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/ CONCRETE PREPABRICATED BUILDINGS ° o

Avtar Singh Pal&{. o

A review of the state of art in the field of
prerabricated conorete struotures ia presented in this | _— '?;w
report. fDifrerent systems of prefabrication, design
cdnceptsﬂwith a particular reference to the avoldance -
of- prosressive collapse, methods of manufaoture, ereetion o

(

and assembly teohniques are discussed. |

Various reasons for the non-adoption of pre-

fabricated construction by some industrially developed ’ -

oountries and also of developing countries are disoussed,

erated. To Justify the.ohaica of prefabrication in any )
particular case, 1t 1s shown that the advantages must,

of course, outweigh the disadvantages.l. .. - </
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'synonymous. Prefabrication is the

.in the building ‘indust‘ry. The essential features of ‘indg_ﬁs-

' r,l L]
n » N
‘ b crmpﬁ\:g I, TR

INTRODUGTION ' d

' /

Y

1.1 Industrialization =

The terms industrializatign and prefabrication are

sis of ipdustrialization
/ ' -

—

constx"uction périod. More‘over, it nakes t\hé building industry
much less Seasongels 1In fact, non-industrialized buildings do~*
. not exist Even the most traditional building uses some ‘indns/- .
trially made prqducts iike bricks. To assemble them many manual,

1 e., non industrial, operations are require . Thererore, when

\

we use the word industrialization, it is likei that we are

"

calling for the industrial manufe.cture of more complex ~building

components, designed to be assembled industriall O
! - \

. law, |
. ‘ N \
1.2 Need ' . \\

é b

not produce;:l the needed prqduct‘:ivit;‘y ahd performance éains for

o

The traditional'b‘uilding construction methods have

the fast growing population.  The building industéy has not
kept p{ﬁ:e‘ with developments in otherT’producingsegments of th;
economy. This has yresuited in a dramatic .increase. of construo-
tion costs which resulted in a drastic reduction of many con-

struction, projects. The inability to complete most conatruotion




v
Yy, Y LS
22 i i
24 ~
- J’f«:«*

1 - : ,
: . . L ‘ ,
pro jects within the time frame consistent with present day *

demands, 18 1“""9"'.3{;8137 calling the conventional.construction ‘\
meth_oﬂs into q-uesti}n. Prei‘qbriegation is /tohe a?aswer tn the '
alling traditional bullding practices. ‘ | _

. \ ) | ;
t.3 Y¥hy Conorete - X g
. Concreta is an.old material but its present qualities ‘;%’

’

and usages characterize it as modern and versatile. As it is
( )
well known, concrete can be moulded in 8o many ways with a

b

% w:@ ek

variety of surface treatments, will play a. v‘ery important role ¢

gLas

in therdévelopment of industrialized agproach to buildings. 2

An even more significant advantage 13 that it carn be simultan-.

-

eously used, both structurally and architeoturally and also can

~

have ¢ast within it practically all of the required servicas.
>
This allews for greater versatility in architectural expression.

Durability and fire resistance properties of this material make

, it idea,lly sultable for indnstrialized b ,ildiigs

P I A R

RN Advantages of Prefabrication

iiany; advantages of pree;si_:ing of structlural rein'f'ioroed u
concret.e and pre.strevssed concrate- ha;;' resulted in t?r; nass pro-
d.ué.tion of the units in nearly all sphe_,res of archii:e_cturhl ‘ami i
engineering practice. The principal advantages are: ' .
a) Economy in formworlk and shuttering. o |
b) i{ass production methods duo to s andardisa.tion, ro= ’

sulting in economy in labour and increased productivity.

¢) Factory production proceeds independent of weather o

N 2

conditions. ,

\ -

a,
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N o d) A.ppropri&te methoda or ouring ensure ﬁxproved and

. reliable .products and accelarate ,maturingg thus indreasing

productivity. .° S _ ' L T

]

e) Ninimizeizthe need to have specialized and trained

o T
- 3 "‘0

 1dbour at Bite. - 7. - B

“

< f) Factery production or, at any ra.te, under factory

s

[
oonditions at building site, ensures better quality control,

Y
resulting in lighter sactioﬁ%“& Weight of the building as a-

N

whole is.reduced. ,Prestressing further reduces the eectional
: 5 )

"slze. ° : : S

! ' \ \

Co. g) Speed of construction ‘on site is greatly increased

- . , \
. which results in further savings; i.e., interest on construc-

.~ ! s/
- -

. tion funds, early return of revenue. L
Bince shrinkage of each element has alread'y taken place before
being placed in position and is laragely‘eliminated arter ot
. 7 U\
erection due to the multiplicity of »joints in the finished

~ - ;t

. structure.
e i} ‘In insitu construotion a surplus of materials is’
» .-+ usually unavoidable, but. in the case of precast unit oonetruc-
tion th; tre.nsport is limited to that of the finished produot.
Against this there is a problem of transporting the
prerabricated components from the ractory to the sitqc, which
is more difricult than transporting meteriale s and ot w?eot,«ing

and interconnecting thent to form the final etructure. Theae

Wz apiia a0

%0

ToelA N

o

oty = 3
A
[P RATER,

| c operatione associated with prefabrication entail additional
' . ) L BN 3 »
L coat,.. r | g S

]

¥

v - - v
.
» " P . e ‘e

which means higher pemissible stresses in me.terials, thus .
L ' ~

- h) Volumetric etability- of‘preoast‘structures is. better

.

o
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. Deaignfn} profabricatod atmcﬁnrea ca’lla fo: ﬁe;ator,

»
-

e errort and nore garerul detniling than conventioml congtruction.
With prerabrication, construction time of the building becomes
shorter, whorbaa the deaign takes more time. .Besi.des,-—tho de-
tailing of the 1nd1v1¢ua1 members and connections otIl for a
greet deal of skill and exparienoe and the deaigner haa to
spend“cgmsider\’Ble time even on a small datail.

" To_justify the cholce of prefabrication in any -
pqrticular case, the advantage,a must of course cutwelgh the diw-

advantages. |
< s

T-

‘/ i

- ' . :
1.5 History of Prerabriacation . . ' ' / @
" fa

Records 1ndicate that as’ enrly as 1892 R bricated
bearing wall system was used by a French firm, “Constructions.
Edmund COignat", for casino building. Conorete Ltd. of England

began to manufacture Brecast conoréte plg'nk in 1919 but a pre- e

cast system for the entire building was not developed until
‘somie ie'ara later. Several largo‘ panel syateﬁs -were developed
in Europe'in. th:{_1920'a. Most ‘tl)t these did not survive. In- /
adequate Bandling capacity of the o;luipmant was . prime handi-
caf),‘ and these i‘%stoms coulc} n&t coinp'eto\ accnmni.cany~ with
conventio;zal constmotion. ‘Hajor‘develop-ont in prefabricated

. ooncreto systam building ocourred after World War II. Many .-

countries surforod from a severs housing shortage, ospecially
for low income groups. There also a shemstage or skilled
laboar. Induat:nializatfon. :kaaa belioved, could bring about -

a: significant decrease in the ooat or rosiq\pﬁal oonstfuctibn.
currently. in Great Britain, Domurk! Pinleand and other European
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nations approximatoly 258 - 358 of all housing construction is A
with‘frocast syst,pna. East European countries gonorally exhib-

-4ted a greater percantage of industrialized roaidontial con=

.. struction tha;\ did Wcst Europoan countries. The Souet Union
projccta that b'y 1980—017"480% of ita housing conatruction
will be of precasi.‘ ayatoma. -

‘ In the Unitod States precast concrete construction
ha,a been in use since the 1900's. But not until tﬁa late i96Q's
was any system developed which overcame th'e man""é‘tinatraints -
or residential construction while providing aesthetically and

runctionally flexible buildings which were also oconcmicclly

~ feasible. High labour and material costs and strox;g demand

4~

.for residential units have fipally changed the climate in

favour of industrialized systems.

1.6 Prerequisites for Success

. 1.6 ’ 4
N Only the work of building has been left “out of tho P i

industrial miracle since the age of- mechanisation bagan.

Reason, we do not work in harmony with our scientific proccases.
« In the past, the Master builder wa.s & perfect human being. He j'
' was an architect » &n. ernginee/r and a builder, all in one. He

drew. inspiration from materials, aecured respect. for hia ideas

s ' __" and shouldered all responsibility. The present day Architect tends to

x
k]

. X.- - put himself at & distance rrom technical considerations o.nd

‘h a 3 ' even rurther from actual execution or the work. He is more !
%”:: of an administrator than an origﬁator. : Architects, Engineers, i :
fg; ‘ _ Contractors, each operate separately and Jheir interests are ’ !
;"% “ t60 often only con.'rlifsts. This has resulted in profession? ‘

St

i*gi - - . ol
1
s . L
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deterioration. A representative of an Aircraft industry Has

said that if aeroplanes were produced in this way, they would

not fly. ’ | . '
Préfabricated or industrialized housing demands that

architect and engipeer shou}? be integrated into indystry. An

grchitect must accept the design d&ggiplines of that system.
~He is & member of the building team, but not the leader. fhia
is a prereqmnisite ror success and will have the effect of chang-
ing the role of architect and engineer in the building 1nduatry.
Their'aomhon concern, like thaﬁ of the motor indhstry,ﬂahould
be to produce.thp best hbus}ng at the mogt competitive price.
This is'what spells succéss in industry. | .

