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SYNOPSIS 

'with the growinr use of machinery in the construction 

of Water Resources Pro j:. c ts, large •-3nd small, it has become 

essential require- mm2nt to provide adequate workshop facilities 

for proper maintenance and up-keep of c.onstructidn equipment 

as well as for regular manufacture  o f. typical items that may 

be required on the project However, proper design of Work-

shops for Water Resources ?ro j .:c is has not been receiving due 

attention probably due to fact that cost of workshops constitute 

a very small percentage of the total project cost'_ 

In this diss: rt.?tion an attempt has been made to study 

design aspects as relt.vant to workshop services 	Study relat- 

ing to area requirement per machine, ratio of covered and un-

covered area, and cost of workshop equipment versus cost of 

co.nstruc ticn equipment has been presented in this dissertation 

with th;.> help of relevant data from some water resources 

projects like 	as Project, & as-Sutle j Link Project, Ramganga 

Project, S.alal Hydro-Electric Project, Jr tun Seluna Project 

in Indonesia and Tehri Darn Projtct l  Comparison has also been 

made with recommendati©4ts of Construction Plant and Machinery 

Committee' 

,k recommendation for further work has also been covered 

in Conclusion 



CHAPTJ R-1 

IiiTRODUCTION 

1.1 GENERAL 

1.1.1 Nature of Water Resources Projects 

Water resources development projects generally involve 

construction of a variety of structure like dams, embankments, 

dykes, intakes, spillways, tunnels, channels, power houses, 

switch yards, transmission lines etc. These structures beside 

being complex and complicated have additional dimension of mag-

nitude. These structures are huge and hence construction period 

is ' spread'. over many years. Also, the projects are generally 

located in sequested pockets/ in remoate areas where terrain 
is rough and working conditions are auduous. Most often these 

projects are in hilly regions where complex geological features 

such as folds, faults and shear zones in foundation region of 

dams or in underground structures like tunnels, pose additional 

difficulties. The situation becomes further difficult in view 

of construction constraints, possibility of site being subject-

ed to flood, earthquake, land slides, storms, inclement weather 

etc. etc. 

On the whole it can be stated that construction of water 

resources projects is an unique ticklish problem. due to un-

forseen, contingencies, uncertainties, surprises, risks and 

the like which need special considerations. 
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1.1.2 Extent of Mechanization 

Considering the nature and magnitude of water resources 

projects, as discussed above, and requirements of speed, economy, 

quality and safety, which have become prime consideration now-a- 

days, mechanization is indispensable. Mechanization has also 

been necessitated due to limitation of man, or animal power and 

nature of work such as dredging which is not possible without 

mechanization. Other factors promoting mechanization are capa-

bility of machines to achieve desired quality which may be be-
yong the scope of human labour and a typical example of such 

situation is compaction of earth fill dam where desired degree 

of compaction can not be achieved through human efforts. 

Further the water resources projects invariably involve 

transportation of large quantities of construction material over 

fairly long distance which again warrant utilization of large 

capacity hydraulic excava L v^( ranging in size upto 10 cum) 

huge carrier ( having capacity over 1J0 tonnes), giants dozer, 

and so on, so as to achieve accelerated completion and to en-

sure economy. 

Mechanization has also.been adopted intensively for 

concrete manufacturer and placement and tunnelling operations 

so as to achieve fast rate of construction and economy. Aggre-

gate processing plants, batching and mixing plants, cableways, 

locomotives, vibrators, concreting buckets, transit mixers, 

agitating cars, etc. are now invariably used for concrete manu-

facture and placement in dams or other concrete structures. 
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Utilisation of a variety of construction equipment in the 

borrow areas and for transportation to auxiliary plants has 

become a necessity. Gravel recovery sites generally employ a 

large number of excavators, giant dozers and loaders, for digg-

ing and loading the material into huge sized carriers, hauling 

and dumping the material into bias feeding belt conveyors. Like-

wise use of drilling jumbo ,hydro booms, raise climbers, moles, 

loaders, locomotives, dump trucks, shotcreting machines, pneu-

matic placers, etc. is also very common for tunnelling opera-

tions. 

Extent of mechanization can be indirectly assessed by 

the multiplicity of makes. and models of construction equipments 

that are available in international market for use in the cons-. 

truction industry. Table 1.1 summarises the information about 

variety of popular makes and models of principle categories of 

construction equipment, and has been compiled on the basis of 

data appearing in March 1983 issue of t International Construc-

tion. 

Si. 	Category of equipment 	No, of No. of models 
No 	 makes 

1.  360 -Degree Hydraulic Excavators 47 387 

2.  Rope Operated Excavators 16 149 
3.  Mini Excavator under 10T 16 99 
4.  180 degree back hoe loaders 23 62 
5.  Wheeled loaders 44 248 
6.  Crawler loaders 14 66 

7.  Crawler dozer 13 88 
8.  Haulers- Dump trucks 27 146 

9.  Motor scrapers 9 52 
10.  Motor graders 16 83 
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1.2 NEED FOR WORKSHOPS 

1.2.1 General 

Construction equipment can produce profit while it is 

working longer and more efficiently. The direct and easily vi-

sible effect of 1'm.;k of maintenance or unprove r maintenance 
will be breakdown of equipments. The breakdown of equipment 

causes down time and financial loss by way of loss in produc-

tion. In some cases equipment have been found to be on the 

sick list far as much as 40 percent of anticipated working time 

due to inadequate maintenance and repair facilities delaying 

execution of construction work inordinately. 

Hence upkeep of construction equipment for transporta-

tion, earthmoving, grouting, compressed air supply,processing 

aggregates 	and for many other construction activities is 

imperative and this is achieved by providing suitable repair 

and maintenance facilities in well planned workshop on water 

resources projects. 

1.2.2 Sophistication in Construction Equipment 

In addition to the repair and manufacture requirement 

the sophistication in construction equipment makes it impera-

tive to have well equipped workshops. While routine repair 

to regular construction equipment could probably be handled 

upto a reasonable extent without a well equipped workshops, the 

sophisticated construction equipment, on the other hand,warrants 

a good workshop facility even for minor adjustments. The need 



for workshop facilities can hardly be overstressed in the face 

of sophistication in construction equipment, which in turn is 

a result of stiff completion among equipment manufacturers, who 

have tried to minimise the human error through automization, 

Automatic adjustment of blade elevation of scrapers and bull 

dozers as a function of earth resistance encountered is one of 

the simple examples of sophistication and it goes without saying 

that repair of such equipment calls for a proper workshop faci-

lity,  
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CHAPTER- 2 

PLANNING FOR WORKSHOP :ERVICE►S 

2,1  GENn L 

It must be stated at the outset itself that planning 

for workshop services for water resources development projects 

is distinct from planning for the regular industrial workshop. 

Basic reason for this is the obvious difference between the 

"requirement of industrial workshop and of the workshop for 

water resources projects. However, the objectives of workshop 

services in both the cases is same, i.e. prompt service, low 

cost, minimum wastage, use of available talent,/material and 

safety. 

Workshop services for water resources projects include 

all such facilities that may be required for maintenance, re-

pair and servicing of construction equipment as well as for 

regular manufacture of such item's that may be required on pro-

.acts works. 

Planning for various shop services required for a work-

shop call for assessing the type and amount of work planned to 

be done in a workshop relative to outside facilities where spe-

cialised services might be available readily. While taking cog- 

nsance of the outside facilities for planning of various shop 

services for a workshop, due consideration has to be given to 

accessibility by road., rail and other modes of transport as 

well as to distance of workshop from the outside facilities. 
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A judicious decision is required to be taken in planning 

:various shop service for a workshop as to weather it would be 

economical to carry out all operations involved in repair,main- 

tenance or manufacture within the workshop itself or assistance/ 

dependance on outside facilities specializing in some of the 

services shall be economical. 

After determining the type and quantum of work, the next 

important factor in planning shop services is their location, 

The problem of site location is basically a compromise of pro-

ximity to operational area and drainage system. While proximity 

to operational area is important as travel time and transporta-

tion cost prove to be fairly costly, the drainage system is 

equally important because both these factor can seldom be 

corrr ctodsatisfactorily at later stage when planning phase is 

taken over by execution phase. 

Selecting location should also consider - 

1. Local building codes, zoning regulation and future 

high ways, if any.  

2. Obstructions like overhead cables, under ground pipe 

line, ditches and gulley which should be avoided to 

ensure free movement of heavy equipment in and around 

the workshop. 

2.2 PLPJ ING FOR MAINTENANCE AND REPAIR WORKSHOP 

work in general maintenance and repair workshop may be 

subdivided according to the functional requirements and shop 

service may be planned according to the job contemplated to be 
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undertaken in a particular shop. Selection could be judiciously 

made out of following list of main shop serltices, commensurate 

with the facilities planned to be provided in a workshop 

1. Tyres repair shop 

2. Lubrication shop 

3. Servicing shop 

4. General repair and fitting shop 

Battery shop 

6. Electrical repair shop 

7. Welding shop 

8. Painting shop 

9. Transport and light vehicle repair shop 

10. Smithy shop 

11. Machine shop 

12. Miscellaneous machine repair shop 

l3. 	Engine repair shop 

14 	Transmission repair shop 

15r: 	Hydraulic equipment repair shop 

l6; 	Truck repair shop 

17, 	Sheet metal and upholstry shop 

18. Foundary shop 

19. Carpentary shop 

20. Tyre retreading shop 

21 	Structural shop 

22. 	Drill steel repair shop 



In addition to above shop services provision has to be made for 

auxiliary services and employees facilities like - 

1.  Tool room service 

2.  Water supply service 

3.  Stor,. and spare part services 

4.  Fire fighting services 

5.  Time office services 

6.  Refuelling services 

7.  First aid/medical services 

8.  Canteen 

9.  Cupboard and locks 

10.  Change over waiting room 

11.  Toilets 

12.  Office 

From the list of various shop services enumerated above, 

required shop service can be chosen to suit the type and amount 

of work plannedto be undertaken in a workshop. In case workshop 

is planned to undertake only routine maintenance adjustment and 

minor repair ( like replacement of easily accessible parts which 

do not require highly specialised equipment or tools), shop ser-

vices enumerated from sl.no. 1 to 8 above shall be necessary. 

On the other hand if workshop is required to be planned for re-

pair of various sub-assemblies, standby units and major repairs/ 

overhauls, all the shop services enumerated above ( except for 

the last shop service) shall be necessary. 
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d) Rigging shop 

For repair and maintenance of rigging and hoisting equip-

ment like jacks, hoists, derricks, chain pulley blocks,, sling 
etc. 

Similarly other shop services like ' pipes and pump shop' 

for repair of dewatering and water supply equipment,' compre-

ssor shop', for repair of air compressors, Drill steel shop' 

for repair and maintenance of tungstan carbide tipped drill 

steel rods, could also be planned as per requirement, It goes 

without saying that the above shop services are required to 

be supported by auxiliary shop service like - welding shop, 

machine shop, carpentary shop, smithy shop, foundary shop, paint 

shop and employee facilities, etc. It may be noted that plann-

ing shop services according to the equipment to be 3 rvt.d pro-

vide a specialised facility for repair of particular type of 

equipment. Planning a specialized repair facility for sophisti- 

cated construction equipment which is generally deployed on 

water resources projects is considered as a luxury by some of 

the planners and they advocate that this approach of planning 

results into duplicacy of services in subsections viz, a trans-

mission repair section is required in three shops namely the 

tractor shop, the carrier shop and the automobile shop. This 

also true for tyre repair section which is necessary for carrier 

shop as well as for automobile shop. Proponents of specialised 

shop services hold that there is a distinct advantage of pro-

viding a specialized, shop service for repair of sophisticated 

construction equipment which warrants special skill. 



10 

Some times the shop services are termed and planned 

according to equipment to be serviced viz., 

a) Tractor and excavator repair shop 

For repair and maintenance of tractors, dozers, power 

shovels, mobile cranes, front and loaders, scrapers,. dragline 

etc. sub division of the shop would be necessary to incorporate 

sub section for transmission repair, hydraulic, system and hy-

draulic equipment repair, differential repair, track group com-

ponent repair etc. etc, 

b) Carrier shop 

For repair and maintenance, carriers i.e. dump trucks,, 

trailers, tankers etc. In this case also sub division of the 

shop would be necessary to include sub-section like, body re-

pair section, transmission repair section, tyre repair section 

etc. 

c) Automobile shop 

For repair and maintenance automobile like- jeeps, pick 

up, light trucks etc. would be required to have sub sections 

like- running repair section for chasis and engine of vehicles, 

electric repair section, body repair section, engine overhaul 

section, transmission repair section, brake system repair sec-

tion, lubrication and general maintenance section, tyre section 

etc, etc. 
I 
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d) Rigging shop 

For repair and maintenance of rigging and hoisting equip-

ment like jacks, hoists, derricks, chain pulley b1Gcka;  sling 
etc. 

Similarly other shop services like ' pipes and pump shop' 

for repair of dewatering and water supply equipment,# compre-

ssor shop', for repair of air compressors,' Drill steel shop' 

for repair and maintenance of tungstan carbide tipped drill 

steel rods, could also be planned as per requirement. It goes 

without saying that the above shop services are required to 

be supported by auxiliary shop service like - welding shop, 

machine shop, carpentary shop, smithy shop, foundary shop, paint 

shop and employee facilities, etc. It may be noted that plann-

ing shop services according to the equipment to be s. rv-...d pro-

vide a specialised facility for repair of particular type of 

equipment, Planning a specialized repair facility for sophisti- 

cated construction equipment which is generally deployed on 

water resources projects is considered as a luxury by some of 

the planners and they advocate that this approach of planning 

results into duplicacy of services in subsections viz, a trans-

mission repair section is required in three shops namely the 

tractor shop, the carrier shop and the automobile shop. This 

also true for tyre repair section which is necessary for carrier 

shop as well as for automobile shop. Proponents of specialised 

shop services hold that there is a distinct advantage of pro-

viding a specialized, shop service for repair of sophisticated 

construction equipment which warrants special skill, 
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2.3 PLANNING FOR MANUFACTURE WORKSHOP 

Work in manufacture workshop calls for use of typical 

shop services commonsurate with typical items to be fabricated. 

