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RPREFACE

A notion often provails among the architecto that
standardisation brings sterilisation in creoative arts
including architecture. This dissertation has been written
with an inquisitive mind to analiag whetheyr stan&érdisatiea
and optimisation rcally does any harm and whether these
could be done without eterilieing the c¢reative faoulty of
a deaigne&, particularly in areas which ought not and
should not be left to intution or chance, such as %the
services, circulation ete,

Modular planning has decome the practise of the
day and there is a greater scope of rationslisation as
the logical faoulty of a dealgner oan enter into the
domain of the oreative faculty replacing intutive work to
a great extent, One of the otiiking inventions of this
century, the electronia«camputar has revolutionised the
| tadhnolagias,all over the vorld, P?uaently. it is being
used in a limited way in planning and architecture but a
vaot field is etill oper for exploration and implementation,
A génaral study of different works together with this
dissertation shows that rationalication or the use of
computer is in no way a deterent to the architect to create
new forms, rather it promotes the true eynthesis of form

and funetion,



This diecertation is primarily oriented to the
rationalisation of Industrial Research leboratories
through optimisation of services but the prineiples ...
are applicable to the rationalisation of any other project
based on modular planning requiring optimisstion of services,
since the appropreatencss of the subject 'Optimisation of
Services in Industrial Research Laboratories' is in the

overall interest of our Haﬁiann progreas,



INDUSTRIAL RESEARCH AND THE ARCHITECT

RTRODUCTION

Research activity can bé traced back to the dawn of
civilisation and will eoﬁtinue till the extinct of human
race, Thé lﬁhinnaires like Sorcatea, Futon, Leonardo-da-
vinci, Madame curie and many others have dotted the history
0f research by ages, However a sudden boost in research
activities 1e,abseriad as 8 wqud wise phenomenon, only
with the advent of rapid'induatrialiaatian. The research
centros 1ike the Building Research Station, U,K. and
such other famouav;nstitutians had come up during that
period, '

In colonial India, the scientific research activities
were limited to individual enterprice, in academic
institutes apd a few devoted and emienent solentists like
Sir J.C, Bose, B8ir C.V, Raman and such others., At pubdbliec
soctor only the institutions like the Indian Staéiatieal
Institute, Institute of Sclence, Bangalore and a few others
could be seen, It was only in independent Indias when the
sclentific research was promoted by the Government of
India, under the Chairmanship of the first Prime Minister,
S5ri J.L. Nehru. In 1947, under the Council of Scientifio
and Industrial Research with Dr, S.8, Bhatnager as its
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Director CGeneral, thirtean regearch qentres where opened
all over India, which multiplied into many sub=-centres
together with many new centres, Orants on scientific
research steadily increased in subsequent years, National
‘expendituie on sclentific research steeped up from Re,l0
‘million in 1947 to Re.500 millions in 1963-64,% |

in private sector also reputed institutes have come
up such as the 'Tata-Institute of Fundamental Research',
Birle Institute', Pilani and similar others,

. Inspite of such development in research activities,
it is found inadequate in time and space of the vast
nation a® ours, The expenditure on écientifie and
industrial research constitutes only 0.3% of our G.N.P.
which is admittedly low by International Standarda.a

Government of lIndia, at precent, has given muoh
stresg on gelf-reliance and alad reocognised the basio

needs towards fulfilling its pledge.

~ In his recent address to the scientists, the Central
Minister of Scientific and Industrial Reaearch3 has express

i. Excerpt from the lecture delivered by Dr. Aﬁma Bam‘in |
Bose Institute in July, 1964,

2. URESBCO Report on Scilentific and Industrial Research-1967
3. Mr,CSubramanian, the Minister of Scientific and Industri

Research had addressed the National Congress of Scientis
held in Vigyan Bhawan, New Delhi, on March, 1972.



the Governmont's desire to boost research activities and
give priority towards starting as many research centres as
foasible. He has also promised to provide incentive %o
private sectors to develop indigenous methods and techniques
through research laboratories of their own, He has also
stated that the Govt. 18 going to solve the administrative
diff&aultiee faced by the young sclentists towards freedom

of work in laboratories.

These refreshing attitudes are going to open the
door towards intensive resenrch activities at the national
scale, The architects in near future will be required
t0 play their role in uplifting the natioﬁal egonony
through laboratory building designs, uxiliaing with utmost
. officlency the ﬁonay spend on the laboratory building by
-the developing nation.

Rationalisation in Iaboratory Plannings

The twentieth century bas seen new innovations
of phylosophy and style in Architecture and our four
runners have oreated many landmarks with their revolutionary
end 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 shepe 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 provislon,

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 & degree that one is indiocpensible of the
other like the bone and flesh in a living body. It is
specially true for tho laboratories where sometimes the
gadgetry and equipments aseume a doninant role and the
architecture marely an enclosure to 1t. In a democratic
set up ~ involving poople'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 aﬁd to

make the best use of available resources, The following
pages are devoted to discuss in details, the need for

rationalieation from the very conception of the design.
Scope of the Dissertation:

In the light of present context it is felt appropriate
to undertake studies on the various aspects of the planning
of Industrial Research Laboratories in a rational
vay, In thehge of technological advancement, the laboratory
planning is a highly specialised subject involving numerous
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divergent informations, too large to de handled by an
individual architect, or even small panels of experts.

But the contemporary architect ashould cultiwvate his capacity
t0 handle rationally the informations and new parameters
or threshold supplied to him by the different experts

leading tovards an optimised sclution,

Within limited time and resources available to
the author, this dissertation, aime at a systematic approach
for optimisation of services in laboratories and ae such
only a small seotion out of thé various parameters could be
incorporated in thie study i.e. the ‘'services within the
Iaboratory Building'. However, with the same approach and
ratibnality, other variables_can4alao be evalusted as
a seperate study if more time and resources are availabdle.
The centralised services within the laboratory building

under consideration are ag followsts

1. Benchservices-Liquidas, Compressed alir and ges
2, Weather controll ~ Air conditioning and exhaust
5. Illumination « Natural and Artificial,

The other services pertinent to this class of services

are'powar, telecommunication which need further study.
BUDGET APPORTIONING AT THE PRELIMINARY STAGE:

To the amusement of readers,it is often published in news



papers that a building project after completion has cost
double its intended budget and the major ghare of oritieiem
is diverted towards the architect concerned, 7This happens,
no doubt, because of the riaing prices as ﬁell as the
budget made without precise knowledge or made on net

requirencnts and apprehensions,

A large portion of the architects time and energy
18 wasted in re-doing things on the drawing board, discarding
plane and aatimafeé'at thelr advanced stage as the schenme
takes a clearer image through working drawings and the
descripénqiea botweon the sanctioned budget and the actual

project costs decome evident,

Much of this redundant time and money can be saved
if a rational approach is adopted to get a xeassonably
accurate pioture of the budget, It can only be possible 4if
the priliminary sketch design, on which the budget is sanction-
ed, has been adopted through a high degree of nationalisation.
Many alternate proposals should be studied and placed
before the client so that in ecase of exigesis, another
alternative schkemecould be implemented wiﬁhout undue
amputation of the clients requirements or going through
a process of sanctioning additional funde, which often
occurs due to the rising prices incurred by the time lag
between the commissioning of the architeet and the slow



process through which the scheme is implemented.t
Rationnligation of the priliminary sketches can be

done on several items such as, the land cost, cost of access,

utility cost, ciréulation, cost of laboratory services,

bullding sketeton, cost of finishes, cost of construction

including materials, labour, provision for yising cost

in time and space and 80 on.

- Various alternative solutions should be studied for
each of the items and overall cost QOmputea t¢ evaluate
an ¢optimum solution or a range of solutions within the
linits ofthe budget and without unfue sacrifice of the

work efficiency and aesthetics,

It 18 impractical for the architect and his teanm
to spend the valuable time and money st investigating
numeroug alternatives and go on estimating mannally the
coat of each of them. It can only be poesible if he takes
the help of a computer which can provide precisely the eoat'

of these alternatives with much less time,

Anether interesting matter in adopting computer
is thet a much more rational approach in designing has to

1, The usual steps between the commissioning of the architect
and the inplementation of the project as follows,

Decision on the priliminary design by the adminiatration
Financial alloeation

Release of funds

Working drawings and estimates

* 9 * o e

Tender




be taken leading to many quarries and informations which
were beyond the normal comprehension of the sketch désignog
at that stage and which ought to be exposed in due course
as- the sketch plan is developed further and further towards
working drawings,

We all know, the complex contemporary building like
a laboratory is an outcome of the synthesis of aestheticse
and technology where mechanical and electrical eqﬁipmente play
a vital role. These gadgets are inseparable part of the building
form and the aesthetics, However, beautiful and pleasing
- the bullding 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 running costvof‘the‘pranect
unlese they are considered during the designing of the
building Just like the veins im a living body.

Thus a building project needs the co-operation and
co~ordination of variocus experts in different fields.
Ths architect's role, as according to Henry Wright. tie
like a good pannel leader in s radio disocussion,! l.e. to
co~ordinate the available expertise in different flelds of
the duilding project, ILarge architect's office has such
panel of experts either in the form of employee or a8
consultants, but they come into pioture when the building
plan has a;ready_heén done. They either design their respec-
-tive part on the baéie of the given floor plans or have to



direct the architect %o modify it or change it. Thus it
becomes a trial and error project. This oould be avoided
only if the architect is able to take hblp of the experts
in different fields while he is forming a mental picture
of the project, t.e, the initial sketehing stage,

Much of hue and ory is often heard about the methods
of rationalising,oonatructioﬁ process by means of *critical
path method', ‘'Programme Evaluation and Review Techniques'
and other sophitioated methods to control the cost of
conatruction of a project through efficient use of matariale;
man and machine powers, storage on site ete, However, direct
labour cost reprosent only aolltq 25/ of the total project
cost., Therefore a 10 percent saving in field labour cost
resulte in a 2 to 2,9 percent influence on the total project
eost where as roationalising design process whioch represents
75 to 80 percent of the total project cost, could save a much

higher percentage, This showsthe need for rationalising
during design stages.

Richard Jarrold's views are revealing in this regard,
a8 he says, 'Once the gite is selected, the bhasic plant layout
in established and the design basis fixed, the major costs
of the project are 'locked-im', It is during this dasioc
planning period that something can be done about cost! .}

1, Jarrold. Richard, ‘Pharmacoutioal Plant in Puerto Rico'
¢ Bngingering I (Vol 66, 1970), p.177
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A major share of the total budget is consumed by
piping and though it 18 considerably high, the architect
~tends to over look it till the basic¢ plan has been
finalised, and after the basic plan is finaliced there ie
hardly any ecope left to optimise the piping circuitry
except follow the'building plan, A small additional
expenditure on piping dea&gn to integrate it with the
initial sketch plan of the building, may save the client

from a huge amount af vastage,

Mr, Pitzer's statement mokes it more expieit as
he writes, '... the break dewn of cost 0f services shows
that ae compared with the 2 percent of the total project
budget absorbed by plping design funetions (in laporatoriaa)
around 12 percent 1s epent on procurement 0£.th¢ piping
gonponents gnd a further 10 porcent is utiliaeﬁ in the

fabrication ard erection at site of the pipe‘vorkFul

Apart from dlreat losses as mentioned above, the indi-
rect losses may also occur such as - delaye in the order
and dellvery period of materials in bulk and hence either
delays in the pompletion of tho project or t¢ an unsatisface /
tory man:pdwer denmand leading to high cost of construction,
In many countries pipe work dotailing is &one'by computer

t0 achlieve great reduction in cost and design time,.

1. Pitzer, M,8, 'Pipe Work Delaiting by Computer?!, Chemica
gpdvsﬁoc‘as Engineerin CVbl.BO,Nb.lo.Hovembeé* 19393.
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COST CONTROL DURING THE LIFE OF THE BUILDING
Research laboratories yield indirect benifit to the

nation. The extreme cases being an expensive experiment,
after a long and tiresome period of persult has to be
abandoned fruitlessly, to a revolutionary achievement in
a short duration which is a rare cases, whereas the
recurring ¢ost of laboratory services are much higher
than in any of the dbuilding type.

Public sector can be expected to persue an expensive
research project for a long period despite unduly heavy
running ¢ost, but in the private seotor a small enterprise
may not be able to bear such burden and may desert such
research project and divert the dbuilding to some‘mare
ramunérativo work project, This is specially true if the
running costs are unduly higher than the expected,

The layout of building and thereby the service aystenm
imparte great influende on running cost of services like
the pumps, compressors, fans etc. are aubjéét to work
on higher heads due to friction in piping whichvare either
undersized, unduly long or reach the laboratory benches
after many turns and bends,

The pipes with larger siges, though:with a higher
initial cost, proves to be economical in long run as the

lower running cost of services through such pipes, off sets
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the higher initial coat within a short period.

Apart from th@ services through pipes, merely the
form of the building may become & source of constant
expenditure in terms of annual eooling and lighting cost,
The total Solar radiation absorbed can be minimised by
reducing the surface areas that naﬁﬁa&tmg:reociva ma ximun
golar radiations and increasing them to orientations
receiving lees solar radiations, The planning which
allows inadeguate natural light incurs constant expenditure
in two ways, one, the cost of lighting and another, the
cont of cooling due to additional heat gensrated by
artificial lighting.

Therefore a balance has to be struck between the
initial costs and ite respective annual running costs for
different sizes of piping. Qhe optimum size of pipes and their
respective operating cost, thus arrived at, will vary from
place to place depending upon the tadtorﬂ 1ike material
costs, labour cost, fuel charges (genarallyfaledtricity),
¢limatic eonaitiona.'method of cooling etc, and therefore
an-optimised design for one place may not BS effective for
another place,

Meochanical services in laboratories to-day have &
life about half of the useful life ofthe building atructuro.l

1. Useful 1life is meant by the period after which the ,
building has to undergo large scale renovation to contirue
a8 a research laboratory ox it is diverted to some other
use, as such it i1s not the aotual life of the building.,



13

1

This statement 1e made with full realization that constant
improvement in these arts resulte in fairly rapid obsoles-
cence, and laboratory duilding can not continue for d lenger
time to work with obsolete mechanical services fto stand
in competition with the programme, A review of the exfreme
modernisation and renovation of laboratory buildings \
takeps place with a radical ohange in research techniques,
Considering financial aspects and time lag in adaptation
of such techniques, this period generally falle between
30 Yo 40 years, The supply of services conatantly inour
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 instdllation
'coet with a probable‘low of 5§ percent for high priced
ayafuma and a high of 10 percent for cheaper inatallation.l

In an extensive supply system like laboratory |
gervices the ducte and plumbing cost is adbout 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 earxiér.

This showa that the annual running coat of servioces
with regpeot to the total cost of the buiiding project

- _
1. Sevens/Pellows, Air andixieezgg (New York: Johnwiley and
and Sons, INC., 1958), p.256 and p.289. ven
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including installations etc., varies between 2.5 to 5
percent, 7This includes power cont, maintenance cost.

These statistice reveal that only the cost of
running the services through unoptimised system can
balance the total cost of a laboratory project withia
ite useful life., It is too serious an aspect to be
overlooked,

An engineer or‘e;pert on mechanical services can
design a system which will be most economical with
respect to the building design furnished to him, But
this need not be the lowest possible coet forthe project.
There could be other bullding designs which can produce
a still efficient system and which has remained unexplored,
Thus optimisation 48 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-
ment in construction, This point.should always be remembered

Therefore, the stress on the long range ecsonomy
depends on the financial policy adopted by the client,

Generally research laboratories are established as long

term project but sometimes the o , ate fimancing
may dictate the architect to look for a lower firet

cont of services at the expense of hizher running cost.
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Thus 4t is a matter to be decided between the client

and the architect through meetings and discuwesions., But
such a decision can only be arrived at when the architect
ocan furnish the ¢lient with various alternative and
concrete proposale regarding initial capital investment

versus the corresponding annual operating cost of aerv1aea.1

These conclusions have been drawn at after a general
survey of Industrial Iaboratories, through site visite
and review of books. |

Whenever possible the industrial research institute
prefer to be detached from the mother plant forthe strong |
reason that their prime activity i.,e. research is lost in
industrial operation if attached tc the mother plant.