Experienae }n industrially dovoloped countries shows

that in broad terms, prordbrication passes through a three

T~ stage evolutionary process. In the first stage, protdbrioation

often costs more than the conventional construction. Never--
theless, prefabrication is considered necessary and desirable

to: supplement traditionil methods and to achievo a .certain
scale of ;roduction'and level of technology which can reduce
the total cost of construction. During this stage the local.
‘govermment, quasi-public housipg societies, etc., must papti-
ciiﬁfg to assu?g~contiqgity of demand apd to~support proggims‘
of,rohéérdh‘and production by lending loans at a lower rate
and capital subs§::es and special forms ot.contracts.‘ Guar-
anteed scale and continuity of production are necessary for
success. This was clear}imdeméhstruted in Europe. The second~

stage is-characterired .by weeding out of many ayafoma which are

o . e - . »
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nén-competipivo and unacceptable to consumers. The successful

systems are then consolidated and given further support.  In

. o ¢
the third stage, concerted efforts are made to apply scientific

methods of design, production, erection and standardization of

prefabricated oomponqﬁts.’ Substantial economies can probably
. . ' A »n o

only be made under a long term comprehensive industrialization

+

program, o o .

.

Aesthetics geem to be ancther drawback. Architectural
flexibility is not as easilﬁ obtalned as with conzentional
cohstruotiqn methods. Prerabricatioﬁ-is most extensively ﬁqed_in
Sgcielist.couptries, primarily because of the céntr#lly con-
trolled naﬁure of their economj.ﬂ With'prqrabrication, new forms
. of construgtion are ﬁound to emerge. It i; brecisaly th{a
variety of techniques and possibilities that lends appeal o
the work of the architect and the engineer. To bring\about the
gradual change from’tiaditionnl to prefabricated construction
aystems, technical schools/universitiqa should introduce one
or more specialized courses of instruction on prerabrication
for educating professionals (engineers, architects).

t

‘1.7 Experiences of Industrialized Countries

Industrialization of buildings in Europe occurred
'in three stages. The rirst stage, during the late 1940's and
1950ts, supplemented traditional nethods and attempted to raise .
the‘}evel of techmnology and scale of production. Progress con- —

tinued as national and local authoritieSJstepped in to assure

continuity of demand and to support research ‘and production.




-

During the second stage (late 1950's and early 1960's) many

systems that were not eompe‘titive 'ﬁere weeded out. Sucbessful

' systems were given additional support by the government, aonme
s ) o9

were consolidated and rerined. The third stage ooeurred during

£

" i , " _the late 1960's when & concerted errort was made to apply .

cientirio methods or engineering desigh, produetion and”

o erection for reducing the cost helow the conventional systems.

The much needed increase in housing produotion could

not have been ‘achie{red with the existing labour force by using

alization could reduce'

~,

s ' conventional building methods. Indus
.. . ' on site labour by as much as 30-50%, erection time ,couid
| be’ greatlﬁ reduced. The essential\ fpatures of industrialized
.. ~building systems are. mechanization\" attainment of rhythm

‘of produetion. COmbined, they result in cont nu y

d“svenness -
' 6: output. Box type swystems> in the U.8.S.R. showed. eveh a- |
greater reduction in on site. labour, as high as 80%. The
translation of man-hour savings into net building cost savings
is dirrioult. Some European countries have claimed a clear
cost advantage for lerge panel prefabrioated systems over con- ° °
- ve tional systems, of the order of 10-20%. . Several other T y | ;
’ ‘ counfxries, espeeially with highrise construction, claim a cost. ‘
r ’ advantage in the range of 5-15%. A secondary aspect of cost
. ' is associated with completion time. - On site construction time
" has been markedly reduced in most Europaan countries. This
; _ reduction in time save\ capital costs dmring the oonstruction

\

L ‘ period due to\ aduced interest on construction funds, and

\
4

advances the tim for income “alization. An interesting
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péint to appreciate is that no’independent British precast con-

crete company has survived without having a "standard" product

‘ to sell. Invariably those who only manufactured gpecials” to

otheﬁsf designs sooner or later have gone to the wall.

In the United States,‘ror_sevefal years, prefabricated

“concrete systems. were dnly used for buildings up to four or five

. storeys, but in the last six or seven years, many buildings

4

é

i
»

have been constructed in the range of 15-2); storeys. Habitat
167 in Montreal, Canada, created interest in the U.zsf housing
industry. It was an exciting architectural utilization of
prefabricated modules for rasgaential construction. About the
same time, H. B. Zarchry Company éeveloped'a box-module system
1nnSan Antonio, Texas. A crash program involving the use of
checkerboard pattern of modules for the 21 storoy, 500 roon
Hilton Palacio del Rio was required. Construction had to be
completed in nine rmonths so that the hotel.could be ready for
the opening of Hemisfair, in April, 1968. The first module

it

was cast on August 15, 1967, qrection.bqéan on November 10th, and’

the final module was in place on December 20, 1967. Since
then many hotels/motels have beén construcféd using this systen.

In 1969, a program to encourage industrialized housing called

‘ “Operatioh Breakthrough", was introduced by the U. S. Depart-
mght of Housing and Urban Development. "Operation Breakthrough“ :

was to be a total development, program to resolve a multitude of
;problems associated with making quality housing'availabie in .
large quantities. H.U. D.'s experience has shown that concrete

box-module systems seen to have the:moQE difriculty in sustaining

[N
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long term\success. A primary diffioulty seems to be that of
comple;ity of forming. Anogher EGVSrge factor encountered with
the .modular system, and, to a lesser degree wito the panelised
system, is the tremendously high investment required for manu-
facturing and Fransportation/fdcilities. Unless a company can
be guaranteed a minimum number of components per'year, 1§_oan»

not afford to conetruof an expensive factory.

u

. 1.8 Experiences of Developing Countries N

- Industrialized methods of construction involve higher
cﬁbital investment and lower utilization of unskilled labour. ‘
Developing countriee;have a large surplus'ogfunskilied labour
"forcé and shortage of capital resources. Thue; developing
countries face a dilemma regarding the apparent efficiency,
speed and productivity'oflprofabrioated constf%otion and the |
social aspect of‘pro ¥&iog Jobs to eoskillqg and unemployed
/lebourers. It is als ~argued by~ some that althoogh labour
1ntensive methods of construetion do temporarily provide Jobs
to a large number ofgunskilled labour, more mechanized methods
provide a rapld increase in“boilding output and capital works
which, in the long term, will accelerate the economy and pro-
vide wider and more permanent employment possibilities.
:Bowever, as 8 gradual step, the ‘Improvement of manual methods
of construction with introduction of partial prerabrication ;
is desirable. Partial.frefabrication represents a first step
1ﬁ~§5; direction otnindﬁstrialization. The masoﬁry for walls .
is e;ill\hand laid, but many e1emen§s'ot the building euch as
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-

. The use of prefabpicatés reduces the construction timoiahd‘ ,
;ntroduceéugéme machanization'of labour. As industrialization
gets greater hold into the set-up, complete prefabriéation
would be augomatically introduced. JPartial’prerabricatioq
enables optimﬁm ;tiiizat;on of human skill’ along with mech- ..
anized methods. To star£'with, partial prefabrication, per-

haps, finds the best answer to meet the situafibn.‘
. . . ,

*
o

Y

J’

lintels, floor an& roof siabs, stair flights, etc., are érecast“

‘away from the. site, and erécted as the masonry work progresses.

[




' CHAPTER II :

-

+ DIFFERENT SYSTEM3

2.1 Building Systems

-~ A system is a- co-ordinated saries of industrializedr
building components ‘to meet specific nqeds. It may be sybdive- .

ided into two maih catagories, ie.y Open System and Closed :“~

e"
EY f

System. B

-

en;_xstem.--ln this system, the oompohénts from

,various manufacturers, catalogued) may be fitted or 1ntegrated
alongside one another to form one or more building types, i. a., ‘
modular units produced by dlffereqt manufacturers are inter-
changeable within differeot systems without any modification.
This system requires dimensional co=ordination in the strioteat .
sense and a high degree of \1ﬁlson between different manurao-'
turers in establishing toleranoos, ‘it ngs, and Joinipg ro=

_quirements. /‘ - N ro ’

Closed System.=~In this system the majority of compon-

ents are sized and detailed for use with eaoh other, usually by
‘one manufacturer, and are agsembled with strict unifdrmity of
approach for a particular building system. and no interohange-

s

ability is possible.

.22 Structural SLtems

« Although there are mithy structural systems, generally
speaking all are variations of two mgin basic approaches: the
. ; !

Component approach and the Module or Box approach.

* . . .