Various operations involved in manufacture are required to be 

and shop service are planned accordingly. In general, 

manufacture workshop calls for argumentation of structural shop 

with special purpose shop services like, marking shop, cutting 

shop, bending shop, welding shop, assembly shop, testing shop 

and painting shop. For example a penstock fabrication workshop 

would warrant planning of special purpose sections like raw 
~~r~da.RQ 

material section, edge planning section, plate 	section, 

welding section, radiographic section, stress releiving section, 

hydrostatic testing section, sand blasting section, painting 

section and despatch section. 

In addition to special purpose shop services as enumera-

ted, in brief, above, the manufacture workshops also require 

auxiliary services and employee facilities enumerated earlier, 

2.4 BASE WORKSHOP AND FIELD WORKSHOP 

Base workshop and field workshop is a commonly used ter-

minology in connection with workshops for water resources pro-

jects. This terminology is based on the premise that the base 

workshops are planned to cater for the total repair, maintenance 

and manufacture facilities of a project and are located at a 

central situation in the project, where as the field workshops 

are generally planned to undertake only minor repair and mainte-

nance work and are usually located close to a specific working 
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area or field, for which the workshop is contemplated to be 

utilised. The field workshops have also been used for manufac-

ture of simple items like steel ribs for supporting system in 

tunnels and obvious reason for undertaking such manufacture 

operations in field workshops is the proximity to working area 

and simplicity of manufacturing process. 

Since the base workshops and field workshops basically 

involve repair, maintenance and manufacture operations, there-

fore planning of shop services for them does not call for any ad-

di..J.onal considerations except those already discussed in 

paras 2.2 and 2.3. 
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CHAPTER-3 

LAYOUT ANALYSIS OF WORKSHOPS 

3.1 GENERAL 

Layout can be defined as an arrangement of physical faci-

lities. Basic aim in deciding layout of any workshop is to faci-

litate the repair process and/ or the manufacture process con-

templated to be undertaken within the workshop. While planning 

the layout of various facilities within a workshop, an effort 

should be made to minimize material handling, to ensure flexi-

bility of operations to keep down the total investment and to 

provide for the comfort and convenience of workforce. Hence 

it is necessary that the aspect of planning a.workshop layout 

is treated with due care, 

There are two basic types of layouts namely the product 

layout and process. Distinguishing features of the two types, 

alongwith, their relative merits and des xits aro discussed in 
subsequent paragraphs, 

3.2 PRODUCT LAYOUT 

3.2.1 General 

Product layout, as the name implies is designed for the 

flow type of production or manufacture where continuous or repe-

titive operations are carried on to produce large quantities of 

a standardised product or products like penstock shells and 

steel ribs for tunnel support systems. In the product layout 
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all equipment needed to manufacture a typical item, is arranged 

sequentially in a continuous line that is various machines are 

arranged in an order in which the successive operations on the 

items to be manufactured must be performed. The component or 

item is taken from shop to shop that have the requisite machines 

necessary to perform the required operation. In short a series 

of machines is arranged in line to perform a definite sequence 

of operations for the manufacture of a certain item and the job 

is moved from one machine to another till all required operations 

are carried out satisfactorily. 

3.2,2 Advantages of Product Layout 

1. Reduced material handling 

This is one of the obvious advantages in product layout 

and is achieved through inherent features like definite and direct 

channel for the flow of material, short distances between opera-

tions and mechanisation of handling. 

2. Low cost labour and the ease of procurement and training 

The product layout can effectively utilise low cost, un-

skilled and semi-skilled labour because of special purpose auto-

matic or semi-automatic machines and elaborate Vooling-Special 

purpose automatic equipment can be economically designed and 

constructed for various operations involved in manufacture of a 

particular item so that the operator •is required to perform a 

simple routine task. Because of the wide availability, ease of 

recruitment and training of such labour the costs of labour 

procurement are low. 
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3. Reduction in inspection 

In the product layout of equipment, a complete product 

part or subassembly is made on one line. A' limited amount of 

inspection perhaps at the End or at some critical point in the 

line, supplemented by spot checking or patrolling inspection 

between, is usually sufficient. 

4. Reduction in processing time 

Intermediate activities between various operations such 

as travel, storage and inspection occu.' less frequently in pro-

duct layout and hence times and opportunities for delays in such 

activities are, to a large extent, oLviated. The total time for 

processing product is therefore shortened. 

3.2.3 Disadvantages of product layout 

1. Vulnerability to production line shutdown 

If any equipment goes out of order there is a shutdown 

of production unless reserve capacity or standby equipment is 

available and can be utilised. Shutdown of the line can also be 

caused by a minor shortage of material. 

2. Higher capital investment 

product layout involves higher capital investment because 

equipment necessary to manufacture an item is arranged sequenti-

ally,  so as to perform required operations and this may involve 

duplicacy in equipment and hence higher capital investment. Also 

semi-automatic or automatic equipment, designed and provided for 

economising in labour costs,, adds to capital investment. 
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Furthermore, provision of standby equipment to safeguard againsts 

vulnerability of shutdown due to failure of any equipment warrants 

higher initial investment. 

3. Higher fixed charges 

Higher capital investment in product layout renders over-

head charges correspondingly high particularly where specialised 

capital equipment is used. 

4. Difficulty in supervision 

The line which is the unit of supervision is a collection 

of numerous kinds of machines requiring a wide knowledge on the 

part of the supervisor if he is to fulfill his production goals. 

The foremanis job involves the supervision of diverse activities 

which for each equipment requires a knowledge of various set ups, 

kind of work done, and operating speeds and feeds. Among other 

things the foreman must also know the machine capacity necessary 

for loading and scheduling work on each equipment in the work-

shop, he is responsible for the quality control for the many 

kind of jobs being simultaneously processed, and he must also 

be familiar with the maintenance, requirement of his equipment. 

Such a diverse supervisory assignment may not readily lend it-

self to specialisation and mastery by the average foreman. For 

this reason a supervisor under product layout is more prone to 

neglect one or another of his responsibilities. 

5. Inflexibility of facilities 

The equipment under product layout consists of facilities 

designed to perform special operations. Usually no machine unit 
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of the line is exactly interchangeable in capacity or kind of 

work performed with any other unit. This characteristic of the 

strict product layout results into inflexibility of facilities, 

which make for interruption, costly change over, or machine re-

placement particularly when major design changes must be made 

in the item to be manufactured. This is particularly true for 

those manufacture workshops, that are contemplated for long 

term use even after completion of a specific project for which 

the workshop is originally planned. 

3.3 PROCESS LAYOUT 

3.3.1 General 

In process layout, similar processes are grouped together 

by grouping similar workshop equipment. These groups are usually 

designated as shops, .and each shop or group constitute a distinct 

unit. This plan of organising the physical facilities is suitable 

for the non-repetitive, intermittent type of jobs where 'special 

job orders each distinct from the other are handled and results 

in a functional arrangement of the layout. Thus, in process lay-

out, welding machines, lathes, lubricating equipment, painting 

equipment are segregated and organized into separate functional 

units or shops. 

3.3.2 Advantages of Process Layout 

1. Less capital investment 

Process layout requires less capital because duplicacy in 

equipment, which sometimes becomes essential in product layout, 
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can be avoided. Also the equipment is utilised to greater capa-

city. The equipment can be kept loaded for most of the time, 

and for this reason the workshop equipment has higher producti-

vity:  Moreover, an overloading of any one shop can readily be 

taken care of by extra shift/time working, Normally; however, 

necessity of overloading does not arise because provision of 

equipment in each shop is generally sufficient for handling of 

normal maximum load, 

2. Flexibility in repair and manufacture facilities 

A great variety of work can be handled on a comparatively 

small investment because of the utilisation of various type of 

general purpose equipment. There is flexibility in planning manu-

facture jobs because it is possible to assign work to any availa-

ble machine in the workshop. Furthermore, it is possible to take 

up work on short notices ( as in normally required in case of 

water resources projects where random requirement for manufacture 

of a typical part or component necessary for repair of a cons-

truction equipment keep on arising) without much time spent in 

loading up and without too great a disruption in scheduled pro-

duction. 

3. Effective supervision 

Each foreman supervises only a limited range of machine 

operation like the foreman in welding shop or the foreman in 

machine shop. Because the task for each foreman is not too di-

verse and is frequently within the limits of the foreman's 

ability, he becomes highly proficient in time and with practice. 
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The foreman is able to direct the set-up and performance of 

every kind of operation done on the equipment in his shop. He 

frequently becomes very adept and useful in the maintenance and 

repair of equipment, specification and inspection requirement 

and planning and production control in his shop. 

4. Machine failures do not seriously disrupt production 

If there is a breakdown in one machine unit in a shop, 

the work can easily be transferred to another equipment in the 

same shop. If the shop is already working at high capacity, minor 

modifications in scheduling can readily be made to turn out a 

job that is urgent. 

3`.3.3 Disadvantages of Process Layout 

1. More material handling 

Inasmuch as the layout of equipment under strict process 

layout does not favour the production of any one product, there 

will be no definite channels through which all jobs will flow. 

In fact the job in process layout may return to the same shop 

more than once for processing making for back traveling of work. 

Routing of work to various shops and consequent movement through 

the greater distances over which job must travel results into 

comparatively higher cost of materials handling. Moreover ma-

terial handling under process layout does not readily but itself 

to mechanization and elimination of manual labour because there 

are no definite channels in the flows of materials. Furthermore, 

it is difficult to design special arrangement which can simpli-

fy and facilitate material handling because there is a great 

variety of material to be processed. 
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2. Greater total floor area 

There is usually a need for greater spacing between re-

pair or manufacture stations in the various shops because su-

fficient room must be allowed at each machine to handle a di-

versity of sizes of jobs and a variety of set ups and bench 

work. A well designed product layout, on the other hand can 

utilise floor space more efficiently, thus achieving greater 

production density. 

3. Higher skilled labour and difficulty in labour procurement 

The workers must be skilled because they operate a number 

of sizes of general purpose of machines doing a wide variety of 

work and performing many specialised operations. For this reason 

they must be able to read complicated blueprints., set up a varie-

ty of jobs ( using numerous Figs, fixtures, gauges) and frequently 

inspect their own work. Because of this complexity and diversity 

of operations, more highly skilled and versatile labour is there-

fore required and wage rates will usually be higher than single 

product plants. Furthermore there may be difficulty in recruit-

ing such personnel. A high turnover of labour under such condi-

tions will prove to be very costly. 

4. Need for more frequent inspection 

Because each shop is responsible for a specialised opera-

tion, inspection is generally necessary before the work goes to 

the next operation in another shop. The subsequent rejection 

of the material by another shop causes a considerable amount of 
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handling, confusion and rerouting of remove the faulty part. 

These conditions are not characteristic of product layout be-

cause the production line is the unit of supervision, and ins-

pection points are established only at the critical stages of 

operation. 

5. Longer processing time 

The total time needed for any item under process layout 

is greater than that required for processing work in line pro-

duction. Time is consumed because the job requires inspection 

after getting processed in any shop. Furthermore the large amount 

of material handling personnel can not always be made available 

to move the job when it is realised from a shop. The end result 

is a longer period of processing time. 

6. Greater Complexity in planning and control of repair and 
manufacture 

Planning or repair and control are necessarily complex 

due to a number of conditions inherent in process layout. As 

the size of a workshop and the variety of jobs to be undertaken 

in the workshop increase, the difficulty of coordinating the va-

rious processes and operations also increases. The absence of 

definite mechanised channels for material handling make routing 

and scheduling more difficult and time consuming. A; large amount 

of diverse work in process together with a longer total period 

of processing time calls for careful individual attention for 

proper flow and coordination of operation. Furthermore the res- 

ponsibility for repair or manufacture is divided among many shop 
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supervisors, making accountability for the progress of the 

work more difficult.Each jobs order has its particular list of 

material and distinct specifications necessiting the  development 

of a routing sheet for each component part and for each assembly. 

With this diverse character of work scheduling is comparatively 

more difficult because a large amount now repetitive work must 

be processed. 

3.4 LAYOUT OF WORKSHOP FOR WATER RESOURCES PROJECTS 

Workshops required for maintenance and repair of wide 

variety of construction equipment deployed on water resources 

projects have to be take up diverse nature of jobs ranging 

from breakdown maintenance to preventive maintenance of cons-

truction equipment. Obviously for, breakdown maintenance pro-

cess layout, would be suitable because the repair activity has 

to be differently organised for each breakdown depending upon 

nature and type of failure. Preventive maintenance however callss 

for channelising the construction equipment through a well de-

fined set of operations like cleaning lubrication, and replenisY-

ment of consumables like filters, filter elements, crank case 

oil, transmission oil, brake oil etc. etc. Thus layout in work-

shops for repair and maintenance of construction equipment has 

to be a compromise between process layout and product layout. 

Another feature forcing this compromise is the fact that 

in most water resources projects, workshops are required to 

cater for both, maintenance and repair as well as for manufac-

ture of typical items, which again necessitate a compromise 

between process layout and product layout. 
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However, the workshops planned for manufacture of typical 

items that may be required regularly and in sufficient quantity 

warrant adoption of product layout. Thus it can be summarized 

that layout of water resources project is an expression of the 

purpose for which the workshop is established. 

Use of templates and flow charts are recognized methods 

of deciding layout and are therefore advantageously employed for 

finalising the layout. 

Clear plan of workshop layout should be developed by list-

ing out the type of repair work, servicing maintenance and manu-

facturing operation to be assigned to various shops commensurate 

with the number and type of construction plant and equipment to 

be maintained and serviced and load ofmanufacturing activities. 

Layout of various shop services relative to each other. 

has to be so decided that movement of various components and ma-

terials within the workshop is minimised. Layout of facilities 

within a workshop is to be designed in specific relation to the 

type/category of machine and their number to be repaired, For 

example, shpps like tractor shop, carrier shop and automobile 

shop, should be flanked by engine room for repair of engine 

and transmission room for repair of transmissions. Similarly 

carrier shop and automobile shop, both should have a common 

or separate type section. While deciding workshop layout pro-

vision for equipment assembly yard should also made so as to 

facilitate assembly and initial commissioning of all construction 
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equipment which is planned to be deployed on a project. Also 

provision for expansion and flexibility of operation of various 

shop is required to be made. 

