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INTRODUCTIQON

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 to train personnel
in the 1deal techniques of operation and d2velop 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 0&M to engineers and technicians working on
infrastructure projects. It demonstrates OsM 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 from them. 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 0&M cost
considerations in project planning. This resulta in poor
selection of projects and equipment, either because the selected
technclogy i3 too sophisticated, or the choosen equipment is not
adequate for the pianned work. Lack of good design guidelines
for maintenance workshops and centers can result in poor site

selection and access, 1inaccurate technical specifications of
work items, and lack of enough space inside MCs for easy
movement . All these have negative effects on aroject efficiency

and adequacy.

The handbook introduction 1s followed by the first chapter which
discusses OsM 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 operator or the authority responsible for
operation.

The third chapter discusses types of periodic maintenance for
water, wastewater and road projects, heavy ecuipment, and
vehicles. 7his includes maintenance periodicity and required
technical procedures and operatrions 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 1is a proposed incentive system for maintenance
center personnel and the assessment factors that should be
considered when determiuing the incentive value to raise
performance rates. The chapter also reviews differenc types of
vocational training for O0&M personnel and training methods.
Finally, the chapter presents industrial safety instructions
when wusing hand tools, mechanical and electrical devices, and
when operating cranes.
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SECTION ONE
OPERATION AND MAINTENANCE CONESIDERATIONS DURING PLANNING
AND DESIGN STAGES

1.1 OPERATION AND MAINTENAMNCE CONSIDERATIONS DURING PROJECT
PLANNING STAGEQ

Maintenance :n itself 1s an independant investment as it results
in the ideal utilization of operation capacities and the growth
of producrion  revenues. Maintenance is a productive operation
that shcu:d not start at the beginning of a project's operation,
but at tne early planning stanes. It should be taken into
consideratiun when deciding the project specifications and

before pro.ject selection.

If we Jo not take long term C&M costs into consideraticn 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 operaticn and maintenance
costs). Thus project maintenance and productivity are two

connected and concurrent operations which imply giving attertion
to Q&4 consideraticns at  a project's selection and planning
stage. As 1s  well known, projects give a service, while
maintenarce 1s concerned with the quality of that service.

The basic rule of maintenance 1s shown by the fact that it;

o Maintains the project or equipment in good operating
condition during its :perational perioc
) Ensures operatiun continuity with a4 high level of

etfectiveness and efficiency, with rhe utmost economy
~t time and cust.

Accordingly, 1t is necessary to take OsM into consideration when
starting to plan for pruject or equipment requirements,

Project Planning Considerat 1ons:

There are several considerations that should be taken into
account when planning projects. Planning start with identifying
the reascons behind estabiishing 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 srages. These steps or procedures can be summarized as
follows:

) 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 oojectives.

1-1



A. Project Needs Description:

This includes the preliminary description of project size, and
whether it 1is going to solve an existing problem or future ones
in the framework of a long term plan.

B. Preparation >f a Feasibility Study:

This sgecities the beneficiary authorities and persons, and the
project's sb>cial and economic and environmental effects. This
study wiil pe prepared by the authority requesting the project.

C. DProject Size and Costs Study:

This 13 done using the pruject preliminary descripticn. This
study stould be prepared by a work team of technicians and
financial affairs perscnnel at the markaz level at least. It
takes 1nto consideraticn rhe feasibility study, and suitability
of the proposed site ror the project. The study should include
determining the reguired annual cos: for operation and
maintenance of a project's units during its estimated life-span.

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

This includes: 3] Studying different available project
funding resources (government-grants, leans, popular
contributicn, ... erc). O Studying O&M funding resources and
prcoposed styla of cperation (governmental, investing,

economical)

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

G Ways of recruiting required technical labour

] Necessary training programs

o Identifying OsM funding resources future needs (if it
is implemented in stages)

o] 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 a.so assigned to external
specialized bodies such as universities, consulting offices ...
etc,

E. Evaluation Study:

This is «carried out by the technical and financial authorities
at the markaz or governcrate level according to project type, in
cooperation with local popular councils. It will determine the
extent of achieving projects' described needs, and the volume of
popular contribution at the different implementation stages up
to the renabilitation 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 and specifications notebook.
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Figure 1.1
PROJECT PLANNING STAGES

Needs Description Prelisinary Project Description

Beneficiary authorities Project connection to
Beneticiary persons »{ Social Feasibility Study coapletion or finalization,
Project social effect l? part of the long ters plan
Project environsent

effect

Study project size and costs
through prelisinary description

1

Suitable location Study Financing and 1ts resources Technical authorities capable

Construction funding Fe-until the end of its life span  |e—{ of serving the project, and

Operation funding providing financial and
wirosect requirements technical support

of perscnnel

Operation style

(sethod)
Study evaluation &s regards
the previcusly described needs
t
Technical teras Accurate description and pre-
Legal, contractual tafparation of specifications
teras notebook
Financial teras and
penalties

Stage follow-up style
Testing and recetpt
terss

buarantee teras
Training

Settling coamittee rules and
lans

Follow-up teras in-
plesentation

Receipt and - Project Construction
acceptance rules
Benefits fros the
quarantee period -

1

Project OLA Plan Recording, follow-up and
I performance assessaznt foras

Project docusentation, by eva-
luating 1ts success as regards
the preliminary description of
future needs and rehabilitation
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F. Preparation of Projec: curate Technical Description,
and Terms and Specif.. i...ns Notebook for Tendezing:

The followiny items are considered:

[} Legal and contractual terms

s} Financial terms and penalties

c Technical specitications of work items and the
contractor .r supplier responsibility. This includes
that the supplier of the projects' mechanical or
elecerical compcnents or complete equipment should
provide a list of fast wearing spare narts (filters,

Jaskets, ©pearings, etc) equivalent to at least 108 of
the equipment price.

o lnterim rollow up methods during implementation,
responsible personnel and corresvondence and
nclificaticns style.

o Primary receipt, tu 1y and final receipt terms

o Guarantee period te

0 Terme of training :>n different implementat;on stages

and operation
Stipulation of presentation of implementation schedule

[}

A higher level committee should be formed to inspect and review
the terms and specifications notebook before tendering and
requesting bids and fixing a date for the awarding session,

G. Studying bids and Awarding:

In evaluating bids, those matching the projects' technical terms
and specitications and requiring less 0&M costs should be
selected. This 1is done by studying the economics of the
project, taking into account unifying equipment types as much as
possible tu 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 impiementation according to the standard
technical terms and specifications

o Ensure the contractor abides by the implementation
schedule

] Take primary receipt of project according to the

technical basis previously mentioned in the terms and
specifications notebook.



o Organize benefite to be obtained from the guarantee
period after the testing cgperation is finished. The
engineer's connectica with the project should continue
until the guaran“ee period is fiaished and operation is

regular.

[¢] The engineer w.ll prepare and present the site register
as a complete documentation of the implementation
period.

I. Project Operation:
s} A plan should be prepared for proiject O&M after €inal

handover, showing time tables for different types of
maintenance, ana .nnual needs for spare parts, raw
materials, and compenents.

o A record or -egister of follow up O&M must be kept on a
prepared form 1n order to evaluate performance.

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

J. Project Documentatiocn:

All previcusly menticnea project documents and papers should be
collectea, in addition to the site register, financial
acquittances, final account, primary and final receipt, testing
results, perrormance report during guarantee period and 0O&M QPR
during first year, as all of these are a record of experience to
be used and referred to when planning a similar project in the
future.



1.2 0&M CONSIDERATIONS DURING MAINTENANCE
WORKSHOPS AND CENTERS DFSIGN STAGE

Before starting :0 design and implement maintenance facilities,
such as wvillage workshops and maintenance centers, a program
should be prepisred 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
implementation and to achieve objectives quickly and with minimum
effort.,

The work prcgvam can be divided into the following:

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

B. Construction maintenance facilities baildings which
includes the fr wing:

o Selection of maintenance facility final location
o Preparation cf building and construcrions designs

o Tendering the buildings and consatruction

C. Description of required machines and equipiment, including:

) Detailed specifications c¢f tnols, machines angd
equipment
0 Tender ing the supply of tools, machines and

eiuipment

Presented here are summarized guidelines on how to design
maintenance units vusually required at the local level (VC's
worksnops, MMC's). These guidelines could be also used for
designing larger maintenance units, such as governorate
maintenance centers, but some modifications to allow for the
increased size would be rneeded:

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 on site and building),
special fittings, installations, finishings anad
features.

b. The design should %e floxible and expandable: The
site and building designs should take intc consideration
possible future expansion, as building utilization
changes over a period of time which could require more
area or changes 1in 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
infrastcucture that should be operated and maintained.
Therefore, the preliminary design should allow for ease
of OsM by ensuring the use of adequate materials and
adhering to finishing specifications.

d. Design should consider safety, and ease of corntrol:
Correct dimensions of stairs, entrarces and corvidors,
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.

To raise the efficiency control of operations, wmanagement offices
should be centralized and movemert inside the building
facilitateua.

Figures 1.3, 1.4 and 1.5 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:

v Direct supervision of construction

¢} Choosing tr~ contractor who is capable of implementing
the job (not just the lowest bidder)

¢} Continuous and interim inspection of construction
operations on site (preferable daily)

o Refusing ro 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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MAINTENANCE FACIL'TY SITE SELECTION AND DESIGN GUIDEL INES

]
SITE SELECTION CONSIDERATIONS VILLAGE |MARFEZ [WATER|OTHER
WORE - MCs % |WORK~
SHOFS ARAGE | SHOPS

¥Site should be level and flat YES YES YES YES

¥Site should have direct % easy access

to a main road MAYRE YES YES |MAYEE
¥Site should b2 located in industrial

or non-residential area MAYRE YES YES [MAYBE
¥Site should have =zpace for expansion YES YES YES YES

¥Site should have adequate space for
buildings, parking and storage MAYHE fES MAYEE | MAYERE

¥Site should be roughly square in
proportion YES YES YES YES

SITE DESIGN CONSIDERATIONS

¥Site design should arrange buildings
and circulation to allow ease of future
expansion and upgrading, as well as 0OuM YES YES YES YES

¥Site design should have large (minimum
20:30m) courtyard for turning, parking
and maneuvering vehicles and equipment MAYEE YES MAYEE | MAYEE

¥Courtyard snould be partly covered by
lightweight roocf or trees to provide
shade for outside work YES YES YES YES

¥Courtyard should be paved with gravel
over a compacted fill subgrade MAYEE YES MAYEE | MAYEE

Note: MAYHE 1indicates that Judgement depends on a case-by-case
assessment.

N/A indicates that the consideration is generally not
applicable.

1-12
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MAINTENANCE FACILITY DESIGN GUIDELINES

EUILDING DESIGN CONSIDERATION VILLAGE |MARKEZ |WATER | OTHER
WORE. ~ MCs % |WORK-
SHGFS GARAGE | SHOFS

¥Building layout should arrange cspaces

and citculation to allow ease of future

expansion and upgrading, as well as %M YES YES YES YES
fMain 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 MAYEE YES MAYEF |MAYERE
¥Manager®s office should have good

sightlines to workshops and be raised YES YES YES YES
in large facilities
XToilets 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 MAYEHE
¥Vehicle and equipment bays should have

reinforced concrete flooring N/A YES MAYEE |MAYEE
¥Workshops should have smooth concrete

flooring with tile or concrete to other

areas (i.e. offices, stores, toilets) YES YES YES YES
X¥All workshop flooring and pavement

should slope to grated drains and then

to collection sump YES YES YES YES
IWorkshops 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 |MAYERE
*Main workshops should have wide doors

(minimum 2.4mn, overhead roller type)

to accommodate vehicles and equipment YES YES YES YES

‘5




(centinued)

MAINTENANCE FACILITY DESIGN GUIDELINES

BUILDING DESIGN CONSIDERATION

VILLAGE
WORF. -
SHOFS

MARKEZ
MCs %
GARAGE

WATER
WORK ~
SHOFS

OTHER

¥Ground floor structure shoula have
heavy columns or protective bollards
for lightweight columns

MAYERE

YES

MAYEE

MAYBE

-

¥Ceilings should be high (ninimum 3.5m)
for cooling in summer and accommodation
of large vehicles and equipment

YES

YES

YES

YES

¥Ftooms should have ceiling fans and
through ventilation at high level

YES

YES

YES

YES

IWorkshops should have high windows with
€gcurity bars and shutters but no glass

YES

YES -

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 should be
fitcted with built-in shelves, cabinets,
workbenches, etc.

YES

YES

YES

YES

XWorkshops should have circuitbreakers
and appropriate fire extinguishers by
the entry door (especially in worksheps
for welding and batteriesg)

YES

YES

YES

YES

XWorkshops 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

MAYRE

MAYERE

*Specialized workshops (for injectors,
hydraulic pumps/cylinders, fuel pumps
and control valves) should be located
in dust-free clean rooms

N/A

YES

N/A

MAYERE




1.3 GENERAL CONSIDERATIONS FOR DRAWING
UP EQUIPMFENT 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 from the supplier.

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

1. 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 numkter 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 onres, necessary for maintenance or
Lepair.

12. The provision of a sufficient number of OsM, 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:

Bulldozer on tires

Motorgrader

Road roller

Scraper

Small sewage dump truck

Small refuse dump truck

Water spray truck, rear spray, small

Sewage pipe cleaning truck, jet type

Light columns repair and maintenance truck

Tractor

Workshop equipped truck

O 000O00OO0OO0O0OO0OO0
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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 equipment is purchased 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 eificient continuity of
equipment operation heczize repairs 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 instructicns.

) 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 payving cash to the supplier if he provides
them, or the governorate will provide them from its
warehouses if they are available there.



The supplier agrees to perform biannual equipment
maintenance on site, including all system adjustments
and changing damaged components,

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 ot requires using equipment in the
supplier's workshop that cannot be moved to the site.

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 Aquautities) 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
inspections, maintenance and repairs inside the
governorate.

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 any
accidents or injuries 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.

K



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

This contract is valid for two years starting from the

slgning date, aside from the equipment guarantee
period.
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SECTION TWO
Operation

Proper operation of equipment is ovre of the most important
factors in maintaining it, reducing repairs, extending of
nreventive maintenance periodicity and saving expenses. If the
equlipment 1¢ misused this will result in increased troubles, low
overformanc-, increase of operation costs and the eguipments’
work program will not be implemented.

If equipment cperated as a service is not used properly, the

interests of citizens will be affected. If it is used for
production, productivity will decrease together with that of the
facility. This will rean losses or decrease in profits.
Therefore, operation is oune of the most important factors to be
taken inct.  censideration regarding projects and eguipment. It
should evern be placed rirst, as a successful project depends

mainly on proper operatian.

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

Because of the wvariety of eguipment, whether mobile or fixed,
this subject will be presented generally and from two aspects:

o] The operatcrs' role
2 The operating authcrity role

2.1 The Operator's Role

The driver/uperator wil: do some maintenance on the equipment he
is operating. Some .t this is done before starting the
equipment, scme during operation, some before shutting-off the
equipment and, 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 the equipments’ general appearance
(cleanline,s, polish, any bumps on the body) and
ensure there are no loose parts.

B. Check rtires and thecir rated pressure

C. Check front and tack lights and indicators

D. Check for leaks in cooling, o0il, and fuel systems.
Check radiator water level, engine o0il level.
Check drive helt tansions and change if necessary.

E. Start engine to check any for irreqgular sounds in
all systems. Test brakes, clutch, hand brake.
Check engine o0il pressure, charging, and level of
fuel tank from gauges. Check windshield wipers
and horn.



Figures

Tf the engine fa‘ls to start, notify repair and
maintenance team without persisting in trying to
start 1t.
Check driver's tonls and legal permits and
license.

2.2, 2.3 and 2.4 show examples of procedures done

on equipment before starting.

2.1.2

Control Instructions During Operation:

Mobile Equipment:

[ Observe any irregular features during
cperation such as: Engine overheat, low oil
pressure, increase or decline in any gauges'

readings trom normal.

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

o Any irregular sounds in engine, systems or
fittings.

Fixed Equipment:

o) Ubserve any irregular teatures during
operation such as overheating, low o0il
pressure, and irreqular engine sounds.

o Observe any vibrations during the running of
the engine, and check any wobble in torgue
connections between the engine and the pump.

Operaticns to be done before and after
stopping the equipment:

Mobile Egquipment:

o Ensure the equipment has stopped by applying

hand brake

e} 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.



AdOD FTdv IvAY 1519

e

Indicators and

Gauges
17ChGCR for damage

Bucket levers and
h uses

Check for wear and
leaks

-
Transmission and
Final drive:

5 Check for leaks
w
Sprockets:

Check for wear

Figure 2.1
Inspection Chart for an Excavator

Engine Compartment

Check for oil and fuel
leaks

Cooling System

Check for leaks
worn hoses
Trash build up

Covers and Cuards

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

|

Hydraulic System:
Check for leaks
Check for worn hoses

Check for damaged
lines




Figure 2.2

Inspection Chart for a Grader

Inspect for leaks
or darnage.

HYDRAULIC CYLINDERS

FRONT WHEEL SPINDLE BEARING HOUSING

Inspect for leaks.

AXLES
Inspect for leaks.

BLADE, END BITS AND MOLDBCARD

Inspect for excessive
wear or dlamage.

==

OPERATOR'S COMPARTMENT
Inspect for damaged
gauges and cleanliness.

HYDRAULIC SYSTEM
Measure oil level and
inspect for leaks.,

AIR CLEANER INDICATOR
Observe indicator.

ENGINE PRECLEANER
Inspect for dirt build-up.

!
/|

TIRES
Inspect for damage, excessive
wear and ccrrect inflaticn.

inspect for leaks.

J CIRCLE DRIVE HOUSING

BLADE CIRCLE SHOES
Inspect for wear and adjustment.

BALL AND SOCKETS
Inspect for looseness
and insert wear.

STEPS AND GRAB IRONS
Inspect condition and
cleanliness.

PIVOT AREA
Inspect for trash.

]

TANDEM HOUSING
Inspect for leaks.

ENGH!E COMPARTMENT
Inspect for leaks and
trash build-up.

DIFFERENTIALS AND TRANSMISSION
Inspect for leaks.

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

2-4
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DIFFERENTIALS
(front and rear)

for leaks.

Figure 2.3

Inspection Chart for a Louader

FBUCKET
Inspect for damage
or excessive wear.

BUCKET CONTRO!,
LINKAGE
Inspect for damage

Inspect under machine

or excessive wear.

FINAL DRIVES

LIGHTS
bulbs.

(front and rear)
Inspect for leaks.
inspect for broken L\

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

COVERS AND GUARDS

TRANSMISSION

Inspect for leaks.

l =NGINE COMPARTMENT

Inspect for leaks—

Uash build-up.

“]

P TIRES
Inspect for damage

Inspect for broken
gauges.

/ OO—:\
] T COOLING SYSTEM

and proper
inflation.
/ INSTRUMENT PANEL

STEPS AND GRAB IRONS

iy
inspect condition and
cleanliness.
' Il
BTN HYDRAULIC SYSTEM
.%‘_ I[r 2 N ﬁ inspect for leaks.
—J

OPERATOR'S COMPARTMENT
Inspect for cleanliness—
broken gauges.

Inspect for leaks—
frash build-up.
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Hydraulic System:

Check for leaks
Check lines and
hoses

Engine:

Check ful cor oil
leaks

Check belts

Cooling System:

Check water leaks

of connections and
hoses

Mirrors:

Inspect for con-
dition

Figure 2.4

Inspection Chart for a Truck

Lights:
- Check Lamps

Driver Cabinet:

Check window glass
Check gauges

Front axle:

Check for leaks
Check brake joints
Check springs

Final drive:

Check for leaks

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
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B. Fixed Equipment:

G Disceonnect load from engine after taking
necessary procedures (such as closing cocks,
etc)

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

o Follow rtnhe rest of instructions mentioned

under mcbile equipment.

2.2 The Operating Authority's Role:

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

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

B. Consider features indicating misuse or hard
operation. These include overloading and
utilization 1in inadequate jobs (such as using the
grader to clean city asphaltic streets). These
will cause irregular wearing of the equipment and
its fittings.

c. Calcuiaticn <f 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.

Calculaticn of fuel consumption rates 1is for evaluation
purposes.

2-9
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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 Q&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 the 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. Eguipment 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 reguirements.
o Calculate the estimated budget for

equipments' operation.

2.3 Operation Planning:

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 fcr the future. To properly prepare for
operation, the following should be taken into account:



A. Preventive maintenance dates for equipment should
be included 1n 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 transportation.
c. The volume of required work in :elation tc

equipment capacity should be considered to avoid
overloading.
D. Observance of operators' vacations.

E. Observance of technical conditions when assigning
equipment four jobs on different sites.
F. Assignment o f a percentage of each type of

equipment to work as a standby for operating
equipment, cearing in mind the need for
maintenance on the standby equipment.

2.4 Qperaticr. 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
and with suitable lcading. Also operator efficiency affects

equipment operation and maintenance cost.

Costs elements can be summarized as follows:

Including cperator 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 Ekxpenses:

Includes the cost of chemical materials used in some water
operations (chlorine, alums ... etc). "Register and follow-up
OsM plan implementation guidelines" - Chemonics - October 1988,
included the forms fcr 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 fc.
inoperation or stopping. 1£ this data is available for any
piece equipment, its producdivity can be calculated as follows:

Equipment productivity =
Number of actual cperation 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.

2-12



£1-2

Table 2.1

EQUIPMENT'S DAILY OPERATION

REGISTER
Markaz @

Month :

- S.N. =  Type and Brand 11213]als le]7 89 jrojip2fi3palisjiejiz{igilo 205[ 22123{24 |25p6(27(28 29]]0

-~

Total

AdCD 3THY VAT 1538

Kilometrage or daily operation hours are registered in front of each piece of equipment, it is not
operated, write down reasons using the following symbols:

D = No driver N = No work I = 1dle M = Maintenance
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Table 2.2

PRONUCTIVITY REGISTER AND EQUIPMENT UTILIZATION

DURING THE THREE MOMTHS ( /)

Gevernorate:
Markaz :
Distance No. of No. of Reasons of Non-Operating Days Productivicy =
Equipment Covered or} Operating | Days Cut ) “ctivicy
P Operating Days of Order Operating Days
No Not Out of Maint.
No. of Working Dsays

Yours Driver {Needed | Order

4

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 ronfit as it protects a machine
against unexpected failures and Lreakdowns dur.ng operation and
extends it utilizaticn 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 out each type of
maintenance. This 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 wunits in water and
wastewater projects) as the cperator does the daily service. 1In
the case of rcad projects, the labou: appointed on the road is
responsible for this kind of service.

Laily servicing for different 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 what operations are to be
taken intc consideration when performing daily servicing.

Preventive Maintenance: (Periodic - Routine) is called periodic
because it is carried out periodically as recommended by the
producer in the equipment manual depending on the hours it has
worked. S50 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) Lowever these limits are flexible in
operation and can be changed provided that they do not exceed
19% + 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 in 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 Aftecting Maintenance Periodicity:

The following factors determine preventive maintenance
periodizity:

Utilization

Climatic conditions

Labour technical standard
Fuel, oils and greases

Raw materials and spare parts

o W N -

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 Ut: ation Conditions:

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

B. Ordinary Utilization Conditions:

Operation 1is 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 wutilization is when operation does not exceed 1000 hours
or 30,000 kilometers. This 1is 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 anothe:. 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 general:y in summer, and specially when there is an
increase in dust.

Third: Labour Technical Standard:

The Low technical standard of labour in c¢perations 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.

3-2
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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:

- Develcpment c¢r upgrading of field training levels and
standards.

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

Fourth: Fuel, 0Oils and 3reases:

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 o0il as the residue of
sulfate combustion is combined with the water vapor (resulting
from combustion inside the cylinder) forming diluted sulfuric
acid which damages the cylinder sides in addition to slopping
the engine's o0il and changing its characteristics. This
accelerates the necessity for changing it.

B. 0Oils:

The ditference 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 freguently. 1t is recommended not to change the
type of 1l 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 shculd be able to withstand
high temperatures, be suitarle for low temperatures, and not
wash away 1n water.

The foliowing should be considered:

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

¢} Too little grease, or too much grease, are equally in-
eftective.

s} Manufacturers' instructions and recommendations should

be followed otherwise sudden breakdowns will result.
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D. Cooling Liguids

Cooling liquid and cocling components are most important in the
operaticn and maintenance of liquid cooled engines. The cooling
ligquid generally used is fresh water. Anti-freezing liquid is
added tc 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 1in 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 and 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 conforming to the
maintenance periodicity as instructed. Alternative spare parts
are often used because¢ ur lack of the original ones in the local
market or the high price ot criginals. This leads to shortening
the life span of the equipment and decreases the period of time

between maintenance. The same problem occurs when the
alternative spare parts are manufactured locally wusing
inadequate materials. This results in decreasing the period of

time between maintenance by half.