P

",.b
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The ob,njeocivp of thefcomponent approach is to achfjeve
cdnstrdction of an almost unlimited variety of buildings by

4 ' | t ubifxg & limited :/mnber of mass produced interchangeable .compon-
4 ' enﬁs like wall and floor panels, beams, columns, sta;rs, e'to.. -

E - ‘ Th'fs approach is common almost:-universally. It orfqrs flexi-

bility in production, in type and siz;; of plant, selection of
components and architecture.“ The extent of mechanization can
be varled to suit loghi conditions. °

'fhe examples of the so-challed Moc_lule" approach include
‘mobile houses in the United States and Box type‘ construction.
The prociuctio;l of modules requirés high éé.piﬁal in\;:t?xdept s
superior lnfrastructure, and a higher level of Qmechani-zation
than of Component approaéh. ’

The Component system is further subdivided into ’

framed construction and slab or shell t;p_e’ construction. Here

aga}ﬁ systems are disfinsnished into shed type structures and
. - "‘ - .

niultistoray buildings. -

N
I3 »

¢ . 2.3 Industrial or Shed Type Structures ) =

F’or\ shed type industrial bqildings s so_lid web ‘membars’
are used as main beams and columns. The maximum length 'of span
[ of a solid web beam concrete:i'in one piacé is30m. However,
for spans in excess of 330m, solid beams become too heavy for
_ Q'ansportatiqn and _erectioxi. Under such cir’émnstanées it is
preferable to desigp arch framés or lattice trusses,.or, if
solid beams are ‘adopted, to assemble them from small units.

U " .In this way, the need to use heavy lifting appliances can be

R
&
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~

o { ’ ! ’
J avoi&ed, on the other hand, scaffolding js to be provided. - -
B\ v The economy in any particular case is a matter of relative costs.
- f\’. ,! The structura]a system may also eQnsist of slab or

R

v

shell type units for roofing as well as for load bearing walls.'

Vo : “Some of the' forms of construction for simgle storay,
aingle or multibay, flat or sloping roof, with or without roof ,\f

lights, are shown in Figs. 1 to 6. ’ 2

3

T e Ay A T T R T W R B S TR T

o~ Grandstands.--Prefabrication is ideal for such
" structures. They comprise a large number of identical. compone
ents, even tlaoug*ﬁ the ground plan is not regular. Most of- the
_‘components are identical to ‘indu,st;-ial sheds. Tierg used for
. =~ : seating accommodation are similar to the roofing members, i.e.,
. Single T's, double TT's, tz‘augh' units, as shown in Fig.’ 9%,
‘while the supporti‘ng structure and roof.{ng structure correspond
,‘ to the rra'me. work. A typical grandstand in the United States
is shown in Fig. 9a. It co prises three main types of con:pon-
ents: inclined columns, beams with steps to suppqrt tiers,
! and roof beans. ~ These components are assembled together py

means of prestressing. ' v

‘ Montreal 01 ic Stadium.--To meet an almost impd'ss-

ible deadline for the completion of the Montreale'ly‘mp‘ic Stadium,
post tensloned, segmergt;al 'precast concrete elements combined .
with conve_n?ional precast;,'and prestressed components were u;ed.
The stadium is elliptically shap'e'd 481.7m x 279.9m of 73,000
seating capacity. Its inward floping mast will housa both
N ‘ athletic and recreational facilities, and when completed, will
- cable support the retrac,ta"‘ﬁle fabric canopy roor.' Fig. 10
AL . . “
A - \ s
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shows the view of the completed strur::ture and arrangement of
strucjural membe‘ré. The primary structural frames for the 50.3m

high stadium are 34 pedestal mounted *C! shaperd—post-ten\sioned,
segm'ent'ally precast consoles or frames, radially positloned

19-20 metres apart around the perimetexf!of the stadium. They

are‘ the sul.)ports.for both the s;x sPectatorfand service floor .-
leveIg and the permanent roof oqul the stands. Post tensioned’
precast radial beams, either cantilevered from, or partially
m;pp.orted by the column poxyti‘o.x?s of the consoles, provide the

end beariﬁés for precast 'TT! floor slabs or bleacher slabs.

‘The back and -top porti}on of the consoles are connected b'y a

serles of triangular' sect:‘:on stringers an¥~gutter beams and
covered with post tensione'd px—'ecast thin shell roof slabs. A ,
Ciroumferentially post tensioned, segmentally precast' technical
ring, containing the field lights and other mechanical ‘ge'rvices,

As post tensioned to the inner boom ahds of the consoles.

2.4 Roofing and Floor Units

~ Large individual precast units are better able to

" . fulfillthe requirements of industrialized buildings than 'smalll
rooring‘componenta can. They will, therefore, gradually super-
sede the more \com‘rentr:ional form of construction with ;mall
flooring units, ‘}..e., channel, hollow cored units, and precast
joist beams .with filler units, which are being used only for /
relatively small buildings. Thus the number of units is sub-
stant:iai’ reduced, yl’iich results in a saving oremanufacf.ﬁring
and erection time. Large flooring/roofing units generally

produce a more pleasant aesthetic appearance. . In multistorey

NI T T N Y
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buildings, the floor units sccount for something like 50-60%
i

of the material requirement. For this reason/and because of
the very'large numbers of units involved, they may be regardedw E
'as ‘the most 1mportant structural.components of all.- The
chQgice and design of -floor units are affected by the following
( coﬁgiderations:

a) the spécing of the beams that suppof% them;

b) the superimposed loads;

S T e) the structural requirements, i.qy,‘flat soffi;, .

’

constructfon'depth}

d) ~the possibilities 6f manufacture, transport and

erection. -

The most commonly employed types of, floor or roof

-

A 4
units are:

-

. ‘a\
‘ a) Waffle slabs composed of square or rectangular slab -

- 6lements joined together; i -

b) Ribbed .slabs with widely or é;dsely spaced ribs;

¢c) Hollow floor units with circular, oval or rectangular - ?

cavities.

In housing conatruction, the solid 10cm to 20cm '
‘thick reinforced concrete él&hshara considered to be econom-
ical floor units. For office buildings, the architectural trend
towards large rooms free from columns is m;nifesting itself.
The realization of this trend calls r;r large ponstructioh
depths, and bPrestressed concrete members. In most c;seé it

is not essential for the components to present a flat soffit,

since 'a suspénded ceilingwds to be provided for air condition-




K

|

-

! projecting from the slabs. The longitudinal ribs are p‘roéided
> M \ hl

!
ing requirements. v ! .
As 1regard.s bres‘tressing, with £loor units it will b/e
- necessary to exercise rather more caution than wiﬁhlx"oof units.
If the prestress is given 'large eccen}:ric;'lty’, considerable R
"hogging of the unitg is likely to occur, especially if the h
superimposed load vis a large proportion otj the'total load..
In such a case it is ux}avoidable\t.hét certain units will de-
velop differential hogging and therefore fail to rorm‘si leyel
surface .¥>The only way to prevent this is by usi;é smaller
ec;:;antricities for the presi:ress which, of course, will re-,
-l

~ quire more smount of steel. . -
LY y %

2,4.1 Waffle Slabs

Waffle slabs are characterized by having tréﬁverse
v ' ..
ribs which penform a structural function and which may be so 7
ai'ranged as to form a-series of app'roximately square panels

. . N A .
with the longitudinal ribs. (Fig. 11/). As a result of this,’

. the actual slab can be made very thin. Thus they'are the . 6
dightest in tefms of material consumption. The width of the B
units range from 1 to 3 metres. The spans rangé from 5 to -8

12 metres, the correspo'ndi,ng depth of the longitﬁdinal ribs
" being from 20cm ta 65 cm. Greater depths of ribs will pose

serious problems of demoulding. rx;arisverse ribs, are from
. o« N *\ '
10-20cm in depth. In the transverse direction the ribs are

. A
1 interconnected by welding or by means of grout and b}rs left

% with small recesses in order to function as a kind of shear

—
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key that will form joints capable of transmitting gshear and thus

: obviate any relative displacement of 1ndividua1 floor units

under load. Waffle slabs are economical for suf)erimposed koads

+30+

—

1495

- U

1493

i

of about 500-1000kghn’, - - .
M 4 ~ ) N - », o
Fig. 11 . )
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2.h.2. Ribbed Slabs b

In general, ribbed. 'slab units have no transverse ribs.

Th 'refoz:e' the slabs have, to’ be made, thickeﬁr, and are §hus

o 02

¢ : . -
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_heavier than waffle slabs. There are three main types:

a) Channel units; ‘ |

_ b) 1Pt or 'TT! units; . ' ..

¢) Ribbed slabs with ;lose'ly s-pp;ced ribs. .

-~—  Chamnmnel unit)a or troﬁgh units differ from the waffle
'slab only by the omission of tr/sverse ribs. The thickness
of actual slab is [ -6 cm, the units are 0.3 to 1. 2m wide and
are suitable for spans of 4 to 9m with construction (?pths of

25 to 50 cm. These are suitable for .superimposed loads up to

- F ! . ' ~ e
Fig. 12 : R o

Channel Units . oo - Csewe |

OO0

.
” :
L —

- .. I

| >
Figo 13 . ' : ~ 4 __!)!____1-___1_2__!_1__4_ < N

- ‘ +4__n 7* 041 (L .
Ribbed Slabs with A *- v
Closely Spaced oI =7 ' ] , .
: N L 'l L R A

\ ey N
FLTy

Yy 4 ' " - : '~.‘./

-

: . \ . ol " : fa . [
1000 kgf/mz.‘ Ribbed slabs with closely sp“aced'“ ribs are sultable
. forms of const;'uction for larger superimposgd loads of 1000-

2000 ké}/m . L.
.« . .
TV Units.=--In order to fully utilize.the compression

sleb and attain long spans, T-ribbed. slabs have“come into wide

R .
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“
"
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! use. The units are 1,2 to 2.im wide. The slab thickness .

rangq\\from 4=12 em. Spans up to 36m are produoed, normal.
spans are 12-25m. These are.usually prestressed and the top flanse
) ////I;/provided with,ﬁ single layer of fabric reinforcement. 'ﬁ ‘
g Y-units are modification of 'T! uniég. | L -

N e 3

'TT' Units.--These roofing . . - é;%
units differ from 'T' units in ‘ : . o
. ° _ Fig. 14

that they have two ribs instead . 'T* - Units = .

