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PART I 

INTRODUCTORY 



CHAPTER ONE 

INTRODUCTORY 

1.01. APPOINTMENT OF THE COMMITTEE AND ITS TERMS OF REFERENCE 

The Government of India in the Ministry of Irrigation and 
Power under their letter No. DW-II-29 (78) dated the 17th Septem­
ber, 1953. decided to a.ppoint.a Committee of engineers to visit. some 
of. the projects. now under execution. in .•.India· and to. submit a 
report on the economic and efficient operation and· maintenance of 
the plant and machinery used in the construction work of River 
Valley Projedts in the country. The terms of reference to the Com­
mittee were as under : 

(1) The makes, types and sizes of the plant best suited for vari­
ous types of work with a view to standardisation ; 

(2) combination and matching of plant where more than one 
unit of plant is involved •; 

(3J correct aJ?portwnment of labour to plant ; 

( 4) mode of· calculation of · the working · cost of each type of 
plant per hour ;·the unit cost of the work performed by each 
type of ·plant on the various projects· should· be computed 
for the last working season ·and variations in cost should be 
explained; 

(5) J;uggestions for a -unified scale of ·depreciation· to be -follow­
ed on al}. River Valley Projects ; . 

(6) standard- forms for ·the history sheets and· log books· of· each 
type. o~ plai1 t ; 

(7) tb,e. va,rj.ous- factors involved in efficient,. plant .. operation 
emphasising the adverse factqrs . .wl:\ich have been cresponsible 
for low output and poor maintenance. on the various pro­
jects visited ; arid 

(8) comparisoi1 of cost of work being carried out .by machinery 
with, that .carried out by manual labour· with recommenda­
tions as to· the type of work which ·should be normally car­
ried out with machinery. 

The letter of the Government of India is included as Appendix 1.1. 



REPORT OF CONSTRUCTION PUNT AND l!ACHINERY COMMJTTEE 

1.02. PERSONNEL OF THE CoMMITTEE 

The personnel of the Committee comprised four engineers as 

under: 
Shri K. Gopal Iyengar, Retired Superintending Engineer, Mad­

ras Engineering Service (Chairman). 

Mr. E. R. Harvey, Chief Mechanical Engineer, (Colombo Plan), 
attached to the Hirakud Dam Project (Member). 

*Mr. R. F. Koken, American Specialist, attached to Bhakra 
Dam (Member). 

Shri G. G. Dhanak, Bombay Service of Engineers (Member­
Secretary). 

The Committee's office work was assisted by one Technical 
Assistant, one Stenographer, one Clerk, one Typist and two Peons. 
Two posts of peons were not filled. 

The Chairman assumed duty on the 12th October 1953, the 
Me.nber..Secretary on the 19th October and the other two members 
on the 20th and 23rd October 1953. 

1-03. PROJECTS VISITED 

The Committee started functioning from the 23rd October, 1953. 
The first few days were spent setting up an office, acquiring staff, 
stationery, etc. In outline of the form in which information from 
various projects was to be collected was discussed and finalised, and 
questionnaires were sent out to various projects. The Committee 
started its tour on the 29th October, 1953 and ended it on the 30th 
November, 1953. The following projects were visited : 

Lower Bhavani.-Under the Government of the Madras State. 

Tungabhadra.-Under the Control Board representing Govern-
ment of India, Mysore/Andhra and Hyderabad States. 

Gangapur.-Under the Government of Bombay State. 

Hirakud.-Under the Government of India and the Orissa State. 

Damadar Valley.-Under the Damodar Valley Corporation 
(Maithon and Panchet Hill). 

Bhakra-Nangal.-Under the Government of Punjab State. 

*In their Jetter Nc. DW-II-29(78) dated the 17th September 1953, the Government of 
India, Mmistry of Irrigation and Power had appointed Mr. B. H. Lundmark the Amcriean 
Spec;ialist, at tbe Bha:k:ra. Dam, but Mr. R. F. Koken wa'\ delegated to the C:mmittee in his. 
place !>ide Government of India, Mi.U.try of Irrigation and Power letter No. DW-IU·og(78) 
of the 15th Jaouaxy 1954. 
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INTRODUCTORY 

The letter of the Government of India, Ministry of Irrigation 
and Power No. DW-II-29 (78), dated the 17th September 1953, 
included in addition the Sukhawa and the Vaitarna Projects. We did 
not visit these works because the former has not yet been started 
and the latter comprises a concrete dam executed through the 
agency of contracts. We considered that adequate data will be 
available from the projects visited, which were executed depart­
mentally. Appendix 1.2 gives the information about the contacts 
made by the Committee. 

1.04. INTERIM REPORT 

The Committee prepared an Interim Report and participated 
in the Bhakra Seminar from the 5th to 7th January, 1954. The Re­
port was discussed by the Sub-Committee No. 1 Earthwork and 
equipment, which included in its personnel the Chairman and the 
Member-Secretary of our Committee. The Committee now has the 
advantage of having had the views of various Engineers at the Semi­
nar and had a free and frank discussion on all aspects covered in 
the Sub-Committee's Report. The Final Report incorporates or 
amplifies some of the points as a result of these contacts. 

The Committee was required to submit its report by the lOth of 
December 1953, but in view of the fact that it did not start function­
ing until the fourth week of October and a month was required for 
the visits to the projects and that some data called for from the vari­
ous projects was received late in December, it was forced to ask for 
extension until the 15th February 1954. 

1.05. ADDITIONAL WORK 

By their letter No. DW-II-2.9 (78) dated the 3rd December 1953, 
the Ministry of Irrigation and Power asked the Committee to go into 
the question of the scope of manufacturing the earth-moving equip­
ment in India. A report on this subject is being made separately. 

1.06. RECORD Ol' THE COMMITTEE 

The record of the Committee's work is filed in the Central 
Water and Power Commission, Plant and Stores Branch. 

The report is divided into four parts. The first is Introductory, 
the second embodies the report, the third gives a summary arranged 
in terms of reference and the fourth embodies the Appendices. 

1.07. FOREWORD 

The terms of reference to the Committee does not specify the 
type of construction plant for its study. Broadly, the plant can be 
divided into two parts; (i) earth-moving machinery including rock 

3 
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REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITTEE 

drilling and excavating equipment, and (ii) concreting plant. We 
are of the opinion that the concreting plant has to be specific for 
each job, depending on job conditions and that there can be little 
in common amongst various projects. Such factors, therefore, as 
standardisation, working cost per plant hour, ratio of labour to plant, 
etc., mentioned in the terms of reference, do not apply to the con­
creting plant. Therefore, we have limited our study to the earth­
moving and allied equipment. 

Moreover, the time at the disposal of the Committee was so short 
that it was considered advisable to concentrate on the earth-moving 
machinery alone. This in itself presents a very large field and there 
seems at present much variance on different projects. 

The Committee had to face much difficulty in the collection of 
data concerning the performance and cost of upkeep of machinery. 
The visit of the Committee coincided with the beginning of the 
working season where the project staff was very busy. The statistics 
required to evaluate the performance of various machines had to 
be rather elaborate to allow studying from all aspects. The project 
staffs naturally felt it a difficult task to supply us with the informa­
tion called for and to the last date of submission of this report some 
of the projects have not done so. 

Another difficulty experienced was that no two projects main­
tained their data in the same manner. For a comparative assessment 

<>f the data, it was necessary to have the statistics of all the projects 
on a common basis. Every effort was made to collect the statistics 
in the form in which they were considered to be most easily avail­
able. All the same, voluminous work was involved in reducing the 
avaHable records to the desired form. We are grateful to the pro­
ject staff for supplying the information. 

We noticed that all projects have struggled against nebulous 
conditions of earlier records and have gradually evolved individual 
patterns of record-keeping. On many projects the earlier data on 
east and machinery performance have not been assembled in a readi­
ly available form that aligns with the later records. Well-assembled 
and continuous records were available for the Lower Bhavani and 
Gangapur Dams. This was probably due to the continuity of person­
nel and policy and relatively small size of the jobs. 

The various forms and proforma recommended in this report 
are worked out to incorporate information as complete as possible 
for the most commonly used equipment on our projects. The statis­
tics for special plant will need to be developed separately to suit the 
characteristics of each but they can follow the same general 
pattern. 

4 



INTRODUCTORY 

We are aware that the secret of having reliable and up-to-date 
statistics on projects lies in expecting a minimum of written work 
without much computation. Execution of the work in hand is the 
primary thought of all project staff and they should not be bothered 
with avoidable table work. We have suggested various proforma 
trying to bear in mind the fact that these must be filled in at each 
stage, by a member of the staff as routine. No engineering computa­
tions should be involved. 

The Committee has realised that it is easy to find fault but ser­
vice can be rendered to the projects only by constructive criticism. 
It is our intention to avoid making adverse remarks about persons 
or projects. Where names have been mentioned in the report, they 
are used to substantiate the views expressed by the Committee as 
based on observations. 

The mechanisation of projects is a new sphere in which the 
Indian Engineers are not yet fully oriented. It should be realised 
that we are attempting to adopt 1953 techniques in this country with 
a background which is 50 years behind the times in relation to coun­
tries that we try to follow. The entire approach is in a process of 
evolution. Until 1948 there was scarcely any heavy earth-moving 
equipment in India,. whereas today there is approximately 40 crores 
of rupees worth of machinery on our projects. It will necessarily 
take time to train our administrative, technical and ministerial staff 
to obtain high efficiency in this new field. It is satisfying to record 
that all concerned have realised this aspect and are trying out vari­
ous alternatives in an attempt to improve the situation. As a result 
of our visit to various projects and the study of their statistics we con­
sider that although there is scope for improvement, the projects are 
in as satisfactory a position by now as they can be expected to be 
under existing circumstances. Efforts are being made in the right 
direction to achieve better and lasting results. Implementation of the 
recommendations in this report will further improve the situation. 

The Government of India have taken a step in the right direc­
tion by wanting to consolidate the experience gained on various pro­
jects which have now been working for a few years. During this time, 
our projects have undergone a difficult pioneering struggle at the 
cost of considerable unproductive expenditure but have gained 
valuable experience. We have analysed the various fields of project 
activities and tried to consolidate the findings which, we hope, will 
better performance of mechanised construction. We feel, that a short 
visit and a single review will have only a limited result. We have 
recommended that the C. W. & P. C. should extend its activities to 
carry forward this work to the sphere of Machinery and Spare parts, 
Technical manpower and Cost Accounting. 
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We have avoided reiterating such aspects of the Construction 
Engineering as can be studied from the books and articles except 
m so far as we felt that some of them required to be high-lighted. 
We have added instead a bibliography in Appendix 1.3 listing the 
available literature on the subject. 
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CHAPTER TWO 

PLANT PLANNING 

2.01. PROJECT DESIGN 

The importance of working out the details of a project properly 
has been stressed over and over again. An elaboration of this point 
is outside the scope of this report. 

The design engineer must realise, the conditions under which the 
best performance of machines can be obtained and should evolve his 
design accordingly. For example, a few construction berms, on an 
earth dam, can cut down the cost of transport. The adoption of a 
material of construction which can be more easily handled by the 
available equipment, instead of specifying another material which 
may be more difficult to excavate or transport with the main bulk 
equipment can reduce the cost. The dimensions of the width of the cut 
off trenches and the tops of earth dams are often guided, amongst 
other factors, by that required for movement of transport. The slopes 
and gradients should be specified bearing in mind the type of 
II?achinery with which the earthwork will be done. The size, thick­
ness and specifications of stone rip-rap will be guided by the method 
of construction and the equipment used. 

(Often enough, the preliminary design has to be worked out 
befrire deciding upon the type of equipment. But there should be no 
hesitation to revise it as· soon as construction plant is finalised. It 
may be stated as a general rule that well-planned working areas 
will give ultimate economy, although it may mean. some extra cost; 
because the performance of mach!nes will be much better. 

2.02. STUDY OF MATERIALS 

A more detailed study of the construction materials is neces­
sary for mechanised construction, than has been customary on our 
earlier projects planned for construction by manual labour. Whereas 
manual labour is adaptable for working under varying conditions, 
machines are designed to operate best in particular type of materiail 
This can be best explained by a few examples. If the excavation 
is in hard material, a small excavator will not suit. Similarly, in 
highly plastic clays with high moisture content ,scapers will 

9 



REPORT OF CONSTRUCTION PLo\NT AND MACHINERY CO!d!dlTTEE 

give more trouble than bottom dumps. An _elevating loader can 
be selected as suitable if the soil does not contain boulders. The na­
tural moisture content in the borrow pits is often a decisive factor 
in the selection of the type of the equipment. The topogra­
phical and the sub-soil survey of the ma.terials in the borrow pit 
have an important bearing on the selection of the type of excavat­
ing and transporting equipment. i.J! e .are of th~ o?inion that ade­
quate attention is not paid to these aspects. Th1s IS. partly _due t~ 
inade'!uate acquaintance with the engineering propert1es of smls, and 
partly due to lack of knowledge of the design features of equipment. 

2.03. ScHEDULE OF QUANTITIES 

Schedules of quantities are worked out on the projects, but 
they are often defined inadequately to work out plant planning) 
They must specify the leads and lifts for various categories of 
materials and the quantities involved for the different leads and 
lifts. It is not adequate to state "lead within 2 miles", which is 
often done in contract schedules. The selection of the equipment 
"IVill. depend upon the quantities of earthwork to be done within 
the various groups of leads and lifts. If it is a canal construction 
job, most of which is excavation within a lead of 100 to 200 ft. and 
a lift of 10 to 40 ft., the principal investment would be on draglines 
"lvith a few transport units to take care of the relatively small 
quantities for embanknlents requiring short leads. Every borrow pit 
must be clearly defined, the position of dumping specified and 
sequence for items of work indicated before the plant requireme~t 
1s determined. 1 A lack of definite data in regard to this will lead to 
wasteful expenditure in pl~t planning. 

The necessity of working out sintilar details for the foundation 
works cannot be over-emphasised.~Many jobs are held up because 
suitable equipment for use in foundation work is not available. 
Deterioration of production from other equipment and consequent 
rise in the overall cost follow. It is wise to plan the equipment for 
the foundation work accurately and to provide for it slightly on "the 
liberal side. 

2.04. SELECTION OF EQUIPMENT 

Plant planning for a project, should be done with the same care 
and attention to details as the rest of the project. It should be done 
by an engineer who has specialised knowledge of the characteristics 
of the types and makes of equipment, with reference to their opera­
tioh under the various working conditions existing on a project. The 
specialist should know how to interpret and modify the operational 
and performance data, furnished by the makers of equipment, for 
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realistic application to the Indian conditions. Plant planning, espe­
cially for earth-moving, is a specialised subject on which a number 
of reference books are written. We have attended a bibliography 
in Appendix 1.3. 

The main principles in plant planning for a particular project 
are the following : 

(1) To have a minimum number of types of equipment and to 
select such types as will be suitable for the majority of 
the items of work. 

(2) To have a minimum number of sizes in each type of equip­
ment m; will match satisfactorily with the other equipment 
in the group and be smaU enough so as to have an ade­
quate number of them which will safeguard against risk 
of dislocation of work when some of the machines go sick 
-50% of sickness is not unusual on our projects. 

(3) To have the same make of machines, and the same make of 
power units on the machines as far as practicable. 

·(4) To ensure about 70% life utilization of the equipment. One 
hundred per cent life utilization is impracticable as it does 
not afford. adequate safeguard against dislocation of work 
due to large number of machines that will be sick to­
wards the end of the project. Twenty-five per cent residual 
life should be considered as normal. This can be utilised 
along with some new equipment on other jobs. 

'(5) To avoid over-mechanisation of a project under Indian 
conditions. Certam items of '¥Otk are best done by normal 
labour with the help of a few simple machines. 

·(6) To adopt realistic value for "pay load" per trip, in relation 
to the type of soil and the compaction standards. 

·(7) To recognise multi-shift working as essential to achieve 
satisfactory utilization of equipment per year. 

·(8) To provide adequate flood lighting to make efficient shift 
operation possible. 

(9) To plan the haul roads for efficient working and easy main­
tenance. 

(10) To provide adequately for ancillary equipment necessary 
for efficient working. 

(11) To recognise the necessity for payment of an incentive 
wage based on outturn over a basic minimum. 

(12) To adopt a realistic figure for ''productive time" factor. 

11 



REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITTEE 

The '50-minute hour' is rarely realistic. *Shri Kanwar Sain 
quotes the following table from a study of the Joint Com­
mittee Report of Highway Research Board and Public Roads 
Administration of the U.S.A. It does not make a pleasant. 
reading even for an advanced country like U.S.A. It is more 
realistic to assume somewhat lower figures for India, taking 
into account the inadequate resources of technical personnel 
and the long pipe line involved in getting spares. 

Percentage of Total Available Time 

Crawler Tractor \\'heel Tractor Power Euclid Avg. of aU 
Towed Scraper Scraper Shovel Loader equipment 

Range Avg. Range Avg. Range Avg. Range Avg. 

Total working time: 100 100 100 100 100 100 100 100 

Major delays (over •5 min.) 14-66 37 •8-Ss 6s 4---80 42 39 46 

Net available work-time 34---86 63 15-7• 35 2<>-jj6 sB 61 54 

:!.finor delays (15 min.) 3-12 4 3-12 7 5-42 21 15 12 

Actual producti"-c tim: . 31-78 59 12---01 •8 14-70 37 46 43 

2.05. ALTERNATIVE PLANs 

Before deciding upon the final plan, various alternative plant 
planning will have to be worked out in sufficient detail to study 
comparative cost, production and other features of each plan. A 
typical case is worked out by tF. Girsperger which we recommend 
for study. 

2.06. MANAGEMENT FAC"l'OR 

The planning engineer will have to make some assumptions for 
the management factor affecting the job set-up to work the plant 
availability and operational efficiency, such as (11) the availability of 
adequate repairs facilities, (b) availability of spare parts as indicated 
by stock limits, (c) realistic wage scales of staff, (d) existence of 
housing and other amenities to the operators and technicians, (e) 
structure of executive and staff organisation, (f) prevalence of in­
centive wage scales, (g) grant of adequate powers to officers for· 
local purchase of parts and engineering stores in emergencies, etc. 
These basic assumptions, should be clearly stated in the plan. It 
often happens that even when the plant planning is done carefully 
the underlying and implied assumptions are not adhered to during 

*Hand·Book of Earth-moving Machinery, C. B. I., New Delhi. 

t"Ceneral _principles _governi~ th~ selection o~ earth·~dling and moving machinery" 
Hand-book of l!anh·movmg Maebinery, C.B.l., New Deihl. 
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execution and the engineer's planning is blamed ·as unsuitable. It 
will be a step in the right direction <to assess the value of the depar-. 
tures from the assumptions, such as those defined above, and to bring 
out the financial implications. The administrations dealing with the 
project should be cautioned, emphatically, that these are basic data 
for the plan and that they cannot be modified without affecting the 
entire plan. To quote a simple example, the strength of equipment, 
costs and production targets will need revision. if the administra­
tion does not accept the incentive wage system adopted in the plan 
for estimating the outturn. 

2.07. EQUIPMENT PooL 

Our study covered mostly the larger projects and concentrated 
organisations designed to take care of the equipment. We are awart> 
of a large amount of costly construction equipment, diffused through­
out the States, with no specialised organisation to maintain it. We 
recommend that States should make lists of a] these machines 
and form organisations for care and maintenance of them, and for· 
hiring them out on-jobs. The ·purchase of construction equipment. 
for minor jobs is diffused. ::;o the attention of the States is not yet 
drawn to the necessity for such organisations. Investment on equip-­
ment will be on an increase in the future and the earlier a positive­
planning in this direction is done the better will it be. The organi­
sation can also hold the central pool of spare parts for all the com­
monly used equipment on the project. The Bombay State has esta· 
blished such an organisation .for spares for their major Irrigation 
Projects, We recommend this idea to other States. 

On completion of a Major Project, a number of items of equip· 
ment with residual life of 25 per cent. and over an overhauled and 
re-conditioned in a satisfactory manner will become available. Along 
with these, major and field repair and servicing equipment and train­
ed and experienced personnel will also be available, as well as the 
residual stock of spare parts. 

The States concerned, to some extent, may absorb these. But 
the bulk of these can only be utilised by transfer to other projects 
outside _the.States. Surveys and fixations of value for these items of 
eqmpment are preliminary to such transfers. These can be best done 
by the C. W. & P. C. through a suitable organisation, when such 
help is required by the States. 

In para. 7.08 we have recommended the formation of a parts. 
co-ordinating an scaling organisation under C. W. & P .. C. Such an 
organisation, in our opinion, should be inunediately formed. It 
should be supervised by an-experienced man from the U.K. or U.S.A. 
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' with adequate experience of parts scaling and construction equip-
1 ment. Most of the equipment on our projects have now reached a 
stage of their life, when major repairs have to be carried out. 
Technical advice in this connection from the aspects of dis-propor­
tionate cost, non-standards, obsolescence, unsuitability, etc., has to 
be made available to the projects. The services of the plant engineer 
can be utilised for this purpose and also for the survey and fixation 
of price for plant approved for transfer by the project. 

As regards the scheme for creation of a centt·al pool for construc­
tion machinery, it does not appear to be practicable for the centre 
to go beyond the work of co-ordination and channelising the move­
ment of plant from one project to another. The equipment will have 
to be stored and looked after by owning project till its transfer or 
-disposal by sale to the public. 

2.08. STANDARDISATION 

We think that the importance of standardisation of a few well­
tried items of construction equipment is well recognised, both from 
the technical and economical points of. view;. The absence of a mas­
ter plan for plant planning is surpassed, on many of the projects, 
only by the indecisive mind as to the types, makes, and sizes of 
equipment to purchase. Piece-meal purchases are maae of equip­
ment, which often have not matched with the previously acquired 
plant. A summary of the plant population on the projects, studied 
by us, is given in the Appendix 3.1, which shows the very unsatis­
factory position existing at present. , With so much of indecisive 
_planning, it is impossible to expect a high standard of performance. 

2.09. FACTORS CONTRIBUTING TO UNSATISFACTORY STATE AT PRESENT 

The factors that contributed to the present state of affairs on 
:the projects appear to be: 

(1) blind application of the principle of calling for tenders 
against vague, general and descriptive specifications and 
accepting the lowest tender ; 

(2) giving undue importance to sales literature and sale talK 
and succumbing to the speculative urge to try new makes 
of equipment, in the hope of finding better ones ; 

(3) restricted finance, necessitating piece-meal purchases and 
the risk of lapse of purchase allotment bringing on "panic" 
purchases. 

The first two conditions should be controlled ·by a careful selec­
ti~n of equi~men: from rigid standardisation, and the last one by 
SUitable modificatiOns to the procedure of yearly finanical allotments 
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to the project. We understand that the question of non-lapsable grant 
for River Valley Projects is under active consideration of the Gov­
ernment.) 

There was yet another factor, the conditions of scarcity and 
non-availability of equipment which followed the World War II and 
the Government stock piling in the States. This factor affected the 
projects that were started during the years 1948-50, but it no longer 
exists. 

'fhe arguments in support of non-standardised purchases appear 
to be: 

(1) standardisation introduces conditions of monopoly ; and 

(2) prevents a wider distribution of the benefits of Government 
patronage to commerce. 

Of these arguments, the first is academic and not real. To the 
foreign manufacturer, the Indian demanc!S from a tiny--pr~poreion of 
the global demands. As regards the Indian Distributors, there is 
scope for examination of their price structure by the Central Pur­
chasing Organisation, which should afford adequate safeguard 
against monopolistic prices. As regards the second, it is out-weighed 
by the considerable loss of efficiency and economy that is being 
caused by the absence of standardisation with reference to the opera­
tion and maintenance of equipment on the projects. 

2.10. EFFECTS OF ~ON-STANDARDISATION 

The purchase decisions on capital equipment are not co­
ordinated with the plans of the project engineer with the result 
that he is loaded with equipment which does not fit his organisation 
or job requirements. The policy of purchasing on tne lowest tenders 
can be sound if the specifications of the commodity can be written 
down in exact terms, still making them general enough to invite 
competition. This is almost impossible in the earth-moving field 
where the design of the various assemblies, their mettalurgy, and 

' intricate processing details are of paramount irnportance.)To the best 
of our judgement, there is only one sound way of specifying a satis­
factory piece of equipment for purchase, and that is to mention 
makes, size and type of equipment required. To retain the element 
of competition, more than one make can be mentioned but it is im­
possible at present to limit the tenders to the desired makes and 
sizes by noting general specifications on the purchase enquiry. 

Then again the initial purchase is weighed separately from the 
after-sales-service. It is not adequately realised that the purchase 
of a piece of equipment is only the beginning of trade relations with 
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the firm selling the equipment and that its performance will depend 
not only on the quality of the machine but on the capacity of the 
.firm to service it throughout its life. It is not appreciated that the 
purchase of equipment implies an unsigned contract for over half the 
value of the equipment in spare parts which will be required during 
the life. of the machine. A purchase contract based on a partial pic­
ture as shown by the initial cost alone without evaluation of the 
future commitments is evidently a faulty approach. When a pro­
ject buys equipment it also buys the after-sales-service and the spare 
parts facilities available in India. The two cannot be severed from 
each other. It is unsound, therefore, to buy equipment from firms 
who have "an agency and nothing more". 

It is impossible to expect firms to have efficient after-sales-ser­
vice and an adequately stocked spare parts depot when they represent 
equipment of small population in India. It is further impossible at 
our infant-stage of industrialisation to find technicians who are well 
qualified to take care of the large variety of highly intricate modern 
machines. If the range can be limited, the firms as well as the 
technicians will have a better opportunity to look after the machines. 

The want of standardisation on few satisfactory makes of 
equipment serviced by capable firms in India, has to our mind, con­
tributed largely to the Unsatisfactory position obtaining at present 
on most of our projects. This fact found unanimous support by the 
engineers at the Bhakra Seminar. We cannot do better than reiterate 
that if one project buys most of its' equipment in one make and stan­
dardises on sizes the Indian technicians can give a far more satis­
factory standard of performance. 

2.11. STANDARDISATION OF POWER UNITs 

We further consider that the standardisation of the power units 
~hould be given adequate weight in plant planning. Advantage of 
option in power units should be taken and equipment should be 
purchased to have, as far as possible, the same makes of engine .. The 
makes of engines on many of the static units, e.g., power generators, 
crushers, pumps, etc., should also align, as far as possible, :with the 
bulk of engine makes even at a slightly increased initial cost;l 

2.12. Omitted 

2.13. STANDARDISATION ON SIZES 

. W~ f~rther suggest that, in plant planning for mechanised pro­
Jects, rt rs not desirable to go into the range of small equipment 
because large equipment is sturdier and the jobs that suit small 
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-equipment can better be done by manual labour. We suggest that 
under the category of Crawler Tractors sizes not less than 80 
-drawbar H.P. should be used. Under excavators, we recommend 1!, 
2! and 3! yard sizes. Still larger sizes may be required on special 
jobs. The Bottom and Rear Dumpers should not be smaller than 
6 cu. yds. struck capacity. The Scrapers should be 12 cu. yds. struck 
minimum, tlie Graders 70 B.H.P. minimum and the Compressor 
215 cfm. minimum) 
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ADMINISTRATION 

3.01. FACTORS CONTROLLING PROJECT EFFICIENCY 

\_There are two sets of factors which control the efficiency of any 
project, namely the job factor and .the management factor., The job 
factor is beyond our control having to do with topography, weather 
conditions and job specifications which sometimes make it. neces­
sary to handle the work in an otherwise than economical manner 
The second or 'JlUlnagement factor consists of: 

(1) planning and administering the job ; 

(2) selection, training and direction of personnel ; and 

(3) selection, care and repair of equipment. 

Point (1) will be considered here, (2) is considered in Chapter 
Four, and (3) is to be covered in Chapters Two, Five and Six. 

3.02. PLA.'Ii'NING AND ADMINISTRATION 

Planning for a particular job can only be done in the light of 
actual information about the job concerned. However, all projects 
have certain facets which must be considered and more or less 
standard concept of administration can be suggested. The principal 
variable will be the size. 

3.03. DELEGATION OF AUTHoRITY 

It is very difficult for any one man to handle the detail neces­
sary to the administration of large endeavour. To do so adequately 
it becomes necessary for him to delegate his authority. One of the 
greatest difficulties with administration in India today is that exe­
cutives are reluctant to delegate authority in the proper manner: 
They are reluctant for three reasons : 
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·(a) their subordinates are improperly trained or qualified ; 

(b) they do not trust their subordinates ; and 

(c) government regulations do not allow for enough delegation 
of authority. 



ADMINISTRATION 

In the first instance, the executives should train their subordi­
nates; in the second, subordinates who cannot be trusted should be 
replaced ; in the third, regulations must be reformed to allow this 
proper !ielegation of authority where it is necessary. The method 
·of domg this in use by all large armies and industrial organisatiOns 
in the world today is known as a line and staff organisationJ 

3.04. LINE AND STAFF ORGANISATION 

This type of organisation will be better understood if we think 
in terms of army organisation. The Infantry are a line organisation 
and are backed up by such staff organisations as Quartermaster 
Corps, etc. On construction the same concept is true. The people who 
do the actual work are the line organisation and are backed up by 
such staff sections as finance. cost accounting, personnel, supply, 
·etc. 

3.05. Co-oPERATION IN ADMINISTRATION 

The total efficiency of such an organisation depends on proper 
co-operation between sections and proper . integration of functions 
of sections. Frequent staff conferences at the different levels must 
be held to keep the personnel informed and to integrate the work of 
different sections. Friction and lack of co-operation between sec­
tions do great damage and cannot be allowed. 

3.06. SUGGESTED ORGANISATION 

A suggested organisation for large multi-purpose projects is 
outlined in Chart I and l;lie accompanying analysis. This is for a very 
large project. The organisation for smaller projects would be simi­
lar with some sections or units left out and with the functions of 
some combined. 

3.07. CHART I AS A CONCEPT OF ORGANISATION 

It must be understood that/this chart is not offered as an actual 
chart for a project. It is not. It is offered as an attempt to indicate 
proper lines of thinking about efficient organisation and adminis­
tration. The particular idea. we are most interested in ·conveying, is 
the line and staff concept. Before analysing Chart I, certain factors 
should be noted which may make the analysis simpler for the reader. 

3.08. VARIATION IN PROJECT ORGANISATION 

The present administration of t!>e various projects visited oP 
the rece;t tour of this Committee differed a great deal in their 
organisation. When this was discussed and an attempt was made to 
find reasons for the difference, the conclusion was reached that the 
administrations were the result bf trying to apply the Indian P. W.D. 
system and grades of service to the projects. 
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3.09. EXISTING P. W.D. ORGANISATION 

The present Indian P.W.D. system as listed is as follows 

P.W.O. Grades of Services 

1. Secretary Civil Service l\{an. 

Pay 1,700 to 2,ooo. 2. Chief Engineer I. S.E., or Class I 
One for each or a group of subjects 
in one State. 

3· Superintending Engineer . 1,300 to 1,7oo 
Zonal or subjectwise. About 4 to 6 
of these would make a Chief's 
charge. Two Chiefs may have 
overlapping jurisdiction on one 
S. E. 

4· Executive Engineers, Class 1 or 
I. S. E. 500 to 1,000 

Zonal or projectwise. About 4 to 6 
of !hese make an S. E.'s charge. 
One Zonal E. E. may be respon­
sible to more than one S. E. 

Assisted by Personal Assistant 250 to 6oo usualiy Class II or Junior Class, 
one man. 

Divisional Accountant. A. G.'s representative 150 to 300 is equi,·alcnt 
in rank to Sub-Divisional Officer. 

5· Sub-Divisional Officer. 250 to 6oo 
Class 11 Service 4 to 6 of these make a Divisional 

charge. 

Assisted h>· (a) Senior Accounts and Office Clerk. 
(b) One Overseer. 

6. Overseer and Supetvisor Class III 76 to 200 
Subordinate Service (Non-
gazetted). Clerks, :VIistries, Technicians. 

3.10. P.W.D. SYSTEM's ORIGINAL PURPOSE 

Xhe above system is excellent for the purpose for which it was 
developed, i.e., the building and maintenance of public works such 
as public buildings, roads, water system, etc. However, it was de­
veloped chiefly for use with contract manual labour and it is not 
applicable to large multi-purpose projects to be built by Govern­
ment forces using large amount of machinery. 

XorE.-Item 6 u~uall)" a diplorna holder in Engint'f"ring (short oourY of 1hrcc- v•:ars). 
Rest ha..-e to be Graduate of Engineering. ' 
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3.11. DESIGNATION USED IN CHART I 

You will find on inspection of Chart I that very few of the 
titles used are in use in India. It will also be found that more 
grades of service are necessary to set up such an organisation. The 
titles used and positions described are the result of e]{perience with 
the Bureau of Reclamati_on in the U.S.A. The organisation shown 
is somewhat similar to the one in use at Grand Coulee Dam at the 
time when the U.S.B.R. was doing all th~-~ork with Government 
forces 

3.12. ORGANISATION AND THE FINANCIAL .ADVISER 

Please note that no place is shown on this chart for a Financial 
Adviser. It is our feeling that Financial Advisers are unnecessary on 
these projects:_ Funds are alloted to the projects for use in construc­
tion; the only people qualified to pass on the use of these funds are 
the engineers responsible for the construction. Dr. Sudhir Sen• 
writes "a financial expert advises on proper spending, his function is 
positive. He checks, but does not checkmate; he vests, but does not 
veto, for he knows that jobs are done by wise expenditure, not by 
withholding it". If the Financial Advisers would operate on the line~ 
set in the above quotation, there would be no difficulty. Unfortu­
nately they generally do not, and since few of them have any 
mechanical background or construction experience, they are more 
often hinderances than aids. 

This is not to be misunderstood ; the executives responsible for 
funds on a project must stand behind and be responsible for the 
correct handling of the allotments. Periodic audits are necessary 
and must be conducted to ensure honesty and efficiency. 

3.13. LIMITATIONS OF CHART I 

It is necessary to note that staff is suggested only as to type and 
' placement in the organisation.\ The number of personnel employed 

is determined by the size of the project and must be held to a mini­
mum as far as possible. The numbers above the upper left-hanci 
corners of the boxes on the chart refer to paragraphs in the analysis. 

1. Project Manager 

3.14. CHART OF ORGANISATION 

(See opposite.) 

3.15. ANALYSIS OF CHART I 

This is a ::fully qualified engineer responsible for the manage­
ment and construction of the project as a whole. He is the final autho­
rity on policy and construction as far as the project is conc-erned. -His 

*"The Future of Pllblic Corporation" by Dr. Sudhir Sen. This is rc<'omme-nded reading 
for persons intt>rcstcd in the matters concerned in Chaplcrs Three <:lnd Four of thi.> Report. 
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headquarters are at the project. His selectioi1 will be a matter for 
tlie State Government or the Control Board involved in a construc­
tion project. On the very large projects, he should be a man of 
recognised reputation. etaff-Personal Secretary and Stenographer. 

2 Administrative Officer 

This position is the top position in the administration of the 
project. The Administrative Officer is in charge of personnel, pro­
grammes, finance and accounting. As such, he must have adequate 
background in the handling of large amounts of money and large 
groups of personnel. He is not necessarily an engineer. He is a busi­
nessman. All important cori:espondence on matters of policy will go 
through his hand. Staff-Personal Secretary and Stenographer. 

2. /. Personnel Officer 

This officer is head of the Personnel Section and works directly 
under the A.O. and is responsible for recruiting, training and main­
taining constructive work relationship viz., project personnel. A 
good Personnel Officer is familiar with the project work and quali­
fications of people necessary to fill all positions on the project. In 
connection with the maintaining constructive work relationship with 
personnel. it is necessary that he disseminates information to the 
Supervisory personnel on the project regarding correct supervisory 
conduct and project policy in general. In the Personnel Section, 
complete records are kept of all personnel employed, promoted and 
released, Staff consists of Jab Analysts, evaluation, personnel clerks, 
tiling clerks and typists. See Chapter Four. 

2. 2. Programmes Officer 

This officer is head of the Programmes Section and works under 
the direction of the A.O. The responsibilities of the Programmes 
Section are to prepare the budget for the projected programme as 
determin~d by conferences of the following projects officers:-

(i) Project Manager. 

(ii) Administrative Officer. 

(iii) Assistant Project Manager. 

(iv) Construction Engineer. 

(v) Programmes Officer. 

The Programmes Officer budgets money as per the programme 
determined. If his budget is sanctioned, the programme is carried 
forth against this line. If his budget is increased, .the programme 
is expanded and if his budget is decreased, the programme is cur­
tailed. During the conduct of the programme the Programmes 
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Officer collects actual figures of expenditures for labour and material 
and is responsible for holding the work of the project within the 
limits of the budget allotted. He must also make sure that special 
allotments of money are used for the purpose for which they have 
been sanctioned. Staff consists of statisticians, accountants, engi­
neers, and suitable office personnel. 

2. 3. Finance Officer 

This Officer is in charge of the Finance Section and is respon­
sible to the Administrative Officer. He is primarily a Chartered 
Accountant and is responsible for sub-sections as follows:-

2.3.1. Cost Accounting-This is an engineering function headed 
by a costing engineer. His function is to set up accounting system for 
the project and to determine how accounts and speci'fications shall 
be sub-divided in order that control of cost shall be attained. See 
Chapter Eight. 

2.3.2. Time-keeping-This section is under the charge of Chief 
Time-keeper. The duties of the sub-section are to make pay bills. 
muster-rolls for' each month for all personnel on the project. Must 
collect all labour costs including supervisory labour against various 
accounts and furnish this record to the Programmes Officer for his 
information periodically. 

2.3.3. Accounting (Actuals)-The duties are to collect costs of 
labour, materials and miscellaneous. 

2.3.4. Disbu"rsement-This officer is a cashier in charge of paying 
pay bills and muster-rolls and pays for all materials and services 
received by the Project. 

2 .4. Chief Clerk (Sub-Section)-Correspondence and Filing 

This man is head of the correspondence and filing section. This 
is primarily an office function. The main duties of the Chief Clerk 
are to see that records and correspondence are properly filed and 
all mail received on the project is promptly delivered to the proper 
addressees. 

2.4.1. Mail Room-All correspondence of the project is deli­
vered to this place and from here is delivered, by project messen­
gers. to the proper office or personnel. 

2.4.2. Filing Sub-Section-All records and correspondence 
are kept properly filed to be immediately available, when necessary. 
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3. Assistant Project Manager 

This officer is directly responsible to the Project Manager and 
acts in his stead when the Project Manager is not available. This 
man should be fully qualified as construction engineer. The follow­
ing sub-sections and personnel of the project are responsible to 
him: 

3 ./. Safety Engineer 

This officer is responsible for safe practices throu$hout the pro­
ject including the training of personnel as regards safe practices, pro­
viding of adequate first aid stations and if necessary hospital facili­
ties. He is responsible for giving personnel physical tests to deter­
mine their fitness for their projected employment. 

3. 2. Property Management Officer 

He is the head of the Property Management Section and is 
directly responsible to the Assistant Project Manager. The title is 
descriptive of the function which is the management of the project 
property. He should be a man with manifold experience in opera­
tion and handling of equipment. An engineering degree is not neces­
sary for this position. He is responsible for procurement and storage 
of all materials used on the project and is responsible for the pur­
chase. maintenance and utilisation of all equipment and spare parts 
used on the project. The following sub-sections work under him: 

3.2.1. Procurement Officer-He is in charge of the procurement 
sub-section and takes action on all purchase and procurement orders 
and requisitions for the whole project, getting quotations, issuing 
purchase orders and expediting procurement. 

3.2.2. Scaling Engineer-This man works under the direction 
of the Property Management Officer and his duty is to originate 
and review purchase requisitions for materials, stores and spare 
parts. The facts he has to consider in reviewing are (a) adequacy 
of the requisitions as regards quantity, (b) adequacy of the requi­
sition considering the requirements of the project and (c) he must 
make sure that stores and spare parts are adequately stocked with­
out being overstocked. See Chapter Seven and Appendix 7. 

3.2.3. Stores Officer.-This Officer is head of the stores sub­
section and is responsible to the Property Management Officer. He 
is in charge of all stock-keeping on the project and of all office 
records for materials intended for the project works. He wili have 
a staff of approximately 20 clerks for recording and receiving reports, 
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pricing indents and taking care of disposa_ records. The following 
stores are under his charge : 

:1.2.3.1. Miscellaneous Stores including all general hardware, 
paints, etc. 

3.2.3.2. Spare Parts Store including all parts for equipment and 
tyres etc. 

3.2.3.3. Assigned Stores including all stores purchased against 
the particular specifications for use in the construction of 
some phase of the project work. Under this come, cement, 
fabricated sections for gates, turbines parts etc. 

3.2.4. Materials· Engineer-Assigned materials sub-section. This 
is a parallel position to the Scaling Engineer but where the Scaling 
Engineer is concerned with spare parts and general hardware, the 
Materials Engineer is concerned with bills of material for particular 
work as determined from design specifications furnished by the Offic<> 
Engineer. 

3. 3. City Manager 

This officer is responsible for the management and facilities of 
the construction town. If rents are to be collected or any fees are 
charged for amenities the billing is done through his office although 
payments are made to the Cashier who works for the Finance Officer. 

3. 4. Security Officer 

Security Section. He is the head of the Security Section and as 
such is responsible for the security of the project including public 
relation functions and physical security as regards theft or pilferage. 

3.4.1. Public Relations Officer.-He is the head of the Public 
Relations Section. He is responsible to see that articles for 
publication stemming from the personnel of the project are suitable. 
If radio broadcasts or movie pictures are to be made concerning the 
project he will guide the making of the broadcast or the film. 

3.4.2. Captain of the Guards-He is in charge of and responsible 
for the guide and guard force. 

4. Construction Engineer 

This man is in complete charge of construction on the project 
and is responsible directly to the Project Manager. He should be a 
well qualified engineer with manifold experience of project construc­
tion. 
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4.1. Equipment Specialist 

This man is the head of the equipment unit and is responsible 
for ail tools and plant used on construction from the standpoint of 
acc~untability. All requisitions for general hardware and spare parts, 
that originate from the Construction Directorate, are reviewed in his 
office before going to the Scaling Engineer, Material Engineer or the 
Procurement Officer. He is to inspect and insist on proper main­
tenance of all equipment, tools and plant in the Construction Direc­
torate. The following sub-units are responsible to him: 

4.1.1. CiviL and Structural Tool Room-All tools and plant are 
kept, maintained and issued for <j.aily use and are returned at the 
end of the period used. 

4.1.2. E. & M. Tool Room-All tools and plant for the E. & M. 
Section are kept, maintained and issued for daily use and returned 
at the end of the period used. 

4.1.3. E. & M. Workshops Tool Room-All tools and plant for 
the Workshops are kept, maintained and issued for daily use. 

4. 2. Chief Engineer, Civil and Structural Section 

This man is a qualified Civil Engineer and is directly responsi­
ble to the Construction Engineer for all civil engineering and ins­
pection done locally on the project. The following sections are res­
ponsible to him : 

4.2.1. Civil and Structural Field Engineer-This man is a quali­
fied Civil Engineer and is responsible directly to the Chief Engineer, 
C. & S. Section. The following units are .responsible to him: 

4.2.1.1. SURVEY UNIT-As the name implies, this unit is to make 
all local surveys in connection with the temporary construc­
tion facilities. 

42.1.2. LOCATION AND CONTROL UNIT-This is a survey section 
which makes all surveys in connection with the basic design 
for the project including embankment measurements etc. 

4.2.2. CiviL Structural Field Inspection-The head of this sub­
section is a qualified Civil Epgineer and is responsible to the Chief 
Engineer, C. & S. He· is in charge of all C. & S. inspections. The 
following units are directed by him : 

26 

4.2.2.1. Concrete Control including Concrete Laboratory Unit. 

4.2.2.2. Earthwork Control Unit including Earthwork involved 
in the Dam Construction. 

XOTE.-The above two units arc generally hcadquarrcnd to ~~clhcr and the same 
lahoratGry faciliti~ arc available to bo1h. 
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4.2.2.3. STRUCTURAL INSPECTION UNIT-As the name implies, this 
man is responsible for the inspection of all structures, i.e., 
reinforcement of steel, painting, etc. 

4.2.3. Construction Superintendent and C. & S. Force-This 
man is not necessarily a qualified engineer but a man with large 
practical experience in concrete structural works on the projects. 
He is in charge of all C. & S. labour force and is directly responsible 
to the Chief Engineer, C. & S. Section. The following units fall under 
his control : 

4.2.3.1. General Foreman, Carpenters. 

4.2.3.2. General Foreman, Diamond Drilling. 

4 2.3.3. General Foreman, Painters. 

4.2.3.4. General Foreman, Concrete, including. 

4.2.3.4.1. Aggregate plant and quarries ; 
4.2.3.4.2. Mixing Plant ; 

4.2.3.4.3. Placing of concrete ; and 

4.2.3.4.4. Grouting. 

4. 3. Officer Engineer 

This man is directly responsible to the Construction Engineer. 
He has mixed staff of engineers including Civil, Electrical and Mecha­
nical and a number of draftsmen. It is his responsibility to take 
the basic design furnished for the project and furnish detail blue­
prints to the C. & S. Section and E. & M. Section. All local designs 
are done in this office. Lists for materials necessary to complete 
structures and/ or any operations of project work are made up in 
this office and sent to the Materials Engineer for his action. 

4.4. Chief Engineer, E. & M. Section 

This man is a qualified E. & M. Engineer and is responsible 
directly to the Construction Engineer. He is in charge of ali field 
E. & M. engineering and inspections. The following sub-sections and 
units are under his control : 

4.4.1. E. & M. Field Inspection-This is headed by the Chief Ins­
pector, E. & M. He is a qualified E. & M. Engineer and is in 
charge of all field engineering and inspection so far as E. & M. ins­
tallations are concerned. 

4.4.1.1. ELECTRICAL INSPECTION-The personnel of this unit do the 
inspection of all the electrical installations and make the 
progress reports. It is their responsibili!y to see that all 
electrical installations are in accordance with the basic 
designs furnished by the Office Engineer. 
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4.4.1.2. MECHANICAL INSPECTION--The personnel of this unit do the 
inspection of all the mechanical installations and make the 
progress reports. It is their responsibility to see that all the 
mechanical installations are in accordance with the basic 
designs furnished by the Office Engineer. 

4.4.2.1. ELECTRICAL ENGINEERING-This unit is headed by a qua­
lified Electrical Engineer. His duties are to check the elec­
trical installations and re-design, when necessary. 

4.4.2.2. MECHANICAL ENGINEERING-This .unit is headed by a qua­
lified Mechanical Engineer and his duties are to check the 
mechanical installations and re-design, when necessary. 

4.4.3. 1\Iaster Mechanic-This man is in charge of all E. & M. 
installatioru;. Force Account and labour and is not necessarily a 
qualified engineer but is a man of manifold experience in handling 
labour for E. & M. construction work. He is directly responsible to 
the Chief Engineer, E. & M. Section. The following sub-sections fall 
under his control. 
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4.4.3.1. General Foreman, Pipe and Pumping. 

4.4.3.2. General Foreman, Workshops. 

The following five workshops are under him: 

4.4.3.2.1. Mechanical Workshop. 

4.4.3.2.2. Welding Workshop. 

4.4.3.2.3. Blacksmith Workshop. 

4.4.3.2.4. Sheetmetal Workshop. 

4.4.3.2.5. Foundry Workshop. 

4.4.3.3. GENERAL FOREMAN, MATERIALS HANDLING.-This man is 
responsible to the Master Mechanic and the following units 
fall under his direction: 

4.4.3.3.1. Truck Drivers. 

4.4.3.3.2. Riggers-reinforcing steel-structural steel. 

4.4.3.3.3. Sandblasting-labour. 

4.4.3.3.4. Crane Operators. 

4.4.3.4. GENERAL FOREMAN ELECTRICAL-The following units fall 
under his direction : 

4.4.3.4.1. Temporary construction and maintenance. 

4.4.3.4.2. Control Wiring. 

4.4.3.4.3. Cable and conduit. 
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4.4.3.5. GENERAL FOREMAN, ELECTRICAL, HIGH VOLTAGE-This man 
is responsible to the Master Mechanic and the following 
units are under him: 

4.4.3.5.1. Temporary construction. 

4.4.3.5.2. Line and Switchyard construction. 

4.4.3.5.3. Breaker and transformer erection. 

4.4.3.6. GENERAL FORMAN, AUTOMOTIVE AND HEAVY EQUIPMENT­
This man is directly under the Master Mechanic and the 
following units work under him: 

4.4.3.6.1. Automotive shop. 

4.4.3.6.2. Heavy-equipment shop. 

4.4.3.6.3. Field repair crews. 

4.4.3.6.4. Operators-shovels, tractors and earth-movers. 

4.4.3.6.5. Lubrications. 

4.4.3.6.6. Body and Fender shop. 

3.16. CODIFYING OF FUNCTIONS 

As mentioned before, the organisation is similar one used by the 
Bureau of Reclamation in the U.S.A. It should be understood that 
all routine procedures and forms to be used by the different sec­
tions are codified in the Bureau of Reclamation Manual. All deci­
sions are made in compliance with the Manual, but they are made 
by the officer concerned on the project. In other words. the Manual 
is given as guide, but project officers are responsible to the Project 
Manager who in turn is responsible to the Government for adher­
ence to the Manual. 

3.17. CoDIFICATION NECESSARY IN INDIA 

The lack of codification of procedures and forms is the greatest 
difficulty in project organisation and administration in India. The 
three Directorates recommended by this Committee (Equipment and 
Parts Planning, Personnel and Training and Cost-accounting), if 
established. should have as their primary function the codification of 
procedures, forms and records. This would ultimately bring about 
the assembly of a manual of procedures. 

3.18. FINANCIAL LIMIT OF MECHANISED P.W.D. CHARGi:S 

We feel that although a normal Divisional' charge in P.W.D. 
should be able to handle project works through contracts to the 
extent of about Rs. 40 lakhs per year mechanised departmental work 
should be limited to about 25 lakhs. If more is attempted it will 
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result in inadequate control and higher costs, causing in overall un­
economical performance. We further think that the strength of such 
a Division. should be about 1·5 times the normally accepted stand­
dards for Divisions. 

3.19. PROPER PLACEMENT OF AUTHORITY 

Regarding the mechanised organisations, we felt that inade­
quate attention is paid to a proper ~et-up in most of our projects and 
that the importance of a high standard of control on machines is not 
appreciated. Over half the expenditure on even a modestly mecha­
nised project is through machines. The machines and their supervi­
sing staff are placed as tools in the hands of Civil Engineering 
Officers who do not have adequate knowledge of the technique and 
performance of equipment. We do not advocate independent charge 
to mechanical engineer, since that would create divided responsi­
bility but ·we do believe that the sphere of responsibility of the 
entire mechanised field should be set at as high a level as p·ossible 
in the administration of a project. We feel that the Nanga! and 
Hirakud Organisations have scope of improvement in this direction. 
Even on small projects such as Lower Bhavani or Gangapur, the 
bifurcation of the mechanical engineering is done starwise-in that 
many officers are independently operating under the Executive En­
gineer. An integration of all of them under a Plant Engineer with 
unitary control would be an improvement. 

3.20. DIRECT CONTROL 

Fundamentally, no person should be invested with powers .of 
authority unless he is responsible for production. This leads to direct 
control and reduction of routine. which is very essential for rapid 
progress and low costs. Organisations developed for maintenance do 
not do well on construction work. Unnecessary routine in the hand­
ling of correspondence must be avoided. 

3.21. DECENTRALISATION 0~ POWERS 

It is necessary on the projects that powers should be vested at 
each level so that too much centralisation does not occur. Speed 
in handling project matters is more readily achieved, if decisions are 
made at lower levels. If cases have to be sent to higher officers the 
knowledge of details. may be lacking. Every officer must be vested 
with authority commensurate with the responsibilities entrusted to 
him. The principle has been accepted in the normal P.W.D. accounts. 
where large powers are vested at various stages in the service per~ 
sonnel. It is surprising that in the matter of supply most of the 
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projects have adopted different yardsticks that cause too much cen­
tralisation. Often routine matters are referred to persons who have 
no responsibility for the conduct of the project. A review of the posi­
tion in this respect is overdue. 

3.22. NECESSITY FOR RAPID DECISIONS 

The work on mechanised construction is so fast that unless de­
cisions are made quickly, either the work has to be stopped or car­
ried on wastefully. The importance of making decisions rapidly 
enough not to impede the progress of the project, cannot be over­
emphasised. All important project matters should be dealt with 
under a system of 'priority' which should be properly planned. 

3.23. MODERN FACILITIES 

Speed is the essence of mechanised construction and hence it is 
not adequate to buy the eyuipment if the ancillary services do not 
keep pace with it. Liberal use of telephone between officers down 
to the level of S.D.O.'s and field stations should be 'a must'. Addi­
tional facilities such as calculating machines. Roneo, typewriters and 
ra1·d indexing system should be utilised freely. 

3.24 PHASING OF WoRK 

Rigid adherence to the time phased schedule of work is a great 
necessity on all works but it is more so on jobs executed depart­
mentally through machinery. If delay occurs in one phase, it throws 
other phases of construction out of the gear ; the production falls 
down and the costs mount up. The organisation should, therefore, 
be very alert in planning phases and executing it in such a way 
that the production of all units are synchronised in conjunction. 

3.25. MODIFICATION OF DESIGNS 

With contract jobs there is usually a tendency to stick to the 
official design and expect the contractor to solve the difficulties that 
arise in meeting the requirements of the design. When a job is exe­
cuted departmentally, such an approach may result in great ·waste 
of money. There should be no hesitation to change the design as 
soon as it is realised that with the means available at the project, the 
work cannot be carried out as rapidly and economically as required. 
So long as the main engineering requirements are fulfilled, there 
should be no objection in changing design during the execution of 
the work. 
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3.26. SEPARATION OF DESIGN AND CONSTRUCTION 

Most of the States, we visited, have separate arrangement for 
design. The construction staff should not be taxed with designs or 
the State is liable to lose in quality of both. We recommend that 
with the large amount of projects in the State, it should establish a 
separate Design Directorate. 

3.27 DECISION AS TO MEANS OF EXECUTING PROJECTS 

When a project is designed and estimated it must be decided 
whether it will be executed departmentally or through contracts. 
There is still a common belief that this consideration should not make 
any difference in the execution of a project. This is not correct. The 
details worked out for executing a project through contracts are 
entirely inadequate for doing it departmentally. A lot of arguments 
have been forwarded for and against departmental execution not 
oi:lly in India but even in more mechanised countries like U.K. and 
U.S.A. This report is no place to discuss ~is matter except in as far 
as it effects mechanisation on projects. 
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CHAPTER FOUR 

PERSONNEL 

4.01. NEED FOR PERSONNEL POLICY 

The need for an enlightened personnel policy of the type in 
effect in large modern commercial enterprises made itself evident 
during our visits to various projects. 

The development and advancement of a modern mechanised 
society depends on the co-ordination of three basic types of person­
nel, i.e., pure scientists, engineers and technicians. The lack of any 
one of these will cripple the development of mechanisation. 

The general functions of· the three types are as follows : 

The pure scientists do research and develop theories working 
from the general to the particular or from the particular to the gene­
ral. When a theory is developed, the engineers give it a practical 
application by designing something in which the use of the theory 
is incorporated. The technicians build, operate, and maintain the 
machines that engineers design. 

It must not be thought that these three fields are strictly se­
parate. Sometimes an engineer does practical research, hence the 
term "research engineer"; at times a scientist does soine engineer­
ing as when an inventor constructs a machine incorporating a theory 
he has developed. 

In the U.S.A. it is quite common for technicians to do engineer­
ing as they often suggest changes in design of machines in order 
to make machines better in some way, i.e., more powerful, more 
readily maintained, more durable, or easier to control. 

4.02. PRESENT STATUS IN INDIA 

India has enough scientists and enough graduate engineers, 
.although the engineers do not have the experience necessary for the 
construction of the very large projects that are planned. There is 
a very outstanding Jack of technicians and this is at present a critical 
factor, which holds back the mechanisation of projects and makes 
them unduly costly. 
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4.03. FACETS OF A MODERN PERSONNEl. POLICY 

The establishment of an enlightened personnel policy will do 
much towards alleviating the present difficulties in the mechaniza­
tion of projects. The proper recruitment, training and the main­
tenance of constructive work relationships with personnel are essen­
tial to the economical conduct of the projects. 

4.04. PERSONNEL EVALUATION BY TESTS AND TESTING 

Personnel evaluation by means of tests and testing is a new and 
wide field considered here because of its value in selection and train­
ing of personnel. rhere are several types of tests and methods of test­
ing available and they are applicable at all levels from the executive 
down to the craftsman. 

Two kinds of tests are used in selection of personnel for em­
ployment and for training. The first type tests intelligence and basic 
aptitude or abilities land is particularly valuable in the selection of 
people for training as it saves a large amount of the money wasted 
on training of unfit candidates. The second tests also Jor intelligence; 
but lays more stress on profici~ncy and acquired information:) A 
third type of test is used in the selection of candidates (to train for 
executive positions.' This type evaluates personality, which is more 
important in an executive than either intelligence or proficiency as 
long as the candidate has average or better intelligence and effi­
ciency. Proper selection of tests to use and methods of using them 
are matters for trained psychologists. It is the opinion of this Com­
mittee that this matter needs investigation. We suggest that this 
matter should be pursued by the Directorate of Technical Personnel 
recommended to be opened under C. W. & P. C. A bibliography of 
material applicable is attached (Appendix No. 2.1.). 

4.05. RECRUITING Ol' PERSONNEL 

'The first step in considering recruitment of personnel for a large 
project is to determine the number and qualifications of personnel 
needed. 

The number of personnel and their necessary qualifications can 
be determined from the specifications of the project under consi­
<i.eration and the type of organisation to be set up, see under Chap­
ter Three. 

When the specifications of positions to be filled are known, a 
specific procedur;e for recruitment can be set up and the personnel 
can be recruited. It should be noted here that influence is often exer­
cised to fill these and other positions on projects. This is wrong. 
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The policy in effect on T.V.A. projects in U.S.A. is set out in the 
T.V.A. Act which S~)'S "No political test or qualification shall'be per­
mitted or given consideration, but such appointments and promo­
tions shall be given and made on a basis of merit and efficiency." 

4.06. CORRUPTION IN PERSONNEL SELECTION 

The corruption involved in filling positions with people, who are 
not the best available, is just as indefensible as the taking of bribes, 
The restrictions imposed by the Civil Service Regulations as to 
ratings and seniority often work a hardship in obtaining and retain­
ing properly qualified people ; these regulations should be reviewed 
and reformed, where necessary. 

4.07. RETENTION OF TRAINED PERSONNEL 

Men who have been trained at considerable cost in both time 
and money are sometimes transferred to other work because they 
are due for promotion. From an economic stand-point, this is waste­
ful. Most projects are completed in two to ten years. It would be 
a far more sensible procedure to retain men who are familiar with 
the problems and organisation of a project even though it be neces­
sary to give them higher rates and salaries as "next below rule". 

4.08. CRITERIA FOR SELECTION 

The correct criteria for selection of personnel for positions are 
academic qualifications, experience and merit as determined from 
previous work or school records, and by adequate testing where possi­
ble. 

Although high level positions on major projects are generally 
filled in by the State Governments or Control Boards concerned the 
necessary qualifications for these positions should be carefully work­
ed out, suitable position descriptions developed and scrupulously 
adhered to and the selection made by giving more weight to practi­
cal experience thim academic qualifications and seniority. 

:):'he same procedure should be followed in employing personnel 
for other positions on a project. When a project is planned, the or­
ganisation chart should show the number and levels pf positions 
necessary. The functions of the positions should be determined and 
from this the necessary qualifications will be apparent. Knowing 
the functions and duties of a position ; the position can be classified 
as to qualifications. 

The next step is to post notifications stating that the described 
positions are open for application. When applications are received by 
the personnel officer, they must be carefully evaluated and the best 
candidates employed as per the criteria mentioned. 
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4.09. APPLICATION FORMS 

·A standard application form should be worked out. Copy of 
a Union Public Service Commission blank used in India for Gazetted 
Officers and copies of forms 57 and 58 as used by the United States 
Civil Service Commission are •attached. See Appendix Nos. 2.2. and 
2.3. 

In referring to these forms a co11trast is immediately noted. In 
the Indian form about 40 per .cent of the space is used for academic 
qualifications and testimonials to be furnished by the candidate and 
10 per cent for the experience records. In the U.S. form 57 about 
35 per cent of the space is used for the ~xperience record and about 
10 per cent for academic qualifications. The Indian form requires an 
application fe~ which is not desirable in a form to be used by the 
level of applicant, we have in mind. Consideration of the U.S. forms 
will show that while questions are asked about physique, salary 
desired, education and experience ; no question is asked about family, 
political affiliation, or religion except questions 27, 28 and 29 asking 
about membership in Communist or Fascist Organisations. 

4.1\J. APPLICATIONS OF NoN-LITERATE CANDIDATES 

On the large projects in India, it will be necessary to establish 
employment offices, under the control of the personnel officer, to 
interview candidates for employment since the level of literacy is 
such that many of the people who must be employed are not able 
to make out an adequate application although they may be entirely 
satisfactory for the work they apply for. 

4.11. EVALUATION OF APPLICATIONS 

As mentioned above, the applications when received must be 
carefully evaluated. For some standard classified positions, tests and 
standards for acceptance can be developed and applied.· An example 
of a position is the Stenographer. Tests in typing and shorthand are 
readily available and it is not necessary to depend on references to 
determine a candidate's fitness for employment. In the same man­
ner, tests and standards for acceptance can be evolved for many of 
the positions below the executive or administrative level. 

4.12. TRAINING 

Under this heading, while training personnel at several levels 
and by several methods will be considered, it is more important 
from the standpoint of the Construction Plant and Machinery Com­
mittee to stress training at the levels of the operation and mainten­
ance forces and their supervisors. The lack of trained tJersonnel is 
evident and from the papers presented at the Engineers' Seminar at 

*Not printed. 
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Bhakra, January 5-7, 1954, we are glad to notice that the subject 
is now under active consideration by the Centre and the various' 
administrations. 

4.13. FoRElGN TRAINING 

Training for personnel of various levels is available through the 
Technical Cooperation Mission and through the United Nations Or­
ganisation. A copy of the T.C.M. programme is *enclosed, Appen­
dix No. 2.4. It should be noted that this training. is available to 
technicians as well as engineers. 

4.14. SEMINARS 

The proposed series of Seminars for engineers which started 
with one at Bhakra, is an excellent step in the right direction. This 
is a programme, which will contribute to the training of executives 
and to the exchange of information between projects and as such is 
very valuable.~. 

4.15. LACK OF CO-ORDINATED PROGRAMME 

The projects have made all efforts to train operation and me­
chanical forces and supervisors. The results are at present very dis­
appointing. There are several !"easons for this, the chief one is the 
lack of any planned co-ordination programme for training and the 
lack of any set standards for training.' 

4.16. TRAINING OF OPERATORS AND MECHANICS IN U.S.A. & U.K. 

In both the United Kingdom and the United States the train­
ing of operators and mechanics is ,·largely an "on-the-job" set-up. 
This is necessary since the only place an operator of earth-moving 
equipment can be trained is, where the earth is being moved, pre­
ferably in large quantities. The first step in training an operator in 
the States is to put him on the machine as an oiler (Greaser) with 
an operator. As such he is totally responsible for the lubrication of 
the machine and becomes familiar with its working parts. The theory 
behind this is that the operator is responsible for the care of his 
machine and in order to be responsible, he must be thoroughly 
familiar with its working parts. This necessary familiarity can never 
be acquired as an operator trainee who merely watches in order to 
learn which lever or pedal to push.( In India the projects depend 
too much on the equipment distributors to furnish operators. These 
distributors are not interested enough in training operators pro­
perly. As mentioned above, they merelv teach what lever or pedal 
to activate to make the machine move. 

*Not printed. 
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.The training of mechanics in both the U.K. and U.S.A. is ac­
complished through apprentice programmes. This programme gene­
rally involves four years of both practical and theoretical training 
before an apprentice becomes a journeyman. The apprentice at­
tends school for at least two hours a day to learn the theory behind 
the work he is learning in his practical training. This school is in 
connection with and sometimes a part of the workshops and is con­
ducted by workshops personnel. A planned programme incorporat­
ing these ideas with standards for training could be applied both in 
the case of operators and mechanics and would be of far moJ:e value 
than the present haphazard system. 

4.17. INDIAN ARMY STANDARDS 

The Indian army has worked out a set of standards for opera­
tors, excavators, and earth-movers which set up four classes of opera­
tors. The army gives their recruits considerable training in the 
operation and maintenace of these machines and "if is felt that since 
these are the only standards available worked out for Indian condi­
tions, they are the best to apply at present; See Appendix 2.5. 

4.18. TESTING CANDIDATES FOR TRAINING 

It has been mentioned above that in connection with training of 
any kind it would be wise to apply tests to the candidates in order to 
make sure that they can absorb the training .. As regards both opera­
tors and mechanics, it would be wise to insist that they be either 
diploma holders or graduates with a good knowledge of English in 
order that they can read the parts books and service manuals for the 
machines. The translation of service manuals into Hindi or local 
dialects has been considered but we do __ not.re~oli!_IDend the attempt 
at present, since neither Hindi nor the dialects have terms adequatt> 
to the description or discussion of machinery and adequate under­
standing of instructions would be difficult to obtain. 

4.19. ADEQUATE SUPERVISION OF OPERATORS AND MECHANICS 

As regards supervisors and mechanics, neither in the U.K. nor 
in the U.S.A. is a person ever allowed to supervise operators or 
mechanics if he is not a good craftsman himself. It has been found 
that it does not work since it is impossible for a supervisor to check 
adequately on work which he cannot do himself. 

4.20. STANDARD OF OPERATION IN INDIA 

The standard of operation in the country has to be improved 
from two aspects (i) care in ope_.ration of the ma~hine and (ii) get­
ting tne best production. The average operator lacks the necessary 
background of training to operate his machine to have a minimum 
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of wear and tear. To_remedy this defect we suggest that one or two 
Training Centres should be opened in the country. There are over 
4,000 operators of heavy equipment on the River Valley Projects. If 
half of them take advantage of the Training Centre there will be a 
substantial improvement on the projects. .States cannot afford high­
grade training schools and hence the Central Government should 
take over this work. The necessity of having trained and certified 
operators has long been recognised by Railways. Even for minor 
equipment such as lorries, a driver's licence is necessary. It should 
be more necessary to require a certificate for a costly piece of equip­
ment which in some cases costs as much as a locomotive. 

4.21. C. W. & P. C. TRAINING ScHEME 

C. W. & P. C. has worked out a scheme for training operators and 
we recommended its early implementation. We, however, suggest 
the following improvements : 

(a) The basic standard of elementary education and initial 
practical training for recruitment should be fixed so that the opera­
tors can assimilate the higher training in operation and mainten­
ance. 

(b) The pay scales should be made more attractive and be more 
or less uniform in all the States to increase the chances of equal dis­
tribution of good operators on all projects. 

(c) The recruitment to the Training Centre should be from two 
sources-(i) direct recruits (ii) from the operators working on the 
project for advance training. 

(d) For grading the trainees, technical examinations should be 
held and certificates issued under the authority of the Government 
of India. The pay scales should bP. correlated to the grades. 

(e) The Indian firms representing standardised equipment 
should be associated with the Training Centre and their resources 
should be utilised in a suitable manner. 

(f) Facilities should be offered to the operators on far off pro­
jects, to appear for examination· at the Project Headquarters, under 
the ncrmal regulations of Departmental Examinations. 

(g) Periodical physical examinations should be given to deter­
mine the physical fitness of the operator for his work. 

Suitable minimum standards should be set. 

The setting up. of a school at the Centre for the training of opera­
tors and mechanics is a responsibility which must not be assumed 
lightly. This will take much time and cost a large amount of money 
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As has been pointed out, it takes at least three or four years to make 
a journeyman operator or mechanic. To waste money on a school 
with inadequate teaching personnel and ·facilities would be worse ' 
than useless. 

4.22. SERVICE RECORDS OF OPERATORS 

Projects should maintain service books of every operator 
whlch should record, amongst other essential data, information re­
garding his operational knowledge and experience. Supervisory staff 
of operation teams should also be trained on similar lines to achieve 
satisfact~ry standards of petiormance and use of machinery statistics. 
A central record of quality operators and technicians should be 
maintained by the Directorate of Technical Manpower suggested by 

' -us to be opened under C. W. & P. C.' 

4.23. IMPROVEMENT OF MAINTENANCE 

Maintenance standards on our projects are even poorer than the 
operational standards. More care and effort is necessary to create a 
team of technicians who are good at "trouble shooting" and who 
can overhaul machines satisfactorily. The- Central" Training Centre 
will not be able to do much in this respect as it cannot have access 
to all types of equipment at various stages of repair. This training 
can best be iJ11_parted by running specia} schools under the guidance 
of the technical staff of the standardised equipment. This should be 
a part of the obligation on their part. The lo_cation of the school will 
have to be decided with due regard to the proximity of the pro­
jects sending the candidates, the facilities as to the availability of the 
specialised tools, hostel and · class room facilities and above all 
machines of different types at different stages of wear and repairs. 
Use of the workshops of the firms representing standardised equip­
ment is one alternative ; use of the facilities of the larger projects 
is another. 

Some of our projects have developed certain aspects of main­
tenance and repairs to a good ,standard. Projects staff at and above 
the level of Mechanical Overseer should be encouraged to receive 
training at different project shops £or one to three months. 

4.24. MAINTENANCE OF CONSTRUCTIVE WORK RELATIONSHIP 

Maintenanc.e of Constructive Work Relationship is a broad field 
which is receiving more and more attention in both the United 
Kingdom and the United States. :The basic theory involved is that 
there are far better ways to motivate workers than fear or force. It is 
necessary for a worker to feel important, to feel that he holds an 
important place in the organisation, that the work he does is impor­
tant. Wages are an important consideration but modern research 
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as conducted by the American Management Association indicates 
that they are not the most important. The following ten points are 
taken from "The Supervisors Management Guide" published by ;;he 
American Management Association. 

The ten basic principles of s~mnd Human Relations are : 

(1) All of us resent domination-this is particularly important 
in collective bargaining. 

(2) We all enjoy a good fight-obviously true and a . very im­
portant point to consider in labour management relations 

(3) We are more likely to agree with those we like personally 
-the better we know and understand people, the less chance 
of disagreement. 

(4) We are inherent sentimentalists-our home is the most 
pleasant--our car is the best make. When it is possible to 
build this sentiment to where the worker says our job is 
the best job, something very real has been accomplished. 

(5) We all want to feel important. Recognition and treatment 
are as important to an individual as financial advantage in 
most cases. 

(6) We all want to be "in the know"-witness how rapidly 
rumours and gossip travel. This point goes hand in hand 
with number 5 and is very important. 

(7) We like to win out over obstacles-everyone values the things 
he has to work hard for, things that are obtained easily have 
value only in proportion to the effort expended to get them. 

(8) We are all different-no two people have exactly the same 
capacities or potential. It requires individual treatment to 
bring out the best in any one. 

(9) We must recognise the inevitability of gradualness. It is diffi­
cult to get people to change. It was 600 years before men 
were willing to admit there was any other way to take off 
a shirt than by pulling it over one's head. 

(10) We all want all we can get-this is a critical point. When 
working people do feel that they are riot being paid a satis­
factory wage they become unreasonable to deal with and 
uninterested in their work. 

A sound modern programme based on the above ten points 
would be of inestimable value to India. This programme would re­
quire the training of supervisors at all levels in order to be effective 
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4.25. MOTIVATION OF EMPLOYEES 

, Motivation of Employees is the most important problem con­
fronting the projects at the present time."\ To this end incentive wage 
scales should be considered. Some interesting results were achieved 
at Gangapur Dam in Bombay State. At this project the operation and 
maintenance forces were paid a daily wage instead of monthly as is 
customary elsewhere in India. The workers receive no pay for days 
not worked. This solved the holiday problem. A committee was select­
ed by the workers to decide what holidays to work. It was found 
that when the Committee decided not to work on a holiday they re­
commended working on the preceding or following Sunday to make 
up for the wage lost on holiday. Basic normal production and 
machine sickness were worked out and additional pay was given for 
exceeding these figures. It was found that 0.4% of additional expen­
diture brought a 20% increase in production. 

4.26. PAYMENT BY THE HoLIDAY 

Payment by the Holidays is suggested as an answer to the pro­
duction loss caused by the numerous holidays in India. Where this 
is not permitted because of existing regulations, Jt is recommended 
that steps be taken to reform the regulations to allow the payment 
of hourly or daily wages. This need not affect leave, as appropriate 
leave schedules can be set up on the basis of the days worked. as is 
customary under the Factory Act. 

4.27. CONTINUITY OF WoRK 

Continuity of the services of technicians is a natural corollary 
to long range training plans. States should plan their mechanised 
construction programmes with a positive continuity from job to job 
L'l such a wa:Y that the next job is started by the time the first nears 
completion. ·Unless this is done, every project will have to start from 
scratch with the consequent wasteful expenditure inevitable in a new 
set-up. : 

4.28. GRATUITY AND CoNTRIBUTIVE PROVIDENT FUND 

To create the requisite inducement for the staff to stick to the 
job, some scheme for gratuity and contributive provident fund should 
be worked out to even cover the work-charged establishment: 

4.29. Tm: INCENTIVE WAGE 

The Incentive Wage should be accepted as a basis of wage struc­
ture. With the low sense of responsibility which prevails in the 
lower grades of service, a direct correlation must be attained bet­
ween extra production and an incentive wage. The payment of in­
centive wage should be in addition to the basic salary. It should 
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be based on individual performance for operators and collective per­
formance for maintenance and service teams. It is suggested that basic 
production for operators should be fixed at 60% of the best perfor­
mance calibrated by stop watch study ; and the extra production 
should be priced in such a way that good operators can get up to 
30% extra wage by increased care and efforts. The incentive wage 
for field maintenance and servicing teams of certain group of ma­
chines should be based on the minimum standards of sickness. Each 
project will have its own average percentage of ·sickness, depending 
upon tbe availability of particular spare parts, specialised workshop 
equipment and the standard of technical skill available on the pro­
ject. The avelage number of sick machine varies at present from 
25% to 50%. ,The percentage improvement in the number of sick 
machines to the total strength of machines on the project should 
be correlated to the extra wage for the Major Repair team 

All staff below the rank of Gazetted Officers should be made 
equally eligible to earn the extra wage. This will help to deve.op 
the necessary morale. 

4.30. FOREIGN PERSONNEL 

Some mention should be made here of the use of foreign techni­
cal personnel in India. Most of these !'eople a~·e used as advisers 
only, and theoretically at least, have no responsibility for the com­
pletion of work. Phis is a situation in which the heavy expenditure 
on their salaries is only partially utilised and they find it difficult 
to adjust themselves, since most of them are people used to autho­
rity and commensurate responsibility~ At present they are working 
at approximately 30% efficiency due to lack of authority and a sort 
of general frustration brought about by trying to work in conditions 
with which they are not familiar. A. recommended solution for this 
situation would be to clarify their exact responsibility ; either make 
them responsible for the completion of items of work they are con­
cerned with or responsible for training of people to do the 
work. In the latter case they would have to have enough authority 
to ensure that methods they recommend, be followed. 

4.31. PAY SCALES 

Analysis of present scales on the projects reveals that, in com­
parison with responsibility which people are asked to assume, pay 
for their positions is too low"\ Even though scales are fixed for some 
of the cadres, suitable allowances and amenities should be given to 
the staff when they are asked to shoulder additional responsibilities 
such as cost control or multi-shift work. Operators, mechanics and 
their supervisors are poorly paid when the value of the equipment 
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entrusted to them is considered, Appendix 2.6 gives a summary of 
the pay scales prevalent on our 'projects and those granted by the 
firms representing earth-moving equipment in India.\ Our recom­
mendations are listed in the last column. We realise that these scales 
w1H · be considered high by-- those ~ho will judge them from the 
standard of technicians we now have on the projects, 'Jmt we have­
borne in mind "what we want to have rather than what we have". 
Vnless the scales are improved the projects will not draw techni­
cians of adequate basic qualifications. The higher range in the scales 
need not be given except to the best technicians but they must be 
open to anybody who can work up to them.' 



CHAPTER FIVE 

OPERATION AND MAINTENANCE 

5.01. FACTORS AFFECTING OPERATIONAL CosTS 

The factors affecting· operation and their costs are many and 
varied and require adjustment to meet each individual situation. 

(1) Equipment and Plant Planning-

(a) Underpowered equipment not suited in capacity, giving rise 
to extended time cycles, lower capacity per haul, less pro­
duction and larger amounts of repair occasioned by exces­
sive breakdowns. 

(b) Over-loaded equipment increases maintenance and pre­
mature overhauls are required. 

The subject of proper plant planning is dealt with in· Chapter 
Two. 

(2) N eg!ect of proper maintenance resulting in early destruction 
of equipments. 

(3) Poor conduct of the job in hand. 

( 4) Incompleteiy trained, inadequately supervised operators, 
who seriously damage equipment. 

(5) Inadequate parts and service. 

The importance of this aspect is dealt with in Chapter Seven 
in detail. 

5.02. OPERATIONAL STANDARDS 

Operation of earth-movers is a highly skilled job. An intensive 
training must be undertaken before an operator be allowed to 
operate in the field. The skill and correct practice of the operator is 
more important to maximum continuous output than any inanimate 
component of the machine, and this fact should influence the selec­
tion, training and allocation of the labour concerned. The value of 
earth-moving equipment ·in relation to operator's salary gives a 
guide as to how important this training should be, 

' 
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No operator should be allowed to take over a machine until he 
has furnished evidence of his knowledge of: 

(1) the purpose and capacities of the machine. 

(2) the co-ordination of controls, 

(3) the output/time factors and the different settings to achieve 
them, 

( 4) the ability to sense faults developing, and 

(5) the machine service and maintenance. 

Further it should be essential that the officer or supervisor in 
eharge of any field section should be capable of operating each and 
-every type of equipment under his control. If he cannot, it means 
that, he must rely on the operator's word with relation to mechanical 
faults and cannot verify for himself the position of his equipment. 
The skill of the operators and the rapid fault finding and rectifying 
by the maintenance team are the two greatest controlling factors on 
any field operation. 

We have discussed training of operators and the supervisory 
staff vide Chapter Four. 

5.03. CONDITIONS AFFECTING PERFORMANCE 

The conditions affecting operation and output are as follows : 

{1) Quality and distance of haul road governing haul speeds. 

(2) Acceleration. breaking and gear shifting caused by unneces-
sary grades, corners etc., from borrow pit to dropping area. 

(3) Altitude, season, time of day. 

( 4) Service availability. 

(5) Type of loading. 

(6) Material being hauled. 

(7) Dropping areas. 

5.04. IMPORTANCE OF HAUL ROADS 

Main haul roads should be given constant attention for it is on 
these highways that maximum haul speeds are attained. The perfec­
tion would be a haul.road without bends or grades from borrow pit 
to dropping area. Gradual curves and small grades only slightly de­
crease speed of hauling. Borrow pits should be planned with this 
idea in view. The haul roads must be of a sufficient width to allow 
free passing of vehicles without any decrease in speed or any danger 
of collision, if separate return roads are not incorporated. They 
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should be cambered and ditched correctly, constantly bladed and 
damped to obviate dust menace. They must be well-lighted for night 
operation. 

5.05. LoADING FROM BoRRow AREAs 

Borrow pits must be easily accessible and well graded out. 
Loader borrow pits should be of a large area. Increased output can 
be achieved from a circular borrow pit. Lighting facilities play a 
major part in night operations. "Tower lighting", mounted on skids 
for ease of positioning, is an advantage. 

The loader should carry sufficient lights with an observation 
point, or crows nest, mounted on the elevator frame for night load­

! ing. By this means rated loads can be .achieved without the loader 
1 operator's loss of concentration. 

Shovel operation should be planned in such a way as to have 
easy access to borrow area and transporters with a minimum swing 
cycle. The borrow area must be constantly levelled by grader or 
bulldozer, The borrow face should be sufficiently high to give a full 
bucket load without a repeated digging. 

Scraper operation can be speeded up by : 

(1) Down hill loading. 

(2) Straddle loading. 

(3) Chain loading. 

( 4) Staggered or shuttle loading. 
On large borrow· areas for scrapers, chain loading is the more 

satisfactory, for it decreases the distance which the pusher tractor 
has to travel between each loading. A well drained borrow area is 
essential for scraper operation.) 

5.06. DROPPING AND CoMPACTING 

Dropping areas should be sufficiently large and planned in such 
a way that the equipment can roll in and drop at speed. Bottom 
dumpers, hydraulically operated are able to windrow to a depth of 
one foot and levelling can be accomplished by a grader or bulldozer 
before compaction. Dropping areas worked on a grid system are a 
distinct advantage. Back fill operations present a different problem, 
but should be laid out in such a way that the equipment turning 
circle lends itself to a quick cycle. Campaction should be achieved 
by "g!lng" rolling, that is, by a large crawler tractor pulling multiple 
rollers. rh" benefits of this are: 

(i) a large area compacted by one series of rollers, and 

(ii) less number of compaction "turns" required for any on~< area. 

47 



REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITTEE 

Correct moisturr> content may be achieved by fixed standpoints 
with hose attachments, but this does not lend itself to rpeed. Water 
tankers with pressure sprinklers should be employed. Each operation 
should be planned in such a way that the "fill" rises uniformly in dis­
tinct but small lifts. 

Equipment should not be forced to run over windrows to drop 
their loads, nor should it be forced to run over rough uncompacted 
material ; this decreases operational speeds and causes unnecessary 
breakdowns, besides giving uneven compaction. 

5.07. PERSONAL REQUIREME!\'TS FOR INcREASING EFFICIENCY 

The deciding factor in efficient operation is the human element. 
Operator comfort, ease of control, visibility, safety of operation, all 
have a direct bearing on the performance of a machine. The opertors 
of large earth-moving eqp.ipmen t, esnecially the "open-to-the­
elements" type of equipment, should be given every aid by the pro­
ject authorities to operate as comfortably as possible. 

Constant dust menace causes many unnecessary accidents and 
much hardship to the operators. It seems only reasonable that gog­
gles should be issued to the operators. 

Clothing of proper type and design should be issued without 
charge to operators as a safeguard against accidents and protection 
against the elements. 

During the summer months loader operators and their tractor 
drivers ~hould be protected by a sun-blind. These aids have a direct 
bearing on increased efficiency. 

Mention here must also be made of the advisability of issuing to 
the various field and workshop sections, detergents for use of per­
sonnel handling oils and fuels as a safeguard against dermatitis. 

5.08. IMPORTANCE OF MAINTENANCE 

The importance of preventive maintenance cannot be stressed 
adequately. A complete and thorough system of preventive main­
tenance must be established and vigorously prosecuted. The pur­
pose of this maintenance is two-fold, (a) as far as possible, to pre­
vent mechanical breakdown, (b) in any case of breakdown, to put 
the machine back into service as quickly as possible. 

Machine breakdowns are due usually to one or more of the 
following causes : 

(i) Incorrect operation. 

( ii) Irregular or inadequate service. 
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(iii) Lack of attention to adjustments. 

(iv) Failure to effect minor repairs or replacement of parts when 
the need first arises. 

( v) Lack of any regular mechanical inspection. 

The effectiveness of any maintenance programme is dependent 
on the technical qualifications and ability of the supervision staff 
with particular reference to the type of equipment being maintained. 

To this must be added the proper tools and special equipment 
available to the maintenance team. 

We noticed that the standard of maintenance on the River Valley 
Projects in general is even poorer than the standard of operation. 
We have discussed training of maintenance personnel vide Chapter 
Fo\lr. 

Every type of equipment has a maintenance schedule furnished 
by the manufacturer and this should be r:igidly adhered to. The only 
deviation desirable, is that for equipment carrying dissimilar engines, 
the serving periods should be brought into line so that oil changes 
etc., are synchronised. The Log Books must incorporate detailed 
instructions for periodical maintenance. 

5.09. PERIODICAL INSPECTION 

If machines are given periodical mechanical inspections, it is 
possible to avoid many of the initial causes of ultimate major break­
down. The frequency of these inspections depends upon the class of 
operation and quality of the maintenance teams. 

The inspection should _C()v~r : 

(a) a thorough scrutiny for obvious defects, 

(b) checking the amount of wear on common wearing parts and 
the amount of adjustment left on adjustable parts, with the 
object of ensuring the availability of replacements, before 
the machine efficiency suffers for the want of them, 

(c) replacement of parts as in (b), 
(d) checking for tightness of all securing devices which are 

difficult of access, 

(e) effecting minor repairs, 

(f) checking tyres, wire ropes, batteries, etc., and 

(g) checking points peculiar to that type of equipment being 
worked on. 
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5.10. METHODS OF MAINTENANCE 

The two methods of field maintenance are: 

(1) The equipment is taken to a Central Maintenance Depot. 

(2) Maintenance is taken to the equipment by means of a mobile 
servicing unit. 

The :l.rst method is employed successfully where relatively small 
distances are involved and on smaller· projects. When borrow areas 
are widely dispersed, or where the fill is spread over a wide area, 
it is essential that maintenance be brought to the machine. 

The first method is followed at Gangapur with but one differ­
ence ; all servicing and maintenance is carried out during the closed 
operational period, i.e., from 10 P.M. to 5 A.M. This saves operational 
time. It must be pointed out that this method must be very strictly 
supervised to achieve daytime efficiency. The sevicing and main­
tenance teams are granted an additional 20% pay for working the 
midnight shift. 

Hirakud have compromised the two methods by setting up a 
Service Station on the main haul road midway between borrow area 
and dam site. This method breaks down in efficiency when basic 
machines (e.g., Euclid Loaders) are brought from the borrow area 
to the Service Station between shifts for maintenance. The time lost 
in returning to service and the inherent habit of the loader opera­
tors to finish a shift early may result in as great a loss as 15% of total 
available operating time. · 

It is essential that basic machines are serviced and maintained 
by servicing trailers on projects. They can be serviced during the 
recess hours, change shift hours or after working hours to avoid idle 
time of equipment." 

The second method of servicing the equipments is considered 
the more efficient and more economical. Many hours of operation can 
be gained from a highly specialised maintenance team servicing the 
~quipment on site, because the equipments are fed back directly to 
the work. The mobile servicing truck should not take more than 10 
minut!!S to completely service an equipment. However, such stand­
ards are difficult to attain without adequate supervision and stream­
lining of servicing operations. 

5.11. PLANT REQUIREMENTS FOR SERVICING AND MAINTENANCE 

The strentgh of the servicing team will depend on the type of 
servicing trailer being used and its capacity, i.e., how many indivi­
dual operations may be carried out from the trailer at the same time. 
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There are available today efficient mobile lubrication units at com­
petitive prices suitable for all field servicing. (The more familiar and 
better makes are Tecalemit and Alemite: 

1\. mobile field workshop truck With a small lathe and a pillar 
drill, with gas and electric welding plant, heavy lifting tackle and 
carrying a full range of fitters' tools should be made available for 
field repairs. This leads to machine efficiency for it is obviously the 
quickest means of effecting repairs. The Calcutta Le Tourneau agents 
have developed a highly successful maintenance truck at a very at­
tractive cost which is suitable for all field operations in India. 

On an average, a provision of 5%-10% over the cost of fuels 
and lubricants should cover the cost of the servicing team and their 
vehicles. The range of percentage being dependant on the number 
of the equipments being serviced. The larger the project, the lower 
the percentage rate. 

arP-: 

5.12. FIELD REPAIR SHOP 

The minimum requirements for a static field maintenance depot 

(a) Covered workshop floor space preferably concrete with light 
and power; 

(b) fittings shop equipment i.e., benches, vices cupboards, racks, 
portable ·electric drills, grinders, jacks, crowbars and a com­
prehensive range of special tools for the types of equipment 
in use; 

(c) lifting tackle, gantry type or mobile crane· of large capacity ; 

(d) portable electric welding equipment ; 

(e) oxy-acetylene cutting, welding and brazing plant and forge; 

(j) field stores which include satisfactory tool stores. 

5.13. FAST MoVING SUPPLIES 

Maintenance section should carry an adequate supply of all fast 
moving and expandable spare parts, if the stores issue procedure is 
such as may cause delay ; no machine should normally wait for more 
than half an hour to get the spare part, if it is available in the pro­
ject stores. 

5.14. SERVICING TIMEs 

In all matters of servicing it is better for equipment to have 
fixed days instead of fixed hours. Date and time can be painted 
on the equipment to avoid confusion. 
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5.15. MAINTENANCE "SET-UP" 

The set-up of various maintenance teams required on a job will 
depend upon many factors. However, we suggest that it· should "in­
corporate an organisation to look after the following types of services: 

Central \V ok;hops 

I 
i 

Preventive inspection 

J\faintenance 

I 
,---------A-

1 
Field Servicing 

I 
,-------"-----, 
I I 

Fuels & Lubricants Tyres 

5.16. CONTROL OF lNSPECTlON 

I 
Field Repairs 

The importance of preventive inspective maintenance has been 
stressed earlier and does not need a repetition: The team should 
carry out periodical inspections of each piece of equipment and 
either set right the defects, (if they are of small magnitude) or 
bring them to the nctice of the Field Repairs Section for rectifica­
tion as early as possible. 

We have suggested that control of this team should be with the 
Central Workshop under the Inspection Branch, so that an indepen­
dent and unbiased check is exercised on equipment. 

The forms required for such periodical inspection will depend 
upon the type and make of the equipment and will thus be special 
to each sub-group of equipment. We have listed in Appendix 4, a 
few typical forms. 

5.17. CONTROL OF SERVICING TEAM 

The field servicing and field repair teams should operate under 
the Chief Maintenance executive. The servicing teams should be 
split up in at least two parts ; one for fuels and lubricants and the 
other for tyres, tubes and loader belts etc. The forms cf various re­
ports are given in Appendix 4. 

5.18. CARE OF TYRES 

Tyres should at all times be the subject of special attention. It 
IS not sufficient to maintain the haul roads satisfactorily so that 
tyres do not get damaged by rock or in other ways. Tyres must be 
inflated to their correct pressure. They must never be "bled" during 
the heat of the day. They must be switched from free rolling to 
driving wheels periodically to give longer life. They must not con­
tact grease or oil. If an equipment is standing for lengthy periods 
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it should be "blocked up" and the tyres covered or it should be 
moved forward periodically to avoid "set" in the tyre. Further if 
"recapping" of the tyres is being undertaken on the project, or by 
tyre agents in India, a full inspection must be done periodically 
to ensure that the tyre does not wear past its reconditionable limits. 
The forms for maintaining tyre records are given in Appendix 4.5. 

