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stagnant a7 pote fotta pan. s LTty e trar injusiries, which
Rave alrow® reached ¢ toge of . temalz ot B o ¢ e atiempt hae
Lesn ma.e ! T o prTe T T LT s o sectter AR the
deve. opirg ~ ur‘r. e, itar o et ane omoact of thie

industrialization 1n L@ evnstructiva ~€ sndurtrial buildings,

Stmcturel stesl cortinues t3 le indircreetly used in andustirial
structures ia epite of the fart 4hat steel 18 in short supply im

almost all the Aeveloning coualriz., "he alvmntages in using precast
eoncrete compenei.’ s 14 indamitria? o loing ‘eading t. (verall paving

in soarce Taw mtar.a m, ampiorseant 2 wpsed an quality of comstruction
and sconomy in conntrestion cnd recatevance coste have not yet beem fully
apprecinted, This trecefore ~alls for a redioa’ change in the existing
building teshnirume bty *he wdoption of improved designe and wilding aystens
using the principles of etardarts zrtivn, woduiar courdiration and
typification and resorting tu 3 rranga cver from the out-moded ladour
intensive Mathuda to industirializnd procesaer of munufmcture and

congtruction,

™is also requirer economical norms and preraquisiter to e laid dom
for the maas progductiun ~f ‘he varioun prefubriocated elacenis and the
factors t0 be taken into consideration for the lceasion of on-mite or
off-site factories. The planning and organization of such manufucturing
plants with special referencs 10 00 methods of manufacturs, the patiera
of control and time rcheduling and the figids of clome coordinntion between

She ssnufacturer aandi the cuntrarior also attain mjor importance in the

suocessful implementation of the project,
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Al anda P T swiddlilg 1E wne,  Lhe Kaab lunctfon of
which is to hous: an et .afnt Lodulel i a8k aisit wnd provide
6 WAOlesuit af (SR DRAL £ ToNiBLL Lo b, i tiote who dre
ArsA tet@d with 1t o triai jcdaction,  smliaculity, it
ahouid crrate an atros e e 1oL Lie WOIKS L Lo do thelr wrst
in achieving tie Dt ezt Loee of efsiclency, JLvery industKial
pullding should thermtorm: e Cenwe asly deobyned to noxe wosthy
St the ed siazit ol the fndwetey ant o ke 1L f44 e ware des
place along. id: tie scientific and teclhnoloayical advance of our
time. The mew exiins and tecoutques shoudd 4ls0 pin podnt Lhe

clcae conmction imtween Lie 5 Cial arail tunctisml aspect of

cach type of dlndustry.

Inductrial puilaings Con b proadly Zhi4atolitied ac
buii@ingys lor heavy indlusiry, cediwn indusery, light industry,
process industly and uLility tidustry,. Anothes general
classificaticn cun al-0 e au the bxinds ain W whethel CXLnv,
are used in the saflding of note It el NOt Neas arily mean
that all indus.gial struQiules faillng withdn ¢ jurticalaer
cateyory s8y heavy industry should e reavy, ¢ stiuctules can ¢ )

of warious types, It ay theretore, of teasonaivle to suwgest




Lhat claseiticatici ma, ® uss8i .1 L 14 25 Lt €)Cles uf
specitic Qo iy Caw Clour el ot e puevaon cf the
structure, . uiw wWwshs of - siitmtol life spen and Jate of
ool Tupetdti o, 3 takvh o Cias,,t1 ation P owre structures
Can alsyu # Mwles.

The Lokt "iielaoticat i ot ‘lndunteialrication ot
conetructicn® i3 used Ar this pajer tu describe th? ent ire
psocess of techniral and oryanizationul leweliopment of the
construction industry from the simplest randicraft methed to©
Lthe most industzlally adianced tecneijues,. This temm would also
cover the whoie _amut ot cunstruction favolving cont.nuity of
production with & stesay [low ot demand, -tandailicatilon,
tntegration of Lk vaalous stajes i the protuction process, &
high dejree ¢f L1 andr~tion, ruendanizetiol %o repisce manual
laiour whegever 163554012 and reueaich and experimentation

integrated w.th ,xuduction,

In the course of & charge over from handicruit torﬁ ot
production tc industrialized ioims, Lhe “onstruction industry
should take advantaye, whare re;etition «f similaz or analogous
production processes exist, to introduce specialization and
create the vasis for the «ventual antkoduction of mass production
methods. A higher concentration of specialized oprrations makes
it possible to introduce efiective equipment and graduslly replace
manual labour by more eificient machine operations, with a view

to bring about improvenxnt in quality and speed. The mechanisation




of pruceases 1y ol Mot or.sestaltly 1= rest  cwl W comtialized

la W@Edub -+~ 28 L GIv: ¢ Cen it Giscel @dvents @ i cariled
OBt ON fie.. by WhU L o 0 L7 inlatraalizat.on, @ven Lhe
JPRULEAUAN @il e o110 UL 8t Yl et Eaaescive ly
mohanized .

ahl e other intustiseas nave ~eoe. ftied caoimously (gom
science anv) techmology & i wany Cases haw attuined the staye
of autgmtion, Lhis M jo: reclol @ ece Wwmic activity widch
1epieen® e laige share ol {rvvestuenigs Das reommined stagynant,
most O lens unal facted by thr tecinm: loyloal dewloments thel
have taker yvisce during the last decade or two. Their ie
thrreicie an ur eut need Lo modernise the bulldtng tnduatry with
the ultimatn aim of teducing costs, Licreasning productivity and
ationilising o0 econumlidng the wse of materlels, T structae
of the industsy hea te iz changel o that lu.iceslng demandy
could b met throuwgh bettar 01ilding techniguws . Piefanrication
and induscrislized method: ot Suidding would not vily supplenent
the existing cacacity bul aloo opae up: avenues for the use ot naw

materisls anl procesges sud Lind new usez for oid mutesials. Lhe

sschanics to b adopte! tyr the intzoduction of prefabricetion in
a particular countiy would depent on the piesent status of Lhe
bullding industxy and the infiactractuwie available, A eyimning
could howevi £ be made with the mudeanization of the vullding
sector by introduciing puttiel mechanjization and by the use of
small and medium sized prefauricated components which could

be esslily handled Ly small mschanical devices.




SVIELLE i i lu s ol stred pradeClion A0 w b @l
the Ve lopi Vv, (ountif . 4 Wt o oty me: all the demands,
ON® citei: Pres tiwr WE® Of wtructural [ teel 40 most Of the
industraal ~tixtures, 1l (. . aladuriCel to 880 mure und Mmols
demand for use i truct cial Lt owed, 2ven 1085 supple fLem like
roof, inspite of inudequate svalieiiidey of Lt ictural steel in
time and al<¢ the riuht sectione A3 pvr the desiogn., The
deve leprenta in kurope and U, .A. show us the tromendous scCopd
for prestressed anld reintorced concrete structursl members, mestly
precast, in industrisl congtruction. In these countries, pneht
concretes has Becume opular in zpite of the fact that thege 48
no scarcity of structu.sl steel. by usin; precast concrete
Anetead of structu:al steel, s subsiantiel seving in the quantity
of steel to the extant of nearly €0 to 70 pex cent has iwen claimed.
The problems associeted with corrosion especially An cosestal
afeas and cons=2yient high cost of maintenance can also oe overcoms,
A8 applicadle t0o all conCrete structures, precast comcrets also
has & higher fire ratin; compared to structural steel and is
gensfully more durable under all typss of climatic conditions and
in all situations including those whesze materials of chemically
aggtessivw nature are handled.

Pretabricated construction ias its uwn adwantajes and
shortcomings end should not therefore be applled indiscriminately
to all situations. Economy versus the feasibility of sdopting

such & system should ie considered betois adopting prefsbricatien.
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The sein adwntaes of prefapriceced Const.uction couwld e
aveldance ¢! a veriet)y of uamec ssary sizes, £ cilicy for mass
prefuction, pessivility fer r4g9ia gqueiicy contiwd, eiiminatien
of the nacd iv. desajiled 4esi(1. ‘or !ndividurl carrs, achieve-
meat of goed tinish an! econemy, adeption of mest ecomaricel
sections thws seducing material comsumption aad reduetion in
the planning and construgction time, The hwavy cepital
investament on aquipmwnt, transpostation probluse, mmiling,
Jeoiming ard availabllity of suitanle equiprent and special
skilled men for emction can ke same 0f the (actors which may

disocouregs the futroduction o: prefahbrication to srem exteat.

