
COPP/PWB/Sor, a/sl 

ADVANCE REPORT OF THE: 
SELECTED BUILDINGS PROJECTS 

TEAM 

ON 

THE HEAVY ELECTRICAL PROJECT, BHOPAL 
-" ""HB· FERTILIZE~ PROJECT, NAN GAL 

·, ... __ --

-~MMrrTe&bH PLAN PROJECTS 
--- -----·-NEW DELHI 

Al'RIL, 195& 



COPP/ P.WB/ Ser,a/51 

ADVANCir REPORT OF THE 
SELECTED BUILDINGS PROJECTS 

TEAM 

ON 

THE HEAVY ELECTRICAL PROJECT, BHOPAL 
. AND THE FERTILIZER PROJECT, NANGAL 

COMMITTBB ON PLAN PROJBCTS 
NBWDBLHI 

.. . Al'RlL, 19 58 



Composition of the Committee on Plan Projects for Public 
Works and Buildings Sector of the Se.=ond .Z::ive Year Plan 

Chairman 
Shri Govind Ballabh Pant, Union. Minister for Home 

Affairs. . 
Members 

Shri v. T.• Krishnamachaii, Deputy Chairman, Plan­
ning Commission. 

Shri Morarji Desai, Vnion Minister for Finance. 
Shri Gulzarilal Nanda, Union Minister for Planning, 

Labour and Employment. 
Shri K. C. Reddy, Union Minister for Works, Hous­

ing, and Supply. 
Shri N. Sanjiva Reddy, Chief Minister, Ancnrra. 
Dr. B. C. Roy, Chief Minister,· West Bengal. 

Secretary· ' 
Shri Indarjit Sillglr, joint Secretary (Economy), 

Union Ministry of Finance. · 
Composition of the Team for Selected Buildings Projects 

Leader 
Shri ·s. K. Patll, Uni9n Minister for Transport and 

Communications. 

Members 
Shri Sarup Singh, I.S.E. · (Retd), formerly Director, 

National Buildings Organisation .. 
Dr. Eng. A. Carbone, MIABSE, Consulting Engineer, 

Calcutta. · .. . . 

' Shri C. P. Malik, Director, NationaTBuildings Organi­
sation. (ex~:tJicia) 

Secretary 
Shri T. S. Vedagiri, 

· General H. Williams, · Director, Central Building 
Research ~itute, Roorkee, has also kindly agreed to attend 
meetings of the Team and the Panels as and when he can 
spare time. He has, however, placed the facilities of the 
Central Building Research Institute at the •disposal 6f the 
Team. 



I 
-~ 

My dear. Pantji; 

Minister of 
Transport & · Communications 

India 

New Delhi, April 16, 1958 

·I for-Ward herewith a11 advance ~eport of the Panel for 
factory buildings. You will be glad to find that the major 
conclusions of the Panel have been accepted by the au­
thorities concerned. The Team has also been requested to 
help the authorities of the Heavy Electrical Project at 
Bhopal in evolving a suitable design for future phases of 
const:r;uction. 

The. Team for· Selected Buildings Projects was closely. 
associated with the work of the Panel. It has reviewed 
the report and is in agreement with it. 

With regard to the industrial estate, the Team is con­
sidering the formulation of standard patterns of designs 
and specifications which will help in the speeay and eco­
nomical execution of such· schemes. Full particulars of 
these will be given in the final report of the Team in res­
pect of factory buildings and industrial estates. 

I take this opportunity of thanking the various Project 
Authorities for their cooperation in supplying •the informa· 
tion required by the Team and for the-facilities that they 
have accorded for on the spot studies. 

Yours sincerely, 

S. K. PATIL. 

Shri Govind Ballabh Pant, 
Chairman, Committee on Plan Projects & 
Minister for Home Affairs, Government of India, 
New Delhi 
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1 Double sbeetina for 
roof. 

Apl*ldlz I 

HEAvY ELECTRICAL PROJEcr, BHOPAL 

, 
Views oi the Proj«:t Authorities Views of the P'!.l'el 

• 3 

Helps in heat insulation and 
provides for induced venti­
Jatioo. The extra cost is 
a small portion oi the cost 
of the Project. 