Layout of shop service, wi-ich is must extensively used, 

should be so decided that the shop service is easily accessible. 

For example, tyre repair,inflation and refuelling service should 

be located in such a manner that these services can be utilised 

with least disturbance to other services in the workshop. It may 

not be out of place to mention here that layout of employees 

facilities like toilets and wash rooms should also be so arranged 

that they are easily accessible to all ,staff, Likewise, layout 

of offices in the workshops should be such that they are cen-

trally locate# so as to facilitate supervision of work evenwhile 

sitting in the office. For this purpose, a common practice is 

to provide a difference of elevation in the office floor level 
and the shop floor such that the supervisory staff sitting in the 

office at higher elevation, overlooks the shop floor area. Also, 

the offices should have independent entrance, from outside the 

shop floor area and as far as possible the walls and ceilings 

should be of acoustic material. 

Layout of workshops for Beas Project, Beas utlej Link 

Project, Ramganga project, Jatunseluna project, Salal hydro-

electric project and Tehri dam project is shown respectively 

in figures 3.1 to 3.6. Perusal of these layouts would reveal 

that process and product layouts, both have been combined in 
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all cases, so that basic objective of breakdown and preventive 

maintenance is facilitated. In contrast with these layouts of 

maintenance and repair workshops, a manufacture workshop layout 

is shown in Fig.3. 7. This layout of a penstock fabrication work-

shop of M/s Indian House Pipe Co. Ltd. Pune shows the product 

layout. 
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CHAPTER-4 

DESIGN OF BASE AND FIELD WORKSHOPS 

4.1 GENERAL 	 1 

Before discussing design of base and field workshops, 

which have been briefly introduced in Chapter II, it is consi-

dered suitable to elaborate the scope of work in the two types 

of workshops. The base workshops are required to cater for total 

repair, maintenance and manufacturing facilities planned for a 

project. The base workshop are also referred to as central work-

shops and the nature of work for centralised maintenance could 

be classified as general maintenance and repair and would be of 

multipurpose type including major repairs to the equipment and 

substantial amount of manufacturing processes consuming a good 

deal of raw material. The function of the central workshops 

can be defined as being one or more of the following - 

1. The machining or fabrication of parts for emergency mainte-

nance repair where these are not available from the store/stock. 

This is usually the prime role of a'central workshop, the ob-

jective being to reduce down time during emergency repair. 

2. Machining, or fabrication of part for planned corrective 

maintenance. This requirement frequently arises as result of 

extensive stripping of equipment, revealin8  wear and the need 

to replace or repair components the extent of which could not 

normally be ascertained during planned preventive maintenance 

inspections. Such situations are exemplified by gear box 



35 

overhauls, or repairs for which replacement may not be held for 

economic reasons. 

3. The repair of sub assemblies, standby units, including 

spares for storesj stock and including electric motor, switch 

gear and control mechanisms. 

4. Modifications to construction equipment, when required so 

as to render the construction equipment suitable for job condi-

tions. 

5. Capital construction work which would include the manufac- 

ture of specialist production machines or plant, designed and 

developed at the project, because it may not be desirable to 

contract out this type of work. 

6. Miscellaneous work of a non maintenance and non-capital 

nature. For example the erection of temporary office/residential 

accomodation and similar work. Thus base workshops in general, 

provide for most of services, with due consideration to factors 

like its location relative to outside facilities accessibility 

by road, rail and other modes of transport and available capital 

for investment. 

Field workshop are required at field level for day to day 

routine maintenance, adjustment and minor repair which need prompt 

attention so that it may not subsequently lead to severe break-

down due to negligence in carrying out repairs in proper time. 

Yet another purpose of field workshop is to ensure that no mach-

ine is allowed to continue on work when it is in need of mechani-

cal attention of relatively minor nature or of a more service 

character. 
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The field workshops are distinct from base workshops in 

that the field workshop provide for those shop services which 

are just necessary for minor repairs to construction equipment, 

in contrast to the major repairs which are normally carried out 

in base workshops. The minor repairs have been distinguished 

from major repairs by defining the major repairs in different 

ways such as, (i) replacement of major components because of 

excessive wear through a long use, (ii) cost incurred by base 

workshops, (iii) repairs requiring more than 24 hours, (iv) re-

pair costing more than 1 percent of the value of equipment etc. 

However in the interest of sustaining continuous production from 

construction equipment, it is customary to replace some of the 

components and subassemblies of the construction equipment by 

new or removated/reconditioned components and assemblies in the 

field workshop itself, thereby saving long down time, which other 

wise would have been necessary for overhauling the components and 

subassemblies. immediate replacement of a defective assembly is 

more expedient and the machine can be used in field immediately 

after replacement. Obviously in some cases the cost of such 

replacement is substantial in monetary terms which warrants 

classification of the repair as a major repair despite the short 

repair time taken for the repair in the field workshops, which 

qualifies the replacement to be treated as minor repair. Thus the 

distinction between field workshops and base workshops on the 

basis of type of repair ( i.e. major or minor) is rather vogue. 
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Yet another criteria of distinguishing the field workshops 

from the base workshops could be the facility of regular manu-

facture of typical item that may be required on the project. The 

field workshops are normally not equipped with machinery required 

for such regular manufacture. However, in some instances, the 

field workshops are also required to manufacture simple items 

like ribs for tunnel support and such situations, arise only due 

to proximity to site. 

Thus the facilities in a field workshop may vary considera-

bly commensurate with varying repair demand and/or maiufacture 

requirements of water resources projects, 

4.2 LOCiTION 

Base workshops or central workshops are required to be 

located at central place in project area, so that they are conve-

niently accessible for entire project and can also provide support 

to all field workshops for undertaking such repairs that are be-

yond the capacity of field unit. 

Field workshops on the other hand are licated close to area 

of operation of construction equipment, so as to minimise time 

required for bringing the equipment to workshop for repair some-

times it is not possible to locate field workshop close to scatter-

ed working areas due to topgraphical constraints. In such situa-

tions mobile field workshops are deployed for routine repair and 

maintenance of construction equipment. The mobile field workshops 

comprise of certain selected repair and maintenance facilities 



38 

provided on a treck trailer unit which can be successfully uti-

lised for operating in scattered working areas. 

4.3 SPACE REEQUIRui M NT 

• Space requirement for repair, maintenance and regular manu-

facture of typical items for any project depend to a large degree 

on factors like the extent of repair and maintenance , type and 

size of construction equipment and fleet size. Extent of repair 

and manufacture to be undertaken in a workshop.( i.e;  whether 

certain type of repairs are to be done in field maintenance/ manu-

facture workshop or in a higher level workshop the central mainte-

nance/manufacture workshop) governs the space requirement in that 

an intensive repair facility would require more space while a 

minor repair .arrangement would warrant comparatively lesser space. 

Another factor that must be kept in mind while finalizing space 

requirement of workshops for water resources projects in the fact 

that construction equipment requires a large amount of space for 

laying up. Therefore provision has to be made for a large shed/ 

yard, for dismantling and erection of equipment brought to work- 

shop for repair. Similarly regular manufacture of special items 

also require a large space for finished/manufactured item as well 

as for raw materials and this again warrants provision of a large 

shed/yard. 

Type, size, and number units to be repaired or manufactured 

in the workshop, also dictate the space requirements in a work-

shop. Number of major units of equipment, specially the motorized 

types which are to be maintained and repaired in the workshop 
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have a direct bearing in space requirement. For example, special 

care would be necessary about the overall length of dumper(specia-

lly in case of bottom dumpers) and the height of the dumper body 

(specially in case of rear dumpers). Yet another aspect requiring 

attention is the fact that construction equipment like dumpers, 

scrapers, tractors etc, would require poling space prior to entry 

in the covered shop floors or after repairing. Hence space require-

ments fact under two distinct categories or covered area and un-

covered open area. 

On the basis of foregoing, the construction plant and mach- 

inery committee, constituted by Government of India, has recommen-

ded following scales for space requirement - 

(a) For a base/central repair shop, covered floor area may be 

estimated at 13.95 to 16.75 sq.m (15J to 180 sft) per machine for 

a total number of machines to be served in the shop. Uncovered 

land floor space is recommended to be 2.5 to 3 times the area of 

covered floor space set aside for the machines, 

(b) For a field workshop,,  covered floor area may be generally 

estimated at 4.6 to 5.57E sqm (50 to 60 sft) per machine ( where 

size of machine is small) and 9.30 to 11.15 sqm( 100 to 120 sft) 

per machine ( in respect of heavy earthmoving machinery items). 

An equal uncovered floor area having a concrete floor is also 

additionally required to be provided in field repair workshop. 

In order to check this recommendation of construction plant and 

machinery committee necessary data for a few water resources deve-

lopment projects has been collected as per detail in Appendix-I 



which gives the list of major construction equipment for Beas 

Project, Beas Sutlej Link Project, RamGanga Project, Jratunselima 

project, Salal hydro electric project and Tehri Dam project covered 

and uncovered area for these workshops have been assessed from lay 

out plans in figure 3.1 to 3.6 and provision of space per machine 

has been computed in Table 4.1. Results of this table reveals that 

recommendations of the construction plant and machinery committee 

hold good in most cases. Thu Cunittuu has also given a typical 

repair shop plan layout relative to centralised maintenance and 

repair work for 200 machines which is shown in Fig.4.l. Total co-

covered area and uncovered area is also indicated in the figure. 

Space requirement for the purpose of manufacture of a typical items, 

in any workshop is usually dependent upon the processes and opera-

tions involved and no guide line can be set forth for this. One 

has to make use of sound judgement for assessing space require-

ment related to a workshop planned for manufacture a typical 

items. 

4.4 BUILDING 

The most common building material for base and field work-

shops is structural steel because - 

i) it has low weight to strength ratio 

ii) it can be readily fabricated to given shapes and dimensions 

iii) it can be made corrosion resistant 

iv) it is adoptable to structural needs 

v) it can be conveniently used in combination with other ma-

terials such as concrete blocks, bricks and panelling ma-

terials to suit the architectural design. 
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vi) it can conveniently accommodate future expansion or remodell-

ing, and 

vii) it can be conveniently transported, quickly erected and 

rapidly dismantled. 

However in some cases where it can be envisaged that on 

completion of the construction work on a project the workshop faci-

lities could be commercially used on permanent basis( as may be a 

case with base workshop), masonry workshop buildings have been 

used despite high initial cost of masonry work and inherent di-

fficulty of recommendating future expansion or remodelling programmes 

in contrast to the inherent convenience associated with structural 

steel. The only advantage in relation to masonry structures are the 

excellent architectural effect that can be obtained in such struc-

tures and the low up keep cost of buildings, 

For selecting type of workshop building due consideration 

has to be given to the climatic conditions and geopgraphical lo-

cation etc. Intensity of heat ( as a result of day temperatures), 

the snow fall condition ( in high altitude areas) intensity of 

rainfall etc have to be given due weightage in selection of work-

shop building. In hot day area the problem of heat transmission 

through the roof assumes serious proportions'. Likewise in desert 

areas dust storms post serious threat. To avoid dust and dirt in 

workshop area and yet provide ventilation for convenience of the 

personnel working in the workshops, the workshops are to be of 

enclosed type. In such circumstances asbestos cemented sheets 

would provide protection against dust and heat. In most of the 
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other places corrugated galvanized steel sheets are in use. In 

areas where there are heavy rains, the work shops have to be 

suitably enclosed with rain canopies and the floor area has to be 

fairly above the road level. Due consideration has to be given to 

the type of roof to be provided over the, workshop building because 

a poor roof is a'constant harrasment and functioning of the roof 

for many years with relatively little maintenance is equally im-

portant. 

4.5 WORKSHOP FLOORS 

Floors of workshops are must ' worked' part in any workshop. 

Except for special areas like foundry, most floors are of poured 

concrete, concrete for floors require the best of materials so 

as to be of hard, abrasion resistant quality because construction 

equipment and its components have to be constantly on the floor. 

If the shop floors are poorly made, it is impossible to keep hy-

genic conditions prevailing in the area, where the equipment is to 

be handled for repair. Subgrade is also equally important because 

a good concrete on poor subgrace gets crushed and crumpled very 

soon. Hence it is to be ensured that the fill( farming the sub—

grade) should be compacted to 95 percent of standard optimum 

compaction and should be capable of supporting the floor loads. 

Trenches and drains, duly covered with grates so as to 

permit free drainage have to be provided in the workshop floors. 

Most of the shop floor should be raised from general ground level 

and ramps having mild slopes should be provided on ground level 
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to shop floor so as to take advantage of natural-  drainage. Initial 

saving on the size or number of floor drains proves to be costly 

in long run. 

Workshop floors have to be designed in specific relation 

to the type of equipment to be repaired. For example, if a fleet 

of crawler tractors and excavators is to be operating at a project, 

the repair shop for crawler tractors and excavators would have 

different types of floors. For crawler tractors, the crawler tracks 

would make it necessary for the floor to have proper reinforcement 

to withstand the impact of grouser,  b_ars.Most often old rail pieces 

are set into the concrete slab, almost flush with surface ( i.e. 

Slightly projecting above the floor surface) so that they farm 

steel plat farm which will not be damaged by crawler equipment. 

Width and gauge of the crawler tracks has to be kept in view for 

spacing of embedded rails or steel. For excavators, the shop floor 

has to have a pit with proper drainage arrangement so that the 

excavator could crawl into the pit through an approach ramp having 

smooth gradient of say 1 in 16. Pit depth should be such that foot 

board of the excavator in the pit is flush with general floor level 

of the shop so as to afford convenience of easy dismantling of 

the upper frame machinery and boom etc. The drainage arrangement 

for the pit generally comprises of a sump pump which pumps out water 

from a small drainage sump in one corner of the pit. The drainage 

sump is best located at one of the ends of the pit,(preferrably 

at farthest end opposite to the ramp). The pit would have to be 

under a roof with proper lifting tackle the suitable for heavy 

loads. Another advantage of providing a pit in the floor of 



excavator repair shop is the saving in the height of roof over the 

repair shop which would otherwise have to be fairly large for 

long booms. 