T, BCONMOMIC PhEBrEQUIGITES FOK #/ 85 FRODUCTION
OF FREB/ABRICNIED vldnKuT. AWD COMBONENTS.

Amlysis reveel that in countzies which have smassed
oome experisnce with industzial wethods of production and
assombly of prefabricated tomponents, the ovemll cost of
peefabricated buildinge 1is low - than that of . -nwentiomal
builéings Dy acout 10 to0 19 per cent. In countrises where the
preduttien of compoments is undestahen only on & small scele
and eopecislly where conventional conatruction msthods aze well

orgenised sad satiomlised, costs are generally higher than for
creditiom) buildings. The use of industrisl msthods results
in far greater savings in labour and material requirements snd
coRstsuction time than in comstruction costs, mainly for the




(eeson Lhdt Limii use § nereasarily limited to veitein alves

of Lhe entire production process Jome ¢Conoly is also possible
in the sPivices am speciil utilities systoms which huve bsen
plenned and woven inco the felsic ot construction. Cost studies
howew st show that the rresent day level of industrisl production
in the bullding sector has ¢ comsidesaile peotential for further
savings. It 15 niyhily probeble that tutthes technical develoyment,
pesticularcly in the mechanisation and sutosmtien as well s
consistent application of modern erysnizetion methede used in
induatrisl production, will lead to additionn]l substantial

ecungmive .

Boonoly An the mees production of prefabriceted elements
con 6lse ke achieved Ly adoptiny econcaicel desigms and building |
systess suited to the locaticn, ecemanical uwe of sceroe building
matecials, by resoiting to capital intensive metheds, ensuring

incseesed production with laiye re mtitions suiwed o preiedsite-
tion and by raking we of the principles of standasdization,

sodular coordimstion and typificetion.

Retiome] desiyn metheds including adeption of now feswms
ond shepus cou-1d 1esult in saving ot ciitics]l meteriale such as
stoel and cement €8 alag the avoidence of wastage by edeptieon of
proput standards consliatet with safety for tim desighed lesds ond
stresses. It 1s noticwd that structures are still) being deeigned

wing conwtional elas.ic method fnsteed of the we of uitimee
load theory. It 1a very necessesy timt thm latest design




methods a0 madke v ol, Wi o NS S & SR ; IS L~ FOX NP ok 4
ol the Laiety ol (the tryre o v b SU T Le
Hatlampment Joat {acturs tor Jdead 4ol Livw logad. troge bzin,in

Mt e 1) Kdon i oadmy An e desd

Che cailidng Indect gy asticaialy dn v i1 countile,
re@ct ¢ rodidvely tC il e ygnid e L L R ey v U
reduciion Lo At e vt i, Meciu lonjeie gy Lluhs are ioMmulated
fur the contrucilo: Andustry a: a whole, suct are {lactuatlons
Wiii “QLiliaw . & @ Jew-gienc G [te Iatiormllsation, especially
witi Logagd «© lou; terwm nlons fof nvestor ny in plaint aod
MaChinety, The ace 08 G iMool clac t40n 1o, rirme:s ar d
the discontianuity ot fecard ke silaps e rost o Ljniticant
focters limtudng tre appiacation of intucrriallced me  hod- in
deeloping countrles, These f{actyls evert «n u tavoulavle
intlience on the dewmjopmenit of lavbus r0ductivily and of the
CApaCity O' wuilding industire , s weil 10 O CumetIuction costs
an? yanerally 1ctard the imviustiiailzstion ot conitzuction, It
s there! L. lroortint Lo cte2ts 2 Slimete Cconducive ty v lopment
of Lt cometructic ., Industsiy ©) “buking & conBL.NE inClease in

e segquisements L josed on Lhe industiy, 4n accopuance with ghe

low temm necis 101 davelopemnt of the mavional tcohomy,

Placing Loty tearm orcals with Ractoried tim . hawe Lt potentiael
for eveloping mev teconi s am! that arc willin, to meke elfuits
to redude the cunstiuction jeri 4 in! Qe costs, may lead teo
mprowements 1R Lihoug prorductivity 100 the uis of muse et ficient

metheds ,
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coweret 1uos fo. Tomtur Uy - S U e L e, Ao re e

O Usw ratelial- tis PP Gie. FRCILN ., Brce( iNn a1 Cusew,
Wioca® s paes ki ety ar s Cuddatted fnos weitieal

e R ~w i, e Wb e b asbs y aeele
just lecge Slet 0 0t ATV SR ve v e G the edvenced
industran . g o lon-, At et w L T iaee G Re o upt ABGUR a0 per

Cont of Umw sird. Irguiled By the wailous industiries fen Mo
PEou it wnder stsuderd spans with univeisel s lication, Preeset
cunciete CaA” v e exrrensly Luamuatitive Liuvy el theie i
sufficient rrelildo: Ol mudlde el Llier prooosses fnvolwved,
It 43 in this 1i..t, standardization sssumes si niti~a@ce.

fne standardisation et Laramrteis tof inlstsies vy
itself willi of o very diffgcult tiusk a5 1¢ w,. 1) ot b poesible
Lo specity the 1equireceita, ley wut, I@ijhts «t>, Lo1 2seh
Andustry as tre. e valy fram ("dustgy w indusizy W;»nling an the
process of tro =nd oroducts.  Though 4t ray Ot @ pesdirle 4@
specify any purticul r uistiadnt on the puremete.s, ¢ bgoed RO
con b fixed within which auy imlwiatiy couid ke arcamodated, |

A study o1 the industiies alvead, in existance will discliepe 1
that it iz slventage.us tc tollow a mgdule of ) metses teor veothing
Out ¢rids=. For industriil tuilaings, Lhe column Sspacing may

at ) metres for li he, utl'ity and pruiess andustring, 6 s 32

meties for mediun industsies and 13 meties fur heevy tndusteiee,
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W‘Lll att [ Lo L, . ma o e, Loy Vi d Sl LaMAC LA,
and the . 1C Jlive jgadl , ey 10 P oui t e ety Lo starlardize
the main 1.1 50Coudary £ooi meil®rs O the Andualilial A idings,

fhcle Noatn L1rt rocting i0 oy rereired top ewter tllumination

AW Ve g 0N, the Bl au r el O3t Ut Lruns Lrder,
e SR N UN FITE S & SYST IS B V2SS U AT S AT er 1) e TlLese memuerss
in LturnN can i oA daLe bt wuwe e, 1ot whicl time

recomenu@d puliametery “av e en sugeste ! earlies and for the
loadin, conditions which will wesically (e {n Uiree or four types.
AlLh thic s wsndortae taon, 1t wil e Puly Lo p.dD @al: Ccomponant
83 & preiavricuited merner cfith toin cotorete us Ap steel, de ponding
upon economy and othe gy cunstraints,

In 235k and dn moet of the East & itopean countries, well
established typitication orjiiizatiocas rluy a pivotel role in the
standagdication o injastilal L Hiding corpunents, They woth
in close CCilaloration with otne. gesearch inctitites and
advanced technical institutions., The.e orenizations evolwe
optimum standard sttt Loal Jesiyns winic! can e‘lectively save
ecarce materials such 4. cemont anl steel. Eifi~ient structusel
system for each classit.cation ot industiial siractures can by
dew:loped whichn will taclude expeIis cnlel/tie oietioal study of
dilielent Ltauciural toim: surh a. truss: . with oytimum confiyse=

Lion, econoinical purlin .tcel vents tvsed on minimam woight deeigm,

columns, open web and castelliated sams etC. rational and sate




deslyl sus  puie AIUCE Wi e Chal SRR sSag Ok swady Cfoapye
and lateml fosces, secondasy ¢ focts such oo ‘AtiLUe anl afittle
Lisctumm atc. ~ati also e dzveloped., This deveicpment would hel.
AN the Glaaud. Leo IOl O Llaw . lwau. WL e w e iy et fug
cach e vi 1o uoeging walidng.

