hours
 

Personnel: Equipment's mechanic, operator
 

Tools: A set of mechanic's tools, equipment's tools
 

Materials and Spare Parts: Grease, engine oil, battery
 
solution, oil filter, gear
 
oil, hydraulic oil.
 

Operations: o Same as in Maintenance I plus the
 
following:
 

o 	 Grease nozzles that need greasing
 
according to the equipment
 
manufacturer's instructions
 

" 	 Defecate sediment from the fuel tank
 
o Change engine's oil
 
O Change engine's oil filter fig. 3.35
 
o 	 Check the oil level in the gearbox
 
o 	 Check the hydraulic oil
 
O 	 Adjust dynamo belt tension and the
 

cooling fan
 
o 	 Check the lights and electrical
 

connections
 

3-40
 



Fig. 3.32
 

Check Hydraulic Oil Level
 

Fig. 3.33
 

Check Engine Oil Level
 

Fig. 3.34
 

Check differential Oil Level
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Fig. 3.35
 

Changing Engine Oil Filter
 

tt 
Fig. 3.36
 

Changing Transmission Oil Filtering Element
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3.5.4 Preventive Maintenance each 500 Operating Hours:
 

Frequency: Every six months, or 
every 500 working hours
 

Personnel: Equipment's mechanic, operator
 

Tools: A set of mechanic's :ools - equipment's tools
 

Materials and Spare Parts: 
 Same as in Maintenance II plus
 
gear oil filter element,
 
hydraulic oil filter element,
 
air filter element, fuel
 
filtering element.
 

Operations: Same as in Maintenance II plus the following:
 

o 	 Change gearbox oil
 
o 	 Change filter element of gearbox oil
 

filter fig. 3.36
 
o 	 Change filter element of hydraulic oil
 

filter
 
o 	 Clean the fuel strainer ii it exists
 
o 	 Change the air filter element, or clean
 

it if it is in good condition
 
o 	 Check and grease the roulement balls and
 

adjust clearances according to
 
producer's instructions
 

" 	 Change filter element of fuel filter
 
o 	 Che!:k compressed air hoses, and
 

hydraulic oil and
pipes hoses, and
 
change them if needed
 

" Adjust fuel pump fig. 3.37
 
o 	 Disassemble and adjust i jectors fig.
 

3.38.
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Fig. 3.37
 
Adjusting Injection Pump Timing 

Needle
 

wire brush 

Fig. 3.38
 

Cleaning of Injectors
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3.5.5 Preventive Maintenance each 1000 operating hours
 

Frequency: Every l'uu operating hours 
or each 6 months
 

Personnel: Equipment's mechanic, operators
 

Tools: Equipmert special tools, devices and
 
equipment in the maintenance center
 

Spare Parts anid Materials: Oils, grease, filtering
 
element, fuel, compressed air,
 
water.
 

Operatiunsi: In aadition to the 500 hours
operating 

maintenance do the following:
 

j 	 Valve clearance adjusting fig. 3.39 
o 	 Check brakes and adjust if necessary 
o 	 Check cluch operation and adjust
 
o 	 Check and adjust hand brake
 
o 	 Greasing of all points according to the 

equipment gruasing cnart 

3.5.6 Preventive Maintenance eacn 2000 Operating hours:
 

Frequency: Each 2juu operating hours 

Personnel: Quali'ied technicians in the maintenance
 

center
 

Tools: Special tools, devices, and equipment
 

Spare Parts and Materials: Same as in the previous
 
maintenance.
 

Operations:
 

* 	 Cieck the hydraulic devices
 
* 	 Check all engine circuits (fuel, oil,
 

cooling, ...)
 
* 	 Inspection of engine components (fuel
 

injection pump, generator, starter,
 
etc)
 

o 	 Inspection of transmission,
 
differentials, steering, ... etc)
 

o 	 Replace or repair all components which
 
were discovered during inspection
 

o 	 Body repairs, painting, ... etc.
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Remove valves cover and adjusting pin
 

Cooling fan _
 

6 5 4 3 2 1 I
 

I1st cylinder
 

in comp.
 
stroke
 

Fig. 3.39
 

Valves adjustment
 

Cooling fan
 

6 5 4 3 2 1
 
El El El E El E
 S6th cylinder
 

in comp.
 

stroke
 

Fig. 3.40
 

Check hand brake
 

G 

C 
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3.5.7 Quarterly Inspection:
 

The mair purpose ot inspection for any equipment 
each 3 months,
 
is to identify its technical condition and 
its suitability to
 
perform its tasks. 
 Also to determine the technical capabilities
 
of operators 
and t, inspect the equipment aggregates and
 
driver's t. :.[ and 
 ti assure the implementation of preventive 
maintenance accordir,g t its duration. Thus providing the 
officials at all levels witr information on equipment technical
 
conditior, tc 
 ernIale trem to- make the necessary decision to
 
upgrade O&M capability. Table 3.3 
presents equipment technical
 
form to determine the technical 
status of all form to determine
 
the te n cal status if all equipment aggregates to prove its
 
availability. Finally to identify the needed repairs 
to upgrade
 
its performance. 

3.6 Preventive Maintenance ,f Cars and Equipped Vehicles: 

This sectiun is about fiaiitenance of cars and eruipped vehicles 
(evaluation - water spra,'ir,g- garbage ... etc) whether they have
 
diesel or gasoline engires.
 

3.b.1 Operatior and Jaily Maintenance:
 

The driver should do the tollowing before running the vehicles:
 

* Clean the venicle inside and c.utside
 
* Check levels -,f water 
 - oil - brake oil, battery 

solution (figure 3.41) 
0 Check belt tensions (figure 3,42) 
o Check tire pressures
 
o Check the brakes and clutch
 
o Check the driving wheel
 
o Refill the 
vehicle with fuel if needed
 

3.6.2 Preventive Maintenance (1) (Pl):
 

Frequency: After 1500 - 2000 km
 

Personnel: The driver 
 assisted by a mechanic,
 
electrician, and a greasing worker.
 

Tools: One set 
 of mecnanic's tools, a set of
 
electrician's tool, voltmeter, 
 hydrometer,
 
torque wrench, grease lubricator, oiler,
 
oilcans
 

Materials and Spare Parts: 
 Engine oil, grease, distilled
 

water, washing oil, washing
 
water, cleaning cloth, brake
 
oil, iron sand, paper.
 

3-47
 



___________ 

Table (7-7.
quipment -.,;tnioriCnnlc:iin 

jGovernorate "r i 

Encirir:-N. 

Hourmet.?r 
 Cperaton Hrs. .,--overed ian Engine mT,.del ' ........... Hrs. 
 during the three months 
 Tpe 
Kil'ometer : Emqie ower 

...... . Hrs. ........ .... O.. 

............ . Kins . 

Date o4 this inspn. z Date last inspn.
 

1 .[nsert(I)for caes 

Descri p tion L L 2 RemaMj" 

=a-Op era tor  -ab. " ' : " 
Date Type 
- . " ..I'. -

-Gauges . .... 
...-eals .& :ontrol. -
b-Enginej-
1-Levels(water , 

oil­
-Ai r iilter i . 

4-Fuel iilter---
 i5-OilI ilter________ti_____________ 
6-Air compressor_ _ 7 • 
7-Fuel pipes_ _ __ - ----.-- n
S-Injection pump I----_1_--I--I -- I -- II" 
9-Priming pump ­ - I - || ... . , _ . . 
10-Radiator_______________
 
11-Fan & belts____________

12-Cooling fan_______ 
- - - - __,,'_ -

1.7-HeatIng plugs______ 

I-Clutch ­ -- - - -- .. ___ _ _ _ 
2_Goarbo . -, _ - -.... 

ri-nsfer case_______.. -
_ _ 

4-Frnt a~e 

5-Rear axlee' -_......
6- P.r.o. _. -- . ... " 
7-Final reducti n______
 

L.R/M.Last repair 
cr maintenance
 
. . I. s.actory .2: Needs aintenance idsItment 

. Needs repair* or replacment. 
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-- Springs & 
shoc aosor er__
 

'--Wheels ?I tires-Ti re press.­

1-Tire condiion 
 - -- I 
i-Cab..
 
-UPPr !, lower roller can
2-aids
 

--- Tension group4-0ii leakage
 

5-Tandem oil level
_,-Electrical circuit 
 -

.- Satter_es 
2-Cables & horn 

-Fro. rear lights,sgnalasl
4-Generator 
 shoan - - -charging 

)-Starter -
-Chassis ! accesories 
I-Fastening 
2-Chassis condition 
-ront blade
4-Rear 
blade
5-Eucket t 

-

_.-R/M .st repair cr mantenace
 

1: Satis-factory
:NeedS repair ,,iiaintenance-. r" replace 2: Needs or- adjustment 

ormanteac
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Fig. 3.41 

Checking the oil level in engine sump
 

Checking the water PLunp a 4r 
Checking the generator
 

belt tension
 

Fig. 3.42
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Operations: 1. Wasnir, and cleaning-vehicle before
 
malt er.ance.
 

2. 	 Fi; inj
I and fastening operations.
 

Engine
 

RadiaL 1, water 	 pump, fan, and 
checking
 
radiator cap valve
 

J 	 Engine rn.ur,t ings 
o 	 Induct ;.,r,and exhaust 

Starter, Jyr,amo, distributor, carburetter, 
fuei pur s,, -ii filter, air-fuel 

o 	 Batter, [1.lng, ccnnecticns and caps
 

Power Trait.: 'hee	i C:LhheCtICns, wnieel box, 
Jearbox, ca Ider shafts 
bearings, ca[den shaft 
connection.s, pr :rgs, wheels 
nuts. Cabin with chassis, box 
with the chassis, door, 
mudguards, bumper and any 
other disjointed parts. 

3. Adjust irg Operat ions:
 

Motor
 

o 	 Fan eit tightness, platinum clearance
 
o 	 Carburetter (gasoline motors)
 
o 	 Inject r, pump (diesel motors)
 
o 	 Checki:g injectors without disassembling
 

them.
 

Electric Circzit :
 

Wires, meteis, checking lamps, adjusting
 
lights, signals light switch.
 

Power Train
 

o 	 Adjust clutch clearance
 
o 	 Adjust brake clearance
 
o 	 Adjust wneel movement clearance
 

o Check the hand 	brake
 
o 	 Check braKe pedal spring and clutch
 
o 	 Check the brakes and adjust clearance if
 

needed
 
" Check tyr, air pressures.
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4. Oiling and greasing:
 

O1 ing operations: Dynamo, distributor 
cam, hauling and towing instruments, 
w4,eeI box, differential transmission 

snatt hinge connection, changing air 
filtei oil, cleaning paper element with 
c.mpressed air, oiling should be done 
sr..] the ails speciried in the 

catal-gue technical specificatiors. 

Greasing Uperatlris:
 

w]Ia the vehicle whereve r there are 
JLeasI:g nozzles in it, and in 
icccrdance with the greasing board 
s.pecit:ed in the producers'
 

II.sirictions.
 

5. 	 Repalring discovered breakdowns:
 

C 	 Ru, the motor to detect any unusual 
sounds or defects, and repair it if 
needed
 
Operate the equipment to check its
 
performance and repair defects if
 
there are any
 
Drive the vehicie to check the
 
nrakes (response to sudden
 
braking), steering, power train
 
components (clutch, gearbox, axles)
 

6. 	 Maintain equipment in the vehicle
 
according to its type and on basis of
 
the producers' instructions.
 

7. 	 Wash and clean the vehicle after
 
maintenance
 

3.6.3 Pceventive Maintenance (TT) (P2):
 

Frecluency: After 4000 to, 5)00 km according to type of
 
utilizat:3n anA weather.
 

Personnel: Driver assisteo by a 
mechanic, electrician
 

and a tyre worker
 

Toold: Same as in Maintenance plus cylinder
 
pressure gauge, wheel clearance adjusting
 
device, wheel toe pincement device.
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Materials and Spare Par* ;: Same as in Maintenance I plus 
year ;il, spark plugs, 
(nozzles) Lnjectors soldering 
tape, electric wire, filters 
(air - oil - rnydraulic - fuel) 
according tu( vehicle type. 

Operations: Same as in Preventive Maintenance I plus the 

1. 	 MtOr: 1. Fasten cylinder caps using the 
specified torque wrench in the 
producers' IIStructLins 3.43 

2. 	 Check the air filter oil level, or
 
the cleanliness t paper filtering
 
element 3.44.
 

3. 	 Adjust valves clearance fig. 3.45
 
4. 	 D;.sassemble and cneck the injectors
 

figure 3.46
 
5. 	 Adjust the air c,,mpressur valves
 

clearances
 
6 	 Disassemble the starter and dynamo
 

to wash, clean and check their
 
parts
 

7 	 Adjust the platinum clearance or
 
replace it with the spark plugs
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2 a 5 3 3 3 

Fig. 3.43
 

Tighten Cylinder Head
 

According to the Sequence
 

HV
 

Fie. 3.44
 

Check oil level in the Air filter
 

BEST A\AILAP.ji C (OPY 
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Fig. 3.45
 
Adjusting Valve Clearances
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Fig. 3.46
 

Injectors Adjusting
 

BEST AVAILARLE COPY 
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2. 	 Power steeriig
 

o 	 Check and adjust the steering wheel
 
ciearance according to the producers'
 
instructions 3.47
 

o 	 ChecK the wheel axle clearance
 
o 	 Check the steering box oil level fig 

3.48
 
Check the hydraulic circuit
 

3. 	 e,,er train:
 

o 	 Check and adjust the brakes end clutch
 
ctearances
 

o 	 Check and adjust the wheel toe
 
o 	 Check the springs an: shock absorbers
 

and fasten and change if needed fig.
 
3.49
 

4. 	 Brake
 

o 	 Empt' the air tanks of sediment or
 
filling oil in the circuit defecation
 
can
 

o 	 Lining and pullies: emery and adjust 
clearance according to producers' 
instrucions 

o 	 Fasten connect ions and plugs, and grease 
it needed 

o 	 Cneck the servo 

5. 	 Tvres: o Check the tire pedal 
o 	 Replace tires according to sequence 

instructions fig. 3.50 
o 	 Tighten wheel nuts 

6. Greasing and Oiling: Same as in Maintenance I, run
 
the vehicle and check the
 
motor and all components.
 
Repair defects if there are
 
any.
 

7. 	 Perform maintenance tor vehicles' equipment according
 
to instructions.
 

8. 	 Wash and clean the velicle after maintenance 

3.6.4 Preventive Maitnrfnance III (P3):
 

Freguency: After ,, 15000 kin,or every six months 
according to utilization and weather. 
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Fig. 3.47
 

Checking effort on steering
 
wheel rim
 

Fig. 3.48
 

Checking oil. level in steering box
 

BEST AVAILAR1E COPY 
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Fig. 3.49
 

Greasing front and rear leaf springs
 

Fig. 3.50
 

Replace tires according to their
 
sequence
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Personnel: Same as ir, Maintenance II.
 

Tools: Same as in Maintenance II.
 

Materials and Spare Parts: Same as in Maintenance II plus
 
rust 	preventer solution.
 

Operati ,ns: Same as ,r.Maintenance 11 pius the following:
 

o Adjust injection pump 3.51 
o 	 Change gearbox oil and grease wheel box
 

and axles
 
" Wash fuel tanks
 
" Wash cooling circuit with a rust
 

dispeller solution and add rust
 
preventer according to the instructions
 
for using such solutions
 

o 	 Disassemble, clean and adjust tte
 
carburetter (for spark ignition engines)
 

o 	 Start the engine and drive the car.
 
Operate the equipment to detect defects
 
and repair them
 

o 	 Wash and clean the car after maintenance
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Fig. 3.51 

Adjusting the timing of injection
 
pump 

PFST AVAILABLE COPY 
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Section 4
 

TROUBLE SHOOTING OF DIFFERENT
 

EQUIPMENT
 

-J . J , 



SECTION FOUR
 

Troubleshooting on Different Projects:
 

4.1 	Diesel Engines (WateL pump units)
 

Before defining the cause of breakdowns in the fuel system of
 
different diesel engines, the personnel carrying out testing,
 
maintenance and repair operations should be well informed about
 
the different installation manuals of those engines. These
 
manuals contain ail the information explaining utilization,
 
maintenance, organization and possible breakdowns and the ways
 
to detect arid repair tnem.
 

4.1.1 Trubleshootinq on full system
 

In order to define the breakdown cause in a diesel engine fuel
 
system we have first to be sure that the fuel system is
 
completely free of air and that fuel reaches the injector
 

nozzles.
 

Generally, we can divide fuel system major breakdowns into the
 

following:
 

A. 	 General system breakdowns. This includes the fuel flow
 
from the tank to the fuel injection pump through the fuel
 
filters and the preparation pump.
 

Trouble Possible Cause 3 Remedy 3 
3 ' (repair) 

'The engine does not 'A. The fuel trap is 'A. Open the trap
 
'run because the fuel' closed J
 

'does not reach the 'B. The fuel tank is 'B. Refill the 
'fuel injection pump ' empty or there is I tank 

I 	 not enough fuel 
 I
 
'C. Air in the pipes 'C. Bleed air
 

because of leaking ' during ins­
3 allowing air 
inside.' tallation and
 

fasten the
 
bolts tighly
 

'D. Fuel tilter occlu- 'D. Clean the
 

sion 	 ' filter with 

fuel oil
 
:E. Occlusion of 
ex- 'E. To be zleaned
 
J pulsion and conduc-
 ' by compressed 

tion pipes ' air 

'F. 	A defect 
in the fuel'F. Take necessary3
 
I preparation pump ' procedures to 

J detect the I 

3 defect 3 
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I Troubie Possible Cause Remedy
 
3 	 3 (repair)
 

'The engine does not 'A. Air in the fuel 'A. Bleed air 
in
 
Jrun, or runs with I conduction pipes J the pipes and
 
'difficult; although 	 J' fasten the 
ithe fuel ieaches the' 	 I conduction
 

'fuel r]ection pump.' J bolts tightly
 
. l,
Tne engine stopping JB. Loosen the ca-'
 

J cable is fixed in I ble
 

the stopping posi­

'C. A defect in the 	in- 'C. Test and re­

)ectLrs 	 A pair the in-

J jectors
 

B. Troubles of the Fjei 1n)ection Pump: 

The lower part ot the pump functions as an oil can for its 
moving parts and pItons. Therefore the oil level should be 
regulari/ checked arid topped up if necessary. Also, check 
governur t the parts. 

It the pump IS curret.l adjusted, it rareiy causes any engine 
trouoles, bti it an, breakdowns occur such as starting 
difficulty r rregularity, the cause could be detected by 
dis ornec Ig tne pipes joining the pump to the injectors where 
they !-i: the injectors. Then turn the metering rod to the 
positi., -mere the pump gives the maximum amount of fuel, and 
start In. Pump. [t the fuel does not come out of all the pipes, 
that meaiu; there is a defect affecting all pump parts, such as 
lack _f fuel in the tank, the occlusion of the pump charging 
(inductL:1 .) pipes, 6r the existence of air bubbles. if the fuel 
comes -f -one pipe and nut the other, that means there is a 
breaka 'wr :. this injectors' injection unit. 

The to.i,.irg table shown the major injection breakdowns and
 
their causes related to the fuel injection pump.
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Trouble Pc;ssible Cause 3 Remedy
 

(repair)
 

'The Euel injection 'A. Ine rump pistons are'A. Take off the pump

)pump does not dis- stuck. 3 cap. After start­
)charge Cuel 
*r the 'B. Broken pump ' ing the engine 
'dischargirng pressure' pis~cn spring ' check whether the 
'is very row. '. TIue loosress of ' pistons are moving 

the expulsion valve up and down, Re­
i :is base, or pair by disasseb­
it is not fixed to ling the pump parts'

I tue oase. ' and check any dama-' 
ye to the piston 

and replace it if 

necessary with a 
1new one with its 

3 	 skirt. 
 This opera-' 
tion should be per-' 

' tormed by an in­
3jection pump spe­

cialist.
 

'B. Replace with ano­
tner one of the 

3 same type. 

'C. Clean the valve and'
 
the baze, or tight-'
 
en it if necessary.'
 

'No ergire .takc as 'A. Fiel itakage from A. Check and clean the' 
'the in;_mrni.g fuel is' tne pump expulsion ' valve or caLryu., I 
'not suff i ent a.aIve ' the tightening ope-' 

'5. F!jel leakage uome- ' ration between the 3 
' ahere ' valve and base. 

'B. 	Chrck for the leak
 
and stop it.
 

'The irregularity of 'A. An air bubble in one'A. Check the pump. 
'fuel feeding from ' ,f the pump parts. Test the parts and 
the pump. 'B. Broken pump pistcn replace the dama­

spring or the ccrro-' ged mens. In ad­
siUn of its lifter ' dition clean the
 

'C. insufficiency of the' pipes and bleed air' 

fuel to the pump Le­

cause of the .nduc- 1 
t lcn pump's Occlu­

sion or dirty filter' 
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Trouble Possible Cause Remedy 

(repair) 

JThe engin does not 'A. 'ihe pump tuck is 'A. Loosen the rack
 
Irun regula ,ly stuck I
 
I 'B. 	The time of starting'B. Adjust the injec­

fuel irectiorl is tion start after 
rct fixed. ' checking that there' 

'C. Tne slowdown organi-' is no damage bet­
uation is very weak.' ween the pump shaft' 

and the engine 
shaft. J 

'C. Readjust I
 

'The existLnce of A. 	The injection pump 'A. Correct the syste­
'heavy olacK plumes 	 fl,,w is very high matization by
' a
 
'in the exhaust gas Lecause the joint I specialist
 

cr rack are damaged 	'B. Readjust the divi-
I sion 3 

31B. 'The pump division is'C. Disconnect the 
3 3 r.,t adjusted. ' filter and clean it' 

J. D:rt in the air using solar 1, or' 
tilter ' replace it with a 

'D. 	 The injectors are new one 
partially occluded 'D. Clean or renew the
 

1 
 or used up. 	 ' injectors' nozzles 
3 3 	 hoes. 

3
'Changing fuel injec-',A. -hange in adjust eent'A. Organize the adjus­
3tion start ' .f the piston litter' ting 

'.Corrcsion of tne cam'B. Replace the cam and' 
affecting the lifter' the filter 

'The speedy heating 'A. The uneven flow of 
 'A. Perform necessary 
'of the engine I the pump injection adjustment and I 

I units fixing J 

'B. Other reasons unre- ' 

llated to the injec- ' 

tion pump and no 

i eed to mention them' 

C. ln~ectcr Ticubles: 

The i, jer, t is t1r tr., cause , t breakdowns in the fuel 
inject .,r, 'stem. f, Lrder to detect the cylinder with the
 
broken injector disasemble the feeding pipe of each cylinder
 
separately. Disconnecting the cylinder with the good injector
 
will alfect the engine running sound. If the engine sound is
 
not affected it means there is a defect in the injector and it
 
should be disconnected for ctl.ecking.
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The fol.wirng table shows the major breakdowns caused by
 
injectors, tne reasons tur tnem and ways of detection avoidance,
 
or repair.
 

TroutIe 


'Black smok= tram 

lexhaust 


'linaer 

A 


'The ,curarce at 

erginie suids 


Possible Cause 3 Remedy
 
(repair)
 

'A. Needle spring break-'A. Readjust the spring'
 
age or non pressure 

rt spring 


'B. Injectors are par-

tially occluded or 


used up 

'C. ln~ectors leak be-


cause A dirt bet-

ween the needle and 

its base or bad ad-

justment either of 


tne injector spring,' 
or the start of in- ' 
jection. 


'The engine the runs 'I. Occlusion of nozzle 


'intermittently be- I aoles. 

3cause V ear in cy-'B. A crack in the 


nazzle n(ady 

3 


pressure or replace'

' it it broken or im-' 

3 possible to adjust
 
1B. Clean or renew the
 

J injectors' nozzles
 
J holes
 
'C. Disconnect the in­

' 

3 


' 

3 


j and clean it'
jector 

with solar oil or
 
replace the injec­

tor and the needle.'
 
If impossible to
 

organize injector
 
spring adjustment,
 
then adjust the
 
injection start.
 

'A. Disconnect and 


clean, by a specia-'
 
list
 

'B. Replace damaged
 
3 parts
 

'A. The injector's need-'A. Test the injector
 
-e , stuck because 3 in its position in
 
<f dirt or over-


heating 


the cylinder bly
 

placing the hand on' 
the clasp while 
running the engine,' 

if the Needle mo­
vement is not 
felt
 
it indicates that
 
the needle is stuck'
 
and the spring
 

damaged
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4.1.2 General Diesel Engine Troubles:
 

This part discusses tne diesel engine and its components generally,
 
possible causes and disgnoses.
 

Trouble Possible Cause Remedy
 
_ _ _ _ _(repair) 3 

'The engine fails 
j 
' - The battery is dis- - Change bittery 

ito run: The starter charged 

'does not run B '- Connect battery ca­the _attery cable is 

Jengine disconnected J bles
 

- Defect in the star- - Repair starter 

ter button button 
- A defect in the - Repair contact 

J contact switch switch 

- Starter fbilure - Repair starter 

"The starter runs The battery is par- - Replace engine oil 
Ithe engine slowly tially discharged 

- The battery cablE is3 

SJ not tightly faJe-
J J ned. Joints are 

I dirty 

Engine oil is not of
 
the required visco­

3 sity 

'Mechanical Trouble - Injection timing is - Adjust injection 
3 not fixed pump 

- Pressure inside the - Clean air filter or 
3 cylinder is weak replace 

3- The air filter is 
3 3 occluded 
3 3 3 3 

'Fuel does not reach' - Not sufficient fuel ' - Fill fuel tank
 
3
the injection pump in the tank
 
S - Fuel pipes are cc- '- Replace fuel pipes
 
3 cluded 3
 

- A defect in the - Check preparation 
3 preparation pump pump and repair 

- Fuel filter is 3 - Replace fuel filter 

occluded or obstruc-3 - Replace pipe or 

ted tighten fastening 
3 - A leak in the pipes 

3 allowing air inside 3 

3 3 3 

3 3 3 
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Frouole P'ossible Cause ' Remedy 
_ _ _ _ _ _ (repair) 

Fusl reaches the - Defect in the injec-' - Check injectors 
injection pump tors J 

- Air in the fuel sys-' - Remove air from 

tem J fuel 
3 The engine stopping - Check stopping cable3 

cable is stuck at position
 
stopping position
 

3 3 3 

'The erngie becomes - nsufficient water - Add water to the 
'hct in the radiator required level 3
 

)the engine slowly - Insufficient oil in - Add oil to the re­

the engine quired level 
- Fan belt is loose or' - Tighten fan belt 

cut 

- Radiator pipes aze - Clean the radiato­

occluded pipes 
-The thermostat is - Replace the ther- 3 

not working mostat 3 

- Injection timing is - Adjust injection I 
anadjusted timing injection 

3 
- Water pump needs re- - Repair water pump 
pairing - Clean air filter or 

- Engine needs an 3 

overhaul
 

'Engine knock 
} 

- A defect 
jectcrs 

in the in- - Adjust injectors 
I 

J U-Airin the fuel sys­3 - Remove air from 

3 
tem fuel system 3 

3 

'Stem are sticking 
Jor suspended 

- Ccankshaft axles and J 

connecting rods are 
- Engine needs an 

overhaul 
J corroded 3 

3 

1 

Extra corrosion bet- 3 

ween the pistons and3 
- Check springs and 

replace if needed 
3 

J the cylinder walls ' 3 

- The valves' are sus-' - Adjust injection 3 

pended 3 pump 3 

-One or more of the 3 

valves springs are ' 
broken 3 

1-Injection timing 1 
needs adjusting 3 
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.ouble Possible Cause Remedy
 

_ _ _ _ __ (repair) 

'A lot of black - The fuel inject.ion - Aajust injection
 
'smoke in the ex- pump division is un- Oump
 
'haust fixed J
 

- A defect i, the in- - Repair in ectors or 
jectors adjust 

- A defect in the fuel - Pspair injection 

injection pump pump 

3 3 

Excess fuel due to -- Ajust pump rack 

non adjustment of 
pump razk 
The extra fuel devi- - Check cylinder and 
ce is sispended piston rings 

- The prensure inside 
the vyi indet is 

3Weak 

3
The engine is in- A defect in the in- - Repair or adjust
3
termittent 
 jectors injecto:s 

-- Air in the fuel sys-' - Remove air from fuel' 

term syst e­
- A defect in the Wuel - Adjust injection

I injection pump pump 
- Suspended valves - Replace springs 3 

I The rings are s ick-" - Check piston a d A 

3 ing to the pistons irings 3 
- Engine needs an - Peplace injector 3 

3 cvernaul pipe 3 
J- broken injector
 

3 ..pe
 

3The enigire runs - Air in the fuel RemoveR ai. from fuel' 
3then stops system system
 

-- A defect in the - Adjust and repair
 

preparation pump preparation pump
 
-uaul 
 filter is -" Replace fuel filter 

3Indufficient fuel ' - Fill fuel tank 
3 in the tank - Replace springs 

- Suspended valves - Adjust regulator 

) - The regulator is not' 
3 J adju2ted at slow 3 
3 ' speed 3 
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4.I.3Distincrin ot Engine SouI.os5 

Engine sounds differ according to their causes, and 
distinguishing them neads a lot of experience. Different sounds
 
can be distinguishes as follows:
 

1. Piston Ham erin Lk nock 

This t. a metallic s",ncing knock that is heard in the engine 
while in" -oglie is r.nnirg slowly. The piston collides with 
the .. .wr wails at the beginning of the power stroke. If 
this Sa:1 :s heard czkstahtly it indicates that the cylinders 
are cn:;,cind. Tf vt -1sappears after the engines becomes hot 
a, id t rli n. ilat,j to s not of importance. This scund may 
also : caused Ly p-stmr pin corrosion or the movement of the 
ringE nJ:Ig Ccurse up andtMe if tie pistons' frequent movement 

down. Me pi tci casing the sound car be detected by 
diconctl g in SucCesSIA. tne pipe ]oints to the injectors and 
the swuold will disappea­

2. Carnll Knoc 

It is neard as a metal sound upon loading the engine, and is
 
caused by the accumulated carbon firing at the cylinder heads
 
which ieaus t, re-firLng. This sound is usually accompanied by
 
engine heating and power loss.
 

v -3. Val Nwisus 

This a ,nir.os -1ta nock causeC by the lack clearance 
adjustmeh. uetweer Ie valves' rod jor shaft) and the lifter. 
It disappears up-n adjusting the clearance. 