Fig.4.2 shows typical layout for a workshop with brief des-

cription about type of structure and floor. 

• Before concluding the chapter on design of base and field 

workshops a passing remark about the cost is considered necessary. 

It has already been stated that space requirements for a workshop 

is directly proportional to the number of construction equipment 

to be serviced .or repaired. In other words the cost of workshop 

floor space increases with increase in size of fleet or the cost 

of construction equipment to be serviced. Construction Plant and 

Machinery Committee has recommended that the cost of covered and 

uncovered floor space and the sheds to be provided forthe field 

and base workshops may be estimated at 1.5 to 2 percent of the 

total cost of equipment to be serviced in the workshop. These 

recommendations however, could not be checked because of nor 

availability of relevant data. 
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The Plan of typical workshop is given in Fig,4.2. 

No, 	Description 	Type of structure of floor 

1. Smithy 	Open, gravel or sand floor 

2. Welding 	Open, concrete 

3. G.M. shop 	Close with window, concrete 

4. Foremen's office 	Closed 

5. Gauge, pumps, injector 
etc, test room 

6, 	Electrical repair and 
testing 

7. Tool storage 

8. Engine line 

Engine test 

Track and chasis shop 

Cleaning and painting shop 

Battery charging 

Tyre maintenance 

Automotive workshop 

Carpentary and Uphoist•--ry 

Store and store office 

Canteen 

Wash 

Lavatory 

Fire service 

Time and security office 

Closed, dirt proof 

Closed, dust proof 

Concrete floor with counters 

Close with windows and work 
benchEs 	concrete floor 

Open with concrete floor 

-do- 

Concrete floor with pit 

Close with window 

Open with concrete floor 

-do- 

22. 	Concrete apron 
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used in workshops are briefly described below. 

1. overhead Crane 

Almost every workshop requires the use of an electric 

overhead crane to be efficient. The size of the crane is to be 

determined by the heaviest piece to be handled. The type of 

control for the crane is again dependent upon the type of its 

usuage in the shops. In large shops the best advantage is ob-

tained from cranes equipped with pulpit and controls. In others, 

the pendant cable controlled crane is cheaper initially and re-

quires rio operators. This type of crane works well for most of 

the shops, except where the shops are of a very large size, some-

times mobile floor cranes are also advantageously utilised for 

handling purposes in the workshops. Fig.5.1 shows two versions 

of the mobile floor cranes. 

2. Jib cranes 

Certain shop functions are best served by jib cranes, 

covering the area within their radius thus conserving overhead 

crane time. These can be provided with manual/electric or pneu-

matic hoists. Fig.5.1 shows five common versions of jib cranes. 

3. Mono rail cranes  

Mono rail cranes are also sometimes used.W.These, however, 

have limited application as these are effective only when one 

route movement is possible. These are not flexible, but can be 

used to transfer materials from shop to shop or from shop to 

outside or even from crane to crane. 



CHAPTER- 5 

WORKSHOP EQUIPMENT 

5.1 GENERAL 

It will be too much to elaborate the details of equip-

ment that should be installed in the workshops for convenience 

of quick repairs to construction equipment because exact require-

ments in this respect would have to be precisely related to the 

type and volume of work to be done in the workshop with due 

consideration to the facilities available outside the project. 

For example, where population of construction equipment is re-

latively small, it is customary to have fuel injection components 

repaired by specialised organisations outside who are generally 

named as + Factory authorised venders/dealers'. However,, in 

situations where number of diesel engine powered construction 

equipment is fairly large, it may be suitable to have equipment 

for repair of fuel injection components in the workshop. Hence 

only type of workshop equipment has been identified in this 

chapter. While the workshop equipment has been enumerated se-
parately for field workshops, base workshops and manufacture 

workshops. The common equipment like materials handling equip-

ment cleaning equipment and servicing equipment have been des-

cribed in this sections. 

Importance of materials handling hardly requires any 

emphasis because expenditure on handling of materials at times 

mounts to as high as 40 percent of the total cost of work in 

a shop(18). Various types of handling tools that are commonly 
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used in workshops are briefly described below. 

1. Overhead Crane 

Almost every workshop requires the use of an electric 

overhead crane to be efficient., The size of the crane is to be 

determined by the heaviest piece to be handled, The type of 

control for the crane is again dependent upon the type of its 

usuage in the shops. In large shops the best advantage is ob-

tained from cranes equipped with pulpit and controls, In others, 

the pendant cable controlled crane is cheaper initially and re-

quires rno operators. This type of crane works well for most of 

the shops, except where the shops are of a very large size, some-

times mobile floor cranes are also advantageously utilised for 

handling purposes in the workshops. Fig.5,l shows two versions 

of the mobile floor cranes. 

2. Jib cranes 

Certain shop functions are best served by jib cranes, 

covering the area within their radius thus conserving overhead 

crane time. These can be provided with manual/electric or pneu-

matic hoists. Fig.5.1 shows five common versions of jib cranes. 

3. Mono rail cranes  

Mono rail cranes are also sometimes used.These, however, 

have limited application as these are effective only when one 

route movement is possible. These are not flexible, but can be 

used to transfer materials from shop to shop or from shop to 

outside or even from crane to crane. 
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4. Trolleys and fork lift trucks 

Trolley afford easy transport of bulky items like pen-

stock shells from one shop to another and are more popular in 

manufacture workshops, where flow of material is along a well 

defined channel and permanent rails embedded in the shop floor 

for movement of trolleys facilitate the material movement. In 

maintenance and repair shops, however, the trolleys are not very 

popular because of lack of well defined channels for flow of 

jobs from one shop to another. Fork lift trucks are more popu-

lar for materials handling in repair and maintenance workshops. 

Like materials handling equipment, the cleaning equip- 

ment is equally important. Cleaning saves valuable shop time 

and pays for itself. Experience has proved that is taken about 

15 percent to 35 percent longer to repair an equipment that is 

not cleaned properly (9). It is also true that a clean machine 

gives the mechanics a better chance to do a good job. When a 

machine comes into the maintenance shop for servicing, it should 

be cleaned either with water jet under pressure or with steam. 

While water jet cleaners require high pressure pumps which pro-

duce water jet at about 600 psi, the steam cleaners have two 

types - namely, the vapour type and combined type( which com-

bine thermal and hydraulic pressure). The vapour type produces 

steam under thermal pressure alone and operating pressure is 

limited to only 7 kg/sqcm(100 lbs per square inch). Hence the 

vapour type units can not blast away heavy accumulation of dirt 
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and grease. This type, therefore, is capable of handling light 

cleaning only. The combined thermal and hydraulic pressure type 

combines thermal and hydraulic pressure at the nozzle. These 

heavy duty cleaners are equipped with a pump that increases 

operating pressures which normally range from 21 to 28 kg/sqcm 

(300 to 400 psi). Fig.5.2 shows a typical steam cleaning arrange-

ment for crawler mounted equipment. The steam cleaner is housed 

in a corrugated sheet shed at one end of cleaning slab. Beside 

protecting the steam cleaner the shed serves as storage area for. 

other equipment used in the cleaning operations. A steam pipe 

from this shed feeds an overhead jointed boom, which is set con- 

veniently between two cleaning platforms, built up by embedding 

inverted rails in the floor so that the steam nozzle can be 

moved around the two platforms. The overhead boom also reduces 

hose wear because it keeps it off the slab, reduces abrassive 

wear from dragging and permits a permanent pipe to be used in-

stead of rubber hose for the greater part of the steam line. The 

two platforms ensure that floor is not damaged by crawler mount-

ed equipment particularly when the trail ks are allowed to spin 

slowly after fastening the drawbar of crawler tractor to two 

hooks projecting from concrete blocks in front of the two plat-

forms. This arrangement facilitates washing of dirt from truck 

plates and links. The floor slab housing the embedded rails is 

shoped slightly so that the water and muck runs off rapidly 

into a deep sump, which is generally cleaned once a year by a 

small dragline. 
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Servicing units, attached to field workshops or base 

workshops, and servicing oquipment provided in mobile field work-

shops generally include - 

1. Tanks or containers for all classes of lubricants, f lush-

ing and cleaning fluids water and destilled water etc. 

with arrangements for drawing off without contamination. 

2. Air compressor plant for pressure greasing, air cleaning 

and type inflation, as may be required. 

3. High pressure water washing plant, petrol or diesel 

driven ( for mounting on mobile plant) or electric motor 

driven( for static plant). 

4. Filling measures for each type of lubricant service 

tools, 'grease guns, pressure grease buckets, spanners of 

assorted sizes and types, puncture repair outfits etc. 

etc. with arrangement to keep them clean and necessary 

provision for storage. 

5. An assortment of hardware items including nuts, bolts, 

washes, grease,. nipples, split pins etc. in suitable bins/ 

lockers. 

Servicing equipment in static field repair workshops or 

base workshop generally include fuel storage tanks for filling 

fuel tanks of construction equipment or for filling mobile.tanks 

which may dispense fuel at mobile service station or for use of 

stationary plants scattered in project area. 
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5.2 WORKSHOP EQUIPMENT FOR FIELD REPAIR SHOP 

5.2.1 Static Field Workshop 

Minimum requirements of workshop equipment for a static 

field maintenance workshop servicing an average mixed fleet 

of construction equipment are - 

1. Steam cleaning or high pressure washing equipment. 

2. Filling shop equipment i.e. benches:, vices, cupboards, 

racks, portable electric drills and grinders, jacks, 

~r,1Wbare, hand tools etc. 

3. Lifting tockles, gentry type or mobile cranes for 

workshop use/field use. 

4. Pressure lubrication/ servicing equipment. 

5.  Tyre inflation and tyre repair equipment 

66 Coal fired/oil fired smith's hearth 

7'. 	Electric welding equipment ( portable and stationary 

type), oxy-acetylene cutting and welding plant, brazing 

plant and forge.. 

8. 	'Assorted tools, fast moving spare parts and battery 

charging equipment. 

g. 	Machine tools like latchers, pillar drills, bench grin- 

ders, hydraulic press etc. 

It hardly requires an emphasis that the above represents 

a minimum requirement of equipment for an average field repair 

workshop that may be required to operate under normal conditions. 

Equipment provided in a field workshop for bigger projects, 

which normally take a longer time, would be much more than the 

minimum requirement enumerated above. 
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5.2.2 Mobile Workshop for Field Repair 

They are self contained units on trailors, containing 

selected repair and maintenance facilities like — 

1. Generator driven by a power take off from engine 

for supply of electric power for use at various points 

in the mobile workshop. 

2. Small lathe machine 

3. Drilling machine 

4. Small hydraulic press 

5. Work b nc_hf.;,  with vices 

6. Grinding machine 

7. Hydraulic jacks 

8. Grease pump and containers 

9. Welding equipment ( electric oxy acetylene) 

10. Tools 

Fig.5.j illustrates arrangement of above equipment on trailer 

comprising the mobile workshop. 

Choice of items from those enumerated above can be 

modified suitably so as to suit particular requirement of a 

project. 

5.3 WORKSHOP EQUIPMENT FOR BASE WORKSHOP 

5.3.0 General 

Workshop equipment for base workshop is best described 

separately for each shop. Attention has been focussed only on 

main shops like machine shop, engine shop, structural shop, 
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automobile shop, general repair and fitting shop,eltrical rep-

air s:hop,welding shop,ty n:repair and retreading shop, smithy and 

foundry shop, carpentary shop, drill repair shop, painting shop 

etc. 

5.3.1 Machine Shop 

Operations in machine shop involve turning, nulling, 

shaping, slatting, planning, drilling, grinding, boring and 

screw cutting etc. Generally following equipment is provided 

in machine shop. 

1. Metal working lathes including centre, precision, capstan 

and turret lathes. 

2. Planners 

3. Shipe rs 

4. Milling machines 

5. Drills/including radial drill 

6. Boring machines- horizontal/vertical 

7. Power hock saws 

8. Grinders like pedestal, portable and tool grinders 

9. Grinding machines like cylindrical grinding machines 

crank shaft grinding machines and surface grinding 

machines. 

10. Portable, line boring bar- powdered boring equipment 

used to line bore parts too large to set up in machines, 

or which must be bored in the field. 

11. Arbors and hydraulic presses to press fit assemblies or 

to remove parts which are tight-fits. The hydraulic 



59 

press may be vertical or horizontal and may range from 

50 tons to 200 tons capacity, 

12. Automatic pipe and bolt threading machines. 

13. Flotting machines 

14. Tool room equipment viz, work benches, precision bench 

lathes, portable drills, hydraulic jacks, variety of 

cutters, drills, reamers etc. 

5.3.2 Engine Repair Shop 

Engine repair shops for diesel engines and petrol engines 

would be equipped with different types of workshop equipment. 

However, with present increase in petrol prices, the diesel 

engines have replaced petrol engines, in almost every construc-

tion equipment and hence workshop equipment enumerated here is 

relevant only to diesel engines. Workshop equipment for petrol 

engine is listed separately under sub-heading of automobile 

shop. 

1. Fuel pump test benches 

2. Injection testing equipment 

3. Injector- tip/nozzle testing equipment 

4. Cylinder head, hydraulic testing equipment 

5. Lapping and polishing arrangement 

6. Housing equipment 

7. Valve grinding/refacing machines 

8. Line boring equipment 

9. Connecting rod alignment equipment 

10. 'Pedestal grinders 



11. Dynanometers 

12. Engine stands 

13. Lathes 

14. Crankshaft grinders 

Besides the above equipment, some of which may be op-

tional, depending upon the size of the job individually and the 

functional work done in the shops, a variety of tools are nece-

ssarily required to handle the work with precision and effici-

ency, puller gear ( sets), puller sleeves, radiator repair 

equipment, adjustable reamers, reamer ridges, special tester 

for valve spring etc, special vices for holding pistons etc,. 

oxy acetylene welding and cutting outfits, blow lamps, mic _ 

meters, torque wrenches, etc. etc. are some of common tools,, 

Also, there are several basic fuel injection systems, each re-

quiring special tools and equipment to properly repair and 

calibrate its components and for this purpose pump calibration 

stands, injector floor rating machines, injector pressure stands, 

lopping machines, air gauges and ultrasonic cleaning tanks for 

injector nozzles, are generally needed. 