The macze:e ot the Indortidalized methiods ol construction
will dapend to 3 laiye avtiit gu the posailodlity ol deveipiny
a2d extending Iepatitive production and in oringiag asout an
:conomy in toe conucruction oi ouilidtngs. Typificatlon of wuildirg
desiyh. piovide: 4 rean. f, anath tle groitesc aeyree o! repmiition
oL all yperavion. aal r.ddt, car ue dapplicd in design and
production, Typificavion helps to reduce tne number of types
end sises of “oTwnent. sauiactured in the factory, permits
streamiining <f agsembay wiwletions on the bailiding site and
aimpnu?s and seducve the variety o. the eguipment, It 18 an
tmportant predo geiaite fur Lhe industrlaligetion of building, ae
it helps to impzove *he tun-tlang ! Juality of che obuilding end
Lrings apcut economy end improvement in the Juality of construction,
With this nethod, At v yossicle to uge Lhe components from the
8aMe production cycle to produce difterent types of wildings,
provided the paiticdiar systern followe the rules of modular
ceurdination,
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Walls and durtitjons.

dhe Leethod ok menddaclulin: wall jonel and osttitions
wil? prirarily derend o0 wb - Couiinoction st tratuwe ot the wall
panele them el wietner the, ov ol ts o mudtblayezed type
and the (e oty sty o0 0 e of niultilayer
panelc, which are known as saniwloh pamne is, horizontal casting is
the best accepted practlicn,

singyle laver junel S uvinds Aanlerhk) wall pinels age best
cast in vertic o catter, neraids and this will also give smeoth
finish on Lolh afdes, Opendngs guch as dooxrs may not present
any serious proilem bul window openings mi. .t result in some
unfilled pockets,

For a production utelt swnutuctucaa - walls and partitions,
1t will b= nece caty Lo ensurn. Lhat the dectyn of Lthe member 1&
economical on the wsis of modern desi n theery, to make it
competitive if nol cheaper, than other counventional types of
constiuction. Il will slso be crsmntiel to have an opt Amum number
of standardized nenters i the lepetitive type to e pretalricated
to muke the unlt a viaile jpropesition, For the unit to suffer
no lous in 172l temy, Lhoae should be an oplimum guantum of

production depending on the size of the factory, continuity et

demand, size and weight ol the components to be handled and the
production mathod adopted.




In s0UML GL L Lact Loto,aar “Gale s de s L anoUas CapusZa g
Of a pretadricdricr phont ¢ o e i e d eed parcition ¢ -t
valies from 5, 00 te 20,000 l-?'“’ L Cuarter, T wLon L Yakide
SeCk for cacn rardaoricornion plant vaaidos CEeT 20,000 to
100,000 17 & - ancete pedogenr, addnly ¢noasoodne ob cho hijhiy
mechanised . LroanLuis @t i wedt dn S Lk ioTye
prograime of counstruction they hiaivv, Som: o1l tle IEge L tacuuties
in USSR using flow line muthod of production rave even reached
an annual capnelty ot 270,000 l..j b ceimiete per year.“ it is
felt {01 3 vialble unit in Lhe developali; count.ries, this capacity
may Le of the orler b 29,000 to X,00U M3 ot Conciete per year,

Prefabricated walis and partitiouns are manutactured both
in stationary and moving moulds. ‘ough the manufacturing process
may Jdt the tnitia) etare ve in horizontal moulds, a g:adual switch
over to vertical casting and cnereatter o flow line method with
steam jacket arrangements can take place thereby increasing the
efticiency and the production multitold. Wall and perticion panel:c
lend tewerlve. ver, well o < ov o lew fadactrializaiion hence this
pEOCess ~ould ix expedited with .jradual mechanization. The
ultimete economy tor such a unit will however depend on the extent
of mechanisation tiat has oeen introduced in the manufaciure of
these componetdts,
2tructyres,

The compomnunts of industrial uildings thau tall under this

headingy would be columns, vantry (irders, ditferent types of trusses,

¥

V Report of the team of Indian Specialists deputed to
the USSK. National suildings oryanisation, Government
of India Iublication, March 1961
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putlina, cractis etc.

In tncustif-o wurlding -lere cranes are provided, precast
vierendeel type .f coluwmiw wilii proeve vi 1y riunumical ws lony as
the Crane cepacity dows Not excecd 40 tonnes and the apacing of
columns 48 within 1l mevreps, osoilw) precast colwms either as
parts of ,ort.i or of nom-porta) typ: will oe an economical solution
in culidangs wilon 0 ot v o0 vinvialen fox cranes,

Freca:t prostimsson Uiaw. s, priticuscrly lattice stiructuses,
have been successfully used f{pr Lhe construction of atzrerafe
hangars, large spen industrial sheds and crane girders, $Skilltully
and economical iy devijnec lattice trusses of spais upto 42 metres
have been commonly used for indusptrial bulidings in many of the
Bast-RBuropsan countries. The gquantiLy of macterial used in ewch
trusees is claimed to be very smali as a truss of 32 metres span

3

only consumes 0.023 M” of concretas and 4.42 Kg. of steel per Iz

of cowred area, for trusses spsced et 6 mt.rucplrt..zl

In lattice structures, the bottom horizontal membesr and
some of the web members are subject to tensile forces. Thowgh
these could be designed as reintorced concrete members with mild
stee)l reinforcement, it will e economical to prestress of peste
tension ths tension members of lattice structures especially 4a

spans greater than 12 metres, the choice of prestressing depending

&/ Frocesdings of the National Symposium on Planning,
design and construction of Industrial exes
held at Tiruchirepslli, India. Faper by Bx.X.V.
Swamimsthan and Mr.C. Aaj Kumar on 'Design
Consideration and construction urcu of precast
prestressed concrete roof Grusses




Gwpont  Lhe local conditions., 1 wleasioning can be convenienly
casxied out in taccorden uat bl - would re Mo transpos L. Lien
b the touns tn oNO L hen oy 1y vv vn s cudt Lo eX ensive
It may rrove advantaygerous to justetension Lhe wuttom me ke ¢

and teminate sume of tiw wite: An i end ¢ naion dingoisle. na3

posteteusioning of ull tle tension diayonsin will tegulse
ANCHOT (RS Wi dCh ule Woulay Sx] Nl {oovant pretens foned
membe s coul 1 v uned fntead,

In e Cust rommrpuction, weight of the nemier will be
an important factur to consider, By adoptling precast l-futtiée
trugsees, the ~wight to be hanlled can e roctuced by 2% t.o 504
Fox long spans, this aspe r‘L will Lerue o very :mjot cwwldox.-uon
iecause of the Jindtations on the aviilevil {4y of auimblo hoisting
egquipment, Furthe: sconony San i gchioeved 1j BEle;nLS ofr panels
of leottice cystem agr manufactured in a la~tory and trancported
to site fur (abucdt.ion and eract fon,

In addition w the abov o there a2¢ a wnesr of varieties
of roeiing systemg that can be developed in prefatricated
con-téucuoﬂ. utﬂ which we, psuve viily economical whan compa@
to the conventional roofing desi,n, The hoy -shaped girdey i
a very populc: type ot mtlnq mu u.-ed in prefsbzicated indusirial
eonltmcurm. The girder may be cast as a atmlo plece, re-
tensioned at ‘the Casting yard and tnmpotad and azected ulthoun.
any assembly work or any other tye ot site wotk, nlng o!
tht.ur -).op-. a longex overlsp lemgth in the roofing -mm
ny h pmubd o preveut rein wetes leaking thtuuuh u- uei. |



bitche! roof tpusses similar €O tink tiuss 41e also
manutactired as precest units, Lul wich o stdller numiers of
diagondl memuers, These GIv Cast in two Ox Lhiee separate
pieces as reintorced concrete memiers and assemuled at site
to bm the complete truss. The joining ovi thk pieces may be
domm vy lauterlceking of the protruing reinforcement, welding i
of steel emuedded 4t the ends or pieleranly by pust-tensioning
of the top chord which will also help against buckling of the
members duzing eiection,

Othei economical roofing systenc relate to pitched portal
frame-single hinged, two hinged or three hinged, North 1ight
roofing systewm and folded plate roof, bFiecast cuncrete tolded
plates have considersble scope in the span range of 10 to X0
metres,

Frecact concrete purlins in the tomm of angles gequire
considerably less materials than purlins with 'I', *T' o1 vieremdesl
sections in view of the bi-axial mature of the bending maments.
These are analysed as simple {olded plate structural element,

Such purling have oeen used widely in & number of projects.

A novel application of pmcast lattiocs structure is

als0, as girders for carrying overhsad travelling cranse tracks,

It is observed that the deflections of concrete gantry gimiers ase
also genermlly less than that in & cormsponding scructursl steeld

yentry girder, Frecast concrete rib slauvs have alzo been used as

walkwey platfosm by the side of gantry girders which have preved
very economical,
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Az in Lhe cake 00 cre rieeiabrication unlt 'narllxtabturirig
wall panels and purtitions, th s unit hoeuld « o wve a continuous
Jemand {or prefabticated products to make it on economically
viable proposition, The standardization of the basic patametors
of industrisl scoxuctures like heiynts o colunne, spen, width
of bay, crane loada ete., will lead to ecciomical solutions.
Standardization and mcdulesr coorlinoticn will cluo help in
cost reduction and gradusl switching over topen system of
production.

