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Sir, 
. ' 

We, the members of the Indian Productivity Teum for Factory 
Buildings, Layout and Construction,forward herewith the report,_ of 
our study of Factory Buildings and allied structures in Japan; the 
United States of America and Italy. 

The subject of the study is a vast one-ful(of complexiti~s: The 
time at the disposal of the team for the study of such a complex 
problem was short. We have, however, made an attempt to record 
in our Report all the salient features we have observe;!. regarding 
planning, designing and construction of factory buildings and allied 
structures in the countries visited. We hope that our observations and 
recommendations would be of help to all engaged on factory construe· 

· tion, both in tlze public andprivate.~ect{jrs. The translation of some 
of the recommendations into practice would lead to reduction: in 
construction costs. · 
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Origin of the team 

A tally made by the Committee on 
Plan Progress has shown that the 
allotment of building construction 
accounts for . nearly a thousand 
crores of rupees in the tally of 
Rs 4,800/- in Second Five Year 
Plan. Roughly, a third of this 
amount may be attributed to 
factory building construction
both big and small. With 
the accent on industrialisation, the 
investment in factory building 
construction in the future Plans is 
bound to be considerably higher. 
In such large items of expenditure, 
the desirability of economy, conais
tent with functional efficiency is 
obvious. A knowledge of the 
experience of industrialised 
countries is, no doubt, useful. 

It was, therefore, decided that 
in order to derive benefit from the 
experience of othor industrialised 
countries, a team may be sent to 
study the subject of factory layout 
and construction embracing the 
techniques of design and execution 
of works, factory-made building 
materials and latest methods of 

, administration and management at 
site. 

The team set out on tour on 
1st November and completed its 
assignment on 20th December, 
1959. 

Introduction 

Terms of reference 

The team gave attention in all their 
visits and discussions to the follow· 
ing subjects : 
{a) Broad features of modern 

design 
(b) Layouts 
(c) Space utilisation 
(d) Types of structures adopted 
(e) Design and material problem 

relating to framing, clabbing 
and roofing 

{f) Design problems connected with 
seismic forces, especially for 
tall structure 

(g) Adaptability for future ex pan· 
sion 

(h) System of lighting 
{i) Flooring 
{j) Agency for designing, tendering 

and construction 
(k) Building material situation in 

general and price-control 
(1) Wage structure and conditions 

of employment of labour 
(m) Special features conducive to 

economy and speedy construc
tion 

{n) Standardisation and degree of 
pre-fabrication, and 

(o) Mechanisation and use of 
power-driven hand tools 



Team organisation 

Prior to its departure, the team 
met once in India for laying down 
the lines of study and the process 
of collection and collation of infor
mation during the tour. Prepara
tory visits to industrial centres 
within the country were not 
considered necessary as the 
members of the team already 
possess adequate background of the 
design principles and practices 
adapted in the country. 

Itinerary 

It was decided that the team should 
visit Japan, the United States of 
America and Italy. The inclusion 
of UK and West Germany in the 
itinerary provided for visits to 
industrial establishments, research 
centres, and discussions with con
sultants, architects and labour 
organisations. In all, the team 
visited 19 industrial establishments, 
seven technical and research institu
tions and had discussions with 16 
organisations. A detailed list is 
given in Appendix I. 

Limitations 
Though the main object of the 
study was factory layout and cons
truction, it was considered feasible 
to divorce from the study the 
general trends in building construc
tion. Visits to some of the 
building material centres, multi
storeyed buildings and teaching and 
research institutions proved useful 
in providing the neceSiary back
ground for properly assessing the 
merits of various designs, struc
tural techniques and organisational 
methods. 

It is rather unfortunate that none 
of the itinerary in the three coun
tries visited was received sufficiently 
in advance. Even for Japan, the 
first country that was visited, the 
broad itinerary was received only 
a day prior to the departure of the 
team. As a result, the team. on 
arrival in the country, had to ask 
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for some changes. Although the 
authorities in charge were willing 
to accommodate, it was not found 
practical to make eleventh-hour 
change. To enable a team to ask 
for necessary changes with a view to 
fulfilling the objects of study more 
effectively, it is necessary, if not 
essential, that itinerary should, as 
far as possible, be received at least 
a month in advance of the depar
ture of the team. 

We further found that the time 
available for the study of a complex 
problem like factory building 
construction was insufficient and 
the programme was so crowded 
that it was difficult to assimilate 
the information depending upon 
the nature of a pre-arranged assign· 
ment, there should not be more 
than one or two visits during a 
day. There should be suitable 
breaks for the drafting of notes, 
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the members aiso haci an 
opportunity to meet the people of 
Japan and the USA in their homes. 
These contacts gave them an insight 
into their way of living. 

Layout of the Report 
As the subject of the study is vast 
and many. sided, the team decided, 
in the first instance, to divide itself 
into f,lur groups, each one dealing 
with a specific subject, viz. (a) 
planning and layout, (b) design and 

research, (c) materiais, and (d) 
organisation for construction. The 
report of the team is accordingly 
divided into five chapters: the 
introductory chapter deals with 
the general background of the 
construction industry in the three 
countries visited, and the remain
ing four with the four subjects 
mentioned above. The team"s 
conclusions and recommendations 
are set out at the end of the 
Report. 



Japan 

In the post-war period, Japan has 
witnessed a mass scale building 
construction, unprecedented either 
in magnitude or speed. In 1956, 
the amount of building construction 
was placed roughly at 505 billion 
yens, while in 1957 it rose to 646 
billion yens. Figures for 1958 arc 
not available but it is reliably 
estimated that the expenditure on 
building construction would be 
higher than in 1957. 

There are, in Japan, 40,000 regis· 
tered contractors, out of which 
30,000 are corporations. Nearly 
half of these arc members of the 
contractor's organisations. 

In recent years, the production 
of building materials has risen by 
a remarkable degree. In 1957, 
15,000.000 tons of cement, 8.2 
million tons of steel, 44.6 million 
cubic meter oftimber were produced. 

The density of population in 
Japan bas reached a figure of245 
persons per square mile. With the 
rise in population the shortage has 
become acute and has been further 
aggravated by reduced activity in 
this line during the Second World 
War. In the period from 1945-48, 
5. 7 million houses were constructed 
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CHAPTER I 

Genera~ background 

of ·which 1.8 million units were 
built by means of steps taken by 
the Government and the remaining 
3.9 millions by private enterprise. 
In the course of these years, bow
ever, increased demand bas been 
created by the rise in population 
and destruction caused by fire, 
floods and typhoons. The housing 
shortage in April, 1959, was esti
mated at 1.8 million units. 
A major change in the Japanese 

building industry has ~een mecha· 
nization, the introduction of earth 
moving equipment, concrete mixing 
and emplacement plants and hoists 
and cranes. The labour, compared 
to Western countries, being cheaper 
the progress in mechanisation !s 
limited to cases where high effict
ency is required and to locations 
where mass scale work is not 
possible by manual labour. With 
the demand for fast construction, 
the attitude towards mechanization 
however. is gradually changing. 
Almost all the construction work 

in Japan is being carried out on the 
contract system. The general con
tractor system is ordinarily adopted. 
The sub-contractors contract only 
for their particular trades. Interpre
tation of drawings, specifications 
and consultation with the designers 
on the aito are all carried out by 



the primary contractor who aiso 
decides the techniques of trades to 
be adopted bY tile sub-contractor. 

The United States of America 

An industriaf survey recently 
carried out in the USA bas shown 
that the construction - industry is 
the largest single industry in the 
country. It is well organised and 
is supported by a powerful organi
sation known as the Associated 
General Contractors of America. 
This body has contributed in no 
small measure to the success of 
building industry. It works in 
close liaison with labour associa
tions and technical institutions 
sucho as American Society of Civil 
Engineers. and the American Insti
tute of Architects. It bas been 
instrumental in raising the standard 
of performance of the contractors 
and has improved their status. It 
also actively participated in the 
training of craftsmen. 

A large amount of industrial ex
pansion is taking place in the 
Western States. The construction 
industry in the United States is 
highly mechanised and there is 
increasing adoption of pre-cast and 
pre-fabricated construction. 

Multi-storeyed buildings are a 
common feature. Even in the 
severe seismic regions of California, 
buildings upto 20-storey height are 
common. 
There is a wide range of manufac

tured building materials available 
in the country. Synthetic flooring 
tiles, panelling materials, builder's 
hardware, plastic and asphaltic 
materials are some of the items 
which are abundantly available in 
different varieties. Pre-fabricated 
structural components such as floor 
and roof dec:kings, roof girders are 
also available for a wide range of 
spans and loading conditions. 
Erection of buildings has become 
easier and quicker with the use of 
pre-fabricated elements. 

' ' ' I . 

Though ste~l is still the predomi
nant building material, concrete is 
coming into greater use. Hyperbo
lic paraboloids and folded plates 
are also coming into use. 

Labour in the USA being very 
costly, labour saving devices arc 
adopted to the utmost possible 
extent. This accounts for the high 
degree of mechanisation and the 
increasing u5e of pro-cast and pre
fabricated elements. Labour in the 
building industry is well-organised 
and the labour organisations have 
done valuable work in keeping up 
the standard of workmanship in 
different trades by focussing atten
tion on proper training of artisans. 

Most of tho civil work in the USA 
is executed on contract basis. The 
general contractor system is in 
vogue, There are a large number 
of sub-contractors specialising in 
different trades. 

Italy 

In the post-war period construction 
work in Italy bas been taken up on 
a vast scale. There was an acute 
shortage of essential materials like 
steel and cement. Yet the works 
were carried out with remarkable 
degree of success mainly because of 
the ingenuity of the engineers and 
arthitects in evolving new techni
ques of design and construction 
which could reduce to the minimum, 
the use of scarce materials. Shape 
engineering techniques developed 
successfully by Prof Nervi, greater 
use of clay products for structural 
purposes and advancement in the 
technique of pre-stressing may be 
cited as important developments. 
The construction work is normally 
done through the agency or con
tractors. The contracting firms 
possess well-organised design offices 
and arc in a position to give 
competitive quotations based on 
their own designs. 
In Italy the team observed that 

in addition to the Central and 

s 



A.egional oflices of Pubiic Works, 
they have got a Superior Council 
of Public Works which is the 
highest consulting organisation 
on technical matters in the 
country and is directly res
ponsible to the Minister of Works. 
This Council consists of scientists, 
technicians, technical teachers and 
even private consultants and the 
President of this Council is one 
of the top ranking engineers in the 
country. At times, tngineers and 
architects who are specialists in 
their own line arc also requested to 
attend the meeting by ·special . 
invilation. This Council meets 
every month and gives advice direct 
to the Minister on all projects cost
ing more than 200 million lires and 

also on compiicated and Important 
projects. Under this Council there 
arc the following six scctiona :-

(1) Housing and building materials 
(2) Roads, hospitals etc 
(3) Hydraulic works, soil reclama-

tion and irrigation 
(4) Dams and power plants 
(S) Railways and shipping, and 
(6) Town planning. 

The heads of these sections are 
also all technical men. 

Conversion Table for Currency 
100 lire = Ra .76 
100 yeo = Ro 1.32 
One dollar = Ro 4. 73 



Planning 

The importance and careful plan
ning of industrial buildings and 
their layout to achieve higher pro
ductivity needs no special emphasis. 
Land and buildings are as important 
as equipment, ma'!·power and 1flW 
materials for an mdustry, formmg 
the principal resources at its di•
posal for the production of goods 
or services. The effective utilisation 
or maximum productivity, of land 
and buildings, helps cost reduction 
not only when new factories are 
built, but also when existing enter
prises are expanded. Economy in 
land and buildings can be effected 
by proper planning and laying down 
standards for space and land 
utilisation, and the consequent 
saving in capital can either be 
released for greater investment in 
equipment or to achieve overall 
saving in the capital investment in 
the industry. This saving in land 
and buildings in turn leads to lower 
maintenance costs and consequently 
reduced opera tiona! cost of the 
plant. Careful study of the pro
duction process and space require
ments is necessary to secure 
maximum economy in large invest-
ment on buildings. · 

Design of industrial buildings 
depends to a great extent on the 

CHAPTER II 

Layout and planning of 
industrial buildings 

technical processes adopted in a 
particular industry and on methods 
of handling the materials in t~e 
production process. Industrtal 
structures, therefore, differ consi
derably from one industry to 
another. Broadly speaking, how
ever, these structures can be 
grouped under the following ' 
categories : 

(i) Buildings for heavy industries 
(manufacture and servicing) 

(ii) Buildings for light ~~dustries 
(manufacture and servtctng) 

(iii) Manufacturing laboratories and 
food processing plants 

(iv) Packing, storing and distribution 
plants 

(v) Warehouses 
(vi) Refineries and chemical plants, 

and 
(vii) Power plants. 

Excepting structures of a 
specialised nature required for 
power plants, refineries and some 
chemical industries, buildings for 
the rest of the categories mentioned 
above have certain basic common 
characteristics, detailed studies of 
which can lead to economies in 
construction material and cost. 
Location of industry and its orderly 

f 



growth are of concern not only to 
the Industry, but also to the local 
community and the Government, 
as unplanned and haphazard 
industrialisation brings in its wake 
socio-economic problems, some of 
which may prove well nigh impos
sible of solution except at great 
cost to the nation. 

The following Important aspects 
of Planning and Layout of 
Industrial structures should, there
fore, receive carerul consideration 
of not only the industry, but the 
Government as well. 

Location 

The site selected for the location of 
an industry, apart from its impact 
on the local community, bas a 
direct inftuence on the smooth run. 
ning of the industry and its ultimate 
efficiency and hence it deserves 
utmost thought. Apart from 
considerations such as proximity to 
raw materials and marketing 
centres, suppliers of components 
and accessories, local climate, 
transportation facilities such as 
easy access to arterial roads and 
railways always play a deciding 
role in the location of industries, 

In the USA since the last war, 
there has been a delioite trend 
towards decentralisation and dis
persal of industries. This trend 
towards dispersal in organised 
industries is not solely due to 
security reasons. The development 
of a highly organised road trans. 
port system in the United States of 
Amorica bas been the major factor 
in the gradual movement of the 
industry to the more favourable 
climate of the West coast and to 
the countrywide and suburban 
locations. With big open plots 
available in such locations. the 
industry is rree to locate the plant 
in any desired alignment and to 
lay out the ancillary structures to 
suit the production process. 
Arrangements for expansion on 
account of future changes can also 
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be provided for, without restrictions 
on account of limited land areas. 
India is now in the throes of 

industrial expansion on a large 
scale and it would, therefore, be 
appropriate at this stage to give 
careful thought to the location of 
industries in urban countries vis-a
vis suburban and rural areas. The 
main lesson that we can draw from 
the industrial growth of western 
countries is that industrialisation 
should not result in further concen
tration of population in urban 
centres which brings in its wake a 
train of social problems as over
crowding, creation of slums etc. 
In India, the growth of slums in 
industrial centres is due to the 
haphazard location of industries 
and lack of interest by the local 
bodies in control of land use. The 
Buildings Projects Team of the 
Committee on Plan Projects have 
drawn particular attention to this 
aspect in their report on Slum 
Clearance and have suggested cer. 
tain remedial measures. One of 
the measures suggested is to carry 
industry to the people than carry 
people to the industry. This can 
be done successfully if industries 
are located near groups of villages 
which will give an opportunity to 
villages for employment without 
creating housing problems or slum 
development. The village housing 
can be improved and amenities, 
such as, water supply and electricity 
can be provided at such cheaper 
rate by using other funds available 
for the purpose instead of drawing 
upon the capital earmarked for the 
project. A small township will be 
necessary near the project only to 
bouse the managerial staff and 
other skilled labour imported from 
other cities. As this will lead to 
considerable reduction in the out
lay in the development of townships 
in the various industrial undertak
ings, we would recommend that 
greater attention is given towards 
exploring the possibility of locating 
industries in rural areas. If in 



certain circumstances, this is not 
possible, the next best alternative 
is to locate the industries round
about small towns with a 
population of about 50, COO. These 
towns have normally all the 
facilities for setting up industrial 
plants and land in the suburbs of 
such towns is also Jess expensive, 
Another alternative is to create 
se)f.contained satellite towns. 