Oon the basis of «he aforementioned factors affecting the
equipment and vehicle maintenance periodicity, the following
timetable 1is suggested toc implement maintenance according to
weather conditions:
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3.2 Preventive Maintenarce ot water Projects:

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

Types and models f engines used in water projects are
numercus. It is therefcre, recommend adopting the following
method in implementirny engines' preventive maintenance without
prejudice to the producers' instvuctions where there s
contradition. As it is not possible to present maintenance
programs for all types arnd models, this method handles the
subject generally. Diesel engines do not differ to such an

extent tnat the maintenance pattern is affected. The basic
preventive maintenance activitles are:

Checking
Inspect inn
Fastening
Cleaning
Adjusting
Lubricating

00 O0O0O0C

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

The remainder of tnese 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 Dieses BEngines:
Firse: Operation and Daily Maintenance

Operators of water stations and pump units are responsible for
carrying out the engines' daily service 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
0 Operating the engine and monitoring and
recording all readings and any unusual sounds.

Second: Preventive Maintenance (I) (P1)

Freguency: Every week, ur 5¢ working hours
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Figure 3.1
Checking of Engine 0il Level

Water pump belt tension

Generator belt tension

Fig. 3.2 Belt Tension Method

¢



Personnel: Mechanic, electrician, operator

Tools: Mechanic's tools, electric...'s tools,
funnel, hydrometer, voltimeter, torque
‘wrench, ocilcans.

Materials and Spare Parts: Motor oil, grease, distilled

water, sand paper, gaskets,
cleaning cloth, water pump

stuffing.
Operations: 9 Wasn and clean all engines parts
[¢] Check encine's oil or change it, and

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

¢} Fasten all engine parts and all chassis
anchor  bolts, and pump coupling bolts,
and faster the bolts that fix the pump
to the chassis

o} Check the water pu racking

o} Check the batte: the solution level
and density, bat: voltage, and supply
it with distilled «» er (fig. 3.3)

v Check the starter, the dynamo, the
cutout, the accumulation (charging)
regulator and o0il 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
e repaired

[ Clean the engine and the water pump
after maintenance

Third: Preventive Maintenance (II) (P2)

Fregquency: Every month, or every 200 working hours.
Personnel: Mechanic, electrician, operator, pipe fitter
Tools: A set ot mechanic's tools, electrician's

tools, pipe (itter's tools, funnel, oilcans,
hydrometer, voltimeter, torgue wrench, vise.

Materials and spare parts: Engine o0il, distilled water,
grease water pump packing,
gaskets, sand paper, cleaning
cloth, fuel filter element,
oil filter element, etc.

Operatiuns: This mainteance includes all steps described
in Preventive Maintenance I plus the
following:

I



Fig. 3.3 Battery Inspection

10 - 15 mn

~—
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COOrIrsrn SO s IS es.

Check Solution Level

Check Density

Check Voltage

3
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0 Change/clean the filtering elements in
0il, fuel and air filters

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

e} 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

o) Check all connections and valves for any
leakage

Fourth: Biannual Maintenarce

Frequency: Every o 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 as in PM2 plus injector
nozzles

Operatacns: 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

¢} 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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Fig. 3.5

Cylinder Head Tightening
according to the sequence

Fig. 3.6
Valve Clearance Adjusting
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J.2.2

Electric Muturs:

First: Operation and Daily Maintenance

The operator

should

electrical units:

do the following before operating

Clean the motor

the

Turn the motor by hand to make sure that
the bhearings are in good condition and

there is no unsual resistance.

Check tne electrical connections to make

sure the insulation is intact.

Run the motor and cbservz the indicators
on  the distribution board and record any

unusual readings or disturbances.

Second: bFreventive Maintenance (I) (Pl)

Frequency:

Personnel:

Every

week, or evry 50-75 working hours.

Electriciar and operator

Tools: One set of electrician's tools
Materials and Spare Parts: PVC tape, cleaning cloth,
water pump packing.
Operaticns: o Check holts holding the engine to the
chassis
3 Clean out the connection box and check
the cables
o} Check the itnulation of cables and
connections
o Check that there is no spark between the
brusher and the commutator segments and
clean them
o} Check the operation of the cooling air
fan
o Check the water pump packing and change
it if needed
Third: Preventive Mainterance (II) (p2)
Fregquency: Every mornth, or every 200 working hours

Personne!;

Tools:

Electrician, operato.

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 fcllowing:

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

s} Clean the sleeve bearings using alcohol

[} Clean the brushes with sand paper

[} Operate the motor and load gradually to
check any sounds or breakdowns

o Clean and grease water pump bearings and

install new packing if required.

Fourth: Biannual Maintenance

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

Personnel: Electrician, operator

Tools: Same as in M2 plus 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

[} Check the windings and record reading
before replacing terminal box cover

o} Clean the bearing with flushing oil and

refill to correct level wusing 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 - aii 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 Maintenarce or Pipelines, Valves and Tanks:

Frequency: Every monch
Personr al: Pipe fitter, official! of the markaz health

directorate.

Tools: One set «f pipe fitter's tools, tank washing

tools.

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

Operations: o) Montni inspection of pipelines and

valve chambers to check its operation
and the existence of any leakage

o Inspection of wvalve chambers to remecdy
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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J.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 that of pctable 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:

¢} 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 time 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 1s highly sophisticated in its ~natation
(as is «ctne 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 generated 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 fur this purpose.

This method 1is less ecffeccive for heavy and big disposals and
leads to damage of corroded pipes. 5o, this method should 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 tortal collapse of the damaged pipe seator.

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 alsoc be used to clean,
manholes and flushing basins.
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Operation Instructions tor Using the Jet Nozzle

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

o The Jjet 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 fixea tightly

o Utmost attentiun and carefulness is a must when
handling the moving water hose. Accordingly leather
yloves should he used in case there are some sharp
fragments or giass or other deposits stuck to the hose
~#hich may cut .r inflame the hands

o N  repairing of 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 chat scrapes and drags
all sediments from inside the pipes, such as scavenging sticks,
and manual cr 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 tc overflow until the occlusion is
removed. The scavenger 1s a structure on metal wheels with a
metal shield. Control and operating lines are fixed at the
front and rear of the scavenger. There are usually different
sizes of scavengers to be used for different diameters of
pipelines see fig. 3.7 and 3.8.

The follo '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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Parachute set up in line (air driven)
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Front are rear scavenger cables

Cable reels

A pushing umbrelia inside the pipelines
Sand trap

A sucking compression pump

Sewage evacuation (dump) trucks

0O 00UGCGOOo

The scavenger 1s operated by inserting it in the pipes using the
control lines, and directing it to the parts to be cleaned.
This is don2 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
directing r+ne scavenyer shielded end in a direction under the
current. The manhole clevators should be fixed. Then the sand
trap srouid be placea in a manhole beneath the current. The
sucking compressing pump is then dropped in the sewage line. The
shield plare will stop the sewage water flow behind it, which
leads tc 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 allcwing the detained water to flow at high
speed ana pressure pusring 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 forward.

B. Buckets Machine:

This machine 1is a mechanical way to clean deposits from sewage
pipelines by scraping and dragging. It is usually used for
removing and transferring sand, gravel, stones, bricks and tree
roots, in addition t¢ mud and grease. The buckets machine is
used mostly for removal of large guantities of heavy solid
materials, but it 1is a slow operation, and should only be used
when other methods fail. It should be used with extreme caution
to avcid causing any damage to the sewage pipes.

Bucket diameters wvary 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 depositz precipitated in small, low-flow pipes,
the machine 1is wusually placed at an under current manhole. It
is placed at an above current manhole when removing depocits in
large diameter pipes.

3-20 6(-"



A single bucket machine cannot operate alone. There have to be
two of them, one tc¢ gul!l and drag and the other to feed. As
soon as the cable starts running, the machine parts (cther 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
completely.

C. C(Clearing Machine:

The cleaning machine uses Llexible steel joints to push or drag
different cleaning tools and instruments through the sewage
lines. it is suitable fcr removing obstacles. With the right
tools, and proper washing w~ater, this machine can also remove
and push sludge, mud and yrease. It does not require pushing
ropes. As it can e pushed for 150 m in the lines, it is
considered a gcod method to  overcome blockages in emergency
cases. This machine is not suitable fcr pipes with diameters of
more thar. 380 mm, for joints tend to be curved, and then a lot
of water would be needed for washinag, In addition it is
generally weak and incapable of dislodging and lifting heavy
solid materials.

Industrial Security Instruction:

[ The <clearing stick should not be inserted or pushed into any
obstacle. The operating process should be performed
smocthly

o) The clearing stick  should not be whirled in one spot for a
long tcime as it might Jenerate heat and damage the tocls.
Consequently the sti1sk should moved in and out constantly.

o} The cieaning too. snould 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 1is very similar to the mechanical method, but
its use and capacity are limited, because the stick is pushed
manually in the line making the process slow. Standard joints
are connected as required tc lengthen and push the stick inside
the sewage line.

55
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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 he V. After remcving such a blockage, the complete
cleaning . ation can be performed later.

3.3.3 Toocls and Equipment Required for Personnel

Protection and Satety:

Gloves:

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

Glasses:

Work. s nust wear protective glasses to avoid injuries caused by
scatt:red solid materials and protective glasses must also be
worn duriny the chemicai mixing pracess.

Fresh air mask:

Workers snould wear this mask for protection against poison
gases 1nside the pipes, and for easy respiration during the

carrying cut of maintenance operations.

Fresh air compressor:

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

Fire fighting equipmert:

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

First aid kit:

All vehicles should iuclude 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 ijackets

These orange coloured jackets are used to distinguish persons
working and protect them from traffic accidents when they are
ctanding in the traffic flow and exposed to danger.

Solid helmet:

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

Protective bpelt:

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 belt is attached to a rope to facilitate pulling out the
workers from the lines.

3.3.4 Precautions to pe followed while cleaning
sewerage and ways of handling:

0 The detection of homogeneous soil, crockery pieces or stones
on the bottom floor of a manhole i3 a positive indication of
the occurance of cracks or collapse in a part of the over
current sewerage line 1in this location. In this case
extreme caution must be taken before performing any cleaning
operations,

o There is a great possibility that a sewage pipe might 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.

o 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 pozsible a pulling rope should be used
with the drawing winch to recover the cleaning tools and
instruments.

e} 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.

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

Road projects 1n governorat re divided into three main kinds:

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

Maintenance of these roads is done in order to compensate for
erosion due to traffic and weather, and soil movement at their
edges. It aims at kecping 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 ana damaging equipment. As maintenance allocations are
usually Ii:mited rocads should be kept in good condition with the
minimum cast,

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 Maintenance

This is the daily rcad maintenance done by the road workers and
is usualiy carriea 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,

Operaticns: o Remove corrugations (wavings and
zigzags) from the road surface

Fill pits

Clean grooves

Water the road surface

Mairtain walls and side coverings

Remove grass

Remove all habitations encroaching the
road

Maint: n longitudimal and cross section
eleva ns
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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 Mainternarnce

This is usually caliedg "improvement maintenance". It aims at
improving the surface of dirt, gravel and asphalt roads,
maintaining their elcvaticns, and protecting them against
erosicn factors.

Frequency: o) Once every month for dirt roads
o Once every two months for gravel and
sctone roads
o Once every 6 months for asphalt roads
Personnet: Specialized labourers and technicians.

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

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

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

traffic:

o} 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 dangarous horizontal
curves

o Widen the road on horizontal curves

o Ramcve 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.
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4] Water, spacially during summer

o Spray bitumen (when the road is not used
tor traders' traffic)

o Supply sand roads with clay soil to
improve cohesion

o Supply sand to clay soil roads to
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 siopes

[§} Renovate side slopes by planting wedge ~
root trees

[} clean canais

s} 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

o Remove obstructions whether buildings or
cultivation ... etc

o} Allocate crossings for pedestrians,

bicycles or cattle

J.3.3 vutrrective Maintenance

This is aune 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 cf 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:

Frequency: Every 2-3 vears

Personnel: Specialized labourers
Eg.ipment: Water pumps, street sprinkler, buckets, axe,
scuttle, loader, grader, forks.
Materials: Water, earth filling (a layer 10-20 cm thick)
3-26
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Operaticns: o Appty 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. It the road does not need an additional layer,

maintenance will be as follows:

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

< Water

o Or  sand roads layers of clay soil should
be added to sand parts to maintain
cohesiveriess

o On clay roads a layer of sand should be
added to ease 1ts levelling
o Remove of stones and rubble Ffrom the

road surface using forks

B. Gravel and Macadam Roads

Freguency: Every 12 - 18 months

Personnel: Specialized Labourers.
Equipmen: Grader, ruiler (5 tons)
Materials: Bitumunous wmaterials, gravel soil, stones and

rubble, sand

Operations: o} Fill pits and gaps, and lay a 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 Apply another layer of liquid asphalt
(medium volatilization asphalt) to road

surface
o Cover with clean sand
o} Compact with roller

C. Asphalt Roads

Frequency: Accoraing 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. .cor, dump truck.

Materials: Hot asphalt mixture with adjusted asphalt
percentage.

OQoverations: o Locate the areas that needs repairing
e} Cut the edges of the damaged areas and

spray an adequate quantity of bitumen to
forn a layer

o Lay the asphalt mixture. This should
not be pushed from the middle to the
sides

o Compact layer wusing an ordinary roller
or a vibrator or lorry tires

o Maintain shoulders. Fil the grooves
and pits. Level the .ulders. Add
earth filling to the 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:

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

) 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 wvary dJdepending on the
type of emergency.

Materials: According to type and location of emergency.
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Operaticns: o Remuve sand adjacent to the road
o Repalir 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 <craining. Repair or
renew collapsed bridges or pipes

It is obvious that sume preventive measures could reduce sudden
road collapses and the need for repairs. These measures include
planting trees, construction »f water drainage systems, and soil
fixing.

2.4.5 Examples of Asphaltic Paving Patching:

l. Alligator Cracks:

Those are «cracks corsisting of several small squares that looks
like the «crocodile's skin. They adate usually a result of an
unfixed base course leading .2 severe curvature of the asphalt
surface. Water saturation is the basic reason for unfixdness.

Permarent 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
perperndicular to the traffic. The asphalt saw will cut

swiftly and cleanly. (figure 3.9)

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

C. To qget the best results the pit should be filled with high
quality hot asphaltic mixture (figure 3.11) and then spread
carefully so 13is not to separate its granules (figure 3.12).
This asphaltic mixture, because of its depth, does not need
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 acco:ding 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 tilled first with qravel materials and sprayed with a
liquid asphalt layer. Then a su:face course of hot or cold
asphaltic concrete is applied. The area is then compacted
to the same level as the surrounding pavement,



1. Alligator GCracks:

Fill with asphalt mix

Remove the cracked surface

to reasonable depth (surface
and base-coarse)

/'Vc

//’lg\

Ji

Fig, 3.11

Spread_the asphalt mix Put MCo_coat on the —
carefully 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. Remocve the surface arcund 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. Distorticn:

These are small locaticnal 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:

Clean the removed surface
with brush
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Check surface levelling Lay asphalt mix in the
removed area

DY

—
Compaction with roller

Surface Levelling
Fig. 3.21 Fig. 3.19
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Delimit cthe cavity pia-2 with the levelling bar and < it
on the pavement (figure 3.22).

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

Clean the cavity surface and surroundings (figure 3.24).

Spray ctack coat (1.5 kg per square meter of asphaltic
emulsion dissolved in water with 1:] proportion) on the
clean surface (figure 3.29).

Wait until the tack ccat evaporates and dries.

Spread an adequate .ayer of hot asphaltic material on the
cavity surface s. that, after compaction, it will be the
same tev:l as tne surrounding pavement (figure 3.26). A
cold as; iltic mixture could be used. This should be left
for a .nile wuntil the water and dissolving materials
evaporate and the bitumen precipitates.

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

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

Compact the «cavity patching mixture using a regular or
vibrating roller (tigure 3.28).

Place a sealing sand iayer on the patched compacted si. . ace

to prevent water leakage (figure 3.29). Do not use a rge
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

3-35 | CQC?



Compaction Spread asphalt mix

Laying sand seal coat Levelling

Fig. 3.29 Fig. 3.27
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J.4.6 Types of Asphaitic Mixtures fcr Maintenance Work:

The most common mixtures used ftor maintenance are:
1. Hotlaid asphalt concrete:

These mixtures are designed to have high soiidity and to be long
lasting. They consist of high quality hotlaid asphalt concrete
that differ n grades and type of gravel and asphaltic bitumen.
They should be compacted before the mixture temperature goes
down belcw 9C degrees centigrade.

2. Coldlaid plant mix witn asphaltic bitumen

This > a wiiture .t wmetallic gravel, asphaltic bitumen,
liquefactiun  element, and slaked lime. It is used where
temperatures are sutficient to dry the gravel granules surface
and melt asphalt. it can be spread directly if it is aired

before compaction, and can be stored for future use.

3. Coldlaid plant mix with liquid asphalt

This is mechanical mixture of 1local gravel and liquid or
emulsified asphalt. It can be spread directly or stored for
future use.

4. Local mechanical m:«ture with coldla:id asphalt

This 1s a local mixture consisting of local gravel and medium or
slow liguid asphalt,
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3.5 Mainternance cf Heavy rguipment

This secticn covers mainterance of equipment used in maintenance

of roads and constructicns, such as graders, bulldozers,
of all kinds.

3.5.1 Operation _and Daily Maintenance:

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

Frequency: Daily «: wacnt 10 working hours
Personnel: The operator and equipments' mechanic
Tools: A set of mechanic ~oolc, equipment's toc

Spare Parts: Cleaniny clotn - “uel, oil, water, bat
tluid.

Clean the equipment inside and outside

Check levels of water, oils, battery solution
Refill with fuel i1f needed

Check tyre pressures fig. 3.30

Check chain ccnnections

Check belt tensions

00 QC0O0O0C0

the dasnboard and report anything unusual

o
vbservations

o Check brakes, clutch and steering

o} Clean air filter with compressed air fig. 3.31
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Start the engine and observe indicators aand meters in

Operate the equipment fittings and report any unusual
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Fig. 3.31

Cleaning Air Filter with Compressed Air
!
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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 o0il, hydraulic

oil, battery solution

Operations: c Grease all greasing nozzles according to
producers’ instructions

Check the battery, the solution level,
and cleanl:ress of connection:

Check the ' -es' air oressure

Defecate se¢ .ment 3 the fuel tank
Check the hydraul:. :1 level fig. 3.32
Check the engine's .;:l level fig. 3.33.
Check the differential gearbox oil level
fig. 3.34

[e]

O 00 OO0

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 o0il, 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 eguipment
manufacturer's instructicns
Defecate sediment from the fuel tank
Change engine's oil
Change engine's oil filter fig. 3.35
Check the o0il level in the gearbox
Check the hydraulic oil
Adjust dynamo belt tension and the
cooling fan
Check the lights and electrical
connections

0O 0O0OO0OOO O

(o}
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Fig. 3.32

3.33
Check Engine 0il Level

Fig.

Check differential 0il Level
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Fig. 3.35
Changing Engine 0il Filter

Fig. 3.36

Changing Transmission 0il Filtering Element
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3J.5.4 Preventive Maintenance each 500 Operating Hours:

Frequency:

Personnel:

Every six months, or every 500 working hours

Equipment's mechanic, operator

Tools: A set of mechanic's :o0ols - equipment's tools

Materizls and Spare Parts: Same as in Maintenance 1II plus
gear oil filter element,
hydraulic o0il filter element,
air filcer element, fuel

Operations:

filtering element.

Same as in Maintenance II plus the following:

Change gearbox oil

Change filter element of gearbox oil
filter fig. 1.36

Change filter element of hydraulic oil
filter

Clean the fuel strainer if it exists
Change the air filter element, or clean
it if it 1s in good condition

Check and grease the roulement balls and
adjust clearances according to
producer's instructions

Change filter element of fuel filter
Che::k compressed air hoses, and
hydraulic oil pipes and hoses, and
change them if needed

Adjust fuel pump fig. 3.37

Disassemble and adjust i jectors fig.
3.38,
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Fig. 3.37
Adjusting Injection Pump Timing

Fig. 3.38

Cleaning of Injectors
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3.5.5 Preventive Maintenance each 1000 operating hours

Frequency: Every 1lUuu cperating hours cr each & months
Personnel: Equipment 's mechanic, operators
Tools: Equipment special tools, devices and

equipment in the maintenance center

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

Operaticns: In aadition to the 500 operating hours

maintenance do the following:

Valve clearance adjusting fig. 3.39
Check brakes and adjust if necessary
a Check cluch operation and adjust

[l &)

[+ Check and adjust hand brake

[¢] Greasing of all pcints according to the
eyulpment greasing cnart

3J.5.6 Preventive Maintenance eacn 2000 Operating hours:

Frequency: Each 2uuy cperating hours

Personnel: Qualiried technicians in the maintenance
center

Tools: Special tools, devices, and equipment

Spare Parts and Materials: Same as in the previous

maintenance.

Operatiouns:

o Ciieck the hydraulic devices

o] Check all engine circuits (fuel, oil,
cooling, ...)

o 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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T e

Remove valves cover and adjusting pin

Cooling fan —_—

lst cylinder
in comp.
stroke

Fig. 3.39

Valves adjustment

Cooling fan

6th cylinder

in comp.
stroke
ED *-a E%D«-
-
Fig. 3.40
Check hand brake
\
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3.5.7 Quarterly Inspecticn:

The main purpose ot inspection for any equipment each 3 months,
is to identify its technical condition and its suitability to
perform 1ts tasks. also to Jetermine the technical capabilities
of operators and t. inspect the equipment aggregates and
driver's tsols and ts  assure the implementation of preventive
maintenarnce according to 1ts  duration. Thus providing the
viticials at all levels with information on equipment technical
condition rt¢  enatle trem to  make the necessary decision to
upgrade OuM capability. Table 3,3 presents equipment technical
form to  determine the technical status of all form to determine
the ternnical status of  all equipment aggregates t> prove its
availability. Finally to identify the needed repairs to upgrade
its performance.

3.0 Preventive Maintenance of Cars and Equipped Vehicles:

This section 15 about mairntenance of cars and eruipped vehicles
(evaluation - waver spraying- garbage ... etc) whether they have
diesel ur gascline engires.

J.ob.1 Operation_anu Daitly Maintenance:

The driver should do the tollowing before running the vehicles:

Clean the venicle 1nside and cutside

Check levels r water - oil - brake oil, battery
solution (figure 3.41)

o) Check belt tensions (figure 3,42)

o Check tire pressures

o Check the brakes and clutch

<]

o

[}

e}

Check the driving wheel
Refill the venicle with fuel if needed

3.6.2 Preventive Maintenance (I) (Pl):
Frequency: After 1500 - 2000 km
Personnel: The driver assisted hy a mechanic,

electrician, and a greasing worker.

Tools: One set of mecnanic's tonls, a set of
electrician's tool, wvoltmeter, hydrometer,
torgue wrench, grease lubricator, oiler,
oilcans

Materials and Spare Parts: Engine c¢il, grease, distilled
water, washing o0il, washing
water, cleaning cloth, brake
oil, iron sand, paper.
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Fig. 3.41

Checking the oil level in engine sump

Checking the water DUifip Checking the génerator

belt tension
Fig. 3.42



Operations:

1. Wwasning and cleaning-vehicle before
mainterance.

2. Fixing and fastening operations.
Engine
3 Rad:at. ¢, water pump, fan, and checking
radiator cap valve
B Engine mountings
o Induct. o and exhaust
v Starter, dynamo, distributor, carburetter,
fuei pumps, -1l fileer, air-fuel
Q Battery tixing, connecticns and caps
Power Traitr.: nheel JConnections, wneel box,
jearbux, carden shafts
bearings, carden shaft
connections, springs, wheels
nuts. Cabin with chassis, box
with the chassis, door,
mudguards, bumper and any

other disjointed parts,

3. Adjusting Operations:

Motor

o Fan pbeit tighwtness, platinum clearance

o Carburetter {gasoline motors)

o) [njection  pump (diesel motors)

o Checking injectors without disassembling
them.

Electric Cirzuits:

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

Power Train

Adjust clutch clearance

Adjust brake clearance

Adjust wneel movement clearance

Check the hand brake

Check brake pedal spring and clutch

Check the brakes and adjust clearance if
needed

Check ryre air pressures.