Most of these components could be either cast in norizontal
stationary moulds at the factory or in tilcing horizontal moulds
st the place of hoisting. In the latt:r case considersble

sCohomy could result due to saving in handling and trausport,
Roofe angd flooring elements,

Spiralling cost of staging and shuttering of in-situ
construction 16 one of the fac.ors for abnorm 1 rise in the
cost of toof and floor slabs, decause of this and from considers-
tions of uilhui advantayes of ¢ piecast slab like efflcient
structuml fomm, better quality «f workmanship due to adopting
systematic production techaiques, and savings in building materisls
dus to economical sections, conwentiomsl cast in-situ reinforced
colcrets slab construction is slowly giving wey to slabs
sssombled with pimcast elements.

Roof and floor componsnts may comprise eithex elements
of smaller width such as hollow cose slabs and cheanel uaite
or An the form of roem sised lasge pamsls which are often seldd.,
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Composite constiuction wich retnicicnd con jete of prestreseed
concrete battens amd hollow viock dn-tililug is aleo widely
used in (ndustrial ouwdld! .o, Lo o el abe Ui preglregssed
concrete tor lonuer spans And are oruduced {n a lung line
pretensioning bed uclry intustrialirsed techntques, Prestressing
emables earli~r handlin; of the moulded ejrient iesides other
advantoes such arn desser deti-ction and 14t le or no cracking.
Blectro-tharma,s method of [1estressing in whicl, the steel is
elongsted by therms]l eximnajion due to application of e low
voltage and higyh amperuge electric current, is comonly used in
Bast Eusopean countriss.

Hollow cure slal. can be cast in hotlzontal moulds with
getractable stre: urms ux Ly eXLIUBLGE [LuCe 8.  Lheye age
extensively used in all Lhe industrialized counctries, lrecast
channel units oi ribwed <labs with compaesciny flany, of widthe
varying trom o €ms Lo 150 ~ms 4nd minamwr thickness of 1.5 cme
to 3 cms and longitudinal ribs o minimun ¢ cme “hickness arxe
found to be w.ry economical due to reduction in the cunsumption
of steel and concrete and lowei seld- woedght, 1o the system
ol concrete Lattins wiri hulluw vlock infilling, :taying end
shuttering are complately eliminated, thu construction time
i also very much reduted and erection can be carried out

with Lhe mininuwm ot ejuipmont,

The initial lavour intensive mcthod of horizuntal

casting in statjonury mould cun be yrodually switched over te




— Qt) -

capital lotensive rethods  the~t o reg fn Lhe sreductiviIity
and bringling down the v r2ls cuse i produe o, sne Fhudts
faadla UL LieSe 1LIOQUUGC LY BLOoMAd adbu 1BVE a Plarrur darudl
turnove r ~AF 265 00 o Yo crn ""’ ~t ranorete with g Tontinuous
demand tor a lony period, to enaote the unit to Lot roduce
modemization for economi~al and ¢ ficjeat wogking,

ULNEE Components :

Othe.r conponents may {oclude precast ioundation units,
stalzcases, wentilaivion shatis, eiuse chutes, tollets, vathe
rooms and kitchen units =ad wul 1ike leems,  Sibgle moulds ape
wurlly utiidsed fox canting oili weluret: i 2lemenes,  Ahile
steircases ar2 vercically cast, the tolis., path-rowy and kitchen
units axe pre-fovricatzd ac vox wanits, complete with sanitary,

water supply and electrical tittings, leaviao ouly the connection

to the main szivices to e nude et site.

Standurdization oi trese 1tcnr and desiyn of such elements
as box units have micde the com anfnts wry eco” mical when comypaced
to conventional method of construction, Furthet economy will
sccrue as and when open systenm of production 45 resorted to and

the components sold as catgloguc items,

B, Main requirementa tu the location of factories
produciivy prefabricated elements,

The acssembly of buildinygs i{run {actory made components

is the most eifective method for industrialization of construction.,
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It divite tle [LoC2.3 o Lunsolwtion dnto two pleses - the
prodict or of componsnts 1 facco.le end thwii assembly on
the <it-, rerations oo vie 1oL e fror sitee O taciory
Aare moic 10 Jiit nubincted e the application c¢f industrislized
methodz whici are ¢ 5 aterirer » hiigh ‘ecour productivity.

Ia 30ity 0, Lowduewalt 30 s booaep watiaeieed by weather

CUMidein T b . Y e iy cunditions simd lex
LO LhOs ™ L0 ir . Ao otz unl s @ aanTtesn. dhis Alse
reduces tulliuv Lf st i and assists an the creation of

permanent workiin, jrodype. te lewwl o skill and jualifications
required of tha <orherw . ererally .sow o tian what {8 reyuiged
for the samw cperaticaor on Sate.  Howerw:s, wioke this me t hod

of manuiacture in p2rmanent (actories 47 .elided upoh, cwitain
condition: peed » [vifilled, the most ‘mportent veing cepital
investment in buildin,s and plant, en.aring cuntinuing sale for
the products and standarizdng the rejuirements tor the uildings,
It will theretore v® advisavle to consider whether it may s moIe
convenient and vconomical to use site pratabricetion which may
still improve productivity ~oneideravly.

Another provlem in the demlcpment of Llrdustrialised
building is the determination of the optimur capacity of a factecy
to produce wmildin, compovents., wWhile an inomese in preduction
capacity will reduce both the inidlal and production unit coste,
4t wswelly yives zise to un increased area of operations thereby

incmasinc the cost of transporting components to various siesa.
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Gt e tabes I ancwoant, Fov atr whe e - Lty g
!('qulg!‘mr Atn oarye coneentpatel, b e gl LY e Y]

Juncitie s than &n om0 Of uw L wherr e tar v e aTutveg,
e fJi.F.‘."l.'f,t’-'i WAV U T SRS B

AN oreweiopimg Countrier , el L irbiad o Loae o
pimy .

intutrlaltzation, 4t M) oe advint e ous Lo huvr Lonpotaly plate
o Mafavitcated M Ao comuone ot sl bel el v ay
i constIuction ~itee ThHeow Lactorlen mey AL 100t e ULV Ly
a wide asscttnent of prudunts whior could faton e rutend
4owh Lo thuoe diens which asre amensule o v clanizotion.  Now
prefaorication plonts, cven ol A Lorpuiasy netase, shouvtd w
rorated witi e eoard Lot v e e b g tatupe Load centyae
oL activitiua, L sals Lly loc sl cwn o enatl ripokaay ite
plamts can eventually develop lito dasye centriliwd feots.des
capairle ol cuppdylng speciatliced praderts W osvwadding o Aes
ovek 4 wide arra,

For a sggioma! plonning dnvolvay peduotion of jietast
eloments on & Jai s scale, o yutenutic ateempt considecing all

aspeces ol co te Auntiioier de triwle, b aeguireretit of pie-

fabricated componcots for indw trial oulldings Lr ROt A concenirated

as An tie causs ©f housany Indu.tly and cen vt anid Lo bave o

daitfwed demand paliszza, 1the derand being diffuced v g 4 lurje




A1e8, tie ULt dlev . o Jtwulldl a0 oo ciw o 1 on oy 186 listic

basis., Jt w' 1. e v oL MLl e o Lo gurameters
1dke cost value, L.oatdon, sonel g2ty 0l and Dt cliute copacities
while p.annting nenufu:i tus li, pldltes ava w SLIDANWE. Ve Eul) Cost,

It 4. ooAatd hesr b Tt Gaatl taat L urtation
distance 1o 200 L0 30 G g e Re el U te Q000 Kms
has taken place, 1o raxd un v iGL o Uinsivited menbmEy 1w
also claimed o ve 45 ton. 4 the ruxtnw L onyth 32 metres., 18
Buzope, lowever, the trans;orl diatance: At LIt 49 yieat and Lhe
dimensions of the mer.a rs atr alsy much ..n.al"-t.-)/ In conatdesetion
of the local woiking conilaticns 1n deveicpi., countiles and the
magnitude of industilai ailding activity, an optimum leed of
60 to U0 Kms . for the sup; i, ol compcnents fiom the ‘actory to the
construction site {: con.idired oy bB 4 woghiule Al tahgement fEam
the point of vinw of traltle Ceot, tiaagp,st bottienecke and
other relevunt turt.g-,