-. Bhid l knAck t .e connecting rod (Q !ton rod): 

This is caused by to, big a clearance between the crank pin and
 

the connecting rod big end as a result of the shells' wear. It
 
is cnaracterized by a medium grade metal sound (not as sharp as 
the pistn Knock). This sound comes from the bottom of the 
engine wneh it is operated at high speed wtthout loading and is 
usually a:7smpanled by a drp, in the oil gauge reading. 

5. En lh, Maln BearinqVo, ::c 

Tois a 1- level, iorge v~lume .;ound caused by the clearance 
pins betwcn the crankshaft and the main bearings. It is heard 
when start ig to run the engine and accelerating its speed. 
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4.2 Electric Motors (water pumpunitis):
 

4.2.1 General 'Prouules and their Repair
 

Troule 	 Cause Remedy
 

'Tne motor starts ar.u The electricity is - Check connections,
 
'suddenly stops off 
 fuses and protection'
 

instruments 
 3 

3
'The motor stops sdJ- Wrong operation - Operate according to
'denly catalogues instruc­

tions 	 3 

Over .oading - Reduce loading 
Shortage of voltage' - Adjust voltage 

'- Open phase Check control cir­
3 cuits
 
3 3 

3
 3
The motor does not - Open phase _ Check tne electrici­
'run when connected ' ty supply 3 

'-	 Loase rotor bars - Check rotor bars 

Overloading - Reduce loading 3 

'The mtor runs slow- '- In correct use - Refer to operation 3 

I manual 

'- Shortage of voltage' - Use transformer 

'- Start load is over - Reduce loading 
1 the limit 3 

3
The motur runs in the'- One phase is oppo- - Change the motor 3 
'reverse direction site ' connections 

3 33 	 J 

'The motor becomes too'- Overloading - Reduce loading 
'hot at full load '- Occlusion of yen- - Clean ventilition 

tilation vents vents 
3 

'-Disconneoion of one - Check supply cable 
phase J 

1- Faulty coil or sets' - Check coil sealing 
3- Unequal current in - Check connection 

the three phases and correct 

'- Unadjusted voltage - Check distribution 3 

or frequency board and repair the3 
1mistakes 

3- Worn bearings or - Check and replace
 
3oose 
 rotor bars bearings if needed
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TrouIes 


The rft viorates
,t(.r 


'during peration 


'Mutcor :.oises 


'Motor sounds due 


'to metal friction 


'with engine 


Possible causes 


Ncnalignment of motor 
and pump axes 

Unadjusted rotation 

transfer connection 

Erosion of bearings 

seats 
Rotor bar is not 

stable 

- Motor operates' with 
one phase 

- Space between rotor 

and fixed parts 

- Vibration of bearing 

seats 
3 

- Ventilation fan fric-

tion with the engine 

cover 

- The motor is not 

properly fixed to the 

base 

Remedy
 

'-	 Adjust axes align­
ment 

'- Adjust the connec-1 

J tiooi stability 

'- Replace seats 

3 

'-	 Adjust stability 

'- Check internal 

- connections 

- Adjust space
 
3 

'- Replace or repair 

' 
3 

seats 
3 

'-	 Adjust fan 3 

I
 

3 	 3
 

3- Fasten connection
 

3 bolts
 
I
 

4-11
 



4.2.2 Major defects ar,.J k<Esair: 

I . 131 id:Wh e: 

Lift ut the fuses ara t.. rnem using the test lamp as shown in
 
figure 4.1. If the .amp 1,hts up, the fuse is in good shape,
 
if it dcez not that means ttere is a blown fuse.
 

Fig. 4.1 

To test tne fuses 4.tlhGut removing them, put the test la1p
 
circuit across both the fuse and switch as shown in figure 4.2.
 
The fuse at which the lamp iignts will be the blown one.
 

£li~i (I..J 

1Ih. MlNl.I~l 

Fig. 4.2
 

BLOWN FUSE TEST
 

BEST AVAILABLE COPY 
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If a t-3e ulows ihil, running a multi-phase motor, the motor 
wili. :rt ilue to run out as single phase, (figure 4.3) and that 
means taL r,iy a par, 5t tne coil is nandling all the load. if 
the mt r continues ti [rn this 4ay, even t-r a short period, 
the c-Its will become ,ery n-t, then burn. 

irn additiun, tne motcr w[i be noisy in operation, and may not
 
be capaL. t handling tne '.Dad. In order to find out the cause 
of fai ,,, -t3p .he motor and try to run it again. The 
molt L-prhaAi 1:t3[ 11,:1.t start if tnere is a LlD wn fuse. 

rY-

Figure 4.3
 
SHOWS THAT [HE MOTOR RUNS AS A SINGLE PHASE MOTOR
 

BEST AVAIL.ABLE COPY 
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2. Worn Bearings : 

If one '.te bear.;g_ is worn 
 cut, the rotor will cause

frictiro. ..n 
the *stator, causing noise during operation. When

the wo:n :aearu'ng reaches 
 the point where the rotor leans
completel[ 
 In the iron core of the staror, the motor will not
 run. a-n~ck for this 
in a small motor, try to move 
the shaft 
up and Jwr as shown in figure 4.4. if it moves in this way it
will .ndicate that the oearings are worn out, 
and need to be
 
replaced 
 ith cew ones. 

0 .1
 

Figure 4.4 
WORN 8EARING TEST
 

3. Over.au:n :
 

To fird ut 
 f tnere ,s overloading on the 3-phase motor,connect an. ampere-meten successively to each of the line wires.

if the f'cading :s hgner tran the 
number on the engine meter,
this indicates 3.eiloauir.q. 

4. Oper. Irase:
 

:f an open-lq occurs wnile the motor 
 is running, it will

continue to 
run but wit, less power. The opening could occur in
 one of rhe coils or sets connections which will prevent 
the
 
motor Ercm starting. 
This could also happen because of a broken

wire. if 
the opening is detected io a coil, it will be necessary n: replace the coil. If it is impossible to obtain a
 new coil, the Dpening in opened one the old one 
should be found

and born its ends connected together as 
shown in figure 4.5.
This !5 a temporary, sclution and can not be used if the coils
 
are wour.d itr, groups, (fiq. 4.). 

Ore..
C.Lit
 

Figure 4.5
 
REPAIRING OF OPEN PHASE
 

PFF-T AVAI[.ARIE Cony 
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5. Fault. jil or Sets:
 

Faulty co¢is produce a .-ctA noise and smoke when the motor 
is
 
running. After finding the defective coils by visual inspection
 
or tne ualance test (.he current is numerically equal in all
 
phases), replace then with new ones or disconnect them from the
 
circuit.
 

Pinpoint ne ra,"t : K trom its 
shape and smell which show
 
that it . uurr,t. C. tne whole coil at a back point and twist
 
the ccr/,v tiens r. re two sides. Ensure the removal of the 
isolator :rim trw. ,L.n oefore twisting. If the whole set is 
burnt, ne -,rgqre snauo e rewound. 

6. Luone Y ,wt c Mrsa;= 

This detect itlipbso ce a ,oise while the motor is running and
 
will pre.ent tre mout: frim loading. Also, sparks may appear
 
between the bars and the edge rings. In rotors with covers with
 
fins all the copper bacs will be connected to the rotor's two
 
sides to two edge rings. It one or more of those bars are loose
 
and not tcuching the rings, motor operation breaks down, and in
 
most cases the engine will not run.
 

The ionse :oatr bars can be located by just looking. Also there
 
must ne a vibration in a manual saw blade at each bar, otherwise
 
the bar in opened. The repair in this case will be tin-welding
 
or ends tision welding, figure 4.6.
 

0 

Figure 4.6
 
LOOSE BAR IN ROTOR BARS
 

prT A\'A'LILAKE COPY 
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There is a g&,d .ay ;.wt 4netner the multi-pnase motor is 
correctiv -cnnected ".r, that is by lifting the rotor and 
placing a bni bai- . aci1ig in the stator, then c~ose the ball 
switch 'n the stat-; -.re as shown in figure 4.7. If the 
connect ;3ns are nA -..ed the ball will remain still. Low 
voltage h:uld De .seo wltr Large and medium motors, otherwise 
the f-i I11 biow.
 

Figure 4.7
 
ERROR IN INTERNAL CONNECTION TEST
 

BEST A\AI J q;..: Ccpv 

4-16
 



8. Frozen Bearing:
 

If oil r not placeo -n the part of the shaft that rotates in 
the bearing, the shatt i.llbecome hot and expand to the extent 
of preventing movement. This is called a frozen bearing. 
During expansion the bearing may weld itself to the shaft making 
rotation impossible. To repair this try to lift the cover 
between roth sides. The one that does not lift easily will 
contaii, h, damaged war ,j. Lift the side lid and the rotor 
togethei an a unit. ild the rotor in a fixed position and 
twist tn side lid torward and backward. If it is impossible to 
Wove the .1d, iOseL re a., u adjusting bolt juining the bearing 
to the A1, and try L ..:L the rotor and the bearing together. 
Be caret i to keep . iti- ring separated from the bearing 
during i:t perat i. at er the bearing can be lifted by 
hammerizg it gently. .0 may be necessary to run the shaft on 
the Lathn to chae .L6 size, and make a new bearing. Or 
replace Lt ith a :ew . 

9. Earrned Coils:
 

This defect will produce an electric shock if the motor, is
 
touched. If the coils are tangent in more thmn one place, there
 
will be a short circuit that will burn the coils and may blow
 
the fuse. ChecK the earth tangent coils using a test lamp, and
 
carry out the required repair by rewinding or replacing the
 
defective a il.
 

10. Reverser Phase:
 

This wi: :cause the motor to run more slowly than usual, and
 
produce a: otectricai buzzing indicating wrong connections.
 
Check the n onections ano remake them correztly.
 

BESI A','AILAhLE COPY 
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4.3 Water Pumps:
 

4.3.1 General Trjubles:
 

li~oules 'Causes 
 Remedy
 

'Lack of water de-
 Failure or 
lack of pLi- '- Pump preparation

'livery 
 paration 
 and water should
 

be tree cf any
 
air bubbles


*- Lack of speed in the - Identify problem
 

rotary engine 
 and diagnose
 
S- Higher delivery pressure j- Check the pressure'
 

than what is estimated gauge valve
 

is opened

3- j
Mistake 
in thn rotation - Assure the pump

1 
 direction 
 3 rotation direction'

3 
 Jmatches the poin­

ter direction on
 
the cover
 

'Insufficient water 
'- Air leakage '- Fasten bolts
'delivery 
 - Water leakage from stuf- 3 - Check stuffing box'
 

t box 1 3ing 
- Non return valve is not J- Check valve and 
 j
 
sufficiently inundated repair
 
Damaged seals 
 '_ Replace seals
 

'Declire of deli-
3 

Air in ne water 3- Remove air and 
very pressure 

3 check its source 
- An ,bstacle in the pump­3 - Remove obstacles 

ir, passages 
3 

'The pump works 
'for a period 

- tir leakage 
pipelines 

in suction 3- Prevent air lea-
3 kage in suction 

3 
3 

loosing auction 
3 pipes and tighten

connections 
3 

3Pump vibration - Lack of alignment bet- 3 3
3
and net prime ' .een the pump and ro- I 
Imover tatlon prime mover I 

'- The rotation shaft is 1 3
bent 
 3 
3- Deformity of the pump '- Check and repair I
 

cover 
 3 

Extra tight fastening

j 6f the stuffing box 

3
 
3- '- Fasten according 

' to standards 3
 
S bolts 
 1 
 3
 
3- A defect in the pump's 
 ;- Replace stuffing

1 stuffing 
 3 
 3
 
- A defect in rotation - Check the prime
,f prime mover
~mover
 m
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B. Stuffing box:
 

Where the pump shaft passes inside the cover there is a need for
 
a stuffing box to prevent air or fluid leakage around the
 
shaft. If there is one stuffing box it should be installed at
 
the coupling side, and the pump will be loaded on douole ball
 
bearing to ensure balance and rotation of the shaft and the fan.
 

If there are two stuffing boxes, one will be 'nstalled at the
 
coupling side and the ither on the opposite side, which is
 
usually the side of thie suction opening. The pump will be
 
loaded on two bearings in different directions.
 

1. Purpose of stuffin2:
 

a. 	 To prevent air leakage into the pump during preparation
 
or operation.
 

b. 	 Prevent water exit in large quantities from the gland
 
during operation causing accidents and injuries to
 
workers or the damage to equipment and ground cables.
 

2. Types of stuffing:
 

This depends on the pump operating conditions regarding the
 
required elevation, fluid type, operation conditions,
 
temperature ... etc.
 

The most important types of stuffing are:
 

1. 	 Lead: this is a metal stuffing used for pumps exposed
 
to high pressures
 

2. 	 Asbestos mixed with graphite: this is suitable for
 
pump3 exposed to nigh temperatures
 

3. 	 Oil saturated cotton twisted belts. This is the usual
 
kind in water pumps as they are suitable for most
 
operation and pressure conditions.
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3. 	When stuffing procedures are carried out:
 

There are certain satuatcons requiring pump stuffing. They are:
 

I. 	 hen hear inj the sound of air entrance from the glands 
when the pump is s opped, and fastening the gland bolts 
has no effect. 

2. 	 When water ftws from glands during operation or
 
.naction
 

3. 	 dnen it in impossible to fasten gland nuts. This means
 
that the entire gland is inside the pump's body and may
 
need extra fastening during operation
 

4. 	 When the stutfing is burning. This is usually
 
indicated by the smell of the burning
 

4. Stuffing procedures:
 

i. 	 The pump and set stuffing is done when it is the
 

equipment is stLpped
 
2. 	 Make sure t, close the suction, drain cocks, and the
 

preparation CGCKS
 

3. 	 Unfasten the g.and bolts nuts and take them out
 
4. 	 Pull Out the -ld damaged stuffing from the stuffing box
 

5. 	 Prepare the new stuffing ensuring that there are equal
 
pItCas with diameters matching the pump's shaft
 
diameter at the gland, according to the required
 

stuffing size. As shown in figure 4.8
 
6. 	 Grease the stuffing pieces and insert them in the
 

stuffing box ensuring there is a 90 degree angle
 
between the section of every two adjacent pieces
 

Figure 4.6
 

Preparation of new stuffing
 

7. 	After inserting a sufficient number of pieces, return the
 
gland to its position and fasten the nuts with a suitable
 
wrencn
 

8. 	Then unfasten tne ruts again. Then retighten manually to
 
allow a drop of water to drop on the stuffing during
 
operation - the purpose of this drop is the following:
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A. ToC cool the stutfing and gland by reducing the heat
 
resulting from 	friction
 

B. 	 At the same time t Lubricate the pump's shaft
 

5. Stutting Deficiencies:
 

1. 	 Piacing stuffiny pieces with the thin section on one
 
axle 

2. 	 Selecting stuftny which is inadequate for the pump's 
stuffing box diame er 

3. 	 Fastening the qlard nuts too tightly, which prevents
 
tne dropping ,i water. This causes metal friction
 
becween the pump'A shaft and the gland body leading to
 
the errosion of , f them
 

-Note: En 	 the case : pumps with a bearing at the suction
 
side, trLnr is a pipe coming out of delivery to
 
direct water to the stuffing on a perforated disc
 
in the middle of the stuffing. If the pipe holes
 
are occludea the stuffing will burn continuously.
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4.4 Cars and Equipment Troubleshooting:
 

4.4.1 Engine 

3 Trouble 

3 3 

Cause Remedy
3 3 

3
Engine will not 3 o Wrong fuel 3o Use correct fuel
3start 0 Out of fuel 
 ce Retill tank
 
o Fuel snut-off valve 3o Open valve
 
closed 'o Charge or install new
 

o Low battery power battery 
33o Plugged line or noz- 'o Clean line 
3 3 zle on starting fluid 3 

1 3 adapter 3 
3 o Resistance in start- 30 Clean and tighten 

ing circuit battery, cables casing3
3 3 3 and starter connec- 3 
3 	 3 3 tions 

35 3 o Plugged fuel tank o Clean vent cap 
1 3 vent cap 3 
3 J o Engine oil viscosity 3o Use correct oil 
3 3 too high J 3 

3 o Water, dirt or air in o Bleed fuel system 
3 3 fuel system, or plug-' Drain sump. Change 3 

3 ed filter 3 filter 3 
3 3 o Wide or plugged in- 'o Clean or change noz- ' 
3 3 jection nozzles S zles 3 

33 o Leaks in fuel system 
3 
o Check f uvl system con-'

3 o Heatirig plug will not nections 3 
3 3 work 3 3 

Jo Engine knocks, o Engine cil low Add'o oil 
runs irregular-3 o Plugged air intake 3o Clean filters and 
ly or stops 3 system I system 

3 o Injection pump faulty'o Disassemble pump and 
or out of time J adjust it in workshop

3
3 o Plugged fuel tank 
 o Clean vent cap
I vent cap 
oo Plugged fuel filter 3o Install new element
 

J o Water, dirt or air 'o Clean system 
3 in fuel system 3 
3 o Plugged oil filters 'o Change filters 
3 o Dirty or faulty in- 'o Clean or change injec-'
3 jection nozzles tion nozzles 

-. 3
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Trouble 	 Cause 
 Remedy
 
3 3 S 

3

Engine has little' o Restriction in air 

3
o Check air intake sys­

3
 
power intake system J tem
 

3
o 	Plugged fuel filter 'o Change or clean filter

or sediments in it
 

O Plugged or dirty in- 'o Adjust injections and
 

JecLion nozzles J clean nozzles
 
o 	Wrong fuel Jo Use correct fuel
 

3
o Speed control linkage
3
o Adjust and fasten fin­

not adjusted correct-
3 

kages
 

J I y 1 	 3 

o 	Wrong oil Jo Use correct oil J 
o 	Injection pump not 
 3o Adjust injection pump 3


3
adjusted correctly or 

:ut of time J I 
c 	CooIant temperature Jo Follow instructions 3
 

too high 3 below 3
 
o Wrong valve clearance'o Check and adjust J
 

3 valves
 

Jo Coolant tempe- coolant level Jo Check coolant level 3 
3rature too high Faulty thermostat 3

o 	Change thermostat
 
o 	Damaged radiator cap 'o Change radiator cap


3
o adaiator core or o 	Clean grille and 3
 

grille plugged 3 screen 3
 

O 1,-,]ection pump out of'o Adjust time 3
 

time 
 lo Clean or change ele- 1
 
J o Air cleaner element ' ment if necessary 3
 

3 plugged 3 
 3
 

o Loose or faulty fan 'o Tighten or install 3
 

3 belts 3 new belts 3
 

o 	Sedimented or plugged'o Clean passages by 3
 
3 cooiing system passa-' washing system 


3 ges 	 3 3 

3 o Fautty temperature 3
o Change gauge 3
 

gauge 3 	 1
 

3o Coolant tempe- o Faulty thermostat 	 3 
o Change thermostat
 

l
rature too low o Faulty temperature o Install new gauge
 
3gauge
 

3 	 3
3
o Low engine oil G Engine oil level loi 'o Add oil to correct
 

pressure 3 
 3 level
 
o 	Plugged oil filters Jo Change filcer or ele­

3ments 

o 	Oil leaks :o Check system to pre­

leakage
 

o Engine temperature 'o Check cooling system 
too high 3 
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Trouble 	 Cause Remedy
 

Jo 	Engine consumes' o Wrcrig engine oil Jo Use correct oil 

too much oil 1 0 i leaKs 3o Check engine drain 
3 	 plug for leaks 

Enyrgire temperature 'c Check cooling system 
J t)( high J 

o 	 Plugged air cleaner 'o Clean air cleaner or 

change the element if 

necessary
 

3 

3o Engine consumes 0 Dirt) -)r faulty fuel 'o Change injection noz­
3 two much fuel iiijecr.-n nozzles 3 zles
 
3 c PLuggt: jr dirty air 3o Clean or change
 

iintake .ystem I cleaner element 
Jo Injection pump faulty'o Check, repair and ad­
s I."uut of time just injection pump 
J 	 according to need.
 

adjusted correctly or
 

3o Exhaust gases c. Wrci~g fuel 
3 
o Use correct fuel 

3 black or gray c Plugged or dirty air 'o Clean air intake and 
1 intake or exhaust exhaust system 

system 3 

Dirty or faulty 
jection nozzles 

in- 'o Clean or replace 
3 jection nozzles 
3 

in­

3 

3 o Exhaust gases 3 o Wrong fuel Jo Use correct fuel 

white 3 o Cold engine lo Allow engine to warm 
3 up 

J 
a Faulty or unadjusted 

thermostat 
'o Adjust
I mostat 

or change ther-3 
if necessary 

SInjection pump not 'o Adjust injection pump 
3 

3
nut f time 
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4.4.2 'rLansmission:
 

Trouble Cause Remedy

I S 3 3 

'1. Gearbox

J 3 3 3 

'Gearbox uil over-' o iw level Jo Add oil to correct 

'heats J level 3 

J o 0,A level too high Jo Drain oil to correct J 

level according to 3 

: instructions 

o Engine cooling system'o Check cooling system 3
 
faulty 
 3 and repair trouble as 

3 mentioned before 
c Fuamiriq oil 'o Check oil level and
 

J 
 kind, and change or
 
J 
 add if necessary
 

o Plugged transmission 'o Install new filter 3
 

oil filter element 3 element
 
o Wrong operating pro- o Follow recommended J
 

cedures 3
I operating instructions


'2. Propeller
 
qhaft


3 3 S 

'Sound or viora- o Suund during opera- 'o Lubricate joints 3 

ition in tne pro- rior, ecause of non- ' 

'peller shaft l'b icat ion 3 
'drive o SounAd during opera- 'o Change propeller shaft' 

tion due to wear in ' 3 
' splines ' 3 

o Sound due to wear in 'o Change universal
 

universal joints 


o Vibration in propel-
ler shaft due to 

bending 


o Vibration in propel-

rleshaft due to big 

wear in universal 
joint s 

o Vibration because of 

faulty or disconnec-

tior. ,f balancing 

' weights 

joints
 
3 3 

'o Change propeller shaft'
 
3 3
 

3 3 

'o Change propeller shaft' 
' universal joints 3 

3o Balance the propeller
 
3 shaft 3 

' 

3 
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Trouble 	 Cause Remedy 3
 
33 	 3 3 

33. Clutch
 

:o Clutch disen- a Disc wear, or aoDisconnect clutch,
 
3 


gagement petroleum material on clean and change if
 
surface 3necessary
 

Jo Clutch rcom- Incomplete release o Check air and oil sys-'
 

plete release uecause of trouble tem according to sys­
irithe servo cylinder' tem type 
whether air or hy- 3 

draulic oil operated 
u Air in he hydraulic 'o Check and bleed oil 

oil sysLem I system 

0 Low hydraulic oil Io Add oil to correct 

level 3 level 3 

o System leaks (air,/ o Check system for leaks 3 

oil) J 

3o Clutch pedal o No air or oil inside 'o Check and repair servo 
I back to posi- ' ser.,o cylinder J 
J tion 3 o Piston stuck in servo o Disassemble and clean 
J 	 cylinder 
 servo and oil cylinder'
 
3 3 of sediments
 
3 o0Insufficient tension 3o Change pedal spring
 
3 3 of pedal spring
 

'4. Rear axle 	 J 3
 

33 	 3 3 

:Hot differential o Insufficient lubri- :o Add oil to correct J 
cation oil J level 3 

o 	Extra fastening of lo Adjust fastening ac­
pinion gear ball 
 3 cording to specifica­
bearing J tions
 

o Small clearancs, bet- '0 Adjust clearance bet- 3
 
ween pinion gear and ' ween gears
 

crown 	 J
 

)Irregular sounds 3 o Jnadjusted mesh of Jo Adjust mesh between 3
 

'in axle while J pini )n gear and crown3 the two gears
 
icotnering o Low oil level Jo Add oil to correct J
 

3 level J
 
3o Wrong oil 30 Use correct oil 3
 
3 	 3 
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Trouble 
 Cause 3 Remedy
 
J 33
 

'Oil leaks from oo Faulty -il seal 'o Check and change cil
 
c:own or axles 3' seal
 

'Irregular sound oo Fault in gear distan- o Change differential 3 

'on cornerirng ce washers ' gear washers I 
o Corrosion in diffe- 'o Change oil seal
 

1 rential gears I I
 

o Faulty snock abscrber' 
oil seal 3 

'Sounds in shock ' o Loose cyiinder nut 'o Fasten nuts
 
'absorber oo Loose piston lock 3 1
 

nut J 3
 

o Insufticient shock 'o Add enough oil 
I absoroer oil 3 3 

J 3 o Corroded rUbber rings'o Replace rubber rings
 
connecting shock 3
 

absorber to body 3 

36. Steering
 
J 3 3 

'Difficulty in 'o 11nlubricated joints 3o Lubricata joints
 
'steering so Lack of steering box 'o Add oil 
to correct
 
3 3 oil 3 level
 

'Difficulty in 'o Low oil level 'o Add oil to correct
 
'steering with J 
 3 level 
Ja steering)servo 3o Unadjusted hydraulic 3o Adjust tension or 

J oil pump belt tension ' change belt if neces­
sary 

'o Air ii oil system lo Check air leaks in 
3 3 J system 

'o Plugged oil filter 'o Change oil filter 
3 3 3 element 

'Clinking in servo'o Plugged oil filter 'o Change oil filter 3
 
3 J 3 element
 
3 'o Air in oil system Jo Check leaks in system '
 

'o Low oil Level 'o Check oil level and 
1 3 add to correct level 

J 
 1 if necessary 3
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3 

33 

Trouble Cause J 
33 

Remedy 

'Oil leaks from 
)servo system 

u Faulty gaskrts or oil'o Check system, change 
6eai gaskets or fastenings 

or change Lhe oil seal' 

'Poor centring on o Uriluoricated joints 'o Lubricate joints 
3curves 'o Wide clearance in 3o Check and adjust 

joints J clearance
 
o Low pressure in front'o Check air 
pressure in
 

tires 
 3 front tires
 
o Unadjusted 
front pump'o Adjust front pump
 

Wide clearance in 3o Adjust clearance or
 

rron 
 tires ball change ball bearing 

bearing 3 

o Low oil level lo Add oil 
and check
 
J system for 
leaks
 

o Air in system 'o Check system for oil
 
3 and air 
leaks
 

37. Brakes
 

:Low brake per- o Worn tires :o Change tires 

'formance o Low air pressure in 3o Adjust tire pressure 
3 3 tires 1 
3 o Unadjusted brakes 3o Adjust brake clea- J 
J J rance between pully 3 

3 J J and lining 3 

J 
 J o Oil on brake lining 'o Clean lining
 

3 o Worn brake lining 3o Change brake lining 3
 

o Faulty hydraulic 3o Check, and repair 3
 

3 system 3 brake system 1
 
3 o Air in the brake 'o Bleed the system and 3
 

3 3 hydraulic system 3 add oil if necessary 3
 
3 3o Lack of oil in brakes'o Add oil to correct
 
J oil can 3 level 3
 

3
Uncontrolled o Wear in master cylin-3o Check master cylinder '
 
3
brakes der faulty rubber I and change rubber 3
 

3 parts J parts or master cylin-3
 

3 der itself if neces­
sary.
 