Locations

Most ofthe contemporary research institutions prefer
40 have a ¢alm and guiet location even 4if 1t is a few miles
away from their mother plant or mothexr Inatitutes, Hence
a country or suburban location with large stretch of plot

and good landscape is their first choice,

1, Precent day practise in India, of course, takes account
of only the capital investment and recurring costs
receive 1ittle attention,
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The increase in the affieiaﬁcy of research worker
in a calm atmosphere is estimated 4o offset the increased
cost of eervice installetion within a shorter period of
years (being detached from their mother plant, all installa-
tions, mechanical and other, have to be separately
installed). -

pistance of a few miles, 1is not a problem if commu=
nication links are there, because the order of physical
communication need not be more freguent then daily or
weekly (hourly communication dictates the buildings %o be
in cloge proximity or linked together).,

FPlanning:
Planning of a project vary according to situation.
Some of the faotors that guide the planning ar¢ as follows,
1. Open type modular planning for flexibility: Research
work always goes ahead of the time mo the space

L

requirement change faster than other projecte .’

H

w .o - -y v ) »

~'2‘vArch1tectural character ofthe aurroun&ingai'
3, Central amenities and services and their digtribution
system. -
4. Nature of research wWork.

5. Cost -~ to be discussed separately in detail.

l, FNot applicadble in Indian Conditions.
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Growth:
Research buildings are very expensive proposition
and the limitation of funds often dictate gradual expane

sion. Therefore two kinds of expansion need to be provided.

8. Expansion in immediate future, the bullding is
often occcupied with minimum possidble space and then
complete gradually the remaining part = proposed
in the plan,

b, Expansion in &iatant future, provision imn plan and
site for unforsesn expansion in future due to
change or addition in requirement and addition of
ney departments,

Horizontal growth satisfies both the growth patterns
and hence it is preferred. Verticel growth is only

possidble in case of large scale expansion in distant future,

Service Distributionst

In relation to the space module the services
often follow: the same module to achieve flaxibility of
tappiné the maine from any point according to changing
situations.

The services are used generally of two types of
epacess -

a; Fixed Spaces
b. For flexidble spaces.
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Some laboratodies require aﬁeaial services and need
not be changed., They are placed in close proximity of the
mechanical system. Frovieion of space (like under ground
trench, service oorridor eta.) for frequént rapairs and
changes of the service lines, are appromiamted even at -
an initial higher cost, which 1s compensated within a
short period by gains from the unhampéred research work.

Horizontal distribution systems prove to be
econonmlical for most research bulldings which are generally
of low height.,  Mest of the spaces in research dbuilding
{80 percent to 100 percent) are air-conditioned with

i

varying tenmperatures and humidity.”™ Hence service systenms

often guide the planning and layout of duilding blocks.

Modern trend 1s %o provide individual services as
far as practiceble which add to the Llexibility of the
internal arrangemente, Unit eir-gonditioner, cylinder
gas8, unit hood exhaust are frequently used, Biriking a
balance between the central and individual eervices 18 to

be a decieive factor. More the variation in requirements
from laboratory to laboratory more efficient ie the

individual gervice systen,

1, The statoment 18 of special aeignificance for chemical,

biochemical medical and precision~instrument laboratories,
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Module: -

Module for laboratories and module for general office
bullding vary. The usual module for a laboratory often
proves luxurious for offices and loads to a wastage of
spaoé. It is observed that wherever space permitted, the
laboratory buildings are peparated from the office
buildings to satisfy the variation in their modules,

Modules for laboratories vary from 3 %o 4.5 meters
(between partition) and from 5 to 7 meters (between external
and. internal walle),

Width of modules for biclogical and medical research
are on the higher side because of the use o0f wider benches,
Fire Protsctions

Most of the Induetrial Research Iaboratories, except
the physical laboratories, deal with inflamabie materials
and therefore they are prome toﬁaraa fire hazards. Speciasl
oare has to bo taken in every step of ivs design including

location, TFire regulations often dictate the selection of
site, locatlion of the buillding proper including the set-
backs, selection of building materials and finishes etc.
Special care haes to be taken for protection of lives and
property in case of fire such as the eafety egresses from
the lisdboratory proper and fire escape exite from the
building. The mechanical means for fire extinguisting
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like sprinklese, showers, uni%«axtinguieheﬁﬂ fire nlarms,
attomatic starters and fire fighting equipments are the
integrated part of the deslign of the whole project,
Faocilities for medical oﬁre in case of injury is
also a part of space requirements. '
Safty egress fromthe laboratory is a guiding
- factor in determining the position of the fume hood and the
size of the module, With @ifferent position of fume hoods
and safty egress, the dimensional wvariations in the module
and there by the form of the bLiling has deen dealt with
in the 1V Chapter,

Structure and Matebials:

As eomparéd to the cost of services and equipments
in research buildings atructurgl cost is of secondary
importance 3f considered in time scmle, For the requirements
of flexibilityy the internal partitions are non-load
besring and hence R,C. frame with direction of beams related
to the service system is the usual structure system employaﬂ.l
R.é.a. is also the lesst vibrant structure which is essential

for moat physieal laboratériae.

1. Spandrel beams(along the length of the building) or a
coras beam (along the width of building), both structure
pystoms are applicble if a vertical service- system is
adopted. The spandrel beam system is not applicadles to
horizontal service aystem run through the corridor, where
a8 this structural system is applicable to horigsental
service systen run through the laboratory. Celling and so
ON....Split-columne are frequently use for vertiocal service
system where as the horigontal service system requires no
such special system, .
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~ Partitions are often achestos oement sandwitohed
panels, hollow blocks or fire resistant plastic psnels,
gless partitions eto,
Metal partitions, doors, windows are frequently
used, Wood produets are sparingly ueed'tc avoid chemical
and fire hazards and to facillitate water’barna'cloaning.
For hiologlcal and medical research the floor and
dado finikhes are generaily'of anoocth and water repellent
type 80 thet they cen be cleaned with water and disinfectant.,
Torrazzo and glagzed tiles ave the popular finishes.
Cost Criterin: »
* Apart from sceisl and philanthropic works most
of the industrial research vrojects are intended to yileld
e&aﬁomic return to the investment. Thus cost is a guiding
factor in designing a project, Scme of the factors which

guide the economigs of the research building are ms followss

1. Proper seslection of service 4istribution system:
(a) Type of services, Andividual ox central system.
{b) Bystom of services 3 horigontal, vertical, exposed,

trench type or overhead.

2¢ Selection of a module : by efficient furniture
arrangenent the space requirement may differ and
thus the volume of the duillding =mlso vary,

3, Cireulationt Proper piacing of central utilities, such

as stores, yhotographic, X-raye and other roamé. can
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reduce the trav;l time of workers. Time has &
relevance in terms of cost,
4. Structure: provision f£or horizontel expansion with
low height blocks cuts down the structural cost to
a great extent, because thes money blocked in
foundations, strong frames eto., for future vertical
growth, 18 released if horigontal growth is adopted,
5e cooiing.load and day light factor: Cooling load is
increassd due to improper orientation, Illumination
load is inoreased due to low day light factor.,

The study reveals that many buildings have added to
the cooling load due to improper orientations Narrow sﬁaca
modules 9* x 24' are often pbor in day light factor if
partitions are put between them and hence supplementary
lighting i8 require® which add to thg»réeurring consumption
of sleotricity in terms of light and increased cooling load
(1ights add to heat).

Mechanical Services within labdboratoxess
The mechanical serviaes ﬁithin laboratories may bde
oclaseified into three osatagories as followst |
1, Servicee related to piped supplies and discharge
system,
2. Services related to the controll of climate within
the laboratories and ancilliary dbuildings,
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3. Services related to illumination and power supply.

The areas of these services whioch are related to the

planning of the bdPuilding or oan effect each other, have been

disoussed in the following pages

The services related to piped supply have broadly

two seperate items as discussed previously.

a) The fimed elements i.e. the supply lines, valves,
faunocets, pumps ete, which lncur a firast cost of
installation,

b) The recurring element i.,e. the mechanical power
whiah onables the materisls to be supplied to hhe
uger from a central source., Thie involves the second
cost d.e. the reourring cost and it is not a negli-
gible amount to be over looked, Maintenance cost for
repairs and controll the operation of machineries

i6 also a reourring cost,

Both these 1tama are insepoerable from each other
as well aﬁ the planning of the dullding. 'The following are
the piped supplies commonly required for an Industrial
Laboratory.t |

1 Theaelanfarmationa have been reproduced from Coliman,
H.B, &g%ﬁgg&g§x8§g§;gg. New York: Reinhold Publishing
Corporation, 1962, pp 668-72,



Gas for Heating:

Faucet pressure
Paucet discharge

Riser gain

Contrigugal fan
pressure

Use factor
Material

Compressed Airs (Lbw FPreassure)

Hteam:

Faucet pressure
Paucent discharge
Punp preessure
Use factor
Labs

>Hatarial.

- Faucet pressure

Discharge
Use factor
Material

Hot Water:

Faucet presasure
Faucet disocharge

Branch

-
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6 inoch of water ('25 p.s.i.)
{minimum 3 inch)

14,5 ou.f4t., per hour
(minimum 8 cu.ft. per hour)

0.6 inch per 100 £¢, ht.

12 inch of water ('S5 p.s,i.)
60 p.a., (ox '6)
Black steel pipes

5 p’ﬂtid to 10 p.Bai.
1.5 G,Ft, to 3 C.Ft.

15 to 30 PeBols

166
i}-
G.1. pipe

2 to 4 Cre (Dry)
*3

8.1, pipe (3/4 inch Asbestos
wool insulated)

3 p.8.i.
2 gal, per, nmin,
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Pump pressure . = 1% to 25 p.s.i.
‘ {(For 4 p.o. head loss)
Use factor Branch - Y50
Material - 0,1, pipe (1/4 ineh insulation)

Cold VWaters

Faucet pressure

Faucet discharge

Pump preessure

Use factor  Branch
Main

Material

Chilled Water:

Paucent pressure
Paucet discharge
Pump pressure
Use faotor

- Material

Demineraliced Waters

. Fauce% #rcsaure
Faucet dlscharge
Pump pressurg

Use factor Branch
- | Main
Material |

% peseis

» 2 gal, por min,

18 to 25 p.s.1.
'8

‘6

G.1., pipe

| 3 P8t

2 gul per min,
15 to 25 p.s.d.

"6

G.1. pips

2 P.s.i,

1l gel per min.
10 to 20 §;8.1¢
'4

'

Advminium or Alkethene pipe
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AIR-CONDITIONING OF LABORATORIES!

Air-Conditioning of laboratories 1g.an essential
part involving annual expenditure and it is dictated by
ventillation requirements of the laboratory rather than
¢ooling regquirements,

The two purposes of alr-conditioning are primarily
the ventilation 1.,e. the need to eliminate or at least
dilute the chemical ahd/or'biawahemical contaminants and
secondly to eliminnte the heat gains from mechanical
egquipments, solar effects, artificisl 1ighting and human
sources, |

Number of air changes that ogcur in laboratories
range as high as 10 per hour. This leads to substantial
waetaga of treated air, Hence it 1is desirable to reduce the
cooling load to the possidle minimum to achieve economy
in annual cooling cost, ,

Heat gaine from mechanical equipments end other
regearch 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 needes optimisation for air ducts to impose
minimum overall frictional head on the fans and therebdy
reducing its horsepower, as well as the optimisation for the
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ninimum annual cooling coet combined with the corresponding
building construotion,cdét and 1t can be done by wvarious
grouping of laboratory units, office ppaces, number of
floors and study their impact on cooling load and wastage
of supplementary lighting.

OES RELATED 70 II

Illumination may be n#tural or artificial.
The window is thoe sourge of natural light for working—
within the laboratory and office. It also provides reet_

to the eye which gets strained by ocontinuously looking
at things withinkclosa range and needs a Qistant view to
relax its muscles and nerves., In certain experiments like
microsocopic and colour tests, natural light is indispensible.
The laboratories whioch have deep'bays or an of:ice unit in
fhe front often neede permenent artificiasl supplementary
iighting which consumes poﬁer 1n;the follawihg manner, To
raipe the level of illumination dy 20 foot candle in an
average é man laboratory, approzimately 3 wt per sq.ft.
power ie consurfled which means an increass by 10 p.c. of the
‘annual lighting biiy,>

Togather with the lighting bill it increasces the
gooling lond at the rate of 3413 B,7,U, or about a quarter

1w Bxcerpt from Hunt William D,Ed, 9§933$2§ gogtrg%; of
Building Costg, New York, McGraw Hill, 1967, p.48.
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ton. Thus if the whole laboratory building ie considered,
the inorease in the annual cooling load is quite a high
percentage. In colder countries therefore the modern
concept of heating is based on artificial 111umination.1
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 opahinga in it aéeeially if it 485 a
wvestern or southern wall,
Therefore, illumination and thermal gain are
related and a compromise ie to be made or a balance is to
be struck to find out the total annual cost of lighting
and ¢ooling togather. This study will reveal whether a
systen with complete natural light or a partially supplement-~
afy 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 gqu.lity of light whioch will decide the type
of Bcﬁrae i.e. incandescent or fluoroscent and whether direct,
gemi~direct, semi-indirect or indirect source etoc, Heat
genoiated is highly influenced by this factor.

2

The amount of 'PASL'" is minimum where all rooms are

1. Ibid, p.46 )

2. Permanent Artificial Supplementary lighting 'PASL' 4s the
lignting which is required to offset the shortage in the
level of illumination from the natural souwrce, Thus it
is different from the lighting in the night.
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facing an external wall and is maximux where the roomae
are in the interior with an enclosed corridors on the
outer periphery, Hence optimigation with respect to

illumination is essential,

BEfficiency of a building plan does not only depend
on the efficient use of space. Other factors such as the
first cost of construction, first GSoat of services, the
running cost of the services and the maintenance cost of
the project during thelife of the building ete. are equally
important.

| Modular planning 18 & system where mathematice can
enter into the domsin of the art of building. The product
of the two is & rational architecture, a true synthesis of

'farm and function,
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. S HAPTER IL

EORM _AND _OSERVICES

In the previous ohapte? the necd for rationalisation
at the priliminary planning etage has been stressed, -The
services, being one of the major components and the topie
of the dissertation, has been Drought forth and &iscussed
at length. | |

This chapter deals with the identification of
the major components of the preliminary plan which have
their role in the process of ratianaliaatio#. It almso deals
with the oollection of informations related to these
components which will forz the parameters for the optimisaw
tion programme of the services later,
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COMPONENTS OF FORM IN THE CONTEXT OF SERVICES:

The form ie the outcome of proper synthesis of
numerous variable and constant elements.

The variables are those elements, the falue of which
oan be changed without changing the physical requirements,
where as the constants are those fixed elements that
constitute the dbapsic = physical « regquirements.