OCOO0O0oO0

o}
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4. 0iling and greasing:

Viling operations: Dynamo, distributor

cam, hauling and towing instruments,
“hieel Lox, differential transmission
shatt hinge connection, changing air
fiiter 01l, cleaning paper element with
compressed air, oiling should be done
FESIRY! the G1ls specitied in the

Catal.yue technical specificatiors.

Greasing Operati.uns:

Glvase the vehicle wherever there are

Jreasing nuzzles in it, and in
acccrdance with the greasing board
specitied in the producers'

ihL.srructions,

5. Repalring discovered breakdowns:

9] Run the motor to detect any unusual
sounds or defects, and repair it if
needed

o Operate the equipment to check its

performance and repair defects if
there are any

[ Drive the vehicie to check the
prakes {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 Preventive Maintenance (J1) (P2):

Frequency:

Personnel.

Toold:

After 4000 to¢ 5300 km according to type of
utilizat:on anid weather,

Driver assisteda by a mechanic, electrician
and a tyre worker

Same as in Maintenance 1 plus cylinder

pressure gauge, wheel clearance adjusting
device, wheel toe pincement device.
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Materials and Spare Par: s:

Same as in Mainterance I plus
gear ail, sparxk plugs,
(nozzles) injectors soldering
tape, electric wire, filters
{air - oil - nydraulic - fuel)

according to vehicle type.

Operations: Same as 1n Preventive Maintenance ! plus the
tulowing:
i. Motor: L. Fasten cylinder caps using the
specified torque wrench tn the

producers’ .nstructions 3,43

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

Adjust valves clearance fig. 3.45
Disassemble and check the injectors
figure 3.46
Adjust the air
clearances
Disassemble the
to wash,
parts
Adjust the platinum clearance or
replace it with the spark plugs

compressur valves

starter and dynamo
clean and check their

%]
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Tighten Cylinder Head
According to the Sequence

Check 0il level in the Air filter

BEST AVAILAR{ £ COPY
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Fig. 3.45
Adjusting Valve Clearances

REST Aral Al CoPY
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Injectors Adjusting

BEST AVAILABLE COPY

3-56 CZlO



2.

Power steer 1ng

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

s} Checkx the wheel axle clearance
o Check the steering box oil level fig
3.48
0 Check the hydraulic circuit
3. Puwer train:
0 Check and adijust tre brakes and clutch
clearances
o Crecx and adjust the wheel toe
o} Check the springs anc¢ shock absorbers
and fasten and change if needed fig.
3.46
1. Brake
o Empt the air tanks of sediment or
filling oil in the <circuit defecation
can
e} Lining and pullies: emery and &djust
clearance according to producers’
instrucions
o Fasten connections and plugs, and grease
it needed
o) Cneck the servo
5. Tvres: ] Checkx the tire pedal
[¢] Replace tires according to sequence
instructions fig. 3.50
Q 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 for vehicles' equipment according
to instructions.
8. Wash and clean the venhicle after maintenance
3.6.4 Preventive Maintenance II1 (P3):
Frequency: After 1u,uwU - 15000 km, 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 AVAILARLE COPY
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3.49

Fig.

Greasing front and rear leaf springs

3.50
Replace tires according to their

Fig.

sequence

VAILARLT COPY

EET A

&

1%
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Personnel:

Tools:

Same

Same

Materials and Spare

in Maintenance II.

in Maintenance II.

Parts: Same as in Maintenance II plus

Operaticns:

Same

rust preventer solution.
ir. Maintenance II pius the following:

Adjust injection pump 3.51

Change gearbox o0il 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

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

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

Wash and clean the car after maintenance
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Fig. 3.51
Adjusting the timing of injection
pump

BEST AVAILABLE COPY
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Section 4

TROUBLE SHOOTING OF DIFFERENT
EQUIPMENT
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SECTION FOUR

Troubleshouoting on Different Projects:

1.1 Diesel Engines (Water pump units)

the cause
engilnes,

Before detfining
different Jiesel
maintenance and
the different installation
manuals contain ail the
maintenance, organization
to detect and repair them.

the

manuals of
information

Troubleshooting on full system

In order to define the breakdown cause

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 tuel system major breakdowns into the

following:

A. General system breakdowns. This includes the fuel flow
frcm the tank to the fuel injection pump through the fuel

filters and the preparationr pump.

repair operations should be well
those
explaining

of breakdowns in the fuel system of
personnel carrying out testing,
informed about
These
utilization,
and possible breakdowns and the ways

engines.

in a diesel engine fuel

! Trouble Pussible Cause
) 3 )

Remedy
(repair)

x

'The engine does not 'A. The fuel trap is ‘A,
‘run tecause the fuel’ closed }
’does not reach the 'B. The fuel tank is ’B.

’fuel irjection pump °* empty or there is 5
s ! not enough fuel !
! 'C. Air in the pipes c.
’ s because of leaking °*
) ' allowing air inside.®
3 3 3
3 ¥ 3
! ’D. Fuel filter occlu- °D.
! ' sicn :
3 3 )
: 'E. Occlusion of ex- ‘E.

pulsion and conduc-
tion pipes

'F. A defect
preparation pump

in the fuel’F,

Open the trap

Refill the
tank

Bleed air
during ins-
tallation and
fasten the
bolts tighly
Clean the
filter with
fuel oil

To be cleaned
by compressed
air

Take necessary
procedures to
detect the
defect
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’ Trouble K Possible Cause > Remedy

: ! 3 (repair) ’
F;

’The engine does not ‘A. Air in the fuel 'A. Bleed air in °*

: the pipes and

fasten the
conduction
bolts tightly
.. "ne =ngine stopping 'B. Loosen the ca-

‘run, or runs with conduction pipes
‘difficulty although *
‘the fuel vzaches the'

‘fuel injection pump.’
s

' ! catie is fixed in } ble :
} : the stopping posi~ ' ’
3 ) tion ) 3
3 'C. A defect in the in- *C. Test and re- °!
3 : jectors ! pair the in- °*

jectors

B. Troubles of the Fuei !njection Pump:

The lcwer part ot tnhe pump functions as an oil can for its
moving parts and pilstons. Therefore the oil level shoucld be
regulariy checked and topped up if necessary. Also, check
governir ut the parts.

It tne pump 13 correctly adjusted, it rarely causes any engine
troucles, nut it any breakdowns occur such as starting
dirfficulty .r rreguiarity, the cause could be detected by
disconnect 1.y the pipes Jjoining the pump to the injectors where
they il the  1njectuors. Then turn “he meter:ng rod to the
positiui  wnere the pump gives the maximum amcount of fuel, and
start  tte punp. It the tuel does not come cut of all the pipes,
that means there s a defect affecting all pump parts, such as

lack .f tuel in the tank, the occlusion of the pump charging
(inducti:r) pipes, or the existence of air bubbies. It the fuel
comes Sutf ot one pipe and nct the other, that means there is a
breakdcwrn .. this injectors' injection unit.

The toui wing table shown the major injectiun breakdowns and
their causes related to the tuel injection pump.
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3

3

Trouble : Pissible Cause Remedy

) ) ’ (repair) ’
X

'The ruel injection ’'A. Tne pump pistons are’as. Take off the pump °
‘pump does not dis- *  stuck. ' cap. After start- °*
‘charge fuel or the ’B. Broken pump ! ing the engine ’
‘discharying pressure’ plscun Spring ! check whether the °
is very low. 'Z. The loosness of ! pistons are moving °*
: ' the expulsion valve * up and down., Re- °?
} ' .n its base, or ’ pair by disasseb- ‘!
! ! it 1s not fixed to °? ling the pump parts®
: ! the oase. s and check any dama-’
' : ' ge to the piston ’
! : * and replace it if
) ? i necessary with a '
' ! ! new one with its *
N ' ! skirt. ‘This opera-‘®
! ! s tion should be per-*
s 3 3 tormed by an in- '
} : 3 jection pump spe-~ ‘!
’ : ’ cialist. 3
> ! 'B. Replace with ano- °*
d ' ’ ther cone of the !
! ! ! same type. !
! : *C. Clean the valve and’
} ! ? the base, or tight-*
3 : : en it if necessary.’
'No engine .rtake as ‘A, Fuel icakage from ‘A. Check and clean the'®
*the in:omirg fuel is’ tne pump expulsion valve Or catiyour
'not suffi::ent valve ! the tightening ope-*
' ’h. Fuel leakage some- °? ration between the °’
! ! ~here ’ valve and base. ’
’ : 'B. Check for the leak °
' ! ! and stop it. }
3 X

'The irregularity of *A. An air bubble in one’A. Check the pump. '
‘fuel feeding from ' of tne pump parts. *  Test the parts and *
‘the pump. ‘8. Broken pump pistcn replace the dama~ !
} ! spring or the corro-'’ ged ones. In ad- °
! ! sivn of its lifter ° dition clean the :
) 1~ 1 3

insufficiency of the
fuel to the pump be-'
cause of the .nduc- '’
ti1on pump's occlu-
sion or direty filter!

3

pipes and bleed air
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? Trouble ! Possible Cause Remedy

3 ' 4 (repair) ?
X

'The engine does not 'A. The pump ruck is 'A. Loosen the rack ?
‘run regularly : stuck ! ?
' 6. The time of starting’B. Adjust the injec- °
} ! fuel 1rnjection is ’ tion start after :
? ’ ncr fixed. ! checking that there®
! "7. The slowdown organi-’ is no damage bet- *
! ! zation is very weak.' ween the pump shaft'®
s ’ ! and the engine !
' ’ ! shaft. !
’ ! ’C. Readjust :
'The existence of 'A. The injection pump ‘A. Correct the syste- *
‘heavy plack plumes ' flow 15 very high ! matization by a }
1n the exnaust gas ' tecause the joint : specialist :
: ! cr rack are damaged ‘B. Readjust the divi- *
3 1) 3 SiO:". 3
: '8. The pump division is'C. Disconnect the :
’ : rot adjusted. : filter and clean it’
3 2. Dirt in  the air ' using solar 1, or?
: : tilrer : replace it with a °*
' 'D. The injectors are : new one ’
: ' partially occluded *‘D. Clean or renew the *
: ' or used up. : injectors' nozzles °*
: ! ' holes. :
'Changing fuel injec-‘2. Change in adjustwent’A. Organize the adjus-’
tion start ' of the piston liftec’® ting ?
! '7. Corrcsion of tne cam’B. Replace the cam and’
! ! affecting the lifter’® the filter }
‘The speedy heating 'A. The uneven ficw of ‘A. Perform necessary °
‘of the engine ' the pump injection °* adjustment and !
' ! units ! fixing }
: 'B. Other reasons unre- ° :
’ ! lated to the injec- * ,
: ! tion pump and no } :
’ ! need to mention them® }
) 1] here 3 3
C. Injectur Trcubles:

The injectiy 15 oftern. the cause ot breakdowns in the fuel
injecticn  system. vt srder to  detect the cylinder with the
broken injector disassemble the feeding pipe of each cylinder
separately. Disconnecting the cylinder with the good injector
will affect 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 crecking.
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The folicwing

breakdowns caused by

injectcrs, tne reasons ftor tnem and ways of detection avcidance,

or repair.

s Troubte

ossible Cause

Remedy
{repair)

x

'Black smcke trom

‘exhaust
3

3
)

[njectors are par-
tially occluded or

injector spring,
or the start of

£, Needle spring break-‘A.
non pressure

3
3
3
'B.
3
b
ic.
3
3
3
3

Readjust the spring
pressure or replace
it 1f broken or im-
possible to adjust
Clean or renew the
injectors' nozzles
holes

Disconnect the in-
jector and clean it
with solar oil or
replace the injec-
tor and the needle.
If impossible to
ofganize injector
spring adjustment,
then adjust the
injection start.

)
)
3
3
3
)

*Phie engine the runs
‘intermitrently be-

‘cause of wear

*linder
3

Occlusion of nozzle

nezzle nody

Disconnect and

clean, by a specia-'

list
Replace damaged
parts

‘The wcourance ot

‘erngine s.unds
3

3
)
3

injector's need-
stuck because
»f diret or over-

AL

- e

-

Test the injector
in its position in
the cylinder by
placing the hand on
the clasp while

running the engine,’

if the needle mo-
vement is not felt
it indicdates that
the needle is stuck
and the spring
damaged

¥
3




4.1.2

General Diesel Enging Troubles:

This part discusses the diesel engine and its
possible causes and disgnouses.

components generally,

Trouble

Possible Cause

3

Remedy
(repair)

'The engine fails
to run:
‘does not run the
‘engine

The starter

The battery is dis-
charged

Sattery cable is
disconnected

Defect in the star-
ter button

A delect in the
contact switch
Starter fsilure

Change battery

Connect battery ca-
bles

Repair starter
button

Repair contact
switch

Repair starter

‘The starter runs
‘the engine slowly

The battery is par-
tially discharged
The battery cahle is
not tightly faste-
ned. Joints are
dirty

Engine 0il is not of
the required visco-
sity

3
3
3
3
3
)

3

-

Replace engine oil

¥

*Mechanical Trouble
3
3
3
3
3
3

Injection timing is
not fixed

Pressure inside the
cylinder is weak
The air filter is
occluded

3
3

- Adjust

injection
pump

Clean air filter or
replace

*Fuel does not reach

*the injection pump
3

Not sufficient fuel
in the tank

Fuel pipes are cc-
cluded

A defect in the
preparation pump
Fuel filter is

occluded or obstruc-
ted
A leak in the pipes

allowing air inside

3
3
)
3
3
3
3
3

Fill fuel tank
Replace fuel pipes

Check preparation
pump and repair
Replace fuel filter
Replace pipe or
tighten fastening

4-6
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3

Trouole Dossible Cause ’ Remedy 3

! (repair) :

Fu2l reaches the Defect in the injec-' - Check injectors ?
Yinjection pump tors ! s
Air in the fuel sys-' Remove air from 3

)
3
1]
b
1

p e

tem

The engine stopping
cable 1s stuck at
stopping position

fuel

3

Check stopping cable’®

position

)
3
3

'The engine becomes
‘het

‘the engine slowly
)

1

b}

3

Insufficient water
in the radiatcr
Insufficient oil in
the engine

Fan belt is loose or
cut

Radiator pipes a:ze
occluded

The thermostat is
not working
Injection timing is
unadjusted

Water pump needs re-’

pairing
Engine needs an
overhaul

Add water to the
required level

Add oil to the re-
quired level
Tighten fan hLelt

Clean the radiatos
pipes

Replace the ther-
mostat

Adijust injection
timing injection
Repair water pump
Clean air filter or

L

- - oW

’Engine knock
)

3
)
3

4 defect in the in-
jectcrs
Air in the fuel sys-

tem

Adjust injectors

Remove air from
fuel system

'Stem are sticking

‘or suspended
3

3
3}
3

Crankshaft axles anrd
connecting rods are
corroded

Extra corrosion bet-
ween the pistons and
the cylinder walls
The valves' are sus-
pended

One or mcre of the
valves springs are
broken

Injection timing
needs adjusting

b}
3
3
3
b)
3
)
3
3
3

Engine needs an
overhaul

Check springs and
replace if needed

Adjust
pump

injection

L N PR P
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¥ .Icuble Possible Cause T Remedy ks
: {repair) ’
'A lot of black The fuel injection ' - Adiust injection ?
‘smoke in the ex- pump division is un-' Lump 3
*haust fixod : ’
! & defect in the in- ' - Repair iniectors or °?
! jectors ! adjust }
} A Jdefect in the fuel' - Repair iniection g
! injection pung ' pump 3
3 1 3
3 ) 3
’ Excess fuel due to ' - Ajust pump rack :
’ non adjustment of ! 3
: pump rack ! g
s The extra fuel devi-'® - Check cylinder and °
: ce is suspended ' piston rings :
’ The pressnre inside ° y
3 the oyiinder is ’ '
3 weeh ! ’
B 3. )
The engine is in- A defect in the in- ' - Repair or adjust 3
termittent jectors : injectors ' )
: Ait in the fuel sys-' - Remove air from fuel’
! tem ' syster '
: A defect ia the fuel® - Ad3ust injection *
s injection pump ! pump 3
y Suspended valves ' - Replace springs :
3 The rings are s:iick-' ~ Check piston a.d *
s ing to the pistons ° rings :
: Engine needs an " - Replacze injectorc y
3 crernaul } pipe }
3 ) s

aroken injector
..pe

'The engine runs

‘then stups
3

]
)
3

Air in the fuel
system

A defect in the
preparation pump
Fuel filter is
Indufficient tuel
in the tank
Suspended valves
The regulatur is not
adjuzted at slow
speed

Remove aix
system
Adjust and repair
preparaticn pump
Replace fuel filter
Fill fuel tank
Replace springs
Adjust requlator

from fuel
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f§.43.Distinceion of Engine Scupds:

Engine sounds differ accecrding to their causes,

and

distinguisning them neads a lot of experience. Different sounds

can be distinguishea as ftollows:

1. Piston Hammering (knock)

This ¢4 a metailic sGunding knock that is heard in the engine
while e wngine 1s  running slowly. The piston collides with
the oyi.nuaer walls at  the beainning of the power stroke. If
this s ana1 s heard constantly it indicates that the cylinders
are  CoIToaed, 'L it Jdisappears after the engines becomes hot
and e pLsten dilated 1tous not of importance.  This scund may
also be Ccaused Ly pister pin corrcsicn or the movement of the
rings  uatang the ocurse »f the pistons' frequent movement up and
down . Jhe plrston Zausing the socund can be detected by
disconneTting 1L succession the pipe joints to the injectors and

the suund w11l disappeac.

2. Carbon KLuck

It is neatd as a metal sound upon loading the engine, and is
caused by the accumulated carbon firing at the cylinder heads
which leaus to nre-firung. This sound is usually accompanied by

engine heatiny and power loss.

3. HYaiye Nuises
This a Jcontineus weta:r rknock caused by the lack clearance
adiustmern. between tne vaives' rod (or shaft) and the ilifter.

It disappears upcen adjusting the clearance.

4. Big =l knock ot the connecting rod (pliton rod):

This is caused by tu, big a clearance hetween the crank pin
the counnecting rod big end as a result of the shells' wear.

and
It

is characterized by a medium grade metal sound (not as sharp as

the pilstaon  knock). This sound ccmes from the bottom of

the

engine wnen it is operated at high speed without loading and is

usualiy accompanied by 13 drup in the oil gauge reading.

5. Engine Main Bearing droces:

Tnis & 1.+ level, larse wvolume sound caused by the clearance
pins petweol the crankshait and the wain bearings. It is heard

when starting to run the engine and accelerating its speed.

4-9
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4.2 Electric Motors (water pump units):

4.2.1

General Troubles and their Repair

) T

s Troule ,

Cause

Remedy

'The mo:ior starts andg

‘suddenly stops
3 3

1) 3

The electricity is
SfE :

Check conrections, °

fuses and protection

3
instruments 3
3

"'he motor stcops sud-
‘denly
3

3 3

i} 3

Wrong opervaticn

Over .oading
Shortage of voltage

Operate according to®

catalogues instruc-
tinns

Reduce loading
Adjust voltage

3 '~ Open phase $ Check control cir- *
3 ' ? cuits 3
3 3 3 3
}'he motor does not ’- Open phase ' - Check tne electrici-?
‘run when connected ’ ' ty supply !
: ‘- Loase rotor bars ' - Check rotor bars ?
g '- Overloading ' - Reduce loading 2
3 j] 3 3
'The motor runs slow- *- In correct use ' Refer to operation °*
Yly 3 ' manual 3
’ '~ Shortage of voltage® - Use transformer 3
! ‘- Start load is over °® Reduce loading 3
! ' the limit ' :
‘The moter runs in the'- One phase is oppo- Change the motor !
‘reverse direction 'osite ' connections )
3 } 3 3
'The motor becomes ton’- Overloading ’ - Reduce loading :
*hot at full load *- Occlusion of ven- °? Clean ventilation :
! ’ tilation vents '  vents ?
: ‘- Disconnenion of one’ Check supply cable ?
3 ' phase 3 3
: *- Faulty coil or sets® - Check coil sealing *
3 3 3 3

[ P R
-

-

Unequal current in
the three phases
Unadjusted voltage
or frequency

3
3
3

Wern bearings or

100se rotor bars }

Check connection

and correct

Check distribution
board and repair the
mistakes

Check and replace
bearings if needed

4-10
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y Troubles

Possible causes

Remedy

The mutor vibrates

durinyg cperaticn
3

)
3
3

Ncnalignment of motor
and pump axes
Unadjusted rotation
transfer connection
Ercsion of bearings
seats

Rotor bar is not
stable

Mctor operates' with
one phace

Adjust axes align-
ment

Adjust the connec-
tioit stability
Replace seats

sdjust stability

Check internal
connections

'Mutor noises
)
3

3

Space between rotor
and fixed parts
Vibration of ovearing
seats

Adjust space

Replace or repair
seats

'Motor sounds due
‘to metal friction

'with engine
)

3
3

Ventilation fan fric-
tion with the engine
cover

The motor is not
properly fixed to the
hase

- e e

-

Adjust fan

Fasten connection
bolts

4-11
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1.2.2 Major defects ard Regaic:

l. Bl Wl Tuse:

Lift out the fuses ana tear rtnem using the test lamp as shown in
figure 4.1. If the .amp l:iyhts up, the fuse is in good shape,
1f it dces not that means there is a blown fuse.

it Lamp

LAY Fuse

Fig. 4.1

To test cne fuses w.thcut removing them, put the test lamp
circult across both the fuse and switch as shown in figure 4.2.
The fuse at which the lamp .ifjnts will be the blown one.

Suitah Closad
(=199

3-Phase Mebor

Fig, 4.2
BLOWN FUSE TEST
BEST AVAILABLE COPY
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If a tuse olocws while running a multi-phase motor, the motor
will <sontinue to run out as single phase, (figure 4.3) and that
means tLaL ohLly a part > tne coil is handling all the load. [E
rthe wmot<r <Contlnues o ruh this way, even ftor a short period,
the coils will become very not, then burn.

In additiun, tne motar wi:l! be noisy in operation, and may not

be <capabt... ¢ handling tne !sad. In order to find out the cause
of failure, stop the motor and try to run it again. The
multi-prase mitor will nZv start if there is a clcwn fuse.

Blown Our Ty

s 4 s Blewn Our fusy

27N
N
“.g // . ;
< F‘éib* "_/4(f>>~

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

e\ A e

0,

BEST AVAILABLE COPY
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2. Wgrn 3earings:

If orne ‘b tre bear.ngs 13 worn cut, the rotor will cause
friztion ~.tn the stator, causing noise during operation. When
the woc:on cearing reaches the pcint where the rotor leans
completel; .n the ircn core of the stacor, the motor will not
run. [> vneck for this un a small motor, try to move the shaft
up and Jiwn as snown in figure 4.4, If it moves in this way it
will indicate that tne Learings are worn out, and need to be
replaced ~ith new cnes.

Stater
Re ver
Aty
e

L"ﬂJu
g L

Figure 4.4
WORN BEARING TEST

3. Qveri auaing:

To fina ut  .f tnere s overloading on the J-phase motor,
connect in  ampere-meter successively to each of the line wires.
If the <ceading :s fhigrer wran the number on the engine meter,
this indicates gverlcaalry.

1. OQOper ?Pnase:

i an upening occurs while the metor is  running, it will
continue to run but witn less power. The opening could occur in
one of the coils or sets connections which will prevent the
motor frcem starting. This cculd also happen because of a broken

wire. if the upening is detected 1a a coil, it will be
necessary ' replace the coil. If it is impossible to obtain a
hew coil, the opening in :pened one the old one shouid be found

and bcen  1ts  ends connected together as shown 1n figure 4.5.
This :s a ctemporary sclution and can not be used if the coils
are wourd 1n Jroups, (fig. 3.5).
Opte Ll
Opam cul

]

i MY

U]
‘ tanagthen
Figure 4.5

REPAIRING OF OPEN PHASE

BFSTAVMLARLECO”Y
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5., Faultw J2il or Sers:

Faulty <co:i1s prcduce a ..t 2! ncise and smoke when the motor is
cunning. After finding the defective coils by visual inspection
Sr tne wvalance test (the current is numerically equal in all
phases), replace then with new ones or disconnect them from the
circuit.

Pinpoint  tre rau.ty = i1 trom its shape and smell which show
that i1t .» burnt. <.t tne ~hole coil at a back point and twist
the convo.autlzns  oro the two sides., Ensure the removal of the

1solator froum otne co:i.s  ocefore twisting., If the whole set 15
burnt, the =ng.ne snhculda e rawound.

6. Lucse i#.t.: Bars:

This detect wili produce a noise while the motcr is running and
will prevent trne motc: from lsoading., Also, sparks may appear
between the bars and tne edge rings. In rotors with covers with
fins all tne copper bars will be connected to the rotor's two
sides to two edge rings. If Lne or more of those bars are loose
and not  touching the rings, motor cperation breaks down, and in
most cases the engine will nut run.

