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A notion often prevails among the arcbttecto that 
standardisation brings sterilisation in creative arts 
including architecture# This dissertation has been written 
with . an inquisitive mind to anaUse whether etandaz'dieation  

and optimisation really does any harm and whether these 
could be done without eterilieing the creativefaculty of 
a deaignor, particularly in areas which ought not and 
should not be left to intution or chance,, such an the 
s rvi es#  circulation etc. 

nodular r planning has booøme the practise of the 

day and there is a greater scope of rationalteatton an 
the to teal Faculty of a designer can enter Into the 
domain of the creative faculty replacing intut ve work to 

a great extent, One of the atiking inventions of this 
century, the electronic-computer has revolutionised the 

technologies . all over the world. Presently#  it is being 

used In a limited way in planning and architecture but a 

vast field is still open for exploration and Implementation.. 
A general study of different works together with this 

dissertation shown that rst.ion lioati.on or the use of 
computer in in no way a deterent to the architect t© create 
now forms,# rather it promotes the true synthesis  of form 

and function, 



This dinoertatio n is primarily o rient d to the 
rations3 t ation of Industry, Research Zaboratortos 
through optiinieation of eenicae but the principles 
are applicable to the rationalisation cation of any other project 
based on modular planning requiring optirnieatton of cervices, 
since the appropreateneee of thy subject ' Optinisation of 
Se noon In induetrlsi Research Laboratories is in the 
overall intereet of our Nations progress. 
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Research activity can be traced back to the dawn of 

civilisation and will continue till the extinct of human 
race. The lum nriairee like Soroatee,, Nutcn, Leonardo -da.- 
vinci, Madame curie and many others have dotted the history 

of research by ages* However a sudden boost in research 
activities is, observed as a world wise phenomenon, only 
with the advent of rapid industrialisation. The research 
centres like the Building Research Station, U.K. and 
such other famous institutions had come up during that 
period. 

In, colonial India # the scientific research activities 
were limited to individual enterprice#  in academic 
institutes ad a few devoted and emienent scientists like 
Sir J.C, Bose, Sir C,V. Raman and such others„ At public 
sector only the institutions like the Indian Statistical 
institute#  Institute of Science, Bangalore and a few others 
could be seen#  It was only in independent India when the 
scientific research was promoted by the Government of 
India#  under the Chairmanship of the first Prime nister, 
Sri J.L, Nehru. In 1947k under the Council of Scientific 
and Industrial Research with Dr. U, $« Bhatnagar as its 

Fl 
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Director General, thirteen research centres where opened 
all over India, which multiplied into many sub-eentree 
together with many new centres,, Grants on scientific  
research steadily increased in subsequent years, National 
expenditure on scientific research steeped up from Re,lQ 
million in 1947 to Re.500 millions in x 963-64*1  

in private sector also reputed institutes have come 
up such as the #tats-Institute of Pundamental Research`, 
Birle institute', Pilani and similar *there. 

Inspite to o such development in research ac t vi tie s # 
it is found inadequate in time and space of the vast 
nation as ours. The expenditure on scientific, and 
industrial, research constitutes only O.3 of our G, N. P, 
which is admittedly low by international Standards.2 

Government of India, at pre ent, has given much 
stress on self-reliance and also recognised the basic 
needs towards fulfilling its pledge# 

In his recent address to the scientists*  the Central 
Minister of Scientific and Industrial Reeearch3  has express 

la Excerpt from the lecture delivered by Dr. Atma Ram in 
Bose Institute in July#  1964. 

2 U1SCO Report on Scientific and Industrial Research4 ,967 
3. Xr,C, ubraman an,, the Min .titer of Scientific and lnduetri 

Research had addressed the National Congress of Scientis 
held i a Vigyan Bhawan, New Delhi, on. liarch, 1972. 
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the Government's desire to boost research activities and 
give priority towards starting as many research centres as 

feasible* He has also promised to provide incentive to 
private sectors to develop indigenous methods and techniques 
through research laboratories of their own. He has also 

stated that the tort1 is going to solve the administrative 
dif'f&*ulties faced by the young sc. entiots towards freedom 

of work In laboratories* 

These refreshing attitudes are going to open the 
door towards intensive research activities at the national 

scale* The architects in near future will be required 

to play their role in uplifting the national economy 
through laboratory building designs, utilising with utmost 
efficiency the money spend on the laboratory building by 
the developing nation. 

Rationalisation in Laboratory Planning: 

The twentieth century has seen new innovations 

of phylosophy and style in Architecture and our four 

runners have created many landmarks with their revolutionary 
and rational thinking, But today when we compare the 
achievements in various fields of technology with that in 
architecture, we find that we have legged behind in shaping 
our environment as compared to technological advancement. 
The reason being that where as the technologies have been 



highly rationalised, the way we shape our environment 
through Architecture and Planning has remained relatively 

intutive in nature and it may remain so far all times to 

come in same of its areas of provision. 

To-day, the gadgetry has entered deep into man's day 

to day life and our living architecture has also been 

influenced by it to a degree that one is indiopensible of the 

other like the bone and flesh in a living body. It is 

specially true for the laboratories whvre sometimes the 

gadgetry and equipments assume a dominant role and the 

architecture merely an enclosure to it. In a democratic 
set up - involving people's wealth $ the planning and design 

in such fields can not be left on intution or the whim of 
the designer. A rational and systematic approach should 
be evolved to achieve a highly efficient form and to 
make the best use of available resources. The following 
pages are devoted to discuss in details, the need for 

rationa ieation from the very conception of the design* 

Soon of the Dissertations 

In the light of present context it is felt appropriate 

to un4ortake studies on the various aspects of the planning 

of Industrial Research Laboratories in a rational 

way, In the ge of technological advancement, the laboratory 

planning is a highly specialised subject involving numerous 
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divergent informations, too large to be handled by an 

individual architect, or even small panels of experts.. 
But the contemporary architect should outti a his capacity 
to handle rationally the informations and now parameters 
or threshold supplied to him by the different experts 
leading towards an optimised solution*  

Within limited time and resources available to 
the author#  this dissertation$  aims at a systematic approach 
for optimisation of services in laboratories and as such 
only a small section out of the various parameters could be 
incorporated in this study i.e. the 'ssriioos within the 
Laboratory Building', However# with the same approach and 
rati,'onality, other variables can also be evaluated as 
a.  separate study If more time and resources are available# 
The aentralised services within the laboratory building 
under consideration are as follows i 

I., Benohservi oes iqutds, Compressed air and gas 

2. Weather cbntroll - Air conditioning and exhaust 
y. Lllurntnation *- Natural and Artificial# 

The other services pertinent to this class of services 
are power#  telecommunication which need further study. 

LDGEL4PPQRTIONING _ AT TIC PRBLIMNART STAG z 

To the amusement of roadere,it is often published in news 
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papers that a building project after completion has cost 
double its intended budget and the major share of criticism 
is diverted towards the architect oonoerned. This happens, 
no doubt, because of the rising prices as well as the 
budget made without precise knowledge or made on net 
requirements and apprehensions.. 

A large portion of the architects time and energy 
is wasted in re..doing things on the drawing board#  discarding 
plane and estimates at their advanced stage as the scheme 

takes a clearer image through working drawings and the 
desoripenoies between the sanctioned budget and the actual 
project costs become evident 

Much of this redundant time and money can be saved 
if a rational approach is adopted to get a teasonably 
accurate picture of the budget, it can only be possible if 
the priliminary sketch design#, on which the budget is sanction-
ed, has been adopted through a high degree of irntonaliaation. 
Many alternate proposals should be studied and placed 
before the client so that in case of exigesist  another 
alternative sebme could be implemented without undue 
amputation of the clients requirements or going through 
a process of sanctioning additional funds, which often 
occur& due to the r- .sing prices incurred by the time lag 
between the commissioning of the architect and the slow 
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process through which the echex a is implemented.' 
Rationalisation of the priliminary sketches can be 

done on several items such as„ the land coat, coat of access, 
utility cost #  circulation, cost of laboratory services,, 
building elceteton, cost of finishes, cost of construction 
including materials#  labour,, provision for rising coat 
in time and space and so on 

Various alternative solutions should be studied for 
each of the items and overall cost computed to evaluate 
an optimum solution or a range of solutions within the 
limits of the budget and without undue sacrifice of the 
work efficiency ash aeet4e-ttoe. 

It is impractical for the architect and his team 
to spend the valuable time and money at investigating 
numarouc alternatives and go on estimating manually the 
cost of each of them*  It can only be possible it he takes 
the help of a computer which can provide precisely the coat 
of these alternatives with much less time. 

Another interesting matter in adopting computer 
Is that a much more rational approach in designing has to 

1, The usual steps between the commissioning of the architect 
and the i?piementation of the project as follows. 
• Decision on the priliminary design by the administration 
• Finar ial allocation  
• Release .of funds 
* Wor Ling drainge and estimates 
. Tender 



be taken loading to many quarries and Informations which_ 

were beyond the normal comprehension of the sketch designer 
at that stage and which ought to be exposed in due course 
as • the sketch plan is d eloped further and further towards 
working drawings, 

We all know, the complex contemporary building like 
a laboratory is an outcome of the synthesis of aesthetics 
and technology where mechanical and electrical equipments play 
a vital role. These gadgets are inseparable part of the buiidin 
form and the aesthetics, However# beautiful and pleasing 
the building form may be it is going to be marred after the 
Institution of the service lines and add up a considerable 
amount to the capital cost and, runn&ngrunning cost of the project 
unless they are considered during the designing of the 
build .ng just like the veins in' a living body#  

Thus a building project needs the co-operation. and 
co-ordination of various experts in different fields. 
The architect's role,, as according to Henry Wright, #is 
like a good panel leader in a radio d .ecueoion*  $ i.e. to 
co-ordinate the available expertise in different fields of 
the building project. .T rge arohiteot's office has such 
panel of experts either in the form of employee or as 
consultants, but they come into picture when the building 
plan has already been does. They either design their respeo- 
tive part on the basis of the given floor plans or have to 
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direct the architect to modify it or change it. Thus it 
becomes a trial and error project. This could be avoided 
only if the architect is able to take Ir 1p of the experts 
in different fields while he is forming a mental picture 
of the project, i.e. the Initiall sketching steps. 

Much of hue and cry is often heard about the methods 
of rationaliaLn, construction process by means of 'critical 
path method', 'Programme :valuaton and Review Techniques 
and other ea hitioated methods to control the cost of 

conotructio . of a project through efficient use of materials, 
man and machine powers, storage on site etc. Rewever, direct 
labour coot represent only 20X to 257. of the total project 
coot # Therefore a 10 percent saving in field labour cost 
results in a 2 to 2# percent influence on the total project 
coat where as rationalisingdesign process wbtob. which represents 
75 to 60 percent of the total project cost, could save a much 
higher percentage,, This shows the need for rationalising  

during design stages 

Richard , 'arroid' o views are revealing in this regard, 
as he says, 'Once the site is selected * the basic plant layout 
is established and the design basis fired' the major costs 
of the project are ' looked~►im' . It is during this basic 

planning period that something can be done about coot' #'1 

1, Jarrold, Richard,, 'haz'maoeutical Plant in Puerto Rice', 
Chm caj. 	jn 	rore1s 4 (Vol« +66, 1970), P•177 
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A major share of ,  the total budget is consumed by 
piping and though it is considerably hig i, the architect 
tends to over look it till the basic plan has been 
finalised, and after the basic plan is finalised there is 
hardly any scope left to optimise the piping circuitry 
except follow the building plan. A small additional 
expenditure un piping design. to integrate it with the 
initial sketch plan Of the building, may save the client 
from a huge amount of wastage, 

.Mr. Pitzer' a statement maker3 it more expicit as 
he writes, '•.« the break darn of cost of services shows 
that as co spared with the 2 percent of the total project 
budget absorbed by piping design functions (in laboratories) 
around 12 percent is spent on procurement of the piping 
components and a further 10 poróent is utilised in the 
fabrication and erection at site of the pipe 

Apart from direct losses as mentioned above, the indi 
root losses may also occur such as delays in the order 
and delivery period of materials in bulk and hence, either 
delays in the completion of the project or to an uneatisf'ac- 
tory man power demand leading to high cost of construction. 

In many countries pipe work detailing is done by computer 
to achieve great reduction in cost and design time,, 

1. P tzer, M.S. 'Pipe Work Delaitirig by Computer', chemical 
ad roc Qa E ineerin (Vol.50,No,lQ,,Noember 1969),  pp. 7S . 
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Research laboratories yield indirect benifit to the 
nation* The extreme oases being an expensive experiment, 
after a long and tiresome period of persuit has to be 
abandoned fruitlessly, to a revolutionary achievement in 
a short duration which is a rare cases, whereas the 
recurring cost of laboratory eervioee are much higher 
than in any of the building type. 

Public sector can be expected to pereue an expensive 
research project for a long period despite unduly heavy 
running cost#  but in the private sector a small enterprise 
may not be able to bear such burden and may desert such 
research project and divert the building to some more 
remunerative work project. This is specially true if the 
running coats are unduly higher than the expected,, 

The layout of building and thereby the service system 
imparts great influence on running co®t of services like 
the pumps, compressors, fame eta, are subject to work 
on higher heads due to friction in piping which are either 
undere.zed #  unduly long or reach the laboratory benches 
after many turns and bends. 

The pipes with larger sizes, thoughwith a higher 
initial, cost, proven to be economical in long run as the 
lower running cost of services through such pipes, off sets 



the higher initial coat within a short period. 

Apart from the services through pipes,, -merely the 
form of the building may become a source of constant 
expenditure in terms of annual cooling and lighting cost. 
The total solar radiation bsorbed can be minimised by 
reducing the surface areas that 	receive m mimum 
solar radiation* and increasing them to orientations 
receiving less solar radiations# The planning which 
allows inadequate natural light incurs constant expenditure 
in two ways# one, the cost of lighting and another*  the 
cost of cooling due to additional beat generated by 
artificial lighting. 

Therefore a balance has to be struck .between the 
initial costs and Its respective annual running costs for 
different sizes of piping. The optimum size of pipes and their 
respective operating coat, thus arrived at, will vary from 
place to place depending upon the factors like aaterial 
coats, labour *opts  fuel charges (generally eI eotrioity) , 
climatic conditions#  method of cooling etc. and therefore 
an. optinised design for one place may not be effective for 
another place. 

Mechanical services in laboratories to-day have a 
life about half of the useful life of the building structure,1  

1„ Useful life is meant by the period after which the 
building has to undergo large scale renOvition to oontirue 
as a research laboratory or it is diverted to some other 
use, as such it Is not the actual life of the building, 

a 
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This statement is made with full realization that constant 
improvement in these arts results in fairly rapid obeolee.-

oence# and laboratory building can not continue for a longer 

time to work with obsolete mechanical services to stand 
in competition with the programme. A review of the extreme 
moderlisation and renovation of laboratory buildings 
takes place with a radical change in research techniques. 
Considering financial aspects and time leg in adaptation 
of such techniques, this period generally falls between 
30 to 40 years* The supply of services constantly Incur 
mechanical power leading to recurring operating cost, 

Average operating cost of services have been found 

to vary between 7 to 8 percent of the Initial installation 
cost with a probable low of 5 percent for high priced 
systems and a high of 10 percent for cheaper installation.1  

In an extensive supply system like laboratory 

services the ducts and plumbing cost ie about 40 to 50 percent 
of the total Installation cost of services* It is also 
about 20 to 25 percent of the total cost of the building 
project as stated earlier. 

This shows that the annual running coat of services 
with respect to the total cost of the building project 

I. $erreaa~LFeiiowe 	 (New York: Johnwiley and 
and Bone, INC., 1958 , p.26 and p#289. 
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including installations etc. # varies between 2.5 to 5 
percent. This includes power coat #  maintenance coot. 