' 

With heights of 30' to 7S' 
the insulating effect 
of the double sheeting 
Is insignificant. Venti­
lation can be ' bad. 
thtoughJouvr~ 1 

EffeCt on cost and consumption oi 
materials • 

s 

The area of Factory is about 14 'lakhs sft. 
The. area of sheetina will be IS lakhs 
sft. Taking cost of Asbestos sheetina 
and purlins clamps etc., as Re. 1/-
per sft., the saving if double! sheet· ~ 
ing is not done is R•. IS laklu. This 
apart saving in structural steel in 
purlins will be about 6oo ,.,.., (Takina 
purlin tO be I lb. per aft. oi covered 
area). If all corrugated sheets \ll"e 
to. be. used the saving .in cost will bO· 
much more. · 

a Heights oi bulldings, This is necessary liom future. 
4.48,000 sq. ft. oi functional requirements. -

• If layout plan is available Assuming t/2 of this area can be reduced 

' workshops have a 
bt. oi so ft. upto 
cranerlil. 

· -only some portions · to 30 ft. heiaht, the saving in steel 
· need be of so ft. height. will be about ISO ,.,.. and sal'ing .in 

Others can be 30ft. cost will be R•. I2'2S lakhs • . 



.3 Jib cranes 
' Bso 

about All colwims at so ft. cfc have 
a Jib crane. The central 
columns have two such 
cranes one for esch bay. 
Necessary from point of 
view of ftexibility, only 
same cranes will be actUally 
put but columns designed 
to take a crane at any time. 

4 Design of trusses 
total area I4 lakhs 
1ft. . . 

All trusses arc of the north 
light type including rockers. 
The live load is taken as IS 
lbs/sqft. apart from winil 
and other desd losds. 

S Welding (total area 
I41akhs sft.) 

Gantry girders may be welded. 
All other structures to be 
riveted only. 

This is too much. With 
a layout diagram and 
a properly prepared 
ftow chart it is possible 
to decide which of the 
columns must be 
designed for jib cranes. 

· Saving thus · effected 
will be quite consider­
able. 

IS lbs. sq.ft. is too heavy. 
The rockers can be 
designed 'differently as 

'lighter trusses. 

It is better to rivet the 
ganrry girders and 
weld the entire roof 
structure and columnt. 

There arc 492 colms. Even if Ioo 
of these are designed to take jib cranes 
which itself is on the high side, the · 
remaining 392 will be of simple design 
which can be about I/2 of the present 
section. Assuming all columns to 
be only 30 ft. to gantry level the 
saving in steel will be about 400 tons, 
cost reduction will be Rs. 6 laklu. 
Besides this, reduction in foundation 
cost is there due to reduced load and 
bending moment. ' 

Assuming we save I lb.sq ft. in the 
rocker it comes to I/2lb. per sqft. 
'distributed all over as there arc equal 
number almost. of rockers and girders, 
The saving in steel will be about 300 
tons and cost reduction will be Rs. 4 • S 
lakhs. . . 
• 

Even if trusses alone· arc welded the 
saving in steel will be IS% after 
accounting for the extra cost of 
fabrication. This comes to saving 
of I lbfsqft or 6oo tons. The saving in 
cost will be Rs. 9 laklu. Due to 
reduction in weight by all those 
framings, saving will a=ue in 
foundations which has not been 
mentioned. 
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' PlooriDJ . Area. 
• 14 llkba llql't. 

3· 

Tbia is too thick. c.R.R. I. Bven asumiDJ the thiclalesa to be S' 
to be coosultcd. Most ' there il a 3" aavinJ in thiclalesa i,.,, 

· of the floorins need be • at ··/8/· per art. aavinJ in co8t will be 
only 4" thick, loc:ally R•. 7 lakluJ for the factory Be aavinJ 
lncfeaSed thiclalesa in cement about _3000 -· 

' can be adopted.- • Tbia • · 
can be lbcd from the 

. layout Bellow diaJl8DIIo 

Tbia Is unnecessary• 
· concrete conattuclion is 

better. 

. - .. 
< 

SavinJ in akel will be .2.40 tona. Extra 
cement required .will be .:J.8n · tons. 
We -ume thete will be no finaadal 
l8vinJ, . ~ 

.. 
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TOTAL 

Savini_ in Steel 
. (Tans) 

6oO 

JSO 

400 

300 
•6)(1 

•• 

Appeadls .l-{.Dntd), . . . 

HEAVY ELE<::TRICAL PROJECT, JIHOPAl. 

· Abstr,.._t of Saving_ in Mat 'mall &_ Cost 

' 
Savini 1n cement · 

( ans) :;:. 
' 

•• 
•• 

' .. 
••• .. 