A suitaule product ‘oro et 45 ‘he b 4C requirenent fef
precasting whicn wil. priwrily Ao ond upon the Je: ired output o
Tor a given  coject, Ui .aciore Intluwcncing The cholce of
doceting the production sotup Fon e exemined out Of two possibbs
1ities either oh-site or cif-site production. On-site productien
cennot have the tacilities Gl » well awutavlished pegmangat
factory. The facilitict In auth a Case hawe o deand oh t'm
size of the [ru,e~t and tim nureel of yoeuis tle Jacductien sotup

48 required tu cater to Uw profect, IL xay bw an open yesd oseting

@ . M W e A — W

Y vObr, L brerabricated concrete Lo Industiiel and
Puulic stzaot aaws ' 1964 Pa =100,



with a cope oA 0 Lm0 e oot L, b mcLtIn setup

Ok ¥ semi-j ‘urere ' Lyt of @t wp with [ariie’'l; me ranised

fecilitiag for redw tin e Lol Nk, en 0 =nfile
b8Uawp Lo il o 2 @i - L 4 et oy dabn hagh
eg 1E oMt i Y ) i e .- ¢ IR ) - avelidb.e
witRdn A @ nnced el AL o L e Jdvan project gsite, the

ehut s Peiweel ¢ avallas (@& re nwownt Lo a3l T SeReuWp
Lo D rewl, ~atWB! i d st Y, o w0 B VLN ) ARadlg QLIWT
tacror. iy the - b ol e iwe by G 0as tre 0t of
teraspuitation of e e cents tium L perranent (acrory.
ctheZ Infiuencing lec . rs “pi & uasited 1are ! putput and tiw
tsangporvation ta-ilities svelicile 1o vle pwimanens factory
to Um preja.t -lve,

A tunpol By S@t-ul <t cie Lfgulies L)y linited capital
investar oL but with reduwel out- Ut o 1 Jesao, sy datication
ia producti.n, C(rerw aid rrecesting 18 Lhe sarplest of its form
which s mcre oiten Suitlev]e 1 COwmries havin: warm @nd dry
climata, [hw taciiities anl de,ree .2 M hanization sn such
prodwction ceties will havw e Liipely Je eud a,0n the
mwodes of the projecCts ey arr supjebes Lo - eg, - his tenposary
site factory concept whicCh Could ais¢o e cow~ived 8: & muiile
fectoty, shifting trom o€ proje. . 't te on ther ta.., houmver,
oRe advellage thet it would er bif Lie extension cf such

prefavsicated con-tsuction tu the nuay smaller centies «nd semoute

areas. This will slew Melp in the disprise]l of industides to




the rurs!l +:vae U st ot of 0 s L tlee clties,
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ROURY ¥ T MY N F R by s s e pniranent fecoly
wild b bt bl i acl e e natuerated echioving
fo reced outiut, uoto-dael tooknlael of jrepataetion, casting,
~ampection, carlng «ivt haniling gar s rgioyeid avd o le mpnts prvied
in thisg way b we eaecte wathity U 0l J leys after castiog,
The Ccapital dnweatmenu Su 8470 a4 Lactury ¢an ghly be econgsical
1t the fecto:y v o ured tomand fog 1+ Loy thire Lo come ond
s located within n .o artcal distaince tm Lie ateas of such
comtruction activily, In notil ca:el, th auowve economicel
distance 48 talon W e et a0 excers of W K,

M ideal luravior tor o rreietgicalion plant will ve as
close o the J ..) ~ .t a posmicle aai will t-ha into
conedde raticn Lhe aveilar 1148 of ruv! oud rad) (acilicies tor
sec2ipt of raw matevisl  within 4 (easmable distance and adejmtie
quantities ol wiuer ond powel.  LoCe ) avatluniliey of skilled
and unskdlied Jaiour for the Loolofy will i v ¢ an adued foclof
govaining the. locdatienh i Liw Dlang,

€. Calculation theury of emeryy, waler end other

regquities rederd s Che production of
prefovr leasie} clowenea.

In some of tiw developin, countiive, tm man hour 194ul cament

in teapect ¢ Luildinos constiucted 1y tiaditional methed $s
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statad Lo b about 27 man hours mr r\"' ot covered atsa., A ratio
of 15 man ho'ass p=i ne miuht ‘e concidered ar achievensnt in
Lthas” countries, Howevesg, in countifies whuge secimhized equiment
48 pmrcsell, «.ed for Lotr,d in, 1i,ht prefaprication in
ttaditional cuildings, the figjuse mey o2 15 men hours p=f nz
or *ven less., lof completely industrielized mothods, tiw rstio
will b® of LI« orxder of 3G man hours ek Mz which will even go
o Lo 7 man houfs pegk M‘z in some of the highly dewloped
countiies. L 4

Brection tim: for a large panel 4s avout 15 to 20 minutes.
The shosrtest time {ur cow truction i when ooX units arge used.
It 48 claimed thet 2 block of apaitment cumprising S0 flats
wsing large pancl tecnniues has bsen completed in ¢ period of
2 sonths while conventionsl methods would heve teken over
9 to 12 months. ¥V

A teinioroed concrete tectory in Usdk, manufacturing
pIecCast mams, tiunses, t100r ind Coiling sla.e, stairceses and

landings of which 50 per cent are prestressed, produces 35,000 n3
of cogncrete per mength. In lim piocess, the Laciory Consumes

300 to 530 thousaml units of electiicity, 3,000 to 4,200 tons of
steelm and 3000 to )OO tons of water per nm.h.y

AS againet the anowe, LIn avigaye consumption of Power

and water ot one of the pemi.viricetion plant in Indla is of the
osder of 37,5 K.W.H. and 63.6 K.L. pex W3 of concrete respectiwely.

J taport of the team ot Indien Specialists deputed
Covomment of 1India publicecion, Mazch 1961,




This tactory i- comjaiativel]y ¢ lawuLl intenaive one and uees

pewer tor yeneiil 1ishting and sunning vf weldiny sets, concrets
mixers, viooat e, w0 S e o h aes and Lhe
mechonised worhsne: . dator o avilised Loir Tean ele batchdng
and toif €Ul iLing ot conuirw Copuueibs, L0 Duileld Tk 5LOBR

generation, Lor dginkin; ond in the Colkrete laboiatory.

1I SRR DICUDS N ShoUF GERNEIIRGS RPN DYH A 1 0alED FlLeMENLS
fasD_C0n Lt 1 3_ha_ HESKALS SED EAC. QRIKdha

A. Organizational pranciples of mass production
of preiasricoted elenents at specrelized faclories.

In plaaning & W production set-up, the requirement of
space and f(acilities are “.be tWd c.cential features to be
consideged. The amcunt of e {or the siroeduction, storege and
for the instaljetions dspend upon the desired rate Of OUt=PMS,
pesides the variety and tiw sizes ot the corponents that age
required to be produced. space ok poroduction is determined
on the type and numoel O noillds. Whilc nurizoneal moulds
take up larger areas, vertical iattery moulds need only less
amount of floor space. Providing adejuate working spece around
the moulds is 8150 essentisl. The srea of casting shed fe
wually worked out iased on the a.ove requiremcnts, The height
of the castin, shed is deiLermined on the casis that it is possible
to 1ift and move one precas. component over another. varcical meulds

my be a deciding criteria ia this regard. Armnging verticsl




tttery moulds dn pler vaver neec lop Lo g bt voume. ARGt Langd
gpace for preparations wch ae meking reinioicement caye:,
Coatting, red tebobkbn s G G U ruub e s unntn b ALy €O
kept In wiow T g e e S g beg L L0 e D wdth
travell:n ovw rlrad e wb oitan b o capea b oo any ot
Jlternat bve arranenent,

SfHCe 1oL NLOLe o gokil L oniby Repeted s thee i
the daily ovulput and tre denunde /s SLOLILE oA L0k COMpPONRILS
of atleast Liirce weens roduction ls waally jroevided in the
productlon centies of such countrice whwere Cnoaaurication 4o guiee
popular, 1In deveioping councti-o wiriie ol Jdemand rmy Dot b as
high, tiw stugaye 5pa~e har wo cater to o luz L yquabtul Gl
production, Ite additional stuiawe sjace As Lo ejulllze (ossible
fluwctuadtions in demsnd anu deliye at eraction oitrs. The stotage
yaird may be aligned with the casting shed {n auch a3 manner as to
form 4N Ojenesir extension thereot enanlling <he: owihwad Cranes
to tzavel out on gautries into the Yerd., The si0rxage yaird can
be otherwise piovided with 2 travellin; porval crave, The yard
should e 30 1a4d that tin transpurting vehicles can Le
efficiently served Ly the ov. tirad crane,