Thee* statistics reveal that only the coot of 
running the eery .cee through unoptimised system can 
balance the total cost of a laboratory project within 
to useful life. It is too serious an aspect to be 

overlooked. 
An engineer or expert on mechanical services can 

design a system which will be most economical with 
re.3peot to the building design furnished to him. But 
this need. not be the lowest possible cost forthe project. 
There could be other building designs which can produce 
a still efficient system and which has remained unexplored, 
Thus optimisation is a process of exploration at the 
initial planning stage and can not be achieved afterwards. 
Optimisation of services through building design considering 
the life of the building may lead to higher initial invest- 
.meant in construction* This point . should always be remembered 

Therefore, the stress an the long range economy 
depends on the financial policy adopted by. the client. 
Generally research laboratories are established as long 
term project but sometimes the 01 	 ate financing 

may dictate the architect to look for a lower Bret 
cost of services at the expense of higher running cost* 
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Thus it Is a matter to be decided between the client 
and the, architect through meetings and discussions* But 
such a decision can only be arrived at when the architect 
can furnish the client with various alternative and 
concrete proposals regarding initial capital investment 
versus the corresponding annual operating cost of services 

These conclusions have been drawn at after a general 
.rvey of Industrial i.boratoriee, through site visits 

and review of books. 	 I 

Whenever possible the industrial research institute 
prefer to be detached from the mother plant forth. strong 
reason that their prime aotivity i.e. research is lost in 
industrial operation if attached to the mother plant. 

Locations 
Most ofthe contemporary research institutions prefer 

to have a calm and quiet location even if It is a few miles 
away from their mother plant or mother Institutes. Hence 

a country or suburban location with large stretch of plot 
and good landscape is their first choice. 

I. Present day practise in India#  of course #  takes account 
of only the capital investment and refiring costs 
receive little attention` 
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The increase in the efficiency of research worker 

in a calm atmosphere is estimated o offset the increased 
coat of service installation within a shorter period of 

years (being detached from their mother plant: all installa-

tions,  mechanical and others have to be separately 

installed) 
Distance of a few miles, Is not a Problem it commu« 

nication links are there$ because the order of physical 

communication need not be more frequent than daily or 
weekly (hourly cornmUflLcatiOfl communicationdictates the buildings to be 

in close prortmity or linked together), 

Planning  
planning of a pro3ect vary according to situation. 

Some of the factors that guide the planning are as follows. 

1, open type mod.° .a"r planning for C.iexibiltty $ Research 
work always goes ahead Of the time so the space 
requirement change faster than other projects.; 

2, Architectural character ofthe surroundings ~-
Central amenities and services and their distribution 

system* 
4. Mature of research work, 

. Cost to be discussed separately in detail. 

1. Not applicable in Indian Condit ono, 
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Growths 

Research buildings are very expensive proposition 
and the limitation of funds often dictate gradual expan. 
*ion. Therefore two kinds of expansion need to be provided. 

a« Bxpaneion in immediate future„ the building is 
often occupied with minimum possible space and then 
complete gradually the remaining part — proposed 
In the plan. 

b. Expansion In distant future, provision in plan and 
site for unforseen expansion in future due to 
change or addition in requirement and addition of 
new departments. 

Horizontal growth eatiefiee both the growth patterns 
and hence it is preferred,. Vertical growth is only 
possible in case of large scale expansion in distant future. 

Service Die tributioue t 

in relation to to e space module the services 
often follows.; the same module. to achieve flexibility of 
tapping the mains from any point according to changing 
situations# 

The services are used generally of two types of 
spaces *- 

a. Fixed Spaces 
b. For flexible Spaces. 



Some laborato*iee require special services and need 
not be changed. They are placed in close proximity of the 
mechanical ayetem. Provision at space (like under ground 
trench* service corridor eta.) for frequent rapaira and 
changes of the eerviOe lines, are appx esiated. even at -
an initial higher coat,. which is compensated within a 
short period by gains from the unhampered research work. 

Horizontal distribution systems prove to be 
economical. for most research buildings which are generally 
of low height. - Most of the. spaces in research building 

(80 percent to 100 percent) are air .conditioned with 
varying temperatures and humidity, ' Hence service systems 

often guide the planning and layout of building blocks.. 

Modern trend is to provide tndiv .dual services as 

far as practicable which add to the flexibility of the 

internal arrangements. Unit air-  conditioner,, cylieder 

gas, ,unit hood exhaust are frequently used, Striking a 

balance between the central and individual services is to 
be a decisive factor. More the variation in requirements 

from laboratory to laboratory more efftetent is the 
individual per rice aye tern. 

1. The statement is of special significance for chemical, 
biochemical medical and precisioninstrument laboratories. 



l odule: 	' 
Module for laboratories and module for general office 

building vary. The usual module fora laboratory often 
proves luxurious for offices and leads to a wastage of 
space. It is observed that wherever space permitted, the 
laboratory buildings are peparated from the officee 
buildings to satisfy the variation In their modules. 

Nodules for laboratories vary fromY to 4.5 me tors 
(between partition) and from 5 to 7 meters (between external  
and, internal walla) 

Width of modules for biological and medical research 
are on the higher side because of the use of wider benches, 
Piro Prote ations 

Most of the Industrial Iieaeereb laboratories, except 
the physical laboratories, deal with inflamable materials 
and therefore they are pro-no towards fire hazards* Special 
care has to be taken in every step of its design including  
location,. Fire regulations often dictate the selection of 

site,, location of the building proper including the set-
backe w  selection of building materials and finishes et*.,, 
Special care has to be taken for protection of lives and 
property in case of fire such as the safety egresses from 
the laboratory proper and fire escape exits from the 
building* The mechanicall means for' fire e*tIngui sting 
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like e,pririk'l.eee, showers, unit—  extinguisher.,; fire alarms, 
a4tomatio starters and fire fighting equipments are the 
integrated part of the design of the whole project. 

Facilities for medical care in case of injury is 
also a part of space re;uiremente. 

Safty egress fromthe laboratory is a guiding 
factor in determining the position of the fume hood and the 
size of the module# With ditforent position of :fie hoods 
and eafty egress# the dimensional variations in the module 
and there by the form of the b1i1ing has been dealt with 
in the IV Chapter. 

Structure and . tetiale; 

As compared to the cost of services and equipments 
in research buildings structural cost Is of secondary 
irnportance sf considered. In time scale.. For the requirements 
of flexibility, the internal partitions are non load 
bearing and hence B« C. frame with direction of beams related 
to the service system to the usual structure system employed.I 
R.C.C. is also the least vibrant structure which is essential 

for most physical laboratories. 

1 Spandrel beams (ab ong the length of the building) or a 
cores beam (along the width of building), both structure 
systQme are applioble if a vertical service• system is 
adopted. The spandrel bean system is not applicable to 
horizontal service system run through the corridor, where 
as thin structural system is applicable to horizontal 
service- system run through the laboratory,. Ceiling and so 
on... • 8plit~»columne are frequently use for vertical service 
system where as the horizontal service system requires no 
such special system, 
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PartitIons are often asbestos cement sandwitobed 
panels#  hollow blocks or fire resistant plastic panels,#  
glees partitions etc. 

Metal partitio # doors,, windows are frequently 
uoed Wood products are sparingly used to avoid chemical 

and fire hazards and to facilitate water borne cleaning, 
For hiological and, medical research the floor and 

dado fin bee are gene rally of smooth and water repellent 
type do that they can be cleaned with water and disinfectant4 
Terrazzo and glazed tiles are the popular finishes. 
Cost Criteria: 

Apart from social and philanthropic works most 

of the Industrial a research projects are intended to yield 
ecoromuic return to the Investment. Thus cost is a guiding 

factor in designing a project Some of the factors which 
guide the economics of the research building are as follows$ 

Proper selection of service diitribtiun systems 
(a) ype of r ervicea„ individual or central 878 tern. 
( ) System at aervicea $ horizontal #  vertical, exposed, 

trench type or overhead. 

2, 8electiot of a module 4 by efficient furniture 
arrangement the space requirement ma ► differ and 
thus the volume of the building also vary. 
Circulations Proper placing of central utilities, such 
as stores, photographic, X-rays and other rooms, can  
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reduce, the travel time of workers. Time has a 
relevance in terms of. cost.. 

4, Structures prgvision for horizontal expansion with 
low height blocks auto down the ' structural cast to 
a great extent, because the money blocked in 
foundations, strong frames etc. for future vertical 
growth# Is released if horizontal growth Is adopted# 

5. Cooiing load and day light factors Cooling load is 
increased due to improper orientation.. illumination 

load Is increased due to low day light factor*, 

The study reveals that many buildtngs have added to 
the cooling load due to Improper orientation0 Narrow space 

modules 9' 24' are often poor in day l .ght factor It 
partitions are put between them and hence supplementary 

lighting is require! which add .- tea the recurring consumption 

of eleotr .o ty in terms of light and increased cooling load 

(lights add to heat).  

Mechanical Services within iboratoes 
Tb. mechanical services within laboratories may be 

classified into three oatagor es as follows s 
I#  Se ,ces related to piped supplies and discharge 

system* 
2. services related to the controll of climate within 

t r laboratories and anoilliary buildings. 
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3. Services related to illumination and power supply. 

The areas of these services which are related to the 
planning of the building or can effeat each Other, have been 
discussed in the following pages 

The services related to piped supply have broadly 
two eeperete items as discussed previously.. 

a) The fixed elements i.e. the supply lines#  valves, 
faucets*  pumps etc„ which Recur a first cost of 
installation. 

b) The recurring element i.+e, the mechanical power 
which  enables the materials to be supplied to the 
user from a central source. This involves the second 
scot i, e « the recurring cost and it is not a egli— 
giblO amount to be over looked„ Maintenance coot for 
repairs and controil the operation of machineries 
to also a recurring cost, 

Both these Items are inaeperable from each other 
as well as the planning of the building* 'The following are 
the piped supplies commonly required for an Industrial 
Zaboratery,1  

1. These informations have been reproduced from Coliman, 
L8. b r c► 	® ,, New Forks Reinhold Publishing 
Corpor€► on, 962 r pp 6G-72. 
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Faucet pressure 

Faucet discharge 

Riser gain 
Contrigugal fan 
pressure 
Ueø .factor 
material 

6 inch of pater ('25 p. e. i,w  ) 
(minim inch) 
14.5 otaw ft. per hour 
(minimum 8 cu. ft. per hour) 

- 9.6 inch per 100 ft. ht 

- 12 inch of water ('5 p.s.i..) 

60 p.o. (or *6) 

Black steel pipes 

Compressed Airs (LwPressure)  

Faucet pressure 
Paucent discharge 
Pump pros sure 
Ua factor Branch 

Labe 
Katerial  

5 P08010 to 10 p. a. . 
'"r 

 

its C. t. to 3 C. Pt, 
15 to 30 p.s... 

*. G.1 • pipe 

ateamtt 

Faucet pressure 	- 30 p s. i. (15 p. e,► . « minimtum) 
DX edge 	 - 2 to 4 Oft (Dry) 
Use factor 	 — #3 
Material 	 - GI. pipe (3/4 incb Asbestos 

wool insulated)  

Hot Wager 
Faucet pressure 	 p.s.i, 
Faucet die charge 	2 gal. per. min, 
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Pump pressure 

Use factor Branch 
Material 

Cold- Waters 

Faucet pressure 
Facet discharge 
Pump pressure 
Use factor Branch 

main 
Material 

Chilled water s 

- 1. to 25 p, s. i. 
(For 4 p.o head loss) 
'50 

— G.I.pipe (1/4 Inch insulation) 

3 P00#10 

gal, per min. 
15 to 25 p. e. i. 

'6 
- G, I. pipe 

Pauoent pressure 
Paucet discharge 
Pump pressure 
Use factor 
material 

p. a. i. 
gal per min 

15 to 25 p. e. i,,. 
►6 
G. I. pipe 

Demineralised Waters 
Faucet pressure 
Faucet discharge 
Pump pressure 
Use factor 	Branch 

Main 
Material  

- 2 p. s. i. 
- I gal per min. 
- 10 to 20 p„s«i 
-'4 

'3 
- Aluminium or A3.kethene pip* 
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AIR-cowtc OF op LABQjATORlt 

Air-Conditioning of laboratories is an essential 

part involving annual expenditure and it is dictated by 
ventilation requirements of the laboratory rather than 
cooling requirements. 

The two purposes of air-.conditioning are primarily 
the ventilation i.e. the need to eliminate or at least 
dilute the chemical and/or bio-obemical contaminants and 
secondly to eliminate the beat gains from mechanical 

equipments, solar effeote# artificial Ughting and human 
sources, y 

Number of air changes that occur in laboratories 
range as high as 10 per hour* This leads to substantial. 
wastage of treated air. Hence it is desirable to reduce the 
cooling load to the possible minimum to achieve economy 
in annual cooling cost,. 

Heat gains from mechanical equipments and other 
research activities are constant whereas the heat gains from 
solar orientation of the building and permanent artificial 
supplementary lighting are variable and proper design can. 
reduce them to a great extent. 

This also needs optimisation for air ducts to impose 
minimum overall frictional head on the fans and thereby 
reducing its horsepower, as well as the optimisation for the 
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minimum annual cooling cost combined with the corresponding 
building oorwtruotion,coet and it can be done by various 
grouping of laboratory units, office spaces, number of 
floors and study their impact on cooling load and wastage 
of supplementary lighting. 

QTLY E 	Q L 	f T 

Illumination may be natural or artificial. 
The window is ' the source of natural I 

within the laboratory and office. It aloe provides rest 
to the eye which gets strained by •continuously looking 
at things within close range and needs a distant view to 

relax its muscles and nerves. In certain a periments like 
microscopic and colour tests# natural light is indiopanaible4 
The laboratories which have deep bays or an office unit in 
the front often needs permanent artificial supplementary 
lighting which consumes power in the following manner. 'o 
raise the level of illumination by 20 foot candle in an 
average 2 man laboratory, approximately 3 art per sq,. t, 
power is eonst ed which means an increase by 10 p. o,, of the 
annual lighting bill.' 

Togather with the lighting bill it increases the 
cooling load at the rate of 3413 LT.U. or about a quarter 

L Excerpt from Hunt William D. Ed„ 	at 	o tr2j ~, .* 
ilding Coate, Now York,, 1 4raw ill, 	, p. 8r 
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ton. Thus if the whole laboratory building is considered* 

the increase in the annual cooling load is quite a high 

percentage. Zn colder countries therefore the modern 

concept of heating is based on artificial illumination.` 

While planning the building it should also be 

remembered that the natural light is also a source of heat 

in the form of solar radiation received. through , the external 

wall as well as the openings in it specially If it Is a 

western or southern wall. 

Therefore # illumination and thermal gain are 

related and a compromise is to be made or a balance is to 

be struck to find, out the total annual coat of lighting 

and cooling togather. This study will reveal whether a 

system with complete natural light or a partial supplement.~ 

n * lighting or a completely artificial lighting system is 

the most economical one and the planning be done In the 

like manner. 

Apart from the lighting system, another important 

factor is the qu.;.lity of light which will decide the type 
of source i.e. 'incandescent or fluorosoent and whether direct* 

semi-.di reot, semi—indirect or indirect source etc. Heat 

generated is highly influenced by this factor. 

The amount of •PASL'2 is minimum where all rooms are 

3„ Ibid. p.46 
2, Permanent Artificial Supplementary lighting *PASL' is the 

lighting which is required to offset the shortage in the 
level of illumination from the natural source. Thus it 
is different from the lighting In the night. 
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facing an external wall and is maximum .where the rooms 
are in the interior with an enclosed corridors on the 

outer periphery# hence optimization with respect to 

illumination is essential. 

Efficiency of a building plan does not only depend 

on the efficient uee of space*  Other factors such as the 

first •cost of oônntruetion, first cost of services*  the 

running cost of the services and the maintenance cost of 

the project during thelita of the building eta.. are equally 

important 

Modular planning is a system where mathematics can 
enter into the domain of the art at building. The product 
of the two is a rational architecture, a true synthesis of 
form end function. 
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In the previous chapter the neca for rationalisation 
at the pr lim nary planning stage hao been stressed. • The 
servtae e, being one of the major components  oornponenta and the topic 
of the dtaeertation, had been brought forth and discussed 
at length 

This chapter deals with the identification of 
the major components of the preltiam ry plan which have 
their role is the prooóee of ration.isation, It also deals 
with he oolieotion of is "Orm bons related to these 
component a which will torte the parameters for the optimisa 
"ion programme of the services later.  
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OP ORM flLTHE. 	E T ©LSER? I.( I 

The farm is the outcome of proper synthesis of 
numerous vartable and constant elements. 

The variables are those elements, the value of which 
can be changed without changing the physical requirements, 
where as the oonatants are those fixed elements that 
constitute the basic — 3 .eioal «w requirements. 