5.19. CLEANLINESS, AN AID TO EFFICIENCY ••. 

One important item in efficient· maintenance and field repairs 
is cleanliness. Equipments, fueling points, maintenance and mobile 
lubricating trailers should be kept as clean as possible. Tidiness and 
cleanliness always lead to efficiency. Nowhere does cleanliness 
afford a greater saving than in dispensing, storing and handling fuels 
and lubricants 

5.20. STORAGE AND DISPENSING 

Storage should be affected in two or more large capacity fuel 
tanks. While dispen~ing takes place from one, sedimentation takes 
place in the others. (These tanks should always be used in rotation 
so that the fuel can settle for at least 96 hours. From the large tanks 
the fuel should pass through a battery of filters to a smaller tank, 
from the smaller tank through a large capacity Vokes filter to the me­
tering pump (which also has a filter) and from thence to the equip­
ment tank by overhead fuel lines. This ensures a completely clean 
and accurately recorded fuel supply 

5.21. MisUSE OF OILS AND LUBRICANTS 

Too much confusion exists on the majority of projects with 
regard to the manufacturers' grades of oils which correspond. The 
practice of procuring oils and greases from a number of manufac­
turers leads to mistakes,) On one project visited it was observed that 
including all types, 5~ different grades of oii were in use. Series II 
oils recommended by certain equipment manufacturers had been 
displaced in some instances by straight. mineral oils, and in other 
cases by a mixture of various brands. (!'his points out the obvious ; 
that project should only have Qne suppli~r. at the most two and that 
all times the equipment manufacturers recommendations should be 
rigidly adlrered to. 

The avoidance of servicing erros may be achieved by the very 
simple solution of painting the grease nipples and the oil caps to 
correspond with the colour scheme on the various oil barrels. 

Reference must also be made to the practice of utilising inferior 
grades of oil in hydraulic systems. If a manufacturer's rerommenda­
tion falls in a certain range of oils, for example, a Shell Tellus 27 
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falling in the S.A.E. 10 range, it does not follow that any S.A.E. 10 
oil can be used., Hydraulic oil should contain anti-foam and anti­
oxidisation additives. 

Manufacturers recommend oils which are guaranteed to do the 
job required. It must be assumed that they know best and their 
advice should be followed. 

5.22. DlVISION OF MAINTENANCE PERSONNEL 

The strength required for the fiEild repairs will depend upon the 
population of the equipment and the efficiency of operation. It is a 
good plan to sub-divide the work into various teams each attend­
ing to one type of duty. Due to the low standard of individual effi­
ciency in India at present all round skill cannot be expected from 
the low paid Techincal staff. 

The maintenance personnel may, for example, be sub-divided 
into the following teams: 

(i) Electrical. 
(ii) Wire Ropes and Blades. 
(iii) P.C.U. 
(iv) Crawler Tracks. 
(v) Clutch Adjustment and Repairs. 

(vi) Engine and Transmission. 

The number of such teams will depend upon the organisation, 
but it is desirable to have as few items as possible under one team, 
since specialisation is the target. 

On jobs having more than 12 machines in a type we recommend 
the follownig teams : 

Equipmmt 

TRACTORS 

SCRAPERS 

DU!'.!PERS 

EXCAVATORS 

LOADERS 

CO!'.!PRESSORS 
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El. 

YES 

YES 

YES 

YES 

YES 

YES 

1hintcnancc T cams 

HYdrau-
\\"ire P.C.U. Tracks Tyrcs Clut- Engine Trans- iic & 
Ropes or ch..-s mis· other 

&It sion '"·ork 

YES YES YES YES YES YES YES 

YES YES YES YES YES YES 

YES YES YES YES YES YES 

YES YES YES YES YES YES 

YES YES YES YES YES YES 

YES YES YES YES YES 
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:, The forms required for their daily reports 
reports are indicated in Appendix 4.) 

and for operational , 

5.23, CoNTROL OF MAINTENANCE TEAMS 

'The maintenance teams should be directly controlled by a Tech­
nical Foreman with long experience on earth-moving equipment. 
Each section of the team should have one or more qualified fitters:·. 
Should two or more maintenance teams be required on any project( 
a qualified mechanical Engineer, whose sole charge is maintenance/ 
should be given control. The importance of placing the be~t meri\ 
available on maintenance cannot be over-stressed. 

5.24. MAJOR FIELD REPAlRS 

These are undertaken by a workshop team directly controlled 
by the Workshop Engineer. This ensures that priority is given to 
major field repairs over normal shop work. This subject is dealt with 
in Chapter Six. Finally we would like to str.ess the fact that sugges­
tions from anyone at any level which bear on efficiency should al­
ways be carefully considered. Good ideas can originate at any level 
and may lead to large savings in time and money.) 
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5.01. IMPORTANCE OF EcoNOMIC DEPLOYMENT OF LABOUR IN PLANT 
OVERHAUL 

A well-planned workshop, efficient as to quality of repair with 
the minimum delay in placing the equipment back into service, is 
the keynote to success in earth-moving fields. It should be clearly 
understood that sick plant in workshops can cost more in loss of 
tin1e, as represented by losses of revenue than the value of over­
haul to be carried out. Therefore, workshop facilities should be as 
complete as possible to achieve efficient and quick repairs. 

The economic deployment of labour in plant overhaul stands 
high in importance. A highly skilled staff is essential in any work­
shop but is more so on job carrying out major overhauls and 
repairs to project equipment. This staff should be familiar with the 
equipment, as it leads to quickness of overhaul and rapid fault find­
ing. A constant training of staff is required and this can be under­
taken by individual projects. We have given an outline of the train­
ing scheme for mechanics in Chapter Four. 

6.02. GROUP OPERATIONS 

Equipment should be broken down into as many operations or 
group operations as is consistent with the labour in each section. 
Therefore, in modem workshops, a semi-skilled man doing repetitive 
work achieves a high degree of skill in quality and speed as he 
becomes expert in one operation. The highly skilled all round staff 
should be used as progress inspectors, or in other spheres where 
their technical knowledge can be utilised for better benefits. 

6.03. OVER EMPLOYMENT oF AssrsTANT LABOUR 

Assistant labour for each skilled man should be unnecessary. 
Most of the time either the assistant watches the skilled man work 
or the quality of the work degenerates to the level of the assistants, 
without adequate contribution from the skilled hand. 
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The sub-sections of a workshop should carry sufficient technical 
assistants to enable all jobs in the section to be carried out quickly 
and easily. Workshop labour should not be engaged solely on the 
principle that each man must be kept fully employed. A certain 
amount of even inadequately utilised expert staff will pay in the 
long run. 

6.04. UsE OF OPERATORS IN WoRKSHOPS 

The operators of plant under overhaul and reserve operators 
should be used extensively as productive labour. This will help 
them at least to know their machines. 

6.05. INSPECTION OF WORK 

Supervision and inspection must be such in any workshop, that 
a 'Line' inspection be carried out. At all stages of overhaul, no finish­
ed detail work should J?e finally enclosed until it has been checked 
by a suitably qualified member of an inspection team. 

The workshop is a means to obtaining maximum return on 
capital invested and major repairs costs must be kept at a minimum 
to achieve its purpose. 

6.06. IMPORTANCE OF QUICK FIELD REPAIRS 

Field repairs should take precedence over all other work. No 
matter how busy a workshop may be internally, assistance should 
always be rendered, both in labour and materials, to the working site 
as a top priority. A ·mobile workshop like the one mentioned in 
Chapter Five is essential on any large project. This workshop should 
be operated by highly skilled general fitters, familiar with all types 
of equipment in use. 

6.07. PLANNING OF OVERHAULS 

Planned overhaul is much easier with plant which has been 
correctly operated, regularly and adequately serviced, and efficient­
ly maintained from the time it was new, than with machines which 
have been neglected, abused or acquired in poor condition. On most 
projects the machines are taken out· of service seasonally and the 
full weight of overhauls are felt in a very short spell. All workshop 
resources are strained to the limit and the quality of work often 
suffers. Phasing out the overhauls will enable a large fraction of the 
work to be done during the working season. This will not impair 
unduly the operational efficiency and will insure quality of over" 
hauls. 
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6.08. PRINCIPAL INTERNAL PURPOSE OF WORKSHOPS 

1'he principal "internal purpose" of workshops is preventive over­
haul inasmuch as they ensure, that given efficient usage in the 
field, no preventable major mechanical trouble is evidenced from one 
overhaul to the next. In normal circumstances workshops should not 
be required to reproduce new machines from worn out plant. Ab­
normal workshop overhauls to any equipment, plus high mainte­
nance costs and time losses due to unreliability show that it is better 
o:o ··write off" a machine than try to utilise it beyond its economic 
working life. 

6.09. CONTINUITY OF WORK AND BREAKDOWN INTO SECTIONS 

Workshops should be laid out in such a way that continuity of 
operation can be achieved without any congestion leading to break­
down of production schedules. Therefore, a large floor space to allow 
for manoeuvrability and expansion is always desirable. 

_.;. typical workshop is split "into the fouowmg sections and each 
section should have individual instructions issued and strictly en­
forced. An example of the type of instructions that should be post­
ed in each section is given in Appendix 4.7. 

Workshop Sections 

Code No. 

(1) MF Machine and Fitting Shop. 

(2) EL Electrical-Shop. 

(3) BWS Blacksmith, Welders and St'ructural Shop. 

(4) FS Foundry Shop. 

(5) PS Paint Shop. 

(6) cus Carpenters, Sheet Metal & Upholstery Shop. 

(7) ES Engine Shop. 

(8) EAT Erection, Assembly and Track Shop. 

(9) ID Inspection Department. 

(10) IS Internal Stores. 

(11) p Progress Department. 

(12) R&I Receipts and Issue. 

(13) CR Costing and Records. 

(14) L Internal Administration and Labour Office. 
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6.10. FUNCTIONS OF PROGRESS AND INSPECTION DEPARTMENT 

The functions of the Progress Department and the Inspection 
Department may need be explained in detail, the functions of the 
other departments are self evident. 

Progress Department 

(l) All requests for work to be undertaken should originate from 
Progress Department. 

(2) Classification of work. 

(3) Issuance of job cards. 

( 4) Answering of queries in relation to jobs undertaken. 

(5) Estimation of time and job factor in relation to the work 
in hand. 

(6) Checking of completed job cards before passing to works 
accounts. 

( 7) Setting up of a provisional production programme in con­
junction with production or Workshop Engnieer. 

(8) The recording of all information relating to equipment being 
worked on. 

( 9) Completing of equipment records. 

(10) Liaison between workshop departments with particuiar re­
ference to overhaul or manufacturing hold-ups. 

(11) The issuance of weekly lists detailing manufacture of items 
to departments concerned. 

All the above are functions of the Progress Department. 

lnspection Department 

(1) Inspection on receipt of equipment for overhaul, for classi­
fication of overhaul or detail work involved. 

(2) Inspection and examination of all component parts on 
breakdown. 

(3) Recording on job cards the parts required for replacement 
and limit and tolerances reached. 

( 4) The testing of all suspect parts before passing to sub­
assembly sections. 

{5) Detailing special information on equipment for fitting staff 
use and laying down of overhaul standards. 

(6) The extent to which salvage or reclamation may be taken. 
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(7) The examination of all work done on "build up" of equip­
ment. 

(3) The final engine tests record and inspection. 

(9) Check Inspection before equipment proceeds to work. 

(10) Field Inspection of equipment at definite pedcds. 

All the above are functions of the Inspection Department. 

6.11. STANDARDS OF OVERHAUL 

From the receipt of a machine until its issue, the inspection de­
partment should have technical control as to the standards to be 
maintained in its overhaul. Before commencing to strip, this inspec­
tion department should obtain as much information on the equip­
ment as possible, from the records of the operation, field service and 
maintenance. On stripping the inspectorate should examine each and 
every part before sending out to sub-assembly bays, and should 
record all information necessary for the equipments overhaul such 
as the necessity of replacement with new parts, reconditioning the 
old ones, etc. 

As the machine gets built up, the inspection team should exa­
mine and certify on a proforma at all stages. An example of pro­
forma is given in Appendix 4.8. 

6.12. CLEANLINESS IN OVERHAUL 

Before work of any description is done on an equipment, it should 
be thoroughly cleaned. A high pressure washing plant or a high 
pressure steam chemical cleaning plant is essential. Further to the 
above, major sub-sections, such as engine shop and section for final 
drives, should have pressure fed paraffin washing tanks or de­
greasing tanks. The preliminary cleaning should be set up on a 
direct route from the receipt section to the dismantling bay. All 
work carried out in repair shops should be above ground level when­
ever possible, arranged at convenient working heights, so that cleanli­
ness and better production can be achieved. 

6.13. MECHANICAL HANDLING IN WORKSHOPS 

A first class workshop must at all times be able to handle over­
hauls quickly and efficiently. Mechanical handling should, wherever 
p~ssible, be incorporated. The most efficient form of lifting gear is 
an overhead electric travelling crane. If, however, the job cannot 
afford it, a mobile self powered crane should be used. Each sub­
section fitting bay should also have swing arms with travelling 
blocks and tackle to handle the lighter loads. For inter-departmental 
use a fork lift truck for lighter loads is ideal. There should always be 
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readily available in workshop sub-sections, sufficient lifting slings of 
all sizes and capacities, complete with sling spreaders for engine 
shop use. The slings should be periodically checked and tested. 

6.14. EQUIPMENT USED IN F!TriNG BAYS AND FITTlNG SHOPS 

Fitting bays should be· equipped with work benches each fitted 
with a vice, with adequate number of locked cupboards for ordi­
nary and specialised tools. Racks should be used to store impend­
ing or completed work, or work that has been cleaned prior to 
assembly. 

The workshop should also have compressed air available to all 
section. They should be well lit and have adequate ventilation. 

Fittin2 shop equipment should include the following, in indivi­
dual bays dependent on the work being carried out in that sec­
tion; 

(1) Hydraulic or screw jacks. 

(2) Special spanners and tools, with pullers and extractors for 
the specific type of work being undertaken. 

(3) Adjustable stands or blocks. 

( 4) Special stands to suit sub-assemblies. 

(5) Boxes for storage of minor parts. 

(6) Floor trays. 

(7) Valve refacing tools. 

(8) Special tools for individual types of engines, valve spring 
lifters, piston ring compressors, etc. 

6.15. FUEL PUMP OVERHAUL AND INJECTOR TESTING 

A special section under a trained technician should be provided 
for fuel pump calibrating and pump and injector testing. Special 
precautions must be taken to ensure the cleanliness of the testing 
room, by dust exclusion. Extractor fans should be installed. 

It must be pointed out that the installation of such a testing 
section should be weighed against amount of work to be done and the 
charges levied by the firm that can carry out the job. If a manufac­
turer's Agent has the necessary testing equipment and operates at 
competitive prices it would be better to sub-contract the work to him, 
provided that the work is taken up fast enough. An efficient installa­
tion gives better results in time, accuracy and cost. This also applies 
to crankshaft grinding. If the manufacturer's Agents have grinding 
facilities, advantage should be taken of them, provided that com­
petitive prices are given. 
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readily available in workshop sub-sections, sufficient lifting slings of 
all sizes and capacities, complete with sling spreaders for engine 
shop use. The slings should be periodically checked and tested. 

6.14. EQUIPMENT USED IN F!TriNG BAYS AND FITTlNG SHOPS 

Fitting bays should be· equipped with work benches each fitted 
with a vice, with adequate number of locked cupboards for ordi­
nary and specialised tools. Racks should be used to store impend­
ing or completed work, or work that has been cleaned prior to 
assembly. 

The workshop should also have compressed air available to all 
section. They should be well lit and have adequate ventilation. 

Fittin2 shop equipment should include the following, in indivi­
dual bays dependent on the work being carried out in that sec­
tion; 

(1) Hydraulic or screw jacks. 

(2) Special spanners and tools, with pullers and extractors for 
the specific type of work being undertaken. 

(3) Adjustable stands or blocks. 

( 4) Special stands to suit sub-assemblies. 

(5) Boxes for storage of minor parts. 

(6) Floor trays. 

(7) Valve refacing tools. 

(8) Special tools for individual types of engines, valve spring 
lifters, piston ring compressors, etc. 

6.15. FUEL PUMP OVERHAUL AND INJECTOR TESTING 

A special section under a trained technician should be provided 
for fuel pump calibrating and pump and injector testing. Special 
precautions must be taken to ensure the cleanliness of the testing 
room, by dust exclusion. Extractor fans should be installed. 

It must be pointed out that the installation of such a testing 
section should be weighed against amount of work to be done and the 
charges levied by the firm that can carry out the job. If a manufac­
turer's Agent has the necessary testing equipment and operates at 
competitive prices it would be better to sub-contract the work to him, 
provided that the work is taken up fast enough. An efficient installa­
tion gives better results in time, accuracy and cost. This also applies 
to crankshaft grinding. If the manufacturer's Agents have grinding 
facilities, advantage should be taken of them, provided that com­
petitive prices are given. 
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Parts for reclamation should be strictly inspected and their re­
clamation subjected to exacting limits. Even then their issues should 
be controlled to see that the part matches with the rest of the equip· 
ment. 

6.19. IMPORTANCE OF RECORDING CoMPONENT PART CHANGES 

All workshop records should be comprehensive. It is highfy im­
portant that any deviation from standard dimensions of any com­
ponent parts should be recorded in the History Books. One reason for 
this !s that a standard part may be sent out to a field site on urgent 
t'epair when a non-standard is required. Such records will also be 
helpful in satisfactory scaling of spares for the future indents. 

A sample engine shop layout and inspector's log sheet for engine 
overhaul are given in Appendices 4.9 and 4.10. The workshop ac­
counts should operate through job cards, which will incorporate the 
necessary technical data for transfer to the History Books. A sample 
of job cards is given in Appendix 4.11. 
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.<:HAPTER SEVEN 

SUPPLIES AND SPARE PARTS 

7.01. OVERSTOCKING OF SPARES WITHOUT A'l'TENDANT EFFICIENCY 

On all the projects that we visited, there were machines on the 
sick line waiting for spare parts. The projects stores carried large 
stocks of spare parts, but many of the parts in regular and frequent 
demand were out of stock. The demand for spare parts was increasing 
as the machines grew older. All this caused production to lag behind 
schedules and cost to mount. A serious view must be taken of this 
situation. It can be remedied to a great extent by the following line 
of action. 

7.02. STANDARDISATION IN RELATION TO SUPPLIES OF SPARE PARTS 

All future projects should learn by past experience and not buy 
equipment of too many makes and sizes. The existing projects 
should be encouraged to exchange their equipment and spares with 
other projects to reduce the number of makes held by each project. 
In some cases it would pay to concentrate on standardised groups of 
equipment and ignore odd makes and sizes, instead of inflating the 
stores with greater assortments of spares and dissipating the avail­
able repair facilities by trying to keep these non-standard, odd pieces 
of equipment in repair. 

Normally projects should not be required to carry their own 
spares beyond the minimum required for "first line of safeguard". 
It is the business of the firm, selling the equipment to stock enough. 
parts to meet project demands. We believe that this can be done 
easily when standardisation of equipment is effected. The firms 
should be encouraged and required to stock enough spare parts, so 
that they can meet approximately 80% of the immediate demands 
-ex-stock. 

7.03. FACTORS AFFECTING REQUIREMENTS OF SPARES 

ThP. quantity of spares which a project should hold depends on : . 
(a) value of the equipment : 

(b) its yearly utilisa!ion ; and 

(c) the time-Jag between the demand and supply. 
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The average annual requirement of spare parts is of the order 
of 15• to 20% of the cost of the capital equipment. If there is one 
year's time-lag between the demand and supply of spare parts, the 
project must carry one year's requirements for spare parts in its 
stores. In addition, it is impossible to foresee accurately which parts 
will be required in the next period of one year so some overstocking 
of slow-moving and moderately slow-moving parts becomes inevi­
ta,ble. The parts not utilised remain in stores and continue to accu­
mulate as new types and sizes of equipment are added. The projects 
are thus loaded with large amounts of spares for which demands are 
few and far between. 

7.04. REASONS LEAD..ING TO OVERSTOCKING 

We think that the reasons causing this unsatisfactory situation 
are: 

(a) want pf standardisation of equipment, and 

(b) the policy of enforcing unneces~arily lengthy and compli" 
cated procedures for obtaining spare parts. 

We recommend that the powers to purchase spare parts with­
in certain limitations mentioned below, should be given to project 
executives themselves. Rarely, if ever can spare parts requirements 
of various projects be integrated in the purchase branch of the 
D. G. S. & D. to gain the advantage of bulk supply. If the purchase 
orders are to be. handled as they arise (as they should be for quick 
procurement) they can be dealt with more expeditiously by the 
project organisation. The normal procedures of inviting tenders and 
the powers of accepting them afford adequate financial control on the 
P.W.D. officers. There is no necessity for imposing more restrictions, 
or transferring the authority without the responsibility. Even with 
the best of the arrangements the D. G. S. & D. take about lOt weeks 
before an order reaches the firm. That is too long for the supply of 
spare parts. 

7.05 D. G. S. & D. PRICE AGREEMENTS AND RATE CONTRACT 

On the other hand, the D. G. S. & D. should concentrate on the 
price agreements and rate contracts for the supply of spare parts 
with the firms dealing in the equipment used on the projects. These 

*If pis the cost of the plant and ro,ooo hours its life~ hourly depreciation is P/ro,ooo. If the 
average rate to defray cost of major repairs is So% of depreciation, the cost of spares will be 
about 64%. If a project works the equipment for a:,ooo hou.s per year the provision to meet, 

the cost of spares will be p X 64 X 
2

'
000 =about 13%- To this must be added the cost of minor 

ro,ooo 
parts for fidd rt"pairs, say 5% making a total of 18%. 

tTime-.table agreed in a meeting on 27~6~t951. 
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contracts should be based on the printed price lists of the spare parts 
indicating the discount allowed for bulk purchase and for forward 
delivery. The project officers should then be allowed. to operate on 
these contracts as Direct Demanding Officers. The inspection by the 
D. G. S. & D. should be dispensed with, as it can be carried out more 
expeditiously by the project staff. They should be authorised to­
make 90% payment against proof of despatch, subject to adjustment 
after receipt and checking of the consignment. The firms should be 
permitted to insure the consig1;1ment at Government cost. 

7.06. STORES PURCHASE CoMMITTEE 

A Stores Purchase Committee is appointed by the Government 
of India and is investigating these spheres. Some points which this 
·Committee should consider are as under: 

(1) Spare parts are speciality products. They have to be pur­
chased from the authorised dealers on single tender system. Open 
market competition is not possible nor often desirable (to avoid 
spurious parts bemg purchased). 

(2) Accurate forecast of the requirements of spare parts, long in 
advance, is not possible with the present state of our technical re­
sources. Where such attempts have been made, they have resulted 
on large amounts of waste by way of dead spares in the stores. 

(3) The purchase procedure should make adequate provisions 
for rushing through "panic demands". A week is the utmost time­
limit to supply the part. if available, to the machine. 

( 4) The Scaling Organisation. if it materialises, will take a long 
time before it becomes completely effective, though its results may 
be felt from the start. Until then it is risky to ask projects to place 
a majority of their demands long in advance. They should rather buy 
more specifically and urgently. 

( 5) A large portion of the supplies needed to keep the machines 
going comprises stores other than spare parts. A forecast and plan­
ned purchase for this class of materials should be nossible for the 
bulk of the requirements. However, in attempting to safeguard 
against non-availability at any time, there is danger of overstocking. 
Adequate powers should be given to the projects to handle such de­
mands on an urgent basis. The powers should be· correlated to the 
total requirements and should not be arbitrary. 

(6) The D. G. S. & D. should increase sphere rate contracts and 
price agreements. These are advocated by all the projects, provided 
there is adequate mechanism to reduce time-lag to a bare minimum. 
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(7) Large delay is occurring at present in clearing some con­
signments, mostly of spares;. ·from the- customs. Suitable measures 
should be recommended to remedy the situation. One source -of this 
trouble appears to be lack of co-ordination between Customs and Im­
port Trade Control and the other appears to be· lack of requisite 
technical background in both the controls. 

7.07. ESTIMATING PURCHASE OF SPARE PARTS 

The next question is to consider the amounts of spare parts 
that should be allowed to be purchased. We have dealt .with the 
estimated requirements for spare parts in Chapter Ten. _We have re­
commended later in this chapter the value of the stock thi;lt should 
be built up ·in the project· stores. With these two' gUiding factors, 
modified suitably for each project's conditions and the plant hourly 
utilisation estimated during the year,'· the· value of the spare • parts 
required 'for each sub-group of equipment can· be worked 'out for the 
year. These figures should then ·be ·regarded 'as 'the ·financi>:il limits 
of the-purchases. The demands for spare part's will then· arise under 
two ·categories, (i) panic demands due to unforeseen breakdowns, ·and 
(ii) forward demands for planned ·overha\l]s. If a demand. is certified 
as "panic" (when a machine is lying sick for lack of a partic\l]ar 
spare part not available in the project ·stores),· short-circuited pro­
cedures should be taken · to obtain the spares. lf. no;. price agree­
ments for the· category of parts required exist, the, purchl!se sho\l]d 
be based on expeditious or telegraphic enquiries. We l:>elieve that it 
would be possible to extend the scope of price agreements to .cover 
all the types of equipment on a project so that -it will.not be .neces­
sary to ask any firm to tenc;ler a quotation before. placing . a. pur­
chase order. We think that if a well-planned store is maintained and 
if forward d~mands are carefully computed, the value of. the "panic" 
orders should not exceed about 25% of. the total requirem.ents for 
spare parts. 

'7.08. FORWARD STOCKING 

Difficulty is generally felt in making out lists of parts against 
anticipated forward demP.nds for : 

(a) Contingency stocking.; and 

(b) for planned major overhauls. 

At present projects do not have -adequate experience to forecasL 
their -forward demands accurately. This has resulted in over-stock­
ing of slow-moving parts and a shortage of parts in regular de­
mand. The manufacturer's agents in India are often consulted to 
give lists of parts to be ordered with the equipment. But such lists 
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are seldom realistic, because they are often made out .by persons 
with little local experience and are influenced by their own busi­
ness considerations (to retain in their hands the profitable business 
of fast-moving parts}. An accu=ate forecast . of the parts' require­
ments. should be based on : 

(a) the estimate of work hour; 

(b) classification o.f work to be done; 

(c) standards of operation and maintenance ; 

(d) facilities available for major repairs ; 

(e) age of maclllnes ; and 

(f) the number of spare units available for replacement . 

. Hence,. no two pr\}jects can have the same liSt of spare parts for 
forward supply. In view of the large expenditure. necessary to keep 
the machines supplied with spare parts and to.reduce wasteful ex­
penditure due to overstocking, we suggest that a "Parts Sc.aling 
Organisation" should be set up under a Machinery and Spares Direc­
torate of C.W. & P. C. to be discussed later in this report. 

7.09. PROJECT lNTERCHANGE.OF SPARES 

· After all this care is ·taken to plan the forward demands, the 
repairs to some of the equipment will at times be held up for lack 
of spare parts not available either on the project or with the sup­
pliers in India. An agreement should, therefore, exist to enable a 
project to obtain the parts from another project that can con­
veniently spare them. An all project-wise organisation to index the 
available spare parts is, therefore, essential. The new Directorate 
suggested by us should take over this function. An outline of the 
organisation is given in Appendix 7.3. 

7.10. DISPOSAL OF SURPLUS SPARES 

From a study of the project stores, we feel that there is a risk 
at present of Government facing a total loss over Rs. 2 crores in 
the deterioration and obsolescence of spare parts. It is desirable to 
take a business view and sell the surplus for which a market can be 
found. The new Directorate suggested by us will be helpful in this 
direction but we think the situation requires special urgent treat­
ment as indicated. We suggest that business firms be invited to 
find customers for them as far as possible. Projects should agree to 
lose a little in rates to save the total loss. The firms handling the 
matter may be given a reasonable commission based on the sales 
affected. 
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7.11. SPARE~ NECESSARY IN TERMS OF DEPRECIATION 

The next question is how to effect a check to prevent over-order­
ing of spare parts. It will be necessary to lay down two standards: 

( i) the average requirements of spare parts during the life 
period of various types of equipment expressed as a Per­
centage of depreciation ; and 

(ii) the yearly average requirements of spare parts for each 
type of equipment. 

We have suggested standards for cost of major repairs in Appen­
dix 3.3. When a good balance is obtained between field repairs, 
workshops and salvage of assemblies, we think that 80% of the pro­
visions indicated would represent spare parts and the remaining 
20% labour. 

7.12. SCHEDULING SPARES OVER THE LIFE OF EQUIPMENT 

We further suggest that the total provision of spare parts should 
be spread over the life time of the equipment in the following pro­
portion: 

Life 

Ratio of expenditure 
on spare parts 

"' t/sth 

10 

2nd 
,,5,h 

'5 25 

4th 
t/5th 

5th 
1/5th 

20 

Total 

roo 

Spare parts do not include items such as tyres, blades, wire 
ropes, etc., which are normally steady requirements and for which 
action similar to that for consumables should be taken. 

7.13. STOCK TO BE HELD IN PROJECT STORES 

We further suggest that stock limits in stores should be stipu­
lated per sub-group of equipment. The following table expresses 
our ideas about the basic principles of such a stipulation. Non-stan­
dardised equipment requires ·a larger stock of spares than standar­
dised equipment. If all the equipment in a particular sub-group 
is purchased in one make and the range of sizes is restricted to a 
minimum, the stock of necessary spares in the project stores can be 
reduced. 
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Percentage of the Value of Stock of Spares to Equipment 

-----------------------

Stage in life of 
equipment 

Si:andardis<'d-Equipment ! Non-Standardised Equipment 

.Population 1 Population 
--------,--.,---: l I 

Abo,·e 20 to to 20 
1

Bclow 10! Above 20 j 10 to 20 I Below 10 

----~------,----<----,' I I '---

lSI 1/sth 7t 10 '5 15 20 30 

!:!nd 1/sth 10 15 22 20 30 45 

3rd t/sth '5 20 30 30 40 6o 

4th t/jth to i 15 22 20 30 45 

5th r/sth 6 8 .. .. ts 24 

The exact percentage mentioned above have to l>e fixed finally 
when required data becorries availabie, but we. consider that the 
underlying- prineiple is sound and may be followed ·until better 'Stand­
ards are- available. We noticed -in .our study of project stores, that 
the absence of a proper system of the classification of the items held 
by stores has resulted in a lag of information concerning the value 
of the stock held in relation to the value of a particular type of 
equipment on the project. We recommend that a numerical sys­
tem of store classification, down to bin card numbering should be 
adopted. An example of such a classification is given in Appendix 
4.14. The co-ordination of spare parts requirements by a central 
agency necessitates standardisation· in store classification. 

7.14. RESIDUAL SPARE PARTS 

It will be apparent that a certain amount of residual spare parts 
at the end of the life of the equipment is inevitable. ~t. can be 
minimised by judicious planning, but cannot be avoided. It should 
be taken into account as residual liability and figured in the unit cost. 
The total vah.ie of the work done by a machine during its life span 
is roughly equal to 3 to 4 times its purchase price. ·The residual 
value of the spares will thus be 1~% to B)io of the cost of the 
capital equipment. A 4% increase in the unit costs of civil items may 
be considered acceptable on this -account. Adequate statistics are not 
available from our projects to study this aspect but we consider 
that 1his study should be carried forward by· the Machinery and 
Spares Directorate of the C.W. & P.C.- The projects should scruti­
nize their stores from this aspect and take suitable action. 
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·7.15 .. 0:rHER MATERIALS NECE.SSARY FOR OPERATION 

The machines '_'require other stores in additiori .. to proprietary 
spare. p:irts; e.g.; 'wire ropes,'' fuels, lubricants, tools, cotton. waste, 
welding rods meta:Iir, etc. On an: avenige 75% of'th:e working ·expimdi­
ture of machinery is .materials including _spare .parts. The annual 
expenditure on such materials will be about 1/3rd to 1/2 of the cost 
of the capital ·equipment ·on an active- project. 'Efforts· should be 
made to cover as many of the items ·of general requirements · as 
possible by rate 6ontracts. The remaining' j:mrchases- should be made 
in bulk and the project offices should be empowered fo pUrchase 
about 20% of the total value of materials a's "local· purchase"·. 

7.16. DELAY IN IssuE OF ::SPARES AND SuPPLIES 

The delay obtaining on projects in compliance with approved 
indents by stores is discouraging. On some projects it was observed 
that restrictions were placed on the drawing. of stores, inasmuch as 
the old part had to be returned before a new one could be issued. 
This Was· evolved for sa:f'eguard again~t non-genuine· ·and unreason­
able demands for spares, but this practice has only led to confusion. 
The Storekeeper blames the mechaniC for not producing the ·old part 
quickly enough, whilst the mechanic blames the Storekeep'er for not 
producing the goods quickly enough. fu actual fact the fault lies 
in the lack of confidence displayed in t~e demanding persons' ability 
and the security arrangements safeguarding the :welfare. of the 
projeCt. 

7.17. WORN-OUT PARTS-DISPOSAL AND RECLAMATION 

Worn-out parts removed from a machine not intended to be 
refitted, should not be discarded haphazardly. They should be check­
ed to see if they can be reconditioned for further use. This work 
should be done by the Inspection Wing of the base workshop. Parts 
that can be salvaged or repaired should be sent to the salvage sec­
tion. Reclamation of worn out parts is dealt with more fully in 
Chapter Six. 

7.18. PACKING AND HANDLING OF SPARES 

The type of packing of spares adopted by some agents of. equip­
ment in Indi~ is still _sub-standard. The high humidity conditions 
obtaining at places of storage calls for ,very sound anti-corrosive 
treatment of spares and stores which 'is lacli:ing at present. · This ap­
plies to project- stores. as well. Many ·expensive· items are left lying 
on the floor of the· project stores. -without treatment or· protection 
against damage. 
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Every spare part liable to deterioration by moisture should, after 
receipt and checking, be subjected to the correct anti-corrosive 
treatment and be stocked above ground level. The cost of correct 
storing is very little but the benefitS are very high. 

7.19. STORAGE OF TYREs AND TuBES 

The storage of tyres and tubes is a matter of the gravest con­
cern. The rate of reduction of life in tyres under storage, is very 
rapid unless satisfactory provisions are made for their storage. The 
ideal condition is a temperatur~ controlled warehouse. However, if 
conditions are improved by restricted admission of sunlight and by 
adoption of individual storage in racks with adequate free air space, 
the rate of deterioration of tyres will be retarded. 

Expert advice on this subject can readily be obtained from the 
tyre distributors. 

7.20. DANGERS OF OVER-STOCKING 

It is necessary to sound a word of caution against overstocking 
of supplies and spare parts. There is over six crores of rupees in­
vested on spares by various projects in India. Unless care is taken 
to maintain them properly, they will deteriorate and become useless 
in a short time. 

There are several types of stores which, for various reasons, are 
comparatively shortlived. Some examples are : 

Greases-Soda base greases which are extensively used with 
heavy equipment have a maximum life of 9 months as per manu­
facturers' specifications. After the expiration of this period, they 
have an adverse effect on the surfaces to be lubricated due to precipita­
tion. 

Batteries-If batteries have been filled or charged, they de­
teriorate rapidly. 

Seals-Felt seals absorb moisture and spoil the sUrface they 
work against. Natural rubber seals tend to become brittle, and break. 
After a long period of storage, leather seals bec()me dry and brittle. 

Condensers-coils and voltage regulators deteriorate largely due 
to the absorption of moisture. 

Gaskets-cork and paper gaskets are subject to insect damage 
and shrinkage unless properly protected. 

This is a partial list only. The proper storage of supplies, spares 
and general stores is very difficult in India due to climatic condi· 
tions.. 
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From experience it may be estimated that in the end, approxi­
mately 60%- of the stores now on hand will ha,ve very small residual 
value. The dangers of overstocking and inadequate care ·on ~torage 
are evident. 

7.21. GENUINE SPARES 

Non-genuine parts are generally cheaper. In stock items such 
as the bearings, seals, bolts and nuts,. there should be no objection 
against buying from alternative sources, proyided that the specifi­
cations are known and adhered to. For other items, it is desirable 
not to buy the non-genuine "will-fit" spares. unless the purchaser 
knows exactly what he is buying and is acquainted with the quality. 
A large percentage of inferior spares find their way to the projects 
and cause untold trouble and heavy cost by the necessity for fre­
quent replacement. Even though manufacturers who produce the 
parts for the end product, are manufacturing the spares, it does not 
follow that the specifications demanded by that end product ·are in-· 
corporated in those surplus manufactured parts, sold thrcnigh agen". 
cies other than the recognised dealers. 

In emergency, any spare that can keep the machine going must 
be purchased if genuine supply is not available, but care should be 
exercised to assess the risk involved of causing further damage to the 
machine by such use. Any non-genuine spare without repute must. 
always be held suspect. 

7;22. MANuFACTURE OF SPARES IN INDIA 

A large amount of foreign exchange i~ required at present for 
the purchase of spare parts and machinery. We consider that the 
country has not yet reached the stage of mechanisation required 
to manufacture most of the spare parts for heavy equipment. How­
ever, a beginning must be made and we suggest that the manufac­
ture of a few commonly required parts should be attempted by our· 
industries. Individual attempts to get specific requirements manu­
factured in a workshop are costly and slow. Bulk manufacture will 
have to be established for certain simple products, viz., filters, seals, 
friction linings, etc. Even partial processing from imported mate­
rials will be· a step in the right direction. Rigid controls on specifi­
cations and certified tests must be enforced by the appropriate 
Ministry of the Government of India, to ensure that parts .of a 
calibrated standard are sponsored. 

The workshops at the projects should be strengthened to enable 
them to take up the manufacture of some of. the spares which are 
simple and within their scope. Project workshops should establish 
better contact with each other to make the facilities at one project 
available to other projects for their common benefit. 
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7.23. IMPORT OF SPARE. PARTS 

During our: visit to the River Valley Projects, we were informed 
of the increasingly unsatisfactory st'ock position with distributors, of 
certain essential spare parts in frequent demand for the maintenance 
and servicing of earth-moving- and. construction plant, which is now 
in llije. These are: 

(1) Ball bearings of various sizes· and types. 

(2) Bolts, nuts, studs and screws in a variety of sizes and types. 

(3) Precision 011 seals of a variety of types. and sizes. 

An enquiry at the distributor firms elicited the information that 
such a state of affairs was consequent to. the· granting of restricted 
import licences for the categories .of spare listed above. 

A study of the current Import Control Red Book, discloses that 
the restrictions against free import of items under (2) and (3) have 
been cancelled. [Vide remark (iv) against item No. 36(5) Part II.] 

As regards the Ball Bearings; the existing restrictions, evident­
ly designed for protection of the indigenous manufacturers, i.e., "The 
National Ball Bearing Co." are considered unnecessarily complica­
ted for achieving the purpose. The variety of types and sizes of ball 
bearings in use on these equipment is great. There are about 26 
types and 1.500 sizes for the manufacturers to choose from. The pro­
tection to the indigenous industry, has to be based on such sizes 
and types of this great variety of ball bearings as are being manu­
factured by the indigenous firm together with such additional sizes 
and types which the firm proposes to manufacture against their 
expansion programme in the near future. A ban· on the import of 
the types and sizes actually been manufactured is all that should 
be done at present to avoid paralysing the costly equipment which 
we have purchased. 

7.24. MANUFACTURING DIFFICULTIES 

In the manufacture of ball bearings, the following aspects re­
quire consideration :· 

(1) It is a highly specialised industry, requiring the 'use of 
Aut3matics with their complicated tooling and rigid specifications for 
raw materials. 

(2) With the off-take limited to the demand within the country, 
the range of sizes manufactured in India will be limited to those for 
which there is a regular and large demand. capable of economical 
production. 
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A study of the lists of types and sizes of ball bearings manu­
factured by the National Bearings Company, as enumerated in ap­
pendix 'C' of the Red Book, discloses the fact that these bearings 
are suitable for the equipment manufactured in the country, such 
as fans, electric motors, pumps, machine tools, textile machinery, 
etc. Under the circumstances, the possibility of the firm manufac­
turing the great variety of types and sizes of ball bearings used on 
earth-moving and construction machinery is very remote. 

7 .25. RESTRtCrioNS "OJ!ol IMPOR.'I:'• OF BALL" l:lEARINGS 

The restrictions,- now in -operation against the free imports of 
ball bearings by di~tributors of plant and equipment, against item 
:36(5) Part II further specified in remark. III against the item.is as 
follows: 

"Not more than two per cent of. the face value of licences grant­
ed for import of component parts can be utilised for import 
of Ball Bearings not specified in Appendix 'C'." 

It is not clear, what stands in the way of the distributors being 
.allowed to import the required quantities of spare bearings for 
machinery· in use, so long as they are not the ones listed in Appen­
·dix 'C'. Further, it is not clear on what basis the restriction was 
fixed at two per cent of the face value of licence for spare parts. Any 
·such fixation of limits for import of bearings has to be based on the 
,gpare parts required by the distributors with reference to the infor­
mation available with them regarding the plant population in the 
country, their age and the estimate of the hours of the work during 
the .year. The spare parts dealers automatically safeguard them­
selves against a too liberal an import of. a particular bearing or spare 
part. 

7.26. USER LICENCES TO PROJECTS 

The Committee is aware that some of the River Valley Projects 
have been furnished with special "User Licences" to import ball 
bearings and spare parts. This is a relief of a· palHative nature 
which cannot be helpful unless a large assortment of parts are 
stocked in the project stores with little certainty of what exactly 
will be used. The satisfactory method is for the distributors to im­
port and" hold adequate stocks based on scientific method of parts 
scaling. Further the Committee feels that the grant of import Licen­
ces for spare parts · to· ·distributors,: should be controlled• by the 
Industrial Adviser. This would ensure the scrutiny of· the applica­
tions under adequate technical information and .background. This 
is absolutely necessary to control imports, to fostering ,the growth 
-of indigenous ind'-!5tries ~nd to prevent, at the. same time, disloca­
tion of work for· :want of spare parts for the equipment in. use. 
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CHAPTER EIGHT 

COST ACCOUNTING 
8.01. IMPORTANCE OF CosT AcCOUNTING 

Economical execution of works is one of the fundamental re­
quirements of engineering skill. For the engineer to exercise control 
of costs, he must keep in touch with the actuals of cost and 
production in adequate detail to judge if there is wasteful expen­
diture. in any field. Every job must have its own set of control 
statistics to enable the line and staff organisation, from the manage­
ment down to the level of foreman, to judge from day to day the 
actual performance and cost with reference to standards prescribed. 
These figures Should be supplied to them as quickly and often as 
necessary. 

It is necessary to emphasise cost control at the present time for 
two reasons : (i) large scale departmental execution of works has 
started only recently, and (ii) execution of works by machinery is 
a new field to us. 

8.02. CosT AcCOUNTING IN RELATION TO CONTRACT WoRK 

Fairly large projects have been completed by our engineers 
using standard P.W.D. accounting. Some of them were executed 
through comprehensive contracts on the basis of firm rates. The 
Vaitarna Dam is a current example, where the control on the actual 
rates is the contractor's responsibility; the department pays the 
contractor at a fixed rate per unit of work done. On such works, the 
contractor takes care of "Cost Accounting". Before th~ advent of 
mechanisation, the contractors usually sub-divided his works into 
various minor rate contracts. His cost accounting was rarely requir­
ed to go beyond the integration of various piece work rates, plus his 
overheads. These rates could be compared with the rates at which 
he was being paid. 

8.03. CosT AcCOUNTING IN RELATION TO DEPARTMENTAL ·WORK 

Most of the big works executed "departmentally" by the Pub­
lic Works Department were managed through various minor piece 
workers. Each of Jhese carried out a single type of work at a fixed" 
rate, such as the supply of stores or the grinding of mortar for a. 
masonry dam. Such works, employing a number of piece workers. 

76 



COST ACCOUNTING 

throw more responsibility on the engineer, compared to a single 
·all in contract. The engineer sometimes provides an intermediate 
service departmentally, such as transport, through the project orga­
nisation. On such works he has to watch that the integrated rates of 
all piece workers together. with his own costs remain with his esti­
_mates. He has to phase and programme his work in such a way as 
to integrate the activities of all the piece workers to synchronise 
performances and gjve !he desired progress. However, the essence of 
fundamental cost control remains with the piece workers. Success 
in achieving low rates depends on overall planning and offering suit­
able working conditions to the piece workers. His knowledge of 
actual costs involves few computations. 

There is another system of departmental execution of works, 
i.e., entirely through the control on the labour rate for unit work. 
The rate control on such works depends upon the daily output of 
each labour unit and on careful supervision. Detailed up-to-date 
statistics are essential to control the rates, otherwise the cost will 
spiral upward without commensurated out-turn. 

In the departmental execution of mechanised construction, the 
risk of cost spiral is real and of large magnitude. When an unskilled 
labourer does not do his share of work, it may cost a project a waste­
ful expenditure not exceeding Rs. 1-12-0_ per day; a machine may 
mean Rs. 250. 'Corrective retrospective action can be taken against 
a labourer, but the cost of operation of a machine cannot be reco­
vered. Therefore, it is more necessary that a system of rapid and 
detailed costing is maintained on mec]J.anised jobs. Executives must 
be kept informed of the financial implications involved in their way 
of working and they have to be provided with control statistics. The 
accounting organisation and procedures that have been used before 
in the country need to be amplified to cover new fields. 

8.04. LACK OF CosT AccoUNT SYSTEM ON PROJECTS 

During our visits to the projects and our study of their statistics, 
we noticed that the absence of a suitable system of accounts has 
resulted in (a) a lack of statistics that are necessary for executing 
cost control and (b) the absence of scientifically developed standards 
for evaluation of the statistics. 

A statistical evaluation of jobs from the point of view of pro­
duction and cost is a proven modern approach to effective control 
in industries, and should hold good equally on construction. 

8.05. LIMITATIONS OF PRESENT SYSTEM OF ACCOUNTING 

One of the reasons why most of the projects have not appre­
ciated this important aspect of accounting, is that accounting has 
rarely risen beyond compilation of actuals and "pointing out -irregu­
larities". The "constructive criticism", which a study of· such· figures 
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can offer, is not appreciated for the simple reason that. they are 
not designed to render such assistance .. An> engineering approach to 
a properly designed cost accounting system is essential. The D.V.C. 
has done well in giving this organisation. the .importance it. deserves. 

8.06. CosT ACCOUNTING· ORGANISATION 

The proper position of the cost accounting secti.on in a ·large pro­
ject in U.S.A is indicated in the organisation charts .given in Chap­
ter Three. Its duties are : 

(a) to design, co-ordinate and maintain a system of cost ac­
counting suitable to the job for cost and production control 
at all levels of management down to the smailest field of 
activity where such controls can be utilised ; 

(b) to measure the ·performances agaiust approved standards 
and to communicate the results of operations to all levels of 
line ·organisation down to foremen with suggestions for im­
provement; 

(c) to devise ways and means to lay down scientific lines, stan­
dards of operatious with which performances can be com­
pared. 

A good back-ground of project engineering plus adequate ex­
perience of cost accounting is essential to man this section properly. 
We believe that a properly trained engineer should be placed iii 
charge of the section. This is justified since he can contribute sub­
stantially by effecting large, savings on a project. When a cost ac­
counting organisation is established on a project, the regular accounts 
branch under P.W.D. system will have two duties to perform : 

(i) to compile the actuals required by the Accountant General 
for control of appropriation : and 

(ii) to make available the actuals to the Cost Accounting Section 
for an engineering analysis. 

To avoid duplication of work in the actuals, it is necessary 
that figures required by the AG. be made available from the same 
records as cost accounting statistics after simple integration; 

8.07. DUTIES OF THE ORGANISATION 

The Section should establish set routines, so that the executive 
staff concerned \vill receive daily, weekly, monthly, seasonal and 
yearly statistics to help them to get a piCture of the rates and pro­
duction at a glance. The Section should issue periodical bulletins 
which should be widely circulated to the staff to make them cost­
conscious. These bulletins should be discussed in periodical confer­
ences of the executives concerned. Such conferences should be a re­
gular feature· on mechanised construction jobs. 
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An important difference in viewpoint between the present sys­
tem of compiling actuals and the concept of cost accounting is that 
the former lays more stress on accuracy and less on speed while the 
latter admits of less accurate figures in order to make them imme­
diately available to the management. These figures may be reconciled 
with actuals periodically. The entire system is designed to operate 
with speed. 

8.08. ACCOUNTS CLASSIFICATION 

The present system of accounts is not designed to give adequate 
detail which can be useful for control of a small portion of work, 
i.e., the work handled by a single foreman. It can state months after 
execution, that the cost of, for instance, rock-excavation has exceed­
ed the estimated rates ; but it canno't indicate that "this is du'e to 
waste of compressed air used for drilling". The project engineer is 
interested more in the cost at the level of individual teams, whom 
he can hold responsible for efficiency rather than in the integrated 
totals where the responsibility is diffused. Such a control requires 
detailed analysis of a job with a breakdown into unit-performances 
giving cost and production. A few examples of the detailed sub­
heads required are indicated ·in Appendix 4.13. A proper system of 
numerical classification, giving the main account heads and sub­
heads which it is necessary to compare with standards, must be de­
vised and enforced. This concept is not new in accounts (e.g., '68' is 
understood as "Construction of Irrigation, Navigation Works-Capi­
tal Expenditure") but it is to be utilised to cover a wider field. 

When a large number of sub-heads are incorporated in the ac­
counts system, the decimal classification lends itself to brevity and 
exactitude. It has worked successfully ·at T.V.A., U.S.B.R. and some 
of our projects. It is desirable to evolve a comprehensive standard 
pattern which will leave adequate scope for amplification and is 
suitable for use on all projects. Until this can be done, each project 
will have to plan out its own system for its essential needs. Typical 
examples of numerical classification are given in Appendix 4.13. 

8.09. ORGANISATION 

The organisation should pervade the entire sphere of manage­
ment from the Chief Executive to the foreman. A chart showing 
the duties and activities of such an organisation in a typical indus­
trial concern is given in the "Cost Accounting* and Productivity" 
which is reproduced on the next page. 

*A Report Ly a group of European cxpl'fts published by the Organisation for European 

Economic Cooperation Plan: Parjs 1952. 
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CHAPTER NINE 

ACCOUNTING FOR CAPITAL EQUIPMENT 

9,01. INTRODUCTION 

A clear conception of the accounting procedure for the. cost of 
()wning and operating equipment is lacking. at present since this is a 
new field in Indian Engineering. 

The procedure is dealt with in the following sections: 

(a) Capital cost and depreciation. 

(b) Cost of Major Repairs. 

(c) Running costs. 

(d) Unit rates of civil items of work from machinery accounts: 

The correlation of the various costs is shown in the chart 
attached. 

Capital cost and depreciation are dealt with in this chapter and 
the rest in subsequent chapters. 

9.02. ToOLS AND PLANT ON PROJECTS 

The types of Tools and Plant required on a project are: 

(a) Special T. & P. (Suspense) ; 

(b) Special T. & P. (Charged): 

(c) Minor T. & P,. charged d_irectly ; and 

(d) T. & P. ordinary (Overheads). 

9.03. SPECIAL T. & P. (SUSPENSE) 

This should include all construction equipment for which a 
<ietailed depreciation account can be maintained. Examples of this 
equipment are: Tractors, Excavators, Scrapers, etc. The expendi­
ture on the purchase of such equipment is progressively written off 
by depreciation proportionate to the hours of work the equipment 
has been used. At the end of the project the balance is credited as 
anticipated salvage value of equipment. Detailed capital accounts of 
.each machine should be maintained through Works Registers and 
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History Books. The running char~es are watched through sub-group 
suspense, each sub-group comprising equipment of one make, sizE.' 
and type. 

9.04. SPECIAL T. & P. (CHARGED) 

Minor equipment costing about Rs. 50,000 or less each and Spe­
cial T. & P. of general utility for which detailed suspense ac­
counts need not be maintained are grouped under this heading. 
Examples 'of frlis 'category·: of l:!quiprileiif" a~e-\vorkshbp'·toOIS', utility 
vehicles. unloading rigs, minor power units, etc. The capital cost is 
charged off progressively according to the overall progress made 
on the project and the Major Repairs and running .charges are de­
bited directly to the works concerned. When a project is completed. 
the entire expenditure on Special T. & P .. (suspense as well as 
charged) should be transferred to works. 

9.05. MrnoR T. ·& P. (CHARGED) 

Minor plant required for specific works· for which no capital or 
Running Suspense accounts need be maintained, ,fall. under this cate­
gory, e.g., Jackhammers, pumps, exploders, etc. Their cost mav be 
directly debited to the work concerned. 

9.06. ORDINARY T. & P. (OVERHEADS) 

Workers tools, scientific, mathematical and survey instruments 
and equipment fall under this category. The charges are g(merally 
watched as overheads. 

On one project we noticed that these charges are debited pro rata 
on the basis of the ratio of expenditure on T. & P: to works for the 
entire State. This leads to inaccurate accounting in the actual cost 
of the project. We recommend that these charges should b1devied as 
actuals. 

9.07. AccoUNTING PROCEDURE FOR SPECIAL T. & P. (SusPENSE) 

The purchase cost of equipment should be watched by sub-heads 
in Works Registers maintained by sub-groups. This will include the 
expense of taxes. iricidental cost of transport, and cost· of erection 
and trial runs. Each of 'the sub-heads will have ·two parts, one for 
expenses cited above and the· other for "Deduct depreciation" for 
use oJi works. The credits for depreciations will be compiled from 
the Log Books, by · giving a corresponding debit to the items of 
work on which the machines are u5ed. The individual· capital ac­
·count·of equipment should be maintained in the History Books as 
detailed in Chapter Thirteen. 
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9.08. DEPRECIATION 

Depreciation is defined as the rate of charging the capital cost 
of equipment, in relation to use, by a progressive transfer of expen­
diture from Special T. & P. (Suspense) to works. 

9 .. 09. METHODS OF CALCULATING DEPRECIATION 

Two methods are commonly in use: (a) a decreasing rate of 
depreciation, and (b) straight line rate. In both of them the scrap 
value of the equipment at the end of the assumed life is taken as 
nil. 

9.10. DECREASING RATE OF DEPRECIATION 

The decreasing rate is adopted by the U. P. for their Jhansi 
dams as under: 

Equipment Life D'P· % per 2,ooo hours of intervals 

Tractors 8ooo 35 30 20 15 

Tournapulls . 10000 30 25 20 '5 !0 

Excavators qooo 20 20 '5 '5 !0 10 10 

This system represents the resale value of equipment in open 
market more accurately, but it is more difficult to work with than 
the straight line method. All the equipment, even in a sub-group, 
does not reach the Sqme life at the same time. The result is that 
different rates will apply to different machines which makes the ac­
counts procedure complicated. 

When this method is adopted actuals are taken as the cost of 
Major Repairs. The high cost of depreciation in the initial years 
coupled with the low cost of Major Repairs tend to even out the 
effect of the machinery charges on unit rates. Such levelling out 
can also be achieved by the system of levying Major Repair charges 
at a uniform rate as described below: 

9.11. STRAIGHT LINE DEPRECIATION 

This method is easy for computations and lends itself to quick 
cost control. When utilised in conjunction with a Reserve Fund for 
Major Repairs, it gives uniform distribution on unit rates. The de­
preciation is calculated as C/N where C is the capital cost of an 
equipment and N is the "plant hours" used. 

9.12. FIXING THE LIFE 

There is no physical evidence which determines when a machine 
has reached the end of its efficient life. ·It can be kept going inde­
finitely by incurring ·progressively heavier expenditure on repairs 
until a point is reached when it will be cheaper to buy a new ma­
chine. The optimum life is an economic function, and is reached 
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when the combined hourly cost of purchase and repairs reaches a 
minimum. This is explained in the Norris Dam Project from which 
the following graph is quoted : 
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This theoretical analysi: i: still incomplete because it does 
"'"' take mto account tne nnanctal effect of the dislocation of work 
due to long hours spent on repairs. It is enough to visualise that the 
aptimum life will be lower than that worked out by any such study. 
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We tried to collect information on these lines from the projects 
but the statistics were not helpful in obtaining a unique solution. 
The cost data are not compiled on uniform lines, are often not cor­
related with the time of repairs and do not cover the life spans of 
the equipment. Actually different definitions of the "plant hour" 
have lead to very wide variations. This can be seen from Appendix 
3.5. 

This lack of usable data caused us to study the standards laid 
down by various authorities. These are compiled in the Appendix 
3.2. The standards adopted by various projects we studied are shown 
therein. The standards current in U.S.B.R.' those recommended by 
the Power Crane and Shovel Association U.S.A.', and the Associated 
General Contractors of America Inc.' are shown in the Appendix. 

It is argued that the labour employed on repairs is cheaper in 
India ~nd hence the optimum life could be longer than those adopted 
in U.S.A. The cost of Major Repairs is made up of the cost of spares 
and labour. The former is about 80 per cent costlier in India than 
in U.S.A. and the latter costs us about 1/10th. The ratio of the values 
of the spares to labour in U.S.A. is about 40 : 60. The cost of Major 
Repairs in India will approximately be 78 per cent. Because of lower 
standards of repair plus inefficient maintenance and operation, our 
cost is more, almost the same as that in the U.S.A. We are onclined 
to agree with the standards laid down in U.S.A. and do not recom­
mend a longer life on this score. 

A comprehensive list of life for equipment is given in Appendix 
3.3. 

A study of the sickness of equipment on projects shows that we 
are utilising only 52 per cem of the available plant hours on our 
projects (vide Appendix 3.4). This figure is so low that it leads us to 
believe that longer utilisation of old eqUipment is not commendable. 
Until the technical skill of operation, maintenance and repairs 
improves, it is uneconomical to prolong the life. 

9.13. SALVAGE VALUE 

As a project approaches completion, items of equipment will 
be released for disposal. If the plant planning was satisfactory, most 
of the equipment released should have worked for almost the life 
period fixed for them. This will have a residual life of about 25 per 

1 Schedule of Equipment: Ownership Expenses, U.S.B.R., 1949· 
2 Operating Cost Guide: Power Crane and Shovel As.<>ociation, 74, Trinitv Place New 

York 6, N. Y. 
3 Contractor's Equipment: Ownership Expenses, issued by A.G.C. 1227 Munesey 

Building, 'Washington, 4 D.C. 
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cent. The residual value after accounting for the credits due to the 
depreciation on work will be approximately 25 per cent of the pro­
curement prices. 

The equipment would have been overhauled and reconditioned 
when required by debit to the Major Repairs. Fund mentioned in 
Chapter Ten. 

When there is opportunity to transfer the equipment from one 
project to another, it should be satisfactorily overhauled and recon­
ditioned, using funds available for Major Repairs. If the rate of levy 
for credit to these funds was adequate, funds will be available for 
such overhauls. To ensure such a condition a review of the adequacy 
of th(" rates, after say every 2,000 plant hours, will be necessary. 

The sale value for such transfers should be based on considera-
tion of the following : 

1. Tbe estimated residual plant hours. 

2. Tbe residual value at the end of the stipulated life. 

3. Tbe current price of a similar model of the machine. 

4. Whether the model is still under production and if not, when 
it was discontinued. 

5. The difficulty of getting spare pans. 

6. General condition of the machine, with reference to the esti­
mated residual life of the machine. 

When items of equipment are transferred, a proportionate quan­
tity of the residual stock of spare parts commensurate with the re­
maining life of the equipment, should also be transferred. 

It will be a good plan to transfer the operators and service per­
sonnel working on the machines along with them, as far as practi­
cable. 

When· there is no possibility of transfer of equipment, disposal 
by sale along with the related spares and accessories, etc., should be 
promptly accomplished. In view of the rapid deterioration under 
storage and the progressive approach of obsolescence it is unwise 
to carry items of used equipment in storage when there is no 
definite plan of re-use. This applies to all the spares and attachments 
for the equipment. 
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The suspense sub-heads opened for operation of the equipment 
on a project, i .. e., 

(1) purchase of Special T. & P., 

(2) Major Rapairs Fund, 

should be closed as soon as possible after the completion of the pro­
ject, by taking prompt action for the transfer or disposal of the 
equipment. The residual amounts under the suspense heads, should 
be arrived at and adjusted and the modifications in the rates of 
levy for depreciation, Major Repairs, Tyres, etc., should be calculated 
and recorded. 

The final machinery rates per plant hour and the unit rates of 
the civil items can be determined only after such adjustment is 
carried out. The project which receives the used and reconditioned 
units on transfer, should adopt the rates of levy for depreciation, 
Major Repairs, etc., as determined by the previous project and 
should continue the History Book of the plant where it was left off 
by the completed project. The relevant facts and figures should be 
extracted from the old books and recorded in the new books as open­
ing entries. 

A pronounced disinclination on the part of projects against 
accepting used equipment from other projects will have to be faced. 
Where the two projects are under the jurisdiction of the same Gov­
ernment, there should be no great difficulty. Where such -is not the 
case, the services of a Neutral Surveyor and Arbitrator may be 
necessary to complete the transfer of equipment. The Machiney and 
Spare Parts Directorate of the C. W. & P. C. can be helpful for such 
transactions as mentioned in Chapter Seven of the Report. 

When plant planning on a project has been done on an unneces­
sarily liberal scale, the project will be in a disadvantageous posi­
tion, in the disposal of equipment. It is very important that plant 
planning is done by an engineer, who has the requisite specialised 
knowledge. 

9.14. INTEREST ON CAPITAL 

It is customary in foreign countries to figure interest on the 
Capital Cost and taxes as a part of Ownership Cost. This element is 
not .included in the Ownership Cost on our projects because inter­
divisional relations on a project do not require the raising of such 
debits. This introduces an unfair ground for comparison with the 
unit rates obtained by contracts. 

87 



REPORT OF CONSTRUCTION PLANT AL'lO MACHINERY COMMITTEE 

Normally the A.G. raises the debit as an indirect charge based 
on the Capital Expenditure to date on the work. In fact when a piece 
of equipment is given on hire to a contractor, the element of interest 
on capital is included and the contractor is made responsible for 
other risks and taxes if any. 

It is our contention, that the interest is a realistic charge on the 
project as a whole and that the correct place to figure it ~ in the 
unit rates. The method of accounting is given in Chapter Fourteen. 

There are probably no taxes imposed on the types of the 
machinery dealt with in this report and it is not necessary to deal 
with them. 

The insurance charge is a realistic expenditure. The system of 
msuring such equipment is not yet common in our country. The 
Government does not insure its property against loss or accident 
but many contractors do it. 

On departmental work this item can be disregarded but it must 
be taken into account for comparison of rates of contractors. 
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CHAPTER TE~ 

ACCOUNTING FOR MAJOR REPAIRS 

10.01. DEFINITION 

Much controversy exists in definition of the term "Major Re­
pairs", as distinguished from "Capital Expenditure" or "Running 
Repairs". Definitions are given by the United States Bureau of Re­
clamation, U.S.A., in their publication "Schedule of Equipment 
Onwership Expense" of 3rd January 1949 and are quoted below: 

·"Major Repairs and Overhauls-Replacement of major ma­
chine parts because of excessive wear through a long period 
of use, or which fail through breakage normally after long 
use and are so costly that they are normally considered 
as being properly chargeable to an overall or lifetime 
average cost rather than to operating of or daily cost, and 
which will prolong the liie of the equipment, do not justify 
an increase in the ownership expense rates. 

"Minor or Field Repairs-are regarded as job or operating costs 
that require special study for each individual job, 
and as such are entered as cost of the work on cost plus 
operations. Minor or Field repairs include the replacing of 
only minor parts, for example, spark plugs, fan belts, bro­
ken bolts, shackles, an occasional broken track tread or pin' 
(does not include replacement of complete track) and other 
small parts comparable in cost. Also, minor repairs may 
include only the cost of labour and is sometimes confused 
with or, to some extent, included in the cost of servicing. 
Loss of operating time for minor repairs normally would 
vary from a few minutes to a maximum of 8 hours. Some­
times minor repairs accumulate to such an extent that the 
correcting of several or all such defects in a single repair 
operation results in a too high cost and a too long shutdown 
to allow of it being chargeable directly to operation. In such 
a case. the charge should be to Major Repairs and assumed by 
the lessor •• 
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"Major and Minor Repairs-are frequently difficult to distin­
guish. Occasionally a major part may become unusable 
through rough or careless operating or overloading of the 
machine or accident for which the lessee is responsible. In 
such cases, the lessee should be charged the cost of repairs. 
In other cases, similar failure may be the result of long· use, 
or because of damage suffered unnoticed on other work, or 
damage suffered for which the lessor is responsible, or for 
other reasons not chargeable to the current work. In these 
circumstances, the lessor should absorb the cost of repairs. 
Replacement costs of wire rope, types, and conveyor belts 
are considered as capital costs and are to be borne by the les­
sor. Responsibility in such instances should be determined 
at the time by agreement between lessor and lessee." 

When a machine is n:>t hired out to a contractor, a great re­
finement is scarcely justified, if the expenditure on either of the 
heads is ultimately cleared by debit to the work done. However, 
proper control on the hourly cost of Major Repairs is important to 
the project executives to keep down the earthwork rates. An exact 
and workable formula to class the expenditure under this head 
is essential. Any rules evolved by a Project Organisation, should be 
simple enough to be interpreted uniformly by the lowest staff who 
classify the expenditure. Thus in actual practice "Major Repairs" is 
defined in various ways such as (1) the cost incurred by Base Shop ; 
(2) any repairs requiring more than 24 hours ; or (3) jobs costing 
more than 1% of the value of the equipment, etc. 

10.02. WIDE VARIATIONS IN AcTUAL COSTS OF MAJOR REPAIRS 

The absence of uniformity in the classification of expenditure in 
this respect has resulted in a wide variation in the cost per "Plant 
Hour" on the projects we have studied. The want of a common de­
finition of "Plant Hour" and absence of a classified cost account for 
equipment has given such a wide variation in project statistics that 
the data is not helpful to establish standards of plant hour cost. The 
project statistics are given in Appendix 6.00 and an abstract of com­
parable data can be seen in Appendix 3.5. 

10.03. CosT DATA COVER SHORT PERIOD 

Another difficulty in working out standards from the project 
statistics is that they do not cover the life span of the e:quipment. 
The cost of repairs in the initial stage is low and does not furnish 
information for working out an average rate. 

10.04. FLAT RATE CHARGE 

The expenditure for Major Repairs to an equipment is heavy and 
comes at relatively long intervals of time, unless these costs are 

90 



ACCOUNTING FOR MAJOR REPAIRS 

-evened out, the unit rates fluctuate violently with the result that 
proper cost control becomes impossible. To meet this situation a 
fiat rate levy per plant hour should be made and the amount thus 
collected should be pooled to meet periodical Major Repair charges. 
'fhe rate should be such as will balance the expenditure over the 
life of the equipment. The position of such accounts in the structure 
·of machinery accounting is shown in the chart under para 9.01. 

The flat rate of Major Repairs recommended by us is shown in 
Appendix 3.3. It is based on the Associated General Contractor's 
~tandards and conforms with the life of equipment and the defini­
tion of Major Repairs and Minor Repairs mentioned earlier. The 
ligures of A G. C. are modified suitably to accord with the Indian 
level of the cost of spares and labour. 

These ligures are no doubt approximate but in the absence of 
better factual data we think it best to go by them. The A G. C. 
mentions that : 

"The percentage rates are subject to adjustment to f!t the 
experience of the individual contractor. It is intended that 
this schedule prove useful as a basis or guide but it is re­
cognised that individual experience may vary from the 
average within fairly broad limits. Some of the factors 
justifying adjustment of the rate shown are : weather condi-

tion: exposure of equipment, i.e., relative rigour of work at 
hand : care of equipment both in operation and maintenance. 
The rates are not determined by any precise method of ac­
count and should always be applied in the light of the 
personal experience. The schedule. is intended to express 
average experience." 

We wish to sound a note of warning that before it is decided to 
modify these standards to lower figures, a careful study should be 
made as to whether such modifications are proposed on the basis of 
definite cost accounts figures. If this is so, was the standard of over­
hauls satisfactory, did the figures cover the Pxpenditure over the 
life of the equipment and was the sickness of the equipment within 
reasonable •limits ? The average standard of overhauls on projects 
is poor resulting in large "down time" as can be seen from the Ap­
pendix 3.4. At present most of our equipment is in the earlier stage 
·of its life with the result that a bulk of tiw expenditure for Major 
Repairs (often of accumulated nature) can be expected to. occur in 
the later period of the life of equipment. The basic concept of major 
·overhaul is that it should be thorough and complete. It should con .. 
~ist of stripping the equipment to· pieces, having the worn out parts 

. l'eplaced or rebuilt and adjustments carried out to go back to normal 
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working tolerances. The low cost achieved on Major overhauls, is 
often a result of inadequate attention to such details. This causes a 
high percentage of sickness. 

On the other hand, if a project feels it necessary, to enhance 
these provisions, it would be wise to determine if (a) overhauls are 
being carried out in time to a satisfactory standard, (b) adequate 
arrangements are made for the salvage of old parts, (c) the equip­
ment is being used beyond its useful life, and (d) the nature of the 
work is beyond the normal scope fot which the machine is designed. 

10.05. ADEQUACY OF THE RATE 

An approximate rule to check whether the flat rate of levy is 
adequate is to see that there is sufficient amount in the Major Re­
pair Reserve Fund at any time to carry out a complete major over­
haul of the equipment. 

It can be seen from the graph given with para 9.12 that optimum 
life of an equipment is reached. when the hourly cost of Major Re­
pairs (Tangent of the curve at opt. life) equals the hourly mte of 
depreciation plus the average hourly cost of Major Repairs. This 
leads us to the following findings : 

(a) An equipment is working within its optimum life when 
the hourly• rate of Major Repairs is less than the total of 
the hourly rate of depreciation, plus the averaget hourly 
rate of Major Repairs. 

(b) An equipment is working beyond its optimum life when the 
hourly rate of Major Repairs is more than the total of the 
hourly rate of depreciation plus the average hourly rate of 
Major Repairs. 

10.06. ANNuAL EXPENDITURE ON MAJOR REPAIRS 

For authorising yearly budgets of expenditure the flat rate men­
tioned above, will need to be broken up to annual percentages. We 
could not find any standards to guide us. We suggest that in the ab­
sence of any factual data, the following standards be adopted : 

First Second Third 
Life •/sth •/sth •is•h 

life life life 

Pttcmtage of the pro- 10 IS 25 
vision for Major 
Rq>ain. 

~e rate obtained at the time. 
tAverage rate from the beginning up to the time~ 
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Fourth 
I/.)th 
life 

30 

La•t 
t/.)th 
life 

20 

Total 
for 
life 
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10.07, AccoUNT PROCEDURE 

Annual estimates of Major Repairs for each sub-group of equip­
ment should be made based on actual requirements for the year. A 
careful programme will have to be worked out for this purpose, com­
paring as many details as can be foreseen. The part scaling depart­
ment mentioned in Chapter Seven should be very helpful. We do not 
advocate a separate estimate for each machine on each occasion as. 
it arises (e.g., at Nan gal) because this would lead to too much estimat­
ing and account work and an accurate individua.l estimate will not 
be possible until the machine is tripped. Moreover, the chances are· 
that such estimates will remain open over long periods when some 
spare parts are not available. 

The debits to these estiroates will come from job cards detailed 
in Chapter Six and Appendix 4.11. The Works Registers should re­
cord the expenditure by sub-groups and the History Books by indivi­
dual equipment. The expenditure will be off-set against the Re­
serve Fund. 

The credits for Major Repairs will be collected at a fiat rate per 
plant hour and accounted for under the Reserve Fund which should 
be carried forward from year to year. The details of the plant hour 
worked will be taken from the Log Books. The debit corresponding 
to the fiat rate levy will go to the item of civil work on which the 
machine worked. Further details of the Transfer Entry orders are­
given in Chapter. Twelve. 

10.08. PERSONNEL REQUIRED FOR MAJOR REPAIRS 

It is difficult to lay down definite standards of the strength of 
the team. Apart from the varying standards followed by various 
projects to make a through job of the overhauls, the technical 
standards in the cadre of mechanics and their wage scales vary so· 
widely that it is not possible to state the number of technicians 
required per machine to look after the major repairs. We have indi­
cated in the Appendix 3.3 the standards of the reasonable labour­
charges per plant hour. HowevE>r, there can be no distinct demarca­
tion between the cost of spare parts and of labour. A project doing 
a minimum of salvaging of their old assemblies may show a reduc­
tion in the labour charges but to increase in the cost of replace­
ments. The provision of spares and labour should, therefore, be­
viewed on a whole. 

10.09. TYRES, TUBES, ETS. 

Strictly speaking the expenditure on tyres and tubes is a run­
ning cost as distinguished from the capital cost. But the expenditure­
on renewals is so heavy and sudden that unless it is equalized 
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through a Reserve Fund Account, the hourly rates of equipment and 
the unit rates of civil items will fluctuate violently. We recommend 
that the cost of replacement of tyres, tubes, belts of loaders, etc., be 
expres~ed at a flat rate in the hourly cost of equipment and that 
credits be pooled under a Reserve Fund from which replacements 
can be effected. ·For simplicity of accounts procedure, this account 
·can be maintained with the Re,erve Fund ior Major Repairs as a 
separate sub-head for each sub-group of equipment. 

The expenditure on tyres and tubes, etc., on the heavy earth­
moving machinery may run to over half the cost of the equipment 
over its life period. Maintenance of an accurate record of tyre costs 
and performance is necessary. We have given in Appendix 4.5 the 
form for maintaining the record of tyres. 

The replacement costs of tyres and tubes, etc., should be de­
-ducted from the purchase cost of the equipment for working out the 
rate of depreciation of the equipment. The hourly cost of renewing 
the tyres and tubes, etc., should then be added by estimating the life 
over which tl)e tyre, etc., would give service. A 10% addition should 
be made to cover the cost of servicing and repairs. 

The actual life of tyres will depend upon the following factors: 

(a) Selection of the proper type and size of tyres; 

(b) abrasive quality of the material; 

(c) care with which the roads are maintained; 

(d) skill of the operators ; and 

(e) provisions made to avoid accidents. 

We recommend that the following standards be adopted for 
-average conditions : 

Dumpers--Bottom 

Ilumper.;--End • 

'Tractors . 

Rubber belt for loaders 

DraW, Scraj><n • 

Equipment 
Life expectancy hours 

Average Abrasive 
material material 

g,ooo 2,500 

:1,50f) g,ooo 

~.ooo 2,500 

-z,son 2,000 

g,ooo 2,500 

4,000 s,soo 



CHAPTER ELEVEN' 

ACCOUNTING FOR OPERATION AND 
MAINTENANCE 

11.01. GENERAL OUTLINE 

All the charges of fuels, lubricants, operation, serv1cmg, field 
repairs and allied services for field operations should be booked 
under this head of accounts. These items form. the 'running cost' of 
operation and maintenance of the machines and are different in 
nature from the items included in the previous chapter, viz., Depre­
ciation, Major Repairs and Renewals of the tyres and tubes. 

11.02. FuELs AND LUBES 

The cost of the fuel oil, petrol, lubricants, grease. hydraulic oils, 
etc., actually issued to the machines should be incorporated under 
this sub-head separately for each sub-group of equipment. It should 
not include the labour cost of the servicing crews which are to be 
watched under a separate sub-head. The issue rate should be based 
on the stock issue for bulk at the Depot. Where mobile tank-trucks. 
are maintained the charges of the use of such vehicles should be de­
bited to this sub-head. 

The normal standard of consumption can be estimated from the 
rated B.H.P. of the engine, consumption of fuel per H.P. hour and 
the average load factor at which a machine will work. To illustrate, 
a 130 H.P. tractor working as a pusher with Scrapers will be work­
ing at about 60 per cent load factor. The average effective perfor­
mance will be 78 H.P. and the fuel consumption of H.S.D. oil per 
hour at the rate of 0·50 lbs./B.H.P. will be 39 lbs. or about 4·5 
gallons per hour. The load factor will depend upon the type of duty 
under which the machine works. If it works continuously near about 
the full load, a load factor approaching 100 per cent can be reached, 
but under normal field working conditions it will be difficult to get 
more than 60 per cent load factor. If the engine is in good condi­
tion, the fuel consumption thus serves as an index of the load factor 
and to check up whether the "plant hour" is being properly record­
ed. . This is illustrated in the fuel consumption for an Euclid Bottom 
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Dumper 13/17 cu. yds (vide Appendix 6·1) consuming only 1·3 gal­
lons per hour. The figure expressed that the load factor is very low. 
In fact the utilisation was not intensive as the vehicles were being 
loaded by 3/4 and smaller cu. yd. shovels. For 50 per cent load factor 
the consumption should have been about 4·4 gallons per hour. 

·The lubricants required by a machine normally faU into five 
~ifferent groups: 

(a) Engine Crankcase Oils. 

(b) Air Filter Oils. 

(c) Transmission Oils, 

(d) Greases, and 

(e) Oils for hydraulic operation system. 

E\•ery machine has its own recommended types or oils and 
greases. These should be taken into consideration while working out 
the estimates. The D. G. S. & D. has rate contracts for most of the 
types of oils and greases normally required by projects. Such rates 
are considerably cheaper than the market rates and hence it is ad­
vantageous to operate on them. 

To work out an estimate of the value of the lubes required for 
a working period, the capacity of the oil chamber, the interval of 
oil change and the periodical topping requires to be worked out. The 
interval between oil change is usually expressed in terms of hours 
of work in the case of equipment and mileage covered in the case of 
trucks and will depend upon the type of oil used, the condition of 
the machine and the field conditions such as the dusty atmosphere 
etc. Makers of the machines and the oil companies prescribe stan­
dards for oil changes, which should be followed. Care should be 
taken to see that the "plant hour" for the change of oils is properly 
defined to mean an hour a full load capacity. Under normal condi­
tions series II Crankcase oils require a change after 120 plant hours. 
The quantity required for topping will depend upon the wear of the 
piston and liners ; but a rule of thumb is that the quantity of top­
ping required will roughly equal the oil chamber capacity between 
two oil changes. 

The cost of the lubricants for transmission will generally have 
to be estimated on the basis of the period of oil-change specified for 
the machine. If oil seals are in good condition, no topping should be 
required but under normal working conditions a 10 per cent aliow­
ance for topping will be adequate to take care of leakages. 
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11.03. OPERATING PERSONNEL 

This includes operators, their mates and supervisory establish­
ment. Normally, mates should be required only for· excavators. They 
are alternatively designated as oil-men or greasers but are virtually 
operators under training. It is desirable to have separate supervi­
sory officers for controlling the work of operators on projects using 
more than about 12 earth-moving machines. It will then be possible 
to train the operators to better standards and to get more efficient 
operation from the machines. The pay of such officers should be 
charged to work and watched under this sub-head. 

It is desirable to have the same operator working on the same 
machine as far as possible. This will develop ·an attachment to the 
machine in the mind of the operators and will result in better care 
·of the machines. Where sickness of machine is appreciable,· this 
method may appear to lead to higher cost of operational personnel, 
nonetheless it is desirable to have individual allocation of machines 
as it will result in better performance and overall economy. A 10 
per cent leave reserve should be added to work out the total strength 
of the team. This will also allow scope for the training of new opera­
tors and to replace the none-too-good hands by more promising new­
comers. The cost of the operators per plant hour will depend upon 
the plant hours performed by the equipment. Assuming about 55 per 
cent available plant hours and a 10 per cent reserve, two man-hours 
of operators will be required for every hour put in by a machine. 
At the most, the number of operators can be cut down to obtain a 
ratio of about one in place of two, representing an apparent saving 
of only about 2 per cent in the working cost of equipment, but the 
"one man--one machine" rule will pay more than this extra cost. 
An operator should be asked to help the mechanics whenever his 
machine is sick. 

Where jobs are worked in two shifts, it is good plan to let the 
operators select their own colleagues for working the other shift. 
Perfect co-operation of the two operators is of great importance to 
keep ~he machine in a good state of repairs 

The pay scales of operators and mates are discussed in Chapter 
Four. 

11.04.. MAINTENANCE CREWS 

The auxiliary personnel required to look after the machines on 
a project fall into the following categories: 

1. Engineer in chaer of Base workshop controolling 

(a) Preventions Inspections, and 
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(b) Major Repairs in field (dealt with under Major Repairs. 

11. Maintenance Engineer controlling 

(a) Servicing of-

( i) Fuels and lubes, 
( ii) Tyres and Tubes, 

(iii) Batteries and Electrical Equipment ; and 

(b) Fied Repairs with a large number of specialised teams for specific 
types of duty. 

The maintenance organisation is discussed under Chapter Five. 

On small projects, servicing is sometimes required to be done 
by the operators, but where the size of work is big enough, it is 
desirable to have independent servicing teams. An operator is apt 
to overlook or avoid detailed lubrication procedure which is a fairly 
taxing job. Neve!"theless he should be held responsible to check up, 
before starting a machine, that the maintenance teams have done 
their duties properly. 

The strength of the maintenance teams will depend upon the 
plant population on the job, and the time available for servicing. It 
is not possible to lay down a rigid standard of the number of per­
sonnel required. We have discussed the different set-ups for main­
tenance routines in Chapter Five. We think that a provision in the 
estimate of 5 per cent for large projects and 10 per cent for small 
projects of the cost of fuels and lubes used should be adequate to 
cover the cost of the fuel and lube teams. The recommended stan­
dards of cost for other maintenance are given in Appendix 3.3. 

We suggest that the entire maintenance should be in charge of 
the best available ment. If one cannot be found in the project staff, 
it will pay to hire a man even at a high rate of pay, to reduce the 
sickness and cut down the cost oi repairs. Each of the teams under 
the engineer should be headed by a Foreman, or an Assistant Fore­
man depending upon the size of the job. 

11.05. SPARES AND OTHER STORES 

In addition to the fuel and lubes, operation requires a fairly 
large quantity of consumable and other stores and minor spare parts 
that have to be renewed at frequent intervals. Wire ropes, cutting 
blades, filter, elements, bolts and nuts, electrodes and minor spare 
parts are constantly demanded by the maintenance teams. We have 
suggested in Chapter Five, that the tield maintenance organisation 
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should keep a small store for such articles so that these can he 
made available immediately. Such stores should be as small as p~ac­
ticable so that the maintenance teams are not taxed with the cus­
tody and accounting of too much stores. The size of the store will 
depend upon the length of the time-lag involved in getting out the 
materials from the main stores. We have known instances of long 
delays to get minor spare parts from the stores resulting in too 
much waste of production hours. Normally, the store set up on pro­
ject should be such that a spare part or other material should be 
made available to the machine within one hour, if it is available in 
stock. 

The cost or such materials should be debited to the "Spares and 
Other Stores". Cost of other services for field maintenance should 
also be debited to this head. 

We have explained in Chapter Ten that the distribution of cost 
between Major Repairs and Field Maintenance will depend upon the 
project set-up. It is, therefore, not possible to lay down definite 
standards separately for the cost of materials and spares for Field 
Repairs. The figures given in Appendix 3.3 should, therefore, be 
considered as a whole and utilised as such. 

11.06. OvERHEADS 

Overheads or indirect charges are incurred for "Ownership" and 
unproductive labour which cannot be booked direct to the servicing 
of individual or group of equipment, such as the pay of chowkidars, 
uniforms to operators, supply of drinking water to the site, charges 
of electricity and air to the field shops, muster, tools, and store 
clerks, etc. A provision of 2 per cent for these services should be 
adequate for an average job. 
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CHAPTER TWELVE 

ACCOUNTING FOR OWNERSHIP AND RUNNING 
CHARGES PER PLANT HOUR 

12.01. MAIN Sua-HEADs 

The hourly cost of working equipment is made up of all the 
component charges stated in the previous Chapters. ·They are re­
capitulated below: 

Capital Accoun~s­

( a) Depreciation. 

(b) Major Repairs. 

(c) Renewals of tyres, tubes, etc. 

Running Account-

(a) Operating personnel. 

(b) Fuels and Lubes. 

(c) Maintenance crews. 

(d) Spares and stares. 

(e) Overhead expenses. 

It is necessary to ensure that no part of the equipment cost is 
charged directly to the earthwork or the hourly cost of equipment 
will not be realistic. 

12.02. WoRKING EQUIPMENT THRoUGH SusPENSE AccoUNT 

We have re.-:ommended watching the running cost of machinery 
under suspense accounts. Some projects (e.g., D.V.C.) debit such 
charges directly to the earthwork. This is undesirable as it does 
not lend itself to adequate cost control of equipment expenditure by 
the mechanical staff. In a mechanised set-up there are two distinct 
stages of cost control, viz., (i) working the equipment economically 
with plant holll" cost controlled under specified limjts and (li) en­
suring that it does an adequate quantity of work per hour. The for­
mer can be controlled better by the mechanical engineer in charge 
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of tJ>E: plant whereas the cost control on the latter is usually the res­
ponsibility of the civil engineerS. By working out the cost per plant 
hour in the first instance, the responsibilities of the mechanical and 
the civil side can be fixed more effectively. Another advantage of 
this system is that when the Material account remains in arrears 
(which it often does), the unit costs of earthwork can be approxi­
mated quickly from the scheduled cost per plant hour output obtain­
ed and plant hours put in. 

12.03. EsTIMATES FOR OWNERSHIP AND RUNNING CoSTS 

Estimates for sub-groups of equipment should be made separate­
ly, for the Ownership and the Running costs at the beginning of 
each financial year. The provisions for various component charges 
recommended in the previous Chapter should serve as a guide. 
These estimates should give complete details of all personnel re­
quired to form maintenance teams. The provision for spare parts 
and materials in the estimate can be made as 'lump-sum', because, 
exact- details cannot be foreseen. Estimates for hourly rates for 
charging to works to clear suspense accounts should be based on pre­
vious experience and actuals. The Running cost can be cleared every 
month on the basis of these rates. Every three or six months adjust­
ments can be carried out for residual amounts. In any case expendi­
ture on Running cost suspense accounts should be completely clear­
ed by the end of a 1inancial year, by transfer to project works. No 
allotment should be required for these charges. 

12.04. Sus-DlVIDING CHARGES OF MAINTENANCE TEAMS 

It is not possible nor desirable to have sepa~ate maintenance 
teams for each sub-group of equipment. For example, there may be 
only one tearr. to do electrical maintenance on all the types and sizes 
of excavators 'on a job. In such a case the cost of the complete team 
should be worked out and the charges prorated in suitable propor­
tion to the sub-groups of equipment. 

12.05. CREDIT SIDE EsTIMATES 

The credit side estimates generally cannot be presented sub­
group-wise because the output of earthwork is a combined perfor­
mance of all equipment on the job. These estimates should be framed 
for the ·overall use of machines for a particular item of work. Addi­
tion of such other charges such as the cost of manual labour, material 
and services directly debited to work (e.g., explosives, watering 
charges, etc.) and the over heads (haul road, flood lights, etc.) will 
then give complete estimated rates for the year for each item of 
work. 
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12.06. PLANT HouR CosT 

We tried to compile the hourly rate of ownership and operating 
cost of items of equipment working on the different projects studied 
by us. These are compiled in Appendix 3.5 and the information 
collected from various projects is in Appendix 6.00. It will be seen 
that due to want of uniformity in the procedures for accounting and 
particularly because of different standards used to define the "Piant 
hour" the cost varies widely. We have indicated standards and 
typical estimates for some of the commonly used equipment" in Ap­
pendices 3.3 and 3.6. These should serve as a guide for normal work­
ing conditions and will need to be adjusted to meet the special fea­
tures of any particular project. 
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CHAPTER THIRTEEN 

RECORD KEEPING FOR MACHINERY 

13.01. LoG BooKs AND HISTORY BooKs usED FOR DIFFERENT PURPOSES 

Due to different ideas as to the use for these records different de­
signs for forms and rules for posting them are prescribed by projects 
to maintain their Log and History Books. Often enough, the forms 
are made so elaborate that difficulties are found in posting them 
promptly and the advantage of having reliable and easily available re­
cords is lost. · 

13.02. STUDY OF VARIOUS FORMS 

We have studied the forms and regulations current on the pro­
jects visited by us. Log Books are utilised at Lower Bhavani as an 
account document to incorporate operational cost of the individual 
equipment and to transfer the cost to the earthwork. On the other 
hand, the Nanga! power channel project utilises neither of the books 
for accounts of capital expenditure but have devised a third register. 

13.03. CORRECT USE OF LOG BoOKS 

In the background of the account procedure suggested by us, 
we recommend that the Log Books should be used only to incor­
porate the original data to arrive at the operational cost. It should 
not be a cost voucher but should be the book in which the perfor­
mance data is "logged" so that the cost account can utilise the informa­
tion to base various statistics. It should not contain too many com­
putations but should record the original information only. Being a 
document of fundamental data, it should not compile copies of cost 
accounts. e.g., fn>m stores or Muster Rolls. A "Log Book" of a Naviga­
tor or a Pilot is used only for such records and we see no reason why 
processed account figures need be compiled in it. 

13.04. CoRRECT USE OF HISTORY BoOKS 

1·he History Book should give all the technical and cost data of 
the 111achine to indicate the complete history of the machine for 
technical and fiscal evaluation of the machine at any time. It should 

103 



REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITTEE 

give manufacturers' data about the technical details of the machine, 
its cost records, history of repairs and alterations, and the abstract 
of utilisation in terms of hours and the depreciated value. 

13.05. LoG BooK DETAILS 

The Log Books are to be utilised for two purposes: (i) for a 
technical control to evaluate how the machine is performing, and 
(ii) for getting the "plant hours" performance classified by works. 
To determine performance, the total plant hours put in by a machine 
must be known and causes of "trouble" should be classified. The 
book must also record the consumption of fuels and lubricants, since 
the performance of the machine can be judged readily from these 
figures. It must record the work on which the machine was em­
ployed indicating the officer on whose requisition the machme was 
utilised. We have indicated the form of Log Book in Appendix 
4.2. A memorandum of instructions for filling up the book is also 
appended. These should be printed at the beginning of the books. 
as is done in the P.W.D. Me!lsurement Books. 

13.06. ABsTRACT LoG BooK BY SuB-GRoUPs oF EQUIPMENT 

We have recommended that the machine-wise operation account 
is too elaborate and is not feasible on jobs employing a large num­
ber of machines. We have recommended classifying the running cost 
under five sub-heads. To get this data, an abstract of Log Books per 
sub-group of equipment comprising one make, size and type of 
equipment will be required. A form for the Abstract of Log Book 
together with the memorandum of instructions is given in Appendix 
4.3. 

13.07. IMPORTANCE OF LOG BOOKS 

We attach great importance to the correct and up-to-date post­
ing and careful preservation of the Log Books. They would be given 
the same care and importance as is customary in the upkeep of the 
Measurement Books. 

The Log Books should be kept always with the machines or 
available in the field with the operation foreman. 