%? of only one and that the slab S ,4*<1¥ ‘ |

does not cantilever out so far

L2

»

N N

on each side. However, the

significant difference is in ,
Fig. 15

the method of manufacture. The Y - Units

R e o

moulds for 'T' units are re-

A}

moved side=ways,.whereas the

R N A

‘4PPY ynits are manufactured in ,

non-cdllapsible‘moulds. The ;o

- depths of 'TT' units are limited . . ' ‘ j
. , Fig. 16 !
. . to 65cm in onder not to make N 3 N 'TT' - Units :

demoulding difficult. . ' S

Floor units consisting .
- 5 mmmmm C me, 17
of hollow beam or slab type ntem- Hollow Cored’

' [ITYYYY  Floor Ualis
bers are preferable in, cases ) ¥
- where a flat soffit is required. . j s eun wm» Ry ’

" ‘With ciroular performed cavities .-

2.4.3. Hollow Core Floor Slabs

they are not so economical in
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.terms of quantities of materials. The cavities comprise about
50% of the sactional area and units weigh nearly twice that of
waffle slab units. For a superimposed load of 300-500 kg/m
thqispan of hollow units can be ém, but prestressed units are
being manufactured up to 13m. N
Spancrate pracast prestressed hgllow‘core plaﬁks for
roof;.and floors are uge% in\diffarent cquptri;s. It is mapbiﬁb |
extguded on beds up to 180 metres lqng in one metre widths apd’
10, 15, 26, 25 and 30 cm thipknes;as. Spencrete is then out
into ;iésired lengths and can span up to 13dmetres, The liight
'textgred-aurface of spancréte can‘be left exposed %oth on the

interior and exterior surface oibfloor or ceiling material can

" be applied directly on it. - . ’ .

’ 2.4.l4. Light-weight Concrete Solid Slabs . "

Solid slab units of lighf weight concrete are bei
manufactured under different trade names. Sipo;g‘ slabs are
{dell known in’a .number of counﬁrieQ; Hebel aeratzdiconcrétb
slgbs are widely used in Germany and éwitzerland. Siporei is
'a light-weight autoclaved aerated structural material with high
" thermal insulation value and low shrinkage and moisture qove-

2

ment. It is non-combustible, light in colour and its weight is

approximately one-fifth that of normal conecrete. Siporex is

‘\\manufactured as horizd@:al and vertical walling units, floor :
and roofing units of standard widths of 60cm and up to ‘bm , .

P , :

long from 8cm to 30 cm thickness., Siporex can be s&wn, cut, ., °

_« drilled and nailed like wood.
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: .. 2.8 Wanu}uts§, . ‘ ~ | ST
r , Precast goncrete is now available in complex shapes ‘

v ‘ which serye mot only as curtain walls but combine their archi-

E, ) 1 ‘tectural ap;g:rance with the ability to sérve as main structural

“' memberd. §The cross-sectional design of the wall panels willk i

s .
g;, L ok v \\‘/

depend on the type of roof construction adopted, in combination

. -with which they form a space structure. The basic shapes are

~ 301id slabs, ribbed slabs qr hollow slabs, folded plates of
/”"'\
. -
. trapezoida’l or triangular shapes. They are normally manufac- 3

’ t

tured to jhe same width as roofing units, and are provided with

. . door or window openiﬁgs as required. Figs. 18 and 19 show

dirrerent shapes of units used for walls.

! Fig. 19. Nall Uni.ts - Shell "
8- 19 . Slabs 2%, 280 250

Coua AW T KA i) R A :
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 #2.6 Multistorey Buildings

, ) e
" each of which allows several vhriationa..r'rheae are s’ ;

Prerabrication can mox-e advantageously be applied
to ;gul istorey buildings aince the number of 1dentica1 unita _
is _.relatively greater, as they repeat themselves in suc?essiva_
storeys. Because of their large nuxeber and uniformity, the
units lend themselves more readil;r\ to stafgi\q,rdizat':ion ;o Fh!t
tfy,ey can bs mass produbed; \

The structural s}stem‘ for prerebrioated building
should not try to imitate’/tile\t of corresponding buildidg of 2
monolithic concrete construction. If the stability of the
buil;iing does not call for rlexuraliy rigid comiections, it
will be pcssfl.yle to take advantage of this circumstance. ¥y
ixitroducing hfen’ged joipts, which .are-simple to constfugt.' The
savings 1n time due to speedier arectien will, in that case,
offset any increased consumption of materials entailed by this
simpligied structure. The structural system may consist of a

framed type or sla%*type assemb).ies which form floors and walls.

2.6.1 Framed Type Buildings

~

' There are four main types of structural systems

a) PFramed structure ‘with unspliced continuoue columns,‘

® b) Framed structure with spliced columne;

¢) Framed struoture aeaembled from rname units,. ‘
d) Huahroomv\type struct\{res. : -
The poesible 1imits or application or the /structural
systenm, aceordi.ng to height of the building e.nd span of rloors

4 " hd ’ T

\‘L\/ -
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are indicated in Figs., 20 to 24. Choice of the system is re- v
lated to the availability of manufacturing, transporting,

P erection facilities, and their related costs in each individual

case.

2.6.2 Panelized Buildings' . '

Structquz\composed of slab or plate type component§

embody the solutions which conform most suitably to the essen- '

tial character of réinrprced concrete construction. They are
undoubtedli'most economical in terms of material consumption

and labour costs. Their disadvantage is their limited scope

for application bult they are worthwhile propositions for rlong

spﬁn structures. Three varihti?qg gﬁ~the panelizeq structpfal o ‘

assembly are in use: . K

a) Cross bearing walls and one directional floor units; M

b) Longitudinal bearing walls and one directional floor

vt ¢c) Cross and longitudinal bearing walls and two dir-

-~

egtional’floor units,
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. Pig. 25. Different Systems of Panelized Structure (:)
, (a) Cross bearing wall systenm 4
) (b) Long bearing wall
(¢) Cross and Longitudinal Bearing Wall System
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Architectural and structural differences in the systems are
obvious and are listed below: ;.
( , ' - 3
1) Cross bearing wall concept allows greatest flexibility
. * ) e
since ‘length and penetrations can be affggged/at/ﬁfii and spacing
.’ . . / - 4
~ of cross walls is only depsndent on possible span of floor
/ »
panels. With pretensioned hollow floor planks or multiple
'Tt units, spans of up to 15§het£as are pbssiple. Front and
baék walls are left open to accommodate curtain wall, spandrel.
. - : Ve
beam or balcony facades, according to architectural or econ-
" omical requirements.
11) At first glance, the longitudinal bearing wall con=
' \
cept seems to provide even greater fifeedom for interidr plan-

ning. However, the mssumed advantages decrease rapidly if

) prodﬁction and architectural criteria are applied to 1t.. A
] ' certain amount of uniformity for many buildings is imposed by

[ economical considerations, hence, a rather uniform pattern of

.window openiﬁg results. The interior planning is often influenced

~

“ by facade panel, and it is d;ffibult to apply balconiés.

1
1
i
i
!
‘

«

2.6.2.1 Small Panel Construction

The structure may embody large or small panel con- .
~ ~ struction. Small panel construction syatems make use of floor ' i
and wall panels of less than room size. In gene£al, floors
and.walls of the rooms in such buildings compfise Joints. The
construction Qith small panelé g§ important in cases wbgre pre-
fabricapion is required to be capable of execution by any con=- ‘

tractor with the aid of ordinary handling and érectiop equipment.

\
-
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8 J
. . . .
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- 2.6.3 UCOPAN - Component Building System

T

Universal concrete panel building systeml(ﬁCOPﬁRT‘
was devaloﬁed by Dr. Zenon A. Zielinski, during his four years
of stay in India (1967-71) as a Ford Foundation‘Consultént to

P e Skt e R AR

Calcutta Metropolitan Planning Organization. The sysﬁem
essentially consists of thin waiaed ribbed panels which are | ) ‘;
used for floors as well as for walls.# Panels are made of -
licm thick concrete reinfqrced withlwire mesh and stiffened .