Zoning for Industries 

A survey conducted by the Build
ings Research Institute under the 
Ministry of Construction, Japan, 
in 1958 revealed tbatapproximately 
90% of all enterprises in Japan are 
medmm or small enterprises having 
less than 30 employees each and 
most of the factories operated by 
them are concentrated in urban 
areas. In large cities such as Tokyo 
and Osaka, the distribution is of 
very high density, being more than 
600 factories per sq kilometer. In 
such large cities, it becomes difficult 
to acquire new land in industrial 
areas for further developments, and 
the price efland continues to rise 
sharply. The factories there have, 
therefore, recently started encroa
ching upon the inner and suburban 
residential areas and this bas 
resulted in greater factory nuisance 
such as smoke, dirt, dust, and 
noise. The conclusion of this 
study is that in order to prevent 
deterioration of Jiving environ
ments caused by mixed existence of 
factories and residences and to 
prevent factory nuisance, it is 
necessary for the City Planning and 
Building Administrations to have 
more detailed zoning and to adopt 
measures for Its strict enforcement. 

In the USA, zoning bas important 
features like exclusion of business 
and industry from residential 
districts. Heavy industry is per
mitted only at considerable distance 
from urban areas, while even 
packaging and distribution centres 
nearer tbe city have restrictions 
imposed on them in respect of 

smoke, fumes, etc, with the result 
that the residential and business 
localities are comparatively free 
of such factory nuisance. 

In this connection, it i1 to be 
borne in mind that the phenomenal 
development of road transport 
facilities, and Its impact of life in 
these countries notably the USA, 
have made it possible to resrict the 
location of heavy industries at 
considerable distances from resi· 
dential localities. This facility of 
rapid transport available to the 
workers is one of the dominant 
factors in industry not providing 
housing colonies for their workers. 
The team observed that it was 
usual in the USA for workers to 
come to the plant from long dis
tances in their own transport. 

In an underdeveloped country 
like ours, transport of labour Ia a 
major consideration which should 
influence the zoning for industries. 
In this connection, an extract from 
the proceedings of the Symposium 
on Housing and Building Materials 
conducted by the National Build
ings Organisation, India, in 1956 
would be relevant. 
"Zoning of habitation units in 

other countries have been generally 
of the dispersed type, which entails 
much wasteful use of land and 
distances from site of work, when 
transport problema and attendant 
costs in daily life are the moat 
important factors to be considered. 
In this, light zoning of habitation 
units should be such that it will 
permit development of a concentra
ted unit of mixed uses round the 
centre of maximum development 
and land value. Such concentrated 
units of business and mixed areas 
ringed by residential areas should 
be ringed by open green and relax
alton areas, and further ringed by 
light industry areas, interspersed at 
regular intervals by concentrated 
smaller residential units, which can 
feed on the light industry areas. 
For larger cities, second ring or 
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zone of heavy or medium indust~ies 
will be thrown off on the outlymg 

integrated on the national and on 
the local planes wiU be necessary. 

parts, similarly, intersper~ed ~y 
concentrated smaller rest~enttal Layout 
units, thus having alternattons '!f Layout of a factory is the disposi
zones and green belts. While it 18 tion of the various working and 
appreciated that special areas. ha~e storage areas or departments in a 
special problems, such zonmg. tn factory relative to one a~'!t~er 

· principle will conduce to shortemng including offices, staff ~acthues, 
of transport loads, and J?lace the t and the external servtces such 
population clo.ser to ~hetr workh, :sc~~ads railway sidings etc. 
and under spectal plannmg for eac • 
sub-zone or sector of devel<!pm~nt · In the large plants visited in the 
conduce to Improved apph~tt.on USA and Italy, the team noted_ that 
of Housing Codes and Butldmg the practice in such plants IS to 
Laws. The Central concentrated 11roup the various workshops in a 
unit may again be divided into belts factory invariably in one large hall 
or aub-zones, beginning from c'!re under single roof. Such an arrange
belts of highest land value With ment may not be wholly suitable 
maximum expression of vertical to our climate. In colder countrtes, 
expansion, tampering off to outer where winter is severe, much of the 
sub-zones of lesser land values and technical effort is expended on h?w 
lower exp~ession of vertical expan• to keep buildings warm durmg 
sion, · One great advantage ~f su~h major part of the year and at the 
zoning is its capacity _of mamta!n• same time preserve the freedom and 
ing, more or less, umform denstty :flexibility of modern open plan. 
rate on fixed volume per person In our country, the problem is to 
basis per sq. yard of land, while insulate buildings against external 
maintaining maximum concentra- heat and it is not so difficult. 
tion of population at the point of 
greater business concentration." 

With large scale Industrial expan• 
sion of the country, a detailed 
study of the proper type of zoning 
to be adopted is a vital matter to 
the country and it is, therefore, 
recommended that the Government 
of India should immediately under
take the study of the subject with 
a view to formulating the basis for 
an adequate workable Zoning Code 
with the help of specialized agencies 
such as the Institute of Town 
Planners, and the Industrial Dew
lopment Corporations at the 
Central and State levels. 

The responsibilities and problems 
of setting industry are so great that 
they require a regional approach 
to ensure maximum benefits to a 
locality with minimum of distur
bances to its traditional character. 
To this cod, regional surveys, 
followed by regional planning 
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A layout providing for separate 
groups of buildings with plenty of 
inter-shop space for free ventilation 
would be more desirable In our 
case. Such grouping of separate 
buildings has, in addition, i~hereot· 
:flexibility for future expaoston as,. 
in such a design, the plant can be 
extended on any of its four sides 
without the need for reshufiliog the 
existing layout. In the colder 
countries also of late there has 
been some rethinking on this subject 
and figure 1 ton page 11) illustrates 
the reasoning behind this logical 
development of the G~oup of Build
ing layout for inherent :flexibility. 

With such a layout of separate 
buildings, the operations in each 
building can expand in two direc
tions as occasion demands and this 
expansion can be, . independent of 
other nearby buildings. Office 
areas, laboratories, etc. can be kept 
apart from m!lnufact,uring buildings 

• 
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and, while they are close to opera
tions, they can be kept out of the 
way of future changes in layout. 

Further advantage in this Group 
of buildings layout is that it provides 
plenty of materials stacking areas 
around the shops, so that heavy 

. raw materials which can be stored 
out in the open, can be stacked 
close to the respective shops and 
issued for processing in convenient 
lots as and when required, cutting 
out wasteful haulage from a central 
raw materials stores. In industries 
involving handling of heavy steel 
sections, billets, timber logs, etc., 
aroup of such buildings could be 
connected externally by an open 
gantry area for direct receipt of 
raw materials from trucks or 
wagons. A single gantry crane 
could then serve for loading and 
unloading all the materials and 
stacking them close to the respec
tive shops. Such an arrangement 
serves to mecbanise the material 
storage and handling problem 
economically. If the layout should 
demand more than one open gantry, 
the logical development would be 
to use the same spans for all the 
open gantries to facilitate inter
change of gantry cranes by adjust
ing suitably the open space between 
adjacent buildings. 

for industrial plants in all the three 
countries visited. This is a logical 
solution to facilitate modern mate· 
rials handling often by means of 
conveyJrs monorails, lift trucks, 
etc., and for efficient arrangement 
of production lines It has been 
estimated by the Austin company 
that 96% of the space in a single 
storey plant is usable compared 
to 82% usable area in a silt storey 
plant. the difference being the 
result of loss due to columns, out
side walls, stairs, eleva tors, and 
approaches. In addition, the single 
storey building is cheaper to build 
and op:rate. The single storey 
plant bas other advantages, not the 
least of which is increased flexibility 
and, for most manufacturing, 
improved flow and decreased rna te
rial handling cost. The only factor 
favouring the multi-story plant is 
land cost. 

Beside the technical considerations 
mentioned above the following 
factors also should be kept in view 
t? ensure better working condi
tions: 

In any layout, materials handling, 
whether of raw materials or process 
stores of finished producrs, should 
receive detailed consideration, as 
handling of materials represents 
most of the physical activity in any 
plant, absorbing many man· hours 
and even curtailing space utilisation 
and output. This basic material 
flow determines the aisle patterns, 
storage area stacking methods and 
ceiling heights, all of which deter
mine the size and shape of the 
workshop structure. 

As cost of paved road is a subs
tantial proportion of the develop
ment cost of the site, the length 
and wi<ltb of such roads should be 
kept to the minimum consistent 
with functional requirements. The 
team would like to cite the example 
of the two industrial estates visited 
by them in Texas where a good 
deal of study had gone into the 
planning of the layout. In one case 
the sellable area of the estate was 
as much as 75% of the toTal area. 
This was possible because of the 
careful provisioning of traffic 
lanes. 

(a) ease of access to the various 
shops of the plant 

(b) adequate parking facilities for 
the emyloyees' conveyances such 
as cycles etc. 

(c) shor~ walking distance from 
parkmg space to the place of 
work or the time clock. 

It ~~ obser_ved . that except in 
spectalmdustnes like chemical or 
llg~t ~anufacturing, single storeyed 
buildmgs are the universal choice 
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Space planning 

The ideal arrangement in any plant 
is for the raw materials to come 
in at one end of the production 
belt, pass through all the manufac
turmg proces<es and get out as 
finished product at the other end. 
Existing factory buildmgs with fixed 
column spacings must inevitably 
restrict the choice of machine 
layouts and flow of work whenever 
changes are contemplated. But 
when constructing new factories, 
the machine layout is prepared first 
and buillings are designed around 
the production belt in such a way 
as to achieve the most economical 
space utilisation. 

It is the natural desire of almost 
every industry to have as much 
clear and unobstructed floor space 
as pos,ible with the maximum spac
ing of internal columns and wide 
working bays. However, from con
siderations· of economies of the 
structure, a compromise has to be 
effected between column spacing 
and construction costs. 

In American experience, the 
economic column grid, for most 
medium industries, is between 
25' x 25' and 25' x 33' for simple 
steel construction. Where wider 
bays are required, for working con
siderations a width of 54' is usually 
adopted. In special cases, however, 
bays are even wider than this. 

In workshops provided with ex
tensive overhead cranage, the 
economical spacing of internal 
columns. along working bays is 
about 40'-0". With this spacing 
gantry girders are not unduly 
deep and at the same time a free· 
working space is secured.· The 
width of bays can a leo be 40' -0", as 
it is ideal to have a square column 
grid so that it gives flexibility in 
machine lavout. However, a width 
of SO' .o• for the working bays gives 
a structure consistent with flexibi
lity and economy. While allowing 
room for installation of two rows 

of machinery and elbow room for 
a pathway 10 the centre, installation 
of a third row of machinery is 
possible, if found necessary, at a 
later date 

Considerable study bas been made 
of the best column spacing for 
warehouses as the aim here also is 
always to have as much clear space 
as possible economically, 25' x 33' 
bay is more commonly adopted in 
the USA as this gives economical 
overhead sprinkler bead spacing 
and spans and is also suitable for 
maximum palletized storage. 

For pal\etized storage, the distance 
between columns across the build
ing should be a multiple of the 
pallet wicth plus distance between 
adjacent rows of pallets. For most 
common sizes of pallets, a column 
spacing in multiples of 3' (l meter) 
should satisfy this condition. The 
column spacing along the butldings 
should be a multiple of two pallet 
lengths, plus an aisle space between 
racks. Column spacing as multi
ples of 7' or 2 meters should be 
satisfactory as this provides for 
manoeuvring of fork lift trucks. 

With the continual improvements. 
of materials handling devices, both 
mechanical and procedural. notably 
the extensive usa~e of fork lift 
trucks and palletization, ware
houses, in all the three countries 
visited by the team, are invariably 
single storeyed structures with hi@ h 
ceilings, so that vertical stacking 
is utili•ed to tbe maximum extent, 
combin•d with ease of handling. 
In the spare parts division of the 
FLAT factory in Italy the team saw 
an interesting example of space 
utilisation in modern warebousing. 
where tbe height of stacks was 10 
meters with the spacing of 2 meters 
between stacks and 4 meters cross 
streets at intervals. A bank of 
vertical transporters operating in 
the 2 meter spacing between stacks 
facilitates handling of materials in 
the stacks (photo 1 on page 14.) 
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Pholo I Material hanclUog device, u:tioa bank ofvcrtical transporters, in Italy. 

Factory buildings 

All progressive industries accept the 
principles of Work Study in their 
management technique towards 
increased productivity and such 
study often dictates changes in the 
layout of existing machinery. 
Change in the product due to intro
duction of newer models, variety 
reduction etc., can also affect the 
machine layout. Apart fsom this, 
with fast ~banging technolos.y, 
industrial machinery and tools 
become rapidly obsolete. With 
rising labour cost, there is also a 
tendency to evolve multi-purpose 
and automatic machines, bigger 
and more powerful than the simple 
machine tools they replace. Tbe 
experience in the countries visitfd 
bas been that in a competitive 
world, plants in industrial establish• 
ments go in for modernisation to 
keep manufacturng costs down. In 
the designing of buildings for 
industry. therefor~. a certain fluidity 
of manufacturing operations bas 
always to be catered for. The 
buildings, therefore, should be open 
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and flexible in design, and the 
column spacing bas to be fairly 
wide even at the risk of some 
iacrcase in cost for most . industrial. 
establishments. In the USA the 
trend is in favour· of lighter build· 
ings with shorter life · to achieve 
greater flex~bility and expanda·: 
bility. 

Steel construction is much in 
evidence as it is eminently suitable. 
for fastness of construction and · 
flexibility. In the countries visited 
by the team, preformed and pre
fabricated construction materials 
are abundantly available and this 
has greatly affected the style of 
buildings. 

As a result of their study of 
· factory buildings, new and old, 1n 
three countries visited, the team 
wishes · to highlight the following. 
salient features of industrial 
structures, where cost reduction can 
be obtained : · 

{i) The building should be as open 
as possible in plant and arranae
ment of processes. 
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(ii) In our country, saw- tooth 
roofing has been generally In 
vogue so far for most work. 
shops. This arrangement of 
roofing Is generally costlier by 
10 to 15% over tho normal 
gable type roof and, therefore, 
may not be warranted In a largo 
number of cases unless dictated 
by tho superior day lighting 
conditions obtained in this type 
of roofing. The use of this type 
of roofing should, therefore, 
preferably be restricted to 
machine shops and to areua 
where precision work and manu
factunng operations requiring 
better visibility are undertaken. 
The general trend In America 
is to usc mostly fiat roofs Such 
roofs avoid costly valley-gutters, 
rainwater down pipes and 
corresponding underground 
drains through the building and 
this arrangement ia economical 
on the structure aldo. This 
arrangr.meot of roof ia eminently 
suitable for the Usc o( rolled 
steel beams or standard open 
web or bar joists commercially 
available in suitable length• in 
that country. Site fabrication, 
therefore, is comple&ely cut out 
resulting in a most economic 
building. Similarly, the columns 
for the building is also of rolled 
structural sections or pipe 
columns. It was claimed that 
such fiat roofs with gentle roof 
alopes could be used for build· 
logs upto 300' width even In an 
area where the annual rainfall 
was of the order of 30", fairly 
well distributed over the whole 
year. In view or the economy 
offered, it will be worthwhile 
to try this type of roofing on an 
experimental basis to sec if it 
proves auitable to the arid 
regions. 

(iiil For flexibility, partition walla 
inside the building should only 
be used as a last resort. In the 
USA, partition walls are very 
rarely uacd even to isolate 

section or dully or noisy pro. 
ceuea. Tbc aim there Is ulways 
to clean up 1 dusty process 
rather than to Isolate it, So 
minimum pArtltlnnlng more than 
preserving flexibility becomes an 
urgo to orderlineu and good 
houao-keeploa. 

(iv) Foreman's offices and other 
abop offices and employees' 
facilities auch aa locker apace 
otc., may be altuoted on mezzo· 
nine floor Inside tho abop, so 
that tho valuable shop floor 
below Is not waated. Pia to I 
(oppoaitc this fogo) aivca 
details of a typo o prefabricat· 
ed foremon's offices that con bo 
tried. Tho space below tho 
raised RCC cantilever plot form 
can bo used to houao tool lnuo 
couotera and atorea. In tho caso 
of servicin~J Industries, it would 
be better to have the eleva ted 
platform of prefabricated type, 
so that it could bo ahifted about 
to •ult tho cbanao In tho work 
flow. 

(v) In all heavy lndustrlo1 and 
where materials aro bandied by 
fork lift trucka and similar aur· 
face trao1por11, tbo sh~>p floor 
ahould be preferably It the aame 
level as tho crown of tho road 
outside tho ahopa. In other 
cases too, proviatoo of a plinth 
for tho ahop Ooor may be rarely 
necc~Jary for manufacturma 
ahopa, except In poaition1 where 
loading and unloading facilities 
may bo required direct from 
railway wagons or road trucks. 