13.08. HrsTORY BooK DETAILS 

The form of the History Books is given in Appendix 4.4. A 
memorandum of instructions for filling in the books is attached. 
These should be printed at the beginning of the books. It should be 
possible with this record to evaluate the general condition of a 
machine at any time, to decide the nature and extent of the next 
overhaul, to help in scaling the spare parts required in future and 
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to assess its value. The Daily Reports required for day-to-day re­
cord of the operation of machinery are given in Appendix 4.00 and 
are described in Chapters Five and Six. 

13.09. TYRE RECORD 

We attach equal importance to the maintenance of correct record 
of tyres, as their cost is an appreciable fraction of the hourly rate of 
operating such equipment. A form of tyre record is given at Ap­
pendix 4.5. 

13.10. CoRRELATION OF RECORDS 

The correlation of the recprds in the Log and History Books 
with the Daily Reports and other records is given below: 

Log Books 

r. Date 

2. Name of Operator 

3· Gross hours of machine on duty . 

~· Idle hours : 
(a) No work. 
(h) Minor Repairs 
(<) Major Repairs . 

5· Fuels and Lubes 

Correlated Record 

Operator's Daily Report. 

OperatC'r's and Foreman's Daily Report. 

Do. 
Do. 
Do. and Base Workshop Daily 

Report. 

Servicing team's Daily Report. 

6. Production with head lifts and nature of 
materials. Direction Control Dally Report. 

7. Debit to be raised on 

. Hjstory Books 

1. Constant data of the machine 

2.. Hisotry of alterations 

3· Major Repairs & spares 

4· Monthly summary or operations 

5· Cost Account (Monthly) : 
(a) Capital Cost • 
(b) Cost of alterations and MaJor Re­

pairs 
(c) Deduct depreciation 
(d) Deduct Major Repairs 

Tyre Record 

Operating Foreman"s Daily Report. 

CorreJored Record 

Manufacturer's specifications and purchase 
data. 

Base shop.-; job cards. 

Do. 

LogBook. 

Account Records. 

Base shop job cards. 
LogBooks. 

Do. 

Maintenance team's Daily Report. 

A large number of daily reports are required on projects to com­
pile the machinery statistics for accounts and for technical scrutiny. 
They are non-standard forms ; projects should have a free hand to 
get them locally printed to suit the needs of the jobs. 
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UNIT COST OF EARTHWORK 

14.01. COMPONENTS OF CosT 

The final cost of an item of work comprises the following dis­
tinct sources of expenditures: 

(a) Machinery ownership and running costs. 

(b) CGst through Muster Rolls of direct labour and workcharged 
establishment. 

(c) Cost of directly debited T. & P. and other materials, e.g., 
Jackhammers, explosives, etc. 

(d) Cost of contract work for some items, e.g., dressing. 

(e) Cost of other services through distributive account such as 
water supply, haul roads, flood lights, supervisory transport, 
laboratory and miscellaneous charges. 

The method of accounting for these costs to arrive at the unit 
rates of completed items of work is discussed in the first part of this 
Chapter. The latter part deals with the unit rates reported by vari­
ous projects. 

14.02. PROPER CLASSIFICATION OF ITEMS 

For facility of a proper cost control it is necessary to decide 
the sub-heads of accounts through which each item of civil works 
must be watched. Typical examples of numerical classification are 
given in Appendix 4.13. The debits of machine hours, materials, 
labour and contracts are classified by giving proper account numbers 
for every item of expenditure. 

14.03. MEASUREMENTS OF WoRKS 

The quantities of the work done should be measured cnce a 
month on fixed dates. The same care should be exercised in the 
measurement of departmentally executed works as is normally bes­
towed on contract works. With these records of quantities and costs, 
the figures for the sub-head rates can be worked out. The total of 
such individual unit rates will give the unit rate of a completed item 
of work. 
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14.04. MACHINERY COST 

This is by far the largest item of expenditure on mechanised 
jobs and hence the account procedure for this should be carefully 
planned. The Daily Reports of every machine should mention the 
hours worked on a particular work. The operation foreman or an 
-officer of the direction control should enter the correct account num­
ber against each item of work done. These entries are verified and 
transferred to the Log Books immediately. This becomes the primary 
record of accounts. · 

Based on the recorQ. in the Log Books, a daily abstract is pre­
pared by the operation foreman giving the total plant hours of work 
.done by each sub-group of equipment, allocating it to the various 
sub-heads of account. He should then forward one copy to the Civil 
Engineer in charge of the work. The Civil Engineer must check and 
~econcile the plant hours from his own records and also the alloca­
tion of plant hours to various works sub-heads as this is his res­
ponsibility. 

The plant hours are then recorded progressively by works in a 
register from day-to-day. 

Samples of the Daily Reports and the Register of Equipment 
allocation are- given in Appendices 4.6.1 and 4.15 respectively. The 
monthly abstracts of plant hours and work done by each sub-group 
of equipment will also be available from the Abstract in Log Book 
mentioned in Chapter Thirteen. 

At the end of a month the Mechanical Engineer in control of the 
-operation of equipment will intimate to. the Civil Engineer in con­
trol of the works, the plant hours classified by sub-group of equip­
ment for the services rendered. The Civil Engineer checks and ac­
cepts for the debit by giving a corresponding credit to the equipment 
suspense estimates. The total of the plant hours intimated by the 
Mechanical Engineer should tally with the workwise total of the 
plant hours from the Civil Engineer's record. Minor discrepancies 
should be adjusted as lump entries in.the Abstract Log Books. 

Based ~n these fundamental records the debits of machinery 
-cost is transferred to the earthwork from month to month by the 
normal system of Transfer Entry Orders. 

A specimen of such a monthly transaction is given in Appendix 
4.16. 
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14.05. CREDITS TO CAPITAL ACCOUNTS 

The credits for the hourly cost of equipment will include the 
hourly rates of (i) Depreciation, (ii) Major Repairs and (iii) Re. 
newal of tyres, etc. These should be taken to the capital accounl 
sub-head of the relevant equipment sub-group, treating them as re· 
duction of the expenditure; but the credits and debits should be 
watched through independent columns so that a complete view oJ 
the total debits, credits and balances can be had at any stage. 

14.06. CREDITS TO RUNNING CoSTS 

The Running cost can either be cleared at an hourly rate based 
on actual total cost for the month, or can be cleared on the basis of 
fixed estimated rates in the first instance and adjusted periodically, 
say every three months, to tally with the actuals. We recommend the 
latter procedure as it will give the first approximation of costs very 
quickly. 

14.07. AccoUNTS oF MINoR EQUIPMENT 

To avoid such complicated procedure in the case of Minor 
Equipment used in small numbers, its working costs need not be 
passed through the capital account. The charges for operation and 
Major Repairs may be directly debited to works. Maintaining a 
machinery suspense sub-head account for them is not considered 
worthwhile. The depreciation of the Capital cost should, however, 
be progressively charged off at least once in six months based on the 
proportionate value of the work done. 

14.08. 0TI!ER CHARGES 

The method of accounting for the directly debited labour, work· 
charge establishment and contract work is too well known in the 
P.W.D. accounting system to need detailing in this report. The 
material directly charged to the work should be only such as are 
not used by the machinery, i.e., explosives etc. We find that some 
projects directly charge even spare parts issued. We do not recom­
mend such a procedure as this will vitiate the calculation of the 
working cost of the mechanical equipment. 

14.09. DrsrnmuTIVE AccoUNTs 

The method of transferring the cost of other services (such as 
the Water supply pipe line at Hirakud) needs to be planned in a 
more rational way, than has been customary in our accounting sys­
tem. The U.S.B.R. styles all such services as "Distributive ac­
counts" designated by the profix-D, before the account number. The 
cost of these services do not figure as independent items of debit, 
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when the work is closed but are cleared by transferring the expen­
diture to the work concerned. All such important services should be 
properly estimated under suspense accounts. It is often necessary to 
sub-divide the estimates for such services into two parts (a) Capital 
cost and (b) Running charges. 

The former is cleared periodically pro rata on the value of the 
work done and the latter is cleared completely from month to month. 
For example the cost of water supply service to an earthen dam will 
comprise (i) setting up the pumps and pipes lines which form the 
capital cost and (ii) the running charges. The former should be clear­
ed proportionately to the outturn of earth work and the latter 
should be completely cleared every month, for other services such 
as haul roads, flood lights, laboratory control, field sheds, etc., the 
same procedure should be followed. We also recommend that the 
Special Tools and Plants (Charged) should be cleared periodically 
in the same manner. 

These debits for ancillary services form a substantial part of 
the unit rates of the work and hence it is improper to omit them in 
calculating the .rates for work. The large variations noticed in the 
rates between various projects (vide Appendix 3.7) is partly due to 
the want of uniformity in the extent of inclusion of such debits in 
the system of accounts. 

14.10. STUDY OF RESERVE FUNDS 

To arrive at the unit rates of earthwork, more exactly, it will 
further be necessary to periodically study the Reserve Fund for 
Major Repairs as this forms a very important item of cost. As the 
hourly rate of levy for Major Repairs is usually an approximate 
estimate done at the early stage of the project, there is likely to be 
a large variation between the actual and the anticipations. Whenever 
the unit rates are reviewed a note explaining the position of the 
Reserve Funds and adequacy of the rates for Major Repairs and for 
renewals of tyres, tubes etc., should be furnished. 

The unit rates, incorporating all these items of expenditure 
should be adopted for arriving at the project rates for unit items of 
civil works. Its relative position in the structure of cost accounting 
can be seen in the App~ndix 3.7. The items of expenditure which a 
project normally finances separately are discussed hereafter. 

14.11. INDIRECT CoMPONENTS OF UNITS RATES 

The following items of expenditure have to be taken into ac­
count to arrive at overall unit rates for comparison with the rates of 
other projects or contractors. 
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14.12. INTEREST ON COST OF CAPIT'}L EQUIPMENT 

It is necessary to take into account the interest on capital invest­
ed in equipment when working out the rates for mechanised items 
of work. 

One important point of difference between this charge and the 
others is that it is proportionate to the capital invested, as pro­
gressively depreciated and unlike the-charges for depreciation is ap­
plied independently of the actual utilization of the equipment in 
terms of hours worked or outturn achieved. If the equipment is 
uniformly utilised during the working year, the incidence of interest 
charge can be spread out uniformly per work hour of each item of 
equipment in which case this charge will resemble the levy of de­
preciation charge on hourly basis. Such levy of interest charge, in­
cluded as a component item of ownership charge, is adopted in esti­
mating the units charge for items of work. 

In working the actual cost rates for items of civil work, it is 
necessary to include a proportionate charge for interest on capital 
invested in the purchase of relevant items of Special T. & P. based 
on the outturn achieved during the working year. 

The rate of such charge per unit of work increases as the degree 
of utilisation falls and outturn decreases. This is not adequately 
realised. This charge can be very high on highly mechanised pro­
jects where there is inadequate utilisation of the equipment. Rough 
calculations show that it varies from about 57c to as high as 20% 
on our projects. 

Incidentally the percentage ratio of the interest charges on the 
outstanding capital expenditure on equipment to the total value of 
the work done during the year by the machines is an excellent in­
dex for appraisal of the overall efficiency of the working of mecha­
nical equipment. An inter-project comparison of these figures would 
be an easily obtainable index for efficiency evaluation. We could 
not work out the figures for the projects for want of inaaequate data 
at our disposal. 

A quick method of working out these ratings is given in the 
Appendix 3.8. For accurate evaluation the actuals of the project will 
have to be taken. 

14.13. LABOUR AMENITIES 

The expenditure incurred by a project on labour housing 
and other amenities should be expressed as a percentage of the total 
project cost and should be figured as a percentage over the project 
rates of civil items. A contractor is normally required to make his 
own arrangements for labour housing. The expenditure on this item 
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also affects the wage scales to a certain extent and hence in an over­
all picture of projects, it is desirable to have an idea of the propor­
tion of such costs. The item should include the cost of the construc­
tion township and its maintenance, as the cost of the other free ser­
vices. such as, the supply of electricity, sanitation, water supply, 
labour welfare, workmen's compensation and their insurance, if any. 

14.14. SToCK LossES 
Certain amount of loss, due to unutilised and surplus stock, 

is inevitable on projects. This applies particularly to the spare 
parts left over as all the parts will not be completely used when the 
project is completed. A project holding a large stock of spares will 
have the advantage of low factor of sickness of equipment, good 
progress and low unit rates, but will lose appreciably in the value 
of the unutilised surplus stock at the end of the work. A contractor 
will invariably have to sell off the surplus stock at a considerable 
loss. We consider that an approximation should be made on each 
project as to this anticipated loss on stock. It should be worked out 
as a percentage of the project cost and figured as a percentage com­
ponent charged on unit rates of civil items. 

14.15. OVERHEAD AND CENTAGE CHARGES 
The pay and allowances of the permanent and temporary 

establishment, their leave and pensiona-ry charges, pro rata charge 
of account and audits and the cost of ordinary T. & P. are levied on a 
project under this head of accounts. The system of engaging super­
visory establishment on work-charged roll or under a separate esta­
blishment budget head is not uniform on all projects. A work using 
less funds under work-charged establishment, and more on over­
heads may give low unit rates but may not be economical on the 
whole. A contractor will generally incorporate such expenditure in 
his unit rates. The overheads charges vary from about 10% to 
30%. These should be the realistic charges and not the "Pro rata" 
for the work in the entire State. 

14,16. COMPLETE DETAJT.S NECESSARY FOR APPRAISAL OF UNIT RATE 
A correct apPraisal of the unit rates obtained on a project is 

possible only if they are worked out completely on the lines indicat­
ed. Any partial picture is likely to be misleading. 

14.17. UNrr RATES QN PROJECTS 
We have collected information about the actual Rates of earth­

work obtained on various projects. For want of uniformity in the 
· estimate structure, the rates are based on different standards, con­
forming with the cost structure adopted in each project estimates. 
The summary of a comparative study is given in Appendix 3.7. The 
following paragraphs give further details. 
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14.18. LOWER BHAVANI PROJECT 

The information about the project and the statistics concerning 
the machinery are given in Appendix 6.1. 

About 59.1 m. cu. ft. of earthwork was done by earth-moving 
machinery and 100.4 m. cu. ft. by trucks and manual labour. The 
earthwork was almost completed when we visited the project. 

The average utilisation of the equipment was for 6.040 hours 
' based on gross hours of work. The effective life used will be between 

3,000 to 4.000 hours. 

The rates for the earthwork done by machinery are worked out 
as under: vide Statement No. 6.1.6. 

O.j5 miles . 

I .oo miles . 

I .50 miles . 

Lead one way Rate (Rs.) 
per x,ooo CL'.ft. 

45·57 

52-32 

s6.oo 

These rates include only the costs of working the machinery. 
Manual labour utilised as supplement to mechanised work, for dress­
ing the_ embankment, picking up roots and boulders, levelling and 
control, civil work-charged establishment, etc., do not seem to have 
been included in the rates. 

There is no day-to-day record of leads and lifts to work out the 
exact weighted averages. The leads adopted above are, therefore, 
approximations. 

The laid embankment is taken as 2/3rds of the struck bowl capa­
city of the machines. As majority of the earthwork was being done 
by manual labour and trucks, a more accurate estimate of the work 
done by the earth-moving machines was probably not possible. We 
consider that the assumption made should be accurate within 10 per 
cent. 

The cost of the Special T. & P. is about Rs. 140 lakhs. Out of this 
the cost of earth-moving machinery totals to Rs. 62 lakhs. A total 
credit of Rs. 72.5 lakhs is taken for reduction in the cost of the pro· 
ject due to Receipts and Recoveries. Salvage value of Rs. 50 lakhs 1S 

adopted in the estimate against the expenditure of Rs. 121 lakhs on 
equipment. 

ll2 



UNIT COST OF EARTHWORK 

The value of the earthwork done. by machinery works out ap­
proximately to Rs. 35 lakhs. The expenditure on the earth-moving 
equipment was unduly heavy. The large residual life left at the end 
of the job will probably result in a substantial loss if equipment 
cannot be transferred at book value. 

The life assumed for depreciation for various equipment is given 
in Appendix 3.2. In view of the lack of intensive utilisation of the 
equipment per plant hour, the depreciation included in the unit rates 
of earthwork is rather liberal. The unit rates will be less by about 
15% if the charges of depreciation were framed on the basis of the 
effective plant hours only. This can be seen from the cycle time 
given in the Statement No. 6.1.6. The cycle time required for such 
leads should have been only about a half of those given therein. 

The charge for the Major Repairs is included at the actuals only 
as and when repairs are done and debits are raised. As the equip­
ment has worked during its initial portion of life, the project has 
escaped a greater portion of Major Repairs. Hence the cost of Major 
Repairs (per plant hour) has been very low, as can be seen from the 
Statement No. 6.1.3. If a Reserve Fund for Major Repairs as recom­
mended by us, had been created, the rates for Major Repairs to 
equipment would have increased substantially. The project will 
have to pay for this either in the form of a lower resale value. or 
accept the debit for the cost of the final overhauL 

The running cost of the equipment is booked through suspense 
accounts and is watched individually by machines through Log Books. 
We consider machine-wise accounting unnecessarily elaborate. One 

·estimate for every sub-group of equipment (comprising one make, 
size and type) should have been adequate. 

The costs of ancillary services such as the haul roads, flood light­
ing, laboratory and field control, transport sheds and sundries are not 
included in the rates of earthwork. They are stated to be watched 
under "other sub-heads". Probably here also the expenditure is not 
separately booked for the work done by machinery and other 
methods. These costs are substantial charges and will make an appre­
ciable increase in the rates. 

The watering charges are included in the rate at Rs. 4.9 per 1,000 
-cu. ft. It is not known whether these are the charges for operating 
the watering arrangements alone or include the cost of installation 
.of pumps and pipe lines also. 
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The cost of the Special T. & P. is taken into account only as far­
as the rated depreciation on the earth-moving equipment is concern­
ed. A large amount has been spent on other types of Special 
T. & P. used which do not figure in the unit r .. tes. The increase in 
the rates due to this charge will be appreciable. 

In the inter-project comparison of the rates, the following points 
at·e borne out : 

Labour Amenities 

The cost of the buildings, which is 25 lakbs is about 5% of the 
cost of the project. The details of the nature of expenditure inciud­
ed as "Rs. 24 lakhs 0. Misc." is not available. Probably a part of 
it is ancillary services for the township in which case its cost should 
be included under this heading. 

The interest on the capital equipment will be a heavy charge 
on this project. Taking Rs. 80 lakhs as the effective capital on Special 
T. & P., 2.5 years average use and 4% rate of interest, the interest 
charges will be Rs. 8 lakhs. The total value of work done by the 
equipment seems to be Rs. 35 lakhs. This will give an increase on 
rates, of about 237'c. That is heavy. 

The stock lossEs on the project have not been estimated. The 
project held stock worth about Rs. 19.60 lakhs of which Rs. 8.51 
lakhs were machinery spares. 

Establishment and overhead cent11ge charges are estimated as 
Rs. 27 lakhs which works out to about 5% on the project total. The 
actuals are not known but should be low as the project was com­
pleted quickly. 

14.19. TmiGABHADRA PROJECT 

The general information about the project is given in the Ap· 
pendix 6.2. 

MysorejAndhra Side 

The project was executed mainly by manual labour with assis­
tance from machinery limited to jobs which were costly or slow for 
purely manual work. 

We could not get adequate information about the unit rates. On 
the Mysore/ Andhra side the work is almost completed and most of 
the equipment has been transferred. The records have been filed 
with the result that factual statistics are difficult to ~~:et. 

114 



UNIT COST OF EARTHWORK 

The dam proper is constructed of masonry. The mechanisation 
was limited to the transport of rubble by light rail rolling stock and 
Hfting the materials to the top of the dam by cranes of various 
types. We were told that the masonry worked out to Rs. 120 per 
100 cu. ft. for cement-surkhi mortar (1 cement to 1/4 surkhi to 2i! 
sand) and Rs. 105 for lime-surkhi mortar (1 lime to 2 surkhi to 
2 sand). 

On the canal section, deep excavation in rock was carried out 
mostly by manual labour supplemented at times by cranes used for 
lifting up the muck. 

The dragline work for earth excavation and casting is said to 
have worked out to Rs. 30 to Rs. 35 per 1,000 cu. ft. 

Some of the high banks were done by earth-moving machinery. 
We were told that the rates worked as under: 
A. (i) Excavation : Shovel operation . 

{ii) Haulage lead l to I i miles 

(iii) Consolidation 

TOTAL 

B. Drawn Scrapers 

Lead 2 to 6 furlongs. (data of 25,000 hrs. 

Rs. I3 per I,ooo cu. ft. 

Rs. 25 to so. 
Rs. 6 per I,ooo cu. ft. 

Rs. 44 to 6g per I ,ooo cu. ft. 

of work) Rs. 31 toRs. 38 per I,ooo cu. ft. 

The value of the Special T. & P. was about Rs. 56 lakhs. Infor­
mation about the salvage value realised and its effect on the final 
unit rates was not available. 

Hyderabad Side 

The value of the Special T. & P. was about Rs. 80 lakhs. The 
equipment was mainly used on the construction of a dyke 40 ft. in 
height on the left flank, river diversion and some foundation and 
canal works. No information regarding the unit rates of earthwork 
by machinery could be supplied. 

The equipment had done relatively little work and was left in 
a poor state. The Mechanical Engineer looks after the stores, elec­
tricity and the production account of earthwork, which makes it 
difficult for him to devote enough attention to the maintenance of 
the equipment. The technical set up to look after the machines was 
poorly organised and inadequately staffed. :What struck us was that 
the money spent on the overhaul of equipment by a contract agree­
ment with manufacturer's agents in India could have been more 
effectively utilised to strengthen the technical organisation with 
some more skilled personmel. 
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We feel it necessary to emphasis e, even if it means repetition, 
that mechanisation carried out half-heartedly will not pay. 

14.20. GANGAPUR PROJECT 

Information about the project and the statistics of the machi­
nery are given in Appendix 6.3. 

A total of about 125 m . cu. ft. of earthwork for the dam and the 
waste weir was completed by June, 1953. A monthly progress vary­
ing from 3.5 to 6.0. m. cu. ft. was obtained with an investment of 
Rs. 59 lakhs on earth-moving machinery. About 15% work remain­
ed to be done when we visited the works. The entire work is being 
handled by mechanised construction. 

The average utilisation of the equipment is 4,500 hours. 

The· "plant hour" is defined as effective hour. 

The equipment was purchased in two instalments, one in 1948-49 
and the other in 1952. The former at pre-devaluation prices was 
v:oYth about Rs. 35 lakhs and has done nearly 7,000 hours of work. 

'I'he rates for excavation and for earthwork worked out up to 
1-7-1953 were as under: 

Item 

! . Excavation for dam seat 

2. Excavation for cut off in soft rock 

3· Excavation fiJr harrl rock . 

4· Impervious fill for cut off . 

5· Impervious fill for dam 

6. Murum casing and rock toe 

7· Rock pitching 

8 . Metal base 

9· Slant sand filter 

Q uantity 
m. cu. ft. 

11.65 

9 -92 

!.91 

10 .''!4 

ti6. 26 

25.01 

!.:25 

0.28 

3 · t7 

Actual rates 
per I ,ooo cu.ft. 

42·5 

6o.6 

268. 1 

61. 2 

65 .6 

95·6 

196.9 

480.0 

197 ·5 ' 

These rates include depreciation and running charges of the 
equipment, direct labour and materi'als and work~charged establish­
ment. They also include the cost of all distributive accounts such as 
the purchasing and 'the maintaining flood lighting arrangements, 
constructing and maintaining haul roads, running charges of the 
laboratory and field control, supervfsory transport and sundries. 
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Compared with the list of items recommended by us to be included 
in the Project Rates, these rates do not include the initial cost of lay­
ing the water supply system for watering the earthen ·dam (which 
will be 1:5%) and the cost of Special T. & P. (charged) which will 
be 2%. An addition of 3·5% to the above rates, therefore, will havE 
to be made to yvork out the project unit rates. 

The leads and lifts are recorded daily. Monthly weighted 
averages are worked out. The typical details are given in Statement 
No. 6.3.8. The average works out as under: 
---- ·--------------------------------

M aterials 

Impervious fill 

Murum casing 

Lead 
(ft.) 

Lift 
(ft. ) 

6g 

44 

The measurements are based on physical measurements of the 
compacted embankment. The soil is highly plastic clay giving pay 
measurements of 55% of the struck bowl capacity of scrapers. 

The total cost of the earth-moving machinery is Rs. 59 lakhs, of 
which nearly Rs. 26 lakhs (mostly post-devaluation purchase) is 
taken as the residual value after the dam is completed. Part of this 
is planned to be utilised on the canal works. The value of the earth­
work done by the machinery is nearly Rs. 125 lakhs. The expendi­
ture on the .earth-moving machinery works out to nearly 48% of 
the ear thwork of the dam. 

The life for depreciation assumed is slightly longer than our re­
commendations. The charges for Major Repairs are levied at a 
flat rate and the balance of the reserve fund is carried forward to the 
n ext year. The Major Repairs and Running Cost of t he equipment 
are booked through separate suspense accounts, maintained by groups 
of the types of equipmen t. The account is not sub-divided by makes, 
types and sizes of equipment in the works register. The cost of the 
spare parts issued for field or major repairs are booked machine­
wise in Log Books. The suspense estimates are cleared monthly on 
tne basis of the estimated rates and yearly adjustments are carried~ 
out for the balance amount remaining unadjusted under Running 
Cat. 

The charges for r enewals of tyres and tubes are levied at a 
flat rate and a reserve fund is maintained. 
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For the inter-project comparison of the rates, the following ob­
servations are made : 

The cost of labour housing, maintenance and services works out 
to 4·5~~. The interest on the capital expenditure at 4% will be ap­
proximately 5%. This indicates intensive utilisation of the equip­
ment purchased. The stock losses on the project cannot be estimated. 
The project held stock worth about Rs. 18·3 laklis of which Rs. 10·38 
lakhs is book value of spares for earth-moving machin!!ry. 

The establishment and overhead centage charges are being levi­
ed at pro rata rates of establishment to works for the entire State 
and is estimated @ 30.5%. The actual cost up to the level of the Divi­
sion inclusive of the cost of T. & P. audit etc. is about 8%. We see no 
reason why the project should be debited with such unrealistic and 
heavy charges on pro rata basis. 

14.21. HIRAKUD PROJECT 

General information about the project and the statistics of the 
machinery are given in Appendix 6.4. 

The estimated quantity of earthwork on the main dam is 450 
m. cu. ft. and on the dykes 223 m. cu. ft. About 120 m. cu. ft. of 
earthwork on dykes is given on contract. The main dam is being done 
departmentally with earth-moving equipment. 

The expenditure on Special T. &· P. is Rs. 697 lakhs of which 
Rs. 3 crores are spent on the purchase of capital ea;rth-moving ma­
chinery. A list of the capital equipment and the percentage utili­
sation is given at Appendix 6.4. 

The earthwork done is as under : 
rear QJumtity in m.cu.fl. 

22.1 

1951-52 

1952~53 (up to june 1953) 

129·7 . 
The average utilization of the equipment up-to-date could not 

be obtained but that for the period from October, 1952 to June, 1953 
was 824 hours. The 'Plant Hour' was defined earlier as "gross hours 
of duty" but is now taken as odometer readings or as near an eva­
luation of it as possible. 

The earthwork rate for pervious and impervious fill (on com­
pacted embankment measurement) up to the end of June, 1953 work­
ed out toRs. 87-2-0 per 1,000 cu. ft. 
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There is no cost accounting organization. Store issues are not 
properly classified and priced to date and hence only an overall and 
approximate figure of unit rate is possible. 

The average weighted lead for pervious and impervious fill is 1.9 
miles. The rate includes depreciation, major repairs at actuals and 
running costs of equipment. It also includes cost of water supply, 
misc. sheds and direct labour but does not include cost of haul roads, 
flood lights, laboratory control, supervisory transport and sundries. 

The life of equipment assumed for depreciation is slightly longer 
than our recommendations. 

Reserve Fund for Major Repairs is not maintained. A large 
number of machines are sick and the work of major overhauls is in 
arrears. An improvement in this respect will increase the rates sub­
stantially. 

The total value of the machinery and spares for Unit 1 (concrete/ 
masonry and earth dam with dykes) is estimated to be Rs. 697 
lakhs of which Rs. 471:9 lakhs is depreciation chargeable to works, 
leaving a residual value of Rs. 225 lakhs. This together with the 
residual value of "general machinery" and "stores discarded as 
scrap and useless spares" amount to Rs. 278·3 lakhs. The board has 
decided not to account for the residual value as reduction of ex­
penditure but to charge it to works. This will mean an increase in the 
equipment ownership hourly rate of 57%. The ownership cost will, 
therefore, rise from Rs. 16-5-0 per 1,000 cu. ft. (included in the rate 
of Rs. 87c2-0) to Rs. 25-6-0 requiring a correction of Rs. 9.3 to the 
overall rate. 

The percentage increase in the rates due to the cost of haul 
roads, flood lights, temporary sheds, etc., could not be worked out 
for want of details. However, these were estimated by the Execu­
tive Engineer, Mechanical Division, to be about 10·5%. The labo­
ratory is run mostly by regular temporary establishment. No infor­
mation could be gathered for the debit head of supervisory transport. 

The cost of the special T. & P. QCharged) rendering general ser­
vice, but not charged to unit rates through depreciation, such as the 
workshop equipment, transport vehicles, tankers, etc., is about half 
a crore. This will increase the unit rates by nearly 1%. 

For the inter-project comparison of rates, the follo-..ying remarks 
are made: 

The interest charges on the cost of capital equipment will be 
heavy on this project. Actual figures are not available but taking 
Rs. 2·00 crores as the effective capital on earth-moving machinery, 
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utilised fer 2 years, the interest charges at 4% will be Rs. 16 lakhs. 
The value of the work done may be taken as (140 m. cu. ft. @ 
Rs. 100 per cu. ft. giving) Rs. 1·4 crores giving the ratio of interest 
to work done equal to 11%. 

The cost of "K Buildings" is 5% over the cost of works. The 
cost of maintenance and other services is not known. 

The overhead charges comprise establishment estimated at 5%, 
T. & P. ordinary 1% and audit 1%. 

The establishment charges are rather low. The Mechanical side 
needs to oe strengthened by having about two more divisions. This 
will not increase the overheads appreciably but will aid in improving 
the efficiency of the machines. 

Contract Work 

The work by contract on dykes is done by earth-moving machi­
nery owned and operated by the contractor. When we visited the 
work the contractor was working with 4 Nos. DW 21 Scrapers, 2 D-8 
Tractors and a Grader. 

Earthwork of nearly 22 m. cu. ft. has been done since February, 
1953. The soil was taken from the borrow areas located close to the 
upstream toe. The lead involved was mostly for routing the equip­
ment and was about 2 furlongs. The contract rates were as under : 

1. Earthwork in all kinds of soils mixed and laid in lavers of 6 ... 
to I ft. with rough dressing and including all loads and lifts Rs. 45 per 1,ooo cu. ft. 
(Measurements are by borrow pits. Compaction depart-
mentally with sheeps foot rollers; loss on compaction about 
18%-) 

2.. Earthwork in all kinds of soil laid in layers 6' with rough 
dressing including all leads and lifts . . . . Rs. 47-8-o per 1,ooo cu.ft. 
(A\·erage lead 500ft. for each 55 ft. additional lead Rs. 1-12-o 
per 1~000 cu. ft. bank measurements; compaction by depart· 
ment.l 

3· Excavation inallkindsofsoillaidin6" layers with rough 
dressing including lift and lead. . . . .. Rs. 53-4-0 per J,ooo cu. ft. 
(~fanual work and used 4 Nos. D\V 21 Scrapers; bank 
measure; compaction departmentally.) 

We feel that with so much equipment purchased which is not 
likely to be utilised to its full life, it should have scarcely been 
necessary to give out the dyke work on contracts. The rates inclusive 
of compaction, work out to nearly Rs. 60 per 1,000 cu. ft. Depart­
mentally it would probably have been less. 
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General 

Equipment with large portion of residual life and a large quan­
tity of store will be available on completion of this project. If de­
finite plans for its utilisation on other projects can be worked out, it 
should not be necessary to write off the entire cost of equipment to 
this project. Better returns from the financial investment and im­
proved efficiency from the personnel can be achieved if a continuity 
of construction is planned for utilising the residual equipment and 
spares. 

14.22. DAMODAR VALLEY CORPORATION PROJECTS 

The information about the project and the machinery statistics 
is given in Appendix 6·5. 

The equipment is pooled for all the projects managed by the­
Corp·oration and hence project-wise study of the equipment is not 
possible. 

Maithon Dam and Power House 

The Maithon Dam ProjeCt is estimated to require the following 
quantities of earthwork : 

49.8 m. cu. yds. 

<>.66 

o.8g 

4·40 

1.02 

" 

" 

" 

" 
I I ·95 m. CU. yds. 

Exc. in common soil. 

Exc. in scft rock. 

Exc. in hard rock. 

Einbankment earth. 

Dumped rock. 

TOTAL 

The cost of the earthwork proper is Rs. 2.36 crores. 

The quantities of earthwork done from the start of the project 
up to 31-8-1953 and for the last working season are given below : 

Items 

~ 1) Shovels and dumpers-
( a) Excavation in common soil 
(b) Excavation in intermediate rock 

(c) Excavation in hard rock . 

(2) Tractors with Sluepsfoot rollers, do;;ers, girders and water tankers­
(a) Embankm~nt Earth . 

(3) Dozers-
(a) Embankment dumped rock • 

Total 
Quantities 

up to 
31-8-ss 

m.cu.yds. 

I.32 

o.66 
0.48. 

2.00 

o.g8 

Quantities 
done last 
working 

season 
m.cu.yds. 

o.84 
o.66 
0.2& 

I .2I 

o.g8 
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The weighted average lift and lead were as under: 
Lead miles Lift fl. 

Impervious o.6 25 

Semi-pervious o.6 43 

Pervious o.6 40 

We could not get the actual earthwork rates obtained on the 
project but they were stated to be close to the estimated rates (revis­
ed estimate 1952) which are as under: 

lttm 

Earth Dam: 

I. Stripping ex c. 

2. Borrow imperdous exc. 

3· Borrow semi-pervious and pervious exc. 

4· Embankment 

Dirusion Channel: 

I. E.xcavation common 

2. Excavation Intermediate rock 

3· Exca"-ation rock hard and fresh 

Rat~ Rs. per 
cu. yd. 

0 14 4 

2 I 0 

0 '4 4 

0 '4 4 

I 3 10 

3 12 0 

6 0 0 

These rates include the cost of depreciation, Major Repairs and 
running the equipment. A Reserve Fund is maintained for Major and 
Minor Repairs and maintenance. The rates also include the cost of 
temporary office and store sheds, haul roads, flood lighting, work­
charged supervisory staff, transport, water supply and sundries. The 
rate structure is, therefore, almost complete. 

The measurements are based on compacted bank for the dam and 
sections for excavation. The rate for embankment given above is 
only the rate for processing. The rates of excavation and embank­
ment will have to be added to work out complete rate for the dam. 

The share of this project in the construction equipment is esti­
mated to be Rs. 1.42 crores. The total value of the Special T. & P. 
(which includes Rs. 21.4 l¥fu; for spares) is estimated at Rs. 2.22 
crores against which a salvage value of Rs. 1·00 crores is assumed. 

The life assumed for depreciation is almost in the line '':ith our 
recommendations except in case of excavators for which the life as-
3umed is much longer. A correction in this respect will make a small 
increase in the unit rates; · 
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In the inter-project comparison of the rates the following points 
are borne out : 

The cost of the sub-head K Buildings is estimated at 6·1% of the 
east of works. This is within reasonable limits. 

No figures could be worked out for the interest charges over the 
cost of the capital equipment as the equipment is used as a combined 
pool for all the projects. 

No provision is made in the estimate for stock losses. The pro­
ject has started to build up· its spare parts stores only recently and 
hence it is too early to judge the stock losses on completion of the 
work. 

The establishment T. & P. audit and overhead charges are esta­
blished at about 10:/'o . 

. Panchet Hill Dam and Power House 

The information about the project and the machinery statistics 
is given in Appendix 6.5. 

The dam is estimated to require the following quantities of 
·earthwork : 

Total excavation: 230m. cu. ft. 

Total Embankment: 202 m. cu. ft. 

The total cost of the project is Rs. 14·32 crores of which the 
·earthwork is estimated to be Rs. 2.29 crores. 

The earthwork done during the period 31-10-52 to 30-6-53 was 19.4 
m. cu. ft. of excavation and 12.9 m. cu. ft. of embankment. 

The actual rates of earthwork were as under: 

Item 

Excavation Common 

Excavation Int. Rock 

Excavation Hard Rock 

Embankment 

Rate Rs. per yard 

'Without With 
depreciation depreciation 

Rs. As. P. Rs. As. P. 

I 3 5 

2 3 5 

9 6 0 

0 13 8 

I II 4 

2 13 I 

10 12 2 

2 2 

123 



i\..EPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITTEE 

The complete rate for embankment will thus work out to 
Rs. 2-13-6 per cu. yd. or Rs. 105 per 1,000 cu. ft. 

The lead on an average was 800 ft. and lift 18 ft. 

The rate structure is similar to that described for the Maithon 
dam. 

The total provision of Special T. & P. in the estimate is Rs. 1·181 
crores of which the earth-moving machinery charged to the project 
is Rs. 74 lakhs. A deduction of Rs. 65 lakhs is provided in the esti­
mate as "Receipt and Recoveries" mostlv for the salvage value of 
Special T. & P. 

The life assumed for depreciation is the same as for the Maithon 
Dam Project. 

In the inter-project comparison the following points are brought 
out : 

The cost of the sub-head K Building works out to 5% the cost 
of works. 

No figures c~uld be worked out for the interest on the capital 
equipment. The observations made under the Maithon dam applies 
to this project also with regard to the stock losses and overhead 
centage charges. 

General 

The cost structure adopted by the project is almost complete, 
incorporatmg most of the factors recommended by us except the 
Special T. & P. (Charged). 

The project have not yet come up to their best production levels 
which they will reach in this and the next working seasons as they 
are now almost out of their foundation works. Improved production 
will reduce rates. 

A Reserve Fund is maintained for Major and Field Repairs at 
a fiat rate taken at 100% of the depreciation. The unit rates quoted 
above will be affected to the extent by which the actuals will vary 
from the flat rate levy. The adequacy of the flat rates can be judged 
only after 2 or 3 years. 

Although the unit rates appear rather high to us we refrain 
from commenting upon them at this early state of construction. 
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!4.23 BHAKRA DAM 

This is a concrete dam project using earth-moving machi-· 
nery for the construction of approach roads and for excavation of 
foundation, tunnels, etc. Bulk of the excavation and embankment is 
in rock, with an extremely difficult topography. This coupled with 
the great height of the Dam (680 ft.) makes the cost and production 
statistics unsuitable for comparison with any other projects under 
execution in India. The work involves over 5 m. cu. ft. yds. of exca­
vation for the foundations and the power house alone. The general 
information about the project is given in Appendix 6.6. 

We could not get adequate information regarding the unit rates 
of the work. An analysis of the work of the "Excavaticn of Left 
Abutment above R. L. 1700" was furnished to us giving a rate of 
Rs. 3-8-11 per cu yds. as under: 

Labour 

Materials 

?\1achinery charges 

Compressed air charges 

Electric charges 

. ToTAL 

Raft Unit 

Rs. As. P. 

o 2 6 per cu. yd. 

I 14 0 

1 0 9 

0 5 7 
0 2 0 

3 8 II 

" 
" , 
, 

It is not clear whether this included transport cost and to what. 
distance and how much of the material was rock requirmg 
blasting. 

The project has a provision of Special T. & P. of about 8 croreso 
out of which earth-moving equipment is about Rs. 2 crores. The sal­
vage value is estimated to be about 80% of the residual book value· 
and amounts to about Rs. 0.5 crores. In view of the very long life 
assumed for depreciation (vide Appendix 3.2.) we consider that this 
value will scarcely be realised but with reference to the magnitude· 
of the work it will not make an appreciable difference in the unit 
rates. 

14.24. NANGA!. PowER CANAL 

The general information about the project is given in 
Appendix 6.7. 

The work is mainly excavation and embankment for the canal 
and the two power houses, mostly in sandy loam, with about 20% 
in gravel or boulder strata. Machinery is used generally in the rug­
ged portions of the canal involving deep cuttings and high banks. 
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The working condition varied from place to place but normally the 
lead, compared to similar works on dams, was less. Where the exca­
vated materials was too far away or was inadequate, embankments 
were done by earth from borrow pits. 

About 400 m. cu. ft. of earthwork has been done by machinery 
and nearly two to three times that was done by manual labour. The 
canal work lends itself to easy manual work, except for the deep 
cuttings and banks with long leads. In this respect, a good balance 
between the work done manually and by machines is maintained on 
this job. 

The structure for rates for mechanised work on the project is 
peculiar. The Mechanical Engineer (Executive Engineer, Field Divi­
sion, Nanga!) carries out complete items of works at scheduled rates 
laid down by the Chief Engineer. The profit and loss on working 
the equipment is accounted under the suspense estimates of owning 
and operating the equipment. These estimates are watched as 
"Manufacture accounts" and the profit and loss thereon is dealt with 
under the normal P.W.D. Regulations for stock manufacture. 

The rates for earthwork are based on th~ pre-war schedules plus 
premiums. The basic rates are as under : 

~i) Exca.-ation in soil with a lead up to 50 ft. . 

{ii) fu.."tra for lead over 50 ft. for every 25 ft. 

{iii) Lift from zero to 25 ft. t<' be paid as lead equals square of 
lift; and lifts over 25ft. to be paid as lead equals lift X 25. 

The lead is measured as straight lead or "as the crow flies": 

(1) Shovel or dragline work loading . 

(2) Dragline work casting on spoil bank 

(3) D/8 Scrapers 

(4) Motorised Scrapers : 

Lead 500 ft. to J,IOO ft. 

Lead I,Ioo ft. to r!Soo ft. 

Lead over 1 ,Soo ft. 

Rs. 3-2-o per I ,ooo eft. 

Re. o-2-o Do. 

200% over the basic 
rates. 

175 %over the basic rates. 

150% over the basic rates. 

Igo% over the basic rates. 

I 35% over the basic rates. 

uo% over the basic rates. 

Motor scrapers are not chosen for use on work involving a lead 
of less than 500 ft. 

The scheduled rate for compaction is fixed at Rs. 12-8-0 per 
1,000 cu. ft. inclusive of all premiums. This includes watering, roll­
ing and dressing. 
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There is no hardness, wetness, slush or gravel allowances given 
over these rates for machinery work. Such allowances are allowed 
for manual work and to that extent the machine w.ork become~ 
cheaper still. 

"Pay" measurements are based on the "borrow pit" measure­
ments, recorded, by taking cross sections. These are checked by the 
Civil Engineer on whose behalf the work is done. 

The hourly )'"ates of working the machinery include a flat allow­
ance for credit to a reserve fund of Major Repairs. 

For a typical case of canal excavation by a dragline casting on 
spoil bank involving a lift of 30 ft. and a lead of 150 ft. (within the 
reach of the boom) the rate worked is Rs. 22-2-0 per 1,000 ft. The exca­
vation by the machines generally left the area roughly to the final 
section, and hence some further excavation for proper sectioning 
and dressing had to be done by manual labour. 

For a typical case of an embankment involving a lead of 2,050 ft. 
and a lift of 30 ft. and embankment measuring 85% of borrow pit 
measurements, the embankment rates worked out to Rs. 75 per 1,000 
eft. of compacted and dressed embankment. We consider that the rate 
for excavation and casting is rather low. The rate for embankment, 
though somewhat high, is reasonable taking into account that usually 
the Canal excavation and embankment work were done within the 
same rate. 

We were told that the overall position of the profit or loss on 
the manufacture estimates is, that there is no appreciable credit 
balance or deficit on the running costs and that there are adequate 
funds available under the Major Repairs Reserve Fund. 

We could not get adequate information to study how far the 
equipment will be utilised on the project and to what extent these 
rates will be affected by the assumptions of the salvage value. The 
project is very large involving much work on canals and hence it is 
difficult to get an overall picture of how the plant planning has 
been worked out for the entire job. However we feel that the figures 
of the life of equipment assumed for calculating the depreciation 
are too high and are not consistent with the figures normally adopt­
ed on such works. A modification in the rates of depreciation to be 
in line with our recommendations will increase the rates 
by about 159'"o-. 
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·CHAPTER FIFTEEN 

MANUAL LABOUR VERSUS MACHINERY 

15.01. UNEMPLOYMENT 

The problem of unemployment in India is drawing pointed atten­
tion from everyone at present. Doubts are raised as to the value of 
mechanisation of projects to the country from viewpoint of overall 
economy. We are of the opinion that a word of caution is necessary 
before going in for large scale mechanisation. We must find employ­
ment for the partially ·utilised vast resources of unskilled labour 
particularly in the rural areas. 

We must take into consideration the drain on foreign exchange 
which mechanisation brings about ; not only for the purchase of the 
equipment, but almost twice as much more for the supply of mate­
rials and spare parts needed to keep the machines running. 

Our resources of skilled personnel to maintain and operate the 
modern mechanical equipment are limited and our organisational and 
administrative set-ups are not as yet modified to meet the existing 
needs of maintaining the equipment at a high standard of efficiency. 

We consider that mechanised construction is indispensable under 
certain conditions for the quick and efficient execution cf our pro­
jects. If the scope of mechanisation is limited to the proper spheres 
and does not interfere with the interests of manual work, the coun­
try would gain by the judicious use of machinery ; particularly n,ow 
when the "grow more food" works have to be pushed through and the 
quick execution of our River Valley Projects is very important to the 
nation's economy. 

15.02. DECIDING SPHERE OF MECHANISED Joss 

Before a project is planned for execution, the scope of mechani­
sation should be studied and limited to jobs which are not feasible 
without the aid of machines or which cannot meet the time schedules .. 
For works which can be executed within the time schedules and to 
specifications, by either manual labour or mechanisation, the com­
parison of estimates will be the deciding factor. We suggest that for 
such works it would be undesirable to mechanise if the estimates 
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for the mechainsed construction shows saving of about 20 per cent 
since with the data available at present overall estimates for mecha­
nised work can be framed to approximately 80 per cent accuracy 
only. 

A small amount of mechanisation to supplement the manual 
labour is our best arrangement. Selected items of work which can 
accelerate the progress of manual labour should be handled by 
machinery ; for example transport over long distance, lifting mate­
rials to the top of the dam, stone crushing for concrete, compaction 
of earth-fills, dewatering foundations, etc. 

15.03. PRoDUCTION SCHEDULES 

The targets set for production schedules and the degree of avail­
ability of labour resources in a local area are often guiding factors 
to decide the necessity of mechanisation. A two-yard excavator 
with about 10 men can do a job in a day which the same numbe~ 
of men would take a month to do. It is not always that a very 
tight time schedule is inescapable. If jobs are started well in ad­
vance, and time schedules are relaxed where it is reasonably possi­
ble to do so, it should be possible to avoid the necessity of rush­
schedules on many jobs and thus bring them within the scope of 
manual labour. 

This aspect should be borne in mind while preparing the pro­
gress schedules of construction for ·projects. ·The large amount of 
time consumed in planning for equipment and awaiting deliveries 
will often decrease time schedules sufficiently to enable the work 
to be done by manual labour. 

The partially mechanised Tungabhadra Project and the highly 
mechanised Vaitarna Dam should provoke a lot of thought in this 
respect. The change-over from the use of mechanised concrete cons­
truction to masonry at Hirakud is another example for such ana­
lysis. 

15.04. SPECIFICATION REQUIREMENTS oF MoDERN PRoJEcTs 

Some of our modern projects are outside the scope of manual 
labour unassisted by equipment. Jobs such as Bhakra or the earth­
work at Hirakud Dam cannot be done without the use of modern 
machines. If we want the projects to be executed we must have re­
course to mechanisation. Even if we were satisfied with completing 
our projects over an extended time, the specification requirements 
of such projects make it essential to use machines. It will not be 
safe to build them by other methods. 
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15.05. SPECIAL USE OF MECHANISATION 

Excavations for foundations, long leads, compaction to specifica­
tion- and excavation and tunnelling in rock are spheres in which 
mechanisation seems indispensable even on medium sized jobs. 
Under-water excavation can best be done by draglines. Blasting 
below water table needs modern drilling and special explosive tech­
nique. Haulage over a distance of about 500 ft. cannot be attempted 
on any large scale without the help of transport vehicles. 

1~.06 MANUAL LABOUR AND TRUCKS Versus EARTH-MOVING MACHINERY 

Donkey transport can work to about two furlongs and works can 
be attempted ·with bullock carts up to a lead of one mile. But carts 
are getting scare and costly for such work and the advent of motor 
trucks has almost completely taken over the transport of building 
materials. The motor truck transport is cheaper in initial cost but 
becomes more costly on running expenses with the result that on 
larger jobs it pays to go in for modern earth-moving equipment. A 
typical comparison of earthwork by trucks with that by heavy equip­
ment is given in Appendix 5.1. The conclusions evident from the 
study are as under: 
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( i) A large initial investment is required for earth-moving 
machinery which can be economically advantageous only 
when fully utilised. Comparatively little initial invest­
ment is required for manual excavation with truck transport 
and trucks. 

( ii) The labour strength employed and the construction colony 
for manual work will be nearly 15 times those required 
for E. M. Machinery. The employment for manual work 
will be mostly unskilled labour, whereas that for E. M. 
Machinery will be mostly skilled. 

(iii) The unit rates of earthwork based on the total expenditure 
falls progressively as the earth-moving equipment is uti­
lised for longer period of its life. The unit rate for manual 
labour remains almost steady. 

( iv) For jobs involving large quantities of earthwork spread 
over the lifetime of equipment, machinery work would be 
much cheaper than manual work. 

(v) In this specific study, it would not pay to go in for E.M. 
Machinery for less than 25 m. cu. ft. of earthwork unless 
the salvage value of the equipr :nt can be realised by fur­
ther use or sale. 
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(vi) Continuity of construction by earth-moving machinery is 
essential to achieve low rates. For manual work it does 
not affect the rates appreciably. 

It is our contention that a non-technical critic does not realise 
the strength of labour required to do earthwork manually. If the 
earthwork of the Hirakud Dam was to be executed by manual labour 
alone, the strength required would have been nearly 3,00,000. That 
would make a job impossible to set up or manage. 

15.07. No SHORTAGE OF LABOUR IN OUR COUNTRY 

We, however, think that specialised intricate equipment deve­
loped in the West to meet the shortage of man-power, should scarce­
ly be necessary in India. For example, the trench diggers for shallow 
foundations of buildings, the field channel excavators (developed on 
All American Canal) or the elaborate rigs to dress the canal banks 
(used at Friant Project) should scarcely be required in our country. 
It IS sad but true, that there is yet a certain amount of fascina­
tion in the minds of amateur engineers in doing jobs by machinery 
in fields which can be better covered by manual labour. It is neces­
sary, therefore, to study critically each field of work before investing 
in machinery. 

15.08. OuR EcoNOMIC STRUCTURE 

The modern conception of mechanisation is but an advanced 
and foreign countries is that an unskilled labourer costs us Rs. 30 
to 40 per month whereas U.S.A. has to pay Rs. 1,500 per month. 
We have plenty of unskilled and little of skilled labour whereas 
the reverse is the case in U.S.A. On the other hand the imported 
cost of every dollar worth of ·equipment and spares is about Rs. 5 
and 8 respectively. The value of spares required by the equipment 
is about 50 per cent of the cost of the equipment .. · 

It is, . therefore, wrong to arrive at the conclusion that if an 
equipment is developed in foreign countries to do economically a 
particular type of work there, it must be good for us also. 

15.09. NECESSITY OF IMPROVING TECHNIQUE OF MANUAL LABOUR 

The modern conception of mechanisation is but an advanced 
stage in man's search for tools. It has contributed to the evolution 
of the world from the time of the caveman of ·the stone age. The 
development of the personal tools such as pick axes and the crow 
bars has been arrested by the over-loading effect of specialised 
equipment such as excavators. In advanced countries, the develop­
ment of personal tools has taken the shape of pneumatic diggers, or 
electric hand drills. In India we have not yet given adequate thought 
to. this problem. 

10-1 C. W. & P. C./57 13I 
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Whereas the modern scrapers are a vast improvement over the 
earlier models of twenty years back, the small man's tools such as 
the spade or the basket have not been given enough attention for 
scientific development. The pre-historic method of transporting soil 
in little baskets carried over head has seen no improvement since 
the days of the pyramid. And yet these are the tools through which 
we are now planning to spend crores of rupees for our development 
projects. We entirely agree with the thought-provoking article sent 
from Washington D.C., by Shri N.D. Ghulati that a time and motion 
study of manual work needs to be pursued on scientific lines and that 
the workman's tools should be improved to give more performance 
and less fatigue. We quote the suggestions below : 

"Briefly stated, the idea is that great saving would be obtained 
in most forms of engineering work involving the movement 
of earth by a thorough development of the science of earth­
work under Indian conditions. Special study would be 
given to the application to the use of human labour, of the 
principles of time and motion analysis, which has done so 
much to increase production in the construction and manu-
facturing industries in this country ..... . 

"The second step in the study proposed would try to bring 
about more efficient methods with the tools in common use 
by 'time and motion study' ..... . 

"A great deal of study should be given to the best method of 
carrying out the studies ...... One of the first steps should be to 
get one or two experts in time and motion study from 
United States to come to India to see the conditions of work 
there and learn the problems involved ..... . 

"Probably the best way to finance these studies, ...... would be 
under the Point Four Programme. Another possibility 
would be under the Ford Foundation ....... A third but less 
desirable method would be for some time and motion expert 
to set up a study programme for himself at some University 
in India, under the Fullbright Act of the United States Gov­
ernment." 

15.10. LABOUR CONSCIOUSNESS TO THEm AMENITIES 

A new aspect that has to be borne in mind in the planning of 
large concentrated works managed by manual labour is the labour 
consciousness for their elementary comforts and needs. It was possi­
ble in older days to disregard the question of even modest housing, 
sanitation and health arrangements. Any concentration of labour 
today raises these fundamental problems. Even a bamboo matting 
hut costs over Rs. 250 in construction and maintenance over 5 years. 
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The cost of other services is nearly a third of tha~. .It will progres­
sively become impossible to manage concentrated works without 
spending large amounts on construction towns. It is only a question 
of time before the demands of the labour unions in the field of in­
dustries pervade the sphere of the construction trade. in any com­
parison of· manual labour versus machinery this Jactor must be care­
fully considered. 

The difficulties normally encountered on jobs managed with 
manual labour have been summarised by Shri E. Viraraghavan, 
Superintending Engineer, Hyderabad, P.W.D., as under : 

(1) Heavy advances. 

(2) Free transport from their villages to the workspot and back 
af,ter the completion of the season. 

(3) More and more amenities. 

( 4) General decrease in the capacity of their work due to insulfi­
cient nutritive food. 

He evaluates the economic effect of these overhead expenses on 
manual labour rates as under : 

1. Hutting charges, providing mats, bamboos, co.ir ropes, etc. 3% 
2. Depreciation and mending of tools 1% 
3· Transportation charges 3% 
4• \Vatchman charges . I% 
5· Advances and food arrangements 7% 

ToTAL IS% 

If lighting, sanitation, water supply, medical services and the 
housing better than "bamboo and mats" are provided, the percentage 
will jump so high that it will be the critical consideration in the eva­
luation of overall economy. He further works out that the value of 
the foodgrains required is about 20 per cent of the value of the earth­
work. 

15.11. EARTHWORKS ARE MORE ECONOMICAL 

One of the reasons why large earthwork jobs are now attempted 
is the development, to a high standard, of the science of. Soil Mecha­
nics. An engineer can now use soil as a construction material with 
known factors of safety hi the same way he used concrete or steel. 
This has made large dams technically feasible. 

Non:-D.O. No. CWD-s/W of 16-g-s~. addre~sed. to Shri V. T. Krishnamachari (copy 
to Shri Kanwar Sain) by Shri N. D. Ghulati from "\\'ashington, D. C 
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For the same height of a dam above the foundations, the quan­
tity of earth required is roughly 10 times that of masonry. If, 
therefore, the rate of earthwork is 1/10th that of masonry, an earth 
dam will complete with a masonry dam in cost. In the matter of 
design the earth dam generally does not need to go deep below the 
ground level except for a small quantity (usually about 10 per cent) 
for the cut off trench ; whereas a masonry dam has to start from 
sound rock however deep it is. This aspect works in favour of the 
earth dam. Usually the rates of earthwork are only about 1/10th 
that of masonry. This makes earth dams cheaper both in quantity 
and rates. 

The development of earth-moving machinery has cut down the 
rates of earthwork whereas there has been a steady rise in the rates 
of other materials. To quote Donald and Auckland from "Moving 
Heaven and Earth" : 

''During 1920-30 period, earth-moving was accomplished by 
steam and gasoline units, and was necessarily slow. Using 
a 1.000 ft. haul as basic the average delivery was 8 cu. yds. 
per man-hour at a cost of about 50 cents per cu. yd. During 
the period 1930-33, the first true gasoline tractor was em­
ployed as a haul unit, and this increased production to a 
figure of 12 cu. yds. per man-hour at a cost of about 45 cents 
per cu. yd. 

'·In 1933, when .rubber tyres were introduced scraper perfor­
mance was stepped up and production costs lowered, haul­
ing the same distance (1,000 ft.) during 1933-39 meant a deli­
very of 60 cu. yds. per man-hour at a cost of about 14 cents 
per cu. yd. 

"In 1939, when a Tournapull was invented a considerable saving 
both of time and money was effected. Production with this 
piece of equipment on a 1,000 ft. haul is 130 cu. yds. per 
man-hour at a cost of 8 cents per cu. yd. delivered." 

In India, the rates of mechanised earthwork is only about 1! 
times that of pre-war rates, but the rate of masonry has gone up to 
nearly four times. 

We have collected information about some of the large works 
carried out by manual labour in the country. A summary of the in· 
formation supplied to us is given in Appendix 5.2. 

15.12. OBSERVATIONS .ON CANAL EARTHWORK 

It will be seen from the statistics given in the appendix that the 
manual labour is utilised mostly for canal work and for minor earthen: 
dams. The rates obtained for canal excavation by manual labour 
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are on the whole such that mechanisation will scarcely be justified on 
the grounds of cost alone except where long leads and lifts are in­
volved. We think that a good balance is obtained in this respect on 
our projects and no emphasis needs to be made for leaning more to 
either side. 

We would, however, suggest that there is a greater scope for 
the use of tramlines and tipping trucks fo~ this type of work than 
has so far been employed. For large quantities of excavation for 
canals of small bedwidths in hard materials like the disintegrated 
rock, the use of back-hoes deserves more attention. 

As regards the canal embankments, trucks used on highways are 
often employed for transport. These are unsuitable vehicles for off­
the-road transport which makes for costly running charges. We 
suggest that for larger works involving short distance transport, the 
use of small diesel shuttle dumpers 4! to 6 yds. capacity loaded 
manually needs to be given more thought. 

15.13. OBSERVATIONS ON EARTHEN DAMS 

For earthen dams, the transport is largely done by commercial 
trucks loaded and emptied by manual labour. The rates on the whole 
are higher than those possible with earth-moving machinery. 

The Malampuzha dam is a typical example of constructing a 
small· earthen dam with trucks. The overall rate works out to 
Rs. 93 per, 1,000 cu. ft. of compacted bank. For this method of cons­
truction we think that the rate is satisfactory. But an all inclusive 
rate of about Rs. 60 per unit is achievable by mechanisation even for 
somewhat longer leads and higher lifts. However, so long as such 
small dams are attempted as individual works, a higher degree of 
mechanisation is not desirable. 

We think that a better planning should be possible by com­
bining a group of small dam projects under a Central mechanised 
organisation. If this can be done to pool about 50 m. cu. ft. of earth­
work, mechanisation will cut down the cost and time. Uttar Pradesh 
has already worked on this system successfully completing fair sized 
dams (30 to 60 m. cu. ft.) in one or two seasons each at attractive 
rates. Madhya Pradesh has planned in a similar way to construct 
a large number of minor irrigation works through use of a Central 
Pool equipment. We feel that this type of planning deserves more 
investigation. 
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CHAPTER SIXTEEN 

SUMMARY AND RECOMMENDATIONS 

We have dealt, in the Report, with the various aspects concern­
ing the economic and efficient utilisation of the earth-moving equip­
ment on River Valley Projects. 

We felt it more convenient to deal with the subject according 
to the arrangement presented in the Report, which covers all the 
points included in our terms of reference together with such addi­
tional suggestions as we wanted to make under item (7). We have 
given in this part a summary of our recommendations arranged in 
<Jrder of the terms of reference. 

(1) The makes, types and sizes of the plant best suited for 
various types of work with a view to standardisation ; and 

(2) combination and matching of plant where more than one 
unit of plant is involved. 

These terms pertain to plant planning and standardisation of 
€quipment which have been dealt with in Chapter Two. 

Construction plant should be planned and detailed with the 
same care as is essential for working out other details of a project. 
It should be based on carefully collected data regarding materials, 
progress schedules and specifications. 

Planning should take into account the job set up and should aim 
at utilising about 75% of the life of the capital equipment against a 
definite programme for utilisation. 

Multi-shift working should be a standard feature and suitable 
allowance or extra pay should be given to the project staff for 
shouldering the additional responsibility of multi-shift working and 
cost control. 

Yearly financial grants should be arranged in such a way as to 
avoid piece-meal purchase of equipment causing the introduction of 
non-standardised equipment. 

The "job factor" and the "management fatcor" should be pro­
perly evaluated in as far as this affects costs and production. The 
former will require a detailed study of the materials, topography, de­
sign, working conclit.ions and specifications. The latter will depend 
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upon the organisation, personnel, authority vested at various levels, 
and the available facility for repairs and replacements. The master 
plan of equipment should bring out all these points and their effects 
on cost and production. 

Proper facilities for ancillary services, e.g., flood-light, railroad, 
labour amenities, transport for supervisory personnel, communica­
tion, etc., should be incorporated in the plan as the efficiency of the 
equipment operation will depend upon such services. 

Equipment and spare parts pools within States are essential for 
better maintenance and effective utilisation of the large number of 
construction equipment diffused throughout tlie States. A Central 
Organisation under C. W. & P. C. to coordinate the demand for equip­
ment following its release from completed projects is suggested. 
The detailed sphere of its activity is given in Appendix 7. 

The standardisation of power units is equally important. 

Small sizes of equipment are not recommended for use on pro­
jects except in as far as they may be required to aid the manual 
work. 

It is better to standardise even on a few mediocre types and 
makes of equipment than to purchase too many makes and sizes of 
a high quality equipment. Care should be taken to see that the equip­
ment selected is backed in India by satisfactory spare parts, stores 
and service personnel with the equipment representatives. 

The policy of purchase of capital equipment should be coordi­
nated with the overall plans of the project engineer to fit his orga­
nisation and job requirements. 

The quotations for the purchase of equipment must be weighed 
with due regard to services which the firm can offer in ex-stock 
supply of spares and technical assistance. 

(3) Correct apportionment of labour to plant. 

We understood this term to mean that standards should be laid 
down to indicate the strength and wages of the technical personnel 
operating, maintaining and supervising the ~quipment, i.e., the line 
and staff organisation. 

The organisation required on a mechanised project is given in 
· Chapter Three. The recommendations regarding qualifications, train­
ing and wages of the staff organisation is dealt with in Chapter 
~our and the number of operators required per machine is suggested 
·m Chapter Eleven. No definite standards regarding the strength of the 
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maintenance crews can be given as it will depend upon the organi­
sational set-up and the availability of skilled personnel. However, 
the standards for labour charges per plant hour for servicing field 
repairs and Major Repairs have been stated in Appendix 3.3. 

( 4) Mode of calculation of the working cost of each type of 
plant per hour ; the unit cost of the work performed by each 
type of plant on the various projects should be computed 
for the last working season and variations in cost should 
be explained. 

(5) Suggestions for a unified scale of depreciation to be follow­
ed on all river valley projects. 

The "plant hour" is defined as "meter hours" where meters 
are working ; where such meters do not exist, commensurate effec­
tive hours, based on the working of similar other machines with 
meters, should be used. Where even this is not possible, the "effec­
tive hour" can be based on the average fuel consumption and the 
work done per hour, which gives the load factor. 

The method of working out the "plant hour cost" of equipment. 
has been detailed in Chapters Eight to Twelve. 

The expenditure on the purchase of earth-moving machinery 
should be accounted for as suspense charges and charged off pro­
gressively to works through depreciation. The Spl. T. & P. of 
general nature need not be watched through individual deprecia­
tion account but should be charged off progressively in proportion 
to the value of the work done. The method of keeping capital ac­
counts of each of the equipment through History Books has been 
described in Chapter Thirteen. The resale value of equipment can be 
deducted from the project cost if definite plans for utilisation of the 
residual life of equipment are worked out. The standards for cal­
culating depreciation have been laid down in Appendix 3.3. 

A flat rate of levy is proposed for Major Repairs to equipment,. 
which should be credited to a Reserve Fund and the charges for 
Major Repairs watched through suspense estimates, should be 
debited to the fund. Standards for the flat rates of Major Repairs 
are laid down in Appendix 3.3. The set-up required for overhauls 
and repairs has been detailed in Chapter Six. 

The operating charges should be watched through suspense 
estimates anp. cleared monthly by debit to the work to which 
services are rendered. The clearance rate can either be based on 
the actual expenses or at an estimated rate subject to periodical 
adjustment for residual amounts. 
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The standards for the operating charges, servicing and field re­
pairs have been indicated in Chapter -Eleven and Appendix 3.3. 

The method of working out unit rates cif ·earthwork by trans­
ferring the expenditure on owning and operating equipment, to 
the items of work concerned, has been prescribed in Chapter 
Fourteen. 

The importance of watching the unit rates down to each indi­
vidual component of costs is emphasised. The requirements of a 
complete rate structure have been defined in Chapter Fourteen. 
These rates should be worked out at two levels: (i) Project rates and 
(ii) inter-project or "contractors" rates. The nature of the compo· 
nents factors have been indicated. 

The actual rates reported by projects include or exclude or 
partially incorporate these components. The projects do not have 
the costs of component factors in readily available form to enable 
an overall comparison of unit rates on a uniform basis. to be made. 
The rates reported by projects and the component factors which 
they incorporate have been studied in Chapter Fourteen and tabu­
lated in Appendix 3.7. 

We could not make a more detailed study of the comparative 
unit rates for lack of adequate data. The projects are not in a posi­
tion to supply the required information in the time at our disposal. 
We have suggested the opening of a cost accounting organisation in 
C.W. & P.C. which should pursue this matter. It is only after the 
projects maintain their accounts along the lines suggested by us 
that a periodical comparative evaluation can be accurately made. 
We recommend that the central organisation should codify detailed 
procedure. 

(6) Standard forms for the history sheet and Log Books of 
each type of plant. 

The Log Book should be used as a primary record of opera­
tional data and the History Books should give all the technical 
and cost data of a machine for technical and fiscal evalution. The 
forms of ·the Log Books, History Books, and tyre record are pres­
eribed in Appendices 4.2 to 4.5. 
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(7) The various factors involved in efficient plant operation 
emphasising the adverse factors which have been respon­
sible for low output and poor maintenance on the various 
projects visited. 

This reference is dealt with in three parts as under : 
( i) Administration and personnel. 

(ii) Operation, maintenance and repairs. 
(iii) Supplies and spare parts. 
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Administration and Personel 

The most important single factor controlling the efficiency of 
a project is the management factor. Administration and personnel 
are a part of the management factor. 

Points important to proper administration are : 

(1) Proper organisation; in Chart 1 paragraph 3.14 an attempt 
is made to convey the concept of a line and staff organisation. 

(2) Authority is not being delegated properly for various rea­
sons as detailed in paragraph 3.3. 

(3) Proper codification for procedures organised on mecha­
nised construction does not exist. We recommended that procedures 
and records be codified by the proper Directorates at the Centre. 
If proper Directorates to codify procedures do not exist, they should 
be established. 

( 4) Decisions must be made rapidly enough to keep in time 
with rates of production. When modification of design will increase 
efficiency or lower costs without affecting .specifications, it must be 
allowed. The use of modern office and communications equipment 
will expedite good administration. , 

Personnel is discussed into three aspects-selection, training and 
maintenance of constructive work relationships. 

Modern methods of evalution (the use of tests and testing) can 
be invaluable in selection of personnel for employment and train­
ing. At present selection of personnel for employment and for 
training is unsatisfactory. This matter is covered in Chapter Three. 

The training programme under conside~ation by C.W. & P.C. 
must be implemented as soon as possible under a new Directorate 
of Technical Man-power. 

In considering the maintenance of constructive work relation­
ship two factors appear. Morale is generally low on the projects, 
the people are not interested in their work nor informed as to why 

. they are working. More information should be given out to them 
about the work and their value to it. Pay scales are relatively low 
for responsibility involved. We have given recommendations about 
pay scales in Appendix 2.3. 

Operation, Maintenance and Repairs 

Operational standards can be improved by better plant plan­
ning, careful maintenance, and proper conduc~ of . the job. Im­
portance of having trained personnel for operation and repairs is 
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discussed in Chapter Five. Points which need special attention on 
operation and maintenance on our projects have been high-lighted. 
Periodical inspection of equipment by base workshop is essential. 
A scheme of training operators and maintenance personnel is 
suggested. 

Various teams required for servicing and maintenance of equip­
ment are indicated. 

Special care is necessary for maintenance of targets. 

Careful layout for standardisation of lubricants is recommend­
ed. Importance of clean fuel for efficient operation is brought out. 
Filtered oil can be used for less exacting duties to keep down costs. 

Incentive wage for production in excess of standards of opera· 
tion and maintenance should be a regular feature of wage structure 
(para 4.25). 

Adequate amenities should be offered to the operation and 
maintenance personnel to enable them to do their duties efficiently 
.and safely, e.g., providing uniforms, warm overalls, goggles, etc. 

The standard of repairs is even poorer than operation. 

Well-planned repairs facilities are essential to efficient opera­
-tion. Workshop layout, organisation and repair routines are dis­
cussed in Chapter Six. Importance of assembly overhauls and re­
placements is stressed. Careful inspection at all stages of overhaul 
and proper planning for reclamation and reconditioning of old 
parts is essential for ultimate economy. 

,Supplies and Spare Parts 

A large store of spare parts is carried by projects without 
commensurate advantages as the parts are not ordered carefully 
A Central Scaling Organisation under C.W. & P.C. to assist the 
projects to forecast their demands of spare parts and to build up 
stocks of only useful items is suggested in Chapter Seven and 
Appendix 7. 

Standardisation of equipment is essential to having a satis­
factory service of spare parts, from the project stores as well as 
spare part stock can be cut down only if a project buys equipment 
in one make and size as far as possible and standardises on power. 
units. 

Projects should be allowed to order their spare parts require­
ments either against D. G. S. D. rate contracts or under normal pro­
cedures of tenders. Lengthy procedures are working against economy 
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and are causing overstocking in stores. Attention of the Stores 
Purchase Committee should be drawn to the necessity of obtaining 
spare parts and other materials expeditiously by the projects by de­
legating adequate powers to the project officers. 

The importance of forward planning for the parts required 
for major overhauls is stressed and standards are indicated for the 
total yearly requirements (para 7.12 and Appendix 3.3) of spare 
parts and other stores. The Committee's ideas about the value of 
the stock of spare parts in relation to that of the equipment is 
given in para 7.13. 

Organisation of the store should be such as can render quick 
:service to the project. 

Importance of proper storing arrangements and care of spare 
parts and materials is stressed in para. 7.18. 

The use of non-genuine spare parts and the scope of manu­
facturing spare parts in India have been discussed in paras 7 . 21 and 
7.22. 

The effect of the restrictions on the import of some of the 
·spare parts' and its harmful effect on efficient operation of equip­
ment is indicated with reference to ball bearings and is suggested 
that a ban on the import of the types and sizes of ball bearings 

actually being ,manufactured in India is all that should be done 
at present. 

(8) Comparison of cost of work which is being carried out by 
machinery with that carried out by manual labour with 
recommendations as to the type of work which should be 
normally carried out with machinery. 

Statistics of a large number of major earthwork job, being exe­
-cuted by manual labour is given in Appendix 5.2. The scope of 
mechanised construction and manual labour work is discussed in 
·Chapter Fi!teen. 

The jobs which are within the scope of manual labour should 
not be mechanised unless the estimates indicate a saving of over 
20% in costs because we consider that this is the limit of accuracy 
with which mechanised construction can be estimated at present. 

For large earth dams mechanisation is essential for ~conomy 
-and to meet the production targets. Canal excavation has a greater 
scope for em!Jloying manual labour. Judicious use of equipment to 
assist the manual work is advocated. 
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Necessity of improving the technique of manual work t~ 
achieve better efficiency is brought out (para 15.09). 

The labour trend to ask for more amenities is an important 
factor in the planning of concentrated jobs and should be weighed 
before deciding to carry out works with manual labour. 

Use of off-the-road trucks instead of the highway transport 
vehicles is suggested for transport with manual labour. 

A pool of equipment to handle medium-sized earth dam jobs is re­
commended for consideration. 

General 

Appendix 7 compiles our recommendations for ·assistance re-­
ouired of the Centre by the projects to achieve better standards. 
These organisations are suggested to be set-up for (i) Machinery 
Exchange, spare parts co-ordination and scaling of forward re­
quirements of spares, (ii) Technical Man-power organisation to­
pool and utilise the available resources of skilled personnel for 
effective utilisation on projects and (iii) Cost accounting organi­
sation to assist the projects to utilise modern methods of cost and 
production control and to act as a watch dog of the Government of 
India, working on definite and detailed figures. 

· All of the three organisations as recommended should codify 
procedure for the functions with which they are concerned . 
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MEETINGS OF THE COORDINATION BOARD 
OF MINISTERS 

MINUTES OF PROCEEDINGS OF THE SUB-COMMITTEE No. I (ON THE REPORT 
OF THE CoNSTRUCTION PLANT AND MACHINERY CoMMITTEE) HELD AT 

NEW DELtu ON 1-10-!954 

The following were present:-

Shri A. G. Mitra took chair by special arrangement. 

Shri R. K. Gupta, Member. 

Shri S. D. Kliungar, Member. 

Shri H. L. Vadera, Member. 

Shri R. F. Kokan • } attended by request. 
Mr. P. C. Aggarwal 

Mr. G. G. Dhanak, Member-Secretary. 

Shri A. N. Malhotra and Shri Sirtaj Singh accompanied Shri 
Gupta. 

Shri L. Venkatakrishnan Iyer could not attend due to other 
engagements. 

The Sub-Committee discussed the two reports of Sarvashri Gupta 
and Khungar and the note prepared by Shri Dhanak. The conclusions 
arrived at by them are given herewith. (These should replace the 
proceedings of the Sub-Committee held at Roorkee.) 

t. Standardisation of Plant and Machinery 

(i) What is the basis on which such standardisation can be de­
cided? 

There is no doubt that standardisation is necessary. The basis 
of standardisation should be:-

(a) Performance. 

(b) After-sale service and availability of spare parts. 

(c) Definite indication of manufacture in the country of spares 
and machines will be an added consideration. 
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If these are satisfactory then alone should the question of initial 
cost be considered. 

The term performance should be studied with reference to dura­
bility, spare parts consumption and operation cost under similar con­
ditions of working. These factors cannot be dealt with purely on sta­
tistidl.l basis. The opinion of those who have actually used a large 
variety of equipment on big jobs, will be the predominating factor 
in deciding satisfactory performance of any particular machine or 
machines. We suggest that the recommendations made by the Plant 
& Machinery Committee should be sent out to such users in such 
form as may be considered desirable and they should be requested 
to give their opinion supported by such statistics of performance as 
they may be able to produce. 

(ii) How best can the proposed standardisation and limiting 
the purchase of equipment to few makes be implemented? 

Government of India must take a decision on Standardisation of 
construction equipment. They should then send a circular to all 
State Governments requesting them to fall in line with their decision. 
Government can exercise control of non-standardised purchases by 
restricting import permits. 

(iii) How are the interests of indenters to be safeguarded so 
that the prices demanded for capital equipment are not un­
favourable, and that no monopoly is retained by the prin­
cipal agents in the supply of spare parts? 

' There should be about three makes in each range of equipment 
in the list of standardisation. 

The D. G. S. & D. should negotiate, before orders for standardisa­
tion are issued, the basis on which the price of equipment and spare 
parts shall be fixed. Such a price agreement should then form the 
basis of cost for future purchases. The State Governments should be 
informed. about the arrangements regarding the prices. · 

(iv) What will be the repercussions on other equipment which 
. are in operation inside the country as regards the supply 

of spare parts? 

Certain repercussions are inevitable. This will, however, be a 
temporary feature. Such Projects as may still be using non-standard­
ised equipment, will have to make their own arrangements in the 
shape of forward planning and direct import of spare parts. The 
advantages of standardisation are so overwhelming that it is worth 
putting up with such hardships. 
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(v) How far the standardisation will be practicable keeping in 
view the standardisation cf power unit as well? 

When the main units have been standardised, it will be an ad­
vantage to standardise on power units in so far as this may be possible, 
with the same make and size of engine to serve as easy replacements. 

2. Life of Machinery 

(i) Should the life of the machinery and other construction 
equipment ,be taken as indicated by the Plant and Machi­
nery Committee ? 

The Sub-Committee considered it necessary to define the unit 
for the measurement of the life of a machine. 

The age of a machine should be measured in terms of the actual 
working hours as measured on clock, provided that the average fuel 
consumption per working hour is what the type of machine would 
consume, under full operating conditions in a 60 minute hour. 

The optimum hourly fuel consumption in Imperial gallons should 
be rated from the following:-

0·5XBHPXC 

8·26 

Were 0·5 is the specific fuel consumption of HSD. 

BHP is the rated HP of the engine. 

8·26 is the lbs., to an Imperial gallon of H.S.D. 

The value of C should be taken as under:-

0·6 for Shovels a,nd Draglines. 

0·6 for Drawn Scraper, Rip)?er, Sheep Foot Roller. 

0·55 for Dozer. 

0.40 for Motorised Scrapers. 

0·35 for Bottom Dump & End Dump Trucks. 

For the projects -working on less or more fuel consumption than 
the fuel consumption as worked out from the formula given above 
the age, life and the provision for repairs and spares may be increas­
ed or decreased proportionately. 

In any case a piece of equipment should be written off by at least 
l/12th of its life every year whether it is used to that extent or not. 

(ii) On the basis of the above definition the life of equipment 
as recommended by the C. P. & M. C. in their Appendix No. 3 · 3 may 
be accepted, except that in the case .of Diesel Shovels and Draglines, 
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2! cyds. and above the life should be taken as 15,000 hours, instead 
of 12,000 hours and in the case of H cyds. Diesel Shovels, the life 
should be taken as 12,000 hours instead of 10,000 hours. 

The examples are given in the appendix to clarify the matter. 

On the foot note of Appendix 3 · 3 the Plant and Machinery Com­
mittee has recommended to adopt 25% longer life for eiectrically 
operated excavators. This Sub-Commfttee considered that this per­
centage be increased to 50%. 

(ii) Should the provision for spare parts be taken as per state­
ment given in para 5·47 of Volume No. 1 of the Seminar? 

The Sub-Committee preferred to consider instead the recommen­
dations of the Construction Plant and Machinery Committee, con­
tained in their Appx. 3·3. They agreed in general with the recom­
mendations but considered it desirable to round off the provisions 
for ·major and field repairs as under:-

Equipment.-Provision for major and field repairs expressed as 
percentage of the cost of equipment over its life­
equipment over time including the cost of spare 
parts but excluding tyr~s, wire ropes, etc. 

CarwJer, Tractors. Rubber tired, Tractor Dozers, ~fotorised Scrapers, Bot­
tom Dump=. 

Excavators and :Motors Graders 100% 

Portable Air Compressors go'Yo-

Rear Dumpers and Cranes So% 

Towed Graders Go% 

Drawn Scrapers so% 

The Sub-Committee considered that these proVIsiOns may be · 
taken for average working conditions with reference to any parti­
cular type of equipment. If an . equipment works under harder 
conditions. for example, a Bull Dozer or a Rear Dumper working 
in rock it should need higher provision for major and field repairs. 

(iii} Is any modification desired in view of the actual ex­
perience that some of the projects may have had in the 
meanwhile? 

This point may be discussed in the open session. 

3. Recruitment of Operation and Maintenance Crews 
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The Sub-Committee considered that it was necessary to lay 
;down a minimum of standard for literacy, while aptitude tests 
should be the main criterion. If suitable men with technical quall­
iication are available they should be preferred. 

(iil What will be the nature and period of practical experi­
ence which will be essential before one is recruited as an 
operator or mechanic of earth-moving machinery? 

The Indian Army has laid down standards (vide Appendix 2·5 
of the Construction of the Plant & Machinery Committee's Report) 
for operators and maintenance crew. In the absence of any bet1.er 
standards these may be adopted with such modifications as the 
proposed Training ce'ntre at Kotah and Hirakud may have to 
suggest. 

(iii) How far a uniform scale of pay on various projects 
would be desirable and practicable? 

The Sub-Committee considered that it is desirable to hav<> 
some uniformity in the basic pay of operators and maintenance 
crew. These may have to be supplemented by suitable local al­
lowances to suit the local conditions such as the variation in the 
cost of living, housing and other amenities. 

(iv) The Plant and Machinery Committee have suggested 
scales of pay on page 171 of their report and it will be 
necessary to decide whether it would be possible for the 
projects to implement the propcsals. 

The pay scales of operators and maintenance crew require to 
be revised to attract the right type of men. The Machinery Com­
mittee has recommended total emoluments for Class I men on page 
171 of their Report and have recommended that for Class II and 
Class III men, total emoluments should be 75% and 50% respective­
ly of the amount recommended. 

The Committee considered it desirable to recommend the basic 
wages instead of stating the total emoluments. These should be 
fixed at about 2i3rd of those recommended by the Committee and 
should be rounded off to the nearest rupee. The local allowances 
and other amenities will be given in addition to the basic wage. 
The recommendations of the Sub-Committee would then be as 
under:-

Foremen 
Assistant Foremen 
Chargcmen . 
Fitters, Mechanics, Welders, Chargemen and Electricians 
Opo:rators-Excavators and Scrapers 
Operators-Graders, Bottom or Back Dumps, Crawler or pneumatic tired 

Tractor 

Rs. '4 
Rs. II 

Rs. 7 
Rs. 4 
Rsu 

Rs. 8 
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Incentive wage for production in excess of standard perfor­
mance should be a regular feature of wage structure. We consider 
that it is economical and in the interest of better efficiency to pay 
the staff by their performances. Sukkur barrage, Gangapur and 
Sutlej Valley Projects worked on the basis of incentive wage. Sche­
mes of incentive wage will have to be worked out to suit individual 
jobs. 

(v) How far will it be practical to maintain service records 
of operators and maintenance crew of all categories with 
a view to its being utilised by any other project which 
seeks the services of the technician? 

There should be no difficulty to lay down suitable forms for 
recording, iri 'brief, the rating and capability of operators and me­
chanics. They will carry their records in the same way in which 
for example, truck-drivers carry their licences. A suitable form 
should be worked out by the Training Centre. 

4. Operating of Training Centre at H irakud & Kotah 

The Sub-Committee agreed to the proposal and desired that it 
should be implemented quickly. It had no comments-to offer. 

S. Accounting Procedure 

(i) In view of the different administrative set up in some of 
the projects, will it be practicable to adopt a uniform ac­
counting system? 

At present the State Governments prepare their own manuals 
for different Departments-following, more or less, the manuals of 
the Central Government on the subject. There should be no difficul­
ty for the State Governments to adopt a more or less uniform account­
ing system if one is codified in a Manual by the Central Govern­
ment. 

(ii) A standard basic proforma of accounting should be evol­
ved. 

(iii) A separate proforma for capital equipment and a similar 
one for running account of machinery under various sub­
heads should be agreed upon. 

Various forms have been recommended by the Plant & Machi­
nery Committee vide their Appendix 4. We suggest that the recom­
mendations should be scrutinised by the Rates & Cost Committee 
which is required to suggest forms for the accounting procedure 
concerning Special Tools and Plant. 
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<6. Spare Parts and Utilisation of Surplus Machinery 

(i) Whether it is practicable for the D. G. S. & D. to fix the 
rate .contract/price agreement with all firms from whom 
machinery is obtained '! 

We think that there should be no difficulty to the D. G. S. & D. 
fixing up a rate contract/or price agreement with the firms with 
which the river valley projects are most concerned at present. The 
·difficulty of having to deal with too many firms will be solved when 
·Government issue orders on standardisation. In fact D. G. S. & D. 
has already, we understand, entered into price agreement with 
:some of the firms. 

(ii) What should be the basis of such rate contract or price 
agreements? 

The D. G. S. & D. has already some basis for entering into rate 
ocontracts. and price agreements with the . firms dealing with cons­
truction equipment. The matter can be left to the D. G. S. & D. 

(iii) • What should be the basis on which the value of used 
equipment should be decided for transfer from one pro­
ject to another? 

The sale-price of used equipment should be calculated on the 
basis of the current market price of a similar piece of equipment. 
If the machine is sold after the satisfactory overhau1, the sale va­
lue should be commensurated with the remaining life of the equip­
ment. The calculation of the life should be based on "the recom­
mendations of the Construction Plant & Machinery Committee". 
If the equipment is transferred before an overhaul; the cost of 
•overhaul should be deducted. 

Equipment maintained in a particularly high standard of operat­
ing efficiency which has served its full quota of life as indicated by 
the "Construction Plant and Machinery Committee" is still in good 
-serviceable condition may have to be valued on an ad hoc basis by 
mutual consent or Survey. 

In case of difference of opinion, the matter should be decided by 
;an arbitrator. 

*This reference was addedJ for consideration by the Sub-Committee. 
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The first meeting of the Coordination Board of Ministers was 
held at New Delhi on 13th and 14th of October, 1954. The inaugu­
ral session, which was held on 13th, was opened with a speech by 
Shri Gulzari Lal Nanda, Minister for Irrigation & Power and fol­
lowed by an address by the Prime Minister, Shri Jawaharlal 
Nehru. Besides the Union Minister and Deputy Union Minister fol' 
Irrigation & Power, Ministers and Deputy Ministers in charge of 
Irrigation & Power from the various States attendec;l the meeting. 

Secretaries to the Governments and Chief Engineers for Irri­
gation & Power also attended the meeting to assist and advise the 
Ministers. 

The meeting of the Coordination Board of Ministers was preced-­
ed by a meeting of the advisers and secretaries to the Ministers on 
12th at 11 p. m. to discuss the agenda for the Coordination Board of 
Ministers and to place their views before the Board on the recom­
mendations of the Sub-Committees. 

AGENDJ 

Following was the Agenda for the Meeting:-
!. Report oi the Plant & Machinery Sub-Committee. 

II. Report of the Soil Conservation Sub-Committee. 

III. Report of the Rural Electrification Sub-Committee. 

IV. Report of the Sub-Committee on Eradication of Corruption. 

V. (:) Report on items 4 and 5 of the terms of reference of the 
Committee on River Valley Projects Technical PersonneL 

(ii) Training of selected Engineers on the River Valley Pro­
jects. 
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VI. (i) Formaticn of All India Service of Irrigation & Power­
Engineers. 

(ii) Setting up of a reserve of Officers in the States for de­
putation to the Centre. 
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VII. Report of the Sub-Committee on Standardisation of Progress. 
Reports and Charts. 

DECISIONS 

Report of the Plant and Machinery Sub-Committee 

(i) The recommendations of the Plant & Machinery Sub-Com­
mittee, including the formula for determining the life of the various: 
types of earth-moving equipment were approved, subject to the fol­
lowing modifications:-

(a) The Board observed that the question of fixing basic wages, 
should be taken up after the Report of the Rates & Cost 
Committee had been received. As guiding principles for the 
time being, however, the Board laid down that remunera­
tion should be adequate to attract suitable personnel and 
that the disparity in the wages between one area and ano­
ther should be reduced in order that interchange of technical 
staff between projects may be facilitated. The Board also 
agreed with the principle of paying an incentive wage to 
deserving workers. 

(b) The Board discussed the recommendations of the Plant & 
Machinery Committee and decided that the principle of 
standardisation of important mechanical equipment be ac­
cepted with the proviso that the position should normally 
be reviewed after every five years but that the period could' 
be curtailed if special circumstances so warranted. For this 
purpose, a standing committee of experts and the Ministries· 
concerned should be constituted by the Central Government. 
This Committee would be specially charged with the respon­
sibility of ensuring that neither inflation of prices nor other 
disadvantages resulted from the proposed standardisation. 
Equipment manufactured in India, the Board decided, should· 
get overriding priority as soon as it was available in the 
country. The experts Committee would consist of representa­
tives of D. G. S. & D., Ministry of Finance, one representa­
tive from each of the projects _costing over Rs. 10 crores and 
representatives from other projects, if necessary. The Com­
mittee would also safeguard against any adverse results fol­
lowing from monopolistic tendencies. The number of stan­
dard makes of equipment should normally be from two to· 
five. These limits are not to be wholly binding in each case. 
The Committee would call for quotations from firms be-­
fore finalising, and all interested be given a chance to re-­
present their cases. 
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(c) The Board laid down that projects should communicate lists of 
equipment surplus to their requirements or expected to be 
rendered surplus in the near future after taking into ac­
count the requirements of other projects in the State con­
cerned, to other States and the Central Water & Power 
Commission, who would circulate the lists to other projects 
in need of them. The Central Government would use their 
good offices to ensure maximum utilisation of such surplus 
equipment. 

(d) In view of the proposed standardisation, the Board expres­
sed the hope that manufacturers would carry adequate 
stocks of spare parts. The individual projects, therefore, 
would no longer be required to carry unduly large stocks of 
spare parts hereafter. 

(e) The usual formula for determining the price of old equip­
ment would be the Book value less depreciation. In the event 
of difference of opinion, the matter would be settled by a 
joint inspection of the two parties, and if, necessary, ulti­
mately by arbitration. This procedure, however, will not 
hold up the transfer of the machinery. 
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(f) Regarding the training of mechanical operators and main­
tenance staff, tbe Board decided that a few training centres 
in various parts of the country should be opened at projects 
which afforded the best opportunities for the purpose. To 
select the sites for these centres, the Board set up a Sub­
Committee of Ministers consisting of Shri Gulzari La! Nanda 
(Chairman) ; Shri ·Mafiz Mohd. Ibrahim, Minister of Irrigation 
and Finance, U. P.; Shri M. M. Naik Nimbalkar, Minister of 
Public Works, Bombay, and Shri Bhanumuga Rajeshwara 
Sethupathi, ML'lister of Public Works, Madras. 