In the case of laboratory planning the conastante are
the basie requirements of the ¢lient such as the number
of peraons who will be working, the length and width of
working surface of the benoh 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 ofthe laboratory proper,
the height, length and width of office space, the location
of the both with respect to each other i.e, the offices
space within lud., office space adjacent to lab., office
space in opposite lay or office epasces and labs. grouped
seperately. The dependent variably are the leagthse of
diameters of the circuitry systems, cooling and lighting
loadas etc.,

The number of floors can be another major wvariable,
It may be decided at the first inetance whether the dbuilding
will be & high rise one or a low rise one. If the building
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i t0 be a8 low rise one 1,e, upto 3 or 4 storey high then
mach of the eempleoaoy.in reaﬁncd‘ But if more flexibility
about height is provided then epecial consideration of
vertical oiroulation system (persons as weli as piped
supplies) come into picture, Another important variadble is
the service synten ot the piped auppliéa and or duct
supply. There are various service supply systeme i.e.
horigontal through corridor or labs,, vertical through
gorridor or outer wall, labs,; grouped around one or g few
cervice ducts, originsting from the roof or from the

basenent and 50 oOn.

if a detailed study is done, it will prove that under
certain fixed boundary conditions only one service system
18 most eflficient with respect to the building plan it
sexves or in other words 1 under certain environmental
restraints a service system can diotate a layout plan for
optimum efficiency, .

The word 'aytimnm‘efriuiancy' is used to denote the
synthesis of wvarious factors that influence efficiency of

such as,

Coat Pactors: .
« Minitmum initiel cont of the projeot,

« Minimum running cost of the installations or the
services.

» Minimum maintenance cost
«» High work efficiency.
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08T VARIABLES:

Capital Costass
The minimum Iet cost of the project does not mean
any sacrifice of the gquantitative or qualitative aspect of
the specification and requirements, It only meaﬁﬁ the
minimum posgible ist coet obhtainadle through proper planning
and programming,
A project can be broken down into wvarious items,

sueh n8s

i) loocation 3 Cost of the land
) 3 Cost of communication.

t+ Cost of development
(including utilities)

i1) Building work 1 Cost of the skeleton
¢ Cost of finishes

$11) Services t Cost of plumbing and duct work
and electrifisation,
$ Cont of equipments to run the

piped supplies:. - -

The minimum 18t vost will mean the total minimum
cost of all the sub~iteme mentioned above., It may be
mentioned here that the minivum cost of any one of the sub-
itens may not necessarily prove to be the minimum for the
others. Therefore, a balance kas to be struck where the

total 18t coet is minimum, Thus the minimum Ist cost will
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include the sum of Ist cost of sub~items, location,

building vork'and'eorviaess
Operating Costsi

The central services supplipd to individual denches
 under certain pressure incurs constant expenditure in terms
of mechanical and electrical power to over come the frictional
losses, velooity losses and head losses in the pipe ang duct
oiroutry. ILower the loss and more the building is related
to the service system, the lower will be the running cost.
The operating cost can be controlled by wvarious
means involving the basic three aomponente ie.the materials
used in pipiﬁg and duct work, the disposition of the olirouitry
and the form and orientatian of the bullding,
Rationalisation of the coste of plumbing materials
and supply mechaﬁismi . _
The rollawing dtems are relafed Yo the capital cost
@f the plumbing materisis.

. Superior gquality of piping and duct materials
with low frictional co-efficient (The G.I, pipes
have more frictional coefficient than the Alluminium
pipes or copper pipes), ' )

s+ larger diameter of pipea and ducts than the minimum
necessary ones. This also helps in reducing the
total frictional loss.
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. Sophigticated mechanical devices which have lower

~ power oonsumption, proove to be cheapervin long

run,

The cost of thesce items have to be rationalised
because & point of contraflecture may oocur where an
additional expenditure on pumbing may not prover to be
effaective in terms of the return from the saving in the

operating coet (refer graph for annusl running cost, P, 112 ),

Rationalisation of Clircuitry:

The following items are related to the layout of
the circuitry which is dependent on the fofﬁ of the
building. If the building plan is of = opread out or
exploded type, there will be longer pipe linea'incurring
more frictional hoss where ag i1f the buillding 18 compact and
multistoryed, the pipe linee will be shorter but will
incur:  nore heed loess due to helght,

Hence there 18 again a need to determine the
optimum length, height and spread of the building into which
a well integrated aupply line will have miniﬁum turns and
bends and an optimum relation between its horizontal and
vertical runs so that the total pressure loss in pipes

can be minimised to the poseibdble extent.
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ORIEBOTATIONS
Solar Oriontotion and Cooling Ioand:

Tho ppaoes oan bo arranged in variouno ways vwith
roocpoot ¢o oun oo that the building aboorde di:farant amount
of oolor radiation and th@é@hy produco 4ifferent cooling
londn. Thio phonomenon is comparable to tho heat gain of
o hollow box kept in the sun in various orientations, Tho

inside air tomperatures will be different for difforont
orientntions. Iarger surfroce areacs of a building faoing
the north and south and minimum posaible surface nroas
tovards the woet and east prooves to maln ninimup heat
£rom nolayr radiations., The effect of roof avren hes beon
dipoucgoed lator,

Illuminantion and Orientationt

The arrangenonts of the laboratory units andthoir
reopeative 2£fi00 units olfect day-light-factor. Tho natural
iight in Indian conditions is dependatrle 0 4 groat oxtont
excapt in the »ainy noamon, The glareless and defused
indirect natural lisht is better than any artivicial lighe.
Though, tho natural light oftan needs to be supplomontod
by pormsnont artificie) supplementory lighting (PASL) for
doopox bays but ftc amount is effected by the aduittonco
of the natural light.

Some laboratorieos may evon work wiéll without natural
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light, perticularly in oircumstances where there is a
specinl need for high degree of concentration involving
precision work. However keeping in mind that artificial
lighting tends to add to the cooling lcoad substantially,
as Mr, William Hunt States, ‘large multistorey buildings
with high lighting levels require cooling of the interior
areas, even at lowvest outdoor temparature...'l A

The “total wattage of *'PASL' mmy be determined for
different floor plans by the number of foot candles
supplemented and the areas under the influence of °'PASL',

Here are two examples to reinforoe the astatements
that floor plen and building blocking for the same orienta-
tion effect the cooling load and lighting load. However
these plans are inefficient in other reaspects and havebeen
mentioned here only as two extreme examples, -

A three storey btuilding where the offices and. the
‘laboratories are placed oppositeeach other along the central
consider (referscheme 2, P,48) will have the tollowihg
impacts on lighting and eooling loads,

¢ Minimum artificial lighting load

« Hinimum heat gain from artificial lighting

+ Minimum solar heat gain

1. Bunt ¥William D, (Ed)..g§e%t;gg aongﬁb;; of Building Coets
New York: MeGraw Hill, 1967 p.46, e has further ennumersted
interms of initial and annual cost of lighting and c¢ooling

for a certain increase in lighting level (refer index
. for details), ' | |
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Whereas another building, & single storey development
with laboratories grouped around a few vertical service
shafts, the offices in single row along each corridor
(rofer scheme 4-A, P,48) will have the tbllowing impacts on
the 1ightin5 and cooling loads.

o 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 &8 naturally lighted ard has the
minimum roof area which is the recipent of maximum solar
radiation, where as in the later scheme the laboratories do
not get natural light, the east-went expooure is also of
_high degreeo as well as the maxinmuwm area of the roof as the
building is only single storeyed, The i:highest loade of
lighting and cooling may gome out to be many timoa more than
the lowest 16&&8 (as 41t will be seen later in the IV chapter),.

In between these two extromes theye oan be tens
or, even hun&ieds of alternative schemes which may produce
different lighting and cooling loads, and it 18 unpredictable,
vhich one ofifhe schemea will proove to be most effective

in terns of minimum overall running cost,

ﬁa&ntenanaa Coat1t

Equipmente=~ Maintenance cost of equipments is inversely

4
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proportional to the first cost of the equipments i.e,
higher is the cost of equipments, more is the sophistication
and hence lower is the maintenance cost.

80¥vioe lines~ the maintenance cost of the service
lines dapends'on their locatian. The faulty and leaking
lines are diffioult to locate and create a constant sourcers
of trouble, speoially if the serviée lines are hidden,
Where as, 1f they are exposed, they require ocareful
arrangement and proper location otherwise they may be
hazard prone and unaesthetic in appearance, Such systems
need fregquent attendance. Approachability of the service

lines alsc leads to variations in maintenance cost,

¥OREK EFFICIENCY

- Working efficiency within an Industrial laboratory
depends on wvarious factors. BEnvironment imparts its effect
on human efficiency. It is a seperate subject by 1tsglf.

A peaceful and spacious environment sustains the spirit of
the researoch #orkers, but 4¢ has 4te limitations as well.
Too much luxurious environment may fallow the law of
diminishing return. Despite its abstract aspeots, working
effiociency depends on physical planning which awe of
more interest to this topic.

An industrial research personnel spends a considersble

amount of his time in putting down his records and writting
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papers related to his experiments. The experiments being
conducted may continue vhile he 4ia writing and is often
taken care of by his assistant.

Under these ciroumstances his personal office neecd
not be attached to his working space, It can be pféeed a
bit awvay from his working lab, without hampering his
efficlency.

Efficiency is zreatly effescted by the disruption of

gservices, The system where the service lines serve the

fioor above often create troudble, While reparring the
service lines of the floor or lgb.wabave the work of the
floor below is aleo hampered,

The following check 1ist enumerates the various

fectors which influence the working effieiency in a lab.,

Disruption of Servicas:

a).Humber ot avarage disruption of services per aanum

b) Number of laboratories effected by each disruption.
¢) Average period of dieruption.

4) Total salary per annum ofthe research personels
and assistants of the laboratories effected.

Movement factors:
a)'Inter-lahorétorieaacirculation in terms of
1) frequenoy 1i) time taken 111) status of peraons,
'b) Intra~laboratory-circulation: movements of research
workers within the laboratory unit, from bench to

bench, bench to office ete, ...
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Environmental Factoret

a) Noise lovel

b) Illumination level

e) Temperature, humidity and ventilation controll,

d) Visual comfort | ”
1) Natural light 4i) Natural view 1ii) Type of
views. ,
(Ror the relaxation of eyes and mind)

e¢) Disposition of speaces, colour texture eto.

£) Purniture and Furniahinés |

Human Pactors:

a) Individuals freedom of working
b) Extent of Red~Tape
c) Coumon and individual facilities.

d) Inter-mction and co-relation of different
departments and members,

¢) Safty of research workers and future gauranttees

t) Just degree of confort,

&) Temperament of superiors,

h) Workémg service condition

1) Technical knowledge of the H,0,D, and open mindedness.
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ORMATIONS REQUIRED FOR CORRELATIRG FORI D BERVICESS

Por correlating form and eervices in laboratories,
it is essential to put equalattention in colleceting
informations regarding its services and the space require-
ments., But in usual praotice, the arohitect gives more
stress in collecting informations related to space require-
ments and wiik a redimentary knowledge of services he starts
his prilinminary sketoches, The plans, which are of course
highly efficient interms of use efficiency of spaces, are
given to meehanieal, electrical and plumbing engineers for
the design of services. Thus & rational design 1is
superimposed on an intuztive design where by'a proper
synthesis of the two 1s seldom achieved. -

Therefore, if optimisation is aimed at, the detailed
informations regarding services are %0 be colleoted through
a suitable method.

Such informations are supplied by the client or
1t is collected from the research workers and technioal
personnel who will actually use the services,

The best method of course, is to prepare a questionn-
aire, supply it to every membexr related to the laboratory
for reply, collect the guestionnalrg,serutinise and screen
and then prepare a list of useful informationa out of the
varying reports available from the gquestionnaires,
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Check List and Questionnaire for Mechanical Oomponentaot

The questionnaire should have short and crisp senten~
ces to invite very short feplies from the scientists,
technical experts and other assistants who handle thege
services, 80 that the answers d¢ not ooﬁaume much of their
valuabdble time and patience,

All the informations may not be expected either from
the scientigie or the technical personnel. Thelinformttione
'like the preasure of ditzetént piped supplies may not be
available from the scientist, The technical personnel, oY
the maintenance Engineer can be useful in this respect. 8o
a close co—bperatibn of all personnel invdlved in uveing 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 éalient
and useful information.

The queationnaire for aerv1ces given 1n the Appentix
hes been considered appropriate for colleoting informations
related to the services under consideration 6! this disser~
tation., It has been-devaloped by the author with an eye
towards the input data tor‘tha aomputéraprégramme. Hence
only these items hawe been included in the guestionnaire
which constitute the impetical formulae used in computer
programning.

fha actual pressures and discharges of the piped

L



45

supplied can be easily quantified 1f the use intensity
“amd the pressure at the faucets are known, Similarly the
quality of materimls for disoharge of waste materials can
&is0 be determined it we‘know the degree of corrcasivity,
contaﬁinauts, and uee intensity. The type of size of a
hood and the numbexr of hoods are essential to gquantify

fho ventillation requirements whore ag the heat generated
from the running of machines and the type of lamps ueod for
lighting will help in quantifying additional cooling ktad,
keeping in mind these factore the quest;annaira bet been
prepared and testsd for ite woxkabilityl and has been
madifiad accordingly. A sample of such & proforma has been
given in the appendix for reference.

A detalled guestionnaire form may be used for
comprehensive study covering othexr aspects of the laboratory
as well, 38 sample of such a questionnaire has been given
in the appendix fort further reference.

However, the collection of informations through
questionnairs and proforma is only possible.for the large
eatablishments or the agencles specialised in the survey work
of wuch dature as they have the resoources to conduct such

surveys.,

1, The workability of the questzonnaire has been tested while
the author had a chance to exchange hip ideas with a few
technical personnel and scientists working in the Indian
Institute of Experimental Medioinems, the premises of which
is in close prosinity of the Jadavpur University campus,
where the author had stationed himself during an 1nv¢atiga~
tion tour related to this dissertation.
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The author, within his limited time and reaourééa.
found it more convenient to collect the informations and
data from the pubdblished sources. More over the data, so
collected, were sufficient for the hypothetical example
cited in the last chapter.

‘Check Iist for Rationalising Costi

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

Plumbing cost in the present method of eetimation
has been devided into two parte:

s The cost of materials

+» The cost of labour and erection

' The eost of materisls includet

+ The effective length of pipes and ducts.
» The diameter of the pipes and ducta,

« The length of pige in wastage (5 percent of
effective lengtiij. ‘

« The dbends, elbo, tee, sockets, connecters ete.
« The valves, bib~cock, faucets, meters etc.
+ The insulation and sealing materials etc.

The coest of labour and erection includes

¢ Trapport cost

+ Technical Expertise and supervision



» The wage of the plumber and his helper per day.

+ The fabrication time of various joints -« say for
a 'tee' joint or & 'bend' or a 'socket' (Here
fabrication time for a single joint in straight
line ie called as 'one unit', Hence a 'tee' connectic
is called as 'two units'....) K

o The diameter of the pipes and ducts,

+ The number of joints per hundred feet length, |

« Erection time (depends on the complexity of the job)

. loakage testing.

"cleaning and painting and insulating (if any).

Hence the total c¢ost of plumbing installation
increases with the number and type of joints within a certain
length of the line. |

In a m@&uiar ayateﬁ where n plumbing system is
repeated throughout the building, the cost of materials
togather with its fabrication erection cost can dbe cémputed'
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, ‘ |
Graphically foetsof materials with resepect to its diameter
follow & parabolic path with the vertical axis, where as tﬁe
cost of fabrication and erection follows a parabolic path

with the horizontal axis. Combining the two cost components
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the resultant is a straight line where the increase in the
total cost 18 directly proportional to the inorease in the

diameter rather than the cross sectional area.