3000 
-aso 

. 2720 

Saving In Cc!st 
(Rs.lakhs) -

IS 

tz.·as 
6 

4'50 

9 

7 

•• 

. " 13·7s• 
---~~~--~~----------------~------~----' • I • •u lAvina In foundation at 4 Ulllll per sq. ft. II considered, it will rault_in a;.Cunber lAving ofRI. 3'S iakbs. . . ~ 



Appendix ll 

MINUTES QF THE MEETING HELD iN THE ROOM OF 
SHRI INDARJIT SINGH· ON .22ND .MARCH, 1958 IN 
CONNECTION WITH HEAVY ELECTRI~AL PRO-
JECT, BHOPAL.~ · 

Present: 

Shri Indarjit Singh, Secretary, ,C.b.P.P. . 
Shri Sa~p 'Singh, Member-Chief EngiD.eer, B. P. 

Team. 
Shri N. S. Mankekar, Member, Factory Panel. 
Shrl S. Sarangpani, Managing Director, H.E.P.L .. 
'Shri K. N. ,Shenoy, Dy. Secretary, C. & I. :Ministcy. 
Shri T. S. Vedagiri, Secretary, B. P. Team, 

The case of the design of the workshop buildings ,for 
the Heavy Electrical Industries to be set up at Bhopal was 
f~her discussed. The decisions are recorded below: , 

Roofing: The 11rinciple oll single roofing has · already 
been accepted. The Managing : :@irector's suggestion to 
cover the roofiing with aluminium sheets instead of A. C. 
sheets was. agreed to. It is understood that the roof mem­
bers will be accordingly r!!designed to allow for the reduc­
ed load. The lSI code would be adopted. · . . . 

. Height of roof: The Panel's suggestion for reducing 
the height of the roof of the maintenance and foundry 
blocks has already been accepted. The Panel; however, 
still feels that there is ample scope for reducing the height 
of the roofs of other buildings. The area of the factory 
with 50ft. height is very substantial. 

The· Managing Director agreed to examine. the func­
tional requirements of the buildings and affect reduction 
wherever feasible. : · 

Jib CTanes: It· was accepted that the best solution 
. would. be to determine irt advance the exact position where 
the jib cranes would be required. . If this is not possible 
at this stage, it was agreed that the foundations of all col­
umns may be designed 'to take up the load that will be 
imposed 'by the jib

7 
cranes. For the time being, however, the 

. 12 
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. ~olumns would be designed to take up' the load of the roof­
mg and the gantry cranes only. Subsequently, wherever 
the necessity for jib cranes )s felt, columns will be streng­
thened. by welding additional members or otherwise as 
may be found suitable. This would materially reduce the 
quantity of steel at the initial sta[:es ..• In any case, overall 
economy in steel is assured. · 

I 

Redesigning. oj phase I: The Managing Director ex­
plained that it was his proposal to adhere to the original 
target dates fixed for production operations, by overcoming 
the app~;eliended. delay in the completion of the training pro­
gDamme. Th~ time, therefore, available for construction of 
phase I is vety limited. Tenders have been called for, 
and it is desirable that the work is taken in hand without 
delay., 

The Managing Director further informed the meeting 
that one of .the tenderers had already suggested welding of 
the gantry cranes,· and he would see to it that this is extend­
ed to the maximum extent possible with a view to secure 
economy in steel. 

In view of the circumstances, the question. of redesign­
ing of the factory buildings coming un'der phase I was not 
pressed, and the matter was left entirely to the discretion · 
o~ the General Manager. 

Stores- for raw material and finished r.r:odu.cts: The 
Panel has pointed out the absence of the building for stores. 
The Managing Director explained that the Nissen huta al­
ready put up for construction operations could be used as 
stores godowns. after completion of the construction. Any­
h~w, he decided to look into this matter further. 

Alternative desigm for phases ir & Ill: As ~ result of 
the study of the existing designs and the quantity for steel · 

' required, the Panel's views are that very considerable eco­
nomy both in cost and consumption o~ steel can be efl'ec~ 
either by adopting a structure with reinforced concrete 
columns an(J shell roofing 01: a steel structure designed on 
the basis of indeterminate frame analysis. 

The Managing Director stated that he would be too 
glad to adopt the suggestions of the Panel for future cons­
truction, but since they had no organisation for structural 
designs, t,bey would request the Buildings Projects 'ream 
to get the designs prepared. . . . . . . 



· Appoadlam 
-· .. 