3 3

lncomplete re- o Connecting cable ad- o Check hand brake and 3
 

'lease of hand hesior, remove adhesion
 
'brake 3 
 J
 

4-28
 



4.4.3 Hydraulic Syste
 

Troubi.e 	 Cause ' Remedy
 
3 33
 

'System has no a Lo' oil level 3o Fill to correct level 
power at start-up' o Faulty or leaky lines'o Check system to stop
 

I 
 J leaks
 
oo Wrong oil 3o 	Use correct oil
 

'Hydraulic oil o Wrong oil 'o Use correct oil
 
'foams o Oil leak in hydraulic~o Check connections or
 

oil pump joints J replace oil seals if
 
necessary
 

o 	Low oil level Jo Fill to correct level
 

u L , .r ~y 'ul ;,hton or install
 

suction lines new lines
 
c kinKs in hoses Jo 	Check and straighten
 

hoses
 

o 	Water in hydraulic 'o Drain and install new
 
oil ' oil
 

'System loses o Low oil level 3o Fill to correct level
 
]power J o Wrong ,il 3o Use correct oil
 

'hydraulic oil o Wrong oil Jo Change to correct oil
3

overheats o Oil di-ty 
 Jo Drain, flush and fill 

3 with clean oil 

0 Low oii level 'o 	Fill to correct level 

o 	Faulty lines and Jo Install new lines and 
joints J joints 

o Oil conler faulty 'o Check oil cooler
 
o 	Oil level too high Jo 
Drain to correct level'
 
o Wrong operating pro- 'o Check ope,.ating pro­

cedures I cedures
 

J -3 	 3 

'Hydraulic func- ' o Cold oil 'o Warm the oil
 
'tions slow I o Wrong oil 
 'o Change to correct oil
 
I o Low engine speed 'o Increase engine speed
 
J 0 Worn pump 
 3o Check and repair pump
 
3 o Plugged oil filter Jo Change filter
 
J 3 	 3 

'Low or no hydrau-' o Faulty pressure con- 'o Check valve, repair or' 
3lic pressure J trol valve I change it if necessary' 
J I o Low oil level Jo Fill to correct level '
 
3 
 J o Wrong oil Jo Change to correct oil 3 
1 3 o Cylinder packings 'o Check and repair cy- ' 
3 leak linderl 
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Trouble Cause Remedy 

'Decreasing oil U Fault, cylinder pac- 'o Check and repair cy­
3pressure in hy- kings 3 finder 
'draulic circuit o Loose )oint bolts Jo Tighten bolts 

o)Oil 
out 

leaKs from lock 
seat during ope-

Jo Remove lever and clean' 
dirt or sediments 3 

'Hydrauiic 
'foams 

il ration because of 

dirt or sediment in 

3 

1 
Soil 

3 J o Lock ouL seat dama- 3
0oChange seat or repair 

3ged or broken 3 if possible 

4.4.4 Electrical System
 

3 Remedy 3
Trouble J Cause 

J 3 J 	 3 

'I. Battery
 
3 3 J 	 3 

3Battery will not ' o Loose or corroded 3o Clean rust from cables' 
'take a change 3 battery cables J and tighten 3
 
3 3o Low battery power Jo Install new battery
 
A Io Alternator belt loose'o Tighten or install
 
3 3 or faulty 3 new belt
 

'2. Starter
 
3 3 	 3 

:Starter does not o Loose or corroded Jo Clean rust from cables
3
 

3start the engine battery cables I and tighten 
1 o Low battery power Jo Change battery 
J o Wrong nil (high vis- 'o Change to correct oil 
3 cosity) 

3 Loiw air temperature Jo Use starting aids 
o Battery cables too 3D Use correct sized
 

small 3 cables
 

o Incomplete contact 3o Dismantle the starter
 
3 between the brushes J and clean the stator
 

and stator segments 3 segments using sand­
paper. Wipe with
 

3 3alcohol.
 

o Faulty automatic 3o Check the automatic
 

starter 	 3 adjust it and replace
 
3 if necessary.
 

J 3 3 	 J 

3o Blown starter system 'o Check and change
 
3fuse
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Trouble Cause Remedy
 

'3
 . Generator
 
J 3 

'Generator does I o Unadjusted drive belt 3o Check belt and charge3
not charge bat- tension 3 if necessary 

'tery or makes a o Faulty dynamic inter-'o Disassemble dynamo to
3sound. J nal connections 3 check it 

J o Windings short cir- so Check windings and re- 3 

cuit I move the short cir­
3 1 cult 
a Broken ball bearing
o 3o Change ball bearing
 

1 3 3 
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SECTION 5
 

ORGANIZATION AND MANAGEMENT OF
 
OPERATION AND MAINTENANCE
 

5.1 General Organization of Operation and Maintenance
 

One of the basic factors ensuring the success 
of an O&M system

is to set up an O&M organizational structure that 
 cai; be

implemented according to 
 the local units' circumstances, and
 
indicating the functions and 
 responsibilities of each job 
in
 
this structure.
 

This 	 success of any O&M system depends the
on support of
 
high-level executives, based on data analysis, review of
 
quarterly progress reports, field visits, and prompt, 
informed
 
decisions aimed at 
solving systemic and occasional defects.
 

These functions and duties 
 have been previously presented in

Local Development II-P Planning and Budget 
O&M Guidelines
 
(Chemonics / August 1987 PP 35 ff.). We will 
concentrate here
 
on the duties and responsibilities of the Maintenance
 
Coordinator at the governorate 
 level, who heads the O&M
 
organization. These responsibilities are as follows:
 

" 	 Identify the roles of each 
of the maintenance
 
personnel at all levels.
 

o 	 Encure the provision of tools, machines and trained
 
technical labour for maintenance operations.
 

o 	 Propose a plan 
 for operation and preventative

maintenance for infrastructure projects and
 
equipment at all local 
 levels, and determine
 
allocations and responsibilities at all levels;
 
(this plan must be approved by the Local
 
Development Committee):
 

o 	 Arrange for the operation of main equipment
 
maintenanace centers 
 for water projects and roads
 
to meet the maintenance needs at 
the various local
 
levels;
 

o 	 Prepare a clearly defined standard for measuring
 
the efficiency of operations and maintenance, and a
 
system for recording and monitoring at each level;
 

o 	 Develop training programs suited to the actual
 
needs of various local levels, and take part in
 
supervising and evaluating these training sessions;
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O 	 Submit periodic reports on O&M activities for
 
review by the GLDC;
 

investigate the problems and difficulties that
 
obstruct performance, and propose solutions.
 

The existence of a good recording and follow up system at all
 
levels, including quarterly progress reports collected from
 
those levels, is considered one of the main factors ensuring the
 
success of any O&M system. The incoming information and data
 
from lower levels could assist in establishing the standards to
 
be used in the preparation of maintenance next-year plan and
 
budget. Also this data could help in selection of the most
 
needed equipment for purchase.
 

For more details on the recording and follow-up system please
 
refer, to the O&M Monitoring Guidelines (Chemonics/Cairo, March
 
1988).
 

A semi-trucK equipped with required tools 
 and equipment for
 
maintenance and repair works should be provided. This will be
 
cn 
 o ounds that each MMC will have one truck, in addition to
 
assi ing a car to 
 the governorate Maintenance Coordinator to
 
supervise maintenance and follow-up its implementataion at the
 
different levels.
 

In order to provide O&M required funds, we have to look for
 
other sources as Ba Il funds could not 
cover all the needs.
 
Therefore it is necessaty to operate maintenance centers (V/C
 
workshops & MMC) 
 as investment projects subordinated to the
 
Services and l)evelopnment Fund and working on a circulating
 
capital basis. This would allow for the use of 
local government
 
VC and markaz mairtenance facilities, tools, equipment, and
 
personnel in maintenance and repair of inirastructure projects
 
and equipment, and for use of excess capacity in carrying out
 
paid 	 repairs either in the public or private sectors. This
 
latter use will increase the financial resources for public

works miintenance and 
 for financial incentives for O&M
 
personnel.
 

Figure 5.1 shows the proposed general organization of the O&M
 
system at the three administrative and technical levels. 
 It
 
shows administrative instructions and technical 
support flowing
 
from higher levels to following ones, and O&M results and future
 
needs requests flowing from lower to higher levels. 
 The figure
 
also shows the periodicity of technical support and ceporting
 
activities.
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Figure 5. 1
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5.2 Maintenance Center Organization
 

The activity of any maintenance unit includes a number of

functions and jobs carried Dy
out a group of individuals. A
 
system should identify 
 the roles and responsibilities of each
 
one of them and how to coordinate the2ir efforts. 
 The efficiency

of maintenance units 
 is measured in terms of increase 
 in

productive capacity 
 and reuuction of costs. 
 Specialization and
 
division 
 of labor are most important means to achieving
 
efficiency.
 

Therefore, 
 the following considerations 
 should be taken into
 
account 
when establishing the organization:
 

o 	 Identification of authority levels and means of
 
communication 
 between them. This requires

identifying the responsibility 
of each level's
 
branches and its contribution to facilitating this
 
task.
 

" 	 Means of coordination between individual efforts 
to
 
avoid duplication, contradiction, and
 
interruptions.
 

" 
 The extent of applying the specialization principle
 
when appointing personnel.
 

It should be also noted that 
 it is necessary to prepare 
an

organizational structure and a functional one for maintenance
 
centers (M.C). Figure 5.2 
 shows a model of a proposed

organizational structure 
 for one of the maintenance centers;

Figure 5.3 shows the functional structure of that model.
 

The proposed orqanizational structure 
 depends on dividing the
 
center .nto different 
 repair divisions (mechanics workshop 
-
electricity --- and
etc), maintenance groups whose basic task

will be to 
 carry oUt different kinds of maintenance at project

locations. This organizational structure 
includes a technical
 
section 
 for follow-up, procedures, accounts, costs and
 
purchases.
 

The system's 
 simplicity, and clearness of responsibility and
 
levels of authority allows 
for fast and conclusive desisions in
 
a stable administrative atmosphere. 
 But its success requires

the 	 availability 
 of a number of personal and technical
 
characteristics 
 in the manager and heads of divisions. Each of
 
them should be familiar with 
 other 	fieldZ of specializations

required for tasks not included 
in Lheir own specialization.
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Figure 5.2 
ORGANIZATIONAL STRUCTURE OF MAINTENANCE CENTER 
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Figure 5.3 

FUNCTIONAL STRUCTURE OF MAINTENANCE CENTER 
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Duties and Responsibilities:
 

A. Workers' Level:
 

Each worker is responsible for performing specific operations at
 
a certain level of maintenance or repair at 
the rate determined

by the maintenance unit leadership. This is 
explained in
 
section 4.
 

B. Supervisors Level:
 

Supervisors are responsible for 
the following tasks:
 

o 	 identification 
of work methods for each 
 of the
 
workers.
 

o Distribution of work among workers.
 

0 Supervision of 
quality and quantity of the workers'
 
performance.
 

o Supervision of materials and spare 
 parts
 
utilization.
 

o 	 Keeping order, surveillance of attendance and
 
leave, and estimation of incentives.
 

Preparation of bills of quantities upon the request
 
of immediate superior.
 

C. Section Heads and Managers Level:
 

Managers and section heads 
are responsible for:
 

o 	 Receipt of 
 work, estimation 
 of needs and
 
identification of required labour.
 

o 	 Development of 
the work general policy in divisions
 
or in 
the MC as a whole.
 

o 	 Arrangement to procure materials and spare parts.
 
o 	 Distribution 
of work among different sections, by


coordinating the 
 efforts of wozkers 
 in all
 
sections.
 

o 	 Supervision 
 of costs and all financial work related
 
to the center.
 

o 	 Paying and
wages identification 
of bonuses and
 
incentives.
 

o 	 General supervision of the system at 
the MC.
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5.3 	 The Flow of Maintenance and Repair Work and
 
Information
 

Work flow is one of the 
important concepts in organizing work in
 
any workshop. In the O&M context, it means defining an
 
efficient series of tasks or operations to be carried out on 
an
 
item of equipment starting with 
 its entering the maintenance
 
center until it is returned to the authority that operates it.
 
The flow path indicates the MC's sections and their 
roles in
 
repairing and maintaining this equipment, in addition to
 
explaining 
 the role of spare parts stores and the releasing of
 
spare parts during the repair or maintenance of this equipment.
 

This maintenance and repair circuit could be done inside or
 
outside the maintenance workshop or center according 
to the type
 
of equipment needing repair or maintenance. Mobile equipment
 
could be moved to the maintenance workshop or center to repair
 
it, in 	this case the work will be inside the maintenance unit.
 

For fixed equipment such as 
 water stations, operation,
 
maintenance 
 and simple repairs would be done at its location.
 
Medium and major repairs would take place at the maintenance
 
workshop or center.
 

For purposes of immediate accountability and long-term
 
assessment of labor and materials 
needs, work-flow operation
 
should be documented. The documentary circuit for maintenance
 
and repair for 
the two examples just given is presented next.
 

5.3.1 	 Document Flow for Maintenance and Repair inside
 
the Maintenance Center
 

A. Maintenance:
 

Figure 5.4A shows a 
work flow, with accompanying documentation,
 
for a case of equipment maintenance. When it is time for
 
maintenance of an equipment item, 
the authority responsible for
 
operations should fill out the maintenance/repair form 5.1 in an
 
original and two copies. The driver/operator should go to the
 
maintenance center 
 chief to sign on the form 5.1 for equipment
 
inspection and 
 approval of its maintenance. One of the
 
inspectors should check the equipment to 
identify the required
 
maintenance and the repair 
to be done at the same time.
 

The equipment should be registered in a registry book for
 
maintenance and repair works, 
 and form 5.1 should be given a
 
work permit number in the procedures section, where the original
 
should be kept.
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FIGURE 5.4 A
 

MAINTENANCE DOCUMENT FLOW
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FORM 5.1
 
REQUEST FOR EQUIPMENT
 

Work Permit No.: --------------- Governorate:------

Date: -------------------------- Repair/Maintenance Markaz: ------------

Name ofthe Operating Authority: ----------------------------

EQUIPMENT SPARE PARTS RELEASED TOTAL 
TYPE MODEL TYPE OF WORK REQUIRED DIAGNOSIS 

NO. TYPE QUALITY PRICE 

Inspection Remarks on the equipment ofthe repair 
and maintenance: 

0 
a -­ --­ -­ -­ --­ -­ --­ -­ -- ­ -­ -­ -­ --­ -­ -­ --­ -­ -­ -- -­

a -­ -- ­ -­ -­ --­ -­ --­ -­ -- ­ -­ -­ -­ -­ -- ­ -­ -­ --­ -­ --­ -

a -­ --­ -­ -­ --­ --­ -­ --­ -­ -­ -­ -­ -­ -- ­ -­ --­ -­ -­ --­ -

]nsprctor Signature 

I ­-­--­-­-­---

Drivers operator name and signature: ---------- Name and Signature of the Maintenance Center Chief 

Pre-repair inspector: --------------- Name:- - - - - - - -

Name and Signature of the Operating Signature: ---------

Authority Chief: - - - - - - - - -



The equipment be
will moved to the maintenance division along

with copies number 2 and 3 of 
the maintenance form.
 

Required operations will 
be done and spare parts, materials, and

oil and grease will be discharged 
from the stores according the
 
delivery request showed in form 5.2.
 

Upon completion of maintenance the equipment will
 
be moved to the inspection division with copy

number 2 of form 
 to check the equipment after
 
maintenance 
 and assess the quality of
 
implementation.
 

o 	 The equipment will 
 be returned to the operating

authority with copy no. 2 of 
form 5.1, upon which
 
will 
 be listed the type of materials used during
 
maintenance and repair.
 

o 	 The maintenance division will send copy no. 
3 of
 
form 5.1, also showing all types of 
spare parts and
 
materials used, to the registration division at 
the
 
center to include 
it in 	the records.
 

B. 	 Repair
 

o 	 Figure shows
5-4B the work/document flow involved
 
in a case of equipment repair inside the
 
maintenance center. 
 When the driver/operator
 
reports a breakdown in the equipment, the operating

authority will 
fill out form 5.1 for maintenance or
 
repair in an original and two copies.
 

The 	 driver/operator will get MC
the chief's
 
signature on form 5.1 
to inspect the equipment and
 
approve the required repairs.
 

o 	 One of the inspectors will check the equipment and
 
identify breakdowns.
 

* 	 The equipment will be registered in the repair

works registry and Form 
 5.1 will be given a work
 
permit number in the Procedures Division, where the
 
original will be kept.
 

o 	 The equipment will be then moved to 
the raintenance
 
section/sections 
 with the two copies of the repair
 
form.
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FORM 5.2
 

PERMIT TO RELEASE ITEMS TO THE DIVISION OF
 

EQUIPMENT NO.: OPERATING AUTHORITY: -----

TYPE - WORK PERMIT NO.:--------------
MODEL - DATE:-------------------------

PART NAME OF ITEM REQUIRED RELEASED PRICE PER COST
 

NUMBER QUANTITY QUALITY UNIT
 

Name and Signature of the Name and Signature 

Section Chief of the Store Chief 
( ) (- - - - - - ) 



Figure 5.4B
 
REPAIR WORK/DOCUMENT FLOW
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o Required operations for the
repairing equipment
 
will be performed and spare parts, materials and
 
oils and grease will be discharged from the stores
 
according to the request showed in Form 5.2.
 

" 
 If required items are not available in the stores,
 
higher-level 
 stores will be contacted and a release
 
request Form 5.2 prepared for those items. After
 
releasing them from 
 the higher level, those items
 
will be delivered to the requesting maintenance
 
section/sect ions.
 

o If the required items are not available in the
 
higher level stores, the purchases division will
 
purchase them the
from local market and deliver
 
them to the requesting section/sections.
 

C Upon completion of repair, the equipment will be
 
moved to the inspection division with copy number 2
 
of Form 5.1 to check the equipment and assess the
 
quality of implementation.
 

o The equipment 
 will be returned to the operating
 
authority with 
 a copy of Form 5.1, listing all the
 
items 
 used during the repair operations, and
 
attached to it the financial claim for the items
 
that should be deducted from the driver or operator

who caused the breakdown. This claim will be
 
prepared by the 
 accounts and costs division shown
 
on Form 5.3.
 

o The repair division will send the other copy of
 
Form 1.1, snowing the spare parts and materials
 
used, to the centers' registration division for
 
filing.
 

5-14
 



Form 5.3
 
FINANCIAL CLAIM TO DEDUCT ITEM COST FROM THE RESPONSIBLE WORKER
 

Equipment Number: 
 Work Permit Number:
 
Type: Date:
 
Model: Operating Authority:
 

No. Name of Item Quantity Price Total Price Other Costs Item Total
 

Costs
 

Total
 

Name and Signature of the Technical 
 Name and Signature of
 
Office Chief 
 the MC Chief
 

B[$T AVAILA 9L CO, 

5-15 



5.3.2 Flow of Work and Information for Maintenance and
 
Repair Activities Conducted Outside the Maintenance
 
Center
 

This includes maintenance and repair operations performed on
 
equipment on locations and carried out by the maintenance group
 
according to the maintenance plan schedules and operating
 
conditions. See Figure 5.5
 

" 	 In this case, the maintenance team will proceed to
 
the equipment location with tools, spare parts and
 
materials required for maintenance and repair.
 
Those materials will oe released from the stores by
 
a receipt.
 

" 	 The operating authority will fill out Form 5.1 for
 
maintenance or repair as appropriate, In an
 
original and two copies.
 

" 	 The maintenance team will perform the required work
 
on the equipment and record it or, location records
 
where the second copy of Form 5.1 will be kept.
 

o 	 The maintenance team will go to the MC with the
 
first and second copy of the maintenance or repair
 
form, where the operations performed on the
 
equipment will be registered. The original will be
 
kept in the office records and one copy will be
 
sent to the accounts and costs section at the MC.
 

o 	 The costs section will calculate the operations
 
expenses and address the operating authority on
 
Form 5.3 requesting the deduction of those amounts
 
from the operator who caused the breakdowns.
 

" 	 The maintenance team chief will fill out a release
 
request on Form 5.2 including the items used in
 
maintenance and repair and hand over Lhis form to
 
the stores to get back the receipt by which he
 
acquired the items from the stores.
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Figure 5.5
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5.4 Management and Operation of Maintenance Centers
 

As funds 
 required for project operation and maintenance are not
 
adequate and cash incentives for O&M personnel are almost
 
nonexistent or at least not sufficient, it is necessary to
 
consider operating the maintenance workshops and centers with a
 
system ot circulating capital as
or a profit making project,
 
provided that 
 this profit be used totally or partially as
 
follows:
 

o 	 Distribi' ion of incentives among O&M personnel
 
o 	 Mintenance, repair promotion
and of maintenance
 

c(nter machines and tools.
 
o 	 Purchase of required 
 spare parts and materials
 

necessary for repair and maintenance of projects
 
and equipment when allocations for this purpose are
 
not sufficient.
 

o Rehabilitation of machines
 
0 Construction 
 of extensions of maintenance centers
 

and workshops, as necessary.
 

If this idea is agreeable to executives and it is deciaed to
 
convert maintenance centers and workshops from service projects
 
to profit-making projects, it will be necessary to draw up by­
laws and regulations organizing work under such a system. 
These
 
regulations 
 must be consistent with the laws, regulations, and
 
financial and administrative systems used in Egypt 
to avoid any

contradictions or obstacles 
,hich 	would hinder implementation.
 

A. 	 Guidelines for Converting the Maintenance
 
Center/Workshop into a Profit-making Project
 

These guidelines were prepared in order to help the local units
 
in working out executive by-laws in the event that they wish to
 
cony , the maintenance unit to operate on 
the basis of the
 
circulating capital system.
 

Some local units have already converted some their workshops or
 
maintenance centers investment
into projects. These include
 
El-Negaila village in Koum--Hamada markaz, the Etay El Baroud MC
 
in Beheira governorate, Shablanga V/C in Banha markaz, and
 
Batamda VC 
in Toukh markaz in Qalubiya governorate.
 

These examples were implemented as individual cases dependirg

solely on tse local units' approval, anc it is feared that those
 
proje.ts will face some objections from central bodies.
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Therefore, 
 when thinking of operating the maintenance
 
workshop/center, 
 the conversion should 
be to an investment
 
projert 
 with a legal personality aiming basically at
 
contributing to maintera.ice of public works projects, equipment

and utilities 
 as a first priority, and then 
to serve private

citizens in return 
for nominal fees.
 

The first steps in the conversion are: 
 1) to study the idea's

feasibility Troi economic 
 and social stand points. 2) to
 
obtain 
 the locaL unit executive's approval and 3) 
to charge the
report's department at 
 Central Accounting Authority with
 
studying 
 and drawing up the projects by-laws and rules of

procedure, including 
 the incentives system, and 
4) to obtain
 
the approval of central bodies such as 
 the MOF and other
 
concerned parties.
 

B. Guidelines to Preparation of the Regulations
 
Needed to operate an MC as an Investment
 

When studying and preparing 
the bylaws and rules of procedures

of any investment project 
for a maintenance workshop/center, the
 
following basic items 
should be included:
 

o Form a supervisory committee 
for the project at the
 
local level. Among its members should be a
 
financial, a legal and a technical 
 department
 
representative.
 

" Develop an organizationl structure indicating the
 
project's main division, 
 in addition to a
 
functional structure showing the jobs and the
 
technical labor 
for each division.
 

o The functions of 
the projects supervisory committee
 
o The functions of the 
 projects internal executive
 

functional body, and this 
 includes the functions
 
and responsibilit ?s of: 
 the maintenance
 
supervisor, the -dministrative supervisor, 
 the
 
chief accountant, the storekeeper, and the heads of
 
maintenance 
 sections according to different
 
specializations.
 

o 
 Price list of services
 
o Permanent and temporary 
 loans system indicating


each amount and its settlement rrocedures according
 
to regulations 
and rules of government accounting
 
and selling and purchasing cpe:ations.
 

o The manner and 
percentage cf distributing the net
 
profit among the following items:
 

I. Incentives
 
2. Rehabilitation
 

3. Services Fund
 
" 
 A system of monthly incentives and bonuses for all
 

project personnel which connects 
reward to specific
 
performance measures.
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Incentives
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5.5 Personnel Incentives System
 

In order to improve maintenance workshops' and centers'
 
productivity, hard workers should 
 be rewarded and inefficient
 
ones disciplined. To make this possible we must draw up a
 
system motivating the workers to 
increase their productivity,.

Incentives 
 could be obtained from a certain percentage of the
 
maintenance unit when
profits operated as an investment
 
project. These incentives will be distributed among all
 
excellent workers, starting 
 from the cleaning man up to the
 
skilled mechanic, according 
 to wage rates, i.e., the incentive
 
will be a percentage of the fixed wage.
 

The system should instill in 
the workers the feeling that they
 
are an integrated work teart, that whenever work is done quickly

and efficiently maintenance 
 unit profits will increase and so

will incentives. In addition to 
that the workers will maintain
 
the materials and spare parts to reduce costs.
 

To ensure justice in incentive distribution, prepared below is
 
one possible rating of 
several worker qualities that should be
 
taken into consideration in appraisal of each worker's
 
contribution. 
 Each element is weighted according to its
 
relative importance:
 

o Craft skillfulness 
 120 points
 
o Productivity and efficiency 
 40 points
 
o Reliability 
 40 points
 
o Cleanliness 
 40 points
 
o Work attendance 
 20 points
 
o Skills in other trades 
 20 points
 
o Knowledge of equipment and vehicles 
 40 points
 
o Attendance at training programs 
 40 points
 
o Academic qualifications 
 20 points
 

Maximum total possible points 400 points
 

These elements 
can be included in a monthly or quarterly

incentive 
 scheme card for each worker as shown in Table 5.4.
 
The worker's 
 total score can determine whether and how much
 
incentive he should receive.
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These 	characteristics can 
be briefly described:
 

A. Craft Skillfulness: (120 points)
 

o 	 The worker should 
 be capable of accomplishing
 
repair and maintenance 
work without supervision.
 