The 100se :otcr bars can be located by just looking. Also there
must ©De a vibration in a manual saw blade at each bar, otherwise
the par s upened. The repair in this case will be tin-welding
or ends tusion welding, figure 4.6.

Figure 4.6
LOOSE BAR IN ROTOR BARS

ROST AVAILARLE COPY
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7. Err.r .rolnterna: Jounfeltaouns:

There 1s a good way . t.nL2  J4t whetner the multi-prase motor is

correctly <ccnnected ¢ na.r, that is by lifting the rotor and

placing a bilg bai: :e<acing in the stator, then <inse the ball

switch on the statir =>.re as shown in figure 4.7. 1If the

connect:cns  are not r.ied the ball will remain still., Low

voltage shculd be usea ~iwn large and medium motors, cotherwise
<}

1

the fuse ~:ll bDlow.

Swinh Closed

Figure 4.7
ERROK IN INTERNAL CONNECTION TEST

BEST AvAIL A8, £ oepy
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8. Frozen Bearing:

If 0ii 13 not placea .n the part of rhe shaft that rotates in
the bearing, the shatt ~i1ll beccme 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. Tv  repair this try to 1ift the cover
between toth sides. The One that does not lift easily will
contain  the damaged  ceating. Lift the si1de i11d and the rotor
togethetr as a wunit. iiold  thne rotor in a fixed positicn and
twist tne side 1id forward and backwara. If ir is impossible to
move the .1d, jutsen the a.ie adjusting bolt jeining the bearing
to tne  +id, and try L ..:t the roter and the bearing together.
Be «caret.: to keep .- 1L ring separated from the bearing
during this  operat..r . .ater the bearing can be lifted by
hammerirng 1t gently. .. may be necessary to run the shaft on
the latne to chanje .is =size, and make a new bearing. Or

replace 1t with a iew e,
9. Eartned cZoils:

This defect will produce an electric shock if the motor, is
touched. If the coils are tangent in moce than 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 cut the required repair by rewinding or replacing the
defective o il.

10. Reversed Phase:

This wiil cause the moter to run more slowly than usval, and
produce an «clectrical buzzing indicating wrong connections.
Check the =~ .nnections ana remake them correctly.

BEST AVAILABRLE COPY
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1.3 Water Pumps:

4.3.1

General Troubles:

’ Tioubles

Causes

Remedy

'Lack of water de-
'livery
3

Faiiure or lack of prea- *-

paration

Lack of speed in the
rotary engine

H
)
)
S

3

Higher delivery pressure’-

than what is estimated

Mistake in th= rotation

direction

3

Pump preparation
and water should
be free c¢f any
air bubbles
Identify problem
and diagnose
Check the pressure’
gauge valve ’
is opened
Assure the pump
rotatior direction?
matches the poin- ‘!
ter direction on
the cover

)

)
3

)
)

‘Insufficient water
‘delivery
3

b
3
]
L)

Alr leakage

)

Water leakage from stuf-‘'-

fing box

Non return valve is not
sufficiently inundated

Lamaged seals

3
)

Fasten bolts )

Check stuffing box*®
1)

Check valve and !

repair
Replace seals

3

1

E

‘Decline of deli-
‘very pressure
3

410 in the water

An ubstacle in the pump~’-

1hyg passages

1

Remove air and
check its source
Remove obstacles

3

'The pump works
'for a period
'loosing suction
)

3

Alr leakage in suction

pipelines

3

Prevent air lea- °*

kage in suction
pipes and tighten *
connections !

)

J

'Pump vibration
‘and nct prime

‘mover
3

E
)
3

Lack of alignment bet-
~een the pump and ro-

tation prime mover

The rotation shaft is

bent

Deformity of the 2ump

cover

Extra tight fastening

of the stuffing box
bolts

A defect
stuffing
A defect in rotation
>t prime mover

in the pump's

Check and repair

Fasten according
to standards

Replace stuffing

Check the prime
mover

4-18



B. Stuffing box:

Where the pump shaft passes inside the cover there is a need for
a stuffing box toc prevent air or fluid leakage around the
shaft. If there is oune 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 installed at the
coupling side and the other on the opposite side, which is
usually the side of the suction opening. The pump will be
loaded on two bearings in different directions.

1. Purpose of stuffing:

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, Eluid cype, 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

pumps exposed to high temperatures

1. 0il saturated cotton twisted belts. This is the usual
kind in water pumps as they are suitable for most
operation and pressure conditions,

4-19
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3. When stuffing procedures are carried out:

There are certain situat:ons requiring pump stuffing. They are:

L. #hen hearing cwne scound of air entrance Irom the glands
~hen tne pump 13 stopped, and fastening the gland bolts
nas no effect.

2. when water tlows from glands during operation or
.naction
3. dhen 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 nperation

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

4. 8tuffing procedures:

1. The pump and set stuffing is done when it is the
equipment is stZpped
2. Make sure t. «c<luse the suction, drain cocks, and the

preparation cocks

3. Urnfasten the jJiand bclts nuts and take them out

1. Pull cut the 21d damaged stuffing from the stuffing box

5. Prepare the new stuffing ensuring that there are equal
plecas with diametcers 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 1is a 90 degree angle
between the section of every two adjacent pieces

avpes
v ";',: sz

Figure 4.6
Preparation of new stuffing

7. After inserting a sufficient number of pieces, return the
gltand to its positicn and fasten the nuts with a suitable
vrencn

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:

4-20 GUOT AvallAaRLE COPY
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A. To cool the stutfing and gland by reducing the heat
tesulting from triction
B. At the same time L. lubricate the pump's shaft

Sturfing Deficiencies:

1. Piacing swuffing pieces with the thin section on one

axile

2. Selecting stufting which is inadequate for the pump's
stuffing box diameter

3. Fastening the yland nuts too tightly, which prevents

the dropping I water. This causes metal friction
becween the pump’'s shaft and the gland body leading to
the errosion uf vne of them

: In the case .I pumps with a bearing at the suction

side, trere i3 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 occliuded the stuffing will burn continucusly.

4-21
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1.4 Cars and Eguipment Troubleshonting:

4.4.1 Engine

' Trouble : Cause ! Remedy '
] 3 3 3
’Engine will not * o Wrong fuel ‘o Use correct fuel !
‘start ' o Out of fuel 'c Retill tank !
! ' o Fuel snu:-off valve ‘o Open wvalve d
3 ! closed ‘o Charge or install new '’
’ ! Low battery power ' battery !
! } Plugged line or noz- ‘o Clean line 3
3 } zle on starting fluid?® !
5 >  adapter ! !
} ' o Resistance in start- ‘o Clean and tighten '
s 3 1ng circuit ! battery, cables casing®
3 3 * and starter connec- d
: 3 > tions )
s ! Plugged fuel tank o Clean vent cap ’
) ' vent cap 3 ’
’ 3 Engine oil viscosity ‘o Use correct oil ’
3 ’  too high : y
s ' o Water, dirt or air in’o Bleed fuel system s
’ ? fuel system, or plug-’ Drain sump. Change !
’ > ged filter * filter :
! * o Wide or plugged in- ‘o Clean or change noz- °
’ ! jecticn nozzles ' zles !
) ! Leaks 1n fuel system ‘o Check fuel system con-'®
’ 3 Heating piug will not® nections 3
3 3 Work 3 3
f— Y 1 3
o Engine knocks, * Engine cil low 0 Add oil !
> runs irregular-’ Plugged air intake 0 Clean filters and ’
> ly or stops ! system ' system )
: : Injection pump faulty’o Disassemble pump and °*
! ' or out of time ! adjust it in workshop °*
3 : Plugged fuel tank o Clean vent cap !
’ > vent cap ’ :
’ ’ o Pluyged tuel filter ‘o Install new element ’
’ ’ o Water, dirt or air o Clean system !
' 3 in fuel system ' ’
! 3 Plugged oil filters ‘o Change filters 3
: ' o Dirty or faulty in- ‘o Clean or change injec-’
’ s jection nozzles * tion nozzles ’
) - d d .
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} Trouble ? Cause Remedy
3 ) 3 3
*Engire has little® o Restriction in air ‘0 Check air intake sys- *
‘power ’ intake system ' otem ’
: > o Plugged fuel filter ‘o Change or clean filter’®
) *  or sediments in it °* !
? ' ¢ Pluyged or dirty in- ‘o Adjust injections and
} : jection nozzles * clean nozzles ’
! ' 0 Wrong fuel ‘0 Use correct furl !
y ' o Speed control linkage’o Adjust and fasten lin-‘*
! *  not adjusted correct-’ kages ?
3 3 ly 3 3
: ' 5 Wrong oil 0 Use correct oil 3
3 > 0 Injecticn pump not ‘o Adjust injection pump °*
: '’ adjusted correctly or’® :
2 : cut of time d :
' ' ¢ Coclant temperature ‘o Foliow instructions ’
: ) ruo high ' below 3
' ? u Wrong valve clearance’o Check and adjust ’
! : * valves '
‘o Coolant tempe- ' o Low coclant level ‘o Check coolant level 3
* rature too high® ¢ Faulty thermostat 'o Change thermostat :
: ' o Damaged raciator cap ‘o Change radiator cap !
: * o Radgiator core or 0o Clean grille and :
} ' grille plugged ' screen !
! ’ ¢ lajection pump out of’c Adjust time ’
' ' time ‘o Clean or change ele- °*
3 ' o Air cleaner element ' ment if necessary )
) 3 plugged ) 3
: ’ o Loose or faulty fan ‘o Tighten or install !
3 > pelts ' new belts 3
! ' 0 Sedimented or plugged’o Clean passages by y
: 3 covling system passa-’ washing systea !
3 3 ges 3 3
3 * 0 Fauity temperature ‘0 Change gauge :
3 ) gauge 3 )
‘o Coolant tempe- * o Faulty thermostat ‘o Change thermostat ’
' rature too low ® o Faulty temperature ‘o Instali new gauge s
3 3 Jauge 3 3
‘o Low engine oil * ¢ Engine cil level low ‘o Add o0il to correct »
pressure ! ' level 3
? ' 0 Plugged oil filters ‘o Change filver or ele—~ *
! ! ' ments !
N ’ 0 0il leaks ’0 Check system to pre- °
! 4 ' leakage }
2 * 0 Engine temperature 'o Check cooling system *
! *  too high ' s
4-23
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Trouble

Cause

Remedy

‘o Engine consumes’

3
3
3

too much cil

3

3

J

8]

Wwrcng engine oil
Jvi leaks 0

Use correct oil
Check engine drain
plug fcr leaks

o Engine temperature ¢ Check cooling system

' ' toc high :
’ ' ¢ Plugged air cleaner ‘o Clean air cleaner or
! } ' change the element if
} ' ' necessary

kY )
'0 Engine consumes® o Dirts or faulty fuel ‘o Change injection noz-
' twc much fuel ° injecr .>n nozzles ' zles
' » & Plugge: ar dirty air ‘o Clean or change
s ) intake .ystem ' cleaner element
? ' & Injection pump faulty’o Check, repair and ad-
' ' v cut of time ' just injection pump
4 } ' according to need.
3. i By
o Exhaust gases ' o wWrcng fuel ‘o Use correct fuel

black or

gray

‘o

Plugged or dirty air
intake or exhaust
system

Dirty or faulty

jecticn nozzles

3
3

in- o]

Clean air intake and
exhaust system
Clean or replace in-
jection nozzles

Exhaust gases

white

Wrong fuel ‘o

Culd engine o
)

Faulty or unadiusted ‘o

thermostat

Injecticn pump not
adjusted correctly or’
cf time !

‘o

vut
b

Use correct fuel

Allow engine to warm
up

Adjust or change ther-
mostat if necessary
Adjust injection pump

4-24
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4.4.2 Tiansmission:

' Trouble : Cause ? Remedy

’1. Gearbox

} 3 3 3
‘Gearbox o1l wver-? » i.w wii level ‘o Add oil to correct s
‘heats 1 ! level 3
! ! 0 0.1 leve! too high ‘o Drain oil to correct !
! } > level according to 3
’ 3 * instructions !
: ' o Engine cooling system'o Check cooling system °
} ! faulty ’ and repair trcuble as *
} : * mentioned before :
’ } ¢ Fuaming oil ‘o Check o0il level and 3
) ' * kind, and change or 3
’ ! > add if necessary s
’ 0 Plugged transmission ‘o Install new filter 3
3 3 oil fi1lter element ' element ’
! ’ o Wrong operating pro- ‘o Follow recommended !
: : cedures ' operating instructions’
) T 1 b 3
‘2. Propeller

2 ghaft_

3 3 ] 3
'Sound or vibra- ' ¢ Sound during opera- ‘o Lubricate joints 3
tion in tne pro- °* ricr cecause of non- * !
‘peller snaft : lubcrication ! ’
‘drive ’ o Sound during opera- ‘o Change propeller shaft’®
! ' tion due to wear in °* }
: ! splines ' 3
) 3 3 3

0 Sound due to wear in ‘o Change universal

: : universal joints *  joints 3
3 3 3 3
: ' o Vibraticn in propel- ‘o Change propeller shaft’®
! ! ler shaft due to 3 !
d }  bending ' ?
3 ' o vibration in propel- ‘o Change propeller shaft’®
: ? ler shaft due to big ’ universal joints 3
} '  wear in universal ’ )
’ : joints ’ s
3 ! o Vibratiun because of ‘o Balance the propeller ’
: > Ffaulty or disconnec- ' shaft 3
: ! tior. f balancing : }
: }  weignts ’ 3
[ S— A )] )
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s Trouble

Cause

Remedy

‘3. Clutch

3

‘o Clutch disen-
*  gagement

3

'c Clutch incom-

* plete release
3

3
3

3

[

[

9]

Disc wear, or
petrcleum material on
surfare

Incomplete release
vecause of trouble

in the servo cylinder
whether air or hy-
draulic oil operated
Air in zhe hydraulic
vil sysiem

Low hydraulic oil
level

System leaks (air/
oil)

PDisconnect clutch,
clean and change if
necessary

Check air and oil sys-
tem according to svs-
tem type

Check and bleed oil
system

Add oil to correct
level

Check system for leaks

‘o Clutch pedal
' back to posi-

' tion

v oW e

No air or oil inside
servo cylinder

Pistcn stuck in servo
cylLinder

Insufficient tension ?

of pedal spring

Check and repair servo

Disassemble and clean
servo and oil cylinder
of sediments

Change pedal spring

4.

Rear axle
3

]
'Hot differential
3
3
3
3
3
]
3

[

Insufficient lubri-
cation cil

Extra fastening of
pinion gear ball
bearing

Small clearanc» bet- °®
ween pinion gear and
crown

Add oil to correct
level

Adjust fastening ac-
cording to specifica-
tions

Adjust clearance bet-
ween gears

'Irregular snunds
in axle while

*cornering
3

3
3

jnadjusted mesh of
pinion gear and crown
Low 01l level

wrong oil

Adjust mesh between
the two gears

Acdd oil to correct
level

Use correct oil
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: Trouble

-

Cause

Remedy

'0il leaks from
‘crown or axles
-

Faulty il seal

Check and change cil
seal

'lrregular sound

‘on cornering
3

3

Fault 1n gear distan-
ce washers
Corrosion in
rential gears
Faulty snock abscrber
cil seal

diffe-

Change differential
gear washers
Change o0il seal

’Sounds in shock

‘absorber
H

3
3
)
3
3

Cr

Loose cyiinder nut
Loose piston lock

nut

Insufficient shock
absorper oil

Corroded rubber rings
connecting shock
absorber to body

Fasten nuts

Add enough oil

Replace rubber rings

'6. Steering

3
‘Difficulty in

‘steering
3

[

Unlubricated joints
Lack of steering box
oil

Lubricatz joints
Add oil to correct
level

'Difficulty in
’steering with

'a steering servo

3
3
b)
3
b)
3

Low cii level

Unad justed hydraulic
cil pump belt tension
Alr 1 01l system

Plugyged cil filter

Add oil to correct
level
Adjust tension or

change beit if neces-
sary

Check air leaks in
system

Change oil filter
element

’Clinking in servo

)
3
)
3

Plugged cil filter

Air in oil system
Low oil level

Change oil filter
element

Check leaks in system
Check oil level and
add to correct level
if necessary
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? Trouble

Cause

Remedy

*0il leaks from

'servo system
3

Faulty gaskets or oil’o Check system, change

seal

)

gaskets or fastenings
or change the oil seal

‘Poor centring on 0 Unlubricated joints o0 Lubricate joints
‘curves ’ o Wide clearance in ’0 Check and adjust '
} ’ joints * clearance ’
? * o Low pressure in front’o Check air pressure in °®
} d tires ' front tires '
! ' ¢ Unadjusted front pump’'o Adjust front pump ’
: ' ¢ Wide clearance in o Adjust clearance or ’
: i rront tires ball * change ball bearing ’
' ' pearing ' '
’ * 0 Low oil level 'o Add oil and check 3
! } ' system for leaks ’
} ' ¢ Air in system 0 Check system for oil *
3 ! ' and air leaks 3
» i 1 3
'7. Brakes
3 3 3 3
Low brake per- ' 0 Worn tires 0 Change tires 3
*formance * ¢ Low air pressure in ‘o Adjust tire pressure °*
s Y tires s !
3 ' 0 Unadjusted brakes o Adjust brake clea- !
} : * rance between pully 3
! ! ' and lining ’
) ' 0 0il on brake lining ‘o Clean lining ?
3 3 3 3
4 > o Worn brake lining ‘o Change hrake lining ?
! > o0 Faulty hydraulic ‘o Check, and repair d
y > system ’ brake system d
d ' 0 Air in the brake ‘o Bleed the system and °*
3 } hydraulic system > add oil if necessary °*
: ’ o Lack of o0il in brakes’o Add oil to correct )
! ’  6il can ' level 3
[ 1 Ry —
’Uncontrolled ' 0 Wear in master cylin-‘o Check master cylinder *
‘brakes ' der faulty rubber * and change rubber :
s '  parts ' parts or master cylin-?
' ’ ' der itself if neces- °*
3 3 ' sary. 3
'Incomplete re- ' o Connecting cable ad- ‘o Check hand brake and °®
‘lease of hand ! hesion ' remove adhesion )
3 3 3

‘brake
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4.4.3

Hydraulic System

3 Troubie

Cause

Remedy

'System has no

)

Lo oil level o)

Fill to correct level

‘power at start-up® o Faulty or leaky lines’o Check system to stop

} ' leaks :
! 0 Wrong oil ‘0 Use rorrect oil :
3 3 3
*Hydraulic oil 0 Wreng oil ‘o Use correct oil :
‘foams o 0il leak in hydraulic’o Check connections or °*
! cil pump joints ' replace oil seals if !
! ' necessary ’
! o Low il level 'o Fill to correct level *
s v Luuse or Fauliy ‘o, Tiahten or install s
! suction lines ' new lines }
s ¢ kinks in hoses ‘s Check and straighten °*
3 *  hoses 3
: 0 Water in hydraulic ‘o Drain and install new *
’ cil ' oil ?
‘System loses o Low 0il level ‘o Fill to correct level ?*
‘power o Wrcng oil ‘0o Use correct oil s
) W b} 3
‘Hydraulic oil o Wrong oil ‘o Change to correct oil *
‘overheats o 0il di-ty ‘o Drain, flush and fill *
: ' with clean oil :
! 0 Low il level o0 Fill to correct level °*
! o Faulty lines and ‘o Install new lines and °®
! joints ' joints 3
! 0 0il conler faulty ‘o Check oil coolert !
3 o 0il level too high ‘o Drain to correct level®
! O Wrong operating pro- ‘o Check operating pro- *
3 cedures ' cedures 3
L 3 3
Hydraulic func- o Cold il ‘o Warm the oil ’
‘tions slow o Wrcne oil ‘o Change to correct oijl °*
: o Low engine speed ‘o Increase engine speed °*
! o Worn pump o Check and repair pump *
: o Plugged o0il filter ‘o Change filter 3
3 3 3
‘Low or no hydrau-® o Faulty pressure con- ‘o Check valve, repair or!
‘lic pressure trol valve ' change it if necessary®
} o Low il level ‘o Fill to correct level *
: ¢ Wrong oil ‘o Change to correct oil *
’ 0 Cylinder packings o Check and repair cy- °*
) leak ' linder }
| W d 3
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4 Trouble

Cause

Remedy

‘Decreasing oil
‘vressure in hy-

*draulic circuit
3

3

o Faulty cylinder pac-
kings

o Loose joint bolts

0 Oil leaks from lock
out seat during ope-

Check and repair cy-
linder

Tighten bolts

Remove lever and clean?®
dirt or sediments 3

3
)

Hydrauisc oil ! ration because of 3
*foams : dirt or sediment in 3
1 1] oil 3
3 ' o Lock out seat dama- Change seat or repair ?
’ ! ged or broken it possible :
L. 3, )
4.4.4 Llectrical System
Trouvle ? Cause Remedy d
3 3 )
1. Battery
3 3 ]
‘Battery will not * o Loose or corroded Clean rust from cables’®
*take a change *  battery cables and tighten ’
’ * o Low battery power Install new battery :
: ' 0 Alternator belt loose’o Tighten or install }
: *  or faulty new belt '
S A J
‘2. Starter
3 3 3
‘Starter does not ' o Loose ur corroded Clean rust from cables®
b 3

’start the engine
L]

3
3

-

-

- e e W W e oW

- e -

batvery cables

o Low battery power

O Wrong il (high vis-
cosity)

o Low air temperature

o Battery cables too
small

o Incomplete contact
between the brushes
and stator segments

o Faulty automatic
starter

o0 Blown starter system
fuse

4-30

and tighten
Change battery
Change to correct oil

Use starting aids

Use correct sized
cables

Dismantle the starter
and clean the stator
segments using sand-
paper. Wipe with
alcohol.

Check the automatic
adjust it and replace
if necessary.

Check and change

plv



3 Trouble ' Cause ! Remedy

'], Generator
3 3 3 3

0 Unadjusted drive belt’o Check belt and charge
3

'Generatcr does

‘not charge bat- tension if necessary

‘tery or makes a ’ ¢ Faulty dynamic inter-’c Disassemble dynamo to
’sound. ' nal connections *  check it

’ ' o Windings short cir- ‘o Check windings and re-
! b ocuit ' move the short cir-

! 3 ' ocuit
’ ’ o Broken ball bearing ‘o Change ball bearing
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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 0&M system
is to set up an OaM organizational structure that can be
implemented according to the local units’ circumstances, and
indicating the functions and responsibilities of each job in
this structure.

This success of any O0&M system depends on the 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:

[o] 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] Prcpose 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):

¢} 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;

5-1
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o Submit periodic reports on O&M activities for
review by the GLDC;

o 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 qguarterly progress reports collected from
those levels, is considered one of the main factors ensuring the
success of any Os&M system. The incoming information and data
from lower levels could assist in establishing the standards to
be wused 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 Jetails 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 governcrate Maintenance Coordinator to
supervise maintenance ard ftollow-up its implementataion at the
different levels.

In order tc provide O0sM reguired funds, we have to look for
other sources as Bab [l funds could not cover all the needs.
Therefore it is necessary to operate maintenance cen:ters {V/C
workshops & MMC) as investment projects subordinated to the
Services and Development Fund and working on a circulating
capital basis. This would allow for the use of local government
VC and markaz maintenance facilities, tools, equipuient, and
Eersonnel 1n maintenance and repair of infrastructure projects
and equipmert, and for use of excess capacity in carrying out
paid repairs either in the public c¢r private sectors. This
latter wuse will increase the financial resources for public
works maintenance and for financial incentives for O&aM
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 zeporting
activities.

e
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5.2 Maintenance Center Organization

The activity of any maintenance unit includes a number of
functions and jobs carriad out oy a group of individuals. a
system should identify the roles and responsibilities of each
one of them and how to coordinate their efforts. The afficiency
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 consicerations 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.
o Means of coordination between individual efforts to
avoid duplication, contradiction, and

interruptions.

o] The extent of applying the specialization principle
when appointing personnel.

It should be also noted that it is necessary to prepare an
organizaticnal 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.} shows the functional structure of that model.

The proposed organizational structure depends on dividing the
center .ntuo different repair divisions (mechanics workshop -

electricity --- etc), and 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 £ields of specializations
required for tasks not included in iheir own specialization.