Tho paved shop floor should 
have as few joints as possible, 
u each joint 11 a source of weak
ness. The team obacrved in one 
Instance a factory floor under 
construction by alternate bay 
method with width of 20' and 
undivided lenpths of 300' at a 
stretch Junctions or adjacent 
bays wero strengthened by 
3' long dowel ban and the floor 
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was nominally reinforced. In 
some cases. bay sizes of 75' X 50' 
were also common. 

In such wide floors, as heaving 
of the sub.grade below is the 
most common cause of failure, 
the floor slab is or a minimum 
6" thickness, founded on 6" to 
s· thick soling below and 3/4" 
to I" wearing coat laid monoli 
thically on top. In 1he case of 
smilhy floors a flexible paving 
using stones set tn bitumen is 
satisfactory to withstand the 
vibration to which the floor is 
subjected from drop hammers. 

(vi) Roof.gutters and rainwater 
down pipes in asbestos products 
can be used in preference to 
pressed steel gutters and CI rain 
water down pipes, as these as
bestos products have proved 
successful in our country. In 
locations, where tbe bottom 
stretch of the rain water down 
pipes may be subjected to da
mage from movement of 
materials, the bottom length of 
8' to I 0' may alone be replaced 
with CI pipes with suitable 
adapters. 

(vii) Roof purlins and gantry girders 
should be designed as continu
ous on the one hinge system 
with erection joints at 1/:lth to 
l/4th span as this effects conai
derable economy and also 
facilitates erection. 

Warehouses and bulk storage 

with steel or reinforced concrete 
interior columns. They are usually 
butlt on raised platforms fed by rail 
on one side and a truck dock on the 
other the he•ght of the warehouse 
floor' being generally about 3'6" 
above ground level to suit direct 
loading into and unloading from 
railway wagons or road trucks. 
The ceiling heights to tbe bottom 
chord of the roof carrying elements 
are generally not less than 18' and 
with modern material handling and 
stacking equipment, the stacking 
height is progressively on the in
crease. The ce11ing height is usually 
determined on the basis of 2' clear
ance between the maximum stacking 
height and the sprinkler head below 
the ceiling. A bard wearing and 
highly finished floor space is consi
dered essential for successful 
warehousing and this is provided 
by s• or 6' thick concrete flooring 
with an integral wearing coat. 

Lighting and ventilation 

In a manufacturing plant, the 
building cost may vary upto one
third of the total cost. In the case 
of warehouses, however, the cost of 
the structure itself is a large part 
of the total operating costs and 
therefore it is all the more neces
sary to design the most economical 
and functional building to get the 
lowest operating cost. 

In the USA there is a school of 
thought prefering artifical lighting 
in industrial plants to natural day 
lightmg, as the control of artificial 
lighting is comparatively simpler. 
lt is also argued that tbe produc
tion schedules of most factories 
include night shifts, for which 
adequate artificial lighting has in 
any case to be provided. The same 
lighting should also do for the day 
shift employees. However, though 
the lighting industry is constantly 
at pains to make out light produced 
by art1ficial sources as natural and 
as smooth as day light, workers 
react unfavourably to working long 
hours under artificial lighting dur
ing day time. Psychologically, men 
need to be in contact with nature 
outside. While, therefore artificial 
light'ng may supplement dayli~ht, 
it should never be made to supplant 
the same. 

In the USA the typical warehouse 
is built with masonr) bearing walls, 
light open web long span joist roof 
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In a country like ours blessed with 
abundance of day light, it would be 
desirable to take advantage of the 



aame and avoid recurring costs on 
artificial lighting. 

For industrial structures day 
glightin~ is generally obtained by 

roof gluin~. as windows are not of 
much value in lighting interiors of 
large hails. The objective is to 
produce a uniform distribution of 
daylight of high intensity and free 
of glare with minimum of costly 
glazing area. The principal me• 
thods adopted for such glazing are : 
(i) double pitched or curved roofs 

with glazing distributed along 
the roof slopes 

(il) north-light or saw-toothed 
roofing where the glazing is 
normally arranged in one direc· 
tion only 

(Iii) monitor in conjunction with slo
ped roof where glazing is 
arranged in opposed vertical 
strips. 

Studies conducted at the Building 
Research Station in UK. on the 
comparative merits of the above 
three systems of roof glazings have 
indicated that for the same extent 
of glazing area provided (expressed 
as a percentage of the covered floor 
area) the double pitched roof is the 
most efficient as it gives the maxi
mum intensity of lig!Jt of fairly 
uniform distribution. Next comes 
the saw-toothed roof, while the 
monitor roofing is the least effi:ient 
of all, giving only about 30 to 
60% of the light obtainable from 
double pitched roof. 
In the case of the double pitched 

roof, the glazing should be provided 
immediately adjacent to the centre 
of the a loping sides to obtain uni
form illumination over the whole 
span. In the case of saw-toothed 
roofing a larger number of small 
north lights per span is preferable 
to comparatively fewer lights hav· 
ing the same total glazed area. 
Monitor r.>oling will give satisfac· 
tory and uniform lighting if a 
succession of snch monitors is nsed 
per span. 

In any such roof Rlazing, the 
stron~est contrast and glare are 
usually to be seen around the 
sources of light such as the view of 
the sky through the roof glazing 
when the area of the wall or roof 
around the opening is dark. This 
reduces the efficiency of lighting 
and causes discomfort. The cure 
for this trouble is to ensure that the 
brightness differences are reduced 
by surrounding the windows with 
light coloured and well-illuminated 
surfaces. From this point of view, 
the north li~ht glazing and monitor 
roofs are less glarinl! than other 
types, as the underside of the roof 
and the surroundin111 areas can be 
Illuminated directly from the sky or 
by reflection. 

However, compared to the ordi· 
nary double pitched roof, the north 
light roof is about 10 to IS% cost· 
lier and. therefore, Indiscriminate 
use of this type of roof may not be 
warranted in most cases. For 
majority of industrial plants, pack
Ing and distribution centres, ware 
houses, chemica\ plants, etc. the 
monitor type of roof li2hting with 
strip glazin~ along the side walls at 
the eaves level supplemented with 
windows and artificial lighting as 
required, may be an economical 
aolution. Even where considered 
necessary north lighting should be 
restricted only to those particular 
buildings in the layout which need 
it ; the rest of the buildings may 
have less expensive type of lighting. 

The amount of illumination to be 
provided for comforra ble working 
conditions differs for various occu· 
pations. In the past. the extent of 
vertical glazing in north light 
roofinl! in Indian workshops was as 
high as 40 to 45% of the floor area 
covered. This high percentage has 
to be attributed to the practice of 
western countries where it is neces
sarv due to weather conditions In 
India, such high percentages tend 
to produce e~cessive glare in the 
summer months and portions of the 
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glazing have to be blanked oft' or 
painted over to reduce the glare. 
An effective glazing area of about 
25 to 30"/o of the floor area gives a 
reasonable standard of lighting for 
our climate consistent with eco
nomy. However, a~ glazing is a 
costly item and as all possible 
economy should be effected to keep 
the cost down, it is essential to 
decide more precisely the extent of 
such glazing to be provided to give 
just adequate lighting for various 
occupations. 
The team, therefore, considers 

that this would be a fit subject for 
study by research organisation in 
view of the scope for considerable 
economy in this direction. 
In the countries visited by the team; 

ventilation of the factory premises 
was not so much of a problem as 
exclusion of the outside weather, 
artificial control of indoor tempera
tures and insulation for retention 
of indoor heat. In our country, 
the problem is to provide protec
tion against outside heat and pro
mote ventilation for comfort. In 
our present state of economy, air
conditioning of the interiors, as 
many American plants do. cannot 
be thought of. The design for 
comfort in our factories, should, 
therefore, be on the lines of taking 
advantage of natural breeze for 
ventilation, resorting to forced or 
mechanical ventilation only in 
exceptional circumstances. 

In the hot humid regions of India 
the main factor that controls design 
for comfort is adequate ventifation, 
as air movements enable the body 
to lose beat by evaporative cooling. 
In such climates the windows and 
permanent openings should be 
placed sufficiently low to ensure 
thorough ventilation. In plants 
where dust, noise, etc. are to be 
avoided, external walls may be re
quired to enclose the working area. 
Such external enclosures may be of 
m!lsonry upto 12' height with alumi
ntum or corrugated asbestos sheet 
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side cladding above, as an econo
mical solution. To provide adequate 
ventilation through the enclosure 
the aluminium or AC sheet side 
cladding above the· masonry walls 
should be in the form of wide sheet• 
ed louvres as in Plate 2 (opposite 
this page). This, together with 
precast concrete louvres below the 
window sills in the masonry side 
walls, preserves the openness of the 
shops, while providing the requisite 
enclosure. In the case of foundries, 
forges and heat treatment shops no 
such external walls in masonry may 
be required if the factory, as a 
whole, is fenced or enclosed by a 
compound wall. The aluminium or 
AC sheet side cladding may be 
provided starting from a height of 
6' to 8' above the floor level to 
provide free ventilation. 
In arid regions, the louvres in the 

side sheeting and the precast con
crete louvres in the masonry wall 
below should be eliminated to 
prevent the ingress of dry bot winds 
during the summer months and 
cold breeze during the winter. 

As most manufacturing operations 
would require a ceiling height of 
not less than 14' to 16' below the 
bottom chord of trusses, single 
layer asbestos or aluminium roof 
should be sufficient in our country 
to keep down the effect of radiant 
heat. 

Services 

In most of the factories visited, 
the team was impressed by the good 
bouse-keeping oil the factory floor. 
Work places were remarkably 
clean and the employees seemed to 
be conscious of their individual 
responsibilities. .This should be 
attributed in no small measure to 
the psychological effect of well 
finished floors and cheerful disposi
tion of the men. 
Service pipes such as water supply, 

compressed air, etc., when run above 
ground, at roof level or between 



glazing have to be blanked off or 
painted over to reduce the glare. 
An effective glazing area of about 
25 to 30% of the floor area gives a 
reasonable standard ofligbting for 
our climate consistent with eco. 
nomy. However, a~ glazing is a 
costly item and as all possible 
economy should be effected to keep 
the cost down, it is essential to 
decide more precisely the extent of 
such glazing to be provided to give 
just adequate lighting for various 
occupations. 
The team, therefore, considers 

that this would be a fit subject for 
study by research organisation in 
view of the scope for considerable 
economy in this direction. 
In the countries visited by the team; 

ventilation of the factory premises 
was not so much of a problem as 
exclusion of the outside weather 
artificial control of indoor tempera: 
tures and insulation for retention 
of indoor be~t. In our country, 
the problem 1s to provide protec. 
tion against outside beat and pro. 
mote ventilation for comfort. In 
our p~es~nt state of c;conomy, air
condtttontng of the mteriors as 
many American plants do. c;nnot 
be thought of. The design for 
comfort in our factories, should 
therefore, be on the lines of taking 
advantage of natural breeze for 
ventilation, resorting to forced or 
mechanical ventilation only in 
exceptional circumstances. 

In th~ hot humid regions of India 
the mam fac~or that controls design 
for ~omfort ts adequate ventilation, 
as atr movements enable the body 
to lose hea~ by evaporative cooling. 
In such cltmates the windows and 
permanent openings should be 
placed sufficiently low to ensure 
thorough ventilation. In plants 
wh~re dust, noise, etc. are to be 
avc;ndcd, external walls may be re
qutrcd to enclose the working ·area. 
Such external enclosures may be of 
masonry upto 12' height with alumi
ntum or corrugated asbestos sheet 
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column tops, detract from the 
general appearance of the work 
places. Moreover such pipes 
collect dust, cobwebs, etc., in our 
climate and cannot be kept clean. 
The use of compact floor trenches, 
covered with steel chequered plates, 
for accommodating such services 
has much to commend itself. While 
permitting easy access for repair 
and maintenance, the shop floor is 
left free and unobstructed. 
In the matter of electrical service 

also, modern plants frequently 
utilize feeder conduits buried in the 
floor. This not only improves the 
appearance of the plant but fre
quently reduces the cost, as the 
runs are shorter. But this system 
of distribution is quite inflexible 
and may not suit subsequent 
changes and re-location of equip
ment. Overhead busbar distribu
tion is adopted widely in many 
modern plants on account of 
flexibility of the system. This 
system, however, suffers from the 
disadvantage that the appearance 
of the interior of the factory is 
marred by a series of crisscross 
individual drops to the machine 
from the overhead bus bar. This 
system. in the opinion of the team, 
should be considered only if it 
becomes otherwise unavoidable. 

At the Huntington Beach Steam 
Plant near Los Angeles, the team 
saw an interesting example of ocean 
water being directly used for the 
cooling system. The use of ocean 
water does lead to marine growth 
inside the cooling tubes. Once a 
month the water is heated to Joooc 
and pumped through the tubes to 
kill the marine growth. To prevent 
corrosion, the tubes are made of 
arsenic aluminium brass. The team 
was told that in some of their sister 
steam plants elsewhere they had to 
use plastic paints and chemical coat
ings for the tubes to prevent corro
sion. However, in their opinion, the 
use of ocean water is ultimately 
cheaper even with the cost of pro
tective arrangements for the tubes 

and eventual replacement of the 
tubes themselves. The comparative 
cost of using ocean water vis a-vis 
the use of cooling tower was given 
out as 1 : 2. It seems, therefore, 
worthwhile for the Indian industry, 
located along the sea coasts, to 
inveatigate the economics of this 
ocean conduit system, wherever 
large quantities of cooling water 
are required. 

In all the three countries visited 
by the team members, it was 
noticed that the steel structure of 
the factory buildings was not fire
proofed by concrete encasing. The 
fire-proofing ofindustrialstructures, 
it was said, was not a major consi
deration in the USA, as the 
difference of insurance rates 
between various fire ratings is not 
large enough to promote better 
class of buildings and fighting 
devices. The normal fire protection 
arrangements consisted of fire 
extinguishers and, in some cases, of 
fire alarms inside the building with 
exterior underground fire mains and 
fire hydranta at strategic points sup
plemented by overhead sprinkler 
system in areas of greater fire 
hazard. Warehouses were invari
ably provided with sprinkler system 
with a 100% coverage. 
The team feels that fire risk to 

factory buildings is minimised 
considerably by the adoption of 
Group of buildings layout as 
recommended earlier. In large 
balls the provision should be made 
for wide fire aisles, well marked and 
always kept clear to sectionalise the 
plant and prevent the spreading of 
fire. 

Landscaping 
During the tour of the USA, the 
members of the term were parti· 
cularly impressed by the pro
minence given to landscaping in 
the layout of factories and industrial 
estates or districts. To their think
ing, simplicity and beauty of plant 
and facilities as well as good house
keeping are basic essentials in 
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lndustriai management. Not olily 
as a gesture of goo?~ill .b~t e~en 
as a business propOSition, 1t IS be10g 
increasingly recognised that any· 
thing that contributes further to 
the efficiency of the men at work 
and anything that makes the plant 
a more desirable place to work 
should readily justify its cost with· 
in a reasonable margin. It is also 
based on the realisation that any· 
thing that can evoke in the 
employee a feeling of pride and 
personal attachment towards the 
plant, pays rich dividends in better 
labour relations. This incidentally 
impresses the general public also 
and serves as an advertisement in 
itself of the efficiency of the plant. 
From this consideration also, 
location of the plant in open 
country is being preferred. 
Landscape treatment includes the 

use of suitable walls, screenings, 
terraces, fountains, pools etc. to 
demarcate areas, roads and parking 
spaces. Treatment of the site may 
be in the form of grass lawns, shade 
trees for parking areas, roadside 
arboriculture, dividing hedges etc. 
Such landscape treatment is con· 
templated not only as a relief in 
environment but also to better the 
working conditions by providing 
shade for buildings, reducing there
by heat and glare, and to provide 
a wind brace in exposed locations. 
For pleasant surroundings nothing 
is more inspiring or cheaper to 
maintain than natural grass and 
trees. Artificially maintained lawns 
should be judicially planned, 
Offices 

These should be situated within 
easy access of the various working 
areas of the factory. In general, 
the best layout seems to be of the 
central corridor type with a corridor 
width ofabout 6' -8' with rooms of 
16' to 18' on one side and deeper 
halls on the other side. The orienta· 
tion of the buildings should be such 
as to avoid long exposure of occupi
ed rooms, to eastern or western sun. 
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The factors that should be kept in 
view to achieve economies _in. the 
design of multi-storeyed butldmgs 
for offices are enumerated 
below:-

(i) The percentage, of lettable 
space or carpet area (i.e. total 
Door area minus sanitary 
accommodation, circulation 
space for lifts, staircases, 
corridors, entrance halls, 
etc.) should be in the neigh· 
bourhood of 65 to 75% of 
the plinth area, 

(ii) The Door to Door heigh~ of 
11' for air-conditioned bull~
ings should be adequate. ~h.IS 
will give a headroom of 8. 1D 
the corridors after allowiDg 
room required for air-condi· 
tioning ducts, etc. 