A
with perimeter ribs. The consumption of materials.is a minimum

possible. The equivalent’ﬁg&ckness of concrete when spread flat
Qn ground is only,S-?.Sém. Panels can be made to any modular
size depending on space requirement and availébility of
erection equipment. A universal single form is desfgged

which 1s used for different typeg oflwalls; i.e.; solid, or

-with openings for doors or~windows. The same mould is also
. . .

used for floor panels. The pansls can be produced industrially

. or on site by unskilled labour. At places;uﬁﬂefe only tripod
or pulleys are available for construction, minimum sizé of the )34 {

T panel car™be 2.75'x 0.9 metres, as was done in India for low

cost housing of C.M.P.0. The small slip and weight of the "

1. R panels (300-350 kg) pe?mimglthe panels to be handied manuallj.

hCOPAN system has ﬂ;én used on many projects in India and

other deveioping'countries. Cost of buildings made with this -

. ' . ‘aystem 1s nearly hélf of the cost of bulldings made with

., traditional materials, apd_so is the savings in consumption

of cement and steel. Under conditions of extreme climate or

o in moderate ¢limates, or when the funds permit, additional in-

il ) sulation can be provided to the exterior walls. , ﬂ\ *
‘—‘w{f"': ’
R ’ o, . .
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(a) Single Storey Building

(bl' Four-Storey apartment block
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Fig. 27: UCOPAN = Typical Buildings Dasigned
o in C.M P.0., Calcuttn, India
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2.6.4 Large Panel Cbnstruction

The large panel construction method is-characterized
by tne fact that the rooms in the building have walls and ‘
floors Br a single panel:and therefore comprise no, Joints.

For 1arge panel construction, it is necessary to have special

manufacturing facilities, transport equipment and erection

*ranes. Also, the executidn of the job is to be entrusted to

&tspecialized construction firm whié¢h has secured an adequate
volume of orders, because high capital investment costs have
to be redeemed and writtem off. Against this, the amount of
labour on manufacture and erection is‘reduced:~theiconstruction

time is shortened, and the quslity of internal finishes is

'higher because these features can be better 1ncorporag§d into

largo units than in small ones.

2.7 Box Type Construction - ,

.0ften called ﬁoddle system,. constitute  the next step
&

in industriaslized building construction. Its qain significant

feature is that complete prefabrication, including all fittings
and finishes 1is possible, just as with many other industrialized

products. Further development of this construction technique

-1s likely to come with the 1ntroduction of new transpqrt snd

erection‘methods; e.g., helicopters, which may help'this tech-
nique to achleve success. With good architeoture, this form
of construction presents possibilities nhich/have so far only

seldom been utilized.

¥

’ Habitat Expo 67, ﬁontreal, Canada, drgggtizeslthe'
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use of factory produced dwelling modpies if a multistoreyed
. structure of -wunique configuration. The 1ndivfidua1tapartmen‘ts -
vary in plan. One to four bedroom units are available in a
total of fifteen di;i‘ferent combinations. »The modules are cone.
structed of precast concrete near the buildihg site. Each
modulé‘is 11.6m long, 5.3m wide and 3m high and weighs 90 ton.
Two cranes of 50 ton each ihoist each unit into plaée.' The

in the modules. f

*

v The H/B. Zarchry Construction’Corp. of San Antonio,

taining 496 rooms,’ called Palacio Del"Rio, in which pre-

—

_assembled units were used for rooms. Their constnuct:lon is
p;‘“e‘sﬁ;'essed reinforced concrete’ with S-inch -thick walls "and
¢+ floogs and l<inch thick ceilings.

seven miles from the site.

The boxes are cast in a yard

The modules.are 9.75m long, l.3m ’

~ wide ahd 3m high and weigh 35 tons. The project was ccimplete'd
f,kn'a racord pﬁeriod of nine months which resulted in consider-

* able- savings to the company due to shorter interim rinancing. .

4/.. o i

-~ "and early return. . . f S
Uniment concept and uaa of chemstress have 1ncreasecr
the potential for the use of concrate in production of the
modules. Chemstresa is an e.xpanding concrete aggregate which
can grent;ly reduco weight and wall thickness with®it reducing
Tha modules uaed for Richmond prqjeot,
Califomia, U.S .A., h&ve exterior dimensions of 1im x ,3.‘)4m, '

weigh only 11.5 Qona.

)
LA ¥

stmctuml strength. °

The basic difference between chemstress
.o N ) N . ) . ) ‘
¢ N ) h R . B

R T

o !

. Texas, has completed conatruction or a 21 -storey hotel con- l

"

unit§ are tieg by post tensioning cables inside concrete columns

¥
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and ordinary concrete is that chemstress concrete aggregate,

or cheg}cally prestressed concrete, expands as it sets instead
of contracting. This expansion during the setting process pre-
stresses he steel reinforcing bars.

produces{ a wall thickness of only ch thioknels without corres-

ponding reduction in strength..

A

2.8 Lift Slab Construction

In this mathod, the floor slabs are concrated one qPon

»

1=
<] e
fmt-r =

»

The resulting structure

Fig. 29. Showing principle of 1ift slab construction. (§)

a

tha other at ground level and jacked dp into position. The

principle of the 1ift slab method is explainsd in Fig. 29.

This method ‘of censtruction can advantageously be employed on

quired to have rlug under surfaces._

are completely dispensed with. This system can be rsgardsdfas

on~site precasting..

-7 bulldings of three to six storeys and where the floors are re-
Formwork and scaffolding

| ><|
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CHAPTER III

* STRUCTURAL DESIGN

3.1 ﬁésign Principles

The principles of structural design applicable to,
a“}efabricated structure§ are the same as for any other structure
except that there are some special problems like development of
additional stresses du;ing manufacture, handling and erection
of brafabricatedlcomponenps* which have to be taken care or.‘
‘Also. pfecast s?épems have discrete and rfinite joints which
.are absent in cast-in-place structures; Ir the joints are not
‘bropgrly detailed! the resulting structu;:Psolely dependsoon
fricfion'ahd grav;ty for stabilityzand exhibits a "house of
cards" behaviour. . S \
In order to design a building, it is naceaaary to
consiq:iiall possible forms of loading that may have structural
significance during the 1ifetime of the building. =
Large and sudden stresses are liable to occur in the
coﬁrao of demoulding and are due to'adhesion of the precast
components tg‘the.aides Qf the mould. The magnitude of the
"bond stress is dependent upon the nature and c&ﬁggtién of the
mould. On an average, the sticking force can be taken aé

1 ton/qa. Its effect must be overcome by picking up the com-
aponeﬁt at‘a number of points. An alternativo proceduro is to

-

manufacture on a tilting table.

Handling stresses in probast components are developed

A

during trnnsport&tioh and erection due to the following causes:

+

. .
- ra . -1‘
N : .. 8 - . ‘
yg; * . s
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a) The components are transported in different positions
from those in which'they are finally talled in the structure.
b) In the structure, the components are braced by other

.”
members, but during transport and erection they may -be gndangered

. by the absence ?f'such bracings, i.e., in the case of slﬂgder

laterally unbraced beams.
c) During transportation, dynamic stresses are liable .

to occur which may, in certain cases, exceed the stressgs

_actually produced in the completed stfucture.'

Errors or faulty practice in design or construction
represents another category of loading too diffuse 1n nature
to be quantifiea. .

o In certain circumstances it may be necessary for the ,Q
designer to exarcise his individual Judgement with regard to

(4

the significance and the nature and magnitude of some special

loads. In reﬁ'nt years it has become apparent, especially o
after a pragressive collapse of a 24-storey apartment tower at
Ronan Point in London, in 1969; that there are special abnormal ‘
a£ may be. structurally significant which are not
sEScir ed or quantified in the most of the building codos.

Of the various types of abnormal loading ‘that have
been studied or considered in enginaering buildings, three sub-

_ typea appear to be of some, consequencs, namaly. a) gas re-

lated expl ons, b) bomb explosion and c¢) vehicthr colliaion.

For abnormal loading, structural safety rather than sorvico-

ablility is the principal design considerationm

At Ronan Point apartment ﬁuilding,\a gas explosion
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. Tﬁree alternative approaches could be used to obviate the risk
of progressive collapse 1&0(';11minate,the'hazarda which cause
"local rgilure; design the structure so that the hazaré does not.
cause any local failure;‘and.lastly, allourggé local failure to

occur but deaign the structure so that progressive collapse- .

[N

“ > does not occur.’
e

»?\\_ - With few exceptions abnormal loads can be hardly

e

‘ P eliminated altogether. It.is technically very difficult and
§ economically prohibitive to design residential type buildings . -

there 1s no justification for constructing buildings'whioﬁ'do
f\ ' not afford a éortaih amounf of safety wlthlfesppcb to abnormal
}oading.‘ To reduce the risk of progressive collapse,it is
¢ desirable to ;ssume bridging ot loc;l damage while maintaining
stability of the partially demaged structure by tying the com-
ponents of large panel sérucfures together horiz:;tally and

. vertically: Elements and connectiona must distribute rorcés

via an alternate path qrbund ﬁge damaged portion.

cdnatruotion, depends upon tﬂé strength of its connections and

that the full strength of thé elements cannot be utilized if

'
< ®

on the eighteenth floor caused an exterior load bearing wall
- to be Slown ofr; this initiated a chain reaction collapse up~
wards to the roof and then almost down ‘to the ground as Eebris
fell on succeédiné floors. The progresaive collapse was the
_result of the inability of the struqéure to bridge over the

%‘ ) local failure, i.e., due to its lack of structural integrity. '’

for absolute safety without some damage. On the other hand

Strength of the structure, reéardless of the type of

Lon)

L
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the connections are inadequately designed. Cont_inuity across
the connection and ductility /within connections should be
ensured to achieve generalVstructural integrity. Continuity is
essential ‘1';0 develop bridginé capability for transmissic;n and
redistribution of loading through an alternate path. -Ductility
is important r_xot only to sustain deformations but also as a
measure o\r energy absorption under the effects of dynamic load-
ir;g. Tensile continuity aoross and within the connections can

be effectively achieved by providing ties as shown in Figure
30.

longitudinal
vertical
+  peripheral

— . A\
1

Fig. 30. Suggested system of ‘tensile ties in large panel @
- structure. \

Excerpts from the U. S. Department of Housing and
Urban Development "Provisions to Prevent Progressive Collapse"

are i'eproducéd below:’ ) —

«




a)

b)

)

d)

o)

)

.