Spece tur ‘acilitics depend upon tire Lype and size ot the
anciljary {:cliftles 1rgaitel Ly U2 production sneteup. 21eye

my constitute storege vl raw poterlels such as cement, codtse

and f4me agyreqgutes and reliturcing steel, councrets bitching plant,

mechandcal wuskshop, wuiler und compressor houre, lavurutory




and Officy, 41 CuilCavii waichlay paant chodld o2 luceted

for a minimwr distance o1 conc. 2t transportation, Cenmnt,

fine a steqate . 2and Tusl. o e ate. will) b riozed close to

the wtching pl nt. ihe .fs¢ o U weichan, plant will depend

upon the wurncvae: of concie 1o gquired peg houts The Capacity

of cepm:nt and a g reyate storaye “hould however dejend upon

the need for 8 louger stretci: vb periud say for ¢ month, Jdepending

on the lead tine involiwld in such supplies. The capacities of

bofler and comressors are determined nased on the extent of

their services planned in the production jprocess. Other

tacilitles such @s mechenical workshop, office and laboratory

space largely depr:nd upon tie size of the production set-up ftself.
The development ol industrial methods, the increasing

capacity ot the constructicn industry, t!« size of the projects,

the full utilization of highly etficient mechines and the

coordination of rmultitude of suw=-Contraciors and operations,

all requize petter eificient nethods fur Lhe preparation,

programming and control of the whole construction process.

Opsrations rescarch and the application of computers, which have

already found many iields for application in other sectors of

the natiomal economy, are now becoming important aids to the

construction industry. With thsir use, it is possible to imtreduce

progressive tomms of orjauisation and manegement as they esable

8 speedy amalysis of complex situstions such as the relatiwe




cifectivencr L0 vartoos profuesdon wihede, ccnngrdezon of
varlous Jes . qn., tie scieciion £ st eZonomicil f{nvesiment
elc, In recent yeaos, theow alos heve reen appliedi more
trequently in plonning wac onr QY 'iry Jorge projeciu, determaning
the dewnds ein) made on the Counstiucticn industry, preparing
Jong teum pioyraryes and the calculaticn Lf complex stxuctures.
Far piac ity alout 10Gruased < fificiercy, 1t wWill e
necessary to raticonelize saite operaticone in orer g remedy
organizational and (echinical defects on traditional methods
which ar® impeding the eConomical use ot more advenced indugtrial
methods, 1heres {5 @ wide range of coastruction activities
in which & close examination will cring trufitiul resuits such as
improvenents in constriuction teclinology, development of gimpler
machines and improvementsy in macuines already in use and
establishment of tempuiary site plantl to produce simple inwilding
compornents. Even som minor techaical and opjanizational
changés can fesult in congideravle overall impravement,
Many factors are mmquired io ue taken into account for

choosing & method of menutacture of a nprecast slement.

sise and total numbe. ol elensnts to pe produced.

« desired rate of output,

shipa, typc and constructicnal features of the elemsnc,

facilities avajilavie in the production set-up.

economic aspects.




e, decddl s 1 juliement Of

perce for jroductics o ‘ pot s totep and ey intduence

L. tethoed ot o0l T ' ke .t L, 1L thege
LN BE o Mo g e e s w e jur el de nize 00 Lhe
elew@nt oy tloo S laenes e eliob s e lrje A insseroduced

cloment, i small in slic, canoe o stean s ated unier high presgure
fp autoctave . weile gl e et e wi Y onor s poneitle fog
pLggnr el-monts wWithoan hoavher s stueints, dhe Q:.lgh\. ol thw
elements will decide th cupurdity of the hantling equipment.

The desired 1mte of cutput and the total numue: ot elements to
ve produced will nave direct veating on the nunie: of moulds,
required degree of mechanization and meed it accelezated methed
of curing, reatut:s such sy spcial shaies, rsotruded or
rrojected reinforcement,tvuitor tiafsh on the curtece and single
layer or multi-loyer lapgly 1ntiunce Lt Jdedlyn of the mould and
the technique of castiig. Hottoontal casting technijues are
favoured tor tibbed or ~utved clumefts, nultilayered elessnts and
clements which rejuite soms jarticular surtace finish. Vertical
cesting is favoured tur 'in le "wyer cVid pame e which require
no special treatmenut not have any protruded 1eintovemencs £fyom
their edgen, The iacillities available An the proluction set-up
also yreatly inf)uence the choloe of a suitacle method of
manutactum, An wavlerated curing tacllity will rewsult ‘n e
quick turnover of muulds which can e advantageounly uvsed for @

production {n a=ries, tacilitlcs such ax conciete vetching plam




208 ow-rhead sty e Wil aleo aill coeely produetion ond
pandliong ~od wild intl e vt @ ansiaceanng "aLhon. Ahdide
chowslng o mabod e dmoalaciul Lok v Qv paaguct, the
AntlusnGes o Lle soovs fost 1 Line w8 Coaoidored sinultaueously
with o view Lo arhieve Je.out couc of ioduction,

FOL fdniataocturdng lator nauel L ment,, two Lyss of
hetinohodl Gul o de Wiasi 'y eliieyuitle Whey are

e {ixed horiontsl Boald anag

- tilting horizontal mould.

Some of the hordzountally cast ¢lenencs, such as cored
3laws and ticuh unite are (ot Clmes jiocdueced Ly methads 1ike
siip fomming wad extiusicn, |

in {ixed norizontal meulds, noth moulding and demoalding
are doae in horizonteld pocition whereas in tilting horizontal
moulds, althod4yl moulding i doune in horizontal position
demoulding {s cuarzied out when the moulds are tiited Lo an almost
verctical pocition,. rired rorfcontal waalds are less expensive
than tilting horizontal moulds.

1ilting horizontal moulds, thouyh more complex and costlier,
aze better suited as extra reintforcement in the wall panels will
not have to e provided since the demoulding is carried out at
an almost vertical position, more often not lec. than 70° to the
horisontal., 3uch mow-1lds are thereiore rainly intenied tor castigg

well papels, For some special surface finishing techniques,
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such as exposect ay regate tinishes, the tiltapility of the

mould 1s an adiid advanta e, sSxicindl wall panels agre more
advantageousiy casc An such Lilt: vy mo'ztde,

slap-forming < ext:iusion method s achieved with a
moving machine mould which toims the cCross-sectioml shape
of the element. Compunents such ¢S precast prestressed floox
elements both solid and Follow are somet imes manufsctured
using this technique. A lony cored sla: is cast on ¢ horisontal

bed in which prestressing wires are kept tensioned by extruding
the concrete from an extruding machine which pushes itself

on rails against the effort of extrusion. The extruded slabe

are suctegquently cut to suitavle lenyths after hardening,

pProjecting reintforcements from the edges orf providing

castellations are, however, not possible with this method,
Vertical moulding is ancther possibility in the

stationary production method. Individual mouids or & battery

of moulds can be used for such a casiing. Intermsl wall and

floor panels are often cact verti .1ly using battery moulds.

vertical moulding is oest suited for panels that require & smooth

surface on both sides. sStaircase panals are also produced by

verticel moulding. The special adventages oi vertical moulding ase

- 8 layrge number of units can os produced in s smll spacs,

- Concreting the units proceeds fast as thers is no msed
to spread the concrete as in the case of horisontal mouldisg.
- surface finishing not necessary due to smooth mould faoes.




« heat of hydratioe levelo sd wilhin tle: coraieie Le

cunserved Wwihiloch acaelei i ten hoolrakng,

miobic o cerhbee Do vens e Ty Tt Ll v WO G

M

commonly totimed oo Yo Pl o ocdaolont je hiiihly wectundzed,

approXxdmating Lo the nsenol y-1o oofuctaon ) iace teed in the

mechanical enylnardng inda G, s s s brave ) ling
holiZO“L‘-'J- moulid Lol oo owaldes o we b i g mo el -.1]'}!]9 with

the elarmmnt [vom one workiog pesition to the dext Lhrough @
series of stetions such aw dewmoulding, mould cleaning and oilding
placing of reintorcemmnt, concisting, viviation, surfece fintishing
and cugling. A steanr chamoer Logm: part of the continuous
travelling chain, after the elements attain their reguired
stzength, they emerye out of the chander in individual wheeled
pallats. These ur placed orn a tilting tanle where they age
tilted and brought on to a wvertical josition and are cleared by
an overhsad crane, In this method, the various processey arne
suboidinated to the speed of the moving pullets and as such are
to b® completad in a fixed period of tima,

Apart tror the nummal production planning and plant layout
technigues vhich are an essential pert of factory mun.jement, it
will Le necessary to xesort (v nuterial manayenent and proper
inventozry contiol ot ,m&m which has an ultivate lcaifng on the
ovesall cest of mnufacture, AC analysin 15 suyyested in this
connection wvhich wiil help in {dentitying the major ftems of comtrol
out of the large number of cohsumable stores, tools, spare parts

etc., maintrined in the factory., A continuous woik and method




study woull alsc Lieanlip: oho Cabluus e FALioNnS an! pring

aoout lmprovepe-ni in the Lvoeadloproduitivaly in the tactolye.