(g) Jobs which are within the scope of being executed by ma­
nual labour should not be mechanised unless estimates indi­
cated a saving of over 20% in the cost, provided the period 
within which a job could be completed by employment of 
manual labour, was reasonable. 
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APPENDIX 1.1 

Government of lnclia 

Ministry of Irrigation and Power 

No. D W. II-29(78) 

From 
New Delhi, the 12th October, 1953. 

To 

Shri A. R. Khanna, J.S.E. 

Deputy Secretary to the Govt. of India. 

The Chairman. 

Central Water & Power Commission, 
New Delhi. 

SUBJECT:-Appointment of a Committee to report on Construction Plant and· 
Machinery used on River Vatzey Projects and their maintenance 
and operation. 

SIR, 

I am directed to convey the sanction of the President to the setting up 
of a Committee consisting of the following officers for a period of about 
two months to report on measures necessary for the efficient operation and 
maintenance of construction plant and machinery used on- River Valley 
Projects: 

(1) Shri K. Gopal Iengar, retired Superintending Engineer, 
Tungabhadra Project, Madras Chairman. 

*(2) Mr. B. H. Lundmark, Mechanical Engineer attached to 
the Nanga! Project . . . . . . . 

(3) Mr. E. R. Harvey, Colombo Plan Specialist attached to 
the HiJakud Dam Project 

( 4) Shri G. G. Dhanak, Public Works Department, Bombay 

Member. 

Member. 

Member­
SeCTetarY. 

2. The President is also pleased to sanction the creation of two posts of 
Officer on Special Duty in the Central Water & Power Commission for the 
above purpose and to the appointment thereto of Sarvasbri Gopal Iengar, 
retired Superintending Engineer, ·Madras and G. G. Dhanak, Public Works 
Department, Bombay. As Chairman of the Committee; Shri Gopal Iengar 
shall draw pay at Rs. 1,525, p.m. less the amount of pensionary benefits 
equivalent to Contributory Provident Fund benefits in addition to the usual 
allowances admissible to Government of India Officers. Shri Dhanak shall 
draw pay at Rs. 1,300 p.m. in the scale of Rs. 1,30Q-60-1,600 sanctioned for 
Superintending Engineers in the Central Government plus usual allowances. 
The other two members of the Committee, viz., Messrs. Lundmark and Harvey 

•Later substituted by Mr. R. F. Ko~n vide note under para 1.2 of the Report. 
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shall continue to draw from their existing organisations (namely the Bhakra­
Nangal Project and Hirakud Dam Project respectively) the same pay and 
allowances they are drawing at present. The Chairman and Members shall 
draw daily allowance at full rates for the days spent by them on the work 
of the Committee outside their existing headquarters (Madras being the 
IHeadquarters for the Chairman) in the case of prolonged halts exceeding 
10 days. 

3. The Committee will visit the Major Projects under construction in 
the country, viz., Bhakra-Nangal Project, Sukhrawa Dam, Damodar Valley 
Project, Hirakud, Tungabhadra, Lower Bhavan~ Gangapur and Vaitarna Pro­
jects and after studying the. various factors in connection with the construc­
tion plant and machinery in use on these projects, make suitable recommen-
dations on the following points: · 

{l) The makes, types and sizes of plant best swted for various types of 
work with a view to standardisation; 

(2) combination and matching of plant where more than one unit of 
plant is involved; 

!3) correct apportionment of labour to plant; 

( 4) mode of calculation of the working cost of each type of plant per 
hour; the unit cost of the work performed by each type of plant 
on the various projects should be computed for the last working 
season and variations in cost should be explained; 

(5) suggestions for a unified scale of depreciation to be followed on all 
river valley projects; 

(6) standard forms for the histocy sheet and Log Books of each type of 
plant; 

(7) the various factors involved in efficient plant operation emphasising 
the adverse factors which have been responsible for low output and 
poor maintenance on the various projects visited; and 

(8) comparison of cost of work which is being carried out by machinery 
with that carried- out by manual labour with recommendations as 
to the type of work which should be normally carried out with machi· 
nery. 

4. The following non-Gazetted staff required to assist in the work of the 
Committee may be sanctioned by the Chairman, Central Water & Power Com­
mission under the powers delegated to him: 

Technical Assistant 
Stenographer 
Typist 
Peons. 

I 

4 

Rs. t6~1o--g30 
Rs. t6o-IQ-330• _. 

Rs.ss--a--Bs--4--125--5--130. 
Rs. 3o--l--35· 

5. The expenditure involved will be debited to the Head "47-Miscellane­
ous Departments Central Water & Power Commission (Water Wing)". 

6. The Committee should submit its report to the Government of Ind1a 
by lOth December, 1953. 
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Yours faithfully, 

A. R. KHANNA 
Deputy Secretary to the Govt. of India. 
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Copy with 9 spare copies forwarded to the Ministry of Finance for ln~ 
formation and communication to all Audit Officers concerned. That Ministr:" 
concurred vide their U.O. No. 7572-E.G. II/53, dated the 9th October, 1953. 

Copy also forwarded to-
1. Accountant General, Central Revenues. New Delhi. 

2. The Chief Engineer, "Hirakud Dam Project, P. 0 .. Burla. 

3. The Chief Engineer & Secretary to the Government of Punjab, Public 
Works Department, Irrigation Branch, Simla. 

4. The General Manager, Bhakra-Nangal Project, Nangal Township, Dis­
trict Hoshiarpur. 

5. The Secretary, Damodar Valley Project, Anderson House, Alipore, 
Calcutta. 

6. The Secretary to the Government of Madras, Public Works Department. 
Madras. 

7. The Secretary to the Government of Hyderabad, Public Works Depart­
ment, Hyderabad. 

8. The Secretary, Public Works Department, Bombay. 

9. The Secretary to the Government of Uttar Pradesh, Irrigation Depart­
merit, Lucknow. 

10. The Commissioner. Bombay Corporation, Bombay. 

11. The Secretary, Tungabhadra Board, P. 0. Tungabhadra Dam Hospet 
Taluk, Mysore. 

12. Mr. E. R. Harvey, c/o Chief Engineer, Hirakud Dam Project Hiragud. 

13. l\1r. B. H. Lundmark c/o General Manager, Bhakra-Nangal Project, 
Nanga! Township, District. Hoshiarpur. 

12-1 C. W. & 1'. C.(N.D.)/57 

Yours faithfully, 

S. VENKATARAMAN. 
Under Secretary to the Govt. of India. 
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Itinerary of Contacts Made by the Committee 

Projects Visited 

tl) Lower Bhavani Project; Dam. 

(2) Tungabhadra Project : 
(i) Mysore/ Andhra Side; Dam & Canal; 

(ii) ?.lyderabad Side; Dam. 

(3) Gangapur Project ; Dam. 

( 4) Hirakud Project ; Dam and Canal. 

(5) Damodar Valley Corporation Projects: 
(i) l\laithon Dam ; 

(ii) Panchet Hill Dam. 

(6) Bhakra-Nangal Project : 
(i) Bhakra Dam ; 
(ii) Nangal Power Channel and Power Houses. 

Project Data Utilised 

en -Thansi Dams of U.P. 

Officers Contacted. 

(1) Special Cbief Engineer, Irrigation, Madras. 
(2) Chief Engineer, Irrigation. Bombay. 
(3) Secretary. D. V. C., Calcutta. 
( 4) Chief Engineer, D. V. C .. Maithon. 
·(5) General Manager, Bhakra Dam, Nanga!. 
(f) Engineer-in-Chief, Indian Army, New Delhi. 
(7) Deputy Director Chief Controller oi Imports, New Delhi. 
t8) Industrial Adviser. New Delhi. 
tfl) Bhakra Seminar-Participated in the Proceedings and Discussions. 

Firms Visited 

(1) Larson Toubro Ltd., Bombay. 
(2) Willian Jacks. Calcutta. 
(3) Tractors (India) Ltd., Calcutta. 
(4) Buckwell (Willcox) Ltd., New Deihl. 

Representatives of Firms Contacted 
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(5) M/s. B. K. Khanna & Co. Ltd., New Delhi. 
(6) "1!.'!/s. Volkart Brothers, New Delhi. 
C7) ?.1js. A.sociated Exports Imports. (Calcutta). 
(8) Pashabhai Patel & Co .. Bombay. 
',9) LA.R. !?alit & Company Ltd., New Delhi. 



APPENDIX 1.3 

Selected Bibliography on Earth-moving Machinery 

s. Title Author 
N0. 

Publis~crl by Y~ar Contents 

I ---1-------·-1-------:------------------
1 

2 

3 

4 

5 

6 

7 

Hand Book of Earth~ 
moving Machinery. 

Construction Plant. 

Earth-moving, an Art 
and a Science. 

Material handling. 

Contractors Plant and 
Machinery.· 

Conveyors & Related 
Equipment. 

Conveyors & Related 
Equipment. 

8 Mechanical Movcmcn.s 

Various Authms 

H. 0. Parrack 

Various. Authms 

Harrr & Stock;_r 

R. Barnard Way 

Wilbur G. Hudson 

\Vii bur G. Hudson 

Thomas \'\'alter Barber, 
M. Inst. C. E. 

Central Water and Power 
Commission, New Delhi. 

Sir Isaac Pitman and Sons 
Ltd. 

C:>:1struC'tion Methods and 
Equipmt::nt. 

Prcnlic-Hall Inc., New YorJ... 

C:·osby Lock \Vo0d & Son 
Ltd., 20 Tudor Street, E. 
C.,h London. 

Jhon \Villcy. & Sons Inc., 
New York. 

John Willev & Sons Inc., New 
'l.'o!·k. ' 

E. & F. N. Sp )n Ltd., 57, Hay~ 
ma.kcts, S.\V. 1, London. 

1951 Contains a seties ofLecturcs delivered a 
Hirakud on Plant Planning, oreration, 
maintcr.ance and costs of earth-moving 
machinery. 

jan. 1951 
to Sept. 
1952-

1944 

1949 

Problems and 
'equipment, 
jection. 

Methods of contractor's 
i1s maintenance anrl pro-

A series of 19 article~ gJVtn<r det3iled in 
fm·mation about modern earth-moving 
equipment, planning, performance, pro­
duction costs and ma!ntcnance. 

The fundamental principles involved in the 
economical handlin~ of rnatet ials. 

Rig-ht selection of too:s and equipment 
with a particular rdCrcncc to the eon­
tr~cting bu::ipess. 

A better understanding of the applications 
and limitations ol difft:tcnt material 
handling- equipment. 

Rcvis::-d Edition. 

Suggt·stive skctcht's of va~ ious methods in 
use for accomplishin~ any particular 
work side by s<dc with scheming and 
devt~ing Machinery. 



S. I 
:"." (). 

" 

10 

12 

13 

14 

Tit!~ 

The Material Handling 
rvranual. 

Matr.Tials Han:lling 
Equip1n1.'nt. 

C'lnvcyors & Crane~. 

Author 

M. M. William, F.R.S.A. 
and G. 'v\'. William Son, 
M. lost. C.E.:i\.·i.I., 
r..lech. E. 

Ivlatllt"w W. Potts 

\V, H. Atherton 

Lubdcants and Lubri- Jam::s I. Clower 
cation. 

Enrthwo!'k and its Cost. 

Methods & Plant for 
Excavation and Em­
bankment. 

SnJC'ty & Ecom .. mv in 
Heavy ConstruCtion. 

Halb~rt Power Gilletc 

Chadrs H. Paul & Char~ 
lcs S. lknnctt. 

Ray J. Rc-igduth 

rf. Modt"rn m.::-thods a1 d Sir Ht'nry Japp 
Plant fo:- Excm·a~ion. 

APPENDIX 1.3-contd. 

Published by 

Paul Elc..•k (Publislu:Js) Ltd., 
Diamond House, :1B Hatton 
Garden, Landor. E.C.E. 

Pitman Pub! ishing Cor-
poration, New York, Chicago. 

Pitman Publishing Corpora­
tion, New York, Chicago. 

Mc-Graw-Hill Book Co., 
New York & London. 

Gillcte Publishing Co., Daily 
News Plaza, Chicago, Tee. 
E. & F. N. Spcn Ltd., 07 
M'lrket · Hay, London 
(England). 

Mc-Graw-Hi'! Co. Inc., New 
York, 370 Seventh Avcnut"', 
London, 6 & 8 Bouverie St. 
E.C-4-

Mc-Graw-Hill Co. Inc., New 
York & London. 

Year 

1949 

1939 

1933 

----------------
Contents 

Provides a survey of Material handling 
Equipment. 

Applications of a number of s~andard 
types of Material handling Equipmcnl. 

D.sign and application of conveying 
Machincty and Cranes. 

Devoted to the fundamentals of Lub1 icant!o" 
and Lub:·ication and appli<"s to all 
types of machinery. 

Analysis and comparison of Excavation 
methods and cost under varying condi­
tions. 

Data regarding the more common types of 
excavators and methods of handling 
excavation embankment constructior· 

Safety & economy neccssa1 y in the fic:d 
of heavy construction. 

Gives details of earth-moving equipment 
and its operation and .care. 



-Ol ..., 

17 

.a 

19 

Principles of Modern 
Excavation & Equip­
ment. 

K. F. Park 

Oil Reclamation H. H. Bell Chairman, 
Melbourne and Metro­
politan Tramway 
Board. 

Machinery and Plant Sir George Mow len Burt 
in connection with 
Civil Engineering 
Construction. 

20 Somt" Aspects of Modern C. 'I homas Mitchell 
Exc:.valing Machin· 

21 

ery. 

Choice and Application 
of Modem Excavat­
ing Machinery. 

R. A. Japp 

Letourneau. 

Commonwealth Engineer Jan. J9:J.O 

Journal of the Inst. of Civil !~43-44 
Engineeu No.7· 

Road Paper 20 lost. ofCiviJ Jan. 1946 
Engineers. 

Transactions of I rut. of C. E. 
Ireland and Vol. 72. 

June 1945· 
to May 
1946· 

Gives details of earth~moving machines, thei~ 
performance and production. 

Deals with filter uni~ for reconditioning 
luhric-ants for reus!". 

A series of articles giving detailed information 
about cost production and care of earth­
moving machinery. 

Deals with the selection performance and 
cost estimation of earth-moving m:1chincry. 

Deals with the selection. operation and. 
working cost of various working cost 
types of t:arth-moving machinery. 
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Bibliography on Personnel and Administration 

Not Printed. 
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APPENDIX 2,2 

Union Public Service Commissiol) 

Form of Application for the use of Candidates for Appointmen{ by Selection 

Not Print<d, 
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APPENDIX 2.3 

Application for Federal Employment 

Not Printed. 
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APPENDIX 2.4 

Technical Co-operation Mission to India 

November 1953. 

Training of Indian Nationals Abroad 

Not Printed. 
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APPENDIX 2·5 
INDIAN ARMY 

Operator Excavating Machinery 

Mustered normally from ·Recruitment 

Class 
Item 

3 2 

Service in Class below in years 2 2 

Education : 

lA Certificate (Roman Hindustani) 

IA English Certificate 

1!ap reading Standard 

Technical Testin~ B0ard 

Technical Standard-

3 

3 

D 

3 

3 

D/E F 

3 

F 

Class 4-1. Must have a general lmowledge of the names and functions 
of the important component parts of:-

(a) PetroJ engines, dumpers and tractors, and 
(b) diesel engine tractors. 

2. Must be able to carry out under supervision driver's daily and weekly 
maintenance of:-

(a) Petrol engined dumpers and tractors, 
(b) diesel engined tractors. 
(c) bulldozers. and 
(d) motor graders. 

3. Must be able to operate and have a sound knowledge of the employ-
ment of:-

(a) Petrol engines, dumpers and tractors, 
(b) diesel engined tractors, and 
(c) blade graders. 

Cl.ass 3-l. Must understand thoroughly the working of components of 
mechanical equipment. such as starting engines, fuel system, main engines. 
gears, clutches, elevating and tipping mechanisms. 

:!. Must be able to carry out driver's daily and weekly maintenance. not 
under supervision of :-

(a) Plant as in Class 4, item 2. 
(b) angle dozers. and 
(c) rooters, ploughs, rollers, scrapers. 

3. Must be able to operate and have a knowledge of the employment of :­
(a) Angle dozers, and 
(b) rooters, ploughs, rollers, scrapers. 

4. Must know the correct fuels and lubricants of all plants he has to opP­
rate. 
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Class 2-1. Must have a thorough knowledge of 1st Echelon adjustment 
and repair of all plant names in preceding Classes. 

~- Must be a competent operator of. and have a knowledge of the output 
of all plant names in preceding Classes. (Tests of operation will be on difficult 
ground, e.g. water-Jogged, hill sides, jungle, and will examine the driver's 
jU<;lg~ent of fair risks.) Must be a skilled operator of three of the plants. 

3. Must be able to operate (e.g., in emergencies) RB 19 crane. 
ClaSS·l-1. ·Must be able to instruct Operators EXacavting Machinery· up to 

Class 3 standard. 
:!. Must be able to take charge of, maintain and operate efficiently, when 

undet• detachment any of the plant names in preceding Classes. 

Artificer ExcavetingMachinery (Maintenance Man) 
Mustered normally from : Operator E:r:c. Machy. Class 3. 

Item I Class 

-I 3 2 

Service in Class below in years 2 

Education:-

IA Certificate I 2 2 

2 

lA Englisl}. Certificate 3 2 z 

Map Reading Standard 2 2 z 

Technical Testing Board D{E F F 

Technical Standard 
Class :3;_1. Must .understand thqroughly the working of components of 

mechanical equipment such as starting engines, fuel system, main engines,. 
gears. clutches,_ elevating and tipping mechanisms. 

2. Must be able to carry out without supe-rvision driver's daily and week-
ly maintenance of :-

(a} Plant showtl in Operator Excavating Ma'chinery Cl~ss 3, 
(b) f'lce shovel,.dragliue, grab,"RB 19 Ci·ane, and 
(c) .elevating grader. 

3. Must be able tO operate and have' a good knowledge of the components 
of:-

(a) Face shovel, 
(b) dragline, 
(c) grab, 
(d) elevating gr~der, and 
(e) RB 19 Crane. 

4. Must be a skilled operator of motor grader. 
5. Must know the correct fuel and lubricants for plant he has to ope­

rate. 
Class 2-1. Must be competent operator with a good knowledge of the 

output of all plant given in preceding Class. (Tests of operation will be on diffi­
cult ground e.g., water-logged, hill sides, jungle, and will examine the 
driver's judgment of fair risks). Must be skilled operator of twO of the plants. 

Class I. E.-Must be able to instruct Artificers Excavating Machinery up 
to Class 3 standard. 

2. Must be able to tak~ charge of, maintain and operate efficiently whell 
under detachment any of the plant named in preceding Classes. 
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Table of Pay Scales of Operation & Maintenance Forces Showing Minimum 

-
Lower Bha~ I Tunga-

Position Bhakra Hirakud D.V.C. vani bhadra 

Sub-Divisional Officer II 4 o* 10 14 o• 
33 5 0 20 13 0 

Oveneer 5 13 0 2 8 o• 6 4 o• 
15 7 0 12 8 0 10 7 0 

Special Foreman 16 7 0 23 12 0 
15 7 0 30 10 0 

Asstt. Special Foreman 10 14 0 
15 7 0 

Foreman 8 2 0 15 4 0 5 13 o• 
15 7 0 23 12 0 24 3 0 12 8 o• 

Assistant Foreman 6 II 0 8 9 0 3 5 o• 
II 7 0 12 I 0 4 3 0 

Chargeman .. 5 13 0 6 4 0 2 II o• 
8 2 0 13 I 0 3 5 0 

Fitter 4 3 0 3 5 0 4 3 o• I 2 o• 4 6 0 
5 7 0 7 8 0 10 0 o@ 3 0 0 

Mechanic 4 3 0 3 5 0 4 9 o• 2 8 o• 
5 7 0. 7 8 0 7 5 o@ 3 2 0 

'Velder 4 3 0 4 6 0 3 5 o• 
5 7 0 10 3 0 10 7 o@ 

Turner 4 3 o· 3 5 0 
5 7 0 7 8 0 

Electrician 4 3 0 4 6 0 4 9 o• 
5 7 0 7 8 0 6 4 o@ 

Operator-Excavator 5 7 0 4 9 0 4 6 o• 2 ll o• 
ll 7 0 13 I 0 7 5 o@ 3 9 0 

" 
Scraper 4 9 0 4 3 o• 2 13 o• 

Grader . 
13 I 0 7 5 o@ 3 12 0 

" 5 13 0 4 9 0 4 3 o• 
7 I 0 13 I 0 7 5 o@ .. Bottom or Backdump 4 3 0 4 9 0 4 3 o• 2 13 o• 

Caterpillar 
5 7 0 13 I 0 7 5 o@ 3 12 0 

" 4 3 0 4 9 0 4 3 o• 2 ll o• 

Pneumatic 
7 I 0 13 I 0 7 5 o@ 3 9 0 

" 
tyred 4 9 0 o• 

Tractor. 
4 3 

13 I 0 7 5 o@ 
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2·6 

and Maximum in Rupees Per Day Including D.A. and 

I Railroads 
Equipment Distributcrs 

Gangapur 
No. t* No.2* I 

2 3 o• IScrivcc** 
27 I 0 I s3 s 0 
3 5 o• Assistant*** 54 3 o+ 
II 4 0 62 8 0 83 5 0 

Senior $ 
41 II 0 

I 
18 5 ot 20 13 ~ttl 23 12 0 29 3 0 37 8 
13 9 ol 
17 8 0 

3 12 0 4 6 0 
5 8 0 7 II 0 
2 13 o* •I 6 0 8 5 0 10 7 

II 
5 
8 
4 
6 
4 
6 
3 
7 
4 
7 
2 
6 
4 
6 
5 
6 
5 
6 

4 () 7 II 0 12 15 0 18 12 
8 0 4 6 0 
2 0 7 II 0 
0 0 4 6 0 
0 0 7 II 0 
0 0 4 6 0 
0 0 7 II 0 
0 0 13 9 o' 
0 0 17 8 0 
0 0 13 9 o' 
0 0 17 8 o• 
B 0 9 3 0 
0 0 15 4 0 
0 0' 9 3 o' 
0 0 15 4 0 ' 
0 0 9 3 o' i 
0 0 IS 4 0 : 
0 0 9 3 o7 i 

(} 0 15 4 o' 

*Rate doec; not include dearness ailowance. 

@Rate.c; hig-her can be paid if rne.rited. 
(For nrltes please see next pa~e.) 

0 
0 

No.3· 

3 9 
7 
6 

II II 
3 9 
7 I 

3 9 
7 

•O 
0 
0 
0 
0 
0 
0 
0 

Using 24-day Month 

RcCommenda-
tions of Com-

mittcc 

**Manager. 

***Sr. Manager. 
!Service Engr. 
·S Stn. Engr. 

tLocomotive 20 13 () 

ttAs>tt. Sr. En~. 26 II () 

1 Locomotive 16 4 () 

20 7 () 

10 7 0 
15 13 () 

6 7 0 
10 () () 

6 7 () 

10 0 0 

6 7 () 

10 () () 

6 7 () 

I() 7 () 

6 7 () 

i 10 0 () I 'Locomotive 16 4 () 

Driver A 20 7 0 
3Locomotivc t6 4 () 

1 Driver A 20 7 0 
I 4Lot'omotivr II It () 

I Driver B 18 5 0 
5Locomotive II It () 

' Driver B 18 5 0 

I 6Locomc,tive II II 0 
I Driver B lfl 5 0 
['Locomotive II II () 

. Drivt:r B tR 5 0 
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NoTE 1 : In assembling this table the actual work done by the man involved 
was the base used. On some projects various designations have been 
given to mechanics and others in order to allow them more pay. 
These designations were disregarded and pay given for work done 
was the deciding factor in the assembling of the table. 

NoTE 2: In considering pay scales the committee found the railway scales to 
be the most commensurate as regards 'responsibility involved and 
value of equipment concerned. It is believed necessary to add an 
allowance to compensate for lack of continuity of employment. We 
called this added pay a "Construction allowance" and incorp.orated 
it in our recommended rates. We computed it as under:-

For Fao:ir: salary up to Rs. 100 

Rs. ror to 150 

Rs. 151 to 200 

Rs. 201 tc 300 

Rs. 301 to 500 

Rs. 501 to 750 

Rs. 751 to 1,ooo 

Rs. 1,001 to 2,000 : 

Rs. 

50 per mcnsem 

55 per mensem 

6o per mensem 

65 per mcnsem 

70 per memcm 

85 per mensem 

J oo per mens em 

ro% cfpay-not 

to exceed Rs. 150 

~he scales recommended for operators are for men with Class 1 ratings 
as per Appendix 2.5. Rates for Class II operators should be taken as 75% and 
Class III as 50% of the recommended rates. 
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APPENDIX 2·7. 

Project Allowance 

Project allowances granted by various States are given below:­

Hydrabad State (Tungabhadra Project) 

I· OJficn-s 

Executive Engineer. 

Asstt. Engineer. 

Sub Engineer. 

2. SubordU1ates 

Project Allowanct. 

Rs. 50 p.m. 
Rs. 36 , 

Rs. 25 , 

Rs. IO , 

All are provided with free residential quarters, electricity and water sup­
·pJy. 

3. Temporary employees charged to work 

All facilities as provided for (1) and (2) exclusive of the project allow­
ances. 

:Madras State (Tungabhadra and Lower BhaV3ni Projects, Ramapadasagar, 
Moyar, etc.) 

Gm,ernmeut of Madms 

Allowances-Projects, Major Irrigation and Electricity Schemes-lnvesti· 
gation and execution, greater concession f()r staff-proposals sanctioned. 

·G.O.P.W D. Ms. No. 587, dated 20-2-1948. 

ORDER 

His Excellency the Governor of Madras. sanctions the grant of the fol­
lowing concessions and amenities to the staff employed on the investigation 
and execution of big irrigation and electricity schemes in Tungabhadra, Rama­
padasagar, JYioyar and Lower Bhavani. The S. Es. employed on these schemes 
will not be eligible for these concessions· but they will continue to draw al­
lowances at the existing rates. 

A. (I) Provision of free house, free lighting, free electricity, free water 
supply, free sweeping and free conveyance of provisions from Railway Station 
to camp sites and compensatory allowance at 15% of pay for non-Gazetted 
stafT and n% for Gazetted staff. 

(2) Before the provision of free quarters etc., mentioned in clause 1 above 
compensatory allowance at 10% of pay for Gazetted staff and 30% of pay for · 
non-Gazetted saff. · 

B. Unhealthy localities allowance-At the rates admissible under the 
Madras Manual of special pay and allowances, wherever unhealthiness is 

:-specially marked. 
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C. (l) Railway fare for the non-Gazetted staff once in a year to go home­
and return for self and family. 

d M hkund scheme in addition to the existing concessions 
(2) As regar s ac ' d f "1 t t 

the Railway fare to and fro once a year for the officer an am1 _Y o go <> 
his native place is also allowed. This latter concession will be apphcable only 

for the non-Gazetted staff. 

(3} The concessions allowed in paras 1 and 2 above will take effect from 
the date of this order. 

(By Order of His Excellency the Governor)_ 
Sd/XYZ 

From the Public Works Department G.O. Ms. No. 1853. dated 24-5-48. 

ORDER 

The Government approve the proposal of the special Chief Engineer that 
the compensatory allowance sanctioned in G.O. cited above may be paid on 
the following scale to the staff employed on the Tungabbadra and Ramapada­
sagar Projects. 

Non-Gazetted officers 

Before provision of amenities ............................... .......................... 30%-

After fre equarters have ben provided .......................... ........ ........ 209o-

After free quarters and water supply provided ................................. 17!o/~ 

After free quarters and electricity provided . ... . ... .. . .. .. .. . . . .. . .. ... . . . .. . .. ·15 %· 

Gazetted staff 

Before proviison of amentities ..... ............................................. ....... 10% 

After fre quarters have been provided with or without water supply and 
electricity .................................... 7~%-

The action of the Special Chief Engineer in having issued instructions­
to the S. Es. to grant the allowances as specified above, in anticipation of the 
sanction of Government is also approved. The amenities mentioned above 
should be provided to the extent possible, but the absence of minor ones such 
as free sweeping and conveyanc~ of provisions in the case of non-Gazetted staff" 
and free water supply, free electricity, free sweeping and conveyance of pro­
visions in the case of Gazetted staff should not be compensated for by any 
increase in the allowances. 

2. As regards the suggestion of the Special Chief Engineer the allowance 
sanctioned in the above G.O. should be treated as "Special pay" as defined 
under Fundamental Rule 9 (25), the Government consider that there is not 
sufficient justification to do so as the compensatory allowance has been given 
for the unattractiveness of the localities and difficult living conditions and 
not for arduous nature of the duties. 

i The Audit Officer has raised the following points for clarification :-

(a) Whether the S. Es. are eligible for the project allowance of 10% of 
pay until all amenities such as rent-free accommodation, free water 
supply, free electricity, free sweeping etc., are provided. 
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(b) Whether the concessitms granted in G.O. 567, dated 9-2-48, are ap­
plicable to P.W D. staff only and whether orders for regulating the 
claims of other department staff employed on the above projects will 
be issued separately. 

(c) Whether any minimum or maximum money limit for the drawal of 
the allowance has been prescribed, if not, whether the absence of this 
restriction is deliberate and whet.her the allowance can be allowed 
for both the Gazetted and non-Gazetted staff wihout any limit. 

(d) Whether the concession of free conveyance of provisions from Rail­
way Station to camp site will peruse include conveyance of persons 
.or their servants both ways (from dam site to the Railway Station or 
shandy) for procuring provisions . 

. (e) Whether all the concessions sanctioned in the above G.O. are admis­
sible to the P.W.D. staff, irrespective of whether they are recruited 
locally or obtained on transfer from outside. 

The Government have carefully considered the above points and direct 
that in the case of the S. Es., the position as it was before the issue of G.O 
:No. 587 P. W., dated 20-2-48, should continue as the orders in this G.O. do 
not apply to them. As regards the drawal of the concession by the Revenue, 
Public Health, Medical and Agricultural Staff employed on the Tungabhadra 
and Ramapadasagar Projects, attention of the Audit Officer is invited to the 
orders issued in Memo. No. 157-SL/47-21, dated 23-3-48 and Memo. No. 2959-
SI/48-1, dated 7-5-48. The Audit Officer is informed that no minimum or maxi­
mum money limit for the drawal of the allowance has been prescribed 
and that it can be allowed to both the Gazetted and non-Gazetted Staff with­
out any limit. The concession of free conveyance of provisions from Railway 
station camp site will include conveyance of persons or their servants both 
ways (from the camp site to the Railway Station) for procuring provisions. 
The concessions sanctioned in. the G. 0. are admissible to the staff employed 
on Tungabhadra and RamaJ)adasagar Projects irrespective of whether they 
are permanent or temporary or whether they are recruited locally or obtained 
on transfer from outside. The Accountant General is informed that the staff 
employed on the four big Irrigation and Electricity Schemes (e.g., Tungabha­
dra and Ramapadasagar. Moyar and Lower Bhavani), are alone eligible for the 
concessions sanctioned in the G.O. 

4. Railway fare for the non-Gazetted staff to go home and return once 
a year. In the interest of administrative convenience. the Governmerit approve 
the proposal of the Special Chief Engineer that the Railway fare concession 
may be availed of once in the period between 20-2-48 apd 31-12-48 and there­
after once in every calendar year by all the non-Gazett~g staff (P.WD., Re­
venue, Public Health, Medical and Agriculture) employed on the Tungabhadra 
.and Ramapadasagar Projects. This concession is admissible in the case of 
persons proceeding on any leave including casual leave subject to the condi­
tion that the person concerned should have served for a period of not lese;; 
than six months in the project area. No minimum period of stay in the out­
-station is prescribed to qualify for the payment of this concession. 

(By Order of His Excellency, the Governor of Madras) 

D. V. KRISHNAMURTHI, 

Deputy Secretary to Government. 

To the Chief Engineer for Irrigation. 

13-1 C. W. & P. C./57 
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Damodar Valley Corporation 
Construction allowance at 20% of pay subject to a maximum limit of 

Rs. 100 p.m. out of which residential rents are deducted subject to 10% of pay 
Qr standard rent whichever is less. 

Bombay. State (Gangapur Dam) 
Staff actually residing at dam sit.e is given free accommodation. but 

the employees drawing pay in excess of Rs. 250 p.m. are charged rent at 
5% of pay or the standard rent whichever is less. 

Free electricity, water supply and medical aid is provided. Free transport 
to Nasik (8 miles) is provided to children attending middle and high school. 

33!% allowance is given to Gazetted Officers in charge of three shifts 
when the work is executed in 3 shifts-generally in summer. 

Non-Gazetted Officers and employees on mid-night shift get an ~llowance 
of 20% of their pay. 

Orissa State (Hirakud) 

Construction allowance has been sanctioned up to 31-3-1954 which is at 20% 
of the pay with a maximum of Rs. 150 p.m. Further extension of the allowance 
!los yet to be decided by the Control Board. 

House rent is being recovered at 5% of the pay. 

Water and electricity concessions are bemg allowed free up to a certain 
limit fixed by the Chief Engineer. 

180 



APPENDIX 3-1 

Plant Population on Project 

Sl. Makes of Equip- Bhakra Nanga! D.V.C. Gangapur Hirakud Tungabhadra Project Lower Total Percent- Remarks 
No. mcnt Bhavani age 

Hydcra- Mysorc 
bad 

2 3 4 5 6 7 8 9 lO Il I2 I3 

Air <.:cmprtJ$Grf 

C.P.T. I7(2) * * * I-1(3) * * 3I .w8 (1) One size 

2 I.R. I 7(I) * * * * * 7 10' IS (2) Two sizes > 
3 Le-Roi * * 7(3) * * * 7 10'15 (3) Three sizes "' "' "' 4 Gardner Denver * * * I (I) * * 1'45 *Information· not z 

" 5 Jaeger * * * 1(1) * * '"45 given. 15 
"' 6 Miscellaneous . 22(4) * * * * * 22 3'"9 ~ 

TOTAL 6g 

Gradtrs 

I Caterpillar .4(2) 2(1) 1(1) I (1) 6(1) * * * I4 g8·g 

2 Allis Chalmers. 8(2) * * * 8 22'2 

3 Carlisle 7( 1) * * • 7 19"45 

4 Austin Western 3(1) * * * 3 8·34 

5 Gaiion 2( I) * * * 2 5"55 
6 Adam 2 * * * 2 5"55 

TOTAL 36 -"' -



..... APPENDIX 3·1-contd • 

"' "' Plant Population on Project 

:0 
6 8 • 3 4 5 7 9 10 ll 12 13 "' ., 

0 

Powtrtd Scrap~rs 
~ 

Lc--Tourncnu 2(1) 4( l) 15(~) 17( l) 19(0) 10(2) 67 60'4 
0 

l "' 
2 La-Plant Choate 8( l) 3( l) 0(1) 7( l) 20 t8·o " 0 

Allis Chalmers. z 
00 

3 Terra-Cobra 12(1) 4(1) 16 14'4 
.., 

4 Caterpillar 2(1) 6(1) 8 7'2 ~ 
" .., 

TOTI\I. Ill 0 z ., 
Towtd Scrnptrs t" 

Onion Empire 22(3) .. 2( l) 4(1) 28 62'2 (1) One size > 
~ 

2 Le-Tourneau 3( l) 4(1) 7 15'5 (2) Two sizes 

Caterpillar •f( l) l ( l) l ( l) l ( l) 7 (3) Three sizes > 
3 

15'5 z 
Blaw Knox 2(2) 2 4'45 (4) Four sizes "' 4 
Ruston Bucyrus l ( l) 2'22 (5) Five sizes 

;;:: 
5 > 

(6) Six sizes " !I: z 
TOTAL 45 "' ?J 

Tractors " Caterpillars 18(5) 55(6) 10(2) !8(2) !6(2) 9(4) 17(3) 13(1) 156 l 34' 1 0 

2 Allis Chalmcr . 10(1) 4( l) 90(6) 8(2) 2(1) 109 23'0 ~ 
3 Fowlers 17( l) 54(2) ll (•) 82 17'9 

;:; 

" 4 International 8( l) 7(2) ll (3) 4(1) 14(2) 6( l) so 10'9 "' "' 
5 Oliver Clctrac. 4( l) 2( l) 27(2) 33 7'22 

6 Le-Tourneau •f( l) 2( l) 10(1) s(•l 21 4'58 

7 Ansalrlo . 4(1) 2( l) 6 1'31 



l>wnperJ~ 

I Euclids 48(4) g8(2) 57(2) 3( !) 22(3) 3(2) u(g) 182 31"2 (1) One size 
2 Muir Hill 20(1) 32(1) 48(!) go(!) 7(1) 20(1) 157 "26·g (2) Two sizes 

3 Caterpillar 12(1) 44(2) 5( I) 61 10"4 (3) Three sizes 

4 Lc-Tourncau 9(2) 6(!) 19(2) 5(1) 39 6·67 (4) Four sizes 

5 Koehring 12( !) 12( I) 2(1) 6( 1) 32 5'48 
6 Mack 14(1) 16( !) 30 5' 14 
7 Aveling Barfold · 14(2) 9( I) 23 3'94 
8 Miscellaneous 20(1) 20 3'43 
9 Motor Rail 14( I) 14 2"40 

10 Terra Cobra 12( I) 12 2"06 
[[ Sterling . 9(1) 9 I' 54 
12 Sud works 3(1) 3 0"514 

'3 Balmer Lawrie. 2(1) 2 0'343 ~ 
"' TOTAL • 584 "' z ---- tl 
M 

Excavators f;J 
~ 

I P. & H. 2(2) 22(3) 2 {1) 4(2) 30 23'3 (I) One Size 
2 Ruston Bucyrus I (I) 6(2) ·I (I) !0(2) 21 J6•3 (2) Two Sizes 

3 Lima, 4(2) 6(2) 5(") 3(2) 18 q.•o (3) Three Sizes 

4 Link Belt Speeder 2(1) 8(1) I (1) 2 9'3 (4) Four Sizes 

5 North West 1(1) I (I) 3(2) 5( •) 10 7'0 

6 N.C.K. 8(2) 8 6·2 

7 Marion 3(1) I (1) 2(2) 6 4"65 

8 Lorain 2(2) 4(2) 6 4'65 

9 Manitowac 2(1) 2(1) 4 3"10 

co 10 Bucyrus Erie 2( 1) 2( I) 4 3" 10 

"" 
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APPENDIX 3.2 

Comparative Statement of Life Adopted for Depreciation 

Life Hours 

Sl. Damodar Tunga- Tunga- Lower Ganga- Hirakud Nanga I Bhakra Manufacturers USBR As.~ociated 
No. Type ofEquipmcnt Valley bhadra bhadra Bhavani pur. Circle Circle Rccommenda- Schedule General 

Corporation (Hydcra- (Madras tions of Contractors 
bad side) side) Equipment of 

Ownership America 
Expense 

2 3 4 5 6 7 8 9 10 ll 12 13 

Air Compressors 10,000 10,000 20,000 7,200 7,200 

Crawler mounted: Lorain > 2 "' (r) up tog tons. "' 20,000 10,000 g,6oo g,6oo "' z 
(2) g to 25 tons. 20,000 20,000 L.S. to,ooo 13·440 It,goo ~ (3) 25 to so tons 20,000 13,440 14.o46o "' to ~ 

25,000 

Lorain 
Truck Crane 20,000 10,000 8,640 7,8oo 

L.S. Io,ooo Not 
3 Drilling Machines 12,000 12,000 J 1,760 included 

4 Excavators Draglines: 
Lorain 

(1) To I cu. yds. 10,000 10,000 20,000 20,000 10,000 8,640 8,400 

(2) l to 1! en, yds. 18,ooo 1;}1000 20,000 P&H 15,ooo 9·240 9·350 

(3) Above 1! cu. yds. 24,000 20,000 15,000 go,ooo 20,000 L.S. 10,000 Io,oBo 10,500 
to Ruston Bucyrus 

25,000 to r! 1.1),000 
Above r! 

30,000 

"' "' -----· 



- APPENDIX 3·2-contd. co 
"' Comparative Statement .of Life Adopted for Depreciation 

• 3 1 5 6 7 8 9 10 II 10 13 
l" 

"' ., 
Shovels llnckhocs: 0 

(1) To f cu. yds. !20,000 10,000 20,000 Same as g,6oo ~ 
9·400 

0 
(o)! to 1l cu. yds. 1:2,000 15,000 20,000 Dra3lincs 

., 
11,220 11,400 

t"l 

(3) Above Il cu, yds r6,ooo t8,ooo t6,ooo 0 
15,000 30,000 20,000 z 

to 24,ooo to ::zs,ooo 11,520 12,000 ~ 
l" 

5 Graders 10,000 Io,ooo ,,ooo O,ooo Aills Chalmers g,6oo g,6oo c: 
t"l 

10,000 ::! 
Caterpillar 0 

10,000 
z ., 

6 Loaders 10,000 12,000 Euclid 
,. 

7,200 7o2CO ,. 
14,000 :1 

7 Scra!Jers-Drawn 24,000 12,000 g,6oo g,6oo > 
and Towed z 
Motoriscd O,ooo Allis Chalmers 7,88o g,6oo "' 10,000 10,000 12,000 10,000 15,000 15,000 

10,000 EO: 

Lc-Tourncan > 
t"l 

10,000 II: 
Caterpillar z 

10,000 "' l" 
-< 

3 Tractors Crawler: t"l 

(1) To Bo H.P. Allis Chalmers 
0 

B,ooo 20,000 10,000 7,000 10,000' 10,000 EO: 
10,000 8,640 EO: 

lntca-national ~ (2) Ahovc Bo H.P. 10,000 20,000 10,000 10,000 10,000 B,ooo 12,000 12,000 10,000 j,88o g,6oo "' 9atcrpillar "' JO,OOO 
(3) Pneumatic Tyred 10,000 10,000 Le-Tourneau 7,88o 

10,000 



9 'i'rucks 
Back Dumper~ : 
(1) To 6 cu. yds. S,odo io,doo io,666 io,Oo6 fo,ooo 

(•) Above 5 cu. yds. 10,000 10,000 16,ooo to,ooo 
to 12,ooo 

Bottom Dumpers . 10,000 10,000 J6,ooo 10,000 
to t2,ooo 

Ill Roller-Shccpsfoot 10,000 

to,oOo lo,ooo 

10,000 12,000 

15,000 

10,000 

Euclid g,6oo g,6oo 
ISoOOO 

12,000 Lc~Tourncau 
to 15,000 10,000 

Euclid 9,6oo 
20,000 

Caterpillar 
10,000 

Le-Tourneau 
xo,ooo 

-------------
> 
"' ., 
"' z 
8 
~ 



APPENDIX 3-3 
s Depreciation, Major and Field Repairs 

Committee's Recommendations "' "' ----!..-- ----------- ··-···-- ----------- --------- . -- ----~---·-- -------- 1--- "' 0 
Cost·exprCi!!cd as % of the cost of equipment over life time ~ 

Plant Total for 
0 

Sl. Equipm~nt Hours fo1· MAJOR REPt\IR.Ii J:IELD REPAIRS Major and ., 
No. Depredation Field 

" Spares Material Labour Total Spares Material· Labour Total Repairs 0 z 
~ 

2 3 4 5 6 7 8 9 10 II 12 "' c: 
" ... 
~ 

I Crawler Tractots: 0 

Dil"Scl41 to 5'2 B.H.P. 4 9 48 9 98 
z g,ooo 35 4 37 50 

6s to Bg n.H.P. 48 
., 

g,ooo 35 4 9 9 4 31 47 95 r 

89 to 135 D.I-I.P. 10,000 36 5 10 51 10 5 •7 
,. 

42 93 ~ 
2 Rubber 1)'r:d Tractor do;:;ers: ,. 

Diesel 140 to t8o B. H. P. Io,ooo 36 5 10 51 10 5 36 51 101 z 
"' 

Scrapers Afotoriltd: ::: 
3 1; Capacity cu. yds. :t 

Struck Heap(d z 
6 to 10 9 IO 13 g,ooo 34 5 9 48 9 5 37 51 99 "" "' 10 to 14 13 to 17 10,000 36 5 10 51 10 5 36 51 102 ><: 

16 to 20 21 to 25 to,ooo 36 5 10 51 10 5 27 42 93 " 0 ::: 
4 Scrapers Towed: ~ Capacity cu. yds. 

"" Struck Heaped "" 
9 11 10,000 20 3 5 28 5 3 22 30 58 

. 12 15 to,ooo 20 3 5 o8 5 3 20 .a ;6 
14 18 Jo,ooo 20 3 ; 28 ; ~ ·16 •t ;• 



5 Bottom Dumprrs: 
10 to 12 cu. yds. 10,000 g6 5 10 51 10 5 gG 51 102 
15 to J8 cu. yds. to,ooo g6 5 10 51 10 5 27 12 93 

6 Rear DumperJ: 
10 to 12 cu. yds. to,ooo 32 4 9 45 9 4 21 34 79 
15 to 18 cu. yds. to,ooo 32 4 9 45 9 4 23 g6 81 

7 Excavators: 
i cu. yds. g,ooo 32 4 8 44 8 4 35 47 91 

1l: cu. yds. Io,ooo g8 5 10 33 to 5 g8 53 106 
2l: cu. yds. 12,000 40 G 11 57 11 6 33 50 107 
3l: cu. yds. 12,000 40 6 11 57 11 6 gc 47 104 

> 
8 Graders: 

.., .., 
"' Towed 1 o ft. blade S,ooo 20 3 5 28 5 3 23 31 59 ~ Towed 12ft. blade 10,000 20 3 5 28 5 3 20 28 56 

Motor 1 o ft. blade 10,000 41 5 11 57 11 5 45 61 118 "' ~ 
Motor 12 ft. blade Io,ooo 41 5 11 57 11 5 41 57 114 

9 Air Con<fmssors: 

Portable 
105 C. F. M. 6,ooo 27 3 7 37 7 3 go 40 77 
210 C. F. M. S,ooo 34 4 9 47 9 5 34 48 95 
315 C. F. M. S,ooo 34 4 9 47 9 5 20 42' 8g 
500 C. F. M. S,ooo 34 4 9 47 9 5 25 39 86 

Stationel'y 
up t'o 160 C. F. M. 10,000 27 3 7 37 7 4 27 38 75 - 16o to 500 C. F. M. 10,000 34 4 9 47 9 5 25 39 86 

co 
<;> ---·~--·---- ·-·--·---· 



• 
10 Cranes: 

Mobile Pneumatic 

.f IO 6 tons 
8 to 12 tons 

15 to 25 tons 

NoTES:-( 1) Excavators 

3 

g,ooo 
10,000 

12,000 

APPI:NDIX 3.3-conc/d. 

Depreciation, Major and Field Repairs 

Committee's Recommendations 

4 5 6 

7 
7 
7 

7 0 

7 
7 
7 

Adopt uniformly for Shovels and Draglincs; when Us.:!d as cranes adopt 25% longer life. 

9 

4 
4 
4 

For Electric models adopt 25% longer life and same provisions for repairs as for COl responding diesel sizes. 

10 

29 
2~ 

20 

II 

40 
33 
31 

(2) For Tractor attachments, e.g., llulldozcr bladc.i, rootcr.i, shccpsfoot rollers, etc., adopt the life and provisions for repairs similar 
conct.·rncd. 

(3) Cost of t)'l"l'S, wire ropes, etc., not included. 

12 

to the tractor 



APPENDIX ~·4 

Percentage Utilisation of Equipment 

Tractor,:; Dumpers Excavators 

Sl. 
No. Prl~ect> 

Scheduled Actual Percentage Scheduled Actual Percentage Scheduled Actual Percentage 
working working working working working working 

hours houn; hours hours hours hours 

Gangapur 2,3J,I7I J,o8,o82 45·5 g6,g82 36,497 37·6 25,872 16,s8o 64.0 

2 D.V.C. 4>57.790 2 ·44·456 53·3 s,62,71B 2,65,719 47·2 2,01,648 t,os,S97 52-3 

3 Lower Bhavani 1,8g,268 I,g1,495 6g.4 g,6,hii4 2,32,546 63.8 110!},111 Bs,oss Bo.o 

4 I-Iirakud 11{51 to 6/52 14,400 7,876 54·6 1,04,400 34>147 32.8 

Do. t/51 to 21-7-51 2,8oo 531' 5 Ig.o 

Do. 9/51 to6/52 4,000 g,tgi 79·6 25,200 ts,sso 6I.S g,Bgo 2,75s 71."8 

5 Tungabhadra (Hyderabad) 8J.goo s6,7oo 69·4 g6,ooo Is, too 15·7 IJ,SOO 5·722 3•·7 

6 Tungabhadra (Mysorc) 97.900 54.800 56.o 1,54·300 94,830 6I.S sB,6oo 23,450 40.0 

TOTAL 10,85,229 6,07,127 sG.2 14,0J,7I{ 6.94,416 49·6 .f,Ig,56I 2,Jg,J62 57·8 

NoTE:-The plant hours pC"rform<'d by machines to those that could have been done as a maximum scheduled, for on~~, two or three-shift work as the 
case may be, are tabulated below. 

~ 
"' "' z 
" ~ n 

"' ~ 



- APPENDIX 3·4-Contd. 
<.0 .., 

Percentage Utilisation of Equipment 

------------ --------
~ Scrapers Graders Loaders .. 
0 

St. ~ 
N•J. Projects 

Scheduled Actual Percentage Scheduled Actual Percentage Scheduled Actual Percentage 0 ., 
working working working working working working 

" hours hours hours hours hours hours 0 z 
~ ------ ~ 

Gnngapur 1,72·389 r,oo,371 5s.2 to,soo 4,6oo 43·8 1,7so 1,!!75 73·2 " I g 
z 

2 D.V.C. 73,576 41,381 56.2 31.788 14,074 40·4 .. 
r-

3 Lower Bhnvani s 
~ 

4 Hirakud 1/51 to 6/52 7,200 4·370 60.7 "' 
Do. t/St to a:r'-7·51 a:B,ooo 6,415 22.9 ~ 

:I: z 
76,ooo t6,701 "' Do. 9/51 to 6/52 22.0 :0 -: 

" 
5 T. B. P. (Hydcrabad) t,oB,ooo 48,g8g 

0 
45·3 • i<: ::: 

6 T. ll. P. (Ml•orc) 47,8oo '20,soo 59·5 ~ 
"' "' 

TOTAL s.os,765 2,4~·357 48.0 45,288 r8,674 41.2 B,gso 5,645 63.0 



-"' "' 

APPENDIX 3-4-Conclci. 
Overall Percentage Utilisation on Projects 

Projects 

I. Ganga pur 

•• Damodar Valley Corpn. 8 

3· Lower Bhavani 

4· Hirakud 

5· Tungabhadra (Hyderabnd) 

(), Tungabhadra (Mysore} 

TOTAL 

*"Plant hour" taken as gross hours of working the machine. 

Scheduled 
working 

hours 

5-44·664 

I3o30oj20 

6.59·493 

2,6j,830 

g,og,4oo 

g,s8,6oo 

34·00,507 

Actual 
working 

hours 

2,67,405 

6,71,227 

,•h49oOg6* 

9'·566 

1,26,511 

2,ot,s8o 

t8,o7,3Bs 

Percentage 

49' 10 

50'4 

68·2* 

34'5 

41'6 

56·2 

52'0 

NoTE:-Thc plant hours performed by machines to those that could have teen done as a maximum scheduled, for one, two or thrcc~shift work, as the 
case may be, are tabulated below. 

10 ., 
"' z 
"' Ci 
"' ~ 



- APPENDIX 3·5 
<.0 .... Ownership and Operating Cost of Equipment on Projects (Actuals) 

-- .~ ~------ --------··- ~------------~--- , 
Life Depreciation Major Tyrcs and Fuels O~crator Other "' .., 

Equipment Project assumed rate/hr. Repairs{ Tubes/ Lubr./ \- ages/ chargt-s/ Total/ 0 
hr. hr. hr. hr. hr. hr. ~ 

0 

3 4 5 6 7 8 
., 

9 10 
" 0 z 

Crawltr Tractors: ~ 
( 1) • c 

C'l 

D/8 Nangal Circle 12,000 tJO• oo s·oo 8·g3 2'56 3'00 29'49 
.., 

1. 0 
(2) z 

T. B. P. Hydcrabad 20,000 *4'HZ 4'12 4'75 o·s6 2• 12 15'67 
., 

2. .. (" 

3· .. Ganga pur 10,000 t8·s §9· 56 6·oo 1'04 2'25 26'35 s 
1. D/7 Nangal Circle 12,000 t7' .1)6 3·81 7'00 2'43 2'25 23'05 ~ 

0 
2. T. B. P. Hydcrabad 20,000 *3·6o 3•6o 3'56 o·s6 2'12 13'44 ;:: 

> 
3· T. B. P. Mysorc/Andhra . to,ooo +7'50 4'32 3'50 1'00 0'75 17'07 C'l .. 

= L. B.P. 10,000 +9'70 1'43 3'94 1'00 0'25 16· 32 z 
4· .. .. "' ~ 

E.wat•alors : C'l 
0 

1, Lima 3! cu. yds. T. B. P. Mysorcf,\ndhra 24,000 tiS' 54 o·so 7'81 t'87 1'06 26•78 ~ 
"' Lima 2! cu. yds. Nangal Circle ti2'50 10'56 4'68 "' 2, go,ooo 4'37 3' 12 35'23 

~· Manitowac 2! cu. yds. T. B. P. Hydcrabad 20,000 *JO· 28 10'28 II' 19 o·63 2'75 :~s· 13 

~·-----·---



! Dumpers: 

9 I. Euclid Bottom Dump L.B.P. r6,ooo· *10'25 0'12 I"93 2"63 1"00 o• 18 r6· 1 1 

:;; 17 cu. yds. capacity. 

14' 2. Do. T. B. P. Mysoreff>ndhra • 12,000 ~I0"38 0"56 I"75 2•68 I"45 0"33 17'15 , 
p I. Euclid Rear Dump L. B. P. t6,ooo ~9"32 0'25 I • 12 2"43 1"00 o· 12 14'24 

'" 
11 cu. yds. capacity. 

:-' 
Do. Nanga! Circle ~8·87 £ •• ts,ooo 3' 12 4"25 2'00 2'25 20'49 

3· Do. T. B. P. MysorefAndhra • 12,000 j:l2" 17 0'25 I"75 3·o6 1"56 0"49 I9•28 

Motor Scrapers: 

I. Le-Tourneau 12/15 cu. yds. Ganga pur 10,000 tiO'O !7"50 5"73 4"93 I"47 4"62 34"23 
i'd Do. T. B. P. Hydera9ad . 10,000 tr2•81 6·43 6•43 7·75 o·56 I"75 35"73 
"' 2. La-Plant Choate I Model TS2ooS heaped, Nangal Circle Is,ooo 1:9"75 4"87 £ 7" 50 2'18 2"43 26"73 

Cap. 17 yds. I 

Do. T. B. P. Hydera~ad JO,ooo 1:12"87 6·43 6•43 I 1'05 o·s6 I•75 39"09 

3· Terra-Cobra Model T. C. 
heaped Capacity 17 yds. 

Nanga\ Circle ts,ooo *7"75 3"87 £ 7"93 2'18 I"93 23·66 

4· Cat. D. W. IO Do. xs,ooo *6•87 2•38 £ 5"25 2'00 I"75 t8•25 
Do. L. B. P. r6,ooo *7'25 2'62 3'12 3·68 1'25 o·s r8•42 
Do. L. B. P. MysorefAndhra • 12,000 1:9"20 o·so 3"56 7"62 I' 25 1"62 23" 75 

Nons:-T. B. P.means TungabhadraProject. L. B. P. means Lower Bhavani Project. 
( 1) Nan gal Circle means reserve fund accou~t for Major Repairs, The actual cost of Major Repai~ is at pi'esent lower than the figures given. 
(2) The cost of Major Repairs for T. B. P. Hyderabad appear to be estim~ted values. 
(3) *Pre-devaluation prices. tfost~devaluation prices. 

tPartly both. §Average of four years. £ Included in other items. - (4) For Nangal Circle the entries in columns ?• 8 and 9 are for stores, workchargcd establishment and repairs and replacement respectively. to 
If 



REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMI'ITEE 

APPENDIX 

Ownership and Operating 

Cost 

Equipment Cost (Rs.) Recommended Deprcciatton 
life Hrs. (Excluding 

Tyres) 

Crawler 

90 B. H. P. Tractor 88,400 9,000 9 '3 0 

Crawler 

130 B. H. P. Tractor . 1,1s,9s2 10,000 II 14 0 

12/15 cu. yds. Motor Scraper 1,79,245 10,000 16 4 0 

17/25 Bottom Dump 2,43,681 10,000 20 4 0 

13/17 Rear Dump 1,72,48<> 10,000 '5 6 0 

9 B. V. Loader 2,34,300 q .. ,ooo '5 2 0 

It cu. yd. Shovel 2,92,768 10,000 29 4· 0 

2! cu. yd. Shovel 4,28,964 12,000 35 '4 0 

3! ctL yd. Shovel 6,14,650 12,000 5' 4 0 

100H.P. Grader as,16o· 10,000 7 8 0 

196 



APPBNDICES 

3·ll 

Cost of Typical Machines 

per Plant Hour -------------------------------
Major Field 

Repairs Repairs 
Belt, Tyres Operating Fuels & 
& Tubes cost Lubes 

Sundries Overheads Total cost 
2% · per- Plant 

Hr. 

4 12 0 4 14 0 I 14 0 S II 0 o. 3 0 0 9 0 27 12 0 

0 I 0 5 0 0 I 14 0 7 50 0 3 0 0 tO 0 32 15 0 

8 4 0 8 4 0 t5 9 0 I 14 0 8 II 0 0 3 0 I 0 0 50 I 0 

10 10 0 8 12 0 :IO I 0 2 00 10 13 0 0 3'0 I 40 64 9 0 

6 15 0 5 IO 0 t6 40 I 14 0 8 12 0 0 3 0 ·0 14 u 45 14 0 

7 8 0 7 '12 0 §3 15 0 2 2 0 9 50 0 3 0 0 IS 0 46 14 () 

IS, 8 0 15 8 0 2 2 0 10 13 0 0 3 0 1 7 0 74 13 0 

20 5 0 17 12 0 2 2 0 13 40 0 3 0 I 13 0 91 50 

29 3 0 24 10 0 2 2 0 14 6o 0 3 0 2 7 0 124 30 

0 4 0 4 4 0 6 ·o o I 14 0 5 9 0 0 3 0 0 8 0 30 7 0 

*Includes 10% for landing charges, tax, erection and test, 

tLife at g,ooo hourS. 
!Life at 3,soo hours. 
§lklt life at 3,000 houn. 
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I 
I Quantity 

I 
I I 
I Projects Material ~~~~fL 

I 
Period 

i 
I 

2 3 4 

2 

. 
16-t-;949-. Lower llmperrious I 36-3 

Bhavani ' fill I to 
:'Pervious fill 

I 
22-7 June 1953 

I i I 
. Gangapur / ~ou• I 38-3 7/52 to 

6/53 
I Do. 62.2 2/49 to 
M~umCas-

1 
7/53 

mg 7·7 Do. 
Do. 25-0 Do. 

• Nanga! Loam (2) Typical 
Power 

3 

Canal. 

~ ,·--} fily-Clay 1950 to 
\ Loamto June 1953 

Clay. '43·3 
·Semi-pervi-
1 ous fill 
·gravelly soil 

. D. V. c.\ Impervious 35·4 1•1()•52 to 
Maithon. fill-Sandy August 

loam. 1953 

5 

6. D.V. Pan- Common Excavation 31·10-52 
chet Hill. earth 19·5 nL to 3o-6-53 I cu.fLEm-

hankment 
13m. cu.. 
ft. 

Lead 

5 

r-75 ~I 1.0 miles 
r ·5 miles 

o. 76 miles 

o. 76 milo:s 

0-95 miles 
0-95 miles 

Lead 2,050. ft. 
lift 30 ft. 

Lead 150ft 
lift 30 ft. 

Average 
weighted 
lead 2-5 
miles. 

Lead weight-
ed average 
1 2/3 miles 
Avg. wei-
ghted lift 
45 fL 

Avg. lead 
8oo fL 
Avg. lift 
t8 ft. 

APPENDIX 
Unit Rates of Earth-

/ Basis of 
Rate Rs. quantity o 
per 1JOOO I earthwork 
cu. ft. 

r 

6 7 
' 45·57 Embank-

52-32 ment taken 
56.oo as 2/3 of 

struck Bowl 
Capacity. 

I 
61.8 

l Compacted 
embank-

65.6 ment sec-

J 
tiona! mea-

8t.2 surement. 
95-6 

75-0 
Do. 

22.2 

87-0 Do. 

(4) Do. 
tog.o 

uu.o Do. 

. 
NOTES · (1) The entry 1S \\o"Ith reference to the standards recommended by the Comnuttec,. 

(2) A total of about 400 m.cu.ft. of earthwork on canal is done with machinery. 
excavation and compacted embankment. 

(3) Information not collected. 
(4) Estimated. 
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3·7 
work on Projects 

Investment 
Rate orl Major Flood Light \ Labora-on earth- Life or Running Haul 

work equipment Depre-

1 

Repairs cost of Road . ·tory and 
machinery utilised cia don ·machinery field 
Rs. Lakhs. (I) control 

8 I 9 I 10 II I 12 I 13 I '4 15 

62 11/2 Approx. Low At actuals; Included Not in- Not included;\r\s in 
no reserve through eluded; see watched previous 
fund. suspense. remark ~eparately column. 

col. 14. through 
grouped 
subheads. 

59 ! 
3/4 Approx. Sligh- Reserve Do. Included. Included. Included. 

tly fund 
I low. main-

I taincd. 

I i 

145 t/3 Approx. Low Do. Do. Do. Do. (3) 

i I ' 

I ! 
100 t/5 Approx. Do. At actuals; Do. Not Not included; I Not 

no reserve included, estimated included. 
fund. will be about 2 per 

about 5 cent. 
per cent. 

Pool for the t/5 Approx. Do. Reserve Major and Included. Included. Do. 
~ntireDVC Fund field 
Project main- repairs 
Rs.. 42(); • tained. through 

suspense. 
Rest dir-
ectly to 
works. 

Do. Do. Do. Do. Do. Do. Do. 

low means Jonger life assumed. 
Natwe of work varied; straight casting, excavation, transport and waste bank or 
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Unit Rates of Earthwork 

Projects \Vatering 
charges 

Transport, I hianual 
temporarv labour 
sheds and and 

Tools and 
plants charged 

Total 
project 

rate 
sundries I overheads , 

-:--~--~·'--·-
16 '7 18 19 20 21 

--------c------------------:.~---------

I. Lower Bhavani Included. Not in· 
.cloded· 
see col~ 

-I _A.. 

Not in- Not included. 
eluded; 
see col . 
. !4. 

2. Gangapur Partially in~ In~l}lds_d~- Jncludcd 
eluded, full 

Not includ-
ed; will be 
nearly +2.0%. charge will 

increase 
rates by 
1.5%-

3· Nanga! Power Canal Included Do. Do. Not included. 

+ Hirakud Do. Do. Do. Do. 

5· D.V.C. Maithon. Do. Do. Do. Do. 

6. D.V.C. Pancloet Hill Do. Do. Du. Do. 
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on Projects-contd. 

Labour I Interest Loss of 
Amenitiesl on Capital stock 

20 23 24 

Not includ- Not indu- Not includ-
cd; will be ded; will cd. 
over 5%- be about 

23%· 

Not includ .. INot indu- Do. 
ed· will ! ded; wiU ' be about I be about 
+4-5%· 5%· 

' . 

Not includJNot inclu- Do. 
ed. ded. 

Not includ- Not inclu- Do. 
ed; app- ded; but 
rox.imatcd will be 
5%· about 11%. 

Not includrncluded; ! Do. 
ed; eni· 4! per year I 
mated on gross 
6. J %- , working hrs. 

Not included,\ Do. Do. 
estimated i 5%· I 

AFPEh'"DICES 

Establishment, 
Overhead 

ccntage cltar-.. .ges 

25 

Not included. 

Not included; 
approximated 
+8% (Actuals). 

IN'ot included; 
a·s% 
mated. 

esti .. 

Not included, 

Not included: 
estimated@ 
10%. 

Do. 

I 

Total lr:.ter 
Project rat< 

26 

Remarks 

., 
Nearly 2/3rd work 

done by manual 
labour and 
lorries. 

Entire wm·k don e 
by machines. 

·work done b 
machinery onl 

y 
y 

studied. · 

Entire work don 
by machinery. 

J)o. 
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APPENDIX 3·8 

Ratings of Efficiency of Equipment on Projects 

P=rate of interest. 
C=cost of capital equipment. 
D=the total life hours wed fo.r depreciation. 
H=average annual plant hours used on work. 
Y =number of years for which interest is charged or equipment is utilised. 

Then 

~ =the hourly rate of depreciation. 

~C =the annual total of depreciation. 
D 

and the outstanding capital cost after Y years equals : 

~ c- Y%~l ~c- ~c ................................................. (t) 

The average capital cost during the period Y equals the mean of the original capital cost 
and the rt:sidual value, or 

• 
.co (•D-HY) ......••••..••••...••.••................ (2) 

The interest on this amount will equal : 

~~ (oD-HY) ................•....•..••••••.••••••.........••••..... · · · (3) oD 

The value of work done by the machine; may be expressed in terms of the hourly rate of 
depreciation as work done in Y years equals : 

~ ~~) E ~ ~CE .............•.......•.....••.•.•......••.••.......... (4) 

Where E uals: Value of w~rk. done by :c'uipment 
eq depreaauon of equ1pment 

Then the ratio of interest charges to the value of the work done may be expressed as a 
ratio I 

I 

PC 
2J)(•D-HY) 

HYCE 
I)" 

P P(oD-HY) 
~ oHYE (oD-HY) ~ oHYE • · · · · · • · · · • · • • · · • • · · · · · · · · (5) 

If 'P' is expressed as a percentage, 'I' will also be :1 pC'l'centage. This is the function 
disots:sed in the report. If'P' is assumed as the same rate of interest for all projects, the relati\·e 
evaluation of the projects can be accomplished by computing the value of 'I' from the actual 
values of H, Y, E and D obtained on each project. 
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In the following development, the factor 'P' is -climinated in order to reduce the number 
of variables (for a true comparative evaluation 'P' should be assumed the same for all projects. 
If this is done, it ceases to be a variable and can be taken as unity and di~)- '11 ,ftJl 
be the index for comparisoo. 

DrcppingP: 
oD-HY oD HV 

I= 2HYE or2HYE - oHYE 

D I 
= -:RYE-~ ............................................. "'[" . .......... (6) 

The ratio of the life of equipment for depreciation (D) to the portion oflife utilised (HQ) 

is~ :v- , let L = ·~ , substituting L for ~- in (G) 

L I oL-r 
I--E - .. E~~- ~ -E .................................................... (7) 

2 • 2 

The value of '1' decreases as the equipment is more intensively utilised. In order to 
make the fonnu1a easier to use let 'R' equal the reciprocal of 'I' or 

r oE 
R ~ -~- =2t.=t ''. '' .... ' ..... ' ............................ ······ •······· 

Now the values of 'R' will increase as equipment is more intensively utilised. 
V alucs of 'R, for various values of 'E' and 'L' are given in the following graph :­

IH'Ettouc:u 

GRAPH SHOWING PROJECT RATINGS 
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It can be seen from the development of the formula that the ratio of 
;nterest on capital invested in equi~ment to the value of work done is the­
basic measure for the evaluation of the efficiency of equipment on a project .. 
As stated in the report, this concept used with accurate figures is the most 
accurate method of evaluation as it will account for investment in equip­
~ent at various stages of construction-its reduction by changing off depre- · 
dation progressively, and the actual value of the. work done. ' 

The formula expresses the idea simply, and if care is taken to use re­
presentative values for the variables, a value for 'R' can be arrived at quick­
ly and is a fair index of efficiency. 

In the final formula (8) these are only two variables, 'E' and 'L'. 'E' is. 
the ratio of the value of work done to the value of depreciation charged 
during the period of work. 'E' will improve if more work is done for the­
amount of depreciation charged. Consider 'E' as an index of operational 
.;md maintenance· efficiencY*. 'R' increases directly as 'E' improves. 'L' is 
the ratio of equipment life assumed to life used on the project up to the 
date of evaluation. It is possible to calculate 'L' for any stage in the construc­
tion of a project. 

Let us consider 'L' at the end of a project. If the project is completed 
with a high residual value in equipment (a high value of L), too much equip­
ment was purchased. This indicates wasteful plant planning. The value of 
'L' reaches unity when a project is compJeted having utilized the full life 
of its equipment. The value of 2L-1 becomes 1 and 'R' is expressed by •E• 
already defined as the operational and maintenance efficiency. Converse}y, 
if too much equipment was purchased. the value of 'L' wil!. be large and 
the value of 'R' will fall This is to show that plant planning is definitely 
a factor in evaluation. 

A project must satisfy two criteria : 
(!) Equipment must be intensively utilised (concept of 'E'). 
(2) Plant pl~g must be balanced (concept of 'L'). 

At any intermediate stage, possibly two years after the project work 
began, only a small part of the life of the equipment will have been utilised 
so the value of 'L' will.be high and that of 'R' low. This shows that enough 
use is still not being made of the equipment; the more that intensive use 
is made of the equipment year after year, the better are the ratings. There­
fore, 'R' improves from year to year progressively as 1.he equipment is inten-
sively utilised. · 

The next question is; can the rating of a project be compared to that 
of another at different stages in the life of the equipment? The reply is nega­
tive. For a comparative study, the time base should be the same, i.e., at the 
end of one year, two years, etc. 

The second question is; how does the assumption of varioUs lives for 
calculating depreciation of equipment affect the rating? The following exam­
ple will show the reply. 

Cost of an c::xcavator==say Rs. 2.0 lakhs. 
\Vork done per year= say ~- o.8 laklu. 
Plant houn put in one year= 2,000 hrs. 

"*NOTE:-In calculating E only the value of work done by machines can be med. Work 
done by manual labour and other factors not pertinent must be disregarded. 
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The value of R at the end of one year will be : 

D-sooo, R= ~ (F.xtremely low life) 

D= to,ooo, R = ~ (Normal life) 

R= ~ (Extremdy high life) 
19 

This shows that the value of 'R' is not appreciably affected within the­
limits of a reasonable assumption for 'D' . .Even the slight gain which a pro­
ject maY record at the end of one. two etc.. years, will be offset in the final 
ratings which will be low· if a large surplus life is left due to the assump­
tion of a very high value of '.0'. 

Another approach for a comparative evaluation of projects is to take 'E' 
for a definite period-say one year or two years and 2lr-l for the final con­
dition. This will then enablE' a comparison of project ratings at any stage 
on similar footing still expressing the elements of the efficiencies of opera­
tion and planning. In such cases, care should be taken to assume realistic 
values of 'L'. If the value of 'L' on completion is taken lower than "actual' 
on completion", the value of the rating will be unrealistic to that extent: 

We do not want to claim a universal application of the formula for all 
conditions, e.g., when 'L' becomes A, 'R' becomes infinity for a further dec-­
rease in the value of 'L', 'R' becomes negative. For su<lh v:alues, the conc::ep-. 
tion of rating breaks down. 

Our idea in suggesting the formula is to indicate a line of thought and 
not to divert the practical engineer to a theoretical mathematical pursuit. 
The important concept which the formula (8) brings home is that the effi-­
ciency of equipment on a project will depend upon: (a) the intensive use of 
the equipment, and (b) the plant planning. We claim no more importance· 
for the mathematical evolution of the formula than this. 
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APPENDIX 4·1 

Equipment Record 

.•.....•............... . Projecr. 

Project Serial No. . ..........•••..•....•. Equipment .•..••.•.••.••...••.• 

Manufacturer •.•...•.•..•.•..•.....••.•••• Model, Type etc ............. . 
,J 1!1 

Manofacturer's Sl. No ..................... Other Nos. . ................... . 

Purchase Order · · • · • · · • .•..•.• • ... - .....•• Measurement Book ............. 

Dcsaiption ............................... Cost BiD~ 
I;U •••••••••••••••••••• ' 

• · • · • • • • .. · • • .. • .. • • ............ Transport •••••••••••••••.•••••• 

.. .. .. • .... • · ....... • • .......... Erection & Trial ............... . 

Total. 

Received from ..... "' .................................................. ' 
Date or Receipr. 

························································ 
Engine Make ............. • •.•....•.••.••. Model & Sl. No .............. . 

Aux. Engine Make 
• • .. • · · · · • · · .. · .... · .. -Model & Sl. No .............. . 
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APPENDIX 4·1-contd. 

B. H. P. of Engine ....•........•........••. 

Tyre Sizes •.....•.................... , . , . , . 

Aux. Equipment ................... o ....... Make & Model & Capacity •••• o ... o .... .. 

EL System .................................... . 

Hyd. System ................................. .. 

Air System •..•. o •••••..• o o ••.••••••• o •••••••••• 

Clutch ... o •••. o. o ••••••..•.••••.••••••• o •••••• 

'fransmission •••••••• o ••••• o •••••••••••••••••••• 

PCU ·•o••·················•o••·••""'"' ........ . 
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M 

' I 
Qock I 

Idle hours 
Date Name or 
and No. of hn. of Effective No I Field I Major 
onth .Operator work I plant hrs. work Repairs Repairs 

I 
I 

I I 2 I 3 I 4 I 5 I 6 I 7 
I I 

Totals for I I the Month 

j Monthly AbstraC! 

\ Account Nos. of work Plant bn. 

Cheeked by 

Debit transferred to works TEO NO.OF 

Signature of Accountant 

208 

APPENDIX 

Part 1-

-

Lubricants 

SAE I SAE 

8 I 9 
' ' 



No. 4·2 

Operation 

ricants Lub 

SAE SAE 

10 -~-,-,-

APPENDICES 

Next filt('r change fuel •..•..•.• , ..•. at hrs. 

lubes •••••••••••• at hrs. 

~nginc Oil change •••••••.•••••••• at hn. 

Transmission change., .••.•.•..••.•• at hrs. 

Final drive change •.••.•..•.• ~ .... at hrs. 

Production 

r-; Officer Signature Ro-

--~~ 
Requisition- of mark., 

trips No. of Lead ing Foreman 
work ---

12 13 '4 t6 '7 tB ' 

209 
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APPENDIX 4·2-contd. 

Instructions for Filling in Log Books 

1. Log Books are the primary record of the machine. They should be 
maintained with the same care as is bestowed on Measurement Books. 

2. Two Log Books should be maintained for each machine; one for even 
months and the other for odd months. When one book is submitted for check­
ing, the other remains on works. 

3. The books should remain with the machine or be kept in the field with 
the or::eration foreman. It should not be treated as an "office record" for com­
pilation at leisure. 

4. Manufacturer's instructions for preventive maintenance should be 
copied in the appendix to the Log Books carefully. 

5. The books should be reviewed every month by the ............... for tech-
nical scrutiny, and by the Accountant for proper maintenance and transfer 
of debits. 

The following instructions should be noted for filling in various columns: 

Column (t) Date 

Column (•) 

Column (3) 

Column (4) 

ColUDUI5 (!;) to (7) 

Columns (8) to (11) • 

210 

Leave one, two or three lines depending upon the­
number of shifts the job is working. Use one line for 
each shift. Have the line broad en"lugh for at least 2 

entries sometimes necessary for colnmns 2, 12·15· 

Operator. Give name of operator or his No. Indicate 
absent when• necessary. 

Clock hotm of work. Give gros. hours by watch for 
which the machine was on duty. 

Effective "plant hours". Give meter hours where meters 
are viOrking. If not, give commensurate effectiv~ 
hours based on the record of similar other machines 
with metas or else eval~ate. See that, takirlg into 
account tht" condition oO' the engine, the "effective 
hours,. give reasonable fuel con'mlllption for the 
machine per hour. (so to Go% of the full load rated 
B. H. P. consumption.) This can also be awroxi-. 
mated from the work done. 

Idle hours. Indicate clock hours for which machine 
was idle, under no work, under field or Major Repaits 
as the case may be. 

The total of the idle hours plus effective hours will 
differ, from the clock hours of work to the extent of 
"ineffective hours". For example, a machine which 
was in field for 8 hours in a shift, may record 3 effective 
plant hours, 2 idle for field repairs, one for no work 
and two hours ineffective. 

Enter fuels and lubes i.srued. Indicate brands of lubri­
cants used by suitable prefix, e.g., R 3 for Rotella 3 
gallons. 



Column (12) 

Column (13) 

Columns (14) & (15) 

Column (16) 

Column (17) 

Column (18) 

APPENDICES 

Give no. of trips made for machines like scrapers, 
dumpers, etc. For loaders, excavators, etc., give the 
no. of trips of the carrier units. Define carriers by 
a prefix, e.g., for a loader an entry C35 would mean 
Cat. bottom dump 35 trips. 

Account no. GiVe the accounts no. of the job for 
which the work is done, e.g., 15.2 may mean cxcavaw 
tion for semi-pervious fill, island section. This will 
also indicate the nature of the material. If this 
infOrmation is not implied, add suitable suffix, e.·g., 
S for Soil, R for Rock etc. 

Give daily leads and lifts. Have separate entries when 
the machine has worked on more than one material 
or quarry. Where production is controlled by civil 
side, figures for columns 12 to 15 will be given by 
other officer in his daily report. 

This column will be ne~ary only when the machines 
work for more than one officer. In most of the cases, 
column I 3 should give indication regarding the con­
trolling officer for whom the maclllne worked. 

The foreman should make daily entries and sign. 

Utilise for recording reference to any special features, 
e.g., report of accidents, etc. 

At the end of every month total up columns 3 to 12. Give abstract by 
account Nos. of the trips done. Workout weighted average leads and lifts. 
(Total of daily trips into daily lead total trips gives weighted lead.) 

211 
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APPENDIX 4·2-concld. 

Part 11-Field repairs, Preventive Maintenance and Inspections 

Next periodical inspection due on . . ......................... . 
Repairs and Preventive Maintenance Materiols used. 

Descrip_l 
I i I Brief description of i Repairs or main- Time tion or Part Quan- Allo- In-Date tenancejor Inspection Taken Part No. tity Cost cation Date dent Re-Reports and Haurs name No. marks compliance 

I -------- -- ---

I 

I 
I 

I 
i 

I 

I 
I 

i I ' 

I 
I I I 
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Instructions 

Make daily entries of the field repairs carried out and the parts repaired 
or replaced by the va~ious maintenance teams. 

Copies of the Daily Reports of the maintenance teams should be routed 
through the officer maintaining the Log Books to enter or check the ihfor­
mation. 

Entries of periodical maintenance should be made in this part giving 
necessary details. 

Inspection Reports should be written in this part whenever the machine 
is inspected. 

Appendix to Log Book 

Copy here the manufacturer's instructions regarding periodical mainte­
nance, say every 

(a) 8 hours 

(b) 16 - " 
(c) 100 .. 
(d) 500 " 
(e) 1,000 " 
(f) s,ooo " etc. 
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APPENDIX 4·3 

Abstract Log Book 

1. Sub-group name. 
2. Numbers of machines. 

3· Previous Log Book No. 
4· Name of officer to whom issued. 

Scheduled Running cost • I Amount 
per hour from I 

_____ __:_1 __ 1 

Abstract of Operation 
MOl'<"THI----

1.:: , : I : I Idle Hours Lubricants Production 
I"B 1 Clock 1 Effec-: 

s. ~ hrs. of 1 tive I ' 
1 

No.,~ work ; plant Xo 1 Field Major 
'O \ l hours I work ~Repairs! Repairs I • 
. 0 

!Z 

Totals for the month. 

ABsnt.ACT FOR Accomns. 

Account No. of works Plant hours 

Total. 

Cheeked by 

Debit transferred TEO No. of 
to works. 

0 
" ""' 

Signature of Accountant. 
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Lift 
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APPENDIX 4·3-contd. 

Instructions for Filling in 

Abstract of Log Books 

1. General instructions given under Log Books to be repeated. 

2. Maintain an Abstract Log Book for one sub~group of equipment com­
prising all machines of one make, type and size. 

3. Fill in these books every month from the monthly totals given in 
the Log Books. 

4. Submit every month before ......... for checking and accounting, 
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APPENDIX 4·4 

History Books 

First Sheet 

No. of machine. 
Short Description. 
Previous History Book No. 
N arne of Organisation. 
To whom issued. 

PART I (Leave 30 pages) 

216 

Manufacturer's bata 

1. No. of Machine. 

2. Name of Machine. 

3. Capacity .. 

4. Model and serial No. 

5. Make, Model and H.P. of Engine. 

6. Serial No. of Engine. 

7. Manufacturers of Sub-assemblies · 
(a) EI system. 
(b) Transmission and clutch. 

(I page) 

(c) Air Compressor or Hydraulic system. 

8. Tyre sizes and recommended pressures. 

9. Capacities of : 
(1) Crank Chamber. 
(2) Transmissions. 
(3) Final drive. 
( 4) Hydraulic. 
(5) CoolanL 
(6) Other information. 

10. Ref. to spare parts catalogue and service book No. 

Purchase Data (2 sheets) 
1. Reference to Purchase order. 
2. Supplied by or reCeived in transfer from. 
3. Date of receipt at. 
4. Date first put to use. 
·5. Condition when rec~ived. 
6. Price paid to supplier. 
7. Cost of Transport erection and trial. 

Rs.-------
Total cost Rs. -------



. 
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8. Transferred to 

9. Life fixed for Depreciation ............... hOurs. 

Hourly Rates of Depreciation Tyrcs and tubes Major Repairs I 
~:---

From 

History of Alterations (5 Sheets) 

Date 

I 
Job Card No. Description, including Amount 

Nos. of spare parts 

I added 

' I 

I 

I 
I 

TOTAL FOR THE MONTH 

Date 

TOTAL 

-

PART II 

Major Repairs and Overhauls (22 Sheets) 

Job Card No. 
Description. including 
Nos. of pans replaced 

or reconditioned 
Amount 

FOR THF MoNTH. 

Operation (5 Sheets) 

Monthly abstract. 

Same as in Abstract Log Book 

for the machine, vide pages 208-209. 

I Remarks 

I 

-I 

I Remarks 

I 
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Month! 
I 
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APPENDIX 
Part 111-A-Cost Accounts: 

Depreciation 

I 
Alterations \ 

1

1' 

Purchase i Total Plant 
Price I j C?st Hours ~----,------,------

1 

Reference 1,' Amount 
1 
Pnce \Vorkedl Rate Amount ,I Progressive 

De.prcciation 
: j 1 Amount 

--. -~~.--3-~ 4 1· s _6_1_7_ a /'--9--
-~---1 

I I 



APPENDICES 

4·4--contd. 
Description and Major Repairs 

Major Repairs Debits I :Major Repair Credits 
Residual 

Balance of value 

Rate I Amount 
MajorRe· Reference Amount ~grot- Reference Progres- pairs Re-

s1ve sivc serve Fund 
Amount Amount 

--- -
10 11 12 13 14 15 16 17 18 --- ---- --- ----

I 
! 
; 

I i 
I I 

I ! I 
' 

I 
I 

i 
•• 

I 
I 
I 
I 

I 

i I 
' ! 
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APPEND!~ 4·4-contd. 
Part 111-B-Cost Accounts: Tyres, Tubes, Belts, etc. 

IEffecth·e i DEBITS CREDITS I 
!-.lonth : Plant ! _1 I : • I Remarks. 

; Hours ' Refc- i No. of Amo- Progrcs- Rate \ Amo-1 Pr?gres- Balance 

.

, renee 

1

1 Tyres, unt si,.e 

1 

unt 
1 

swe Sinking 
1 Tubes I Amount 1 Amount Fund 

1 

, 1: • -·-3-(:· s s /-7 [s_/_9_ to 1-,-,-
---~--~---~-~-~ I 
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I 
I 
I 

I 
! 
I 

! I . 
I 
' 

I 
I 
j 

I 

I 
I 

I 
I 

I 
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APPENDIX 4·4-concld. 

Instructions for Filling in History Books 

. 1. ~stor~ Books are teohnical and accounts documents. They should be 
mamtamed With the same care as is given to measurement books. 

· 2. Two History Books should be maintained for each machine. one for 
even months and the other for odd months. When one book is submitted 
for checking, the other remains on work. Carry forward totals should be 
taken in the second book after the first comes back checked. 

3. The Book should remain with the officer in charge of Major Repairs,. 
or the foreman of the Base Shop as the case may be. 

4. Books should be reviewed every month in Parts I & II by the ........ Engi­
neer and Parts III A and III B by the Accountant. 

5. PaTt I. Entries of alterations and Major Repairs should be made . 
from job cards. This must give the relevant details; list all spare parts repaired 
or replaced. If Major Repairs are carried out in field or by the Field Repairs 
Team, they must be covered by job cards to bring the information to the 
History Books. 

Part II. Copy the monthly totals from Abstract of Log Book for the 
machine. Give progressive totals. 

PaTt III A. Alterations should be carried out through job cards only. 
The cost should be entered mon tbly, 

Depreciation should be charged at rates worked out in Part l and levied 
uniformly for plant hours used. Column No. 10 [=(2)+(5)-(9)] will give 
the residual value of the capital cost of the machine at any time. · 

The co•t of Major Repairs and Overhauls should be abstracted from 
Part I, and entered in columns 11 and 12. Column 14 will indicate the re­
ference to the Transfer entry order raising debits to wOrks and credits to· 
Major Repairs for the plant hours worked, Adopt hourly debits at uniform 
rates mentioned in Part I purchase data. Column 18 will Indicate the posi­
tion of the reserve fund with reference to the machine. · 

PaTt III B. include only the cost of replacements. Repair charges should 
be debited to running cost. 

When a partially utilised tyre is re-used on another machine~ give c.:oedit 
to the machine trom which it is taken off and debit to the machine where 
it is utilised. Pass the transaction through job card to keep. good accounts. 
Column (10) will give the position of the reserve fund for the machine for 
tyres and tubes. 

Maintain accounts in the same way for loader Belt, replacing the word 
"Belt" for "tyres and tubes". 
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Size 

·Serial No. 

Brand No. 

Purchased 19 

City or Branch 

! 

V chicle ! Wheel 
.N -umber ' Position 

I 

I 
I I 

' 
! 
I 
' 

I 
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APPENDIX 4·5 

Project Name 

Cost per Tyre Mile/Hour Record 

Make Original Cost ..............•....•..•• 

Type 
Cost of Repair.; New Treads ........... . 

Plies 

From Net Cost ...........................• 

Total ~fit cage or Hours Cost per Mile or Hour ............... . 

Applied I Remo,·ed Mileage Reason ! 
or Removed, . Cost 

Date Meter Date I Meter Hours Nature I of 
Reading 

C£ 
of Repairs 

or i Rcpain Hours urs Rs. As. Ps. 

I I 
! 

I 
I 
I 

I I 
i 

I I 

I 
I 

I 
I I 

' 
I 

I I I 

I I I 
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APPENDIX 4-6 

Forms for Machinery Record 

'!he various forms required for technical control and accounts are com­
piled in this Appendix. They should be printed in suitably b~und books. 
Where more than one copy is require<!. it is a good plan to have a distin­
guishing colour specified for each. 

The following forms are given in this Appendix : 

4·6·1 Daily Operation Report. 

4.6.2. Eight Hours Maintenance Report. 

4·6·3 Daily Field Repair Report. 

4·6·4 Dally Servicing Report. 

4·6·5 Accident/Breakdown Report. 

4·6·6 Shift Charge Report. 

4·6·7 Weekly Plant Details and Progress Repo~. 

4·6·8 Monthly Report of Materials used on Machines. 

4·6·9 Advice of Transfer Debit between charges. 
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APPENDIX 4·6·1 

Operation reports 
DATE _____ _ 1957. 
SHWT ___________ __ 

"' N .;. iACHL'lE .1. ·o. HOURS 

Machi .. ; Nature ! Aceount I Lead Period Wor- Meter ~ 
ne No. ~ or iClassifica. ... : & king Reading ~ 

:Work 1 tion I Ltft 
Time :l! 

! I 
Opeo Close ~ 

" .. 
o:; ___ ,_, 

I ------
i I --,--

I I . I I ' ! I I ' 

l 
' 

I I I 
I I ' I i J 

Foruaan Incharge Copy forwanled to : 

Ncm: : Forward daily 

224 

One copy to- Operation Control (Civil Side). 
One copy for Log Book Record. 
One copy to Mechanical Engineer-in-Charge. 
One Copy STUB. 
Each Copy should have a distinguishing colour. 

I No. 
f! of ~ 

2 Trips i! 
f .. 
!:. ~ 
0 ..: -,-,i 

I 



APPENDICl!S 

APPENDIX 4-6·2 

Eight Hours Maintenance Chart 
Excavator 
Machine No 

• 

Engine 

. 
Work to be done 

(t) Check Oil level 

(2) Check Radiator level 

(3) Check Fuel Oil level . 
(4) Cheek Water Pump grease cup ( 1 tum). 

(s) Check Water temperature • 

(6) Check Oil temperature . 
(7) Check Oil Pressure . 
(8} Check Air Cleaner and Breather caps • 

(9) lnspeet for Fuel Oil and Water leal<s 

(so) Idle Engine before starting (so minutes) 

~ 

( 1 1} Lube all 8 hour grease points with wheel 
bearing grease • • . • 

(so) Lube open geanandsprocketswi!b opeo 
goar compound • • • • 

<•sl Etc. 0. 0 

(14) Check Controls, clutches, brakes • 0 

<•sl Check dipper teeth 0 0 

( 16) Inspeet loose nuts and belts 0 

(17) Inspect Oil leaks in Hyd. S')f'tcm. 
Etc. 0-

_,. 
Operator 

Mechanic 

Supervisor 

Date 

' 
Shift 1 

. 

Shift o Shift 3 
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SECTION 

~HCHINE l'\0. 

Incharge of Section. 

226 

APPENDIX 4-6·3 

Daily Field Repairs 

SHIFT 

REPAIRS CARRIED OUT & PARTS 
USED 

DATE 

• REMARKS 

Plant Engineer. 
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APPENDIX 4-6·4 
Daily Servicing Report 

Date _____ _ 

Shift 

(1) 'foumapulls with Scrapers (3) Tractors and other machine~ 

M/C: H.S.D. Lubricants llvf/C: H.S.D. j Lubricants 

No. No. '---·-------

. 30l_1~l~~~ I ~~~~~·~t~~ 
I 1----~--- 2 4 --------
2 -·----~-:-1-- 25 -j-t--
3 ----j-,-~- 26 1-
· 1 I ~-- 28 

' 

; ---------,-- •7 I --~ 
.; -- 4~ -----
7 ---1-1-l- 46 ---
8 ------~-1--- 47--------
9 -·--,-,--1-- 48 _,_--

10 -·----------- 491---·-1'--

:~ =:==~=:=i=1== ~~ _____ I --

19 -·--1-:-,-:-- 52 1-.1-
~r =: 1 : 

1 
1 H ---1-

23 -------~-~-- ii ---- =!=1-
61 1 

·TOT..-;:·-~--~-~-- ~! -----~-== 
71 ~--

~; I I 
13 , ___ , __ J_~I'---= 741 It I I 141----~----
15 -----

:~ -----~----- ToTAL I I I / 
~g======== 

(2) Tourna Trailers & Excavators 

67 ------------
68 --------------
6g ---
70 ---1- ------59[===== 

TOTAL 

Remarks 

I/C of Section. ENGINEER. 