_.15%, whichever is less of horizontal area in each
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Buildings shall be designed and canstructed so that
if any one struttural member is considered removed, -
structural failure will affect only a small part of -
the building. The amount of structural failure \
acceptable shall-involve not more than three storeys,
nor more than 750 square feet (70 square metres) or i

storey affected.

As an alternative design method, failure need not be
assumed to be initiated by notional loss of structur-
&l member if the structural member is capabl“of
sustaining a load of 5 psi (3500 kg/sq.m) applied to
it from any direction. ‘'This load is to be comblned
with dead load, plus one third live load, plus one
third wind load. Debris load need not normally be’
taken into account.

Reinforcement shall be provided in all load bearing
wall units for complete height of building capable
of supporting in tension one storey helght of wall
plus one level of floor slab. Steel allowable work-
ing stresses may be increased by 75%.  'Connections
in tension shall be of steel, either welded or threaded.
Horizontal connections between load-bearing walls
and floors or roofs: The steel connection at top
and bottom of all external load bearing walls shall
be capable of resisting horizontal forces in either
direction at right angles to the length of joint
times 1700 plr %253& kg/m) at top and 850 plf (\267
kg/m) at bottom, without exceeding permissible
stresses. X

Peripherali ties: At each floor and roof level an
effectivel uninﬁerrupted peripheral tie, capable

of resisting a tensile force of 9000 lbs., (4091 kg),
without exceeding the permissible stress in steel, ,~
shall be pravided within the depth of the floor or
foof elements. The tie may be steel reinforced in

the in-situ horizontal gxternal wall to floor joint

or steel reinforcement Q(pres1:r¢ms‘i.ng tendons) in an - .
edge beam or in edge of floor or roof construction e
and within 4 ft. (1.2 m) from edge of the building

or its general line where there are relatively small’
projections in the face. o

hternal tie: At each floor and roof level, effect-
ively uninterrupted ties shall be prqvided in two
directions at approximately right angles across the
building and shall be anchored by welding or hooking
to peripheral reinforcement at both ends. The long-
itudinal and transverse ties shall be capable of

BRI P
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~
resisting forces of 253u”kg/m and 1267 fig/m res-
pectively without exceeding permissible stresses.
. . To comply with this section, design stresses for
N \\‘__fldboth steel and concrete may be assumed as 1.75
times working stresses, except for the steel the
design stress shall not exceed 95% of yleld stress,
Where interaction between precast units is assumed
for bridging actiwn, effacaéve steel connections
shall be provided etween these units and care
, shall be taken to provide adequate shear resistance
"o in vertical jJoints between wWall panels.

~ -

]
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CHAPTER IV

CONNECTIONS

° h.1 Prinqipiesfof Design e

Joints are said to be the weakest points in
prerabricated structures. Connections.of precast com=
ponents present difficu}t technical problems since the

strucbure is only as strong as the joints,

The-three principal design considerations are:

the loads and actions to be reststed, the structural

'function of the joint, and last, but not leﬁft’ the

\fabrication and erection prodedures. In addition to

grévity and lateral loads due to wind.épd.earthquakes,
the effect of volume chaﬂges due to shrinkage, creep
and tbmperature,\the effect of differential eolumn
sho?tening and settlements,/and the effect of fabri=-
cation and construction tolerance érrors must be |
considered. Tolerance errors cause variations in the

. . )
location and distribution of the forces acting at the

CcOnnection.‘ Quaiity of workmanship in field connec-

tions introduces another uncertainty. It is, there-

fore, common practice to use larger safety fhctors or .

-

load factors in the design of conneotions than are -

used for the design of elements.

L \ .‘

T L O




L.2 Olassifications,.‘

With res;ect to structural t‘uhctién, Joints may be
classified as simple bearing, bearing with axial continuity,
and full moment resisting capacity connections. J_ointa and
.connections may be further divided ,’Lnto h’&rd and soft connections.
In hard connt;btions s the movements and rotations within the
connections are limited.. Such\g:onnections are norinally used
in rigid frames, such as beam ko colmm, column t;o footing,. '
to resist lateral forces. M)ost*hard connections employ steel .
i:late Qr rolled shapes. éoft connections pérmit a limited
amount of movement U‘ix’l' the connection. This is usually achieved
by the 'useJ gf etlastometriq bearing pads. 1In.actual practice,
_most of the connections are néither fully soft nor fully hard.
Conne‘c‘tions can be‘ further subdivided into two baslic types: ’
Web Connections, and Dry Conn;c:tio s+ Wet '‘connections require
_ in-situ concfate placing, puring nd a certain amount of strengfh
before the next wall panel can be' placed. Dry connections are
mechanical ixj nature and provide sufficient strength to allow
continuous erection. Any groﬁt or drypack required® to complete‘
the ‘j\oint can be placed ihdependently of erecti‘ge. Scheduling
of erection depends upon the type of connection. . Erection
progress for wet conmnection i;s in the ’xorlzontal' direction and
requires frequex;xt movement of crapé set-ups. “Placement of
insitu concrete has to be done intheopen and is weather de-
pendent ¢ 8pecial curing andf wintk'n protection is requi.red.
Vertical erectlon’ #cheduling can be yged for dry con-

nections. Placement of panels is independent of drypack or
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grouting and can be doxﬁ inan enclosed erea. Crane moves and set-

'ups are also minimized. Dry connections could be welded type

or bolted." Some of the salient features of mecha)ﬁcal bolted

connections, as now being increasingly preferred for multi-
<
storey panelized buildings are:

a) Bolting does not require skilled labour.
bj It is not time consuming. :

¢) The connection is dry and can be performed in an%/

\

weather condition. ‘ y

a) The jointing system conslists of a number of-connectlons

o
N

which allows for discrete movements before ultimate load. Thus

—

shrinkage, cresp or thermal movements are conveniently contrelled -

by’ friction bolting across slotted holes. When the thermal
stressee exceed the ultimate slip capacity of the connection,

the member simply moves. In the process of movement, a friction

"bolted connection has definite energy abeorption characteristics

eimilar to the plastic behaviour of ductile materials. When
the tolerance slot is exhausted, the connection transforms into
a bearing bolted connection of a much greater ultimate capacity

but equally ductile. The exact dynamic behaviour ,of such &

“structure and its energy dissipating capacity may well have a

» marked influence on the building respdns‘e t6 earthquakes.

& s
e) Because of slotted holes, the system provides for

 greater manufacturing and erection tolerances. Moreover, since
o~ °

the connection is completed through make up pieces of piate‘s or
angles ’ it 1s much more cogvenient to rework, reject or replace
a small makeup pisce than to rejeot the big. precaet element.

9.

-,
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£) The same connection inserts are use\d\tor the

11ft1ng and ereotlon procesa.

o Pilgures 37a to 37d show s)c;a of the fricdtion
bolted connections. Friotion bolted connectio‘ns‘havu,
been used by M/S Desoon Concordla Bullding Systems in

the pa.nellzed buildlngs for "Operatlon Breakthr;ugh" of
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CHAPTER V

MANUFACTURE, ERECTION, TOLE&ANCES

5.

Manufacture *

1
=

The mna jor part of the labour involved in prefabri-

cated building construction is with manufacture, which- is

between 60% to 80%. The principle of manufacture should be

small amount of labour, /N . N

speediest possible pro-

duction and improved CONGRETE MOULD - STEEL '
T~ quality. A machine is -
, ’ 23
* MIXING PREPARATION CUTTING k)
an appropriate acquis- #
. - . . ) T g
ition and its cost of « . &
\ FILLING @)\ — REINFORCING 5
- ! A
purchase is justified . ) / 7
if manual labour is ‘ COMPONENT | |PResTRESSING
saved as a result of o - , : L
- N COMPACTION ' '
-using the machine. N\ s , : ,<
. : S 3
_‘The object of using a oo o " GURING ) ;
machine is not only to 1_
save la’)ogr but it also -| DEMOULDING i
: ¢ ' 5
. aims at getting rid of . . e
¢ a ( > STORAGE R =
o the element of human ) —— 3
error, thus ensuring Fig. 38. Manufacturing Process

- constant quality. The manufacturing process of precast ele-

ments is represented in Fig. 38. .

@

5.1.1 Manufacturing Methoﬁ . ‘ ‘

.
e A S

In general, the t‘ollowi‘ng methods of construction .

