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SCOPE AND CONTENTS:

~e the~i8 s~ortance.o~ torsion in

storeJ' bUildings haying asymmetric la,youto:t shear,

A method O~hree'dimensional ana13sis based on the

continuous approach, has been developed. ;Tbe probl~ ot

torsion in a two wall' core structure has been examined in

detail including a test on'a plexiglas model. ~ h e method

o~ analYsis presented in this thesis is general enough to

deal with buildings with a large number ot shear walls in,

plan and allows variation of structural properties along the

height o ~ the b U i l ~ g . A number o~ representative examplee
, '

are worked out to demonstrate applicabilitl' The use o ~ the

method in ~ t u d y i n g the dynamic properties otmulti storey
\

buildings is shown. The'response ot a torsionally un-

balanced building due to the application ot a bidirectional

earthquake,is examined. BSsed on these r e a u l ~ s , recommenda

tions are made on tlie etructural behaviour o ~ such bUildings.
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, cHAP'l'ERI

" IN'l'RODUC'l'ION

1.1 'Hlh-Rille Buildin s ,'and the seof . S h e a r W ~ l l s

, : :.

Many ,high-r~Se'~uildingS have ,been constructed in

different .cities',of the world. 'rhe trend of construction

of high-rise. buildings for'both office and residential'

purposes is r a p i ~ l y increasing. 'rhe main, reasons for

this ~ r e n d are. the inc:r::e,ase in population densities due

to urbanization, the growth of population and the high
~

cost of l,anj in urban a ; ~ a s : 'rhe economic prosperity and,

the technological advancement ,are also partly responsible
; ..

for the evolut!on of tall buildings.' 'In many cases, tall

buildings' evolve as ,prestige symbdls for commercial enter

prises and organisations.

Although the construction of .high-rise b ~ i l d i n g s

has solved the problem of usable space in urban areas, it

,has caused many environmental,P!'7~boloS1cll~ and social

problems. 'rhe construction of, tall buildings in the.'
..

neighbourhood of low-rise dwellings may spoil t h ~ , e x i s t i n g

I

urban aesthetics. It can also aggravate traffic problems

if the location does not fit into the e x i s t i ~ g planning of

1

1,-
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the oity; . C l O S ~ l Y S p ~ c e d high-rise buildings may also
, . .' . , . . -.. -.' - . . ,

causepollution'p~oblemsand'obstruct sunlight ,to the.'. . "-.', -' '. .

adjacentproporties oA child brought up in high':'rise
. " ., . . . !

i .i
I .

! .

.J
(,

other groups.

problems for which the tall buildings are criticised in

I

..
, ,

, ,

•

,

i
!

: .

, .

i,,

1 -,,
I,

1-

I
~

•
1
I
j
J
1

I
,I
'I
•
j
I
1

I
j

I
J

,

\

,

a joint effort of city planners, architects,

the recent times.

,

solution,
I

engineers and social scientists is necessary to eliminate
\ ::-:-

or minimise these "problems. Not only each gro'up of
a .

specialists Should'provideksolution to the problem facing

them, but also should be aware of the problems facing the

'l'he extent to whioh tall buildings are responsible,

( for all these problems is a debatable ques tion. However,
\. 'I<
"-it is recoeP\lsed that the construction C?I more high-rise
\ ','

buildings is a feasible solution to the housing p r o ~ l e m

·in the near future. There fore, to make this ail acceptable

buildings has less ,chance t o e x p l o r e a n d ! l ' a n i p u l ~ t e t h e "

,',' ~nyiroriinent.'\.' 'l'his may 'adversly affect the R a y ' a h o ' ~ Q . s i c a . l

development of the' ch1ldin future yea.rs. 'l't1e inhabitants

of high-rise buildings often eXhibitg:reater fo.eling of

indifference' and withdrawal ,towards neighbours 0 'l'his is

in contrast to the dwellers of low-rise houses (10)'. 'l'he

crime rate in high-rise buildings is higher compared to

relatively low-rise' buildings (13) • 'l'hese are some of the

"

,
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In addition to these ~ n v i i ' o n m e n t a l , P8,Yoh61Qg10U
. r' ' . '," ,

aid .social problem., .there r e m a i n m ~ y e n g i n e ~ d ~ g . ~ d ' .

tech~ical"pr~blems 'as~~c~atedWith' tall ~ u H d i n g l l conlltruc

t i o n ~ To p~~~ideetfiCient el~,jati~g' devices'f~r the
.' \ . .

<users, t h e o p e r a t i o n ~ f h e a t i n g i m ~ ~ O O l i n g ststems,the

supply of water and, electricity, to .provide t leppone and
. ,

.