In the case of laboratory planning tho constants  are 
the basic requirements of the client such as the number 
of persons who will be working,. the length and width of 
working surface of the bench per person — hence the number 
of modules,. and the services required. 

In the same module the Independent variables may be 
the height, length and width ott ae laboratory proper, 
the height, length and width of office apace, the location 
of the both with respect to each other i.e. the offices 
space within lab.,  office space adjacent to lab., office 
space in opposite lay or office spaces and labs. grouped 
separately* The dependent ably are the lengths of 

diameters of the circuitry systems, cooling and lighting 
loads etc. 

The number of floors can be another major variable*. 
It may be decided at the first tnetance whether the building 
will be a high rise one or a .low rise one. If the building 
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is to be a low ripe one i.e. upto 3 or 4 storey high then 
much of the oompleoaoy io reduced. But if more flexibility 
about height is provided then special consideration of 
vertical circulation system (persons as well as piped  
ruppliea) come Into pIcture. Another important variable is 
the service system of the piped supplies and or duct 

supply, There are various service ac upply systems i.e.. 
horizontal through corridor or labs,, vertical through  
corridor or outer wail, labs. * grouped around one or a few 
service ducts, originating from the roof or from the 

baser.-lent and so on. 

If a detailed study is done, it will prove that under 
certain fixed boundary oondt &ono only one se rice system 
is most efficient with respect to the building plan it 
serves or in other words * under certain environmental 

restraints a service system can dictate a layout plan for 
optimum efficiency*  

The word 'optimum efficiency' is used to denote the 
eyutheeis of various factors that influence efficiency of 
such asp 

Cost :actors x 

• Min mum initial cost of the 	 3eot.  

• minimum running coot of the installations or the 
services„ 

• Minimum maintenance cost 
• High work efficiency. 



Q 	y IABT s: 

capital Coates 
The mtniinurn lot coat of the project does not mean 

any secrifioe of the quantitative or qualitative aspect of 

the specificationand requirements. It only means the 

minimum poeei'bie let coat obtainable through proper plarming  
and programtatng. 

A project can be broker down into various items, 

such ass 

1) location 	 * Coat of the land 

Cost of csom nication. 

• I Gust of development 
• (including utilities) 

ii) Building work 	I Cost of the ekoleton 

t Cost of finishes 

iii) Services 	 * Cost of plumbing and duct work 

and eieet2ifieatio* .. 

i Coat of equipments to run the 
piped supp .i.e~s . 

The minimum let coat viii mean the total minimum 

cost of all the sub ►items mentioned above. It may be 

mentioned here that the minimum poet of any one of the sub-

items may not necessarily prove to be the mina.mum for the 
►there. Tberefoe, a balance 1,ao to be struck where the 

total Let coat Ie minimum. Thus the minimum let cost will 
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include the sum of let cost of eub-items, location,. 
building work and serviose. 

Operating Costs 

The central services supplied to individual benches 
under certain pressure incurs constant expenditure in terms 
of mechanical and electrical power to over come the, frictional 
losses# velocity losses and head losses in the pipe and duct 
tiro r r„ Lower the lose and more the building is related 
to the service system„ the lower will be the running cost. 

The operating cost can be controlled by various 
means involving the basic three components ie.tbe materials 
used in piping and duct work, the disposition of the circuitry 
and the form and orientation of the building, 

Rationalisation of the costs of plumbing materials 
and supply mec ^aniam 

The following .terns are related to the capital cost 
of the plumbing materials. 

.. Superior quality of piping and duct materials 
with, low frictional co--  efficient (The G.1. pipes 
have more frictional coefficient than the Aliuinium 
pipes or copper pipes). 

• Larger diameter of pipes and ducts than the minimum 
necessary ones* This also helps in reducing the 
total frictional loss. 



• Sophisticated meah ioal devices which have lower 
power consumpt on#- proove to be cheaper in long 
n 

The cost of these items have to be rationalised 
because a point of aontrafl.eeture may occur where an 
additional. expenditure on pumbing may not prove 7 to be 
effective in terms of the return, from the saving in the 
operating cost (refer graph for annual running cost,, P. 112 )„ 

Rationalleationof Ctreuitrys 

The following items are related to the layout of 

the circuitry which is dependent on the form of the 

building* If the building plan is of a spread out or 

exploded type, there will be longer pipe lines Incurring 

more frictional lose where as if the building is compact and 

muitistoryed*  the pipe lines will be shorter but will 

incur? - more head lose due to •hei t. 

Hence there Is again a need, to determine the 

opts mum length, height and spread of the building into which 

a veil integrated suppiy line will have minimum turns and 

bends and an optima .relation between its horizontal and 

vertical runa so that the total pressure lose in pipes 

can be minimised to the possible extent. 



Solar O?iontation c ndt CooUng Loads 

The opacee oan bo arranged in ariouo vayo with 

roopo gat to Mm a* that the building etboorbo diftoront amount 
of oolcr rc4iatioa and thorcby produce different 000l3.g  
tondo. Thin phanoinonon to comparable to tho beat gain of 
a hollow box kept in the si2fl In arioue orientattono. The 
moire air tomperat reG w . t be di 'tcz ent for diffovont 

orientations.. LLrgor urf aoo arzc of a building facing  
the north and oo ,th and minimua minim . poosihlo eurfaco Sao 
towards the poet and east prevoo to , n riniuta heat 
from polar radiatLone. Tho etfect of roof area has been 
dlocu000d lator.  . 

X3.lumination and Orientatiot 

The arz'angemonta of the laboratory unite andtbotr  
reopootivo offiao untt effect d .,.li;  ht Lector 	bo natural 
ligbt in Indian condttiona to do nda'blo to a great extent 
ozasopt in the rainy oeaoor v  The , iarelo to and do cod 
indirect natural licbt to 'dot r than any atiioia1 lltht, 
Though#  tho natur. light ottrri ne do to be aupplomontod 
by por anent artificial ppleuent y  ltghtl (PA8 ) for 
doopor bays but Ito amount in eftectcd br the sdcittanoo 
of the natural light. 

Some laboratories zay even vorh tc6ll vlthout natural 
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Light, particularly in circumstances where there is a 
special need for high degree of concentration involving 
precision work. However keeping in mind that artificial 
lighting tend* to add to the cooling load substantially,-
as Mr. it ..am Hunt States# 'arge multistorey buildings 
with high lighting levels requiree cooling of the Interior 
areas, soon at lowest outdoor temperature.. • 

The -total wattage of ' 'A L' may be determined for 
different floor plane by the number of foot candles 
supplemented and the areas under the influence of 'PASL' .. 

Here are two examples to reinforce the statements 
that floor plan and, building blocking for the same orienta— 
tion effect the cooling load and lighting load. However 
these plans are inefficient in other respects and havebeen 
mentioned here only as two extreme examples. 

A three storey building where the offices and. the 
laboratories are placed opposite each other along the central 
consider (refercheme 2, P.46) will have the following 
impacts on lighting and cooling loads. 

« Minimum artificial lighting load 
• Minimum heat gain from artificial lighting 
• Mini mum solar beat gain 

1. Hunt William D. (Ed). _ e t v ConrolioS Th43.dinaCoats  
New Yorks McGraw Hill,: 	p.4 . He has further ennumerated 
interme of Initial and annual cost of lighting and cooling 
for a certain increase in lighting level (refer index 
for details). 
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Whereas another building, a single atorey development 
with laboratories grouped around a few vertical eervioe 
shafts, the offices In single row along each corridor 
(refer scheme 4~»Ar P.48) will have the following impacts on 
the lighting and cooling loads. 

Maximum artificial lighting load 
. Maximum heat gain from artificial lighting 

• Maximum solar heat gain 

These two extreme phenomenon occur because in the 
previous scheme every room is naturally lighted said has the 
minimum root area which is the reeipaent of maximum solar 
radiation, where as In the later scheme the laboratories do 
not get natural light,, the east reot exposure is also of 
high degree as well an the maximum area of . the roof as the 
building ie only single storeyed.. The ,highest loads of 
lighting and cooling may come out to be many timoo more than 
the lowest loads (as it will be seen later in the IV chapter). 

In between these two extremes, there can be tens 
or, even hundreds of .a3.ternativo schemes which may produce. 

different lighting and cooling loads# and it is t npredictable# 

which one of the schemes will groove to be most effective 
in terms of minimum overall running cost,$ 

Maintenance Costs 
Equipments- Maintenance cost of equipments is inversely 
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proportional to the first coat of the equipments i.e. 

higher is the coat of equipments, more is the soph&stioation 
and hence lower is the maintenance costs 

Service lines-* the maintenance coat of the service 
lines depends on their location. The faulty and leaking 
lines are difficult to locate and create a constant source." 
of trouble, specially if the service lines are hidden# 
Where as#;  if they are exposed#  they require careful 
arrangement and proper boat ion otherwise they may be 
hazard. prone and unaesthetic in appearance,, Such systems 
need frequent attendance. Approachability of the service 
lines also leads to variations in maintenance cost. 

WORK E?FZZENC 

Working efficiency within an Industrial laboratory 
depends on various factors Environment imparts its effect 
on human efficiency. It is a seperate subject by itself. 
A peaceful and spacious environment sustains the spirit of 

the research workers*  but it has its limitations as well. 
Too much luxurious en ►;ironment may t llow the law of 
diminishing return. Despite its abstract aspects, working 
efficiency depends on physical planning which ace of 

more interest to this topic„ 
An Industrial research personnel spends a considerable 

amount of his time in putting down his records and writting 
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papers related to he experiments* The experiments being 
conducted may continue while he is writing and is often 

taken care of by his assistant, 
Under these circumstances his personal office need 

r 
not be attached to his working apace. It can be placed a 
bit away from his working lab. without hampering his 

efficiency. 
Efficiency is greatly effected by the disruption of 

eerviceew. The system where the service lines serve the 
floor above often create trouble. While repairing the 
service lines of the floor or labs.,. above they work of the 
floor below is also hampered. 

The following check list enumerates the various 
factors which influence the working efficiency in a lab. 

Disruption of Services: 
a) .Number of average disruption of services per annum 

• - 	t 

b) number of laboratories effected by each disruption, 
o) Average period of disruption* 
d) Total salary per annum of the research personals 

and assistants of the laboratories effected* 

Movemelt factors: 
a) Inter" laboratories-oireulation in terms of 

i frequenoy ii) time taken iii) status of persona. 

b) Intra-laboratory-oiroulatio n s movements of research 
workers within the - laboratory unit #, from bench to 

(bench, . beach to office eta.. 

FA 

6 
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Environmental Factors: 

a) Noise level 
b) Illumination level 
e) Temperature*  humidity and ventilation oontroll„ 

d) Visuali. comfort 
i) Natural light ii) Natural view iii) Type of 
views. 
(for the relaxation of eves and mind) 

a) Diepoeition of epe cee,. colour texture etc. 
f) Furniture and Furnishings 

Human Fact ore : 

a) Individuals freedom of working 
b) Extent of Red-Tope 
C) Common and individual facilities. 
d) Inter-notion and co»relation of different 

departments and members,. 
+) 8afty of research workers and future gaurantteee 
f) Just degree of comfort.* 

g) Temperament of Buperiora.. 
h) Work&!rg service condition 
i) Technical knowledge of the 'E. ► D, and. open mindedness,  



FORMTONRUIRED OR COE&ATING FORMAND SERVICES; t 

For correlating form and services in laboratories, 
it is essential to put equalattention in collecting 

informations regarding its services and the apace require. 

meats. But in usual practice, the architect gives more 

stress in collecting informations related to space require. 

mente and with a rudimentaryknowledge of services he starts 

his priliminary sketches. The plane„ which are of course 

highly efficient interme of use efficiency of spaces # are 

given to mechanical, electrical and plumbing engineers for 

the design of services. Thus a rational design is 
superimposed on an intvtive design where by a proper 

synthesis of the two is seldom achieved* 

Therefore, if optimisation Is aimed at#  the detailed 

informations regarding services are to be collected through 

a suitable method. 

Such informations are supplied by-  the client or 

it is collected from the research workers and technical 

personnel who will actually use the seary .ces# 

The best method of course, is to prepare a questtonn . 

aire,, supply it to every member related to the laboratory 

for reply, collect the questionnairc,sorutinise and screen 

and then prepare a list of useful informations out of the 

varying reports available from the questionnaires. 



Check List and Questionnaire for Mechanical Components: 

The questionnaire should have short and crisp eenten--

oso to invite very short replies from the scientists, 
technical exports and other assistants who handle these 
services, so that the answers do not consume much of their 
valuable time and patience. 

AU the informations may not be expected either from 
the scientists or the technical. personnel* The infor tions 
like the pressure of different piped supplies may not be 
available from the scientist„ The technical personnel,, oY' 
the maintenance Engineer can be useful in this respect*  So 
a close co-operation of all personnel involved in using and 
handling the services will be required* The partial 
informations gathered from different persons, will then 
be compiled,# sifted, and processed to bring out the salient 
and useful information* 

The questionnaire for services given in the Appe ix 
has been considered appropriate for collecting informations 
related to the services .under consideration of this dieeeri» 
tation. it has been -developed by the author with an eye 
towards the input data for the computer-  programmes, Hence 
only these items hairs been included in the questionnaire 
which constitute the imps ical formulae used in computer 
programming, 

The actual pressures and discharges of the piped 



supplied can be easily quantified If the use intensity 
4Nathe pressure at the faucets are known o  Similarly the 
quality of materials for discharge of waste materials can 
also be determined if we know the degree of corrossivity,  .. 
contaminants#  and use intensity, The type of size of a 
hood and the number of hoods are essential to quantify 

the venti3.letion requirements where as the heat generated 
from the running of machines and the type of lamps used for 
lighting will help in quantifying additional cooling 3 l ad, 
keeping in mind these factore the questionnaire has been 
prepared and tested for its workabilityy  and has been 
modified accordingly. A sample of such a proforma has been 
given in the appendix for reference. 

A detailed questionnaire form may be used for 
comprehensive study -covering other aspects of the laboratory 
as well. A sample of such a 'questionnaire has been given 
in the appendix fori1 further reference. 

However„ the collection of informations through 
questionnaire and proforma is only possible for the large 
establishments or the agencies specialised in the survey work-
of such nature as they have the resoources to conduct such 
surveys. 

1!  The workability of the questionnaire has been tested while 
the author had a chance to exchange his Ideas with a-  few 
technical personnel and scientists working in the Indian 
Institute of Experimental Medicines, the promises of which 
in In close prosinity of the Jadavpur University campus,, 
where the author had stationed himself during an nvsetiaa— 
tion tour related to this dissertation* 



The author, within his limited time and resources, 
found tt more convenient to collect the informations and 
data from the published sources, More over the data#  so 
collected, were auffiaient for the hypothetical example 
cited In the last chapter. 

Check List for Rationalising Coat: 

Cost components are of great importance and needy 
proper investigations otherwise the whole effort of 
optimisation related to cost will be futile„ 

Plu tbing coat in the present method of . estimation 

has been deviled into two parts 

0 The cost of materials 
The cost of labour and erection 

The cost of material a include: 

oz The effective length of pipes and ducts*  
The diameter of the pipes and ducts 

• The length of pipe e inn wastage (5 percent of 
effective length). 

4  The bands, elbo#  too#  sockets, connectors etc. 
The valves*  bib- cook,, faueete„ meters etc. 

• The insulation and sealing materials etc. 

The coat of labour and erection include: 

o Traoport coat 
. Technical Expertise and supervision 
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• The wage of the plumber and his helper per day. 
• The fabrication time of various joints - say for 

a 'tee' Joint or a 'bend' or a 'socket' (Here 
Fabrication time for a single joint in straight 
line is called as 'one unit'. Hence a 'tee' connectic 
is called as 'two units'...,) 
The diameter of the pipes and ducts*  

• The number of joints per hundred feet length. 
• Erection time (depends on the complexity of the ' job) 
• Leakage testing.  
• Cleaning and painting and insulating (if any).  

Hence the total cost of plumbing installation 
increases with the number and . type of joints within a certain, 
length of the line. 

In a modular system where a plumbing system is 
repeated throughout the building„ the cost of materials 
togather with its fabrication erection cost can be computed 
per running foot for a certain diameter of the pipe and 
this can be used as a unit of estimate, For other diameters 
the cost will vary in direct proportion of the diameter 
used in the unit cost, The following cost study is 
revealing in this aspect, 

Graphually,000 S Of materials with respect to its diameter 
follow a parabolic path with the vertical axis#  where as the 
cost of fabrication and erection follows a .parabolic path 
with the horizontal axis. Combining the two cost components 



the resultant is a straight line where the increase in the 
total coat is directly proportional to the increase in the 
diameter rather than the arose sectional area. 