(to be given 120)
 

o 	 High 
 level of skill, needing no or supervision (100
 
points)
 

o 
 high level of skill, needing minor supervision (90
 
points)
 

o Medium skills, no need for supervision (80 points)
 

O 
 Medium skills, needing supervision (60 points)
 

B. Productivity and Efficiency: 
 (40 points)
 

" This 
means that worker's productivity during the
 
last three months exceeded 100% of what 
 was
 
planned. He does not waste time and is eager 
for
 
more work. (40 points)
 

" 	 Worker's productivity 
 during the last quarter is
 
90% of what was aimed at, and he is eager for more
 
work (30 points)
 

o 	 Worker's productivity 
 during the last quarter is
 
less 	 that J0% 
and he needs supervision to complete
 
his assignments. (20 points)
 

C. Reliabi]ity: (40 points)
 

o 	 He completes his work 
in the best way and finishes
 
any extra work 
in time (40 points)
 

o 	 He performs his work with 
 some minor faults (30
 
points)
 

o 	 He performs his 
 work with faults and is unwilling
 
to do extra work (20 points)
 

D. Cleanliness in Work: 
 (40 points)
 

" 	 He cleanly performs his work and keeps the place
 
and tools clean. (40 points)
 

o 	 He cleanly performs his work, but 
the place and
 
tools are neither clean nor 
in order (30 points)
 

" 	 Requires constant reminding about cleanliness (15
 
points)
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E. Attendance: (20 points)
 

o 	 He is always present during working hours and
 
arrives and leaves on time; also he 
is ready to
 
start working the minute he arrives. (20 points)
 

o 	 He arrives in time, but is not ready 
to start work
 
right away. (15 points)
 

o 	 He often arrives late and/or 
leaves early, or is
 
absent during work hours. 
 (10 points)
 

F. 
 Skills in Other Trades: (20 points)
 

" 
 He can carry out 
 other crafts in addition to his
 
own, e.g., welding and fitting if 
his profession is
 
mechanic or electrician (20 points)
 

o 	 He can perform other crafts but 
under supervision
 
(15 points)
 

G. Knowledge of 
Equipment and Vehicles: 
 (40 points)
 

o 
 He has vast experience 
of modern equipment and
 
vehicles including those other than 
the ones he is
 
working with. (40 points)
 

o 
 He has little information 
about modern equipment
 
and vehicles other 
 than the models he is handling
 
(30 points)
 

" 	 He needs 
 training on modern equipment and vehicles
 
(20 points).
 

H. Attendance at Training Programs: 
 (40 points)
 

o 	 He attended recent training programs on 
equipment
 
and vehicles, and 
 is willing to attend further
 
ones. (40 points)
 

o 	 He attended training programs 
more than five years
 
ago on vehicles and equipment 30 points)
 

" He has nort attended any training programs but he 
is
 
willing to do so 
(20 points)
 

o 
 He has not attended any training programs and is
 
not willing 
to do so (10 points)
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I. Academic Qualifications: (20 points)
 

o 	 He has a certificate that relates to his job (20
 
points)
 

o 	 He has g(t a certificate which is not related to
 
his job (10 points)
 

After calculating the worker's 
 points by filling out the
 
appraisal card shown 
 in table 5.4, table 5.5 
will be used to
identify the incentive percentage for 
each worker on the basis
 
&f his acquired points. Then the
all worker's incentive
 
percentages 
will added and the following equation will be used
 
to determine each worker's 
incentive:
 

Total value of Incentives
 
allocated to the MC
Incentive 
= 
The workers percentage 
x
 
Total percentages of all
 

workers
 

Example:
 

Suppose that 
 the value of incentives to be distributed is LE 60

and the present labor among which the 
 incentives will 
 be
distributed 
 is workers A, B, C, D, who have achieved percentages

100%, 80%, 70%, 50% respectively. 
The total of acquired
 
percentage points 
is 100.
 

Accordingly, the share for 
each worker will be as 
follows:
 

A = 100 x 60 z 20 LE 

300 

B = 80 x 60 = 16 LE 

300 

C = 70 x 60 = 14 LE
 

300
 

D = 50 x 60 = 10 LE
 

300
 

Total 	of Incentives = 60 LE 
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5.6 Management of Spare parts Stores and Stock Control:
 

The basic function of stores is 
 to provide the proper spare

parts and materials necessary for project and equipment

maintenance and repair. Parts must be provided in 
time, and at
 
a suitable price and be of 
yood quality.
 

It is necessary, if feasible, to store spare parts in adequate

quantities, as their uiiavailability delays project

implementation and to
leads the deterioration of equipment and
 
parts, resulting in significant financial 
 and social losses.
 
Purchasing excess quantities of spare parts is 
equally wasteful
 
of resources.
 

Therefore it is necessary 
 to provide spare parts in adequate

quantities and with suitable 
 price and quality, specially in
 
view of in the fact that spare part costs represent between
 
40-75% 
 of repair and maintenance costs. This emphasizes 
the
 
importance of establishing warehouses and running them soundly
 
together with drawing up 
a control system.
 

5.6.1. General Objectives of Stock Control:
 

Stock control activities focus on:
 

o Needs planning
 
o Needs procurement
 
o Inspection ana receipt
 
o Storing and protection methods
 
o Storing, transporting and handing 
 over (delivery)
 

constituents.
 

It is necessary to 
 integrate and coordinate these activities,

with a view to keeping costs low and presenting the best
 
possible service. can
We specify the objectives of stock
 
control more generally as follows:
 

o Planning and determining the required amount.
 
o 
 Obtaining required quantities of spare parts
 
o Storage, transport and hand over.
 

Using these objectives we can define 
 stock control as the
 
integrated management responsible for planning to obtain,
 
purchase, store, handle and supervise spare parts in the way

that leads to the best utilization of available resources of
 
facilities, personnel and funds within 
the framework identified
 
in the plan's general objectives.
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5.6.2. Needs Planning:
 

Planning the governorate's 
need for spare parts depends on
 
several complicated and overlapping factors such as:
 

a. 	 Different Maintenance Programs:
 

o 	 Preventive (checking 
 - oiling - adjusting ­
cleaning)
 

o 	 Corrective (repairs 
- major overhauls)
 
o 	 Unexpected 
 repairs as a result of accidents and
 

misuse.
 

b. Volume of the Governorate Equipment and Projects:
 

It is well known that the value of required spare parts annually

for equipment and projects varies from 20-30% of the present

value of the equipment and projects. 
 Therefore the spare parts

volume needed to 
 serve projects and equipment can be estimated
 
annually, though previous costs are 
the best indicator, if good

records exist and 
if the funds spent were adequate for needs.
 

c. 	 Nature of Stored Spare Parts:
 

Some spare parts need permanent or temporary storing; others can
 
not be stored as they 
 wear away quickly or are needed
 
immediately for planned maintenance operations.
 

d. 	 Level of O&M Technical Labour:
 

O&M technical labour 
 must be highly skilled because if
 
maintenance and repair operations are 
not dono correctly or if

breakdowns 
 are wrongly diagnosed, this will increase the
 
consumption of spare parts and, therefore, the quantities of
 
them 	that are required.
 

e. 	 The Possibilities of Obtaining Spare Parts in the
 
Local Market:
 

Restrictions imposed 
on imports lead sometimes to the lack of
 
original spare parts 
 in the local market and the appearance of
 
irritations which generally
are 
 of lower quality, resulting in

the increase of spare parts consumption. Therefore, warehouses
 
should have 
 stocks of original spare parts available when
 
needed. 
 Although this may appear to be idle capital, it may be

considered as an investment prices
as are constantly rising.
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F. 	 Equipment Local Agents' Capacities for Spare Parts
 
Supply and Maintenance
 

If local agents have a large stock ot 
spare parts and efficient
 
service centers, this can reduce 
 the need for stock in the
 
governorate stores, as parts are available at the agents. 
 if
 
the agents have no such facilities, the governorate would have
 
to provide the required spare parts and thus increase 
the stock
 
volume.
 

g. 	 Dissimilarity of Equipment Models and Types:
 

Dissimilarity increases stock 
 volume and the difficulty of
 
planning and supervision.
 

h. 	 Available Funds:
 

These funds are either in local or foreign currency. The source
 
of funding affects stock volume.
 

i. 	 Capacities of Available Stores, and Storekeepers:
 

The 	availability of storage space 
 and labour required for
 
storing affect the stock volume.
 

5.6.3. Needs Procurement:
 

The 	 provision of spare 
 parts in stores depends on a number of
 
factors:
 

a. 	 The provision of cataloques for different models of
 
equipment.
 

b. 	 The level of need for the type of spare part to be
 
stored:
 

O 	 Permanently required and constantly used spare
 
parts
 

o 	 Spare parts to be purchased upon need and stored
 
temporarily
 

o 	 Critical 
 spare parts that are not constantly used,
 
but must be available for emergency use.
 

c. 	 Determining spare parts needs 
 on the basis of
 
manufacturing companies' recommendations.
 

d. 	 The rate of discharge of a part from the stores should
 
be used in determining the required stock volume of
 
each type, in addition to the minimum stock level. 
 The
 
process of local 
 spare parts purchase takes about one
 
month from order to delivery, while the same process
 
takes about six months if the parts are imported.
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e. 	 Means of Providing Spare Parts:
 

o 	 Local sources
 
o Local or intornational agreements 
O Import 

f. 	 Conisideration of economic aspects and adequate quality
 
and quantities of spare parts.
 

5.6.4. Elements of Storing, Trai~sport, and Delivery:
 

Good spare parts storage is 
the basis for provision of such
 
parts in time, suitable quantities, and adequate quality.
 

Storage includes the following operations:
 

o 	 Delivering materials from their 
sources to the stores
 
* 	 Receipt of types 
 with the required specificatins
 

(inspection and receipt).
 
o 	 Classification and internal 
organization
 
o 	 Preservative storage
 
o 	 Stock supervisiof,
 
o 	 Releasing items tc workshops
 

On basis ot experience in this field the 
ideal system is to have
 
three kinds of stores as follows:
 

a. 	 Main Stores:
 

All incoming purchase are stored in 
this -tore which should be
 
adequate as its and
regards capacity furnishings (shelves,

containers and 
 hand over means). Also all the governorate

equipment catalogues 
 must 	be available at this warehouse. This
 
kind 	of warehouse must exist at 
the governorate level.
 

b. 	 Central Stores:
 

Those are central stores for the geographic marakez to serve the
 
cities and villages. These stores will release monthly or

quarterly quantities for 
 the different specializations (water,

wastewater, garage, etc). 
 The main store will supervise this
 
kind of store.
 

c. 	 Subsidiary Stores:
 

These are the village stores. 
 The central stores supervise

them. These stores get 
their needs from the central stock on a
 
monthly or quarterly basis.
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5.6.5. Stores' Internal Organization
 

Stores should be organized in order to allow easy access within
 
and outside the store. Figure 5.6 shows good 
store planning,
 
while figure 5.7 shows poor planning for the same store area.
 

A. 	 Required Furnishings:
 

o 	 Adequate hand over equipment
 

o 	 Ventilation equipment
 
o 	 Subsidiary devices (catalogues, etc) measuring devices,
 

scales
 
" Shelves and storage containers (plastic boxes, gasket
 

racks, oil seals - belts hangers. ..... etc)
 
0 Suitable cleaning instruments
 
o 	 Industrial security, and fire fighting 
means and
 

instruments
 

B. 	 Organizational Elements:
 

o 	 Technical inspection committee (central stores)
 
o 	 Receiving committee
 
o 	 Technical 
 office (for studies, technical and stores
 

follow up) (central stores)
 
* 	 Store divisions (spare parts, materials, tyres,
 

batteries ..... etc)
 
o 	 Junk division
 

C. 	 Organizationl and Classification of Spare Parts,
 
Materials, Etc.:
 

Store contents should be divided 
 into separate categories as
 
follows:
 

" 	 Spare parts for equipment: Each mark and model
 
separately
 

o 	 Vehicle spare parts - each mark separately
 
o 	 Water operations spare parts - each mark separately
 
o Miscellaneous spare parts
 
o 
 Useless spare parts, grouped together for easy sale
 
o 	 Materials 
 (copper bars, iron, sheet iron, gaskets,
 

paper, sulfuric Acid, iron, welding bars, copper, etc)
 
" Batteries
 

" Tyres (each size separately)
 

Types that wear 
 away quickly or are constantly required should
 
be stored in an easily accessible place for speedy receipt and
 
release.
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Figure 5.6
 
GOOD INTERNAL STORE
 

3
 

4 

1. Entrance for releasing spare parts.

2. Passage allowing movement at 
both ends.
 
3. High side-windows allowing sufficient 
lighting.
 
4 Storing-racks with bins.
5. Fluorescent lamps 
 for lighting over storing racks and
 

in passages.
 

Entrance for receiving spare parts before storing.
 

Note: 
 If there are offices within the store, 
these should be

placed in 
 a way that 
allows direct supervision of the
 
maximum possible area.
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Figure 5.7
 
POOR INTERNAL STORE PLANNING
 

z 4 

00 0 

1. Cne entrance for both receiving and releasing spare
 
parts, which causes work disruption, and possibly mixes
 
incoming types with outgoing ones.
 

2. Loss of natural lighting from windows.
 
3. Passages are not located 
 to allow free and speedy
 

movement inside store.
 
4. Unsystematic storing-unit spacing.
 
5. Badly situated lamps.
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D. Disposal of Useless Spare Parts:
 

The 	accumulation of useless spare parts in stores 
is a 	serious
problem, 
as they. occupy vast areas 
 of most stores sometimes

reaching 30% of the available storing area, and give an 
inflated

impression 
 of stock available. Consequently, the disposal of

useless items, 
 either by selling or transporting those 
items to
sectors where they 
can be used, is an important O&M function.
 

Useless spare parts 
 should be classified according 
to mark.

Then listed for the information of other departments that have
similar equipment. Those departments will be given a time limit
 
to present any requirements for 
 those parts. Lists Ulf the
remaining items 
 will be sent afterwards to the central stores
 
selling committee for disposal through sale.
 

E. CARDEX System:
 

Cardex is a modern system 
 for classifying and locating spare

parts in stores. 
 It is easily capable of computerization.
 

The 	 Cardex 
 system allocates a 
card 	for each spare part item.
Listed on 
 it are the sample number, a description, the existing

quantity and the minimum and maximum stocks of 
this item. The
card (see Table 5.6) includes the place where this item is
 
stored in the storing racks.
 

Paper cards will 
be kept 
in a 	cabinet with several drawers, each
drawer has 
60 plastic hoiders to 
keep 	the paper cards inside. A
 
transparent plastic holder 
is put over each card to make it easy
to read 
 the 	 data without taking the card out 
and to keep the
 
card clean and legible.
 

The Cardex system's advantages include:
 

A. 	 It facilitates monitoring and analysis of the rates at
 
which different items 
are demanded.
 

B. It facilitates needs identification through comparing

available quantities with the minimum and maximum stock
 
margins.
 

C. It makes it easy to identify the balance of each item.
 

Physical storage should 
follow this approach:
 

A. 	 The 
 store is divided into several divisions according

to the 
 kind 	of equipment the warehouse has. 
 Each kind
 
is assigned an alphabitical capital letter. 
 For

example Caterpillar equipment will 
be given letter "A",

and J. Deere equipment will be given letter 
"F", 	and so
 
on. The letters G, I, 0, Q, V, Z are not used in 
this
 
system, by international convention.
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B. Each equipment division will have a number of storing

racks that should Lave a number and a capital letter
 
e.g. 2B, designating the back side of 
the B rack. lB
 
would mean 
 rack B's front side. The storing rack is
 
shown in Figure 5.8.
 

C. The storing 
 racks are divided into biis. To identify

them, each row will be labelled by a small letter 
(a,
 
b, c .... ) and each column by a single number (1, 2, 3,
4, 5 ..... ). For example, the shaded bin in Figure 5.8
 
is designated AlB3c, meaning:
 

(A) Caterpillar division
 
(IB) Storing rack (B), front
 
(3) Column number 3 in storirng rack (B)
 
(c) Row c in storing rack (B)
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Table 5.6 
ITEM STORING CARD
 

Card No. Equipment Remarks Max. Stock Min. Stock
 

Date Qty Price Reference Balance Date Qty Price Reference Balance 

In lout In Out 

Part No. Description Location
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5.7 Vocational Training:
 

A lot of attention is given today to vocational training by

institutions, organizations and individuals. This kind 
 of
 
training 
 is not limited to workers and employees in companies
 
and factories, as many people think. It covers all 
fields of
 
work: manual, mental, 
technical or administrative.
 

This 
 kind ot training is more systematic than that provided by

circumstances or old experienced labourers. 
 It is carried out
 
by training specialists who 
 are well informed and acquainted

with its origins, methods and objectives, in addition to their
 
havin: know:edge of educational techniques.
 

5.7.1. Types of Training
 

Training differs according to type of trainees, their past

experiences, the kind 
 of job to be trained for, training

location, trainers' qualifications, and the required training

level. The training 


explain 


location may be any of the following: 

a. At the Work place 

This is the most common 
supervisor, the chief or 

kind 
one 

of 
of 

training, during which the 
the siilled workers, will 

to the trainee how to perform the job, then observe and
 
test him occasionally, and help 
whenever necessary. This is
 
mostly done without previous planning.
 

b. At a Training Center
 

Some units designate special places 
to train new workers, and
 
training. This is better than 
that in "A" as the trainers are
 
dedicated entirely to training and trainees are away from work
 
engagements ind problems.
 

c. Industrial Apprenticeship
 

This is a system combining classroom study and training in
 
capacity centers, especially practical 
 training in factories.
 
It aims at youth, with modern, scientific training for
 
professions needing top-level skills. A good example of this 
is
 
Productive Capacity 
 and Vocational Training Authority's several
 
centers in most governorates.
 

5.7.2. Training Methods
 

There are several training methods; selection depends on the
 
purpose of training.
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a. Lectures Metnico 

This is a quick arid easy way to provide a large number of people

with infcrmation orally.
 

This meth-,d ma,, include illustrative materials such 
as pictures,

films, r-,! Ls, 
 Taps and othor visual and auditory samples.
 

This metrud has its limits and disadvantages. 
 It is of only

limited use nr developing motor skills, and so is not 
appropriate tor 
many t ypps )f workers. It also requires a great
deal (,f :_ncentrati1,n and follow up and restricts movement
 
during the lecture time. Moreover, the results depend largely
 
on the lecturer'. talent.
 

b. Ori- t ie- Jub '' J: 

In this -ase tne w~r c: 
is trained while working. Training may
take different frms---:t may done on machines, tools and
 
equipment similar 
 ones 

This method Is appropri ate for many 


tu i re the worker will use afterwards. 
types of manual labor 

training. 

c. :r IP D1scuSSI; t 

This metn,, 'rclues irf. Iving the trainees in the training
operation, and encouraging them to express different points of

view and 
 ro jet used DbJectiveto criticism and self-criticism. 
The number _)fgroup members should be limited 
to make it useful
 
and encourage each member's participation in solving problems

they are presented with. 
 These groups are effective in
 
upgrading performance 
 level. This method is often used in
 
training supervisors.
 

d. Role iPay 

This is a contemporary method for 
helping supervisors appreciate

the points Df view of 
the various personnel they work with. It
 
is based 
 ri tne idea of playing roles. Supervisors play

different characters such as the authority chief, division head,

direct boss, worker, etc. 
 This way helps the trainee to
 
understand those persons' feelings, 
 and the kind of problems

that they may face. Ihe trainees are then better able 
to

understand the behaviojur 
 of others and thus to change
 
inappropr late attitudes.
 

5.7.3. Psychology of Traininq
 

There are 
 some principles of educational psychology which apply
 
to vocational training:
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A. No training without motives
 

Any person will learn it he has the ability and opportunity to
 
do so, but this is not enough if he does not have a motive to
 
learn. Motives are an essential conditicn for training,
 
th-refore 
 we have to explain to the worker the importance of
 
tLaining for his career and promotion. Th'is will eventually
 
lead to increase in productvity, and more concentration at
 
work.
 

B. 'l'TnTrainee should know his i___gress
 

Several e.*periences have proved that performing work without
 
knowing the does not to
results lead 
 education. The trainee's
 
knowledge of his work's results helps him 
to learn better and
 
increases his productivity 
as he will be trying to maintain a
 
certain level and improve it. Otherwise, he may imagine that he
 
has reached perfection and not make any effort to improve.
 

C. Reward and Punishment:
 

Experiments prove that reward and punishment assist the learning
 
process. Reward encourages the trainee to repeat what he was
 
rewarded tor, and reasonable punishment makes him careful not 
to
 
repeat tauits 
 and mistakes. The type of punishment should not
 
hurt trte worker'-; pridc or his self respect, or he may lose
 
self-confidence and any :nterest 
in learning.
 

D. The effect of competition on traininq:
 

Some institutiors use competition as a motive for 
learning by

offering 
pri-iieges t, the trainees who show improvement in
 
their work, such as witinq their 
names in the board of honour
 
and giving special privileges. However, if a trainee feels he
 
is unsuccessful, this 
 -at, undermine his motivation to learn.
 
Therefore competition should be reasonable and between equals,
 
or else it should be individualized by comparing the work of
 
single trainees over different periods and stages.
 

E. Learning by Doing
 

As swimming can not 
 be learned without practice, neither can
 
good thinking. The trainer's effort, explanation, and guidance
 
are riot useful, or helpful, unless they motivate personal
 
activity on the trainee's part. Some trainers have vast
 
experience bu. are considered less than average because 
they do
 
not give the trainees a chance to practice and exercise their
 
personal creativity. Actually, a successful trainer 
can not
 
teach trainees; all he 
can do is to show them the right ways and
 
assist them to teach themselves.
 

5-40
 



F. Understanding Principles Taught
 

Experiments snowed that 
 whenever the subject material is
 
understandable, it easier faster
is and 
 to learn and harder to 
forget. Many experiments have been made to compare learning
based on understanding and mechanical learning. One ot them was 
about training -rkers - install electric lamp hangers. One
 
group li '11 '..- the lamp; by repetition and mechanical practice,
while tre trainer crp'.shed to the other group the general

principles 
 f what !Noy were doing. The productivity of the 
second gr.,up was nignhe than the first hre. Therefore the 
trainer Mt p w.atX:. d is going to be learned and why. He 
should aJ ,, sOS the trainees to repeat to him what they are 
going to. and h,, This helps to identity and correct 
misunderstadijs. K, -trier words, the trainee should have a 
clear pic..re or what r is going to lear, bef re starting the
 
trainini.
 

G. Ui Jance: 

Experiments prove that training with guidance is more 
effective 
than trairig without :t. trainee IsIt the not guided he may
 
use inerrrc~ent methods. 
 Als, positive and detailed guidelines 
and inrstractiios are better than regative and general ones. 
Positive irstruztiwr mears directing the trainee to 
the correct 
methods ar.d n t just idertilyirg the wrong ones.
 

if. ",' "al :- Jqt! ah,_' _ .+al t _! o _ 
si Metho i s mlMrhd
 

Is it hu tvr t,, d i. d, iln. materials to be learned into parts 
::nd se't i ., aid Lear eact separately, then combine them 
togetthr, ,1 tW learn tie material a wholeas without division?
 
Each 
 mot" d has its advartages, disadvantages and applications.
Exper:mntr have pro.'ed that the holistic method is better when
 
the material is neither difficult nor long. When studying a
 
chapter from a book this method allow the
would trainee to
 
understan the relations 
 between its parts and understand some
 
parts wnicL, could 
 not Le explained separately. This method is 
also rt," t for learning movement skills. Yet, each type of 
work has its conditions and suitable methods, for example most 
industriai work is too complicated tor average worker to perform
without notaSes. The trainer in this case should divide the 
work irtv. separate units and train the 
workers on a unit until
 
they master it, then move to the next unit, 
and so on. Whatever
 
method 
 is used, the trainer should start by giving a general

idea about the work as a whole, then move from this to the
 
details.
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I. Dispersed Training and Concentrated Training:
 

Experiments have 
 showed tnaL training in learning and acquiring
 
movement skills distribut'd among courses or sessions 
is better
 
that concentrated training ii, ne 
course.
 

Hence, it can be realized that the process of training is a
 
compreiensi ve one 
 based ,n interaction between the different
 
elements of training: the trainer, the trainee and the training

method. The trainer's understanding of the psychological basics
 
and the person he is training is one 
of the most important

factors helping to achieve 
the required level of training.
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Industrial Safety
 

Safety Equipment
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5.8 Industrial Safety*:
 

To ensure 
 industrial safety and prevention ot accidents at work
 
there are 
 rules that should studied and mastered by workers and
 
technicians, otherwise workers may be 
exposed to accidents and
 
danger while working.
 

In the following section the best 
safety rules that workers have
 
to 
 follow to accomplish their work efficiently and avoid
 
accidents are indicated.
 

All 	 the instructions mentioned 
in this section must be placarded
 
or posted in a visible place in the wurkshop.
 

5.8.1. Workinq_n ines and Machines:
 

Work accidents usually ,)ccur during moments of 
low attention. A
 
conscientious and keen worker should be able to do his job

without endangering himself 
 or others. The following
 
instructions are addressed 
to workers in this field:
 

o 	 Use only the nachines and tools to which you were
 
assigned and have, to use. In workshops do not start or
 
try to operate an/ engine or machine before having
 
sufficient information about its operation.
 

o 	 Check that the preventive partitions and the protective
 
devices fitted to the machines' running parts are in
 
good shape before starting the machine.
 

o 	 Do not remove the preventive partitions or suspend the
 
security devices -r the grounus that this will save
 
time 	or increase production.
 

o 	 Do not relax in sifety observance when changing speed
 
by shifting the belt to the 
 pullies matching the
 
required speed.
 

" Be sure that the machine (or engine) has come to 
a
 
complete stop before adjusting or oiling it.
 

" 
 If you wish to stop a machine or engine to repair or
 
adjust it, you should first disconnect it and close the
 
operating switch box and keep the 
key with you, if you
 
are responsible for it. If this is not possible, hang
 
a sign on the operating switch indicating that it is
 
under repair so no one will try to run it.
 

This item has been written to be read by workers themselves,
 
as well as managers.
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Do not charge a battery 4 )
 
or jump-start the engine

if the battery isfrozen.
 
Warm to 60'F or it
 
may exolode. .
 

-K'
 

A (A 

n 

5-45 7
 



o 	 Report immediately 
any defects or shortcomings in the
 
machine or engine 
so that they can be repaired.
 

o not overload the machine or engine.
 

o 	 Always keep your engine or machine clean. Do not place
 
tools or clothes, etc. on it.
 

" 	 Keep your fligers away t'om the operating parts or any 
other running parts of the machine. 

o 	 When operating a machine 
 do not wear gloves, rings,
 
ties, scarves or long, loose sleeves.
 

" 	 Keep the floor around your machine clean, dry and free 
of any substance that could cause someone to fall or
 
slip.
 

" 	 Operate the enuine or machine according to received
 
instructions.
 

o 	 When operating a diesel engine or 
fuel injector set, do
 
not expose the skin 
of your arms or face to the fuel
 
sp ay.
 

o 	 Disconnect 
 the battery cable while repairing an engine
 
unless it is essential for work.
 

" 	 Avoid work accidents resulting 
 from running starters
 
whicn do not operate properly.
 

" 	 Do nrpt smoke with gasoline on your hands and do not 
expose pLLrGlc-,n materials to uncovered electric wiles. 

O 	 Fresh air circulation into and out of 
the engine repair

workshop is v2ry important, si.jce gases like carbon
 
monoxide 
 are released when runni.,:g engines that have
 
been recently repaired.
 

" 	 When you finish your work, clean the machine after
 
stopping it completely.
 

5.8.2. On Using hand Tools:
 

" 	 A conscientious skilled technical worker should know
 
ho-. to 
avoid problems and dangers resulting from use of
 
inappropriate hand tools or 
inappropriate use of tools.
 

o 	 Do not carry any instrume.its or hand tools in your
 
pockets, especially sharp ones. Always keep them in
 
their cases and boxes.
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o 	 Always return hand tools and instruments to their
 
places after finishing work and do not place them on
 
the machines, or anywhere near them, as this may cause
 
accidents or loss.
 

o 	 Wipe oil and grease off instruments and hand tools, as
 
this damages them and may cause accidents.
 

o 	 Inspect hand tools and instruments before using them.
 