277 
16-1 C. W. & P. C. 57 



REPORT OF CONSTRUCTJON PJ\LNT AND MACHINERY COMMITTEE 

APPENDIX·4-6·5 

Accident/Breakdown Report 

(For Mech. Equipment other than Motor Vehicles) 

.N. B.-No Ttquisih"on for rtpoir of cccidtnt casts can /;t rwioed unltss this form i.J lodgtd duly filled in. 

-----------~----------~-----------

A B C 

OPERATOR OW,..1:NG DEPARTMENT Equipment particulars 

D 
OPERATING CONDmONS 
Aaachments installed at time 

of accident. 

r;pe 

]'.lake 

Sl. No. 

E 
Precise time of accident/ 

breakdown. 

Name of Supervisor pre­
sent at breakdown : 

Make : Sl. No. 

Model: Regd. No. 

F 
Location of Machine : 

Job on which machine was 
working: 

G 
DESCRIPTION 0F OCCURRENCE 

{Here state as fully as possible the condition 
under which machine was operating­
speed, load, lubricant, pressun; etc.) 

H 
Apparent damage to the machine (Greatest 

details possible) 

"'as injury SU5tained by 
Operator. 

If operator was injured 
give details here. 

Sig. of Operator. 

Disposal of this from 

228 

I I J 

Yes/No 

K 

Sig. of Supervi'>OI". 

2 copies to \Vorksbop Superintendent. 

I If persons other than op­
erator were injured. give 
names and addresses and 
details of injurit:'i. 

L 

I copy to the Construction Plant Engineer. 
1 copy to owning deptt. 



M/C 
No. 

--
I 
2 
3 
4 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
'5 

Total I 

APPENDIX 4-6·6 
Shift Charge Report 

. PLANT HOURS OF EACH MACHINE- PLANT ENGINEER 

A. SCRAPERS 

First Shift Second Shift Total 

Plant Condi· Plant Condi· 
hour tion hour tion --- -

Date:-

C. TRACTORS ~I 
~I 

First Shift Second Shift 

24 

~§ 
26 
27 .a 
!~ 
49 so 
5' 
5• 
53 
54 
54 ;g 
57 
58 
59 
6o 

I 61 
62 
70 

I 7' 
72 
73 

Total 
26 
27 

Plant 
hour 

. 
Condi- Plant Condi-
tion hour tion 

. 

Total Remarks 

' 



IJ. TRAILORS & EXCAVAT~~S ___ .. 

First Shirt 

M/C 
No. Plnnt Condition 

hour 

Total 

First Shift 1/C 

Time Keeper 

Second Shift 

Plnnt 
hou1· 

r.ondition 

APPENDIX 4·6·6-contd. 

Sh 1ft Charge Report 

Total 

- I 

------ --------------

D. ATTACHMENTS 

----------- -- ---- -----------;-----
First Shift Second Shift 

M/C 
No. 

Rollers 

Rollers 

Grader~ 

Plant Condir 
hour tion 

Plant 
hour 

Condition 

-~ -·- _, -----· 

Total 

·------- ·------'----------
Second Shift IfC 

Time I<ccpcr 

Foreman, 

·------ ·······-------------------



MECHANISED EARTH MOVING CIRCLE S.C. D. 
APPE NDI~ It• ,, 7 

ORIGINAL 
Camp LEFT 811.,, 1'111•., C liM til. Weekly Plan' De\&ila & Progress Report. 

Brl --~)(,.,.,.. 
No. AUaebmeDk~.Bq,ta.lpmcat 

lie. o« De~ails of Works & Hours Worked Total Working Hours 
-.~.--,---,--;---,-;--,--.----.--1 (work;,g brs .j--=·•• lA !ZA !aA I4A !SAlsA bA !SAI9A [IoAj .... , Es~im&ted Hours) 72 

t.,lt #l.ltJIT C"DifTE-
1 SCRitPGit- T-G-.3oo 

ll •• 

5 

6 
7 

• .. 
72.2.3 

7238 52 

7220 57" 

8 ~!,_L~!-;Hift.MER·HD•I, 2.+So .1~ 

9 '!£-:;~;:IJL ,6R· H,!J-1, 2.475 ~!tt 

10 ~ri~~:.~To'~~!'- Hlfltll&r# .2-865.2 

11 .. 28 ... 4 ~~ 
IS cl9rERPIU*R-~7-3T l2.f..J'.2. 1100 + N~·7o Sc.RitPER. 

13 ~u~;: ~~s,.r:,z· "" a2.oc 6~ 
14 T~U~NRCAitN£ 72~1 2 

15 WIITER. 7/9'11/I(E~ 

16 Ci9E.NER.FITOR. 

1? 

18 
19 
20 

" 
kll>-9 
IJHE~l- TRif~TOR 

Tot a.! 

2. 9.33 

44382 

99'1 B2 

51163, 

Description of Works 
lA CANAL EJf.ciWitTit:JN 

2A. LEVELLINC. &PDIL.. 6/JNic£ 

3A 'J>RES&t/1114 &1/J. SLDPE.S 6F" CIINitL 

4A LtJitl>JN&. MACHINE:RY PRRT$ 

5A T/liJ/ti&Petlt-rtllltio WRTEq 

J!.!llM&RKS 

~cr"f ,..,_ 1>Jeaa~to• .of Soil &naos r.c~rol ,·,.;, 

Facing page 230. 

2 4 
lo lo 

13 

64 FIEL.Z, L1 &.II TIN~ 

7A lfiiiNTENRIIIIt:E Yltll/J 1..111-ltF'tN,; 

SA UN Lon .J>rN& IWJc HIN~»'!. P~tRrs 

9A r,,,.,.,.t1/f7"'"'~ 
lOA ToUR.N.-Y 

OE5cer ____________ •~·~&~N-·~~_.-__ c ________ i 

Week Ending _ _,;;!<l:..:5c..-_4;...-...;.;'~:..::5:..::3:.._ __ 

" 
3 ~ ~ ~ 

~ 

• • 
! • 1 

"' ~ ~ a ~ 
~ • tfl' ... .. 

~ i s - ~ ~ 6 
] r---t----------------------------t--~ . 
~ .. ~ 

! 

l ~ : 
~ ... ..·. 

0 

i ~ r-E-;r--"~------------r--1 
~ ..:! 

.. 
! 



APP!:NOIX 4-6·8 
Acquittance of Materials Received 

MONTHLY MATERIAL LIST M. R. No. 

MONTH SECTION AND SHIFT DATF~ 
- ·---

Date Indent Description Part Quantity Rate Cost Name Quantity I Machine Balance Remark~ of Indent No. of used No. 
work 

I I 
.. ---- ~----

lnchargc Plant Engineer· 
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APPENDIX 4-6·9 

Advice of Transfer Debit Between Sub-Divisions 

No. 2371 
Dated the 19 

To 

The Plant Engineer, Gangapur Storage Division, Gangawadi. 

The undersigned has to advise that a sum of Rs. 123/12/- as detailed 
below has been debited in transfer to his sub-division against the work 
shown below and to request that acceptance may please be furnished to this 
office under intimation to the Divisional Office, Suspense Clearance Account 
for M & R to Fordson Tractors with traUors for the month of May '53 (21-4-53 
to 20-5-53). 

~1. R. No. \ Particulars of the work carried 
and date I out 

:May I953 I S 1 • 34 Major Replacement 
to tractors. 

! 
~ S 2. 54 Sundries . 

i s 3·• M & R Workshop for 1 

' •9s3-54· I 
1 s 3·3 Do. I 

' I I ! I 

Head of I Quantity I Amount 
account I Gallons. 

68 Const. I 
9 49-lH> I 

4 22-().0 

4 22-0.0 

s! 3~4-0 

TOTAL ••! 123-12-o 

(Sd.) 

Sub-Divisional Officer, 

-----.Sub-Division. 

No. 

Acceptance of Transfer Debit Between Sub-Divisions 

Dated----

The undersigned has to inform--~that his advice of transfer debit 
No. ated against the work has been accepted fully I 
in part or rejected for Rs. and incorporated in the work abstract 
for the month of·------

232 

Sub-Divisional Officer, 

-------:Sub-Division. 
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APPENDIX 4-7 

Workshops Instruction 

Engine Shop 

(1) The assemblies labelled, will be given to the stripping bay to be 
dismantled and washed. The assembly will be checked and new spares ordered 
on the job card. 

(2) Progress Foreman will issue job cards for each engine assembly. 

(3) A full record will be maintained on the job card of all spares used 
or details of repair, inspection and final test. The job card will then be 
returned to Progress Department for reference in case of any defects· arisin2 
after delivery of engine to outside sources. 

(4) Spares required should be entered on job card as early as possible 
to enable stores to take action, especially when spares are not held in stock. 

(5) All spares totally unserviceable and not repairable will be placed 
in salvage so that no doubt arises at a later date whether the parts are in 
fact serviceable or not. 

(6) Every effort will be. made to reclaim such parts and the Foreman 
i/c must pay particular attention to this matter. Constant check will be made 
to er..sure that the strictest economy is being made. 

(7) On commencement of assembling of the engines the Foreman i/c 
will draw the required stores and they will be plac;ed in appropriate cabins 
in the section where the work is being carried out. 

(8) It is the duty of the Foreman i/ c to inspect the work on completion 
at each stage the engine will pass through, and all parts fitted during these 
stages must be examined by the Foreman i/ c. 

(9) In the case of cylinder blocks and crankshafts before passing to the 
machine shop on a job card supplied by Progress Section, each item will be 
labelled with the sizes required to be machined for any difficulties arising 
in conforming with these measurements, the matter will be referred by the 
machine shop Foreman to the Foreman i:/c, engine and sub-assembly shop. 
On no account will machine shop work to other sizes than those stated on 
the job· card be done without the sanction of the Foreman i/ c, engine and 
sub-assembly shop. 

(10) Closest 'co-operation of the Foreman i /c, machine shop and Foreman 
i/c, engine and sub--assembly shop must be m8intained, avoiding any misun­
derst:mding and difference of meas:urements. 

{ ll) All work returned from machine shop must be carefully checked 
by the Foreman before -issue to the engine and sub-assembly shop. 

(12) On comple~ion of engine assemblies a 100% "running in" test will 
be made. The oil pressure at commencement and end of test, number of 
hourS run and general performance will be entered on the job card. 
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(13) In the case of work being requested by the engine and sub-assembly 
shop to be carried out by other ancillary trades such as electrical, etc., aP­
plication will be made to Progress Department for a job card authorising the 
work. The item will then be sent direct to the ancillary shop concerned. 

(14) A return will be submitted to Progress Department on the weekly out­
put a·~ assemblies every Saturday m_orning together with completed job cards. 

(15) Priorities will only be given by Progress Foreman. 

(16) A job book will be kept showing date in. work done and date out 
of cll assemblies. 

(17) Equipment and holdir.gs in the engine shop will be chec!.:ed month­
ly by the Foreman incharge. 

(18) The Foreman will be responsible for 
thP workshop; any losses or breakages will be 
Engineer. 

any equipment and tools in 
reported to the Workshop 

(19) All material drawn from expense store will be drawn on Foreman's 
signature. 

(20) *Under no circumstances will any material be issued unless the job 
card has been re.:::eived. 

(21) All tools in sub-stores will only be issued against a signature. These 
will be returned each night, a full check will be made and tools charged 
against individual concerned if not returned after three days. All loss~s 

will be reported to Workshop Enginee!'. 

(22) Fire precautions will be taken and Fire Points kept in order and 
ready for use. 

(23) All lab~ur queries such as pay, number of hours, etc., will be dealt 
with by Chief Clerk. 

(24) Overtime will be kept to a minimum and sanctioned only by the 
worKShop engineer. 

(25) Waste material will be placed in bins ana disposal arrange::\ by 
stores. Every effort to avoid waste of material must be inade. 

(~G) All tools and equipment must be kept well mamtained and f't the 
end of each day ieft spotlessly clean. The Foreman i/c will be responsible 
for the cleanliness, tidiness and orderliness of the shop and an exceptionally 
high standard is expected in this respect. 

(27) All letters to outside units will originate from the workshop engi­
nee!"s' departments who are only permitted to undertake inter--departmenta) 
communications. 

(28) It is the Foreman's responsibility to implement these instrucuons 
to avoid possible breakdown of production. 

·~o wo:-k shall be unde:taken u:tless a Requisition (vid~ form attached) is placed on the 
workshop by a duly autho:ised offi.cet·. 
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R.EQ.UISITION ON WORKSHOP 

From 
Reqrd. on 

Description Name of Debits 
of Job work & Raised 

Sub-Head 

STUB OF INDENTOR 
I 

' 

SIGNATURE-• ----

DESIGNATION----

ACCP. TO APPENDIX 4·1 
R.e=!_•JJsrrro:o~ O'i WoRKSilOP 

----------
From 
Rcqrd. on 

1------,--------------
De ;cription 

of Job 
Name of 
work & 

Sub-Head . 

Debits 
Raised 

-----1----
I 

RETURN TO INDENTOR 
WITH COMPLETED 

JOB 

1 

SIGNA TURf,____ __ _ 

DESIGNATION----

ReQ.UISITION ON WoRKSHOP 

From 
Rcqrd. on 

I Dcscriplion Name of Debits 
of job work & Raised 

Sub-Head 

·------

WORKSHOP RECORD 

SIGNATURE---'----

DESIGNATION----
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Workshop Instructions 

Stores 

(1) All job cards for drawing on stores will be issued by Progress De­
partment and given a control number. 

(2) Departments will make out spares required on the Job Card and StoreS' 
will mark availability. 

(3) Job cards with spares outstanding in any large amount will be 
brought to the notice of the Progress Foreman. 

(4) The prirc of each stores item demanded will be entered on the job­
card. 

(5) 

(6) 

(7) 

No soares will be issued unless a job card or in the case of minor 
asse~bly work, an inter-departmental chit* is presented to the Stores .. 
The inter-departmental chits to bear the signature of the Foreman or 
Chargehand in-charge. 
Items drawn from main Stores by Departmental Stores in bulk will 
be issued out to jobs only on the presentation of a cliit si2!led by 
the Fore.."Tlan or Chargehand in-charge. 

Tools drawn from Tools Stores, on signature, will be returned each 
day. Cbecks will be made every three days and the Workshop Engi­
neer notified of non-compliance of this instruction. 

(8) Tools that cannot be returned will be debited to the individual on 
whose signature they have been drawn. 

(9) Any spares which are reouired to be manufactured in workshopS' 
will be demanded throl1gh Progress Office. who will check with 
stores against availability and qu<mtity required. 

{10) When the Department concerned has manufactured the item they 
will be brought on charge by Stores and issued out against normal 
demands. 

(11) Aoy enquiries regarding stores will be made through Progress Office. 

(12) Any demands placed on Stores will give complete information con­
cerning the item, i.e., section part number, designation and quantity. 

(13) Upon completion, the job card will be returned to Progress De­
partment with all spares used marked clearly. 

04) Entry to Stores is forbidden to all personnel except the Stores staff. 
Permission to enter Stores may only be given by the Chief Store­
keepe:-. 

(15) Fire precautions will be taken and Fire Points kept in order and avai­
lable for use. 

(16) All Labour queries will be dealt by the Chief Clerk or Work­
shop Engineer. 

Requisition for mat~rials, stt Appendix, 4 · 12. 
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APPENDIX 4·8 

Equipment Inspection Report 

(Other than Motor Vehicles) 

Item .......•.... Project ...•••••..•• Date •••••••••••••••••• 

!vlake .....•.•.•.•. Model ••....••.••. Serial No .•••••••••••• 

Total 

(Miles or hrs.) 

No. Item 

1. Operating test. 
2. Engine (General). 
3· Compression test (Record). 
4· Vacuum test (Record). 
5· Radiator and Hose. 
6. Water pump (Motor). 
7· FaJ1 Belt. 
8. Garburettor or Injectors. 
9· Ignition. 

10. Injection Pumps. 
II. Fuel Pumps. 
12. Fuel Filter. 
13. Air Cleaner. 
14. Oil Filter. 
15. Oil Pressure (Record). 
16. Oil Cooler. 
I?· Crankcase Breather. 
18. Governor. 
tg. Starter (Electric). 
20. Generator. 
21. Wiring. 
22. Blower or Supercharger. 

Capacity 

(Tons, yds., etc.) 

Licence 

(or Project Sl. No.) 

*Code No. Item 

34· Rollers (Lower). 
35· Rollers (Carrier). 
36. Traeks. 
37· Track-frame. 
g8. Stabilizer Assembly. 
39· Equalizer Spring. 
40. Frame. 

*Code 

41. Steering Gear and Connections. 
42. Springs, Shackles and Bushings. 
43• Front axle, Spindle Bolts and Bushing-
44· Wheel Alignment. 
45· Brakes (Service and Hand). 
46. "'-lheel Bearings. 
47• Tires. 
4-B. Fenders. 
49· Battery and Cables (R~cord test). 
so. Fuel tank and Lines. 
51. Body, Cab or Howe. 
52. Instrument Panel Gauge!', el<"~ 
53· Power control unit. 
54· Hydraulic Pump. 
55· Hydraulic Controls. 

23. Starting Motor (Gas or Air). 56. Hydraulic Hose. 
24. Muffier and Exhaust Pipe. 
25. Master Clutch. 
26. Transmission. 
27. Transfer Case. 
28. Universal Joints. 
29. Differential or Beve1gear. 
go. Steering Clutches. 
31. Final Drives. 
32. Sprockets. 
33· Idler. 

*Good() 

57· Mechanical Controls. 
58. Mold board. 
59· Cutting Edges. 
6o. End Bits. 
61. Cables. 
62. Sheaves. 
6g. Tandem Drives. 
64. Drive Chains. 
65. Circle and A Frame. 
66. Scarifier. 



REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITTEE 

~0. Item 

--67. House Rollers. 
£8. Centre Pin Bushing. 
6g. Swing Gear and Bushing. 

jo. Swing clu:ches. 

71. Vertical Swing shaft. 

72. Drum Shaft and Bearings. 

73• Hoist Drum Bushings. 
7+· Hoist Clutch Linning. 

75· Hoist Drum Brake Bands. 

76. Open Gears. 

*Code 

77· Vacuum and Hydraulic Controls. 

78. Fairleads. 

79· Boom. 
So. Dipper Stick. 
St. Buckets. 

82. Elevator Belt or Chain. 

-83. Screen and Shaker Bearings. 

·Good() 

Compression Test : 

Battery Test Volts. 

Gravity. 

2 

No. Item 

84. Crushc::r] aws and Plates. 

85. Eccentric Shaft arid Bearings. 
(16. C":lmpressor (General). 

87. Compressor Vah·es. 

*Code 

88. Llnloading valves and Controls. 

Sg. \\rater Pump; Impeller Packing~ etc. 

go. Light Plant ; Armature Brushes, etc. 

91. \Veldcr Armature, Brushes and Bearings. 
92. Boats or Barges, Hull. etc. 

93· \\'inch. 
94· Pull Tongue and Hitch. 

95· Lubrication (General). 
g6. 

97· 
98. 
99· 

too. Condition of entire unit. 

3 4 5 6 7 8 

REMARKS 

ln.spector. Approved. 

Adjustment or Mechanic2l Attention Needed (M). New Parts Needed (N). 
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.APPENQIX4·9 

Breakdown and layout of Sections in an Engine Shop 

1. External cleaning 

2. Starters . 

3· Compressors 

4· Clutch 

5· Starting Engine 

6. Fuel Pump ,. 

7. Cylinder Heads 

8. Caterpillar 

g. Cumm-ins 

10. Buda 

11. G. M., etc~ 

12. Test Benches 

Stripping 

Dynamos 

Blowers 

Water Pump 

Lub. Oil Pump 

Injectors 

Cleaning Inspection. 

Magneto's 

13. Separate gang for installation, removal of Engines from Equipments who will also do 
all field work which requires engine fitters from shops. 
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~0. 

Engine Type 

Taken from 

C'lmpon.ent 

APPENDIX 4· 10 

Engine Inspection Sheet 

Engine No. 

Fitted To 

Inspection Data 

1 C)·linder Liner and packing ring Check that I iner is correct for 
engine, i.e., Cast iron, etc., 
oversize or standard, clear~ 
ance from top of liner to 
block. 

*2 Crankshaft and Main B2rings . *{a) Check main bearings in 
crankcase. 

3 Pistons and con. rods 

4 Oil Seal 

5 Timing Gears and Housing 

6 Lub. Oil Pump and Sump . 

7 Camshaft and Bushes 

8 Cam follower . 

240 

(b) Cheek crankshaft for 
freedom, end play and main 
bearing nuts to torque wrench. 

(c) Check main bearing nuts for 
"locking. 

{a) Check pistons and con. 
rods assembled on bench 
for :-Gudgeon pin, free­
dom circlips fitted 0. K. 
correct piston for engines, 
rings for liners, rings fitted and 
spaced correctly. 

{b) Check pistons and con. 
rods fitted to crankshaft :­

. freedom of con. rod on 
crankshaft, and play of 
con. rods, tightness of nuts 
to torque wrench. 

Check that oil seal is new one 
and fitted correctly. 

(a) Timing gear bowing :­
Check Seals are fitted, 
tightness of nuts. 

(b) Check baek lash of timing 
gears, idler geared shaft, 
timing. 

{a) Lub. oil pump freedom 
of gears, locking of nuts. 

(b) Sump, check screen and 
section housing. 

{c) Tightness of nuts. 

(a) Camshaft and bwhes, back­
!ash of gears, timing, lock· 
tng. 

(a) Cam follower 
roller, etc. 

Timing 

Charge hand/ 
Inspector 



No. Component 

9 Cylinder Head and Valve Aosy . 

10 Push rod and Rocker Arm Auy 

.r t Flywheel and housing 

APPENDICES 

Inspection Data 

(a) Cylinder bead gasket to 
be correct one for engine. 

(b) Tightnes• of nuts with 
.. torque wrench. 

(a) Push rods, check that 
inlet, exhaust · and ii~ector 
rods are co:reetly fitted. · 

Check flywheel 
alignment, dewel 
locking of flywheel. 

.housing 
wear, 

Charge hand/ 
Inspector 

12: Exhawt, inlet and 
manifolds. 

water Manifolds check for cor-

13 Fuel Injector 

14 Fuel PumP.. and Assy connections. 

.15 Waterputllp Fan and Drive 

>6 Blower • 

'7 Filter and Connections 

18 Seli Starter 

•9 Dyoamo. 

"0 Starting Engine 

21 Magneto 

<12 Carburet tor .• 

"3 Compressor 

"4 Clutch Aosembly 

"'25 Fi~ Inspection 

rect gaskets, tightness of 
nut$. 

Check Injector tightness with 
torque wrench, 

Check fuel pump timing, 
tightness of nuts, washer of 
connecting pipes, 

Waterpump gasket fitted. locking 
of fan and drive, tension of 
belt. 

(a) Blower: No foreign matters 
inside. 

(b) Check gasket drive and 
connection. 

Filter, check correct one for 
engine. Inlet and outlet 
fitted correctly. 

Self starter. Backlash of gears, 
Tightness of nuts. 

Dynamo, Dwt Cover fitting 
Drive and Chain. 

Starting Engine, checking of 
dogs and pinion. clutch 
clearance. 

Magnet~? timing, leads, etc. 

Carburettor gaskets etc. 

Compressor, belt correct tension 
and alignment, clearance of 
loading and unloading valves. 

Main engine clutch correct disc, 
pilot bearing, clearance and 
adjustment, tightness: of 
nuts. 

General exterior check, 
neos of nuts and 
adjustments, tappet 
ances etc. · 

tight­
final 

clear-
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APPENDIX 4·11 

Note on Job Cards 

1. Job Cards 
These are of two types, i.e. the Sectional Job Card and 1.he Master Job 

Card. The Sectional Job Card is for use in those workshop sections where 
debit is incurred on a job. The Master Job card is for recording the labour 
and material abstract from the Sectional Job Cards. Job Cards are issued 
by the Progress Section of the workshops. Tbe Sectional Job Cards and Master 
Job Cards for the same job will bear the same number to facilitate grouping. 

2. Stores Requisition 

Material for use on a job are obtained through stores requisitions­
sample form is furnished in Appendix 4·12, They are made out by the Pro­
gress section from the estimates received from the workshop sections and 
are sent to the stores for compliance. Thus requisitions are made out in 
quadruplicate ; one is recorded in Progress Section and ·the remaining three 
ue transmitted to the stores. After posting issues and costs, one is retain­
ed by the stores, the second accompanies the stores issued, and the third is 
cuuted through the Progress Section to the Cost Account Section. The requisi­
tions for each sectional job card should be made separately, to correspond 
with the separate sect:ons of the stores. Items of stores, which have to be 
procured in bulk by sections and retailed on jobs,· such as oils, electrodes. 
gas, etc_ will be issued by internal stores attached to sections and such 
issues with cost will be recorded on the job cards for inclusion in costing 
the job. 

3. Estimate Form 

The workshop sections make out the list of material and parts required 
for a job on the estimate form. 

Routing of Worl: in WOTkshop-The routing of work in the workshop 
is as follows:-. 

The requisition for repair of equipment (vide sample form given in Ap­
pendix 4.7), accompanied with its history book and report of its condition 
from the Plant Engineer is sent to the Progress Section, who issues sectional 
job cards to the (EAT) Dismantling and Assembly and (ID) Inspection De­
partment and, if necessary, to the (R & I) Recepit & Issue Section for the pre­
liminary items of work. After inspection of the dismantled parts and assem­
blies. the ID Section will specify the items of repairs to be carried out on Ins­
pection Reports and send the parts to the concerned sections for estimating. 
The concerned Section Chargehand lists the parts and material requir­
ed for the work and makes out an estimate of labour required in terms of 
man-hour at standard rate of wages in the different wage categories. Such 
.standard rates of wages are fixed for the different trades for purposes of 
estimating. The estimates are routed to the Progress Section through ID. The 
Progress Section after consolidation of the sectional estimates, take a decision 
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ll.fUC'1uniV A 

DATE- SECTION JOB CARD SEGot- NO-
TYPE- WHOLE. ESTD•-

E-EICT- LIFE• cosr .. 
HO• RESIDUAL- AlmiAL· 

IOF ,_ 

. 

~ 
COSlS ~oSECN. omc:u 

T s. I 

~ 

rTiiiiL STORI~ rls 
~ 

--..c: 
T£CHIIICAL INFDIIW.TIDH ON IIEVERSE 

Facing page 242. 
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Gm• MASTER JOB CARD NO• 

TYI'£• • M.OL.E- ESTD• 
EOUIPIOlNT• LIF£ .. COST· flO.• RE:SIOUAL .. ACTUAL-

OESCfUPTION OF REPAIRS. 

· DATIE 1. SEC~!. OFFICER 
C 0 S T S 

EON LAIIOOR SEON.~SIDRE.RS>II STOIIE.R!QN. s REREON. STOR 0 REIIEON 
RS I"' RS liS j11S RS Iii! RS NO. ... ~o . IRS 

I R61 

EU ... 
EL 
aws 
~ 
PS 

cus 
ES 
IO 

u,'% "IOTAL 
DrAL tOTAL 11mL 1II1'AL TOlALREQ. 

1DTAL91-«JP 
w ..... ,. 

i.O.A. 
AGT.HEAD 

DATE. 

P.SEON .O,.,.ft 
ACOUHTS·OFRCER TEC:H .. ICAL IMFifOMATION ON REVEflSE 

' 

Facing page 242. 
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DATE R!ON NO.- STORE REQUISITION WORKS S ECiN • -

TYPE- STORE SECN.- JOB NO . -
fQUIPMENT· 

NO- COST PRIORITY-

REQUISITION SUPPLIED COST REMARKS 

QTY. DESCRlPT. QTY. OESCRIPN. RS AS. . 

-

. 

TOTAL 

P .OEPT $TORE STOCK STORE COST I CHARGE HAND 

·--
Facing page 242. 
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---·-----.--- ·-
nn repairs to equipment and issues sectional job cards to concerned section 
through the ID. At the same time, requisitions for supply of stores are made 
out by the Progress Section and transmitted to the stores for action. 

The Section Cbargehands after completing the work and after the work 
is passed by the ID send the part or assembly to the EAT Section and com· 
plete posting of the job card Then it is returned to the Progress Section 
through ID Section, who fills in the technical information that has to be 
recorded in the History Book. The Progress Section abstracts the labour re­
corded in the sectional job cards on to the Master job card and also records 
the requisitions as compiled by the stores and transmits the Master job card 
to the cost account section for raising debjt. The Progress Section records the 
technical information abstracted from the sectional job cards in the History 
Book of the equipment. 

Workshop Accounts-The operation account for the workshop is a sus­
pense account to which is debited the operating cost of the workshop and the 
cost of stores supplied against workshop requisitions. It is cleared by transfer 
of debit to the debit heads of accounts concerned. The operating cost of the 
workshop is made up of the direct charges incurred by the workshop sections 
and the indirect charges incurred under WM Workshop Ownership charges 
and charges due to ancillary services, such as power and water supplies, etc., 
and 

N. P.-Indirect or unproductive labour charges, covering supervision ; 
clerical work, security etc: 

The debits due to those indirect charges are relieved by distributing them 
to jobs, on the basis of a percentage on labour for N.P,-Charges and a per­
... <PnhP'P. on the total actual cost for WM charges. 
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APPENDIX 4·13 
Numerical Classification 

Typica I examples of account numbering systems 

I. Classifying Capital Equipment 

10.0.0 

IO.l 

IO.I.I5 
10.2 

I0.2.09 

II.O.O 
20.0.0 

::!0.1 

20.2 

20.2.17 

Crawler tracton. 

DfB Tractors. 
Fifteenth number in the sub-group. 

D[7 Tractors. 
Ninth number in the sub-group. 10.2 
Rubber t)Ted tractors. (Sub-classification similar to the:" above.) 

Scrapers · 
gf I I cu. yds. ex' make. 

I2/t5 cu. yds. 'y• make. 
Seventeenth number in the sub-group, 20"2. 

11. Machinery Accounts Classification 
Prefi..'lt D to denote "distributi\'e account.,. 

Prefix±to denote "debits or credits". 
D+ I.oo Purchase account of capital equipment. 

D-I.oo Deduct depreciation of capital equip.nent. 

D-:-2.00 ~iajor repairs ; expenditure. 

D+2.oo 
D-2·oo Major repairs; deduct receipts. 

These can further be sub-divided to the sub-lleads recommended in the report as under 

D+2-I I 'Major Repair.; spare parts. 

D+2·I2 Major Repairs labour and overheads. 

D+2-2 Renewals of tyres and tubes. 

The expenditure on a particular sub-group of equipment can be expressed as under 

J0-2/D+2-II debits Major repairs, spare parts D/7 sub-group. 

ExpP.mliture on any particular machine can be indicated as under : 

10.2 .o9/D+2.u to mean major repairs to the No. 9 D/7 tractor ; spare parts. 

This is how the job cards in the base shop will specify their account Numbers. 

Accounts classification for running expenses of machinery can be expressed as· und('r 

D+3.00 Running cost of earth-movmg machinery. 

D+3.10 Fuels and Lubes. 

D+3.2'J Operators and mates. 

D+3-30 Maintenance crew. 

D+3·¥1 Other stores, 

D+3.50 Overheads. 
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This can be connected to the sub-group of machinery as under 

ro.2/D+3·1o Fuels and lubes for D/7 sub-group. 

Ill. Works Accounts 

Each item of work can be given a suitable No. designed by a prefix to indicate location or 
a particular section of work, e.g., A for 'A' Section of daill. 

A 1oo.oo 
B 2oo.oo 

Perviott~ fill A Section. 
Pervious fill B Section. 

These can be sub-divided to the number of individual controls required, e.g., 
B 200.00 Pervious fill. 

B 200.10 
n 2oo.2o 

B 200.30 
B 200.3I 
B 200.32 

B 200.33 
Etc. 

Excavators. 
Transport-vehicles. 

Levelling, watering and rolling. 
Levelling. 
·watering. 

Rolling. 

A D/7 working on levelling the fill in B Section will indicate in his daily report "5 plant 
hrs. for B 200.31". 

General 

A complete system covering all phases of works and activities should be 
worked out for the entire project and as soon as a working estimate is sanc­
tioned. Numbers once given should not be changed. For this the first design 
of numbering should be susceptible of expansion in any sphere. A large num­
ber of books showing all these classifications should be published by the pro~ 
ject and be given to every member o! the staff who have occasions to classify 
a service or supply. Revised editions. should be issued to maintain them up~ 
to-date. 
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APPENDIX 4·14 

Store Classification 

I 

I 
Allotted number to ' I 

each ledger in section I 

Head Location I Remarks 
Ledger 

No. Bin Nos. I 

I ' 
.. 

0 3 4 5 

Fuel & Lubricants 

H.S.D. Powerine etc. 6.1 A I-IOO Oil Section Norn :Items are arrang-
Petrol 6.1 B 1-100 Do. cd by assembly with 
Othci" Fue.! 6.!2 I-100 Yard Section part No. and vocab. 
Other Lubs 6.g I-100 Petrol Section index to each Ledger. 
Greases 6.4 I-100 Do. Each Bin No. indi-

cates a definite item, 
t.g .• 7.IJ/14 cylinders 
head part No. xyz for 
Tournapull. Column 
4 also gives location of 
rack box, pigeon-hole, 
etc. 

Spares 
For Tournapull 7-II I-IS Spares section 
For Tournapull 7-I2 1&--:J4 Do. 
For Tournapull 7-13 35-54 Do. 
For Toumapull 7-14 ss-Go Do. 
For Tournapull 7-15 1--33 Do. 
For Tournapull 7.16 34-42 Do. 
For Toumapull 7·17 1-.20 Do. 
For Tourna-Trailer 7-18 1-12 Do. 
For Euc. Dumper 7-19 1-100 Do. 
For 'Euc. Dumper 7-20 1-IOO Do. 
For Cummins Engines· 7-20 1-IOO Do. 
Euc. Loader 7-20 1-100 Do. 
Ford Motors 7-21 1-100 Motor Section 
Ford M.oton 7-21 I-IOO Do. 
Chev. Motor 7-22 J-100 Do. 
Chev. Motor 7-22 IOI-200 Do. 
Chev. Motor 7-22 201-300 Do. 
For Dodge 7-23 1-100 Do. 
For Dodge 7·•3 101-200 Do. 
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Equipment 
Sub-Group 

No. of 
Hours Rate 

---1----1-

• NOTE : Each No. indicates a work an 

Statement 

6.23 

Hours 

d sub-head. 

APPENDIX 4·15 
of Plant Hours and Work 

Plant Hours worke:l for 
-
I 6.25 

Amount Hours Amount 

Done 

Period from ••••.•.•••.•. , .••. to •••...•••••. 

; * -
I ---- ---- -- -- --

' 
' I 

---
Debit issued by ....... , ....................... 

Plant Engineer. 

Debit accepted by ....•.....................• 
S.D.O. ...•.........• ~ ..•............ Sub-Divn. 
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I 
Name of mad1inc Plant Hours 

I 

Depreciation 

1\.L Repairs* 

Type replacement 

?-.[. Replacementt 

Fuel Oil, grease . 

Pay of operators . 

Other staff 

Sundries 
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Statement 

Depreciation and operation costs of various 

Rate l Tournapulls I Rate ! T. Trailer Rate 
3926 . 29-H 

I 

2 3 I 
I 

Rs. As.!, Rs. As. 

10 01 39.200 0 

01 
I 0 I 3·926 

I 
5 01 19,630 01 

10 oi 39·260 0 

6 0 23·556 0 

I 8 5,88g :I I 8 5,88g 
I 
I 

6 Ol 23>556 0 I 

I 

41 0 16o,g66 0 

4 

Rs. As. 
i 

13 ol 

I 0 

3 0 

5 0 

5 0 

8 

I 8i 

3 0 

33 0 

5 6 

Rs. As. 
1 

Rs. As. 

38,272 

2,944 

8,832 

l-}o720 

14·720 

4·416 

4·416 

8,832 

97·'52 

ol 
' 

8 8 

o I 
' I 12 
I 

01 0 12 

0 ' 12 0 

0 8 0 

0 4 

0 4 

0! I 8 

' 01 35 0 

I 
*Labour only. 
fSparc parts. 
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4·16 

•s• (Credits) 

earth-moving machines adjusted as per debits. 
-----,------------,-,-----,------,----P'-e::'::io::d::.:-...:_:· 21-1-1953 to 20-5-53 

I I 
\ Attachment I 

Tractor Rate S.F.R. Rate Grade~- Rate 

5
2
-9

7

--
2 

II \ 1343 \ 23 I Rate \ R5~~crs 
Air com­
pressors 

--8--:~---9-~-l---~-o---j 11 \ 12 ~---~-3---:---~4--l---~5---
---::--·1--: I 

Rs. As. 

44·982 0 

9,261 0 

3·969 0 

6s.so4 o 

42·336 0 

6,615 0 

·6,615 Q \ 

Rs. A~-~ Rs. As. Rs. As. Rs. As. Rs. As. Rs. As. Rs. As. Rs. As. 