HEAVY ELBCTlUCALl'ROJECf LTD., BHOPAi:;..EPPI!CfS 01' CONCLUS~ONS ON COST AND MATERIALS . ' . .. . : . . . . 

Item . Conclusioos Saving in cost 'sa-ring in So'Vinsin Remarks . steel· cement 
(Rs. lakhs) (Tons) (Tons) 

To adopt ainsle sheeted ' . 
r. Rciofins • • 13' 700. .. •The sa'Vins here is more 

roof with alnmjniwn than showa in Appeadix 
sheets. I owiDg to .savmg in 

z. Helsht of buildings. Only maintcDaDce and 
· purlias · be<:ause of du· 

n so .. minium sheeting. 
fOUDdry bloc:ka hsve .. ? ~ redu= in hdsht 

• 
3· Jilt c:ranea. 5 300 .. :;;: 
... Redealsn of·trulse8 6 3SO ... and rocker • 

· s.- Wetdius 9 6oo .. 
SugJ.eations of the Panel . 

6. Flootias, will be inco:r.'rated as 7 3000 

1· Canteen building • 
delliled in e report .. 240 . -280 

a. Sa-rins In foundation I 
There will be savins 'both ... .. in Steel & Cement, but 

this cannot be worked in 
TOtAL 

the ebsence of detailed 
~1. 2240. Z720 designs .. 

Redealgning of phase II • 90 8ooo-, Indetermin&te frame anal-
,.;. will form the bssls 
of design. 



Appeadb: IV 

NANGAL PBRTILISBR PROJECT-EPPECTS 'op CoNCLUSIONS ON COST AND MATERIALS 

Items Condusions Saving in S::fln Saving In Remarb 
c:oat . -· .ete _ c:e:mcDt .. 

r, Silol • • As delailc4 ill report . Rs.• liS lakha . rsoo TOllS. 3000 TOllS. • Tbia Ia ill comp8ri.on with 
.... an approximate eatimate 

TOTAL • Rs, liS lakha. rsoo To111. 3000 Tollll. 
i!re~ for tilos bf tbo 

ro ~AuthoritieS. 

t: 



Appendix V 

HEAVY ELECTRICAL PROJECT AT BHOPAL-DE~All.S 
• OF ,ALTERNATIVE DESIGN IN STEEL. . 

During the discussions at Bhopal; the Team suggested· 
that there could 'be 3 alternative methods of design which 
can lead to saving in cost and quantity of steel, namely: . - ·, 

..... -.r. 

. 
(a) design in reinforced concret~; 

(b)' composite design with: RCC pillars and she!) roof 
and steel columns for gap.tries; and 

(c) design in steel 'adopting statically indetenni.nate 
structure. i · 

. • 
1 

1 I j 
. The Team has further studied this problem and has. come 
to the conclusion that alternative (b) would not be so 
economic<~.l in comparison with (a) o.r (c). · Preliminary 
details therefore have been worked' out for alternative (a:) 
and (c). Alternative (c) is discussed: in the following paras. • 
Details. of alternative (a) are give~ il;1 note on page 18, 

. Alternative (c) 

The proposed design for the Bhopal factory envisages 
the usual riveted steel construction. This method is 
obsolete and usually uneconomical With the advent ·of 
welding, it is possible to ensure rigidity in the structure 
and thereby reduce the quantity of materials· required. 
This method of design is nothing new. Full details are 
available in Steel Designers Manual which has been, com· 
piled by the British Iron & Steel Federation. 

The adoption of statically indeterminate ·frame lltruc­
ture will not obviously in any way affect the lay out of 

• the factory. The module- shown in the lay-out plan can 
pe adhered to. 

For redj!cing the weiglit of gantry ghoders, it is how­
ever desirable to add an intermediate support, thereby 
reducing the span of the girder to 25'; · 

18 



By . redesigning the structure, as. • an·, indeterminate 
frame, there ·shall· be ·a saving of ·the ·order of 4,000 tons 
of structural steel in phase I and a.bOut -8,000 tons in 
phase II. The economy that can be effected in the finan­
cial cost can be placed at Rs. 45 lakhs and : Rs; 90 Iakhs 
respectively. :fpr phases I and II;' · · · . . . 