5-4
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Figure 5.2
ORGANIZATIONAL STRUCTURE CF MAINTENANCE CENTER
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Duties and Responsibilities:

A. Workers' Level:

Each wcrker 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.

o Supervision of quality and quantity of the workers'

performance.

o Supervision of materials and spare parts
utilization,

<} Keeping order, surveillance of attendance and
leave, and estimation of incentives.

o 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 Deveiopment of the work general policy in divisions
or in the MC as a whole.

o Arrangement to procure materials and spare parts,

o Distributior of work among different sections, by
coordinating the cfforts of wiikers in  all
sections.

o Supervision of costs and all financial work related
to the center.

¢} Paying wages and identification of bonuses and
incentives.

o General supervision of the system at the MC.

5-7
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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 untii 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 repalir
it, in this case the work will be inside the maintenance unit.

For fixed equipment such as water stations, operation,
mairtenance 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. 7The 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 eqguipment 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.

5-8
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FIBURE 5.4 A
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MAINTENANCE DOCUMENT FLOW

FROCEDURE

FORN
COFIES

Equipeent Maintenance Request
Equipaent Inspection
Ferforaing Maintenance at the
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FORM 5.1
REQUEST FOR EQUIPMENT

bovernorate:--------
Date:----------commomm oo oo Repair/Maintenance Markaz:-------------
Nase of the Operating Authority:
EQUIPMENT SPARE PARTS RELEASED TOTAL
TYPE [MODEL TYPE OF WORK REQUIRED DIAGNOSIS
NO. TYPE BUALITY PRICE

Inspection Resarks on the equipaent of the repair
and saintenance:

0 - ——
0
0 —mmmmmmmmmmememeeeas
0 -
0
0 -

Insprctor Signature

e )

Orivers operator nase and signatures---------- Nase and Signature of the Maintenance Center Chief

Nase and Signature of the Dperating

Authority Chief: ------=--=mcoeem-

Pre-repair inspector:-—---~---------

Signature: ---------



The equipment will be 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
0il and grease will be discharged from the stores according the
delivery request showed in form 5.2.

O Upon completion of maintenance the equipment will
be muved to the inspection division with copy
number 2 of form to check the equipment after
maintenance and assess the guality of
implementation.

9] The equipment will be returned to the operating
authority with copy no. 2 of form 5.1, upon which
will be tlisted 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 5-4B shows 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 the MC chief's
signature on form 5.1 to inspect the equipment and
approve the required repairs.

o

o One of the inspectors will check the equipment and
identify breakdowns.

o 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.

s} 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: ~——————em
TYPE S WORK PERMIT NO.: —~————mmmmmmm
MODEL D DATE: —————— e
PART NAME OF ITEM REQUIRED | RELEASED PRICE PER | cOST
NUMBER QUANTITY | QUALITY UNIT

AJO A TR AT LETE

Name and Signature of the Name and Signaturae
Section Chief of the Store Chief
( ) ( . )
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Figure 5.4B
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—{2 operating authority 3-1 2
Stores
H
]
Repair Sections
"
Regis- E

tration| G




Required operations for repairing the 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/secticns.

If the reyguired items are not available in the
higher level stores, the purchases division will
purchase them from the local market and deliver
them to the reguesting section/sections.

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.

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.

The repair division will send the other copy of
Form 5.1, showing the spare parts and materials
used, to the centers' registration division for
filing.
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3.3

FINANCIAL CLAIN TO DEDUCT ITEM COST FROM THE RESPONSIBLE WORKER

Equipaent Nuaber: Work Perait Nuaber:

Type: Date:

Nodel: Operating Authority:

No.| Nase of [tea Quantity) Price | Total Price Other Costs [tea Total
Costs

Total

Nase and Signature of the Technical

Office Chief
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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

o 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 be released from the stores by
a receipt.

o} The operating authority will fill out Form 5.1 for
mainterance or repair as appropriate, 'n an
original and two copies.

o The maintenance team will perform the required work
on the equipment and record it on 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 cperations 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 opera-or who caused the breakdowns.

o} 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 this form to
the stores to get back the receipt by which he
acquired the items from the stores.
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Frgure 5.5

THE TOCUMENTARY CIRCUIT COURSE OF MAINTENANCE GF REFAIR OUTSIDE THE MAINTENANCE CENTER
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Return to the HAC

Registration 1n the MC
registering section
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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 O0&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 circulatirg capital or as a profit making project,
provided that this profit be used totally or partially as
follows:

o Distribi*ion of incentives among Q&M personnel

e} Mi intenance, repair and promotion of maintenance
center machines and tools.

¢} Purchase of required spare parts and materials

necessary for repair and maintenance of projects
and equipment when allocations for this purpose are
not sufficient.

] Rehabilitation of machines

o Construction of extensions of ma.ntenance centers
and workshops, as necessary.

If this 1idea 1is 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 regulacions corganizing 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 which would hinder implementation.

Al Guidelines fcr 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
conv .. 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 into investment 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 the local units' approval, anc it is feared that those
projests will face some objections from central bodies.
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Therefore, when thinking of operating the maintenance
workshep/center, the conversion should be to an investment
projecrt with a legal oersonality aiming basically at
contributing to mainterna.uce cf public works projects, equipment
and wutilities 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 {from economic and social stand points. 2) to
obtain the lecal 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 fovr Preparation of the Regulations
Needed to operate an MC as an Investment
Project

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.

o 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.

e} The functions of the projects supervisory committee

o The functicns 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
specializatiouns.

0 Price list of services

o Permanent and temporary loans system irdicating
each amount and its settlement rrocedures according
to regulations and rules of Jovernment accounting
and selling and purchasing cpe:ations,

o The manner and percentaje cf distributing the anet
profit among the tollowing items:

1. Incantives
2. Rehabilitation
3. Services Fund
o A system of monthly incentives and bonuses for all

project personnel which connects reward to specific
performance measures.
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5.5 Personnel Incentives System

In order to imprcve 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 profits when 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 team, that whenever work is done quickly
and efficiently maintenance unit profits will increase and so
will incentives. In additicn to that the workers will maintain
the materials and spare parts to reduce costs.

To ensure Jjustice 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
[} 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 pointg)

o]

o]

@]

The worker should be capable of accomplishing
repair and maintenance work without supervision.
(to be given 120)

High level of skill, needing no or supervision (100
points)

high level of skill, needing minor supervision (90
points)

Medium skills, no need for supervision (80 points)

Medium skills, needing supervision (60 points)

Productivity and Efficiency: (40 points)

o This means that worker's productivity during the
last three nonths exceeded 100% of what was
planned. He does not waste time and is eager for
more work. (10 points)

o Worker's productivity during the last quarter is
90% of what was aimed at, and he is eager for more
work (30 points)

e} Worker's productivity during the last guarter is
less that 30% and he needs supervision to complete
his assignments. (20 points)

Reliability: (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)

Cleanliness in Work: (40 points)

(o]

He «cleanly performs his work and keeps the place
and tools clean. (40 points)

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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Attendance: (20 points)

0]

Skills

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)

He arrives in time, but is not ready to start work
right away. (15 points)

He often arrives late and/or leaves early, or is
absent during work hours. (10 points)

in Other 7Trades: (20 points)

(o]

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)

He can perform other crafts but under supervision
(15 points)

Knowledge of Equipment and Vehicles: (40 points)

Q

He has vast experience of modern equipment and
vehicles including those other than the ones he is
working with. (40 points)

He has little informaticn about modern equipment
and vehicles other than the models he is handling
(30 points)

He needs training on modern equipment and vehicles
(20 points).

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})

He attended training programs more than five years
490 on vehicles and equipment {30 points)

He has nut attended any training programs but he is
willing o do so (20 points)

He has not atrended any training programs and is
not willing tc 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)
9] He has got 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
gf his acquired points. Then all the 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
160%, 80%, 70%, 50% respectively. The total of acquired
percentage points is 300,

Accordingly, the share for each worker will be as follows:

A = 100 x 60 = 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
5-25
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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 previded in time, and at
a suitable price and be of good quality.

It is necessary, 1If feasible, to store spare parts in adequate
quantities, as their unavailability delays project
implementation and leads to 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. Generz! Objectives of Stock Control:

Stock control activities focus on:

Needs planning

Needs procurement

Inspection ana receipt

Storing and protection methods

Storing, transporting and handing over (delivery)
constituents,

O 0 00O

It is necessary to integrate and coordinate these activities,
with a view to keeping costs low and presenting the best
possible service. We can specify the objectives of stock
contro! more generally as follows:

e} 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)
¢} 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 Q&M Technical Labour:

0o&M technical labour must be highly skilled because if
maintenance and repair cperations are not donc correctly or if
breakdcowns 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
imitations which are generally 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 as prices 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. 1f
the agents have no such facilities, the governorate would have
to provide the required spare parts and thus increase the stock
volume.

qg. 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 modele of
equipment.
b. The level of need for the type of spare part to be
stored:
o Permanently required and constantly used spare
parts
3] 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
[¢] Local or international agreements
o Import

f. Consideration of economic aspects and adequate quality
and quantities of spare parts.

5.6.4. Elements of Storing, Traiisport, 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:

Delivering materials from their sources to the stores
Receipt of types with the required specificatins
(inspection and re-eipt}.

Classification and internal organization

Preservative sturage

Stock supervision

Releasing items t¢ workshops

(el el

O 00o

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 itore which should be
adequate as regards its capacity and turnishings (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 wvillages. These stores will release monthly or
quarterly Qquantities for the different specializations (water,
wastewater, garagz, 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 bas:s.
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5.6.5.

Stores

and

Stores' Internal Organization

should be organiczed in order to allow easy access within
outside the store. Figure 5.6 shows good store planning,

while figure 5.7 shuws gnor planning for the same store area.

A. Required Furnishings:

(o}
(o}
(o}

Adequate hand over equipment

Ventilation equipment

Subsidiary devices (catalogues, etc) measuring devices,
scales

Shelves and storage containers (plastic boxes, gasket

racks, oil seals - belts hangers, ..... etc)
Suitable cleaning instruments
Industrial security, and fire fighting means and

instruments

B. Organizaticnal Elements:

o)

(o]

Technical inspection committee (central stores)
Receiving committee

Technical office (for studies, technical and stores
follow up) (central stores)

Store divisions (spare parts, materials, tyres,
batteries ..... etc)

Junk division

C. Organizationl and Classification of Spare Parts,

Materials, Etc.:

Store

[e]

O 0O0OO0OO0

o]

o]

Types

contents should be divided into separate categories as
follows:

Spare parts for equipment: Each mark and model
separately

Vehicle spare parts - each mark separately

Water operations spare parts - each mark separately
Miscellaneous spare parts

Useless spare parts, grouped together for easy sale
Materials (copper bars, 1iron, sheet iron, gaskets,
paper, sulfuric Acid, iron, welding bars, copper, etc)
Batteries

Tyres (each size separately)

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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Entrance for releasing spare parts.

Passage allowing movement at both ends.

High side-windows allowing sufficient lighting.
Storing-racks with bins.

Fluorescent lamps for lighting over storing racks and
in passages.

Entrance for receiving spare parts before storing.

1f 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
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Cne entrance for both receiving and releasing spare
parts, which causes work disruption, and possibly mixes
incoming types with outgoing ones.

Loss of natural lighting from windows.

Passages are not located to allow free and speedy
movement inside store.

Unsystematic storing-unit spacing.

Badly situated lamps.
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D. Dispcsal 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 *hose items to
sectors where they can be used, is an important 0&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 ovf 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) 1includes the place where this jtem is
stored in the storing racks.

Paper cards will be kept in a cabinet with several drawers, each
drawer has 60 plastic holders 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 ccmparing
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 approcach:

A. The store 1is 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, 2 are not used in this
system, by international convention.
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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.

The storing racks are divided into bins. To identify
them, each row will be labelled by a small letter (a,
b, <¢....}) and each column by a single number (1, 2, 3,
1, 05 o.... ). For example, the shaded bin in Figure 5.8
15 designated AlB3c, meaning:

(A) Caterpillar division
(1B) Storing rack (B), front

(3) Column number 3 in storing rack (B)
(c) Raw c in storing rack (B)
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Table 9.6
ITEM STORING CARD

Card No. Equipaent Remarks Max. Stock Min, Stock
Date | Aty Price | Reference | Balance | Date | Gty | Price | Reference | Balance
In j0ut In |Out
Part Wa, Description Lacation
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Fig. 5.8
Storing Rack
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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 werkers 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
havizng knowledge 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' wqualifications, and the required training
level. The training location may be any of the following:

a. At the Work place

This is the most common kind of training, during which the
supervisor, the chief or cne of the skilled workers, will
explain to the trainee how to perform the job, then observe and
test him occasionally, and help whenever necessary. This is
mostly done without previous planring.

b. At a Training Center

Some wunits 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 and 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 Method

This 1s a yuick and easy way to provide a large number of people
with infcrmation orally.

This meth.d may include illustrative materials such as pictures,
films, recsrds, maps and sther visual and auditory samplecs.

This metrod has 1ts limits and disadvantages. It is of only
limited use n aeveloping motor skills, and so is not
appropriate  tor many types of workers. [t also requires a great
deal «f cuncentratiun and follow up and restricts movement
during the lecture time. Moreover, the results depend largely
on the lecturer's talenc.

bo Ou-tne-Jub Training

In this <zcase tne w.rke: is trained while working., Training may
take different forms---:c may done on machines, tools and
equipment similar ts the ones the worker will use afterwards,
This method is appropriate for many types of manual labor
training.

c. 2rup Discussion

This metn,d  includes invelving  the trainees in the training
operation, and encourag:ing them to express different pnints of
view and ro yet used to odbiective criticism and self-criticism,
The number of grcup 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 perfcrmance level. This method 1is often used in
training supervisors.

d.  Role Play

This 1s a contemporary method for helping supervisors appreciate
the pouints of view of the various personnel they work with. It
is btased o.n trne 1dea 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 thouse persons' teelings, and the kind of problems
that they may tace. he trainees are then better able to
understand the behaviour of others and thus to change
inapptopriate attitudes.

5.7.3. Psychology ¢f Training

There are some principles of educaticnal psychology which apply
to vocational training:
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A, No training without motives

Any person will learn if he has the ability and opportunity to
do so, but this is not enougn if he does not have a motive to

learn. Mctives are an essential conditicen for training,
trerefore we have to explain to the worker the importance of
tieining sr his career and promotion. This will eventually

lead to increase in productivity, and more concentration at
work.

B. Tne Trainee should know his progress

Several «uperiences have proved that performing work without
knowing the results does not lead tu education. The trainee's
knowledge of his wourk's results helps him to learn better and
increases nhis 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 reascnable punishment makes him careful not to
repeat tauits and mistakes. The type of punishment should not
hurt tre worker's pride or his self respect, or he may lose
self-confidence and any interest in learning.

D. The etfect of competition on training:

Some institutions use <Competition as a motive for learning by
offering priviieges ti the trainees who Show limprovement in
their work, such as writing their names in the board of honour
and yiving special vprivileges., However, if a trainee feels he
is wunsuccessful, this «can undermine his motivacion 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 peri1ods and stages.

E. lLeatning by Doing

S swimming can not be iearned without practice, neither can
good thirking. The trainer's effort, explanation, and guidance
are not useful, or helpful, wunless they motivate personal
activity on tne 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 rot
teach traineces; all he can do is to show them the right ways and
assist them to teach themselves.
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F. Understanding Principles Taught

Experiments showeu trat  whenever the subject material is
understandable, it is easier and faster to learn and harder to
forget. Many experiments have beer made to compate learning
based on understanding and mechanical learning. One of them was
abaout  training  wurkers o install electric lamp hangers. One
group  1nstaliwd the jamp: by repetition and mechanicail practice,
while tne trainer cipiained to the other group the general
principles t what ‘ney were doing. The productivity of the
second  gruup  was  nhighet  than  the first  one. Therefore the
tratner miust  expialt, wnat 15 4olng to be learned and why. He

should sls . ask  the trainees to tepeat to him what they are
going to and  how, This nelps to identity and correct
misunderstandings, i .ther words, the trainee snould have a

clear picture  of  what he is going to learn betire starting the
trainisyg.

G.  suidance:

Experiments prove  that training with guidance is more effective
than tra:ning wWwithout it. [f the trainee is not guided he may
use inetric:ient methods. Also positive and detailed juidel ines
ard  instructions  are better than negative and general ones.
Pusitive instruction means directing tne trainee to the correct
methods ard not just 1dentifying the WwIONg ones.

Hoo U tal Metnod ang Partial Method:
Is 1t : too divide the materials to be learned into parts
and  sectiuns oand leart ecach separately, then combine them
together, 't to learn the material as a whole without division?
kEach metno1 nas its advantages, disadvantages and applications.
Exper:iments have proved that the holistic method 15 better whern

the material is neither ditficult nor long. When studying a
chapter frum a book this method would allow the trainee to
understan: the relations bhetween its parts and understand some
parts wnich  could not be explained separately. This method is
also wvetrer for learning movement skills. Yet, each type of

work has 1ts conditicons and suitable methods, tor example most
industria:r ~ork is too complicated tor average worker to perform
without n.stakes. The trainer in this case should divide the

work intu  separate units and train the workers on a unit until
they master it, tnen move te the next unit, and so c¢n. Whataver
method is wused, 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 tnat training in learning and acquiring
movement skills distributed among courses or sessions is better

that concentrated training 11 .ne course.
Hence, 1t can be realized that the process of training is a
comprehensive one based on interaction between the different

elements of training: tne 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 ctraining.
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5.8 Industrial Safety*:

To ensure industrial safety and prevention ot accidents at work
there are rules tihat 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. Workinqg on Engines and Machines:

Work accidents usually occur during moments of low attention. A
conscienticus and keen worker should be able to do his job
without endangering himsel € or others. The following
instructions are addressed to workers in this field:

o Use only the rnachines and tools to which you were
assigned and have to use. In workshops do not start or
try to operate any 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.

s} Do not remove the preventive partitions or suspend the
security devices an the grounas that this will save
time or increase production.

o Do not relax in safety observance when changing speed
by shifting the belt to the pullies matching the
required speed.

o} Be sure that the machine (or engine) has come to a
complete stop before adjusting or oiling it.

o If you wish to stop a machine or engine to repair or
ad just it, you should (irst disconnect it and close the
operating switch box and keep the key with you. if you
are responsible for 1t. If this is nct possible, hang
a sign on the operating switch indicating that it is
under repair so no one will try to run it.

% This 1item has been wr:itten to be read by workers themselves,
as well as managers.
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Do not charge a battery

or jump-start the engine
if the battery is frozen. _\ \

Warm to 60°F or it .
may explode. /{'(




o Report immediately any defects or shortcomings in the
machine or engine so that they can be repaired.

o .5 not overload the machine or engine.

o Always keep your engine or machine clean. Do not place
tonls or clothes, etc. on it.

[¢] Keep your fingers away from 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, locse sleeves.

o} Keep the floor around your machine clean, dry and free
of any substance that could cause someone to fall or
slip.

o Operate the enuine or machine according to received
instructions.

¢} When operating a dicsel engine or fuel injector set, do
not expose the skin of your arms or face to the fuel
spray.

o] Disiconnect the battery cable while repairing an engine
unless it is essential for work.,

o Avoid work accidents resulting from running starters
whicn do not operate properly.

o} Do not  smcke with gasoline on your hands and do not
€xpose peirclcum materlals to uncovered electric wilLes.

o} Fresh air circuiation into and out of the engine repair
workshop is wv2ry important, si,ce jgases like carbon
monoxide are released when runri.g engines that have
been recently repaired.

o When you finish your work, clean the machine after
stopping it completely.

5.8.2. On_Using Hand Tools:

o 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 instrumeats 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 finisning work and do not place them on
the machines, or anywhere near them, as this may cause
accidents or louss.

o] Wipe o0il 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 tcols and instruments and always use
ones suitable in size or type. There are different
kinds of keys, hammers and saws; alvays chcose tne
right one to ensure work quality and avoid accidents.

o If you notice that one of the hand tools needs more
pressure or power this may mean that is nor 'he right
tool. If you are performing work thai can create

sparks or splinters, put on suitable preventive glasses
and place partitions to protect yourself and others
against harm.

o Do not wuse hand tools with flattened heads or sharp
eads or cracked handles as these may cause accidents.

1t you are s.ratched, apply first aid immediately.

5.8.3. On Working with Electrical Devices

The effects of electr.c shock differ according to the type of
electricity (static or current?}, current (direct or
alternating), and the voltagz 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:

o Disconnect electricity before starting any repair or
maintenance.
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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.

Before approaching electric equipment be sure that the
equipment and the ground around them are dry.

Check that all electric devices and equipment are
grounded with ground cables.

Avoid touching conducting circuits or running parts.

To avoid sudden injuries warn unauthorized persons they
are not allowed to approach the machines.

On_Operating Cranes

Each «crare has a maximum load. The cargo to be lifted
should be less than this maximum.

Use chains and ropes that are adequate for both lifting
and loading requirements.

Assign a person who is well acquainted with unlioading
and discharge techniques to direct the crane driver.
Before starting to load, make sure that the crane is
completely fixed wusing brake and tire supports to
ensure that it does not move forward or backward. The
crane should be on level ground whenever possible.
Stretch the crane boom to keep it away from the cabin
so that no damage is done to the cabin.

No one should be permitted in the loading area,
especially wunder the freight or cargo, or within the
radius of the crane booum.

Use the horn while moving the boom and the cargo.

When loading on trailers, load with the rear first, not
the front.

During and hefore loading, check that the ropes are
well-fitted in the reels. Perform maintenance
constantly according to instructions.
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Annex I
L T

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 dusty weather
and has a changeable element.

6. Equipped with primary and secondary oil filter; the primarcy
is metall,c 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 ? 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 system works on a potential of 12 volt by means of
one acid battery to be piaced in a suitable place for easy
maintenance.

Vi. Chassis:

Tractor must be multi-purpose to do all agricultural and
transportation operations and should at least he equipped with the
following:

1. An  hydraulic device tg 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).

1
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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. Spare “Lrts:

A list must be enclosed with the offer that in. ides the fast
moving parts equal to 10% of the truck value. Th:s list should
include filters (oil, air. fuel, hydraulic,...), and should cover the
maintenance 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 the truck.

2. The lList shculd include catalogues for repair, maintenance and
spare parts.

3. Should have two years service contract for truck and equipment
(after sale service).

Cfb
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Iv.

Technical Srpecifications
of Articulated Double Drum Vibrating Roller

Engine:

1. Diesel engine

2. Four 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. 10 hours working

7. Equipped with a primary and secondary oil filter; the
primary s metallic and self cleaning with outside sleeve,
the secondary has a changeable element.

8. Fuel filter with two tollowing stages to be furnished.

Propulsion:

1. Both drums should be hydraulically or hydrostatically
propelled.

2. Fluid power hydraulic pump should pbe capable of prcpelling
roller at full operating load and maximum vibration,

3. Gradability is not less than 30%

4. Cpeed range should bhe from 0 to 10 km/hr

Steering

1. The steering should be by 2 hydraulic cylinders.

2. Turning angle at the articulated joint is not less than 3%
degrees right or left.

3. Oscillation is wvertical and not less than 10 degrees up or
down.

4. Outside turning radius is not more than 5.25 m,

Chassis:

L.

Roller is articulated with double drum which must be
operated with extra care. These drums must be machined and
with a finished surface.

The roiler shall be suitable for operation on dirt, gravel
and asphalt roads (base and sub~base matwerials).

Roller weight 8-10 ton

Operator should be able tc see all directions specially
frort anc rear drunm.

ROPS with sun canopy.

Instrument panel to include:

A. A-meter/voltmeter.
B. Hour weter
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Engine water temperature indicator

Engine o0il pressure gauge

Fuel level gauge

Hydraulic vil level indicator

Hydraulic oil temperature indicator

Switch for outer lights, front and rear

Horn button

Frequency meter

Sprinkler system, water level indicator and low level
alarm

. .

TCOCRXTOMmoOON

7. Adjustable seat with backrest and seat belt.
8. Cab is equipped with exterior night lights (4 spot lights,
tront and rear) traffic lights and stop lights,

V. Drums:
1. Width is not less than 1.40 meter
2, Diameter is nout less chan 1.00 meter
3. Drum shell thickness is nct less than ldne
4. Roller must be equipped with a drum wetting system to keep

the asphalt from sticking to the drums

5. Eccentric should be oil btath lubricated by means of oil in
special tanks.

6. The sprinkler system water tank(s) should be anti-rust
treated and should have a capacity of not less than 600
liters. The £illing openings shculd be fitted with proper
screens to prevent entrance of dirt. Drums should be
fitted with double wipers for both the two moving
directions.

VI. Electrical System

Electrical system works with 24 volts by weans 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%



VIII. Training:

The supplier must uruvide a training course for the operator or
the technicians for at least | week. The supplier is responsible for
salaries, expenses and transportation of the trainees during the
training pericd.