For normal discharge„ the minimum diameter of pipes 
in found to be 1/2 inch and that of the ducts for air 
supply At the grill and discharge ducts in the foom are found 

to be 8 incheet The cost per -foot of these two materials -
together with their respective erection cost are found out. 
These costs are considered as unit costs of pipes and 
ducts*  

Power cost in related to the running cost* The 
emphasis on let cost or the: running cost will vary with the 
availability and cost of power* 

Thus lower is the power coat, more it can be consumed 

within the stipulated budget and the lot coat can be further 
lowered down no that the ultimate,  cost during the life of 
the building or the machinery comes down to minim u*. 

I port of Working Hours 8 
Running coat of the services depends on how many 

days per annum the services are run. For different group 

of services the running days are different. 
The plumbing services run for the working dayo, the 

ventilation system also runs for the working days. The 
cooling mechanism runs for the uncomfortable summer season 





so 

called as 'cooling days', the heating mechanism rune for 
the peak winter months called as 'Heating dpys' and the 
power consumption in illuminating during the day is maximum 
in the rainy season or in case of certain planning, for the 
whole working days.. 

' herefore the working days which are annual and the 
'cooling' or heating days are seasonal have to be considered 
seperately. The annuals are the constants where as the 
seasonal® are the variables (from the consideration of 
varying climatic conditions prevailing all over the country). 

Knowing the calander of corking, the working hours 
per week, the number of working days and the unscheduled 

working hours if any,, the total annual running hours for 
different services can be calculated, 

Laboratory Module: 

Laboratory module is an outcome of working conditions 
within a laboratory*  These conditions area: 

a, Number and status of workers. 
b. Cantinuoue length and width of bench surface 

required for different persons (length of bench'  
required for a scientist is more than his assistant)„ 

a. Position of the scientist's office (the office unit 
on the external wall needs more depth of the module 
as the external wall can not be used for placing the 
cupboards). 
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d, Safty egress - The position of the eafty egress 
changes the module. The safty hatch system or the 
common entry and egress require the minimum size 
of module. 

e. Position ofthe hoods -- Safty egress beside the hood 
is unsafe as the hood is the root cause of hazards, 

f. Number of floors - A single story buildi requires 
least safty egress space - and hence lower area of 
module. 

go  Type of partition between .modules - A partition 
above the top of the bench upto the ceiling requires 
the smallest size of module and has a high 
repeatitive value. 

h.. Space of equipments. 
1. Space for future expansion 
j.. Tho service system. 

n 
Service ystome s 

Io  Horizontal through ceiling of corridor serving each 
bench by puncturing the partition wa,i is on both sides) 
(Refer Sketch No.1, pp 55-50, p.58), 
a) Dropping to the benches in the same floor. 
b) Rising up through floor to serve the benches in 

the upper floor* 
2. Horizontal through ceiling of the laboratories (Refer 

sketch N'o.2, pp 555 p.58) 

a) Dropping to the benches in the same floor. 
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b) Rising through the floor to servea the benoht~e 

above. 

3. Horizontal below the seal of the external windows 

a) Serving the benches through floor trench 
b) Serving the benches through service stripe, 

4. Vertical through the partition wall between the 

laboratories and the corridor (Refer Sketch  

p.55 aM p.59). 
a) One vertical shaft for each bench 
b) One vertical shaft for a few benches 	 - 

5. Vertical through the external wall in the manner similar 

to —4. 
6. Vertical through a few large shafts around which a group 

of modules ooneieting of 12 to 16 benches may be 

arranged. (Refer Sketch No .4, p.5, p.5). 

7+ Service corridors eandwitob.ed between two rows ,:- of 

jabs, are designed to a000modate services and working 
space for repairs and maintenance. 

8+ Service tunnel under the labs. (generally one floor 

only) where an underground tunnel accomodatee the 

services as well as a trolly bus for repairs* 

+ These systems are very efficient in maintenance point of 
view but incur a high initial cost* Advocacy of such 
systems are justifiable only in countries where annual 
maintenance cost is very high due to high wage structure 
of the personnel and labour, thereby a high initial cost 
is offset very soon by the recurring low maintenance cost. 
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It is Imperative that any or the above mentioned 
service system has to be integrated with the building plann-
ing and a .system most rational has to be selected after 
due consideration of its suitability - physically#  
economically and aesthetically.  

Considering the above factors it is evident that the 
arrangement of furniture rill 'dictate the size of the 
module, in consonance with the requirements of service 
systems, 

The common arrangements are: -  

A. Office on the external wall; 
i) One-man lab-one side service benches#  another side 

non-service benches with a central aisle. 
ii) Tiro--man lab*  - The same as above with, service benches 

on both sides. 
iii) Three-man lab.-Adtditional island bench with double 

aisle and two wall benches. 
iv) Four-man lab. - Two island benches with double 

aisle and two wall benches. 

In the same manner six or eight men lab can be made 
by repeating the same module. 
B. Office on the sides of the same bay: '13' shape of bench 

arrangement is possible with safety egress leading to 
office units. Thus apace is saved by utilising the 
external wall as well. 

Various arrangements as in 'A' can be done within 



TYPICAL SPACE RELATIONSHIP IN LABORATORIES 
(OFFICE AND LABS.) 

i- 	 OFFICE IN THE SAME BAY AS 

I rrrr-t 	THE LABORATORIES 
NO DIRECT ACCESS TO OFFICES 
LABS . DEPENDENT ON ' PASL 
SAFTY ESCAPE FROM OFFICE 

FTTT:7 
OFFICES AND LABS. IN SEPERATE 
ROWS ALONG THE CORRIDOR 
DIRECT ACCESS TO BOTH. LABS. 
AND OFFICE GET NATURAL 'LT.  	'"  
SAFTY ESCAPE FROM LABORATORIES 

.L HJ 
Frfgr' 

OFFICE AWACENT TO THE LAB 
IN THE SAME 'ROW . A GROUP 
OF 2 OR 4 OFFICE UNITS. 
DIRECT ACCESS TO BOTH 
NATURAL LIGHT TO BOTH 
SAFTY ESCAPE FROM OFFICE 

OFFICES AND LABORATORIES 
IN DIFFERENT BLOCKS LINKED 
BY CORRIDORS. 
INDEPENDENT ACCESS TO ALL 
LABS. AND OFFICES. LABS. 
IN SYSTEK - A, DEPENDENT ON 
' PASL • . SAFTY ESCAPE FROM 
LABS. 

3BREVIATION: P.A.S.L. (permanent Artificial Supplementary Lighting) 



TYPICAL SERVICE DISTRIBUTION SYSTEMS 

I JLLLL 
trrrr 

BRANCHES RUN HORIZONTALLY 
THROUGH THE CORRIDOR CEILING 
SERVE THE MODULES ON 
BOTH SIDES OF IT. MAY UP FEED 
OR DOWN FEED THE BENCHES 
SERVES ALL LABS . IN ONE FLOOR 

BRANCRL S RUN HORIZONTALLY 
THROUGH THE CEILING OF THE 
LABORATORIES . MAY UP FEED 
OR DOWN FRED THE BI NC 3ES 
SERVES ALL LAB .IN ONE FLOOR 

1$/I  

(A) BRANCHES RUN VERTICALLY 
THROUGH SHAFTS SERVING 
THE MODULES FOR ALL THE 
FLOORS ON ONE SIDE ONLY. 

(B) r 	ri 	SHAFTS MAY BE INTERNAL OR 
I 	i i t t t# i t: 	ZKTERNN14L 

Lw  BRANCHES RUN VERTICALLY 
THROUGH A FEW LARGE SHAFTS 
PLACED CONVINIENTLY AMIDST 
A GROUP OF LABORATORI ES 
MAY SERVE 2 TO 4 LABS. WITH 
3 OR 4 BENCHES EACH. 



opping  
the bench. 

I 	 Down feed Horizontal through 
corridor ceiling, Vertical 
through lab. 

may be 
r Island 

Alternative arrangement 
(if difficult to continue 
through lab. ceiling) 

ng 
Up feed vertical within Lab. 
Horizontal through corridor 

ches 	 and lab . ceiling. Service 
branches through corridor. 

Bench connection from the Horizontal distribution systems 



ular bench 
i 

ntal connection 

I 

Vertical branch risers through 
corridor or external wall 

Island bench 

7 

sled under bench) 

0-
ed) 

Vertical through bench 
Horizontal through floor trench 

Bench' connection from the vertical distribution system s 
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HORIZONT. , SERVICE SYST ! 

Horizontal service 'headers 
run through the Central 
corridor and serve the bencheE 
on both sides 
Sources Diamond • kalico. 
Research Centre, (OHIO). 

Headers through floors 
below the benches. Seneerate 
rows of headers for senerate 
rows of benches 
Sources California Research 
Corporation, (Richmond-Calif.) 



VERTICAL SERVICE SYSTEMS 

One shaft for each 
pairs of benches 
Source: Esso Research 
Centre,, (Linden., N.!.) 

4 

One shaft for every 
four benches, Island 
bench is served through 
floor trench 
Sources 1)1.7-Pont Exp .Stn . 
(Wilmington) 

One shaft serves a large 
number of benches 
Thus there are only a few 
shafts in the whole labo- 
ratory bui id i ng 
Source: Defence Research 
Centre, (California) 

0 

C. a R R I 0 o r  



. tornativo 	 nont of 8aft T' ogre 00 

Tho u0w31. arrangement of cafty a ooc to from the ctd3ocont 
laboratory or tho adjacent Off, CO ~ The lacunaa of ouch a systemm 
to that one bad to dopond on the poroonuol of the Rd3a,00nt 
laboratory oo that the o +orgoncy door opening to other roomo 
are not bolted or blacked by cabinoto or furniture. There is 
abc o chance or mi a ng the oneraoricy oattt. As ouctt the 
alternate. propocalo of oafty oaf egr0000s are givon below$ 

00 OShi O an the art-oxn►l tall in 
came bay; 

The office eabino moy be 
ido vtth G' -O tnoh ht o Uboroao 

boratortca ._*tth 13"O inch ht. 
Morayy a oorridor can be formed 
con the off too cabino of tuo 
re, to be used an an omo rgoncy 

GOR. 	LAg 	'OFF 

EGRESS 

1 

0 
U 

r 

.00 Cabino In the adjacont bays 
In this aaoe the outer wall 

pros of any obotruotion and the 
4goncy exit can be provided 
!ugh a corridor  on the etornab v' ali. 

I 
GoR. 	LAS. 	EG. 

SfcTton1 	,.~. 

Sr. oFC I ES 
0 
a 	 ~ 

sc 	LAS  
a 	 a 
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the form of ''U' shape. 

C. Batty agrees to outside through the eternal wall: 
(single floor) 'L' shape arrangements can be done in 
such oases. 

The sketches of existing laboratories are in support 
of the various systems mentioned above. 

SUZY 

For rationalteing the 'Form' with respect to the 
services a detailed investigation o " various components 
has to be done and then identify the major components which 
effect the form and the services. A detailed informations 
related to these components have to be collbeted then. 

The author feels that the best method to collect 
these informations is through questionnaires as has been 
given in the appendix*  Ho never for the limitations of 
time and resources such informations for this dissertation 
have . been collected from published sources. 

The informations on components may be classified 
into independent variables#  dependent-variables or constants 
but all have their ultimate relevence in terms of capital* 
costs or annual costs of services, 
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After the parameters which effect the form and services 
have been decided upon# it is essential to quantity them 
through established empirical formulae so that they can 
be anseiutq to4a& ndigit formto be applied 
later in computer Programming, Translation of the parameters 
into a list of alphameric and numeric modes is indeepenetbh 
because they are the med a* through which a man-machine 
relation is atabli.ehed, Alp amerioe and n er cs are the 
transition mo44e s of languages which a man and a digital 
electromio computer both can translate Into their own languages 
reapeotively' 

The following pages* therefore, have been devoted 
towards depo aping a methodology where by the components of 
torso, and services can be quantified and then oo.relatsd Into a 
'Programme' which ultimately Will deteraina the moot meritorious 
building form 	to the cost of oervice, Par this 
purpose a comprehensive list of the parameters . relevant to 
the programme and which have already been d.i eeus eed. in the 
previous chapters, have been compiled togatber for easy refer►ues 
while determining the quantities of services , such as the 



quantities for benah~. suppiies,000ling,ventili.ation loads# 
lighting loads and also the quantities referent length, 
width# height of modules eto, 

Cods No.. Decio 

8erviee Systems: I Horizontal through oorridoo 
2 Horizontal throngh labs 

f Vertical through corridor 
4- Vertical in a group of labi 

Floor Plan: 5 Office space within lab,* 
6 Office *Pao* in the saw 

bay adjacent to laboratory 

Office in row on opposite 
aide of corridor 

8. Offices grouped tog 	ber inn 
aeparate Place 

Building Block$ Single storey 
(low rise) 

o 8torey 

• Three Storey 
Modules Depth 

• Width 

• Height 

Width of corridor 

Name of .Services a Cold water 
b Chilled 	ter (with return  

pipe) 

Not water (with. return  
• pipe ) 



d Distilled water or demineralised 
water 

! Natural gas 
f Compressed air 
g Cable duct 
IL Air oond itionig due* 

1 Vow* duct 
$ Drainage 

Sizes of the Se ice 
pipes and ductsu 	 • Maxi 	length of branch pipe 

within a module 
• Total length of pipe In a 

module 
r Length of a bx"anch pipe 

Length of the main pipe 
• Bf `eoti''e length Of p pes 

• Total equiva ent length of 
pipe 

• Diameter of Maine 
• Demeter of branches 

D&amet er within modules 

Materials supplied 	• Watery air#  gas 
• Specific gravity 
• Quantity of flow per hour 
6 Future capacity 
• Use factor 

VentiUation: 	 . Type of hood 
• Nature of contaminants 

Note: Rotor 8ketohee on p. p. 

G 



Knowing the ai .at .d condition of the tone, its 
Latitude and Longitude. peak summer air temperature 
materials employed for construction and eolid-void proper-
ti.on of the light admitting wall surfaces with type of glass 

ue d,the 'Btfeotive Temperature Differentials (ETD) for 
different hours can be found out from a solar data boo ' .- 
(BTD Charts)# The 'Beat Transmission Cofioite (U) for 
different materials with different thicknece can also be 
found out from the same book. The glass area atthe reapeo' 
tine wall surfaces can also be calculated  which will hare  
different E.T.D. depending upon the type  and thickness of gise 
and shading oo-.efficiet 

Prom all these data the average Z* T. D« during 
working hours for different calla and root can be found 
out for the peak load for whioh the system has to be designed. 

U X E,T.D, will give •heat transmittance' i.e. BTU/hr/ 
$.P. of the various surfaces. Now for a certain building 
form its surface areas can easily y be calculated, multiplying  
which with its respective 'Heat Transmittance' the total 
solar heat gain from different surfaces can be found. out* 

Thus the total solar heat gala from a building biok  
(20 ft. X 60 ft, X 100 't*) will be different from another 
block (40 ft 	60 ft. X 50 ft.) though both are of the 

same volume and may satis y the space requirements equally. 

It. American .Ociety of Beating, Refregeratton and Aix 
New X oorkl .X9b1, Is Widely need for this purpose and also 
reterad by the author* 
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It will be so beacause of the difference in Beat Trane itta» 
no* of different aurfacca especially the riot surface. 

cooling load$ 

►rmanent Supplementary  
Artificial Lighting: 

Cost Factorez 

Shape of the building block and 
Sized of fenestrations 

• Orientation and Geographical cation. 
• 8olar protect on devices 
• $ffective Temperature Differentials 

.Building materials cLM thicknesses 
• Working hours 
• Peak summer day temperature 
• Amount of Artificial Lighting 
• ec anioal Equipa.ento. 
• 8traataf±cation factor of heat 

Level of illumination on working 
surfaces 
Type and system of lighting 

• Day, light factor 
• Us. efficiency  

• Cost of plumbing# materia s # labour 
(only for the lab), 

• Cost of running * U, P o of Pumps 
and fans cost of power 

• Cost of cooling (per ton) 
• Jcrtizntion cost 
o.Coet of lighting  

N'.Bs The length of wring$ no of switch board*# plug pa ~ e 
etc. the Toilet block services, and refuge ehuter 4 

ilof 	akfla PrwW118se! they do not have vital 



After the parameters have been listed. * the next 
stop is to s nthestee the parameters Into formulae which 
will be used later in quantifying the services for optimisatti 
programme, 

Supply Air$ 
Hood is the guiding factor for ventilation of 

laboratories, The to es ótcw  ean be safely exhausted without 
spread irg nto the room and for doing so a minimum air  
velocity is requ .red# 'which La about 50 to 70 ft per 
minute at the face of the hood 	8 inch die duct can 
discharge this air at an inlet pressure * 025 tnoh of 
water) 

Quantity of air 50 to 70 cu.ft,/minute per sq. , of hood 
for aoarnon hood - surface. 