I 8 I 
0 4 

0 4 

2,014 81 
335 12 

I 
335 12 \ 

'·3<3 o I 

2 8 57 8 

0 4 5 12 

0 

1 4 28 12 

I 0 2 4 7:12 0 

0 4 1 0 352 0 

0 4 1 4 440 0 

I 0 504 0 3 4 1,144 0 

1 4 Gso o 1 0 352 0 

~~~--2--4_i1 __ 3._
0
_
2

_
1

• __ 
1
_
2

_
1 
__ • ___ 4_

1 
__ s_~ __ ~_2_ 1 ____ •_4_:-~---'3_4 __ o_

1 
___ o __ '_•_:-•-6_4~-o-

1,83,'22o 0 I 6 8 8,729 8 7 8 172 8 l--s __ o_l_3_.o_•_4 __ o__ 10 0 I 3,520~ o-

1 GRANo ToTAL . 4•58,784 a 

-· -------------'-----------------
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APPENDIX 4·16-contd. 

Statement 'A' (Debits) 

Accompaniment toT. E. 0. No. Stat/3, dated !st July '53 

Constru:ting Embankment 

b8 Construction 

Item 
No. 

Name of \Vork 

1 .1 Stripping for the Dam seat 

4.1 Clearing and opening the quarry 

4·3 Excavating, transporting and dumping soil 

4·4 Grading 

4--52 Transporting and sprinkling 

4. 6 :Mixing, and shceps foot rolling 

5. I Clearing and opening the quarry 

5. 3 E.xca\·ating, transporting and dumping soil 

5·4 Grading 

5-52 Transporting and sprinkling 

5. 6 1\fixing and sheepsfoot rolling 

Period : 21-4-53 to 2o-5-53 

Section 

c 

Rs. As. P. 

231 0 0 

23,018 12 0 

385 0 0 

•·59·714 12 0 

3s.9ss 12 o 

31,872 0 0 

19,716 4 0 

s8o359 8 0 

17,342 8 0 

525 0 0 

16,932 0 0 

D 

Rs. As. P. 

7,38o 0 0 

2,tg6 4 0 

2,137 4 0 

g,611 0 0 8.12 Transporting and laying sand 2,863 8 o 

13.2 :Maintenance of quarry road contingencies 

Installation of Piezometer . 

6,8gg 

3,520 

3·84,115 

0 0 

0 0 

8 0 ~.817 4 0 

TOTAL 4,32,932 12 0 

250 

Constructing and maintaining a diversion road 
from right end of Dam • ~ 70 o o 

P.W.D. 

6.23 Rock removal 

6.25 Transport • w,a.5 12 o 

GRAND TOTAL 
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APPENDIX 5·1 

Manual Labour Versus Earth-Moving Machinery 

A typical example of earthwork in clay loam for a dam involving a lead of one mile is 
'Studied. The same progress schedules are assumed for both the alternatives. 

Manual Work and Trucks 
(i) Labour required for excavation, filling in trucks, and unloa-

ding per truck . 20 Nos. 

(ii) Rate per I,ooo eft. of borrow pit Rs. 25·oo 

(iii) Rate per t,ooo eft. of compacted fill assuming borrow to bank 
equal So% Rs. 31• 25 

(iv) Levelling, watering and rolling per 1,ooo eft. Rs. 12•oo 

(v) Transport-
(a) Average No. of trips per day per truck carrying 5 tonS pay 

load 15 Nos. 
(b) Total mileage per day per truck including 20% unproduc-

tive 
(c) Fuel at 5 gls. to a mile at 2/12 per gln. 
(d) Lubricant per day, say 
(e) Total for transport with truck hired@ 25 per day 

(vi) Outtum 75 tons per day taking laid dry density of too lbs. 
per eft. plus 15% moisture, pay load per day 

(vii) Transport rate per 1,000 eft. 
(viii) Dressing per t,ooo eft. 
(ix) Total rate per I,ooo eft., say 
(x) Adding 8% for auxiliary servic('s per t,ooo eft. 

(xi) Total labour strength required for a progrL'"S'i of 43• 700 eft. per 
day (which is the outturn adopted for comparison with earth­
moving machinery) 
(a) Labour for excavation, loading and unloading, about 
(h' Labour for compaction and watering 
{c) Labour for truck and its maintenance 

(d) Trucks including 25% of sickness 
(e) Bullock pairs for compacting Roller 

(xii) Cost of trucks @ Rs. 15,000 each 

TOTAL 

To make the comparison as favourable as possible to using 
trucks the capital cost is not accoWlted for: trucks can be 
hired readily or sold off at any time at the residual book value. 

36 miles 
19.25 per day 
Rs. 3 
Rs. 47"2S 

1,500 eft. 

Rs. 31' so 
Rs. 2'5 
Rs. 77"2S 
Rs. 82·5 

Goo 
ISO 

ISO 

goo 

40 Nos. 
go. Nos. 

Rs. 6,oo,ooo 

Ancillary equipment at 10% of the value of trucks Rs. 6o,ooo 

•xiii) Housing and services taken at Rs. 250 per labour including 
maintaining camp for 5 years and services, e.g., medical 
a•t~ution, iights, water supply, etc. 

Total for goo persons R~. 2,8s,ooo 
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(xi;:~ Interest on ca.?ital cost at 6~-~ for 5 years on depreciated scale 
..rY+t 

(effective---- = 3 years) . 
2 

R.s. 5 I ,000. 

(x•·) 0\·crhcad charges for management will be higher, say 12% 

Earth-moving Machinery 

.-\ssumc a small fleet 

4 Xos. t2/t5 cu. yds. Scrapers 
1 .Xo. D/8 Tractors for pushing . 
t Xo. D!B Tractor for compaction and dozing 
1 Xo. Dj8 Tractor Spare 
t Xo. Shcepsfoot roller 

AdJ. 20~~ for ancillary T. & P. 

ToTAL 

r. C);.t o~ own~nhip a':ld o;>erating per ho".J.r 

Equipment Ownership Operating 
(Rs.) (Rs.) 

Scrapers IS 35 
Tractors with Rol­
lers, or Dozers, etc. 

2. (a) Equipment a\·ailability 9 hours in t6 or 55%· 

3· 

4· 

(b) Operating efficiency 45 min. in an hour. 
(c) Theoretical cycle time 

(d) Pay load pcr trip 

(e) Daily production compacted bank 43• 700 eft. 

Daily cost for 9 plant hours per day 

Equipment Operating 

4 Scrape~> 
2 Tractors 

TOTAL 

Unit rates per 1,000 eft. 
Machinery 

Add for Sundries 

Add for other services, e.g., flood light, 
haul roa1i, v.-atering, stock lo~ etc. at 
IS%-

Add for dressing 

t26o 

4'4 

t674 

38'4 
2'5 

47'0 
2•5 

49'5 
5· Labour strength required @ 10 per machine 

6. C03t of housing and camp maintenance and services@ 
Rs. 2,500 per head 
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Rs. 6 lakhs.') 
Rs.x·to, 
Rs. t•to ,, 
R~. t·to., 
Rs. o·so •• 

I g·s I Iakh• 

Rs. 2·oo Iakhs 

Rs. u· 8 lakhs 

Total 
(Rs.) 

50 

35 

8 minutes. 

8 Cu. yds. 

Operating & Owner­
ship 

18oo 

630 

ss·u 
2•5 

s8·3 

8·7 

67·0 
2'5 

Gg·s 

Go Noo. 

Rs. I ,50,000 
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7· Interc;t on. capital @ 6% per year on depreciated scale for 
.N+t 

5 years (effective---- = 3 years) 
2 

8. Q,·crhcad centagc charges for management T & P, etc., will 

R'i. 2 • 39 lakhs 

be lower, say 6% 

At the end of 5 years. the equipment will be fully depreciated and the other charges, e.g., 
J"or labour camp etc. \\Tittcn off. Taking 250 ·working days per year the oycrall position after 
·ca.Tl)·ing out 54 m. eft. of earthwork "··ill be as under: 

Item 

I. Capital inn':stment 

(a) Equipment 

(b) Camp 

2. Unit rates per 1,000 eft. laid bank 

(a) inclu:ling Dep. 

(b) C."<cluding Dcp. 

·3. \\rorking cost o\·er 5 years (Rs. Lakhs) 

4- Earthwork done (m. eft.} 

.5· Interest on Capital {Rs. Lakhs} 

•6. Q,·erhead centage charges on value of work done 

(a) 

(b) 

6" ,. 

7· Total cost after 5 years (Rs. Lakhs) 

The progressive expenditure and the unit rates of earlhWork 
-on the back page. 
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APPENDIX 5·2 

Information of Some Large Earthworks Executed Manually 

Damodar Valley Corporation 

The P.A. to the Chief Engineer, D.V.C., writes : 

"It may, however, be stated that the construction of earth dams and con­
crete gravity sections of the magnitude involved (in DVC) should not 
only be uneconomical by manual labour but would hardly be feasible." 

"However, the Chief Engineer agrees that smaller earth embankments, 
masonry dams and irrigation canals of moderate sizes may present 
features which can be tackled better by manual labour under Indian 
economic conditions. Even in such cases the availability of labour in 
sufficient number, their wages and standard of living and the time that 
can be afforded for execution are of overwhelming importance and a 
careful study of the advantages and disadvantages of both the types of 
construction for the particular local conditions have to be gone into be­
fore a decision regarding adoption of one method of the construction in 
preference to .another is decided upon." 

The Engineer in charge of Barrage and Irrigation works of the D.V.C. 
supplied the following information: 

The earthwork involved in the canal and drainage channels is 165 crores 
of eft. distributed as under: 

Canal Bed Width Nature of Soil uad Lift Q]lantily 
(Crorts eft.) 

ft. ft. 
I. Over So ft. Stiff clay 150 20 42 
2. 40 to So ft. Clay 100 10 6o 

3· 15 to 40ft. Clay & Loam 70 7"5 18 

4· Below 15ft. Clay & Loam 40 0"5 20 

Drainage Channel 

5· 
6. 
7· 
8. 

Over So ft. Stiff clay 150 20 II 

40 to So ft. Clay 100 10 5 
15 to 40 ft. Clay & Loam 8o 7"5 8 
Below 15 ft. Clay & Loam 40 o·5 

TOTAL 165 

"Machineries are not economical for caflals of small bed width and where 
depth of cutting does not exceed 10 to 12 ft. The rate of excavation 
by machinery does not change appreciably in canals of different bed 
widths whereas with manual labour the rate of small bed width is con~ 
siderably less. Considering the types of soil. the reduction of rates by 
manual labour is considerably less than by machine as soil gets easier." 
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The rates of earthwork by manual labour are as under : 

Xalurt of W crk 

Canal So ft. be-d width & al~o...-c 

40 to So ft. 
15 to -1,0 ft. 
ndow 15ft. 

The rates include: 

(a) Jungle cutting. 
(b) Ploughing undtT seat of bank. 

(c) Xi eking out lines. 

(d) S!:tting out profiles. 

(t) Rough dressing. 

Rate prr 1 ,ooo cjl. 
(Rs.) 

Kot suitable for manual 
labour 

22 tO 28 

20 to 24 

18 to 24 

Soil 

Stiff Clav 

Clay 
Clay & Loam 
Clay & Loam 

Consolidation and watering is not done. ~Ieasurements are based on bor­
row pits. An average monthly production of 54 m. eft. of earthwork is achiev­
ed with a labour strength of nearly 6,000 persons. No transport units are 
required. 

Lower Bhavani Dam (Madras State) 

A total ·of 32 · 7 rn. eft. of embankment was carried out with excavation, 
loading and unloading by manual labour and transport by trucks, through· con­
tract agency. Measurem~ts are based on borrow pits which gives 80% on bank. 
The soil is gravelly involving a lead of 10 to 20 yards for loading into trucks 
and 1/2 to 1 mile transport. An avera~e progress of 1· 5 m. eft. was obtained 
per month with a strength of 600 labour, 30 heavy trucks, two road rollers. one 
rooter and one water tanker. The labour camp was maintained by the con­
tractor. The rate worked out as under : 

Excavation, loading and unloading truCks and 
transpon. 

\\
1atering 

Scarifying and spreading earth 

Consolidation 

TOTAL 

Rs. 39/to/- per I,ooo eft. 

Rs. 4/2/- per I,ooo eft. 
Rs. 4/6/- per I~ooo eft. 

Rs. 6f7/6 per I,ooo eft 

Rs. 54/8/6 per 1 ,ooo eft. 

Converted to bank measurement this will give a rate of Rs. 68/4/- per 1.000 
eft. all inclusive. 

Lower Bhavani Canal Project 

The earthwork involved is nearly 500 m. eft. including rock blasting. Of 
this, nearly 470 m. eft. is completed. The work was done by manual labot:.r 
but machinery such as drop-side or tipper lorries. dumpers, tramlines and 
tipping wagons hauled by diesel locos were used where haulage of over 1/2 
furlong was involved. 

The manual work was carried out mainly through job workers and by 
contract. The average labour cost came to Rs. 35 per 1,000 eft. of earthwork 
excluding the rock requiring blasting. Measurements are based on borrow pits. 
The soils met with are hard ooil, red earth and gravel with overlying strata 
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'Of soft, disintegrated and hard rock. The lead and lift for manual labour va­
ries from 100/150 yards and 4/6 yards respectively. A .monthly progress of 
8 m. eft. of work including roclt blasting was achieved with about 15,000 labour. 
No labour camp was maintained at Government cost. The rate includes ex­
cavation, conveyance by machinery to the extent required, and rough bank­
ing but does not include uspecial consolidation" and watering, the rate for 
which is Rs. 8 to 12 per 1,000 eft. extra. 

Malampuzha Dam (Madras State) 

A total of 4.6 m. eft. of earthwork out of a total of 7 m. eft., is being 
done by manual labour. Measurements are based on truck-measure which is 
taken as 120% of the compacted bank. The lead and lifts are 4 furlongs and 
10 yards respectively. A monthly production of 0.3 m. eft. is achieved with 
300 labour, 10 trucks, one bulldozer (for loosening earth), two road rollers. 
2 sheepsfoot rolers, one scraper, one dozer, 2 water lorries and a disc harrow. 
The labour camp is maintained by the contractor. The cost of the finished item 
of embankment comes to Rs. 93 per 1,000. eft. The soil is stiff clay. stiff black 
cotton, hard red earth, shales, murrum and ordinary gravel. The rate includes 
all charges such as consolidation, watering, etc. The portion of the. r<ite for 
spreading soil, watering and consolidation comes to Rs. 19/8/- per 1,000 eft. 

Malampuzha Canals 

The total quantity of earthwork on main canals is 71 m. eft. and on dis­
·tributaries 110 m. eft. of which 64 and 62 m. eft. respectively are completed by 
manual labour through job work. Basic rates of earthwork were as under : 

Excavation including Lead of to yds. and lift 2 yds. in hard 
Stiff Clay. hard red earth and gravel soil Rs. 16 to 21 per t,ooo eft. 

In soft laterite Rs. 25 per I,ooo eft. 

In hard laterite Rs. 37 per z,ooo eft. 

In soft disintegrated rock Rs. zB_o to 200 per I,ooo crt. 

Additional leads and lifts were paid as under: 

Lift Rs. I per yd. per 1,ooo eft. 

Lead (Over basic) Tramlines 

Trucks or Dumpers 

Rs. 5 per furlong per 1,ooo clt. 

Rs. 20 to 25 per I,ooo eft. for 

Compaction 

Hand Rammcrs and watering 

Power Rollers and lorry watering . 

about t/2 mile. 

Rs. I· 5 per I ,ooo eft. 

Rs. 5 to 20 per r,ooo eft. 

The most convenient method of construction for low banks was found 
to be excavation by manual labour and transport by tramlines in one cu. yd. 
wagons. 

Hyderabad State 

Information about 5 minor irrigation works is supplied varying in the 
quantity of earthwork from 2'9 to 6·3 m. eft. The work is carried .out by con­
tract, piece work and what is called "zonal System". Payments are based on 
~lAnk sections. For th.9 Khasapur project, optimum moisture compaction is ob­
sen~d giving a ratio of bank to borrow from 85·5% to 78%. 
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The all-in rate varied from O.S. Rs. 35 to O.S. Rs. 67 per t,OOO eft. de­
pending upon leads a.nd lifts. 

Monthly progress achieved varied from 40 to 46 units of earthwork ( t,OOJ. 
eft.) with a labour strength of 1,000 to 1,250. 

Godavari North Canal Project 

A total of 90 m. eft. of earthwork is done by manual labour through the 
agency of contracts. The excaYation is in soils varying from soft murrum to 
rocky murrum. removable by pick and crow bar. An average monthly pro­
gress of 2.63 m. eft. is achieved with a labour strength of 5.000. Transport is 
done by bead load and rail trucks; compaction by Diesel rollers. The labour 
camp is maintained by the contractor. The average rate for cutting and bank· 
ing for the canal worked out to Rs. 60 per 1,000 eft_ The compaction is done 
departmentally at Rs. 5 per 100 eft. 

Mayurakshi Reservoir Project (West Bengal) 

About 560 m. eft. of earthwork for the canal excavation is carried out 
through a number of contractors. The measurements are based on borrow 
pits. The ratio of bank to borrow works out to 110%. 

An avera@ production of 25 m. eft. (should probably be 250 m. eft.) is 
reported to be obtained per working season from November to J-.me with a 
strength of about 12,000 persons. 

The rates were as under: 

Excavation including a lead of 100 ft. and lift of 5 ft. for soil: 

~lain canal 

Disuibuiaries • 

AdditiC"nal rate for hard murrum 

Laterite rock 

Hard rock • 

Extra for lead 

Rs. 30 per t,ooo eft. 

Rs. 19/4/- per r,ooo eft. 

Rs. 6 per t.ooo eft. 

R.s. Bo to 100 per t.ooo eft~ 

Rs. 200 per I ,ooo eft. 

Rs. 3 per I ,ooo eft. per so ft. 
Extra for lift Rs. 3 per t,ooo eft. per 4 ft. 

The rates are all inclusive for excavation but an extra charge·of. B.s. 7 /8/· 
per 1.000 eft. is incurred for watering, ramming, consolidation, ·dressing and 
turfing for embankment. 

Hirakud Dam Project (Orissa State) 

The cost data for earthwork by machinery is discussed earlier. A prodUt.'"· 
tion of 7 · 7 m. eft. of earthwork per month for the dam involving lead up t,q 3-
miles is achieved with a strength of 500 crew operating the machinery. 

The canal work is done mainly by manual labour. A total of 328 m. eft. 
of earthwork is done through contractors. A monthly progress of 7 · 4 m. eft 
of earthwork is obtained with an average strength of 6,600 labour. Leads in­
volved vary from a basic of 50 ft. to a maximum of 200 ft. for excavation anCt 
up to about 600 ft. for bank. Cuttings are indifferent kinds of soils varying f"'m 
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average soil to hard rock. All lifts over the basic 5 ft. are converted into lead 
at the rate of 1 lift equals 12! lead. Camps are maintained by contractors. The 
l'ates are as under: 
r. Overall cost of earthwork in all kinds of soil with disinteg-

rated rock up to 25 % and average leads • Rs. 35 per r,ooo eft. 

2. Or~inary soil Rs. 30 per 1,000 eft. 

g Dfs.integtated rock Rs. 50 per I ,ooo eft. 

4 SOft rock Rs. 6o per r,ooo eft. 

5 Medium soft rock Rs. 75 per 1 ,ooo eft. 

6. Hard rock Rs. 75 to 150 per rJooo eft, 

. (::OSt (actors not covered by the above are : 

~ .Oressing, Watering, and ramming 

2. .. ~loughing for seat 

3 Jungle Clearance 

4 Grubbing out roots • 

s Dog Belling 

IB-1 C. W. & P. C./57 

Rs. 5 per 1 ,ooo efi. 

Rs, 10 per acre. 

Rs. 30 to 6o per ocre. 

Rs. 40 to So per acre. 

Rs. 10 per mile. 

259 



REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITTEE 

APPENDIX 6·1 

Lower Bhavani Project Headworks 

General Information 

A composite dam is being constructed across the river Lower Bhavani. 
22 miles from Metupalliyam. The flanks are in earthen embankment and the 
central portion of the dam is in masonry holding the spillway and the power 
house. 

The embankment comprises 95:5 m. eft. of semi-previous fill and 6:7 m. 
eft. imprevious fill. The excavation for foundation for the earthen dam com; 
prises: 

o·43 M. eft. . Clay 
7·8~ M. eft. • Hard gravelly soil 
3 • 93 M. eft. Soft integrated rock 
3·63 M. eft. • Hard rock 

Very little of the excavation was under water table. The total cost of 
the project is Rs. 9 · 3 crores made up of Rs. 3 · 875 crores for the canals and 
Rs. 5 · 425 crores for the dam. The main sub-heads of the Head works are as 
under: 

(a) Prdiminary exp<nses. 

(b) Land 
(c) \Vorks 

(d) Buildings 
(o) Miscellaneous 
(p) Maint=ance 
(o) Special T. & P. 

Deduct Receipts and Recoveries 
Add Q,·erbead charges 

72· 5 lakhs 

GRA!'D TOTAL 

Rs. 
1"2 lakhs 

73·o lakhs 
3:2o·o lakhs 

25·0 lakhs 

24"0 lakhs 

1.14 ·o lakhs 

s87"2 lakhs 

514 · 7 lakhs 
2T8lakhs 

542·5 lakhs 

'!'he project organisation comprises an Executive Engineer working under 
the direct control of the Chief Engineer, Irrigation, Madras. The direct con­
trol is said to have cut down the routine to the minimum and helped the 
project to quick execution The administration chart of the project organisation 
is given in Statement No. 6:1. 

The project drawings were prepared in the C.D.O., Madras and the work­
ing drawin&s are prepared in the Executive Engineer's office. 

The heavy earth-moving equipment is working in two shifts i.e. 6-30 A.M. 
to 12-30 P.M. and 12-30 P.M. to 6-30 P.M. All other works are executed in 
one shift, i.e., from 7-30 A.M. to 12-30 P.M. and 2-0 P.M. to 6-0 P.M. The work 
shuts d~wn for about 20 days in monsoon. AU Sundays and 6 additional 
holidays are observed as non-working days on the field. 
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The average lead for the dam varied from a mtmmum of 1/2 mile to a 
maximum of 2~ miles but the weighted average would be between 1 and 1l 
miles. 

The project was planned to carry out about 50% of the impervious and the 
entire pervious fill by machinery. The rest of the semi-pervious fill and the 
foundation was planned to be executed by manual la:bour and trucks. The 
rates in the estimate were based initially on the schedule of rates but these 
were not followed in toto. Tenders were called for the excavation and trans­
port of earth for various leads. The lowest quoted rate was reduced further 
based on the observations made in the transport cost by lorries. These rates 
were then adopted for the working estimates. It was not known at the time 
of preparation of the estimates what machines would be available in the 
market and hence it was consider.ed safe to adopt these rates for the estimates. 

There has been no revision in the estimate of the original project estimate 
but modification is carried out by reducing the masonry work and increasing 
the earthwork. The increase in the prices 'since the sanction of the estimate is 
cffset by the saving on accou~t of the partia~ change-over from masonry to 
earth. 

The project has completed the following quantities of earthwork upto 
30-6-1953. 

Materials Units of 1,ooo eft. 

I . 
Impervious fill By Euclids By Lorrie5 Total 

3635' 32149 68soo 

Semi-pervious fill Tractors & Departmental 
Scrapers Lorries 
22759 35-198 gtooo 

i By cuntractors 
Lorries 

• 32743 ' j I 
·-·---···-

Soils.-The impervious zone is made up of lean clay with a borrow pit 
dry density of ioo to 101 lbs. per eft. laid at compacted dry density of 105 to 
117 lbs. per eft. The natural moisture content varied from 6 to 9% the 
optimum moisture ::pecified is 13 to 19%. 

The seffii-pervious zone is made up of sand with some clay binder having 
a borrow pit density of 110 to 120 lbs. and compacted dry density of 120 to 
130 lbs. ·The natural moisture specified is 8%. 

Occasionally during monsoon and in times of high winds, water is supple­
mented on the dam to make up for the evaporation losses; otherwise the entire 
watering is done at the quarry. The compaction of the impervious zone is done 
by Sheep Foot Rollers of U.S.B.R. standards, having 230 lbs. per square inch 
intensity of pressure. 18 passes are required to give the maximum dry density. 
The seini-pervious zone is compacted by ordinary 11 tops Diesel Road Rollers. 
16 passes are found necessary to give the desired dry density. The soil does 
not need to be rooted. 
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Accounts and Costs 
The project operates under the ordinary system of post-audit. No resident 

Accounts Officer is posted to the job. 

The cost of all the machines is provided under Spl. T. & P. as a final 
charge. This includes the earth-moving machinery, the trucks and other tools. 
A list of the equipment on the job is given vide Statement No. 6·2 

The estimate provides for the rates of earthwork excluding the deprecia­
tion cost separately included under the Spl. T. & P. The cost of the Spl. 
T. & P. is a final charge during the construction period. An estimate for the 
salvage value is prepared to watch the disposal of machines. The salvage 
value realised in future will be deducted from the cost of purchase of the 
machines and the balance will be debited to the work as depreciation, to 
work out the final rates of earthwork. 

The 'plant hours' is defined as "hours during which the machine has been 
taken out from garage till it returnS back". The periods when the machines 
are serviced and major field repairs are carried Qut. are deducted. The refueling 
time and the time taken to move the unit from garage to work and back is 
included LTl 'Plant hours'. No deductions have been made for occasional waiting 
t.i.me at leading sites. 

The expenditure on operating the equipment is watched through suspense 
estimate. Every year one annual estimate is prepared for "maintenance of 
plant and machinery". All the initial expenditures on machines are booked to 
these suspense estimates. in the first instance, classified individually by each 
mad1ine. The suspense accounts are cleared monthly. 

The pay measurements are calculated on the basis of the compacted em­
tankm~nts constructed both by the machinery as well as by lorry· transport. 

The estimated and the actual costs of operating the machinery are given 
in Statements No. 6. 1·3. 4 & 5. The unit rates of earthwork are given in 
Statement No. 6·3. This includes depreciation. working expenses, and spare 
parts of the machinery. This does not include other charges not connected 
with the machinery. 

Stores 

The Sectional Officer in charge of the works can originate a requisition. 
This is scrutinized by the S.D.O. and countersigned for compliance by the 
main stores. If the articles are not available. the Assistant Engineer, Store3. 
places an indent on the ExecutiVe Engineer. who in turn. calls for quotations. 
The quotations are Prepared and orders placed on the lowest quoted company 
consistent with quality. In some cases. the sample order is placed to satisfy 
regarding the quality. Advantage is taken of the D.G.S. & D. whenever pos­
sible as a direct demanding officer. 

The materials are received by the Supervisor who takes the delivery of 
the consignment, checks. the contents and records them in the measurement 
books. They are then check-measured by the Assistant Engineers, Stores, and 
handed over to the store-keeper. The store-keeper issues them to the field staff 
on the certified requisition as stated above. The indents and the issues are 
checked bY the Executive Engineer to ensure adequacy of spares and to 
avoid duplication of orders. 
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Open and competitive quota~ions are called for articles in the open market 
and at least three to four Quotations are obtained and compa ed b f 1 · , . . . r eorepacmg 
an order .. For ar~1cle::. of propnety nature, the orders are placed on the firms 
after getbng th~tr quotations. Where the D.G.S. & D. contracts are operated 
upon, no quotatwns are called for but orders are placed directly against the 
~ontracts. 

P~rchase or?ers are placed generally within a week of the receipt of the 
quotahons and, m urgent cases, orders are sent immediately. Normal purchase 
orders are c?mplied with by the firms within a month except in very urgent 
eases, when Immediate deliveries are required. In case of emergency, local pur­
chases are resorted to. The purchase of items on single tender system is res­
tricted to Rs. 1,500 for articles other than machinery parts. There is no limit 
for the purchase orders based on quantitative quotations provided that there 
are duly sanctioned estimates to accommodate the expenditure. 

The staff looking after the stores is indicated in the statement of organisa­
tion. 

The sanctioned reserve limit of stock and the stock balance on hand is 
given in Statement No. 6. 1. 7. 

Store Accounts 

The procedure for store accounts is.detailed below.:. 

The indents are always prepared in Quadruplicate Machine-wise. One 
copy is maintained by the S.D.O.. who makes the indent. Three 
cOpies are ~ent to Main Stores. After issue, one copy is returned 
back with issues noted, to the indentor. One copy is maintained in 
General Stores itself and the other copy is sent to Division Office 
by- Stores. At the end of the month, S.D.O. Stores sends compilation 
of all issues as "Stock Issue Statement". There is no limit to the 
number of items that can be drawn on one requisition. 

The S.D.O., Field Machinery accounts for these materials. through ·his 7-F 
accounts. on the suspense estimate maintained. The receipts are shown material­
wise and issues are shown machine-wise under each item of material. This 
'7-F statement is checked with Stores Sub-Division "Stock Issue Statement" at 
Division Office. 

The issue of materials are noted in the i..og Book also for each machine 
anrl the log books of aU machines are submitted to Division Office on .the 
lOth of every month. The cost of all the Stores and spares shown against 
-each machine concerned is entered into the log book and finally adjusted to 
the work concerned. Thus there ts a crosswcheck of all receipts and issues 
by the Purchasing Officer, Drawing Officer, and Executive Engineer at every 
stage of withdrawal and use of stores. 

The Use of Spare Parts on Machines 

As and when an indent is made out for spare parts, for a particular 
machine, this is being checked wfth the old spare parts registers which show 
all the spare parts drawn on that machine from the time. the machine was 
Teceived in the projel'!t to date. 

The account is maintained by Bin cards and .Ledger systen'J:, 

The charges for storage and handling Is raised at 1%. 

263 



REPORT OF CONSTRUCTION PLANT· AND MACHINERY COMMITTEE 

Operational Staff 

Excavators 
The operators are allocated by machines. There are 34 operators and 32 

mates. The maintenance staff iS also attached to individual machines. The 
operator and the cleaner look af!er the maintenance under the supervision 
of the mechanic in charge of the group of machines. A Junior Engineer super­
vi::;es the work. The following Supervisory staff are attached to the groups 
of machines: 

Chief Excavator Foreman I 

Assistant Foremen . 2 
Foreman 

The pay scales of operators are as under: 

I. Tractor Operator Rs. 6s-s-8s 
2. Excavator Rs. 6s-s-Bs 
3· Euclid Driver Rs. 7<>-s-go 
4· Scraper , Rs. 7o-5-90 

These rates are !ow even accounting for the fact that the wage rates in 
Madras are rather low·~r than in other parts of the country. 

Dumpers, Scrapers, Tractors and Graders 

The population of equipment under this heading is 70. Except for dumpers 
the rest of the equipment is working two shifts. 

Ther~ are two operators for each machine except for small dumpers. In 
all there are 106 operators. 

The ~ervicing and maintenance is done by driver and cleaner under 
check of the mechanics in charge of the particular group of machines. The 
junior engineer borne on provincial establishment supervises the work. 

Minor Field Repairs 

There is no separate bifurcation between the field repairs and major 
overhauls. The men on the field are increased or ·decreased as per demand. 
During other times these men are retained to work on major repair section. 
The field repair team is divided into two groups, i.e. (a) Right flank earth 
dam, machinery (b) Left flank earth dam, machinery. The strength in the two 
groups is as follows: 

(a) AE.sistant Foreman 
Fitter I at Rs. 3/-/- 2 Nos. a day 
Fitter II at Rs. 2/8/- 8 Nos. a day 
Fitter II at Rs. 2/4/· 7 Nos. a day 
Fitter II atRs. 2/-/- 9 Nos. a day 
Fitter II at Rs. I/12/- 8 Nos. a day 
Heavy load II at Rs. t/8/- 6 Nos. 
Work Assistant or Chargeman 2 Nos. 
Man Mazdoors I at Rs. t/4/- I I Nos. 

Do. at Rs. t/2/- 5 Nos. 
Boy Mazdoors at Rs. -/to/- -1, Nos. 
Heavy Load I at Rs. 2/8/- 4Nos. 
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(b) Fitter I at Rs. 2{8{- 3 Nos. per day 
Fitter II at Rs. 2{4{- 1 No. 
Fitter II at Rs. 2{2{- 2 Nos. 
Fitter II at Rs. 2{-{- 2 Nos. 
Heavy Load II at Rs. t/8/- 2 Nos. 
Man Mazdoors at Rs. t/4/- 4No-;, 

Do. at Rs. t/2/- 2 Nos. 

Th2 work of field repairs and major repairs is managed as under: 

The field repairs include: 
(1) Failure of wire ropes and replacements. 
(2) Starting troubles. 
(3) Oil Block troubles. 
(4) Clutch and brake adjustments. 
(5) Power control unit adjustment. 
(6) Change of cutting edges and dipper teeth. 
(7) Failure of tyres-removal and replacement. 
(8) Track adjustment. 

Major Repairs 
The major repair section is divided into the following groups: 

(]) CaterpilJar units-D7. and DW-10. 
(2) Excavators. 
(:1) Euclids. 
(4) Dumpe<", TD-18 Nos. and rollers. 

Personnel Working 1n each Section 
The drivers and cleaners always work on the machines during major 

repairs. 
Caterpillars 

(t) Foreman I at Rs. 250/- plus D. A. 
(a) Work Assistant or Chargeman 2 Nos. Rs. 6o/- plus D. A. 

(2) Mechanics 3 Nos. at Rs. 6of- plus D. A. 
(3) Fitter II class 3 Nos. at Rs. 2{8{-. 
(4) Fitter II class 2 Nos. at Rs. 2/4/-· 
(5) Fitter II class 2 Ncs. at Rs. 2/-f-. 
(6) Fitter II class 4 Nos. at Rs. I/t2f-. 
(7) Fitter II class 2 Nos. at Rs. I/8/-. 
(8) Fitter II class 2 Nos. at Rs. I /4/-. 
(g) Fitter II class 2 Nos. at Rs. t/2/-. 

Excavators 

Euclids 

(I) ChiefExca..,.tor Operator I at Rs. 350/- plus D. A. 
(2) Mechanics 3 Nos. at Rs. 'of- plus D. A. 
(3) Fitter II class 4 Nos. at Rs. 2/- per day. 

(1) Asstt. Foreman 1 No. at Rs. too/- plw D. A. 
(2) Mechanic I No. at Rs. 75/- plus D. A. 
(3) Fitter II class I at Rs. 2{8{-. 
(4) Fitter II class I at Rs. 2{4{-. 
(5) Fitter II class I at Rs. I/t2f-. 
(6) Fitter II class I at Rs. t/8/-. 
(7) Fitter II class I at Rs. t/4/-. 
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Dumpers and TD~IB Tractors dnd Rollers 
(r) Asstt. Foreman 1 No. at Rs. gof- plus D. A. 
(2) Fitter I class I No. at Rs. s/~h 

(1-a) \Vork Assistant or Chargcman Rs. 6o[-/- plus D. A. 
(3) Fitter II class 3 Nos. at Rs. 2/Bf-. 
(4) Do. 2 Nos. at Rs. 2/4/-. 
(5) Do. 5 Nos. at Rs. 2/-/-. 
(6) Do. r No. at Rs. r/8/-. 
(7) Do. 3 No;. at Rs. r/4/-. 
(8) Do. 2 Nos. at Rs. t/2/-. 
(g) Do. 3 Nos. at Rs. -/rof-. 

NoTE.-The supervisory staff like foreman of all groups will be attending 
on field repairs also if breakdowns become heavy on a particular day. 

The workshop has a separate accounting system. Works on field equipment 
are watched through job cards. The overhead charges are 25 per cent. on labour; 
I% centageo charge is added. The record of the cost of tyres, is carefully main­
tained. The cost data is given in Statement No. 6. 1. 8. 

A tyre maintenance team is maintained comprising 3 mechanics, 6. fitters, 
1 supervisor, and 4 labourers. 

The Foreman, Assistant Foreman and mechanics are maintained on month­
lY basis. First-class fitter on daily rolls are promoted as rrfeChanics on monthly 
wages as need arises. Other personnel are on daily wages. 

Haul Roads 

No separate equipment are maintained for haril roads. When roads are 
to be t'Dnst!ucted, the equipment working on the dam is diverted. There is 
motor grtlde~on the work. tractor-drawn scrapers and dozers are utilised to 
maintain the roads, ten numbers water tankers drawn by Field Marshal Trac­
tors and 11 Nos. tractors with water tankers, working in single shift, water the 
roads to keep them dust free. A team of 8 fitters class II, is maintained to 
look after the repairs of the tractor drawn water tankers. The maintenance 
i>f trucks is carried out in the autOmobile shop on order requisition. 
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STATEMENT No.6·1·1 

Bhavani Dam 

Organization 

Not printed. 
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STATEMENT 

Lower Bhavani Headworks 

No. of Machines ~fak<.", Model and size Nos. Month, year 
of purchase Type of Equipment in Project in each 

(I) (o) (3) (4) 

r. EUCLID DUMPERS 

Euclid Bottom Dumper No. t. ·l U.S.A.Make2;FDT 

Euclid Bottom Dumper No.2 

: ~ 
Model 13/7 Cu. Yds. 

Euclid Bottom Dwnper No. 3 6 Nos. Do. 
Euclid Bottom Dumper No. 4 Do. 
Eud~d Bottom Dumper No. 5 :J Do. 
Euchd Bottom Dumper No. 6 Do. 

Euclid Bottom Dumper No. 7 ·I 70 FDT Model 17 Cu. Yds. 
Euclid Bottom Dumper No. 8 . ~ 3 Nos . Do. 
Euclid Bottom Dumper No. 9 .J Do. 

Euclid Rear Dumper No. 10 ~ 5 FDT Model 9.6/ II Cu. Yd. 
Euclid Rear Dumper No. I 1 :j 2 Nos. Do. 

II. D\V 10 CATERPILLAR ScRAPER 

D\V-to Caterpillar Scraper I ·l U.S.A. Make DW-10 Model 

DW-ro Caterpillar Scraper 2 

J 
7/9 Cu. Yd. 

DW-10 Caterpillar Scraper 3 6Nos. 
DW-10 Caterpillar Scrapet 4 
DW-Io Caterpillar Scraper 5 
DW-to Caterpillar Scraper 6 

III. ExCAtJATORS 

(A) to R.B. Excavator No. t .1 Ruston Bucyrus 
to R.B. Excavator No. 2 :t 4 Nos. 10 RB 3/8 Cu. Yd. 
to R.B. Excavator No. 3 Do. 
to R.B. Excavator No.4 Do. 

(B) Ruston Bucvrus 
19 R.B. 5/B.Cu. Yd. 

Do. 

19 R.B. Excavator No. r ·1 
19 R.B. Excavator No. 2 . 
19 R.B. Excavator No. 3 . 
19 R.B. Excavator No. 4 • 
19 R.B. Excavator No. s . 
19 R.B. Excavator No. 6 . J 

6 Nos. Do. 

(C) 

(D) 
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t. Northwest Excavator No. 1} 
2. Northwest Excavator No. 2 
3· Northwest Excavator No. 3 
4· Northwest Excavator No. 4 
5· Northwest Excavator No. 5 

r. L.S. so Excavator No. 8 • 

Do. 
Do. 

U.S.A. Make, Northwest 
3/4 Cu. Yd. 

5 Nos. Do. 
Do. 
Do. 

U.S.A. Make LS=5o 1/2 Yds. 

(5) 

5-9-1949 

5-9-1949 
26-I0-1950 
26-10-1950 

1-11-1950 
16-11-1950 

7-7-195Z 
7•7-195" 
7-7-1952" 

1:;"'7-1952 
IS-7"'1952 

14·7-19~9 

30-9-1949 
4-9-1951 
4-9""1951 

1-to-195I 
1-to-1951 

9-to-1950 
t6-7-I950 
27-3-1950 
t I-6-1951 

8-3-1950 
10-3-1949 
2g-1-1951 

IS-11·195' 
28-7•1952' 
1 4-8-1952 

t 5-u-195r 
IS-I 1-1951 
IS-I I•1951 
IS-I I-1951 

9·7-1952 

B-4-1951 
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No. 6+2 

Division Capital Equipment (Bhavantsagar) 

Month) year 
first put into 

operation 

(6) 

5-9'"1949 

5·9"•949 
2&.ro~tg5o 
26-to-tgso 

1•11-1950 
r6-t 1-rgso 

7-7-•95• 
7-7-195• 
7-7-195• 

15·7-195• 
15-7-195• 

15-7-1949 

3D-9"1949 
5-9'"1951 
5-9-1951 

I•J0-1951 
l•JQ-1951 

· g-rcr'rgso 
16-7-1950 
•7-3-1950 
11·6·1951 

3/50 
3/49 
•Is• 

n/s1 
7/s• 
8/195• 

11/51 
n/s1 
n/51 
n/51 
7/s• 

4/51 

Total ~urchase Whether 
price required 
(R.s.) new or 

Ordered through Remarks 

from dis-
pooal 

(7) (8) (g) (10) 

87,990 0 0 Brand new Mfs. Blackwood Hodge 

90,o84 Do. 
(India Ltd.) 

0 0 Do. 
124,82~ 0 0 Do. Do. 
124,822 0 0 Do. Do. 
124,993 0 0 Do. Do. 
125,016 0 0 Do. Do. 

1%36g 0 0 Do. Do. 
164.36g 0 0 Do. Do. 
164,369 0 0 Do. Do. 

149,432' 0 0 Do. Do. 
'49·432 0 0 Do. Do. 

o Brand new Mfs. Larsen and Toubro 
Ltd. 

They are permanent­
ly hooked to C-10 
Caterpillar - Tw<> 
Wheeled scrapen. 

..... 657 
.... 675 
54·~47 
42, 75 

Sg,OHJ: 
56,r27 ss,,s4 
go,4o6 
79·551 
76>451 

1,08,775 
t,os,ns 
r,o8,775 
t,o8,775 
1,30,249 

88,824 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

Do. Do. 
Do. Do. 
Do. Do. 
Do. Do. 
Do. Do. 

New 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

M/s. William Jacks 8t Co. Three Nos. have got 
Do. shovels and drag-
Do. lines. One No. 
Do. is having Dragline 

attachment only. 

Do. All are having shovel 
Do. and dragline attach-
Do. menu. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

All are having shovel 
and dragline attach­
~ents. 

M/s. Larsen 8t Toubro Ltd. It has got a shovel 
and dragline attach­
ment. 
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(t) (2) 

IV. T.D. t8 TRACTORS 

1. TD-18 Tractor No.4 

2. TD-t8 Tractor No.5 
3· TD-18 Tractor No.6 
4· TD-18 Tractor No. 13 
5· TD-18 Tractor No. 14 
6. TD-18 Tractor No. 15 

v. CATERPILLAR D7 TR."-CTORS 

t. D7 Tractor No. I 

2. D7 Tractor No. 2 
3· D7 Tractor No.3 
4· D7 Tractor ~o. 8 
5· D7 Tractor No.9 
6. D7 Tr~ctor !\o"o. tO 
1· D7 Tractor No. 1 t 

8. D7 Tractor Xo. 12 

g. D7 Tractor No. t6 

to. D7 Tractor Xo. 17 
JI, D7 Tractor Ko. 18 
12. D7 Tractor No. 19 . 
13. D7 Tractor No. 20 • 

VI. A VELDIG BARFORD RoLLERS 

1. A.B. Roller Xo. 1 

2. A.B. Roller No. 2 
3· A.B. Roller No. 3 
4· A.B. Roller No.4 
5· A.B. Rollt"r No. 5 
6. A.B. Roller No. 6 
7· A.B. Roller No. 7 

VII. DUMPERS. {DIESEL & PETROL) 

t. Muirhill Dumper (Petrol) 

2. Muirhill Dumper (Diesel) 
3· Muirhill Dumper (Diesel) 
4- Muirhill Dumper (Diesel) 
5· Muirhill Dumper (Diesel) 
6. Muirhill Dumper (Diesel) 

(3) 

2 

3 
4 

~ 

STATEMENT 

U.S. International Harvest<'r 
and Co. TD-18 Model. 

U.S.A. Make Caterpilla" 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do_ 

Do_ 
Do­
Do­
Do. 

U.S-Make 

Do. 
Do_ 
Do. 
Do. 
Do_ 
Do. 

English BD 3 Cyd- Model 

Do. 
Do. 
Do_ 
Do. 
Do. 

(5) 

I·I !·1949 

15-12-1950 
3·2-1950 

t8-t:J:-I949 
22-8·1949 

5-2-1950 

IG-I I-1949 

2-12-1950 
/•1·1951 
2-7-1951 

23-9-'949 
2:)-10·1949 

to-6-1950 
6-3-1951 

12-:!-1951 

8-5-1950 
16-6-Igso 
B-s-1950 

23-9-1949 
J-2-1950 
t-g-t950 

15·12-1949 

23-9-1949 
2G-4-1951 
20-4-1951 
_29:.4-1951 
29·4-1951 



(6) 

. il/49 

12/49 
•!so 

12/49 
8149 
~/so 

11/49 

••lso 
•/51 
7/51 
9149 

10/49 
6fso 
3/51 

11/51 

6iso 

sf so 
6/so 
slso 
9149 
•I so 
also 

12/49 

9149 

"''5' "''5' "''5' -i/51 

APPENDICES 

(7) (8) 

44,091 o o New 

44,t16 o o Do. 
46,t88 o o Do. 
44,663 0 · 0 Do. 
43·965 0 0 Do. 
~.•88 o o Do. 

79.783 0 0 New 
89.~99 0 0 Do. 
81,430 0 0 Do. 
g6,847 0 0 Do. 
!)6,846 0 0 Do. 
22,435 0 0 Old 
24,728 0 0 Do. 
27.924 0 0 Do. 

g6.847 0 0 New 

50,792 0 0 Old 
50,793 0 0 Do. 
50·793 0 0 Do. 
so,m 0 0 Do. 

ojll,ooo 0 0 New 

48,ooo 0 0 Do. 
48,ooo 0 0 Do. 
48,000 0 0 Do. 
.pl,ooo 0 0 Do • 
.pl,ooo 0 0 Do • 
48,ooo 0 0 Do. 

16,099 0 0 New 

26,854 0 0 Do. 
3o,s89 0 0 Do. 
30,529 0 0 Do. 
30.529 0 0 Do. 
30,529 0 0 Do. 

(g) 

Mfs. Volkart Brothers 

Mfs. Larsen &. Toubro 

Do. 
Do. 
Do. 

(10) 

They have got 4 Nos. 
of Onion Empire 
Make Angledozcn 
and 2 Nos. of I.e 
Tourneau Make 
Angledozcrs. But 
they are not used 
at the dam. The 
TD-t,B'" were used 
for hauling scrapers 
and disc-harrows. 

Caterpillar 7A Angle-
Dozer Attachments~ 

Do. Do. 
Do. Do. 

7S Bull-dozer 
Do. jS Bull-dozer 

·1 Old Military surplus trans .. L.B.P. Nos. ro, r r and > fern~d from Agricultural 12 are used for 
J department. hauling sheepsfoot 

rollers, Disc-lihar-
rows etc. 

Mfs. Larsen and Toubro Angle Dozer attach-
ment. 

} Bought from C.T.O., 
New Delhi & Re<:ondi-
tioned at Messrs. Lac- Le Tourncau Angle 
sen and Toubro, Do:z:er. 
Madra•. Do. 

Messrs. J cssop & Co., 
N•:W Delhi. 

llo. 
Do. 
Do. 
Do. 
Do. 
Do. 

M/s. McLeod &. Co., 
· Calcutta. 

Do. 
Do. 
Do. 
Do. 
Do. 
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{1) (2) 

· 7 Motor Rail Dumper Diesel 

8 Motor Rail Dumper Diesel 
9 !\·fotor Rail Dumper Diesel 

to Motor Rail Dumper Diesel 
J 1 Motor Rail Dumper Diesel 
12 Motor Rail Dumper Diesel 
13 !\fotor Rail Dumper Diesel 
14 ?\..fotor Rail Dumper Diesel 
15 :Motor Rail Dumper Diesel 
16 Muirhill Dumper Die,;el . 
17 Muirhill Dumper Diesel . 
18 Muirhill Dumper Diesel . 
19 Muirhill Dumper Diesel . 
"20 Motor Rail Dumper Diesel 
21 Muirhill Dumper Diesel 
"22 Muirhill Dumper Diesel 
23 :Muirhill Dumper Diesel . 
"24 Motor Rail Dumper Diesel 
"2.; Muirhill Dumper Die£el 
26 ~1otor Rail Diesel 
"27 Muirhill Dumper Diest"l 
28 J\.1otor Rail Dumper Diesel 
29 Motor Rail Dumper Diesel 
30 1>.luirhill Dumper Diesel 
31 Muirhill Dumper Diesel 
32 Muirhill Dumper Diesel 
33 Muirhill Dumper Die.el 
34 Muirhill Dumper Diesel 

VIII. FIELD :MARSHALL TRACTOR<; 

t Field Marshall No. 1 

'2 Field Marshall !\o. 2 
3 Field Marshall Ko. 3 . 
4 Fidel Marshall MSZ-g785 
5 Fie'd Marshall MSZ-1205 
6 F;eld Marshall !\o. MSz-2818 
7 Field ~Iarshall No. 1>.1SZ-3815 
8 Field Marshall No. MSZ-t 159 
9 Field Marshall Xo. MSZ-1047 

to Fil'ld }.-larshall :\"o. MSZ-1061 
11 Field ~larshall ;\o. !\.fSZ-rg83 

IX. ROOTERS 

1 .LeTourneau Rooters 4 Nos. 
2 Blaw Knox Rooters 1 No .• 

X. 5cR.APERS Uxrrs 

I L.S. Carryal Scraper 4 :Kos. 

2 Onion Empire Scraper 4 Nm:. 

3 Caterpillar 1 ~o. • 
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7 

8 
9 

10 

II 

12 
'3 
'4 
15 
16 
•7 
18 
'9 

(3) 

English XDCMD 3 cyds. Model 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

English BD 
3 CYDS Make 

Do. 
Do. 

STATEMENT 

(sl 

29·4-1951 

15·7~1949 
29~4-1951 

20 English XD make BD Model 

6-6-, 95 , 
6-6-,95 , 
8-6-1951 
8-6-•95• 
4-6-•9s• 

13-6-1951 
18-7-1951 
18~7~1951 
29-3~1951 

24·4-1951 
27·8-1949 
29-3-19:Jt 
9~9-1950 

19-4~1951 

23~7~1951 

19-4•1951 
IS-9-lS49 
19·4~1951 

15~7-1949 

9-9-1 95o 

21 
22 
23 
24 
25 
26 
27 
o8 
29 
30 
3' 
32 
33 
~4 

l 
~ 11 Nos. 

J 

Do. 
Do. 
Do. 

XD Make BD Model 
BD Make 
XD Model 
BD Make 
XDMake 

Do. 
BD Model 

Do. 
Do. 
Do. 
Do. 

English Make 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

} N U.S.A. Make 5 03. 
Do. 

U.S. A. Make 

II Cyd. 

Do. 

26-8~1952 
26-8-1952 
26-8-1952 
s-s~tgss 

8-s-t9s' 

2J~8-tg49 

12~8~1g5 t 

24·4-1951 
15-1 1~1949 
22~2-1950 

I£~4-1951 

14·2-1952 
20~12-1949 

3-I-1!}50 

3·1-1950 
3-1-1950 

•/so 
3/50 
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No. 6·1·l-<ontd. 

(6) (7) (8) (g) (10) 

415• 30,529 0 0 New Ml•· McLeod & Co., 
Calcutta. 

7149 26,209 0 0 Do. D.G.I.& S., New Delhi. 
~/51 26,ns 0 0 Do. M/s. Parry & Co. 

/51 26,210 0 0 Do. Do. 
6/s• 26,?92 0 0 Do. D.G.I.& S., New Delhi. 
6/s• 26,793 0 0 Do. Do. 
6/s• 26,765 0 0 Do. Do. 
6/51 26,784 0 0 Do. Do. 
6/s• 26,940 0 0 Do. Do. 
7/51 26,948 0 0 Do. M/s. McLeod & Co. 
7/51 29,024 0 0 Do. Do. 
3/51 29,025 0 0 Do. Do. 

~/51 27,615 0 0 Po. Do. 
/49 29,143 0 0 Do. . D.G.I.& S., New Delhi. 

S/51 26,840 0 0 Do. Mjs. McLeod & Co. 
9/50 18,003 0 0 Do. Do. 
4/51 161100 0 0 Do. Do. 
7/51 28,211 0 0 Do. Do. 
4/51 o6,7g8 0 0 Do. D.G.I.& S., New Delhi. 
9/49 28,142 0 0 Do. M/s. McLeod & Co. 
4/51 26,?g8 0 0 Do. D.G.I.&S., New Delhi. 
7149 28,580. 0 0 Do. M/s. McLeod & Co. 
-elso 36,799 o 0 Do. D.G.I.& S., New Delhi. 
~Is• 28,,18 0 0 Do. Ml•· Parry and Co. 
~Is• 28,211 0 0 Do. Mfs. McLeod and Co. 
9/52 28,214 0 0 Do. Do. 
3153 o8,475 0 0 Do. Do. 
sis• 30,845 0 0 Do. Do. 

~/49 5·710 0 0 New Mls. Marshall & Sons 
Ltd. (India). 

8/sl 12,043 0 0 Do. Do. 
4/51 1 I,oo8 0 0 Do. Do. Water tank mounted 

'~149 "·~ 0 0 Do. Do. trailers and plat-
•I so II, 0 0 Do. Do. fonn trailers. 
4/51 10,804 0 0 Do. Do. 
2/52 13,347 0 0 Do. Do. 

12/49 10,876 0 0 Do. Do. 
•/so 6,00:-J 0 0 Do. Do. 
•150 6,758 0 0 Do. Do. 
t/so I 1,995 0 0 Do. Do. 

1150 ?.936 0 0 New Mjs. Larsen Toubro Ltd. 
s/so 10,000 0 0 Do. Do. 

slso 26,043 
each 

0 0 MJs. William jacks. 

3/so 31,902 0 0 New Do. 
each 

3150 32,053 
eaell 

0 0 Do. Do. 
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(I) (2) 

XI. SHEEPSFOOT ROLLER 

Sheepsfoot Roller (6' Yoke x 5' Dia) 

TRUCKS 

Chc .. TOiet 

Passenger Car.; 

Dodges 

Fargo 

Commer 

Morris 

lkdford 

Carrier 

Ford 

International 

274 

TorAL 

(3) 

5 Nos. 6·5 Tons (Empty) 

35 

34 

· 36 

29 

!8 

!6 

7 

2 

5 

I 

STATEMENT 

(5) 



No. 6.1.2-contd. 

(6) (7) 

19-1 C. W. & P. C./57 

APPENDICES 

(8) (g) 

2 Nos. Locally made and 
3 Nos. manufactured at 
Madras Workshops. 

(to) 
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STATEMENT 

L. B. P. Headworks 

Data For Cost 

51. Make, model & Fuel gallons per Oil, grease, Operator 
No. Type of Equipment size operating hour and and waste wages per 

issue rate for fuel including operating 
servicing hour 

labour per 
operating 

hour 

(t) (2) (3) (4) (5) (6) 

.. Euclid Euclid 25 FDT 2"25X t/8/- -/12/- -/13/6 
Bottom Dump =3/6/- -/5/4 
tg cu. yds. 

I/I/4 

•· D\\r-10 Tractor Caterpillar DW 
-10 7/9 yds. 

•·5x •18/-
=31••1-

•f-/6 
-/5/4 

-/•4/3 

•lsf•o 

3· tg RB Excavator Ruston Bucyrus 0"583 gin. -1 t2/5 
•9 RB5/8 cu. =t/8/- -/5/4 -/t3/8 
yds. 

I/I/9 

4. Northwest Excavator Northwest 314 cu. 1"0 gin. @ t/8/- -/S/4 -/13/8 yds. ·/II/2 

•f-/6 

5. D-7 tractor Caterpillar D-7 2gb. per hr. ·/10/3 
2 X I/8/- =3/- -/s/4 -1••1• 

-1•517 

6. TD-18 Tractor International 2 gls. per hr. -/9/6 Harvester Make 2 X I/8/- =3/- -/5/4 -/12/2 

-/•4/Io 

7· Road Roller II Ton Diesel 1 gin. per nr. -1••19 Road Roller @ t/8/- = t/8/- -/5/4 -/siB 

I/2/I 
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No. 6.1.3 

Division, Bhavanisagar 

Estimating of Machinery 

APPENDICES 

Auxiliary Repair parts Tyres, Tubes Sundries and Total cost per 
personnel waw (Spare parts) and Flaps ~ost Misc. cost per operating Remarks 
ges per operatw <:ost per operatw per operatmg operating hour hour 

ing hQur ing hour hour 

(3) (g) (10) (ll) (12) 

-/4/- 1/13/- 3/9/8 -/1/- II{-{6 

4/1/8 -/1/- 15/1/5 

-/8/- 1/4/- -/1/1 5/4/6 

-/8/- 1/4/- -/II- 5/3/2 

-/8/- 2/1/8 -/-/7 7{61-

-/21- 3/5/4 -f-/6 B/2/to 

-/21- t/4/- -/1/9 4:.'6/Io 
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Public '\'orks Deparuncnt 

Type of Equipment MaJ..-e, model and size 
Fuel 

Gal. Cost 

{I) {o) (3) 

Euclid I "33 I I2 

• I "27 I IO 

3 I.25 II 

4 I "33 I2 

5 I "32 12 
6 I "27 11 

T<rrAL 7"77 10 4 
AVERAGE I ·go III 

DW-1o 2·26 2 10 

• 2"26 2 9 
3 2.22 3 2 
4 2·26 3 
5 2·18 3 0 
6 . 2"o6 214 

TOTAL 13.24 '7 4 
AVERAGE 2•2t 2 '4 

Excawwr 

N<fflh·West 1 o·88 3 
2 o·85 2 
3 0"97 5 
4 0"83 1 2 
5 o·85 1 

TotAL 4"38 5 I3 
AVERAGE 0"88 3 

Excawwr 2 t"o8 i 8 
North-liT tsl 3 I "II I 10 

TOTAL 2'19 3 2 

AVERAGE I •to 9 
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STATEMENT 

L. B. P. Headworks 
Data For Cast Accounting 

Per operating hour 

0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

Oil grease Operator 
waste wages 

(4) 

OII 0 
0 I2 0 

0 IO 0 
o to () 

0 10 0 
0 10 0 

3 I5 0 

0 II 0 

'4 0 
I 1 0 
0 12 0 
0 12. 0 
0 12 0 
0 II 0 

4 14 0 

0 '3 0 

0 10 0 
0 12 0 

0 '4 0 
0 10 0 
0 6 0 

3 4 0 

0 10 0 

0 7 0 

7 0 

0 '4 0 

0 7 0 

(includes. 
cleaners) 

(;) 

I I () 

I I () 

0 () 

0 () 

0 () 

0 

6 3 0 

0 

I 9 0 
1 10 () 

0 

0 
2 0 

2 0 

7 9 0 

4 0 

5 0 

3 0 

3 0 
1 7 0 
0 13 ~ 

5 15 0 

3 0 

0 I5 0 

0 14 c 
1 '3 0 

0 '5 0 



APPENDICES 

No. 6.1.4 

Division, Bhavanisagar 
of Machinery (Actual) 

Auxiliary per­
sonnel wages 

including char­
ges for servicing, 
major and 
minor over-

hauls 

(6) 

0 9 0 
0 lJ 0 
0 4 0 
0 3 0 
0 3 0 
0 3 0 

2 0 

0 6 0 

2 0 
0 4 0 
0 7 0 
0 5 0 
0 6 0 
0 6 0 

2 14 0 

0 8 0 

0 9 0 
0 8 0 
0 7 0 
0 4 0 
0 4 0 

2 0 0 

0 6 0 

0 6 0 

0 7 0 

0 13 0 

0 7 0 

per operating hour 

Repair parts Tyres, Tubes Sundries and 
(Spares) and flaps miscellaneous 

cost 

(7) (8) (g) 

2 5 0 2 3 0 
2 8 0 2 0 

4 0 I 15 0 
0 10 0 0 6 0 
0 7 0 0 3 0 
0 7 0 0 6 0 

7 9 0 6 3 0 

4 0 0 

4 5 0 3 0 

5 8 0 3 JJ 0 

7 0 2 10 0 
I 10 0 3 0 0 
I 6 0 2 5 0 
I 10 0 4 3 0 

15 14 0 18 I4 0 

2 10 0 3 2 0 

2 5 0 

3 2 0 
2 I 0 
I 14 0 
0 9 0 

9 15 0 

2 0 0 

0 14 0 

3 0 

2 0 

0 

Total Remarks 

(1o) (u) 

8 9 0 

7 12 0 
6 12 0 

4 9 0 

4 3 0 

4 6 0 

36 3 0 

6 0 

13 9 0 
14 JJ 0 

9 7 0 
9 13 0 
8 15 0 

IO 14 0 

67 5 0 

JJ 3 0 

6 0 0 
6 JJ 0 
6 14 0 

5 5 0 

3 0 

26 15 0 

5 6 0 

4 2 0 

4 9 0 

8 JJ 0 

4 7 0 
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Public Works Department 

Euclid 

Exclzd 

D-7 

TD.18 
A.B. Roller 

230 

7 
8 
9 

10 
II 

(2) 

TOTAL 

AVERAGE 

TOTAL 

AVERAGE 

8 
16 

TOTAL 

AVERAGE. 

13 

4 

r:J) 

,. 47 

I "52 
I "42 

4"41 

1 "47 

1"35 
I ·so 

2·65 

1"33 

2"o8 
2"33 

4"31 

2"I6 

2"14 
0"70 

2 6 
2 2 
I 15 

6 7 

2 2 

14 
13 

3 11 

I 13 

2 14 

3 2 

6 0 

3 0 

2 II 

2 

STATEMENT 

L. B. P. Headworl<s 

DaJa For Cost Accounting 

(s) 

0 0 8 0 0 0 
0 0 8 0 I 0 0 
0 0 9 0 0 15 0 

0 9 0 2 15 0 

0 0 8 0 0 0 

0 0 8 0 0 0 
0 0 11 0 0 15 0 

0 L 3 0 I IS 0 

0 0 10 0 0 0 

0 0 0 0 
0 0 13 0 0 0 

0 I 14 0 2 0 0 

0 0 15 0 0 0 

0 I 3 0 0 '5 0 
0 0 9 0 0 12 0 



No. 6.1.4--cont<l. 

Dlvislont Bhavanisagar 

of Machinory (Actuals) 

(6) 

0 3 0 0 
0 3 0 0 
0 • 0 0 

0 8 0 0 

0 3 0 0 

0 • 0 0 
0 • 0 

0 4 0 0 

0 • 0 0 

0 4 0 I 
0 3 0 I 

I 

3 
2 

6 

• 
9 

9 

4 

II 

3 

0 7 0 • 14 

0 4 0 I 7 

0 5 0 3 7 
0 3 0 I 3 

APPENDICES 

(8) (g) 

0 

0 5 13 0 
0 

0 5 I3 0 

0 I 15 0 

0 
2 3 0 

0 2 3 0 

0 I 2 0 

0 
0 

0 

0 

0 
0 

NOT£:-The figures are from total c;,st di\"ided by total hours. 

(ro) 

4 • 0 
9 I3 0 
3 II 0 

17 10 0 

5 I4 0 

4 I 0 
5 12 0 

9 I3 0 

4 15 0 

6 I4 0 
6 5 0 

I3 3 0 

6 IO 0 

8 9 0 
3 I3 0 

(u) 
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STATEMENT 

L. B. P. Headworks 

Doto For Cost Accounting 

Fuel gallons per Oil, grease Operator 
T)']>O or Equipment Make, model and size hour and cost orruol and waste 'vages per 

including operating 
servicing hour 

labour per 
operating 

hour 

(1) (•) (3) (4) (sl 

]. Euclid Bottom Dum- 13/17cyd- litted'"1th 1'30 1 l1 0 Oil 0 ' 0 0 
per •so HP 17 cyd. •so HP Cummins.· 
heaped 13 cyd. stuck. 

•• Do. 13/17 cyd. fitted with 
200 HP Cummins. 

1"47 • • 0 0 8 0 I 0 0 

3· Do. g"6/ll cyd.fitted with 1"33 1 13 
Rear Dump 150 HP Cummins. 

0 0 10 0 ' 0 0 

4- 19 RB Excavator siB cyd. shovel fitted 
with 54 HP Ruston 
Engine. 

o•88 I 3 0 0 10 0 I 3 0 

5· Northwest Excavator . 3/4 cyd. shovel fitted 1'10 ' 9 0 0 7 0 0 15 0 
D-318 Caterpillar 
engine or 70 HP. 

6. D7 Tractor ror levelling. Caterpillar fitted with 2'18 3 0 0 o 15 0 ' 0 0 
70 HP c:ngiDe. 

7· DW 10 Tractor-cum- Caterpillar fiued with .2'.21 • 14 0 0 13 0 I 4 0 scraper 100 HP engine. 

8. Tl)..t8 Tractor • Internatiooal Harves- 2'14 211 
ter make fitted with 

0 .. 3 0 o •s 0 

6sHP-

9- Aveling Bariord Road 
RoUer 

·~essop" make fitted 
with Ruston Diesel 

0'70 I • 0 0 9 0 0 12 0 

Engine so HP. 
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No.6.1.5 

Oivislon. Bhavanisagar 

<>[Machinery (Actuals) 

AuxHiary per­
sonnel wages 
per operating 

hour 

(6) 

... 6 0 

'() 3 0 

'() 2 0 

() 6 0 

0 7 0 

0 4 0 

0 8 0 

0 5 0 

0 3 0 

-----

Repair parts Tyers, tubes and Sundries misc. 
(spare parts) ftapscostpe< costpe<ope<at-
cost per oper- operating ing hour 
ating hour hour 

(7) (8) (9) 

I 4 0 I 0 

0 2 0 I 15 0 

0 4 0 I • 0 

2 0 0 

I I 0 

I 7 0 

• 10 0 3 • 0 

3 7 0 

I 3 0 

Total per 
operating hour 

(ro) 

6 I 0 

5 '4 0 

4 15 0 

5 6 0 

4 7 0 

6 10 0 

II 3 0 

8 9 0 

3 13 0 

Remarks 

(II) 
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Di:itance in 
miles 

3/.pruJe 

Additional 
charges. 

! mile 

1} miles . 

284 

STATEMENT 

L B. P. Headwork~ 

Unit Co~t 

Rate per t ,ooo 
Rate per hour \Vork done per 

Cycle time ------------- hr. in cu. ft. Excavation 
and Loading \\'orking 

expenses 
Spares Deprecia­

tion 

D.W. ro Tr~tor~cum-Scraprr IJCyds. 

IS 5 7 0 5 12 0 7 4 0 

t. Pusher Unit 

2. Consolidation 
charges 

IOOOX5/7/-
----

18 917 
=917 eft. 

o 15 o 

_Euclid Bollom Dumper-13 Cyds./oaded hy Excavalor 

23 3 12 0 2 5 0 7 I 0 

27 3 12 0 2 5 0 "7 0 

350X6o 

23 
=913 eft. 

350X6o 

27 
=778 eft. 

3ft2/- X 1ooa. 

9'3 
=to 12 o 

3/ I 2/- X 100<> 

778 
=to 12 o-



No. 6.1.6 

Division, Bhavanisagar 

o( Ear!hwork 

cubic feet loose 

Transport 
Unloading& 

lc\'elling on 
embankment 

Spares 

APPENDICES 

Deprecia· \Vatering 
tion charges per 

I,ooo cu. ft. 

IOOOX5/12/• IOOOX?/4/·= Nil 

5 14 0 
917 917 

6 4 o 7 15 o 
0 4 0 J 1:2 0 

3 3 ° 
Total per tooo cu. ft. loose. 

Consolidation 
charges per 
r,ooo cu. ft. 

Nil 

4 G o 

Add so% to get rate for compacted unit. 

Tor.u. 

3/4 cu. yds. 
2/s/-x •ooo 7/1/·X 1000 

Total per 
unit of 1 ,ooo.. 
cu. fl. loose 

QO I 0 

!I •5 o. 
7 9 0· 

30 9 0 

IS 4 6 

45 13 6. 

913 913 
4 • 0 •1•31=• • 9 0 7 12 0 3 3 0 4 II 034100J'tt 

JilOSt' URI(, 

4 •3 0 

Add so% to get rate per compacted unit. 

To:rAL. 

•ls/-x •ooo 

778 

I 13 0 

7/1/•X 1000 

778 

300 gto 
Add so per cent. 

3 3 ° 

Rate per compacted unit 

4 II o 

Or 

•7 7 ° 
52 5 0 

37 5 0 
!8 10 6 

55 IS 6 

56 o o 

28$ 



Scrial 
No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 
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• 

STATEMENT No.6.1.7 

L. B. P. Headworks Division, Bhavonisagar 

Subhead-wise Reserve Limit of Stock and the Balance as on 30-9-53 

Name of Sub-head Reser,ve Closing balance 
limit as on 30-9-53 

Cement 1,75,ooo Nil 

Building materials 24,000 30,145 15 0 

Timber 50,000 31,514 9 3 

Metals 7,5o,ooo 6,00,397 14 0 

Fud 50,000 45,178 10 10 

Painters stores 11,000 10,423 4 7 

Miscellaneous general 1,10,000 83,685 5 9 

Lubricants 40,000 44,831 4 9 

Pipes & specials 1,40,000 2,09,133 13 3 

Electricals so,ooo 53.447 9 9 

Machinery spares J J,oo,ooo 8,51,041 10 7 

19,59,8oo 7 

Remarks 



APPENDICES 

STATE.MENT No. 6.1.8 

Size Ply. Machine Life in hours Position Cost per Average 
tyre cost per hour· 

(t) 2l"OOX24 20 Euclid Bot~ 6,ooo Driving& 5070 0 13 6 
tom Dumper Rolling 

(•) Jl"OOX24 14 Do. s.soo Front IIOO 0 3"' 

(3) 21 ·oo X24 20 D\V~to s,6oo Driving & 
Rolling 

5070 0 14 6 

(4) 12"00X20 14 Do. 5,200 Front 1170 0 3 i 

(51 I3'00X24 t6 Aveling Not Front t8oo 
Barford reserved 

so far 

(6) 1-J."OOX24 20 Do. Front 18oo 

(7) 13"00X24 8 Muirhill 4,200 Rear 18oo 0 6 10 
Dumper 

(8) 3I"OOX9 8 Do. 3·700 Front 357 0 I 7 

(g) 14"00X28 8 Field Mar- 4,000 Rear 790 0 3 .. 
shaH 

(10) O"OOX19 6 Do. 4,000 Front 159 0 0 a 
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APPENDIX 6.2 

Tungabhadra Project 

The project is now controlled by the Tungahhadra C::ontrol Board under 
the Chairmanship of Sbri Kanwar Sain, I.S.E. The parbc1patmg Governments 
are Hyderabad on the left and Mysore/ Andhra on the right. The general 
infcrmatiL'In about the project is given below: 

Catchment Area 
Ma.ximum flood gauged 
Maximum flood provided 
Maximum water spread 

Rainfall at the dam 
Rainfall in the catchment 

Capacity of lake 

Ltn_f!lh of Dam 

Non-spillway section 
Spillway section 
Earthen Dam 
Composite . 

Height of the dam from deepest foundation 
Earth Dam.:Maximum 

Gates spillway 33 Noi.. 6o'x2o' 
Contc=nts of masonry in the dam 
Contents of earth in the dam 

TOTAL 

Low level canal 267 miles long; area 2,gr,ooo acres. 
Left bank canal .2 J 5 miles long. 

ro,8Bo sq. miles 
3 . 3 Jakh CUSf'CS 

6.,5 lakh cusccs 

133 sq. miles 
.20 inches 

41 inches 
1,33,000 M. eft. 

3,64.2 ft. 
2,SOO u 

45° , 
1,550 , 

7·942 ft. 

r6o ft. 

32 M. eft. 
ro M. eft. 

Capacity of the power house, 4 Nos. : g,ooo K.V.A. of which three arc to be- constructed 
immediately and the fourth will be constructed later. 

MysorejAndhra Side 
The power house at the canal will be constructed at the 8th mile of the 

canal for a discharge of 2,500 cusecs and a head of 110 ft. with three gene­
rators of 9,000 K.V.A. capacity each. 

The dam is almost completed. It requires relatively very little earthwork. 
Most· of the canal work was done by manual labour. At the deep cuttings 
labour was assisted by cranes for lifting 1 cu. yd. wagons lQaded with debris. 
The wagons were shunted away by rail lines at ground level to the spoil banks . 
. The deep embankments were done by earth-moving machinery. The basic rates 
of earthwork were as under : 

Earth Rs. 20 toRs . .24 per t,ooo eft. 
Soft rock Rs. 40 per 1 ,ooo eft. 

The wages of the unskilled labour was Rs. 1-2-0 per day ; those of masons 
varied from Rs. 2-12-ll to Rs. 3-8-0. 
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:Dam 

The dam is constructed of granite masonry. Cement mortar is used for 
the lower part. of the dam and the spillway section and line mortar for other 
parts of the dam. The cement mortar is 20 o/o surkhi and 80% cement with 
2·75 part of sand. The sand is brought by rails from a distance of 25 miles. 
The lime surkhi mortar is 2 of sand to 2 surkhi to 1 of lime. Good lime is 
available locally at Rs. 60 per 100 eft. and is burrit at site intermitent kilns. 

The <'alue of the Svl. T. & P. on the Mysore/ Andhra side for the canal 
and the dam was Rs. 56 lakhs. The value of the spares held is not accurately 
known. Stationary compress9rs of 500 cfm. capacity left over at Mettur, were 
repaired and installed for this work at a central compressed air station. 

The maximum strength of labour on the dmn was 20,000, most of whom 
had to be imported from elsewhere through a special recruitment agency. 
The construction town· provides the following housing accommodation; 
.8,000 temporary hutments for labour. 1,000 for permanent unskilled labour. 
1,000 for mistries, mechanics etc., and 200 for officers. The job workers pro­
vide their own hutments. The cost of the project is as under : -

Land . 

Works 

Total cost of Headworks 

Canals 

GRAND ToTAL 

Rs. 2'3 crores 

Rs. 3'9 crores 

Rs. B·o crores 

Rs. 12•o crores 

Rs. 26 · 2 crores 

The total cost of canal and the headworks on the Hyderabad side is esti­
mated to be nearly Rs. 25 crores. Gates for the spillway and regulation are 
mar..ufactured for both the sides of the project in a workshop specially set 
up at the project. 

'Machinery 
The statistics of equipment on the project are given in Statement NO. 

:6.2.1. 

The operating cost per hour of equipment is given in Statement No. 6.2.2. 

The percentage utiliZation of equipment for canals and beadworks is 
given in Statement No. 6.2.3. 

More detailed information about cost accounting could not be obtained 
-as the work has closed down and there has been a great amount of reorganisa­
tion and transfer of records consequent to the transfer of the project from 
Madras to Mysore/ Andhra State. 

Hyderabad Side 
The machinery is situated at three different places; (1) dam site at Munira­

bad; (2) canal construction division No. 2, Gangavati; and (3) canal circle 
Yermarus. The major portion of the machinery is at the dam. 

The information regarding the capital equipment at the project is given 
in Statement No. 6.2.4. 

The information about. the estimated and the actual costs of operating the 
equipment is given in Statement No. 6.2.5. 
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The life adopted for calculating the depreciation is given below: 

~.fanitowac Dragline 

Laplant Choate Scraper 

Letourneau Toumapull 

Machine 

Letourneau Super 'C' Toumadozcr 

Caterpillar No. 12 Motor Grader 

Caterpillar D.\V. Tractor with PD. to Dumper 

Caterpillar D.S Tractor 

Caterpillar D. 7 Tractor 

Caterpillar D.6 Tractor 

Caterpillar D.4 Tractor 

Bucyrus Eric Crane (Shovd) 

Chaseside Lifter Shovel 

Muir Hill Dumper 

Diesel Road Reller 10 tons 

Di~el Road Roller 6 tons 

Carry all Scraper 

Rooter . 

D.7 Tractor mounted with Trackson Pipe Layer • 

Jones Crane 2 Ton (Cap) 

Estimated life Percentage-
Depreciation 

Years Hours Per year 

IO 20,000 IO 

5 10,000 20 

5 10,000 20 

5 10,000 20 

5 10,000 20 

5 10,000 20. 

IO !2:0,000 IO 

IO 20,000 I(). 

IO 20,000 IO· 

IO 20,000 I(). 

IO 20,000 I<> 

5 xo,ooo 20 

5 10,000 2(). 

IO 20,000 I<> 

10 20,000 I<> 

5 10,000 2(). 

10 20,000 I(). 

IO 20,000 IO 

IO 20,000 IO 

The Executive Engineer made some valuable suggestions regarding the­
procurement of spare parts which we quote below: 
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"The present procedure is to obtain the spares through the Central Stores 
Purchase Office of Commerce and Industries Department which 
necessarily means delay in the supply of spares. This procedure is 
not suited for the project works particularly in the case of earth­
moving machinery as the loss by the way of lay off of the machinery 
is considerable." 

''The procedure suggested is that the Executive Officer under whose con­
trol the machinery is working should be given the powers to effect 
direct purchases and passing of the finn's bills to any limit, irom 
the approved suppliers without the medium ·of any other Govern­
ment AgPncy provided proper sanction is there. Alternatively the 
Executive Officer under whom the machinery is working be delegat­
ed with the powers of stocking the spares- in reserve to 40% of 
the value of the plant and machinery on the field. This figure of 
stock suspense would be beyond the limits of Government Stores. 
As such it is very essential to use equipments in India of which 
the suppliers guarantee to keep all the spares in sufficient quantity 
which could be treated as bulk stores on which the indenting officer 
can rely for emergency supplies." 
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The skilled personnel employed on operation and maintenance is given' 
below: 

Operation 
Mtrhin4 

4 Scrapers 
2 Dozt'TS , 

Labour Required During Operation 

I Grader . . 
I D. 7 Tractor . 
I Water Lorry 

Twre-KttfJtrs. 

Labour for Servicing and Running Repairs 
Mechanic . 
Fiuer 
EIC'C1rician 
A~stants . 
Timr-K('eprr . 
Store Attendant . 
Chargeman 

Labour Required for Repairs 
Chargeman 
M<"Chanic • 
Fitter . 
Assillltants . 
Electrician . 
Stnre Attendant . 
Time-Keeper 
Chowkidars 

History Sheets and log Books 

Oprrabrs 
4 
2 

9 
2 One at the- quarry 

and the othc:r 
at site of work. 

• 
13 

I 

3 
5 

" 

3 

I 

3 

12 

Daily machine reports give particulars regarding the total number of 
hours, actual plant hours, the fuel consumption, lubricants used and the out­
put of each machioe during the working period. 

The History. Book of the machioes gives the particulars regardiog the 
plant hours, the fuel and lubricants consumption, the replenishment of spare 
parts, lyres, tubes and the nature of repairs carried out by the workshops, 

The History Sheets of the plant contains full description of the specifica­
tions of the equipment, parts supplied, date of receipt, value and service 
particulars. The book also gives the amount of hire charges recovered. expen ... 
diture on maintenance and special repairs. The infonnation is abstracted from 
the log books, annual maintenance and special repair estimates. 

Job Card system of accountiog is maintained for the particulars of 5Pare 
part issued and the repair char:ges incurred. 

Machines are often given on hire to contractors. Plant hour is therefore, 
defined as the gross hours for which the machine was on duty. 
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PROFORMA 

STATEMENT 

MADRAS 

Statistics on the Working of Earth-moving Machinery 

Seria1 Name of machine with its Total 
No. project identification number landed 

cost in 
Rs. 

2 3 

I. Exawalurs Dragline 
t. Lima Excavator No. 5244 'i,24-,000 

with dragline attac-hment 
with a 2! cu. yd. bucket 
and 8o ft. boom. 

2. Marion Excavator with 1 i 2,26,000 
cu. yd. dragline" bucket 
boom length 8oft. 

3· Pd:HExcavatorNo. 13151 1,28,ooo 
dragline with bucket 
•! cu. yd. 

4· P & H Excavator 3/4 cu. yd. 
draglme. 

72,000 

5· P & H F.xcavator3/4cu. yd. 72,000 
dragline. 

II. E=atms Shovels 

Total 
number 
of hrs. 
worked 
up to 
1-4-52 

4 

to87_ 

2394 

Total 
number 
of hours 
machine 

could 
have 

worked if 
weather 

conditions 
had per­
mitted 

Total number of hours 
machine hac; been 

lyin~ idle 

For major 
repairs 

For pe­
riodical 
overhaul 

5 6 

2200 Break-up not available 
both clubbed to­
gether. 

1050 

2200 J 113 

5200 2806 

1105-5 3900 2798·5 

'· Lima Excavator No. 5244 3,24,000 1510"! 683 •! with shovel attachment 
2200 

cap. 3t cu. yds. 
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No 6·1·1 

SIDE 

APPENDICES 

in Tungobhadro PrJject Canals Circle, Bellalry 

Cost pt"r unit output or pC"r Average-lead and lift 
hour inclusive of deprecia- and nature of soil for 
tion interest on capital, over- which figure in the 
hauls, repairs and main- previous column refers. 

Cost per unit out­
put or per hour 
as. per project ts· 
timate {~Ianual 

Remarks 

tenance. 

7 8 

Rs. 27/14/- pc:r soHd unit of 
1,000 dt. 

Rs. 30 per unit (solid) 

Rs. •s/4/· per solid unit 

Rs. Ig}u}· per soiid unit 

Rs. 15/10/- per solid unit 

Rs. t2/12/·per "olid unit 

Canal excavation in 
slushy soil classifi­
cation rang\ng 
from black cotton 
soil to soft disin­
tegrated rock with 
an average of one 
extra lead & four 
extra lifts. 

Canal excavation in 
slushy soils classi· 
fication ranging 
from S. B. C. to 
S. D. R. with an 
average of one. ex­
tra lead and four 
extra lifts. 

Caoal excavation in 
hard r<d earth and 
gravdly soil with 
initial lead and 
lift. 

Excavation in borrow 
pits in stiff black 
cotton soils and 
loading into dum­
pers. 

Excavation in borrow 
pits in S. B. C. and 
loading into dum .. 
pers. 

Excavation in bor­
row p1ts in hard 
stiff clay and red 
earth loading in 
dumFers and dum .. 
pcrs wagons etc. 

labour) 

9 

Rs. 45 per unit 

Rs. 45 per unit 

Rs. •4/6/- P."' 
unit. 

Rs. 23 per unit 

Rs. ::!3 per unit 

Rs. 04/6/· per 
unit 

10 

Idleness is due 10 
welding of teeth 
for the buck~t, 
snapping of bucket 
rope engine trouble~ 
time lost in shifting 
machine in slushy 
ground and servic~ 
ing. 

Machine was under 
repairs, swing 
clutch broken ro­
tary-seal damaged. 

Idleness is due to the 
time lost in shifting 
of machine and sa· 
viclng. 

Machine is sick. 

Machine is sick and 
sent to Headworks 
for repairs. 

Idleness is due to 
engine trouble, time 
Jon in &hi!ting ma­
chine in slush'· soil 
and servicing 
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STATEMENT 

2 3 4 5 G 

2. P & H Excavator 3}4 cu. yd. 72,000 
shovel _ __;_ __ _ 

g66 1700 734 

12,18,ooo 21200 

III. Hauling Machinny : Dwnpus 
1. Euclid bottom dumper No. 6o18 cap. 1,24,000 

13 cu. yd. 

2. Euclid bottom dumper No. 6019 cap. t,24,ooo 
13 cu. yd. 

1,133 

3· Euclid Rear dumper cap. 10 cu. yd. 1,46,ooo 648 8oo 152 

4· D. \V. Io dumper wagon cap. 14 cu. yd. j8,ooo 1,822 2,200 378 heaped. 

5· A. B. Dumper No. 
cu. yd. 

003i9 cap. 4! 35,000 84s 1,400 555 

6. A. B. Dumper No. oog8o cap. 4i cu. yd. 35,000 1,822 3,000 1,178 

i· A. B. Dumper No. 00384 cap. 4! cu. yd. 35,000 2,012 ~.ooo g88 

s. Tourn.eau rocker E. 922 t 3 cap. 8 cu. 84>000 792: 2,200 1,4o8 yd. 

g. Toumeau rocker E. 2215 cap. 8 cu. yd. 84,000 2,200 1,816 

10. Tourneau rocker 2218 cap. 8 cu. yd. 84,000 

1 
I· ~lring dumper No. 3 I 533 cap. 6 cu. t6,6co 2,8oo 

AVERAGE= I 144 • 4 hn, 
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No. 6·2·1-contd. 

7 

Rs. 14/2{- per solid unit 

Rs. 20/14/· per solid unit 

Rs. 22/ts/- per solid unit 

Rs. 34/31- per solid unit 

Rs. 19/3/- per solid unit 

Rs. 77/ID/- per solid unit 

Rs. 54 per solid unit 

Rs. 63/6/- per solid unit 

Rs. 46/11· per solid unit 

Rs. 47/I/- per solid unit 

Rs. 58{10/- per soild unit 

Rs. 20 per solid unit 

APPEND I CEo;; 

8 9 IO 

Excavation in bor­
row pits in hard 
stiff black cotton 
soil and loading 
into dumpers. 

Rs. 23 per unit Machine is sick and 
sent to Headwork.> 
for repairs. 

Conveying loaded Rs. 57 per unit 
earth and dump-
ing on the bund 
with a lead of o to 
6 furlongs and a lift 
of 5 to 25 above 
G.L. 

Conveyance of excavated Rs. 57 
earth and dumping 
on the banks with an 
average lead of 6 fur-
longs and lift of s' to 
25' above G. L. · 

Do. Rs. 57 

Do. 

Conveyance of dum- Rs. 82/8/- per unit 
oed earth & depostt-
ing on the bank 
with a lead of one 
mile. 

Do. 

Do. 

Conveyance of 
dumped earth and 
depositing on the 
bank with a lead 
or 4 rurlongs. 

Do. 

Conveyance of 
dumped earth and 
depositing on the 
bank with a lead 
of 4 rurlongs. 

Conveyance or 
dumped earth and 
depositing on the 
bank with a lead 
or 0 to 7 furlongs. 

Rs. 82/B/- per 
unit. 

Rs. 82{8/- per 
unit. 

Rs. 57 per unit 

Rs. 57 

Rs. 57" per unit 

Rs. 82/8/- per 
unit 

Sick due to 
steering mo--
tor trouble. 

Rear axle bea· 
ring replace. 

Gear lever, 
knob repaired. 
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2 

IV. &raptrs 

I. D. \"{. Io Nd'. I tractor with scra~er 
attachment. 

2. D. \V. IO No. 2 tractor with scraper 
attachment. 

3· D. 7 Tractor 3T 13582 with to cu. yd. 
scraper attachment caterpillar No. 70. 

4:· H. D. tO \V. Allis Chalmer Tractor No. 
9643 with Blawknox Scraper 8 cu. yd. 

5· H. D. to \V. Allis Chalmer Tractor No. 
g644 v.;th 8 cu. yd. Onion Scraper at­
tached. 

3 

75,000 

841000 

84.000 

AVERAGE= IIS5·4 hrs. 

6. D.7 Tractor with Bull-Dozer • 35,000 

V. &ad&l/ers 

t. to ton AB. Roller No. lNG D. 209 31,000 

2. to ton A.B. Roller No. lNG D. 313 31,000 

AVERAGE:=g68 hrs. 
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STATEMENT 

4 5 6 

1,654 

3,Ioo 

t,Soo 713 

I,IOO 

2,200 

6g2 1,200 



No. 6·2·1-contd. 

7 

Rs. sB/8/- per solid unit 

Rs. 36i7/- per solid unit 

Rs. g/s/- per solid unit 

Ro;. 37/8/- per solid unit 

Rs. t8/g/- per solid unit 

R s. 15 per unit 

Rs. to/8/- per solid unit 

Rs. 4/S/- per solid unit 

APPENDICES 

8 

Scraping earth in stiff 
clay and red earth 
and conveyance 
with a lead of IM 
¥ and d("})ositing 
on the bank in thin 
layers. 

Scraping earth in stiH:, 
clay & red earth 
and depositing on 
bank with a lead 
of!M. 

'Scraping earth in 
S. B. C. & gravel 
& conveying with 
a lead of 3 F. & 
depositing on 
banks in thin la­
yers. 

9 

About Rs. 120 

to 140 if done 
by manual la­
bour & carts. 

About R,. 120 
to 140 if done 
by manual la­
bour and carts. 

Rs. 73 per unit. 

10 

The machine was 
lying sick. 

Scraping earth in Rs. ·73/4/· per Machine is sick. 
hard gravel and unit 
conveying with 
lead of 1! to 2 F. 
and depositing on 
the banks in thin 
layers. 

Scraping earth in 
S. B. C. and bard 
red earth and con­
veying with a lead 
of 3 to 6 furlongs 
and depositing on 
banks in thin Ia-
yers. 

Rs. 73/4/- per 
unit. 

Bulldozing and de- Rs. 48 per unit. 
positing on banks 
with a lead of aver-
age t l furlongs in 
S. B. C. 

Rolling the earth Rs. 16 per unit. 
spread in layers. 

Do. Rs. t6 per unit. 

Sick, repairs to steer­
ing and dutchl etc. 
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STATEMENT 

2 3 4 5 6 

VJ. Air Compressors 

1. 500 cu. ft. Compressor (new) so,ooo 170 '4 

2. 21 o cu. ft. Compressor 33,000 888 2,000 I,II2 

t,os8 2,184 

AVERAGE=529 hrs. 

VII. Sto~ Crushtrs 

I. Petrol Crusher No. E/M 8gog s,ooo 1,476 4,6oo g,I24 

2. Diesel Crusher No. 3736D • s,ooo 
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No. 6·2·1-concld. 

7 

Rs. I 1 jl/- pet= hour ~ 

Rs. 4/3/- per hour 

Rs. 13/4/- per unit 

Rs. Il/12/-perunit • 

APPENDICEi 

8 

Used for drilling 
operations for tun­
nel works. 

Used for vibrating 
concrete and 
foundation and ex­
cavatiOn in rocks 
etc. 

9 

No information 
is available. 

Do. 

Crushing 4• to 6... Rs. 45 per unit. 
rubble into metal 
size 1! ... to 2 ... and 
below~-

Do. Rs. 45 per unit. 

10 

Complete details are 
not available re­
garding hours of 
work. 
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Type of equipment 

I. Excavating machi­
nery. 

II. Scrapers Motorised 

STATEMENT 

T. B. P. 

Data for Cost Estimating­

(Cost per 

Make, model Fuel gallons per 
and size operating hour and 

issue rate for fuel 

2 

(a) Lima Model 
1201 Excavator 
No.5245. 

(b) ~!arion Excavator 
with caterpillar D. 
17,000 Engine, 
Type 93-M Exca­
vator No. g675. 

(ci P. & H. 655-B Ex­
cavator 13152. 

D.\\'. ro Tractor 
with No. 10 Scraper 
Combination+ D. 6 
Pusher 1/2 No. 

3 

H. S.D. Oil3.5 Gal­
lons @ Rs. I /Sf­
per Gal.=Rs. 5/4/-. 

H.S.D. Oil2.4 Gals. 
@ Rs. I/8/- Gallon= 
3/IO/·. 

H.S.D. Oil 2! Gal­
lons @ Rs. 1/8/­
per Gal.=31I2/-· 

H.S.D. Oil 3! Gal­
lons @ Rs. I/8/­
per Gal.= 4/14/· 
I! Gal. H. S. D. 
Oil per hour= 
Rs. 2/8/- for ! No. 
I/4/· 

Oil, grease Operator 
and \'l•aste wages 
including per ope-
servicing rating 

labour hour 
peroperat-
ing hour 
(Rs.) (Rs.) 

4 5 

2 9 0 I q. 0 

I 0 0 0 II 6 

2 6 6 6 0 

2 12 0 I 4 0 

0 14 0 0 10 0 

III. Tractors 
Type). 

(Crawler (a) D. 7 Tractor with H.S.D. Oil2.2 Gal­
lons /hr. @ Rs. 
I/8/- p"< Gal.= 
Rs. 3/s/--

IV. Transporting or 
hauling machin­
ery 

300 

Dozing Attach-
m~ts. 

(b) D.7 Tractor with 
Scraper attach-
ment. 

(a) Caterpillar D. W. 
to Tractor with 
No. to Wagon S.gf 
14 cu. yd. 
capacity. 

H.S.D.Oil2i Gallons 
hr. @ Rs. r {Sf- per 
Gal. =4/2/--

2 Gal. H.S.D. Oil 
fhr. @ Rs. I/8/­
per Gal.= Rs. 
3/-/-

0 14 0 

I 9 0 

I 4 0 

I 4 0 

I 4 0 

3 2 0 



APPENDICES 

No. 6·2·2 

CANALS 

of Machinery (Actuals) 

operating Hour) 

Auxiliary Repair Tyres, Sundries Total 
personnel pans tubes & and Misc. cost per Remarks 
(•.vages (Spare Parts flaps (Cost per Ope· operating 

per operat· Cost per (Cost per rating hour) hour 
ing hour) operating operating 

hour) hour) 

(Rs.) (Rs.) (Rs.) (Rs.) (Rs.) 

6 7 8 9 10 II 

I 0 0 0 8 0 0 I 0 II 4 0 

0 5 0 0 I 0 0 0 6 5 12 0 

I 0 0 5 0 0 0 6 8 15 0 

I 9 0 0 8 0 3 9 0 0 0 I . 9 

0 4 0 0 4 0 3 4 0 

0 10 0 I 3 0 7 4 0 

0 8 0 0 0 0 0 14 0 0 I 0 9 0 0 

I 3 0 1 14 0 0 3 0 II 8 0 
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STATEME.NT 

• 3 5 

(b) Euc];d Bottom H. S.D. Oil @ !.5 
Dumps 25 F.D.D./ Gal. @ Rs. 1/8/-
58-W. 13/I4•CU. per Gal.=Rs. 0 7 0 I 5 0 
yd. capacity. 

.,..,, __ 

(c) Euclid Rear H.S.D. Oil 1. 7 Gal. 
Dump 9·7'"·4 /hr.@ Rs. 1/8/-
cu. yd. capacity Mo-- per Gal. = Rs. 
del B-5 F.D. •191- . 0 8 0 I 9 0 

(d) Tourna Rocker 7 H. S.D. Oil 1. 7 Gal-
cu. yd. 9 Tons G. Ions @ Rs. 1/8/-
M 8 T.D. Roadster per Gal.= Rs. 
E.g Rocker. •191- . 0 9 6 I 5 6 

(e) A.B. 4! cu. yd. H. S.D. Oil 0.4 Gal. 
Shuttle Dumpers /hr. @ Rs. 1/8/- = 
with 4 A.J. Dor· Re. -,'9/6 0 I 6 0 10 6 
man Diesel Engine. 

(j) Balmer Lawrie H. S.D. Oil 0.5 Gal. 
Dumpers Type BD /hr. @ Rs. 1/8/-
DA. with perkins =Re. -/12/- ., 0 13 0 0 II 6 
Diesel Engme. 
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APPENDICES 

No 6·2·2-contd. 

6 7 8 9 10 II 

0 5 0 0 9 0 I I2 0 0 2 0 6 12 0-

0 7 0 0 4 0 I 12 0 0 0 7 2 0 

0 8 0 0 7 0 2 0 0 0 0 7 8 0 

0 12 0 0 6 6 8 0 0 2 0 4 2 0 

7 0 5 0 0 8 0 0 0 6 10 4 0 
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Type of Equipment Make, model 
and size 

2 

D. 7 Tractor Bull-Dozer (a) Caterpillar Ameri­
can Car Foundry 
Co., Diesel Run 
petrol Starter. 

Lima G. M. Engine 
Diesel. 

Ko<hring Dumper G. 
M. Engine D esel 
Driven 4 Cylinders so 
H.P. 

Muir Hi11 Dumper, pe­
trol Driven 30 H. P. 
Bucket 50 Cu. ft. 
Fordson Engine. 

304 

(b) Massey Harris 4 
wheeled Tractor 
Perkins Diesel. 

Model No. gossC 
Built by Lima Lo­
comotive Works 
Engine Shovel and 
Crane Division 62 
H. P. Capacity of 
Bucket 3/4 cu. yd. 

U. S. A. Model 471 
R.C.34. 

30H.P. 

STATEMENT 

Data for Cost Estimating 

(Cost per 

MYSORE/ 

•;HEAD 

Fuel gallons per ope­
rating hour and issue 

rate for fuel 

(Rs.) 

3 

2-14-o !4o (Gallons 
H. S.D. Oil@ 
1-7-o per gallon 
and 4 gallons pe­
trol @ Rs. 3-2-o 
- Rs. 1220 for 426 
hours. i.e., 2 gals. 
H.S.D. oil per 
hour.) 

2-14-o (H. S. D.oil, "4 
miles per gal. and 
8 M.P. H.@ Rs. 
1 -7--o per gallon.) 

2-2-o (H. S.D. oil@ 
t-ll-o per gaL 200 

gallons for 140 hri. 
i.e., 1 ·4 gals/hour.) 

1-13-o (o.g gal. per 
hour @ 1-7-o per 
Gallon H. S. D. 
Oil t-5-o COil @ 
7-8-o per gal. 13 
gals. for 197 hours 
= o-7-11/hour = 
1-5-o + 0-7-11 = 
1-12-11 or Rs. 
1-tg-o.) 

2-4-o (Petrol @ 3-2-o 
per gal on 1o6-1/2 
gallonsfor q.B-1/2 
hrs. = 332-12-10 
for 148-1/2 hours 
= 2-4-o per hour 
i.e., 0.7 gal. 
hours.) 

Oil grease 
and waste 
including 
servicing 

labour 
per ope­
rating 
hour 

(Rs.) 

4 

0 10 0 

0 6 3 

0 7 0 

0 8 0 

0 4 6 

Operator 
wages per 
operating 

hour 

(Rs.) 

5 

I 0 0 

0 7 3 

I 10 0 

0 14 0 

0 15 6 



No. 6·2·2-co.1c/d. 

of Machinery (Actuafs) 

Operating Hour) 

ANDHRA SIDE 

WORKS" 

Au.xiliary 
personnel 
wages per 
.operating 

hour 

(Rs.) 

6 

0 4 0 

0 6 0 

0 7 0 

o R o 

<> 7 0 

Repair 
parts 
Spare 

parts (Cost 
per oprea­
ting hour) 

(Rs.) 

7 

4 5 0 

0 4 0 

3 4 0 

0 6 0 

0 12 0 

Tyre>, 
tubes & 

flaps 
(Cost per 

operating 
hour} 

APPENDICES 

Sundries 
and misc­
ellaneous 
(Cost per 
operating 

hour) 

Total cost 
per opera~ 
ting hour Remarks 

(Rs.) (Rs.) (Rs.) 
8 ·------~-9------~,-0~-----------,-,------

0 8 0 9 9 0 

0 13 4 0 2 5 4 0 

0 8 0 8 6 0 

2 0 0 0 8 0 6 9 0 

8 0 0 7 0 6 IO 0 
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Type of Equipment 

2 

Excavators 

Scrapers 

STATEMENT 

MYSORE 

Tungabhadra Project-Percentage Utilisation of 

Num- Make, :Model and Size 
her.; 

3 4 

Lima 1201 Type Excavator 
No. 5244 

Lima 1201 Type Excavator 
No. 5245. 

Marion Excavator Type 
93-:M (with boom length 
So/) No. 8975. 

Marion Excavator Type 
'Yoith boom length 70/, 
No. 9675. 

P. & H. Excavator Model 
655B No. 13151. 

P. & H. Excavator Model 
655B No. 13152. 

P. & H. Excavator Model 
255A No. 12108. 

P. & H. Excavator Model 
No. 121o6. 

D. W. 10 Tractor with No. 
to Scraper combination 
Motmised I. v. I 139• 

J.V. 1294 

J..L.tourneau Scraper 8 cu. ;vd. 
L. S . .J. 
L. S.J. 
L. S.J. 
Onion Scraper 8 cu. yd. Modtl 

E.K.g. 
(i) 
(ii) 

Calerpilku Scraptr 8 cu. yd. 

Model No. 70 

Life period in terms 
of working hrs. ado-­
pted for caloJlating 

depreciation 

5 

18,ooo 

18,ooo 

18,ooo 

t8,ooo 

10,000 

10,000 

12,000 

12,000 

24,000 
24,000 
24,000 

24,000 
24,000 

24,000 



No. 6·2·3 

ANDHRA SIDE 

.Equipment-"CANALS'' 

Theoretical working 
hrs. for plant that could 

have been possible 
up to 30-4-1953 

6 

?,200 

1,200 

7,6oo 

to,Soo 

7,8oo 

6,ooo 

21-1. C. W. & P. C. 57. 

APPENDICES 

Actual working 
hrs. put in up to 

3o-4-1953 nearest to 
too working hours. 

Remarks explaining difference between 
actual working hours (col. 6) and Maxi­
mum possible working hours 

(col. 5) 

7 

4,700 
(from log .books) 

4,000 
(from log books) 

2,500 
(from hour meter) 

950 

2,goo 

2,700 

3,6oo 
(from hour meter) 

3,400 
(from hour meter) 

g,200 } 
2,8oo 

6,ooo 

8 

Machine could not do full work due to 
slushy condition of ground, snapping Q[ 
bucket and boom ropes propel chain and 
decarbonizing and repairs to jackshaft. 

Engine went out of order in the initial 
stages during trial run by firm's represen­
tative, due to damage to radiator and buffer 
spring in the shovel boom, snapping of 
propel chains and due to shifting from 
place to place. 

Slushy conditions, Engine trouble, idle 
for want of dumptors, winch trouble and 
du~ to intermittent work as a crane. 

Main Clutch bearing failed. 

Time lost in transit due to shifting from 
place to place. 

Damage to boom and front end due to 
accident. 

Sick for a long time for want of spares. 

Do. 

Repairs to bowl-no pushing unit for a long­
time-hard soils-want of tyres. 

Hard soils-want of tyres and piston and 
Engine replacements. 

For want of continuous work and tractors. 
not being readily available and periodical 
slushy condition of soil due to rains. 

Non-availability of Tyres. 

Failure of shroud bearing, n<•n-availability of 
blades. 

307 



REPORT OF CONSTRUCTION PLANT AND MACHINERY CO:MMITTEE 

1 • 3 

Ill Tractors (.A. Crawler Type) 

Tractors (B. Wheel Type) 

303 

STATEMENT 

4 5 

D. 7· Tractor w£th dozing attach-
ment j~M 7181 S.P. 10,000 

3-T. 8515 10;000 

3-T. 7961 10:000 

3-T. 13582 10looo 

3-T. 13583 10.000 

g-T. 13584 10,000 

3-T. 13585 10,000 

3-T. 13586 10,000 

. :J~T. 1 3587 10,000 

D. 1- Tr~tor without dozing all4chmmt. 

3-T. 18427 

3-T. 20034 

3-T. oo8gg 

D. 8 Tract"' S. No. 8 R. 

g8o2 

10,000 

10,000 

10,000 

10,000 

xo,ooo 

D. 6. Tractor with dozing attachment. 

8. U. 28go 

8. U. o8gg 

David Brown Crop Master. 

No. 13754 

McCormick Troctur W.D.g. 

M.D.B. "34 

M.D.B. 1oo6 

1o,ooo 

xo,ooo 

1o,ooo 

10,000 



No. 6·2<!-contd. 

6 

101000 

to,ooo 

to,ooo 

s,ooo 

s,ooo 

5,000 

goo 

1,100 

300 

t,Boo 

6,8oo 

6,ooo 

7,6oo 

7,6oo 

APPENDICES 

7 

s,soo 
(from hour meter) 

g,IOO 
(from hour meter) 

4,8oo 
(from hour meter) 

s,goo 
(from hour meter) 

4,100 
(from hour meter) 

g,goo 
(from hour meter) 

4,100 
(from hour meter) 

4,000 
(from hour meter) 

4,700 
(from hour meter) 

2,000 
(from hour meter) 

goo 
(from hour meter) 

1,100 
(from hour meter) 

300 
(from hour meter) 

I,too 
(from hour meter) 

2,400 
(from hour meter) 

s,Boo 
(from hour meter) 

11100 
(from hour meter) 

::~,ooo 

(from log books) 

s,ooo 
(from log books) 

8 

Due to greater attention required machine 
being old. 

Due to work in sandy reaches sprockets 
and track pins and bushes worn out rapidly 
and they could not be readily replaced. 

Sick for a long time for want of tracks. 

Time lost in servicing and minor repairs. 

Do. 

De. 

Do. 

Do. 

Do. 

Excess is due to working in twc. shifts. 

Do. 

Do. 

Idle for want of P.C.U. and draw bar bracket. 

No regular work-Old winch requires 
constant repairs~ozing attachment receiv­
ed late-worked only for hauling sheeps­
foot roller. 

Worked as a pusher for nvo motorised scraper.~, 
pushing attachment has to be improvised. 

No regular work. Worked as scarifier when~ 
ever required. 

Being a hauling unit used only whenever 
required. 

Do. 
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2 

Transporting or Hauling 
M~cbincry. 

3 4 

Caterpillar D.\\'.roTractor 
with No .. 10 "\\'agon 8.gfi4 
cu. yd. capacity. 

r.v. 1450 

I.V. 1451 

I.V. 1456 

I.V. 162i 

D.\'\·.10 Tractor with \\"agon 
I No. 2186. 

Euclid Bottom Dumps 25 
F.D.T. 13/14 cu. yd. 58 
W 6018. 

ss w. 6o1 9 

Euclid Rear Dump g. if 
II ·4 Model B. 5 F.D. 

T ourna Rocker 7 cu. yd. 
G. M. 8 T. D. Roadster 
E.g Rocker. 

T.R. 2214E. 9 

T.R. 2215E. 9 

T. R. 2216E. 9 

T.R. 2217E. 9 

T.R. 2218E. 9 

Avf'!ing Barford 4} cu. "yd. 
Shuttle. I Dumpers with 4 
A. J. Dorman Diesel 
Engine. 

S.A. 00379 

o~8o 

STATEMENT 

5 

10,000 

ro,ooo 

ro,ooo 

10,000 

12,000 

12,000 

12,000 

ro,ooo 

ro,ooo 

101000 

ro,ooo 

ro,ooo 

Io,ooo 

10,000 



No. 6·2·3-contd. 

6 

6oo 

s,ooo 

-s,Boo 

s,ooo 

_s,ooo 

5,000 

5,000 

4,200 

to,ooo 

Jo,ooo 

APPENDICES 

7 

1,200 
(from hour meter 

reading) 

2,000 
(from hour meter 

reading) 

2,700 
(from hour meter 

reading) 

4,100 
(from hour meter 

reading) 

300 
(from hour meter 

reading) 

g,goo 
(from log books) 

s,soo . 
(from log books) 

s,Soo 
(from log books) 

t,goo 
(from log books) 

2,100 

2,200 

2,6oo 

3,200 

6,goo 

8 

Initial stae;es-Idle for want of work. Idle 
for want of tyres and replacement of 
pistons. 

For want of work in initial stages. Idle for 
want of steering seal and pistons. 

Do. 

Idle for want of replacement of piston. 

Being old, gave constant trouble (Steering 
column seal, brake system). 

Time lost in servicing, replacement of 
clutch bearings, injector. 

No major repairs-wcrked extra hours for 
urgent works. 

Do. 

Constant electrical and clutch troubles. 

Do. 

Do. 

Do. 

Do. 

Idle for want of tyres, injectors. Constant 
breajcing of clutch bolts. 

Do. 
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2 3 

00381 

oosl4 
00385 

00407 

004o8 

Balmer Lawrie Dumpers 
Type B.L.D.A. with 
Perkins Diesel Engine 

(t) 1003 

(2) '004 

STATEMENT 

5 

ro,ooo 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 



No. 6·2·3-contd. 

6 

10,000 

10,~)00 

10,000 

to,ooo 

JO,OOO 

to,ooo 

10,000 

2,200 

2,200 

APPENDICES 

7 

7,000 

6,soo 

7,400 

6,400 

7,'.1.00 

4,900 

5,200 

250 .} 

280 

8 

Idle for want of tyres, injectors. 
breaking of clutch bolts. 

Constant 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Premature failure of transmission housing 
and engine front support brackets. 
Non-availability of spares. 
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STATEMENT 

MYSORE/ 

Tungabhadra Project Headworks-

Life period in 

Type -of Equipment Numbers Make, Model 
:~nd Size 

tenns of working 
hours adopted for 

calculating deptecia­
tion 

• 3 

Shovels 

Tractors • 

Dumpers It 

4 

Lima Shovel Cum Drag­
line. 

(a) D. 7· Caterpillar Tractor 
with bulldozing attachment. 

(b) Massey Harris 744 D 
Perkins Diesel. 

(a) Koehring & Cc. fitted 
with 4 Cycle Engine 50 
I. H. C.=4 Nos. 

(b) Muir Hill 30 H. 
Petrol driven=? Nos. 

P. 

5 

10,000 

I"o,ooo 

10,000 
(each) 

10,000 
(each) 



APPENDICES 

No. 6·2·3-contd. 

ANDHRA SIDE 

.Percentage Utilisation of Equipment 

Theoretical working 
hours for plant that 

could have been 
poiSible up to 

30-6-1953 

6 

8,400 

5,200 

8,6oo 
(each) 

7,8oo 
(each) 

Actual working 
hours put in up 

to 3o-6-1953 nearest 
to 100 working 

hours 

7 

6,6oo 

3,500 

7,6oo 
(each) 

4,200 
\each) 

Head works 

Remarks explaining difference between 
actual working hours (col. 6) and maxi­

mum possible working hours (col. 5) 

8 

The difference was mainly due to the conver· 
sian of the old unserviceable petrol 
engine to diesel engine during II/51 and 
2/52 and also due to breakdown now 
and then. . 

The machinery has been ccmpletely re­
conditioned during the idle hours. Idle 
due to repairs. 

The machines were idle for servicing and 
repairs. 

Do. 
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ds t; 
Sl. Type of ::0 ·;! ·8 
l'\lo, Equipment~ .S Q:: 

0-5 u 
·~ .c 
'~ -

Make nnd Modl'l or Si.,e 
Nos. in each 

• 
J, Motor 

Scraper 
7 L.-.plnnt Choate Motor 

Scl'npcr 15 to 17'5 cu. 
yds. cnpncity with Ducln 
Super Chnrgcdj iDi(•scl 
Engine. 

8 Super "C" Toumnpulls of 
12/15 cu, yds. capacity 
with cummins Diesel 
Engines. 

Model "Cn Tournnpull 
Rnndstcr C. 12 to 15 cu. 
yds. capacity with cum­
mins Engines. 

Model 1'D" Tournnpull 
Scraper 5 to 8 ell. yds. 
with cummins Diesel 
Engine. 

STATEMENT No. 6·2·4 

Tungabhadra Project Hydrabnd 

Capitol £qulpment and II• Utilisation 

Month & Year 
of Purclm"c 

Month & Year 
hnt put into ope­

ration 

Totn1 Purchase 
l,ricc 

\Vht~thC'r ac­
quired new or 
from disposal 

Ordered through 

··--------------
5 

january 1949 

1949 

These machines arc 
transferred from 
GNCP. Knddam 
& information and 
History 3heets nrc 
being awaited. 

J .. "C" Roadster 
r "D" Rondst('r 
1-LPC. Scraper. 

6 

3 Nos. Scp. '•19 

3 No.•. Aug. '49 

7 

Approximate 
One @ r ,oo,ooo 

(approximate) 
One on loan from 

GNCP • 

. ·6 Nos. Put in com- 6 Nos. @ 1 ,5o,ono 
mission in 1951. O.S.t 

Not known. Jn .. 
formation await .. 
cd; working 
since January 
1953 in this 
project. 

B 

New 

Disposal 

t.i.' 9 

Supplied through 
Overseas Trad­
ing Company. 

Do. 

Rccci vcd from 
G.N.C. Pro­
ject in working 
condition. 

Do. 



•• Tractor Q 

Bull-Dozer 

Tractor 
Bull-Dozer 

3· Cranes 

4· Draglinc 

Caterpillar Tractor Company 
manufacture Tractor 
·Bulldozer of the following. 

D-4 Tractor • D-:-6 · Tractor • 
~7 TractOr • D-8 Tractor 3 
fi.ttcd into caterpillar En-
gmes. 

5 Letourneau Manufactured 
Super :'C" Tourpadozcr 
equipped with Rubber 
Tyrcs and Bulldozer 
Blades. 

4 Nos. equipped with Bqcta 
· Diesel Engine, '1 ' No. 
equipped viith General 
Motors Engine and Tor-
qUe Converter. 

• Caterpillar D-7. Tractor 
with Trackson Pipe 
Laycr 1attachmcni. 2 Nos. 
with "CAT" criginc." 

3 Super Jones Crane Fitted 
with .R'uston Engine a 
N9'· 

2 Dragline, Exc~vator, speed 
· Crane manufactured by 

Manitowac Draglinc Co. 
Equipped with Buda 
Diesel Engine. 

1915 
April 1947 
April 1947 
Feb. 1947 

3 Nos. Oct. 'so 
1 No. Nov. 'so 
1 No. May '52 

13·5-1952 

u-6-1952 

January 1948 

1. 8-10~46 
2. 8-J0-46 
3·, 8-!0-46 

1 • .Nov. '49 

5· Shovels 2 Bucyrus Erie Shovel with Aug. 1950 
clamshell attachments 
equipped with Chrysler 
Engine. 

April 
1945 
1949 

April 1949 
Feb. 1949 

Oct. 'so 
Nov. 'so 
May '52 

t3·S-t952 

II-6·1951 

1948 

20,977 (O.S ) 
2 Nos. @ 50,543 each 
2 Nos. @ 84,300 each 
3 Nos. @ g6,ooo each 

3·Nos. @ 
Rs. t,38,239 

October '46 94,367 for three 
Do. 
Do. 

Feb .. 1950. The sc~ 
cond machine is 2 Nos. @ 
being assembled. Rs. 2,18,260 each. 

Scp. 1950 J7,soo6 I,G. * 

Received from Overseas Trad­
P.W.D. Work- ing Company, 
shops Bombay . 

New 

New 

New 

New 

New 

New 

Disposa 

Mfs. William 
Jacks and 
Company Ltd. 

Do. 

Do. 

Unserviceable. 

Y. K. & L. 
Steel 1'omt~ 
erss Engineer~ 
ing Ltd. 

Mfs. Jari & Co., 
New Delhi. 

Central Stores 



.... -0> 

6: Dumpers 

7· Air Com­
pressors 

3 4 

30 Muir Hill Dumpers 3 cu. 
yds. capacity fitted with 
Fordson Petrol Engines. 

ll Consolidated Pneumatic 
Tool Co. Stationary type 
Air Compressors Oo H.P. 
Electric Motor through 
V. Belts-capacity s,ooo 
cu. ft. 

Stationary Air Compressors 
C.P.T. Make driVen by 
6o H.P. Electric Motor. 

g C.P.T. Portable Air Com­
pressors 315 cu. ft. capa­
city driven by Caterpillar 
Diesel Engine. 

Gardner Denver Portable 
Air Compressors 315 cu.ft. 
cApacity driven by Cater­
pillar Diesel Engine. 

9 C.P.T. Portable Type Air 
Compressors 210 cu. ft. 
capacity driven by Cater­
pillar Diesel Engine. 

1 JAEGER Portable Air 
Compressor 21 o cu. ft. 
capacity driven by Cater· 
pillar Diesel Engmc. 