~; .
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r . ~:

.... " ..~

· .
i·

.,; "i

·,., '

. j,'

- ~., ',,

"

I,

I',
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\

other communication, throughout the building, to ,
" ;' , '

,

provide safety a g a i n ~ t fire hazards, to p r o v i d e ~ 8 t r u c t u r a ~

s a f ~ t y to withstand wind and earthquake effects, to devise
. .

new construction materials an4 improve construction tech-

niques arc some of these problems. This thesis deals

with one aspect of these p r o b l e ~ s associated with tall
the

buildings, namely, the study o f k d e f o r m a t i o ~ behaviour of

high-rise buildings of shear wall construction ~ u b j e c t e d

to lateral loading s u c ~ , as wind loads and, loads caused '.

by ~uakes.

) structural components such as walls, beams,

columns and floor slabs form an irltegratedstructural

system of a'building, The structure' and its components

support the vertical and lateral loads applied to the

building. The vertical load' arises due to the self
£,

weight of the components, the occupants and ,other objects
.

broadly classified ,as live loads. The lateral loa"ds

arise'" due to the action of w u t ~ earthquake or blast
"
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dedgn a structurally ute building, it is necesuryto .
, . ,~' , . ". :.,., '- ' . " '

tind,tho load taken byoaoh componont, sP, that,oaoh

componontcan b ~ dosignod a c c o r d i n ~ l y •. Porthat roaGon
... . .. '. '

" .. , ' ~: .

'eftect •. Ditterent structural loadli to boRcnddorod in ., .
the d••.ign ot 'build'ing.· are given in the Nationill

. "",'", " ~ '£ ':

codi ot Canada (49 ) and SEAOC ROcOlriinondation'<'O) •

..

"." "

..

a structural' ~ a l Y s i s is needod • The" noxt stop is to. pro- .
•

portion tho c9mponontssuch that the'criteria tor strosses
. ,

•
IIfId dotlections are Jsatistied. The, Canadian structural

"-

Design Manual <,8) provides guid'ance 'in the d08'1,gn ot
. .

~,' .. ,

structural components w ~ t h stool, reinforced concrete,
,

prestrossed con'crete and other matorials., \
v· "

In high-rise buildingsJ the consideration' of
.!
L

y

deflection due to lAteral loads becomes particularly im-"

portant. For that reason ~ t is n e c Q s s ~ r y to provide
.. ,

adequate lateral sbiffness. ~ o the structure. This lateral

stiffness can be'provided by using various specially de-
. . .

. signed structural systems. The response of various

structural systems due to lateral loads has been compiled

in the ACI ~nuni ttee Report (1). Among these systems, the

use of reinforced concrete shear wall as vertical and

lateral stitfening'elements has become very conunon. In

such a system, the h ~ g h in-plane stiffness of the shear

walls is employed to resist the lateral loads. The floor

I
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the lateral loads among , t h e w a l l s . T h e c o m p l e X i ~ t e r a c t i o n. " . . '. . -.' ...' ' . --' ,

-, . slabs whIch are very stiff in their OWn 'planes di'stribute " '

of the stiff floors with· the walls incrreases the lateral

stiffness of the structure. " B e s i d e ~ a c t i ~ g as load bearing'

(..,-: f...

. ,

;-~l\llS, 'these shear walls', act as internal partitions ;. acoustic

barriers and provide fire divisions within tl'1e building.

The arrangemerit of ,shear walls ~ - t y p ~ C a l ' ~ p a r t m e n t b u i l d -. . /,.

,.'

mainly to form a service core for the staircases and ele-

ing is shown in Figure (1.1). 'The shear walls are mainly

located· on both sides of the corridor. The elevator shaft

and stair well is aiso enclosed by shear walls.' In an

, '
office building,' the arrangement of shear walls is.different.

The shear wAlls are located at the center ,of the building
l

~
I

(.

I
1 0

I

I
!

vators. The central core is surrounded by columns which

are interconnected to form different structural frames.

The arrangement of shear walls in a typical office building

is shown in Figure (1.2). The present thesis is a study

of these types of structures and their s t r u c t u r ~ l behaviour

when subjected to lateral loadings.

,.
. ,~ .
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1.2 .. Review. of Past 'Works
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•
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.When theshe.ar walls are .arranged i? asymmetric \

manner·inthe plan of the buildirig,wind ·andseismic loads

will cause t r a n s 1 ~ t i o h a l displacements 'only.· In these·
..