-.l/Yrd oftbia quantity will be required for the 
self-purging hood where 2// is supplemented by the outside 

Therefore the conditioned aIr wasted through a 
hood can be lculat ed It the following are known.. 

V 

• Type of hood - self purging  (say) 
• Sie* of hood per person - ,Oft X 4 ft opening. 

Iw Coleman.,.  I borat z' r Deei.  ,, p.47 



• No, of hoods in a mod  	-- one and r 
• Velocity of air - SO ft. per minute 

$o the quantity me (4 x 4) 1 (60) X (1/3) 
320 .?.). per module (4.6 air change 

per hour).  
Other 4ata for (duct size) calculation. 

• Frictionlose per»,itted a 0.23 inch of water 
(per 100 ft. length)  

Pressure at the grill so 0.5 inch 
Prousure at the fan 	0.6 inch 

• Use factor 	 * 100 p. o. 

Exhaust Air 
• '4uantity per module w 60 x 16 960 ou. ft/mmn» 
• oeure at hood 
• Pressure at fan 

Use• 	factor 
Frictional lose 

'25 inch 
'5 inch 
40 po 
'25 tnoh (per 100 ft 

length) 
• No of hoods connected to a single exhaust branch. 

In a vertical exhaust system this number will be 
(No of hoods per module e ) I vo of floors). 

In A horizontal exhaust system this number will be a 

(No of hoods per module) I (No of modules per floor). 
Determinationof Lighting Cost; 
The boratory work need higher level of illumination  tion 
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duo to the precision work done there. Artificial illumination 
should also have closer reeemblaaaa to natural light for 
certain type of works which aeons using fluoroseent tubom 
togather with Incandescent lamps in certain proportion or 
use a high class - Deo-luX fluorescent tubes in combination with 
natural light. 

Lighting standard for laboratories very from the standard 
for office area, 

If •permanent Arit i i iai. Supplementary Lighting i s 
used tan thee* factors should be considered*  

• The apace or lighting - lehoratory or off toe 
• Area Of the samo 
• Lighting standards (Labs - 50 to 80 P.O., 

Of icø- 30 to 40 P.O.).  
• risting natural light available in Foot Candles 

Or Lumen:+ per square foot 
• Room'ratio, colour of walls, working height. 
• Hours of use of the lights - say In general the 

laboratories operate these lights for 70 percent 
. to 80 percent of the working hour* and the 
offices operate them for the rest t.c. 20 to 30 
percent of the working hours. 

Find out the average Wattage of lights required to 
a: i,ve the standards of lighting  far labs and offices 
separtely.  
Egt If the benches require 70 P.C. and other areas In lab w 

re ,uire 20 P.C. then the average level of lighting 
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Therefore total watt hr. per annum 
Area of room X watt.per L.V. X Hours of use per annum 

and cost oflighting per annum 
Total watt, hr. X Power cost / 1.000 ( .Wt.Hr, ) 

A oompoeit lighting system' with semi-direct luminnairee 
at a atand~height above working level (in a room of good 
p 'oportions and light coloured wall finishes),, requires about 

3 watt. hr. $.F, to raise the level ofillumination by 
one toot candle and generates an additional heat of 

1.2 3 T, U« per hr. 2 

9a 4$8RVqp C }RRELATI Q 

The system evolved for determination of cost of 
plumbing# duct work and annual expenditure for running piped 

supp].Lee, cooling, permanent «► lighting and amortization 

cost of the plumbing and duet works ta applicable to modular 

planning only. 

A module with all the dimension width (w), Depth (D) and 

Height (H), has to be repeated for the whole laboratory 

building. . A 'Lab-Offloe' system is then - overlapped with the 

,. in composit fighting system incandescent and fluorescent 
lamps are oombinedw~a proportion to produce a closer resemblanc 
of natural light 

2-o These are rudimentary statistics and can not be used for 
designing a perfect lighting system or installing an air 
conditioning machine, but can be used readily to arrive at 
a building form with a good degree of precision# because 
errors# if any, will be relative in all the forms under 
consideration. 
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five service systems as explained earlier. Overlapping of 
these two systems leads to different dimensions of the 
module and these dimensions are noted against a code number 
such as 15, 16, 27, 39 and 49 etc., where 15 will mean 
overlapping of (1) and (5) where (1,2,3,4) represent a 'Lab 
Office' system and 5,6,7„8,9)  represent service systems. 
For further clarification refer proforma on page 

Thus.#  it there are (4) ' Zab--Of foe $ systems and (5)  
service systems, there are (20) possibilities of laboratories 
with varying dimeneionoo1  

The number of modules (AN) being #oretant, a single sub-
system out of these 20dimensions can be stacked in a single 
floor, two floors or a number of floors. It the maximum 
allowable number of 1born are say (10) then each ofthe 20 
sub systems can be stacked in 10 different ways i.e. the 
number of floors* Thus in all there are (200) possibilities 
of the laboratory building to be designed 

The method to select a design out of the (200) possibili-
ties to to eliinato the miefite.2  

1. There could be many more 'Office-lab' systems and service 
systems evolved depending on the ingenuity of the architects 
and engineers concerned, the combinations of which may 
produce numerous possibilities#  However the author has 
mentioned only a few of the standard arrangmente and service 
system for developing the 'programme'. Addition of other 
possibilities will only add to the volume of the progra ae 
whiUe the working method will remain the same. 

2. Cristopher, Alexander a Mat ematician-Arcbitoct has developed 
the system of elemination of misfits, for pin-pointing the 
most desirous combination of variables and constant out of 
numerous alternatives. 



?ixetly, by eliminating the misfits due to the site 
reatriotio a e.g. a low rise building may not be possible 
to fit in the site. econdly#  by eliminatingthe misfits 
due to conotructi, nal difficulties. 

After the second sieving the remaining design - 
possibilities are subjected to cost analysis* The cost 

analysis is done in two terms fIrstly, the initial cost of 
plu ri ng nd duct work and óecoMly the annual running cost. 

Here again, the third s ov ng of coast misfits starts. 

The c cents diolsi.on regarding the higher first **at in 
favour of lower annual cost or the vice.-voraa will pit ide 
the third sieving. Say if the client inende to minimise the 
annual running cost even at the expense of the initial coat 

then the third sieving will neglect the lower Initial 

cost a,+nd concentrate on lower annual costs only, 

The h.rd sie will produce a range  of laboratory 

building plans whose annual running costs are lower, 

A plan with lowest annual running cost or lowest first 

cost can thus be selected, Again it -obould be borne in mind 
that the optimised plan so ob*ained out of this method will 

not be tYv6 for total optimisation, for which the other 

faotore like the cost of the building works have to be 

considered. 

In the fourth sieving the covered area and carpet area 

will come into picture*  The plan with lower covered area may 
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or may not concidte with the lower service Installation 
cost or lower annual. running cost. 

A further investigation may lead to a system by which 
the cost of the building other than the services can be 
calculated more accurately than the existing 'per square 
foot' system, 

However in the dimenstration given to the 'Programme' 
developed in the IV Chafpter,  # the sieving of the fourth 
order could only be partial because of the lack of resources 
to develop another *programme* by which the estimates of the 
building works could be determined more precisely without 
indulging to elaborate mammal  mensuration work. 

As such the plans which palpably appeared to be 
Inefficient in terms of use of spaces, such as the sketch 
plan No.2 on Page 48, have been rej - c ted despite its 
being highly efficient in terms of the services* 

The fourth sieving has to be based 'upon the 
oomparision between the amortisation cost of the building wor 
the Installation cost and the runningcost during the 
life of the building* 

In the following pages a check list of variables has I 
been given# the bbreviated names of which are pertinent 
to the computer programme developed on emperical formulae#  
A list of basic empirical formulae has also been given* 



75 

poixs OYARXAL 4UJ CO:1$TM.; (As used in programmin 

tr 	Width of the module in feet 
D 	Depth of thea module in feet 
AL Maximum length of a pipe 

(from the branch pipe to the bench faucet) 
TD Total length of Duct per module in feet. 

(from branch duct to the supply grill) 
T? Total length of pipe per module in feet 

(from branch pipe to the bench faucet) 
Total length T of Ehauat duct per modu:leI'feet 
(from, branch exhaust to the hood), 

AN 	Total number of modules 
R 	Number of rows of modules along the corridor 

Bank interest rate in its 4  per hundred Re. 
I1 	Width of a corridor in feet 
Area Area of the lab./office/corridor in 8,Pt. 

(Under the influence of permanent Art. Sup, Lighting) 
if 	Height of a floor in feet 

SERVIC S I 

PC 	Foot Candle requirements of PASL 
PM 	Multiplying factor to the number of working hours 

(to get lighting hours) , 
HtS 	Annual working hours 
He 	Annual cooling hours 
CUP 	hate of unit power in. Rs. per K ,wt. 4 



Pt 6 

P Number of floors 
Q 	Quantity of `low from a single faucet or grill 

(g.p.m. for liquids„ o .f.m. for gas and air) 
tl 	Use factor of a branch pipe 
Ui 	Use factor of the main pipe 

Specific gravity 
Mrr liquids - with respect to water as one)  

 gases - with respect to air as one) 
AK 	Constants (aultipiyer) used in imperical 

(to de terrine the diameter of pipe/duct). 
II } enetant$ (molt pXyer )i sed in imperic al 

(to determine the cost of running the pump/fan). 
P 	Head of quid/gas/air at the pump/ian  

(for .quids = feet of water,,. for gas/air = inch of 
water) 

B 	Read Of lic;uide/, e/air at the faucet/grill 
(unite same as above), 

V 	Read loos In height (ft per foot, noh per foot) 
AK3 Multiplyor to working hours to got running hours of 

services 
3 

U2 Cost per ra.rr ng foot of 14 inch dia G.I. pipes 
(inclusive of materials and fabrication cost). 

0111 Coot per running foot of 8 inch d .a due' 
(ineluasive of materials and fabrication cast). 

'LU!48 Total cost of plumbing (piped  supplies) 
DUCT Total cost of Duct work (air supply, exhaust) 

O T Annual Amortisation coat of PLW and DUCT 
(at a given bank rate per annum) 

LIGHT Annual electricity bill for 2ermaner t Aftificial 
Supplementary Lighting  sg 

COOL Annual cooling cost of the Labs, and Offioes 
RUN 	otai Annual running cost of pumps and fans 

(to maintain continuous supply of the services) 
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AM Annual liability (in terms of recurring expenditure 
per year)  

AR Number of modules seared by a. branch pipe 
K -Length of a branch pipe 
Y Number of branch pipes 
I]. Number of branch Ducts 
Z Length of a main pipe or duct 
AEL Rffeetive tenth of a pipe 

Flow in a branch pipe (liquid or gas) 
Q2 ?low in a main pipe (liquid or gas) 
PP Allowable total frictional lose in pipes/ducts 
A 	Diameter ofthe branch 
B 	Diameter of the main 
Al Total length times dia* of branch. pipes 
A2 Total length times dia, of branch ducts 
Bi Total length times dia. of the main 
C Total length of supply ducts within the lab. room 
Cl -Da pipes vithin the lab room 
C2 *Do -► exhaust duct within the lab. room 
ALD Total coot of supply ducts 
ALP Total 000't of exhaust ducts 
ALP Total cast of pipes 
Ci Cooling load of walls 
CR cooling load of roof 



Basic Formulae used in Programming 
1) Annual Cooling cost a U X A X ETD X AC X CC/12000 

2) Annual Permanent Artificial Libting Coot = rI X A X Pc X A 
x PC 

Annual Power Consumed a Q2 X P X 1. X '746 1 AW/30000 S c 
4) Amortising Cost a (PXR) + Depriciation cost of(P) + 

rate of repayment of  

AK{ 	
z ),112 	

S 

whores T' a Thermal Transmittance 
A = Area of the surface under consideration 

ETD go Air. Effective Temperature Differ°encial 
AC Annual Cooling hours 
00 a Cooling Cost per ton 
w = K. Watt hour per S,F of floor area 

Fc a Foot Candle shortage 
A,m a Annual work ho .ra 

Q a Quantity of flow -(Liquid) G. , m, 
(Gas) a.t.m. 

ia Total quantity of flow per hr.  
Constant (different for liquids of gas/air) 

KI = constant 
d a Diameter 
h = Total perminsible frictional lose in pipes. 
s a Specific gravity of liquid/gas 
L a Effective length of the supply line 
c = Purnp/mortor efficiency (combined) 
P = Capital cost of piping and duct work 
R = Dan-rate of Interest on capital 

PC = Fowrir cost per R.Wt,hr. 
he ièviatfoi 	bezre d . ` òreh from the abbrevia.- 

t.ion used in 'Computer Programmingt.  
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C 	PROGRAM FOR OPTI_MI SATION OF SERVICES 

REAL LIGHT(3) 

• DIMrNSIoNPLu s(3),DUCT(3),1~MORT(3),FIRST(3),COOL(3), 	ANUM(3) 

DIMENSION So(8l st7(3),sU1(8).ss(e).six(8).s 	is), 
GsP (8) , sE (s) , sV (8) , sAT 3 (8) . sCU2 (8) , SCU1(8 ) 

DO 100 !=I,8 

• 
?LEAD(2,6)SQ(I),SV{1),SUIMtSS(I).SAX(I).SAKI(I),SP(S),S£(I),SVt 
READ(2, 67) SAx3 (S) , SCU2 (I) , SCU1(I ) 

6 	FORMAT (9r8.2) 

67 FORMAT(3F8,2) 

100 CflNTINUE 

WRITE(3,101) 

101 FORMAT(1H1) 

NNs1 

1 	SJ=1 

2 	READ(2, 33) W, D, AL, PD, TP, TE, Ail, R, Ai(4, W1., J REA, If, PC, PM, HW, MC, CTJP 

PASL=0.00 3 *AREA*FC *AN*FM 

C PASL *341.3.0 *0.9 
COSPA31004*PASL*COP* T 

DO 13 Jw1, 3 

F=kT 

PLUM=O.O 

D'UC=0.0 

D021 L7=1.8 

Oso (IJ) 
vase' (w) 



t- 80 -. s 	 811 
7I--SU1(XJ) 

S=SS (TJ) 
P'RRSA (XJ) 

AK1 S 1(rJ) 
prp (~ ) 

NSF (TJ) 
VS (1 

a 31iSAr3 (Li) 
CU2fttscyjZ (Li) 

cu; SCC3`1(LY ) 

OOJ 

AR$-7/g 

C W*,N/ (3t*F) 

Y=F . 