• I.G.-India Govt. Currency. 
f O.S.-Osmania Currency. 

STATEMENT No, 6·1·9-contd, 

5 6 

One received during I 94 7 
the year 1947 (May) 

The second in the Dec. 1950 
year 1950 (Oct.) 

1947 1947 

January 1949 January 1949 

June 'so June 'so 

5 Nos. in March 1948 
4 Nos. in 1947 

January 1949 January 1949 

7 

3!Z,Boo I.G.• 

6,Boo I.G.• 

Rs. 46,ooo 0. S. t 

2 Nos. 24,500 
4 Nos. 22,500 
3 Nos. 23,500 

8 

Only eight mach~ 
ines have been 
on work from 
the beginning. 

New 

New 

New 

New 

Received from 
Manair Pro~ 
,icct as good as 
Dl'W, 

Received from 
Invcstigatio!l 
Circle as good 
as new. 

9 

Boydcll & Co., 
Manchester. 

"' "' ., 
0 
;j 
0 .., 
8 

I 



STATEMENT No. 6·2·5 

Data for Cost Estimating of Machinery 

Sl. Type of Equipment/ Make,' Fuel Oil, grease Operator Auxiliary Repair Tyrcs, Sundries & Total cost 
No. Model and Size gls. per & waste wages per personnel parts, tubes misccllanc· Dcprecia- Interest per operat-

operating including operating wages per spare parts, and flaps, ous, cost per tion mg hour 
hr. and servicing hour operating cost per cost per operating J.G. Rc. 
issue labours hour operating operating hour 
rates for operat- hour hour 
for fuel ing hour 

2 3 4 5 6 7 8 9 10 II 12 

I. Laplant Choate 8 3 0 2 14 0 0 9 0 2 4 0 4 II 9 7 10 0 • 3 3 6 9 7 6 3 3 6 42 2 3 
2. Tournapull 5 12 0 2 0 0 0 9 0 I 12 0 4 II 9 7 0 0 3 3 6 9 7 6 3 3 6 37 II 9 
3· Tournadozcr . 8 2 0 2 2 0 0 9 4 2 4 0 6 13 0 7 0 0 4 2 0 13 10 0 4 2 0 48 12 0 

-!· Dragline 8 5 0 2 14 0 0 10 0 2 12 0 10 4 6 5 3 0 10 4 6 5 2 3 45 7 3 
5· Motor grader 2 4 0 8 0 0 9 0 2 4 0 2 4 0 3 4 0 8 9 4 8 0 I 8 9 19 10 6 
6. Muirhill Dumper 2 2 0 8 0 0 7 0 0 8 6 0 5 5 0 10 0 0 4 0 0 10 10 0 4 0 6 II 9 
7· D--8 3 9 0 4 0 0 9 0 2 2' 0 4 2 0 2 0 6 4 2 0 2 0 19 13 6 
8. D---7 2 6 3 3 0 0 9 0 2 2 0 3 9 6 I 12 9 3 9 6 I 12 9 17 0 9 
9· D---6 2 0 2 0 0 9 0 2 2 0 3 I 3 I 9 0 3 3 8 9 15 2 3 

10. D-4 • • • • I 2 0 0 12 0 0 9 0 I 12 0 I q 0 0 12 6 9 0 0 12 6 8 14 0 
II. 310 cu. ft. Compressor PortahiC 3 6 0 4 0 0 9 0 I 0 0 2 4 0 9 2 4 0 I 2 0 12 14 9 
12. 210 cu. ft. Do. 2 4 0 2 0 0 9 0 0 15 0 6 0 0 II 0 6 0 0 II 0 9 0 0 

13· soo cu. ft. Stationary 6 4 0 0 10 0 0 9 0 0 13 6 I 15 0 0 15 0 15 0 0 1,5 6 14 1 0 
14· 21ocu.ft. Do. · 4 10 0 0 10 0 0 9 0 0 13 6 0 13 3 0 6 6 0 13 3 0 6 9 9 2 3 

----· 
NOTEs: 
( 1) The figures given under column 7 of this statement arc baSed on the Pmchase price of the machine less the value oft he original tyrc 

repairs and spares arc estimated as ·IO% of the average yearly investment. · 
(2) Column No. 7 : Under this column the extra cost that would be incurred towaios the heavy special repairs to be carried out to the machi~es 

t'fthc half of their estimated life period. In the case ofDragline, Track typC' Caterpillar, Bulldozers and Compressors whose life is taken as 10 years, repatrs 
have to be carrie:! out two times i.e., one after 5 years and the other after 7! years and each reconditioning will cost about 25% of the total investment 
towards the cost of the machine. 

(3) Column No. 8 : This figure is arrived at by dividing the total value of the tyre replacement by the estimated life of the tyre which under 
the existing working condition here is taken as 2,ooo working hours. 

(4) Column No. 10 : The hourly depreciation charge is the Book value of the machine les.<; th<' value of the original tyrcs divided by the entire 
t.>:) depredation period in hours. 
c,o (5) Column N11. Il : Interest at 5% on the Capital Cost. 

> 
"' "' "' z 
!2 
" 1:1 



Sl. 
No. 

I. 

Type of Equipnwnt/ Make, 
Modd nnd Size 

• 
. Laplant Choate 

2. Tournnpull • 
3· , Tournndozt·r . 
4· .Drnglinc g· Motor ~:m.dt'r 

. Muirhill Dumper 
7· D-8 
B. D-·7 
9· D----6 

10· D-4 . . . 
Jl, 310 cu. ft. Compressor Portable 
12. 210 cu. ft. Do. 
13· sao cu. ft. Do. 
14· Do. Stationary 

STATEMENT No. 6·2·5-contd. 

Data for Cost of Machinery (Actual) 

Fuel Oil, grease Operator 
gls. per & waste wages per 
operating including ojJcrating 
hr. & issue servicing wur 
rates for labours 

8 
5 
8 
8 
2 
2 

3 
2 
2 
I 

3 
2 
6 

4 

fuel for 

3 

3 0 
12 0 

• 0 

5 0 

4 0 
2 0 

9 0 
6 3 
I 0 
2 0 
6 0 

4 0 

4 0 
10 0 

operating 
hours 

4 

• 14 0 
2 0 0 
2 2 0 
2 14 0 

8 0 
8 0 

4 0 

3 0 
2 0 

0 12 0 

4 0 
I 2 0 
0 10 0 
0 10 0 

5 

0 9 
0 9 
0 9 
0 10 
0 9 
0 7 
0 9 
0 9 
0 9 
0 9 
0 9 
0 9 
0 9 
0 9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

Auxiliary Rt~pair parts Tyrcs, 
personnel spare parts, tubcH and 
wages pet· cost ~cr naps, cost 
opcratmg opcratUtg per opcrat-

hour hour mg hour 

6 7 H 

• 4 0 6 7 0 6 7 0 
I 12 0 6 7 0 6 7 0 
2 4 0 8 4 0 8 4 0 
2 12 0 10 4 0 
2 

~ 
0 3 I 0 3 I 3 

0 6 0 8 0 0 8 0 
2 2 0 4 2 0 
2 • 0 3 9 6 
2 2 0 3 3 
I 12 0 9 0 
I 0 0 2 4 0 
0 15 0 6 0 
0 13 6 I 15 0 
0 13 6 0 13 3 

Sundries & 
miscdlan- Dcprccia­
cous cost tion 
per opt-rat-
mg hour 

9 10 

12 14 0 
12 14 0 

16 8 0 
10 4 6 
6 2 6 
I 0 3 
4 2 0 

3 9 6 

3 I 3 
I 9 0 
2 4 0 

6 0 
I 15 0 
0 13 3 

Total cost 
Interest per opcrnt­

mg hour 

II 12 

3 3 6 42 14 0 

3 3 6 39 0 0 

4 2 0 51 0 0 

5 2 3 40 4 6 
I 8 9 19 10 6 
0 4 0 6 9 0 
2 0 17 13 c 
I 12 9 15 13 0 

8 9 13 7 0 

0 12 6 7 15 0 
2 0 II 13 0 

0 II 0 8 5 0 
0 15 6 13 0 
0 6 9 8 II 6 

---N~o=T~ES~,~------------------------------------------------------------------------------------------------------
(1) Column Nn. 7 : Repair parts and spare parts cost per operating hour in this case is 10% of the average yearly investment. 
(2) Colum11 No. 8: In this case also the tyre replacement and repairs cost is taken as 10% of the average yearly investment, 
(3) Column· No. to : The hourly depreciation in this case is calculated on the Dook value of the entire machine without deducting the value of 

original tyrcs. 
(4) Column No. 11 : Interest on Capital at 5%· 



APPENDICES 

APPENDIX 6·3 

Gangapur Project (Bombay State) 

This is an earthen dam being constructed across the river Godavari, 8 
miles to the west of Nasik. The total quantity of earthwork involved is 158 
m. cu. ft. of which 10 m. cu. ft. was excavation for foundation above water 
table and 2·3 m. cu. ft. below water table. The dam was estimated as per 
1948 project to cost Rs. 2 · 35 crores. The 1953 Revised Pioject amounts to 
Rs. 2·5 crores. The increase in the cost is due to the increase in prices conse~ 
quent to the devaluation and the Korean War; there is no increase in the 
scope of the project. 

The estimated provision for the main sub-heads according to the 1953 
Project Estimate provision is as under : 

(a) Preliminary expenses 
(b) Lands • 
(c) Works 
(d) Buildings 
( o) Miscellanccus 
(p) Maintenance 
(v) Special T. & P. 

Deduct receipts and recoveries 

Add overhead charges (Actuals) . 

TOTAL 

BALANCE 

TOTAL 

Say 

Add Special T. & P. earth-moving equipment . 
Deduct depreciation of Special T. & P. earth-moving 

equipment used on work 

Deduct anticipated salvage value 

GRAND ToTAL 

Rs. (lakhs) 
o.62 

20-50 
178.22 

12.25 
3·62 
3·55 
li ·71 

223·47 

33·09 

26.6g 

250-00 

The project is managed by an Executive Engineer responsible to a Superin­
tending Engineer and Chief Engineer. The p~oject organisation and the pay 
scales are given in Statement Nos. 6.3.1 & lA respectively. 

The project and the working drawings are prepared in the office of the 
Executive Engineer. Post-audit system of accounts is maintained with three 
Divisional Acountants. Normal P. W. D. account procedures are followed. 

*It is understood that the Government has instructed that this figure should be revised to 
-normal pro rata charges in the State which is nearly 30.5%. 
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The work is done in two shifts, from 5 A. M. to 1.30 P. M. and 1.30 P.M. to 
10 P~t. A third shiit from 10 P.M. to 5 _A.M. does the maintenance of machines. 
During bot weather~ the operation also is carried out for three shifts. 

Earthwork is closed for 58 days on average due to rains; only Sundays. 
are observed as non-working days. The average weighted lift and lead were 
as under: 

J.fatnials 

Pervious and impen.ious fills. 

uad 
4,000 ft. approx. 

Lift 
45 ft. approx. 

The entire work is being executed by earth~moving machinery, except 
about 10 per cent of rock excavation for foundation. The rock blankets is done 
entirely by manual labour. 

The estimates are based on the rates analysed on the basis of cost of 
owing and operating the equipment. The list of equipment is given in State­
ment Nos. 6.3.2 & 2.A. 

The machinery cost account is maintained in sub-groups of equipment 
comprising the following: 

1. Scrapers-17 Nos.- A all of the same make. 
2. Tourna Trailers and Excavators-The cost is maintained co~jointly for 

6 Tourna Trailers, 3 Excavators and 3 Euclid Dumpers. 
3. Tr~ctors-The cost i:; maintained in a group comPrising D-7 and D-8 

tractors, TD. 24, and 2 Nos. Tourna Dozers. 
4. Air Compressors. ·comprising of 315, 210, 105 cfm. compressors. 

The cost of individual sub-groups is, therefore, not specific except for the 
sub-group of scrapers. The figures given by the project for the estimated and 
actual cost of operatmg the equipment are given in Statement Nos. 6.3.3 & 

3.A. 

The equipment is purchased under Spl.T. & P. earth-moving machinery 
which is operated as 'Capital Cost Suspense Account'. Depreciation is charged 
depending upon the plant hour utilisation at the rates mentioned in Statement 
:-<o. 6.3.2. 

Plant ·hour is defined as the effective hours recorded on meters where 
these are working. Where there are no meters, effec,ive hours are based on 
the work ·done during the gross working hours taking the load factor into 
consideration. 

The accounts for running and major repair costs of the equipment are 
also uperated as suspense accounts. The cost of plant hour is charged to the 
~-ork concerned through transfer entry orders every month. 

The daily plant hours -of various equipment are distributed to civil 
items of the estimate. At the end of a month, plant hour debits are raised 
to various civil items through a form given as Statement No. 6.3.4. 

Decimal classification system of account numbers is maintained both for 
civil items as well as fur machinery accounts. All "Distributive" accounts are 
designated by a prefix S. to distinguish them for final charges. A specimen 
of account numbers is given in Statement No. 6.3.5. 

About 85% of the total quantity of work was completed when we visited 
the project. 
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The impervious fill is made up of plastic clay having a borrow pit dry· 
density of 75 to 35 lbs. per eft. and varying in moisture from 17 to 27 per 
cent. In the. fill the d~y density varies from 100 to 116 lbs. per eft. with 
optimum mmsture varying from 15 to 22%+ -2%. The previous fill is made 
up of disJntegra_ted basalt varying from big boulder to fine soil. The borrow pit 
dry dens1ty var1es from 110 to 117 lbs. per eft. and is rolled to a dry density 
of 120 to 140 lbs. per eft. The natural moisture varies from 2 to 14%. The 
bank is rolled at optimum moisture varying from 10 to 14o/o. 

Both the soils are very hard and have to be rooted repeatedly before load· 
ing with scrapers. 

The rate structure is· complete as far as the ownership and operating 
cost of equipment are concerned. A large number of distributive accounts is 
maintained to transfer the cost"of all ancilliary services- to earthwork. These 
include haul roads, flooci. lighting, workcharged and supervisory staff, trans· 
port of supervisory staff, running the laboratory, running charges for watering 
etc. The rate, however, does not include the cost of installing the water supply 
scheme for the fill, the labour hutments and amenities, preliminary investiga­
tions, maintenance of construction town, etc. 

The rates of earthwork provided for in the revised estimate (based on 
the acttlals up to June 1952) are given in Statement No. 6.3.6. 

The actual cost of earthwork based on data up to June 1953 is giv~n 
in Statement Nos. 6.3.7 and 7.A. 

The lead and lift obtained during the period 1-4-53 to 20-10-53 is given in 
Statement No. 6.3,8. 

The items of component costs included in the rates are indicated in para 
14·20. 

Besides the earth·moving equipment listed in the Statement No. 6.3.2., 
the following Spl. T. & P. (charged) is purchased, the cost thereof is not trans­
ferred to rates. 

Items 

(a) Prime movers 

(b) Pumping equipment 

(c) Light vehicles 

(d) Construction plant (minor) 

(e) Hoisting "'J.d lifting equipment 

(f) Compressed air equipment 

(g) Forced grouting etc. 

(h) Workshop machinery 

(i) Garage equipment . 

(j) Maehineshop erection 

(k) El. installation 

(I) Establishing Soil Mechanic l.ab. 

(m) Minor tools . 

22-1 C. W. & P. C./57. 

TOTAL 

Cost in 
Rs. lakhs 

1"')1 

1·26 

s·B5 
o•7o 

o·2s 

0"51 

o·67 

o-94 

o•25 

0"20 

o·so 

o·6o 

o·s6 -----
I I "04 
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Staff 
The organisation looking after the operation, maintenance and repairs 

is given in Statement No. 6.3.9. The mechanical. side of heavy equipment is 
headed by a Plant Engineer. The operators are generally maintained per 
machine per shifL 

Stores 
The requisitions for materials are originated at the level of foremen or 

overseers. They are checked by the Plant Engineer or the S.D.O. regarding 
the necessity. A contact is made with the store to find out whether the material 
is -available in stock. If not, an indent is sent to the Executive Engineer for 
procurement. In some cases, the S.D.O. in charge of stores calls for quotations 
and submits them for approval of Executive Engineer and passing purchase 
orders. For materials of technical specifications, the Plant Engineer calls for 
quotations directly and submits the papers for issuing a ·purchase order to the 
E.xecutive Engineei-. The Executive Engineer has a purchase branch in the 
stores branch to deal with purchase orders. 

Materials and spare parts are procured through one of the four channels 
stated below: 

(1) D. G. S. & D.-Free use is made of the rate contracts fixed by the 
b. G. S. & D. where the Executive Engineer is nominated as direct 
demanding officer, e.g., P. 0. L. 

(2) Director of Industries has fixed up rate contracts with firms whose 
equipment is working at the dam for supply of spare parts. These are 
operated upon directly. In addition, the Director of Industries 
handles individual orders of large magnitude when urgent delivery 
is not required~ 

(3) Petty Supply ContTacts.-These are fixed directly by the Executive 
Engineer for supply of hardware and automobil-e spare parts locally 
available. 

(4) For items not covered by the above, the Executive Engineer bas 
powers of purchase amounting to Rs. 20,000 for spare parts and 
Rs. 25,000 for other materials per month. In addition, spare parts 
worth Rs. 30,000 Pe>: month can be purchased with the prior 
~pproval of the Superintending Engineer. 

The timE! required by the Store Purchase Officer (Director of Industries. 
Bombay) to process the order is, on an average, 2! months. Materials required 
within about 3 months are handled under the local pUrchase powers of the 
Executive Engineer. 

It has been possible to keep the machines supplied with spares and 
materials ancl reduce the sickness on account of the powers given for local 
purchase.. 

The Store is divided into two parts: (i) spare parts ,and (ii) other materials. 
The account of spare parts is maintained on (a) Card Index system for execu­
tive control, and (b) on Ledger for numerica). and cost accounts .. The account 
of other materials is maintained on ledger both for executive control as weH 
as for accounts. The spare parts are classified under minimum and maximum 
balances. Items of usual requirements of materials are classified to indicate 
minimum balances for re-order. 
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Purchase orders are issued within a week of the receipt of the requisition 
from the officers concerned where they can be placed against rate contracts. 
Items requiring quotations take about a month. 

The materials received are first taken to stock. The account is maintained 
under ordinary system of stock maintenance in P. W. D. 

The store is classified into the following sections :­
(!) Automobile spare parts. 
(2) General T. & P. 
(3) Disposal materials. 
( 4) Spare parts of earth-moving machinery. 
(5) Hardware (Minor). 
(6) Construction materials, e.g., cement, steel. 
(7) P. 0. L. 

The store has one S. D. 0. and 5 Overseers. They maintain about 200 ledger 
books and handle about 2,000 indents per month. 

The materials are issued only as and when required: no store is main­
tained by other S.D.Os. The st~re also handles all T. & P. accounts of all 
the officers at the dam. 

The account of the spare parts and materi8.ls is maintained by "Store 
accounts No." system of indentifying materials. This has helped quick and 
accurate accounting of a large number of items. 

The· overhead charge of Re. 0-0-6 per rupee is levied to cover the hand­
ling and storage charges. 

The value of the spare parts and other materials, which did not move 
for one year, is as under: 

1. Automobile spares • 

2. Spares of earth-moving machinery 

3· Hardware, metal and pipes 

4· P. 0. L. 

TOTAL 

3,03,000 

2,6g,100 

r,6oo 

6,Io,ooo 

The value of the stock on hand is Rs. 19 lakhs of which spares is worth 
Rs. 11 lakhs. 

The Division also acts as a custodian of the spare parts Centrally held 
for tractors and other equipment operating on the 4 major projects in the 
State. A separate sub-division looks after the receipt, issue and custody -of the 
spare parts. The value of these spares held is about Rs. 7 lakhs. 

325 



326 

REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITTEE 

STATEMENT No. 6·3·1 

Organisation of Gangapur Project 

Not Printed. 
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STATEMENT No. 6·3·1A 

Gangapur Storage Division 

Statement showing the pay scales of various officers and of other staff 

Sl. 
No. 

1. Deputy Engineer 

!2. Overseers 

-g. Asstt. Plant Engineer 

4• Foreman 
5· Asstt. Foreman 

6. Scraper Driver tst class 
7. Scraper Driver 2nd Class 
8. Scraper Driver 3rd Class 
g. Grader Driver I 

Grader Driver II 
Grader Driver III 

IO. 

II. 

12. 

Tourna Trailor Driver: 
lind Class 

I!Ird Class 
Excavator Operator: 

I Grade 
II Grade 
III Gcade 

Tourna Dozer 
Traxacavator & Tractor 
Operator 1st Grade 

Tourna Trailor operator: 
lind Grade 

II!rd Grade 
Loader Driver: 

. 1st Grade: . 
lind Grade. 
I!Ird Grade 

15. Quarry Foreman I 
Do. II 

t6. Tools and Stores Attendant 

17. Trip Counter 

18. Timekeeper 
tg. Fuel Oil man . 
20. Greasers . 
21. Trained Mazdoor 

Pay Scales or Daily 
Wages 

22D-15-4oo-E.B.-2o--520-
E.B.-os-650· 

So-s-too---B-14o-E. B.-
I~22o-E.B.-to--2.70. 

205-15-250. 

140-ID--'270. 

7D-3-85-4-IOS-S-I45· 

DaUy H' ages 
6 to 7 per day. 
5 to 6 per day. 
4 to 5 per day. 
4 tef6 per day. 
3! to 4 per day. 
2! to s! per day. 

4 to 5 per day. 
3 to 4 per day. 

6 to 7 per day. 
4 to 6 per day. · 
3 to 4 per day. 

5 to 6 per day-. 

5 to 6 per day. 
4 to 5 per day. 

5 to 7 per day . 
4 to 5 per day. 
3 to 4 per day. 
3 to 5 per day. 
2 to 3 per day. 
2 to 3 per day. 
1! to 2 per day. 

3 per day. 
t! to 2! per day. 
t! to 2! per day. 

3! per day. 

Remarks 

327 



St. Ty~c of 
No. cqmpmcnt 

1 Motor 
Scrapers 

~ Motor Trai­
lors. 

3 Demng 
Excavators 

4 LS 85 Ex­
cavator 

5 Euclid Rear 
Dumpers 

6 Euclid Loader 

STATEMENT No. 6·3·1 

Gangapur Project 

Capital Equipment 

No. of 
mnchinrs 
on the 
project 

Mnkt' and Model or Size Month & Year Month and 
Year first put 
into operataon 

and Nos. in each of purcha.<IC 

3 4 

17 Super C Tournapulls 12{15 
cu. yd. capacity 13 Nos. 
wilh cummins diesel 
engines. 4 with G. M. 671 
series dit..'Scl engines. 

6 Snpt•r C Tournapulls with 
W 210 Trnilors 13/17 cu. 
yd. capacity, fitted with 
cummins engines. 

2 2l cu. yd., capacity with 2 
Draglinc, 1 shovel and 1 
Drag !hovel attachment. 

3/4 cu. yd. capacity shovel, 
Drag shovel and clamshell 
attachments. 

3 BsFD 9/11 cu. yd. capacity 

Model to BV, 54" br:lt 

5 

·~Nos. Nov. '49 
4 Nos. Apr. '•19 
4 Nos. Nov. '49 
4 Nos. Apr. '52 
1 No. August '52 

6 

Feb. '49 
May. '49 
Dec. '49 
Apr. '52 
Oct. '52 

Total purcha.'lc 
price 

7 

13 Nos. 
@Rs. 871500 

each. 
4 Nos. 
@R.s. 1,42,000 

each. 

4·Nos. Feb. '49 Rs.s.35•700 
:2 Nos. May '49 

May ';t Rs. 6,21,900 
Nov. '51 

Feb. 'so Rs. 1,52,ooo 

Dec, '52 

Whether acquired 
new or from 

disposal 

8 

16 Nos. New 
r No. from Mahi 
Canals Project, 
as good as new 

Nr.w 

New 

New 

New 

Ordered through 

9 

Directly from the 
firm of Messrs. 
William Jacks, 
Bombay. 

Do. 

Kamani Engineer~ 
ing Corporation. 

Larsen & Toubro. 

Blackwood Hodge. 

Do. 



7 Caterpillar 
Tractors. 

8 Caterpillar 
Tractori. 

9 Traxcavator 

to Motor Grader 

J 1 Tourna~ 
Dozer. 

12 International 
Tractors. 

t 3 Drawn Sera~ 
pers. 

14 Shcepsfoot 
Rollt·rs. 

12 DB size, two with Dozer 
blades. 

6 D7size 4 with Dozer Blade 

I T7 Traxcavator fitted on a 
D7 Tractor, 2! cu. yd. 
capacity. 

Caterpillar No. 112 with a 
12" blade. 

2 Super C with t8o H. P. 
Buda Engine, 

4 TD24 

Cat No. So with 17 cu. yd. 
capactiy. 

4' 5 Each unit is of 4 Drum~ & 
4' dia. & -t' long. 

2-Feb. '49 
t~May '49 
2-June '49 
•-July '49 
1-Aug. '49 
2-Aug. 'so} t-May '52 
t-Oct. '52 
& one not 
operated. 

Feb. '49-1 ~ 
May '49-2 
June '49-1 , 
Scp. 'so-t J 

Aug. 'so 

Oct. '49 

Nov. '49 

Apr. '5!2' 

fTotal for S. 
No. 7 & ·8). 

Rs. t,t9,goo 

Rs. s6,8oo 

Rs. 2,oo,too 

Rs. 4,16,ooo 

Rs. 48,too 

1Ncw 
ll Old 

· 1 New 
5 Old 

New 

New 

Nt"W 

New 

New 

Two ne\V2' 5 
Disposal. 

One new & one 
reconditioned. 

J .arsen Touhro. 
One from Dis­
posals. 

One from a local 
agent. Rest 
from Casavan 
Co., U.S.A. 

1 New. 
1 reconditioned. 

Larsen Toubro. 
t from C. T. 0. 
2 from Casavan 

Co., U. S. A. 
1 from local 

agent. 

From Larsen & 
Toubro. 

Do. 

William Jacks & 
Co., Ltd. 

Volkart Bros. 

Larsen & Toubro. 

\Villiam Jacks & 
Co., Ltd. Rest 
from Disposal. ----



"' "' 0 

15 Rooters 

16 Disc. Harrows 

17 Drnwn Grader 

r8 Air Con1p-
rcssors. 

19 Tractair 

!2o Stone 
Crushers. 

.. Drill Shar-
pcncrs. .. \Vagon Drills 

STATEMENT No 6·3·2A-contd. 

3 5 6 7 

------------------ .. 

5 One No. 28 Caterpillar make 

• 

" 
7 

• 

2 

Two K-go 
Two RL-3 

L<·Tournt'au 
Wooldridge 

2 of315 CFM • 
2 of 310 CFl\,1 
3 of 105 CFM , 
All LcRoi Make 

L cRoi Make, 105 CFM 

Baxter 20 ... +9" Jaw opcrat-
ing with a set of gramu-
Ia tor jaws 20• +s ... 

DSG, \Vaguer make 

LcRoi Make 

·-----

R:;. 6,ooo 

Rs. 30,6oo 

April '49-:l 

} Rs. 1 ,,ffi,ouu 
March '·HJ-2 

{Mar('h '49-1 
105 April '·t9-l 

Jan. 'so-1 

March '49 Rs. 15,300 

Rs. q,250 

Rs. rg,2oo 

Rs. 16,soo 

----·-- ---- ---------

II 

New 

Old 

Old 

New 

New 

New 

New 

New 

9 
~-------·- ·----,-----

One from Lar-
sen & Toubro. 

Two !rom Wil-
liam .Jacks. 

Two from B. K. 
Khanna. 

Transfern•d from 
Agricultural Dc­
r~artmcnt. 

Do. 

ll, K. Khanna 
Ddh;. 

Do. 

Marshall Sons . 

Consolidated 
Pneumatic Co. 

B. K. Khanna 



Type of machine 

Tournapulls with 
Scrapers. 

STATEMENT. No. 6·3·lA-contd. 

qangapur Project 

Percentage Utilisation of Equipment 

Nos. Make, ModeL and Size 

• 3 

13 Super C Tournapulls 12/15 
cu. yd. capacity. 

4 Australian LeTourneau make 
Tournapull with scrapers 
fitted with G. M. Engine 
671 series. 

Life period 
in tenns of 
working hours 

adopted for 
calculating 
depreciation 

IO,ooo each 

to,ooo each 

Theoretical 
working hrs. 
from plant 
that could 
have been 
possible up 
to 30-6-1953 

5 

Actual 
working hrs. 
put in up to 

go-6-1953 

6 

8g,8g6 

Remarks explaining difference between 
actual working hours (Col. 6) and maximum 

possible working hours (Col. 5) 

7 

r
The difference in the hours of Col. 

Nos. 5 & 6 is due to all fat:tors connec­
ted with the construction. 

1 Non-availability of spares, materials, 
non-availability of lights, working in 

I 

harder stuff like hard murum or in 
a very wet soil will contribute for more 
break-downs. For first lwo years we had 
not enough pullers nor trained personnel 
and most or the work was in hard murum 
unfavourable conditions like digging of 
foundations contributed for more 
break-downs. 

lThe 
all 

above 
types 

factors are applicable 
of machines. 

to 



STATEMENT No 3•6.2A-concld. 

--------------
• 3 

----------
Tournn Traitors 6 LeTourneau make 

cu. yd. capacity. 

Dt•mng Excavators 2 Dcmng 2t cu. yd. capacity 

LS 85 :1/4 cu. yd. capacity 

Euclid Rear Dum- 3 D5FD 9/11 cu. yd. capacity 
pcrs. 

Euclid Loader to nv Model 54"' belt 

Caterpillar Tractors II DB size, two with dozer blades 

DB New Do. 

5 D7 size, four with dozcr blades 

D7 size Do. 

Traxcavator Caterpillar mak1~ 

Motor Grader Caterpillar make No. 112 

Tourna Dozer • LeTourneau make Super C 

4 5 

10,000 r.nch 02,226 

15,000 each 14·756 

10,000 each I 1,116 

10,000 each 14·756 

10,000 each 1,750 

*7,000 

10,000 

each} 
each 

1,20,672 

*7,000 each} 
each 

74·765 
10,000 

10,000 each 8,876 

10,000 each IO,soo 

10,000 each 20,790 

6 

2g,J06 

8,357 

8,223 

7·391 

1,275 

56·947} 

29,873 

4·368 

4,6oo 

8,8gl 

7 

Tourna·trailors could not be extensively 
used till December 1952 as thJ!'rc: were 
no iiUitablc loading units, 

Demag excavators did not give a satis­
factory and continuous service. 

These were not extensively used until 
December 1952 when the Loader was 
put into operation. 

It has started 
her 1952. 

working only from Decem• 

Some reconditioned tractors did not 
give satisfactory and continuous 
service, 

It did not give 
tinuous service. 

satisfactory and con· 

Do. 

Do . 



Air compressors 

. 4 International Harvestor Cor­
poration. 

7 LeRoi make 

*Second hand. 

IO,ooo each 20,944 Do. 

All units are scarcely required at one 
time. 

NoTE.-While calculating depreciation cost of tyres is not deducted. 
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Types of Equipment 

Tournapull with Scrapers 

Tourna Traitors 

Tractors . 

{r=~er _-\ttachment 
Roller 

Rooter 

_-'\ir Compressors 

334 

~fake, 
Model and 

Size 

2 

Fuel gls. 
per operating 

hr. and issue 
rates for fuel 

3 

Rs. A. P. 

5 0 0 

4 0 0 

6 0 0 

2 2 0 

STATEMENT 

Estimated Rates for Cost of 

Oil, grease 
and waste 
including 

servicing labour 
per operating 

hcur 

4 

Operating 
wages per 
operating 

hour 

5 

Rs. A. P. Rs. A. P. 

I 6 0 I 8 0 

I 6 0 8 0 

2 4 0 I 4 0 

I 4 0 

I 4 0 

I 4 0 

I 4 0 

0 7 0 0 8 0 
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No. 6-3·3 

Operating Machinery for 1952·53 

Auxiliary Repair Tyres, Sundries 
:personnel parts (Spare tubes and and misc. Total cost 

wages per parts)--cost flaps--cost --cost per per operating Remarks 
operating per operating per operat4 operating hour 

hour hour ing hour hour 

6 7 8 9 10 II 

Rs. A. P. Rs. A. P. Rs. A. P. Rs. A. P. Rs. A. p. 

2 0 II 0 0 5 0 0 6 0 0 31 u 0 

2 0 9 0 0 3 0 0 3 0 0 23 0 0 

0 0 13 12 0 0 12 0 8 0 26 8" 0 

0 0 0 8 0 2 4 0 5 0 0 

0 0 0 6 0 0 2 0 2 4 0 5 0 0 

0 0 0 8 0 2 4 0 5 0 0 

0 0 0 8 0 2 4 0 5 0 0 

0 7 0 0 8 0 0 0 5 0 0 
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Types of Equipment 

1. Toumapull with Scrapers 

2. Tourna traitors & Excavators 

3· Tractors of D7, DB, TD % 
T ouma Dozer and Mortor 
Graders, Excavators 

4- Air Compressors • 

336 

• 
STATEMENT 

Data of Cost Accounts of Machinery 

Make, Model and Size 

2 

Model Super C 'T' pulls 
12/15 cu. yd. ·with 150 
HP. 6 cylinden Cummins 
Diesel Engine. 

T. Trailors 6 Nos. 15{16 
cu. yd. capacity & 2 
Demag and 1 LS 8; and 
3 Dumpers. 

Fuel gls. per operating 
hr. and issue rates for 

fuel (IU.) 

3 

3 "II gls. per hr. Rate of 
issue is Rs. 1/3/~· Avg. per 
gl. Rs. 3/10/-. 

1·88 gls. per hr. 2·23 Rs. 

Caterpillar Interoational & 3·33 gls. 3·95 Rs. 
Letourneau Caterpillar. 

LeRoi make 
315 CFM 
210 CFM 
105 CFM 

1·48 gls. 1.74 Rs. 



APPENDICES 

No. 6·3·3A 

.(Actuals) for the Year During 1952-53 

Oil, grease 
Repair Tubes, Sundries and waste Operator Auxiliary 

incl1f~ing wages per parts (Spare tyres and and misc. personnel Total 
serv1cmg plant hr. parts) cost Flaps-cost -cost per wage per cost per 
labour per per plant per piant plant hr. plant hr. plant hr. 
plant hr. hr. hr. 

4 5 6 7 8 9 IO 

1 ·ao I 47 IO 34 5 73 3 23 1 '39 27'96 

' 7 I 5 34 I'49 

2 05 I 04 10 go o8 I '33 20'38 

8I 2'41 7'62 
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STATEMENT No. 6·3·4 

Stripping Dam Excavation in cut oiT trench Filling in cut off 
sent 

Account NO..'I. I. I 0' I ::l'!ZI 2'23 3' I 3'0 

MACHINES Hours Amount Hours Amount Hours Amount Hours Amount Hours Amount Hours Amount 

-
R.s, A,J•, Rs. A. P, Rs.A.r•. Rs.A.P, Rs. A. P, Rs,l\, Po 

Snnpers 

T." Trnilor.s 

Tractors 

Cat Scraper 

S. F. Roller. 

Rocter 

Grader 

Comp. 

J. Hamtner 
and W. Drill 

Drill Sharpener 
. 

ToTAL I 
I I I I I I 
.. 
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STATEMENT No. 6·3·5 

Gangapur Dam 

Statement showing the correct classification of account Nos. 

4· Core work of soil (Hearting) 

5 

5 

5 

5 

5 

s 
s 
s 
s 
s 

(4 ·1) Clearing and opening the quarry. 

(4 · 2) Ripping. 

(4 · 3) Excavating, transporting and dumping soil. 

(4 · 4) Grading. 

(4 · 5) Watering the Dam. 

(4."51) Pumping. 

(4"52) Transporting and sprinkling. 

14·6) Mixing and sheeps foot rolling. 

I • JO Depreciation and major repairs to Tournapulls with Scrapers 

1" II Depreciation. 

I ·r~ Major repairs. 

1"13 Tyre replacement. 

I • 14. Major replacement. 

2"10 Operating Tournapulls with Scrapers. 

2"II Fuel Oil and grease. 

2"12 Pay of operators. 

2"13 Other staff. 

2" 14 Sundries, small tools and minor replacements. 

23-1 C, W, & P. C./57 
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STATEMENT No. 6·3·6 

Gangapur Project 

Estimated Rates (1953-Project) 

SI.No. Item Per Rate 

I. Excavation for preparing the scat of the Dam and throwing the 100 eft. 4-005 
material out of the Dam area. 

a. Cut--off trmch 
E.xcavation for cut-off trench in soil and murum above and below 100 eft. 6.71 

water table and removing the excavated material to a lead of 
2,000 ft. 

3· Exca,'ation for cut-off trench in rock requiring blasting and re~ 100 eft. 28.29 
mO\·ing the material average lead 2,000 ft. and average lift 20ft. 

4· Grouting of foundation including drilling holes taking water tests Rft. 20.035 
and forcing cement under pressure. 

5 Filling in cut-off trench with selected impervious material, includ- 100 eft. 6.64 
ingrolling, watering, hand tampingatsides,etc. Average lead 
for material 3,000 ft. 

6. Embankmmt 

Embankment for bearting and random and semi-pervious Zone too eft. 7·53 
in ~il including laying, watering, rolling, etc., complete. 

1· Embankment in murum casing and rock toe including laying, 100 eft. 10.26 

watr-ring. rolling, dressing, etc., complete. 

8. Rock blanket of z'-o* thickness of dumped and laid rubble in- 100 eft. 20.24 
duding average lead of 2 miles and lift up to 8oft. 

9· Metal ba.-.e for rock blankets average lead 2 miles and max. lift 100 eft. 31.74 
Sr. ft. 

'0· Road on tk top of Dam 

Providing dry ston~ rubble parapet wall of g'-I/2* height along Rft. 4-0-()" 
with u/s side of the top of the Dam. 

"· Providi11g stabilized murum road over the top of the Dam. Mllrum too eft. 3o-0-0 
mixed with 5% bitumen laying and rolling, etc., complete. 

u. SloplDg Sand filter. 100 eft. 23-g-o 
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STATEMENT No. 6·3·7 

A Statement showing the Rate of Earthwork done at Gangapur Dam from 
Jst July 1952 to 1st July 1953 (with overheads) 

Total Actual Estimated 
Items Name of Work 

Total 
Expenditure Quantity rate of cost rate of cost 

Rs. A, P. Rs. A. P. Rs. A. P. Rs. A. P. 

I "I Stripping for the Dam Seat 165 0 0 4 0 0 

2'1 Cut-off trench (Excavation in 1,887 0 0 6 ll 0 

soft rock). 

2'21 Cut-off trench (Excavation in .a 4 0 

hard rock). 

3· Filling in cut-off trench s,to6 0 0 6 10 0 

4· Core work of soil (Hearting) 23.67,891 0 0 38"3028 6 3 0 7 8 0 

5· Murum Casing and rock toe 6,gg,6gg 0 0 ,. 781s a 2 0 !0 4 0 

7"1 Rock Blanket 36,6t4 0 0 20 13 0 

7"2 Metal Base 6,884 0 0 31 !2 0 

8. Slant ;o:and filter 1,37,122 0 0 23 !0 0 

32,05,491 0 0 
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STATEMENT No. 6·3·7A 

A Statement showing the Rate of the Earthwork done at Gangapur Dam 
from the beginnig to 1st July 1953 (with overheads) 

Items Name of \Vork 

1 · 1 Stripping for Dam seat 

Total 
E.xpenditure 

Rs. A. P. 

2"1 Cut-off trench (E.xcavation 6,02,239 o o 
in soft rock) 

2"21 Cut-off trench (Excavation 5,11,s29 o o 
in bard rock) 

3· FJliing in cut-off ttench 6,34>687 0 0 

4· Core work of soil (Hcarting) 43,22,09I 0 0 

5· Murum, Casing and rock toe 23,93·387 0 0 

7 · 6 Rock Blanket 2,47,I29 0 0 

..,. 2 Metal Base 1,36,886 0 0 

8 .Slant S~d filter 6,28,113 0 0 

99,69,970 0 0 

342 

Total 
Quantity 

as perM. B. 

9"9170 

1·9o81 

10"3438 

66·2580 

25"<>087 

1"2540 

·28so 

3"I700 

l2f!"7946 -----

Actual rate Estimated 
of cost rate of 

cost 

Rs. ,\. P. Rs. A. P. 

440 400 

6 I 0 6 II 0 

6 2 0 6 10 0 

6 9 0 7 8 () 

9 9 9 10 4 () 

19 I: 0 20 13 0 

4B 0 0 31 12 0 

19 12 0 23 10 () 



APPENDICES 

STATEMENT No. 6.3·8 

A Statement sh?wing the monthly Records of Leads and Lift for the period from 
1st April 1953 to 20th October 1953 

Hcarting Mururn Casing 
l\1onth of operation 

Remarks 
Haul Lift Haul Lift 

ft. ft. ft. ft. 

·i~/53 10 30/4/53 3,g6o 55 3,000 3' 

•is/53 to 31/5/53 3,g6o· 6s s,ooc 45 

I/6/53 to 30/6/53 8,313 72 91140 34"45 

117/53 to 31/7/53 9,240 6o 13,86o 40 

•/8/53 to 31/8/53 g,240 6o 13,86o 40 

I/9/53 to 30/9/53 I 1 1081 78"4 13,995 54"8 

I/10/53 to 20/to/53 12,o6o 93 14,o6o 62 
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STATEMENT No. 6·3·9 

Teams for Operation. Maintenance and Repairs of Equipment 

----
Sl. Inchargc Str~ngth 
No. Xaine of Section Shifts of .Mechanics excluding 

Section in charge 

Major Repairs to T ournapulls I 
" 

II 

2 Major Repairs to T ournapulls II 2 12 

3 Major Repairs to Tractors • I 2 14 

+ Major Repairs to Tractors . II 4 14 

5 Maintenance of Tournapulls I 14 

6 Maint~anee ofToumapulls II 14 

7 l\Iaintcnancc of Tractors I 4 II 

8 ll.laintenancc ofT ractors II 3 9 

9 Electrical Repairing I II 

10 Electrical Repairing II 12 

II Air Compressors-Repairs and Operating I 12 

12 Air Compressors-Repairs and Operating II 9 

13 E:.;:cavator ~faintcnance General 6 

14 Day Time Servicing • General 17 

15 Tractor _Maintenance T.D. 24 General 19 

16 Reconditioning General 2 '3 
17 Xight Sen·icing General Ill 

18 Tournapull Engine Repair General 3 12 

'9 Operating I s6 
20 Operating II s6 
21 \Vorkshop I 3 27 
22 \\·orkshop II 3 29 
23 \\rorkshop (Foundry) General II 

19 36 407 
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APPENDIX 6·4 

Hirakud Dam Project 

A composite dam is being co.nstructed across the Mahanadi river, approxi­
mately 9 miles from Sambalpur. The dam 15.000 ft. in length. incorporates 
the power house and one spillway on the left flank, the centre portion an 
-earthen embankment, and a second spillway, with the right-flank, an earthen 
embankment. 

In addition, there are approximately 17 miles of low dykes. 'Ihe total 
quantity of earthwork in the main dam is as under: 

Stripping for Dam 
Excavation for foundation in stiff clay, disintegrated rock, soft rock 

and hard rock . 
Earthwork for emba~kment and cut-off 

TOTAL 

In addition. the following earthwork is rcquirt"d for the dykes : 
Earthwork for Left dyke 
Earthwork for Right dyke 

TOTAL 

g.go m. eft. 

8.67 m. crt. 
432.40 m. eft. 

450·37m.cft. 

gg.6 m. eft. 
123.0 m. eft. 

222. 6 m. eft. 

The maximum depth of cutting for the cut-off was 60 ft. The water table 
was about 5 to 6 !t. below ground level. 

The main sub-heads of the head works are as under: 

Unit No. I 

A. Prdiminary 
B. Land 
C. \Vorks . 
K. Buildings 
M. Plantation 
0. Miscellaneous 
R. Communications 

Maintenance at 1% (Except B Lantl) 
Q. Special T. & P. 
Less amount chargeable to works . 

Losses on stock 
Unforeseen 

ToTAL I \Voruo; 

Laklts of Rupees 
48"24 

949"45 
2,I13"2()-

213·25 
1.00 

!67·43 
72.00 

3·564·57 

26.15 
1,124-06 

47'·94 

666.!2 

10.00 
20.00 

4·272·134 
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akhs of Rupees 

Establishment at 5% 
Tools and Plant at 1 ~~ 
Less receipt on capital account by way of rent . 

ToTAL DIRECT CHARGES 

Dirtcl Chargts : 
Capitalisation of abat<"ment and Land Revenue . . • 
Audit Charges@ 1% I. \Vork~ and 7lakhs .f.A's. Organisation 

213.64 
42- i3 
17-00 

7.80 
35·7• 

ToTAL DIRECT AND INDIRECT CnARGEs. 4·555· 73 

The project organisation comprises: 

1. A Chief Engineer 
2. 4 Superintending Engineers­

(a) Electrical Circle. 
(b) Hirakud Dam Circle. 
(c) Development Circle. 
(d) Canals Circle. 

Under the Hirakud Dam Circle are:-
(1) Executive Engineer, Mechanical Division (Mechanical Engineer). 
{2) Executive Engineer. Earth Dam Division (Civil Engineer). 
(3) Executive Engineer, Right Side Dam (Civil Engineer). 
( 4) Executive Engineer, Left Side Dam (Civil Engineer). 

The details of the Mechanical Division Organisation are:-
1 No. General Foreman. 
1 N3. S.D.O. Earth-moving Machineries. 
I No. S.D.O. Workshops. 
1 No. S.D.O. General Repairs sub-division. 

The details of the Earth Dam Division are:-
3 Nos. S. D. 0. Mechanical. 
I No. P. A. 
2 Nos. S. D. 0. Civil. 

Details of the Divisional staff are given in the Statement 6.4.1. 

The Right Side and Left Side Divisions have:-
I No. S. D.O. Mechanical. 
4 Nos. S.D. 0. Civil. 

The project drawings were prepared by the c.W. & P.C. A designs office 
js also attached to the office of the Chief Engineer 

There is a Financial Adviser on the Ftoject. A Chief Accounts Officer 
assisted by four Accounts Officers and Divisional Accountants take care of the 
accounting side. There is a Re.c;ident Audit Officer and all payments are pre­
audited. 

346 

The Heavy earth-moving equipment is working in two shifts, i.e. : 
1st Shift 

2nd Shift 

5 A.M. to I P.M. (Scrapers, Road Maintenance). 

6 A.~. to 2 P.3or. (Dumpers, etc.). 
3 P.3.1. tO I I P.M. 

4 P.3ol. to 12 p,M. 



APPENDICES 

The maintenance staff commences work at 8 A.M. and discontinues at 
4 P.M. The shifts are staggered in relation to each other, due to the diffi­
·culty of transporting staff with too few available vehicles. All static main­
tenance is done during the period 1 P.M. to 4 P.M. Mobile equipment is 
maintained during shift hours. 

The monsoon period shuts down work for approximately 100 days per year. 
;Sundays and additional 10 days are holidays. 

The weighted average land up-to-date has been 1·9 miles ; this will con­
siderably increase during the present working season. 

The project was planned for heavy earth-moving equipment to complete the 
main dam embankment, af~er stripping and trench work had been carried out 
by manual labour. The dykes were planned to be completed by manual labour 
and machinery. 

1'he projects estimates were l'evised in October 1953. The rates being based 
-on actual working experience of the earth-moving machinery and manual labour. 

The quantities of earthwork executed up to the end of 1952-53 season were 
129.4 m. eft. This figure does not include work completed by contractors or 
manual labour on the dykes. 

The elements that go to working out the rates of earthworks by machinery 
;are as under: 

(i) All costs of operating charges of machinery, such as depreciation, 
rt>pairs, s~rvicing operation, etc. 

(ii) Maintenance of Rail Roads. 

The following items are· not included in the rates but are separately 
watched: 

:Soils 

(a) Construction of Haul Read (cost will be about 5% of earthwork rates). 

(b) Flood-lighting (cost will be about 2% of eathwork rates). 

(c) Housing, field establishment and field garages (cost will be about 
3!%) . 

. (d) Total cost of K Buildings on the Project about 3%. 

· The impervious fill is made up of clay loam to clay with a borrow 
pit density of 100 to 110 lbs. per eft. The natural moisture content varies 
from 10 to 14%; in addition during the months of April, May and June. an 
.additional 5 to 7% is necessary. This is added usually at the borrow pits. 

The semi-previous fill is a gravelly soil, with a dry density of from 110 
to 120 lbs. per cubic foot in the borrow pit. The natural moisture content is 
7 to 10%, with a specific density on the embankment 112 to 125 lbs. per cubic 

:foot. 

Ovtimum moisture content is slightly below optimum in hot whether (about . 
·3·5% ). During monsoon moisture content is increased by 3 to 4 per cent at the 
.borrow area. The compaction of both semi and pervious zones is do:1e by 
sheepsfoot rollers, 40" in diameter loaded with sand and water giving a 
density of 290 to 350 lbs. per sq. inch. Sixteen to eighteen passes are requir­
t'd to give the specified dry density. Rooting of borrow areas is not altogether 
necessary and is carried out only about 10% of the time. 
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Embankment Inspectors and their assistants carry out specifications control' 

on borrow pit and embankment 

Accounts and Costs 

The costs of all machines and special Tools are charged as a final charge­
in the first itistanre to the sub-head 'Q. Special Tools and Plant' in the esti-­
mates. Credit is given to the sub-head per working hour of the earth-moving 
machinery as a depreciation by debit to e~rthwork. 

A list of the equipment on the job is given viae Statement No. 6.4.2. 

The plant hour was iormerJy taken as gross hours on duty; Odometer­
reading~ should be about 60% of these hours. Present day practice is to take­
Odometer readings or make as accurate an evaluation of time as possible. 

The expenditure on operating the equipment is through suspense estimates 
prepared for groups of various equipment. The suspense estimates are being_ 
cleared quarterly. The periodical clearance is based on the actual cost of 
operating the equipment; depreciation being charged on the basis of plant hours 
utilised and tbe estimated life. 

Pay measurements were formerly recorded once in three months or a year~ 
Now, these measurements are recorded monthly. The measurements are enf_ered 
by S.D.O.s for laid embankments. 

The actu:J.l costs of operating the machinery are given in Statement No. 6·4.3_ 
The unit rates of earthwork are given in Statement No. 6.4.4 & 4A. 'The hourly 
utilisation of equipment from 10/52 to 6/53 is given in Statement No. 6.4.8. The­
over:ill average is 824 hours. This is low for two-shift working. 

Store 

The Sectional Officer in charge of the works can originate a requisition~ 
Executive Engineers and Superintending Engineers check it and forward it to­
the Chief Engineer's office. The requisitions are checked there by a special 
branch headed by an Assistant Engineer. A certificate of non-availability of 
stock accompanies each requisition. The Chief Engineer's office then plans out 
the purchase, either from the open market or- through the D.G.S. & D. Copies 
of the purchase order are endorsed to the Store and the Indenting Executive 
Engineer. 

On receipt of the material, the store records the receipt on "Goods received 
sheets", connects the bill with the G. Rs. and sends it to the Accounting Section 
for payments. An intimation is sent to the Indenting Officer notifying receipt of 
the goods. 

The Provisioning Department is not integral with the Store. The Chief 
Engineer's office does all provisioning. 

The average time required from issuance of the purchase order to receipt 
of the material may vary from 15 days to 3 years. 

The Stores Section is divided into two separate sub-divisions, Control of 
each sub-division is given to S.D.O.s with an Executive Engineer in complete 
charge. The sub-divisions are further broken down as under: 
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I. Plant and Machinery Sub-division­

(a) Machinery. 
(b) Spare Parts. 



(c) Diesel Engines Sections. 
(d) Auto Section. 
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(e) Earth-moving Machinery Section. 
(f) Cranes, Shovels, Tractors Section. 
(g) Petrol Engines and Miscellaneous Section. 
(h) Small Stores and Pneumatic Spares Section. 

2. Stores Sub-division-

(a) Electrical Stores. 
(b) Tools and Plants. 
(c) Iron Mongeries. 
(d) Metals and Structures. 
(e) "Buildings Material and Civil Stores. 
(f) Pipe fitting and~ Sanitary-ware 
(g) Railways and Bridging. 
(h) Petrol, oils and lubricants. Tyres and Tubes and Gas-chemicals. 

Each section is in charge of one Store-keeper assisted by one Assistant 
Store-keeper, ·work-charge clerks, store attendants, mazdoors and work sarkar· 
(semi-clerical post). 

Numerical arcounts are maintained in the sub-division. Pricing of articles 
(Issue Rates) and debits for the issues are worked out in the Divisional Office. 

No provision is yet made for the Stores Section to requisition and handle­
stock items. 

Maximum and minimum limits for stock are not yet fixed. 

The system for marking and indentification adpoted is Bin Cards for loca-­
tion and item classification and manufacturers part numbers for identifica-
tion. ' 

The system for Recording Stores is Bin Cards in the Store and Price 
Ledgers in Divisions. 

Manufacturers part numbers are used in place of Stores Item numbers,. 
but for fixing location in stores the number and description of the part is 
required as the inventory of Bin Cards is made out alphabetically. 

Requisitions are made out by the supervisors and· countersigned b.v the· 
S.D.O.s who have the authority to make an indent. Four copies are made: 

(a) one copy remains with the indentor; 

(b) one copy with store-keeper in Stores; 
(c) one copy to Executive Engineer, Plant and Stores Division, who· 

passes it on to the Chief Engineer's Office. After review and entry 
in a Register. it iS returned to Executive Engineer, Plant and S~ores­
Division; and 

(d) one copy io Executive Engineer indenting the material with the advice­
for transfer debit. 

Stores are issued to other Divisions as transfer of stock in the first instance. 

There is no fiscal limit placed on an indent but items are limited to 8 num-· 
bers or whatever can be lifted in a day. 

The stores have not been evaluated but it is estimated that the value is. 
approximately Rs. ~ crores. 

Stores charges are cost price plus freight plus transport plus 3% overhead 
charges. 
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·General 

b.dents on Central Stores are generally not piecemeal. A small store is 
maintained by the Indenting Divisions for retailing to jobs against anticipated 
llrgent dernnnds. 

Stores are issued finally to works and costs are compiled through Form 
l 0 by debit to works. 

Old spares are returned to the Central Stores except where the inde!lting 
officer wants to retain the old parts. Central Stores has plans to reclaim old 
parts. Numerical accounts of old parts and replacement assemblies are maintain­
ed in the Central Stores and the Machinery Division. 

operational Staff 

The operators and mates are maintained on the basis of 1 per shift per 
machine plus one extra for the group of machines. The operators are allocated 
by machine. 

For the basic machi.I.les (loaders and excavators) one fitter and two greasers 
are allocated to each machine foi: maintenance. In addition, e"ach group of 
machines has the services of one supervisor, one assistant foreman. one 
C'ha!.·geman and an additional mechanic. 

The basic equipment is checked weekly (Sunday) by a workshops party 
und2r the supervision of a Special Foreman. 

The pay scales of the skilled personnel are given in Statement No. 6.4.5. 

Dumpers, Scrapers, Tractors and Graders 

The numbe~ of operators· required for these types of equipment are fixed 
by the assumption that 75% of the total number of machines will be in con­
tinuous operation. An additional 10% number of operators in excess of the 
number of working machines are kept as a reserve. 

1\'laintenance is done in individual sections during the operational periods. 
The equipment being withdrawn one or two at a time dependent on the work 
to be carried out on individual equipment. 

For each three hauling units. a field staff of one mechanic, a fitter with 
-one helper plus a pool group of four mazdoors are maintained. 

In addit~on, eac·h group of equipment has the services of ; 

1 Welder, 

2 time-keepers. 

1 store-attendant, and 

1 chowkidar. 

A general foreman supervises the work between the field and the workshop. 
He is assisted by a Foreman. The wide dispersal of the equipment makes this 
arrangement necessary. 

. The electrical staff are divided one to each group of equipment per $hift, 
With the exception of electrically operated equipment (Le Tourneau Scrapers) 
where tvlo electricians are maintained in each shift. 

The staff position of the Earth Dam Division is given in Statement No. 6.4. 7. 
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STATEMENT No. 6·4·1 

Statement of Staff in Earth Dam Division 

Not Printed. 
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APPENDIX 6·4·2 
Hirakud Project 

Sl. 
~0. Name of Machine 

Caterpillar D. \V. 20 'Vagons 

2 Caterpillar D. \\'. 10 \Vagons 
3 Euclid Bottom Dumper 
4- Euclid Bottom Dumper 
5 Euclid Rear Dumper 
6 Toumeau Tr3ilor Super (Toumapull) 

7 Tourna Rocker with C. Roaster Toamapull 
8 Rear Dumpers 11ack type 

g Sterling Rear Dump 14.5 cu. yds. stp.lck/r6.5 cu. yds. heaped 
1:o Sud works pay load capacity 12 .o tons 
1 1 Caterpillar D-8 Tractor 
12 Caterpillar D-7 Tractor 

13 Tractor HD-5 
14- Tractor HD-15 
IS Fowler hlarshall Tractor 
16 Fowler Challengers 
17 T. D. 6 Tractors 
18 T. D. 18 Tractors 
19 Oliver Cletrac FLE • 
20 Oliver Cletrac D.O. 
21 Le-Tourneau Dozers 

22 P. & H. ShOvels r! cu. yds. 
23 Lime Shovels 3! cu. yds. 
24 Lime Sho\'els 2} cu. yds. • 
25 R. B. 54 Shovel 
26 \Valking Dragline 5 cu. yds. 
27 Caterpillar Graders . 
28 Carlis1e Graders 
29 Gallion Graders 
30 La-Plant Choate 
31 Le-Tourneau C. Roadster Scraper 
32 Le-Tourneau (Roadster) • 

XOTE..-Adding some misc. equipment not listed individually. 
*approximate. 
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tnew and disposal both. 
!disposal. 

No. Total cost 

43 93.39>256• 
I 1,26,274 

4 3070,712 

9 g,82,800 

9 13,66,560 
I8 15,29,440 
I r,69,336 

16 24,79.750 

9 9,22,833 

3 3,37,8oot 
II 6,17,341 

5 ss,ooot 
27,400. 

2 r,Bo,ooo 

48 8,Jg,l6o 
6 4·40·640 
2 33,ooot: 

12 I I,OO,OOO 

21 15,64,15o 
6 2,o6,rgo 

IO g,Bo,ooo 
2 g,o7,940 
3 10,40·492 
2 s,so,ooo 
2 4.03,000 
2 s6,5s 9 
6 3,s8,-W!t 
7 3ol5,440 
2 25,86ot: 
2 2,101516 

17 19,67o492 
s.soo 

2,8g,6o,892 
3.00 crorcs. 



Sl. 
No. 

2 

3 

4 

5 

6 

7 

!>TATEMENT No. 6-4-3 
bate for Cost Accounting of Machinery (ACi:Uals) 

Fuel Oil, 
gls. per grease 

operating waste (in-
Type of Equipment Make, Model and 

Size 
hr. and eluding 

issue rates servicing 
of fuel labour per 

*** operating 
hour) 

2 3 4 5 

Euclid Loader 3 Nos. 9B\'&6BV=I90HP 
g'---6!" =150HP 

4·• 5 9 0 

Caterpillar Bottom DW-oo =2I5HP 3·5 2 I5 0 
Dumpers DW-oo 
16 Nos. 

Caterpillar Bottom Dum-
pers DW-r,o 1 No. 

DW-Io •·9 I !! 0 

Caterpillar D-8 Trac- D-8 
tors 6 Nos. 

=13oHP 4·85 0 7 0 

Lima Shovel 3 Nos. 3! cu. yds. type 
12o1=236HP 

4-0 7 !! 0 

R. B. Shovel 2 Nos. 2! cu. yds. type Sy 
RB 31'-g"=2o2 HP 

3-0 6 0 

Touma trailors 7+!! Model 'C' 
Nos. 

•. a 3 5 0 

*Taken from actual issues from Stores. 

Operator Auxiliary Repair 
wage per personnel (Spare 

operating wages parts 
hour per opera- cost per 

ting hour operating 
hour) 

6 7 8 

3 4 0 2 0 0 8 

8 0 0 2 0 I IO 

3 0 0 2 0 0 4 

7 0 3 0 0 15 

2 4 0 7 0 6 8 

2 8 0 3 0 0 9 

3 0 I I2 0 4 0 

**As in column 4 quantity in Gals. per hour asked. Hence total cost per hour cannot be gi,•en. 
***Froin 15th june, 1953 onwards 1-5-0 per Gal. before that z-8-o per Gal. 

Tyres, 
tubes 

and flaps 
cost per 
operating 

. hour* 

9 

0 Nil 

0 I I3 

0 I I5 

0 Nil 

0 Nil 

0 Nil 

0 6 0 

Sundries 
and Misc. 

cost 
per opera­

ting hour** 

IO 

0 I5 p 

0 0 IO 0 

0 0 4 0 

Nil 

0 I5 0 

0 8 0 

0 Nil 

Total 
cost per 
operating 

hour 

!! 

25 4 0 

I2 3 0 

!! 0 

IO 5 0 

24 0 0 

I4 !! 0 

19 14 0 

Remarks 

I2 



"' STATEMENT No. 6•4•3-conld u• ... ----------------- ···-----

• 3 4 5 6 7 8 9 10 II 12 

i:l 
8 Euclid Rear Dumpers DsFD =,rsoHP • 7 0 a 8 

., 
o.o • 0 0 • 0 • 12 0 4 14 0 () 3 0 15 0 0 

9 Nos. ~ 
9 Euclid Rear 8TD 6 Noo. 8TD=o75HP 4·1 7 0 I 5 0 I 12 0 • 4 0 5 0 0 0 • 0 18 3 0 0 ., 

10 Sterling Rear Duffipcn 340H=225HP 3·8 4 8 0 5 6 0 4 15 0 3 0 0 0 12 0 0 3 0 23 II 0 n 
0 

5 Nos. z 
~ 

II Cyclope Rear Dumpers German 2.0 2 7 0 4 10 0 0 7 0 0 3 0 Nil 0 4 0 10 9 0 ~ c 
3 Nos. B 

12 Tournn Rocker 1 No~. E 18= 16581-ll' 2.8 3 4 0 0 9 0 0 3 0 4 0 Nil 0 5 0 9 3 0 0 z 
13 •c• Roadster Scrapers Let. Scraper, 3·0 5 0 0 • 14 0 0 15 0 6 8 0 8 0 0 0 8 0 •7 II 0 

., 
17 Nos. •6sHP='C' ~ Roadster., 

'"' 14 La-Plant Scraper 2 Nos. o.o 3 0 0 9 0 0 • 0 0 0 • 0 • 15 0 0 I 0 19 • 0 
~ 

15 Caterpillar D-7 =81!-IP o.o I 4 0 5 6 0 0 I 0 0 8 0 Nil Nil 8 13 0 "' 
16 F.D.E. Clctrac 11 Nos. F.D.E.= 130!-IP 3·8 3 0 0 • 12 0 0 8 0 3 0 0 Nil 0 I 0 14 4 

il: 
0 > n 

17 DD. Cletrac 2 Nos. D.D.=65 HP r.so 0 0 0 • 0 0 6 0 0 4 0 Nil 0 I 0 4 4 0 !I: z 
18 Fowler Tractors 27 Nos. Marshall 

=38BHP 
VF 3·25 I 4 0 I 4 0 Nil Nil 8 8 "' 0 9 0 3 0 0 ~ 

19 Caterpillar Power Gra- Cat, ,7oDHP 3·0 2 5 0 0 15 0 4 0 0 I 9 0 3 0 0 3 0 14 I 0 " der 4 Nos. 0 
il: 

Lctourna Dozers 6 Nos. Supcr'C'= 18oHP 4·8 Nil 
il: 

20 4 15 0 I 10 0 010 0 I 8 0 0 8 0 15 7 0 § 
21 Allis Chalmcr HD·I5 = 2.7 0 12 0 0 5 0 0 4 0 Nil Nil Nil 4 •:J 0 "' 
22 Euclid Bottom Dum- 58 W=19oHP 2.7 2 0 I 12 0 7 " I 14 " 3 13 0 0 8 0 14 0 0 

per 4 Nos. 
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STATEMENT No. 6+4 
Rate Analysis for Earthwork on Dam by Machinery 

(r) Working of Machinery Expenditure booked up to end of June 1953· 
Rs. 

W JC Establishment on earthwork only 
Materials g.gg-5lacs pipes Balance =4·39 

s+ 12 1.40 
Pipes--- = --

43 5·79 
Misc. and Sheds 

Working of Machinery 

Labour . 
Stock issues for 3/53 & 4/53 
Stock issues for 5/53 & 6/53 

Add for jungle cutting, grubbing out roots, stripping and 
compaction 

Labour on overhaul for July to September 
Liabilities 
Expenditure on Gap. I . 

Deduct expenditure on spares adjusted in the above 

Balance Expenditure on workirig of machinery 
Quantity of Earthwork Done 

Earth Dam 
Gap No. I 
Haul Road 51-52 
Haul Road 52-53 
Batching Plant 

TOTAL 

Therefore rate per t,ooo cft.=Rs. 37/lo/-

0.4t 

{
42.06 

3.28 
I ,00 

5·56 
o.so 

65.01 

6.23 
g.8o 
4·50 
s.oo 

50.13 

12.13 Crores 
0.81 , 

o. 12 , 

0-23 IJ 

0.04 H 

13.33 crores 

Ownership cost 21,76,goo : 16/5 
Expenditure on spares including working on National Highway and sub-Dam 

Mechanical Division 4 7. 36 
Power Channel Division o. 22 

TOTAL 47·58 
Earthwork done in E. Dam Gap. I and Haul Roads 
Earlhwork done in Power Channel Division 

:.Rate per 1,ooe eft. 
47·58 

14·333 

TOTAL 

=33/3/-

:.Rate per t,ooo eft ...................... 87/2/-, Say Rs. 87 
24-1 C. W. & P. C./57 

'3·33 
I.OO 
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STATEMENT No. 6-4-4A 

Tender Rates on Dykes 

{t) Earthwork in all kinds of soils mixed and laid in layer of6 with rough dress­
ing and including all leads and lifts.. • 

Mnimum lead goes 500 ft. measurements by borrow pit; Compaction 
departmentally by Sheepsfoot Rollers; loss on Compaction about t8%. 

{::) Earthwork in all kinds of soil laid in 6"'layers with rough dressing including 
all leads and lifts 

Average lead 500ft. extra for each 55 ft. Additional lead t/12 per 1,000 eft. 
Bank measurement. Compaction done departmentally by Sheepsfoot Roll­
ers. Contractor used Le-Tourneau Scrapers and manual labour. 

Excavation in all kinds of soil laid in 6' layer with roush dressing including 

45/- per 
J,ooo_('ft. 

4i/B/- Do. 

alllea::l a3d lifts 53/4/- Do. 

~·hnual work and used 4 !':los. Cat.-D\V 21 Scrapers. Bank measurement. 
Compaction De:partmentally. 
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STATEMENT No. 6·4·5 
Scales of Pay for Work-charged Establishment, Hirakud Dam Project 

SI.No. Name of Post Grade Scales of Pay 

GROUP 1-Mechanical 
Foreman J00-20-500 

2 Assistant Foreman . tso-7·185·8-225 

3 Chargeman I00-8·140·10· 
200/10·250 

4 Shovel, Crane, Scraper, Tractor I t85-5-25o 
Bull-Dozer, Euclid \Vagon Operators II z2s-s-r8s 
and Drivers (Crane Winch and Maulage) Ill go-5-125 
and Mechanics IV 75-3-105 

v 6o-2!-75 

5 Machine Tool Operator I go-5-125 
II 75·3-105 
Ill 6o-2l;-75 
IV 40·2.-60 

.6 Fitter and l\.1echanic :l I go-5-125 
7 Pattern Maker. 
8 Blacksmith 

: ~ 
II 75·3-105 

9 Copper-and Tinsmith 
Ill 50-2!-75 10 Moulder . ' 

11 Turner . I 
12 Pipejointer . . . . . . . I IV 40·2-50 
13 Instrument Mechanic including Meter Mechanic . J 
14 ,Neider I 125·5·185 

II 105-5-125 
Ill 75·3·105 
IV 55-•t-75 

'5 Hammerman 35-1-50 

16 Driver Locomotive~ I r85-5-25o 
II 125·5·185 

Ill 75-3-105 

'7 Driver Road Roller I 90·5-125 
!8 Driver Stationery and M~rine .Stcan: Pla~t (in~luding } II 75-3·105 

steam power and Launch Propulsion Engines) Driver 
Ill 55-2!-75 Stationery and Electricity driven . . . 

19 Oper~tor Gas producing plant I go-5-125 
II 75·3-105 
Ill 55-2!-75 

20 Driller • I go-s-~::~s 

21 Blaster . II 75·3-.05 
Ill 55-2!-75 

22 Sa rang I 75-3-105 

23 Rigger . II 50-2!-75 
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STATEMENT No, 6·4·5--contd. 

Sl. No. Name of Post Grade Scales of Pay 

2{ Cleaner (all cases of plant) } 25 Greaser or Oilman 25-1-30 
26 Fireman or stocker 

27 B::~iler Attendant 40-2•50 

28 Driller Apprentic" . 4o-2-5o 

29 Coalman 35-1-40 

30 Dri\·er (Concrete ~fixer) 55-•!-75 

31 Hdper. ..,25•1-30 

32 Attendant (Pump) 25-r-so 

33 Pe,:ol or Diesel Pump Operator 55-2!-75 

3~ ~Iotor Driver. 55-•k-75 

35 Timekeeper 55-3-85-{-125 

s6 Upholster 5s-•!-75 

37 Dent Beatr. 4G-2-50 

GROUP //-Electrical 

I Foreman 300-2G-500 

2 Assio;tant Foreman r 5o-7-r8s-8-225 

3 (:bargeman I r8s-5-25o 

4 C'...able Jointer II 1 oo-8-14o-1 o-2oo-
ID-2.)0 

III 125-5-r85 
IV 75-3-105 

5 Shift Engineer I6D-IO·J30 

6 Annature \ Vinder I 125-s-rSs 
II 90-5-125 

III 75·3-105 

7 Fitter 

} 8 Electrician I go-5-125 
9 Lineman 

10 \Vireman II 75-3-!05 
ll Switch Board Attendar.t III 55-•~-75 
12 Instrument Mechanic 

13 Lineman I go-5-125 
II 75-3-!05 

Ill 55-•!-75 
IV 35-2-55 

14 Battery Charger go-5-125 
15 Battery Repairer 75-3-105 
16 ~-fetcr Inspector J00-8-I4o-1o-200/ 

10-JOO 

l7 Meter Reader 55·J-IC5 
18 \Vircless Operator • I ga-5125 

II 75-J-105 
19 Timekeeper 

s:-3-Bs-4-•25 

S5(1 



APPENDICES 

STATEMENT No. 6-4-5-contd. 

Sl.No. Name of Post 

GROUP Ill-Civil Engineering 

Works Superintendents and Managers 
2 Surveyors 
3 \Vork Sarkars 

4 Works Inspectors and Assistant Managers . 
5 Embankment Inspec!or 
6 Assistant Embankment Inspector 

7 Assistant Silt Analyst 
8 Mason Mistri 

9 to 18 Plumber, Mason, Carpenter, Painter, Bricklayer. 
Sanitary and Gas Fitter, Plate Layer, \\7cll Borer and 
Rock Driller. Polisher, Stone Cutter Mistri . . 

19 Rent Assessor 
Regulation Jamadar} 
Stone Cutter Mistri 21 

22 Petrolman } 
23 Pipe Lineman . 
24 Sewerman 

25 Sounder 
26 Gauge Reader • • . } 
27 Discharge or sounding attendant · 

:28 Timekeeper . 

GROUP IV-Miscellaneous 

1 Station Master 

2 Train Examiner 

3 Railway Guard 

4 Fireman 

5 Head Shunter 

6 Shunter 

7 Keyman Railway 

1l Timekeeper 

9 Mate (Railway Trained)·. 

10 Mazdoor (Do.) 
11 Spikeman (Do.) 

12 Traffic Inspector 

13 Telephone Operator 

14 Telephone Attendant }· 15 Stores Attendant 

16 Observer 

'7 Gurkha Chowkidar 

Grade Scales or Pay 

I 
II 

Ill 

I 

II 

30(}-20-500 
too-8-qo-to-250 
I00-8-140-10-250 

55·3-85-4-125 
45·2·58 
go-5-125 
100-8-140 

Go-2!-75-3-1 05 
4•5•255·3·70 
75·3-105 
go-5-125 

105-5-125 
s5-3-8s-4-125 

30·!·35 

15-i-20 

25·1-30 

20-1-30-2-50 

5!')-3-Bs-4-125 

6o-~-t2o-EB-5-t7o 

So-5-1 2o-8-16o 
6o-4-1~20-EB-s-1 70 
40-1-50 
75·5-105 
6o-2}-7o-•t-85 
35-t-4o-EB-t-5o 

{same as pointsman) 

55·3-85·4•125 
30/· fixed 
15/- fixed 
15/- fixed 
t60-I0-250 

55·3-85·4-130 

30·}·35 

45•2•55·3·70 
3G-i·35 
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STATEMENT No. 6·4·5-concfd. 

S!. Xo. Name of Post 

18 Bahishtces or watennen 
19 Chowkidar . 
20 Dak Runner-Foot 
21 Farrash . . . 
22 Khalasi (Sun·ey and other) 
23 Sweeper 
2:4 Bddar . 
25 Gate Keeper . . 
26 Bullockman and cartmen* 
27 Mazdoor t 

.a Dak Cyclist 

29 Trolly Jemadar 

30 Sweeper Jemadar 

3' Trollyman 

32 ~{ali Chowkidar at Rest House 

33 Mali }-"l4 ~ .. fate 

35 DriYer • }-36 Sarang 

37 fide \\r atcher }. ss Sukhani 

39 Le3Car . }· 10 Greaser 

41 Leadsmao . } 
42 Lineman . . 
43 Head Boatsman 
44 Boatman 

360 

Grade Scales of Pay 

Rs. 13/- fixed 

*For Govt. Cart 13{~ fixed. 
t As fixed by D. C., Sambal­

pur 

20/- fixed 
20/- fixed 
r8/- fixed 
r8f- fixed 

r6f- fixed 

15{- fixed 

90·5~125 

55-t-60 

3G-i-35 
tion 
onJy. 

25-l-35 

2o-1-30 

Naviga· 
Survey 
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STATEMENT No. 6·4·6 

Revised Set·up of Divisions and Subrdivisions in the 

Hlrakud Dam Circle on Reorganisation 

Not Printed. 
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STATEMENT No.·6·4•7 

Earth-moving Machine Hours Statement 
(For the period from Oaober 52 to june 53) 

51. No. :Machine Description 

2 

1 Euclid Loader 
2 Do. 

3 Do. 

4 Caterpillar D\V 20 

5 Do. 
6 Do. 

7 Do. 
8 Do. 
9 Do. 

10 Do. 
It Do. 
12 Do. 
13 Do. 
14 Do. 
15 Do. 
t6 Do. 
17 Do. 
18 Do. 

19 Caterpillar DW 1o 

20 Euclid Bottom Dumper 
21 Do. 
22 Do. 
23 Do. 

24 Ca1api!lar D 8 
25 Do. 
26 Do. 
27 Do. 
28 Do. 
29 Do. 
30 Do. 
31 Do. 

362 

Machine Hours run A vcragc 
number from Oct. Utilisation 

52 to june 

3 

2 

3 
4 
5 
7 
8 

9 
10 
II 

12 
13 
14 
15 
16 

2 

3 
4 

2 

12 
II 

14 
15 

3 
13 

53 

4 

Gs6 
J,j30 
2,113 

t872 
ll93 
1406 
38'2 

2019 
2317 
24-97 
2168 
1904 
2066 

. 1849 
1366 
1694 
1648 
2519 

1021 

599 
g86 

1288 
695 

1359 
1136 
128o 
1332 
729 
363 
199 
754 

5 

1,099 

1723 

1021 

8g2 

894 
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STATEMENT No. 6-4·7-contd 

2 3 4 5 

32 Lima Shove] •743 
33 Do. 2 590 
34 Do. 3 2080 
35 R. B. Shovel J639 
36 Do. 2 !664 '543 

37 Tourna Trailers :232 
38 Do. 2 B57 
",9 Do. 3 Bog 
40 Do. 4 5'7 
4' Do. 5 g64 
42 Do. 6 1505 
43 Do. 7 1604 
44 Do. 8 1647 
43 Do. 9 ll64 
46 Do. 10 xo66 
47 Do. ll 238 
48 Do. 12 1104 
49 Do. •3 '350 
so Do. '4 •64B 
51 Do. '5 847 
52 Do. 16 1437 
53 Do. '7 gBg 10!)8 

54 Euclid Rear Dumper (B 5 FD) . 1562 
55 Do. 2 u63 
s6 Do. 5 1085 
57 Do. 6 1008 
s8 Do. 7 tq6 

59 Do. 8 1016 
·6o Do. 9 1308 
61 Euclid Rear Dumper (8 TD) 373 
62 Do. 3 981 
6g Do. 4 734 
64 Do. 5 1333 

*sB Do. 7 IOo8 
65 Do. 6 405 1019 

66 Sterling Dumper 3 g6 
67 Do, 4 338 
68 Do. 6 816 
6g Do. 8 787 424 

70 Cyclop Rear Dumper 481 
71 Do. 2 305 
72 Do. 3 554 446 

73 Tourna * Rocker 1354 1354 
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STATEMENT No. 6.4· 7-contd. 

2 3 4 5 

74 ·c• Roadster Scraper 100 
75 Do. 2 442 
76 Do. 3 1517 
77 Do. 4 1256 
78 Do. 5 1130 
79 Do. 6 765 
8o Do. 7 13o8 
81 Do. 8 g62 
82 Do. 10 1612 
83 Do. II 13 
~ Do. 12 1354 
8s Do. 13 930 
86 Do. 14 1529 
87 Do. 15 1317 
88 Do. 16 904 
89 Do. •7 J 154 1018 

go La Plant Choate 571 
91 Do. 2 95 333 

92 Cate'J'illar D/7 2 539 
93 Do. 3 251 
9f Do. 4 247 
95 Do. 8 
gO Do. 7 66 
97 Do. 10 5 186 

g8 Cletrac FDE 1314 
99 Do. 3 905 100 Do. 

~· 4 101 Do. 
102 Do. 

9 1191 
II 8II 

103 Do. 7 244 
104 Do. 6 •o85 
105 Do. 8 6o7 
Io6 Clctrac TD 2 1318 830 
107 Fowler Tractor 

4 244 loS Do. 26 70 109 Do. 27 110 Do. 
341 

III Do. 
31 128 

Do. 
10 1113 112 

Do. 
II 448 113 

114 Do. 
32 935 

115 Do. 
14 859 

116 Do. 
16 1047 

117 Do. 17 589 

119 Do. 
18 1003 
44 •4B7 
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----
STATEMENT No. 6·4·7-concld. 

2 3 4 5 

120 Fowler Tractor 47 1462 
121 Do. 48 1576 
122 Do. 15 6t6 
123 Do. 38 568 
124 Do. 2 513 
125 Do. 37 g82 
126 Do. 3 618 
127 Do. 45 366 
128 Do. 12 683 
129 Do. 19 623 
130 Do. 35 6o2 
131 Do. 39 Il5 
l:l2 Do. 36 12 67<> 

133 Power Grader 1495' 
13{ Motor Grader 2 1265 
135 Do. 248 1002 

J36 Letourneau Dozer 5ot 
137 Do. 2 593 
138 Do. 3 93° 
139 Do. 5 1036 
140 Do. 4 44 
141 Do. 8 545 
142 Do. 9 632 6tz 

143 International Tractor 253 
144 Do. 3 1211 732 

145 Fowler Challenger 2 1021 
146 Do. 5 1179 
147 Do. 6 435 
•48 Do. 18.9 
149 Do. 3 53 575 

150 Allis Chalmcr · 953 
151 Do. 2 448 
152 Do. 3 151 
'53 Do. 5 68 o\05 

'54 Caterpillar D 8 9 4 
15.'1 Do. 10 120 
156 Do. J6 7 
'57 Do. 17 51 45 

OVERALL AVERAGE 824 hn. 
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APPENDIX 6 5 

Damoder Valley Projects 

The following River VaHey Projects are being constructed ·­

(i) Maithon. 
(li) Panchet Hill. 
(iii) Konar. 
(iv) Tilaiya. 
(v) Bokaro Thermal Power House. 
(vi) Barrage and Irrigation Canals. 

The constn1ction equipment for the projects operates as a pool although 

iheir purchase is allocated project-wise. Maithon and Panchet Hill Dams were 
visited by the Committee. These are being constructed departmentally. Konar 
was a contract job. 

The ot·gauisation of the D.V.C. is given Statement No. 6:5: 1. Every 
project is in charge of a Project Manager. The Plant Engineer looks after all 
the equipment. 

The project drawings and estimates are being prepared by the American 
Consulting Engineer's firm-Messrs Harza Engineering Co. The detailed work 
ing drawings, where needed, are prepared in the office of the Construction 
Superintendent. 

The account is maintained mostly on the C. P. W. D. system. There are 
Resident Audit Officer and Divisional Accountants, in addition to a cost ac­
·counting section. 

The work goes on in 3 shifts of 8 hours each at Maithon and in 2 shifts 
at Panchet Hill. Work is closed down for about 100 days in a year due to 
rains. All Sundays and about 12 other holidays are non-working days. 

The estimated rates in the 1952 revised estimate were given by Messrs 
Hazra Engineering Co. 

The information about the earth-moving equipment is given in Statement 
No. 6·5·2. 

The provision of Spl. T. & P. in the project includes the cost of spare 
parts also. The workshop equipment is charged to the rates. Minor toors. 

·Office furniture, etc.", ts covered under 1% provision of ordinary T. & P. 

The cost of Spl. T. & P. equipment is charged progressively to works 
-through depreciation account. 

The information about the hourly operating charges was not available. 
The life adopted for depreciation is given in Appendix 3·2. The plant hour 

is defined as "net hours of work". "Field Repairs" is defined as repairs done 
in field. The zccount of field and Major Repairs is not separate. The operat­
ing charges are debited directly to earthwork but the Major Repairs and Field 
Repairs are levied at 100% of depreciation and are watched through a Re­
serve Fund. 
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The suspense estimates are cleared at the end of every working season 
on the basis of the analysis of rates worked out by the Cost Engineer. 

Measurements of the work done are taken weekly. Materials are first 
taken on stock. Stores are issued against requisition from Assistant Super­
intendents or .fu;sistant Engineers. A copy of the requisition is sent to Accounts 
Officer after issue of stores to the field where site accounts records are main­
tained. The actual consumption to particular works is found from Measure~ 
ment Books and site accounts. The consumable stores and space are ultimately 
charged to works. 

Labour is paid monthly for work-charged and fortnightly for daily rated 
staff. All staff excE"pt mazdoors are on monthly wages. 

Log Books are maintained by Machanical Supervisors and are filled in 
from the Daily F1elci Return and Progress Cards. The same form of the Log 
Books is used for all types of equipment. The Log Books do not compile 
actual costs but record data for cost compilation in the costing section. They 
show day-to-day rec:ord of repairs. replacement and performance. 

Detailed history card of each tyre has not been maintained. The infornla­
tion available is only with regard to the following equipment : 

T;vre 

t8oo X 2:1-24 ply rear 
1400 X 24-20 ply front mack . 

1400 X 24-20 ply rear 
1200X24-16 ply front Euc. 

1200 X 24-12 ply front . 
2400 X 25-24 driving and trailing Euc. 71 FDT 

Store 

Life in hours 

On rock 

3000 

2000 

Oil soil 

3500 

2400 

3000 
4200 

Officers not below the rank of Executive Engineers are authorised to draw 
requisitions-indents for purchase. Assistant Superin~endents hold similar 
powers. 

Indents are usually placed through the Head of the project to the Purchase 
Department which places the order in accordance with the standing procedure. 
Blue indents are used for "Top priority" to get materials in less than 3 months; 
pink. delivery after 3 months-goods ordered by officers under powers dele­
gated to them and White for deliv~ry after 3 months against Corporation's speci­
fic sanction. For stores exceeding in value Rs. 50,000 for which delivery is 
required after six months, the order is placed on D. G. S. & D. Specialised 
machinary is purchased by the Corporation's own Purchase Branch. 

Detailed procedure for store purchase is laid down in the Corporation's 
memorandum which is a carefully worked out document. 

The average lapse of time from the receipt of indent to the issue of the 
orders is 6 to 12 weeks for ordinary and 1 to 6 weeks for emergent indents. 
Emergent purchase of substantial value can be indented on Purchase Depart· 
ment, certified as "Emergent". The department Processes such orders under 
priority. Emergent requ.irements not of substantial order can be purchased 
by projects directly. 
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The store organisation is sub-divided into following parts: 
1. Central spare parts under Construction Plant Engineer. 
2. General store under every project. 
3. Electrical stores under Electrical Deparbnent. 
4. Steelyard under machine and fabrication shop. 

All stores are in charge of Stores Officers, and are held as stock. 

Minimum balances .{<>r stock (usually required general store) and spare 
parts are laid down for a few itl ms. This is being extended as experience is 
gained. 

Account is ke?t in bound ledgers as well as bin cards. For spare parts, 
.card system is being introduced. Spare parts are distinguished by manufac­
tl!rer's Nos. "Store item sys~em" is not in use. 

The value of the spare parts held was as under: 

Excavators 
!Jumpers 
Tractors 
G.::nt-ra.l 

Rs. s,oo,ooo 
Rs. 6,1 g,ooo 
Rs. g,8o,ooo 
Rs. 6,oo,ooo 

Nearly 80% of the spares were received commencing November-December, 
1952. The stock is still being built up. 

The centage charges for storage and handling are 11%. 

Maithon Dam 

The quantities of earthwork involved are given below: 

1. Excavation in common soil • 
2. Excavation in soft rock 
3- Excavation in hard rock 
4· Embankment earth 
5· Embankment dumped rock 

4-9i9 m. cu. yds. 
o.66o 

" o.g85 
" 

4·397 " 
I .022 " 

The excavation involved for foundation was above water table. The 
quantities were as under: 

I. Excavation in common soil 

2. l:..xcavation in rock 

'Ihe cost of the project is given below: 

Item 
I. \\forks--

368 

A .• Preliminary 
B. Lands 
C. Works 
D. Spillway and sluice equipment 
K. Buildings • 
M. Plantation. 
0. Miscellaneous 
P. l\1aintenance 
Q. Spl. T. & P. 

TOTAL WoRKs 

o.ggo rr.. cu. yds. 

0-272 " 

Amount Revised 1952 

Rs. (lakhs) 

27-0 

r48.o 
356.g 
205·7 

6t.o 
3·0 

54·8 
IJ .8 

222.3 

1090·5 



II. Establishment 
III. T. & P. 
IV. Suspense 

APPENDICES 

item Amount Rtuistd I 952 
Rs. 1/akhs) 

76.g 
II .8 

Nil 
V. Deduct receipts & recoveries on Capital Equipment 
VI. } Capitalised abatement of Land Revcnu. Audit 
VII. c~arges and overheads 
Vlll. 

-139.8 

TOTAL-DAM AND APPURTENANT V\'ORKS 1063.60 

The actual earthwork rate for Maithon was not supplied but it is stated 
to be close to the estimated rates. The information regarding the estimated 
rates, lead lift and the components which the rates include are given in para 
14.22 of the report. 

The soil comprises impervious, semi-pervious and rocky materials (Acid 
Granulites and Hornblend Gneiss). Much of the common soil received from 
the Diversion Channel was mixed with loose big boulders. The borrow pit 
dry density varies from 105 to 118 lbs./cu. ft. The natural moisture content 
ds 5 to 8% ; the optimum specified is 14 to 17%. Water is added both at 
the quarry as weil as the fill. Compaction is done with 300-400 p.s.i sheeps­
foot rollers making 8 to 12 passes. The soil does not need to be rooted. 

The operating hours of various equipment during the period 1-7-52 to 30-6-53 
and the output were as under : 

Shovels 
Dumpers. 
Tractor 

1 6,ooo hrs.·l Production. 

ment. 

64,800 hrs. I .8 m. cu. ft. Excavation. 
26,300 hrs. J I ·59 m. cu. yd. Embank-

Graders • s,Soo hrs. {I-Io-52 to 30-6-s3-) 

The bank measurement is the same as the pit measurement and hence 
bank or pit measurements are taken as a basis of quantities. 

The strength and pay of the maintenance and supervisory staff on equip­
ment are given in Statement No. 6 · 5 · 3. 

For 3-shift working of 9 excavators, 27 operators are maintained. The 
maintenance teams work in a group. The pay of excavator operators varies 
from Rs. 150 to Rs. 250 p.m. The cost of operation, maintenance and super­
vision worked out is as under: 

Operators 
Maintenance: 
Supervisory staff 

Rs. 
672 p.m. per shovel. 

1,943 Do. 
"7,025 p.m. for 9 

shovels and 36 
dumpers. 

The information about the personnel in ~he Dumpers, Tractors and Graders 
g?.·oup is as under: 

Name C!f Machine 
Bottom Dumpers 
Rear Dumpers 

" " Tractors 

" Tourna Dozers 
Motor Graders 

14 cu. yds. 

15 , " 
II , , 

HD2o 
HDI5 
Super C 
AD4 

TOTAL 

Nos. 
19 
8 
8 

14 
7 
2 

3 

61 

369 



REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITTEE 

For 3-shift working the following operators are maintained : 

Dumper operators • 
Grader operators • 

Nos. 

114 
8 

Tractor operators . 51 

Service and maintenance personnel and general staff not specifically allot­
ted are listed in Appendix 6·5·3. The charges of operation per plant hour 
come to Rs. 2/5/- for dumpers and Rs. 1/8/- for tractors or graders. 

Panchet Hill 

The estimated cost of the project is as under : 

A. Preliminary 
B. Lands 
C. 'Vorks 
D. Buildings 
E. Miscellaneous 

F. Plantation 
P. Maintenance 
V. Spl. T. & P. 

De-l:Jct receipt and recoveries 
Establishment 
T. & P. ordinary • 
Capitalised abatement of land revenue 
Audit charges 
Overheads 
Hydro-elcrtric installation including civil works • 

TOTAL FOR PROJECT 

Rs. (lakhs) 

22.0 

.201 .o 

564.6 
so.o 
36.g 
2.0 

13.0 

181.2 

1070.7 

-65.10 

64·5 
10.8 

3·0 
2.7 

18.8 
327.2 

1432.6 

The quantities of earthwork estimated and executed are given in para-
14 · 22 of the report. 

The work of stripping was done entirely by manual labour. Other earth­
work is being done by machinery. 

The oils vary over a wide range as under : 

1. Laterite soil; course grained clay, sand (SC). 
2. Sticky soil; fine grained sandy clay (CL). 
3. Weathered greenish hornblend gneiss (GM & GP) 
4. Weathered granulitic gneiss (SP & GP). 
5. 'Veathered garnetiferrous talcose micaceous gneiss (SM). 

The borrow pit density is 11:1:13 lbs. The natural moisture content varies 
from 5 to 10%; and the optimum from 2 to 12%. Watering is done both at 
quarries as well as at fill 

Compaction is done by sheepsfoot and squarefoot rollers of 290-390 p. s. i. 
doing 10 to 12 turns. Coarse and rock soil is compacted by 6 to 8 passes of 
1ractors. Rooting is not required except for hard and intermediate rock which 
is lossened by blasting. 
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The unit rates of earthwork and the- elements of cost included are given 
in para 14·22 of the report. 

Eight operators are maintained for 3 excavators and one loader working 
double shift. No mates are employed. Maintenance is done by separate 
teams, comprising 43 persons. The cost of operator and supervisory establish· 
mont came to Rs. 5/6/1 per hour. 

The following supervisory staff looks after the entire group of equipment : 

1 Chargehand. 

5 Asstt. Engineers. 

J Overseers. 

l Foreman. 

75 operators are maintained for a group of 46 ·machines comprising Dum­
pers, .3crapers, Tractors and Graders of which normally 23 Nos. are on work 
doing two shifts. The operator's charges work out to Rs. 1/4/- per plant 
}lf)Ut. 

The strength of the field repairs team is as under : 

Supervisors 
Skilled . 
Uriskilled 
N-on-technical 

l'.!ajor Repairs shop is divided into seven s~ctions as under: 

I. Electrical . 
2. \t\'clding . 
3· Engine Room 
4• General Repairs 
5· P. 0. L. Store 
6. Tool Store 

7· Office 

Section 

2 

17 

16 

14 

No. <if 
pasons 

5 
10 

12 

s6 
8 
8 
8 

Workshop cost is not debited to the cost of equipment but is debited direct­
ly to rates. 

Barrage and Irrigation 
The quantity of earthwork involved. in the Barrage and Canal Works are 

as under: 

Main canal 
Branch canal 
Distributarie<~ 

Draina~c channels , 
Barrage 

ToTAL 

m. eft. 
700 

2~0 

45C 
250 

120 

I,7jO 

The :::.oil on Bnrrage works is coarse sand; that on canal works is mainly 
loam. The entire excavation for the Barrage was under water. 

25-1 c. W. & P. C./57 
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The cost of the project is estimated as under : 

Preliminary •"Xpcnscs 

Land 
\Vorks . 
Buildings 
Miscdlaneous and service road 
Special and ordinary T. & P. • 

Deduct receipt and recovery 
Add overhead and indirect charges 

TOTAL 

Rs. (lakhs) 

27·7• 
360.82 

959·93 
103·43 
104·43 
69·32 

2,o87.88 

-17-30 
2.07 .o8 

2,277.65 

The work is shut off for about 140 days due to rains. Sundays and im~ 
portant holidays numbering 40 are observed as non-working days. 

The lead and lift varied as under : 

Work Lead Lift 

CANAL \\foRK 

~finimum 70 10 

Maximum 150 25 
Weighted average. 100 15 

BARRAGE 

A1.inimum 300 10 

Maximum 2,000 20 
Weighted average 500 12 

Earthv:ork planned to be done by machinery is 350 m. eft. and that by 
manual labour 1,200 m. eft. of which about 20 m. eft. is accomplished with 
machinery. The rates provided are based on 1953 estimates in which the 
rates are considerably increased. 

The construction equipment is charged to works through depreciation ac­
<Count. M!scellaneous equipment worth about Rs. 12 lakhs is charged finally 
to works. 

The estimated rate by machinery ic; Rs. 28 to 40 per 1.000 cit. and by 
manual labour Rs. 18 to 32 per 1.000 eft. A note on costing furnished by the 
project is given as accompaniment 6: 5. 
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APPENDIX 6·5·1 

Organisation Chart 

Not Printed. 
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APPENDIX 6·5·2 
Damodar Valley Corporation 

*Indicates Second hand cqu~pment purchase. 

F.q•:i:pment & Size 

l!.xc{W(I!ors­

~fR cu. yds. 

5j8 " " 
314 u , 

I CU. yd. 

i , " 

•! cu. yd. 

Afr;bile Cranes-

20 Tons. 
8 Tons. 
6 Tons. 
6 Tens. 
7 Tons. 

Do. 

Do. 
Do. 

1 Ton 

5 Tons . 

Bottom Du."TTpas-

13/15 cu. yds .. 
IS , 

" 17 , 
14 H 

" 

I Priestmen • 

4 Ruston Bucyrus 

5 NCKso4 . 
2 North West-25 
1 Bay City-t>5 
I p & H-255 

2 Rapier-440 

3 NCK.6o5 
I N\V-6 

4 PH 65513 
2 Lima 

16 PH g65 A 
4 Lima 8os 

No. & Mak: 

2 Ruston Bucyrus-.54 

3 P & H Truck mountc.-d crane 
I Bay City 

1 Neal Mobile 

1 K. L. Johnee 

I T ouma Crane TM-20 
2 D-Roadster 

J Tourna Crane TM-20 
1 Super •c• TM-2o 

2 Fork lifter Ross Carrit>1 
2 jum~Crane 
3 Tractor Cranes 
r Cryslar Mobile 

31 Eudid.o; 
3 Letourneau 
7 Terra Cobra • 
6 Super 'C' Tournapull 

Purchas~ Price 
(R.s.) 

54.477 
2,86,83& 
4,o6,o10 

2,02,(1::!:4 

• 
• 

2,07,722: 

4,95,000 
I,4s,Gs() 
4,48,ooo 

5,46,ooo 

5s,24,ooo 

15,64,888 

5,3g,G8o 

6,17,799 

• 
70,000 

86,8gg 

23,000* 

2,14,820 

1 1071410 
91,6oo 

4I,OOO 
72,026 

IJ,J8,054 

SI,ts,ooo 
4·95.59° 
9·57.950 
7.39,38o 



Equipment & Size 

pear Dumpers­

IS cu. yds. 
10 , , 

Shuttle Dumpers-
3 cu. yds. 

4! " , 
18 " " 

, " 

Power Scrap"-

q cu. yds. 

8 " " 
" 

Tow Scraptr-
20 cu. yds. 

13 " , 

9 , " 

Tractors-

Crawler Tractors-

APPENDICES 

No. &Make 

14 Mack 
25 Eu~lid Model B.5 T.D. 

.48 Muir Hills . 
4 Avcling Barford 

IO , , 

2 Koehrings . 

3 Super 'C' Letourneau 

12 'D' Roadster 
4 Terra cobra 
3 Laplant-Choate TS-300 

3 Onion Empire BT· 20 
10 Onion Empire EH-13 
9 Onion Empire EK-g 

Cat Model70 

28 Allis-Chalmers HD-20 

9 HD-t9 
26 HD-15 
10 HD-10 

7 HD-5 

3 International TD-24 
4 International TD-18 
4 International TD-14 
6 Hanomag 
2 Caterpillar D-8 . 
8 Cat(!rpillar D~7 . 
2 Ansalcio Model TCA-70 
I Continental 

Purchase Price 
(Rs.) 

21,47.040 
37,~5,000 

3,gG,ooo 

'·53·5-IP. 
tt,88,86o 

1,54.330 

4,12,158 
11,1~,400 

6,oo,ooo 

4,55,457 

2,39,550 
4,66,750 
2,43.900 
1,36,240 

29,40,000 
7,20,000 

17,68,ooo 
5,81,000 
3,02,ooo 

2,68,sso 
g,g6,228 
2,74,500 
t,ss,ooo 
t,6g,904 

5·19,200 
79,9':1:0 
41,000 

18,181102 
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Equipment & Size 

Wh"l Traa.,._ 

Afotor Gradus-

Shttp~foct Rolkrs-

Loaders-

Trad<Jr T ankrs-

376 

No. & Make 

4 Touma Dozers 
4 International \VD-6 
2 M. :M. Tractors 
2 Oliver K. D. 
7 Ferguson 
2 Fordson Aiajor 
1 John Deer • 

3 Austin \<\'estern 

5 Allis-Chalmers AD-4 
3 Allis-Chalmers AD-40 
1 Caterpillar Motor 

3 Allen 
5Tampo 
2 Tourna Packtt 
2 Blawknox . 

1 Sheepsfoot Rollers 

1 Le-Tourneau Roottt 
3 Le-Tourneau K-30 
2 Le-Tourneau H-5 
2 Empire3 RK 
3 Caterpillar t8 Ripper 

2 Euclid Loaders 

3 Allis-Chalmers Water-Tankers 

Purchase Price 
(Rs.) 

5·34,488 
6o,xso-
21,38o· 
26,840. 

48,300 
24,000 

23,404 

1,54,185. 
3,48,soo 
2,2r,o8s 

70,313 

28,534 
J,I71250 

66,26o­

I6,490 
7,000 

6,ooo 

43.947 
xr,g6o 

27,400 
51 1 126 

5,66,go8 
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STATEMENT No. 6·5·3 

Statement Showing Number of Personnel in the Maintenance Gang 
for Excavators 

Serial 
No. 

1 MechaniC's 

2 Foreman 

g Fitter 

4 Helper 

5 Blacksmith 

6 Supervisor 

7 Electrician 

8 Welder 

Kind of personnel Nos. Pay of each Remark 
per month 

s 
I 

3 

I 
6 
5 
2 

3 
2 

2 

I 

• 
2 

3 
I 

I 

(Rs.) 

ISO 
t6o 
tSs 
120 
100 
t8o 

540 
soo 
goo 
39S 
200 
2SO 
140 
t6o 

220 

ISO 
120 
t6o 
130 
140 
tSs 
110 
240 

Gs 
So 

120 
90 
75 
85 

100 

120 

ISO 
12S 
tSo 

110 
ISO 

t6o 
ISO 
250 

go 
So 
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STATEMENT No. 6·5·3-contd. 

Stotement Showing Number of Personnel in the Maintenance 
Gang for Dumpers and Tractors 

Serial 
:\o. 

1.kchanics 

2 Greaser . 

·1 Fu~eman 

5 \\rork Sircar 

6 Driver 

7 HelP.,.. 

Kind of personnel 

8 M·:chanical Supervisor 

g Ekctrician 

10 Chc.wkidar 

37B 

Nos. Pay of each Remarks 
per month 

I 

4 

2 

II 

5 
12 

I 

I 

I 

6 
I 

2 

2 

3 
4 

14 
3 

2 

(Rs.) 

225 
200 

J40 
130 
180 

go 
8; 
So 
75 

100 

6; 
70 

90 
Bo 

IIO 
150 
100 

120 

130 

300 

35° 

6; 
go 

120 
100 

jO 

75 
IIO 
150 

105 
120 

go 
8o 
75 
Gs 

150 

175 

150 

Gs 
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STATEMENT No. 6·5•3-contd. 

Statement Showing Number of Personnel for Supervision Time 
Keeping Store Keeping etc. 

Serial 
No. 

I Chowkidar 

2 Shovel Supervisor 

3 Work Supervisors 

4 Time Keeper 

5 Store Munshi 

(For Excavators and Dumpers) 

Kind of presonnel Nos. Pay of each Remarks 
per month 

(Rs.) 

5 6s 

liO 
12 go 
4 i5 
I 70 

6 100 

23 go 
4 liO 

125 

3 120 

150 

go 
2 100 

1 !0 
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APPENDIX 6·5·4 

Notes on Costing 

1. A construction equipment depreciation schedule for normal use of 2,000' 
working hours per year has been issued by the Corporation. For assessing 
depreciation this schedule is to be used. For machines not listed in the sche­
dule, Chief Engineer's instructions are to be obtained. Depreciations of ma­
chines are to be taken on their n€'t working hours. 

2. Repairs and overhaul are to be taken as 100% of depreciation. 
will cover all spares and labour for major repairs as also small parts, 
and nuts, etc. for any minor repairs and maintenance. 

ThiS" 
holts 

3. Int~rest is to be charged at rate of 4~% per annum on the gross 
working hours. 

4. All fuels, lubricants, engine oils, etc. are to be shown separately. 

5. Operation staff will include : (i) Operators, (ii) Drivers, (iii) Helpers 
and (iv) any other work-charged personnel and daily labour directly employ­
ed on the job. 

6. For field maintenance only direct labour charges ~uch as mechanics .. 
greasers, daily labour, etc. are to be taken into account. 

7. Overheads will comprise the following:-

(i) Expenses of field S"U?ervisory staff employed full time on the job. 
(ii) Proportionate share of expenses of-

(a) Field supervisory staii not employed full time on the job, 
(b) Executive Engineer and his office, 
(c) Accounts Office, and 
(d) G. P. Fund contributions of staff in (i) and (ii). 

Proportionate shares in (ii) above will be decided by the Executive Engineer 
and the Accounts Officer. 

8. Depreciation at 33!% is to be taken. of the cost of:­
(i) Temporary sheds ; 
(ii) camp equipments ; and 
(iii) small and general tools isrued to field staff. 

These percentages especially of items (i) and (ii) may be varied by the Execu­
tive Engineer in consultation with the Accounts Officer and the Engineer-in­
charge. 

9. Transport and other charges of machines are to be booked separately. 

10. All other consumable stores including wire ropes to be shown separa­
tely. 

11. For any earthwork two unit rates are to be worked-
(a) Direct Labour Machine, Supervision and small repair charges, and 
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(b) Direct Labour, Machine, Supervision and small repair charges plU$ 
interest, overheads and tools and plant charges. 

Rate (a) will be comparable with estimated rates whereas Rate (b) will 
be comparable with the rates of other agencies including Contractors doing 
the same kind of work. 

12. Transport charges of machines from one place to another are to bp­
shown separately. These charges are to be debited to the terminal job. A 
more convenient way is to debit to terminal job all remaining fuel, and other 
consumable stores and the salaries of operators etc. from the hour they start. 
for the terminal job. 

Method of Calculating Earthwork Rates 

A. (!)Total direct Labour for t!:>• period. 

(2) Total direct Supervision. 

(3) Total direct Fuel 

( 4) Total direct Field maintenance staff. 

B. (1) Depreciation for net working hours. 

(2) Maintenance--Depreciatinn. 

(3) Interest for the period. 

( 4) Depreciation of Camp Eqmpment for the period. 

(5) Overheads of Supervisory staff-

( Asstt. Engineer and office) 

(Executive Engineer and office) 

(Accounts Officer and office). 
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APPENDIX 6·6 
Bhakra Dam Project 

A (\Jncrete dam across the river Sutlej, 680 ft. high and reqUiring nearly 
:5 m!!!ion cu. yds. of concrete is being constructed. The excavation mostly 
in rocrl: over 5 million cu. yds. will be required. Earth-moving machinery is 

ut:lised mainly on the excavation of the approaCh roads, foundation for the 
<dam and the power house and the tunnels. 

The primary Sub-heads and the estimated cost is given below: 

A. Prdiminary 
B. Land 
C. \Vorks 
K. Buildings 
~L Plantation 
0. l\Iiscdlaneous 
R. Railways and Communications 

B. L::md 
Total works Less B. Land 

P. ~faintcnancc 
1°~ of cost I-\Vorks 
Total I-\\.orks (I) Headworks 

I-\Vorks (6) Special Tools and Plants: 
A-Capital cost 

TOTAL \VORKS 

B--Dc:duct for depreciation includtd in rates for works under 
C-work5 and sale of machinery on completion of work. 

1-\\"orks (7) Losses on stock, L.S. 
l,"nfo:-,--secn L.S. 
Total I \Vorks 

11-Establishment 

(i) Establishment charges including leave salary an~ pensionary 
charges 

(ii) Establishment charges on account of specialists • • 
(iii:1 Establishment charges on account of C.A.O.'s Office at 1/2% 

of I-Works . . . 

III-Tools and Plant 
1% ofl-Worb.s 

TOTAL EsTABLISll:O.IEr-<T 

IV -Sll'>pense 
~il 

V-Receipts on capital account for Buildings and Railway 
Total direct charges . 

VI-Indirect Charges 

C.tpitalisation of the aLakment ofl.and RI':Vt':JUC and Audit aml 
accounts 

TOTAL 

:382 

Rs. 
I,I8,]7,000 
3·44..4 3,000 

32,82,:n,ooo 
3,44,6s,ooo 

2,oo,ooo 
81,47,000 

2,22,41,000 

43,g6,1o,ooo 
3·4h43,000 

40,51,6],000 

40,52,000 
4-l-.36,62,000 

8,8],52,000 

-J .. (l,J8.ooo 
2,00,000 

25,00,000 
4i,o2,76,ooo 

4.34,26,000 
4,g8,8s,ooo 

23,01,000 

9,56,12,ooo 

1,02,12,000 
55,02,]9,000 
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The v:'lue of Special :r'· & P. is estimated at Rs. 8·87 crores of which tbe­
eart_h-movl~g machmery 1s nearly Rs. 2 crores. Nearly 70% of the life of 
equipment lS planned to be utilised on the work and the 1·e.sale vnlue is taken 
at 80% of the book value. 

The general organisation of the project is giv~n in Statement No. 0·6·1. 

The information about the capital equipment is given in Statement No. 
6·6·2. 

The _information a?out th_e e~~im;;tted cost and the actuals of ownership, 
fl.nd runnmg cost of eqmpment IS given in Statement No. 6 · 6 · 3 & 4. 

Efficiency of utilisation is controlled through a form devis~d for each 
type of equipments. A typical summary is given in Statement No. 6 · 6 ·. 5 · 

The cost of earth-moving machinery is debited, in the first instance, to­
the project as an independent charge under "Special T. & P.n but is trans~ 
ferred to work through depreciation, progressively according to utilisation. 

The "plant hour" is defined as the total hours of work for each machine 
irrespective of the meter reading. The field repairs is defined as the work 
that can be done in the field. The plant engineer or the Master Mechanic 
decides which work should be done in the field and which in the shops. 

The running expenditure of the equipment i.e; watched through suspense 
estimates which are cleared monthly on the basis of the estimated rates of 
owing and operating the equipment and log book records. The adjustment for 
the residual charges on suspense is carried yearly. 

Log Books 