Do not use damaged tools and instruments and always use
 
ones suitable in size or type. There are different
 
kinds of keys, hammers and saws; al'.ays chcc-e the
 
right one 
to ensure work quality and avoid accidents.
 

" 	 If you notice that one 
 of the hand tools needs more
 
pressure or power this may mean that is not 
,he right
 
tool. If you are performing work that cin create
 
sparks or splinters, put on suitable preventivF glasses
 
and place partitions to protect yourself Lnd others
 
against harm.
 

o 	 Do not use hand tools with flattened heads or sharp
 
eods or cracked handles a; these may cause accidents.
 
If you are E.ratched, apply first aid immediately.
 

5.8.3. On Working with Electrical Devices
 

The effects of electrc shock differ according to the type of
 
electricity (static or current), current (direct or
 
alternating), and the voltage and the period of time 
to which a
 
person is exposed to it.
 

Individuals themselves vary in their sensitivity towards
 
electricity, depending on the dr ness or moisture of the skin.
 

Generally speaking, direct current is more 
 dangerous than
 
alternating current. The danger of alternating 
current
 
decreases with its frequency. The longer the duration of the
 
shock, the more dangerous are its effects; similarly, danger
 
increases with voltage.
 

Some precautions that should be followed when using electrical
 
devices are:
 

0 	 Disconnect electricity before starting any repair or
 
maintenance.
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o 	 If you notice any increase in the heat of electric
 
generators or engines, or that instruments are giving
 
off sparks or smoke, disconnect them immediately.
 

o 	 Before approaching electric equipment be sure that 
the
 
equipment and the ground around them are dry.
 

o 	 Check that all electric devices and equipment are
 
grounded with ground cables.
 

o 	 Avoid touching conducting circuits or running parts.
 

" 	 To avoid sudden injuries warn unauthorized persons they
 
are not allowed to approach the machines.
 

5.8.4. OnOperating Cranes
 

o 	 Each crane has a maximum load. The cargo to be lifted
 
should be less than this maximum.
 

o 	 Use chains and ropes that are adequate for both lifting
 
and loading requirements.
 

o 	 Assign a person w~io is well acquainted with unloading
 
and discharge techniques to direct the crane driver.
 

o 	 Before starting to load, oake sure 
that the crane is
 
completely 
 fixed using brake and tire supports to
 
ensure that it does not move 
forward or backward. The
 
crane should be on level ground whenever possible.
 

o 	 Stretch the crane boom to keep it away from the cabin
 
so that no damage is done to the cabin.
 

o 	 No one should be permitted in the loading area,
 
especially under the freight or cargo, or within the
 
radius of the crane boom.
 

o Use the horn whiiH moving the boom and the cargo.
 
" When loading on trailers, load with the rear first, 
not
 

the front.
 
" During and before loading, check that the ropes are
 

well-fitted in the reels. 
 Perform maintenance
 
constantly according to instructions.
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Annex I
 

Technical Specification
 
of an Agricultural Tractor
 

I. 	 Engine:
 

1. 	 Four stroke diesel engine
 
2. 	 Four cylinders
 
3. 	 Air or water cooling
 
4. 	 Producing 60-65 horsepower at the wheels.
 
5. 	 Includes an 
 air cleaner certified to work 
in lusty weather
 

and has a changeable element.
 
6. 	 Equipped 
with primary and secondary oil filter; the primary


is metallic and self-cleaning with outside sleeve, the
 
secondary has a changeable element.
 

7. 	 Two stage fuel filter is to be furnished.
 

II. 	 Transmission:
 

1. 	 6 forward speeds and 2 reverse
 
2. 	 Double acting dry clutch.
 
3. 	 Power transmision shaft could work directly with the engine
 

or 
parallel with tractor's speed.
 

III. 	Brakes
 

Power assisted hydraulic activated service brake. 
 Parking and
 emergency brakes capable 
of controlling and holding the loaded
 
tractor on 25% grade.
 

IV. 	 Tires:
 

Equipped with four inflated tube tires.
 

V. 	 Electrical System:
 

Electrical syste-
 works on a potential of 
12 volt by means of
 one acid battery to be placed 
 in a suitable pldce for easy

maintenance.
 

VI. 	 Chassis:
 

Tractor must be multi-purpose 
to 	 do all agricultural and

transportation operations 
and should at least br equipped with the
 
following:
 

1. 	 An hydraulic device 
to operate the agricultural instruments
 
and the special standard equipment.
 

2. 	 Drawbar to pull the agricultural trailers (Capable of
 
pulling trailers from 4 to 8 tons).
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3. 	 Air compressor needed 
to operate trailers working with air
 
brakes.
 

4. 	 Adjustable operator 
 seat, horizontal and vertical 
(front ­
rear - up - down)
 

5. 	 Sun visor, textile or steel made
 

6. 	 6 Rear wheels to be covered with fenders 
to protect the
 
driver against dust.
 

7. All tractor parts (engine - transmission - hydraulic 
...
 
easy 
to operate and maintain.
 

VII. 	Spar' rts:
 

A list must be enclosed with the offer that in. 
;des 	the fast

moving parts equal 
 to 10% the
of truck value. 
Th.: 	list should

include filters 
(oil, 	air, fuel, hydraulic,...), and should cover 
the
 
m;iintenance requirements for 
at least two years.
 

VIII. Tools:
 

1. 	 The 
 offer should include a list of the ordinary and special hand
 
tools needed for repair and maintenance and should have a manuAl
 
hydraulic 
 jack 	 with tie wrench. All 
are 	to be placed in a
 
metallic box, mounted 
in a 	suitable place on Lhe truck.
 

2. 	 The list shculd include catalogues for repair, maintenance and
 
spare parts.
 

3. 	 Should have two 
 years service contract foi truck and equipment
 
(after sale service).
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Technical Specifications
 
of Articulated Double Drum Vibrating Roller
 

I. 	 Engine:
 

I. 	 Diesel engine
 
2. 	 Fou" stroke
 
3. 	 Water cooling
 
4. 	 Produce not less than 70 
net flywheel horsepower

5. 	 Includes an 
 air cleaner qualified 
to work in dusty weather
 

and has a changeable element.
 
6. 	 Fuel tank capacity must be enough for min. 
tO hours working

7. 	 Equipped with a primary 
 and secondary oil filter; the
 

primary is metallic and self cleaning with outside sleeve,
 
The secondary has a changeable element.
 

8. Fuel filter with two following stages to be furnished.
 

11. 	 Propulsion:
 

1. 	 Both 
 drums should he hydraulically or hydrostatically
 
propelled.
 

2. 	 Fluid power hydraulic pump should oe 
capable of prcpelling

roller at 
full 	operating load and maximum vibration.
 

3. 	 Gradability is not le-ss than 30%
 
4. 	 Speed range should be froi 0 to 
10 km/hr
 

III. 	Steerinq
 

I. 	 The steering 
should be by 2 hydraulic cylinders.

2. 	 Turning angle at the articulated joint is not less than 35
 

degrees right or left.
 
3. 	 Oscillation is vertical and not les;s 
than 10 degrees up or
 

down.
 
4. 	 Outside turning radius is not more than 5.25 m.
 

IV. 	 Chassis:
 

I. 	 Roller is articulated with double drum which 
must be
 
operated with extra care. 
 These drums must be machined and
 
with a finished surface.
 

2. 	 The roller shall be suitable foL operation on dirt, gravel

and asphalt 
roads (base and sib-base materials).


3. 	 Roller weight 8-10 ton
 
4. 	 Operator should bE 
 able to see all directions specially
 

front anc rear drum.
 
5. 	 ROPS with sun canopy.
 
6. 	 Instrument panel to include:
 

A. A-meter/voltmeter.
 
B. Hour weter 

3 

'6
 



C. Engine water temperature indicator
 
D. Engine oil pressure gauge
 
E. Fuel level gauge
 
F. Hydraulic oil level indicato
 
G. Hydraulic oil temperature indicator
 
H. Switch fur outer lights, front and 
rear
 
K. Horn button
 
L. Frequency meter
 
M. Sprinkler system, water level 
indicator and 
low level
 

alarm
 

7. 	 Adjustable seat with 
backrest and seat 
belt.
 
8. Cab is equipped with exterior night lights (4 spot 
lights,


front and rear) traffic lights and stop lights.
 

V. 	 Drums:
 

I. 	 Width is less
not than 1.40 meter
 
2. 	 Diameter 
is rot less .ihan 1.00 neter
 
3. 	 Drum shell thickness is not less than 14rit
 
4. 	 Roller must be equipped 'with a drum wetting system to keep


the asphalt from sticiing to the drums
 
5. 	 Eccentric should be oil 
bath 	lubricated by means 
of oil in
 

special tanks.
 
6. 	 The sprinkler system 
water taok(s) 
 should be anti-rust
 

treated and 
should have a capacity of not less than 6Q0

liters. The filling openings should be fitted with proper
 
screens to 
 prevent entrance of dirt. 
 Drums should be

fitted 
 with double wipers for both 
 the two moving
 
direct ions.
 

VT. 	 Electrical- Sv te
s


Electrical systen works with 24 volts by 
 means of 2 acid
batteries, each 12 volts, which should be placed 
in a suitable place
 
for easy maintenance.
 

VII. 	Brakes:
 

- Hydrostatic drive chain
 
- Parking 
brakes to be to manufacturer's standard and should
 

be capable of holding roller at 
a gradient of 25%
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VIII. 	Training:
 

The supplier 
 must provide a training course for 
the operator or

the 	 technicians for 
at least I week. The supplier is responsible for

salaries, expenses 
 and 	 transportation 
 of 	 the trainees during the
 
training per id.
 

IX. 	 Trarsaprtal,Mr: 

The 	 supplier is responsible to transport 
 the 	 roller to any

markaz of the 
Jover.orates 
at his expense.
 

X. 	 Snaw 9 Parts
 

A list must be enclosed with the uffer 
including the 
fast 	moving
parts equal to i9% f 
 the 	 truck value. This list 
should include

filters 
 (oi1, air, fuel, hydraulic, 
... ). This list should cover at

least the maintenance requirements for 
two years.
 

X1. 	 'Iooln.:
 

1. 	 The offer shuld 
;nclude a list 
of the ordinary and special hand

tools needed for 
repair and iintenance and should have a manual
 
hydraulic jack 
 with tyre wrench. All 
are 	to be placed in a
 
metallic Lox, 
munuted in a suitable place 
on the truck.
 

2. 	 The list should include catalogues for repair, maintenance and
 
space parts.
 

J. 	 Should have years
two service contrdct for truck 
and equipment
 
(after -:ale service).
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Technical Specifications
 
for Sewer Cleaner - Truck Mounted Type
 

General:
 

1. 	 Truck and equipment is of a modern type ... models and later.
 

2. 	 The units will be used for cleaning blockage in sanitary and
 
combined sewer pipes and conduits of various shapes-6" diameter
 
and above, using high velocity water jet.
 

3. 	 Truck is to be supplied with all connections, appendages and
 
hoses required.
 

I. 	 Engine
 

1. 	 4-Stroke diesei engine working with direct injection.
 
2. 	 Water or air cooling suitable for tropical conditions.
 
3. 	 Horsepower not less than 160 S.A.E. at the flywheel at the
 

rated R.P.M for this type of production.
 
4. 	 Equiped with an air filter qualified to work in dusty
 

conditions and has a changeable dual element.
 
5. 	 Equiped with a primary and secondary oil filter; the
 

primary metallic and self cleaning with outside sleeve, the
 
secondary has a changeable element.
 

6. 	 Following two stages fuel filter is to be furnished.
 

II. 	Wheels:
 

Driving Wheels are to be 4 x 2. The rear 
axle may be equipped
 
with double wheels, taking into considerations that truck will work
 
in dirt, mud a,id off roads. It will work in dusty conditions.
 

III. 	Transtaission
 

I. 	 Transmission is to be manual by means of one chift
 
2. 	 The gear box is to provide 4 forward speeds and 
one reverse.
 
3. 	 Outside c-:1Lr.- panel is to be equipped with all the gauges and
 

switches to operate all the equipment needed for cleaning and
 
clearing blcckages.
 

4. 	 The control panel has a switch to control the power produced
 
from the high quality truck engine which must have more power
 
than that required to operate the water pump and the hose drums
 
by 35%.
 

5. 	 Water pump is to work by an hydraulic system from a hydraulic
 
pump connected to the pvwer source.
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IV. Brakes:
 

Brakes work by air pressure from an air compressor run by the
 
engine. Emergency and parking brakes capable of holding the truck
 
when fully loaded on a grade of 25%.
 

V. Suspension:
 

Truck is to be equipped with heavy duty front and rear springs
 
and heavy duty shock absorbers for the front axle.
 

VI. Tires:
 

Truck is equipped with 5 or 7 tube type tires with rims. One of
 
them is to be used as a spare mounted in a suitable location and easy
 
to change.
 

Tire size is to be the local production size, and the tread is
 
to be from (specify size).
 

VII. Cab:
 

A. !odern type steel 
cab having 2 doors with safety glass manually
 
opened. Front wipers are to be furnished. Equipped with 3 person
 
(including driver) bench seat.
 
B. Dash board ligrited at night automatically with driving lights
 
and she ld inci,,de:
 

I. Speedo-meter by kilometers with tachoneter.
 

2. Charging indicator
 

3. Oil pressuie gauge
 

4. Fngine tempLrature indicator
 

5. Fuel level indicator
 

6. Lighting conrol switchcs inside, 
>i tside, front and rear
 

light ing.
 

7. Turning signal switch (right and left)
 

8. Windshield wiper controls which work with an electric motor
 
9. Two sun visors easy to move and to fix in any direction.
 

10. Air brake indicator with a warning device for low air
 

pressure.
 

C. Left and right outside rear view mirrors.
 

VIII. Electrical System:
 

Elect r~cal system shall be 12 or 24 volts with one or two acid
 
batteries placed in a -oitable place for easy maintenance.
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IX. Body and Chassis:
 

1. 	Truck is to be equipped with front and rear heavy duty steel
 
to the
bumpers, minimum 8" 'C" channel. Bumpers are both bolted 


chassis frame.
 

2. 	 Equipped with two front tow-luups, hooks, eyes or shades capable 

of pulling the full loaded truck. Also one rear tow-hook
 

mounted on the chassis.
 

3. 	Equipped with one or two fuel tanks, not less than 200 liter
 

capacity, each furnished with lockable type cover.
 

4. 	 Ilaint: Before pai: i ng, a1 metal sir'aces shall be thoroughly 

primed, cleaned and phospha, .. The finish paint will be highly 

resistant to scratching and :ading, and have long lasting shiny 

appearance. 

5. 	Pump: The pump shall be manufacturer's standard positive
 

displacement, heavy and continuous duty capable for satisfactory 

operation with wastewater. Pump minimum capacity is 230 liter/ 

min at 12S-140 Kgcm2 pressure. Running speed is 500 R.P.M. 
max imrum. 

The pump constructw!, shall include an enclosed oil bath 

crankcase. Shafts and gears s all be hardened or tuftrided. 
The pumps shall have inspection ports and covers to permit easy 

inspection and serv:nc mg & the valves. 

Suct ion line shall include heavy Aury "Y" type filLer/strainer 

or e(uivalent to protect the ;.Tp from contamination in the 
water. 

Pressure relief valve, ad)ustable from 70-140kg/cm2.
 

The 	valves shall be stainless steel repairable type. 

All wetted parts of t..e pump shall be of materials highly
 

resistint to corrosion.
 

6 	 Hose Reel. The hose reel shall be constructed to withstand the
 

maximum working pressure.
 

Two high pressure koscs )f I" inside diameter suitable for sewer 

application, not :ess tnran "1/4" steel thickness and 120-180 m. 

long. Operating ornral 140kg/cm2 and burstI pressure approx. 

pressure 345 kq:cm2 niN.
 

It shall be muuntd at the front or rear of the truck,
 

hydrauli.,,lly driver 'hrough payout and retrieve control. The
 

hydraulic drive '.iall have sufficient power to retract the hosc
 

when fully extended into the sewer when the unit is in
 

operat ion. 

The reel flanges will be constructed to avoid any damage while
 

winding the hoses which will be hand guided
 

7. 	Water Tank:
 

o Tank capacity shall be at least 6000 liters
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8. 

9. 

10. 


11. 


12. 


13. 


14. 


can 

at 


" 	 It shall be constructed from welded steel sheets with
 
sufficient stiffeners and have a minimum of three internal
 
baffles to reduce slusning.
 

o 	 The fill conrnection shall be 2.5", suitable for filling
 
from fire hydrant fitting located at accessible position. 
It shall include a 2.5" coupling cover, all brass. 

o 	 The tank snail be constructed to permit complete draining 
thru 2.5" opening with brass value arid handle lucated at a 
conveniient p[s i tin to the operator. 

O 	 The tank shall also be provided with a manhole of 50 cm. 
diameter covered by, quick-locking cover and hinged on one 
side. 

o 	 The tank should be coated inside with at least triple Epoxy 
coatings to protect it against corrositnr and outside with 
at least double rust coat ings. 

All piping subjEcted to high pressure should be of seamless high 
quality pipe 4ith lorged fittings. 

Return piping and low pressure piping may be ordinary standard 
type. 

Clearing system: The cleaning syitem shall include 1.5 m, long 
0.5" inside ,iameter nose an! hand gun with stream adjustment 
from straight qfiean to fine fog. Low pressure hand clean up 
shall be limited to S gy/c:2 at full throttle R.P.M. Pressure. 
relicf valve shall be prvided. 

All sewe, cleaning components and the instrument panel should be
 
completely enclosed with an easy open and close cover latchable
 
with locks and Keys.
 

Tho 	 body should b: constructed so as -o have suitable storage 
areas for tool box, nozzles, oses,.... nd all equipment 
required to operate tLe unit. 

The body, chassis arid tank are to Ce painted irside and out with
 
enough layers by anti-corrosive and anti-rust painting to
 
prevent corrosion.
 

Mudflaps are to be furnished at the rear wheels.
 

Control p.nel:
 

Control panel should be located outside the vehicle so that one
 
easily control the whole cleaning operation. It should include
 

least the following:
 

A. 	 Auxilitry en.gine start switch. 
B. 	 Engine oil pressure gauge.
 
C. 	 Engine temperature gauge.
 
D. 	 Charging indicator.
 
2. 	 Fuel tank(s) ievel indicator.
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F. 	 Water tank level indicator.
 
G. 	 Water pressure gauge.
 
H. 	 Control lever for engine speed.
 
I. 	 Control lever for speed, and drection of rotation of hose
 

reel.
 
J. 	 Wat-r pressure control handle for setting pressure between
 

0-140 kg/cm?.
 
K. 	 Failure warning indicator.
 
L. 	 Control panel should have night working light.
 

15. 	 A spotlight with I5 m long retractable cord should be supplied.
 

X. 	 Spoare arts
 

1. 	 A list must be enclosed ,Itn the offer which includes the fast
 
moving spare parts an. oqual to 10% of the truck'- value. This
 
list should include t:.ters (oil, air, fuel, :ydraulic, ....)
 
belts, hoses and gaskets ...... This list should cover the
 
maintenance requirements for at least two years.
 

2. 	 Accessories and attachments to be supplied with the truck:
 

Each 	unit shall be suppl ied with the following (or equivalent):
 

a. 	 One 15 degree radial nozzle with high forward thrust for
 
light accumuiations of sand and grit. Five or six rearward
 
jets.
 

b. 	 One 35 degree radial nozzle with low forward thrust Cur
 
heavy accumulations of sand and grit. Five or six rearward
 
jets.
 

C. 	 One 15-35 degree radial penetrator nozzle with low forward
 
thrust for use where complete blockage exists. Five
 
rearward jets and one fcrward penetrating jet.
 

d. 	 One 35 degree radial grease nozzle for heavy buildups of
 
grease and detergent. Eight rearward jets.
 

e. 
 Lower man hole roller assembly with three extension handles
 
to provide 
a smooth surface for the hose as it is ercended
 
or retracted in the sewer.
 

f. 	 One hand gun with 7.5m (25 ft..)of 12.5mm (1/2 inch) I.D
 
rubber or plastic hose for manhole cleaning. Handgun hose
 
shall have connection at rear of machine and shut-off at
 
operator station.
 

g. 	 A 25 ft. section of 21/5 inch filter hose.
 
h. 	 two sewage end fittings for I" hose.
 
i. 	 One sewage splicer kit for I" hose.
 
j. 	 Six intermediate splicer connections and any special tools
 

required for splicing hose.
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XI. 	 Tools:
 

1. 	 The offer should include a list of the ordinary and special hand
 
tools needed tor repair and maintenance and should have manual
 
hydraulic jack and tire wrench. All is to be put in a metallic
 
box fixed in a suitable place on the truck.
 

2. 	 The list shouid include catalogues for repair, maintepance and
 
spare parts.
 

3. 	 Should have two years service contract for truck and equipment
 
(after sele servicE.)
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Technical Specifications
 
of Cesspit Emptiers-Truck Mounted Type
 

- Truck mounted sewage vacuum human waste truck model (Lpecify) or 
later. 

- Driving wheels are to be 4 ) 2 and the rear axle is to be 
equipped with double wheels. 

- Taking into consideration that truck will work some times off 
the road and on dirt roads in the Egyptian villages, it should
 
work in dusty condition5.
 

I. Engine,
 

1. Four stroke diesel engine
 
2. -r cooling
 
3. is riot less than1 100 HP net at the wheels.
 
4. au.L..ped with an air filter with pre-cleaner suitable for
 
operation in dusty conditions (or oil bath air filter).
 
5. Equipped with a primary and secondary oil filter, the first is
 
metallic and self-cleaning with outside sleeve, the secondary with
 
changeable element.
 
6. Fuel filt.-r with two following stages is to be furnished.
 

11. Transmission:
 

Manual transmission, with one shift drivi', of 3-4 forward speeds
 
and one reverse shall be furnished.
 

III. Brakes:
 

Power assisted hydraulic activated service brake. Manual
 
parking brakes capable of controlling and holding the full loaded
 
vehicle on in% grade should be furnished.
 

IV. Suspensior
 

Heavy duty front and rear 
springs and heavy duty shock absorbers
 
for the front axle shall be furnished.
 

V. Tires:
 

Truck is equipped with 7 tube type tires with rims. One of them
 
will be used as a spare and is mounted in a suitable pl&ce where easy
 
to change. Tires should be suitzble to the truck weight at full load
 
and must b? radial.
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VI. 	 Cab:
 

Coventional zteel (modern type) cab, includes gauge panel which
 
can be lighted at night and includes:
 

1. 	 Speedmeter in kilometers and a tachometer
 

2. 	 Charging indicator
 

3. 	 Engine pressure oil gauge
 

4. 	 Engine temperature indicator
 

5. 	 Fuel level indicator
 

6. 	 Lighting control switches inside, 
 outside, front and rear
 
lighting.
 

7. 	 Turning signal swiLch (right and left).
 

8. 	 Windshield wiper controls which work with an electric motor.
 

9. 	 Left, right and inside rear view mirrors
 

VII. 	Electrical System:
 

Elect'ical system shall be 12 volt 
by means of one acid battery
 
placed in a suitable place for easy maintenance.
 

VIII. Body and Chassis:
 

1. 	 Truck is equipped with a front steel heavy duty bumper.
 

2. 	 Truck is equipped with one or two fuel tank(s),
 

3. 	 Mudflaps are to be furnished behind the rear wheels to protect
 
from the sprayed water and much while moving.
 

4. 	 Truck is to be equipped with high quality types of all
 
equipment, hoses, couplings and covers needed for cessrit and
 
discharge.
 

IX. 	 Sewage Tank Body:
 

1. 	 Cylindrical or spherical tank with capacity of 
3-4 cubic meters
 
made from at least 5mm steel thickness in any part of the tank.
 
Tank should be furnished with dished steel 
heads and anti-surge
 
baffles, also with top ventilation holes and a top hole with
 
35-50 cm diameter, witn suitable light buffeJ and with a tight

seating cover. Tank is to be furnished with one stay from the
 
middle of the tank leading to this opening. One 50cm diameter
 
quick opening manhole shoud be loaded at the bottom of the tank
 
for cleaning.
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2. Body shouldbeinsulated with a minimum of 8cm slope from front 
to
 
rear to unload the charge easy. Body shall be bolted down to
 
the chassis by means of 
 brackets. Insulating rubber must be
 
placed in the intersection points between 
tank 	and chassis.
 

3. 	 The tank should be interior coated with Epoxy coating, two
 
exterior antirust coatings and lastly, blue 
color layer painting
 

4. 	 Two hand-operated heavy duty -1 inch brass valves with brass 
quick couplers and brass cabs to be furniished oi the suction and 
discharge open irigs. The valves shall permit solids of up to
 
5 cm 	 to pass through. 

5. 'rnk should be equipped with a sight glass allowing the operator 
to see the fluid inside the 
tank. One external level indicator
 
actuated by slainless steel Cloat ball and arm. The level
 
indicator shall be calibrated in cubic meters.
 

X. 	 Pump
 

Pump is to be 
 heavy duty self priming capable of operating at
 
pressures of at least 1.2 atmospheres and capable of creating a high

volume (minimum 90%). Pressure indicator and vacuum indicator are to
 
be furnished and eazh of 3 .
them 	is to be graded in kilograms/cm


XI. 	 Spare Parts 

A list must be enclosed with the offer including the fast moving
 
parts 
 equal to 10% of the truck value. This list should include
 
filters (oil, air, fuel, hydraulic,....). This list should 
cover the
 
maintenance requirements for at least two years.
 

Tools:
 

1. 	 The offer should include a list of the ordinary and special hand
 
tools needed for repair and maintenance and should have a manual
 
hydraulic jack with tyre wrench. All are to be placed in a
 
metallic box, mounted in a suitable place on the truck.
 

2. 	 The list should 
 include catalogues for repair, maintenance and
 
spare parts.
 

3. 	 Should have two 
 years service contract for truck and equipment
 
(after sale service).
 

XIII. General
 

I. 	 Truck must be (specify) mode' or latest.
 

14
 



2. 	 Local production is preferable.
 

3. 	 If local production are not available, 
item 	must be American or
 
Western made.
 

4. 	 Must enclose with the ,ffer the warrantee for each of the truck
 
parts if these parts are not original.
 

15
 



Technical Specification of
 
The Articulated Frame Motorgrader
 

Motorgrader must be from the modern type (specify)
 

I. 	 Engine:
 

A. 	 Diesel engine
 
B. 	 Four stroke
 
C. 	 Water or air co)uling
 
D. 	 Produces at least 125 flywheel horsepower and according to
 

the R.P.M. for this type of production.
 
E. 	 Includes an air cleaner qualified to work in the dusty
 

weather and has a changeable element.
 
F. 	 Includes muffler
 
G. 	 Incudes exhaust stack, with rain cap.
 
H. 	 Equiped with primary and secondary oil tilter; the primary
 

metallic and self-cleaning with outside sleeve, the second
 
with a changeable element.
 

I. Fuel filter with two following stages is to be furnished 

I. Operator's Cab:
 

A. 	 Modern type
 
B. 	 Steel manufactured
 

C. 	 Inclides ventilating windows
 
D. 	 Covered with saftey glass throughout with wipers and water
 

injector to clean the glass.
 
E. 	 Adjustable driver's seat.
 
F. 	 The instrument naneI can be lighted at night and should
 

include:
 

I. 	 hOur meter gauge
 
2. 	 Charging indicator
 
3. 	 Engine oil pressure gauge
 
4. 	 Engine temperature indicator
 
5. 	 Fuel level gauge
 

6. 	 Hydraulic oil level oauge
 
7. 	 Light switches for inside, outside, front and rear
 

light ing.
 