(iii) From fire safety point . of 
view, the number and locat1~n 
of staircases should be conS I· 
dered in terms of travel 
distances and for office build· 
ings this should not exceed 
150', of which not more than 
100' should be along: the 
corridor. The travel distance 
is measured from the farthest 
point under consideration to 
tbe nearest staircase. 

(iv) The area occupied by hori
~~:ontal circulation space 
including corridors, passages, 
etc, should be 12 to 14% of 
tbe plinth area and tbe area 
of vertical circulation space 
i.e, lifts, staircases etc., 
should be 4 to 5% of the 
plinth area. 

Staff amenities 

In Japan, USA and Italy consider· 
able attention is paid to the 
designing and equipping of staff 
canteens, and cafetarias, and 
managements take pride in setting 
up better and better examples. 

Proper canteen, lunch and rest 
room facilities should as a rule, 
be planned separately. · Such facili· 
ties should be close enough to the 
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working areas so as to minimise 
walking distance and should be of 
sufficient capacity to cater to all 
the staff who may patronize these 
facilities, without undue delay. The 
number employed on the largest 
shift, the location of their place of 
work and the duration of their 
place of work and the duration of 
their luncheon period should deter· 
mine the size and location of tho 
dining rooms and its connected 
equipment. Tho total number of 
employees in all shifts should 
determine the size of tho kitchen 
and Its store rooms. 

In the design of cafeterias there 
must be enough counters to 
eliminate long waiting lines. In 
properly designed serving counters, 
5 to 6 persons per minute could bo 
served and in large installations 
where greater service speed is 
required, the provision of free flow 
self service counters with counter· 
lengths of 40 to 70' should be con· 
sidered. Such counters, where 
food dishes are kept ready, in 
sectionalized compartments, are 
successfully in use in the USA, 
even for public cafetarias. 

In staff canteens, the dinina rooms 
lie unused for major part of the 
day. To cater to increased staff 
strength it would, therefore, be 
uneconomical to increase the dining 
area correspondingly. Wherever 
feasible, it is desirable to stagger 
the lunch period of the different 
sections in a plant provided this 
does not lead to complications. 

Amongst other facilities to be pro· 
vided for employees mention may 
be made of parking facilities for 
their cycles. Plate 3 (opposite this 
page} shows a good design for cycle 
stands. This type requires only 
4.5 sq ft of covered accommodation 
per cycle and is easily removable. 

Housing and medical facilities 

The team. noted that in the 
countries visited, the general 

practice In regard to workers; 
housing was to leave this field to 
private enterprise, coopcra tivcs, 
Government or municipal author!. 
ties. The industry rarely undertook 
this responsibility for the workers, 
although in one or two cues in 
Japan and Italy, big firms pro. 
Yided part of their workeu with 
houses. 

In Japan, tbe team saw an interest· 
ing example of providing housing 
in dormitories for tho single 
employees of the Matsu Sbita 
Electric Co. The dormitory 
recently built to house 212 such 
employees was an efficient and 
interesting example of apace plan
ning. The rooms, S meters square, 
are allotted to 4 occupantl with 
sleeping bunks at two levels. 
Furniture such as cupboards, 
shelves and tables add to the con· 
venlcnce giving maximum comlort 
in minimum area. The sleeping 
bunks are so disposed and screened 
as in a train that one can read a 1 
night without disturbance to the 
other three occupants of the room. 
Another instance of good planning 
is a hostel for the employees of 
Messrs Obayashigoomi at Osaka. 
The hostel bas 71 single-seater 
rooms and the proportion or total 
built-up area to room area Ia o( 
the order of 1 : 8. This is due to 
the judicious planning of clrcula· 
tion and other ancilliary apace. 

In the FIAT and OLIVETTI 
factories in Italy, health clinics are 
attached to the factories and to 
the training schools as part of the 
welfare meaaures. In these modern 
clinics the team saw facilities pro
vided for Indoor sun bathing during 
the winter, by means of ultra vio:et 
ray equipment and for corrective 
exercises to improve physical 
fitness. 

Training for employee•' children 
The FIAT and OLIVETTI 
factories have a programme of 
training for their employees' 
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children. The facilities afforded 
to the trainees in the schools at 
Tunis which bas· well equipped 
workshops are very good. 250 
boys are admitted every year for 
its three-year course. It was 
reported that all of them got 
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' ' : . ' 
absorbed in the various factories 
under · the Fiat Management. 
Though there was no compulsion 
for a trainee to enter a Fiat con· 
cern after the succossful completion 
of his training, yet Invariably one 
and all chose a Fiat Service. 



General trends 

The development of design techni
ques in any country has to be 
viewed against the background of 
the availability of materials and 
other factors such as seismic forces 
etc. which inftuence the design. In 
Japan and the USA steel is availa~le 
in abundance. Greater emphasts, 
therefore, is laid on steel construc
tion, whereas in Italy due to the 
scarcity of steel in the post-war 
years certain other techniques of 
design bad to be developed with a 
view to avoiding totally the use of 
steel or restricting its use to the 
minimum extent possible. Of late, 
however, the position with regard 
to steel has improved on account of 
the European Common Market .and 
this bas neces.itated some retbtok
ing on the subject. In US"- also, 
there is a recent trend towards the 
adoption of concrete structures such 
as hyperbolic paraboloid, folded 
plates etc. as these are found to 
be as economical as other structure. 
Of particular interests to the team, 

was the development of Steel 
Skeleton Reinforced Conc_nte po~
struction in Japan to rests! setSIDlC 
forces in which b:>th structural and 
steel sections and mild steel bars 
are used as reinforcement. Equally 
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interesting are the light gauge steel 
structural sections of different 
patterns, pre-cast light weight rein. 
forcemeat concrete components and 
light gauge deckings of different 
typ:s. All these have been develop· 
ed to a marked extent in the USA. 
Advancements made in pre-cast 
construction in Italy, especially by 
Prof Nervi, are very impressive and 
show clearly bow buildings designed 
with a view to getting maximum 
structural efficiency can at once be 
economical in cost and arcbitec
tur~lly pleasing. 

Steel Skeleton Reinforced Con. 
crete Construction 
As mentioned earlier, this type of 
construction bas been develop:d to 
a great extent in Japan. Its 
development is mainly due to the 
fact that reinforced concrete does 
not possess adequate ductility !O 
withstand earthquake forces wb1le 
a purely steel structure is "poor in 
resistance against the high beat 
caused by after shock fires". SSR 
Construction, therefore, was 
developed as a logical solution. The 
structural members used in such 
construction are all of the open web 
type mostly built up of light struc
tural sections. The steel skeleton 
which is erected first also helps 
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erection alignment and support of 
form ~ork. In addition, the 
columns and beam, in this type of 
construction are smaller comp~red 
to those of RCC const:~ctt?n• 
resultlnq in better soace ut,1hsat1~n 
and reduction of floor heights an 
multi-storeyed structures. 
Normally, ~ulti-storeyed buildings 

In Japan are not more than 10() ft 
high above ground level with two 
or three and even four floors some. 
times below ground level. The 
provision of basements gives good 
anchorage for the building and at 
the same time provides more useful 
space. The sub.soil water level 
is quite low and the problem of 
underground construction has been 
solved by the development of 
anecial processes such as Takinaka 
Caisson System. 
The development of SSRC as in 

Japan will be of advantage in the 
seismic zones in this country where 
at present purely concrete construc
tion or steel construction is being 
adopted. The lSI should consider 
the problem of preparing a code for 
such construction. 

Composite construction 
Tn the USA composite construction 
is adopted for floors and roofs on a 
wide scale. Several types of shear 
connectors are in vogue, typical 
among them being the Nelson 
studs. These studs are welded on 
the top flange of rolled steel beams. 
It is widely known that composite 
construction can result In the saving 
of steel and reduce the over-all 
cost of construction. Because of 
these advantages composite con
struction has been widely adopted 
both In the USA and Germany in 
the post· war years. 
This type of construction, how. 

ever, has not made any headway 
in India. Even in cases, where 
encased steel construction is adopt
ed, no structural advantage is 
generally taken of the encasing. In 
the present economy of the country 
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where there Is the urgent necessity 
of saving steel and reducing co!'· 
struction cost, the need for exploit~ 
lng this type of construction needs 
no special emphasis. The absence 
of a code of practice on the subject 
is a handicap to the designers. The 
team would, therefore, suggest that 
the lSI should urgently take up ~he 
preparation of a code of practice 
for composite construction. 

Ta!sel Truss 
For single storeyed shed type con
struction, several types of space 
trusses have been developed. One 
such is the Taisei truss developed 
by Taisei Construction Co Ltd 
of Japan which offers an econo
mical means of roofing large spans 
upto 15() meters. 

Bar-Joist construction with steel 
decking 
In the USA several types of open 
web joists have been developed to 
support floor and roof deckings. 
The columns generally follow a 
grid of 25' x 30', The steel decking 
which forms roof is of 18 to 22 
gauge. The width of the deck is 
normally 18" and it is supplied in 
lengbts to suit the purlin spacing. 
The steel decking is carried on bar· 

joists which form the purlin .. T!Je 
bar-joist is a light open-web JOISt 
whose top chord is made up of two 
angles and the bottom chord of two 
rods. The diagonals are of single 
rods. The spacing of the bar· 
joists depends on the span and the 
loading. The lighter types of bar
joists weigh between 3i to 1 OtJbs 
per foot. The weight of the enti~e 
roof including the steel deck JS 
usually about 2lbs per square foot. 
Made of bot-rolled new-billet steel, 
the bar-joists are shop fabricated 
Into the form of a Warren-type 
truss by the shielded arc.welding 
process. Every weld is inspected 
in the factory before shipment. All 
joists are manufactured with a 
camber which varies with the 
length. The wide top-chord, made 



up of two light angles, provides 
maximum lateral rigidity and ade
quate bearing surface. The bottom 
chord consisting of two rods 
facilitates the easy attachment of 
ceiling lath, service ducts eto. This 
type of construction is light, econo
mical and takes less time to erect. 
The bar-joists are all standardized 
and manufacturers supply tables 
from which the joists suitable for 
any spacing, loading or spans can 
be readily selected. 
Even for multi-storeyed construc

tion, the open web joist can be 
easily adopted with RCC decking. 
The top flange of tho open web joist 

. can be of the box type which is 
utilised for taking service lines such 
as telephone cables, electric cables 
etc as shown in figure. 2 on page 34. 
In India there is need for similar 

standardisation of building compo
nents. Several warehouses are 
to be put up at far off places and 
economical construction of these is 
possible if pre-fabricated elements 
are manufactured in the country. 
With the increase in the steel pro
duction, it should be possible to set 
up factories for fabricating open 
web girders for different spans and 
loading conditions together with 
deckings of different sizes and 
patterns. This will facilitate single 
storeyed shed construction in indus
trial undertakings. It can also be 
adopted for the structural floor 
system of multi-storeyed buildings. 

Pre-stressed concrete 
Pre-cast pre-stressed components : 
Pre-stressed concrete bas not made 
much headway in Japan in building 
construction though it has been 
increasingly used for bridges. The 
main reason for its slow develop
ment are (a) lower fire resistance 
compared to reinforced concrete 
and (b) the difficulty of making 
joints fully rigid. 
Iu the USA there has been marked 

development in the field of pre
stressed concrete construction in 

recent years. Two factories pro
ducing precast prestressed units 
were visited by the team. These are 
the Wailes Precast Concrete Factory 
outside Los Angeles city and the 
Texcrete Factory at Dallas. 

The Wailes and Associates factory 
manufactures precast reinforced 
and prestressed beams. It has an 
outdoor pretensioning bed 400 feet 
long. The high tensile wire used is 
in the form of strands of 7 wires, 
each of2 mm. The ultimate strength 
of the wire used is 250,000 pi, 
the wires being stressed to 80% of 
their ultimate strength. The ce
ment used is rapid-hardening, the 
aggregate being light-weight gravel 
with the trade of Ridgolite. The 
products include precast RCC 
Channels and slabs for spans upto 
22 feet, prestressed precast channels 
for spans upto 32 feet and T-beams 
for spans upto 120 feet. 
The Texcrete factory produces 

both post-tensioned as well as pre
tensioned beams. The factory 
started with post-tensioning facili
ties as this required less investment. 
The pretensioning bed was added 
later on. The pretensioning bed is 
equipped with a number of 10-ton 
jacks, each of which tensions a 
single strand of 7 wires of 3/8" 
diameter. The jacks have an exten
sion of 30 inches. The deteosioning 
of the entire bed is effected by four 
hydraulic jackl, each of I SO tons 
capacity operated by a single pump. 
The post-tensioning is carried out 
by the Prescon button-bead system 
wherein the anchorage is by means 
of button-beads forged on to the 
end of the wires. The plant pro
duces double-tee sections for spans 
upto 94 feet. The strand in the 
Pf'escon system is wrapped in paper 
and the cable duct is not subse
quently grouted. 
Prestressing of slabs in two direc

tions is increasingly being employed 
in the USA. The team had the 
opportunity of studying two such 
jobs. . 



At the Huntington Beach Power 
Plant, prestressing in two directions 
of the concrete slabs was in pro
gress. The slabs which spanned 
over steel beams are post-tensioned 
by the Prescon system. The stress· 
ing is done by an electrically 
operated jack. It was explained 
that although neither the spans of 
the slabs nor the loading over them 
would have normally justified pre· 
stressing, it was employed in this 
Instance to produce a crackless slab. 

The other job inspected by the 
team on which two-way prestressing 
was employed was the office of the 
State Transport, California. The 
slabs in this instance were designed 
as continuous and post-tensioned 
by sinusoidal cables using the 
Prescon system of prestressing. 
The erection of the slabs was by 
the lift-slab method. 

Shell construction 
Shell construction is not much in 
vogue in Japan though the team 
visited some factories with doubly 
curved shell roofing near Osaka. 
Lack of a simple method of analys
ing such doubly curved shells for 
seismic forces was mentioned as 
one of the factors standing in the 
way of its large scale adoption. But 
in some of the cases where they 
have been tried, such as the 
Catho~e . R~y Tube Factory in 
lbalakiC1ty,tt has been found quite 
economical. It was reported that an 
economy of 20% over normal con
struction with steel was effected by 
the adoption of shell roofing in 
conjunction with movable form 
work. 

In the USA several types of shell 
structures such as cylindrical shells 
and hyperbolic paraboloids have 
been adopted for the roofing of 
factory sheds and warehouses. 
Th~re does no.t seem to be any hesi
ta~lon. to the1r adoption even in 
selsnuc zones. The Union Pacific 
Freight .Terminal at Los Angeles 
can be Cited as an example. It is 
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roofed over by thirty transversely 
continuous barrels 104 feet long 
with a chord-width of 44 feet. The 
shells which are of 4 inches uniform 
thickness arc cast of light-weight 
concrete weighing 104 pounds per 
cubic foot using Rocklite aggregate. 
The cylinder strength obtained was 
4200 psi. It was reported that the 
structure was designed for a seismic 
coefficient of 0.30 gm. M aricon, 
(air entraining agent) add~d at the 
rate of 1/4 pound per cubic yard, 
was reported to have improved the 
workability and retarded the time 
of setting. The edge beams of the 
shells were deeper than normal to 
enable them to act as rigid frames 
along with columns, to resist 
seismic forces (Photo 2 on page 27). 

Hyperbolic-paraboloids were re· 
ported to have been used to some 
extent to roof factories in and 
around Dallas. The outstanding 
example cited was the Texas Instru
ment Co. where hyperbolic-parabo
loids 64'x64' were used to roof the 
factory. On account of the large 
number of identical units involved, it 
was reported that the cost of roof
ing on this project worked out to 
be economical. The Great South
West Corporation at Dallas, Texas, 
have used 16 hyperbolic-parabo
loids, each 30'xSr, to enclose a 
total area of 32,000 square feet. By 
using specially designed movable 
formwork, the corporation was able 
to pour one shell per day. The 
cost of the shell worked out to 
about 1.00 per square foot. A 
similar structure '10'x70' which was 
under construction to house a 
filling station and a few others 
recently completed were visited by 
the team. Hyperbolic-paraboloids, 
which work out to be as cheap as 
the light bar-joist construction, is 
making much progress in the South 
Western States. 