For normal discharge, the minimum diameter of pipes
is 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 inches, The cost per foot of these two matafiala‘
together with their respective erection cosat are found out.
These ooets,gre considered as unit costs of pipes and
ducts, | '

Powai coat is related to the rumning cost. The
emphasis on Ist copt or the running cost will vary with the
availability and cost of power.

Thus lower is fhe power cost, more it can be consumed
within the stipulated budget and the Ist cost can be further
lowered down eo that the ultimate 0ost during the 1ife of
the building or the machinery comes down to minimum.

Import_af Working Bourses

Running cost of the services depends on how many
daye per annum the services are run, For different group
of services the running days are different.

The pluﬁbing services run for the working days, the
ventilation system also runs for the working days. The

aooling mechanism runs for the uncomfortable summer season
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called as 'cooling dayn', the heating mechanism runs for
the peak winter months ocalled as ‘'Heating dpys! and the
pover consumption in illuminating during the day is maximum
in the rainy season or in case of certain planning, for the
vhole working days.

Therofore the working days wvhich are annual and the
tcooling' or heating days are seasonal have to be considered
seperately, The annuals are the constants where as the
seasonals are the variables (from the consideration of
varying climatic conditions prevailing all over the country).

Knowing the calander of working, 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 ¢an be calculated.
~ Laboratory Module:

| Laboratory module is an outcome of working conditions
within a laboratory. These conditions are:s

a. Number and status of workers.

b. Continuoue length and width of bench surface
required for different persons (length of bench
required for a scientist is more than his assistant),

¢. Position of the solentiet's office (the office unit

on the external wall needs more depth of the module
88 the extornal wall can not be used for placing the

N cupboards).
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al

Safty egrese - The position of the safty egress
changes the module., The safty hatch system or the

" common entry and egress require the minimum size

€.

£,

h.
i.

Je

Service Systems:

of module,

Position ofth; hoods Safty egress beside the hood
is unsafe as the hood is the root cause of hagzards,
Humber of floors « A single story building rsquires
least safty egress épace-and hence lower area of

module.

, Type of partition between modules - A partition

above the top of the bench upto the ceiling requires'
the smallest gize of module and has a high
repeatitive wvalue,

Spaée of equipments,

Space for future expansion

.The service systenm.

1, Horizontal through ceiling of corridor serving each

bench by puncturing the partition wails on both sides)
(Refer Sketch No.l, pp 55-50, p.58).

a) Dropping to the benches in the same floor.

b) Rising up through flcor to serve the benches in

the upper floor.

2, Horizental through ceiling of the laboratories (Refer
sketch No.2, pp 55-50 p.58)

a) Dropping to the benches in the same floor.
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4.

5

6.
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b) Rieing through the floor to serve the benches

above.

Horizontal below the seal of the externel windows
a) Jerving the benches through floor trench
b) Serving the benches through service strips,

Vertical through the partition wall between the
laboratories and the corridor (Refer Sketch ko.3,
P«55 and p.59). o

Ia) bne vertical shaft for each bench

b) One vertical shaft for a few benches

Vertiecal through the axternai wall in the manner similar

‘tO -,

Vertical through a few large shafts around which a group
of modules coneisting of 12 to 16 benches may be
arranged. (Refer Sketoh Ko.4, .55, pi59).

Service corridors sandwitched between two rows.: of
labs. are designed %o accomodate services and working
space for repaire and maintenance,

Service tunnel under the labe, (generally one floor

only) where an underground tunnel accomodates the

soervices as vwell as & trolly dbus for repairs,

These systems are very efficient in maintenance point of
view but incur a high initial cost. Advocacy of such
syatems are justifiadble only in countries where annual
maintenance cost is very high due to high wage structure

of
is

the rersonnel and labour, thereby a high initial cost
offset very soon by the recurring lov maintenance cost,
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It% is imperative that any of the above mentioned
service system has to be integrated with the bduilding plann-
ing and a system most rational has to be selected after
due conslderation of its sultability - physically,
cecononically and aesthetlically.

conéidering the above factors it is evident that the
arrangement'of furniture viltl ‘dictate the size of the
module, in consonance with the requirements of service

systems,
The common arrangements ares -

A, Office on the external wall:
i) Ono-man lab-one side service benches, another side
nan;service benches with a central aisle,
ii) Two-man lab, = Thq same as above with service benches
on both sides.
111) Three-man lab.-Additional island bench with double
aisle and two wall benches.
iv) Four-man ladb., - Two island benches with double

aisle and two wall benches.

In the same manner eix or eight men lab can be mado
by repeating the same module.

B, Office on the sides ofthe same bay: 'U*f shape of bench
arrangement ié possible with safety egress leading to
office unitn., £Thus space is saved by utilieing the
oexternal wall as well.

Various arrangements as in 'A' can be done within



TYPICAL SPACE RELATIONSHIP IN LABORATCRIES
(OFFICE AND LABS.) 5 4

-

‘ OFFICE IN THE SAME BAY AS
LU TTT I THE LABORATORIES

KO DIRECT ACCESS TO OFFICES
LABS. DEPENDENT ON fPASLf
SAFTY ESCAPE FROM OFFICE

OFFICES AND LABS. IN SEPERATE

ROWS ALONG THE CORRIDOR _LLLLLLLLLL
DIRECT ACCESS TO BOTH. LABS.

AND OFFICE GET NATURAL LT. TTTTT
SAFTY ESCAPE FROM LABORATORIES -[

————n

_ — OFFICE ADJACENT TO THE LAB |
}__l__L J. 4 IN THE SAME ROW. A GROUP
l OF 2 OR 4 OFFICE UNITS.
_—

- DIRECT ACCESS TO BOTH

—
'—I:-—'—-l-—--.]l:r NATURAL LIGHT TO BOTH

o
-

SAFTY ESCAPE TFROM OFFICE

- I
OFFICES AND ILABORATORIES L L L [EI F'J
IN DIFFERENT BLOCKS LINKED o -
BY CORRIDORS.

INDEPENDENT ACCESS TO ALL
LABS, AND OFFICES. LABS.

1
]
1
!

'
——-11}—.
i

L

IN SYSTEM - A, DEPENDENT ON -~
'PASL® ., SAFTY ESCAPE FROM ——had o
& L
| L_.{

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



TYPICAL SFRV1ICE DISTRIBUTION SYSTEMS

BRANCHES RUN HORIZORTALLY
THROUGH THE CORRIDOR CEILING
SERVE THE MODULES ON
" BOTH SIDES OF IT. MAY UP FEED
OR DOWN FEED THE BENCHES

!
!
: -:- i—- SERVES ALL LABS. IN ONE FLOOR
- i T
BRANCHS RUN HORIZONTALLY - [T
THROUGH THE CEILING OF THE J . |
LABORATOKIES. MAY UP FEED i d
OR DOWN FEED THE BENCHES ‘} ;
SERVES ALL LAB.IN ONE FLOOR R RN N S

-'FT Y T Py S o

BRANCHES RUN VERTICALLY
THROUGH SHAFTS SERVING

THE MODULES FOR ALL THE
FLOORS ON ONE SIDE ONLY,

SHAFTS MAY BE INTERNAL OR

BRANCHES RUN VERTICALLY
THROUGH A FEW LARGE SHAFTS
PLACED CONVINIENTLY AMIDST
A GROUP OF LABORATORIES
MAY SERVE 2 TO 4 LABS., WITH

3 OR 4 BENCHES EACH. | T T

—
""' "".0‘-.-'
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Up feed vertical within Lab.
Horizontal through corridor
and lab. ceiling. Service
branches through corridor.

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

may be
r Island o

Alternative arrangement
(1f d1fficult to continue
through lab. ceiling)

Bench connection from the Horizontal distribution system:



ular bench Vertical branch risers through
corridor oOr external wall

Island bench

ntal connection

aled under bench)

Q= ) :
ed) -f//

” Vertieal through bench

Horizontal through floor trench

Bench connection from the vertical distribution systeme
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HORIZONTAL SERVICE SYSTEM

Horizontal service headers
run through the Central
corridor and serve the benches
on both sides

source: Diamond Alkalico.
Research Centre, (OHIO).

Headers through floors

below the benches., Seperate
rows of headers for seperate
rows of benches

Sources: California Research
Corporation, (Ricimond-Calif,)
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VERTICAL SERVICE SYSTEMS

P
COARIDOR

D

l

CORR'! Donr

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

+

One shaft for every
four benches, Island
bench is served through
floor trench

Sources DU-POnt Exp.Stn,
(Wilmington)

One shaft serves a large
numb=r of benches

Thus there are only a few
shafts in the whole labo-
ratory building.

Source: Defence Research
Centre, (California)



Altornativo Arrangonont of Safty ogropos '6(]

Tho uounl arrangoment of sofdy agroos is from tho adjacont
laboratory or tho adjacont office. Tho loocuna of such o eyston
‘4o thot one hao to dopond on tho porponnol of tho adjacont
loboratory 50 that tho anergoncy door oponing to other roomo
aro not boltod or blockod by eabinoto or furniturc. Thoro io
aloo o chanoo of nicuoing tho onergensy oxit. 48 ouch, the
alternato propoonlo of safty ogrosscs are glvon bolows

o cabins on the oxtornal woll in A |

eamo bays ” ' ’ — =
The office oabino may be . CoR. Lae 277

ided with 8'~0 &Lneh ht., vhorono "__1’ Ztoress)

ladoratories with 13'=0 inch ht.
his wvay o corridor canm bo formod
con tho offico cabine of tvo

rs to be used oo nn emorgoney
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the form of 'U' shape,

.C. Safty egress to outside through the external wall:
(single floor) 'L' shape arrangements can be done in
such cases, |

The sketches of existing laboratories are in éupport

of the various systems mentioned above.

SUMMARY

Por rationalising the ‘'Form' with respect to the
services a detailed investigation of various components
has to be done and then identify the major components which
effeet'the form and the services. A detalled informations
related to these components have to be colltcted then.

The author feels that the best method to collect
these informations is through questionnaires as has been
given in the appendix, Hbﬁever for the limitations of
time and resources such informations for this dissertation
have been collected from published sources.

The informationa on components may be classified
into independent wvariables, dependentavariaﬁ;es or constants
but all have their ultimate relevence in terms of capitale

costs or annual costs of services,
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After the parAmetera which affeot the form and services
have been decided upon, it is essential ¢0 quantify them
through established emﬁir&aal formulse, s0 that they ocan
be -ai;tsr:x,in_q a list ¢

) _ et e n dig: form to be applied
later in ccmpufer Programming, Trenslation of the parameters
into a liet of alphameric and numeric modes is indespensible
because they are the medias through which A manpmachine
relation is stadlished, Alphamerics and numerics are the
transition modes of languages which a man and a digital
electromic computer both can translate into their own languages
raepactivaly.

The following pages, therefores, have been devoted
towards depedoping a methodology where by the components of
form, and servioces can be gquantified and then co~related into a
'Programme' which ultimately will desermine the most meritorious
bu&lding forewithTreBpect to the cont of aarvic;:- Pox thie
purpose a comprehensive list of the parameters, relevent to

the yras&ammo and whioh have alyeady been disecussed in the
previous chapters, have been compiled togather foxr easy refermnce
while determining the quantities of services, such as the
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 quantities for benoh. supplies,aocling,ventillation loads,

lighting loads and aleo the quantities relevent length,
width, height of modules eto,

Code o, geriptd

Service Systemse: b Horizontal through corrido:
| 4 .Borizontal through labs
3 Vertical through corridor
4 - Vertical in a group of lab
Floor Plant S Office spana”within lab,
6 Office space in the sane
bay adjacent to laboratory
T Office in row on opposite
slde of corridor
8 Offices grouped tﬂg&thﬁrUﬂ
geparate place :
Building Blooks . Single storey
(low rise) :
. Two Storey
. , Three Storey
Module: ‘ Depth
| . Width
" Height
' ' * Width of corridor
Rame of Services a Cold water
b Chilled water (with return
pipe)
o Hot water {with return

pipe).



. {
e
4
8
h
i
3
Sizes of the Service
pipees and ducts: .
k]
*®
*
Y
*
&
»
Materialas supplied N
-
L j
L 3
L ]
Ventillations ' .

Note: Refer Sketches on p«.p.

Diptilled water or demineralised
watey :

Natural gas
Compressed aiyr

Cabls duot

Alr conditioning duct
Vent duct

Drainnge

Maximum length of branch pipe
within a module

Zotal length of & pipe in a
module

lLeongth of a branch pipe
Jength of the main pipe
Effective length of pipea

Total equivallent 1ength of
pipe

Dianeter of mains

Dianeter of branches

Diameter within modulen

Water, air, gas

 Specifio gravity

Quantity of flow per hour
Puture capacity
Use faotor

Type of hood

Nature of gontaminants



Knowing the climatis condition of the sone, its
Latitude and Longitude, peck summer air temperature ‘
ma%eriala employed for construction and solid-void propor-
tion of the light admitting-wall surfaces with type of glass
used,the *Effective Temperature Differentials (ETD) for
different hours can be found out from a solar data bookt -
(ETD Chartes), The 'Heat Transmission Coweffioients (U) for
different materiala‘ﬁiﬁh-difgerent thickness can alsoc be
found out from the pame booke. 7The glass area tahe respes=
tive wall surfaces oan aleo be calculated which will have
different E,T.D. depén&ing upon the type and thiokneas of glas
and shading co-efficiets |

Pron 411 these data the AVersage E.T.D. during

‘working hours for Aifferent walls and roof can be found

out for the peak lond for which the aystem has to be designed,
U X E,7,D, will give ‘heat transmittance® i,e. BTU/hr/

S.F. 0of the various surfaces., Now for a certain building

form ite surface arsas can easily be caloulated, multiplying

vhioh with its respective ‘Heat Transmittance' the total

solar heat gailn from difrferent surfaces can de found out,

‘ Thus the tafal solar heat gain from & building block
(20 24, X 60 ft. X 200 £1t,) will be differont from another
block (40 ft, X 60 £t. X 50 £t.) though both are of the

same volnme and may uatiafy‘thh apaab requirementa equally.

1. gmuriean Sacigty»cf Héating, Rerregaration nnd A&r- o

96 ',»o~§ nme»'?or th e'purpéha{a‘} T
refered hy the auth@r»
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It will be 80 beacause of the difference in Heat Transmittae

noce of different surfaces especially the roof surface.

Cooling load: .

Permanent Supplementary
Artifioclal Lighting: N

Cost Factors: ‘ c

.

Shape of the huilding blook and
Sized of feneptrations

Orientation and Geographical
Locgation,

Solar protection devices
Bffective Temperature Differentialy

‘Building materialsamd thicknessces

Working hours

Peak summer day temperature
Amount of Artificial Lighting
Mechanical Egquipments
Btrataticatien factor of heat

Ievel of illumination on working
surfaces

Type and system of lighting

Day light factor

Use efficiency

Cost of plumding, materials, labour
{only for the lab).

Coat of running B.H,P, of Pumps
and fane, cost of power

Cost of cooling (per ton)
Amortization cost

0.Cost of lighting

Q.Bs The length of wiring, no of switch boards, plug po
etc, the Toilet block services, and refug; nhnter'§358° n

B823 1BO3N328.10, 500 REQERETEG L8P they 40 not have vital
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After the parameters have been listed, the next
step is to synthesise the parameters into formulae whioch
will be used later in gquantifying the serviges for optimisati

programme,

Supply Alrs

Hood is the guiding factor for ventilation of
laboratories, &hontumea ste, can be safely exhausted without
spreading into the room and for doing a0 & minimum air
v%lbalty is roqnirud,-'whichlia.abéut 50 to 70 £t per
mipute at the face of the hood (An 8 inch dia duot can
discharge this air at an inlet pressure = 0,25 inch of

vaxor)'l

| ?g:ngggagrhgg ."‘gnﬁgali’.“‘ £%. /minute per aq.rt,. of hood
1/3r@ ofthis quantity will be required for the

pelf~purging noof where 2/3&& is suprlemented by the outside
air, |

' Therefore th& conditioned air wasted through a
hood can be caleulated if the following are known.