A special mention has also to be made about the dynamo-

meters, which are used for running in the engine and for making 

any necessary adjustment, checking for leaks and determining 

the horsepower of the overhauled engine. There are two types 

of dynamometers in common use, the water pump and the electrical 

generator resister. The high cost of the later generally pre-

cludes its use except for low horse power engines. 
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A passing reference may also be made to the need for 

installation of the dynanometer and engine stand in a sound 

proof room, provided with necessary crane or monorail facility 

for handling. Similarly, a dust free temperature controlled room 

for overhaul and calibration of fuel pumps, governers and in-

jectors  is necessary. 

5.3.3 Structural Shop 

A general purpose structural shop would generally con-

sist of - 

1. Punching and shearing machines ( power presses) 

2. Bending rolls 

3. Radial machines 

4. Oxy-acetylene profile cutting machines. 

5." 	Oxy-acetylene automatic cutting machines 

6. Hydraulic presses 

7. Welding sets/ welding lines 

8. Automatic welding machines 

9. Girder bending and straightening machines. 

10. Radiographic camera% X-ray equipment 

11. Double wheeled pedestal grinders 

12. Punching machines 

13. Pipe bending and cutting machines. 

In addition to above equipment a structural shop, shall 

have to be supplented with additional equipment necessary for 

welding such as goggles, gloves, electrode drying ovens, pre-

heating burners, gas cylinders etc. etc. 
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5.3.4 Automobile Shop 

The automobile shops cater for repair and maintenance of 

transport vehicles like jeeps and cars which are generally equi-

pped with petrol engine hence following workshop equipment is 

generally required — 

1. Hydraulic presses 

2. Drill presses 

3. Heavy duty pedestal grinders. 

4, 	Jacks ( hydraulic and air). 

5. Wheel aligning equipment. 

6. Spark plug sanding machines 

7. Electrical aiming and turning equipment 

8. Valve seat grinding machines 

9. Valve refacing machines 

10. Hydraulic car lift 

11. Engine stands 

12. Cylinder block boring and honing machines 

13. Brake drum turning machines 

14. Tool room -quipment like precision lathes, tool 

grinders, portable drills, r_:.amers, wrenches gauges 

etc. etc. 
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5.3.5 General Repair and Fitting Shop 

General repair 'work involving fitment etc. is done in 

this shop and equipment requirements of this shop can be briefly 

enumerated as follows: 

1. Track pin presses ( portable/stationery) 

2. Special purpose hydraulic presses for track bushings 

3. Mechanical/air operated power tools, impact wrenches 

etc. 

4. Work benches with vices 

5. Jacks of various capacities 

6. Assorted range of hand tools like files, hammers, 

spinners, taps, dies, crow bars etc. etc. 

5.3.6 Electrical Repair Shop 

This shop is more of an outfit for the electricians to re- 

wind armatures, coils and to repair commutators etc. An average 

electrical repair shop would require following equipment. 

1. small lathes( with swing of say 250 mm to 300 mm) 

for commutator. 

2. generator regulator test stand for armature turning. 

3. Equipment for painting and drying of insulation 

~+.  Electricians benches with instruments like muggers, 

nmeters, voltmeters etc. for testing repaired clue-' 

trical equipment. 

5.  Winding machines of different sizes. 



64 

In addition to above a battery shop containing battery 

chargers, distilled water plant, specific gravity testers, blow 

lamps, water sprayers etc. also form a part of electrical repair 

shop but sometimes a separate battry shop containing said equip-

mo.;nt is provided. 

5.3.7. welding Shop 
Workshop equipment for welding shop generally includes - 

1. transformer type welding machines with single or multiple 

operator lines 

2. motor-generator type welding machines 

3. diesel-generator type portable welding machines 

4. gas welding sets 

5. automatic rebuilding machines for tractor rollers and 

idlers 

6. electrode drying ovens 

7. Miscellaneous equipment like goggles, gloves, preheating 

torches, gas cylinders, grinders, chiselling hammers, 

fire lighting equipment. 

Supply of electric power for welding equipment is arranged 

through outlets located at convenient places where the welding 

equipment is needed in welding shop or other shops and each out-

let serves one welding machine. Sometimes a suitable capacity 

transformer unit ( feeding a number of regulators-each with single 

or double welding lines) is provided for grid system such that 

the location of welding machines in the shop area is eliminated 

and movement of welding machines is avoided because the welding 
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leads can be taken to convenient places for working in the shop 

area. 

In certain welding jobs, spacial eloctrods are required to 

be used, and this involves entirely different equipment. Welding 

of zinc, aluminium, and magnesium alloys which are extremely hard 

to weld, involve the holiarc welding machine. . 

Automatic submerged arc welding is also commonly involved, 

specially when rebuilding of parts or structural work is under-

taken and this often requires use of automatic welding machines 

as wall as additional equipment like rotary tables, drive and tail 

stock, roller positioners etc. for proper positioning of the pieces 

to be welded at a fast rate. 

5.3.8 Tyro Repair and Retreading Shop 
This shop should have following equipment - 

1. Rim removers/ tyre expanders 

2. Vulcanising equipment 

3. Buffing machines 

4, 	Rubber cement spraying equipment 

5. Building machines 

6. Moulds with matrices 

7. Small steam boiler 

8. Aiscellaneous items such as sledge hammers, jack, wheel 

spanners etc. 
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5.3.9 Smithy ana Foundary Shops 

Following oquipment is normally required for those shops - 

1. Coal fired furnances with blowers 

2. Oil fired furnances 

3. Power hammers, air operated or electrically operated 

4. 

 

Miscellaneous items, like; anvils, sledge hammers, ladders, 

moulding equipment, sand blasting and sand testing equip-

mont etc. 

5.3.10 Carpentary Shop 
Entire job of form work, scaffolding and all types of 

other wood work for water resources projects is handled by the 

shop and following oquipm.mt is generally provided. 

1.  Band saws 

2.  Planning -.machines 

3.  Wood working lathes 

4.  Portable power sews 

5.  Double ended grinders 

6.  Drilling machines 

7.  Miscellaneous tools 

5.3.11 Painting Shop 

Equipments for this shop includes: 

1. Spray painting guns 

2. Drying chamber 

3. Air compressor 

4. Sand blasting equipment 

5. Miscellaneous equipment like stV ncils and brushes for 
lctteriniz. 



5.4 WORKSHOP EQUIPi4ENT FOR MANUFACTURE WORKSHOPS 
5:)+.1 General 

Workshop equipment required for manufacture workshops will 

depend upon the item to be manufactured. In most cases the work-

shop equipment enumerated for structural shops painting shop and 

welding shop shall be required to be au rented suitably to meet 

the manufacture requirements for any particular items. In order 

to illustrate this, workshop equipment for manufacture of pen-

stocks, an item which is most commonly required on water resour-

ces development projects, has boon enumerated in following para-

graphs, Also, in order to maintain consistency, only main work-

shop equipment has been enumerated for a few shops like edge 

preparation shop, bending shop, welding shop, non dostructivo 

testing shop, stress relieving shop, hydrostatic testing shop, 

painting shop and machine shop. 

5.4.2 Edge preparation shop 
1. Plato edge planners 

2. Gas cutting machines 

3. Gas cutting pug machines 

4. Shearing and punching machines 

5.4.3 Bonding shop 
1. 	Plate bonding machines 

5.4.4 Welding Shop 
1. Automatic welding machines 

2. Turning roll equipment 

3. Welding booms 

4. Manual welding machines 



5.4.5 Non-Destructive Testing Shop 
1. X-ray  machines 

2. Ultrasonic testing machines 

3. Magnetic particle testing machines 

5.4.6 Stress Relieving Shop 
1. Oil fired furnancos with controls 

2. Induction heating machines. 

5.4.7 Hydraulic Testing Shop' 
1. High pressure testing pumps 

2. Testing rigs 

5.4.8 Painting Shop 

1. Sand blasting equipment 

2. Spray painting equipment for cold applied coal 

for enamel 

3. Equipment for hot applied coal for enamel 

5.4.9 Machine shop 
1. Lathes 

2. Drilling machines 

3. Shaping machines 

4. Hydraulic presses 
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5. • $ COST OF WORKSHOP EQUIPMi T 

It has boon stated that equipment (tools and plant) pro-

vided in workshop for convenience of quick repair to construe. 

ti.on equipment or for manufacture of typical items depends upon 

extent of repair and/or manufacture contemplated to be under-

taken in the workshop. In other words tools and plant provided 

in a workshop decide the typo and volume of work handled in the 

workshop. Obviously for a big project volume of work required 

to be handled in the project workshop will be more in compari-

son to a small project. It is for the reason that cost of equip-

ment has a direct proportion to eosttiof''project in general, and 

cost of construction equipment deployed on the project, in par-

ticular. 

Attempts have been made to quantatively correlate the cost 

of workshop equipment to the cost of equipment deployed for cons-

truction of a project. Construction Plant and Machinery Committee 

(India) has recommended that a provision of 4 to 6 percent of the 

cost of construction equipment contemplated to be used on a pro-

ject should be made for purchase and installation of tools and 

equipment for repair workshops. 

In order to check these recommendations, data regarding 

cost of workshop equipment and construction equipment has been 

collected for a few water resources projects. While the data 

related to cost of workshop equipment is presented in Appen-

dix-II. The data for cost of construction equipment has been 

also incorporated in last column of Appendix-I. 
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The results of the study are tabulated in Table 5.1 which show 
that recommendations of the construction plant and machinery 

committee generally hold good in case: of two projects under 

study. Tho study could not be doni for all the six projects b,- 

cause of non-availability of data. In t=pis connection it is 

considered pertinent to add hero that the recommendations of the 

committee should only be taken as a guide and provision of work-

shop equip'aent should be judiciously decided on the basis of 

considerations relevant to particular projects. 
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Table 5.1 - Cost of Workshop Equipment & Construction Equipment 

Si. 	Name of 	Cost of 	Cost of 	Ratio cost of Workshop 
No. Project Work-Construction Workshop 	equipment vs construc- 

Shop 	Ecruipm,-nt EquipmF,nt 	tion equipment 

1. Bees Sutlej 
Link at 
Sundernagar 

16,24,002 93,.03,000 93,03,000 
16, 24,002 = 

2. Ramganga 16..01,22,900 72,75,600 72, 75, 600 

16, 01, 22,900 4.5% 
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CHAPTER-6 

CONCLUSION AND RCOMMENDATIRECOMMENDATION 

6.l  GENERA L 

For any wate r r.: Sourcc:-5 projoct, inte=nsive mechanisation 

is a basic necessity and h:-nc:= a good workshop facility auto- 

matically bcccmm e.ss&:ntial b. cause it provides thF:, supporting 

life line; for continu=d and sustained operation of the Cons-

truction equipment and plant. Its usefulness, howevc; r, can be 

as effective as the, initial planning and design of its layout 

and established facilities could make it. If the purpose for 

which the workshop is to b €:stablishcd is clearly dcfin€:d in 

specific terms in relation to the items/types of work to be 

done, the purpose would be well scrvE~d, These considerations 

are however, only partially covered while planning the project 

as a whole. In framing t. project reports, details of the 

work load for the workshops is not precisely defined, and con-

sequently provision for space, type of building, and workshop 

equipment facilities to be installed therein and sanetimes 

even the location of. 

6.2 RECOMMENDATIONS OF CONST12UCTION PLNNT & Mi CHINERY COMMITTEE 

Before enumerating the conclusions, on thy. basis of brief 

study on design of workshop facilities for water resources 

projects as embodi_ d in this dissertation, it is considered 

suitable: to describe r: lovant recommendations of t Construction 

Plant and Machinery Committee' constituted by Govt. of India. 
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Main recommendations ations of the Committee, as relevant to t design 

of workshops for water resources projects are as follows: 

1. Initial planning of workshop at the stage of founda- 

tion of project reports should cover all details regarding 

items and types of work to be done', the maximum load possible 

to arise in respect of each, the pattern of maintenance and 

repair of equipment wh~tho: r ccntralised or on area mainte- 

nancc basis, or a combination of both and the, extent to which 

work will be got done by outside agencies and the amount of 

investment that can be made. 

2. A clE aY plan should be developed of the layout of 

the shops by listing out the type of repair work, servicing 

and maintenance operation to b assigned to shops commensurate 

with the number and type of machines plants and equipment to 

be maintained and serviced and the load of manufacturing ac•- 

tivitics. The scale of provision for floor space in a field 

repair shop may be gene-rally estimated a 4.6D to 5.5 sqm (50 

to 60 sft) per machine ( where size of the machine is small), 
i5 and 9.30 to 11. sqm ( 100 to 120 sft) per machine ( in respect of 

heavy earthmoving machinery items) . An equal uncovered floor 

area with concrete floor, is also additionally required to be 

provided in the field rrpair shop. Scale of provision for co- 

vered floor area in a main repair shop would be estimated 

at ?3.9 5 	to t6,1g ski (150 to 180 sft) per machine for .a 

total number of machines to be serviced in the shop. The Un-

covered floor space in this case may be 2.5 to 3 times the area 

of covered floor space set aside for the machine. 
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Further room for expansion and flexibility of operation inside 

the shops should be provided for. 

(3) The -type and sizes of workshop building should be 

decided upon with due consideration to climatic conditions, geo-

graphical location etc. Clear provision should be made, for 

drainage facilities, parking spaces, storage of raw materials, 

equipment awaiting work in the shops, repaired equipment await-

ing the delivery to operating staff in the field. 

(4) Properly laid service goods and stabilised shop floors, 

to suit the type- and size of equipment that will move over it, 

should bc provided. 

(5) The location of the shops should be decided upon by 

preparing a clear plan of the operational activities which will 

be served thereby viz., field maintenance, workshops should 

be located close to the scene of operation and base workshops 

should be located centrally. 

(6) Size: of.. ,:.ach sh-•- should be determined by the numbor 

of workmen tha. , will have: to work there and the type of equip- 

ment, components, assemblies that will be put to repairs. Pro-

vision should also b,: made for storage of the components, parts 

and assemblies and for fitter/workmen bench --s. There should 

be no congestion of the work space. 