Shell construction in Italy dates 
back to the late thirties. A special 
fillip to its development was given 
in the post-war years when there 



Photo 2-Cylindrical 'bell structure, Union Pacific Freight Terminal, Los Angeles, USA 

was great scarci ty of structural 
steel Pre-casting techniques have 
been adopted successfully in shell 
construction , reducing thereby the 
time of complet ion and cost. The 
exhibilion ball at Turin and the 
Sport Place in Rome which was 
nearing complet ion at the t ime of 
the visit cnn be cited as examples. 
The latter is the most impressive 
structure seen by the team during 
the t our. 
The first shell roofing was put up 

in Meerut a s far back as in 1938. 
Many factories \\ ith shell roofing 
have thereafter been put up in 
the priva te sector. The construc
tion organisations should see that 
shell designs are promoted wher
ever they a re economical in ordec.. 
to save use of structural steel, which 
even though may available in 
greater qua ntities now should not 
be wasted on structures for which 
other alternatives are possible. 

Folded plate construction 
A panel of the team members had 
useful discussions on the subject 
with Mr Amman and Mr Boyd G 

Anderson of the leading consulting 
fi rm of M/s Amman and Whitney, 
New York. It was gathered tha t 
folded plates a re li kely to fin d more 
extensive application in the future 
than even shell structures for roofing 
large spans . The materials involved 
are usually much less than those 
required for flat slabs or bea m and 
slab construction and little more 
than what are required for conti
nuously curved shells with the 
additional advantage of si mpler 
formwork . They cited several pro
jects, for wh ich they bad designed 
flooded plates. The angles are 
usually kept below 45° to avoid the 
need for top forms. The amount 
of steel used to cover one square 
foot area bas been worked out to 
be as low as 2 to 4 pounds for spans 
ranging between 40 to 60 feet , and 
4 to 6 pounds for spa ns between 60' 
and 80' for super load of 30 lbs per 
sq ft. T wo graphs ( f ig. 3) on page 28 
are reprod uced from a recent study 
published in the Proceedings of the 
American Society of Civil Engineers 
Structural Divisions, by Witney 
Anderson and Birnbaum. 
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Other structural forms 
Flat slabs: Flat slab construction 
is quite popular in the USA espe
cially for multi-storeyed garages and 
warehouses. A variation of the flat 
slab construction with a waffie-like 
pattern with beams running both 
ways is being adopted wherever 
wide-column-free spaces are requir
ed (Photo 3). The advantages 
claimed are the economy inherent 

deptha varying between 8 and 14 
inches. The roof slabs are generally 
protected by 4-ply tar- felt. This 
type of roof is usually designed for 
a load of 125 pound per square 
foot. The slab is supportea on 
columns with capitals as in flat-slab 
construction. The team saw this 
type of construction employed for 
the office block of the Union Pacific 
F reight Terminal a t Los Angeles. 

Photo 3-Varlated Oat-slab construction in USA 

in a t wo-way system and the saving 
in dead load. Moreover, storey 
heights are reduced. The floor is 
cast on steel domes which act as the 
shuttering. The domes rest on 
runners which are in turn support
ed by props. The domes including 
the flanges measure 36'x36' in plan, 
the flanges being 3' wide. They 
are formed of 16' gauge metal. The 
slab cast on them is mually 2i' 
thick. The depth of the ribs form
ed can be varied by using domes of 

Lift-slab construction 

Lift-slab construction bas succeas
fully been tried out on a few large 
jobs, although its application on a 
very large scale to the construction 
of multi-storeyed buildings is far 
from common. Typical of such 
construction is the office of the 
State Transport , California, j ust 
neari ng completion. The building 
consists of one ground and fourteen 
upper floors. The floor slabs are 
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Hoi x 3001 and the column spacing 
is 25 feet. The building was con
structed by the lift· slab method. 
The slabs were designed as conti
nuous slabs prestressed in two 
directions at right angles. The 
slabs for the different floors were 
cast, one over the other, with 
Hunt's parting compound separating 
them. Each of the lift-slab panels 
measuring 75' X 150' was hoisted 
with the aid of eighteen 100-ton 
hydraulic jacks operating from the 
top. The post-tensioned slabs were 
not grouted, But their exposed 
ends were covered with H ydretine. 
The slabs which were temporarily 
secured by bolts to the columns 
were connected to them perma
nently by welding. At the time of 
the inspection, the construction 
was at an advanced stage and the 
slab~ had already been hoisted and 
positioned. 

RCCTrusses 

Reinforced concrete trusses have 
been adopted extensively for the 
production shops of tbe Fiat Fac
tory in Turin. The columns are 
spaced on a grid of 20mx 20m. 
These structures were constructed 
in 1939 and have given very good 
service for the last 20 years. The 
argument advanced in some quar. 
ters that RCC is not suitable for 
the construction of production 

shops wouid, therefore, apptli.t. 
untenable. 
. Except in specialised types of 
design and construction techniques 
dealt with earlier, the standards 
adopted in India with regard to 
design loads, methods of structural 
analysis etc are comparable with 
those in other advanced countries. 
Aseismic design 
The first draft of the Japanese Code 
for aseismic design appeared soon 
after the great earthquake of 1923 
which caused severe damage in tbe 
Kanto District including the Tokyo 
Yokohama areas. It has been re
vised and redrafted several times in 
subsequent years. The broad 
provisions of the current Code are 
summarised below t-
(i) The lateral force F due to earth

quake is arrived at by multiply
ing the sum of the dead and live 
loads and snow load In districts 
where heavy snow fall occurs, 
by a lateral load coefficient K 
or, F=KW. 
The factor K itself is a product 
of Ko-known as the standard 
seismic coefficient and two other 
of factors n). and n2. The 
standard seismic factor Ko is 
taken from the below figure. The 
factor n I is taken from a map of 
Japan divided into three seismic 
probability zones 

The factor na whic~ takes into account the material of construction and 
the nature of the sollta tabulated below: 

Subsoil condition Wood Steel RCC Masonry 

Tertiary or older 0.60 0.60 0.80 1.00 

Dealluvium or alluvium gravel 0.80 0.80 0.90 1.00 

Normal alluvium 1.00 );OO 1.00 1.00 

Alluvium. more than 30m thick 
Newly reclaimed mud. 

1.50 1.00 1.00 1.00 
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(U) Earthquake and wind forces are 
not assumed to occur almulta
neously 

(iii) An increase of SO% over the 
usual permissible stresses in the 
materials is admissible under the 
combined action of dead, live 
and earthquake loads 

(lv) An increase of 100% over the 
permissibie bearing pressures of 
foundations is admissible under 
the combined action of dead, 
live and earthquake loads 

(v) The standard seismic factor KO 
for independent chimneys, water 
tanks and chimneys projecting 
over roofs is taken as 0.30. 
However, for the design of foot
ings for independent chimneys, 
a factor 0.20 may be used. 

(vi) The Code bas also detailed 
provisions for timber, masonry 
and reinforced-concrete block 
construction. 

The question of devising a suitable 
code of practice for a seismic design 
in this country has been taken up 
by the Indian Standards Institution. 
Further research in this line is also 
essential. Accurate and reliable 
instrumentation is tbe first requisite 
of successful earthquake engineer
ing research. A comprehensive 
programme of research should 
include (a) ground motion mea
surements and soil problems, (b) 
extensive testing of full scale model 
substructures, and (c) surveys and 
field studies after earthquakes in 
addition to fundamental problems 
and theoretical investigations. It is 
understood that a Research Insti
tute for this purpose is being put 
up at the University of Roorkee. 
The team would recommend that 
this should be expedited. 

Research 
The team visited the Building 
Research Institute in Tokyo, the 
California Institute of Technology 
at Los Angeles and the Research 
and Development Laboratories of 

the Portland Cement Association 
at Chicago. A few members of the 
team also visited the Kyoto Uni
versity and ha4 discussion• with 
Dr Ban and Prof Niwa. 
There are five section• in the 

Building Research Institute at Tokyo 
to deal with Town Planning and 
Building Economy, Building Mate
rials, Building Structures, Execution 
of Building Works and Planning 
Design and Fire Protection. The 
Institute has given due weight to 
theoretical as well as operational 
research The work of the Institute 
on Execution of Building Works 
include• studies on Light-weight 
Gravel Concrete, quality control 
of concrete in the field, construc
tion methods using metal forms for 
economy, etc. 
The following two research pro

jects pertaining to earthquake 
engineering were of special intereat 
to the team :-

1 Study of buildings actually sub
jected to vibrations produced by 
special device. 

2 Field surveys being carried out 
to prepare maps showing the 
distribution of the earthquake 
hazard and providing reliable 
date for arriving at coeffici
ent K. 

The section for fire research ba• 
also done considerable work on the 
fire rating of different materials, 
flow pattern of tire flames and 
standards for fire escapes. It is 
understood that there is a proposal 
to put up a Fire Research Station 
in India ; the detail• collected in 
this connection from Japan and 
the USA would be of great help. 

In the California Inatitute of 
Technology the members bad dis
cussions with professors Housner 
and Hudson on seismic deaign of 
structures. Among the research 
projects which were in progress, 
the following deserve mention : 
(a) The machine built by the Insti

tute for vibrating modcll and 



actual structures to simulate the 
effect of earthquakes. It was 
explained that the machine was 
developed in connection with a 
programme for the earthquake 
resistant design of schools 

(b The arbitrary function genera
tor which can reproduce the 
acceleragram of any given earth· 
quake · 

(c) The analogue-computer built 
by the Institute to study the 
response of structures to any 
given earthquake acceleragram. 
The computer permits the study 
of structures of varying periods, 
degress of freedom and damping. 

The subjects under investigation in 
the Research and Development 
Laboratories of the Portland 
Cement Association were of great 
interest. The Research programme 
that has been drawn up has the 
following objectives : 
(a) To support new and improved 

structural applications such as 
precast frames and bridges, shell 
structures, folded plates and 
space frames through the deve
lopment of science and art of 
structural engineering 

(b) To extend knowledge of the 
structural properties of concrete 
with :!?articular emphasis o~ 
pr~castmg, prestressing, light
w_e•ght aggregate and the use of 
h1~h-strength, deformed bar 
rcmforcement 

(c) To. advance structural concrete 
des1gn through improved mc
thC?ds and concepts such as 
ultimate str~n~th design, shell 
theory and hm1t design, and 

(d) ."To improve structural details 
m order to facilitate mechanized 
construction and reduce costs" 

The new PCA Structural Labora
t.ory, near. ~hicago, completed 
10 19.58, IS Itself a giant testing 
mac~ID;e capable of resisting over 
10 million pounds. It has a heav 
d~ty test floor 56'x 121' which fa 
pierced_ by a total 9f 690 holes 
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located at 3 feet centres. Structure 
and specimens under test arc load
ed by tic rods · passing through 
these holes. The loads are applied 
to the tie rods by hydraulic jacks 
reacting against tho underside of 
the floon and transferring the loads 
to the tie-rods through crossbeams. 
The test floor is designed as a 
hollow box-girder in. the Jongitudi· 
nal direction and as a Virendeel 
girder in the transverse direction. 
The depth of the girder is 12 feet ; 
the top floor which is 24 inches 
thick is connected to the basement 
floor which is 18 inches thick by 
webs which arc 8! feet deep. The 
loading jacks are housed in the 
basement (Fig. 4 on page 33). The 
laboratory is equipped with 150 ten
ton hydraulic rams of an inexpensive 
commercial variety. With the aid 
of these jacks, a variety of arrange
ments ofloading on test structures 
is possible. At the time of the visit 
a hyperbolic paraboloid was being 
loaded by means of thirty 10-ton 
rams acting through 60 tie rods. 
The members of the team had 
detailed discussions with Dr Hog
nested, Manager of the Structural 
Development Division, as similar 
facilities are under installation at 
the Central Building Research 
Institute, Roorkee. Details were 
also collected of the instrumentation 
used at the PCA for measurement 
of strains and deflections, were also 
collected and these would be of 
great use for further work in the 
CBRI. 
In Italy, the team visited the 

Institute Sperimentale Modelli E 
Structure at Bcrgano. The Institute 
!lndertakes model studies of build
!ngs, dams and other structures. It 
IS a nonprofit making organization 
financed mainly by loading Italian 
~ydro-electric engineering compa
rucs and cement manufacturers. 
The following are some of the 
test . facilities available at the 
Institute :-
(i) A cylindrical tower about 55 

feet high and 32 feet in internal 
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diameter. Built of heavily rein
forced concrete, it has two 
concentric rings of columns 
which are stiffened by horizontal 
slab-rings at the various floor 
levels. The slabs support re
movable wall units which span 
between the columns. With this 
arrangement, the internal cylin
drical surface of the tower can 
sustain a horizontal thrust in 
any direction. The foundation 
slab of the testing tower is 60 
inches thick and is provided 

with 128 anchorage sockets on a 
square grid of approximately 3 
feet centres. One of the largest 
building models to be tested in 
the tower was 1/ISth scale 
model of the 440 feet high, 32 
storey pirelli skyscraper in 
Milan. A model of the struc
ture in pumice mortar was test
ed to determine its deformations 
under design loading and its 
natural frequencies in flexure 
and tension when 5ubjccted to 
various wind load conditions. 
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(ii) Facilities for the simulation of (iii) Several soring dynamometers 
earthquake vibrations. A steel and hydraulic jacks for applying 
frame 13' x 10' in plan has been loads. Besides mechanical exten· 
built and this can be vibrated in someters and electrical strain 
the following ways : gauges, the Institute uses large 
(a) by impact of a pendulum numbers of accoustic gauges 

weight made by officine .Galelio with 
(b) mechanically to produce a gauge l.engths varymg from 0.80 

unidirectional harmonic vib- to 4.1 mches. 
ration, and The extensive use of model analy· 

(c) electromagnetically to pro· sis in structural design which has 
duce the resultant vibration been adopted in Italy is worthy of 
of two simple harmonic 
vibrations of varying ampli· emulation. It is desirable that 
tudes in two directions at similar facilities are made available 
right angles. in this country. 

Fig. 2. Box type servh:e Jines 
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General trends 
In all the countries visited, the 
building material industry has made 
significant advance in the post-war 
years. A. wide array of mate~ials is 
available m abundance to su1t the 
varying need of the different 
patterns of structures and the types 
of buildings that are coming into 
vogue. Light gauge steel sections, 
different types of deformed bars for 
RCC work, light weight aggregates 
of different grades, varieties of 
flooring and panelling materials 
can be mentioned as some of the 
outstanding developments in the 
USA and Japan. In spite of the 
high wage level in the USA, the 
building industry has been able to 
keep down the cost of construction 
by evolving substitute materials !'nd 
new methods of construction. 
These measures have also enabled 
them to increase the productivity in 
the building industry. 
In llaly, the clay products industry 

has registered remarkable progr~ss 
in the post-war years and a w1de 
range of products are available both 
for structural and non-structural 
uses. 

Steel materials 
The role played by light gauge steel, 
barjoists, high tension bolts and 

CHAPTER IV 

Materials 

simple methods of prestressing such 
as the Prescon System have been 
·outlined in the previous chapter. 
The team strongly recommends 
that steps be taken by Government 
to set up factories for the produc
tion of light gauge steel and other 
structural units. The team under
stands that a factory for manufac
turing high tensile wire is being 
established. It would strongly 
recommend that the plan for this 
be finalised quickly. 