CO TO 12 

.RAN*0.5/. ` 

+(a ern) 
Y=2.0*F 
Y2 cp 

Z--F3*F 

ao TO 12 

AR=p 

l cc7 5y 

w Al DPY 6WMFRS71Y dF PO PID 

v Zftw*4/ (R*p) 
	 R(O7%KFE. 
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GO TO 12 

AR-2 . *F 
X=H*F 
Y AN/ AR 
Y1e.5*y 
ZIW*AN/ (*p) 
GO TO 12 

AR=4. *F 
X=R*F 
Y~AN/AR 
Y1Y 

GO TO 12 
AEL=1.5 * (X+Z+AL ) 
O1 O.5 ' AR*O*tI 
Q2=1.5 *AN*Q*U1 
PPrps4'. (V*H*F) 
A=( (Q1/) **Y.4) *((s*AEL/PF) **.2) 

9( (02/AK) **.4) *( (s*AEL/PF) **.2) 
A1aA*X*Y 
A2=A*X *y1 
B1==8 *Z 
Ce TD*AN 
C1'TP *Ai~1 
C2=TE*AN 

ALA=(A2/R.)+(B1/8.)+C 
ALP' 2/8 .)+(81/8 .) +c2 

At,P==(AI/.5) *(131/.5)+C1 
PLTR4=PDUM+ (C 12 *p) 
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	 S2 

T['C=DUC+ (C[?1 *  

CONTX NUE 

PMOR=o.1 * (PLxm+DUC) *Ax4 

cw (f6.4*((*R)+Wj)*H*F)+(10.6*H *v*Aid/(R*F))) 
CRi*(11,6*( (L*R)+wi)*W*. / (R*F) ) 

CS=CW+CR 

COSCC.! (((CP+CS) *HC/12© ) *©.3 *.746*CEP) 

C©ST=AM. OR+Co SPA+CO SCO 

SUM= (PLm4+DUC ) 

PLUMB (J) mPLUI`4 

DUCT (J) =ETC 

AMORT (J) w OR 

LIGHT (J) =COSPA 

COOL (J) =CCSCO 

FIRST (J) =SUP, 

ANUM (J) =COST 

CONTINUE 

WRITEI.(3, 55) (PLUMB (J) , J=1, 3) 

WRITE(3, 55) (DUCT (7),J=1.3) 

WR1'TE(3, 44) 
WRITE (30 5 5) (IT1ORT (J) , J=1 i 3 ) 
WRITE (3, 44 ) 

WRITE(3,55) (LIGgT (J),JW1i3) 

WRITE(35S) (COOL(J),J~1,3)  
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WRITE (3, 55) (FIRST (J) ,J=1, 3 ) 

WRITE(3„ 44) 

WRITE(3, 55) (AMM(J'),J=1, 3) 

WRITE(3,77) 

FORMAT (17F4.1) 

FORMAT(3F12.2) 

FORMAT (/ ) 

FORMAT (/// ) 

2F (N-4)16, 15,17 

IF(.TJ-5)18,19,19 

JJ=JJ+1 

GO TO 2 

GO TO 1 

CALL EST 

END 

mms 



S[T, TTARY 

For rationalising form and function of laboratory 
.building®, a systematic approach is required to identify 
the components which play a vital role in some way or the 
other towards the cost of the project. The coot may be 
the first cost or the total coot during the life of the 
building. Out of the two, the total money spent during 
the life of the building is of more importance. 

Therefore, keeping constant the space requirements 
.nd working efficiency of its inmates, the .various building 
plans should be subjected to the cost tests as deliberated 
in tb'e foregoing paragraphs* Within  the same boundary 
Bondi tions of site, height, space requirements,, working 
efficiency of inmates, aesthetics and appearance of 
the building„ future expansion etc. the best project 
will be the one which can be erected and maintained 
during its useful life at minimum cost. 

For the cost analysis of tens or hundreds of 
alternative projects„ the help of a computer is in itabiei  
As such the collection of information for input data, 
formulation of a computer programme 'and the computer' e 
output information in terms of coot„ are the prerbquisits 
of the cost analysis* 

Out of these numerous cost data the useful ones 
are picked up by elemination of the misfits existing in 



it, The glans connected with the lowest cost or a 
flange of lower costs may be selected. 
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ROGRAIOIE EFEE UATIQN:  To Optimise Form and Services--. 
A Hypothetical Example 

I TROPU CTION 3 

It has been felt that a working example at the end 
will be s ,pplementary for the clarification of the 
dissertation, 

Usually a working example may be a simulation of 
an existing Research Laboratory or a live project or a 
hype 1 h ti. eel project 

The author has chosen to refrain from selecting 
an existing project or a live project and has based his 
working example on hypothetical data because a critical 
analysis  o such projects based on partial optimisation 
(optimisation of services only) will not be of any special 

volue, rather it will misinterpret the, existing or the 
would be building form form within its limited perspective. 



or Y gments, Dyes 

Location s 
A ten acre plot is situated in the outskirts 

of a metropolis with the ample provision of cheap land, 
it is desired that the expansion should be horizontal. A 
low rise building with maximum of 3 floors in eu Bested 

to avoid additional costs of frieght and passenger 
elevators 

The site is connected to utilities such as the 
high way* under round drain, high tension power line 
and water supply at low pressure. 

Climate: otw- mid zone in eastern India 
Average highest temperature in Summer = 110OF 
Average lowert temperature in Winter = 5Q0  
Average durinal range in Summer 	= 77°E 

,ration of Suuaner 	 = 7 months 

Constructions Conventional Framed R.C.C. 
Structure, 10 inch Thk:.. brick exter=nal walls, R.C. roof, 
lime terracing. 

Informations related to apace re uirements in the laborator3 

The laboratory has Research Workers numbering 120. 
Bach module has accomodat .on of one Senior or Junior 
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Scientist and one Assistant. The total number of modules 

required are 60. 

Basic requirements of a module: 

1). Service benches: 
4 Each Scientist = 16'-;0 X 2'-0 (3'-0 Height) 

Each Assistant = 12'-0 X 2'0 (3'--0 Height) 
(including writing space) 

2), Storage cabinets = 1--0 X 2'--0 (3'--0 Height) 
3) Writing desk 	= 4 f -0 X 2'-0 (3'-0 Height) 

4) Width of aisle, 
Between benches = 6'0 

• Between Island 
benches and end 
walls 	= 41-0 minimum. 

5) Scientist's office = 90 S.F. per person (may be 
detatched but in close promimity 
of the lab..) 

6) General storage = 24 S.F. 

7) Hood with face opening = 4'0 X 3'-0 

8) Corridor width = 10 F. (8'0 minimum) 

9) Each module 'should have a 4'0 wide entry door 

10) Batty egress (4'--O wide) opposit to the entry (may 
open to the adjasent room office* or laboratory). 

11) Permissible minimum floor to ceiling ht. = 10'-0 

General services required: 

1) Gold water, chilled water, hot water, demi~neralioed 
water. 

2) Compressed air, gas for burner (natural). 

3) Supply conditioned air, exhaust through hoods 



The partition between rooms should be removable 
type to add to the flexibility of the room size, so that 
a single room may be s:. ranged in various ways to 
accomodate own, two, three or .four modules as the research 
programmes may demand from time to time. Artificial 
lighting should be in closer resemblance to the natural 
light for colour distinction. 

Optimisation Programme for the Laboratory 

Based upon the requirements the laboratory has been 
designed In four alternative ways as shown in the 
sketches appearing on pages.. 	• There could be 
many more alternatives depending on the ingenuity of 
the architect. In this case there are 20 riations in 
depths,, widths,, heights, of the modules corresponding to 
five different service systems adopted. When super 
imposed with the three, floors there are 60 alternative 
schemes — as shown in the sketches adjoining the cost 
analysis charts. 

The following tables provides a comprehensive 
list of various data compiled togather for the 20 
different variations in design. These data have been fed 
into the FORTRANfl30 Computer in " the form of punched 
cards to run the previous programme. The results have 
been obtained for 60 (20 x 3) alternatives in term os 



Doocriptiono 

didth of Module 
Eieight of Modulo 
vla iziurn Lonjth of 

Z D'ULPP4 line from 
Branch to Bench 
Dotal onth of 
pipingWithin a 

total Length of 
aupply duct 
rites a module 

Total Loath of 
an swat duct 
jr th ,n a module 

Total No._ of  
module 
o* of tlooro 

No * of rowo of 
modules 
No of modules 	AN/P 
oorvod: by a oorvi.co 
branch, 
Length of a branch. 
feeder 

RI 

No, of branch 	P 
Pipes 
Do, of branch 	Y 
du*i s 
Zinth of main 	H. F 
feeder 
Artifiatal Lit htinj 
load in foot Can&loo 
Area under the influ--
once of artificial 

Mode of Lodi ,4 
~7,8.9.lO01l ). 
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Jj 
=_OUT.PUT DATA 

1 STOREY 	2 STOREY 	3 STOREY 

	

j. 36119.34 	32160.07 	31857.65 PLt r 	'^ 	-~ 
48607.55 38906.35 36112.01 DO'CT 
84726.89 71066.43 67969.67 TOTAL 1.* 

	

4236.34 	3553.32 	3398.49 AMORT 	• ° •'~ 

	

38879.99 	38879.99 38879.99 LIGHT •• 

	

8281.94 	6973.57 	6577.72 COOL $ 

	

51398.27 	49406.88 	48856.20 
 

Z. 	41454:28 35677.51 35413.30 
64427.78 49929.87 45706.25 

10588 2.06 85607.39 81119.56 .' 

5294.10 4280.36 4055.97  
38879.99 38879.99 38879.99 
8281.94 6973.57 6577.72 	 •t 	. 

52456.03 50133.92 49513.69 

3. 42566.00 32245.83 30761.32 

	

70203.46 	40937.50 	33212.96 

	

112769.46 	73183.32 	63974.28  

	

5638.47 	3659.16 	3198.71 
38879.99 38879.99 38879.99  

	

8430.31 	7004.97 	6566.14 

	

52948.76 	49544.12 	48644.84 

~4. 53420.17 42480.51 40346.53 

	

66826.28 	40566.40 	36961.46  

	

120246.45 	83046.92 	77307.98  

	

6012.32 	4152.34 	3865.39 

	

38879.99 	38879.99 	38879.99 

	

8354.96 	6965.25 	6537.40  

	

53247.26 	49997.59 	49282.78 



7„7 	53829.16 44133.29 42541.85 	___ 
90470.73 66774.20 58664.17 
144299.90 110907.48 101206.03 

7214.99 5545.37 5060.30 
140 39.99 140 39.99 140 39.99 
5347.31 3943.36 3505.69 

26602.80 23528.73 22605.98 

•8 

.d 

8, 	58499.82 42163.36 38968.61 
o 	99820.46 55216.03 42946.80 

158320.28 97379.40 81915.42 

7916.01 4868.96 4095.77 
14039.99 14039.99 14039.99 - 
5455.42 3942.49 3465.39 

27411,43 22851.46 21601.16 	.r 

4 

Li 

S. 	51015.92 39553.53 36762.10  
71876.15 42269.67 34088.96  
122892.07 81823.20 70851.06 

6144.60 4091,15 3542.55 F'' 	I 38879.99 38879.99 38879.99 

8204.26 6885.82 6479.91  

53228.85 49856.97 48902.45 ' 	I  

6: 	44185.76 37370.17 35565.70 • •.~ ~i 	' 	:~► 
° 	65947.28 50026.10 44473.31  

110133.03 87396.28 80039.01 

5506.65 4369.81 4001.95 
140 39.99 14039.99 140 39.99 J 
5245.54 3833.46 3388.17 

lJ 24792.18 22243.27 21430.12 - 
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9. 	63424.15 47220.20 43584.19 
90888.29 51428.62 44031.22 

154312w43 98648.82 87615.42'j 	M2J 4 
7715.62 4932.44 4380.77 	 b~I 

14039.99 14039.99 14039.99 	' ~+ 
8572.01 7114.57 6655.97 	 1 

30327.62 26087.00 25076.73  

61563.56 44108.70 39585.06 

10. 	97638.26 	52908.00 	40280.57 

	

159201.81 	97016.70 	79865.62 	 ' ""_'_' 

	

7960,08 	4850.83 	3993.28  

	

14039.99 	140 39.99 	14039.99.  

	

9434.50 	7568.55 	6980`.14 	 f 	i 

	

31434.58 	.26459.38 	25013.40 	j• 	` 

U. 	38110.54 47720.31 45473.46  _ 
94897.00 .69913.50 60882.60 "' 

-.53 117638.79 •153007 106356.06  
w 	+ 

7650.37 ` 5881.93 5317.80  6mo 	0 am 
10799.99 
5214.14 

10799 ,99 
3767.,03 

10799.99 
3306.43 

,• 

23664.51 20448.97 19424,23 
1 

12 
12. 	74258.65 58022.24. 53305.51 

134960.56 96850.76 82683.3" 
209219.18 154873.00 135988.87 

10460.95 
10799.99 

7743.54 
10799.99 

6799.44 
10799.99 -~► 	M.-o 	t 

5073.48 3620.93 3154.89 

26334.43 22164.57 20754.32 .iw 

I 

i 
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16. 	32465.25 28488.18 28170.49 
.50892 .90 41160.64 38349.03 
8338.15 69648.82 - 66519.53 

4167.90 3482,44 3325.97 
43199.99 43199.99 43199.99 
8619.33 '7417,05 7053.30 

55987.22 	54099.47 	53579.26 

97 
,3. 	726,40.89 46611.39 40662.49 

142502.93 73214.67 53637.31 
215143.81 119826.04 94299.79 

10757'.18 1,5991.30 4714.98 
10799.99 10799.99 10799,99 
5222.82 3697.64 3208.29 

26780.00, 	20488.93 	1R723,28 

14. 	8319.54 56487.14 49853.91 
138667.12 72790.64 57756.91 
221860,65 129277.76 107610.82 

11093,03 6463.88 5380.54 
10799.99 10799.99 107 99.99 
5222.82 3697.64 3208.29 

27015.83 	20761.51 	19388.82 

L" 

15. 	8025.26 53021.82 45712.66 
143323.65 73749.76 53742.55 
223580.90 126771.57 99455,21 

11179,04 6338.57 4972,76 
16199.99 16199.99 16199.99 
5778.80 4326.25 3860.21 

33157.84 	26864.82 	25032.96 • I ___ -l Ji 



18. 	42566.00 32245.83 30761.32 
70203,46 40937.50 33212.96 
112769.46 7318 3.32 63974.28 

5638.47 3659.16 3198.71 
43199.99 43199.99 43199.99 
8806.19 7469.93 7058.53 

57644.64 	54329.09 	53457.24 

~t9. 	41044.64 31765.21 31440.83 
73791.09 47260.22 32081.75 
114835.74 78425.44 63522.58 

5241.78 3421.27 3076.12 
42159.99 42159.99 42159.99 
9488.78 7470.44 7098.35 

56890,57 	53051.71 	52334.48 

20. 	42013.92 30575.55 27782.15 
72198.04 42692,67 34560.73 

20 	114211.96 73268.21 62342.88 

5710.59 3663.41 3117.14 
43199.99 43199.99 43199.99 
8617.82 7370.65 6986.67 

•0 

1717 	41350.52 35529.35 35217.25 
64209„36 49634.66 45349.79 

105559.89 85164.01 80567.04 

5277.99 4258.20 4028.35 
38879.99 38879.99 38879.99 
8130.70 6893.05 6518.60 

52288.67 50031.24 49426.94 

57528.40 	54234.04 	53303.80 
	

4 
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costs in Rupees as follows: 

a. First Cost:. 

• 1). Cost of plumbing 

• 2). Cost of ducts 

b. Annual Cost: 

1). Amortisation cost of plumbing and duct 
2). Cost of. permanent Artificial Supplementary lighting 

3). Cost of cooling 

4). Cost of running the pumps and fans 

5). Total annum. -liability for (b.l to 4). 

A few words about programming: 

The programming as we k.,ow, had entered into the 

day to day work of every humenbeing but:lts formulation 
depends on the work one does and 'iangaage one follows. 

The architects by the virtue of their profession 

have more aptitude to speak and deal with lines rather 

than. with numbers, This has been a great hinderance 

to the architects to adopt a digital-electronic-computer iq 

design and planning. Unfortunately in our country the 

sophisticated computer so; t~-wares like C.R.T. sketching 
pad and light pen are yet to come where by, to the architect' 

favour, the man-machine relation is stablished through 

visual field rather than digt ts, More over data banks and 
set programmes are yet to develop. 
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It is difficult for a practising architect or even a 
large establishment to maintain its own computer or a 
programmer but if consulting programmes and computer centres 
are available in the oityp a small amount spent in 
'programming and Oven a smaller In computer can cave the 
architect and his team from a lot of trouble and wastage 
of time while doing more Justice to the client. 

The programme for the academic purpose in this 
dissertation has been done by th z author himself which 
proved to be time consuming and it is not practicable for 
a practising architect to programme for the computer. 
But it has been noted that the arehiteet involved in an 
optimisation programme and using a computer must have some 
practical knowledge of computer programming and the 
1angu.a.e of the computer, otherwise it becomes difficult to 
transmit his idee,e to a professional pro, rammer and becomes 
a time consuming process, 

+ The working a mp a cited here has been run in the 

FORTRAN 1130 computer and took 20 minutes time including 

programme compilation. 