(7) Adequat material handling facilities should be pro-

vided both insiu e the: shop and in the open space outside, 
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(8) Adequate;.; provision should be: made in the project esti-

mates to melt th cost of workshop buildings, and workshop Equip-

ment i , f:.. at 1.5 to 2% of the cost of c- quipmr- nt for cost of 

building comprising of covered and uncovered floor space and 

sheds for they fi:-ld and main repair shops and at 4 to 6% of the 

cost of .quipm-'nt for cost of workshop equipmcnt including 

tools and plants. 

(9) The work in the main repair shops should be sub-divided 

according to th; functional requirements so as to accomplish 

concurrent re-pair of component and assemblies for expeditious 

completion of the repair of any given machine. 

(10) Where major r.-.:pairs are to be carried out at the site 

of the work, functionally designed mobile repair shops mounted 

on trucks and equipped with full complement of tool etc. should 

be provided. 

(ii) 	The fi,;:ld maintenance workshops should be located as near 

to the schEme of op ration as possibls:e, Goodnesses roads should'  

be provided. 	 a 

(12) 	Stor roan and ware house facilities should be located 

adjoining the maintenance shops. Receiving areas in the ware 

houses should be provided separately with sufficient space to 

accommodate m,:chanical handling of loading and unloading opera-

tions. Special attention should be paid to provide a proper 

construction of the building for storage of tyre=S and tubes. 

A cool dry and dark she=d is required for this purpose. Outdoor 
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storage space, is uneconomical answer to growing space demands. 

Components/parts that are not affected by weather can be con-

veniently stord in r.00fl~ss were houses. 

(13) 	Necessary tools, adequate facilities and equipm~ nt 

should be provided in the. workshops so that thy:? time repair and 

maintenance of construction equipment or for manufacture of 

any typical item, that may be required on a project, is mini- 

miscd and b: tt:. r availability is ensured. 

6.3 C ONC LU SI ON S OF SI UDY 

It must be state-.d at the outset itself that it was 

not possibl : to undertake an Extensive study covering all de-

sign aspects of workshops for water resources projects due to 

paucity of time. Only few aspects were studied and relevant 

conclusions are as under. 

There are no two opinions that space requirement of 

any workshop is directly related to type and number of cons-

truction equipment to be repaired in the workshop. De tEermi- 

nation of exact relation between the two, however, is not so 

simple, because it would call for ascertaining as to how many 

pieces of construction Equipment would be expected to be under 

preventive maintenance and breakdown maintenance- so that ade-

quate provision of space could be made in the workshop, While 

estimation of preventive maintenance load could probably be 

predicted with r E:easenably accuracy thy: breakdown maintenance 

load would call for use of probability techniques. It was not 
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possible to do this analysis in available time and therefore. 

a simple method had. to be used viz, the space provided in work-

shops of some of the water resources projects was ascertained 

by collecting workshop drawings for the projects where as the 

number of construction equipment to be serviced in these work-

shops was ass :ssec3 from relevant project reports by selective 

choice. It as been found that recommendations of the Cons-

truction Plant and Machinery Committee generally hold good 

in almost all thy; cases as far as the floor space and open area 

is concerned. R lation between cost of workshop equipment and 

cost of total construction equipment has been checked on Simi-

lar lines and it has been seen that recommendations of the 

Committee also hold good in this case. 

However, it must be stated that this study has been 

done on the basis of cost table available in project reports 

and the flu  of construction equipment provided in thia pro-

ject report. sctual, cost data cif construction equipment 

and of workshop Equipment was not readily available, Same is 

also true f ~Dr the number of construction equipment actually 

used on the pr, )j.::.cts. As such the recommendations of the 

Committee should only be taken as a guide line.. 

As far as manufacture workshops ( for Water Resources 

Development projects or for any other project)are concerned, 

their design does not pose serious problems and required 

production target can be economically achieved because is 

possible, to pr(,cisely define various operational and funs- 



6.4 RECOMMENDATIONS FOR FURTHER WORK 

Importance of maintenance and manufacture function 

in workshops for water resources projects has never been cha-

llenged. However, in the past, it has not receiv-d close atten-

tion in that it serves pr'cbably because of the fact that it 

lacks the glamour of marketting and res,; arch functions. Never-

theless we have always been painfully aware of the,  fact when 

the repair and maintenance, job or the manufacture job connect-

ed with any water resources project slipped behind the schedule:. 

Hence:, it is high time that detailed studie.s using 

system de=sign techniques be undertaken for rationalising the 

design of workshops for water resource=s projects. Waiting line 

theory could be c:>nvcniently used for deto>>rminaticn of service, 

facilities require=d in a workshop and probability techniques 

could be advantageously employed for predicting breakdown of 

construction equipment, whence space requirement for repair 

and maintenance workshop could be precisely related to number 

of construction equipment to be se iced d in the workshop. Not 

that the use: of these techniques is being reccmmcnded for the 

first time but it is the:; actual application of these' tools that 

is being suggested so that the correlations obtained thus could' 

be applie=d to real world situations.  

0 
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1, CCNSTRUCTION EOuIPMENT OF BE S PROJECT ;T SlIS'i.RPUR(14~ 

' cat Particular of Equipment 	pprox size range 	N ~~ S: 	noLnc s 

I, ziOvy E^:rthmoving Equipment; 

1•. Fl::cctric Shovel 27 to 7 cyd, l5 207 00 

2 Diesel Shovel 2t cyd, 13} 107,00 

3, Front End Loader 5 375 

It Ov-rh,-,2d Loader 1 cyd e 2 3,52 

5, Shovel 9 14.60 

6, Crawler Tractor Dozer 150 - 400 -HP 69 1980,19 

7 Rubber Tyred Tractor 270 HP 4 13,40 

8 Rear/P.bttom Dump 7 - 30 cyd. 159 + 65954 

9 • Double drum sheep foot roller 11+ 144 

10,  Vibratory Compactors 22 + 26,44 

11,  Pneumatic  tamper 
triplex and single 75 1,88 

12,  Motorized Scrapers 4+ 14,00 

13,  ".rater Sprinkler 40 - 45 Ton 3+ 27 00 

14 Misc, Equipments 31,10 

1308 66 

II• Road Maintenance Equipment: 

1,  Motor Grader 12 1122 

2,  Sprinkling Water 3+ 026 

3 Read Roller 2+ 0,70 

4•, Misc,, 	Items 181 
1395 



Z 

(1) 	(2) 	 (3) 	 ( 4) 	(5) 

III', Transport Vehicles 

l 's . Trucks .112+ 3610 

2, Station wagons 11 2,10 

3 , Jeeps 47 + 8.50 

4.  Pick Ups 34+ 6,10 
5.  ~mbrissador Car 10 1. 80 

6 Buses 31 22.90 

7. mbul?nce Cars 3+ 075 

8 . Sed,,T 2+ 035 

9 MI SC 	Items - 0 30 

6,56 80 30 

IV Drilling Equipment 

l Rock Drills 30 S • 40 

2 . pneumatic Pusher 175 150 

3, Paving Breaker . 150 1,90 

4 Jack Hammer 11 0.09 

5 cir Drive, Dimond Drilling 8 1,20 

6.  ag n Drill 68 476 

7.  Drifter 27 0,68 

8'. Disc . Equipment - 362 

19 15 

V_ Grouting Equipment 
1, Gmut Pump 	 8 	1,40 

2, .'xgitator Drum 	 8 	0.04 

3 	`accessories for Grout 	 L8 	3 26• 
4,70 



(1) (2) 	 (3) 
- 

(4) (s) 

VI .  

- 

flewtering 

1,, Dewitering Pump LS 2076 

VII Wtr Supnly 

1 Electric Driven Centriftg.l 
Pumps 	 1000 GPM head 

lOOft 6 028 

' 2' .0  Steel sthrge 	 1,75 1.cs g1lons 12 0,50 

3rn0 . 	Mi.sc, Items 

fir Compressor 

1, 	PortAble '-,,ir Compressor 

2'. 	Sttionery ir Compressor 

3 	SC Equipments 

0,25 

103 

LS 1,50 

1 C .  10 

LS 175 

0,30 

365 

15 20,20 

76s 

27,85 

9 2. 44 

6 771:5 

1,26 

VIII Drinking Water Supply 

1.Ice P1t 

2, 	Wtr Supply Tsnkers 

3 	Pumping Sat 

4 	MIsc, Items 

IX, Power Genertion 

I: 	Diesel Set 
	 40 to 60 KrJ 

2' Transformers nd 
Circuit brakrs 
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(1) 	(2) 	 (3) 	 (4) 	(5) 

XI Explorotory Equipment 

1 	Diamond Drill 	 4 	100 

2°. 	Royal Beam Triplex 
reciprocating pump 	 4 	0.03 

1 03 

XII* .,ggreg;^te Prrc essing Plant 

1• 	ggrepP.te end sand 
classification 2 	2000 , 

2,  Washing and Screening 
Plant 2 	242 

3,  Rock Crushing Unit 2 	0,36 

4 Blast sand sep oratinn and 
drying plant an.d rclaiming 
tunnels equipment 1 	1,50 

i Misc, 6.68 

3096 

XIII Water Chilling Plant 

1, 	^T-ter chilling plant/ 
kggre~.abe cooling Plant 	 1 	10.50 

10.50 

XIV', .,ggreg t` Transportation a 

1 	Pelt Conveyor 	 30" to 42" 	 L.3 	12,00 

2 Misc Item 	 LS 043 

1243 

XV_ Patching and Mixing Plant 

1 	Bitching and Mixing Plant 	 6 	9,52 
2 Misc Items 	 LS 025 

1C 27 
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( 1) 	(2) 	 (3) 	 ( 4) 	(5) 

YVI _ Concrete Plscing plant 

1'. Concrete  Vibrotor LS 436 

2 Rex pumps/ single Pumps sets 5 1030 

3, Pump crete pipe line 1 0,18 

4 Trestle 2 1270 

Concrete mixer 3 012 

6 Jsck for concreting gsntry 40 032 

7, Misc, 	Items 1144 

39 74 

XVIII_ Transportation Concrete 
Baketa 

1, Concrete 	Buckets 41 145 

2', Ssnd .Bucket 4 0.06 

3 Derrick Crane 1 0,13 

Transit Mixer 11 14, 50 

5' Pocket Carrier 12,60 

6 0  Trestle 1350 

7 Misc . items 0, 50 

4274 

Cement Trundling ' .quipment 

1', Cement H=ndling Pump LS 500 
controls, 	air slide motor 
cpersted, two way mo ting 
valve, 	air cpersted dischsr?-e 
gates snd ether ancillary 
equipments 

2 Cement Stor-ge 4 248 

3, Bottom dump cement 
hopper wagon 	 20 T LS 26 30 

4 Misc Items 075 
34 53 



2 CONSTRUCTION EQUIPMENT FOR B, S.L, .T SUATDERN::G.',R 1~~ 

P~rticul~rs of Equipment 	'ipprox,size range 	City 	^~ 
No . 	 kilos .- 	inn lacs s 

(1) 	(2) 	 (3) 	(4) 	(5) 	-.._ 

T _ 	Explcr~tory Equipment 

1  Mole Drills  14  552 

2 	Drilling Machine 	 26 17.64 
2316 

II 	Power Generation Equipment: 

1. 	Gencr-)tor 	 23C KV...- 1 M'1 	7 	19.33 

2 	Misc Transformer 
3 phase 	 10 KV.;;-1000 K.V 	LS 	71,096 

90 426 

III_ Exc=av-tinn Equipment 

19 5hov1 	 3/4 to 3t cyd . 26 f 148.629 

2. Tractor Dozer 	 S 40 + 59.70 

3 Dozer-Front end loader ll+ 1950 

4• Sheep fact roller 
Double Drums 12 180 

5'• Pneumatic Tampers 60 1,98 

6 Misc. Equipments - 25.241 

2568; 

IV Drilling Ecyuipment 

1. Wgcn Drill 4 0.80 

2, Quarry Drill 4 200 

3 Jack Hammer 20 12.00 

-4 Drill Sharpener 5 100 
5 Pneum ':tic Leg Pusher 35 11 50 

-r7 nr_ 



( 1) 	(2) 	 (3) 	 (4) 	(5) 

V. Grouting Equipment 

1', 	Grouting pump 	 6 	4,00 

2 0 	Pneumatic Tool 	 .CT 015 

415 

VI.  Tunnelling Equipment 

1, Electric Loader It cyds, 12 68,88 

2 Electric Loco 20 Tons 20 34,00 

3~, Battery Loco 5 to 25 tons 28 r5263 

4, Crane on r it 7 - 8 tons 6 4.50 

5 Rail cars for L.bour 16 2,00 

6 Muck Cars 13 Cyd 132 27,06 

7 Flat 	Bed Rgil Cars 16 2,80 

8 California Switch 6 4,50 

9 . Tugger ('.ir and Electric) 28 4 30 

10,  Hydraulic Hoist 100 HT 8 4,00 

11,  Drilling Jumbo for top 
'Qrep; 6 120 

l2 agitators C ers 	V 8 670 

13',  Explosive Loading m/c 8 0,80 

14',  Rail Car for 	xplosive 6 150 

15. Double Pump Crete 9 28,00 

16. Concreting Gantry 4 C 40 

17 Reinforcement Jumbo 4 1,C0 

18, Sand Rl=asting.L auipment 8 C, 40 

19  Misc. Tunnelling Equipment LS 4579 

Total 31146 



N] 

(1) (2) (3) (4) (5) 