Deformed bars are almost exclu
sively being used for RCC work in 
the USA. According to Dr 
Hogenstad of the Portland Ceme~t 
Association, Chicago, the trend 10 

future will be to use ~!loy st~el 
deformed bars with a y1eld pomt 
of the order of 70,COO lbs per sq 
inch. Precast units reinforced with 
such deformed bars have ~!ready 
been used in the construction of 
the structural laboratory of the 
Portland Cement Asscciation at 
Skokie on an experimental basis. 
The economy due to adoption of 
deformed bars in RCC construction 
is too well known to require any 
special mention. The team would 
recommend the manufacture of 
such deformed bars in the country 
so that they may be used in RCC 
work, thereby effecting economy in 
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eosi as weil as in the consumption 
of steel reinforcement. 
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An important development in the 
field of steel construction in the 
USA is the extensive use of high 
strength bolts for field connections 
in place of rivets and ordinary bolts. 
As a result of research work spon· 
sored by the Research Council on 
Riveted and Bolted Structural 
Joints of the Engineering Founda· 
tion, this new type of connection 
was introduced into structural prac. -....:..-....:..;..._;...__...;.;.._;_ ____ _ 
tice in 1947. Unlike in riveted • Approximately 15 per cent in excess 

1·1/4 74,000 64,500 

of the Required Minimum Bolt 
connections, the joint depends on Tension. 
the friction between the faying •• Equal to 90 per cent of the miximum 
surfaces of the connected members Proof Load of Bolt (ASTM A3251. 
for stress transfer. The connection There is no recommended maximum 
employs pre· tensioned high strength bolt tension. 
steel bolt with hardened washers, ••• Equal to 0.0167 lb. ft. per in. bolt 
the bolts working with a clearance diameter per lb. tension for non· 

f 1/16• · h h 1 Th b 1 · lubricated bolts and nuts. Values 
0 ID t e 0 es. e 0 t IS given are experimental approxima· 
made from medium carbon steel tions. If torque rather than tension 
and is heat-treated, quenched and is to be measured, the torquetension 
temper(d. Unlike in an ordinary ratio shall be determined by the 
bolted· joint, hardened washers are actual conditions of the application. 
used both under the bolt head as 
well as the nut. The heavy semi· 
finished hexagonal nuts are made 
from steel similar to that used for 
the bolt, but no heat-treatment is 
given. The hardened washers are 
either quenched and tempered or 
carburized, quenched and tempered. 
The bolts are given the recommend
ed initial tension by the use of 
pneumatic impact wrenches. Hand
operated torque wrenches can also 
be used. But manual wrenching 
i1 slow, cumbersome and expensive. 
The recommended tensions for 
different diameters of bolts, the 
minimum bolt tension required and 
the equivalent torque to be applied 
to the torque-wrenches are tabulat· 
ed in the next column from a 
publication of Bethlehem Steel. 
At present, development of high 

strength bolts is not possible as the 
type and grade of steel required is 
not being manufactured in the 
country. The possibility of intro· 
ducin!l t~is in the country needs 
exammatton. 
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Light-weight aggregates 
The progress made in the use of 
light-weight aggregates fox insulat
ing and structural grade concretes 
in the USA was of great interest to 
the team. These are replacing 
gravel aggregate to a very great 
extent for retnforced concrete and 
prestressed·concrete work, especial· 
ly in the Western and :South
Western United States. These are 
preferred on account of their 
lighter weight, higher insulating 
value and better acoustic pro· 
per ties. 

The light-weight aggregates that 
are being used in the United States 
may be divided into : 
(i) aggregates of volcanic origin, 

such as Perlite, which expand 
on the application of heat 
because of the entrapped pockets 
of gas 

(ii) micaceous minerals such as 
vermiculite which expand to 30 
times their original volume on 



being dried, ground and subject
ed to a temperature of tsoo•p 
for 4 to 8 seconds 

(iii) byproducts of industry such as 
blast furnace slag (foamed slag) 
treated with controlled quanti
ties of water, and 

(iv) expanded clays and shales such 
as Haydite and Rocklite. 

Of these, the first two produce a 
very light concrete weighing bet· 
ween 6 to 16 lbs per cubic foot 
which is suitable only for insulating 
purposes. Aggregates made from 
blast-furnace slag are mainly used 
in the manufacture of blocks. Those 
made from expanded clays and 
shales are the most important as 
these are suitable for use in rein
forced concrete and prestressed
concrete work. 

Although a patent for the manu
facture of Hydite was granted to 
one Stephen Hayde, a Kana1 City 
ceramic engineer, as far back as 
1918, it is only since 1949 that there 
has been phenomenal development 
in this field. The acceptance of 
light-weight aggregates on a very 
large scale in building construction 
is mainly due to the research initiat
ed by bodies such as the Housing 
and Home Finance Agency, the 
Portland Cement Association and 
the manufactures themselves, 

Concrete made of expanded clay 
and shale aggregates marketed 
under the trade names of H aydite, 
Rocklite, Ridgelite etc weighs about 
100 Jbs per cubic foot. Cylinder 
strengths as high as 8000 psi 
are possible and these aggregates 
arc, therefore, suitable for rein
forced-concrete and prestressed
concrete work. They effect a 
straight saving of 33-1/3 % in the 
weight which is of special advantage 
in multi-storeyed construction. 
Their Modulus of Elasticity which 
is only about half that of normal 
concrete of the same strength may 
be calculated from the 28 day 
cylinder strength by using the 

formuia E=l.S x loS+t6o(t -1000). 
As the value of E is lower, the 
deflections to be expected arc 
higher and this aspect needs special 
attention in the design. Laboratory 
and field experience indicates the 
need for a higher proportion of 
fines in the aggregates. Roughly 
SO to 60% of the aggregate must 
pass the No. 4 (ASTM) sieve. This 
is because the light-weight aggre
gates are sharp and angular and 
sometimes rough in texture. It is 
generally desirable to add an 
air-entraining a rent to secure better 
workability. The aggregates arc 
preferably presoaked before use. 
The mix-design of light-weight 
structural concretes is discussed in 
the "Proposed recommended prac
tice for selecting proportions for 
structural light-weight concrete'' 
(ACI Committee 613). As some of 
these aggregates may absorb as 
much as 12% of water, the problem 
in mix-design is to determine the 
amount of surface moisture that 
will be available as mixing water. 
The usual practice is to select the 
cement content of the mix on the 
basis of the strength required and 
determine the amount of mixing 
water needed to ensure adequate 
workability by making trial mixes. 
On account of wide variations In the 
properties of such aggregates, it is 
necessary to carry out tests on each 
aggregate and develop procedures 
for mix-design. The manufacturers 
usually do this and supply the 
necessary data. The most important 
element in the control of quality of 
light-weight concretes in the field is 
the uniformity of gradation of the 
aggregate from batch to batch. This 
is essential as the specific gravity 
and absorptive properties of light
weight aggregates vary over a 
considerable range through the 
various fractions of the fine mate
rial. AJ!ain to facilitate propor
tioning, the moisture-content of the 
aggregate has to be maintained 
more or less constant. Hence stor
age and handling of the aggregates 
require special attention. 
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. the team visited the fexcrete 
factory in Dallas which is manufac
turing Haydlte from a locally 
available blue shale which is 
subjected to a temperature of 
2000°F. Several works using light
weight concretes were visited by the 
team. Some of these are : 
(i) The New Union Pacific terminal 

where Rocklite aggregate has 
been used in the construction of 
reinforced concrete cylindrical 
shells, 

(ii) Office of the State Transport of 
California at Los-Angeles with 
one ground and fourteen upper 
floors on which lift-slab cons
truction has been employed. 
The slabs are of light-weight 
concrete, 

(iii) The Wailes and Associates 
Factory outside of Los Angles 
manufacturing a variety of pre
cast and prestressed products 
using Ridgelite as aggregate, 

(iv) The Texcrete Factory at Dallas, 
Texas manufacturing blocks 
and precast prestressed pro. 
ducts using Haydite aggregate. 

The team would urge that the 
possibility of manufacturing similar 
light-weight aggregates in India 
requires investigation. 

th~ plant required to produce iighi 
weight aggregate from other raw 
materials like clays or shales. 
Therefore, considerati!ln shoul_d 
also be given for conversion of th1s 
raw material viz fly ash into light 
weight aggregate at places of large 
scale construction. 

Ready mixed concrete 
The uses of transit or ready-mixed 
concrete is common in USA. This 
practice has been introduced in 
Japan also. The idea of ready
mixed concrere originated from a 
desire on the part of the American 
engineers to centralise all the 
concrete making operations to 
achieve economy and efficiency. 
Ready-mixed concrete ensures 
uniformally high standards of mix 
because of the greater control on 
quality that could be exercised in 
the centralised plant. On the work 
site also the consumer gets a 
number of advantages. Some of 
these are mentioned below : 

(a) reduction of working capital as 
no concrete making machinery 
is necessary at site 

(b) eliminaiion of wastage of 
material 

(c) reduction 
charges 

in supervision 

Another raw material which could 
economically be processed into 
light weight aggregate is fly ash, 
which as a by-product of the 
thermal power stations is available 
at present in sufficiently large 
tonnage and with the setting up of 
more thermal power stations during 
Third Five Year Plan period. this 
waste material is expected to become 
available in still larger quantities. 
The process employed for manu
facture of lightweight aggregate 
from this raw material is of recent 
origin and a survey conducted 
recently bas shown that the cost 
of installation of the plant per ton 
of light weight aggregate produced 
from this raw material is expected 
to be very much less than that of 

(d) saving of space for storing raw 
materials and for making con
crete 

(e) elimination of all arrangements 
for purchase and transport of 
raw materials. 

Two methods for this are in 
vogue, viz (a) transit mixing and 
(b) central mixing. In the former, 
the dry materials are proportioned 
at the plant, water being added and 
the mixing done en route to the job. 
In the latter, both the operations of 
proportioning and mixing are carri
ed out at the central plant and the 
concrete already mixed is trans
ported to the site in a truck which 
acts as au agitator. The central 
mixing has a number of advantages 



as all operations are done under 
controlled conditions. But this 
would require increase.d c~p.ital 
investment. The tranSit m•xmg, 
therefore, should be suited to 
conditions in the country except 
where large pours are required as 
in major projects. 
Considering the economy in the 

cost and better control over quality 
that can accrue, the team would 
recommend the setting up of 
central hatching plants at least at 
places where there is concentration 
of building activity. 

Materials for form work 
The form work needed for RCC 
construction is btandardised to a 
great extent both in the USA and 
in Japan. Metal forms of assembl· 
ed type are in greater use as they 
can be applied more accurately, 
handled easily and erected and 
dismantled rapidly. With the 
increasing use of forms the dis
advantages involved in wooden 
forms have been eliminated. The 
team would recommend the 
standardisation of such metallic 
form work for increased use in 
this country, as it would lead to 
conservation of timber which at 
present is in short supply. 
In Japan, 2 mm thick sheets are 

used for face plate and 2.8 mm 
sheets for ribs, which are electri· 
cally welded precisely to size and 
exactly at right angles to eac.h 
other. The shape of the forms IS 
rectangular, length being 5 ft, 4 ft, 
3 ft or 2 ft 6 inches and width 
1 rt' 8 inrhes and 4 inches while 
depth of the rib for all sizes is 2i 
inches. Holes for clips are punch
ed at 6 inch intervals. In addition. 
there are corner forms, corner 
angle, column clamps, extension 
bars and other accessories such as 
L .. nd U pins. Propr. for these 
are placed at 5 ft intervals in both 
directions. Any odd space occur
ing In arranging the metal forms 
can be covered up and supple
mented with a wooden board 

nailed on to an extension bar 
inserted into the metal forms. 

The stripping of these forms is 
very easy and can be done by 
removing the U clips. The use of 
these forms arrests the leaking of 
concrete slurry and gives smooth 
surface. This will, however, make 
the surface so smooth that 
plaster may not stick on to 
it. Where plastering is essential 
an adhesive glue is painted on to 
the surface, Anothor device to 
serve as an adequate key to the 
plaster work is to have special 
rubber Ki.ffs attached to the form 
work. 
Mention may be made of a type 

of pressed cardboard centering 
used for circular columns in the 
USA. Marketed under tbe name 
Sonotube it claims to have reduced 
the cost of centering. After 
concreting, the cardboard is ~ut 
out and this leaves a pleas10g 
pattern on the columns. Another 
device which facilitates easy erec
tion and dismantling of formwork 
is the double· headed nail. 

Different types of pipe scaffolding 
are becoming increasingly popular. 
Even for timber shuttering steel 
spacers and special steel fittings are 
used, enabling thereby large .units 
of shuttering being put up rapidly. 
Materials for roofing 
Factory buildings in Japan normally 
have steel trusses while in multi
storeyed buildings slab~ of li~ht 
weight concrete are prov1ded which 
are covered with insulating material 
like heraklith and suitably water 
proofed. Another type of ro~f 
that has become very common IS 
one with light gauge steel channels. 
Fibre boards are fixed on the under 
side of these channels to provide 
necessary insulation. For residen
tial construction, sloping roofs 
with special tiles are generally 
used. 

In USA a variety of roofing 
materials such aalight steel trougha 



asphalt shingle tiles etc are used 
in conjunction with pre-fabricated 
steel trussed beams. This enables 
one to secure a very light roof 
construction for factory buildings 
and warehouses. 

Materials for flooring and finish
Ing 
A variety of flooring materials are 
available such as asphalt tiles, vinyl 
tiles, glazed and mat ceramic tiles, 
tara cota and marble mosaic tiles. 
The asphalt and vinyl tiles are very 
light and reduce the weight on the 
structure. They are also capable 
of being laid easily and quickly. 
These are being increasingly used 
in all residential and office build· 
ings. For factories, however, the 
flooring is of cement concrete 
finished with mechanical !loa ts 
using hardening materials like 
ironite or rocklite. 

Light partitions are very common. 
A variety of materials are available 
for such partitions. An interesting 

. development which the team has 
noticed is the folding type of parti
tions which are quite light and 
easy to operate. Such partitions 
enables multiple uses of space. 

Pressed facing bricks and glazed 
and mat ceramic tiles are used for 
the external finishing of buildings 
which give a colourful appearance 
apart from affording good amount 
of protection against weather. 
Even in a particular class of 

product, say Asbestos, a nnmher 
of varieties are manufactured such 
as: 
Small corrugated sheets, 6 mm 
thick, 

Large corrugated sheets, 
Plain fiexlble board, 4' wide and 
9'long, 
Flat plate of perlite board, i" 
thick, 
Acoustic tiles with perforations, 
and 
Marblite sheets. 
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One surface of the plain sheets is 
polished smooth which in itself 
serves as the finished surface, with 
out any additional treatment. 
Marblite sheets have a surface very 
similar to marble and this is 
obtained by giving a special treat
ment with the help of resins. To 
have further varieties colour is 
added integrally to one surface 
which gives a pleasing appearance 
to the otherwise dull sheeted roof· 
in g. 
Synthetio resins are also applied 

on plywood hard-boards, asbestos 
sheets to get what is called the 
Formica finish. The progress of 
synthetic resin group products has 
been remarkable. These are used 
for ornamentation, flooring and 
wall paneling. 

Cladding of buildings 
For cladding of factory buildings, 
sandwich boards are increasingly 
adopted because of their lightness 
and rigidity. One type of sandwich 
construction is with plain AC 
sheets with a corrugated sheet in 
between hard board, aluminium 
and other materials used for 
sandwich construction. 
Because of earthquake considera

tions, the general tendency in Japan 
is to avoid the use of heavy materials 
not only for partitions but also for 
internal and external walls. Panels 
of light weight concrete or of lath 
and plaster, sheets of morblite or 
other types of ornamental hard 
boards are used for walling. 

Doors, windows and fittings 

Doors and windows used in facto
ries and multistoreyed buildings 
are of cold pressed light steel 
sections while in residential houses, 
these are of wood with shutters of 
paper. The general practice is to 
have them to hung and sliding on 
small ball rollers. This helps in sav
ing Jloor space. Aluminium sec
tions are gradually replacing steel in 
the manufacture of doors and 
windows. For glazing, rippled 



glass, wire-reinforced glass; colour 
glass and even plastic sheets are 
used. These materials help in get
ting different patterns and designs 
for controlling light while providing 
a variety of architectural expression. 
The impression of the team was 

that both from earthquake as well 
as climatic considerations, the area 
of glass provided in Japan was 
excessive, but it was explained that 
this was done to fulfil the desire of 
the Japanese to be one with Nature. 
At one place, the team was told 
that the tendency now was to use 
less glass. 

In the countries visited by the team 
Great advance has been made in 
the development of high quality· 
fittings for doors and windows. A 
variety of sanitary and electrical 
equipment conforming to standards 
is also available. This goes to 
show the ingenuity of manufac
turers. 

Exhibition of building materials 
The team visited an extremely 
interesting and instructive exhibi
tion of building materials in Japan, 
organised by the Japan Construe· 
tiona! Materials Association, in 
which all materials used in building 
industry are displayed. The exhi
bition, it was said, served a very 
useful purpose inasmuch as archi
tects and others engaged in the 
building industry visited the exhi· 
bition frequently to study the latest 
developments in building materials 
with particular reference to their 
varying needs. The team also 
visited the Building Centre in Los 
Angles which was run by a private 
individual with the support of the 
manufacturers of materials and a 
bigger one of this type in New 
York. An exhibition of building 
materials not only helps builders 
and architects to select materials of 
their own choice but also infuses a 
spirit of competition among the 
various manufacturers of building 
materials. The rapid advancement 

in the building material industry 
witnessed in the USA as well as 
Japan can, to a great extent, be 
attrib~ted to the organisation of 
material centres of this type. The 
team would strongly recommend 
the setting up of such centres in 
India, at least in the bigger cities 
like Calcutta, Bombay, Madras and 
Delhi where there is a great concen
tration of building activity, 

Research on build ina material• 
All big factories engaged in the 
manufacture of building materials 
have well equipped building 
research laboratories of their own 
and generally 1-l.S% of the sales 
amount is spent on research. 
Production of large variety of 
materials conforming to high stan• 
dards has been due to the conti
nued research in the industrial 
techniques of manufacturing such 
materials. As a result of scientific 
research work, new products of 
superior design, better performance 
and utility are pouring into the 
market. The team would, there
fore, emphasise the necessity of 
directing both fundamental and 
applied research to this vital 
problem of development and manu
facture of different types of build· 
ing materials, As materials ac
count for 60 to 65% of the cost of 
building works, any scheme for 
cost reduction gets immediately 
linked up with the systematic 
development and processing of new 
materials and the improvement in 
the manufacturing techniques of 
other existing materials. The team 
would recommend that at least 
i% of the expenditure of buildings 
should be set apart for financing 
research work on these lines and 
for potting up pilot plants where 
uecessary. 