IX. Transpertation:

The supplier is responsible to transport the roller to any
markar of tne governorates at his expense,

K. Spare Parts

A list must Le enclused with the uffer including the tast moving
parts equal to 1% of the truck value. This list should include
Cilters (o1l, air, tuel, hydraulic, ...). This list should cover at

least the maintenance regquirements for two years.

XI. Tools:

1. The atfer shuuld include a list of the ordinary and special hand
tools needed for repair and ~iintenance and should have a manual
hydraulic jack with tyme wrench. All are to be placed in -a

metallic box, meunted 1n a suitable place on the truck,

2. The list  snould  include catalogues for repair, maintenance and
spare parts,

3. Should have two vyears service contract for truck and equipment
fafter sale service).



Technical Specifications
for Sewer Cleaner - Truck Mounted Type

veneral:

l. Truck and equipment is of a modern type ... models and later.

2. The wunits will be wused 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 o pe supplied with all connecticns, appendages and
hoses required.

I. Engine
1. 4-Stroke diese: engine working with direct injection.

2. Water or air cooling suitable for tropical conditions.

J Horsepower not less than 160 S.A.E. at the flywheel at the
rated R.P.M for this type ol production.

1. Fquiped with an air filter qualified to work in dusty
conditions and has a changeable dual element.

5. Equiped with a primary and secondary oil Ffilter; the
primary metallic and self cleaning with outside sleeve, the
secondary has a changeahle element.

6. Following two stages fuel filter is to be furnished.

IT. 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 and off roads. 1t will work in dusty conditions.

Transmission

Transmissiorn is to be manual by means of one cghift

The gear box is to provide 4 forward speeds and one reverse.
Outside c.ntrec! panel is to be equipped with all the gauges and
switches to operate all the equipment needed for cleaning and
clearing blcckages.

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%.

Water pump s to work by an hydraulic system from a hydraulic
pump connected to the puwer source.



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 18 to be the local production size, and the tread is
to be trom (specify size).

VIl. Cab:
A. Yodern 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 liynted at night automatically with driving lights

and sho 'd incluge:

1. Speedo-meter by kilometers with tachometer.
2. Charging indicator
3. 0il pressure yauge
4. Fngine tempcrature indicator
5. Fuel level indicator
6. Lighting coniro' switches inside, cutside, front and rear
lighting.
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 warnirg device for low air
pressure.
c. Left and right outside rear view mirrors.

VIII. Electrical System:

Electrical system shall be 12 or 24 volts with one or two acid
batteries placed in a :sitable place for easy maintenance.



IX. Body and Chassis:

1. 'Truck is to be equipped with front and rear heavy duty steel
bumpers, minimum 8" "C" channel. Bumpers are both bolted to the
chassis trame.

Z. Bquipped with two front tow-loups, hooks, eyes or shades capable
of pulling the full loaded ‘ruck. Also  one rear tow-hook
mounied on the chassis.

3, Equipped with one or two tuel tanks, not less than 200 liter
capacity, each turnished with lockable type cover.

4. Paint: Hetore painting, all metal surfaces shall be tnoroughly
primed, cleaned and phosphated. The finish paint will be highly
resistant to scratching and tading, and have long lasting shiny
appearance.

5. Pump: The pump shal! be manufacturer's standard positive
displacement, heavy and continuous duty capable for satisfactory
operation with wastewater. Pump minimum capacity is 230 liter/
min at 125-140 kg/cm2 pressure, Running speed is 500 R.P.M.

maximum,

The pump construct:un  shall  include an enclosed o1l bath
crankcase. Shafts and gears snhall be hardened or tuftrided.
The pumps shall have inspection ports and covers O permit easy
inspection and servicing ol the valves.

Sucticn line shall :nclude heavy Jury "Y” type filier/strainer
or equivalent tu protect the | .np  frem contamination in the
water.

Pressure reliet wvalve, adjustable from 70-13dkg/cm2.
The valves shall be stainless steel repairable type.

All wetted parts of t.e pump shall be of materials highly
resistant tO CCrrosiun.

6 Hose Reel. The hose reel shtail be censtructed to withstand the
maximum working pressurec.

Two high pressure huses of 1" 1nside diameter suitable for s=2wer
application, not less than "1/4" steel thickness and 120-180 m.
long. Operating nominal pressure apptox. 1340kg,cm2 and burst
pressure 315 kg.ocmd nin,

It shall be mounted at the front or rear ot the truck,
hydraulically driver rhrough payout and retrieve control. The
hydraulic drive <nall have sufficient pcwer to retract the hosec
when fully extended into the sewer when the wunit is in
operation.

The reel flanyes 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
8
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10.

12,

13.

14,

can

o It shall be constructed from welded steel sheets with
sufficient stiffeners and have a minimum of three internal
baffles to reduce slousning,

o The fill connection shall be 2.5", suitable for filling
from fire hydrant titting located at accessible position.
It shall include a 2.5" cuupling cover, al! brass.

o The tank snall be constructed to permit complete draining
thru 2.5%" opening with brass value and handle lucated at a
convenient pusition to the cperator.

o The tank shall aiso be provided with a manhole of S0 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 tu  protect 1t against corrosiun and outside with
at least double rust coatings.

.All piping subjected tou high pressure should be of seamless high

quality pipe with forged fittings.

Return piping and low pressure piping may be ordinary standard
type.

Cleaning system: The cleaning system shall include 7.% m, long
0.5" inside aiameter nose ani hand gun with stream adjustment
from straight =rieam to fise fog. Low pressure hand clean up
shall be limited to %% xgs/cm2 at full throttle R.P.M, Pressure
relict valve shall be provided.

All  sewer cleaning cumponents and the instrument panel should be
completely enclused with an easy oupen and close ccver latchable
with lccks and wkeys.

The body should b2 constructed so as to have suitable storage
areas for t:ool bax, nozzles, noses,.... 1ind all equipment

required to operate tie unit.

The body, chassis and tank are to te 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.
Contral panel:

Control panel should be located outside the vehicle so that one
easily control the whole cleaning operation. It should include

at least the following:

A. Auxiliary engine start switci.
B. Engine o1l pressure gauge.

C. fngine temperature gauge.

D. Charging indicator.

2. tuel tank(s) tevel indicator.

9
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15.

F. Water tank level indicator.
G. Water pressure gauge.

H. Control Jever tor engine speed.

I. Control lever for speed, and direction of rotation of hose
reel.

J. Water pressure contrul handle for setting pressure between
0-130 kg/cm?2.

K. Failure warning indicataor.

L. Contrcl panel should have night working light.

A spotlight with 15 m long retractable cord should be supplied.

Spare Farts

A list must be enclosed with the offer which includes the fast
moving spare parts an. 2qual to 10% of the truck'. valve. This
list should include 1t:.ters (oil, air, fuel, gydraulic,...)
belts, hoses and gaskets ...... This list should cover the
maintenance reyuivements for at least two years.

Accessories and attachments to be supplied with the truck:

Each unit shall be supplied with the following {(ur equivalent):

a. One 15 deqree radial nozzle with high forward thrust for
light accumulations of sand and grit. Five or six rearward
jets.

b. One 35 degree radial nozzle with low forward Lhrust for
heavy accumulations of sand and grit. Five or six rearward
jets.

c. One 15-35 degree radial peretrator nozzle with low forward
thrust for wuse where complete blockage exists. Five

rearward jeis and one fcrward penetrating jet.

d. One 35 degree vradial 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) 1.D
rubber or plastic hose for manhole cleaning. Handgun hose
shall have connection at rear of machine and shut-off at
operator station.

q. A 25 ft. section of 21/5 inch filter hose.

h. two sewage end fittings for 1" hose.

i. One sewage splicer kit for 1" hose.

j. Six intermediate splicer connections and any special tools
required for splicing hose.

10
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XI.

Tools:

The offer should include a list of the ordinary and special hand
tools nezeded for 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.

The list should include catalogues for repair, mainterance and
spare parts.

Should have two years service contract ro:r truck and equipment
(after sa2le service.)

11



Technical Specifications
of Cesspit Emptiers-Truck Mounted Tyge

- Truck mounted sewage vacuum human was:e truck model (cpecify) 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 conditions.

I. Engine!

1. Four stroke diesel engine

2. ~~r cooling

3. is not less than 100 HP net at the wheels.

4. syu.oped  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 tilter with two following stages is tu be furnishecd.

Il. Transmission:

Manual transmission, with one shift driva, 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 70% 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 place where easy

to change. Tires should be suitable to the truck weight at full load
and must b2 radial.

12
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VI. Cab:

Coventional :teel (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 indizator

6. Lighting control switches inside, outside, front and rear

lighting.
7. Turning signal swiich (right and left).
8. Windshield wiper controls which work with an electric motor.
9. Left, right and inside rear view mirrors

VII. Electrical System:

Electrical system shall be 12 volt by means of one acid battery
placed in & suitable place for easy maintenance.

VIII. Body ard 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 bLe 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 cesspit and
discharge.

IX. Sewage Tank Body:

1. Cylindrical or spherical tank with capacity of 3-4 culbic 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 buffed 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 shou.d be loaded at the bottom of the tank
for cleaning.
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2. Body shouldleinsulated 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 shouid be interior coated with Epoxy coating, two
exterior antirust coatirgs and lastly, blue color layer painting

4. Two hand-operated heavy duty 4 inch brass valves with brass
quick couplers and brass cabs to be furnished on the suction and
discharge openings. The wvalves shall permit solids of up to

5 cm to pass through.

5. Tank should be eyuipped with a sight glass allowing the operator
to see the fluid inside the tank. One external level indicator
actuated by slainless steel float 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 a4t least 1.2 atmospheres and capable of creating a high

volume (minimum 90%). Pressure indicator ard vacuum indicator are to
be furnished and eazh of them is to be graded in kilograms/ch‘

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

1. Truck must be (specify) mode’ or latest.

14
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Local production is preferable.

If local production are not available, item must be American or
Western made.

Must enclose with the .ffer the warrantee for each of the truck
parts if these parts are not original.

15
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II.

Technical Specification of
The Articulated Frame Motorgrader

Motorgrader must be from the modern Lype (specify)

Engine:

A. Diese!l engtine

B. Four stroke

C. Water or air cuwuling

D. Produces at least 125 flywheel horsepower and according to
the R.P.M. for this type of production.

E. Includes an air cleaner gualified to work in the dusty
weather and has a changeable element.

F. Includes muffler

G. Incudes exhaust stack, with rain cap.

H. Fquiped with primary and secondary oil filter; the primary

metallic and self-cleaning with outside sleeve, the second
with a changeable element.
Fuel filter with two following stages is to be furnished

Operator's Cab:

o 0Ow>»

o

Modern type

Steel manufactured

Includes ventilating windcws

Covered with saftey glass throughout with wipers and water
injector to clean the glass.

Adjustable driver's seat.

The instrument nanel can be lighted at night and should
include:

1 Hour meter gauge

2. Charging indicator

3. Engine oil pressure gauge

4. Engine temperature indicator

5. Fuel level gauge

6. Hydraulic oil level gqauge

7. Light =switches for inside, outside, front and rear

lighting.

8. Turn signal switch

9. Wiper switch and water injector
10. Lever for ocperating blade
11, Torque convertor oil temperature indicator (if found)

Includes rear view mirrors needed for driving and working
The cab is equipped with e:ternal night work lights (4 big
spot lights, freont and rear), traffic lights, stop lights
and turn signal flasner,
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Iv.

Frame

Heavy duty articulated frame, modern production (specify) models
and later, also having all the standard accessories for this
type of product.

Frame shall be all-welded and shall be stress-relieved before
precision bored for precise shaft alignment for minimum wear and
longer life.

Articulation action of frame shall be by hydraulic cylinder(s)
of single or dJdouble acting type depending on manufacturer's
design.

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.

Articulation angle should not be less than 35 degrees to both
sides.

Transmission:

Manual power shift transmission with or without torque

convertor, with at least 6 forward speeds,

Steering:

Full hydraulic power steering and by using articulation, turning

radius equals 75 cm or less.

VI.

VII.

Wheels and Tires:

Motor grader is equipped with 7 tube tires and rims, one of them
is used as a spare.

Standard production tires with min. 12 ply rating. All traction
type tread.
Brakes:

Full power hydraulic brakes on all drive wheels (4 wheels in
this case).

Motor grader is equipped with parking and emergency brakes.

17
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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 eguipped with a horn to be used while driving
and a rear buzzer to *~: 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 should 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 servicej.
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Technical Specifications
for Rubber - Tired Tractor Dozer

The tractor dozer must a modern type (specify) and later.

Engine:

Diesel engine

Four Stroke

Water or air cooling

Produce at least 210 flywheel horsepower and according to the
R.P.M, for this type of production.

Include an air cleaner qualified to work in a dusty climate and
has a changeable element.

Includes muffler.

Includes exhaust stack, with rain cap.

Equipped with primary and secondary ail filter; primary is
metallic and self cleaning with outside sleeve, the secondary
has a changeable elezment.

Fuel filter with two following stages to be furnished.

Operator's Cab

Modern type

Steel manufactured

Includes ventilating windows

Covered with saftey glass throughout with wipers and water
injector to clean the glass,

Adjustable driver's seat

The instrument panel can be lit at night and should include:

Hour meter gauge

Charyging indicator

Engine oil pressure gauge

Engine temperature indicator

Fuel level gauge

Hydraulic ¢il level gauge

Switches for inside and outside lights
Turn signal switch (left and right)
Wiper switch and water injector.
Controls for operating the dozer blade

O W o~ U b N
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Includes rear view mirrors needed for driving and working.
Equipped with external night work lights, traffic lights, stop
lights and turn signal flsher.

Frame
Heavy duty articulated frame, latest modern production

(specify) models and later.
19
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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. Do:er blade is to be from the standa: type and equipped with a
changeable cutting edge made from st .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 1is 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 rot less than 18 degrees.

1v. 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 S 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 i1n front and rear.

VII¢ Brakes:

1. Full power hydraulic brakes on all drive wheels (4 wheels drive

in this case),
20
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2. Tractor dozer is equipped with manual parking/emergency brakes.

VIII. Electrical System:

1. Electrical system works on potential equal to 12 or 24 volt by
acid batteries which should ve 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 during work.

IX. Spare_Parts:

A list muvest be enclosed with the offer including the fast
moving parts equals to 0% of the truck value. This list should
include filters (o0il, air, fuel, hydraulic,...). This list should
cover the maintenance requirements for at least two years.

X. Tools:

1. The offer should include a 1list of the ordinary and special
hand tools needed for repair and wmaintenance and should have a
manual hydraulic Jjack with tvpe wrench. All are to be placed

in a metallic box, mounted in a suitable place on the truck.

2. The list shculd include catalogues for repair, maintenance and
spare parts,

3. Should bhave 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 ccoling

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 with primary and secondary oil filtev, the primary is
metallic and self cleaning with outside sleeve. The secondary
has a changeable element.

6. Fuei filter with two following stages shall be furnished.

II. Driving Wheel:

Driving wheel shall be (specify) due to working ccnditions,

The rear axle shall be equipped for double wheels.

III. Chassis:

1. Spherical or elliptic tark, 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 be constucted of minimum Smm 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 shali be equipped with a down opening tu 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 5S0cm 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 equalcto 3-5 degree to
ensure complete discharge.

7. The ta:.« should be suitably prctected against corrosion from
both from inside and outside by a minimum of 5 coats of
anti-corrusive paint,

8. The unit should be provided with a single or multi-stage
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10.

11.

13.

14.

Iv.

contrifugal self priming water pump. The pump should be
capable of filling the tank withirn 5 minutes minimum at a level
3 meters lnwer than the truck level b neans of a 22 meter
suction hose.

The pump should have a bronze impellar and shaft sleeves with
wearing rings.

Spraying:

Rear spray bar the width of the truck shall be furnished to
operate by gravity or wunder pressure fror pump. Control of
discharge from spray bar skall be a switch on the control panel
within easy reach ol operatcr/driver.

Control Panel:

Contrel panel shall include a swiuch for the spray bar,
discharge pressure selectiun valve, operating water pressure
gauge and all other jauges and warning lights necessary for the
safe and efficient operation of the unit including an indicator
to indicate the level of wster in the tank. Awarning buzzer
shail also be provided for (ow water level. As an extra
precaution a sight glass for the water level shall be
turnishea.

The truck shall be equipped with a front steel heavy duty
bumper.

The truck shall be equipped with vne or two fuel tanks with a
total capacity not less than 150 litres fuel.

Mudflaps shall be furnished hehind the rear wheels.

Cab:

Modern type produced from steel, equipped with a control panel

that can be lighted at night and should include:

Speedometer/tachometer calibrated in kilometers.
Charging indicator

Engine temperature indicator

Fuel level gauge

Switch for outside and inside lights, front and rear
wipers switch.

Turn signals switch.

Cab shall be paint with cclour (specify).

.
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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.
23
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B. At least 3 forward speeds and cone reverse should take into
consideration that the truck will work on narrow dirt roads
and not paved i the Egyptian villages.

VII. Brakes:

Power assisted hydrauiic activated service nrakes. Emergency
and parking brakes capable of «controlling and holding the loaded
vehicle un 20% grade 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. OCne of them shall
be wused az a spare and is mounted in a suitable place where it is
easy to cnange. Tyres shall be radial type and shall be of proper
capacity for grose Vehicle weight rating and weight distribution.

IX. Spare Parts:

A list must be enclosed with the offer that includes the fast
moving parts and equals to 10% of the truck value. This list should
include f{ilters (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 air- ccoling

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. Driving Wheel:

Driving Wheel shall be (specify). The rear axle eguipped with
double wheels. Taking into consideration that the truck will work
sometimes on the narrow dirt roads and not paved in the Egyptian
villages and cities, it should work in dusty areas.

IIT. "Transmission:

1. Transmission shall be one manual shift.

2. 3-4 forward speeds and 1 reverse.

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 ard holding loaded
vehicle on a 20% grade should be furnished.

V. Suspension:
Heavy duty front and rear springs and heavy duty shock

absorlbers for the front axle.
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vI. Tires:

Truck shall be equipped with 7 tubs tyres and rims. One of
them will be used as a spare and mounted in a suitable place where it
is easy to change. Size of the tyres must be from those which are
produced localiy. The tread shall be suitable for the dirt and
unpaved rcads.

VII. Cab:

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. Includes 3 rear view mirrors right, left{inside the cab.

VIIX. Electrical Svstem:

Electrical system working on potential equal to 12 volts by one
or 2 acid batteries which can be placed in a suitable place to be
easy to maintain.

IV. Chassis

1. 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 wocking days.

3. All-steel rear heavy duty box with storage compartments c¢n 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 freatures 1like 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.0. to
be mounted on the transmission. An erergency hydraulic system
shall be provided to enable personnel'to be brought down in
case of hydraulic main line failure.

8. A mean shculid be provided to ensure that beams znd outriggers
do not collapse in the event of hydraulic line Ffailure.

9. Hotation 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 tn move aerial beams, one in the
bucket and the other in the “ruck. 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. 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.

X. Tools:
L. The offer should include a list of the ordinary and special

hand tools needed for rerairing and maintenance and should have
a manual hydrauliv: 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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1I.

Technical Specifications
for Small Refuse Trucks

Engine

Four stroke diesel engine

Water cooling

Producing at least 100 net horsepowe.

Equipped with an air filter with pre-cleaner suitable for operation
in dusty conditions (or an air filter that works in an oil bath).

Equipped with a primary and scocndary oil filter, the primary is
metallic and self cleanin with ouside sleave, the secondary has a
changeable stuff.

Fuel filter with two folwoing stages.

Wheel driving:

Wheels driving are 4 x 2, The rear axle is equipped with double

wheels.

III.

Chassis:

Refuse pecker 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 fully loaded body should be lccated between the cab
and the centre of the rear axle.

The body should be produced from high strength steel with thickness
not less than 2mm and should have heavy reinforcment at the ottom,
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.

Refuse body shall be equipped 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 hyraulic cylinders)

An hydraulic dump shall be furnished which can be operated from the
cab.

Truck shall be equipped with a front steel heavy duty bumper .

28 7\6[{)



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:

Speedometer in kilometers which has tachometer.
Charging indicator

Engine oil pressure gauge

Engine temperature indicator

Fuel level gauge

Switch for outside and inside lights, front and rear.
Turn signal switch

Wiper operating switch

T OTMEOOw >

2. Includes 3 rear view mirrors, right, left and inside the cab. Cab
shall alsc be equipped with sun visors, easy to move and fix in any
direction. Cab shall be (specify) colour.

V. Electrical System:

Flectrical system works on potential equal to 12 volts by meéns 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 1in 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
charnge. Tires shall be radial type and shall be of proper capacity for
gross vehicle weight rating and weight distrtibution.

X. Gpatre Parts:

A list must be enclose ith the offer include the fast moving
parts equals to 10% of the tru ralue. This st should i.nclude filters
(oil, air, fuel, hydraulic,... This list should cover the maintenance

requirements for at least two years.

XI. 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 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

l. Truck must be (speciry) 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 waraantee certificate for each part of the
truck if these parts are not produced in the orignal factery.
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IT.

I1I.

Technical Specifications
For Articulated Loader on Wheels
with 1m3 Bucket Capacity

Engine:

Diesel engine

Four stroke

Water or air cooling

Producing minimum 80 flywheel horse power (net) at manufacturer's
rated RPM.

Includes an air cleaner qualified to work in the dusty weather and
has a changeable element.

Equipped with a primary and secondary oil filter. The primary is
metalic and self cleaning with outside sleeve, The secondary has a
changeable element.

Fuel filter with two following stages to be furnished.

Driving Wheels

Driving wheels are (specify) (due to working condition)

Frame and Chassis:

1. The frame is heavy-duty articulated type, appropriately
jointed, with front axle fixed and rear oscillating axle.

Frame should be all-welded and should be stress relieved as
necessary according *o normal practice before precision line-boring

for precise shaft alignment for minimum wear and longer life.

Articulation should be minimum 35 degrees to bocth sides and
oscillation should be not less than 20 degrees.

All the hydraulic and electrical wires should be fully protected.

The bucket should be general purpose type and should be made from
hardened steel with replacable wear plates.

Bucket operation should include hydraulic lift and tip (drump), and
should include hydraulic lines , guards and controls inside cabin.

Performance and operation:

Tipping load: (4) tons minimum
Operating weight: (7) tons minimum

Bucket roll back: 35 degree minimum,
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4, Break out force: (5.5) tons minimum

5. Loader turning radius outside tucket should not be more than 5.5
meters.

V. Cab:

A. Modern type, steel manufactured, fully enclosed with f.ont 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

J. 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

10, Switch for operating the dump

C. The cab is equipped with three rear view mirrors, the right , left
sides and inside the cab.

b. 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 () 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, ftuel, hydraulic,...), this list should cover at least the maintenance
requirements fcr two years.

XI. Tools

1. The offer should include a list of the ordinary and special hand
tonls needed for repair and maintenance and should nave 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 cataloques for repair, maintenance and
spare parts.

3. Should have two vyears service contract for truck and equipment
(after sale service).
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General Technical Specifications
0Of Truck Workshop
To Repair And Maintain Equipment

I. Engine:
- 4 strcke =~ 1 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.

- 0il filter should have a changeab element.

II. Driving Wheel:

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, Charging 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 Sysiem:

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. GSuspension:

Truck should be equipped by front and rear heavy duty springs, also
heavy duty snock absorbers for front axle and assisted springs fcr the
rear axle.

VIII. Tyres:

Truck shall be equipped wilh 5 tube tyeres with rims. One of them
to be wused 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 shoul!d be built of two insulated layers (7 cm. minimum) of steel
sheets one mm. thickness minimum.

4. Windows should be of slide glass tvpe, 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.

Al3
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8. Box should be internally i.ghted by means of ceiling spot lights and
should be spaced by 50 cm. Lamps used are Lo be one pole 70 watt,
12 volts and its electric source is truck's battery. Every 2 spot
lights are to be connected tn on/off botton.

9. Box is equipped with a bench each side 80 cm high, 1.50 m lcng and
50 cm wide. Each bench should be equipped with drawers to keep the
hand touls. tach drawer 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 bYench and drawers.

10. Each bench should be furnished with 8 inch chise) (Western
production.)

11. Each bench drawer should be equipped with buffles to put the hand
tools requ:- 1 for diesel mechanic, motor electriction, plumber and
matallic f£i. . Each set should be Western manufactured. Contents
of each set 1s shown 1. 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.

4. Truck should be equipped with one or two fuel tank(s) with capacity
not less than 100 liters of fuel.

15. Mudflaps shculd 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
1. 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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The list should include catalogues for repair, maintenance and spare
parts.