8. 	 Turn signal switch
 
9. 	 Wiper switch and water injector
 

10. 'ever for operating blade
 
i. 	 Torque convertor oil temperature indicator (if found)
 

G. Includes rear view mirrois needed for driving and working
 
H. The cab is equipped with ex ternal night work lights (4 big
 

spot lights, front and rear), traffic lights, stop lights
 
and turn signal flasner.
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III. 	Frame
 

1. 	 Heavy duty articulated frame, modern production (specify) models
 
and later, also having all 
 the standard accessories for this
 
type of product.
 

2. 	 Frame shall 
 be all-welded and shall be stress-relieved before
 
precision bored for precise shaft alignment for minimum wear and
 
longer life.
 

3. 	 Articulation 
 action of frame shall be by hydraulic cylinder(s)
 
of single or double acting type depending on manufacturer's
 
design.
 

4. 	 Blade is to be from the standard type and equipped with a
 
changeable cutting edge made from steel. 
 Fixing bolts are to be 
immersed to ensure no corrosion. 

5. 	 Articulation angle should not 
 be less than 35 degrees to both
 
sides.
 

IV. 	 Transmission:
 

Manual power shift transmission with or without torque
 
convertor, with at least 6 forward speeds.
 

V. 	 Steering:
 

Full hydraulic power steering and by using articulation, turning
 
radius equals 75 cm or less.
 

VI. 	 Wheels and Tires:
 

I. 	 Motor grader is equipped with 7 tube tires and rims, one of 
them
 
is used as a spare.
 

2. 	 Standard production tires with min. 12 
ply rating. All traction
 
type tread.
 

VII. 	Brakes:
 

I. 	 Full power hydraulic brakes on all drive wheels (4 wheels in
 
this case).
 

2. 	 Motor grader is equipped with parking and emergency brakes.
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VIII. 	Electrical System:
 

1. 	 Electrical system 
work of 12 volts with 2 acid batteries which
 
should be put in suitable place to be easy to maintained.
 

2. 	 Motorgrader is equipped 
 with a horn to be used while driving
 
and a rear buzzer to 1, used during work.
 

IX. 	 Spare Parts
 

A list must be enclosed with the offer including the fast
 
moving parts 
 and equals to 10% of the truck value. This list should
 
include filters (oil, air, 
 fuel, hydraulic,...). This list should
 
cover the maintenance requirements for at least two years.
 

X. 	 Tools:
 

1. 	 The 
offer shoLJld include a list of the ordinary and special
 
hand tools needed for repair and maintenanace and should have a
 
manual nydraulic jack with tyre wrench. 
 All are to be placed

in a metallic box, mounted in a suitable place on the truck.
 

2. 	 The list should ,nclude catalogues for repair, maintenance and
 
spare parts.
 

3. 	 Should have 
 two years service contract for truck and equipment
 
(after sale service).
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Technical Specifications
 
for Rubber - Tired Tractor Dozer
 

The tractor dozer must a modern type (specify) and later.
 

I. 	 Engine:
 

A. 	 Diesel engine
 
B. 	 Four Stroke
 
C. 	 Water or air cooling
 
D. 	 Produce at least 210 flywheel horsepower and according to the
 

R.P.M. for this type of production.
 
E. 	 Include an air cleaner qualified to work in a dusty climate and
 

has a 	changeable element.
 
F. 	 Includes muffler.
 
G. 	 Includes exhaust stack, with rain cap.
 
H. 	 Equipped with primary and secondary oil filter; primary is
 

metallic and self cleaning with outside sleeve, the 
secondary
 
has a changeable elament.
 

I. 	 Fuel filter with two following stages to be furnished.
 

Ii. 	 Operator's Cab
 

A. 	 Modern type
 
B. 	 Steel manufactured
 
C. 	 Includes ventilating windows
 
D. 	 Covered with saftey glass throuyhout with wipers and water
 

injector to clean the glass.
 
E. 	 Adjustable driver's seat
 
F. 	 The instrument panel can be lit 


1. Hour meter gauge
 
2. Charging indicator
 
3. Engine oil pressure gauge
 
4. Eng'.ie temperature indicator
 
5. Fuel level gauge
 
6. Hydraulic oil level gauge
 

at night and should include:
 

7. Switches for inside and outside lights
 
3. Turn signal switch (left and right)
 
9. Wiper switch and water injector.
 

10. Controls for operating the dozer blade
 

G. 	 Includes rear view mirrors needed for driving and working.
 
H. 	 Equipped with external night work lights, traffic )ights, stop
 

lights and turn signal flsher.
 

III. 	 Frame
 

I. 	 Heavy duty articulated frame, latest modern production
 
(specify) models and later.
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2. 	 The body works on two axles, the front axle is fixed and the
 
rear axle is oscillating.
 

3. 	 Frame shall be all-welded and 
 shall be stress-relieved as
 
necessary according to normal 
 practice before precision
 
line-boring 
 for precise shaft alignment for minimum wear and
 
longer life.
 

4. 	 All rotating and turning componenets shall be enclosed for
 
mechanical protection. All such enclosures must 
have 	large
 
accesses which are 
 easily opened and removed. Also radiators
 
shall have extra protection against dust.
 

5. 	 Articulation shall be minimum 35 degrees to both sides.
 

6. 	 Dozer blade is to 
be from the standa. type and equipped with a
 
changeable cutting 
 edge made from si-el. Fixing bolts are to
 
be immersed to ensure non corrosion.
 

7. 	 The dozer blade operates hydraulically (up and down, tilting
 
and tipping).
 

8 	 Blade width is not 
less than 3.50 meter. Blade height is not
 
less than 1.00 
 meter. Up and down tilting is not less than
 
70 cm. Blade tipping is r.ot less than 18 degrees.
 

IV. 	 Transmission:
 

1. 	 Torque converter 
 type with full power shift having at least 4
 
speeds both forward and reverse.
 

2. 	 Tractor dozer should be 4 wheel 
drive.
 

V. 	 Steering:
 

Hydraulic power 
 steering and by using articulation the turning

radius should not be more 
than 7.50 m (from edge to edge).
 

VI. 	 Wheels and Tires:
 

1. 	 Tractor dozer is equipped with 5 tube tires and rims one of
 
them used as a spare tyre.
 

2. 	 Standard production tyres with min 20 ply rating. 
 All traction
 
type tread in front and rear.
 

VIIi 	 Brakes:
 

I. 	 Full power hydraulic brakes 
on all drive wheels (4 wheels drive
 
in this case),
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2. 	 Tractor dozer is equipped with manual parking/emergency brakes.
 

VIII. 	Electrical System:
 

I. 	 Electrical system works on potentiaL equal to 12 or 24 volt by
 
acid batteries which should oe placed in suitable place to be
 
easy to maintain.
 

2. 	 Tractor dozer is equipped with a horn for driving use and 
rear
 
buzzer to be used durin work.
 

IX. 	 SparQ Parts:
 

A list mist be enclosed with the offer including the fast
 
moving parts equals to 10% of the truck value. This list should
 
include filters (oil, air, fuel, hydraulic,...). This list should
 
cover the maintenance requirements for at least two years.
 

X. 	 Tools:
 

I. 	 The offer should include a list of the ordinary and special
 
hand tools needed for repair and maintenance and should have a
 
manual hydraulic jack w.th type wrench. All are to be placed
 
in a metallic box, mounter in a suitable place on the truck.
 

2. 	 The list should include catalogues for repair, maintenance and
 
spare parts.
 

3. 	 Should 
 have two years service contract for truck and equipment
 
(after sale service).
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Technical Specifications
 
Of Small Water Spray Truck, Rear Spraying
 

I. 	 Engine: 

1. 	 Four stroke diesel engine
 

2. 	 Water co~ling
 
3. 	 Producing not less than 100 horsepower on the wheels
 
4. 	 Equipped with an air filter with pre-cleaner suitable for
 

operation in dusty conditions.
 
5. 	 Equipped wuith primary and secondary oil filteL, the primary is
 

metallic and self cleaning with outside sleeve. The secondary
 
has a changeable element.
 

6. 	 Fuel filter with two following stages shall be furnished.
 

II. 	 Driving Wheel;
 

Driving wheel shall be (specify) aue to working ccnditlons.
 
The rear axle shall be equipped for double wheels.
 

III. 	 Chassis:
 

1. 	 Spherical or elliptic tar2, 3-4 cubic meter capacity with all
 
necessary pipes, valves, and hoses for filling the tank with
 
water from the rivers and canals by the pump and for the
 

spraying.
 

2. 	 The tank shall he constucted of minimum 5mm high strength steel
 
flanged heads, surge steel plates baffles not 
more than 1 meter
 
apart so as to provide additional tank strength. One along the
 
middle of the tank length.
 

3. 	 Tank shall be equipped with a down opening to clean the tank.
 
Must be 2 openings. One with 3 inches diameter for discharging
 
the water and one to indicate the water level.
 

4. 	 A manhole of minimum 50cm diameter and with suitable height
 
should be furnished on top of the tank and should have a tight
 
sealing cover. One staires shall be furnished at the middle of
 

the tank.
 

5. 	 Suction hose shall be furnished with a strainer ensure clean
 
water when filling the tank. This hose should not be less than
 

22 meter long.
 

6. 	 Tank shall be back inclined at an angle equalsto 3-5 degree to
 
ensure complete discharge.
 

7. 	 The ta!.- should be suitably prutected against corrosion from
 
both from inside and outside by a minimum of 5 coats of
 
anti-corrosive paint.
 

8. 	 The unit should be provided with a single or multi-stage
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centrifugal self priming water 
 pump. The pump should be
 
capable of filling the tank within 5 minutes minimum at 
a level
 
3 meters lower than the truck level b- means of a 22 
meter
 
suction hose.
 

9. 	 The pump should have a bronze impeller and shaft sleeves with
 
wearing rings.
 

10. 	 SprayjjS
 

Rear spray bar the width of the truck shall be furnished to
 
operate by gravity or under pressure frorr pump. Control of
 
discharge from spray bar shall be a switch on the control panel
 
within easy reach of operator/driver.
 

i1. 	 Control Panel:
 
Control panel shall include a swi.ch for the spray bar,
 
discharge pressure select.fun valve, operating water pressure
 
gauge and all other gauges and warning lights necessary for the
 
safe and efficient operation of the unit including an indicator
 
to indicate the level of wLeter in the tank. Awarning buzzer
 
shall also be provided for Low water level. As an extra
 
precaution a sight glass for the water level shall be
 
turn shea.
 

12. 	 The truck shall be equipped with a front steel heavy duty
 
bumper.
 

13. 	 The truck shall be equipped with one or two fuel tanks with a
 
total capacity not less than 150 litres fuel.
 

14. 	 Mudflaps shall be furnished behind the rear wheels.
 

IV. 	 Cab:
 

Modern type produced from steel, equipped with a control panel
 
that can be lighted at night and should include:
 

A. Speedometer/tachometer calibrated in kilometers.
 
B. Charging indicator
 
C. Engine temperature indicator
 
D. Fuel level gauge
 
E. Switch for outside and inside lights, front and rear
 
F. wipers switch.
 
G. Turn signal3 -witch.
 
H. Cab shall be paint with colour (specify).
 

V. 	 Electrical system:
 

Electrical system shall be 	 2 volt with one acid battery which
 
should be put in suitable place for easy maintenance.
 

VI. 	 Transmission:
 

A. 	Transmission shall be one manual shift.
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B. 	At least 3 forward speeds and one reverse should take into
 
consideration that the truck will work on narrow dirt roads
 
and not paved in the Egyptian villages.
 

VII. 	 Brakes:
 

Power assisted hydraulic activated service orakes. Emergency
 
and parking brakes capable of controlling arid holding the loaded
 
vehicle wn, 20% gradc should be furnished.
 

IIX. 	 Suspension:
 

Heavy duty front and rear springs, heavy duty shock absorbers
 
for the front axle and assistant springs for the rear springs.
 

IX. 	 Tyres:
 

Truck is equipped with tube tyres and rims. One of tIem shall
 
be 	 used as a spare and is mounted in a suitable place where it is
 
easy 	 to change. Tyres shall be radial type and shall be of proper
 
capacity for grosF Vehicle weight rating and weight distribution.
 

IX. 	 Spare Psrt.:
 

A list must be enclosed with the offer that includes the fast
 
moving parts and equals Lo 10% of the truck value. This list should
 
include I lters (oil, air, fuel, hydraulic,...). This list should
 
cover at least the maintenance requirements for two years.
 

X. 	 Tools:
 

1. 	 The offer should include a list of the ordinary and special
 
hand tools needed for repairing and maintenance and should have
 
a manual hydraulic jack with tyre wrench. All are to be placed
 
in a metallic box, mounted in a suitable place on the truck.
 

2. 	 The list should include catalogues for repaii, maintenance and
 
spare parts.
 

3. 	 Should have two years service contract for truck and equipment
 
(after sale service).
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Technical Specifications
 
of Truck Mounted Hydraulic Articulating Aerial Beams
 

Truck 	shall be f:om the modern type ( ) and later.
 

I. 	 Engine
 

A. 	 Diesel engine
 
B. 	 Four stroke direct injection
 
C. 	 Producing not lesc than 125 net flywheel horsepower at
 

manufacturer's rated R.P.M.
 
D. 	 Water or ai: cooling
 
E. 	 Includes an air cleaner qualified to work in the dusty weather
 

and with changeable element.
 
F. 	 Equipped with primary and secondary o'l filter; the primary is
 

metallic and self-cleaning with outside sleeve, the secondary
 
has a changeable element.
 

G. 	 Two following stage fuel filters shall be furnished.
 

II. 	 Drivinq Wheel:
 

Driving Wheel shall be (specify). The rear axle equipped with
 
double wheels. Taking into consideration that the 

sometimes on the narrow dirt roads and not paved 

villages and cjties, it should work in dusty areas.
 

III. 	 lransmission:
 

1. 	 Transmission shall be one manual shift.
 

2. 	 3-4 forward speeds and 1 reverse.
 

truck will work
 
in the Egyptian.
 

3. 	 Controls for the aerial beam shall be located at both the truck
 
and at the bucket.
 

IV. 	 Brakes:
 

Power assisted hydraulic activated four wheel service crakes.
 
Parking emergency brakes capable of controlling and holding loaded
 
vehicle on a 20% grade should be furnished.
 

V. 	 Suspnsion:
 

Heavy duty front and rear springs and heavy duty shock
 
absorbers for the front axle.
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VI. 	 Tires:
 

Truck shall be 

them will be used as 

is easy to change. 

produced locally. 


unpaved roads.
 

VII. 	 Cab:
 

equipped with 7 tube tyres and rims. One of
 
a spare and mounted in a suitable place where it
 

Size of the tyres must be from those which are
 
The trcad shall be suitable for the dirt and
 

1. 	 Modern type steel production, has 2 doors with manual open
 
safety glass - wipers - adjustable drivers' seat or bench.
 

2. 	 Dash panel which can be lit at night and should inlude:
 

A. Speedometer in kilometers which has tachometer.
 
B. Charging indicator
 
C. Engine temperature indicator
 
D. Fuel level gauge
 
E. Switches for outside and inside lights, front and rear.
 
F. Turn signal switch
 
G. Switch for the wiper which works by electric motor.
 
H. 2 	sun visors easy to move and fix in any direction.
 

3. 	 Includeg 3 rear view mirrors right, leftIinside the cab.
 

VfII. 	 Electrical Svstem:
 

Electrical system working on potential equal to 12 volts by orle
 
or 2 acid batteries which can be placed in a suitable place to be
 
easy to maintain.
 

IV. 	 Chassis
 

I. 	 Truck shall be equipped with front and rear heavy duty steel
 
bumbers.
 

2. 	 Truck shall be equipped with one or two fuel tank(s) enough for
 
at least 2 working days.
 

3. 	 All-steel rear heavy duty box with storage compartments cn each
 
side, non-skid tread-plate steel to rear surface.
 

4. 	 Unit shall include one man bucket capable of raising a minimum
 
of 160 kg at least (1 man plus needed tools) to the height of
 
100 meter minimum.
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5. 	 Bucket shall be equipped with safety features like belts,...
 
and manufactured of, or insulated 
 with, material to provide
 
safety working around live wires up to 10,000 volts.
 

6. 	 Independently operated 
 hydraulic out-riggers and/or stabilizer
 
bars shall be provided as necessary for stabilizing vehicle for
 
work on slopes up to 5 degrees.
 

7. 	 The hydraulic pump shall be operated by a 
heavy duty P.T.O. to
 
be mounted on the transmission. An elrergency hidraulic system
 
shall be pcovided to enable personnel'to be brought down 
in
 
case of hydraulic main line failure.
 

8. 	 A mean shculd be provided to ensure 
that beams and outriggers
 
do not collapse in the event of hydraulic line failure.
 

9. 	 Rotation of the aerial 
beam should be 360 degrees continuous or
 
to a positive stop. Personnel bucket should be 
self-leveling.
 

10. 	 There are 2 controlling panels to move 
aerial beams, Dne in the
 
bucket and the in
other the 'truck. Controls shall oe deadman
 
type, only operating during positive action by the operator.
 
The controls at the truck 
shall be equipped with an override to
 
enable a disabled worker 
 in the bucket to be brought down.
 
Means shall be provided to prevent unauthorized use of the
 
unit.
 

IX. 	 Snare Parts:
 

A list must be enclosed with the 
 offer including the fast
 
moving parts and equal to 10% of the truck 
value. This list should
 
include filters 
 (oil, air, fuel, hydraulic,...). This list should
 
cover the maintenance requirements for at least 
two years.
 

X. 	 Tools:
 

I. 	 The offer should 
 include a list of the ordinary and special
 
hand tools needed for rerairing and maintenance and should have
 
a manual hydraulic jack with tyre wrench. 
All are to be placed
 
in a metallic box, mounted in 
a suitable place on the truck.
 

2. 	 The list 
 should include catalogues for repair, maintenance and
 
spare parts.
 

3. 	 Should have 
two years service contract for truck and equipment
 
(after sale service).
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Technical Specifications
 
For Small Refuse Trucks
 

I. 	 Engine
 

1. 	 Four stroke diesel engine
 

2. 	 Water cooling
 

3. 	 Producing at least 100 net horsepowe.
 

4. 	 Equipped with an air filter with pre-cleaner suitable for operation
 
in dusty conditions (or an air filter that works in an oil bath).
 

5. 	 Equipped with a primary and seocndary oil filter, the primary is
 
metallic: and self cleani with ouside sleave, the secondary has a
 
changeable stuff.
 

6. 	 Fuel filter with two folwoing stages.
 

II. 	 Wheel driving:
 

Wheels driving are 4 x 2. The rear axle is equipped with double
 
wheels.
 

III. 	 Chassis:
 

I. 	 Refuse pe:ker body shall be minimum 4 cubic meters (GVWR) and not
 
more than 6 cubic meters. Gross vehicle weight rating shall not be
 
less than 5 tons. Front axle should carry 25% minimum weight
 
distribution of 
 the rated GVW of the units bid. The centre of
 

gravity of the fuilly loaded body should be lccated between the cab
 
and the centre of the rear axle.
 

2. 	 The 
 body should be produced from high strength steel with th~ckness
 
not less than 2mm and should have heavy reinforcment at the bottom,
 
sides and top. The reinforcement should be welded to the body with
 

continous welding. Body shall be painted 
 with two coats of
 
anti-rust paint.
 

3. 	 Refuse body shall be equippej with a cover and slide side doors
 
which must be low enough for the operator. The rear door shall be
 
easy to open to unload the refuse (utilizing hyraullc cylinders)
 

4. 	 An hydraulic dunp shall be furnished which can be operated from the
 

cab.
 

5. 	 Truck shall be equipped with a front steel heavy duty bumper.
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6. 	 Truck shall be equipped with one or two fuel tank(s)
 

7. 	 Mudflaps shall be provided behind the rear wheels.
 

IV. 	 Cab:
 

1. 	 Modern type production from steel, equipped with gauge panel can be
 

lit at night and should include:
 

A. Speedometer in kilometers which has tachometer.
 
B. Charging indicator
 

C. Engine oil pressure gauge
 
D. Engine temperature indicator
 

E. Fucl level gauge
 
F. Switch for outside and inside lights, front and rear.
 
G. Turn signal switch
 
H. Wiper operating switch
 

2. 	 Includes 3 rear view mirrors, right, left and inside the cab. Cab
 
shall also be equipped with sun visors, easy to move and fix in any
 
direction. Cab shall be (specify) colour.
 

V. 	 Electrical System:
 

Electrical system works on potential equal to 12 volts by means of
 
one acid battery which can be placed in suitable place to be easy to
 
maintain.
 

VI. 	 Transmission:
 

A. 	 Transmission shall be one manual shift.
 

B. 	 3-4 forward 
 speeds and one reverse. Must take into considration
 
that the truck will work in narrow dirt and unpaved roads in the
 
Egyptian villages.
 

VII. 	 Brakes
 

1. 	 Service brakes shall be hydraulic power brakes, dual system.
 

2. 	 A parking/emergency brake shall be furnished and shall be capable
 
of holding the vehicle in either direction, forward or reverse,
 
loaded to its gross vehicle weight rating on a 20 % grade.
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VIII. 	Suspension:
 

Heavy duty front and rear springs heavy duty shock absorbers for the
 
front axle.
 

IX. 	 Tyres 

Truck shall be equipped with 7 tube tyres and rims, one to be used
 
as a spare and shall be mounted in a suitable place where it is easy to
 
change. Tires shall be radial type and shall be of proper capacity tor
 
gross vehicle weight rating and weight distrtibution.
 

X. 	 Spare Parts:
 

A list must be enclose ith the offer include the fast moving
 
parts equals to 10% of the tru .'alue. This t should i,.clude filters
 
(oil, air, fuel, hydraulic,... This list should cover the maintenance
 
requirements for at least two years.
 

XI. 	 Tools:
 

I. 	 The offer should include a list of the ordinary and special hand
 
tools needed for repair and maintenance and should have a manual
 
hydraulic jack with type wrench. All are to be placed in a metallic
 
box, mounted in a suitable place on the truck.
 

2. 	 The list should include catalogues for repair, maintenance and spare
 
parts.
 

3. 	 Should have two years service contract for truck and equipment
 
(after sale service).
 

XII. 	 General
 

1. 	 Truck must be (speciiy) models or and later
 

2. 	 Preferably locally made.
 

3. 	 If the local ones are not available, those purchased must be
 
American or from Western production.
 

4. 	 Enclose with the offer the warantee certificate for each part of the
 
truck if these parts are not produced in the orignal factory.
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Technical Specifications
 
For Articulated Loader on Wheels
 

3
with 1m Bucket Capacity
 

I. 	 Engine:
 

A. 	 Diesel engine
 
B. 	 Four stroke
 
C. 	 Water or air cooling
 
D. 	 Producing minimum 80 flywheel horse power (net) at manufacturer's
 

rated RPM.
 
E. 	 Includes an air cleaner qualified to work in the dusty weather and
 

has a changeable element.
 
F. 	 Equipped with a primary and secondary oil filter. The primary is
 

metalic and self cleaning with outside sleeve. The secondary has a
 
changeable element.
 

G. 	 Fuel filter with two following stages to be furnished.
 

IH. 	 Driving Wheels
 

Driving wheels are (specify) (due to working condition)
 

III. 	 Frame and Chassis:
 

1. 	 The frame is heavy-duty articulated type, appropriately
 
jointed, with front axle fixed and rear oscillating axle.
 

2. 	 Frame should be all-welded and should be stress relieved as
 
necessary according to normal practice before precision line-boring
 
for precise shaft alignment for minimum wear and longer life.
 

3. 	 Articulation should be minimum 35 degrees to both sides and
 
oscillation should be not less than 20 degrees.
 

4. 	 All the hydraulic and electrical wires should be fully protected.
 

5. 	 The bucket should be general purpose type and should be made from
 
hardened steel with replacable wear plates.
 

6. 	 Bucket operation should include hydraulic lift and tip (drump), and
 
should include hydraulic lines , guards and controls inside cabin.
 

IV. 	 Performance and operation:
 

1. 	 Tipping load: (4) tons minimum
 

2. 	 Operating weight: (7) tons minimum
 

3. 	 Bucket roll back: 35 degree minimum.
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4. 	 Break out force: (5.5) tons minimum
 

5. 	 Loader turning radius outside bucket should not be more than 5.5
 
meters.
 

V. 	 Cab:
 

A. 	 Modern type, steel manufactured, fully enclosed with font and 
rear
 
glass, includes front 
 and rear wipers and equiped with adjustable
 
operator's seat.
 

B. 	 The instrument panel can be lighted at 
night 	and should include:
 

1. Hour meter
 

2. Charging indicator
 

3. Engine oil pressure gauge
 

4. Engine temperature indicator
 

5. Fuel level gauge
 

6. Hydraulic oil level gauge
 

7. Switches for outside and inside light, front and rear
 

8. Turn signal switches
 

9. Wipers switch front and rear
 

I0. Switch for operating the dump
 

C. 	 The cab is equipped with three rear view mirrors, the right , left 
sides and inside the cab. 

D. 	 Cab shall be painted with (specify)
 

E. 	 Cab shall be equipped with outer lights needed for night work (4 big
 
spot lights, front and rear), travel lights, stop lights and turn
 
signals flasher.
 

VI. 	 Electrical system:
 

The electrical system works on a potential equal to 12 volts using 2
 
acid batteries (12 volt each), 
which should be placed in suitable place to
 
be easy to maintain.
 

VII. 	 Transmission and axles:
 

A. 	 The transmission should be torque converter type with full power
 
shift and having at least (3) forward speeds and (2) reverse speeds.
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B. 	 Steering should be hydraulic.
 

C. 	 4 wheel drive.
 

IIx. 	 Brakes
 

A. 	 Power assisted hydraulic activated service brakes
 

B. 	 Loader should be equipped with parking and emergency brakes.
 

IX. 	 Tyres:
 

Tyres size should be manufacturers standard size with ply rating not
 
less than twelve (12). Tread should be traction type.
 

X. 	 Spare Parts
 

A list enclosed with the offer must include the fast moving parts
 
equal to 10% of the truck value. This list should include filters (oil,
 
air, fuel, hydraulic,...), this list should cover at least the maintenance
 
requirements fEcr two years.
 

X1. 	 Tools
 

1. 	 The offer should include a list of the ordinary and special hand
 
tools needed for repair and maintenance and should .ave a manual
 
hydraulic jack with tyre wrench. All are to be placed in a metallic
 
Lox, mounted in a suitable place on the truck.
 

2. 	 The list should include catalogues for repair, maintenance anid
 
spare parts.
 

3. 	 Should have two years service contract for truck and equipment
 

(after sale service).
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General. Technical Specifications
 
Of Truck Workshop
 

To Repair And Maintain Equipment
 

I. 	 Engine:
 

- 4 stroke - 4 cylinder - water cooling - producing not less than 60 

net horsepower at the wheels. 

Equipped with an air cleaner qualified to work in dusty conditions
 
and having a changeable element.
 

Oil filter should have a changeab element.
 

II. 	 DrivinqWheel:
 

Driving Wheel should be 4 x 4.
 

III. 	 Cab:
 

Modern type steel manufactured and having a dashboard panel that can
 
be lit at night and should include:
 

1. 	 Speedometer in kilometers which has tachometer.
 

2. 	 ChaLging indicator
 

3. 	 Engine oil pressure gauge
 

4. 	 Engine temperature indicator
 

5. 	 Fuel level gauge
 

6. 	 Switch for outside and inside lights, front and rear.
 

7. 	 Turn signal switch
 

8. 	 Wi per switch which works by an electric motor.
 

9. 	 Cab is to be painted with (specify)
 

IV. 	 Electrical Sysw:em:
 

Electrical system works on potential equal to 12 volts by means of
 
one acid battery which should be placed in a suitable place for easy
 
maintenance.
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V. 	 Transmission:
 

Transmission should be one ground manual shift. The gear box should
 
have at least 3 forward speed and one reverse, also shall be equipped with
 
transfer case works with ground cabin shift.
 