. . t

Ven 67_ ‘ ~ ' N R
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are in use:
a) -’ Stationary\production
b) Slip form produotion

Flow line production.
Stationary production could be classed as work-
The moulds are the

L

e)

bench production or serial production.
work-benches a£ whtzh the work is done. 1In stationary pro-

duction, the following distinction can be made:
Manufacture in moulds whose sides can be removed,

1)
the units being demoulded by lifting them off the mould base.
)
ds to.the

_g . ] i1) Demoulding the units by tilting the mo
- vertical position. : N
‘{ ‘ - iii) Manufacturing in a‘'group ‘of moulds, i.e. battei§
£ moclds, demoulding being affected By dismantling the walls

of' the mou%gs.
For industrial buildings ogI; the methods at (1)

and (ii) are ;gimally employed, while manufac&uring of/wall
. 13

’ eand floor slabs for residential construction is more sui
- 4.

1]

s

Ty

Fono by employing battery moulds.
Slipforming ig a method of manufacture 'in which

)

- " the sliding mould forming the outline shape of the unit is
moved ‘along the casting bed.’/The mould is vibrated, whereby
the concrete is compacted. f\;s methoﬁ is widely employed for

~ ‘1 the proigction of flat slab like precast units.
Flow=line production ia varely'practical for pre-

It ca@ be employed cnly if very large

with true-

T -

cast concrete members.
séeries have to be prc\duced. &'he mein snag ),c/ that

I
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~ flow-line production the same amounts of time have to bo spent
at each of the manufacturing statjons. Combination of flow-
line method with stationary production is the more likely
proposition. Flow=1line production cen, however, oopetimes

suitably be used for the masg production of rboﬂng units.

b3
4

5.1.2 Choice of Manufacturing Method' ' ‘ —

‘ The choice of manufacturing methods is affected by S \éﬁ
the following considerations: N
a) the size of the series or the place of manufacture;
b) the size of the units; Y
E) nature and type of the units,';;e., linear or flat é@
exﬁornal'ualis, floors, obc.; ‘ .
d) the reinforcement of the unifs, i.e., conventional
reinforcement or prestressed;
e) the composition of the'uoito and materials, i.e.,
‘ordifarx or iightwoigﬁt c:Pcreto or multilayer slabs. ' .
‘ Depending on these factors, one of the above methods \ﬁ
of manufacture is chosen. The g8ize of series, i.e., quantiﬁy
of units, is of decisive importance for employment of the
'machinery.' For fairly small size, say up to about 200 units,
only stationary production will be g{aotical. With larger
series, up to about 2000 units, slipformipg is a worthwhilo _
'possibil;ty. For outputs exceeding 2000 units a year, £10Vi~
ling produotioh methods'beoomedan attractive proposition.
. The size and type or units play an important part -in

daciding the production.method. The larger. linear components -
) snoplas beams and -columns are ?ore difficult to be produced by

v
4

R Y
.
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Fig. 39. @

Tilting Mould .
(hydraulically
operated)

. Jﬂ" + . Fig. L40.
9 ® Battery Casting

@ W -~ Wuld

—— (1) Frame "?‘
(2) Vibrating K
slement , &
,(3) Heating - &
alement i)
. (4) Hydpaulically ,’:?
v operated
— = rops for
b ' t:‘ : 4 gemg\‘ring the
D g ' parts of the
L _ w ] a - mould .
\ . : C ~— ~ (5) Pulley block

4

2 | NI R

i iy

—

a'ny' method other m (g{ationary production.

The reinforcement type is another factor which de-

)

cides the manufacturing process.’ For instance, if-prestressing
by means of pre-t.en'é‘:ioned wires is adopted, the members will
have to be made on ]:ong‘casting beds.on which the wires are

- ~

tensioned between abutmants at each end. o . .

———" .
™

Y



5.1.3 Moulds - ’
Tht moulds are an important item of the manufactur-
ing equipment of a precasting factory and theilr cost is a

relatively high proportion of the total financialkgutlay.

They have to fulfil a large number of requirements, since the
dimensional accuracy . of the units, and their quality is very
largely dependent on ‘the mOl._IldS. ~The materials used for con-

struction of moulds are: stesl, wood, concrete, 'plastics.

a) Steel moulds.--These are extensively used for precast

concrete because they a].mosb\'completely fulfil the requirements

of a good mould. However, they ax"e re‘,le.tiv.e'ly expensiire,\and

therefore it is necessary to produce very- iarge series "of com-\“

ponents or the moulds ﬁust be so designed to enable them to

be reused to: pz-pduce various cross s]ecti.onal shapes. E{teel

moulds are suitable for solid-web beams, columns, floor a‘nd

wall units. . For the production of beam units, Vibrators

are mounted on the mould, so that the latter beeome’e to all Q

? intents and purposes a wfibz;ating table. The houlds for floor
and wall units are often designed ae vibrating tables. For

frequent' reuse the moulds should be of robust’ construction.

E b) Wooden moulds.--g‘hese are preferable for production S

\\ ' !
‘ i

- .

) .

of small series of components. However, ir. such moulds are

. a ' constructed to the requisite standards of workmanship, they ' ‘

. do not work out much cheaper than steel moulds. The corners k -

of the moulds are often stiffened with ateel plates or sheets.

— There is a considerable adhesion between wood and - concrete,

for which reaeon it is desireble to provide moulds with. linings
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21 J

of plastic sheets, etc. Timber moulds for columns and beams

moulding easier and easy to clean. Wood as a material for

. ’ o '

o moulds does not present the volume stability of %teal‘Ni? ?P‘
teriorates more rapidly.

c) Concrete moulds.--These are primarily used for the

manuracture or roof and floor units and for shells, folded
flat structures and the 1like. They enable a high%ree of

¥y
dimensional &ccuracy but are not suitable for making any mod-

< ification and are expensive from the point of view of main=

tenance as they damage - easily.l The concrete/surfaces of the .

) - mould must be ground smoothly, otherwise it will not be boss=-
. ' /' - u .

i ible to demould the units easily.

-

)

d) -Plastic moulds.=--Plastjc moulds, especially those’

made of glass fibre-reinforced plastics, have come into wide-
- ! : N
spread use. Their great advantage is the ease‘and freedom

of shaping and low weight. Alig, the'se moulds have good

;‘f; ' volume stability but these require more maintenance than

. stesl moulds. The moulds have ‘smooth surfaces, and the units

°

, . ‘ , .
/ cast in them can readily be demoulded.
"5 ) S5.1.4 Concreting T .

- ° . or in individual moulds. The, fechniques basically applied in
p concretiggraxe vibratory compaction,and extraction of excess
!~ l.r'&h
wat r by. adq n.. Vacuum suction snguld always be applied }n

conjunntion with vibration. Vibration of the coporete can ve

!
may be treated with suitable mould lacquer which makes the de--

. The compenents are cast on prestressing long beds i
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. done by: internal vibrators or lmmersion vibrators; surface'

<

fibrators; external vibrators; and table vibrators. Iaternal~ -

vibngtors are less and less rrequently used for precast come~
ponents axcept for columns and solid-web beams. External
fibrators are used rqr the manufacture of linear components
such:as columns and beams. Table vibrators are suitabie for :

producing precast slab and wall units, and enable & high rate

of production to be achieved.

v g.1.g Garing

In the manuractqre of precast concrete,units under
-

factory conditions, and also for serial production of com=-

-

ponents on site, it is usually necessary to employ artificial

means of accelerating the hardening of concrete by appropriate

- —puring treatments to increase the outpat for better utiliza-
tion of moulds and of t:j whole manuracturing plantq The

) curing process essentially consists of heat treatment which

can be applied by any one of the number or available meana
the concrete may be heated’by means of steam, warm water, '

warnm air, Warm oil, or electric current' With artificial\

means the requirad-strengths, 25% to 60% of the final atrength,

. for demoulding and‘removing from gasting beds, can be achieved
B . . i
o in as little as two to four hours.

0 N . . \
- S.i.G Layout of Plant‘ T

\

P v .
-

— . ' Somef%ypfoal layout of plants for manuractaring/

[P

precast concrete components are 'shown in‘Figs. h1 to 43.

However, the layout will dirfer in each 1ndividual case

' d ©
. : ) ¢ &

v, N .t
o ca®
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dependiné uﬁon the size of plant 9nd avail:.ﬁilify of land’
Tha avex-age cost of a prefabricating p’lant, capable of pro-
ducing 2000 to 2500 flats per year, is betwaaxg $1 to 3 million
(excluding land and buildings). Most plants t%pl that they
must pfoduce at al‘ﬁ.!t 500 flats per year to brea}c\evon. Many

‘of thegm produce 1000 - 2000 flat par year. Econo\iny inc?u‘os

v
1

uith boﬁ)volume or work.

-

5’-2 /Lifting and, Erection ~ ‘ . A
" Lifting npplinncea s:;llé for the eﬂction of

P cast concrete -structural. confponontd are:

" a) truck-mountsd' or crnwlar—nounted mobilb cnnob, .
i .
® b) derricks,r ; ! : ' . oL

) c)ﬁ tower oranes; s ' ,
*d) gouath cranes. i : '

1

Mobile cranes are the most suitable lift‘ng npplianou

2

' ;for the erectign of shed type industrial or low rise buildings.’