The form of the log book and rules for their maintenance is given vide 

Statement No. 6·6·5. 

The quantities are haseil on physical measurements by the P. W. D. staff 
according to the normal P. W. D. regulation~. 

Stores 
A small store is maintoined at the dam site for about 15 days' require­

ments. The mnin stiJre is located at Nangal which issues the materials to t!Ie 
sub-store as transfer of stocks. The issues from the sub-store are according 
to the normal stock regulations of the P. W. D. accounts. 

Technical Personnel 
ExcavatoTs-The number of operators engaged are equal to twice the 

number of excavators plus about 1/6 as reserve. Generally, one operator 
is allocated to one machine. Maintenance is carried out _through crew system 
employed for the entire group of equipment. Information about the wages 
is attached vide Statement No. 6~6·7. 

The information about the strength of establishment under various teams 

is given in Statemen~ No. 6 · 6 · 8. 
d s ate t-.n-es account is not MostlY rock-grip types of tyres are use . epar J • 

maintained. The -cost is included in the cost of spare parts. 

All staff is maintained on monthly wages. 

about the stock and accounting system is given under 
The information 

Nangal Project .. 
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STATEMENT No. 6·6·1 

Organisation of Bhakra Dam Administratior: 

Not Pr:nted 
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-.--- -----------

STATEMENT No. 6·6·1 

Work-charged Establishment Employed In Lubrication Sub-division 

Foreman 

<:bargeman 

Drivers 

-Greasers 

Oeaners 

Work mistries 

Organisation of Excavation Right Division (Twoshift) 

.Executive Engineer. 

' S. D. 0. Accounts and Estimating. 

7 S.D. Os. Excavation Work. 

2 American Supervisors. 

1 Assistant Supervisor. 

Organisation of Excavation Left Division (Twoshifts) 

.Executive Engineer. 1 American Supervisor. 

7 Nos. 

14 Nos. 

14 Nos. 

24 Nos. 

36 Nos. 

5 Nos. 

1 S. D. 0. Accounts ond EstimaJc:s. 

4 S. D. Os.. for Excavation. 

" S. D. Os. for Drilling and Blasting. 

1 Assistant Supervisor Excavation General. 

1 Assistant Supervisor Drilling and Blasting. 

o E. L. Shovel. 
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Type of 
Eqmpm.:nt 

Mnkc n, d Motl!"l or Sizt• nod 
Nos. in t•nch 

STATEMENT No.6.2.6-Contd 

Bhnkra Dam Project 

Capital Equipment 

!v[onth 
nnd yt•m· 

t1f J>UI'• 
chnsc. 

Month 
nnd year 
1st put 

into 
opcralir n 

Total 
Purcha~c 

Price 

Wh(~thcr 
acqui1·cd 
new or 

fi'Om 
disposal 

Ordcrr·d tlu on~~h 

-----------------------
2 3 4 '> 6 

(1\) T,·actors f) 

!.J.o) 
Cntcrpillnr- -D. n with Do:t.t·r 1 : B/4.n 

wf.lB 
: 3/50 

2 : fi/52 
!)/53 

5 Cnlt~q>illat· D.7 2 1 ~~f5o 
3 I 1/48 

4 Cntt•: pillar D.6 I : 9151 
I : 9h2 
1 : 9153 
1 : 3/53 

Catl'rpillnr D .. ~ sir II 51 
Catnpillar R.4 "'·19 

10 Allis: C"talmcrs HD ~o 6 0/52 
4 9/52 

4 Ansaldo Fossarti AF 0 II/52 
DiL·sd Tractors with Do:r.t:rs 1 I<J/5'1 

~ r/,J:.I. 

7 8 9 
-----------------------· ---

3® 327204 
2@ 15394 

I@ 134408 

2@ 120980 
3® tgr,,s 

2@ 13309~) 
3@ 137:~42 

1@1 9270 
r@ ••1557 
tGt sooo 
8@tu0or6 
2(0 206728 

NPw 
Old from 
Disposals. 
New 

New 
Old from 
Disposals. 

New 
New 

Old 
New 
Old 
New IO 
New j: 

+@ 4114203 New 

\Villcox-Duckwcll India Ltd. 
Frorr. Di11p0.~a:s. 

\Villcox-Buckwcll India Ltd. 

Do. 
Fran• Disposals. 

\>\'il:Cox-Duckwdi, India Lid. 
Mj... rl ractor f>n.ipw' nt C'orpn. 

Ind:a Lid., NL\.,. Ddhi. 

(Disposals). 
From Baud Khcl Thai (W.B.) 
From Disposals. 

Pasha Dhai Pa:t·l & Co., Bombay, 
Narwana Circle. 
Bhakra Main Line ('irclc. 
United Provinct·s Comml. Corpn., 

New Pclhi, 



"' "' 

2 Motor Graders 

pers 

Excavators 
Operating as 
Drag line shoveh 

and Cranes. 

8 Internationnl T.D. 2,~ 

4 Motor Cradcrs No. 212 
:tvlotor Grader ~o. 1 ~ 

2 D. Roadster made Rocker fitted 
with 4- cylinders G.M. Engines. 

'7 (Shovels) 1. Ruston Bucyrus 120 

14 {Cranes) shovel. 
2. Bucyrus Eric 38 B. Sho-

vel 2 Nos. Il cu. yds. 
31 3· Main Speed Shovd 11 

cu. yds. 2 Nos. 

4· Link Belt Spel'dcr Shovd 2! cu. 
yds. ~Nos. 

5· P. & H. Shovels .1 cu. yds. 1 No. 

I 

5 
2 

l I 

' ·} 

! 
' J 

13. Marion Shovels 2~- cu. yds. 3 Nos. I 

2 

?/5'J 
3/5:1 
5/5:1 

7/52 
11/52 
8/53 
7/53 

11/52 

: 3/53 

: ,5/53 

12/52 
3/5o 

3/49 

:1/48 
II/50 

'J, Lorain Shovdsj-Bo tl cu. yds 2/53 

R. Lt>onard Shovel i· cu. yd. 1 : 7/·Hl 

9· Leonard Elcctl·ic Shovr•l 2h cu. :l : 10/53 
yds. 2 Nos. -

JO, N.W. 1} cu. yds. Shovel 3/48 

II p & 11. ! cu. yd. 1 No. 2/49 

...., -----------~-~ -~·----;-·-----·- ------- ----·-----

r(tl) 556:.~n Nc·w 
3rq) 2gqo New 

2@ 224344 Nt'\V 

1@ 68ooo5 New 
2@ 6tos·.w New 
2@ 667670 New 

I@ 62300 Old 

I@ 68g86 Old 

3@ 1008179 New 

I@ 298oflo New 

I@ 109644 New 

2@ go::!G5o N<"W 

I@ 50000 Old 

I@ 49428 

Mjs. Volkm-t Bros., Ltd., Botnbav. 

MJs. Willcox-Buckwcll (India) 
Ltd. 

\Villiam Jack Co. {India) Ltcl. 
Bombay. 

Ruston Bucyrus Ltd., U.S.A. 
M/s. Bucyrus El'ie, U.S.A. 

Do. 

From Dispo~als; 

Do. 

Blackwood Hodge & Co. 

Vol kart Bros., Vd., Bombay. 

Do. 

M/s. G1·1~aw Colton & Co. 

From Disposals. 
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STATEMENT No. 6·6·2-conc/d. 

2 3 5 (i 

Cranes 

Dumpers 5~ 

Compressors ~6 

Lorain Thew Shovel Crane: 5!.!4 15 
tom 1 No. 

l..ornin do. 45 tons I No. 
Link Belt Cranes to':JO tons 1 No. 
Quickwnv Motor Crnm.' 5 lon.'l 1 No. 1 
T.-nt·tor Crane D·7 7tons :.:1 Nus. . ~ 
Stitllc(t' Dnrick Hudson C1·nnc i tolls ::z 

!2 Nos. 

3153 

4./5~1 
31·!0 
5/50 
s/49 
4/·fn 

ForkLiftt'rNo.t7:15LI,t739LI, ~: t/53 

1/47 
ti/MJ 
61 HI 
81·19 
7/50 
6147 

!2 Nos. 
PH 5 Tons Crnm•s 1 No. . I 
Trnctor Crane 1.D. t.~'l tons 3 N(ls, 'l 

Koc:hring Dumpers 
Dumpt'f!l :{ CtJ, yds. C'UJ>. 
Durnpc:z· !vii,;. Hill 'l cu. yds. 

Air Compn•ssor 315 Cl•'M 

210 CFM 4 
105 CFM 7 

100 CFM I 
soo CFM :1 . . 

Compn·ssor 1000 CFM Elcc. 
7oCFM 

92 GFM Air Compressor 1 

16 

12 
20 
•.::o 

• 
I 
I 

·I • • • • 
4 

, 

I 

3 
12 

• 

:11·1) 
7/47 
5147 
•149 
7145 
•I so 
9/50 
9152 

914~ 
7146 
3/50 
9/so 
•Is• 
•Is• 
•149 
•149 

I •1·17 
11/49 
5/4ii 

I0/50 

l 

j 
} 

7 

t@ 30!.!:Z05 

I@ ,H}(i(JOO 
r@ 6'l:~oo 
I (cy !.l5:{50 
'l (r(! 2B:zrn 
•li!J 104350 

::z@ 70:Z 14 

•® 26662 
3@ 12779 

••® 671l048 
:20@ 537172 
2n@ 169703 

I GC!!J 406285 

t@ 
3® 

12@ 

•@ 
•@ 

u 
New 

New 
Old 
Old 
Old 
Old 

Old 
Old 

New 
Nt~w 
New 

'7 
Old 

29 
New 

9 

Volkart Urothen. 

Volka•·t Brothel'!!, 
Di!lposals. 
Central WorkshoJl, Amrit'!ar. 
Di.~posals. 
Di~posals. ' 

DispoSal!!. 
Dispo!4als, 

· B. K. Khanna & Co. 
Cannon Bunkulrv & Co., Ltd. 
G. Boydcll & GO. 

16 Ji'om Dispos..tls. 
1 from Ing{:rsol Rand. 

5 from Ingersol Rand, 
12 from Consolidated Pneumatic 

Co., Ltd., Bombay • 
6 from CPT Co., Bombay • 
1 from Hissar on transfer. 
2 from ISM, U.S.A. 
3 from Mfs. Albert Herbert Co., 

Ltd., Calcutta. 



7 Crushers 7 Rock Crush('rs 5G V .\ G{47 

} Slom· Crushers l'clrolt6"' x·g I 4/48 
Pioncl'r Rock Crushe-r Model 3 I 2{50 7® 12595!l Old lJisposals. 
Stone CrushC'r 12 VA . 3 3/50 
Primary Rock Crush<'l' 25 q cJ. 6{5o 

8 Euclids 12 27 F.D. 15 Tt)r: 12 5/49 89799 each 1\c-w 
8 So F.D. 15 Ton 8 3/53 146oo each New 
8 1 U.D. 10 Ton 8 3/53 tt7310 each New 

20 31 T.D. 22 Ton 20 3153 220000 each New 

-----~---·--



REPORT OF CONSTRUCTION' PLA!';T AND MACHINERY COMMITTEE 

STATEMENT 

Bhakra Dam 

Data for Cost Estimating 

(1953-54 

Oil grea<;e 
and waste 

Sl. Type of Makes. Model Fuels Gls. per op<'rat- including Operator 
Xo. Equipment and Size ing hr. & isme rate labour wages 

for fuel Qty. rate -r_cr per opcrat-
operaung ing hour 

hour 

2 3 4 5 6 

I Tractor H. D. 20 5! 
Dozer Allis Chalmer 

8 0 3 9 0 5 0 

2 Tractor T.D. 24 4! 
Dozer International 

8 0 3 14 0 5 0 

3 Tractor D. 8 3} 8 0 3 15 0 5 0 
Dozcr Caterpillar 

~ Tractor A. F. 8 3! 8 0 3 0 5 (} 

Dozer Ansaldo FOS!=ati 

5 Tractor D. 7 2} 8 0 3 9 0 5 " Dozer Caterpillar 

-6 Tractor D. 6 If 8 0 3 5 0 5 () 

Dozer Caterpillar 

7 Tractor D. 4 ., 
Dozer Caterpillar 

8 0 2 6 0 () () 

8 ).[otor Caterpillar If 8 0 2 12 0 5 () 
Grader 
Scraper 

9 Shov<:"l Marion 2 J cu. yds. 5 8 0 4 13 0 7 () 

10 Sho-:,rcl "Manitowac 1 i cu. 
yds. 

2} 8 0 3 12 0 5 () 

" Shovd P & H ti cu.yd5. 3 8 0 4 3 () 5 () 
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No. 6·6·3 

Projects 

.of Machinery 

Ralrs) 

Auxiliar}' 
PC'rsonneJ 

·wag<-"S per 
Qpcrating 

hour 

7 

2 0 

2 0 

I ., 0 

I 15 0 

1 " 0 

9 0 

6 0 

9 0 

3 0 

2 9 0 

2 13 0 

APPENDICES 

Repair parts Tyrcs, Sundries 
(spare pans) Tubes and Misc. 

cost per and Flaps cost per 
operating cost operating 

hour per operating hm1r 
hour 

8 9 10 

+" ·o 2 5 0 

'f 6 0 2 3 0 

4 14 0 2 7 0 

4 5 0 2 3 0 

3 12 0 I I{ 0 

3 2 0 9 0 

4 0 0 10 0 

3 2 0 Item No. 9 9 0 

includes 
cost or 
item 8 

5 0 3 10 0 

4 9 0 3 4 0 

4 0 0 f:) 0 

---.--··-· 

Tozal 
cost per 
operating 

hour 

-·--------
II 11 

-----
31 B 0 This includes dt"p~ 

reciation· 
per hour. 

@ 915 

2!} 4 0 This includes dcp~ 

rcciation @ 8/11 
pa hour. 

29 4 0 This includts dcp--
rcciation @ 9/IJ 
per hour. 

26 II 0 T-his includes dcp-
rcciation @ B/to 
per hour. 

!23 8 0 This includes dcp-
rcciation @ 718 
per hour. 

19 12 0 This includes dcpn ..... 
dation @ 6}-j per 
hour. 

II 6 0 This includcs dcprc-
ciation @ 2}8 per 
hour. 

29 4 0 This includes de pre-
ciation @> 6/s per 
hour. 

{0 0 0 This includl'S dcprc~ 
ciation @ 14{8 per 
hour. 

31 12 0 This includ1~s dtpr?~ 

ciation cost @ 12]15 
per hour. 

31 8 0. This includes depre~ 
ciation cost@Ir/11 
per hour. 
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REPORT OF CONSTRUCTION PL.\NT AND MACHINERY COMMITTEE 

STATEMENT 

, 3 1 5 6 

12 Show•! Lorain 1 i cu. yds. 3 8 0 3 15 0 5 0 

13 Show· I 38-B I l cu. yd<:.. 3 8 0 4 0 5 () 

q Shm·el r& H tl cu.yds. !]! 8 0 1 4 0 5 (> 

15 Shon:-1 Lorain i cu. yd. If 8 0 3 I2 0 5 () 

I6 ShO\-d Orton i cu. yd. i 8 0 3 8 0 5 () 

I7 Sho\·d P&H!cu.yd. 2! 8 0 3 8 0 5 () 

I8 Shovd l'\orth \\·csl I! cu. yds. 2! 8 0 4 2 0 0 I3 () 

Ig Tourna 
Rocker 

If 8 0 3 3 0 0 I5 () 

20 :Motor Crane Lorain 45 Tons IO 8 0 3 I3 0 5 0 () 

4 8 :} 2I ~Iotor Crane Lorain 30 tons 3 If 0 5 0 () 

1 3 2 

22 Crane \\.ashington Electric 0 2 
Charges 

6 3 IO 0 4 0 () 

120 units. 

23 Crane Colby Joo Units 0 2 6 3 IO 0 ~ 0 () 

24 ~fotor 
Crane Old 

Lorain 2 gls. 8 0 4 4 0 5 0 () 

25 Crane Orton 5 tons If 8 0 I II 0 4 () 

26 Crane ( com·t-r~ P&H 2! 8 0 () trxl from r! 4 0 3 
cu. yds. 
Sho\"d) 

------- --- -- ----- ·-~-----
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APPENDICES --- --------------- ~ 

No .6·6·3--contd. 

-----·--·-·---
7 8 

2 9 0 4 0 

2 9 0 3 I3 0 

3 0 I II 0 

• 9 0 I I5 0 

• 13 0 ! 15 0 

• 7 0 4 0 

3 I2 0 • 0 0 

5 0 • 10 0 

19 ~ 0 5 tO 0 

t6 JO 0 3 1.2 0 

t8 14- 0 5 IO 0 

t8 14 0 5 2 0 

IO 0 9 0 

10 II 0 5 0 

3 4 0 3 0 0 

9 IO 

2 11 0 

4 0 

I 15 0 

1 15 0 

I 4 0 

I 5 0 

1 14 0 

5 10 0 

3 12 0 

~ 0 0 

3 10 0 

0 15 0 

0 15 0 

8 0 

!! I2 

31 o o This indude!\ dcpre~ 
dation @ u/u per 
hour. 

2.9 12 o This includes de-pre~ 
ciation @ 10}13 per 
hour. 

J 7 o o This includes depre-
ciation @ t/11 per 
hour • 

t8 o o This includes deprecia­
tion @. 3/14 per 
hour . 

18 o o Do. 

t6 o o This includes depre-
dation @ 2/8 per 
hour. 

t6 0 0 Do . 

20 8 o This includes depre-
ciation @ 7(8 per 
hour and contingen­
cies @ 2 per cent. 

79 5 0 This includes depre­
ciation @ 22/6 & 
2/12 per hour for 
Ford Truck. 

This includes depre-
ciation @ Rs. 15,1I 
per hour & 2/12 lOr 
Truck. 

7I o o This indudes deprc·­
ciation @ 16(12 per 
hour. 

65 a o 

22 3 0 

19 12 0 

This includes depre­
ciation· @ 14/10 per 
hour. 

This includes depre­
ciation @ t{g per 
hour. 

This includes depre-
ciation @ 3/1 1 . per 
hour. 

This includes depre-
ciation @ g/- per 
hour. 
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STATEMENT 

2 3 5 6 

•7 Crane '\'reeker 2! 8 0 1 0 2 8 0 

2B Crane ( conver- P & H 2! .8 
ted from l 

0 4 It 0 4 0 

cu. yd. Shovei) 

og Crane ( comTrt- Link Bdt 2 8 0 1 It 0 4 0 
ed from ' • cu. yd. Shovel J 

so Crane Quickway Mobil t! 3 0 0 2 7 0 0 13 0 

31 Tractor 
Crane 

D.7 (6 Tons) 2 8 0 :l 6 0 0 1'; 0 

go Euclid with D.; cu. yd. 27 FD 2& 8 
Trailer. 

0 8 0 0 0 

33 Crane TD q. (2 Tons) 1) 8 0 3 6 0 0 1'; 0 

34 Truck with Federal 4 3 0 0 0 10 0 0 0 
Trailer. 

35 Truck with International 3 8 0 8 0 0 0 Trailer 

36 .Auto Car with 2 3 0 0 0 10 0 0 0 
·l5 Ton Trail~r 

37 Truck with G • .M. C. 2 3 0 0 0 5 0 0 0 Winch 

38 Euclid 31 TD 22 Tons 4GI./3.69 8 0 3 8 0 ; 0 

39 Euclid 27 FD 15 Tons 2.5 Gl. 8 0 3 8 0 ; 0 
2.42 

40 Euclid t U.D. to Tons 2 Gl. 8 0 2 8 0 5 0 

-~----
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APPENUICE5 

No. 6·6~J.-contd. 

7 

7 8 0 

10 '7 0 

10 5 0 

0 0 

1 13 0 

4 G o 

1 13 0 

8 0 

4 (j. 0 

-f 4 0 

-f 0 0 

1 15 0 

1 12 0 

• 9 0 

8 9 

4 0 

1 ro o 

0 

9 u 

l 15 0 

3 IO n lh'm 2\io. 
9 includt•.<. 

cost or 
iten1 8. 

0 12 0 

7 0 

,, o o l!em 2\'o. 
9 inclttdt:s 

C()St of 
itt:lll 8. 

Do. 

(J 11 0 Do. 

J 0 Do. 

9 0 Do. 

Dtl. 

lO 

, 15 (l 

0 l5 0 

o B o 

0 12 0 

0 0 

2 JO 0 

0 8 0 

0 1 ~ () 

6 " 

0 6 0 

0 5 0 

0 

J 13 0 

I l:J 0 

11 12 

:20 3 o This includes deprt·-
ciation @ 3!3 per 
hour. 

!.!O J4. o This includes dt•prt:.-
ciation @ 2{11 per 
hour. 

tB q. o This indudes 
ci.ation @ 
hour. 

dcprc­
t/t per 

q 3 o Thili inducl.:"s depre-
ciation @ 3/2 per 
hour. 

I.{. o o This includes dt·pre-
ciation @. 1/15 per 
hour. 

':!.7 4 o This ll1cludcs dcprc-
d<.Uion @; w/6 per 

no o 

25 lO 0 

hour. 

This includes 
ciaciort @ 
huut·. 

Thi~ iucludcs dcptx'-
ciat ion cost @ r /7 
per hour. 

2.0 6 o Thi:; includes depre-
ciation cost @ 5/tO 
per hour. 

lj 12 o This includes dcprt' .. 
dation cost @ -fr!!/­
pcr hour. 

r3 o o This includes" depre­
ciation@ -}u/~ per 
1\our. 

{ 0 

02 0 0 

Thb indud('S deprt"­
ciation @ l-f.} IJ per 
hour. 

This in dudes 
dation @ 
hour. 

dcprc~ 

7/5 per 

·2r 12 o Thh; includes dcpre~ 
dation @ 7]12 per 
hour. 
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STATEMENT 

3 5 6 

H }.fuir Hill 
Diesel 

3 cu. yds. 0"75 Gl. I 8 0 2 0 0 9 0 

Dumpc:-r 

+" Petrol 1"25 Gl. 3 0 0 0 10 0 0 6 " Dumper 

H Koehring Gl. I n 0 2 I 0 0 9 "' Dumper 

44 Thames 1·25 Gl. I 8 0 I II 0 0 15 " Tipper 

-------- --------- --------
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APPENDICES 

No. 6·6·3-concld. 

7 8 9 10 •• 
------------·----·---

I 0 0 

0 1'2 0 

0 II 0 

0 15 0 

I o Item No. g o 9 o 
includes cost 
of Item 8. 

0 5 6 Do. 0 5 6 

I 14 0 Do. 0 15 0 

0 11 0 Do. 0 8 0 

8 9 o This includes depre-
ciation @ 2/3 per­
hour. 

6 14 0 

ll 6 0 

8 12 0 

This. includes depn.._ 
ciation @ 11}- per 
hour. 

This includes depre­
ciation @ 3/ r ~ per 
hour. 

Tbis include~ d('pre­
ciatiOn @ t/t5 per 
hour, and 2 per cenL 
contingencies. 
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REPORT OF CONSTRUCTION PLANT AND liACHINERY CO~IMITIEE 

STATEMENT 

Bhakra Dam 

Data for Cost Accounting 

--------------------

"SI. 
No. 

Type of Equipn~ent 

0 

Tractor, H.D. 20 

2 Tractor, D-8 

3 Tractor. D-j 

4 Tracfor, D-6 

5 Tractor, D-4 

6 Euclids 

7 ).larim: ~h(/n'l 

8 Link-Bclt5hovcl 

9 X. \\'. ShO\-cl 

10 P. & H. Shovel 

!\lake, ~lodd and 
Size 

3 

.-\llis Cha!mcr, H.D. 
00 

Cltt"rpillar, D-8 

Caterpillar, D-7 

Cati:rpiiTar, D-6 

Caterpillar, D-4 

Euclid, 27F.D.-r5 tons 

).larion. 9~ ::\1, 2! 
cu. yds. 

Caterpillar 2K. 175 
2~ cu. yd•. 

1\orth-\\~est Eng. Co. 
t! cu. yd<i. 

Harnischfiger r l yds. 

Fue1 gls. pef 
up~:ratir·g hr. 
and issue rat(" 

for fuel 

4 

Rs. A. 

5 g(<;_ @ 
1/6 6 14 

3~ gls.@ 
1/6~ 4 13 

2! gk 1! 
r!6= 3 7 

lj gk@; 
1/6~ 2 6 

r! gl<i.@ 
rj6= 2 

2 gk @ 
1/6~ 2 IS 

5 gls. @ 
1/6~ 6 14 

5 gls. @ 
J!6= 6 I.J. 

2t gk@ 
1/6~ 3 

3 gl>. ® 
1/6~ 4 2 

Oil, g~case 
and waste 
inclucling 
<;en icing 

labour 
p<.r ope­

rating: 
hour 

5 

Rs. As. P. 

, R 0 

I 10 0 

I 12 0 

I 15 0 

0 15 0 

2 0 

2 8 0 

I 15 0 

3 4 0 

3 4 0 

--· -----

Operator 
wages per 
operating 

hour 

6 

R>. ·""· P. 

0 0 

4 0 

2 0 

0 12 0 

0 12 0 

2 0 0 

2 8 0 

0 12 0 

8 0 

9 0 

XOTE.:-Fxact figures for light repairs, gr~ascs and sundries etc .• could not be c.alculatcd 
figures, ncar the mark, ba\·e been given • 
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APPENDICES 

Project 

Machinery (Actuafs) for the year 

Auxiliary Repair parts 
personnel and spare pa· 

wages per rts cost per 
operating operating 

hour hour 

7 8 

Tyrcs, tubes 
and flaps cost 
per operating 

hour 

9 

Sundries 
and Mk 
cost per 

operating 
hour 

IO 

Total co~t 
per opera­

ting hour 

II 

Remarks 

Rs. As. P. Rs. As. P. Rs. A,. P. Rs. As. P. Rs. tis. P. 

2 0 6 0 0 4 15 o 

6 0 4 14 0 5 6 0 

6 0 3 12 0 6 II 0 

0 JJ 0 2 9 0 4 13 0 

0 IS 0 4 0 [ 4 0 

8 0 • 0 4 0 0 4 0 

4 0 0 3 3 0 9 0 0 

I 13 0 3 II 0 2 tO 0 

2 4 0 2 0 0 7 0 0 

2 4 0 > 4 8 0 

34 8 o Including depefciation: 
12}1. 

29 0 Including depredation: 
9/12 prr hour. 

25 II 0 Including depreciation: 
719· 

r8 4 o Including depreciation: 
s12. 

8 7 0 Including deprcciauon: 
114· 

21 10 0 Including depreciation: 
61-· 

37 4 0 Including dcpreciauon: 
913· 

28 4 0 Including deprccialion: 
zo[g. 

21 7 0 Including depreciation: 
z.fro. 

20 15 0 Including depreciation: 
3!·· 

as it would take very long to. do because they ha\'C grouped under one head Stock. Approximate 
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April 

}.lay 

June 

July 

Aug. 

Sept. 

Oct. 

i 

REPORT OF CONSTRUCTION PLA.NT AND MACHINERY CO~tMITTEE 

No. of Machines 

STATEMENT No. 6·6·5 

Caterpillar Tractors (New) 

! ------

~ Average bre~k-j A~•cragc bre31k-1' 
·down includmg.down excluding 
: overhauling j overhauling 

3 

3 

3 

2 

4 

3 

4-3!::: 153 40 23 

!2 448 230 83 54 

3 4fi4 '<7 '94 73 

3 432 t66 59 87 

10 

3 ~ 193 82 39 43 Ro 

II 

35·4 

4 432 1g6 122 45 • • 45 45·4 

] I: 1,: 

~ § 
:l: o ~ I -o 
~x to 1· 

t.) tn .5 0 I ·go ..!<: c 1 

..0- g ~ ... :e. 

.:8 .: c 
-~ r! ·:: . 

=' .... 0 
"F_g "'0 u 

- 0 - -a. [ = E 8 a 
13 

12. 1 23-4 

18.3 42·5 

J(J.4 22.9 

5·3' 

I!L I 

9·5 25-4 

15-75 49·5 

20.1 

R.6 20.2 

22.9 

Tht• information on some of columns above has been worked out a.s follo\\"S: 

Cclwrm :;.-Basic 5chedule hours have h<'en taken as two shifts of 8 hours each for all days 
excluding holida~s. 

OJlumn 6.-Thrse f1gures arc based on the actuals recorded in the log books. 
Column 7.-Jdle hours have been filled from the log bookoo;. These have bf~cn taken a..c;. a full 

shift of 8 hour a day when the machines n·maincd idle throughout the month. 
Column g.-These figures arc bast"d on the actuals rr:cordf'd in the log book.s. In case of machines 

under ovr:rhaul for whole days the hours under OVt'rhaul ha\·c been takr.n as 
8 houN only per day. 
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I Dale z ·- -----------.-- -------- -- ··-
Shift No. .. 

:l 1-- -- ----- - ----------- --- ~ 

I:"' ... j Breakdown hours if anv 0 

"'"" I "J:k~i'Ptio.n of h~~akd;\'n or r~asonR for t:l t:xl 1dlc hours. 
s~ 

0 
1---- - --- -- ------- ----- --- 0 

jl:Stima_tc~ ~~- ~~~~~ -~a~hi~-e ~~~:~_~:~d ___ 
~ 

,.. 
o· 0' 

\ Site of work, kind of work 
---. = .. 

---------· -------- ---- --- ---------
l,rogn~ss of work 

- ------------- --·- ----------
Name and signa1urc of foremanfover'M!cr I ~ and chcckin_g officer.-;. 

' I Fuel Oil H. S. Diesel I -1 

"' 
m ----------------------- ., 
:r /~ .~ :r 

Petrol " =!!. "" m 
------------- ---------------- "'" il z I~ Lubricant$ F.nginc 1&. 0 -1 --------------------- -- ---- ----- --

" z I~ Lubricants gear -<r 3 --· ------- ----.------· -------- --- -· "'"" 
p 

Grease H ":' I ------· -- ··---· ------------- ------- ------ .. 
Filters ~ .. I ---------- --- ------- .. -----
Other StorCll 

I ---------------------------
Name and signature of lbrt•roan{O\'Cr'>ccr i 

~~ and checking officers. j t:1 -------- ------~------- ---- n . ~ 
Time and date on which remained under ~ ~ " repair". 

.., .... 
0 l3 s· 

Dctli-iTsOtspare charts iS'Iued and reason fol ~ 

" I> 
~ n ~ un ue delay for repair<~. .a a: Name and signature of foremanfovcrseer I a· ' " workshops and checking officers. 

' ;!,; ~------------------- Remarks 



REPORT OF CO:-.;'STRUCTION PLAh'T AND MACHINERY COMMITTEE 

Rules for Maintenance of Log Books for Earth-moving Machinery 

The following rules should be observed for issue. custody. maintenance. 
checking and accounting of log books. 

A. Issue and Custody 

1. Log books are very important records of working of machines and 
are to be kept with same care as Measurement books. 

2. All log books will be numbered and their pages machine numbered. 

3. All log books will be issued from the office of the Executive Engineer,. 
Mechanical Field Division (Supdt. Mechanical Field Department), who will 
keep a record of number of log books and machines to which these relate. The 
E.xecutive Engineer, Mechanical Field Division, will supply a list of all log 
books issued (with serial number of machines) at the end of every month 

·to the Administrative Officer in duplic~te and one copy to the P.A. to Joint 
Director. Construction and Plant Design. 

4. Two log books will be maintained for each machine, one for the month 
of January, March. May, July, September and November and the other for 
the month of Feb., ApriL June, August, October and December. 

5. The log books will be issued by the Executive Engineer, Mechanical 
Field, to the Divisions (Departments), e.g., (Excavation Right or Left or Bridge) 
where the machines concerned are working. The Executive Engineer of that 
Division in turn will make the S.D.O. (Assistant Superintendent) concerned 
responsible for the log books with the machines working under the latter. 
The Executive Engineers and S.D.O. (Assistant Superintendent) will maintain 
a register of log books like register of Measurement books. When a machine IS 

transferred from one S.D.O. to another. the log books will be transferred along 
with the machine and the changes incorporated in the register of log books. 
In case a machine is transferred from one Division to another. the transfer 
of log books should be notified to the Executive Engineer, Mechanical Field. 
who will always maintain an up-to-date record of distribution of all log books 
and also to the new Superintetidents (Executive Engineers). The Executive 
Engineer, Mechanical Field Division. will periodically check the list with the 
log books. 

6. The log books will be kept in a cloth cover with the machine and in 
the charge of representative of the Division using the machine. When this 
machine is in use, the log book will be kept with the operator and when the 
same is not in use it will be kept with the Chowkidar. These log books should 
be readily accessible to all lhe Divisions all the time. 

7. If a machine is transferred out of the Directorate the log books are 
not_ to be ~ent along with the machine, but should be r;turned to the Exe­
cutive Engmeer, Mechanical Field Division, for record, but essential data, e.g. 
number of hours the machine has worked should be supplied. 
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B. Maintenance of Log Books 

8. A form of log book proposed. is attached• herewith. This will be main­
tained as follows: 

Column t to 8 

Column 9 to 16 

ColUmn 17 to ·19 

Column 20 

By the Division u.<~ing the Machin(' (Excava­
tion. Right or Left). 

Executive _¥-np_ineer, Mechanical Field 
· i'ncharge· of LubriCatlob. 

By the Division carrying out maintenance 
·and ·repairs·. · 

By any Division when necessary. 

9. Totals should be struck for each page and' carried over to next page. A 
grand total should be struck for each month. The hour meter reading at tile 
~nd of the month should also be noted imd compared with the working· hours 
otherwise recorded. The total number of hours machine has worked since 
purchased and its last major overhaul should also be recorded where known. 
At the end of month, an abstract should be prepared for the following: 

Name of work to which charges 
to be made 

Working hours Quantity of work 
done 

lG. On the first page of the log book the sanctioned scale ot fuel and lubri­
cants for working hours should be noted. 

C. Checking 

1. All Executive Engineers and S.D.Os. will inspect the log books dur­
ing their tour of inspection and go into reasons for low progress and/ or lesser 
number of working hours for excessive i-ssue of stores. They should sign 
the log books in token of their inspection. 

12. The Sub-Divisional Officer, Estimates and Accounts. will check it for 
completion at the end of the month before submission. 

0. Accounting 
13. The log books will be sent by the S.D.Os. to the Executive Engineers 

on 1st and by the Executive Engineers, to the Administrative Officer by the 
6th nf the next month along with an abstract of debits and credits. 

14. Necessary debits and credits will be raised in the Administrative 
Otllcer's Office. 

15. The log books will be returned by the Administrative Officer to the 
Executive Engineer concerned by the 20th for use next month. 

•Not Reproduced 
27-1 C, W. & P. C,/57 

M. R. CHOPRA. 
Joint DirectOT, 

DirectOTate of Construction and Plant Design, 
Nangal Township. 
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STATEMENT No. 6·6·7 

Copy of Letter. No. 470 CD, dated 5-l-53 from General Manager, anb Secretary 
to Government Punjab, P.W.D. Irrigation Branch, Bhakra Dam, Ellerslie,Simla-2 
to the Administrative Officer, Directorate of Construction and Plant Design, 

Nangal Township 

Sanction is accorded to t~e revised wage scale for the undermen tioned 
categories of. workcharged establishment employment in the Bhakra Dam 
Administration. with effect from 1-1-53. 

Revised wages approved by the Finance 

Name of post' 
Department 

Apprentice 

Min. Max. Min. Max. 

2 3 4 5 

GROUP A 

F~Spmal 300 500 
Siffictural Shop 
Processing Plant 
Batclting aod Mixing Plaot 
Placement Plant .. 
Erection of Trestles 
Maintenance of Special Plant 
Repair of Special Plant at Bhakra Site 
Weldmg ~bchinery and StructUral 
Earth-mo'\-ing 
Drilling 
Civil Rigg;ng 

2. Formum • 210 goo 
Heavy Plant Overhaul 

. •. . .. 
3· Foreman Miscd/ll1U(Jus 150 225 

Automobile 
Machine: Shop 

... . .. 
Foundry 
Carpentry 
Reinforcement 

4- . 1s.sir~ Foreman (Special) • • 
210 soo 

For jobs given under Foreman (SpeciaJ) 

5· Assistant For(711AJl • • • • 150 225 
For jobs again.st Foreman 

6. AssU~ Foum,m (MiscellantntJs) • • 
... 

For _lob; ~ven under Foreman (MC!-
120 J[10 

cellaneou'l) 
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7· Chargtman tSPtcial) 
For jobs given against Foreman 

(Special) 

8. Chargtman 
For jobs given against Foreman 

g. Chargtman (Misctllantous) 
For jobs against Foreman. 

GROUPS 

1. Ttmplau Maker of SUtl Structural. Fitttr 
Suel Structure 

Erector Steel Structure 
Cable jointer 

2. Journeyman (Sptcial) 
Pattern Marker 
Moulder 
Turner 
Welder Electric and Gas . 
Instrument Mechanic (Including tele-

phone and refrigerator mechanic). 
Fitter Mill, Wright • 
Electrician (Special) 
Switch Board Control Wireman 
Armature \\'inder 
Cable Jointer 

3· Journ.eyman (Mechanical j 
Tool Operator (Machine) 
Fitter Heavy Machine 
Blacksmith 
Copper and Tin Smith 
Pipe Jointer 
Diesel Mechanic 
Carpenter 
Motor Mechanic 

4· Jour..rvman (Electrical) 
Fitter 
Electrician (Ordinary) 
Wireman-Lineman , 
Switch Boarrl Attendant 
Armature Winder 
Driller Jack Hammer 
Blastman 

3 4 5 

225 

100 

100 75 

6o 100 so 55 

Deleted vide C.E. No. 256ojB.D. dated 
1oth June 1953 

6o go so 55 

6o go so 55 

405 



REPORT OF CONSTRUCTION .PLANT. AND MACHINERY COMMITTEE 

2 3 4 5 

GROUPC 

0 ptmWrs and Drivm 

Shmxls, Drag lines ontf Cranes (Diesel) 
Up to I! cu. yds. size Light go 125 so 75 
2 cu. yds. to 5 cu. yds. Heavy 125 225 so 75 

2. Shovels Ekclrical 
2! cu. yds. to 5 cu. yds 125 225 so 75 
Whirly Crane truck Crane, Hammar-
head Crane and Dorrick Crane. 18o 325 so 75 

3· Dritrn-s of Carriers 
LIGHT VEmcu.s 

Can, Petrol Trucks 2i tons etc. 6o go 50 55 
lh:A VY VEHICLES 

Diamond tools, macks, dumpers, etc. 6o go ?O 55 
EuCI.IDS 
Donkey Loco Driver • go 125 so 75 
Main Line Loco Driver 6o go 50 55 

4- Trac/Qr Operatqr 
(Light Tractors) 

D/4 Fowler Manhall, etc. 6o go so 55 
D{6, D{7, D/8 Road Graders T.D. 24 

H.D. 20 • • • • • 00 130 50 75 

5· Opera/Qrs StalifmJJzy Plont . 6o go so 55 (Mechanical or Electrical) 

Air Compressors, Pump, Pumpaete, 
'Welding Sets, Concrete Mixes, Small 
Generating Sets. 

GROUP D 

Aggregate Plant Control Batchlng and 
Mixing • • • • • 150 200 so 75 

Plant Hoisting double drums plumbers 

GROUPE (Transportation) 
Station Master 

75 100 
Train Examiner 

} Railway Guard 75 100 
Shunter 

~ "' Gangman 

{ Trolley Man . 
35 45 Keyman 

G=gmate 
Trolley Jamad2r 

40 s• Biakesman 
J 

-w6 



,AI"PENDICI!S 

1 2 3 4 
·----------

GROUP F (Semi-skilled) 

Clean en 
Greasers 
Fireman 
Boiler Attendants . 
Attendants Concrete 
Mixer . 
Attendants . . 
Workshop Gangman 
Hammerman. 
T.M. Mate 

. Gangmates 
Coalmc:n , . 
Condensor Attendants 
Muckers 
Mucker jamadars . 
Sling= 
Barryman (C.owbannan) 

' . 

I 

"-·. ! 

~ 
I 

I 
i 
j 

so 
35 
40 
35 

.. 
: ' >!(• 

. Endt. No. 471-731BC dated the same by the Assistant Secretary to the Government of 
Punjab, Finance (\·\"orb) Department. -

Copy fonvarded to : 
1. Accountant General, Punjab, Simla. 
2. Chief Accounts Officer, B.N. PrQject. 
3• Resident Audit Ol!'cer, Nanga!, for information. 
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STATEMENT No. 6·6·8 
Construction Force Report 

Deportmen: Excavatiant Righ~ 

Sl. No. Category of Establishment No. of men working in 
with trades each shift Total Remarks. 

ISt ond grd 
shift shift shift 

I. S. Foreman 3 2 

Foreman I 

Assistant Fan·man 2 4 
Chargeman 5 • 2 
Assi<>tant Special Foreman 2 
Special Chargeman 

II. ]OIU1leJITICI 
23 

Driller.; 9 49 44 
Blastmen 2 4 5 
Barrimen. 3 
Fitters 7 5 
Makers 6 36 31 
Carpenters 2 

III. Opdators and Driurs 
203 

(Shovel Operators and Drivers) 
Shovel Operators II 9 
Tractor Operators I 17 8 
EucliJ Operators go 16 
T ourna Rocker Operators • 3 3 
Tanker Driven: I I 
Compressor Drivers 2 I 
Motor Gntders 
Truck Drivers . 

IV. Othu Semi-skilld & MisctllanUJus 
109 

EstablishmLnt 
Supervisors 13 12 
Work Mistries • 3 II 7 
Survey()l'j 4 
Wiremen 

V. Unskilltd Labour 
Coolies 0 6 56 17 
T.M. Mates 3 3 3 
Chowkidars 4 

GRANO TOTAL ~ 
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Oep~rtrne~t : E.xcavati.on Left_ 

Sl. Category of Establishment No. of men working in 
No. with trades each shift 

'rota{ Remarks: ,., 2nd grd 
shift shift shifc 

I. Foremen 3 2 9 
Assistant Fcreroen 5 7 
Charge men l2 5 _,_7_ 

30 

II. Jounuylll<lt 

Fitters 2 6 7 t; 
Carpenters 2 

B/smith> r 

B/men 7 4 5 <6 

Drillers •7 6o 39 >26 
160 

l!I. Opuo.tors and Drit!dY 
Sb. Operators • 6 6 " Elec. Sh. Operators • 3 
Elec. Sb. T. Operators 3 3 6 

ShQvel Greasers 3 3 

Shovel Tr. Operators 3 ol 

Euclid Operators 20 19 39 

M.G. Operators 1 

Compressor Drivers 1 1 

Truck Drivers . 6 3 9 

Tractor Operators tO 9 .2_L_ 
97 

JV. Other s.,.i-skill<d & Mise!. Esw.olisiurlffll 
Supervisors 4 '4 4 22 

G/Munshis 3 4 

0/Mistrics 3 g JO •• 
Muckers. 42 83 6S •93 

Ga:ngmen 4 4 

Turners 
Khalas.is . 1 

Surveyor 
Coolies 4 9 14 

C.R. DriV'crs. ~ 3 _7_ 
269 

v. Unskilld [abour 

go o6S 198 ss6 
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STATEMENT No. 6·6·8-contd 

Construction Force Report 

D parlment : Bhakra Shops 

SI. Catagory of Establishment No. of men working in 
Xo. with trades each shift 

tsl ond 3'd 
shift shift shift 

I. Fortmm 5 10 • 
Assistant Foremen 7 3 
Charge men IS 13 II 

II. ]oflTRL_vmm 33 lOS 53 
III. Opa-ators & Driurs 7 9 5 
IV. Ollur &mi-skilltd & Miscl. Establi.shm.tnt II 3• 13 

v. Unskilkd L<lbour 2 6 2 

410 

Total Remarks 

17 
10 

39 

191 

21 

sG 
10 
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APPENDIX 6·7 

Nangal Project 

The project comprises construction of a weir across the river Sutlej and 
canals for irrigation and power. A high-level canal starts off directly from 
the weir with hyde! stations at the falls. The power channel is entirely lined. 
Earth-moving equipment was utilised mainly on the excavation and embank­
ment for the canal and the foundations of the power house. Organisation 
chart with particular references to the staff of the Mechanical Division is 
given in Statement No. 6.7.1. 

Post-audit system of accounts is maintained under normal P.W.D. Regula­
tions. 

The work goes on normally in two shifts except where there is nO arrange­
ment for lighting. There are about 250 working days in a year excluding 
holidays and Sundays etc. · 

About 400 million eft. of earthwork io done by machinery. Works, which 
would have been costly for execution by manual labour, have been set apart 
for equipment. About 200 million eft. of earthwork was done in ·one year 
ending November 1953. 

The purchase cost ot the equipment is debited. in the first instance, to 
Special T. & P. and is transferred to work through depreciation account. The 
running cost of equipment is watched through suspense estimates called "ma­
nufacturing estimates". 

The soil is compact sandy loam. Nearly 20% Of the Work.is in gravel or 
boulder. Watering is necessary for embankment .and is done at the fill. 
Canal banks are compacted by sheepsfoot rollers of 250 bs. per sq. inch in­
tensity. 

The information regarding the capital equipment and life used is gh~en 
in Statement No. 6.7.2. 

The informatiOn regarding the working rates of various earth-moving 
machinery is given in Statement No. 3. 

Copy of a typical 11manufacturing estima ~en for Euclid Trucks is given 
in Statement No. 6.7.3. 

The receipts for the levy of major repair charges and the expenditure 
for overhaul is watched through a separate register. .Every overhaul h-as to 
be coverea: by a specific estimate sanctioned for the purpose and the expen­
diture thereof is entered in the register. The record gives a complete story 
of the life hours used. amount credited by depreciation and the position of 
the major repair fund. 

The life adopted for depreciation of earth-moving machinery is given in 
Appendix 3,2. Static equipment such as workshop machinery, winches, pumps, 
etc., is d€!preciated at 5% per year. Individual account .of· these machines is 
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-------------------------
not maintained. Their residual . value is determined ad hoc as tlie occasion 
arises. The terms 'Running Repairs' and 'Major Overhauls' are defined as 
under: 

Running repairs are all repairs found necessary to a machine which is in 
current use to keep it working. These include replacement of minor parts. 

Major Repairs and Overhauls are fOund ·necessary to a machine that is 
not in commission and which are required to permit of its again being efficient­
ly put into use. This will inch:de replacement of costly spare parts. 

The provision for running repairs and major overhauls is made at a per­
centage of depreciation according to the t~ble given below: 

Ht"avv Re- ·Running Re-
pairs & Overhauls pairs 

TRACTORS, DOZERS & SCRAPERS 

(1) Motorised Scrapers La Plant Choate Terra Cobra 
(2) T rae tor, Scrapers, Crawler or Dozers. 

DH l 
D7 ' 

~J 
Fowler' Marshall V.F. 

SHOVELS, DRAGLINES & CRANES 

(a) Lima 3! cu. yds. Marrion 2! cu. yds. Link Belt 2! cu. 
yds. . " " • • • • " 

(b) Lorrains 3/4 cu. yds. P. & H. Shovel . 

ORTON 

"TRfu'ISPORT VEHICLES 
G.M.C. Trucks and Studebaker, Tippers 
Tankers 
Diamond Tee 
Macks 10 Tonners 

CARS 

De-soto 1 
Je.p Willys ~ 
LandRov= J 
Command Cars 
\Veapon Carriers 
Personnel Carriers 
Jeeps 
Ambulanee Can 
Humber Station Wagon • 

412 

{per cent) 

50 
50 

6o 

75 

Major 
Overhauls 

(per cent) 

35 
6o 

(Per mile) 

0 2 0 

0 2 6 
0 4 0 

0 6 0 

·o I 0 

i) I 0 

0 I 6 

0 t 0 

0 I 6 
0 I 6 

{per cent) 

25 

35 

40 

40 

Ordinary 
Overhauls 

(per cent) 

25 
40 

(Per mile) 

0 2 0 

0 2 6 

0 9 0 

0 IO 0 

0 2 0 

·o 2 0 

0 2 0 

0 I 6 
0 2 0 

0 2 0 



EARTH-MOVINU MAL:HlNt;KY 
Euclid . 

. Koehering Dumptors 
Muir Hill Dumptors.3 cu. yds. 
Muir Hill Dumptors 2 cu. yd.s. • 

D.W. IO 

Batching Plant 

Batching and Mixing Plant 

To·urn Mi't!ri 

Paver Mixers 

Truck Mixers 

Air Compressors-Electric 

Portable Diesel Air CompressorS 

Pump Crete . 

Failing Drilling Rig 

"Speed Star" Rig : 

Stationery :Machinery 

APPENDICES . 

--------------
Major 

0\•erhauls 
\Per cent) 

3S 
so 
so 

100 

3S 
100 

7S 

so 
100 

3S 
so 
50 

150 

so 
40 

Ord:nary 
Ov'erhauls 
(per.cent) 

2S 
30 

30 

(sparr" so% 
parts cost 
veiy high,. 
originaL 
purchase 
very low} 

2S 
50 
40 

2S 
so 
2S 
2S 
2S 

100 

2S 
20 

Plant hour Is defined as the total clock hours for which the machinery­
worked. Debit is raised on the basis of rates fixed separately for "plant hours•,.. 
and "idle hours". 

Log Books: The machinery record is based on the primary records main­
tained in log books. 

The rates are di-scussed in the body of the Report. 

Stores 

There is a large project store maintained at Nangal. The Executive­
Engineer and the American Supervisors originate their demand through re­
quisitions. These are checked by the Joint Director, Col).struction and Plant 
Design, and are sent to the S.E. Area No. I with copies to the officers "whQJ 
requisition the store. The requisiti!Jns are checked by the Stores-Division 
store, enquiries are issued to 20 to 30 firms depending on the nature of the· 
with regard to the availability in stock. If the material is not available in the· 
material required. On an average 1 to 1! month is requiTed from the receipt 
of the requisition ·to the issuance of the purchase order. the time varying. 
from 2 days in very urgent cases to about six months. Requisitions are mark­
ed 'Ordinary'. 'Urgent' and 'Immediate• by th~ requisitioning officer and are 
handled according to the urgency indicated. On an average, it takes· two 
months for general stores and six months for spare parts from the date of 
purchase order to the receipt of material in the stores. In case of emergency, 
purchase enqU.iTies are made telegraphically and petty stores are purchased 
locally. Tliere is an officer of the project attached to the W ashlngton Em­
bassy for procurement of materi3.Is required urgently from U.S.A. 
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The s.D.O. Receipt under the Executive Engineer, Stores Division. re­
~eives the materials and checks it against the purchase order and records 
receipt in "Goods Receipt" form. He is helped in this by Assistant Stores 
Holders, Overseers and Munshis. Copies of the daily receipt of the stores are 
sent to the Indenting Officer. 

The Stores Organisation is divided into four parts as under: 

1. Executive Engineer (Procurement) to dispose off the requisiti~ns up to 
the issue of purchase orders. 

2. Executive Engineer (Stores Division) to receive the materials, arrange 
and index them in Bins and issue them including settlement of 
the payment to the firms. 

3. Executive Engineer, Bhakra Sub--store. catering to the needs of the 
works at the dam. 

4. Stock verification Agency comprising of Stores Inspector of the rank 
of S.D.O. working directly under the S.E., Area No. I. verifying 
the balances continuously almost once in three months. 

Minimum and ma...Omum balances are mentioned on the Bin cards. The 
Assistant Store Holder puts up requisition for stock items when they run be­
low the minimums. These are checked by the S.D.O .• and E.E. and are sent 
to E.E. (Procurement). The E.E., Stores Divisioz~.~ _decides which items shall 
be classified "stock items". 

The system of marking and identification used in the Store~. is 'Vocab Sys­
tem'. Tally cards and tags are used for identification. Record Is kept in Kal­
mazoo Visible Binders, Bin Cards and Ledger system described above. 

Six copies of an indent on the store are required. These are utilised as 
under: 

2 eopies with the indentor- of which one is a gate pass­
! copy for store record with the section holder. 
1 copy to the Executive Engineer demanding the store. 
I· copy for accotmts, and 
1 Divisional Block copy. 

Generally about 5 items are allowed to be included in one indent for the 
facility of entries of the materials and rates. 

The total value of stock at the end of October. 1953 was Rs. 3,27,94.000 
dassified as under: 

Rs. 
(iJ Electrical section 6o,oo,ooo 

(ii) Lubricants and Fueb. 30,~,000 
(iii) Building material go,oo,ooo 
(iv) Spares r, 10,oo,ooo 
(~:~) Sted 2"o,oo,ooo 

(ui) Miscel!aneow 17,94,000 

The value of the stores in hand not utilised for one year has not yet been 
ascertained. The yearly issues are about Rs. I·25 crores. 

Storage and handlihg charge at I% is levied on the issue rates to cover 
1.he workcharged establishment, carriage of materials frum ·station to store, 
loading, unloading and upkeep of stores. 

The Assistant S«?re Holder is a senior man recruited by Punjab Public 
Service Commission and carries a pay scale of Rs. 30G-I2i--400. Store 
Munshis are paid Rs. 80 in the scale of Rs. 8~120. 
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STATEMENT No, 6·7·1 

Organization Chart of Nangal Project 

Not Printed. 
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Sl. Type of Equipmeat 
No. 

2 

Euclid End Dump 

Euclid End Dumper 

" Euclid Bottom Dump 

3 DW-ro ScraP= 

4 Koehering Dumper 

5 Muir Hill Dumpers 

6 Crawler Tracto1 

7 Crawler Tractor 

No. of 
Machines 

on the 
Project 

3 

12 

14 

12 

12 

12 

32 

13 

21 

3 Crawler Tractor with Hy- !I 
draulic Dozer 

9 Crawler Tractor with Tra'l 
cavator 

>O Crawler Tractor 

11 Crawler Tractor 6 

12 Motor Grader . 2 

13 Crawler Tractor '7 

14 Crawler Tractor 4 

'5 Crawler Tractor 5 
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Nan gal 

Statement of Earth-moving Equipment 

Make, Model or 
Size and No. in 

each 

4 

BsFD 

Do. 

27 FD 

Caterpillar 8.9 
cu. vds. 

\V-6o 
6 cu. yds. 

WD 
2 cu. ycls. 

Caterpillar 
D/8 

Caterpillar 
D/7 

Caterpillar 
D/6 

Caterpillar 
D/4 

Caterpillar 
D/4 

Caterpillar D/2 

Caterpillar 

Month and 
Year of Pur­

chase 

5 

12/51 

9/52 

II/49 to 
4/so 

6/s• 

3/49 to 
10/49 

10/46 to 
7/47 

3/47 to 
7/52 

II/48 to 
I I /51 

6/49 to 
9/52 

3/so 

II/49 

t/52 

1-12/51 
t-3/48 

Fowler Marshall G/51 to 
VF5 10/52 

Oliver Clca 8/52 to 
Track D.O. 10}52 

International 8/49 to 
T.D. 14 4/50 

?v1onth and 
Year first 

put into 
operation 

6 

•is• 

10/52 to 
II/52 

II/49 to 
6/so 

7/52 

6/49 to 
IIf49 

up to 
8/47 

4/47 to 
7/32 

!2/48 to 
t/52 

7/49 to 
I0}52 

4/5° 

I/50 

t/53 to 
2/53 

t/52 
t/49 

7/5! to 
II/52 

B/52 to 
10/52 

9/49 to 
5/50 
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6·7·2 

Power Canal 

.and Life adopted for Depreciation 

Life period Actual 
Total Pur- Whether ac- Ordered through in terms of working 

-chase Price quired new or working hours put 
from Disposals hrs. adopted in upto ~ • 

for calcu- 31-3-53 s v 
lating de- Avg./each ..: 
preciation 

7 8 9 10 II 12 

17,34·900 New Blackwood Hodge and Co. 
Ltd., Calcutta. 

rs,ooo 3,785 

20,g3,000 New Do. 15.000 960•3 

9,88,625 New Dri. 15,000 4·998 

12,40,320 New Do. rs.ooo 2,229 

s.o6,220 4-Disposals Disposal 8,000 3,688· 2 
8-New B.K. Khanna 12,000 

... 84·587 New M/s. B. Boydell & Co., 
Hyderabad (Deccan). 

10,000 4·051·6 

11,58·949 1-Disposals Disposals 8,ooo 3o523 
to-New Mfs. Buckwell (\'\'illcox) 12,000 

6,22,783 16-Disposals Disposals 8,000 3,679 
s-New Mfs. Buckwcll ("''illcox) 12,000 

-6,so,2o8 New Do. 12,000 2,gl:Jr• 

39·006 New Do. 12,000 2,25'3 

24.557 New Do. 12,000 3·071 

1,11,000 New Do. 10,000 

17,200 Disposals Disposals 8,000 1,877 
16,450 Disposals Do. 8,000 3·987 

3,58,65o t-Disposals Do. 10,000 t,g6o 
r6-New Mfs. Marshall & Sons 10,000 

2,42,675 New Mfs. \Villiam Jacks 12,000 1,526 

45·000 Disposals Disposals 8,000 3·353 
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APPENDIX 

• 3 4 5 6 

t6 Crawler Tractor • International T. D.g 8/49 9/49. 

17 Crawler Tractor 4 Allis Chalmen; 4/51 to • -5/51 1< 
HD7 5/51 6/s• 

·' J8 Excavators 8 Link B•lt K-s8o •/51 to 11/51 I<> •! cu. yds. 9/52 4/53 

19 Excavators • Lima 1201 11/49 I<> ••149 I<> 
Dra~line 3i 10/5<> 12/5<> 

cu. yds. 
20 Excavators 2 Lima 8o3 Shovel •Is• to •153 to-

•• cu. yds. 1/53 3/53 

•• Excavators 3 Lorain L-82 6/49 ,., 8/49 I<> 
2: cu. yds. 10/51 12/51 

•• Excavators Lorain Dragline 6/49 9/49 
3/4 cu. yds. 

23 Excavators North West 6/49 9/49 Model--Q 
•! cu. yds. 

24 Excavators Shovel93-M 
Marion 2:! r.u. 
yds. 

2/50 315<> 
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• 6 · 7 · 2-contd. 

7 8 9 10 ll 12 

14,000 Disposals Disposals 8,ooo 3,013 

1,31,342 New M/s. Pasha Bhai Patel, 
Bombay IOJOOO 3·703 

21,79·990 I~Disposals Disposals 15,000 2,678 
7~Ncw M/s. \·Villon 30,000 

7,60,204 Disposals Disposals 30,000 7,520 

7·51,800 New ~·1/s. B.K. Khanna 30,000 478 

I ,62,696 Disposals Disposals 15,000 3·531 

71,018 New U.S.A. through !.S.M. 20,000 5·230 

.)0,120 Disposals Disposals 13,000 6,706 

2,80,216 New Mfs. Black ·wood 30,000 5·55 -----
1,45·35·496 OvERALL AvERAGE 3,323 
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APPENDIX 6·7·3 

Typical Manufacturing Estimate 

{Proj~t) . . . • . 
{Canal or Branch) . . 

Fund (Major Head) 
(Minor Head) 
(Sen•ice Head) 
(Detail Head) 

Bo-A Capital outlay on 1\fulti­
purpose Ri\'er Valley Scheme: 

tName of Work) Working 48 No. 
' Euclid Trucks in Field Dint. 

for the year 1953-54· 

ABSTR.\CT OF ESTIMATE FRAMED BY 

Bhakra Nangal Project I, 
Bhakra Dam IV, Suspense 
and Stock Mfg. 

S. Sirtaj Singh Sahi, Exccu­
ti\·e Engineer, Field Dh·ision, 
Nanga!. 

Rate 
No. or 

Quantity 
Abo;tract of 
Expense 

OPERATIOX FOR t63oo8 Hours 

Direcl Chnrgts 

I. Workcharged E':itablislunent (for 203760 
hours including idle hours as per 
detail) 

At 

Rs. A. P. 

2 0 0 

II. Stores as per detail • 4 4 o 

III. Repairs and Replacement as per details 2 4 o 

Indirect Clwrges 

IV. Depreciation charges as per details 8 14 o 

V. Major repairs and Oveihauling as pet 
details 3 2 o 

TOTAL 

Outtum 

'Working r63oo8 hours. @ Rs. 20/8 per hour 

#J752 Idle hours @ &. 2 per hour 

'Vorking Rate per hour Rs. 20/8. 
Idle Rate per hour Rs. 2/. 

20 8 0 

Per 

Hour 

" 
" 

" 

" 

Amount 

Rs. 

6,92,78+ 

3,66,768 

33·1'·664 
81,504 

Total 

Sai!le of Estimate: \Vorking 4B Ko. Euclid Trucks in Field Divn. for the year 1953-5-4· 

Details of Working Hours 
Ac;suming that 46 No. Euclid Trucks will run for double shift for the whole year and 2 No. 

Euclid Trucks will run for double shift from 1-9-53 to 31-3~54· The working hours come to 
~6XI2XJOX8:.<2~;..2X7X30X8X2=27168o. Assuming25% stoppages due to breakdmvns 
holidays and rainy days etc., total working hours come to 27168o X 75/100=203760 hours. As per 
last year's experience of the working of these Euclids, it has been observed that th<.."Se machines 
do not actually work for the full working hours, but remain idle for about 20% of this time for 
which establishment charges ha\·e only been provided in the estimate. 

Net working hours 203760 X BofiOO= J63o08 

Idle hours 20J760X20/I00=40752 
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Direct Charges 

I. Work-charged Establishment per month single shift 14 Nos. Euc/ids: 

Designation Grade Average Pay Amount 

Rs. A. 
2· No. Foreman 15o-5-2oo 175+45+10=230 P.M. 460 0 

3· No. Chargemen IOD---3-130 ll5+4o+6~ 161 P.M. 183 0 

5· No. T. Mates 25-1-30. 28+ 3o= 58 P.M. 290 0 

14 .. No. Operators 6o--4-100/5-150 uo+4o+ JO= z6o P.?vf. 2,240 " 
14. No. Cleaners 25-1-30 28+3o~ 58 P.M. 812 0 

1-!. No. Electrician so---2-6o/g-go 69+40= 109 P.M. 163 8 

3· No. Chowkidars 18-J-23 18+30=48 P.M. 144 0 

2. No. Khallasis 2o-l-25 22!8+30=52/8 P.M. 105 0 

3· No. Time Clerks 5o-2-7o 6o+4o+10o P.M. 300 0 
-----

Total for one month 4·997 8 

Net working hours per month for 14 Euclid Trucks smgle shift=I4X8X go X 75/100=2520 
hours. 

Rate per hour 4997/8/2520=Rs. t/15/9 or Say Rs. 2. 

U. Stores per Machine per hours: 

1i gallon H.S. Diesel Oil @ Rs. 1/IO/- per gallon 

1/9 gallon Shell Rcmula @ Rs. 6/14/- per gallon 

1/8 lb. G.G. Grease @ Rs. 1/If- per lb. 

1/32 gallon Gear Oil E.P. @ Rs. 7/2/- per gallon 

TOTAL 

t/8 lb. Cotton Waste @ Re. -/11/- per lb. 

1/4B gallon Hydraulic Oil @ Rs. 5/91- per gallon 

Petty stores su.::h a~ ::;and paper, files, gharas, glasses, welding rods etc. I..S. 

Total for one hour 

Say 

Cost of working 163oo8 hours @ Rs. 4/4/- per hour. 

111. Repairs and replacements charges @ 25% of depreciation rate: 

8/14/· X 25/too='l./316 or Say Rs. 2]4 p.::r hour 

Cost of working 16soo8 hours@ 2/4/- per hour.=Rs. 3,66,768. 

Rs.A. P. 

=2 13 8 

=0 12 0 

=0 2 2 

=0 3 7 

=3 15 6 

=0 I 4 

=0 I 10 

=0 I 3 

=4 3 II 

4 4 0 
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Indirect Charges 

IV. Depreciation Charges: 

10 No. Old Euclid Trucks @ 89,587 
12 No. Ne,.,.· Euclid Trucks @ 1.'4-1·575 
24 ~o. Euclid Trucks @: 1,49,SOO 

Total cost of 48 Xos. Euclids 
:\\-cragc cost of one Euclid Truck 
Life of each !\lachine 

D~preciation rate per hour. 133291}15000=~. 8/q/2, Say, Rs. 8/t4/­
Cost of working t63oo8 hours.@ Rs. 8{14{- per hour=Rs. 14o4-6,6g6 

Rs. 

10,75.044 

17·34·900 
35,"88,ooo 

63·97·944 
1,33·291 

15,000 hours_ 

V. Major repairs and special overhauling charges 35% of Depreciation: 

422 

B/~tX3o 
Charges ---'--'--

100 

~Rs. 3/I/8, Say, Rs. 3/2/·. 

Cost of working 163oo8 hours. @ Rs. 3/2/- per hour=s.og,4oo. 



APPENDIX 7 

Assistance to Projects by C. W & P. C. 

7.1. INTRODUCTORY 

We have indicated in the Report the· nature of help which the Gov­
ernment of India can render to the projects with reference to the aspects 
covered by this Report. The spheres where such assistance is needed, have 
been mentioned at the appropriate places in the Report. This appendix is 
added to collect all such suggestions and recommendations and to give more 
details 

To our knowledge, the sphere of the Central Water and Power Commis­
sion's activities appears to be three-fold-

(I) to assist the projects in the design and execution; 

(2) to advise q.overnment of India, on the technical aspects of projects 
and to act as their agents concerning the financial and other aids 
rendered by the Government of India to the River Valley Pro­
jects in various States; and 

(3) to execute some of the centrally administered projects. 

We understand that Government of India may not u'tilise C.W. & P. C. for 
item (3) in future. With regard to item (1), i.e., the assistance which projects 
should receive from the Centre, we have suggested three spheres in which 
the Centre can do much to improve the performance of equipment on various 
River Valley Projects. These are with reference to : 

(!) Technical Manpower. 

(2) Machinery and Spare Parts. 

(3) Cost Accounting. 

In the Report we have styled the organisation for providing these services 
as "Directorates" but our intention is not to define, by the use of the word, 
the type and strength of the organisation. This will be a matter of details 
for the C.W. & P. C. to decide depending upon the scope prescribed. 

7: 2. TECHNICAL MANPOWER 

The categories of the technical personnel dealt with by this Directorate 
can be very wide. We understood at the Bhakra Seminar that there is al­
ready a move to pool the engineers who posses the specialised knowledge re­
quired on .engineering projects. We think this is a step in the right direction. 
The importance of the "management factor" in the conduct of a project con­
struction has been stressed iil Chapters 3 & 4. There is a general dearth of 
engineers having the requisite knowledge for construction of projects. The 
situation is accentuated by the additional demand for experienced engineers 
for the Cost Control Department on jobs executed by Government. The spe­
rialised knowledge and experience gath~red by the engineers, who have been 
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given the opportunity to work and learn on projects should be utilised by de­
puting them to work on other projects. Such a policy is of more importance 
with reference to the technicians trained on the projects. We estimate that 
there are over 4,000 operators and nearly three times that number of other 
technicians who have received a certain amount of training and experience 
on projects. Unless a Central Employment Bureau can guide them to other 
projects where their experience can be helpful, the benefit of such valuable 
training will be lost to the country. In the· absence of such an organisation,. 
projects will have to depend upon raw hands and train them in a wasteful 
manner. The magnitude of mechanised construction, in relation to the vast­
ness of this country, is so small, that unless a central agency operates to guid~ 
the trained and experienced men from project to project, it will not be 
possible for the men to determine for themselves where scope exists for their 
employment. 

In the field in which we are most concerned, such an organisation will 
need to maintain an inventory of all the experienced technicians, keep it up­
to-date regarding the type of experience gained by them, their pay etc. A 
watch must be kept as to when they will be released from one project and 
where they can be re-employed. 

The better talent in the country is averse to following the constructioa 
trade because of the insecurity of employment. They choose the more penna­
nent jobs. By its very nature, construction cannot offer much security, but an 
organisation of this nature by affording better continuity of employment, will 
generate an improved sense of security. The cadre as a whole will attract 
more and better talent. 

We have recommended that schools for training operators and maintenance 
personnel should be started in the country. The admission to the School, 
should aim at country-wide representation, so that trained men are distri­
buted on projects all over the country and the greatest benefit is achieved 
from the training. The administration of these schools will have to be pro­
perly attended to, to make them effectively available to the several States. 
Without such backing. the schools will step down in their utility to train­
ing a few raw hands from local areas. who will have no future to uti-lise the 
training. This will be no gain to the country against the heavy expenditure 
necessary to run such a SchooL We have also recommended conducting exa­
minations at project headquarters. Personal contacts with the executives and 
the technicians can greatly increase the utility of the Training Centre. 

7.3. MAcHINERY AND SPARE PARTS 

The value of the equipment on the six projects visited by us amounts 
roughly to Rs. 20 crores. We believe there is equipment of equal value at least 
on other projects. As far as we can estimate, the definite plan for their utili­
sation covers no more than 3/4th the life of the equipment at most. Thus 
a residual investment of over Rs. 10 crores on machinery will remain for 
future utilisation on other projects and works. The limitations of plant plan­
ning are such that it is not possible to plan for 100% utilisation of equipment 
without leaving any residual value. This is an intrinsic feature of mechanis­
ed construction. States often do not have immedi:ate plans for further utili­
sation of released equipment in their own State, a~d unless continuity of utili­
sation is arranged, the equipment will be wasted through physical deteriora­
tion and obsolescence. The Machinery and Spares Directorate can keep a 
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record of the Major equipment in use on projects, watch their release and 
plan their future utilisation. In case of Inter-State transactions, it can act 
as an arbitrator for pricing the old equipment. 

The spare parts wing of this Directorate is even more important. It will 
have to operate in two spheres: 

(a) Correlate the surplus spares on projects to requirements of others, and 
(b) help the projects to scale forward demands. 

The availability factor of equipment for work, on the projects visited by 
us is an average of 52%. The remaining 48% is idle _largely due to sickness 
The most common reason for the sickness is "want of spare parts". The pro­
jects not visited by us. may have, we think, even a worse situation. We esti­
mate that nearly a third of the sickness of equipment is due to spare parts 
not being available in their own stores or with the dealers. That means that 
equipment of the value of about Rs. 6 crores in immobilized for want of spare 
parts. The consequent loss by the dislocation of the progress of the work on 
the projects is very great. Even the interest @ 4% on the value of such 
equipment will be- Rs. 24 lakhs per year. And yet, our study of the spare 
parts stores on projects shows that there is over Rs. 6 crores of money locked 
up in spare parts. A great portion of this store has no future for immediate 
or remote utilisation. It is only a matter of time before it will have to be 
written off due either to physical deterioration or obsolescence. The situa­
tion requires urgent remedy and unless quick action is taken. the projects 
will have to face the loss due to unutilised or "dead" spares. Even if this 
Directorate succeeds to utilise only 10% of such spares, the country will stand 
to gain over half a crore of rupees besides putting to work some of the im­
mobilised equipment. 

Our ideas about the working of this wing are given below: 

The Spare Parts Wing should keep up~to~date record in card index sys­
tem of the spares available with various projects including the standards fixed 
for minimum balances. A routine should be established by which the pro­
jects would keep the Centre informed monthly about their surplus balances 
and issues. A six-monthly bulletin should be published by the Directorate, 
listing the "Surph.1s spares". These bulletins should be classified by· equip­
ment and a sufficient number of copies should be supplied to each project for 
them to be made available to all concerned. The projects can then know 
the location of parts required by them. The Directorate should keep up the 
books up-to-date. It must operate on business principles and should be set 
up for quick routing of correspondence. We consider that aboUt 20 clerks 
working on Kardex cabinets should be able to keep the work up-to-date. 

The States will have to come to an understanding regarding the costing 
of the spare parts sold from one project to another outside the State. We sug­
gest that the spare parts over the maximum balances (worked out as a re­
sult of systematic scaling mentioned later) should be regarded as surplus and 
transferred at current market rates and those below maximum balances have 
a suitable overhead charge added to cover the cost of storage interest etc. 

The Scaling Department should help the projects to detail their forward 
demands for stocking and for planned overhauls. An efficient working of 
this organisation wiU reduce the evil of overstocking in future. Every project 
should have a Scaling Engineer belonging to the project organisation who 
works according to rules set up by the Centre. On small projects this work 
can be done by one of the officers of the project if the employment of a whole 
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time man cannot be justified. The Central Scaling Engineer with the help 
of the Project Scaling Engineer can then work out the details of future 

sealing. 
The Scaling Organisation will . have the advan!age of the central record 

f nt of spare parts and Wlll be able to bmld up excellent records to 
o mo.veme 1. E · h ld · ... 
help forecast requirements accurately. The Sea mg ngmeer s au VlSl .. 

the various projects and help them work out their six-month!~ forward _d~ 
mands. He should be a man of long experience on Earth-movmg and Ctvll 
Engineering equipment, and should have an inti~ate ~owle~ge of each type 
of equipment and the .conditions of work. It will b~ nnposs1ble to find s':ch 
a mari in India but we think there should be no dtfficulty . to get a f?r~~~ 
exoert qualified to do the work. It is only by long expenence that Imtial 
sc~ling can be satisfactorily achieved. Scaling demands: 

(I) Experience over a long period. 
(2) Knowledge of equipment performance schedule and rundown of job. 
(3) Planned arrival time of spares. 
( 4) Knowledge of spares and supplies issued over a given period. 
(5) Knowledge of Operational Standards. 
(6) Knowlerlge of reconditioning capacity by projects and agents. 
(7) Knowledge of workshOJJ facilities and personnel available. 
(8) Knowledge of manufacturer's recommendations as to fixed life of 

components. 

It is not possible for States to individually staff such a post by an adequate-· 
1y qualified man; therefore assistance from the Centre is necessary. 

7: 4. CosT AccoUNTING 

The importance of Cost Accounting and the part it can play in point­
ing the attention of executives on questionable costs has been stressed in the 
report. The f!10c!ern industries in the West* use cost accounting as a tool 
to watch and improve their efficiency. Inasmuch as a departmentally manag­
ed mechanised construction is an industry with its own cost and production 
problems the project personnel do need the assistance of such a section. 

We wish to make it quite clear that our conception of such an organisa­
tion is not to add yet another financial control for \Vhich there can be no 
room or scope. The organisation contemplated by us should "measure perfor­
mance against approved operating plans and standards and report and inter­
pret results of operation at all levels of management. This function includes 
the design, installation and maintenance of accounting and cost systems and 
records, the determination of accounting policy and the compilation of statis­
tical records as required'". 

In this respect cost accounting is an advanced stage of auditing and com­
piling the actuals-a duty which the A. Gs. do at present. The A. G. stops 
where the engineer has to start. The regular P.W.D. account does not help 
the enginee:r adequately in his technical analysis but with the influence of 
the audit acts as watch-dog only to detect deviations from the P.W.D. Code 
Rules. 

In their endeavour to imp:t:Qve the financial control on projects, some of 
the Governments have set up a "Financial Adviser". This has not helped 
the project officers in their search for financial tools of control and economic 

*Vide "Cost Accounting and Productivity" Report by a group of European experts pub­
lished by the Organisation for European Economic Qooperation, Paris, 1952. 
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.costs. Where the financial control has been invested with authority without 

.commer.isurate responsibility, the results have been more unsatisfactory still. 
To cite a specific example, we noticed an apparent absence of up-to-date pro­
gressive cost data at Hirakud though we understand that a Financial Adviser 
has been active on the project for the last four years. 

In a big project executives are too .busy to check costs in their elementary 
spheres. compare them with the previous statistics or standards and work out 
technical interpretations of causes in order to suggest remedies. The lower 
range of the executive staff are even more ignorant of cost controls on the 
jobs entrusted to them. They are neither informed about their efficiency in 
terms of exact statistical indices which would help them improve nor are 
they held responsible for what would be unmistakable ineffici-ency if com­
pared with suitable standards. In fact, little information about standards 
exists except the over.all items and costs given in estimates which in them­
selves are based on the "best guess" without any real background. It is 
easy to understand why costs have gone high on our projects as compared 
with the estimated costs and why it took so long to realise it. 

The new concept of cost accounting, in the hands of properly qualified 
people should go a long way towards improving the situation. It is a service 
that can be rendered only by persons who are in a position to "collaborate 
with the executive management, particularly the engineers. in enquiring into 
causes and effects in the sphere of costs". This can best be done by en­
gineers with wide project experience supplemented by special training in cost 
accounting. 

The sphere of this work is so new and so vast, that much pioneering work 
will be required to establish correct procedures for the organisations. It 
should not degenerate into "another series of periodical reports" or an inani­
mate compilation of actuals without interpretation. We think the Centre 
should make a beginning by establishing a Cost Accounting Directorate. It 
should guide the projects in devising suitable organisations, routines and re­
ports and should educate the staff in the use of this new tooL 

There is yet another reason to justify the necessity of such an organisa­
tion. Government of India is giving a large amount of money to the States 
to execute projects. It should be their natural concern to determine how 
efficiently the funds are utilised. At present the Government receives perio­
dical reports which have little value for such evaluation. When the Gov­
ernment of India calls for cost statistics, they are not reported on a uniform 
basis and are not compared with a common standard. This gives either a 
partial or an incorrect picture. A properly designed cost accounting system 
will help every one to be adequately and immediately informed about the con­
duct of the job. It can pin-point the causes of inefficienCy. In the interest 
of the finances advanced to the States, Government of India should be inter­
ested in having such an organisation. 

We are aware that trained personnel for this type of work will not be 
readily available. That is the greater reason to make an early beginning. 
There are many institutes* and educational faculties devoted to this subject 
in U.S.A. Training a few of our project engineers and entrusting them to 
pursue their subject with interest will be a step in the right direction towards 
etl'ecting an overdue improvement. 

*American Management As!:ociation, American Institute of Accounts, the National Asso­
ciation of Cost Accountants, and the Controllers' Institute of America. 
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(Supplementary Report) 

Report on the Scope for Production, within the Country, of the 
Plant and Machinery required on River 

Valley Projects 

1.01. Government of India, Ministry of Irrigation and Power 
required the Committee by their letter No. DW. II-29 (78), dated 3rd 
December, 1953 to examine the scope for replacing imports of con­
struction plant and machinery in use on the River Valley Projects 
by production within India and to make their recommendations 
in this regard. 

1.02. The Committee considered this question from two aspects:­

(i) The scope of manufacturing construction plant and ma­
chinery; and 

(ii) the scope of manufacturing spare parts for such machinery. 

1.03 MANUFACTURING CONSTRUCTION PLANT AND MACHINERY IN INDIA 

It is necessary first to assess the probable number of each type 
of equipment likely to be requnred for the construction of the River 
Valley Projects. As far as the projects included in the first Five­
Year Plan under execution are concerned, they have already pur· 
chased most of their equipment and very few remain to be purchased. 
As regards the River Valley Projects, in the second Five-Year Plan, 
the Committee understands that the Plan will give more weight to 
medium and small-sized schemes in preference to major ones. Majot 
projects e.g.,· Chambal, Kosi, Krishna and Koyna will probably be 
the only remaining large ones to be undertaken. These projects will 
need to have their construction plant planned individually to suit 
the special characteristics of each of them. These projects will pro­
bably absorb much of the serviceable equipment, released from the 
major projects which are nearing completion. 

1.04. Thus, the bulk of the demand for equipment is expected 
from the medium and small-sized projects of which, there probably 
will be many in the Plan. We visualise that the medium-sized sche­
mes will cost about 10 crores each and involve about 150 million 
eft. of earthwork with about 100 miles of canal and branches each. 
The cost of minor schemes will probably be in the range of Rs. 5 
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crores each requiring 75 million eft. of earthwork and about 50 miles 
-of main canal and branches. On these projects, the bulk of the work 
on the canais and even some work in the dam will probably be 
within the scope of execution by manual labour. Thus, mechanisa­
tion on these _projects will be limited to filling up the gaps in each 
work, unsuitable for manual labour. 

1.05. EQUIPMENT FOR MEDIUM-SIZED PROJECT 

For a typical medium-sized project, we think that the plant 
planning will be broadly on the following lines :-

r. •l: C):ds. shovels; 2 Nos.@ Rs. 3.;Iakhs each . 

2. Dragline and Clamshell attachment; 2 Nos. @ Rs. o.slakh each 

3· 13 cyds. Bottom Dumpers; 10 Nos. @ Rs. 1.6 Jakhs each . 

4· 130 D.B.H.P. Heavy Crawler Tractors with Dozer and P.U.C.; g Nos. 
@ Rs. •·3 lakhs each . . . • . • . 

5· 20 cyds. Power Scrapers; 12 Nos.@ Rs. 2.3lakhs each 

6. roo H.P. Graders; r No. @ Rs. o.glakh 

7· 10 ~Ton Motor Crane; 1 No. @ Rs. 2.0 lakhs 

8. ~Minor equipment L.S. Rs. 20 lakhs 

TOTAL 

1.06. EQUIPMENT FOR MINOR-SIZED PROJECT 

Rs. in Lakhs 

7-00 

r.oo 

r6.oo 

o.go 

!LOO 

20.00 

86.20 

For a typical minor project, the equipment required will be 
roughly as under :-

432 

1. t! cyds. shovels; 2 Nos.@ Rs. 2.5lakhs each . 

2. Dragline and Clamshell attachment; I No. @ Rs. 0.5 I~ 

3· 6.; cyds. End-dumpers; 6 Nos. @ Rs. o.glakb each 

4· 8o D.B.H.P. Medium Tractors with Dozer and pUC . 6 N @ 
Rs. I .o lakh each . . . . . · · ., 1 os. 

5· 3 to 4·5 cyds. End-dumpers for use with manual labour·, , 2 N 'ii> 
Rs. o.slakh each . . . . . - os. '!Y 

6. s-Ton Mobile Crane; I No. @ Rs. J .2 lakhs 

7· ~nor equipment L.S. R ... 10 lakb.s 

ToTAL 

Rs. in Lakhs 

5-00 

6.00 

6.oo 

I .20 

10.00 

34-10 
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1.07. We have not specified in these estimates minor construc­
tion equipment of general utility such as:-

Air Compressors. 

Motor Tractor with low~bed trailers, for 
transporting equipment. 

Crushers and Granulators. 

Belt Conveyors. 

Concrete Mixers. 

Rippers and Rooters. 

Compacting Rollers. 

Decauville Locos and Trucks. 

Percussion Drills and Rotary Drills. 

Dewatel'ing Pumps. 

Well Points and Pumps. 

Air Tolls. 

Electric Welding Sets. 

Generator Sets up to 30 kW. 

Machine 1'ools. 

Truck Repair equipment. 

Minor Workshop equipment. 

Minor Materials handling equipment. 

1.08. Out of this lot of construction equipment, those listed be­
low are of general utility nature, and will be required for engineer­
ing works in general in the country. 

So~D.B.H.P. Medium Size Tractors. 

3 to 4·5 cyds. End-dumpers. 

Crushers and Granulators. 

Air Compressors. 

Trailers with \\'heeled Tractors. 

Belt Conveyors. 

Concrete Mixers. 

Rotary and Percussion Drills. 

Decauville Locos and Trucks. 

Dewatering Pumps. 

Well Points and Pumps. 

Electric Welding Sets. 

Generator Sets up to 30 kW. 

Air Tools. 

Compacting Rollers. 

Rippers and Rooters 

1.09. WoRKsHOP TooLs AND REPAIRS EQUIPMEN• 

None of these machines are at present manufactured in India 
-except the very minor equipment like Concrete Mixers and some 
Dewatering Pumps of small capacities. 

1.10. To assess the probable demand for these items of equip­
ment for the River Valley Projects, we have assumed that an an­
nual grant of Rs. 80 to 100 crores will be allotted for the implementa­
tion of the medium and minor-sized projects in the second Five-Year 
Plan. Nearly half of the amount will be spent through entirely un­
mechanised manual la hour leaving about Rs. 40 to 50 crores for 
works which will be partially mechanised. On a highly mechanised 
·earthwork project, the cost of equipment is about l/3rd of the work. 
Assuming that most of the projects will be constructed by only par­
tial mechanisation. we take it that the requirements of equipment 
will be only about 1 /6th of the value of the work. In other words, 
the expenditure on construction equipment will be about Rs. 7 to 8 
-crores per year. 
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1.11. Assuming further that there will be one medium-sized pro­
ject to every 2 minor-sized projects, the demand of construction equip­
ment will be about 5 groups of machines detailed in para 1.05 and 
10 groups of the machines detailed in para 1.06. In other words 
our annual requirements will be roughly as under:-

Type of Mad~ne No. Description Price each Amount 
(Rs. Lakhs) (Rs. Lakhs) 

Excavators 10 2! cyds. with Dragline etc. -4,-0 40 
attachments. 

Do. 10 I! cyds. Do. 3·0 30 
Traetors 45 13(1 D.B.H.P.Crawler '\\ith Dozer 1.3 ss.s 

& P.U.C. 
Do. 6o So D.B.H.P. Crawler with Dozer 1.0 6o 

& P.U.C. 
Dumpers ~0 13 cyds. Bottom-dumpers. 1.6 So 

Do. 6o 6.s cyds. End-dumpers. o.g 54 
Do. 120 4 to 5 cyds. End-dumpers. o.s 6o 

Graders 5 too H.P. 12 ft. blade. o.g 4·5 
Scrapers 6o 20 cyds. Motor Scrapers·. 2.2 132 
Cranes 5 to-Ton Motor Cranes 2.0 10 

Do. 10 s-Ton Do. 1.2 12 
1\linor Equipment Lump. 200 

TOTAL 741 

Say Rs. 7. 5 crorcs. 

1.12. The estimate given above will vary within a wide bracket 
depending upon the requirements of the various jobs. We, however, 
think that this list gives an approximate idea of the overall require­
ments of the equipment for the River Valley Projects in order to 
examine the scope of production of the equipment in the country. 

1.13. Any scheme for indigenous manufacture of construction 
equipment will need to have a fairly large and steady demand. The 
list worked out above shows that the demand for this type of equip­
ment is limited. It is unlikely that private firms will be able t(} 
undertake independently the manufacture of such highly compli­
cated machines for so small a demand at this stage. It will have 
to be undertaken either as a quasi-commercial State-owned concern 
such as the Machine Tool Factory at .J alaha!li, Ban galore, or by 
private concerns connected with suitable foreign firms. Even then 
the development will have to take place step by step and stage by 
stage according to a long-term plan somewhat similar to the one that 
has already been worked out for the automobile industry in this 
country. 
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1.14. In the manufacture of heavy. equipment, the availability 
of the material for manufacture has to be considered more carefully. 
Such equipment require alloy steels of various specifications, steel 
castcings, high carbon steels and a large amount of non-ferrous alloys. 
The country's capacity for such raw materials is limited at present. 
The steel castings are made at present at Bombay, Calcutta and 
Muradnagar but their c_apacity is limited. 

1.15. A$ regards the alloy steels, the only possibility at present 
appears to be utilisation of the resources of the Ordnance Metal and 
Steel Factory at Ishapore. It is understood that the capacity of this 
factory is limited by the existing rolling capacity. It seems difficult 
to utilise this factory readily to any large extent for supply of alloy 
steel materials required for the manufacture of earth-moving equip­
ment or their components. 

1.16. The manufacture of construction equipment can be con­
sidered in two different categories:-

(a) Complicaj;ed machines e.g., shovels, tractors, etc., and 

(b) simpler equipment e.g., concrete mixers, rippers, compact­
ing rollers, etc. 

1.17. The modern machines included in the first category are 
very complicated and their present design and specifications are a 
result of a long period of evolution after repeated trials and recti­
fication of errors. They incorporate a large number of patents and 
specifications rights. It will be difficult for us to get into this field 
at this stage unless we arrange for the necessary association with 
the foreign manufacturers for the supply of raw materials, semi­
processed components and the technical key personnel with the 
technical "Know how", as is done in the country for the new indus­
tries concerning the manufacture of Mechanical and Electrical plant. 

We recommend that a scheme of Industrial Development for 
manufacture of one or two principal items of equipment, in general 
demand, be evolved and implemented, as a beginning. The items re­
commended are the 80-H.P. Crawler Tractor with accessories,· and 
3 to 4.5 cyds. End-dumpers. 

1.18. As regards the minor pieces of equipment, which are com­
paratively simpler, there should be no difficulty in manufacturing 
them in India. We were told that the Amritsar Workshop has manu­
factured concrete-mixers of 10/7 eft. capacity utilising imported 
power units for driving them. 
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We further think that Rippers and Rooters, Sheepsfoot Rollers, 
Rubber-tyred Compacting Rollers and Dozer Blades, etc. 
can be manufactured with very little difficulty. There are already 
a large number of factories manufacturing pumps of various types. 
Although most of these are manufactured for agricultural require­
ments, the manufacture of a range of pumps required on construc­
tion jobs can easily be undertaken by some of the firms. Similarly, 
the equipment required for well-point pumping can be manufactur­
ed in India, using imported power and pumping units. As regards 
the welding plants and generators, the country has already started 
manufacturing motors up to 50 H.P. and small generators. If ·de­
mand of River Valley Projects for these items of equipment can be 
bulked, their manufacture in the country should not present much 
difficulty. 

1.19. As regards machine tools, quite a few of them are already 
being manufactured in this country. Machine tools manufactured 
by M/s. Kirloskar Mysore at Harihar is one of the typical examples. 
Government has given adequate protection to this industry. 

1.20. The Central Workshop at Amritsar was visited and the 
scope of its utilisation for manufacture of some of the equipment 
was examined. A statement showing the main equipment and their 
capacities is appended. It will be noticed that the workshop does 
not have a steel foundry. The steel castings required by the work­
shop are obtained from the steel foundries at Muradnagar (near 
Delhi), Calcutta or Bombay. Besides this, certain items of balancing 
equipment of a special-purpose nature will have to be provided· to 
make the production of equipment and spare parts economical. 

On account of the distant location of the source of structural 
and alloy steel and the steel foundries, there is likely to be serious 
handicap for making even a modest venture for the manufacture 
of earth-moving machinery at Amritsar, except for the manufacture 
of simple items such as Concrete Mixers. 

This workshop is already handling the works in tu.mection with 
the Bhakra Nanga! Scheme and it can handle similar requirements 
for the other River Valley Projects, as required. The manufacture 
of rolling stock and locomotive parts for the Northern Railway 
has just been started in the workshop. To our judgement, the uti­
lisation of the workshop completely for the railway purpose appears 
ways, it should be possible to utilise the project workshop at N angal 
for the general requirements of the State after transferring some of 
the machines which may be redundant at Amritsar. When the load of 
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the Bhakra Nanga! and other River Valley Projects on the Amritsar 
workshop is reduced, there will be relatively very little work left to 
justify its existence unless the Railways take it over. · 

2.00. SPARE PARTS MANUFACTURE 

Approximation of Demand 

2.01. Construction equipment worth about Rs. 40 crores is operat­
ing on the River Valley Projects at present. We consider that these 
require spare parts worth Rs. 2 to 3 crores per year. We have taken 
a eensus of the types, makes and sizes of equipment operating on 
the River Valley Projects studied by us. The information about the 
plant population is given in Appendix 3.1 in our Report. It will be 
seen that the number of different types, sizes and makes of equip­
ment is so large and consequently the requirement of each of the 
spare parts is so small that their manufacture on an economical 
basis is not practicable. It may be stated that. the total number of 
spare parts even in a single machine would run into four figures. 
The range of spare parts for all the makes and sizes of equipment 
required can be easily imagined. Under these circumstances, it is 
extremely difficult, to concentrate on any particular range of spare 
parts for the purpose of manufacturing them in India. 

2.02. The manufacture of simple parts such as bolts, nuts, piston 
rings, liners, etc. in the factories, already established in the country 
is feasible, if supply of raw material and adequate demand are as­
sured. The latter condition will automatically follow standardisa­
tion of equipment when the recommendations made by us in this 
respect are implemented. 

2.03. At present there is difficulty in getting special types of 
bolts, nuts and studs for equipment particularly in the specialised 
and precision varieties. 'l'hese can be manufactured by firms in the 
country which specialise in such work, provided that the required al­
loy steel bars can be made available to them. 

2.04. In the matter of seals, packings and gaskets, there is a good 
scope of manufacturing them in India. In most of the cases, the 
raw materials will have to be imported but even partial processing 
will be a s'.ep in the right direction. We suggest that the develop­
ment of their manufacture may be referred to the Development 
Wing of the Ministry of Commerce and Industry. 

2.05. The main difficulties in the manufacture of spare parts are 
as under:-

(a) Manufacturing the parts to the correct specifications; and 

(b) correlating the demand to the supply. 
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The manufacturers of the equipment cover most of their products 
by patent rights and special specifications for the raw material which 
do not correspond to commerrlal brands. 'Tie up' or association 
with manufacturers thus becomes necessary. Any sub-specification 
spare part is not recommended for adoption as it may lead to a 
deterioration in the efficiency of equipment performance. This will 
apply to all complicated parts requiring special heat treatments, fine 
tolerances or alloys of very special nature. 

2.06. The major difficulty about the spare parts is the correlation 
of the demand and supply. By its very nature, the supply or the 
spare parts has to be effected very quickly to be useful. Adequate 
stocks have to be held ready on the shelves to be delivered at a short 
notice on demand. It is difficult to anticipate exactly which parts 
will be required in the near future. Hence the range of spare parts 
to be carried in stock is very large. Often enough there will be de­
terioration in the quality of the materials and some parts in the 
stores will have to be scrapped because of the obsolescence of the 
machines. This together with the overhead expenditure for setting 
up the store, handling the correspondence, giving quota:ions and 
collecting bills, increases the cost to a large extent. It is very diffi­
cult to have a comprehensive store even with spare parts manufac­
tured in India to mee: the requirements of the projects. Even the 
manufacturers' representatives in India have not been able to do 
well in this respect particularly for the machines for which the po­
pulation in India is low, although some of the agents in India have 
an understaoding with their principles that the parts, that cannot 
be sold, can be returned by them to the manufacturers. 

2.07. Under these circumstances, we feel that only a very limited 
service can be rendered, even if some parts can be manufactured 
m India and stored in a Central Government Store. We feel the 
best that can be done at present, is to pick up items of spare parts of 
simple nature, not requiring very close tolerances and special alloys 
and which can be manufactured without transgressing on the pa­
tents and specifications rights. Even then, it will not be possible 
to undertake the manufacture piecemeal. A forecast will have to 
be made _of the bulk requirements and the components got manu­
factured_ m batches from the best sources available in the country. 
They Will then have to be stocked and sold to the projects as and 
when required, through one or more centrally located stores. Such 
an organization can be successful only after thE' st<mdardisation of 
the equipment is implemented. 
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2.08. We are. aware that there are quite a few minor parts for 
which there should be no necessity to import, but it will be neces­
sary to make them available to the projec~s from a Central Gov­
ernment Store; whereas, the remaining equipment of complicated 
parts, which form the greater portion, will have to be ordered from 
the stocks of the manufacturers' representatives in India. However, 
for .making a beginning we would suggest a scheme as under for 
consideration. 

2.09. The Central Scaling Organization, which we have suggest­
ed in the Report (vide Appendix 7) should make an inventory of 
such parts as are required in large numbers for the equipment in 
the country, from a study of the records of the various projects. 
They should then determine which parts are simple and can be ma­
nufactured in India, without transgressing on the patent and speci­
fication rights. These can then be manufactured at any of the work­
shops in India and stocked in a Central Store. All the projects 
should then be kept informed that these parts are available from 
stock and that they should not be imported through the manufactu­
rers' representatives. For such a set up, it will .be necessary to have 
a large stock of spare parts of ready delivery. One or more Central 
Stores will have to be maintained, adopting commercial accounting 
system, because H will need a considerable capital, administrative 
expenditure and there will be some inevitable loss by deterioration 
and obsolescence. 

2·10. We consider that any approach on these lines is a low effi­
ciency solution of the problem. The rational and best plan would 
be to invite some of the manufacturers of repute in the earth-mov­
ing equipment field and ask them to set up an industry in the coun­
try, or to associate with a State-owned set up. We understand that 
Australia invited the 'Le-Tourneau' firm and organised the manu­
facture of Scrapers in their own country; many of the parts are still 
imported but it is a start in the right direction for the country's effort 
at industrialisation. We think that a similar approach would give 
more beneficial and lasting results. 

STATEMENT oF EQUIPMENT AT A.MRITSAR WoRKSHOP 

(a) Carpenters Shop. The equipment in this shop consists of 
6 Nos. Saws, 2 Nos. Wood Planers, 1 No. Wood Working 
Lathe, 2 No~. Mortizing Machines and 1 No. Wadkin'.s 
Router. 

439 



REPORT OF CONSTRUCTION PLANT AND MACHINERY COMMITI'EE 

(b) Heat Treatment Section. This section consists of 6 Nos. 
Electric Salt Bath Furnaces, 5 Nos. Case Hardening Fur­
naces, 6 Nos. Oil Fired Tool Hardening and Annealing 
Furnaces, 2 Nos. Tip Brazing Machines and 1 No. Vickers 
Hardness Testing Machine. 

(c) Smithy Shop. It is equipped with 15 Nos. Black Smiths 
Hearths, 7 Nos. Billet Heating Furnaces, 14 Nos. Ham­
mers, 1 No. Cleve! and Power Press and 2 Nos. Belt Forg­
ing Machines. 

(d) Mill Wright Shop. The equipment in this shop consists 
of 15 Nos. Centre Lathes, 1 No. Capstan, 7 Nos. Shapers, 
Slotters and Planers, 2 Nos. Pipe Threading and Cutting, 
2 Nos. Horizontal Borers, 7 Nos. Vertical and Red Drills, 
5 Nos. Grinders and 3 Nos. Welding Machines. 

(e) Tool Shop. This shop consists of 11 Nos. Centre Lathes, 
5 Nos. Universal Milling Machines, 2 Nos. Vertical Mil-

ling Machines, 28 Nos. Grinders, 6 No. Shapers, Slotters 
and Planers, 2 Nos. Engraving and Marking Machines, 
1 No. Jig Borer, 2 Nos. Drilling Machines (Vert. and Ra­
dial), 1 No. Boring Machine (Horizontal), 1 No. Contour­
ing Machine, 1 No. Die Sinking Machine, 1 No. Universal 
Broach Sharpener and 1 No. Sawing Machine. 

(f) Steel Shop. It is equipped with 7 Nos. Punching and 
Shearing Machines, 6 Nos. Bending and Straightening 
Machines, 5 Nos. Presses, 11 Nos. Drills, 9 Nos. Floor 

Grinders, 2 Nos. Lathes, 2 Nos. Welding Machines and 1 
No. B.O.C. Flame Cutting Machine. 

(g) Foundry Ferrous and Non-Ferrous. The equipment in 
this section consists of 4 Nos. Cupolas 3-Ton and 15-Cwts. 
capacity, 2 Nos. Sand Seiving and Sand Treating Mill, 
Bowland Grinder, Tumbling Barrel, Shot Blast Cabinet, 
Metal Cutting Saw and 3 .Nos. Non-Ferrous Melting Fur­
naces. 

(h) Heavy Machine Shop. This shop consists of 7 Nos. Cen­
tre Lathe Heavy, 10 Nos. Central Lathe Medium, 5 Nos. 
Centre Lathe Light, 3 Nos. Turrets Heavy, 4 Nos. Capstan 
Lathes, 4 Nos. Plano and Uni Mills, 10 Nos. Verti., Horiz., 
and Slot Milling Machines, 7 Nos. Planers (Heavy and Me­
dium), 7 Nos. Vertical Boring Mills, 6 Nos. Hori. Borers, 
9 Nos. Slotters and Shapers, 13 Nos. Drills (Radial and 
Vertical), 9 Nos. Grinders, 11 Nos. Gear Cutters, 1 No. 
Broaching Machine, 1 No. Pipe and Rod Threading and 1 
No. Surface Gear Hardening Machine. 
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(i) Light Machine Shop. The equipment in this shop consists 
of 5 Nos. Central Lathes Medium, 11 Nos, Centre Lathes 
Light, 17 Nos. Turret Lathes and 7 Nos. Capstan Lathes, 
9 Nos. Universal and Horizontal Milling Machines, 2 Nos. 
Vert. Milling Machines, 1 No. Slot Hydro Mill, 2 Nos. 
Vert. Boring Mills, 4 Nos. Slotter and Shapers, 10 Nos. 
Drills, 4 Nos. Grinders, 5 Nos. Automatics, 1 No. Pipe and 
Rod Threading and 1 No. Oil Grooving Machine. 

(1) Steel Structural Shop 

· (o) Smithy Shop 

(3) Machine Shop 

(4) Foundry 

( 5) Carpenters Shop 

Statement of Capacities 

•. 

15 tons per day. 

goo man-hours per day. 

goo machine-hours. 

g' tons. 

6oo man-hours. 
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