YU IR RTINTNE PR SR S el ! s tnoeLn Yesviv an
Jowd divide o, aua s o4 wd ay wrjanising o well
o 1u1;~;er3 T S e LI R maaned oy qujliiiod
[£ ESOIOe | o Ll e e Loty sha il Ve, ettt from othex ordinary
jtems )ike oorotrela a0 A, i et L, feuing Lioneients

Ol Ca, 4 <, thashon Lo cachine, lacilitdeos for conductang
tests on the fino) prodacts and naterials used in tho manufacture
and loetrumnts tof clocsing th? stavility and setting oi cement
and the consistency and soikariiity of concrete, The laboratory
should be 4in a ;osition Lo A lgn and Sunatiul the Varlous mines
of concir:te uscd in tiw mandiacUAge .

L, CommwiNation . ditfegmat Lrodartion wnita
An_one coampliXe oL

e m e i e -

The basic components ieg.iied ior en {idtustriel ouilding
are columns, gantiy pipders, diiftep:nt Lypes of elunents Lo mak e
up the rooting system ond compobents fof side cladding,. <he
typs ot compuneats to ¥ manuiactured in 1 rroduction unit will
however e governed Ly Lhe Ladiding oyt ado,.ted tor the
construction, The componetts will mave to e prefavsicated in
such a maane € Liob bhe Cuuplole SLIWMCLWI AL systen Sadts the
individual re-quliiement. 1i ditterunt production uni' 3 45 to @

combined in one complex, manuiecluring courponsnts tor industgial

puildings, it will o8 4 wecessarcy tejuisite thet standezdisation
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and podular covithiation oo- vioddiy dddmre ty. Thi will be
esgential 1f compunent: cklulal Lured LIG vt lows wills efe Lo
match and iad{il v Ioiped fanction. Iv wisi e rethel
Attficult Lo »uvine e WRLCT 01 o WLL v RLE amDdlaCLune
which of the roopownce 3. tnfy wili e ¢snentia)iy o planning
decision. Eccnonie lastors Wils iing comes 4n anile taking chis
Aecision. A broad Adviiiun cn the Zowiz of fiornal practice
adopted in Certain CcuuntIies, Yiil 8 L3 JBVL columtis ani alde
coverings manufactuied in one unit, trusses, purling, cracings
etc., in a secund unit and cthers Kovting clamenti, like shells,
folded plate: etc, in a third uunit.

For & combinmtion of ditlerent production units to te
a SuCCess, the units should ve in A vos ivion to edopt opsa
ptoduction system, iwjuiring precision theieb; ensaring that all
components needed for a comulate wuilday are standardized
and age obtaimeble from variour spurces and e Acle to fit and
work together. ihe units should e avle Lo oifer uUwir compenents
in the sarket thruu,h catalogues, just like any ouher manufactused
predugt, The manuiacturers adoptityg such scheses should also
geedy €0 guaramtee spmcitied tolerances tur their factosy produced
metesials and should ensum the must exacting standards of eccurecy
te facilitate intershangeaiility netween components from dif fegent
sQUICes, The open system otfers Fealer scope tor LIm extensive
Sovelopmat of industsialisation Wit it would nred complets

standacdisation and high quality precisjom fog adoptien, It 4s
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baost ol b e D op g Laniieitn Ceever dredbosted Lthels
Koanne . Lo resgit Lo e e nric i nonome Gl gl
audl Vin g cgacks dn T Lnd a4l o e wn TR oma, devoalee
roebanlzation ui the ext Loy Lkt e oo ratloas, Ingorow mant
ot oWk cudlotae ceprdrae. v At doott onosr e Lo e lomente
in the cotrenudoui b e e ot . v st wnen ey yatn
sutidctent <> ¢ ciere 303 0 pandeatiun 9l sweklagdication e the
tndustry Lipaove, the codniciic: Joutd cons tles clamgin, owE e
full peetavrloation. The (ntegration of prefavricaved bulldiixg
component: ANLO culiventionel cuallbdi o, will heive e eilery of
apeading ap the ot Lhen, sogravhie, Lhe gaelity and geducing
Lhe ovipeil coste  db wallding, whrge Ube wails ate rasene 3
followin; conwentdunal 1/ Lho!', 1L 16y be PO 9ble Lo Lnbseduee
precast tlouts st pew, linte o, siaind,  ahe,isiel, stalscases,

valcony Siwts, tedling,, Jdoct., wWindow: ¢t o @& A 142t sy

towarda plesaniicatiogn,  Larh | relavascet 14 ouipurenilg LA soEm
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constgurtion . v s e e L Lo U e ol i gymIstiens,
COMLI®d Wikl Lo Livadti nieg “CrLe 0ugn, sadarlly Lre iee
SARM SLEA  Luata P o ewWOr . 0 o wirdd b bl Bl R oMl rateaaasls

could i» gpucstituted v, sect LWL s and L enLise uMilding
PEOCE:S indwtridliced Ly L nuximam sxtent ,wieivle, 3§\ is
thez2lor® 4, )¢st8 | L. a il ilr; systarm @1 sysueme ¢ubtod

to Lhe Meds C! the coNntly My e devised s.tles stwdying the
pebulal systens in voyue in tiw deve lupel cud gz,

e simple L10cast elommigs wiicr cen @ inftdally
preduced may W conciote hollow Ldoohs 10 wells and reoed iny,
PEOGASL PO ARIOICEd andd presLies el COn FwLe 1atLens, s ided,
Mllew comd or s0lid slads ies tlemss ant sects, suhe s hados,
1400818 ond Leems . disple precest raeting syatems tor industriel
bulldlags could <lso be intseduced. Trwse 110 ~asy te menuleltuese
An statiomer)y Roziszontel moulu: oL W inltiai slagrs and LPOR
g8edweily swilched ovel1 Lo mole sephi.tication vy iengiting e
vosrtiol moulds, eRtiIseion 1000803 and tiuw liw technedegy,

Most o tie reinorce! Cut Pl COnpEMEL: CAR b C88t

8 staliemmiy hesizontai meild: waing tishes, steel of CONETNS .

Yonden apulds 230 Wiy weec 108 etlier Liadurtiin poUYSeEmBe
oad A posiosly Gole W Vhe Suquisite staaded of wmevnmsbip
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will ser1ve accat 2 Lo Ko ruser withost needing any mejor repairs.
Ml ifudn W st - . (L i b shae womn mefea TORAUS,

wooden mould A ot voL aear.C Li, riawvle and timrwiois otten

need L& N@LALNJ 4. . BELAL0 T (I AR O
Ste@l mo\:'\'}-a S < ta L= !.’?‘."J“*mn" Lyt th wo! k
Cut BAst AV i BF @il €. L T 1 eaL reuses, UB mowld: oen

Do made Fobut and YL TAL.T3 4D 380 U acanted on it, The
wsefal 14ie ot woa ool ey S aer it properly
nandied and naintained, AL adlesion brtwen s.eal mpould and
concrete ia net s.ynificant, it ;ives swwoth finishes and
domoulding «lso Joer Not Lresent any difticuley.

Conciete ©I Masunly koulds afe usuamlly used tor the
manutacture of precast roof sal *loor uiits such as channel
waits, funicular shells sl foldeq Llates, Such mpulds age alse
wod in better) moulding eiivneg horicontal or vertical., In the
latter case, he moulld leave are of geiniorced concrete as in
\he coge uf vertica. oeitexy casting of wall pomela. I
conciote Mouwld surfice muct e fliaahed avsclutely smooth, otherwise
encessive adheaion may chuse dliticulties in Jeamoulding. BSuch
aoulde are resmseble augut SO tire: witheut much ms jor mpaise.