VII* Hauling Equipment 

1, C i.rriar 15 - 20 cyd, 56+  16431 

2 Carrier including Scrapers 10 Cyd, 24+  30,00 

3 ted Carrier 7 - 10 Cyd.  16+  23 204 

4' Cement Carrier 10 - 12 Ton 68 +  4.700 

5 Truck 10 Ton 183+  26.21 

6 ,  Truck Mixer 4 cyd, 10 10,74 

7 , Dumper 40 + 60 , 60 

8'. Diesel Tug 6 1744 

g • Steel Forges 150 Ton 1 3,00 

10, Diesel Elect, Loco BC - 2 8,00 

11, Misc • Equipments LS 26,55 

415,054 

VIII . .: ggreg--te Plant 

',g,gregate plant LS 61 00 
Grizzl ys 2 0.8C 

61 80 

IY', Batching and Mixing Plante 

1, B-etching -,nd mixing 
plant 1 5, ?0 

2 Batching plant 7 28,00 

3*, Electric Mixer 	 2 cyd, 14 3,50 

4.0  Swing weir botcher 6 0,60 

5 Concrete Mixer Portable 	1 Cyd 24 1.60 

3923 



(1) 	(2) 	 (3) 	 (4) 	(,) 

Y 	Concrete Placing Equipment 

1 	Revolver Crane 

2 	Double Cantilever Crane 

3. 	Pump Cretes 

4 	Power Mixer 

5, 	Sand Blest Equipmv.znt 

6 	t..t Machine 

7, Truck Mixer 

8, Stiffleg' derrick 

9. 	Misc, Equipment 

150 boom 3 15,00 

1 5 53 

30 Cyds . 8 ', 06 

2 200 

12 150 

6 003 

6 cyds, 8 600 

10 ton 150' 	boom 8 600 

17,87 

60.99 

XI' Concrete Transportation 

1 	Concrete Buckets 

2, 	Dinkeys C 9rs and Pl=~.t Cars 

3', 	Misc Equipments viz, 
tresfel rail etc, 

2 - 4 c yds, 	22 	336 

5 	7,80 

LS 17 00 

23 16 

XIT' Cement Handling 

1 Cement silo 

2° Cement portable 

3*. Humidity Controllers 

4. Misc, Equipment 

400-800 Ton 	 23 	10, 7 

10 ton 	200 15,00 

4 	0,75 

1402 

40 47 



(1) 	(2) 	 (3) 	 (4) 	() 

XIII.  Compressors 7 

1. Electric, air compressor 105 to 1000c f}n 	27 	41.86 

2. Portoble Compressor 	210 to 500 cfm 	16 	6.31 

4817 

XIV Dew-.te-ring '1't; r Supply 

1. 	Dewotering Pump 	 LOT 35,46 

2* 	lectricl Submersible 
Pump 	 LOT 1. 25 

3 0 	H yd . Binder 	 LIT 	1,50 

38 21 

YV_ Job 1,1?ter .Supply 

1, Chlorin-tors Complete 	 3 	0,45 

2, Cl?rifloculs.tc rs 	100 c 	 2 	2.50 

3, Pipes 'Ad pipe fitting, 
electric control, cu to - 
matic dispenser etc . 	 LOT 7,70 

lG 65 

XVI 	Drinking '!:'-)ter Supply 

1,  Insul..ted Tanks 	1000 gins 3 150 

2' Dispensing tanks 	50 gins 160 5,00 

3'.  \ter Supply tanker 
bodies 6 31,60 

4*, Ice Mrking Plant 	5 Tons 1 60o 

5 • Chlorinators 3 3.30 

4640 



(1) 	(2) 	 (3) 	 ( 4) 	(5) 

XVIII_ Rigging Equipment 

1 Truck Crane 30 - 47 Tons 5 28 097 

2, Truck Tractors 20 - 60 tons 13 16.66 

3' Mobile Cr=-ne 5 - 10 tons 19 + 35 00 

4 TrRilcr 35-100 tons 19+ 12' 315 

5, 0v the d electric hoist 1-10 tons 42 4.00 

6'. Hydromechsn.ical j7cks 100 tons 2 0.10 

7' Wrecker trucks 12 2.06 

8'.  Winch misc . 1,00 

9,  Cables ways 100 tons 1 10,00 

10,  Overhead gantry cr-,ne 16 500 

11'. Misc _ Equipment 84.172 

119.272 

XVIII 	Road Mainten�nce 

1*, Situmen 	heater 
distribution 5 0.50 

2' Motor nrader 5+ 4,53 

3'. Water Sprinkler 5 750 

4. Road roller 3+ 1.57 

5', Other patching equipment LOT 2. 50 

1660 

Grand Total 	1624,002 

+ = 493 nos , 



r1 

3' CONSTRUCTION EQUIPM? VT FOR R.104GNG.Pi PROJECT 1~J 

(1) 	(2) 	 (3) 	 (4) 	(5) 

I'. 	Excavation Equipment 

1, 	Drag Line 

2 	Shovel 

3, 	Hydraulic Excavator 

4' 	Front 7,nd Loader 

5 Clam shell 

6 	Belt loader 

7'. 	Scrapers 

8. 	Rear dumpers 

9 	articulator rear dumpers• 

1c . Bottom dumpers 

11 	Rocker dumpers 

12 Misc equipment, att-ch-
ment and buckets 

- 7 cyd. 	 5+ 	57,730 

25 to 46 cm 4+ 11036 

2 

8+ 20652 

22 c yd 4+ 1 000 

3+ 6568 

2-24/32 23 118630 

3 - 20/22 cyd 48+ 98.794 

14 + 48 000 

49/42 cyd 25 + 149. 58 

4+ 8,12 

LS 	11154 

639110 

II' Tractors and Dozers 

1'. Crawler Tractors + 
with hydraulic 120-300 HP 34 23O71 

2, Crawler Tractors 
with cable 240 HP 3+ 4.9~ 

3 Crawler Tractors with 
24 + (Power Shift) 23G HP 66.948 

4', Pneumatic Tractors 162 HP 5 + 6. 657 

5 Crawler Tractor with 
ripper 360 - 430 HP + 18 86.643 



(1) 	(2) 	 (3) 	 (4) 	('i) 

6.  '.gricultural Tractors 9+  1170 

7, olid push block 4 1 480 

8 Disc -farrow 3 0. 05 

9'.  Misc,items( Erection ,shed.) L:3 0.52 

44 5 4i1 

III Compaction 

1, Sheep foot roller 18 6.862 

2 Vibratory smooth drum 
roller 9+  10.160 

3, Vibratory self propelled 2+ 7,30 

4.  Tamping Compactors 6 + 35,00 

5'  Pneumatic backfill tampers 12 1 104 

6'  pneumatic tyred compactor 
roller 1 0,380 

65 806 

IV Road Machine 

1 	Motor Grader 10 + 9,970 

2 	Sprinklers tanks 
semi tractors 1600 galls 6 } 3,000 

3', 	Water sprinkler with 
p rime movers 2000 galls 4 + 17, 200 

4' 	Road Roller diesel 8/10 tons 3 + 1. 500 

5 	Tar Roller 240 galls 2 C .  250 

31 920 



18 11,530 

16 1440 

3 960 

2 3,150 

2 0,380 

5 1,69 

2 0 760 

8 0,400 

20 0,400 

4 	0,200 

12 	0,300 

2 	0,400 

3065 

24,365 

93 

(1) 	(2) 	 (3) 	 (4) 	(5) 

V. 	Drilling and Grouting Equipment; 

1 	Diamond. Drilling Machine Upto 750 ft 

2. 	High head diesel operat- 
ed pumps 

3, 	Wagon drills 

4 	:ir Track Drill 

5 • 	Grout Pump 

6' 	Cement grouting machine 	Upto 8"x8:'tx6h+ 

7, 	`°Tan grout Oaster 

8' 	Pavement Breaker 

9 , 	Clay Digger 

10'.  Drill Sharpening 
equipment 

11 	Pneumatic 'iand hammer 
drill 

12-  Drilling Jumbo 	 Different stage 

13, Other misc', equipment 

• VI'. Tunnelling Equipment 

1, 	Mucking Machine  

2 	Diesel Machine Locomotive 

3 	Pneumatic Car 

4 	"ero-orops 

Slushers 

6-. 	tir tigrer drum hoist 	2 Ton 

6 
	

0,12 

6 
	

8 76 

8 
	

132 

200 
	

0,30 

2 
	

0,20 

14 
	

0,96 
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(1) 	(2) 	 (3) 	 (4) 	(5) 

7, 	Portable belt conveyors 	5 to 12,5 mt_ 	11 	1,10 

8 	Rock Jacks 	 3 	0,11 

9 	Plower fans 	 7 	154 

1934 

VII_ Concreting Equipment 

1 Concrete agipating Cars 15 cyd, 4 5 , 40 

2,  Pumn crete machine 40 - 45 cyd 2 4.40 

3,  Concreting crane 5 83,00 

4. Cement grouting machine 2 120 

5, Patching and Mixing Plant 320 cyd, 1 10,00 

6- Concrete dump truck 21 cyd. 4+ 410 

7, Overhead crane 2 20,000 

8 Concrete Mixers 30 12,126 

9. Cement uniting machine ► ~ 	~,I~a42:, 1, 20 	°r 

10 Concrete Vibrators 12 to 32 needle size 	126 2,16 

11 Misc,Concrete equipment LS 8,042 

Total 	131 407 
VIII, Cement Handling Equipment;. 
1 	Puller Keynyn cement pump 

with shut length air conveyor 
2 	Cement silo 
3, 	sir and screw Conveyor 

4 	Pucket elevators 

5 	Other misc items 

20 HP 2 3,20 

500 tons 8 392 

50 tons 3 0.375 

50 tons 1 0,75 

LS 310 

15,37 
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(l) 	(2) 	 (3) 	 ( 4) 	(5) 

IY. ',ggregate Plant 

Main dam and Saddle Dam 
Processing plant including 
vibratory crushers, sand etc: 	 LOT 70.00 

X, Heavy Transport Equipment 

1 Truck Tractors 50 tons 2 5 227 

2'. Bed tractor without 
prime mover 7 - 30 Ton 23.+ 2,870 

3. Prim emo ver 20 to 50 Ton . 	14 9 , 24 

4~. ';pater and Diesel tank 8000 to 12000 it 	9 6.05 

Total 23 437 

XI Lifting Equipment 

1 Fork Lifter 4+ 1, -6 

2 Mobile/truck crane 12 to 20 ton 7* 18.34 

3.  Electric winches 1 to 35 ton 11 3.54 

4.  Hydraulic Jacks 300 Ton 1 0.50 

5': Crane 10 ton 1 16,00 

6 Electric Pipe Tower Crane 2 5.05 

7, Misc. Items LS 2,12 

4741 



(1) (2) 	 ( 3) ( 4) (5) 

VII Transport Equipment 

1 Jeep 3 9,623 

2, Station wa 	n 4 1.000 

3, ambassador Cars 3 0,600 

4. 'mbulnce Van 2 1,00 

5 Power Wagon 12 280 

6 Passenger Bus 20 1500 

7  Truck 	 5 Ton 40 34,00 

8, dater and Diesel Tanker 21 4,62 

9  Pick Up 8 2,00 

10, Misc . 	items - 4. 16 

Total 53 205 

XIII Fire fighting Equipment, 

Fire Fighting Trucks 2 1040 

XI V, Dewatering Equipment 

1, Electric Pumping Sets 	12 •- 35 HP 46 6,98 

2 Self 
Pumping Set 12 020 

3 Diesel Pumping ,Set 	7, 3 to 10 HP 4 0,12 

4 Pore hole pumping set 	12 to 4 cosecs 8 0,60 

5 Misc 	Pumps etc, 0,344 

10024 
"V, Power Generating Equipment 
1 	Generating Set 	 3 to 25 KV.; 	17 	0 715 
2 	Petrol and Diesel Generator 82 KV 	 4 	0,540 

1 2» 

r520 	
Grand Total 610 1601 229 

t~os 	 ' 
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4.  CCN';TRUCTION EQUIPMENT CF JTUN S-'LUN "; PROJ'CT( INDONESI.;){ 18) 

N 	Name of Equipment 	 '.pi rox size range 	Quantity 
No' 	 Noy, 

1 Crawler Dozer 12; to 14C HP 15 

2', Crawler tuck :Io e 61 HP 7 

3' Crawler Dragline 96 to 14() HP 14 

4 Wheeled Loader 13 cum 1 

9', Motor Grader 123 and 130 HP 2 

6'.  Compactor 170 HP 1 

7 Truck Crane 2 - IC T 2 

8  Light Truck 125 	I P 2 

9 Road Roller 58 HP 3 

10 Trailer 273 HP 1 

11 Dump Truck 120 -- 135 HP 25 

12,  Jeep 68 

13,  station wagon 5 

14', Pick-up 5 

15 Mini Bus 1 

Total 	s 152 



5 CONSTRUCTION ..QUI EENT T S L '~L HYDRO ELECTRIC PROJECT(18)• 

Sl, 	Name of EquipmentNo 	 p  rox size range 	Quantity , Nos 

1 Shovel 2, 5 	- . 4, 6 cms 11 

2 Hydraulic. Excavator 8.5 	- 4. 25 cyd_ 5 

3, Tmxcavato r 2.66 - 275 cyd 6 

4. Rear Dumper 15 T - 50 T 59 

5  ?o ttom Dumper 35 - 63 T 32 

6 Crawler Dozer 16'3 - 410 jP 30 

7 Wheeled Loader 300 .HP 6 

8 Motor Grader 115 - 215 HP '5 

9'0 Front End Loader 2 cuyd, 1 

10. Water Sprinkler 430 HP 2 

11' C rawl e r Crane 25 - 70 T 3 

12 Truck Mounted Crane 30- 65 Ton -5. 

13, Mobile Crane 12, 5 Ton 1 

14 Trector Trailer 20 - 60 Ton 6 

15 Vib' 	roller 44- 65 HP 12 

16, Vibration Compactor 104 HP 1 

17 Road Roller 8 - 10 Ton 2 

Total 	187 



6. CONSTRUCTION EQUIPI'MENT FOR TEHRI D'VI PROJECT(18) 

	

~o• 	Particular of equipment 	;prrox.range size 	Quantity 
Nos 

	

( 1? 	(2) 	 (3) 	 (4) 