' « Type of hood = melf purging (say) .
+ Slze of hood per person -~ 4£%t X 4 £t opening.

1. Qoleman. Laboxatoxy Design. P.47



69

« Ko, of hoods in a module - one only.,
+ Veloclity of alr - 60 £¢, per minute

So the quantity = (4 x 4) X {60) X (1/3)

= %20 C,F.HM, per module (466 alr ohange
per hour).

Other data for {(duct size) calculation

» Friction loss permitted = 0,29 inoch of water
(pexr 100 £, length)

« Pressure at the grill « 0,25 inch

+ Presgure at the fan = 0,6 inoh

+ Use factor = 100 D.Os»
Exhaust Alr
+ Wuantity per module = 60 x 16 = 960 ou,ft/min,.
« Pressure at hood e '25 inoh |
« Pressure at fan w 5 inch
« Use factor = 40 po
+« Frictional loss = *28 inoh (per 100 £t

| length)
. Jo of hoods conneoted to a single exhaust branch.

In a vertical axhﬁuaﬁ system this number will be
« (No of hoods per module ) X { No of flcors).
'In a horizontal exhaust systen thie nuﬁber will be =
(No of hoods per module) X (No of modules pcr Tlo0r).
Determination of Ldghting Coats .
- The laboratory work need higher level of illumination
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due to the precision work done there, Artifiocial illumination
should aloo have closer resemblance 6 natural light for
certalin type of works which means using tluorosceni tudes
togather with incandescent lamps in certain proportion or
use a high c¢lass « De~lux fluoroscent tubes in combination with
natural light. |

Lighting standard for 1abbratoriea‘vary from the standard
for office area.

If 'permanent Aritifioial Supplementary Lighting ie
used than these faotors should be considered,

. The space for lighting - laboratory or office

+« Area of the same, |

o Lighting standards - (ladbe - 50 to 80 P,C.,
Office = 30 to 40 F.C.).

't Existing natural 1light available in Foot Candles
o Lumens per egquare foot,

« Room ratio, oolouxr of walls, working height.

. Houres of use of the lights -~ say in general the
laboratories operate these lighte for 70 percent
t0 80 parcent of the working hours and the

offices operate them for the rest i.¢. 20 to 30
percent of the working hours,

Pind out the average wattége of lights reguired to
achieve the standards of lighting for labs and offices
separately.

‘Egs If the benches require 70 F,C. and other areas in lad x
»raquiro 20 F,C, then the averaze level of lighting

70 X area o 20 X area . r
- ‘ otal area of the lab {F.C.)
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Therefore total watt.hr. per asnnum

= Area of room X watt,per 8.7, X Hours of use per annum
and cost of lighting per annum |

= Total watt. hr. X Power cost / 1000 (K.Wt.Hr,)

A composit lighting ayateml with seniedirect luminnaires
at a standamheight above working level (in a room of gdod
proportions and light coloured wall finisheg), requires about
‘3 watt, hr, S5.F, to raise the level of illumination by
one foot candle and generates an additional heat of
1,2 B.T.U, per hr.2

FORM AND SERVICE CORRELATION

The system evolved for determination of cost of
plumbing, duct work and ennual expenditure for running piped
supplies, cooling, permanent -~ lighting and amortiagtion
cost of the plumbing and duet work, i1s aspplicable to modudar
plaaning only.

A module with all the dimension, width (W), DPepth (D) and

Height (H), has to be ?epeated'for the whole laboratery
bullding, A 'Lab-0ffice' system is then -~ overlapped with the

i. In cdmposit tighti@g system incandescent and tludrasoent
lampe are combinedwa proportion to produce a ecloser resemblant
of natural light,

2., These are rudimentary statistics and c¢an 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 precielon, because
errorae, if any, will be relative in all the forms under
consideration,
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five aervice systems as explalned earlier, Overlapping of
these two systems leads to different dimensions of the
module and thepe dimensions are noted ageinst 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 (5,6,7,6,9) repregent service systems,

For further clarification refer proforma on page .

Thus , if there are (4) 'lab-0ffice’ antama and (5)
" service syoieme, there are (20) possibilities of laboratories
- with varying dimensiona.l ,
The number of modules (AN) being constant, a éinglersub~
gystem out of these 20 aiﬁenaiahe can be étaeked in a single
floor, two floors or a number of floors. If the maximum
allowable number of flbors are say (10) then each ofthe 20
sub systems can be stacked in 10 dirfferent ways i,e. the
number of floors., Thus in all there are (200) posaidilities
of the laboratory building to be designed.
The method to seieet 8 design out of the (200) possibili-
ties 18 to eliminate the misfits,®

1. There could be many more ‘'Office~lab' systems and service
systems evolved depending on the ingennity of the architects
and engineers concerned, the ocombinations of which may
produce numerous poseidbllitlies, However the author has
mentioned only a few of the standard arrangments and service
system for developing the ‘programme',. Addition of other
possibilities will only add to the volume of the programme
vhife the working method will remain the same,

2. Cristopher, Aloxender a Mathematician~Architect has developed
the system of elemination of misfits, for pin-pointing the
most desirous combination of variables and constant out of
numerous alternatives. '
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| - Pirstly, by eliminating the misfits due to the site
restrictions e.z. 8 low rise building'may not be possidble
to it in the site, Secondly, by eliminating thé miafits
due to constructisnal difficulties.

After the second sieving the remaining design
possibllities are subjected to cost analyeis. The cost
analysis is dcne in two terma, firstly, the initial cost of
plumhigg and duct work and 5acandly the annual running cost.

Here again, the third sdeving of coot miefits starte.
The clients dicision regarding the higher first cost 4n
favour of 1ower’annu§1 cost or the vice-versa will guide
the third skeving. Say if the client intends to minimise the
annual running cost even at the expense of the initial cost
then the third sieving will neglect the lower Snitial
aaataamJ ¢onaentrate on leﬁer'annual costs only.

The ﬁhird sieve will produce a range of laboratory
building plans &hqae annual running costse are lower.

A plan with lowast annual running cost or lowest firast
coet can thgs be selectad, Again 1t should be borne in mind
that the optimieed plan so ob#ained out of this method wilil
not be tyvé for total optimisation, for which the other
factorg like the ¢oat of the bullding 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 concide with the lower service installation
coet or lower annual.runniﬁg cost.

A further investigation may lead to a systam 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 Chapter, the sleving of the fourth
order could only be partiel because of the lack of resources
to develop another *programme’ by which the estimates of the
building vorks could ba’ﬂetarminé& more precisely without
indulging to elaborate mannual mensurastion work.

As such the piana which palpably éppeared to be
inefficient in terms of use of spaces, such as the Bketch’
plan No.2 on page 48, have been rej- cted deapite its
being highly efficient in terms of the services. _

‘ The fourth sieving has to be based upon the
comparision beotween the amortlseation cost of the buildihg wor
the installation cost and the running cost during the

life of the building. .

in ?he following pages a check list of variables has Y
been given, theabbreviated names of which are pertinent
to the computer programme developed on emperical formulae,

A list of basic empirical formulae has also been given.
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;(Aa used in programming

FORMs

Y t/4dth of the module in feet
Depth of the module in feet

AL Haximum 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 qrill)

TP Total length of pipe per module in feet
{(from branch pipe to the bench faucet)

o) Total length of Exhaust duct per modulewfeet

: (from branch exhaust to the hood). ,

AR - Total number of modules

R Number of rows of modules along the corridor

K2 Bank interest rate in Rs, per hundred Rs,

WL Width of a corridor in feet

Arez  Area of the lab,/offilce/corridor in 3,.Ft,
(Under the influence of permanent Art, Sup. Lighting)

H Height of a flooxr in fect

SERVICESS

rC Foot Candle requirements of PASL

FH Multiplying factor to the numdber of working hours
(to get lighting hours).

BY Annual working hours

HC Annunl cooling hours .

cup gate of unit power in Rs., per E.wt.hr.
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PK1

AK3
cu2
ouUl

PLUMB
poer
AMORT

LIGH?

CO0L
RUNW

7

Number of floors (1,2,3¢4es.n)

Quantity of flow from a esingle fauoet or grill
{(g.pem, for liquids, c.f.m. for gas and air)

Use factor of a branch pipe

Use factor of the main pipe

Bpecific gravity |

Efor liguids « with respect to water as one)
for gases - with respect to air ae one)

Conetanta (multiplyer) usedin imperical
(to determine the diameter of pipe/duct).

‘HBonstants (multiplyer)used in imperical

(to determine the cost of running the pump/fan).
Head of liguid/gas/air at the pump/fan ,

(f%r %1qu1ds = feet of water,. for gas/eir = inch of
waterl,

Head ®f liguids/gas/air at the faucet/grill
(units same as above),

Head looe in height (£t per foot, inech per foot)

Multiplyer to working hours to get running hours of
sexrvices '

3
Cost per running foot Qflﬁ inch dia G,l. pipes
{inclusive of materiale and fabrication cosnt),

Coat per running foot of 8 inch dia Auet
(incluesive of materiale and fabrication cost).

Total cost of plumbing (piped supplies)
Total eost of Duct work (air supply, exhaust)

Ammual Amortisation cost of PLUMB and DUCT
(at & given bank rate per annum)

Annual electricity bill for fermanent Aftificial
Supplementary Lighting

Annual cooling cost of the Labs., and Qffices

Total Annual running cost of pumps and fans
(to maintain continuous supply ofthe services)
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ANUM Annual liability (in terms of recurring expenditure
per year) |

AR Rumber of modules served by a branch pipe

X Lgngth of a branch pipe

Y Rumber of branch pipes

11 Rumber of branch Ducts

Z Length of a main pipe or duct

AEL Effective length of & pipe

Q1 Flov in a branéh pipe (ligquid or gas)

Q2 Flov in & main pipe {(liquid or gas)

Py Allowadble total frictional lose in pipes/duets

Diameter ofthe branch

2

Diameter of the maln

Al  Total length times dia. of branch pipes
A2 Total length times dia. of branch ducts
Bl Tatal length times dia. of the wain

c Total lensth of supply Aucts within the lab. room
Cl -Do=~ pipes within the lab room
c2 wDo- oxhaust duct within the lab, roon

ALD Total cost of supply ducts
ALF  Total cost of exhaust ducts
ALP Total cost of pipes

Cy Cooling load of walls

CR 8ocoling load of roof



18

Basic Formulae used in Programming
1) Annual Cooling cost = U X A X ETD X AC X 0C/12000

2) Annual Permanent Artificial Lighting Cost = g ch X Fec X A
P

%) &nnuai fower Consumed = Q2 X P X K1 X *746 X AVW/30000 X ¢

4) Amortising Cost = (PXR) + Depriciation cost of %P% +
rate of repayment of (P

5., /2
a
5) a= Ak -§-ER-)

where: U = Thormal Transmittance
A = Area of the surface under consideration
ETD = AV. Effective Temperature Differencial
AC = Annual Cecoling hours
0 = Gaéling Cost per ton
¥ = K. Watt hour per S,F., of fldor ares
Fe = Foot Candle shortage
Aw = Annuval work hours
Q = Quantity of flow «{Liquid) G.p.m,.
| -~ (Gas) c.f,m,
Q2 = Total quantity of flow per hr.
AX = Constant (different for liguids of gae/air)
‘K1 = Constant |
= Diemeter ,
= Total yerﬁigaible frictional loss in pipes.
= Specific gravity of liquid/gas

Effective longth of {the supply line
= Pump/mortor efficiency (combined)

= Capital cost of piping and duct work

N o B X oM
]

= Bank-rate of Interest on capital

PC = Fowpr cost per K. Wt.hr.

The abbreviations uscd here mre dif:erent from the abbreviae
tion used in 'Computer Programming?.
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PROGRAM FOR OPTIMISATINN OF SERVICES

REAL LIGHT(3)
DIMENSIONPLUMB(3), DUCT (3), AMORT (3) ,FIRST(3),COOL(3),  ANUM(3)
DIMENSYON SQ(B).sv(s).sux(e).ss(e).sax(a).saxt(8).

asp(e), SE(8), SV(8), SAR3(8), SCU2 (B) , SCUL (8)

DO 100 I=1,€ '

READ(2,6) SQ (1), SU(T), SUL(1), SS(T), SAR(T), SAKL (I), SP(T), SE(T), SV
READ(2,67) SaK3(I),sCU2(I), SCU1(I)

FORMAT (9¥8,2)

FORMAT(3F8.2)

CONTINUE

WRITE(3,101)

FORMAT (1H1)

N=1

JJI=1 |

READ(2, 33)W, D, AL, TD, TP, TE, AN, R, 2X4, W1, AREA, H, FC, FM, HW, HC, CUP
PASL=0 ,003 *AREA*FC* AN*FM

 CP=PASL*3413,0%0,9

COSPA=100 , *PASL*CUP*HW
DO 13 J=1,3

P=J

PLUM=0.0

pUC=0.0

D021 1J=1,8

Q=8N (1J)

U=sU(1J)
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Ul=su1 (1) ‘
8=5S(1J)

AR=SAK (1)

AK1=5aR1 (1)

P=Sp (1)

E=SE(13)

V=8V (1.7)

AR3=S2K3 (1)

CU2=5Cy2 (1)

CUl=scu) (1)

G0 10 (7,0,q, 10,11), 97
AR=AN/p |
| Xeprpn, (R*p)

Y=p |

Yi=y

Z=Hwp

GO mo 35

AR=2N*0 5 /p

X=(Wearn, (R*p) 4 (0,5+p)
Y=2,0+p

Y=y

Z=Hep

G0 To 12

AR=p

Xe=Hp

Y=aN/2R

YI=y

Z=W*AN/ (R#p)

07554

~ OF ROORIT
ARY UNTVERSTTY
AL (% ROORKEE,

80
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GO TO 12
ARw2 , *F
X=H*P

=AN/ AR
Y1=0,5*Y
ZeW* AN/ (R*F)
GO TO 12
AR=4 , *F
X=H*F
Y==AN/AR
Y=Y o
Z (W (AN/ (R*F)=2,) ) +W1
GO TO 12
AEL=1,5*(X+Z+AL)
Q1=0 .5+ AR*G*0
02=1.5*AN*Q*U1
PPEDuE~ (VAH*F)
A=((01/AK) **_4) * ((S*2AEL/PF) **,2)
B=((Q2/AK) ** .4) *( (S*AEL/PF) **,2)
Al=A%X*Y |
A2=A*X*Y1
Bl=H*2
C=TD* AN
Cl=TP*AN
C2=TE*AN
ALD=(A2/8,)+(B1/8.)+C
ALF=(A2/8.)+(B1/8.)+C2
ALP=(A1l/.5)*(B1/.5)+C1
PLUM=PIIUM+ (CU2 *ALP)
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VIC=DUC+ (CUL * (ALD+ALE) )

CONTINUE

AMOR=0 , 1 * ( PLUM+DUC) *2AK4

CWe ( (6 o 4% ( (DFR) +W1) *HAF) + (10 L6 *HAP*W*AN/ (R*F) ) )
CR:(ll.G*((D*R)#Wl)*WfAN/(ﬁ*F)) |
CS=CW+CR | o
COSCO=( ((CP+CS) *HC/120,) *0 .9 %, 746%CUP)
COST=AMOR+COSPA+COSCO

SUMs= (PLUM+DUC) |
PLUMB (J) =PLUM

DUCT (J) =DUC

AMORT (J) =AMOR

LIGHT (J)=COSPA

COOL (J) =COSCO

FIRST () =SUM

ANUM (J) =COST

CONTINUE o
WRITE(3,55) (PLUMB(J), J=1, 3)
WRITE(3,55) (DUCT (7),J=1, 3)
WRITE(3, 44)
WRITE(3, 55) (AMORT(J) , J=1 3)
WRITE(3, 44) ‘

WRITE(3,55) (LIGHT (J),J=1,3)
WRITE(3,55) (COOL(JT), =1, 3)
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WRITE(3,55) (FIRST (J),J=1, 3)
WRITE(3, 44)

WRITE(3,55) (ANUM(J),I=1, 3)
WRITE(3,77)
FORMAT (17F4.1)
FORMAT (3F12.2)
FORMAT(/)
FORMAT(///)
IF(N-4)16,16,17
IF(J7-5)18,19,19
JT=JT+1

GO TO 2

NP4l

GO TO Y

CALL EXIT

END
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SUMNARY

For rationalising form and function of laboratory
buildinge, a systematic approach is required to identify
the components which play a vital role in some way or the
other toﬁarda the cost of the project. The cost may be
the first cost or the tetal cost 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
“ﬁd'working efficiency of its inmates, the various building
plane should be subjected to the cost tests as dellberated
in the foregoing paragraphs. Within the same boundary
eonditions of site, height, spéee requir&ments, working
efficieney of inmates, assthetics and appearance of
the bduilding, future expansion ete, the best project
will be the one which can bé erected and maintained
during ite useful life at minimum cost, |

FPor the cost analysis ¢f tens or hundreds of
alternative projects, the help of a computer is inevitable.
As such the collection of information for input déta,'
formulativn of a computer programme and the comﬁuter'a
output information in terms of cost, are the prereéquisits
of the cost anelysis. |

. Out of these numerous cost data the useful ones

are picked up by elemination of the miafits existing in



it, The plans connected with the lowest cost or a

tfange of lower costs may be selected.
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CHAPTER 1y

PROGRAMME EFFECTUATIONS: To Optimise Form and Services--
A Hypothetical Example

INTRODUCTION:

It has been felt that a working example at the end
will be supplementary for the ¢larification of the

dissertation,

Usually a working example may be a simulation of
an existing Research laboratory or a live project or a

hypothetical project.