The retensionsi presticssal membete like battens, pusliias,
heg Lems eLC, 3r® urLa!ly Cait vy the lony line system weing
tiausE ©I stes! hwaids, of o galy moadds uwiiflg pressed steel.
Other componer.i liks oidrae, lintels, beems, stiffmepe,

teof members, sun-ghades ¢ic, 8re ujumily cast in single meulds

of oLt tinumI oOF s dejemdin, oA tim sumber of compomems
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to b preiabiicated, Tre y¥des 0 these roalds are made

semparasle Lo thoto (hey cotttt e Lonpued ateer 24 hourd, whr reas

the Lotlum ouid ceald (o s e Ve e by P2 o biodite
Curton, of those cop by cunoe Ly L Linkling ol

water of keepin) the ol vent. molst ol Lesersio, thenr An water

tanka., A, this wrnds Lo reduce th manutactugling cipatcity ot
tha plent by a: agch 1. d9 Lo w0 prroent, AL e, pleve cconomicel

41 fester ruking wethods o1 artisicial methode w2 adored as

this wil) allow elements to b denoulded wach sz ldes, peimitiing

sarly rruse of foxwm,
Any of thw folluwing methuds s su,yesled deending on

\he extent of soohistication timt s con:ideied nNECessazy and

tie type of compoments to e cued,

(e) By neating ot the o j1eyates as well an water to 4bout
1g° n ve 90U C 1efcre mixing the concrete and placing
e same in W moulds, sulficiently high earlier
stiengths aie develojed (5 alluw the ¢lemnts to be
gtrirped and trensported,

() Steel curin, ma) be done wner high pressuse and hyh
tempe atuse in 8n sutuclew ., Thia techalque s rote
sults) to smlle: elesmnis. Yor li.ht waijin coacrets
prod. L3 when chi‘nf. cared uwrdey preseuke, the drying
obgiMaye L3 1educed cunsidemily. Due (o this 10esoun,

hyh peesouie sileam cCuling An autcclewe Ls specified {08
b )

14,0t weiyht Jow dencities samying tiom 200 My/pes M
w0 Wuo K3om’,




Alternatavel,, oivad o ARln. Conowe Jduie uwsing low
Cooam huang tempaiatuie around GOO Ce This

S ST S T IO S TR oL Loedl, Stagee o ond
AN LW Cia, | T e uie b owtat the s tean. hadn
a unltorm gae tioy o kot M Lem Lt o0 Uhe iemoc L.
The e Cawnt 2dan 2 e etetheed wiih culticiene
Cloalul o o wew e oW DG Lhee Lo aiadle) enclosue,
30 ar tu elloe szope 0 cartalation of Llenm,

FOI Nurical heawy concretes an well al light weight
concretes of ¢l v r densities, low prae.sire steam curing
may e decliacle 5o LU does aot 1avelwve using high
presgurdn and wnpeiatares reyalzing hiun investment 4in
an autcclave.

Low prescur= saturcted utearm 4s lojected into the mixsr
while tne @ grvoiten are veiny ndxed, This enavies

the heatin: up of conTiete O upproXimately 60° c. such
A concrete aiter it i: olaived in the moullds, attains high
early ctrength,

The coucrete el-rents are kept in contact with hot aiy
with a relatiw hundidaty ¢f not less than 8C Ler cent,
Thiz: method {s specially ucalal {for light weiyht concrete
pfoducts, u4 iy DUELWS COMLBE uyLFC  etan,

The concrete elemcnes are kept in a buath of hot water

around %0°% to u0%. 7he meneral principles of this

type of curing are not much different from steam curing,




(f) The pas.a.c Oof curtent Juouwh tne concrete panels genexates
heat throuwh its electro resistivity and accelerates
curing, In thic method, the concrmtie is heated up by an
alternating cuirent zauyliug taum %0 7ol for a plastic
concrete and yradually incmwacing to 23C Volts for the
set concrete. This method is normally used for massive
concrete products,

(@) Consoclidation by aspinning is yenexally used in the

centrifugal moulding ot pipes and such units, The spinning
motion removes excess water, effects consolidation and

permits earlier demoulding.

(h Vacsum treatment removes the surplus air and water from
the mewly placed concrete as in slauvs and similar elemnts,
A suction upto about 70 per cent of an atmospheso is applied
for 20 t0 30 minutes per centimestre thickness of the units.

D. Inter=ielctionship between manufacturers
i rpefebricas.d sjements 3nd coNiXactors;

It i3 an acospted fact that the breaking up of the
production process of & tuilding between too many independent units
ouch as the mnutacturers of diiferent building mterials and
ognpensats for mass production, has been the main impediment
o speedy industrielisetion in the developing ceuntries. This
split pettern of production mede each producex concsatImte ORAlYy

4n making his own pazt of production, without any cencern whether
it fell in 1ine with the oversll building policy of the indwstey,




It will thoieioir Lo teCe . . deoi, it € che o pesallacltier

and wake pulw i de Ul Lo osodidy the methkadl aoond viganisal Loh
of mass productlon to neet e ac 4 ol e autleing imfustry,
In view 00 Lie Lo as Lol 0w i L iR cuudiionated
fdn a pretaci v v d st o oL et o - rouaded ol 94
systemablc o, v oL hoLl hor L imdabiin, Wi Lo 4iad Wl O LOLRNL,
work stwiy Lo a1 s vt tene o ol comtetfon ot e
projects Tho whoule tutbdany .y U Lo nase up ot a0 nambey
of inter-reldated artivities which =hal) o v ry clusely dove=talled
to 2nsurv: 3 cmooth [luw of nwterials an? componauts acculding
Lo o r\ldnwef} Lo gebedulde a0l tnpe unintorig, ted procrens of
tpunsport, Jierbdly anpd vl oporatfont. uhis Ar a4 o keld where
PERT/CEM playc an lejoctant Lode dn wnelycs ) saf airdving at a
proprl segquence ol opfiation and b conpletwen ot the work
in the shoatet pocoiule Lisa,  Zritdeal doih bechod Lo vory
elLfectivw manajument ool Lo Lhe contiul of heavy constiuction
projects, ummalched by 40y othel nasviganent control technique.,
Both CiM and b are cap.ble oL wroallin, ve U curwisor® pRojucts
dnto totally into roted amd managea’-le ¢, chetar o o rations
The conventioud) lanning ani scbedulin: technigwes (ollowed fog
many yedrs have severe lindtstions An the ca”C that modilication
of planning e L Lutted to a3 2hangad situstion e ol jwoiolule,

under such condition, it pootonzleatdon 4e tg 140 rueess, theege

has tv b® 4 rijid time scl=’uling of all tie activities involved,




- 43 -

A close coprdinetion is es:.ential butween the manutactuser
and the con!ractozr in thet the ' anufacturer pl. 2s his production
to suit the tiie scnedule in the Chh/kuntl chaita as fumished
by the contrastor to his clicat :nd .uppliez Lie componemts 4in
the sequence as reqaire] at Lhe constiuction sate, The
manutactuser should aleo »» in a position ¢ lond Lhe components
OR o the contractors Lienspokt with the least possible delay
to Reep up tne owverall proyramne of work., he close coordination
will also involve cupply of teed buck intozmation by the
cOMEBCLUL to the manuiacturer so that probleme if any that arise
8t the site are analysed (osthwith and immediate solutions
arzived at. It may w» & desirecle )raciice for the menutacturer
to post one of hiz repiesentatives «t Lthe constzuction site
to sttond the mino: hindiances as ani when timy azise,

Apart from the inlesiezelationship tetween the menutactules
and the Contfactor, it will also US Necessary to maintain close
coopdinetion at all staces of th™~ wullding pror+ss = desigaing
component production and worgk at the costruction sies, fer the
successtful implementation of the project, The vesiows pazticipames
in the preject, the desiynes, the architect, the preduces of
building mceriels ani the buildez himgelf shell be iavolved ot
the stage of designing itself, 50 that no change in speciticetions
of mathods arises subsequently., Those shall also s contiaued
ooRsultation among tin participencs thioughout the dumtien of wouh
to 4500 0wt al) prebless os and whea they erise and thus maintein
o @jest sontreld mthqmgpu.
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Heiout i D " 4 B TRENYE I e el to
the Uoiiewnn, il vh wlilae wiutlselion, Gowvt,
Ol Al auoniCoviol, Laobon avti,

Srocedingy ob tne Datuiad Gynpos ium oon Plenniny,
desi:r v ol i o Indasortag ~rploxes

held At Tisuchlira;«ili, Imvide on 1/th and 13th January,
197%.

MOka, .. 'lr-. Liceted concicls for irdustrial
and puaniic Jtiucrures?, Hun,aricn ~cademy ot
SELIVIUoS, Lutaect 1964,

Fap L on 'inlustrialization of tuusin; in Burope am
Nofth amerisa! prmrored oy riof, Dr.sobdan Lewicki and
DEeN,. . vadtuvs Reg, underg thwe aucpices of the UNDE o
Decer ber 9-17, 1974.
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