". :...,' _ .... $> " ...

cases, the deformation of the b U ~ l d i n g · ~ s confined to a
~' \ ~"

'"plane. and the l o a d - d i s p l a c e m e n t ' b e h a v i o u r ' o f t h e s t ~ c t l ! l ! e

can be d e s ~ r i b e d by a two-dimensional ~ a l Y 5 i ~ •. T h ~ •

. common exampJes of symmetric buildings are the apartment

bufldings ~ i t h two-parallel sets of regularly spaced shear
I ..

walls. In such c a s e ~ , the behaviour of the whole b ~ i l d i n g

can be studied from the two-dimensional behaviour of a

typical pair of shear walls. The shear walls may be

"coupled either through the floor slabs or floor b e a m : : s ~ or /

both. This class of problem is generally known as the "

plane coupled shear walls problem. The analysis of'uni rm

... ' .., .

\ ..

, .
'..

static loading has

ErikSeon(27) and

Pla1e coupled shear walls subjected to

~ . . (11) . (2)
been presented by C h ~ t t y , Beck ,

Rosman~(54,' 55). Sets of design curves for a few common
. -

loading cases are presented by Coull and Choudhurry(17,lS). .

Extensions to cover the cases with non-uniform shear walls .)

are reported by strns(6), Coull and Puri(19, 20) T r a u m ~
Rosman (56) and Tso and Chan (79). The effect of the flexi-

./

<
;

.,
!

bility of foundation on

)

f

the

l
coupled shear walls is included

'.
'.:
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,
,
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I
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,in studies by CouU(22, 23),' Tso(72) and Tso' and d t ~ ( 7 9 ) . '

, ',The inelastic behaviour of t'- :,plane coupled ,shear walls

has been •studied by W i n o k ~ r a n d G l u ~ k ( 8 4 ) andPauUu'(52.).'

The dynamic properties of the coupled shear, w,llhas be,en

studied byTso a n d C h ~ ( 7 8 ) , ' Jennings and Ska£tum(41).An

approximate seismic analysis ,based on the" response spectrum

techhiqtie is presented' by Tso 'and Biswas (73,75). The

, ' / ' (36 1
multiple bay" planar shear walL has been treated by 'Hussein .' ,,
EI~holy and'~binson (26) and Coull and S u b e d i ~ 2 4 ) . The methods

of analysis m e n t i ~ n e d above e m p l o y e d ~ e continuo?s approach

..
~'

. ,I

,
,

....

;,,
, ,

which replaces the, ,c:onnecting beams between the walls by a

continuous distribution of laminae of equivalent stiffness.

Coupled shear walls can also be analysed as equivalent \
,

frames using standard'matrix structural analysis techniques.
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,
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t

to the edge qf the shear wall. The finite element ideal

isation has been proposed by MacLeod(44) and Butlin and

McMillan (7) • A'sOlutio~Of coupled shear walls by the

continuous approach, the equivalent frame method and the

~

The typical examples of this approach are the works of

candy (9) , MCLeOd(43), ,Schweignofer and 6croys(61) and

Stafford Smith (63) • The finite width of the shear wall
I

is accounted for by assuming sets of infinite1y rigid

beams connected to the colUmn of the equ.;l.valent" frame.

The length of the rigid beam is taken from the centerline
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Ess~ntialiy, the three , a p p r o a c h ~ s g i v e the same results
.', (1' .

for the cases ! i t u d i e d ~
,<

\ ' '
When symmetry does 'not exist in the 'plan of the

,build:l.ng" the lateral loads will' cause twisting' of the

A tWq-dimensional a p p r o x ~

.' '. .

'buildin~ inadc:1ition to translation.
, '

placementexists\in this case.

•
OUt-of-plane dis-

. "

,rmation becomes inadequate in determining the structural
,

/' behaviour of the building'and a ,three-dimensional analysis

-will be necessary. A review of the methods of three-

dimensional anslysis of tall buildings is presented by

S t a f f ~ r d Smith(64) and Stamato(67).

Treating the structure as a collection of rectangular

space frames with floor slabs' idealised as infinitely r i ~

diaphragms, Weaver and Nelson(82) developed a three

dimensional analysis of multi-storey buildings composed

of frames. Neglecting the transverse stiffness of the

floor slabs W i n o ~ u r and Gluck(84) presented a method of

three-dimensional analysis of asymmetric'multi storey buildings.

The stiffness matrix of the structure was determined from

the stiffness of the individual elements and the rigid in

plane, diaphragm action of the floor slabs. Using the stiffness

matrix approach, Heidebrecht and Swift(32) presented a

method where the ooupling action of the floor slab was

. '.
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