Should have two years service contract for

truck and equipment
(after sale service).
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Mechanic's Tool Kit

No. Description Quantity| Unit
Price
1.1 0.5 kg bal! peen hammer 1
2. ]| Open end wrench set (12 pcs) (6mm - 32 mm) 1
3. | Deeps off set box wrench set ({9pcs) (6mm - 23mm) 1
4. | Adjustable wrench (8 inch) 1
5.] 8" pliers 1
6. | Flat, Phillips screwdriver set (6 pcs) 3 sizes 1
each, 5,8,12 inches long
7.| Set of chisels (3 pcs) flat, rollpin and pin H
B.| Files set with handles (4 pcs) 6" square, 1
8 mill, 8" round, 8" half round
9. | General use feeler gauge (13 x 82 mm blades) 1
13 blades in sizes (0.01, 0.02, 0.04, 0.07, 1
0.1, 0.13, 0.1%, 0.18, 0.19, 0.2, 0.26, 0.3
and 0.4)
10.| Grease gun 0.5 kg cap length 35 cm 1
Ll.| Small pressure ociler with screw on tip bronze 1
finish 1/4 kg, 5 cm diameter
12.] Metric torque wrench, flex - ratchet, 1
range min. Skg.m., max. 34 kg. m

38
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Electrician Tool Kit

No. Description Quantity| Unit
Price
1.1 8" isolated pliers 1
2. ] Combination set of screw drivers (8 pcs) in- 1
cludes flat tip (5 pcs), Phillips tip (3 pcs)
different sizes from 5,8, 12 inch
3. | Electric test screw driver, 6 inch 1
4. | Steel cutter with steel protective coating 1
5. | Deep offset box wrench set (9 pcs) 6 mm - 23 mm 1
6. | Open end wrench se. ends one set at 15" angle 1
(12 pcs) (6 mm - 32 mm)
7.] Adjustable wrench 8 inch 1
8. | Steel cutter with clear protective coating, 1
vaw length is 15 mm

EEST AVAILABLE COPY
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Plumber's Tool Kit

metallic frame

o. One for vertical direction and one for
longitudinal direction.

No. Description Quantity | Unit
Price
1 Open ends wrench set 1
(9 pcs) from 15 - 32 mm
2.| Punch 6" length, hex - size 1/4 inch 1
3.] Chisel 8 inch length, edge 7/8" flat 1
4.1 Ball peen hammer (hickory handle) with head 2
of 1lkg
5.1 Ball pcen hammer (hickory handle) with head of 1
2 kg
6.| Hack saw, frame designed for 10, 12 inch blades 1
adjustable to 4 different positions
7.} Adjustable wrench 18" 1
€.] External pipe wrench 24" 1
9.] Chain wrench 15" handle length, 19" chain length, 1
and 5" diameter capacity
10, Spirit level with two bubbles, one for vertical 1
direction and one for longitudinal direction.
11.} Measuring meter with 3m long wrapped inside 1

BEST AVAILARLE COPY
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Fitter's Tocl Kit:

No.

Description Quantity

Unit
Price

o

LN}

Tap & die set from 6 - 12 mm tap wrencin and
stocks in a compartmented storage case

Tap and die set from 13-25 mm tap wrench and
die stocks in a compartmented storage case

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 intu position.

Variable speed reversible drills 220 volts, 4.5
amperes, speed from 0-1200 RPM, 8 ft cable,

L/2" chuck size, chuck key and chuck key holder.
Also includes 360 degree mounting auxialiary handle

BLST AVAILARLE COPY
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Welding Machine:

No. Description Quantity | Unit
Price
1 Electric are weldig machine specified as: 1
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 mn2 ana earthing
cable 3 m long, and 25 mm2 with earth clamp
o} Electrodes diameter from 2 - ¢ 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 1

BEST AVAILARLE COTY
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ANNEX 11

Tightening Torgue:

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 mportant
items of those instructions is the tightening iorque of parts. This
torque is related t¢ bolt's type, size, location, number and the
marks on each bolt's head.

To present those marks, we should clarify how to identify the

type of thread of each Golt, There are two main systems for
identifying types of threads:

Metric System:

If the bclt's name is (M8 x 125 =~ 2%), so:

M8 = The maximum thread diameter in mm
X125 = The effective length of bolt

=25 = Thread length in mm

US System:

1f 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

-1 1/2 = the boit's length in inches

To identify the meanings of the marks and numbers written on the
bolt's head, there are two main systems;

Metric System

The numbecs are written on the bolt's head as shown in figure
(l1). The tighting torques of this type of bolt are shown in table (1)
which 1ncludes the value of tightening torques of the bolts shown in
figure (1)

US_System

This system was establisned 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.

: PR
[ IS

FIGURE (1) FIGURE (2)

Grade Grade Grade 5.8 10.9 12.6
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1ABLE

()

TIGHTENING TORQUE OF BOLTS ( METRIC SYSTEM )

TORQUE TORQUE OF TYPE 8.8 TORQUE OF TYPE 10.9 TORQUE OF TYPE 12.9
THREAD

DIAMETER Kg.m 1b.ft Kg.m 1b.ft Kg.m Ib.ft

6 1.0 5 1.5 10 1.5 10

7 1.5 10 2.0 15 2.5 20

8 2.5 20 3.5 25 4.0 30

10 4.5 35 6.5 50 7.5 55

12 8.0 60 11.5 85 14.0 105

L4 13.0 95 18.0 135 21.5 160

16 19.5 145 26.5 195 32.0 235

18 26.0 190 36.0 265 44.0 325

L
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TABLE (2)

Tightening Torque of Bolts, US System (SAE)

Y, 7N o~
g . N I
) (yE=
Yire N\bo N, P o
al.s'd oF P 'gue 2 N\ ' ,]
D e,
e & eqy ] .
inch e 944 Kg. lb.fe | kg.m 1b.ft kg.m | lb.ft | Ke.m 1b.ft
L 20 0. 5 1.1 8 1.4 10 1.6 12
28 0. 6 1.4 10 1.4 10 1.9 14
18 l. 11 2.3 17 2.6 19 3.3 24
5/16
24 l. 13 2.6 19 2.6 19 3.7 27
1/8 16 2. 18 4.2 31 4.6 34 6.0 44
24 2 20 4.7 35 4.6 34 6.6 49
14 3. 28 6.6 49 7.5 55 9.5 70
7/16
20 4. 30 7.5 55 7.5 55 10.6 78
. 13 S. 39 10.2 75 11.5 85 14,2 105
20 S. 41 11.5 85 11.5 85 16.3 120
12 6. 51 14.9 110 16.3 120 1.0 155
9/16
18 7. 55 16.3 120 16.3 120 P3.1 170
11 11. 83 20.3 150 22.6 167 8.5 210
5/8
18 12. 95 23.1 170 22.6 167 32.5 240
10 14, 105 36.6 270 38.1 280 H0.8 375
3/4
16 15. 115 40.0 295 38.1 280 6.9 420
9 21. 160 53.6 395 59.7 440 B2.8 605
7/8
L4 23. 175 59,0 435 59.7 440 91.5 675
8 3l. 235 80.0 590 89.5 660 123.4 910
1
14 33, 250 89.5 660 89.5 660 134.2 990
fFres e An o~



It wculd be useful tg mention that reducing the tightening torque
will result in troubies whick are not easy toestimate, or will cause
inadequate equipment Sperat;on. Increasing the tightening torque
will cause damage tc tre btolt's thread, shearing the bolt itself, or
damage of tne thread ¢! tre relevant hole.

A damaged bclt should be replaced with one of the same size,
type, marks and number.

Finally when tigntering engine cylinder heads, «certain Steps
should te followed acccrding to engine type and manufacturer's
instructions, Hormally ctightening starts from the middle and then
rmoves symetrically 1n bocun directions to the edges. (Figure 3}.

The torque wrench should be used to ensure having the tightening
torque mertioned in the manufacturers' guidelines. In the case of
disassembl:ng tightening should start from edges towards the middle.

FIGURE (3)

tightening of Engine Cylinder Head.

BEST AVAILABI L COPY
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Annex III

TABLE 33, A tineas Stanoanp STERL Mg Darta

LA dimensions in inclhes, Wehts 1 pouns.)

i i
:‘ Standard Weight (40) * ExtraStrong (60 ¢t ! Double-Extra Strang ¢
1
Nominal .\cu!al ! i ' . ' ,
Size | Dutside | Wall  Weight . Wall [ Wewint  Insde | Wall  wWeigh,
 Diameter | !'r.sule " Thick- per ' Dlm"lﬁ " Tluck- per ' Diam- l‘ Thick- per
‘, Diameter ,‘ ness & Foot§ | mmeleri ness | Foot i eter ] neas I Foot
i. ! , ' ! ; ——
] 1 1
! ! . .
Yoo 003 0029 0068 0.2 LS TR W T 014
i 0.540 | 0.304 088 042 0302 1y 0513
L 0 0493 o DT 03T g 0Ty
I3 D540 0.622 © o 0 830 D546 M7 L Lo8T D022 0 o204 1.714
oo, L0 ! 0.8n s 1.130 D542 5 0 14T8 o | 308 2,440
1 LS Lo 1y 1.678 0.957 17 AT 0599 1 838 3639
1y | 1o Iorsso 10 2,272 1278 191 | 2096 | 0.s06 | 982 {5
Itz 1 Looo . 16 45 0 2717 1500 200 ¢ 3.631 R A 1) B BT
2 | 2375 2047 134 | 3632 P90 18 1 5022 103 ;436 9
e | 2875 2,469 203500 2y W6 T66 | 15T |9 130
3 . 8500 3.068 | 2u T8 2000 00 1023 2.3m ;800 1858
3z 4000 3.548 22 RO 2% 1 ST ) TR IR ] Lo .
4 " 4.500 | 402 287 1079 3.8 337 | 1408 o3 T | 275
3 P5.563 . 5 047 BB b6 4818 3T ws oy gy ! 750 | 38.35
6 ’ 6.6 | 6.065 ' 2m0 897 | 5961 ;43¢ | 237 v897 | gey 33.16
8 | 8.6 L7081 o322 855 | .6 [ 500 1 4339 6.875 ' 815 | 7242
10 10.550 | 10.020 .865 ! 40.48 9.750 500 | s47é | .
12 ’ 12.750 !v 12.000 ! 875 | 19.56 11.750 ll 300 | €542 ‘ .....
! |

* Same as ASA BS6.10—"Schedule 40" except 12-inch diameter.

t Same as ASA B36.10—"Schedule 80" except 10- and 12.inch diameter.
$ Not identified with ASA Schedyle number. but available as indicated.
§ Plain ends.

TABLE 36. AGA Staxoarp Cast-Trox BELL-aNDSpiGoT Pipe Dira

(Al dimensions in inches. Approx. weights in pounds.)

Nominal . . ..
Size l [;?”mde Pipe Wail Inside ! Depth Thickness -“ vight per
Inside ‘ameter Thickness Dm‘meler Lot Socket of joint Foot. 12-Foot
: I oof I of Socket | ) | Lengths *
Diameter ’ of Hipe | , ! &
! i
| ' ;
4 50 0 00 ;80 1 o0 0.50 | 19.5
I S S IR ‘ 700 | 4o S0 0
8 .03 l 0.4 | 10.05 } .00 30 ; 242
10 R O A A T $.00 S0 s5m
12 L O O R P ‘ +.50 a0 73.84
16 1540 ! 0 G2 { 18. 40 | 450 .50 ' 112,58
20 21,60 0.8 285 4.50 .63 153.83
24 25,80 0.76 l 27.05 ' 5.00 63 206, 41
30 3174 0.43 32,90 5.00 .63 284,00
36 37,96 0.93 39,21 } 3.00 .63 370,25
42 44,20 107 4545 ’ 5.00 .63 197,66
) a0 L T 1 I~ T B N

* Lucluding hell-und-spigot bewd.
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TABLE 37. ASTM Stanpagn Brass 15D Corver Pipe Data

(All dimensions in wecem.  Weights 1 wmnae.,

Rerzar Extra-Strong
1
|
Nominal | Outside Wezat = Foot Weight per Foot
Size ! Diameter | Wall | Tui
Thick- f Toex-
. ness | Rea Copper = Red Copper
: ' Brass ppe Brass ppe
¢ 0.405 ; 0.062 | 0.233 0.259 LT ) ] 0.368 0.37
e 0.54 i 0.082 , 0. H7 0.457 = 0.611 0.6235
3 €.675 | 0.090 | 0.ux 0.641 Co 0.829 0.847
ty 0.840 0.107 0.93¢4 0.9 L) 1.28 ': 1.25
b7 1.050 0.114 1.27 1.30 [ e 1.67 i 1.71
1 1.315 0.1286 1.7 1.82 [ o 2.46 | 2.51
1% 1.660 0.148 2.63 2.69 L4 3.30 3.46
I1q 1.900 0.150 3.18 3.2 L | 4.10 | 4.19
2 2.375 0.156 4.12 4.2 $ =21 3.67 3.80
24 <.873 0.187 5.9 6.12 ¢ 249 8.66 8.85
3 3.300 0.219 8.56 8.53 i 11.6 11.8
314 4.000 0.250 11.2 11 .4 12 141 14.4
4 4.300 0.250 12.7 12.9 231 16.9 17.8
3 S.562 0.250 15.8 16.2 273 9.2 3.7
6 6.625 0.230 19.0 19.4 (RN 32.2 32.9
8 8.6235 2.312 30.9 31.6 t A 8.4 49.5
10 10.750 9.365 $5.2 +6.2 t. 3M) 61.1 62.4
12 12.750 | 0.375 | 35.3 6.5
BEST AVAILABLE COPY
2
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CROSS TEE COURLING
American Standard Brass Solder-joint Fittings*
Tubing Reducing
slze A 8 c D size F £ [#
h Y N Yo ‘5 Uox A h I ‘e
L] K % ¥a Y 1 X % 4 1lie H
% ¥e | ‘4 4 1 x 14 % | RETY .
H % 1% 3is 1Y 2 xX1iwn I's 1h [RITY
1% I 1% Y A 244 x 2 1416 Ih h
2 i%4 1% $ie Ha 2% X 14 ¥ 1% 1%,
2% 1% 1% h Y 3 x 2w ity 17 Ih
3 1% 1% * He 3% x 3 14 2he 1%
3% 2 2Us ] ¥ 3 x 2% 131 2t In
4 2% 2% %, A 4+ x 3% 1% 24 2%

* Adapted from ASA B16.18— (950,

|
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American Standard Pipe* *

Welded wrought oon

%

|

7
%

7.

/7//////, 2
s 7
o

| ! Oistance | Woll thickness 1 Waght, 1b/ ft/
Actual | Tap. | Thd. pipe .
Nomunal | outside | dni) in. | enters Stand- | Extra | Double | Stond- | Extva |Double
pipe uze | diam. i size r fittings ard strong | exmra ard strong | extra
D | v I 0 80" | srong' | 40 80*  |itrong-
$ 0.405 | 1.4, ’ 27 s 0070 | 0.098 0.25 0.32
Y% 0.546 Tie | 18 942 0.0% | 0.122 0.43 0.54
3 0.675 | 37, (18 19¢, 0.093 | 0.129 ) .. .. 0.57 0.74
¥ 0.840 | 234, 14 i 0.111 | 0.150 | 0.307 0.86 1.09 | 1.714-
b4 1.050 | 395, |14 134, 0.115 { 0.157 | 0.318 114 1.48 | 2.440
! 1315 11 44, 1 111y Ly 0.136 | 0.183 | 0369 1.68 2.18 | 3.659
ik Lo60 |1 Y |11y 335, 0.143 | 0.195 | 0.393 2.28 3.00 | 5214
13 1900 | 147¢, | 1114 s 0.148 | 0.204 | 0.411 2.7 J.64 | 6.408
z 237512 Ty [ 11y Mee | 0153 1 0.223 | 0.447 366 503] 9.029
2y 28752 %4 8 T4 0.208 | 0.282 | 0.565 5.80 7.67 | 13.695
3l 35 Iy 8 Vi, 0.221 | 0.306 | 0.615 7.58 1 103 |18.583
3¢ 4.0 J ¥ 8 1 0231 1325 ... 9.111 125
4 4.5 4 Y 8 1 W, 0.242 1 0.344 | 0.69%0 10.8 15.0 | 27.451
5 5563 15 34| 8 1 34, 0.263 | 0.383 { 0.768 147 20.8 {38.552
6 6.625 16 34 | B 14 0.286 | 0.441 | 0884 19.0 28.6 |53.150
8 8.625(..... 8 1134, 0.329 | 0.510 | 0.895 28.6 434 72424
10 1075 | ... .. 8 143, 0.372 | 0.606 ] 64.4
12 1275 |..... 8 v 14 0.414 1 0.702 ) 88.6
140D | 140 |..... 8 2 0.437 | 0.750 62.2 1104,
160D [ 160 |.. ... 8 Ay, 10,500 822
180D | 180 |. ..., 8 2342 1 0.562 103.
200D 200 |.. . .. 8 2194, | 0.562 115.
240D | 240 |..... 8

* For welded and scamieas stzed pipe. See ASA B36.10

% A pipe size may be designated by giving the nominal
pominal pipe size and weight per linear foot,

* Refers (0 American Standard schedule numbery, a

X P/S. Schedule 40—standard weight.
¢ Schedule 80—cxtra strong.

¢ Not Amenican Standard, but commerciall

! Plain ends.

BUST Avadi

s

—1939. Dimensions in inches.

il

y avauable in both wrought 1ron and steel.

pipe size and wall thickness or by giving the

pproximate values for the expresion 1,000



TABLE 8.

ASTM Stanvanre

(Al dimensions i inches.

Corper Warter T

CoE [DaTa

Weiehts 1n pounds.)

. Type K I Type L Type M
i
Nomunal | Qutside :
Size | Diameter 1  Wall ‘ Weight i Wall ° Weight Wall Weigiit
! Thick- ’ per Thick- per 1 Thick- | per
! neas } Foot ness Foot '~ ness + Foot
| ' '
1 . '
o 0250 003 0.085 | 0.02 0068 | 0.0 0.008
g oo 0ooge D84 L0030 016 ¢ 0 02 0. 10
i 0500 0089 | 0269 ; 0035 0198 0.0% 0..43
% 0.625 V040 ; 0.344 | 0.040 N.285 © 0.028 0.204
i 0.750 0.048 0.418 | 0.042 0.362 ' 0 030 | 0.263
3% 0.875 © n.065 | 0.641 ' 0.035 0.455 | 0.032  0.3:8
I 125 noss | o088 0050 0655 | 0035 0.405
1% | 1375 nwes Doros ) 0.055 0884 | 0,042 0.682
1 1.625  0.072 {.36 0060 .14 0048 0.940
2 ‘ 2125 | 0.083 206 | 0.070 1.75 0058 * 1.48
e 2,625 | 0.005 93 0.080 | 2.48 0.065 2.03
s 1 32 009 4.00 0.090 | 3.3 0.072 | 2.68
$%% | 8.623 0.120 512 l 39.100 ' 4.29 0.088 . 3.38
4 125 0134 851 | 0.110 : 5.38 0.095 , 4.66
3 3.125 { 0.160 9.67 | 0.123 7.61 0.109 6.66
[} 6,125 0.192 13.9 0.140 10.2 0.122 B.92
8 8.125 0.271 25.9 0.200 19.8 0.170 16.5
10 10.125 0.338 40.3 0.250 30.1 0.212 25.6
12 12,125 0.405 57.8 0.280 40.4 0.254 38.7
TABLE 39. Augnican Stanparp Tarer Pire Tureap Data
(All dimensions in inches. Weights in pounds.)
Weight Normal
Nominal Outside Inside Threads Tap per Foot Engage-
Size Diameter Diameter | per Inch Drill Thds. and ment
Couplings | by Hand
g 0.405 0.269 27 Iy, 0.245 0.180
b 0.340 0.304 18 Y 0.435 0.200
3y 0.675 0.493 18 LR 0.568 0.240
15 0.840 0.422 14 135, 0.852 0.520
L 1.050 0.824 14 39,4 1.134 0.339
1 1.315 1.049 114 1332 1.684 0.400
1y 1.660 1.380 1113 11, 2,281 0.420
1%, 1.900 1.610 1114 1474, 2.731 0.420
2 2,375 2.067 11t 2734 3.678 0.436
I, 2.873 2,469 8 23, 5.82 0.068¢2
3 3.300 3.068 8 3y 7.62 0.768
314 4.000 3.548 8 33; 9.20 0.821
4 4.300 4.0206 8 44 10.89 0.844
3 3.563 3.047 8 331e 14.81 0.037
[ 8,625 6.065 8 63)¢ 19.18 0.058
8 8.625 7.981 8 29.35 1.063
10 106.750 10.020 8 41.85 1.210
12 12,75 12.000 8 | Jl1.15 1.360
!
g lalY
~

&L



lengths of Malleable-iron Unions*

(rnend roant

Nominol ute

‘a 1. 14 iy 1, 1 Ty 1ty 20 21, 3

End to end

Pl 1% 1%y

e % 3

° Compilea from manufacturers’ catalogues. Dimensions in inches,

American Standard Steel Buti-welding Fittings® f

FEibows. lees. caps. ina :tuo engs

: Certer ta end Lapped-joint stub ends
Norlnmol / Onfmd- 0° . 45" | Ofrun,  wes ing -
pipe diam. | welding | welding | welding . caps £ Lengths  Rodivs of Diameter
tize  atbevel ! Lpow  albow ©  tes ‘ F | FleR ' oflap G
! 1 8 ¢ ;
1 |3 [ R L R 1, 4 g 2
1y 1 food 174 11 ‘ e g s 1y, 25
] Lo 0 Iy 21y 4 K AN
2 | 2373 ] 5 [ 1% 2, i 2 6 Sie 3%,
2, 2975 3y |y |3 1, i 6 Sie ‘ 41y
3 1500 ¢ 41, 2 3 2 ’ 6 3, 3
3t | 4000 | st 214 33 21, 6 3, 3y
4 [ 4300 1 6 L1y 41y 21, 6 e 63/g
Butt-welding reducers
! Outside diam. ! Outside diam.
Nominal | ot beve! ' End to end Nominal i at bevel End to end
ipe size H ipe site H
pipe | -arge end + Small end ! pipe | Lorge end ; Small tndj
1ox 3 ;1050 ) 30X 2'1' Po2.875
LX) 0840 | 2 3ow2 ! o330 | 23 3
1w Ay Po0eTs 3oX My Fotooo
; = 3Iox 1.660
1, % | 1.315 ’ My
1, 3] 1660 1.0s0 | 2 3y X3 3,300
1 ¢y {0830 | 3y X 21, 2875
- i ! 3yX2 4 2373 4
IR Lo60 | T B9
DXt 1000 ts1s g |50 0 U 1060
TN I 1050 ik ‘ i
X 1, . 084 40X 3y 4.000
X ! vl 4x3 T, 3500
IoxXy oo 5N, asm 5873 4
2NN 2375 660 3 $ oxa {353
2 X1 1315 10X ;' I-nm)
SN 1050 | i i
! Tox 4 1,500
2, X2 C257S SNt sas + o) .
25 % 1'.., & T [V R S ?
X ool | 3 X:'-E 3'875
Xy Co1315 ' o -

® For larger sizes. see ASA 816,
t ASA Blo.9—1940. Dimensions in inches.
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American Standard 150-1h Malleable-iron Screwsd Fittings*

Newinal | i | |
prs | 4 | 8! C £ s ‘ G I H ’ J ' K L M
size

21 0.69 | 0.25 0.200 | 0.405 l 0.090 ) 0.693 1 1.0 . 0.264 |
M 0.81 (1032 1 0.73 | 0.215 | 0.540 | 0.095 | 0.844 | 1.19 | 0.94 04021 1.00
3, 0.9510.36 | 0.80 | 0.230 | 0.675 | 0.100 { 1.015 | { 44 ' 1.0} " 0.408 ) .13
el 1.1210.43 | 0.88 | 0.249 | 0.840 | 0.105 | 1.197 f 163 I o1as 1 0.534 | .25
bA 1.31 ] 0.50 | 0.98 | 0.273 | 1.050 | 0.120 | 1.458 | 1.89 , 1.29 ] 0.546 | t.44
)
1 15010.5811.12]0.302 ) 1.315 | 0.134 ! 1771 | 2.14 i 1.47 [ 0.683 ' 1.69
1% 1.75 1 0.67 | 1.29 | 0.341 | 1.660 | 0.145 ] 2.153 | 2.45 L7 107071 2.06
1 1.94 |1 .70 | 1.43 | 0.368 | 1.900 | 0.155 | 2.427 1 2.69 1.88 1 0.724 | 2.1
2 2251075 | 1.68 | 0.422 { 2.375 | 0.173 | 2.963 ! 3.26 222 10757t 281
234 2.70 1 0.92 | 1.95 | 0.478 | 2.875 | 0.210 | ».289 l 3.8a 1 2.57 ! 1138 ] 3.25
3 3.08 10.98 § 2.17 | 0.548 { 3.500 | 0.231 | 4.285 | 4.5 3.00 ¢ 1.200 3.69
344 3.42 {1.031 239 | 0.604 | 4.000 | 0.248 | 4.843 | 5.0, - .. ] 1.230 4.00
4 3.79 1 1.08 | 2.61 | 0.661 | 4.500 | 0.265 | 5.401 ‘ 5.69 3.70 | 1.300 4.38
5 4.50 [ 1.18 | 3.05 | 0.780 | 5.563 | 0.300 | 6.583 | 6.86% 1.406 | 5.12
6 5.13 | 1.28 | 3.46 ] 0.900 { 6.625 | 0.336 | 7.767 ' 8.0+ 1.513 1 5.86
Nowined ' Thickneas
, . of ribs
pipe N P T U 4 W 4 Y z [oX
size on capae,
coupliogs
! — |
o] 0.20 e 0.96 | 0.37 | 0.24 %49 ... 0.090
A 0.26 R el 1.06 | 0.44 | 0.28 bed e 0.095
3¢ 037 ]....1050 1.43 1.93 1 116 | 0.48 | 0.31 Tg | ... 0.100
34 0.51 | 0.87 | 0.61 | 1.7t 232 | 1.34 1 0.56 | 0.38 s | 0.16 0.105
A 0.69 1 0.97 | 0.72 | 2.05 277 | 1.52 ] 0.63 | 0.44 i 0.18 0.120
1 091 | 1.16 | 0.85 | 2.43 3.28 1.67 | 0.75 | 0.50 13¢4 1 0.20 0.134
184 1191 1.28 | 1.02 | 2.92 194 1.93 | 0.80 | 0.56 1344 1 0.22 0.145
i34 139 1 1.33 1 1,10 { 3.28 438 1 215 | 0.8 [ 0,62 [ 1 14 0.24 0.155
2 175 ) 1.45 | 1.24 ] 3.93 5.17 1 2.53 | 0.88 | 0.68 |1 3| 0.26 0.173
2% 220 | 170 | 1.52 | 4.73 6.25 | 2.88 1.07 [ 074 | 1 Iy 0.29 0.210
3 2.78 | 1.80 | 1.71 | 5.55 7.26 | 3.18 1.13 | 0.80 | 114 | 0.31 0.231
334 3241190 ) ... ... oo ) 343 118 | 0.86 {1 74 0.34 0.248
4 3.70 | 2.08 | 2.01 | 6.97 8.98 | 3.69 1.22 | 1.00 {2 4 0.37 0.265
5 469 12321 ... .. .. 1.3 1.00 | 2 334 | 0.46 0.300
6 5.67 | 255 140 | 1.25 |2 14 0.52 0.336

¢ ASA B16c¢—1939. Street tee not made in i

bave four or more ribs. Right-hand couplings
* Those dimensions arc the nominal size of wrench (ASA B18.2~1941). Square-head plugs arc
designed to fit these wrenches.
¢ Solid plugy are pruvided in sizes 1§ to 3)¢ in. inclusive; cored plugs 13 to 3ty in. inclusive.
Cored plugt have min. metal thickness at all Foints equal to dimension U except at the end of thread.