The author has chosen %o refrain from selecting
an existing project or a live projsct and hae based his
working example on hypothetical data because a oritical
analyeis of euch projeets based on partial optimisation
(aptimiaation o£ 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,
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CASE STUDY INDUSTRIAL RESFAROH LABORATQRYu—gxPOTEETICAL
(For P gments, Dyes and “Paints)

Locations

A ten acreo piot is situated in the cutskirts
of a metropolis with the amﬁle provision of cheap land,
it ie desired that the expansion should be horizontal. A
low rise building with maximum of 3 floors im suggested
to avoid additional costs of frieght and pasesanger

elevators,

The site is connected ta utilities such as the
high way, underpround drain, high tension power line

and water supply at low pressure.

Climate: Hot-humid zone in eastern India
Average highest temperature in Summer = 110°F
Average lowert temperature in Winter = 50°8
Average durin&i range in Summer = 77°E

Duration of Summexy N " = T monthe

Construction: Conventional = Framed R.C,C.
Structure, 10 inch Thk, brick external walls, R.C. roof,

line terracing.

Informations related fo space reguirements in the laborator;

The laboratory has Research VWorkere numbering 120,

Each module has accomodation of one Senior or Junior
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Scientist and one Assistent. The total number of-modules

reguired are 60.

Basic reguirements of a module:

1). Service bencheost | .
« Each Seientist m 16'«0 X 2'-0 (3'-0 Height)

. Ench Assistant = 12'=0 X 2'=0 (3'-0 Height)
(including writing opace)

2). Storage cabinets = 6'=-0 X 2'-0 (3'-0 Height)
3) Writing desk = 4'«0 X 2'«0 (3'-0 Height)
4) Width of aisle,

. Between benches = 6'~0

« Between Island

benches and end
wallse e 4«0 minimum,

5) Seientist'e~office = 90 S,F. per person (may be
detatched but in close promimity
Qf the lab(- )u )
6) Generzl storage = 24 S.F.
- 7) Hood with face opening = 4'-0 X 3'-0
8) Corridor width = 10 FP, (8'-=0 minimunm)
9) Each module should have a 4'-0 wide entry door

10) Safty egress (4'-0 wide) opposit to the entry (may
open to the adjasent room « office or laboratory).

11l) Permisesible minimum floor to ceiling ht, = 10'=0
General services required:

1) Cold water, chilled water, hot water, demineralised
water. A
2) Compressed air, gas for burner (natural),

3) Supply conditioned air, exhaust through hoods
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The partition between rooms should be removable

. -

type to add to the flexidbility of the room size, s0 that

a gingle room may be a.ranzged in various ways to
accomodate own, two, three or four modules as the research
programmes may demand from time to time. Artificial
1ight1ng should be in closer resemblance to the natural
;1ght for colour distinction, |

Optimisation Programme for the Laboratoryt

Based upon the requirements the 1abératory hae been
designed in four alternative ways as shown in the |
‘aketches appearing on pages. . There could be
many more alternatives depending on the ingemuity of
the architeet. In this casme there are 20‘variationa in
depths, widthé, heights, of the modules corresponding to
five different service systems adopted. VWhen super |
impdaed-with the three floors there ére 60 alternative
schemes = aavshawn in the sketches adjoining the cht:-

analysis charts.

The following tabies provides a comprehensive
liet of various data compiled togather for the 20
" different variations in design. These data have been fod
into the FORTRAN~1130 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
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VARTARLES.:

— - - S —
Doseriptionc 157 37=9 38-10 39-11 35:7~33~8 47-9 46<10 49.1

Popth of Hedule
dddth of HMHodule
Height of HModule

Haximum Length of
» supply line from
Branch to Bench

Total Zenath of
piping within a
nodulo

Total Longth of
supply duet
within a module

Total Longth of
an exhaust duct
vithin a modulo

Total Ho. of
nodules

——

o, of floors

No, of rows of
modules

Ro. of modules AN/P
oerved by a servico

branch,
Length of a branch
fondor Y

. R.
No, 0f branch P
plpos
Ho, of branch Y
dudtes
Longth of main H.F.
foedeor

Artificial Lichting
load in foot candlop
Ayoa undor the influ-
oncgtof artificial

Hoda o:'coain ) o)
| 5 § 10,11).
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'P4.1) D
(!L‘hoFedlately above it)

. y D AL T FC PM fau »ne cup cup

. 10,0 %2.0 25,0 06.0 fo,o 00.9 2500 1900 00,1 0.2
>, T % 16,0 02,0

Fe 35.0 17.0 09.0

be | 26,5 16,0

be 82,0 40,0 06.0

be 150 24,0 25.0 00,6

Su 26,0 17.0 12.0

)e |

). 25.0 40.0 06,0 }0,0

Ll - 10.0 3309 23'0 0890

Yo 16,0 12,0

o 36,0 17.0 09.0

be 56,0 17.0

e 35,0 40,0 06.0 00.9 L
e 30,0 45.0 12.0 01.0 L
e - 17.0 07.0 - -
be 33,0 09.0

Ve 3040

:; 3105 B.O
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1 STOREY

1. 36119.34
48607 .55
84726.89

4236.34
38879 .99
8281.94

51398,27

2, 41454738
64427.78
105882.06

5294.10
38879.99
8281.94

52456,03

3. 42566.00
70203.46
112769 .46

5638 .47
38879.99
8430.31

52948,76

53420,17
66826 ,28
120246 .45

4.

6012,32
38879 ,99

8354 .96

53247 .26

“OUTPUT DATA

2 STOREY

32160.07
38906,35
71066 .43

3553.32
38879 .99
6973.57

49406 .88

35677.51
49929 .87
85607 .39

4280.36
38879 .99
6973.57

50133,92

32245.83
40937,50

'73183,32

3659.16
38879 .99
7004 .97

49544,12

42480,51
40566 ,40
83046 .92

4152,.34
38879 .99
6965 .25

49997 .59

3 STOREY

31857 .65
36112.01
67969 .67

3398,.48
38879,99
6577 .72

48856 ,20

35413.30
45706 ,25
81119.56

4055 .97
38879 ,99
6577 .72

49513.69

30761.32
33212.96
63974,28

3198.71
38879.99
6566,14

48644 .84

40346 .53
36961 .46
77307.98

3865,39
38879 .99
6537 .40

49282,78

\
PLUME

1
B E%r- v
puer I Co

TotalL  |.

-

AMORT |
LIGHT .8
COOL

I
ANUAﬁ:::ﬁ%éﬁﬁgg-a—-~‘-h_A

94

omﬂcﬁ .
ﬂ
i

1

==

t

L — 4



5.  51015.92
71876.15
122892.07

6144 .60
38879 .99

8204',26
53228 .85

6. 44185,76
° 65947 .28

110133.03 -

5506 .65
14039 ,99
5245 .54

 24792.18

53829.16
90470.73

144299 .90

7.7

7214.,99
14039.,99
5347.31

26602,80

8. 58499 .82
g 99820 .46
158320,28

7916.01
- 14039 .99
5455,42

27411 .43

39553 ,53
42269 .67
81823,20

- 4091,15
38879 .99

6885.82

49856 ,97

37370.17
50026 .10
87396,28

4369 .81
14039 ,99
3833.46

22243,27

44133,29
66774,20

110907 .48

5545 ,37
14039,99
3943.36

23528.73

42163,36
55216.03
97379.40

4868 ,96
14039.,99
3942.,49

22851 .46

36762.10

- 34088 ,96

70851,06

3542.55
38879.99

6479 .91
48902.45
35565.70
44473,31
80019',01

4001 .95
14039.99

3388.17

21430,12

42541 .85
58664 .17

101206.03
'5060.30
14039.99
3505.69

22605.98

38968 .61
42946.,80
81915.42

4095.77

14039.,99

3465,39
21601,16
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63424,15
90888 ,29
154312443

7715 .62
14039,99
8572.01

30327.62
61563,56

97638 ,26
159201.81

7960,08
18039.,99
9434.50

31434.58

58110.54
94397 .00
15300753

7650 ,37
10799.99
5214.14

23664,51

74258 ,65
134960 ,56
209219.18

10460 .95
10799 .99
5073.48

26334 .43

47220,20
51428 .62
98648 82

4932 .44
14039,99
7114.57
26087 ,00

44108,70

52908 ,00
97016,70

4850 ,83
14039 ,99
7568 .55

26459,38

47720 .31
169913 .50
117638.79

" 5881,93

10799.,99

3767.03
20448 ,97

58022 .24

96850,76
154873,00

7743.64
10799 .99

3620.93

22164 .57

43584,19
44031,22
87615.42

4380.77
14039.99
6655 .97
25076.73

39585.06

40280,57
T9865 .62

3993.28
14039.99
6980,14

25013,40

45473,46
60882.60

' 106356.06

5317.80
10799.99
3306.43

19424.23

53305.51
82683.37
135988 .87

6799 .44
10799 .99
3154.89

20754.32




13, 72640.89
142502.93
215143.81

|
1075%318

10799.99
5222.82

26780,00

14, 83193,54
138667 .12

221860,.65

11093,03
10799 .99
5222.82

27015.83

15, 80257.26
143323,65
223580,90

11179.,04
16199,99
5778 .80

33157 .84

16, 32465,25
50892,90
83358,15

4167.90
43199,99
8619,33

55987,.22

46611.39
1321467
119826.04

%5991.,30
10799 ,99
3697.64

20488,93

56487 ,14
72790 .64
129277.,76

6463 .88
10799 .99
3697.64

20761.51

53021.82

73749,76
126771.57

6338,57

16199 ,99

. 4326,25

26368,82

28488,18
41160,64
69648 ,82

3482,44
43199.,99
7417.,05

54099 ,47

40662, 49
5§3637.31
94299 .79

4714,98
10799 .99
3208,29

18723,28

49853 ,91
57756 .91
107610 .82

5380,54
10799 .99
3208.29

19388.82

45712,66
53742,55
99455,21

4972.76
16199,99

25032,96

28170.49 '

38349.03
" 66519,53

. 3325.97
43199,99
17053,30

53579.26
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17:7  41350.52

64209,36
105559 .89

5277 .99
38879 .99
8130.70

52288 .67

18, 42566 ,00
70203,46

b 112769 .46

5638,47
43199,99
8806,19

57644 ,64

41044 ,64
73791,09
114835,74

5241,78
42159 .99
9488 ,78

po.

56890,57

20, 42013,92
72198 ,04

20 114211,96
5710,59
43199,99

'~ 8617 .82

57528 .40

35529.35
49634 ,66
85164,01

4258,20
38879 ,99
6893,05

50031.24

32245.,83
40937 .50
73183.32

3659.16
43199 ,99
7469,93

54329,09

31765,21
47260,22
78425 .44

3421.27
42159 .99

7470.44

53051.71

30575,55
42692,67
73268 .21

3663.41
43199.99
7370 .65

54234.04

35217.25
45349,79
80567 .04

4028 .35
38879 ,99
6518 ,60

49426 94

30761.32
33212,96

63974,28

3198,71
43199 .99
7058 .53

53457.24

31440 .83
32081,75
63522,58

3076.12
42159 .99
7098 ,35

- 52334.48

27782.15
34550,73
62342,.88

3117.14

4319999

6986 .67
53303.80
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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)s Cost of permanent Artificial Supplementary Lighting
%). Cost of cooling
4). Cost of running the pumps and fans

5). Total annual liability for (b.1 to 4).
A few words about programming:

‘The programming as we krow, had entered into the
day to day work of every humenteing butits formulation

depends on the work one does and language one follows,

The architec%g by the virtue of their profession
have more aptitude to speak and deal with lines rather
than.ﬁith nunbers. This has been a great hinderance
to the architects to adopt a digital-elemtronic-computer iq
design and planning. Unfortunately in our country the
sophisticated computér goft-wgres 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 thrdugh
visual field rather than digits, More over data banks and

set prbgrammea are yet to develop.
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It is difficult for a practising architect or even a
large eestablishment to maintain its own computer or a
programnmery bﬁt if comnsulting programmes and computer centres
- are available in the city, a small amount apent in

pnogramming and éven a amaller in computer can save the
architect and his team from a lot of trouble and wasiage
of time while deoing more Juetice to the client,

The programme for the acadenic purpose in this
dissertation bas heen done by the author himself which
proved to be time eonamﬁing éné it is not practicable for
a practising architect to programme for the computer, |
But it has been noted that the aréhitect involved in an
optimisation programme and using a computer must have some
practical knowledge of compuﬁer programméng and the
languaze of the computer, otherwige it becomes difficult to
transmit his idees to a prbfesaional programmey and becomes

a time consuming process,

+ The working egample cited here has been run in the
FORTRAN 1130 computey and took 20 minutes time including

programme compilation.

Onee the alternative plans are ready and such suitable
programmes are available from the data bank or the effice

itself, it is a mattor of only one vworking day to punch the

+ FORTRARN 1130 computer for the academic purpose could be
availed at a reduced rade of Rs,150.00 per hour. For
commarcigl purpose it is higher.
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input data eards and run the programme and another working

day for critical cost analysis of the cutput data charts,

Therefore, for the benifit of all and like other
professionals in different technologles, it is tinely for
the enterprising architects whether in academic or profess-
iqnal 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.

OBSERVATIONS FROM THE FIRST GROUP OF RESULTSG:

| The cost of plumbing'ané duect work togather with the
sup of the annual costs of artificial lighting, Cooling and
amortisation of plumbing and duct work have been computed

for varieus plans and the following observations were made.