Equipment for the manufacture 
of materials 

Development of materials is di
rectly linked with the type and 
quality of equipment for their 



manufacture. Some of the equip
ment like pigmills extrusion mach· 
ines, rotary kilns, extrusion plants, 
centring stands. block making 
machines, etc are quite simple and 
can be manufactured in the 
country Plants for the treatment 
of timber and those for the manu• 
facture of asphaltic corrugated 
sheets need special mention here as 
the setting up of these plants will 
lead to saving of foreign exchange 
now spent on asbestos and other 
materials. The team would recom
mend that the provision for the 
manufacture of these equipments, 
and for setting up of precast facto
ries and factories for the production 
of light weight aggregates be made 
in the Five Year Plan itself. If 
considerable thought is given to 
these aspects in the very early 
stages of the plan, it will be possible 
to improve the outturn of the 
existing type of materials and bring 
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in new · materials for the efficient 
and economical implementation of 
the projects in.the Third Plan. 

Role of standardisation 
Due to limited time available a 
visit to the American Standards 
Association could not be arranged. 
But it was reported that this Body 
has played a prominent role in 
rationalising the design and cons
truction methods and in coordinat
ing the dimensions of building 
materials and equipment. Along 
with standardisation, considerable 
attention has also been paid to 
simplification to bring down cost. 
0f particular interest to the team 
was the introduction of new tech
niques on the basis of performance 
standards. This is of prime impor
tance at this juncture as no new 
methods· o~ techniques can be 
introduced if standards on the basis 
of performance are not accepted. 



CHAPTER V 

Organisation for construction 

General Trends . 

The construction methods adopted 
in a country are to be viewed in the 
light of economic factors prevalent 
there. The cost of labour in the 
USA is very high. The wage level 
for skilled workers is 13 to IS 
times higher than in India and that 
for unskilled workers 20-25 times. 
In view of this high wage level, con
siderable thought has to be given to 
adopt methods of construction 
which will economise labour. Me
chanisation, therefore, plays an 
important role, and machinery and 
equipment have been evolved to 
increase the productivity, thus 
reducing labour costs. 
The wage for workers in the 

building industry compares favoura
bly with that for workers in any 
other indu>try in the USA. In 
fact, it is higher than the wage 
level in majority of other indus
tries. The worker in building 
industry, therefore, maintains a 
high standard of living and is cons
cious of his responsibility to raise 
output by adopting any new method 
of construction calculated to in
crease productivity. 
Due to mechanisation, the over

heads in building industry are high. 
It has accordingly become necessary 

for all concerned in the build
ing industry to preplan building 
projects and effect proper coordi
nation among various trades 
engaged on building work so that 
the work is completed expeditiously. 
Special significance is attached to 
research directed to the evolution 
of new equipment and methods to 
increase prodw:tivity. 
In Japan, even though the wage 

level is comparatively low, mecha
nisation has come to stay. Firms 
enagaged exc1usively in mechanised 
civil engineering work are develop
ing rapidly. Firms specialising in 
leasing equipment alongwith skilled 
operators have also come up. Side 
by side with this, the manufacture 
of equipment also has been stepped 
up considerably. There are about 
100 factories engaged in the manu
facture of construction equipment. 
In Italy also the building industry 

has been mechanised but the extent 
of mechanisation is much lower as 
compared to the USA. 

Organisation at site 

The first thing which impressed 
the team in Japan and the USA was 
the amount of care and attention 
given to organisation at site. The 
building site presents a tidy appear-. 

43 



ailco with the logical and caretui 
arrangement of materiels and 
equipment. Tho site office, which 
is more appropriately called the 
control booth, is located on an 
elevated level which facilitates bet
ter control of operations. Even in 
congested areas, building sites 
present tho same tidy appearance. 
In such cases a control booth is 
placed over the side walks on 
suitable props. In urban areas, the 
building site is cordoned off to 
avoid any hindrance to public. 
Attention is also paid to the screen
Ing of buildings under construction. 
In such a way as to afford protec
tion to the public from building 
operations. 

Construction methods 
Foundations : Tho system of bored
in-place piies widely adopted in the 
USA and the Caisson system used 
for multistoreyed buildings in 
Japan may be adopted in India in 
certain situations. In big cities 
where land costs are high base
ments are normally provided. Pile 
foundations are common for multi
storeyed buildings though certain 
other . systems such as Kid a or 
Shimizu type foundation have also 
been adopted. In certain type of 
pile foundations adopted for heavy 
structures, steel pipes of 1 i em 
thickness, 75 em in diameter and 
36 to 60 meters in length are driven 
plugged with concrete. Bars are 
welded on to tho top of the casing 
for embedment into the pile cap. 

Superstructure : Special techniques 
such as tilt up construction, and 
lift slab construction, have been tried 
on high jobs in the USA though 
their application has not been on a 
vast scale as yet. The team visited 
certain buildings where these me
thods had been adopted and had 
discussions with the officials there 
on their practical and economic 
aspects. The tilt-up construction 
adopted for the walls of ware·hou• 
ses and light workshops have the 
advantage of saving time and 
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enables the structure to be temoved 
and refitted in case the building is 
to be expanded. The lift slab 
construction envisages the casting 
of all floor and roof slabs at one 
level, casting of columns and lifting 
of slabs by jacks and fixing them 
at the appropriate levels. This type 
of construction is claimed to have 
speeded up the pace of work. 

Mechanisation of construction 
As mentioned earlier the cons• 

· truction industry has been mechanis· 
sed to a great extent in all the 
countries visited though there may 
be variations in degree between one 
country and the other. It may not 
be practical at this stage, for us to 
follow the USA but in this respect 
it is all the same necessary to start 
a phased programme of mechani· 
sation. With the increasing tempo 
of construction activity in the 
Third and subsequent Plans and the 
permeation of democratic ideas, me· 
chanisation has a greater signifi
cance. Some of the appliances such 
as scissors lift for raising and 
lowering of centring, portable belt 
conveyors for removing excavated 
earth or similar material, suspended 
scaffolding manoeuvred by winches 
for finishing work on tall buildings, 
floating machines for finishing of 
floors, weigh-hatching equipment 
for concrete work, may be brought 
into wider use. It is also necessary 
to encourage the greater adoption 
of fork·lift trucks, hoists and der
ricks for the efficient and quick 
handling of materials on construc
tion jobs. Some of the equipments 
are already being manufactured in 
the country. Steps may be taken to 
accelerate the production of these 
and to start the manufacture of 
others. 

In the development of cranes for 
building construction special men
tion may be made of the climbing 
crane. This bas a short fixed mast, 
but in all other respects is similar 
to a mobile crane. The crane is 
first erected to a height of SO ft 



inside the building. As the building 
grows and floors are installed, holes 
are left for the passage of the mast, 
and collors embracing the mast are 
mounted on adjacent floors. The 
whole crane is then lifted by manual 
or powered winches and fixed at 
higher levels. For tall buildings 
the climbing cranes are economical 
than cranes mounted on ground. 
It has a further advantage that the 
jibs of same length can cover a 
greater working area. It has also 
got considerable advantages on 
congested sites where a mobile 
crane would need more space. The 
use of the crane, however, is to be 
decided upon at the design stage, 
as the structural components of the 
building will have to be designed to 
take up the loads transmitted by the 
crane. 

There are other small equipments 
which may add to better control of 
work on building sites. A few of 
them which need special mention 
are the different types of clamps 
used for centering and form work 
which enable quicker erection and 
dismantling, straight edges with 
built-in levels which can be used in 
the erection of form work and 
construction of walls and power 
rammers which can be profitably 
employed for consolidating the 
earth-fill in and around buildings. 

Organisation of contractors 
In all the countries visited, work is 
done mostly through contractors, 
and seldom it is taken up depart
mentally. It is common also to 
entrust designs of projects to 
private firms of consultants. This 
bas set up a healthy competition 
among different consultants and has 
helped in fostering new techniques 
of design and construction. 
In the USA there is a very power

ful organisation of construction 
eontractors, called the Associated 
General Contractors' Association. 
The part played by this organisation 
in setting up high standards of 

workmanship and in resolving dis
putes between clients and contrac• 
tors is praiseworthy, The close 
collaboration of the Association 
with technical institutions and 
labour unions has led to harmony 
in the construction work as a whole. 
The commendable part played by 
the Association in organising disas
ter relief and in standardising 
measures for accident prevention 
on construction jobs deserve 
emulation. 

The incidence and cost of acci
dents in building construction are 
much highet" than is often realised. 
Prevention of accidents, therefore, 
deserves much greater considera
tion. The problems of accident 
prevention is primarily an educa• 
tiona! and a psychological one. The 
only effective way of keeping down 
the accident rate is continued 
publicity, education and constant 
vigilance. The work undertaken 
and the publications brought out 
by the Associated General Contrac
tors in this line should serve as a 
good guide for taking similar 
precautions in building industry in 
this country, and for planning 
accident prevention in each project 
and into each of the many separate 
activities that make up the job. 
An extract from the Manual oj 
Accident PTet~ention regarding 
concrete construction and another 
extract from the same publication 
outlining the inspection check list 
for some items of construction 
works are given in Appendix II. 
Most of the contracts in the USA 

are given to the general contractors 
who in tum engage specialist 
contractors for executing several 
items of specialised work. This 
method bas been found to be quite 
successful as there is nnitary control 
over the operations at site. The 
representatives of the Contractors 
Association emphatically declared 
that this method had ultimately 
rcsnlted in lower costs of construc
tion. In India the system ia quite 
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different. Though the work as a 
whole is awarded to a genef!~I 
contractor by MES and certain 
other organisations, in mos.t places 
various items of work are g1ven to 
different contractors. This gives 
rise to a multiplicity of agencies 
working on a building site. ~ 
proper coordination of the1r 
efforts is attended by numerous 
difficulties and the system also has 
an adverse effect on the quality of 
the completed work. The team is 
of the opinion that this method 
should be tried more often. 
The system of bonding by Insu

rance Companies is prevalent in the 
USA and Japan. This system 
eliminates the locking-up of con
tractors' money with Government 
departments. It is well-known that 
the system of security deposits 
prevalent in India and the delays in 
the settlement of accounts of con· 
tractors lead to higher tender rates. 
The team, therefore, recommends 
the introduction of bonding system 
on similar lines in India also. 

adoption of this procedure for .ali 
major works. 

It was reported in Japan that 
financial assistance in the form of 
advance was also given to con trac
tors for purchasing materials, tools 
and machinery, etc, 

Organisation of labour 
The building labour in the USA is 
well organised, each cl~ss. of labour 
having its ~wn assoc1at1~n.. The 
emphasis la1d on the trammg of 
skilled workmen by various labour 
associations and the steps they take 
to implement the same deserve 
emulation. The training courses 
are arranged under the joint auspi
ces of the Associated General 
Contractors of America and the 
Unions of respective crafts. Cer- · 
tain national standards have been 
formulated for apprenticeship in 
each craft. These cover the bas1c 
requirements of an effective appren
ticeship system and are offe~ed 
for the guidance of local orgamsa· 
tions of contractors and craftsmen. 
The term of apprenticeship varies 
from 3 to 5 years. Apprentices 
are paid wages during that period 
ranging from 50 to 95 per cent of 
the wage earned by workmen of 
that particular craft, 

Throughout the tour of the USA 
the system seems to be that final 
payment to contractors are made 
within 90 days of the physical 
completion of work and that no 
changes are made in plans or speci
fications during the course of work. 
The Productivity Team on Buildings 
sponsored by the Anglo-American 
Productivity Council also bad 
rightly emphasised the necessity of 
ensuring prompt payment to 
contractors and the strict avoidance 
of changes during the execution of 
work. This makes it essential to 
finalise all the detailed architectural, 
structural and service plans and 
specifications at the tenders stage. 
It is the practice in USA to prepare 
what is called the Green Book which 
incorporates all the documents and 
other relevant information for the 
guidance of the tenderers. Con
vinced, as the team is, of the 
economy that will accrue from such 
complete and comprehensive plan
ning, it would recommend the 

The apprentices are required to 
work 8 hours a day on works and 
to attend classes in subjects related 
to their field for about 144 hours in 
a year. They have to appear in an 
examination every year, and after 
passing the final examination at the 
end of the term they are awarded 
a certificate on the basis of which 
they can get a job in the industry. 
The ~rogramme . is ~dminist~red 
by ajomt apprenticeship committee 
comprising of representatives of 
contractors and the labour unions. 

With the increasing tempo of 
construction activity in India, there 
is a great need for the systematic 
training of building craftsmen. The 
Builders' Association and Construc
tion agenciea will have to devote 



greater attention to this. It will 
also be advisable to draw up Natio
nal Standard• for apprenticeship 
training in various trades. 

A noteworthy point with regard 
to labour unions in the USA is the 
fact that only the workers employed 
on the particular trade are entitled 
to hold any execut1ve post in the 
union. No outsider is allowed to 
hold any post in a union. The 
unions are not affiliated to any 
political party. Their relations 
with the employers are cordial and 
almost all disputes are settled by 
mutual negotiations. 

Mostly, the labour is engaged only 
for the duration of work though 
certain companies have a few 
permanent hands on their pay rolls. 
The payment to labour is on hourly 
basis and is made weekly in the 
USA and fortnightly in Japan In 
the USA, however, there is a Fair 
Wage Act and the minimum wage 
is stipulated as $1 per hour. Women 
labourers are normally not employ
ed in building industry. 

There is no labour participation 
in the management of industry as 
such, but there is ample opportu
nity for the labour to become 
employers themselves. 
The organisations for contractors 

and labour in Japan are also 
modelled after those in the USA. 
No proper assessment of the situa
tion in Italy could be made as the 
programme did not include any 
meetings with the asaociations of 
contractors and labour. 
Productivity the key to plenty 
In all the countries visited, it was 
clear that one of the factors contri
buting to higher production is the 
helpful attitude of trade unions and 
workers towards productivity. 
They realise that increase in pro
ductivity does not result in reduc
tion in employment. Post·war 
experience has shown that advanced 
techniques and modern machinery 
would result in lower cost of pro
ducts which invariably results in 
greater demand and increased scope 
of employment. 
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Summary of Important Recommendations 

I Location and zoning of Industries 

(i) Adequate attention is required to be paid to the question of exploring 
the possibility of locating industries in rural areas, 

(ii) In order to prevent deterioration of living environments caused by 
mixed existence of factories and residences and to prevent factory nuisance; 
it is necessary for the city planning and building administrations to have 
more detailed zoning and measures for its strict enforcement. Study of 
zoning should immediately be undertaken with a view to formulating the basis 
for an adequate workable Zoning Code. 

2 Layout of buildings 

(i) General: A layout providing for separate groups of buildings with a 
plenty of inter-shop space for air ventilation would be more desirable. Such 
grouping of separate buildings has, in addition, inherent flexibility for future 
expansion. If the layout demands more than one open gantry, the logical 
decision would be to use the same span for all the open gantries to facilitate 
interohange of gantry cranes. 

Single-storeyed construction is a logical solution for factories to facilitate 
modern material handling and for efficient arrangement of production lines. 

As cost of paved roads is a substantial proportion of the development cost 
of site, the length and width of such roads shou~d be kept to the minimum 
consistent with functional requirements. 

(ii) Factory-buildings: To obtain cost reduction, the following salient 
features of industrial structures are highlighted : 

(a) the building should be as open as possible in the plan 

(b) in view of the economy offered, flat type roof may be adopted in arid 
regions 

(c) foremen's offices and other shop offices and employees' facilities snch 
as locker space, etc may be situated on a mezanine floor so that the 
valuable shop floor below Is not wasted 
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(d) roof gutters and rain water down pipes in asbestos products can bo 
used in preference to pressed steel gutters and Cl rain water down pipes 

(e) roof purlins and gantry girders should be designed as continuous. 