Once the alternative plans are ready and such suitable 
programmes are available . from the data bank or the office 
itself, it ie a mattbr of only one working day to punch the 

+ FORTRAN 1130 computer for the academic purpose could be 
availed at a reduced raOe of Re.150, 00 per hour. For 
oommorciel purpose it is higher. 
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input data cards and run the programme and another working 
day for critical cost analysis of the output data chart®. 

Therefore, for the benifit of all and like other 
professionals in different technologies, it is timely for 
the enterprising architects whether in academic or profeee— 
ionaal field, to come forward to investigate the potentials 
of the computer in the field of architecture and valuation, 
to formulate new programmes and help in developing data 

banks all over the country. 

9ERVATIONS iRON TAE FIRST.GRPQ I 

The cost of plumb .ng- and duet work togather with the. 
sum of the annual coats of artificial lighting, Cooling and 

amortization of plumbing and duct work have been computed 
for various plans and the following observations were made. 

I. It is observed that the cost of cooling and the cost 
of plumbing and duct work, gradually come down with 
the rise in the building height, In the three-storey 
building -block these coats are the lowest. 

2. The cost of the horizontal and the vertical service 
systems tend to balance each other with the rise in 
the number of floors. iw oet cases the cost of both 
system are almost earns for a three storey building 
configuration. In a single or double storey 
configuration, the horizontal service system was more 
economical* 
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, It is observed from the comparative analysis of the 
costs in the tables that the heighost and the lowest 
costs are in the ratio of 31. In actual figures 
the heigheet annual cost occurs in the range of 
plans numbered 16-20 and amo ..ants to Rs„53 . €J thousand 
(20th scheme) where as the lowest annual cost occurs 
in range - of plans numbered 11-14 and amounts to Re. 

18.7 thousand per annum. (.13th scheme). Thus there is 

an additional burden of 34.3 thousand per annum thro-

ughout the life of the building. Within 3.0 years 

the lose uncured by the client amounts to Rs. .6 lacks 

which is approximately equal  to the building work 
at the rate of Rs.40 00 per aq,a_'e foot of floor 

area. 

4. The hoighest plumbing cost amounts to Ea. 2.2 lacks 

(scheme o t 4-i) and the lowest plumbing cost amounts 
to Re.0.6 lacks (scheme .o.20 -3 ). The plumbing cost 
insbheme No.20-3 amounts to ls.62 thousands whereas 
in the (scheme No.13-3) At amounts to Rs.94 thousand. 

It means that even after spendin, . 32 thousand rupees 

additional on plumbing„ the client Is benifited in 

the later scheme (13-3). 

5 It is interesting to note that the architect is also 

berdfitod economically while rendering his services 

to the oliont .through optimisation programme. The 

architects share of additional profit on fle.32 

thousand (additional plumbing cost) at the rate of 
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4 percent amounts to Ra.128O.00 while the architect 
Ins spent Re.250.00 on optimisation programme. 

6„Permanent artificial supplementary lighting is a 

source of great expenditure and i n an extreme case 

the heighoet lighting bill may be 40 high as three 

times the lowest lighting bill. 

7. Tn laboratories, the cost of aircoziditioning is guided 

by the constant air supply and exhaust ofthe hoods 

rather r thin the cooling cost which constitutes only 

a small part of the total expenditure on aircondition-
ing. However the cooling costs in the extreme cases 
are in the -ration of 3 *1. 

8.A system where a number of laboratories grouped 
around a vertical service shaft has no special 
advantage in reducing plumbing cost over s. system 
with individual vertic4.1 shafts for individual 

bench except the 16-20 -group where the number of 

shafts have been reduced to half and bench 

connections are of shorter lengths. (In a module 

where the width (ti) is less than the height (it), such 

grouping could be of more advantage) . 
9. The range of : ohemes 11-15 proved to be economical 

in terms of cooling and lighting but uneconomical in 
terms of plumbing cost and also the use efficiency 

of space. 



The analysis ohowo that the blue bordered cost 
represents the plan for minimum soot of plumbing, the 

green bordered cost ropresents minimum f©r duct, the 
black bordered cost represents the minimum for the combined 
plumbing and duct coat in a single supply system and the 
red bordered cost represents the lowest annual cost. 

Zn the view of building economics the plat represent-. 
ing the lowest annual cost in red bordered is the most 
economical one. But in case the client's pocket does not 
permit the corroeponding ocst of plumbing and duct work, 
the lowest or any other lower plumbing and duct cost may be 
selected to compromise with the annual cost. Thus there is 
a wide ran ;e of choice to make depending upon the financial 
disposition of the client at the time of undertaking the 

project. 

A further rationalisation of the first cost and 
the annual coat is to be made by running another short 
cpmputer programme with varying pump pressure to etabileh 
the optimum cost of the two. 

Parameters of the Second Programme:  

If the lowest plumbing cost is the criterion of 
design, the schemes (33, ].0•3: l9-3 and 2O3) are 

acceptable. 
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It the lowest annual lighting and cooling coat 

(combined) is the criterion than the schemes (8-3, 11-3 to 

14-3) are acceptable 

When the combined annual running cost of all the 

services to, athsr with the amortisation coot of plumbing 

isthe criterion then none of the plans at this stage is 

acceptable and needs further reationalisation, 

Annual running cost is a function of the Break-Horee-

Power of different pumps and fans and the number of hours 

per annum for which the pumps and the fans operate. For 
the second ..Dtage of optimioatior all other factors except 

the pressure component of B.R.P. are constants. Hence 
running cost is computed for varying pressures of pumps 
and fans. The second group of input data for the computer 
programme were based on either the lowest plumbing cost 
of the lowest annual cost, and were selected from the output 
data of the previous group of investigation« The scheme 
n2 hers thus selected were 1,3,6,813,16, 0. 

The computer work was done in two stages to reduce 
the unnecessary running of the computer iiI redundant 
work which could be screened out manually. Inthis way 
the number of operations in the computer could be rdduced 
to 95  instead of 300 

The second group of results for optimisation of 
running cost of services are revealing in this respect. 
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Input data for the Second Programme: 

Name of the Service: 	 Pump/Fan Pressures 

Cold Water 

Hot Water 

Chilled Water 

Demineralised Water 

Gas 

Compressed air 

Conditioned air 

Exhaust air - 

17 	18 	19 	20 	21 

5.15 5.25 5.30 5#35 5.40 
320 223 225 226 227 

#30 '4 '5 '55 06 

'4 '5 16 '65 '7 

Note t 0t ex' data are same as the previous programme 
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PROGRAM FOR OPTIMISATION OF 8ERYI 3 (11) 

DIMENSION PLUMB (5), DUCT  (5)v  COST  (5)ANOT(5),RUN(5) 
ANNUAL (5) 
DIMENSION 8Q(8),  SU(8), 81.11(8), as(s), a, (8),SAKI(a), 
G sF(s), sv(e), s. 3(8), 8cu2(8), SOUI(S) 
DIMENSION SP (40) 
DO 100 X1, 8 

,READ (2,6) 8Q(I), au( ), 8 (i), 88(1), 8 (X),$ I(I), 

RBAD (2,67) A(), 80u2(I), We (I) 

6 	POST . ( G 2 
67 	FORMAT (Fe, 
100 COJITINUE  

DO 102 lt40 
READ ,5)sP( ) 
FONT (P6.2) 

102 CONTZNUB 
WRITE (3,101) 

101 	POST (1111)  

I 	NMI 
READ (2,y3) 'W,Do ,TD,, TP TE,,AN,R, 4, 1,AR ,a,FC, I9  

4 	READ (29 22) COOL*  PLITE 
DO 13 J=1.5 
Pay►, 0 
PLUM 0.0 
DUO a 0,.0 



CO3PU 0.0 
D021 IJàl,8 

iam. f IJ ) 
S•88X(J) 

SAK (ZJ) 
LK1TII8AK1(IJ) 

SE(IJ) 

SV(li) 

=SAX3 (J ) 
OU2e8OU2(1J) 

cam,= c (ii) 

Pz*8P(N) 
Go TO (7,9,7,9 9,?,3 ), jj 
.aA / 

: W+AN/( P) 
TrP 

W-4 

40 TO 12  
9  AA.F 

T- N, i)+2 

fQ. 5a~T 

W*AN/(RAP ) 
GO TO 12 
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Y=lac 

TO 12 

12 	AE 3.15 (x+z+AL) 
Q O*5*W. * 

A X Y1 

B1 	B.*;Z- 

01 z=ThAN  

02 '-v 

ALD (A2/g1 )•~(B1/8)+ 

ALA 	rk . 	./. + 
PLUM = PLUM + (C *ALP ) 
DUO =DU C+ CU 4 AL ALE) ) 

O sP CO3k + ((Q2*P.sAK1*.745-x 3*HW*CUP)1( 0,-*0.7)) 

21 	COIIN LT  

.A?OR= (((o,o*AK4)+o.X)*(PLuM+mUc))  

I 
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'LUM$(J) !PLUM 

DUCT(J ). =DU 

)=(PWM+Due)  

AMMORT(J)=AI4 -R 

R.UN(J) COSPU 

AN r, I(J) RUr(J)+AMowr(J)+coo PLx2,. 

13 	CONTINUE  

wRrrg(3,55) (2LUrtB(J),Jt ,5) 
WRITE(3,55) (DtCT(J) f  J=i,5) 

WRITE(3,55) (ooST(J), J=lt5) 

.RZTE(3,44 ) 

WiITE(3,55) (ATORT(J) bJ 1* 5) 

1RiTE(3 s55) (RuN(J) f J 	 5)  
WRITE(3,55) (ANNUAL(J), ,J .,5) 
WEITE(3,77 )  

33 FORMAT(17F4..) 

55 POR!1A(3Pi2.2)  

44 FORMAT(/) 

22 FOBMAT(2P8 2) 

77 POBM .T (/// ) 

.IP(J).7) 18,17,17 

18 JJiJJ+1 
00 TO 1 

17 CALLBXIT 
END 



-- 
8ckLelne 	 008T IN R U P B B 8: 

1. 36559.54 40445.75 40311,11 37573.30 33362.53 34110.06 33299.17 PIPING 
44347.74 41015.57 39041.08 37923.25 37026.52 36282..039 35647.79 DUCT 80907.28 81461.2 79354420 75502.54 72389.04 70392.09 68946.96 TOTAL 

PLUMBI 
10922.488 11997,27 L0712.81 10192.84 9772.52 9514.36 9306.9.9 AXORTI- 

156733.84 176103.81 193483.97 211069..87 22b735.01 242401.81 358067.78 *NNUAL 
• RUNNI N( 

213119.00 232558.78 251574.37 266720.43 381966.06 297379.12 312972..81 TOTAL 
ANNUAL 

3. 39522.24 37220.43 60327.19 34674.39 335 2.14 32738.56 32102.56 
41480.77 38135.63 35155.45 35831.25 34131.03 33383.64 32746.93 

81083.81 75356.06 96482.64 69705.64 67662.17 66114.20 64849,50 
1€3935,48 101` 3.06 13025.1,5 9410.25 9134.52 9005.78 883756 

156738.84 176103.81 195403.87 211069.87 226735.81 242401.81 258067.78 
213131.93 231734.56 253886.71 265937.8. 281328.06 297165.25 311767.93 

6. 44287.50 41929.67 64533.35 39416.88 39291.71 37502.08 36883.23 
55366452 50939.14 48358.17 46869.00 456032.90 44698.17 43859.28 
99574.03 92888.81 112883.53 862 6.09 83974.62 82200.25 80742.51 
13442.49 12539.98 15239.27 11648.48 11336.57 11010.01 11037.12 

156738.84 176103.81 195483*87 211069. 226735.81 242401.81 258057.78 
187609.46 286071.93 228071.28 240146.50 355500, 53. 270940.00 286533.06 

8. 49643.82 46841.82 75068.26 43748.25 42347.54 41370.40 40604,97 
53736.24 49378.85 46786.73 45319.66 44144.87 43169.52 42338.63 

113380.06 96212.67 121854.98 89059.90 86492.42 84539.92 82943.60 
13956.30 12988$70 16454.42 12023-88 11676.47 11226..99 11147.17 

156738.84 176183.81 195403.87 211069.87 226735.81 242401.81 258067.78 
188200.50 206597.87 220359.65 248598.31 255017.65 271134.18 286720.31 

13. 54299.36 50723.73 86877.76 46762.78 44982.49 43733.73 42755.64 
68396.67 62425.85 58890.13 56883,25 55276.20 53941.98 52805.37 

122696.03 113148.78 145767,90 103646.03 100258.68 97675,71 95561.01 
16563.96 15275.08 19678.66 13992.21 13534.92 13283.78 13078.04 

156738.84 176103.81 195403.87 2211069.87 226735.81 242401.81 258067.78 
18131i..66 205387.15 229018.31 239070.34 254279.00 278493.84 285854.12 

3.6. 	32842.83. 36704.57 36578.78 33856.15 31653.82 30408.73 29602.94 
46532.95 43221.75 41261.67 40148.88 39257.76 38517.97 37387.73 
79375.76 79926.32 77832.45 74003.03 7091.10 68926.70 67490.67 
10715.72 10790.85 10507.38 9998.67 9572.99 9346.33 9124.53 

156738.84 176103.81 195483,87 211069■87 226735.81 242481.81 258067.78 
217707.84 237147.12 256164.53 271313.81 286562.06 301101.43 317695.62 

20. 	32952.14 31596.95 45314.23 30095.41 29420.34 28946.85 28576.00 
41540.60 36716.56 37044.85 36095.78 35335.78 34704.82 _ 34167.29 

• -74492.13 70513.51 82359.O7r9.61 65191.18 647%.I2 • 63651.67 61743.29 
10056.51 9492.32 1118.47 8935.81 8762.07 8632.58 8437.16 

155738.84 176143.81 195403.87 211069.87 225735.81 242401.81 258067.78 216082.08 235782.78 256709.00 270192.31 285664.56 301271.06 316391.62 
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3PRVA^ 	3 FF0:T  TI E SInIIN~ EGO -D DR Q2 2 OP Ems`: TLT: : 
F~ 	I I~M~w Ml~illil~ I~~IYlt~lr 

1. It is interesting to note that the achem©s 6,13 and 
8 are in the range of lowest annual costa 

2. The lowest of the three is the schemenumber 6 and 
amounts to Rs.3.28 lacks per annum. 

The other schemes (103,16920) produced higher annual 
cost even though the first cost of plumbing Was 40 percent 
to 50 percent lower than the previous group. 

3. This has oceured because of the fast th .t the 
annual coot also included the annual coats of 
lighting and cooling apart from the amortising 
cost of plumb .n. # 

4. The lowest annual cost. computed here is sufficient 
for the purpose of selecting a scheme or plan and 
can be further refined by testing the lowest running 
cost of every tndividual service within the rsn7e 
of prosouros obeying the eompirical formula for 
frictional losses In stream line flow.1 

5. The coat-►bonifit analysis shows that a ton p. c. 
increase in the investment on plumbing is offset 
by the gain in the annual running cost v&tbin a 
period of 1*5 to 2 years, At very low allowable 
frictional lessee, the results of the ooet~►benifit 
data follows the law of diminishing return. 

• 1, It is noted here that in the second output data the 
first two columns of results of plumbing, coats are not 
reliable as the permissible frictional lose in pipes 
were too low to obey the empirical formula used in 
computation. 
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6, It is interoettng to note that the range of 

schemes a icb proved their merits through retionali 
sation, seldom oauCht the eye of even experienced 
archI tects. 

A , enera3. survey was conducted to compare the results 
of rationalisation with those of .intutions. For this 
purpose all the schemes were placed before a number of 
architects independently to select a scheme, out of the 
60 alternatives, iibicb in his opinion would incur the 
minimum annual cast. The result of the survey revealed 
that only 5  p. o. could chose the correct form, In moat 
of the cases the forms which recurred the minimum plumbing 
cost were considered to incur minimum annual coat also, 

' The nearest a pronimatlon one could strike at 
was the laboratory plan in two dimensions but in terms 
of three dimensions i.e. themumher of floors, non of the 
intutive results confirmed with the results of rat .aralioa 
Lion, The 6 p.. o,. correct results can not be considered 
significant and there Is a possibility of chance in it. 