1, I%* is observed that the cost of cooling and the ocost
of plumbing and duet work, gradually come down with
the rise in the building height, In the three-storey
builainghblock these coate_aré 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 floofs. Iwn:most cases the cost of both
system are almost same for a three storey building

- eonfiguration. In a single or double storey
configuration, the horizontal service system was more

econonical.,
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3., It ie observed from the comparative analysis of the
coots in the tables that the heighest and the lowest
coets are in the ratio of 3:1. In actual figures
the heigheet'annual cont occurs in the range of
plans numbered 16-20 and amo.nts to Rs,.53.0 thousand
(20th scheme) where aa the lovest annual cost oceurs

in range of plans numbered 11-14 and amounts to Re;
18.7 thousand per snnum (13th scheme)., Thus there is
an additional burden of 34.3 thousand per annum thro-
ughout the l1ife of the building. UWithin 30 years
the loss Aincured by the client amounts to Rs.8.6 lacks
which is approximately equal to the buiiding work
at the rate ¢f Rs.40.00 per square foot of floor

aren,

4. The heighest pilumbing cost amounts to Rs.2,2 Zacks
{schenme Fo.4-1) and the lowest plumbing cost amounts
to Rs.0.6 lacks (scheme Ko0.20-3). The plumbing cost
instheme No,.20=3 amounts to Rs.62 thousands whereas
in the (mscheme No.13-3) At amounts to Res.94 thousand.
It means that even after spending 32 thousand rupees'
additional on plumbing, the ¢lient is benifited in
the later scheme (13=3).

5. It is interesting to note tha£ the architect is also
benifited economically while rendering his services
to the ¢lient through optimiesation programme. The |
architects share of additional profit on Rs.32
thousand {(additional plumbing cost) at the rate of
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4 percent aﬁounts to Rs.1280.00 vhile the architect
has spent Re.250.00 on optimisgtion programme,

-6.Permanent artificial supplementary lighting is a
source of great expenditure and in an extreme case,
the heightst lighting bill may be as high as three
times the lowest lighting bill,

7.In laboratories, the cost of airconditioning is guided
by the constant air supply and exhaust ofthe hoods
rathér than the cooling cost which constitutes only
a small part ofthe total expenditure onm aircondition-
ing. Hovever the cooling costs in the extreme cases

~ are in the ration of 3J:l. ‘

8.A system where a number of laboratories grouped
around a vertical service shaft has no special
advantage in reducing piumbing cost over a system
with individual verticcl 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 (V) is less than the height (H), such
grouping could be of more advantage).

9,.The range of uchemes 11l-15 proved to be economical
in terms of cooling and lighting but uneconomical in
terme of plumbing cost and also the use efficiency

of space,
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. The analyeis ahovalthat the blue bordered aost“
represents the plan for minimum eost of plumbing, the
green bordered cost ropresents minimum for duct, the
black bordered cost represents the minimum for the combined

plumbing and duct cost in a single supply system and the

red bordered cost represents the lowest annual cost,

In the view of building economics the plan represente
ing the lowest annual cost in red bordered is the most
sconomical one, But in case the c¢lient's pocket does not
pernit the corrosponding ocst of plumbing and duct work,
the lowest or any other lovwer pilumbing and duct cost may be
selected to compromlse with the annual cost. Thus there is
a wide range of choice tc make depenfiing upon the financial
disposition ofthe client at the time of un&ertaking the
projeet.

A further raticnalleation of the first cost and
the annusl coot is to be mads by running another short
computer programme with varying pump pressure to stablish

the optimum cost of the two.

Parameters cf the Second Programmes

If the lowest plumbing cost is the eriterion of
design, the schemes (3«3, 18-3, 19-3 and 20~3) are

acceptable.
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If tho lowest annual lighting and cooling cost
{(comdbined) is the criterion than the schemes (8—3,'11-3't¢
14~3) are acceptable.

When the combined annual running cost of a2ll the
services togathpr with the amortisation cost of plumbing
isthe criterion then none of the rlans at this stage is

acceptable and needs further reationalisation. -

Annusl running cost is a function of the Break-Horse-
Power of different pumps and fane and the number of hours
per annum for which the pumps and the fanas operate, For
the second otazse of optimisation 211 other factors except
the pressure compenent of B.H,P. are constants, Heﬁce
“running cost 1s computed for varying pressures of pumps
and fanB; The second group of input data for the eomputer
programme were baeed on sither the lowast plumbing éost
of the lowest annual cost, and were aeiected from the output
data of the previous groﬁp of investigation., The scheme

nunbore thus selected were 1,3,5,8,13,16,20.

The computer work was done in two stages to reduce
the unnecessary running of the computer i redundant
vork which couléd be screened out manually. Inthis way
the number of operations in the compﬁter ¢ould be rdduced
to 95 instead of 300,

The sccond group of resulte 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 Services:s Pump/Fa?Pgressurea
Cold Water 17 18 19 20 21
Hot Water

Chilled Vater
Demineralised Eater

Gas 5,15 5.25 5,30 5.35 5.40
Conmprecsed air | 320 223 225 226 227
Conditioned air t30 140 'S5 55 '6
Exhaust air *4 'S5 '6 '65 7

Note ¢ Cther data are same as the previous programme
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100

102

101

167

PROGRAM FOR OPTIMISATION OF SERVICES (II)

DIMENSION PLUMB (5), DUCT (5), COST (5)2AMONZ(S5),RUN(S)
ANNUAL (5)

DIMENSION 8q(8), SU(8), SUL(8), 5S(8), SAK(8),SAKI(8),
¢ SP(8), SV(8), SAKS(8), SCU2(8), SCUL(8)

DIMENSION SP (40)

DO 100 1=1,8

.READ (2,6) 8Q(1), 8u(1), sua(1), 88(I), Sak(I),SARI(I),

SB(1), 8v(1)

READ (2,67) SAK3(I), SOU2(1), SCUL(I)

FORMAT (8F8.2)

' FORMAT (378,2)

CONTINUE

DO 102 M=1,40

READ (2,5)SP(M)

FORMAT (F6.2)

CONTIRUE

waxmn‘(s.iax)

FPORMAT (2H1)

Ji=l

M=)

READ (2,33) ¥,D,AL,TD,TP,TE,AN,R,AK4,W1,AREA,H,FC, PN,
HW ,HC,CUP

READ (2,22) ¢OOL, PLITE
DO 135 J=1,5

F=3.0

PLUX = 0,0

DUC = 0.0



COSPU = 0.0
D021 1J=1,8
Q=S{(1J)
U=SU(1J)
Ul=SULJLJT)
S=8SI(1J)
AE=SAK (1J)
AR1=3AK2(1J)
E=SE(1J)
V=SV{(IJ)
ARS=SAK3 (1IJ)
CU2=8C02(1J)
- CUle 3CUL(1J)
PaSP{N) '
GO TO (759575949,7,11), JJ
AR=AN/P
XN +AN/(R4F)
Yl

=Y

A

G0 T0 12
ARmF

ZmH¥F

Yo (AN/AR )42
T1=Q. 557
ZaWEAN/(RxF)
G0 TO 12
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12

21

AR=4 .« F

X=H¥F

Y= {AN/AR)

Y=1Y

Za (W (AT/(RF )24 ) J4W1

GG TO 12

APIe=d., 55 (X+2+AL)

Ql=0.5%AR% QU

Q2=1 . ANNG »UL

PPaPeB-(VxHaF)

A= ({QL/AK)xned) 5 ( (S*ABL/PF )wna2)
B= ((Q2/AK Js o4 )0e( (S#AEL/PF ) o 2)
Al=AsX+Y |

A2 AxXxY)

Bl = BxZ

C = TD=AN

C1l = TPxAN

C2 TE~»AN

ALD = (Aefg, J+(BL/B)+C

ALF=(A2/8,)+(B1/8, )+C2

ALP = (Al/a‘} )4‘(131/.5 )+C1
PLUM = PLUM + {CUZ»ALP)
DUC =DUC+ (CUILALDHALE)})

RN+l
CONTINUE
AMOR= {{{0,05%AK4 )+0,1)»{PLUM+DUC))

109

T CCEPU=COBPU+ ((Q2xPxAK1lx, T45xARS»HY»CUP}/(330.0.7))
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33

55
44
22

177

18

17

PLUMB(J )=PLUM

DUCT(J )=DUC

COST(J )=( PLUM+DUC )

AMORT(J )=AMOR

RUN(J)=COSPU

ANUAL(J )=RUB(J )+AMORT(J )+COOL+PLITE

CONTINUE

WRITE(3,55) (PLUMB(J),J=1,5)
WRITE(3,55) (DUCT(J), J=1,5)
WRITE(3,55) {COST(J), d=1,5)

WRITE(3,44)

WRITE(3,55) (AMORT(J),Jd=1,5)

-~ WRITE(3,55) (RUN(J), J=1,5)

WRITE(3,55) (ARNUAL(J), J=1,5)
WRITE(3,77)

PORMAT(17F4,1)

FORMAT(3F12.2)

" FORMAT(/)

FORMAT(2F8, 2)

FORMAT(///)

IF{(J)-7) 18,17,17

Jd=dJ+l
GO T0 1

CALLEXIT
END

110



Scheme CEQ 3t

285664.56

No. IN RGU ?‘ BRS: .
1. 36559.54  40445.75 403111  37579.30  35362.53  34110,06 33299.17 PIPING
L M33.74  41015.,57  39043.08 37925.26  37026.52  %6282.09 35647.79 DUCT
80907.268  81461.32  79354.20  715502.54  712589.04  70392.039 68946.96 TOTAL
' N . . 7 PLUMBIX
10922,48  10997.27  IO712.81  10192.84 OTIL52 951436 9506.99 AMORTI.
. i : ) : . 23
156753.84 176103.81  195403.87 211069.87  226755.01  242401.81 358067.78 ARTUAL
. ' ‘ 4
215118.00  232558,78 25357437 266720.43  361966.06  297379.12 312972.81 ToTAL
-3, 39522.24  37220.43  60327.19  34674.39 3353214  32730.56 32102.56
41480,7T  38135.63  735155.45  35031.25  34131.05  33383.64 32746.93
81003.01  75356.06  06482.64  69705.64 = 67662.17  66112.20 64849.50
10935.40  10173.06  13025.15  9410.25 9134.52 9005.70 - B637.56 .
156738.84 176103.81  19540%.87 211069.87  226735.81  242401.81 258067.78 -
213131.93  231734.56  253686.71 265937.81  281328.06  297165.25 311767.93
6. 45207,50  41929.67  64533.35  39416.08 3929171  37502.08 36883.2%
55366.52  50050.14  48350.17  46B63.00  45602.90  44698,1T 43859.28
99574.05  92808.51  112883.53  €6285.09 8397462 8220025 80T42.51
 13442.49  12539.98  15239.27  11648,48  11336.57 1101001 11037.12
156738.84 176103.81  195403.87 211069.87  226735.81 24240181 258067.78
187609.46 206071.95  228072.26 240246.50  355500.53  270940.00 286533.06
8. 49643.82  46841.82  75063.26  43740.25  42347.56  41570.40 40604.97
53736.24  49370.85  46786.73  45319.66  44i44.87  43169.52 42338.53
103380.06  96202.67  121854.9B  89052.90  86492.42  84539.92 82343.60
13956.30  12988,70  16450.42  12023.08  11676.47  11226.99 11147.17
15673884 176103.81  195403.87 211063.87  226735.81  242401.81 258067.78
188200.50 206597.87  220359.65 240598.31  255017.65  271134.18 286720.31
13. 54299.36  50723.73  86877.76  46762.T8  44982.49  43733.73 42755.64
£8396.67  62425.05  58890.13  568683.25  55276.20  53941.98 52805.37
122696.03 113148.78  145767.90 103646.05  100258.68  97675.70 9556101
16563.96  15275.08  19678.66  13992.21  13534.92  13283.78 13078.04
156738.84 17T6103.81  195403.87 211069.87  226735.81  242401.81 258067.78
187311.06  205387.15  2290§0.01 239070.34  254279.00  270493.84 285854.12
16, 32842.81  36704.57  36570.78  33856.15  31653.82  30408.T3 29602.94
46532.95  43221.75  41261.57  40148,88  39257.78  38517.97 37387.73
19375.76  79926.32  T7832.45  T4005.03  TO91L.10  B8926.70 67490,67
10715.72  10790.05  10507.38  $990.67 9572.99 9346.33  9124.53
156738.84 176103.81  195403.87 211069.87  206755.81  242401.81 258067.78
217707.84  237147.12  256164.53 2T1313.81  286562.06  301101.43 317695.62
20. 3295214  31596.95  45314.23  30055.41  29420,34¢  28946.85 28576.00
L Asl060  3eTi6.SE 3044485 360578 333578 3470482 34167.29
442,73 0513.50  B2359.07  66191.18  B4TRE.1Z - 63651.67 63745.29
10056.51  9492.32  11118.47  8935.81 8762,07  8632.58 8437.16
156738.84 176103.81  195403,87 211063.87  226735.81  242401.81 258067.78
216082.00 235782.78  256703.00 270292.31 301271.06 316391.62
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OBSERVATIO.S FROM THE SECO .D CROUP OF RESULTS:

et Bomtotie 2 o e

1., It is interesting to note that the schemos 6,13 and
8 are in the range of lowest annual cost.
2. The lowest o0f the three is the schere number 6 and

apountc to Re.3.28 lacks per annum,

fhe other schemes (1,3,16,20) produced higher annual
coat even though the firet cost of plumding was 40 percont

to 50 percent lower than tho previous group.

3. This has occured because of the faet th t the
annual cost also included the annual costs of
lighting and cooling apart from the émortising
cost of plumbing.

4. The lowest annual caﬂt_computeg héra is sufficient
for the purpose of polecting a scheme or plan and
ean be further refined by téétiﬁg the lovest rumning
cost of every individual gorvice within the ran-e
of pressures obeylng the eompirical formula for

frietionnl loseos in etream line flow.l

5. The cost=benifit analysis shows that a teon p.c.
incroase in the investment on plumbing is offset
by the gain in tho anmusal running cost within a
period of 1.5 to 2 years, 4t very lov allouwable
£rictional losses, the results of the cost-benifit
data follows the lav of diminishing roturn,

‘Le It 18 noted here that im the second output data the
first tvo colunmns of results of plumbing costs are not
roliable as the permissibdble frictional loss in pipes
vere too low to obey the empirical formula uced in
computation,
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6. 1t 15 intercsting to notec that the range of
" schemes vhich proved thoir merits through retionaliw
pation, seldom caught the oye o0f oven experienced

architects.

A general survey was conducted to compare the results
of ratiopalisation vith 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, vhich in his opinion would incur the
minimun annual cost. The result of tho survey revesaled
that only 5 p.c. could chose the correct form. In most
of the ¢ases the forms which incurred the minimum plumbing

cost were considersed %o incur minimum annual cost also,

*  The neoarest approsimation one could oatrike at
wae the laboratory plan in tvo dimensicns but in terms
of three dimensions i.e. the pumber of floors, non of the
intutive rosults confirmed with the results of rationnlisne
tion. The 6 p.0. correct reosults ¢an not be considered
significant and thero 1s a possibility of chance in it,

Thie survey reinforocs the necd for rationalisation
in proflectos where physical functions are of prine

i~portance,

General 3tatistice of the Scheme Selooted:

The roneral statistics of the scheme which proved
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to be the most economical in torms of the annual cost of
sorvices has been given below for refering afterwards vhen
the schere is dealt with in the form of working drawings
and details., The code numbor will fecilitate in locating
the schene in the liibrary of computer programme 4nd data
bank when further details on caéts and sizes of plunding
material will be required for preparing ectimates, calling

tenders or placing ordoer forthe supply of materials ete.