. . •. '. • . ") .! • . ) '· 

The redesigning, •on. the basis of •indeterminate .frame 
structure -however will take sometime ·but •it. is understood 
that even 'the detailed designs on the basis of conventional 
practice have 'not ,yet been taken up .... The ' extra time, 
therefore, that may be necessary for designing on the basis 
of indeterminate analysis will not be appropriate. ilt ·may, 
however, be argued ·that more time· will be necessary for 
reinviting the tenders. But this ean :be offset .by properly 
·coordinating the planning,. procurement. •of steel, ; tender 
enquiry·etc. It should also be understood that the total 
time for fabrication. and direction will be . considerably 
reduced as the quantity of steel to be. used . according to 
:;in~eterminate analysis . will be less by. 30 to 40 per .. cent. 

' . I , ' . ' . 
. . . . . 

The ·design can be divided 'into two stages. The first 
stage will comprise such information that may be necessary 
to call :for tenders and arrange f.or the procurement of steel. 
In the second stage, ·complete details may be given for 
fabrication and direction, step by step.· ·stage I' for phase I 
may take 4 months and stage II may take 2 to 3 months 
more. ·For ·phase II; the corresponding' period will be 8 
months and 'three months. ·It may also be· noted that the 
time far tendering can be conveniently reduced to 4 weeks 
or so in this case as the tenderers are not to prepare any 
design of their o~. If! it is decided to adopt our sugges­
tion for phase I, it is possible to go for ·tenders after 4 
months and start work at the beginning of' the 7th month. . . . , .. .. . ' '· .. 

While on this subject, the Team also likes 'to suggest 
that splitting of the work envisaged even .in stage I into 
two or three parts would be more economical and advanta~ 
geous in the long run, ·if tender is open to all fabricators 
with workshop .facilities. In this case, tenders can be 
invited for 'block 4 at the end of the second month, for 
block 3 at ·the end of 4th month and for the maintenance 
block at the end of 5th month. Work on these blocks can 
be taken up at the end of the 4th month, 6th and 7th 
month respectively.; This enables worJ;t to be put thr~ugh 
at a quicker pace and may also result m lower. tendenng. 
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ALTERNATIVE DESIGN IN REINFORCED. CONCRETE 
. FO.ll. THE BHO;f'AL FACTORY •. · 

Reinforced concrete has been acknowledged since the 
War as the material which is most successfully meeting 
the needs oi! factory construction. Great Britain has 
adopted the structural concrete for all its post-war ;factory 
construction. The advantages of structural eoncrete · for 
factory construction are well 'brought out in the publica­
tion of the Cement & Concrete Association entitled "Single 
Storeyed Industrial Buildings". Details of a number oJl 
factories in England constructed with reinforced concrete 
are available in this publication. The usual objection 
raised against concrete construction, namely, the lack of 
flexibility does not hold good any Tonger. In Italy: and 
all over European countries structural concrete is ~e 
medium #lr.tactory, construction. 

The required amenability f9r service · installations · in 
concrete construction can be obtained with the · help · of 
rivet guns and other such device. Prof. Nervi while he 
was in India has explained to gatherings of engineers his 
met&od of speedy factory construction with reinforced 
concrete. He was of the firm view that for conditions in 
India reinforced concrete is 'ilie ideal solution for factory 
construction and for other long span structures. 

The proposal is to have a RCC structure: with shell type 
roof adopting ~ same· module as shown. in ,the layout 
plans of the consultants. The cgJ.umn may consist of 4 
RCC pillars properly braced together. This ·arrangement 
in addition to its structural advantage also .enables the 
service pipes to be taken through. the columns. 

It is needless to say that the construction as ~uggested 
abo'lle will not require any structural steel -except for 
the gantry girders. It is possible to have the gantry girders 
also in RCC either ordinary or prestressed. This is a matter 
for consideration of the Project Authorities. - ' 

The RCC construction will require 8--9 lbs: per sft. o! 
mild steel per sft. of fa~;tory area excluding gantry girrJ,ers. 
The cement consumption for the foundation, columns and 
roofing will be 30 cwt for 100 sft. of factory area. The cost 
of construction of the framework· i.e. foundation, column 
and the roofing will be about Rs. 8-10 per sft. of factory 
area. The sa$g jn financjal cost, therefore, in phase l 

~ ~. ... ... . ~ 
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will be Rs. 50 lakhs. The savings in structural steel would 
be of the order of 6,000 tor.s in phase I. The RCC construc­
'tion, however, will require more cement than the all steel 
construction. But this will not be a great problem as the 
cement position in the country is progressively improving. 

liMGIPND-4 Pc-L8-3c.-4-;R-2,ooo. 