VI. 	 Brakes
 

Power assisted hydraulic activated service brake. Manual parking
 
and emergency brake capable of stopping the full loaded truck on 20% grade
 
should be furnished.
 

VII. 	 Suspension:
 

Truck should be equipped by front and rear heavy duty springs, also
 
heavy duty snock absorbers for front axle and assisted springs for the
 
rear axle.
 

VIII. 	Tyres:
 

Truck shall be equipped with 5 tube tyeres with rims. One of them
 
to be used as a spare when needed. Tires should be suitable to the truck
 
weight at full load, and should be radial type.
 

IX. 	 Body and Chassis (If the vehicle is a pick-up)
 

1. 	 Back loading shall be closed box with a rear door, front window, two
 
side windows and roof ventilating fan.
 

2. 	 Back loading closed box shall be manufactured from 1.5 inch steel
 
angle, speed at least 50 cm at both sides and ceiling. Box height
 
should not be less than 220 cm.
 

3. 	 Box should be built of two insulated layers (7 cm. minimum) of steel
 
sheets one mm. thicknes, minimum.
 

4. 	 Windows should be of slide glass type, and can be opened easily for
 
ventilation. All can be closed from inside for safty and not to
 
open from outside.
 

5. 	 The door has a glass window (not to be open) used for lighting
 
inside the box.
 

6. 	 Glass should be security type of 6 mm. thickness and should have
 
ratchet with locks.
 

7. 	 Ground of the truck shall be covered with black, not smooth rubber
 
carpet.
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8. 	 Box should be internally iLghted by means of ceiling spot lights and
 
should be spaced by 50 cm. Lamps used are to be one pole 70 watt,
 
12 volts and its electric source is truck's battery. Every 2 spot
 
lights are to be connected 1:o on/off botton.
 

9. 	 Box is equipped with a bench each side 80 cm high, 1.50 m long and
 
50 cm wide. Each bench should be equipped with drawers to keep the
 
hand to,,ls. Each draweL shall be 40cm long, 40 cm wide and 15 cm
 
high. Each drawer has a handle for opening and closing. Sweden
 
wood of two cms. thickness shall be used for bench and drawers.
 

10. 	 Each bench should be furnished with 8 inch chisel (Western
 
production.)
 

11. 	 Each bench drawer should be equipped with buffles to put the hand
 
tools requw J for diesel mechanic, motor electriction, plumber and
 
matallic fi. Each set should be Western manufactured. Contents
 
of each set i. shown i.,enclosed lists.
 

12. 	 Truck should be equipped by an injection adjustment device mounted
 
on any bench which should be Western produced.
 

13. 	 Truck should be equipped with two fire extinguishers, one using
 
carbon monoxide and the other, powder.
 

14. 	 Truck should be equipped with one or two fuel tank(s) with cap.acity
 
not less than 100 liters of fuel.
 

15. 	 Mudflaps should be furnished at the rear tires.
 

In case of van-vehicle:
 

All the above are workable exept items 1.2 and 3 concerning the pick
 
up only.
 

X. 	 Spare Parts
 

A list must be enclosed with the offer including the fast moving 
parts and equal to 10% of the truck value. This list should include 
filters (oil, air, fuel, hydraulic,...) . This list should cover the 
maintenance requirements for at least two years. 

XI. 	 Tools
 

I. 	 The offer should include a list of the ordianary and special hand
 
tools, needed for repair and maintenance and should have a manual
 
hydraulic jack with tyre wrench. All are to be placed in a metallic
 
box, mounted in a suitable place on the truck.
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2. 	 The list should include catalogues for repair, maintenance and spare
 
parts.
 

3. 	 Should have two years service contract for truck and equipment
 
(after sale service).
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Mechanic's Tool Kit
 

No. 	 Description 


1. 	0.5 kg ball peen hammer 


2. 	Open end wrench set (12 pcs) (6mm - 32 mm) 

3. 	Deeps off set box wrench set (9pcs) (6mm - 23mm) 


4. 	Adjustable wrench (8 inch) 


5. 	8" pliers 


6. 	Pldt, Phillips screwdriver set (6 pcs) 3 sizes 

each, 5,8,12 inches long
 

7. 	Set of chisels13 pcs) flat, rollpin and pin 


8. 	Files set with handles (4 pcs) 6" square, 

8 mill, 8" round, 8" half round
 

9. 	General use feeler gauge (13 x 82 mm blades) 

13 blades in sizes (0.01, 0.02, 0.04, 0.07, 

0.1, 0.13, 0.1S, 0.18, 0.19, 0.2, 0.26, 0.3
 
and 0.4)
 

10. 	 Grease gun 0.5 kg cap length 35 cm 


11. 	 Small pressure oiler with screw on tip bronze 

finish 1/4 kg, 5 cm diameter
 

12. 	 Metric torque wrench, flex - ratchet, 
range min. 5kg.m., max. 34 kg. m 

Quantity Unit
J Price 

1 

I 

1
 

1 

1 

1
 

I
 

1
 

1
 
1
 

1
 

I
 

1
 

PEST AVAILABLE COPY 
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Electrician Tool Kit
 

No. Description Quantity Unit 

Price 

1. 8" isolated pliers 1 

2. Combination set of screw drivers (8 pcs) in-
cludes rlat tip (5 pcs), Phillips tip (3 pcs) 
different sizes from 5,8, 12 inch 

I 

3. Electric test screw driver, 6 inch I 

4. Steel cutter with steel protective coating 1 

5. Deep offset Pox wrench set (9 pcs) 6 mm - 23 mm 1 

6. Open end wrench se, 
(12 pcs) (6 mm - 32 

ends one 
mm) 

set at 15" angle 1 

7. Adjustable wrench 8 inch 1 

8. Steel cutter with cleat protective coating, 
yaw length is 15 mm 

1 

EFS7 AVAILABLE COPY 
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Plumber's Tool Kit
 

No. 	 Description 


1. 	 Open ends wrench set 


(9 pcs) from 15 - 32 mm
 

2. 	 Punch 6" length, hex - size 1/4 inch 


3. 	Chisel 8 inch length, edge 7/8" flat 


4. 	 Ball peen hammer (hickory handle) with head 


of 1kg
 

5. 	 Ball peen hammer (hickory handle) with head of 


2 kg
 

6. 	 Hack saw, frame designed for 10, 12 inch blades 


adjustable to 4 different positions
 

7. 	 Adjustable wrench 18" 


8. 	 External pipe wrench 24" 


9. 	 Chain wrench 15" handle length, 19" chain length, 


and 5" diameter capacity
 

10. 	 Spirit level with two bubbles, one for vertical 

direction and one for longitudinal direction.
 

11. 	 Measuring meter with 3m long wrapped inside 


metallic frame
 

o. 	 One for vertical direction and one for
 
longitudinal direction.
 

Quantity Unit 

Price 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

PEST AVAII-ARI E COPY 
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Fitter's Tocl Kit:
 

No. Description Quantity 	 Unit
 
Price
 

1. 	 Tap & die set from 6 - 12 mm tap wrench and 
 1
 

stocks in a compartmented storage case
 

2. 	Tap and die set from 13-25 mm tap wrench and 
 I
 

die 	stocks in a compartmented storage case
 

3. 	 Vernier caliper, handles inside, outside or
 
depth measurements. Includes both U.S. and metric
 
graduations (0" - 6" and 0 - 150 mm). Metric
 
increments are 0.05 mm and U.S. increments are
 

0.01". Caliper features a thumb lock slide.
 
Press, and it releases for easy sliding; release,
 
and locks into position.
 

4. 	Variable speed reversible drills 220 volts, 4.5 1
 
amperes, speed from 0-1200 RPM, 8 ft cable,
 
1/2" chuck size, chuck key and chuck key holder.
 
Also includes 360 degree mounting auxialiary handle
 

VMAILAPE ASi E COPY 
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Welding Machine:
 

No. Description Quantity 	Unit
 
Price
 

Electric are weldig machine specified as:
 

o 	 High electric insulation, with strong
 
cooling fan
 

o 	 On/off switch & warning light when it is 1
 
switched on
 

o 	 Smooth, continuous and progressive adjustment
 
by means of a long cranking arm
 

o 	 High open circuit voltages awarding on easy
 
starting a stable arc
 

o 	 Connection of cables by universal plugs
 

o 	 Quick operation on sites and including a
 
safety device adjusts instantaneously the
 
windings to the mains voltage 220 or 380 volts
 

o 	 Primary cable 5 m long, 3 x 6 min2 and earthing
 
cable 3 m long, and 25 mm2 with earth clamp
 

o 	 Electrodes diameter from 2 - S mm
 

o 	 Welding current from 40 - 300 A
 

2. 	 Chipping hammer 1 

3. 	 Wire brush 1
 

4. 	 Pair of leather gloves 1
 

5. 	 Hand scarce with filter lens and coverlens 1
 

6. 	 Welding clamp I
 

BEST AVAIL AP.E (0Y 
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ANNEX II
 

Tightening Torque:
 

The equipment manuifacturers' guidelines call for the necessity

for obiding by the techmical instructions 
in carrying out preventive

maintenance and repair of this equipment. One of the most mnportant

items of those instructions is the tightenring torque of parts. 
 This
 
torque is related t, bolt's type, 
 size, location, number and the
 
marks or, each bolt's head.
 

To present those marks, 
 we should clarify how to identify the
 
type of thread of eicn olt. 
 There are two main systems for
 
identifying types of threads:
 

Metric System:
 

If the bolt's name is (M8 x 125 - 25), so:
 
M8 = 
 The maximum thread diameter in mm
 
X125 The effective length of bolt
 
-25 Thread length in mm
 

US System:
 

If the bolt's name is (5/16-18-1 1/2), so:
 
5/16 
 The maximum diameter in inches
 
-18 
 No. of thread teeth in inches
 
-I 1/2 the bolt's length in inches
 

To identify the meanings of the marks and numbers written on 
the
 
bolt's head, there are 
two main s,stems;
 

Metric System
 

The numbers are written the bolt's head
on 
 as shown in figure

(1). The tighting torques of this type of bolt are shown in table (1)

which includes the value of tightening torques of the bolts shown in
 
figure (1)
 

US System
 

This system was established by the American Vehicles Engineers

Society (SAE). 
 In this system there are radial lines on the bolt's
 
head as shown in figure (2). The tightening torques of this type are
 
shown in table (2) according to the existing mark.
 

FIGURE (1) 
 FIGURE (2)
 

Grade Grade Grade 10.9 
5 8 2 



1i~bL.- 1) 

TIGHTENING TORQUE OF BOLTS ( METRIC SYSTEM ) 

T E TORQUE OF TYPE 8.8 TORQUE OF TYPE 10.9 TORQUE OF TYPE 12.9 

DAEERKg.m 

6 

'TYP 

1.0 

lb. ft 

5 

Kg.rn 

1.5 

lb. ft 

10 

Kg.m 

1.5 

12.9A 

lb.ft 

10 

7 

8 

10 

1.5 

2.5 

4.5 

10 

20 

35 

2.0 

3.5 

6.5 

15 

25 

50 

2.5 

4.0 

7.5 

20 

30 

55 

12 

14 

8.0 

13.0 

60 

95 

11.5 

18.0 

85 

135 

14.0 

21.5 

105 

160 

16 19.5 145 26.5 195 32.0 235 

18 26.0 190 36.0 265 44.0 325 



--- -- 

TABLE (2)
 

Tightening Torque of Bolts, US System (SAE)


0t 0 Qo 
inch 9t4 " pnc Kg. m lb ft kg m lb. ft kg. m lb .ft K.m lb. ft 

20 0.7 5 1.1 8 1.-4 10 1.6 12 

28 0.8 6 1.4 10 1.4 10 1 .9 14 

18 1.5 11 2.3 17 2.6 
 19 3.3 24
5/16-i--
­

24 1.8 13 2. 6 19 2.6 19 3. 7 27 

3/8 16 2.4 18 4.2 31 4.6 34 6.0 44
 

24 2.7 20 4.7 35 4.6 
 34 6.6 49
 

14 3.8 28 6.6 
 49 7.5 55 9.5 70 
7/16 

-- -

20 4.1 30 7.5 55 7.5 
 55 10.6 78
 

13 
 5.3 39 10.2 75 11.5 85 4.2 105
 

20 5.6 41 11.5 85 11.5 85 6.3 120
 

12 6.9 51 14.9 110 16.3 
 120 21.0 155
 
9/16
 

18 7.5 55 16.3 120 16.3 120 3.1 170
 

11 11.3 83 20.3 
 150 22.6 167 -8.5 210
 
5/8
 

18 12.9 95 23.1 170 22.6 167 32.5 240 

10 14.2 105 36.6 270 38.1 280 50.8 375
 
3/4 _ _ _ _ ­ - - - - - - - - -

16 15.6 115 40.0 
 295 38.1 280 56.9 
 420
 

9 21.7 160 53.6 395 
 59.7 440 32.8 605
 
7/8 14 
 23.7 
 175 59,0 435 
 59.7 440 71.5 675
 

8 31.9 235 80.0 590 
 89.5 660 123.4 910
 

14 33.9 250 89.5 660 89.5 660 
 134.2 990
 

r '-,' ,-



It would be useful to mention that reducing the tightening torque

will result in troubies whic, are not easy toestimate, or will cause
 
inadequate equipment .peratorn. 
 Increasing the tightening torque

will cause 
 damage tc the Lolt's thread, shearing the bolt itself, or
 
damage of tne t tre
thread relevant hole.
 

A damaged bolt should 
 be replaced with one of the same 
size,
 
type, marKs and number.
 

Finally when tigntenirg engine cylinder heads, 
 certain steps

should be followed according to engine type and 
 manufacturer's
 
instructi rs. NtcrmalII tLightening starts from the middle and then
 
rmoves symetlically in bctn dErections 
to the edges. (Figure 3).
 

The torque wrench should be used to ensure having the tightening

torque mentioned in the manufacturers' guidelines. 
 In the case of
 
disassemnling tightening 
should start from edges towards the middle.
 

FIGURE (3)
 

tlYgtehing of EngrL Cylinder Head.
 

Torque
 
wrench 
 ' -

EST lA ILARi.ECO0PY 



Annex III
 

TAB I.E :Ii. A it ir..%:i ,r c 0Aa I, I'iiq,vD %TA 

.Alldimen ,iIn il~iei,. \\eniilits in poiinds.i 

Standard W'riht jO; " Fixtra-,trong i80" Double-Extra Strnnf 
Nominal Actual lize Outsid e 

Diameter Vall lv ist \Vall \Vv01t l.sde[11,1de WallDiameter jr In s l'e- Thck pe h 
r Diameter I Thk per iam- j Thick- per
0.40.o ness Foo t eter ne-s Foot 

, 0 40,.411 138 .13 1) :0.0o5[, q.60 0) 

I " 0 34) 443(14 0 40881431 
 0.0-1 1I !) 0 ,3:.1 

0.67.5 0.493 .09!t 0.567 0.33H3 ." .l ) 7182 0,:i40 0.0 .1)1 .() 0.3 16 147 1.087 0.94 
3. 1.030 0. 83 .11:3 111 741 13 I 73 414 .308 1741 313 1 09 1:13 1 678 0.957 179 3.171 0.599 .3.38 .40391 1.0t) 1.680 14.78

1'. 1.900017 .191 -. 996 f0.896 .381 5.314.00.)1 11 6.408 
S ,373 067 :1 63i 1.9"39 18 0 1.9. l37 134 

-2! .8753 .4ti.3 ., (169 .03. 79 1 JS .3 9, M33 i. 3-23 7 . 7. 66 1.771330 2.08 .3103 7.38 .90 .53 13.703111) 1(.)3 3.200 .00 18.8112 4.000 3.348 3'3 I) It : 3 364 318 14 4.500 1.314.08 .M'17 10.79 3.831 .:37 14 9. 3 133S 5.563 5.047 .374 7358 14.03 4.813 373 t0.7880 4.01,3 .358.6.3 
 s..6 .3) 18 97 5.761 .433 38.57 4.897 .864 
 53.16
o 8.0A3 7.981 .32 8.35 1 7.6, .500 43.29 6.873 71. 4110 10.730 10030 
 .365 40.48 
 9.730.....
13 It.720 17.07) .4.7......375 19.56 11.750 .300 (55. 
 .
 

Same as ASA B,16.10--"Schedule 40- except l3-inch diameter. 
t Same as .SA B36.10-Scehedule 80'" except 10- and 33.inch diameter. 

-Notidentified with ASA Schedule number. but available as indicated. 
§ Plain ends. 

TABLE 2G. AGA STANDARD C- 8S-[RoN-BELL-A.D-.SPIGOT PIPE DATA 
(All dimensions in inches. Approx. weights in pounds.) 

NominalSie Outside0 ). Inside tI 1lk I Wihpe
Inside Diaieter Pi)e i el Depth Thicknes tDiameter i of Pipe Thicknesi D ket If SoX'ket of joint Foot. le.Foot 

t 
Diameer fPipt 1 0Length,,; 

414.80 0 0)
0. 111 5.80 4. 19.50.506. 90 I . 40 4.0 0 .30 30.3a 

l08 9 10.4! W 5I.00 1.(10 .30 '. 4iI 1 4.00 .501.2 13. O3 5.911 . t.S 17.40 . 73.3-18.40 4.50 .3 
31.t0i 4 30t°5. so IN0.7_,; 8. 4.50.3 5270 63.Ol.00 S33.83i.0t.41I 

30 31.74 0.,8, V. 9' 5.01 6336 37.916 33. 00. 95 39..2 I 50041 44. 1 .6:1 370..5ILOT 45.45 3414 6348 ,30.,;l 1. i513 
497.66 

3.1.75 i461 613.30 

• l thIel.iml..,igut l 
I 



TABLE 37. ASTM SrA.NDtiu BRAAM AND C'.r-*PiPE DATA 

(All dimensions in Lzc=e. Weights a ",umfs., 

Extra-itrong 

Nominal Outside \e.,ML "- -Foot Weight per Foot 
Size Diameter i Wall I_'_ 

Thick-­

aes R ., Red 
Bra Copper Brass Copper 

0.405 0.061 0.A3 
 0.9 LA1 0 363 0.371 
0.540 0.085 0.4-47 0.457 --3 0,611 0.U5
 
C.67i 0.090 0.t;_"7 0.641 .,- 0.89 0.847
 
0.840 0.107 0.934 0.935 .­-4 23 1.93 
1.050 0.114 I.7 1.30 1.67
L-7 1.71
 
1.315 0.126 1.7s 1.8i 1.16
i3p" J.31 

1N 1.660 0.146 ,2.63 t.69 LAM 3.39 3.46 
I 1.900 0.130 
 3.13 3.0 * -i3 4.10 4.19
 -2 2.375 0.156 4.1_ 4.2i-4 5.67 i.80 

i .875 0.187 5.99 6.1- 44) 8.66 8.83 
3 3.500 0.219 8.36 8.75 -14 11.6 11.8 
Ski 4.000 0.30 11.2 11.4 ! I14!.2, 14.4
 
4 4.300 0.?50 12.7 1.9 f-1 16.9 17.3 
5 5.561 0. 50 15.8 16. ,,-5 i3. t 23.7
 
6 6.6i3 0.*1;0 19.0 3t.2
19.4 t 3.9 
8 8.625 0.312 30.9 
 31.6 .iA 48.4 49.3
 

10 10.730 9.365 4.3.e 46.2 #..am 61.1 6U.4 
12 1.730 0.375 53.3 56.3 

PF S T AVA ILABLE COPY 



A 

AI A--, 8 -1 

LiB A, 

CROSS TEE 

American Standard Brass Solder-joint FittingsC 

T gB 

CGEPLIr, COfJkin, 

LJJ 

901ELL 45*ELL 
1 I 

1/'A 

PA4 

2-I2 

. 

. 

11 
2 x 

'X 

21 x 

IA 

., 

i 1 
, I 

I 

2t 

3 
2 21d 

4 21/ 2/. lu. 

*AdmPted f--~ASA EB16.18-19 
50 . 

+ 

'.x 

3 
3 1/ x 2 

3 
IV. 

16 . 
2! 

2. 



American Standard Pipe 
Wetdd wrougoU uon 

, - f -- ----


Actual AculTp r_____ Distance I Wall th~ikn!! tTap I aett.Is 
t,
'X'.t 

t4.muo outsiduI dril . , Stand- Eatr Double Stand- I Extra DoubJ* 
pIp.,ii diam. 1" 111ngs strong Oret riaol strong .trn 

Dton 11a 40' M 80y strong­
0.405 1-

7
27 I a 0070 0.098 ... 0.25 0.32

/ 0.540 1j 18 ..", 0.090 0.122 1 . . 0. 3 0.54
0.675 1 6 i3 N4 0.093 0.129 .... 0.57
0.840 ," 2 14 . 3 (0.111 0.151 0.307 

0.74 
0.86 1.09 1.714Y4 1.050 39j 14 312 0.115 0.157 0.318 1.14 1.48 2.440 

1 1.315 1 't2 lItU. ,r 0.136 0.183 0369 1.68 2.18 3.6591 1.660 1 LI llL 11 i 0.143 0.195 0.393 2.28 3.00 5.2142 1.900 14j, 11lj t 0.148 0.204 0.411 2.72 3.64 6.4082- 2.375 2 "i2 IIllt 64 0.153 0.223 0.447 3.66 5.03 9.0292% 2.875 2 h 8 Ti. 0.208 0.282 0.565 5.80 7.67 13.695 
3 3.5 3 , 8 '54a 0.221 0.306 0.615 7.58 10.3 18.5833q 4.0 3 ,-/ 8 1 0.2.31 0.325 .... 9.11 12.54 4.5 4 V 8 1 4' 0.242 0.344 0.690 10.8 15.0 27.4515 5.563 5 " 8 I 5, 0.263 0.383 0.768 14.7 20.8 38.5526 6.625 6 s 8 1 0.286 0.441 0.884 19.0 28.6 53.!60 
8 8.625 ..... 8 1' 0.329 0.510 0.895 28.6 43.4 -72.42420 10.75 ..... 8 1454 0.372 0.606 . . . . ' 5 64.412 12.75 ..... 8 , 0.414 0.702 ... .J 88.614 OD 14.0 ..... 8 2 0.437 0,750 .... 62.2 104.16 OD , ..... 8 2t4 0.500 .... ... 82.2 

18OD 18.0 ..... 8 21' 0.562 ....... 103.
 
20OD 20.0 ..... I 8 

2 
t'12 0.562 ... ... 115.
 

240CD 24.0 ... j 8 31 
* For welded and samess itel pipe. See ASA B36.10-1939. Dimensions in inches.
A pipe size may be designated 
 by giving the nominal pipe sizeand wall thickness or by giving the

nominal pipe size and weight per linexr fout. 
Refers
to Ariecan Standard schedule numbers, approximate values for the exprenion 1,000

X P/S. Schedule 4
0-standard weight. 

Schedule SO-extra strong.
* Not Amencan Standard, but commercially avauable in both wrought iron and steel.
 
tPlain ends.
 

1.31ST :. ..
'v',,;i~ 




TABIE :18. .\STMSTANDAHL ('OPPER \,'rR, Tet. I)ATA 

i.%l dimensions in hinthe. WeiL'hLs in poutnds. 

Type K Type 1, Type M 

Nominal I)uLside 
Size FDiameter I Wall Weight Wall Weight \Wall %%'eight 

Thick- per Thick. per Thick. per 
n"_ Fot ness Foot nem, Foot 

0. 53( 0.039 0.085 0.0.5 0 068 1)(95 0.068 
0.375 0 042 0.134 0.030 0.196 I) o.95 0.IV 
0J.300 0000 90.9 03.5 0 198 ).03 0.. 5 

J,. 0.69.5 0 040 0.344 0040 0.185 0.028 0.1!04 
- 0.750 ) 0.09 0.418 0.041 0.361 ') 0:30 0./63
3 0.875 1.065 0.641 0.045 0.435 0.0 2 0. 8 
1 1.195 )3) 0.8,9 0.65o 0 035 0.465
0m 0 050

1 , 1.371 0.OW 1.04 0.0055 0 884 0.041 0.68" 
1!,i 1.6H5 0.07i 1.36 0 060 1.14 0.040 0.940
 

S - 0.083 1.06 0.070 .48 0.058 1.40 
1 F41.615 . 0.070 4810095 9.0 1. 
 0.05 i.06
 
3 3.Iea 0.109 400 0.090 .3.33 0.072 9.68 
3 3.695 0.10 5.1H 0.1(N) 4.19 0.083 3.58 
4 4.1.05 0.134 6.51 0.110 3.38 0.093 4.68 
3 3.1H5 0,160 9.67 0.0.5 7.61 0.109 6.66 
6 6.19.-5 0.19"1 13.9 0.140 10.91 0.1H 8.9W 
8 8.1N5 0.971 i5.9 0.200 10.3 0.170 16.5 

10 10. It5 0.338 40.3 0.9.50 30.1 0.912 /3.6
I 1".125 0.40i 57.8 0.980 40.4 0..54 30.4 

TABLE 39. .A-_EIcAN Sw1"AN.,D TAPER PIPE TiREAD DATA 

(All dimensions in inches. Weights in pounds.) 

Weight Normal
Nominal Ou Uide Inside Threads Tap per Foot Engage-

Size Diameter Diameter per Inch Drill Thds. and ment 

Couplings by Hand 

0.405 0.60 i7 . i 2 0.245 0.180 
0.340 , 0.364 18 T s 0.4i5 0..00 

3 0.675 0.493 18 I64 0.368 0.910 
0.840 O.699 14 23 3 0.85 0.3 0 
1.050 0.824 14 3I 4 1.134 0.339 
1..'h15 1.049 I1 1I'37 1.684 0.400 
1.660 1.380 I1i- I !9 ."81 0.490 
1.90 1.610 I1! li1".731 0.410 
,i.375 ".067 I1!- i732 3.678 0.436 

91.875 2.469 8 iss 5.8U 0.681 
3 3.300 3.068 8 3ti 7.69 0.766 

4.000 3.348 8 33" 9.90 0.8f1 
4 4.500 4.0-26 8 4 1-i 10.89 0.844 

5,563 
6.6U3 

3.04-7 
6,06i 

8 
8 

5a 
6,16 

14.81 
19.18 

0.937 
0.058 

8.61S 7.981 8 19.35 1.063 
10 10.750 10.000 8 41.85 1 .lO 
1 
- __ 

19.7 "0 
__, _ __ 

1..000 
__ __ 

8 1 
I 

51.15 1.361) 

5.,(p
 N 



Lengths of Malloable-iron Unions* 

Non,nal i . : K I 2 K 
Endloand i I , .1 111j 2'1, 

l(.ompilecfrom manufacturers ratao]ues. )mensions 

I I, 

2t '' 

in nctiM. 

I1'. 

2" 

2 

5 

21., 

s'j, 

3 

3 i 

American Standard Steel Butr-wilding Filings' t 

Eb . u-es.-2oj. 2na :uo ena; 
A 

Nommol IOiutiidst 
pe dian. 

size of bee 

l 1.31)2I 7oo0iIf 

C~ 

90 
.ldin, 

*lbow 

A 

Il:3' 
; 

to 

43' 
i 

8 

I'I ~ 
I 

Of 
I e.ding 

C 

2 I
i.I 

2 

Welding 
tops E 

lI.I'3 
I 

__ Lappe_nt stubend 

Length% Radi. of Momet.T 
Flb-F illetR of lap G 

4 
2 

T 

,C572 

5 " 

r- C­

2.37 I, 35 -Tib6 

3 
34. 

4 

3.500 
4000 
4.500 

4L, 
5% 
6 

2 
2!, 
2's 

334 
3 
4 X 

21 
2, 
2', 

6 
6 
6 

34 
7', 

4l,3 
5 
6 ,' 

LaPJCV*rs..,AO Cp 

Butt-elding reducere 

I Outsude dian,.
Nominal 1 abel 

pip* size 

"argo end Smallend 

X j 1.050 
1.310.840I sIO.C:7 

End toend 
I 

I 

1 -
2 

Norninal 
pipe site 

3 X2'2. 
X 

I O,,tnid. diam­
at bEv 

Lorq end Smnallend 

75FS 
3.500 2.3-5 

nEnd end 

3 4I4l'tX 

I14 I 
' 3i 
l', " I1 

1% IKi 
I'. "K 
', " g 

'A'1 

-× I'
, 

I'i 
<1 

24.I 

1.660 

1.900 

2.375 

. 