This surrey reinforces the need for rationalisation 
in proijeoto where physical functions arc of prime 
i.''portauoe„ 

General Statistics of the Scheme Selected: 
The F onoral statistics of the scheme which proved 
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to be the most economical in torma of the annual, coat of 
cervices has been given below for reforing afterwards when 
the ochece is dealt with in the form of working drawings 

and detailo. The code number will focilitate in locating 
the cohere in the library of computer pro amme ,nd data 
bank when further details on costs and eizeo of plumbing 
material will be required for preparing eoti .tee, calling 
tenders or. placing order ozlhe oupply of materials etc. 

Code number - (163 )  
Dimensional Statistics$ 

. f•'Iod.t 3E.es, 
Laboratory 	- 104 --0 z 231.0 (230 S.F.) 
Office 	8t--() x 10'-.O (30 S,P..) 
store 	— 10 S. P. 
Haight (floor 
to floor) 	-. i2'-0 
Safty ogress - to the adjacent laboratory  

- to the adjacent off ice cabin 
• Building Block  

Icluzibo r of 
flooro 	- Three 
Ihunbcr of 
rove porf .nor - Two rove with, a central corridor 
Total Plinth 
area 	— 25000 5.?. 

. Service System 
Horizontal branch foodero running through the 
Central Corridor in every floor. 
Bench oanns t .c z 	p food eyutom serving the floor 
above 

P0 
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• Lighting 

Natural .gpit in available through 30 ,.c. glazed 
north and south walic (all toneotrationo shaded) 
Permanent artificial oupplomontary 
lighting load 67 K. t. bra 

• Perk Cooling )Load- 30 Tons 

cost Statistics 

PlumbIng coats — s. 1.12 lacks 
Amorticing cost - fla.15230.0O 

Annual running 

	

cost 	 ts41.95 lacks 
Total annual 
cost on service — R2.2.28 leaks 

Total Cost Of 
the Building 

	

c f 	 ~► 8.75 lacks at the rate of R&. 35 per 5.F, 

tr otural 

. C..O. Frame structure 
10 inch Th c . external  brick tallo 
0 Thick R.C.C. root 
4 inch Average limo torraoing on roof * 

I niture Arrangement s 

The peninsular eorviced benches (16 tt long) are 

perpendicular to the corridor with the position of the 
hood near the entry door. The central ioland benches are 
l2'..0 inch lonL iith one large oink on the corridor and 
oorrving both the benches. 
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The oupboarde dtavors, writing table and other non 

serviced furniture (1Q * .O Inch long) are placod along the 
external wail. 

The piped supplies from the coiling of the corridor 
below are sewed to the benches throub nervioeporto under 
the hood* The conditioned air and exhaust air is supplied 
and extracted from the ducts in the ceiling of the corridor 
of the soma floor. 

he jFohemo mentioned above proved to be meritorious 
in learns of the services system only* The structural coat' 
and its amortising cast needs to be correlated with the 
cost of services and form to got the most accurate pi Lure 
of the oab me, Uowevar the variations in the structural 
cost of the coven schemes, that had been selected for further 
ptim . ation, will not be so high an order so as to influence 

the total annual *oat and there by the selection of the 
scheme. 

ConcludingRemarks z 

it in concluded from this study that the designs 
based on apprehension and intution often prove to be 
unrealistic In later eta ;o when it is beyond repairs or 
repaired after a heavy alteration* 

in laboratories, the services play a vital role and 
an unoptim: Bed scheme may drain out a huge additIonal  
amount from the pocket of the client annually than It 
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could usually be expected, This may even balance the 

cost of the structure Itself during its life. 

An additional expenditure in plumbing for providing 

larger capacity pipes and duets prove to be economical in 

long run and the additional expenses are offset within a 

short period through gains In annual cost. 

The form so obtained is only a box with the broad 
dimensions of length depth and height. It Is still 

open to the architects ingenuity to blend this functional 

form with its environment like any oiler functional yet 

aesthetically sound form -► biological or machine. 

Apart from the selection of a scheme, this study 

may prove to beuseful to the professional architects in 

many other ways. 

He can detail out the scheme with more cortider ce 
Uith a knowled a of service system, and sizes of pipes and 
duets, the pu rcturee in the walls and floors, the height 
of the suspended ceilings and blending of eervc lines 
become easier for him. 

Services in laboratories consume a major share of 

the capital investment and needs precise allocation in the 

budget to be trouble free in the advance eta ;e of designs. 

The computer results on plumbing casts are fairly reliable 

in this respect to be adopted during budgeting. 

The plumbing and mechanical engineers can proceed 
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vi h Choir part of the job without much Lima lag botuoon 
the arohitoc.tural deotgn and plumbing and air co ditiontrvj 
dooijn and load the project i..e., the 4raving office work 
no veil as the a etion work to be co pleted in acbodulo 
timo 

in. aali tng tonder o a prcaioo knovledo of the total 

*at of plumbingto available before hand«* If the 
otretunoteneco demand., the architect can place orders to the 
p11uxbtng ouppitora for the pply of xatortala. 

osi4eo the direct bo if Ito of the study* the 
concept of the synth sis of 'fog_ and onr°viceet is applicable 
From the 4  Toro' to the *macro" level off`' form and eorvioeol 
tbomtcro'iovei oir the sorvicoc in a building and the 

macr.o'lovoi being to master plan of a city, In between 
the to extremes there are many levels itk many dithonotone 
of form and services. 

The a. plieattcn of the concept in the varioue lovolo 

of'f*rm ant oo ooa'z ay eavo the developing country with 
rorce of rupees. 

However, further reeearch on this concept is required 
and bhsre is a wide field open for it. Within ito l mi tioni 

- 	 .,.. 
1• Lately produced plumbing and a. o. designs demand higher 

man poor r on the oito to complete the project to time 
and thud incroaoe the overall coat of the project or 
loads to the lose of interest on the capital if not 
cotnplotod i ely* 
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of time and resources this dioocz tation only provides 
a glimpoo to the sub3oot. 

Paul Rudolph has said . that 'Form is the outcome of 
the spirit of the tines economic and oociolaaical 
conditionS..''1  We are in an age of optimisation, 	here 
eoonol!lieo plays a vital rob. Rtionaliaations  'the spirit 
of the time' can be applied in many facades of architecture  
of our ago ouch as inductrial and commercial architecture, 
raoo housing ate. and ofoourso the mo tumonta). or roligioxo 
arobitooturo and similar otboro have their +eta place but 
the architects in Cc sera . retrain from o orimonting on 
rritionalination with the fear that rationslicatton has 
sterilising offset on the creative faculty of .a +csignor, 

But an Shakespeare said., I obte are traitors 
and ko us lose the goad we oft might uin, by fearing to 
attempt.' 

1. Paul Iudolph, 'The Dix determinants of Architectural 
Form', Ah t urr Reoor+ Oct # * l956 
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APFBIf,AAZ  L 

Item 	Name of Required 	Use Xntaneit, Indicate Remarks 
Plumbing Servio• 'tea No 	High 	Low Pressure it any 

High how 

1. Cold Water 
24 Chilled Water (40°C) 
3„ H©t Water 
4. Distilled Water 
5. D.min.ralised Water 
6 Oas for heating 
7.,  Compressed Ur. 
so Steam 

10. Oxygen 
11, Nitrogen 

Laboratory Wasters 	Corrosivity 	Contanimante 
High. Medium. Low High* Medium Low 

13. Lab4  drain for 
*Isar water 	Separate from 

vast* ain 
Use Intensity 

Yes 	No. 	High 	Low 
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Ventilation * 

Io Rao of per one per hood 	t 
t. Heav3r Low 

2. type of hood 	 Glass door 	Overhead Self-.purgi 

3.Rooetobe 
specially 
air- oondtt1onedw No. and Name of room size em Rum# Air 

4 Hood in such rooms Yes, No.  
Heavy Low 

5. X4cbinea in room " 'ee 	Moo Horse Power 
gbting z 

I. 	type of lampp Ploureeoezt Ibean ,eecent 
Natural light 
•aeential Yee No. 

3. Power AO 
220/si 	le phase Yee No 
3 pbaae 'e E- No 
440 volt a DO yea No 

Mixed 

Partial 
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f 	~ 	4'~ 	I~ 	r ~ 	~ 	,t 	7 u. 	~j,! 	♦ 	~ r 	s 	~'F~ 	Isi 

E } . LA3OzuTOR IE3 z 
Modules 
as width of working surfaoe 	toot 	inches 
b. Desirable maximum continuous length of work 

eur'faoe* r. e w r.• 0 00.0 0a..fee't,.. 

a. Height of the tallest common laboratory apparatiII  

dog Desirable hood location within the laborer ory near 

door.•.w.s•aa.a..• 	near w nl'ow rr rstwa+ as 	I 11 ".•rr+r.r 	. 

e• Linear foot of hood~E' "+ ~ t 	*•n« ►s t. #r. r. ei' ► 

f o Number of sinks por todule, one for....,.,..,.,•.,4ono  

for each lsb'! "f for s., 	w.,aa► •+wwa 

go I4jnimuxn door width.,. R«*sr.feet.,.., . * . . a.. .inobee.  

. Number of office type desks for laboratory workers 
per module•«.rNer+v,••asr►«, .as.a.wr 

1. Number of kneehole epaomper 	t tit .€it a r. a a « ~r «~w r r ~► +► 

j. Length of desk• ► i«• M R. s R , o feet,* a 0! f r 4 6 4 a. Inches# 

. Number of f jUjng cabinet ar tr~x ,~ , • . « . « « #' « ► • ,. 
1, Linear feet of shelf space In o &aed storage cabinets 

per 3i t1l.«c««. »a«rawfie~i+~ 

m,. Cast and/or laboratory apron oloe•te Yen/No. 
Safety 
a* Secondary egress from the laboratory.. ,.,.  
b, Safety showers at entrance to each laboratory, S . t... 

(if in corridor# give egg a i sn . «. ! «p 4 . «,f e , 
0s Eye wash fountain in each. $ l lr t? "',p , • • • r w w rr a r « s a r 
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d. Safety b nket storage in each iaU6ratory... ..... , 9.... 
e* Sand tire ex ,ngu ebex at entrance to each laboratory.... 

(B) OP IOBI 

1, Modules 
as Iaboratory leader. 	One per 0 	p+ w ', # +~ w w r w r► , . r 

two personat~Ci tt' t t v~ ♦• t • +~ r w w a s r s ~p furniture 

required per person.,...........,..... 

b1,. Group leader * One person U'► `fi"duj l r* a r s r N , t w a 

two person 	 c f 3l' r s ► s ., * • r . s . a  w s •, .  

`urn. ti*re required per # ' $dl's . • + . 	* f . . s . r • 

c. $taft and admiuietz'at vo personnel, One per person 
ocau ti$ 1',~r * r w +~ 	a ~► ► f * o , two person oocupc ' P . • ..r .. a r, a • 

"o ip oocu7an ' *oo.*a,#*,&y**+r 	"+ feet per person.....,. 

I 	o p fine oceupiny. 

d. ixactttive personnel. 8iC t # • • • + !" by.,.,.,..... 

feet adjacent eecretarsl space........... • c4WWeouWg 

( ) PIWT PM t 

He ght# I  0 •** 411S 0teetr 

c. 

4. Piped asry oa e 
e. leotroal 8erioee 
f. Ventilation. Average exhaust air per module,,,,,.,,..  

cubic fact per minute-# maximum exhaust air per modle 
...,...,,...oubio feet per minute. 
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(A). Library.......... , . ,. (if required* develop needs by eont•renoi 
(2). Cafeterja...... * . . ( ` rec ui re&, develop needs by 

conference). 
(i ). Conference ROOmo s 
1, Maximum nummber of peOp e • r . s 	s ar . . . s .. 

2. Fixed seat**** s .. +...... s * .movabl! eeate i • . r . + s ... 

3, B3ao boarde.. .. r'. 1 0 , ...linear feet 

4. Project `aai itie .............. ..... . 1 .....  

5. Laboratory demonstration rac tttea 
(o) SRO?Ss 

1. Type and area of each 
H). LOOKER ROOMS: 

le Looker 	.1 i 1+~ 	r ~r • ~ . t . a +~ ~ . . er ~ a w aw . a rr 

2. Shower facilities. .... 	. .. e 	« .. «, ~► 
MM. Auxiliary Spacet 

I* Lockers. 	Size of oke ., +► t+r 	+ . . .. . 

2. laboratory supply e$orage 	.near feet of shelf.,,..,...., 
3, Gaeea under 	 number of 	 1 	. s ... , 

number of 	 uma..* , . w . . . . , . +r r ..a i. 

4. Solvent storage, Linear feet of ' 1 « • , s s .. s .. r 

number of 	n♦raft..• 

rat .Dangerous chemicals. a'r oar feet of ehelt, .. . ,,► s , .. 

6. General and office supplies. Linear feet of shelf..,.,....  
7. Photographic and reproduction space ran , s r r a► t . , 	s • ►. ►. 

8. JanttQr't a and *utdard looker roomo♦ . 	. s .. ,. . , . . s 	+r s . 

(J). Number of llmployees$ 

Men 	Women 
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1. Total personnel 
2,. Office personnel ( including those in categories 

(3), (4) and (5) Who are located in the offices In 
addition to having desk space elsewhere). 
laboratory personnel 

4. Shop perIOnnol 
5. Pilot plant personnel  
6. Looker raves 	 Mon 	Women 
7• Ja*hors f uarde and maintenance 
(K). Space Quantitiees 

lui ber of Module e s 

1. Laboratories boratorie3 Laboratory Pilot Of' •.cue B ,,,ft 
Large 	 L rna. . 	 lab 

special 

a* Standard 

b1 Special 

2• Offices3 

0,.* 	.s, a 	rr0 40,r0 	s0*00 

a* Scientist 	. . ..r.. 
b. Group leaders a r r ♦ r• 

0. Aesietants 
Staff..~►» .~..~,~.•. 

d. Executive 	. .....  • . ,~ 

eo Secretarial 	tr w ro ~► s+n x~► 	a 

f. Small confe. 
rence rooms 	 sa►• #.•w wM 

•w•s.i fr .o0$* If 914• 04t**# 

,$•*** 0 *$ i~ • f /044 •4044 

00000.000  •000 *044-  i44it# 



130 

to Closet for other safety devices on each floor 
.. r , . w ... • . , , .. « Lict items to a incln4ed • • ..... . s .. * . 

3.• Services s 

a* Centrally generated and generally diotributed services 
.. Piped serviOe B. Cold valor. a « . « ... * o '4000 

chilled water*. s. s * M . *ho' wato '', • • + r ,r ,« 

di !tillo I "ier. t,+r. 	«.r,►.,gaa rs.•. • « « ,wrrfir. 
high pre sas 	r s 	. « . a , lour proe m 
ai r  . . s r a0 ♦ * ei # hydrogeno ,* , ~► , , ,* *i , . ,xi&trocr n 

,~ ~ r s ~ +r ~. ~ ~r ,r r ~ ~► ~r ~ ~'~c"'~'~t.. a~ ..r . s ~r ~ ~.~.$t~t`3~~'8'~f~r,~` 	. 

a e r 'a » . « . , clear wato " drain..........., 

'. Eleotrical power, , 220 single phase and/or 

3 phase, 4 wire a,o.,,,,..,.0,,.,.voltampers 

per square too # 440 volts throe phaee a. c .. . « • « . 
voltt apeee per oquaro toot, 400 oyolea 	....  

volt a pe oa per ec a foot, direct current.... • fi ... 
lte .., , . w w . rc . amperes per square toot, 
`ound* sESS ,r• ,r« ~r k 3"` +rah. 	~► 	«~r~rw ~►, •«wr..« «.a~• 

« Hood exheuGt, Area or hood opening per module 
feet# 1t od face velocity.,.. 

per miinte, maximum ®q,uare Foot of hood opening In • . 
e. y one module or l borat oak. j.. • ... i 4 , sq are feet. 

b* The Spe0" ial3t$rvlaaa 3 

I. 8peoia3. a ee, !•i#M«4i«;AR4Nr•R►«AtIRFAft 

2. Bloot Lcal to vol ge. % • . 0 .$ . Q- " M if b7~. 	. . ! 'L•' ! , '# f 
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Special air conditioning* Assuming that the entire bniidinea 
will be air conditioned for comfort, laboratory epaoe 
requiring special conditions of humidity and temperatures, 
Number of '1odulee~ Temperature Range Humidity range  
Internal heat gain-Btu.. 
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