With the increase in steel production, it should be possible to set up 
factories for fabricating open web girders for different spans and loading 
conditions together with deckings of different sizes and patterns This will 
facilitate single storeyed shed construction for industrial undertakings. 

(iii) Office buildings: For office buildin~:~. the best layout seems to be of 
the central corridor type with a corridor width of about 6' to 8' with rooms 
of 16' to 18' on one side and deeper halls on the other side. The usable 
space or carpet area should be of the order of 65 to 75% of the total built· UP 
area. 

3 Landscaping 

Landscaping is an essential item in factory buildings layout. Sufficient 
attention must be given to this. 

4 Working conditions in factory 

The following factors should be kept in view to ensure better working 
conditions in a factory : 

ease of access to the various shops of the plant (a) 

(b) adequate parking facilities for the employees' conveyances, such as 
cycles, etc ; and 

(c) short walking distance from parking space to the place of work or the 
time clock. 

5 Space planning 

In workshops provided with extensive cranage, the economical spacing of 
internal columns along working bays can be about 40'. The width of bays 
can also be 40'. 

For palletized storage, the distance between the column spacing across the 
building should be a multiple of 3' and along building a multiple of7'. 

6 Lighting and ventilation 

Advantage should be taken of the abundant daylight available in the 
country to avoid recurring cost of artificial lighting. In view of the higher 
cost involved, nortblight roofing should be restricted only to those particular 
buildings in the layout which need it. An effective glazing area of 20 to 30% 
of floor area gives a reasonable standard of lighting for our climate consistent 
with economy. In hot humid regions of India, windows and permanent 
openings should be placed sufficiently low to ensure thorough ventilation. In 
arid regions, louvres in the side sheeting and precast concrete louvres in the 
masonry walls below should be eliminated. 
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7 Services 

(i) The use of compact floor trenches, covered with steel chequered plates 
for accommodating services is recommended, 

(ii) Overhead busbar distribution system should be considered only if 
otherwise unavoidable, 

(iii) Indian industries located along the sea coasts should investigate the 
economies of the ocean conduit system, wherever large quantities of cooling 
water are required, · 

(iv) In large halls, provision should be made for wide fire aisles, well 
marked and always kept clear to sectionalise the plant and prevent the 
spreading of fire. 

8 Construction In seismic zones 

(i) The development of Steel Skeleton Reinforced Concrete' Construction 
as in Japan, will be of advantage in the siesmic zones in India. The lSI should 
look into the problem of preparing a Code for such construction. 

(ii) Further research on aseismic design and construction is essential. 
Necessary facilities for this should be provided. 

9 Composite construction 

The lSI should take up the preparation of a Code of Practice for 
composite construction urgently. 

10 Shell construction 

(i) The construction organisations should see that shell designs are pro
moted wherever they are economical in order to save use of structural steel, 
which, even though may be available in greater quantities now, should not 
be wasted on structures, for which other alternatives are possible, 

(ii) The extensive use of model analysis in structural design which has been 
adopted in Italy is worthy of emulation. It is desirable that suitable facilities 
for this are made available in this country, 

II Concrete construction 

(i) Considering the economy in cost and better control over quality, 
central hatching plants for concrete mixing may be set up, at least at places 
where there is concentration of building activity, 

(ii).Metallic forms may be standardised for increased use as it would lead 
to conservation of timber which at present is in short supply. 

12 Steel materials 

(!) Steps may be taken by Government to step up factories for production 
of hght gauge steel and other structural units. The plans for the factory 
pr~posed to be set up for manufacturing high tensile wire should be finalised 
qUICkly, 
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(ii) The manufacture of deformed bars may be undertaken in the colin try 
so that they may be used in RCC work, thereby affecting economy in cost as 
well as in the consumption of steel reinforcement, 

(iii) The possibility of introducing high strength bolts in the country needs 
examination. 

13 Light weight aggregate 

The possibility of manufacturing light-weight aggregates in India requires 
investigation. 

14 Building materials centres and research 

(i) Building materials centres may be set up in this country in the bigger 
cities like Calcutta, Bombay, Madras and Delhi where there is great concen
tration of building activities, 

(ii) One-fourth per cent of the expenditure on buildings should be set apart 
for financing research work on building materials and for putting up pilot 
plants where necessary. 

IS Manufacture of equipments 

Provision must be made in the plan itself for the manufacture ofequipments 
like rotary kilns, block-making machines, extrusion plants, etc and for the 
setting up of pre-cast factories and factories for the production of light-weight 
aggregates. 

16 Standardisation 

Encouragement must be given to the adoption of new techniques of design 
and constructson on the basis of performance standards. 

17 Mechanisation of construction 

A phased programme for mechanisation of the building industry is essential. 
Greater adoption of fork lift trucks, hoists and derricks in construction jobs 
should be encouraged. Steps should be taken to manufacture some of these 
construction equipments in the country. 

18 Planning for safety 

Planning for accident prevention in building industry is of great 
importance. Greater attention to this is called for. 

19 System of contract 

(i) The method of giving contracts for complete works to the gen:ral 
contractor who, in turn, should engage specialists contractors for executing 
several items of specialised work should be tried, 

(ii) Bonding system, as is prevalent in the USA, should be introduced in 
India. . 
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~6 Comprehensive planning 

Complete and comprehensive planning of all major works Is essential in 
order to avoid changes during execution of work and to ensure overall 
economy. 

21 Apprenticeship training 

It is advisable to draw up National Standards for apprenticeship training 
for various building trades. 
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APPENDIX 1 

List of establishments, institutions and organisations visited 

Industrial establishments 

1 Asano State Company Ltd, Tokyo, Japan. 

2 Sanki Sash Company, Tokyo, Japan. 

3 Tokyo Rayon Factory, Shiga Japan. 

4 Matsushita Electrical Company, lbalaki, Japan. 

5 Japan Nippon Steel Tube Company, Kawasaki, Japan. 

6 Kawasaki Power House, Japan. 

7 Gene~al Petroleum, Los Angeles, USA. 

8 Ware House of the Pacific Railway, Los Angeles. USA. 

9 Lytton Industries, Los Angeles, USA. 

10 Wales Pre-cast Concrete Factory, Los Angeles, USA. 

11 Thermal Power Station, Huntington Beach, California, USA. 

12 Tax-Crete Ltd, Dallas, USA. 

13 Great South West Corporation, Dallas, USA. 

14 Brook-Hallow Industrial Estato, Dallas, USA. 

15 Brick and tile factory, Milan, Italy. 

16 FIAT Automobile Manufacturing Factory, Turin, Italy. 

17 FIAT Spare Parts Manufacturing Plant, Turin, Italy. 

18 Olivetti Factory, Ivrea, Italy. 

19 Una Officiana Neccanica a S Bernardo d'Ivrea, Italy. 

Technical and indnstrial institutioJJS 

1 Building Research Institute, Tokyo, Japan. 

2 Testing Materials Laboratory of Tokyo University, Japan. 

3 Kyoto University, Kyoto, Japan. 
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4 California institute of Technology, Pasadena, caiitornia, tJsA. 
5 Portland Cement Concrete Association, Chicago, USA. 

6 Research and Development Laboratory, PCA, Skokie, USA. 

7 Instituto Sperimentale Modlli, E Strutture, Bergamo, Italy. 

Other organisations 

1 Japan Construction Materials Association, Tokyo, Japan. 

2 Obayashi Gumi Construction Co, Osaka, Japan. 

3 Japan Federation of Architects and Building Engineers Associations, 
Tokyo, Japan. 

4 Architectural Institute of Japan, Tokyo, Japan. 

S Shimizu Construction Company, Tokyo, Japan. 

6 International Trade Centre, Tokyo, Japan. 

7 Building Material Centre, Los Angeles, USA. 

S M/s Amman & Whitney, Consulting Engineers, New York, USA. 

9 Trades Council of Greater New York & Vicinity, New York, USA. 

10 Associated General Contractors of America, Washington, USA. 

11 American Institute of Architects, Washington, USA. 

12 US Department of Labour, Washington, USA. 

13 International Centre, Washington, USA. 

14 Ministry of Public Works, Rome, Italy. 

15 Prof Nervi & Bartoli, Consulting Engineers, Rome, Italy, 

16 Dr Ricardo Morandi, Consulting Engineer, Rome, Italy, 
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APPENDIX 2 

Extracts from the Manual of Accident Prevention In construction 

Concrete construction materials 

Men handling sacked cement should wear goggles, durable close-fitting 
clothing with snug wrist, ankle and neck bands. The use of protective cream 
on exposed skin surfaces should be encouraged. Men handling bulk cement 
should, in addition to the above, be equipped with goggles and respirators. 
Men working in the sun should be required to wear shirts and head covering, 
as protection from the sun's rays and irritants. 

One of the best means of avoiding skin irritation from cement dust is 
personal cleanliness. Frequent and thorough washing, combined with the use 
of protective cream is recommended. 

Forms 

Form lumber and supports should be selected after careful consideration of 
loading factors, including spans, setting temperature, rate of pour, and work
ing loads that will be supported. Good housekeeping is important in prevent
ing injuries caused by falling objects, nails, splinters, etc. Stripped form 
materials should be cleaned and neatly stacked after removing all nails. 

Scaffolding should be erected before placing decking on joists, to enable 
men to work safely_ 

Men constructing forms or placing reinforcing ateel where there is a falling 
hazard should wear safety belts, or other adequate protection should be 
provided. 

Shoring 

All loads must be carried to the ground through shoring_ Proper allowance 
must be made for the weight of forms, concrete, men and equipment. Shoring 
should be erected and maintained in plumb, and adequate footing must be 
provided. Spacing of shores is governed by design economies, form material 
used, etc. 

It is suggested that shores be spaced to provide a minimum safety factor of 
four. Adjustable shores should be securely locked wben in position in 
accordance with the instruction of the manufacturer. • 



. Shoring should be properly braced horizontally and/or diagonally, in both 
dtrections along lines of shores. In any 50 foot line of shores, it is recom
mended that cross-bracing be used at least once. 

If vertical shoring is spliced, the American Concrete Institute suggests a 
diagonally-braced line of struts at each splice level sufficient to carry 1% of 
the vertical load, in two directions at right angles to each other, 

Tubular steel scaffold sections are widely utilized as from supports. Erec
tion and loading instructions of the manufacturer or supplier should be care
fully observed. Each scaffold unit is self supporting and most types are 
internally braced in both directions. All installations should be plumbed, and 
provided with adequate footing, 

All shoring should be protected from damage, such as might be caused by 
moving vehicles or swingmg loads. 

During concreting, one or more carpenters, as required, should be assigned 
to tighten wedges and see that centering supports are in no danger of collap
sing. No incidental duties should be assigned from watchers during periods 
of concrete pouring. 

Removal of forms and shoring 

Forms should not be removed prematurely. CONCRETE SHOULD BE 
PROPERLY SET-NOT FROZEN. Only test on job-cured specimens wiiJ 
insure that concrete has attained sufficient strength to carry loads. These tests 
should be supplemented by surface hardness impact (hammer) tests on the 
members in question. Job specifications and local building codes should be 
consulted before removing forms. 

These precautions apply principally to flexural members, such as slabs and 
beams. Vertical form faces for walls can be stripped at any time. 

Only personnel actually engaged in form stripping should be allowed in the 
area during the operations Hard hats, gloves, and, heavy-soled shoes should 
be worn. Approved safety belts and lanyards should be used if adequate 
footing is not provided above the 6-foot level. 

Before stripping forms, centering should be well supported by shoring. 
Ledgers should be fastened to shores to prevent the centring from falling. 

In cutting the wires under tension, care should be taken to prevent back 
lash which might, hit the body, particularly the face, eyes or throat. 

Excavation and shoring 
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(a) Shoring of adjacent structures 

(b) Shoring and sheathing as needed for soil and depth 

(c) Public roads and sidewalks supported and protected 

(d) Materials not too close to edge of excavations 



(e) lighting at night 

(f) Water controlled 

(g) Equipment at safe distance from edge 

(h) Ladders or stairs provided where needed 

(i) Equipment at ramps adequate, slope not too great 

lj) Frequent inspection 

Explosives 

(a) qualified operators 

(b) Proper transport vehicles 

(c) Local Jaws and regulations observed 

(d) Storage magazines constructed per regulations or as recommended 

(e) Experienced personnel handling explosive at all times 

(f) Cases opened with wooden tools only 

(g) No Smoking posted and observed where appropriate 

(h) Detona ters tested before each shot 

(i) All personnel familiar with signals, and signal properly used at all times 

(j) Inspection after each shot 

(k) Proper protection and accounting for all explosives at all times 

(I) Proper disposition of wrappings, waste and scrap 

(m) Advise residents nearby of blasting cap danger 

(n) Check radio frequency hazards 

Concrete Construction 

(a) Forms properly installed and braced 

(b) Adequate shoring, plumbed and cross braced 
(c) Shoring remains in place until strength is attained 

(d) Proper curing period and procedure 

(e) Check heating devices 

(f) Mixing and transport equipment supported and traffic planned and 
routed 

(g) Adequate runways 

(h) Protection from cement dust 

(i) Hardhats, safety shoes, shirts covering skin 

(j) Nails ~d atrippe!_form )Dateril!_l removed fro!JI area. 

51 



TECHNICAL BOOKLETS 

The National Productivity Council bas secured a number of publications 
for supply to the industries. These comprise various types of publications. 
They are follows : 

I. TECHNICAL TRAINING BULLETINS (TB) : These bulletins 
provide excellent material in the field of training in businesl management and 
industrial administration. 

2. FACTORY PERFORMANCE REPORTS (FP) : These reports 
present operational profile• of U. S. Plants against which industrialists can 
evaluate their operations and isolate areas of poor performance, as a guide to 
selective improvements In factory operations. 

3. PLANT REQUIREMENT REPORTS (PR) : These reports present 
basic information for the use of potential plant operations in establishing and 
operating a small plant. · 

4. PLANT OPERATIONS REPORTS. (PO) : Plant operations 
reports are designed to assist in establishing and •operating small plants, or 
improving the operating of existing plants 

v 5. CAPITAL REQUIREMENTS AND: OPERATING RATIO 
REPORTS (CR) : These reports provide information on capital use, 
operational costs and profits of selected U. S. Industries in a form to facilitate 
comparison with their counterparts. · 

6. OPERATIONAL DATA REPORTS (OD) : These reports have 
been prepared as a result of inquiries received by the Technical Inquiry 
Sw~ · · 

7. TECHNICAL INQUIRY SERVICE REPORTS (TI) : These 
reports provide information relating to ilie establishment of manufacturing 
plants. -

8. STANDARDIZATION, SIMPLIFICATION & SPECIALIZATION 
STUDIES (S) 1 These reports relate to developments in this field resulting 
in increased efficiency. 

9. COTTAGE INDUSTRIES REPORTS (CI) : Reports based on 
programmes dealing with cottage and small scale industries. 

/ 10. INDUSTRIAL DEVELOPMENT GUIDES (ID): Studies present-
ing basic considerations in Industrial development planning. 

11. COST SYSTEM OUTLINE (CD) : Guides for managers and 
accountants to understand cost accounting problems and general management 
techniques. 

12. BIBLIOGRAPHIES, REFERENCE LISTS AND GLOSSARIES 
(GP N) 

AI! these publications are available from : · 

NATIONAL PRODUCTIViTY COUNCIL 

38 Golf Links, New Delhi (India) 

at modest charges 



NPC Publications 

r. Productivity Journal-Annual Subscription 

2. Speaking of Productivity: 

English edition : 

Hindi 
Bengali 

Tamil 

" 

3· Productivity Team Reports: 

(1) Productivity in Industries of USA,· 
West Germany & UK 

(2) Small Scale Industries in USA, 
West Germany, Sweden and Japan 

(3) Road Transport Industry in West 
Germany, UK and_ USA 

(4) Plastics Industry in USA, Italy & 
Japan 

(5) Cotton Textile Industry in USA, 
Japan, West Germany, France & 

Switzerland 

(6) Industrial Management Organi
sation and Training in West 

Germany, UK & USA 
\7) Factory Building, Layout and 

Construction in Japan, USA & 
_ _ It1ay 

(8) Bituminous Coal Mining Indus
tries in USA, UK, France & 

West Germany 

4· Productivity A Challenge 

Copies available from :-
JNFORMA TION OFFICER 

National Productivity Council ... -
38 Golf Links, New DeihL -

,· 
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