1.3 15 
1.050 
0.840 

1.660 

1.315 
1.050 

0.83') 

1.90-
1.660 
1.315 

I3, 

2 

2! 

3 

3 X 1 ,1___1.600_ 

31 X 3 
3 X 21 I 
16 X 2 I 4000*<" 

3 
, 
X I11,660 

" 

4 X 31 

4 X 3 
4 
4 < 

j--_--

3.5M 
2.875 
2.352.3:i'5x 

I _ 0 

400 

3,30 
2. 

1.900 

__ __ 

4 

_r nXE 

2 1 X22', 'A 2 

S'A i21: lI l 

2 ': 

2 

2,875 

. 

.375 

1.900I.(j00 

1 .3 1 5 
3123S 

5 X 4K . 

-

, 

"2 

4.;N)$151111(}I 

3.5t3 SW'ii2. 

5 

For larccrsizes,see AS\ g31. 
.\S.\ B16.9-1-940. Dimensions in inches. 

L-,EST AViAILA[I CP 
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American Standard 150-b Malleab.le-ron Scrwewd Fittings' 

P'" A I EC G H j K 

w 0.69 0-2 0.200 0.405 0.090 0.693 l.0,) 0.2641 . 0.88 ' 0.32 0.73 0.215 0.540 0095 1.19 0.4020844 0.94 1.00095 0.36 0.80 0.230 0.675 0.100 1:015 1.44 1.03 0.408 1.13A 1.121.31 I0.50 0.880.98 0.249 1.050,0.840 0.120 1.63 0.534 1.25
y4 0.43 0.273 1.4580.105 1.197 1 1.89 1.151.29 10.546 .4 

#I 1 50 0.58 1.12 0.302 1.315 0.134 1.771 2.14 1.47 0.683 990 *EBOW 1 1.75 0.67 1.29 0.341 1.660 0.145 2.153 1.712.45 0707 
I 1.94 0.50 1.4 0.368 1.900 0 1 2.4 2. 1. 0.4 31i )25 0.0.:6 1.95 0.478 2.375 0.210 3.8622 270 50.92 1.68 0.422 2.8751 3.,89913 2.57 1.138 I7572.22 1073 2.83 25 

S3.08 |0.98 2.17 3.5000.548 0.231 4.285 .1_ .00 1.200 3.693 .42 1.03 2.39 0 .6044000 ,248 4.843.5.0, 1.250 4.00 

0.718 0.50 01 3.05 .7805.563 0.300 6.593 6.864 1.46 5.12 
1.28 0.900 8.036 .13 1.46 6.625 0.336 07.767 . 1.513 05.8 

r£ C2 i. .5 47 2 8 0 07 09 0.z1 
_T4 37 13 32 1.0 0.852 431 .28 1.707 0.25 50 56 3.0.30 .38 . '.................
6 1.137 4 0.090. 

403 23..................
03. 50 ,.43 ,-93 1146 048 0.31 ...0.1000.30024 1.79 14 .4 39 .7 25 08 .8 17y026,02.551 0..61 1.71 2.32 1.4 .1.560.38 0.16 0.050.6 7 72 2 27,2 .3 04 0.18 0.120 
,/, 1 0.91 1.(08 .3 3.28 1.57 0.75 0.50 x 0.20 0.1341Y4, 1,-19 1.21 1.02 1292 ".94 1.93 0.80 i0.56 Iia 0.22 0.145 

=.= ij 1.39 1. 02 1.4 1 328 4.385.17 2.15 0.83 0.621 79 .1:;24 3.93 2 53 0.88 0.68 1Io1 ,if 0.240.26 01550.173 
2hi 2.20a 7 . 6.254 &Y R N H3 278 2.88 1.07 0.74 1 to 0.29 0.2101.80 1.71 5.55 7.26 3.18 1.13 0.80 1 t' , 0.31 0.2313 3.24 1.90 .... *.... .... 3.43 1.18 0.86 1 1 0.31 0.2484 3.70 2,08 2.01 6.97 8.98 3.69 1.22 1.00 2tL 0.37 0.265 
6 5.67 2-55 .... .... I .... ... 1.40 1.25 2 1 0.52 0.336 

•ASA BIZc- 1939. S zL'mtee not made in 4-in. 112(%Dimensions ininch c. L eft-hand couplin gshavre four or more ribs. Right-hand couplings have two ribs. ' Street ell/oniv. 
' These dimensions are the nominal juze: oLwr~ch (ASA B18.2-1941). Square-head plugs are 

I x designed to fit these wrenches.L dSolid plugs are pruvide dtiin ize s 'tj to 33,J in. inclu ive; cored plugs Ij to 3tj in. inclusive. 
PLUG Cored plup have mim. metal thickness at all points equal to dimension 0 except at the end of thread. 

1144 

O fr" l O8w 45"TR£ETrCtOW 5mReTr ree CO1PL,6 CUP£ '.,. CAP 
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F 

American Standard 150-lb Malleable-wiran Screwed Fittings:
Dimensions of Close-, Medium-, and Open-pattern Return Bendslt 

____ 

Nominal 
PiPe 

s.o 

Length 

of n 

Mam. 

B 

Width 

of 

mR. 

E 

Inside 

diat. 
#dibnd,Ating 

F 

Max. Min. 

Metal 
thick-
no" 

G 

Outside 

diam. 
o4bond. 

mn. 

Centre, 

to 
comer 

ose 

palcmn 

R, 

C 

to 
contr, 

(ie$urn 

patern) 

R, 

ant.,,nt 

to 
cent" 
(open 

pattern) 

R, 

qi 

CLOSE 

S 
I' 

I 
1 i 

0.43 
0.50 
0.58 
0.67 

0.249 
o173 
0.302 
0.341 

0.840 
.050 

1.315 
1.660 

0.897 
1.1 07 
1.385 
1.730 

0.116 
0.133 
0.150 
0.It5 

1.197 
1 458 
1771 
2.153 

1.000 
1.250 
1.500 
1.750 

1.250 
1-500 
1.875 
2.250 

1.50 
2.00 
2.50 
3.00 

1 

Isl 
2 
2kt 

3 

4 

0.70 
0.75 
0 92 
0 98 
1.08 

0.368 
0.422 
0.478 

0.548 
0.661 

1.900 
2.375 
2.875 

3.500 
4.500 

1.970 
2.445 
2.975 

3.600 
4.600 

0.178 
0.201 
0.244 

0.272 
0315 

2.427 
2.963 
3.589 

4.285 
5.401 

'.!88 
2.625 

.. 

.. 

2.500 
3000 

... 

... 

3.50 
4.00 
4.50 

5.00 
6.00 

- 2-
MEDIUM 

All dimensson given in inches. 

* Adapted fminnASA B16.3-1951. 
t It u permible to furnih cloce-paner tenun bends not banded. Cos-patne retunn bends ,ill not 

make up paralle1lcods.,at the dlixsanc center to center of two adjacent hends is gt-eater than the centff to 
center of openings of a single bend. 

t Patterns shxll be designed to produce ca.tunig of metal thickneses given anthe table. Metal thickness 
at no point shall be les than 90 ipe cer-ntof the thickn gi-n in the table. 

H 

American Standard Cast-iron Screwed Fittings* OPEN 
For marimum working salurated luam prrsnure of 125 and 250 13petr q in. 

Nominal 
pipe size 

B 
min. 

E 
min. Mi. 

F G I 
IMain."m& 

t 

j 

Y, 

1 

0.81 
0.95 
1.12 
1.31 
1.50 

0.32 
0.36 
0.43 
0.50 
0.58 

0.73 
0.80 
0.88 
0.98 
1.12 

0.38 
0.44 
0.50 
0.56 
0.62 

0.540 
0.675 
0.840 
1.050 
1.315 

0.584 
0.719 
0.897 
1.107 
1.385 

0.110 
0.120 
0.130 
0.155 
0.170 

0.93 
1.12 
1.34 
1.63 
1.95 &t.BOW r.E 

T 

St-,. 
1ki 
2 
2!t 

3 

3 j 
4 
5 
6 
8 

1.75 
1.94 
2.25 
2.70 
3.08 

3.42 
3.79 
4.50 
5.13 
6.56 

0.67 
0.70 
0.75 
0.92 
0.98 

1.03 
1.08 
1.18 
1.28 
1.47 

1.29 
1.43 
1.68 
1.95 
2.17 

2.39 
2.61 
3.05 
3.46 
4.28 

0.69 
0.75 
0.84 
0.94 
1.00 

1.06 
1.12 
1.18 
1.28 
1.47 

1.660 
1.900 
2.375 
2.875 
3.500 

4000 
4.500 
5.563 
6.625 
8.625 

1.730 
1.970 
2.445 
2.975 
3.600 

4.100 
4.600 
5.663 
6.725 
8.725 

0.185 
0.200 
0.220 
0.240 
0.260 

0.280 
0.310 
0.380 
0.430 
0.550 

2.39 
2.68 
3.28 
3.86 
4.62 

5.20 
5.79 
7.0 
8.28 

10.63 

g -

5 

, ,-
G1, 

45"..lB , 

10 
12 

8.08 
9.50 

1.68 
1.88 

5.16 
5.97 

1.68 
1.88 

10.750 
12.750 

10.850 
12.850 

0.690 
0.800 

13.12 
15.47 

ASA BI6d-1941. Dimentions in inches. 

BESI AVAILABE COPY
8 

R;k
 



Laying Length - yeB - B_. 

Threaded Cast-iron Pipe" FV.
 
Dimension of pipe and drainage hubs ,- - /O" 4z 

Drainage hubs N anlnel weight. 

1711 
size 

Nominal 
diam.-enods, 

wed! 
;hlick-ain., Threadlength 

04.m. 
. groove,E oam shoulder t D 

Min. band 

s 

Type .4 

and 

Addi­

lion l 
Outside Inside 
:D A C 

" per fot type B 
> 

0, 

1 
131 
2 
2Jj 

3 

1.66 
1.90 
2.38 
2.88 

3.50 

1.23 
1.45 
1.89 
2.32 

2.90 

0.187 
0.195 
0.211 
0.241 

0.263 

0.42 
0.42 
0.43 
0.68 

0.76 

1.73 
1.97 
2.44 
2.97
29 
3.60 

0.71 
0.72 
0.76 
1.14 
1.20 

2.39 
2.68 
328 
3,86 
4.62 

0.71 
0.72 
0.76 
1.14 
1.20 

3033 
3.666 
5.041 
7032 
9410 

0.60 
090 

1.301.35 

2.80 
4 
5 
6 
8 

10 
12 

4.50 
5.56 
6.63 
8.63 

10.75 
12.75 

3.83 
4.81 
5.76 
7.63 
9.75 

11.75 

0.294 
0.328 
0.378 
0.438 
0.438 
0.438 

0.84 
0.93 
0.95 
1.06 
1.21 
1.36 

4.60 
5.66 
6.72 
8.72 

10.85 
12.85 

1.30 
1.41 
1.51 
1.71 
1.92 
2.12 

5.79 
7.05 
8.28 

'0 63 
13.12 
1547 

1.30 
1.41 
1.51 
1.71 
1.93 
2.13 

13.751 
19.069 
26.223 
39.820 
50.234 
60.036 

3.48 
5.00 
6.60 

10.00 

ASA A40.5-1943. All dimenuions are given in inches, except where otherwise stated. Type .4 has external threads bothends. Type B as shewn. 
n Te length of thrad B and the end to shoulder C shall not vary from the dimensions shown bythe equivalent of the pitch of one thread. 

more than plus or minus 



Pipe Bushings* 
Dime.non of oubtd-t-ad, innde-&tad. and fact tuashingr in tncAtr­ cc
 

FACE 8USHING OUTSDE HEA iNSIDE HEADD 

Length of Height Width of hledHt Length of H.ight1 Width of he" texteml of head. ran., *xtewnal ISize hrod.t rin.0 of head. mm.,
Sitenun., d, t mhr 

rain.,D Outsid I"side 
Outsdo Inude 

1AX L4 0.44 0.14 1 0.64 14 x L4 ()83 0.31! X ti 0.48 016 0.68 1.12
3)< ii 0.48 0.16 0.68 2

2 
x
X 
I
Il 0.88 0.34 2.48 

L2 X 0.88 0.34 2.48ai 0.56 0.1 0.87 2 X 1 0.88 0.41 ... 1.95SX 0.56 0.9 0.87 2 X 0.88 c.1 . 1.634 X 4 0.56 0.19 0.87 2 X 4 0.88 0.41 1.34/ X i 0.63 0.2 1.15 
s" 2 0.88 0.41 .... 1.12X 1i 0.63 0.22 1.15 2 X . 0.88 0.41 ..../ X '/4 0.63 0.22 1.15 24 X 1.12 
YAX . 0.63 1.07 0.37 2.980.22 1.15 2 X 14 1.07 0.44 *2.681 X 0.75 0.25 1.4 24 X IV 1.07I X ' 0.75 0.25 1.42 0.44 .... 2-392i X 1 1.07 0.44I X 0.75 0.303 ... 1.95 

... 1.12 24x 1.071 X i/ 0.75 0.30 0.44 .... 1.631.12 24 4 1.07 0.44 .... 1.34i X 3 0.75 0.30 .0 1.12 3 x 24 1.13 0.40 3.86I V X 1 0.80 0.28 1.76 3 X 2 1.13 0.48 3.281, X Y4 0.80 0.28 1.76 3 X I4 1.13 0.481V X X 0.80 .... 2.680.34 .... 1.34 3 X4 X s 0.80 0.34 .... 1.12 3 X 
1.13 0.48 .... 2.39
 

1Y4 X YA 0.80 0.34 1.13 0.48 .... 1.95
 .... 1.12 3 X Y 1.13 0.48 .... 1.631I 1 0.83 0.31 2.00 3 X 4 1.13 0.48 .... 1.341 X 1 0.83 0.31 2.001 x 4 0.83 0.37 .... 1.63

S14X 0.83 0.37 .... 1.34
14L X i 0.83 0.37 .... 1.12 

*ASA B16.14-1949.
 
t In the case ofouwde-heAd bushings, length .1includes pviSions for imperfect threads.
Heads 
ofbushings shall be hetagonal or octagonal. except that on the larger sizes of oucside.head bushing, the heads maybe made Tound with lugs instead of hexagonal or octagonal. 

REST AVAILABiLE COPY 
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American Stanoard Cast-iron Pipe Flanges and Flanged Fittings" 
For maxnmum wortin? saturatd fleam pre$snre of 125 lb pin, jq in. qgqe, 

~ TT 

-O'ELL LOCGRADELL 45ELL REDZlCNa6u SRE21Iref r, ET 

-A- -A--A-- k -G- -6-2 . -)o?7005SIDE OUTLET TEE CROSS LATERAL REDUcER CCENTRIC FLANGE5 

pgz.lIB C D E F CG H KA 

1S - 1;4 74 54-jV, ~ 51 
114 . 411, Tili-' 2
14 4 6 2 13- .j 4449 7 2 52 44 64q 24 104 8 24 524 5 7 3 12 94 24 54 

6 
7 '4te3 54 7Y 3 13 10 3 6 7k4 Y3% 6 84k 34 144 1144 64 9 4 3 64L 8415 12 3 7 95 74 to 4. 17 134 3 8 106 8 11.4 5 18 144 3, 9 1 1
 

10 
8 

11 
9 14 5q 22 174-i 44 11 134 1 4
164 64 254 20i 5 12 16 1 4e12 12 19 7.1 30 244 54 14 19 1 

Nominal No h i- n Length NW1V. Ynips size N L of bolt of bolt$ of bolts ri . m i.i Hickn. 

I 31 4 4 4 14 14,3 Lj6 1 , 

14 34 4 44 2124 4 34 2 9 1I3't 4!j 84 3 s '1 '-1421 7 i 4 4 442 4 h 2'j o ,,2a' 42~,, I I Ti 363 9, '1 131 4 31 4 i 2!j 4 1 14118 14
3i 7 1 8 h 4 4,l 14 

1 

43 171 34 8 214 14 1 4 1 3 A* 74 84 3 5%
1 6 


S 84 8 14 3 6 I 1 '16
 6 91,7 1 8 34 314 7 916 1 1 91, 1
8 11 4 j 8 4 341, 9', 1 3 , 1'is
 
12 17 1 I 1233 
 4 l 1 I"'6 
ASA B16a-1939. Dimensions in inches. 

, C 



A 

G~

--------

--- -- ------ 

TABLE 40. SrADARD FLANOcD FrIfNr, a 

(Its lb per sq in. presure.) 

' 


6'."ow Oox.'jOf" A A'CM ,oe C-rOurT.K} ,mE J.v~'ff Ooiat,e j.t-P 

A- -- A- r-6 - --I -6-- K 

u,_:-==:A!,_. 
 E40S-- -4,yo- repzQ v,e-,o o -,
 

&,o,- O-e'-r C~roal £tfao Aow L 

Size .4 B c D E if K L N 

0 S 

1 54j Y47Y4 s78 V, .... 44
1j 
4 

3 ]o ... 4 76i6 i,I 4
6 4j 1 4 31 7 

+4
9. 'Y, I 8 

4e 

5 4 106 2 
 434­10 8 .... 621, 5 7 3 1t 94k . 7 "i. 7 4 4 %- %4 
S 3 ~43 I 0 67 ~ 'j i - 4 6346 84 54 144 114 64 8 1(i "ei 8 74 4 9 4 Is 12 7 ~ 1.4 %~3 7!j 10 Y 44 17 154 8 

8 7!,j
6 8 114 18 10 1 4 1',I 8 84j14 9 11 I 9 1!5, 8 9
8 9 14 5 2V 174 I1 13 I1, 14 3

,
 
8 ll,10 11 164 34 t4 t0o 1 16 13 4 1 141i1 I2ID 74j 30 244 14 19 I Y, 16 1t2 17 4 

pt AVA;LANi L COcPY 

12 



-- ----- 

American Standard Class-I 25 Cast-iron and 150-lb Steel Valves: Valves wfhClass-] 25 or 150-41) End Flanges. or with W*ldinj Ends-Face-to-face and End-to-end Dimensions, 

- 7_ 

Clot- 125 castpe. 
150-b sriea 

SFlanied nd- las.n fuu I Flanged I" . ras,- l nalwrIdi4dq end 
Ilo Globe i Goe,

vOlve and
Solid D.6,1 S " v.,' Wtg Rli.ft 
7 10 dic po- *Ril ag. - .hitek' tleil' Solid! Dooblo i Solid ,ti check Iegs- 4 ii Voortge d- l t Ve,. potl

wedge I dac wodgeI dic Pa- lot tun full 
____________ t tit!,, . bo.____ ._____" ________ I _______,_,_, 

4 41 4 

' * % |,,in5 
S' 


57

1I 14 5 5b 'S'• I 5 1t 5 5s 65 1 , 6 I 78 

7 7 8 , 7 6
-110 tnt 74 87'j 8'. 8 7 7 a1l 78 8 8 9 81 10 74 -' 8 3) 0
91 94 111 8 ', I8 . 11 It!, 83 8 8 13's
 

4 9 9 9 9 
 114 1i 13%
5 10 9 9 I2 12 9
0 10 14 17
13 13 
 (o
6 0 10 15 15
0 10 104 15 151 
 14 14 17 
 0ow !0I 15"4 15i8 11 ll II 18 10 151 218a 19t 19 21% 11 
 1 l 16"! 16, 11 18 25 

Flanged!. efd (Aa on. roised toe) and
 
Non-al welding end 
 Fllasged end (ring loved) 

W14 Globe Swing , "Y" CGate, Mug
and ltglob.check p1.0114 Con-e ahl" Solid Detable Shortprt Goobedad hclob. 

wedge disc pat Regular Vet, poet and check 
p I. bern, liftullA&B 4&B .4&B C chockC' C C C 

5 4 44 4
' 4 1 64 •s s. '" 

4%5 5 6' '; 
 5'. 5's 6 
 A It5 5l', 51t 5 7' ''6 6 5':1I": ie 6' 8 e7

2 8 99 i "8 

. 10 74 74 
 7'-
8 II 8
8 II 1014 8 8 11
 
8 "2'
9"s 9': 9121 II1. 8', 8't 
 8' 
 14 10 

4 I1 1 4' 13'1 9 9 9
5 14 17" 12
I2
lo ll lo" 
It I4 14 : IJ:
18"1 17'. 
 II II II 
 16
8 .'I 211"
- 19 23 Ib 14'
2t 1i12 
 2 l2 l"' 
 25't 20 20
 

* Adapted (eom ASA Bl6 10-1957 AP Standrd 613snd 00 conie-t s "Innmen Societythe dtmer ,eon or eorpontn sam, nave r&pe aondWbiq 
ofAnet a Tentaive Standard ISA RPN I taetlv-a­

tseldbnq ,end. 
ct o cnoa e dneion h.- In -1-n li tand ol_ 13 

Thee d 
:IL:-lb ean.uuon.rm..tanh v.in covered by hISS SP.4 haleplam/n s ne intended f..tocover the tvp otchek vAjn halmt 'ISO-b Steel cOndu t-type qate net, nardadthe w-at anqiei a pprPrminale 45 at i,,deg tothe run us the valev or he Under. 'Tho ailn Ametilnced end .tniPAr.irrPtter'-- oher p4tern, *her t4iar cw:aIitct Amer qwtd 

13
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Globe, Angle-globe, and Gate Valves* 

A I 
Size (globe 8 C (angle F G' 

3 2 4 i
3~ 2 4 1~ 17,j 5 j. 13 

2~V4 4 j 2 1 2 5 j 1Y, 
-. 2% 5Yt 2 j 1 , 2 j 5 j 2 
3'A 3%o 6 2%~ 1~ 25 6 23, 

1 3Y 63Y 3 13 27 7% 2%
Y. 43 7(. 1% 2 3 , 9 3

1- 43Y 8 4 4 2 3 1o 351 
2 5 93 4%.j 2 37i 13M 4

ii2 j 6Y, 11 6 3% 4~ IS315 4Y 

D2-r- 7 3%- 5 171 55 
"Dimenicri; in inches and compiled from manufacturer' 

catalogues for drawing purposm. 

Lengths of Pipe Nipples* 

Length Length Length LengthSize SizeClo" Short Clos. Short Site Co.. Shodt Size Clot. Short 

3~ .j~ .~P ~ I,1~ 1%8 2tj 2t.1 2t 3 
~ .I % Iji-- 2 i~ 1 21 3 2%, 3__ ___.....,...... 

I I I~ 2 2 2 21 
GCompiled from manufacturers' catalogues. Dmenro in inches 

Long-nipple lengths: from short-nipple lengths to 6 in in . in. increinen; from 6 in niplele
lengths to 12 in. in I in. increments; from 12 in. nipple lengths to 24 in. i, 2 in incricments. 



TABLE 41. STANoAHD (A4T.IHON ,C"EW FrrlN,6 
f19,5 l Per q in. pressure.) 

Size IDimensions in InchesSizhe I 

C D E F 

1 '13 
 3lllI
it 
 , 
 i il !
 

3 
 31 
 ,6 
 T !t 
 ,i 
 l
'3 IO-, 

<4 I 
1~i 64 V 111116 5 18 

31 51811316 
 716 1~ Li 316 1is3Sf

33/ 94 7%. 33 " 

J3'.is 11% 4 363!ig 137i 10314­
80 33t j11 16'~ Y, ;1 33­

1.2 a 14 kiIj 7ki 

Fractional dimensions are nominal. See ASA Bulletin for decimal dimensions. 

TABLE 41. Diuvso,,s ojF STANDARD Gwnz.E A Noz.L AND CROWa VALVES 
- (All dimensions in inches.) t*'R 

N 
' 

2 
iA I l- ,~2I2 6 i < 

Siljize i: !>; 
6~ 82 180 2 

7% 0 1001 1 18!% 24 

"L itle.4 tar It for scew fittings4. 

15 



TABLE 43. DIum sIoNs or STrNDA.RD IFTr 

(All dimensions in inches.) 

AND SWING V'g.vr.5 

Size t 2 4 

.4 64 7 
B 8 8,4 

Substitute A for B for screw fittings. 

8 
94 

VALVEA 

"j 

9 
04 

461 

10 
11 

11 Y 
13 

K4LV 

12 "1 
14 

18!j 
1 

I 

4 &4 27! 

TABLE 44. Daiswao- OF STANDARD 

(All dimensions in inches.) 

GATE VALVES 

0 (oo, n 

Size 1 2 

B 7 7, 8 
O 14 17 IgLj 
P I !2'4 133 3 
R 8 8 9 

Substitute A for B for screw fittings. 

3 34 

8, 
1 

10s4jo~ 
9 

4 

9 
e33,i 
18 1 
10 

5 

104 
8j 

2 Y,3
12 

i1 
3sis 

133, 
12 

8 

Il' 
41? i 

0-3 
16 

10 

1 
so 

:13 
"0 

12 

14 
58 

3o04 
20 

16
 



TABLE 43. ASA Sruauoia mRoHanlrNo. VENTLArmN. AND AIR CONOITIONING 

2-ro ,
0 

LAN' 
LCNe.64 FAAo~ (D 

,"~e 5ecr, i 

4ec~fjT JoI CA$VJ AV~aAlARfC 

171 



TABLE 40. MSA GRAPHIzC Sr-UaOtA FOR PIPING 

C,,o wew~ 

weor -

-

P 

A 

-­

----

Pc 

-6 

W1~rro A-ru*o 

/leA r, G 

-

- --

6-<r~ 

-

Jo,&, W.Gjrom e 

-

e 

CaVe J~rr - -- C.Fo~r k14-0g4YeA-7 -C/-- W'~5~ArLvpiQ , 

,i'OT41'r 

owpp 

- 5- 6 - l 

A'7E~rAf 

/IN OO~r 

&CX r 

C.t'N5Lf wptcr 

W*~WW 

byer&4AA 

Cl 

UA 

Ar~se 

LrNe.elu 

4- o 

h'a,.' 

,? Io 

R4vc,q,-vc rAeJoI.. JAMOr 

18
 



DF 

TABLE 47. ASA 

33-77 
DF 

PLUMB[NO SrMnOEh 

mG 
G ~Our..wae-j 

LA-A5 ro"ct­

ZAVrV("-IC VRV (lvro.,* ~ eV~ LA(PreOr o) (WALL 7---AItJ 

AL~ A\A~B~C' 

LT HO,- ?( e . 0)( 19 Wlr Oq - a 



American Standard Graphic Symbols far Piping and Heating' 

NPING 

T. - - - -- .--

PIPE FITTNG5 NO VALVES 

Ub- -x' 

f0--- (* (a--

Os Up 

8- O rl 

E-Ub-#41 -4- O- -*- -­

T-,w -404- -0p4Ci -)eE-

T- +4+- + +l e e 
0.w5 0- 4L4 

,ASAZl 42-1935. 

20
 



Symbols for Piping and Heating ICont.) 

____________________PIPING 

Gwv.. 

kv Caw V 

A." G.0 ye..-zu 

Amp Ch. V 

SA v 41 

ri M."__ 0 

MA J.-e 4L 

Gko.av , 

____________________ HEATNGE APPARNTIATUSG 

R-0-

P e. . 

Th (Di 

R- A1' CID 

R~d ~m-­(& 2. 



American Standard Plumbing Symbols' 

I.:X 7A-r 

:- ,DENrAL A 

olA. 
ILA 

©ra 3 - ' S0, 

C.( C ,_ 

U.Sce, v Wasjno GS,,m ,Vace C se Vjn 

0cte- , .. i t -ale,in. en, . .re0 . S 

Z14.2l935. .
2 

_ _I _t _I 6,._____________ 

*,\~~~ -1,--1KD 

IVA L IL C Pi 

22 