3%
')

Suohku%ldings generally come within the \wog'king reach of this
crane. Mobile crané\ are available with lifting oapacities of .
-as3 much as 200 ton and Qu&rds and may bo up to 80 metres high.
Obviously, wlth such cran@s, almost any conceivable industrial
building can be erocted /without difficulty. These are relative-l
\1y expensive in terms \ot‘ initial cost, operation, and mainter-
ance., - T ’ v
-~ ®berricks ‘are -amongst.the oldest types of lifting
\"ﬂappliai;;e. ‘?k;eir mgin &dyéﬁﬁaie.is their isimpl:l.ci.‘t‘.y ﬁd re=
r

latively low cogt. On the othez; hand, they are awkwarl to
. N ‘ o A ? . .
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o due to the ‘following ceuses:

< ‘. -78- » ) ) L Y
. { A - - . W

' move t03§ fresh"working position and have only limited slewing

'oapacity, so they do little more than hoist the components. ’
Tower cranes are especially suitable for the ereotion

.\of multisgo?ey buildinga. They are useo in tse oonstruction .
of prerab?icated industrial bui%dings if the structural com=- .
'ponents ﬁpe;not very heavy and a large number'or tﬁ%m can be
erected by the crene moving along on one and ﬁhe same set of
tracks. It is most wide}y used appliance in building con=-
struction, inclqdiég traditional buildings, because {t‘is a
economioal_piece of equipment. The maximum’ capacity of tower

) . o <,
cranes is 200 ton-metres, i.e., 4 maximum %f 20' ton can be

.1ifted at a radius of 10 metres.

\\V?;?;\ Tolerances ' S - o

' The dimensions of precast-concrete units are never . ,

exactly a§ theopetically specified. Tolerance 1s the limiting '

_value of the admissible deviation in.the size or shape of the

"finiahed pretaprioate fron the design requirement. In praotioe B
1t is impossible to make p%oduots whioh will have exact’ design
dinensions. In fact, extneme preoision is pointless, as in- ¢
accuracies are unavoidable-duringfereobion. As a’decrease in
foleranoes leads direotly'to increased costs of‘produqtion, R

“ timum values should be establishedu ‘h}so, large deviations b

.6
~lead to waste of msterials. The dimens;onal devietiona are’

1 -

a) Inacéurate regroduction of the design dimensigns in
.. v . T AP 4
actual structure; P J y e

. e , iy
. . b) Inaocuvate dimensions_gr the prerabricated components Tk

"’ S\t A ) e S

' A Ly Nt ‘
. . B

N .
|
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2

c) Inaccuracies of erection.

\
From a large number of measurements it has been
established that the deviations in the dimensions of prefab- : 3

ricated structural components can be represented by a . i

)

Gaussian’ distribution curve. 2 A _ - _ i

. _Because of this conformity ;o i /\\ _ ) -

with the statistical normal

distrﬁution, it is possible , 6 ‘
todttlize the methods of L . . \w

mathematical statistics and z - ‘

’ ‘probability analysis for de- 0 :’1% . B
termining the tolerences‘., as ‘ "‘2”,’ a Lo T ‘ -
the above mentioned indiv- Fig. 45. Normal dis‘tribution . a'

. of dimensional de- - b
idual factors, aie ‘mutually | " viations ‘ . %_%

i independent variables. The sourges of the deviations can also ;

be investigated independently of one another. The inaccuracies # -

U o in the dimensions of the components are dependent on: . 5

. a) . theé moulds SN _— = . h ,:‘é;

~ b) the nominal dimensions o . : - .~

¢) the nature of component. ) - . .

d) t‘x_:e‘ position during cgncreting. i
‘; The. deviations that arise during e:nui‘acture ‘comprise ' : :

h, ) a regular deviation and a rando'm erraor. The random variﬁtions

3 ‘ofrom design dimension are measured in terms of the mean devia- ) f{ig
- tion. The manufacturing dimensione \are nost arfected by the ’ g{

] .moul’ds. It is on the’ condition of moulds ,thatf the e’écuracy

fs 3 .
y o p{i{narily depehds., If th deviations depyd-w the natursé

\
. . 2 S
“ “ ‘ - ’ . a L

N ) .
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of componeﬁts and their position during concreting are also

taken into account, then the entire deviations associated with ,
~manufactqre can be determined from individual values in

accordance with Gauss's thsoécm: 0 "‘ﬁ\
e - Q7 + G+ ‘i's + T

where T denotes the mean deviation' which depends on mould, ‘ l .

G; denotes the mean deviation which depends ‘on nominal di-

[y ' . 5

mensions;qs takes account 6f the nature of components, and

ﬁ; takes into account of the position at the time of con=

creting. The inaccuradies of erection compxise three degree .
i/?papial freedom. . The individual deviations in the directions

of the co-ordinate axes can be determined and the resultant

‘ayviation can be calculated from
(

. ) F\(ﬂw ::v/<i:'+_qg + G} v

Since the tolerances are proportional to the defig-5 '

tions, the requisite tolerances c4n be determined from theé

known aevidtionsuassociated with manufgcturé and ersction of”

L]

the components. Depending on. the manufacturlng method and

0
possibilities for memedying any inaccuracies during - erection,

the components and the structural connections can be subdivw . }
ided into quality classes. : y . ! B
' Permissible tolerances for components as set by - 5

(4
Lo Vs , X

“Polish standards are tabulated as shown on page 82.)
>, T
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CHAPTER vI™

AR w

cqmgfmsxon's ’ L

To satisfy th&[ pressing demand and increase the
effloiency and productivity of ‘houésing, and ; ‘ r conser-
vation of construotion materials, 1ndustrializat,ion of the \\

( building trade has beoome a necesslty.

Govgrn/ments should fully recognize t}Ee need for
industrialized buildings. Having rec.ognlze‘él this need,
government and the.gublio must wholeheartedly 'partigipate
in its qasgptlon. To atart with, prefabrication is.often

. costlier than traditional met}hods because of tl;e amortiz;.-
tion of huge amounts of capital investments 1n equipmenk
and machinery. To make prefabrication ﬁaccess; the gov~

... ernments and local housing bodies should “pro,vide‘inOentives

N . ‘by financial assistance to the developers by &iving libere@.
loans at:-a lower mterest rate and capltal subsidies. and . i

' also assuring continuity of demand. \ |

To bring about a gradual change frpm‘préaitioﬁal R \

methods to ﬁrefg‘oricaw‘fed construction systems, teohnical L
institutions should iﬁt‘rodneé coufses of Ainetruotion on\pre=~
fabricatiohd fo;r educating-_prorg'ssipnahls. Also, there are A
st1ll many who' are hot yet prep’aréd to accept prefabricated |

.. buildings as they feel that it represents infertor and

‘, monotonous o’onstructip’n. 1t is, thérer.é,re, apparent that a .

»

considerable amount of educating the j:,ui:lio is required before
. ' J 'y . .

"1t is fully aépeptzod.. - A o 4 )
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. Prefabrication of housing also demands that architects
and engineers should be integrated. An architect must accept
the design disciplines of the system. 'ﬁe should donsider him-
sdlr as a member of the team and not the.leader. This 1is an

- essential prerequisite for the success of industrialization

of the building tra.de. ) * s

Developing countrig$ keye 1arge forcesd unskilled

'1e.bour and shortage of finanzial resources, and thus fe.ce) ‘
dilemmebegarding the apparent e.dvantages of industrialized
buildings. Complete mechanization is likely to create unenm-
'ployment pro‘blems and huge amounts of money are required to,

" be invested in . equipment. 'L‘o start with, partial prefabrica=-
tion, particularly prefabricated oomponents for roofing ahd e
floorinb, 1ong with traditional methods, :Ls best suited for

~— developling countries. Thi.s will pave the way for complete

. prefabrication as and when the conditions become favourable.
From a study of existing systeis, it is not ﬂ}’

that component approach isj‘etter suited than module. approaOh )

as’ it allows users need for diversificatio;'x and works, out’ !

cheaper as & lesser amount of money is required to be in- |

¢ vest_ed ,in equipment . However, before any particular”system

+ . .
of prﬁfabrication is chosen, its advantages must outwei-é{ the .

- ‘
A}

dissdvantages. | ‘ —

' The current trend to the limit state design philosophy

ﬁrequires a better understandipg of the behavious of j%ts and’
" connections not only w.’:tp respect to their strength but also

.their defoma.bility e{t various stress leVe':L_s. From the point




Y

meters that influence these characteristics. Altex;nate'

rcation and ease of coumstruction.

- 86 - ,,
/,\ t

of view of economy it 1s not feasible\f\o designstructures

s

to re:nst unusual or accidental overloadsx hout some struct-

ural damage. Enough reserve strength and redyndancy, should

collapse but that damage will be confined to the .

©

neighbourhood of the accident.

therefore needed: to develop ifnpz‘oved(strﬁctural‘ models for

=

predicting joint resistance and deformabili.ty%d the para-

desi‘gn details should be evalué.'ced, not onl rom the point &
of view of structural adequacy, but alsq fthe cost of fa.bri\-

[+N i3

v
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