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ABSTRACT

f

Very little research has been done on the nonlinear
. .

response of asymmetric structures although real buildings may

undergo plastic deformations in response to strong ground

excitation. Also, it is a'common design philosophy to permit

.
I

inelastic behaviour since lower design forces may be, used .

In this analysis, the nonlinear response of a torsion-

ally coupled single-story model consisting of a rigid diaghram
\

resting on three equally spaced frames i~ investigated. T~e

main concern herein is the peak ductility demand especially

at edges.
:/l-

A,limited parametric study is undertaken ~o identify

trends in peak ductility demand. The effects, of torsional"

coupling in nonlinear systems are also investigated. Real

earthquake records as well,-as an idealized sinusoidal excitation

are used as 'ground motion'. Two types of load-deformation

'relation are used: (1) the simple bilinear type which can !/

'.
•

, " !
adequately simu~ate the.dynamic response of steel'structural

i ,
ele~ents, (ii) the Clought~ degrading stiffness model to si~J

~ Ii:
ulate the hysteretic behaviouJ? of reinforced concrete .struc~Jr9:l '

. '.' ;' I

elements •. A gompar1son between both types is made to'asse1s!
• . I '

the sigr-l;:!-ficance of the type, of loa{i-defoJ:!1lation relation.,! I

,:1/
iI/'I.
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'CHAPTER I,

INTRODUCTION

.'

'\

-

.' \1.1 General'
,

In asy~etr~c buildings in which centers of mass and
I

stiffness do no~ coincide, lateral and torsional motions are

coupled even in ~esponse to pure lateral excitation.

. Numer~us Rtudies have been conducted to investigate

. ~', ~vihe linea:l' .elas~ic respo~se of asymmetric systems. For this
~. ,j .,,'

j" .... l~ ~

ty.pe of behavior, the nature of the problem has become well

understood and the controlling parameters and their effects
~ .. -, ~ .

are clearly kiefihed, ~

However~ there is a strong need to investigate the

~ hO~linear respo~ ,of asymmetric buildings since real build

_, :ngs undergo .~Yielding defo~ns in response to strong

,.' gi'ou.Qd excitations.- Also, it is a common design philosophy
_ J ~. .. f

'.

: to perm~t inelastic behavior even in case of moderate excit-

at1~~" becaus~ des1gn forces may be used. Hence, an

analysis whi9h includes plastic do/formations is required.

This is pa:ticularly necessary because ~e results and the
...
'1nformation available concerning th~ elastic respGnse can

\

not be extrapolated)kto the nonline~r case,
, . .

In this thesis, ,the nonlinear response of partially
;{.-

. asymmetric single-story struQtures with oilinear resisting. .
.elements is,investigated in respon~e to real earthquakes as

well ~s id~alized sinusoidal excitation. The main concern

. 1
"..



2

herein is the effect of different parameters.on the~peak

ductility demand .

In addition,to the simple load-detormation relations

(i,e" elasto-plastic and bilinear) whic~ can adequately sim-
J

,
ulate the dynamic response of structural s~el elements, more

complicated load-deformation relations h~~n ~eveloped in
. .

order to describe the properties~of structural reinforced

concrete elements. In order to assess the significance of
J . ~

the load-peformation relation type, a comparison of the
/

response of systems with bo~h types is very useful; such com-

parison is und~rtaken in_~his thesis.

Torsional ormations arise also in the symmetric

sJstems that include orne fiimpeifect" resisting' elements
~

(strength imperfecti n in wh±ch the onset of yi~lding pro-

duces some eccentric Tnis special problem is investigated

herein on static basis with particular attention to the

resulting loss of strength capacity of such systems.

l.i Review ~f Previous Research

vfuile "linear asymmetric structural systems have been

investigat~d in numerous studies, verY,little research has

been done on the nonlinear resp,0nse of such systems.

, The majorit~ of the .studies reported in·the literature

{

- ,.
have adopted an idealized single-story building as the mecban-

ieal model while a very. limited number have investigated the

,

rnult~story building case~
.,

<
1
4
\




























































































































































































































