Code number = (16-3)
Dimensionnl Statisticst

Modules

. Iaboratory - 10°=0 X 23°'-0 (230 S.F.)
Office - 8'«0 ¥ 10'-0 (BO 3,F.)
Store = 10 8.F.
}tigiﬁgoslwr - 120

Safty egross = to the adjacent laboratory
~ %0 the adjacont nffice cabin
« Bullding Block

Bunber of
floors - Threo

Humber of K :
rovs perfloor - Two rows with & central corridor

Total Flinth
aron - 25000 8,F.
« Service Systenm
Horizontal branch feeders running through the

Central Corridor in evory floor.
Bench connecticnes: Up foed system serving the floor
abovo. ‘
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+ Lighting
ﬂaiural 1i~at 45 availlable through 30 p.e. glaﬁed
north and gouth walls (all fonestrations shaded)
Permanont artificial supplementary
lighting load -~ 67 K,wt. br.

« Peak Cooling loag - 30 Tone

Cost Statistics
Pilumbing costs «~ Rs. l.12 lacke
Amortising cost « Re.152%0,00

Annual running ,
cost - RB8.1.95 lacks

Total annual :
coat on sorvice = He.2.28 locks

Total cost of

‘the Building

woFk ' - 8,75 lacks at the rate of Re.35 per 8.F
Structural

R.C.C, Frame structure

10 inch Thiek external brick wallae

4% Thiek R,C.C. roof

4 inch Average'lime terracing on roof,

Purniture Arrangement?

The'peninaular sorviced bonches (L6 £t long) are
perpendicular to tho corridor with the position of the
hood near the entry dcor, The central island benches are
12'-0 inch long vith one large oink on the corridor and

sorving both the benches.
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Ihe cupboards, drawvers, writing tzsble and other non
serviced furniture (10'~0 inch long) are placod slong the
extornal wall, | |

' The piped supplies from tho ceiling of the corridor
beolow are served to the bencheno throush servicew-ports Qnder
the hood., The conditioned air and oxhaust air is gupplied
and extracted from the ducts in the ceiling of the corridor

of the seme £100re

The scheme montioned above proved to be meritorious
in terms of the vervices system only. Thoe structural cost:
and ito amortising c¢ost nocads to be Qorrelated with the
cont of services and form to get the most accurate picture
of the ocheue, aawevar.the variations in the structural
eost of the seven schemes, that hnd been melected for further
.aptimisatiéng will not be go high an order so as to influence
the total amnual ¢ost and there by the selectlion of tho

sohene,

Coneluding Remarks:

It is concluded from this study that the 49@1gn3'
based on apprehension and intution often prove to be
unrealistic in later ota ¢ when it is beyond ropaire or
repaired after a heavy alteration,

In laboratorios, the services play a vital role and
an unoptim:sed schome may drain cut o huge additional
amount from the pocket of the client annually than it



could usually be oxpected, This may even balance the
cost of the structure itself during its life.

An additional expenditure in plumbing for providing

larger capacity pipes and duects prove to be economical in

long run and the additiona) expenses are offset within a
short period through gains in annual coet,

The form so obtained ie only a box with the broad
dimensione of longth depth and heigﬁt. It is mtild
open to the architeots ingenuity to blend this functional
form with its environment like any other functional yet

aéathatioally scund form =~- biclegical or machine.

Apart frdm-the pelection of a scheme, this atudy
may prove to be useful to the professional architects in

many o%her ways.

He can detaill out the scheme with more confidence.
Vith a knowledsze of service system, and siges of pipes and
ducts, the puwmctures in %the walls and floors, the height
of the suspended ceilings and biending of service lines

. become easier for him,

Jaervices in lsboratories consume a major share of
the capital investmont and neede precise allocation in the
budget to be troudble free in the advance atage of designs.
The computer results on plumbing coste are fairly reliabdle
in this respect to be adopted during bvudgeting.

The plumbing and mechanionl enginsers can proceed
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with thoir part of the job without much timo lag betvcon
the architectural deoign and plumbing and aiy conditioning
design ond load the project i.e. tho draving office work
a8 vell ap the eroction vork to bo completod in schefulo-

timot

In calling ftonders a procise knovledze of the total
cont of plumbing Lo available before hand., If the

circumstonces domand, the architoet cen place orders to tho

plunhing supplicrn for tho supply of materials.

Bosideo the direct beénifite of the study, the
concopt ¢f tho eynthesis of ‘form ond curvices'! is appliecablo
from the *micre' to tho ’aaare? lovel of'form and eecrvicesn;
tho'microtlevel boing tho sorvicos in o building and tho
‘macra*laval boing the master plan of a eity. In between |
tho tvo extremes there aro many levels vith many dikeneiona

of form and servicon,

The application of the c¢oncept in the various lovelsn
of *form and scorvicos'nmay uavoe the developing country with
eraxﬁa of rupeos., |

Hovever, furthor rosearch on thils concopt is required

ond there 1o & wido field opon for it., UYithin 1ito limitation

1. lately produced plumbing and a,c. deoigns domand highor
nman-povor on thae oito to complote the project in timo
and thue incroase the overall coot of the projost or
loado to the loss of intorent on the capital if not
oonplotod timely.
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of time and rosources this Gipoortation only provides
o glimpoo to tho pubject,

Paul Rudelph has e&id.ihat tPorm is tho outeomo of
the apirit of the tinmes «- ctonomic and sociological
coaditicna.'l Ve are in an age of optimisation whore
coonomico plays & vital rolo. Raiaonaliaation, *tho spirit
of tho tinmo' can bo applied in nany fecndes of architecture
of our age ouch ag induotrial and commoreisl arshitecture,
mant housing ote. and ofcourse the monumontal or roligiono
architocturo and similar othocrs have thoir own place but
theo architeets in genoral refrain frcm4enpor1monting on
rationaliaatiaﬁ with the feer that rationslisation hap
ateriliging effect on the creative faculty of a designer,

But as Shekeopeare geid, ! na&hta are traitore
end make ug lose the good we oft might win, by fearing to
attompt.* |

1. Paul Rudolph, 'The six determinants of Architoctural
'Form._’ érghitaegggal Rﬂﬁg&, Oet., 1996, '
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' QUESTIONNAIRE . ¥ ' | ENTRALLY SUPPLIE

Plumbing Service Yes No = High

Low

Pressure if any

High ILow

1.
2.
3e
4.
5.
6.
T.
8.

Cold Water

Chilled Water (40°¢)
Hot Water

Bistilled Watexr
Demineralised Water
Gas for heating
Compressed Alr
Steam I

H,3

Oxygen

Ritrogen

13.

. laboratory Vastes Corrosivity

High., Medium.

Lab, drain for

¢lear water Separate from
waete Drain

Yoo No.

Low

Contanimants

Highn

Medium Low

Use Intensity

High

Low
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Ventilation:
1. No., of persons per hood ggggtg Faga gg g ng.
’ t. ﬁoavy Low
2. Type of hood Glass door Overhead Self-purgi
%. Rooms to be
specially :
air~gonditioned. No. and Nane of room sige Tem Hum, Alr
1.
24
Be
4.
4, Hood in such rooms Yes, Yo, by
eavy Low
5. Machines in room Yes No,  Horse Power
Lighting? '
i. Type of lanp Flouresoent Ihcaniescent Mixed
2. Natural light o | |
ecsential Yeo No. Partial
3, Power AC a
220/8ingle phase Yen ~ No
% phase . Yag . {¢]

440 volts DC Yon o
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APEERPIX 11

DESIGH QUESTIONNATRE FOR SPACE REQUIREMENTSS

\)o LABORATORIESS
. Modulel

B
b.

Ce

d.

@,
L

Zn

h.

i
3o
k.
1.

Re

width of working surface . . . feet __ ___ _ inches
Desirable maximum continuous length of work |
BUITROBsevrssasnesrsrsnssTOOL,

Height of the tallest common laboratory apparetus
secssssarsrvassfOelyiacicnsonarcssinohes, _
Desiradble hood location within the laboratory, near
A0OPssvssnesssnnsng NIBY WINAOW, vuvovovnesasOtheTesosnnasns
Iinear feet of hood permodulG.,ccsassvasesscfoot,
Number of sinke por module, ONne LorvcssssscssesssOne
for each 1laboratorye.scvonccoasssnses

Minimum door width.,...‘.qutbet;.,,...g&w;..imnhaa.
Rumber of office typo desks for laboratory workers
per modﬁle.......a...&...-m‘gt...,-

Nugsbexr of kneehols space per mOAUlGessesssenssssenss

Lﬂngth of doskdo»coqnﬁtontpifﬂ&%guQ;‘;jca». .inchen,

Munmhexr of fillil.ng cabinet drawirﬁ.”“a_. AU NB SRS N PR
Iinear feot of shelf spoce in odbued storage cabinets
per MOANLG L ssvsernsssesTaet,

Cost and/or ladboratory apron olosete Yes/No.

Safety:

- 9

b

Ca

Becondary egress from the 1laboratoryevecesscssssses
Safety showers at entrance %o each 1aboratoryessssscessass
(1f in corridor, give separation)...sssesvefOnt,

Eye wash fountain in each 1laboratoryisceccsvovrssnsevens
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Y
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Safety blanket storage in oach 1aboratorysscesssrsssnse
Band fire extinguisher at oentrance 4o oach 1aboratory.ecs.

(B), CPPICE:
1. Modulets

b,

L1

d.

laboratory lesder, One poOr OCCUDANYs4ssseenesrsosests
tWO pErsons OCCUPBNYescsssesscsavssncsssy Turniture
rogquired per POrSONiscscecsvssssessesss

Group lender, One pPOrSON OCCUPANYs«sssssosastsnsses s

two person paei’hmugcobtayydoipgo-aapénw»iaoooaoqsq*
forniture required peor POrBONsssesasnsssssovsuasssnss
Staff and adminletrative personnel, One per person
OGCUPBNYsssevssrsanvsegp CWO PEXrSON OCCUPENYsivsstevrsnsns
ETOUD OCCUPANYisvssnenrassseBgnare foef per porsofisessve

in group office occupany.

Execvtive persomnel, Sig@sssesvessteet ﬁy;¢.‘.....¢.
feet adjacent BSecrotarifl BPACG..s.«ssvesseslONNEOLing

labBtorYsevsnnoraisavaias

{€¢) PILOT PLAET:
1., Jodules

Be
|-
S
4.
e,
z.

Widthe veesavsacsessstont
Kaighto.......-;a.feet
nepth-...-...-a.‘.feé% :
Piped’aarviuea
Blectrical Services

Ventilation. Average cxhaust air per modnle,ceenessss

oublo feet per minute, maximum exhaust air per modle

sesessssasrubic foet yeor mninute,
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(D)e LADXBYYessonssenesa(i? required, develop needs by ﬁdntnrenq
(E). Cafeteriscss.sssses(if required, develop necds by
~ oconference).

(F). Conference Rooms:3

1, Maximum nunber 0f PEOPLOsccvecrscssssscsscnussss

2, Pixed peatBicscacscassssssMOVADlIE BOAtOssenenssnsas

3. BlackboardBS.s.ssnrseesslinear feed

4. Project £8011iticRi et vnvcrnnnecnssssnnvaveonns

5. laboratory demonatration faoilities.

(a) sHOPS:

1. Type and area of each

(H)s LOCKBR ROOMSt

l. LOCKEY BiB0.csnrsntvsssvsarsnssrsnsarnsoss

2, Showar»fanil&tiea..ug.;aay;.guag.c‘»..gﬁ¢

(I). Auziliary Bpaces

1. Lockers, BSize O0f 100OKer,usessvsvsossnsrssnsoss

2 Laboratoryinugply ﬁtarag&, Linogr feet Of Shelfsvsnsesscns

3¢ Gages under PreSoUrCsssssscsssrssasy NUNDEY OF LYDPBBiscsvssve
pumber Of ArulBessesvossrsvssveve

4. Bolvant storage, Linear feot of 8helfeccasvescseny
nunber Of drumMBisseevesessssnsssce

5. Dangerous chemicalas, Linar feet 0f chelf.cueesssnssnens

6. General and office supplies. Linear feot of Bhelfasvcssses

7. Photographic and reproduction épace BY@Buscvocvesssrasnsons

8. Janitor's and guidard’ LoCKer IOOMBescssscnvonssssvssassse

(J)s Number of Employeess

Men Women
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3.
4.
5.
6.
Te
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Total personnel

Office personnel (inoluding those in oategories
(3), (4) and (5) who are located in the offices in
addition to having desk space elsewhers).
Iaboratory personnel

Shop personnel

Pilot plant pereonnel

Locker rooms , Men Women

Jaitors, guarda and maintenance

{K). Space Quantitiesi

1.

a.
8
. o

Humber of Moduless

Iaboratories Iaboratories Laboratofy Piiot Office

iarge Small
S8tandard LSS R AR NS IDER BN EBIEAD SEERE SRANS
ﬂp&cial LI SASCIIERSEN SPErsEn Y sEse “nss e
Officens
Scientist Pifudeacsenin cnnrosEn ‘SaEE - wEEP

Group leaders scisssssesvns PE0M b iny se8s  Nuas

Assistants

Starf ereNEIEOsEEBES Seusr YRR aene 'TXE
Executive PaBNrTRERguERSy PEmAS NN DAwS ' T
Sscretarinl CENB RO b AN tIssLnteNE Bo S EER)

Small Confe-
réence roowma ssasREsOaNIBEN baherr v aw PR .

EQﬁft-
lab
special

LA B B N

*ELES

IR X B 3

(A XN K ]

LA X2 B J
[ X N R R ]

LB X N N 4

ahedd
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f. Closet for other safety devices on each floor

taanssssscssnss it 1tems to be inclﬁdeéu.,,..uu...u

3+ Servicest

B
1.

2.

3

By
de
20

Centrally generated and generally dietriduted services
Piped servigces, Cold watoTessseeraep 40°%

chilled Vatoleecevcsvss s NOY WALOT s essssvenny
Aintlillod WalelesssasveveegEBBarenessnssasnany

high pressure alresievscsespsi, low prossure
BiTsssssciceeesPBl, MyArogelisssresssvsgtitzrogen
aessaswnsvesesn fORYEON., coesseneploboratory

WA O vsnesrey ClOBT Watel ArainSescoseessvseosy
athsr.g..¢..¢.g.......‘...aa

Bleotrical power, 220 single phase and/for

% phase, 4 Wire A.8sssessnesasersVold nnpores |

por square foot, 440 volls throe phase B.Cuieeescacses
vold ampercs por aguare foot, 400 oyoles B Ceassrssnne
volt amperce per sguare £00t, direoct curronbtecevvecss
VoliBeerencesreVOolt anpores pexr sgqumre foot,
ground........¢q.oﬁher¢‘mq.4go,-....gg.g....,...

Hood exhauet. Aroa of hood oééning per module
w.‘....¢g.......aquare foet, haod faae valocity.....o.'
per minute, maximum square feot of hood opening in.
any one module or laboratorye.......8quare foet,

The 8peglal Sdrvicasg

Speclal £aBEBy aserssevengressornenenssey

Electrical 1ow voltogOwesavsanaany Othﬁr;ﬁnvku-pco;go
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3+ Specilal air con@itioning. Assuming that the entire building
will be é.ir coﬁdit ianed for comfort, laboratory sparce
’requirﬁ.ng special oconditions of &mnidity and tomperatures,
Fumber of Modules, Temperature Range Humidity range
‘Internal heat gain-Btu.
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