1. Hyd, Excavator 2. 5 	- =, .6 cum. 6 

2 Electr 	Excavator 10 cum 6 

3'. Cable Shove]. 306 cum 4 

4*, F.E. Loader 3.5 to 9.6 cum 16 

5 Traxaa ve to r 2 cum 2 

6' Bottom Dumper 63 to 100 T 87 

7, Rear Dumper 25 T to 45 T 68 

8 Tractor 85 HP to 635 HP 56 

9 , Water Sprinkler 28 T 25 

10. Self Propelled Vibratory 
Roller 15 T 10 

11. Self Propelled Tamping 
Roller 13 T 4 

12, Pneumatic Tempers 50 

13 Truck mounted crane 12 5 To 60 T 14 

14 Crawler Mounted. Crane 75 T 4 

1~*. Trailer 	with prime mover 20 to 60 T 6 

16. Motor grader 145 to 200 HP 10 

17 Water Sprinkler 6 T 1C 

18  Jeep 55 

19  Station Wagon 4 

1 



1C0() 

{1 	(2) 	 (3) 	 (4) 

20 + ^}mbassador Cr 	 3 

21 	'mbul .nce Van 	 2 

22 + Power ~~Tapnn 	 2 

23+ Passenger 'Pus 	 20 

24+ Truck 
	

40 

25 + Water Tanker 	 10 

26} Diesel Tanker 	 11 

27 Pick-Up Van 	 8 

Total t X33 

+ 	Number of these equipments ha has been assumed 
because of non-availability of data 
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1*rkhop Equipment for BSL Project Workshop at Sundernigar 

tv 	Amount prticu1r of Mch.nery 	Approx size rnP'e 	DR ,  S.  in Rs 

(1) 	(2) 	 (3) 	(4) 	(5) 

Lubrictin 	Equipment 

1 Insta11tinri of Diesel 
:and ptrc1 Pump 6 2000C 

2 Vehicle Washing Pl--nt 3 20000 

3' T'chijnite 	atrnl Pump 1 40000 

4•  4lemite greasing units 6 1600c 

5 Fuel dispensing Equipments 3 100000 

6 Ex'olosicn Proof fuel 
Pumping Set 4 20000 

7 Oil rectificr 1 50000 

8 Automatic dispensers 
couplod with two pumps 
and mn tars 2 80000 

9 Misc .  Equipment L,S 10000 

Reinforcement Yrd Equipments 

1•  Universal bar bendin- m/c 4 110000 

2 Par cutting m/c 	Small 	and l'rge 8 220000 

3 Cutting and 'Bending 	Sall machine - 30000 

4•  Bar Striteirig Machine 4 100000 

Workshou Equipment 

1. ' Raair Shoo Equipment L s, 600000 

2 Crpentary Shop Equipment L 	S .  275000 
3', Hydroulic Press 	 15 Tan 3 15000 



25 t 125 lbs 2 

3. 

4 

Welding Equipment 

1, 	We-lding sets 

5, 

6 

7, 

100 700000 

7 332000 

1 307000 

1000 190000 

330 130000 

1  100000 

- 	128000 

Tc t al : 9303000 

gcetylene Gener?tors 

Oxygen plant Crmplete 

Oxygen Cylinder 

Acetylene Cylindh:r 

acetylene WWlting Pl~.nt 

Misc . Equipm--nt 

103 

(1) 	(2) 	 (3) 	 (4) 	(;) 



1500mm to 3000 mm 	6 

41  to6' 	 6 

3 

3 

S 

1 

1 

1 

3 

1 

1 

Upto 110 Tons 	3 

1 

1 

1 

1 

1 

1 

1 6 
0.80 

068 

o 66 

0,255 

0,50 

0,03 

0,15 

1.413 

0,033 

0,32 

1• 6o 

0,12 

0 10 

0020 

0 .020 

0 .030  

0 15 
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2.Workshrp Equipment for Rnganga Project Workshop at 

particular of Machine 	prcx size rnné 	Qty Amount 
N : 	 s 	in 1 

(1) 	(2) 	 (3) 	 (4) 	(5) 

I 	Machine Shop Equipment:  

l• 	Central Lathe 

2 	Bed L-the 

3 	Tareut and Capstan Lathe 

4, 	Drilling Machine 

5 	Bc ring Machine 

6 . 	Universal Milling M/c 

7 	Shaping Machine 

8, 	Threading Machine 

9 	Grinding Machine 

10 	Tappet grinder 

11, 'Jr Compressor 

12, Hydraulic Press 

13, Brake Drum Turning m/c 

14 power Hacksaw 

15, Press 

16, Rabbit Melting Furnace 

17 Metal Spraying Machine 

18 Jib Crne 

19 	Other small articles 
and Misc. Items LOT 17,415 

TOTkL 	24,728 
1-_ 
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(1) ( 2) 	 (3) ( 4) (5) 

II ku to mo bile and General 
Repair Shop Equipment 

I, Complete .Balancing and 
Wheel klignment Set 1 0,012 

2, Exhaust Gas &nalyzer 1 0,015 

3, Tume - fl Kit 1 0,012 

4', Spark Tester and cleaner 2 0,015 

S Misc 	Tools - 0 004 

0 058 

III, Painting Shop Equipment 

1, Spray Fumishing0utfit 3 00075 

2, Portable tannic Spraying 
Outfit 2 0,0224 

3' "load  Respritator 4 O.oO4 

4.  Spray paint gun 3 0,055 

5 Other Small items LOT 0,0032 

Total 00426 

IV, Body Repair shop Equipment 

1, Welding Set arc 1 0, 020 

2 Portable Oxy, .acetylene 2 0024 
!Melding and Cutting Outfit 

3 Jacks 	 20 ton 4 0,020. 

4*, Heating Torch 2 0,006 

5; Other Misc .  Items ' 0,020 

Total 	e 0 090 



1o6 

(1) 	(2) 

 

(3) 	 (4)  
___________________ 	 • 

V Tyre shop 	quipmerit: 

1 Hydru1ic Tyre Trol 
Tubeless 5 P75  

2, iydr-iuIic Tyre Tool 
Tubed 5 0.0775  

3 Revy Duty Electric 
Buffing Miachine 3 0030 

4 Cvitv mold icr tyr,-s 0,75 

5, Eltct,..ir Gohpr&.or . 	 1 Q0l5 

6 Air 	for Tyres 1 0,070 

7 Belt Vulcnizing 2 0.090 

8 Misc L 5 1L04 

Total 2.594 

VI, Bttery Shop Equipment 

1 Btt-ry Chrer 	 . 10 0,070 

2 Wter distillation plint 2 0,24 

3, Other ,9ll Items 0111 

Total 0,4'5 

VII' S  Rditor Repair Shop Equipment: 

1" Furnace with Blcwer 1 0,020 

VIII, Moulding Shop 'Equipment 

1' Soft metal melting furnace 1 0.10 

2, C95t irn melting fur 1 0 •0 

3'•  Moulding Accessories LOT 0,17 

Total  032 
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(1) 	(2) 	 (3) 	 (4) 	(s) 

IY .  Structural Shop Equipment 

1, Shearing Machine 1 0200 

2°, Punching Machine 1 0,200 

3, Universal Sheering and 
Punching Machine 2 0100 

4'.  Shoot metal rounding m^chine 1 0,100 

5, Roll Fending Machine 1 0,250 

6*, Univ: rs a1 Bar Bending Machine 1 0200 

7° Semi-automatic Gas Cutting Machine 1 0,250 

8, Shape 	cutting machine 1 0,300 

9. Semi-automatic Welding Machine 2 04o 

10' Welding and Cutting Outfit 
Portable 8 0,080 

11', Heavy duty furnace for 
Heat .Treatment 1 0030 

12 Power Blower for Heat 
Treatment 2 0,018 

13° Power forging Hammer 1 0 060 

14, Portable Magnetic Lore 
Drilling Machine 4 0,040 

15 Stati'nery Grinder Pedestal 2 0,040 

16', Hydr. 	and screw Jack 8 0260 

17'  DC Arc and Diesel Welding Set 4 0 .590 

18'  Radial Drill Machine 4 2000 , 

19, Other Misc, Items - 2 424 

Total 8 442 



1 •. 

(1) 	(2) 	 (3) 	 (4) 	(5) 

X. 	Track Shop Equipment 

1••  Rail Rebuilding Machine 1 0,600 

2 Roller idler rebuilding machine 1 0700 

3, Roller idler bar fix tyre 1 0,028 

4 Trick Pin Press S t•' ticne ry 2 Q840 

5, Hydraulic Track 'Minch 2 0 .100 

6 Track. Jacks 2 0.012 

7 Roller idler grinding machine 1 0250 

8*, Tr=-ck pin press portable 6 0,450 

9. Other small requirement LOT 0,810 

Total; 379 

XI.  Heavy Machine Repair Bays Tools,- 2,a0 

XII.  Washing of Machine Section 

1, High Pressure Washing Units 4 0.176 

2 Other &ccessories LOT 0.032 

3*, Car Lift 1 0250 

Total 	e 0,458 

XIII. C arpent.,ry Shop Equipment 

1 	Lumber Squaring and Sizing mill 	 1 	0,120 

2' 	Radial &rm Saw 	 1 	0,0276 

3•, Wood Cutting Band saw 1 0,075 

4.  Tilt :&rbo r Band saw 1 0 0170 

5., Power Driven B=end Saw 4 0 016 
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(1) (2) (3) (5) 

7'  Port.,ble Power Drill 2 0.08 

8'  Power Driven P1 nner 2 001 

9', wood Working Vice 44 0,016 

10° Bench Grinder 1 0 $108-  

11, Fork 	Lift Truck 1 0,25 

12~ Other C.arc~ent?ry Shop 
Tools =end ^(Iuipm nt LOT 0 . 607 

Total 	: 1 119 

XIV_ Lubricating =Ind Servicing Equipmnt; 

l'e it Oper- ted Oil Si)rayer 6 0,030 

2', kir Oper'ted hide .-nd low 43 1,04*5 

3'. High Pressure `J,,shing Pumps 8 0,352 

4*, V-)lame grease pump 6 0,030 

5 • Refueling Pump 10 0,040 

6' grater Di=stilling 'Pliant 1 0,150 

7', Stern Jeny 8 0.800 

8 Oil Puri fir 1 0.500 

9  ` all Mounted Tyre Infl :;tor 	gauge 6 C,036 

10 Battery Charger 12 0,120 

11'.. Trfinsportation Servicing Unit 7 4. 2C0C 

12°. Base Spmket Puller set 6 0, 600 

13' Misc 	items LS 1730 

Total 	: 993 



(1) 	(2) 	 (3) 	 ( 4) 	( 5 ) 

XV Electric Repair Shop Equipment. 

1', AA1o.nc ing S,quipment 1 0 005 

2,  Vmcuum dip 	t^nk 1 0 ,C v9 

3,  Pressure dip tank 1 0,005 

4,  Gr-ivity dip tank 1: 0,003 

5 , Aikjng V r Oven 1 0,020 

6 Coil making Mach.fir►e 1 0 010 

70 M.gger 1 0,020 

8,  Crawler 1 0,008 

9,  Welding Units 1 0', 010 

10' Hydraulic Press 1 0.008 

11. '-coaling 	Bc ,rd with Lamp 6 0,0036 

124 Flow ?.,pipe Torch 2 00026 

13 , Vices .6 0 0108 

14', Mu1ti---range Tachometer 2 0,007 

15 I,mmetor and Voltmeter cc rind EC 10 0,048 

16 Variable Speed IC meter 1 O,C~O 

17 Soldering Equipment 4 0 0016 

18't Fillers 34 0.0004 

19 Chiesel Set 4 0,001 

20,  Files (a) Mill files 	6" to 	2" .10 0,OC2' 
(b) 	Round files 	6' to 1:2„ 

21,  ,t^ndird filter gauge 
eonftin~tion .6 0,0006 
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(1) (2) 	 (3) (4) 

- 	- 

(5) 

22'  Perrin. Pinion Puller 6 0003 

23'  Cxy.  'acetylEne torch 	Out fix 2 0 020 

24 Commutator Turning Machine 1 0 .005 

25' Jib Crne 1 0 020 

26 misc. 	Tools LS 0,398 

To t1 	: Ci 4784 

XVI Engine ReDir Shop 

1 Connecting Rod 	lipner 1 0,010 

2 Connecting 	rod 
Press 1 0.100 

3' RiVer turster 2 0006 

4 	' Brke Lining Rcvetor .  2 0,006 

5 Dynamometer 1 0 265 

6 Electric Soldering Iron 8 0. 0018 

7 Jib 	Crane 3 0490 

8 Electric Render 2 0 010 

9 C1e.ning 	chine 2 0 .100 

10, Vacuum 	nd Ste.9m C1ener 6 0720 

11' Valve Refcer 2 0,03 

12', Cle.ning Tank 2' 030 

13' Water tub 	/ 2 0.002  

14, Valve seil grinder set 2 004 

15, Univorsel Nozzle and Injection Test 0,095 

16 Mnifo1d Pressure 	uge Assembly 1 000105 
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(1) (2) 	 (3) (4) (5) 

17' Suction gaus7e 	'1ssemb1y 1 0,00175 

18, Met-31 CoIrrying 	Core 1 0,00063. 

19 Flow Comp=~ra.tor 1 0 102 

20 Diesel injection pump C.alibriting 
Stand 1  0,800 

21 Xdoptcr for Cummins Engines 1 0 . 00155 

22', Injector Cleaninm -'and s<-rvice 
Kit for cummins engines 4 0004 

23'. 5pecic1 tool for {M Eniine 
Euclide Equipment - 5,632 

24, Misc'. LS 0200 

Total 8 718 

XVII_ '.T .lding :and Misc . Equipment 

1, cetylene Gencrgtor 	25 Lbs, 2 0, 200 

2, Motor Gen rating Wlding Set 3 0 . 225 

3 Diesel and ;utnrnatic Welding Set 9 0,99 

4'  ^1:ctric Welding Set 45 165 

5'  'Transformer Welding Set 4 0,864 

6'  Electric Exhaust Fan 34 0,170 

7'  W.at : r Coolers 20 0 800 

8', Wei ;h Bridge 	 10 to 20 tans 4 0665 

9, Gas cutting; Set 8 008 

10' portable W,Jeigning Machine 2 0,155 

114 Counter seal weighing machine 2 0,01 

12° Misc 	Itms L S 0 .588 

9 937 

Grand Total 	72.756 
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