45 STREET ELL OW

STRELET TEE

REST A\"Aiu’-\DLE cury

=

have two ribs.

T

by —
COUPLING

-in. size. Dimenvions in inches. Left-hand couplings

* Strect ell oniv.,

'14 Rib
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L .L';T. o=
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COUPLING CAP

A3



American Standard 150-Ib Malleable-iron Screwed Fittings:
Dimensions of Close-, Medium-, and Open-patiemn Return Bends*t

length | Width lnsde Mergt | OUMide | Conter | Canter [ Canter
of of diam. . digm. te to to
Nominal thread, | band, of Attings thick- 1, band, | center | canter conter
p'pe ness | {close |{medium (open
tre min. min, F mia. pattern) | puttern) | partern)
8 £ Max. Min, I H R, R, R,
9 0.43 0.249 0.840 0.897 0.116 1.197 1.000 1.250 1.50
% 0.50 0.273 1.050 1.107 0.133 1.458 1.250 1.500 2.00
1 0.58 0.302 1.315 1,385 0.150 1771 1.500 1.875 2.50
14 0.67 0.341 1.660 1.730 0.165 2.153 1.750 2.250 3.00
14 0.70 0.368 1.900 1.970 0.178 2.427 ..168 2.500 3.50
2 0.75 0.422 2.375 245 0.201 2.963 2.625 3.000 +.00
4 092 0.478 2.875 2.975 0.244 3.589 . +.50
3 098 0.548 3.500 3.600 0.272 4.285 C .. 5.00
4 1.08 0.661 4.500 4.600 0315 5.401 .. .. 6.00

All dimenuons given in inchex

* Adapied from ASA B16.3—1951.

t It 18 perm-wuble 1o furnith close-pattern remun bends not banded. Close-pattern return bends will not
make up parallel couls, as the distance center to center of two adjacent hends is greater than the center 10
center of operungs of a ungle bead.

t Patterns shall be designed to produce castings of metal thickneses given in the table. Metal thicknew
at no point shall be less than 90 per cent of the thickness given in the table.

American Standard Cast-iron Saewed Fitings* OPEN

For maximum working satwated steam pressure of 125 and 250 16 per 5q in,

Nominal 8 E F G H

pipe size A min, ¢ min. Min. Max. min. min.

L, |081(0321073|038 | 0540 0.584 | 0.110 | 0.93
3% 1095[036]080|044] 0675 0.719 | 0.120( 1.12
Y [112]043 ({088 (050] 0840 | 0897 | 0.130 | 1.4
% | 131050098056 1.050] 1.107 ] 0.155 | 1.63 5
1 150 [ 058 | 112 [ 0.62 | 1315 1.385 | 0.170 | 1.95 £L80w TS

14 1751 0.67 | 1.29 | 0.69 | 1.660 | 1.730 | 0.185 [ 2.39
144 194 10.70 | 1.43 1 0.75 | 1.900 | 1.970 | 0.200{ 2.68
2 22510751 1.68 { 084 | 2.375 | 244510220 328

285 270 [ 092 1.95 [ 0.94 | 2.875 | 2975 | 0.2¢0 | 386 D
3 3.08 [ 0.98 [ 2.17 ] 1.00 | 3.500 | 3.600 [ 0.260 | 4.62 A
3% [342| 103 239{106] 4000 4100 {0280 520 & f

4 379 1 1.08 | 261 | 112 ] 4500 | 4600 | 0.310| 579 <5 TLE0w

5 450 [ 1.18 [ 3.05} 1.18 | 5.563 | S5.663 | 0.380 1.08
6 503 11.28 1 3461 1.28 | 6.625 | 6.725 | 0.430 | 8.28
8 6.56 | 1.47 | 428 | 1.47 | 8.625| B.725 | 0.550 | 10.63

10 8.08 | 1.68 | 5.16 { 1.68 { 10.750 | 10.850 | 0.690 | 15.12
12 9.50 | 1.88 | 5.97 | 1.88 | 12.750 | 12.850 | 0.800 | 15.47

¢ ASA B16d—1941. Dimensions in inches.

BEST AVAILARLE COPY
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L 4
Threaded Cast-iron Pipe* = =
Dimension of pipc and drainage hubs
Fipo Dralnage hubs Nominal weigh?s
Pipe Nominal .Wﬂ! Thread Diam. End to Min. band Type 4 fddl-
size diam. ihick- length® of groove, shoulder { and hAnnul
ness, min,, max., Diom. Length barrel of | waight of
Outiide insde type 8 hubs far
D A G B K [ H E perfoot | typa 8
134 1.66 1.23 0.187 0.42 1.73 0.71 229 0.7 3.033 0.60
134 1.90 1.45 0.195 0.42 1.97 0.72 2.68 0.72 3.666 0.90
2 2.38 1.89 0.211 0.43 2.44 0.76 3.28 0.76 5.041 1.00
214 2.88 2.3 0.241 0.68 2.97 1.14 386 1.14 7.032 1.35
3 3.50 2.90 0.263 0.76 3.60 1.20 4.62 1.20 9410 280
4 4.50 383 0.294 0.84 4.60 1.30 579 1.30 13.751 3.48
5 5.56 4.81 0.328 0.93 5.66 1.41 7.05 1.41 19.069 5.00
6 6.63 5.76 0.378 0.95 6.72 1.51 8.28 1.51 26.223 6.60
8 8.63 7.63 0.438 1.06 8.72 1.71 10.63 1.71 39.820 10.00
10 10.75 9.75 0.438 1.21 10.85 1.92 13.12 1.93 50.234
12 12.75 11.75 0.438 1.36 1285 2,12 1547 213 60.036

® ASA A40.5—1943. All dimensions are

ends. Typc 8 as shcwn.

t The length of thread B and the end to shoul
the equivalent of the pitch of one thread.

given in inche, except where otherwise stated. Type 4 has external threads both

der Cshall not vary from the dimensions thown by more than plus or minus



Pipe Bushings*
Dimensions of outside-head, inside-head, and face bushings in inches c

==

FACE BUSHING QUTSIDE  HEAD INSIDE MEAD
Length of Height Width of head, t : Length of i Haight Width of heod. t
external of haad, | mun,, ) | extarnal 1 of heqq, oun.,
Sire thread, t min.. j I Size thread,; | min., i

mn., e min., i !

4 D i Outside imside { D | Outside inude
Yux L 0.44 0.14 L 1 % Y 0.83 |03y 1.12
R 0.48 0.16 0.68 | DX 0.88 n.34 2.48
g x4 0.48 0.16 l 0.68 2 X1, .88 0.34 2.48
L x 0.56 0.19 0.87 2 X1 | 088 0.41 . 1.95
b x i 0.56 0.19 0.87 2 X ¥ 0.88 RS 1.63
Lx L 0.56 0.19 0.87 2 X 4 0.88 0.41 1.34
Yx i 0.63 0.22 1.15 2 X Y 0.88 0.41 1.12
X 3 0.63 0.22 1.15 2 X K 0.88 0.41 1.12
WYX Y 0.63 0.22 1.15 244 x 2 1.07 0.37 2,98
X M 0.63 0.22 1.15 2 X 144 1.07 0.44 ‘2.68
1 X ¥ 0.75 0.25 1.42 25 X 1Y 1.07 0.44 2.39
1 X Y 0.75 0.25 1.42 24 X 1 1.07 0.44 1.95
1 x ¥ 0.75 0.30 .12 24 X 3¢ 1.07 0.44 1.63
1 X Y 0.75 0.30 1.12 2k X 14 1.07 0.44 1.34
1t X 3 0.75 0.30 12 3 x 24 1.13 0.40 3.86
1 %1 0.80 0.28 .76 3 x2 1.13 0.48 3.28
X Y 0.80 0.28 .76 I X1 1.13 0.48 2.68
1Y X Y 0.80 0.34 . 1.34 3 X1y 1.13 0.48 2.39
1M X 3 0.80 0.34 1.12 3 X1 1.13 0.48 1.95
X Y% 0.80 0.34 112 3 X ¥ 1.13 0.48 1.63
1 X 1Y 0.83 0.31 2.00 3 x Y 1.13 0.48 1.34
1le X 1 6.83 0.31 2.00
1 x 3 0.83 0.37 1.63
1, X 0.53 0.37 1.34
14X Y 0.83 0.37 1.12

® ASA B16.14—1949,

t In the case of outside-head bushingy, fength .4

includes pruvisions for imperfect threads.

t Heads of bushings shall be hexagonal or octagonal. excepe that on the larger sizes of outside-head bushings the heads may
be made round with lugs instead of hexagonal or octagonal.

REST AVAILABLE COPY
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American Standard Cast-iron Pipe Flanges and Flanged Fittings *
For manmum working :aluraud steam pressure of 125 lb per 5q 1n. (gage,

B0 @b i 8

.90 Ll LONG RADELL 45 ELL REDUCING E11 SioE Jt//'[[f[ L TRUEY™ TEE

_,4./_
J Gy p— ;(..-.._,y_.
T
< ‘T -U_fz
< By ~4’/L
L' i /
—q- —r g - ;; —G~ —G—Hu-~ “Dig of hows M
SIOE OUTLET TEE CROSS LATERAL REDUCER E;j_g” C’fg FLANGES
L VLo
Neminal | ‘ i i . I3
ppesian| 4 | B | C , b | & L L
1 | 3% | s 1% oSy oy Y g
1y 330 sk | 2 8 6 13 43¢ is
1% 4 6 2L 9 7 2 5 T
2 416 | 6k | 214 1054 8 214 5 6 iy
234 5 7 3 12 944 254 5l¢ 7 1ig,
3 s | o1y | 3 13 10 3 6 1% 4
171 6 8ig | 34 144¢ 114 3 6lg 194 13
4 6t | 9 " 15 12 3 7 9 154,
s g 10y 44 17 1344 3lg 8 10 134q
6 8 1| s 18 1434 34 9 1 1
8 9 14 544 22 1734 41 11 1By 1K
10 1 1615 | 61s 25 | 2044 S 12 16 1 Y,
12 12 19 7k 30 2414 51¢ 14 19 1Y
Neminel L . , No. Diam. | length | X ¥ wall |
nipe size .\ M ! of bolts { of boits | of bolhs min. min, thickness | 7
1 3ty i 4 b4 13 P36 1 14 Sie b
14 3y Sx 4 133 2 23, l e 5ye Ve
114 37y %y 4 e} 2 $%e | Ty e 4
2 434 3 4 i 217 34yt 51 s
21¢ sy % 4 iy 214 3 Ve |t ty 318 33
3 6 3 ‘4 5 214 R PR e
34 7 3 8 3 23 g o T 3
4 714 i 8 % 3 5 361 %, Ty T
5 Btz ) T4 8 X 3 il g, L o
6 9ty Ty 8 A 3 T2 |V %ie 1 s 14
8 g oy 8 % N O L PR I A R
10 4y 12 7,1. Bt sy 1y
12 | 17 1 12 K] P 2 e 1y

* ASA B16a—1939. Dimensions in inches,

FRERT AVALARL COrY
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TABLE 40. Sranoasp Franceo Frrrines
(125 b per sq in. pressure.)
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Cra0m
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Tee 3
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Franes

Hx Thicmness om
Fianess

LA Thicaness om
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NeNe. oF Sovrs

0= 0ra.om Borr Cincie

S=Srze o Dia

) ,"';"/"'f om Bours.
Fos Ouvrrer XX 45 Lesow Lone Raorws LaTERAL Reouveen
Ter Lidomw

4 B C D E G K L M Yy o N
314 5 13 7% L34 Tis T e 4 34 <3
3% 3k 2 8 61 Yis X 4 314 <3
4 ] 2y 9 7 *is s % 4 3% | k4
114 (i3%1 £33 1044 8 H Tie 1 4 i %
3 7 3 12 944 g Tis 1y, 4 34 %
314 7Y 3 13 10 6 b4 Tie 1y 4 6 35
6 814 3% 1434 1134 (121 e e I3 8 7 4
6% 9 4 15 12 7 18,6 ¥ 136 8 T4 3y
T4 103 434 17 184 8 13,6 123 13/¢ 8 814 L
8 1144 S 18 414 9 LYY 17,6 8 9ty 174
0 14 3% 22 17% 1 11y 3 13 8 113§ ¥
1 1614 1371 E 2371 2014 12 13,4 3 | B 12 Y% 5
12 19 7% 30 2434 4 1A LE I L LT 12 17 s

ELST AVAMLARI L COPY
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Amaerican Standard Class-125 Cast-iron and 150-Ib Steel Valves: Valves with
Class-125 or 150-1h End Flanges, or with Walding Ends—Face-to-face and End-to-end Dimensions

T T

T o 1T S B BN g
l ) PLAIN FAZE l ‘ TTONELZING M) 1 N RiMG LOINT Vi
i | ‘ — i
a 3 z
: Closs-1125 cost won t 150-b sreei
5[ Ranged snd—piain fucs i Flanged end’ {14 s, raisad foce) and weiding end
i
Nom- T T -
i1 Gowm 1 Plog | Globe | | ! Gare Py
e | Solid | Short ; i s G L sotia | Short | Round
id | Double Regu- | Von- check trod’ | Solid | Dauble | Selid : Double ¢ Regu~  Ven- port
wedge: dise | PO lor | tm | check ! } | wedge) dise wedge: dis Pa . lar . ten full
. | term : | I | | [ | ; . e . bore
| i i :
| a4 ! P PR LA ] 4 l I ! 8 | a |y "R '
' i : : !
. ' ; ; | Py v
5 J | | - vl } P ' ~‘
- | +'4 L AR T 1Y ! Heo o i !
N | I in 4 in i |
v Su | 5w I 5 5 51 o4 ' :
N ! ! Bla ST TN ) Sia | |
lia ' 6w | W . 8% 64 | 6w 6% i ' 6l A%
? ’ 7 ? 7 Ty 8 8 10 7 7 84 gy 7 10%
2y U g ™o oan 8% | 84 | 0% T4 ' 9% I "y 11
3 8 8 [} 9 9'4 9% 1% 8 [} % 1's 8 134
In 8% 8% . . o
4 9 9 9 9 1w | Y |13 9 9 12 12 9 17
5 10 10 10 N 13 13 . 10 10 15 15
5 10 | 104 | 10w | 154 | 154 14 14 1% 104 | tow I5% | 15% |10 | 154 |
8 e v | s | o1g 18 1914 | 19% | 21% I b oas | 164 | 16 | 1w |18 25
15G4b sreel
Ranged end* (% in. raised toce) and L
welding end Ranged end (ring jont)
Nominal
valve serges Gate* o]
ure Globe Swing [ f:.m Con- o Round Globe Swing
ang | check | PO bot o | g | Deuble | Shars | Reguior | Venrem | PO and | check
lit g wedge |  dise pattern | Xegular | Ven ol lify
check bore check
4&8 A& 8 A& 8 R ¢ c [og [og [og [og c [
. 4 4 I |
W ‘ 4
4 4 e 54 g g Yy (1L
% ta i 6 St S 5 '
! ] 3 6'a " 3'e 5ty 6 it2 3 3
' Sta 54 7" 6 6 i b [
1 ol t'e 8 3% ? 7 b 94 i B
2 8 8 9 10 Y PN T 1 8 H
ta 84 gu 1 10 8 8 8 1 9 a
) 9'q 9ts 1204 1 82 8 8 14 10
Iy
' s 1w 14'4 13% 94 9w ™ 17" 12 12
5 14 13 10% 10"y 14 1§
n It 14 18y 17% n " 1 16 20y lots 1412
8 1P 194 234 2 12 12 2 15y 250 20 k)

* Adapied from ASA BI16.10—1957 AP! Standards 6D and 600 conform 10

the dimensions thown for corres

wetding end.

* These dimensions are not intended 1o c

the seat angie a1

ponding sues, valve tvpe and flange clam o

wriier Paitern * or ocher patterns where tasge clearances are required.

aver the tvpe of check valve heving
Apprumimateily 43 dey 10 the run uf the valve or the ~ Under.

‘Instrument Society of Amenca Teniative Standard 1SA RP4 | face to-tace

conforms 10 dimenssors shawn in coluinn 1 and column 23

¢ 130-1b carmumon-reustant vaives covered by MSS SP-4. have plam faces
' 130-1b Steel condwit-tvpe Kate valves are not uandardired.
' These valves are fznued end oniv

; )
PEST Aatash S oarY
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Globe, Angle-globe, and Gate Valves®

A D
Size | (globe| & C | tongle | & F ¢
f—56— onty) | {open) onty) {open)
gl 2 4 13.1 1
| 2 4 B g | 53¢ |13
M| 2K 43¢ 12 13y |2 53¢ 1%
« X 2% 5y (231 1y [2kg s34 12

Ml 3e | 6 230 13 |236| 63§ |23

1 3y 6% |3 130 1226 71 {23
134 43¢ T3¢ 3% 2 35 935 (3

1361 43¢ 8¢ |4 230 |33] 1075 | 334
o 2 | 53 | 9s4 |aag] 23 (35 1334 |4
241 6% |11 e 33 (4341 1585 |4y
| 3 | s 125 |7 | 33g |5 | 1735 |53
= £

* Dimensicns in inches and compiled from manufacturers’
catalogues for drawing purposes.

Lengths of Pipe Nipples®

Langth Langth Length Length
Size Size Size Size
Close Short Close Short Close Short Closs Shont
121 3 14 151 13§ 1 B0 1 134 b1%4 21, 21, 3
¥ 41 134 W 1y 2 1t | o3y 24 13 23, 3
35 1 1b¢ 1 1y 2 2 2 oy

* Compiled from manufacturers’ catalogues. Dimensions in inches
Long-nipplec lengths: from short-nipple lengths 10 6 1n. in 5 in. increinents; from 6 in. nipple
lengths to 12in. in 1 in. incremeants; from 12 in. nipple lengths o 24 0. 10 240 wcrements.



TABLE 31. Stanoako Cast.lnoN Scnew Frrrings

(125 b per 1q in. pressure.}

:_4_ -] e - :-v.J---l-
. —
-
L
Size |
Inches ' ! i i
1 : I} ( i D E F
, ; ‘
Koy, ] | |
o e re ’ ‘ ; ;
VA TT , i , 24 f 1% 1
Koo 1, o ‘ 3 i 2y |
1 Poame 314 | ’
1Yy 18, J 1% Pooa ey l
e ! 1134 174 | i 3, 2y ‘
2 | 2K 11t ' 33 ,' ¥ ‘ 27,
214 ! 2Whig 1134 ' 634 ' 33 i LAY i
3 [ 314 234, . s : LR i 23,
38 81y, 2y 81y 613 3y
4 l 3y 233 93¢ T4 334 28y,
3 e 3y, 1% 9% 3% 235
6 3 376 187, 103 43y 23y
8 614 £ 371 1613, 134 3Y Jty
10 8,4 33, WL, 163 83s 334
12 934 (] 24 4g 1934 Tl £33 71

Fractional dimensions are nominal. See ASA Bulletin for decimal dimensions.

TABLE 4.

’———R——f
) :

(All dimensions in inches.)

Diuexsions oF Staxoarp GLoBe, Axoux. AND Cross VaLves

—r
]
I —

Guoet or
Caoss Vacve

Size I 2 24 3 ‘ 313 4 3 (] 8 10 I 12
A [[1%1 7 8 0 10 11y 13 1813

n 8 1 9y | 1014 13y 13 14 10 | g | oy
T Loy g | oagy | g, VLT kg | sy | 30y | gy
R 8 9 1} 10 10 12 10 18 20

Substitute A for I for serew fittings,
o it
15



TABLE 43. DiuENsioNs or StaNDarD LiFr AND SwiNG VaLvEs

tAll dimensiona in inches.)

WA

l————d—"“-‘t l'— I~

Limr Crecx Sn.ve Crecn
Vacve raLre
| | 4 |
Size 2 2% 3 , 34 4 3 8 ‘ 8 :’ 10 12
l’ f
A 634 7 8 9 10 11K 1214 1814 |
B 8 814 934 10% 11% 13 14 1914 ’ 2434 3744

Substitute A for B for screw fittings.

TABLE H. Dmuengions oF Stanpasp GATE VaLvEes
(All dimensions in inches.)

'S <
O (open) 1 2 |

Size 2 24 3 3% 4 3 6 § 10 12
1 6l 6y 61 Tig T3 :331 87, 10
B 7 T4 8 814 9 1014 11 11t 13 14
0 143 17 1914 21Y 2337 283¢ 323, 47 S0y 38
r 121 133, 154 164 1814 AN Y 231, 273 33 6L
R 8 8 9 9 10 12 12 16 20 20

i

Substitute . for 7 for screw fittings.

U A G

16 240



TABLE 43.
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EX AT on AETy RN

TR0 /2
e

Aovvsrasie
Ji ana Orx

Coroemnsing Uner
4@ Coceoo

TRE RN O ST A

ST HEATER (PN

Comrm rocar Fan

Hdavsranie
L1773

IncLines Orom

AN ano Aorom
Wiryw Seir Guep

Over im Secrionr
(812271

InFans Lovveas
ow Jcagen

Convoensing Unir
Waremr Coovto

O

[

L2012 0 cFm

!Pla # 700 crm

Canvas Comnecrans %

|g}———J 2oxZ

3lo-

BEST AVAILARLE COPY
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American Standard Graphic Symbels for Piping and Heating*®
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Symbols for Piping and Heating {Cont.)
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American Standard Plumbing Symbols*®
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