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ABSTRACT 

Asymmetric buildings with centre of storey resistance 

different than centre of floor mass respond to earthquake 

excitations in coupled modes producing both lateral and torsional 

motions. Both elastic and inelastic responses of such idealized 

torsionally coupled systems to ea比h四ake excitations have been 

a topic of considerable interest in the past. However, results of 

previous studies lead to conflicting results mainly because of 

the different types of models used in the study. Also,some 

important factors,which make the findings more general,were not 

considered in the previous studies. Chief a皿ongst the皿 is the 

randomness of ground motion. Other important factors include,two 

way eccentric system、皿iti-component ground motions incident at 

an angle,and soil-structure interaction. There fore,elastic and 

inelastic responses of torsionally coupled system to seismic 

excitation are re-examined here keeping in view the importance of 

the above factors. 

The torsionally coupled system consists of an idealized one 

storey 3-D structure with a rigid s四are deck supported on 

weightless columns and walls. For elastic analysis,base of the 

structure is assumed as fixed,while for inelastic analysis both 

flexible and rigid base conditions are considered. Seismic 

excitation is modelled as both stationary and non-stationary 



the present wori 

i. Elastic response of 

is given below: 

the torsionally coupled system to 
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process . Time 	histories 	of random ground mot ions are 

artificially generated from specified Power Spectral Density 

Funct ion 	(PS DF) 	of ground motion . 	Non-stationarity is 

inco印orated 

different 

histories 
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by modulating the stationary process using 

rms of envelope functions. An ensemble of 30 time 

ground motions is used. Summary of various s切dies 

both stationary and non-stationary random ground motions is 

obtained by integrating the e四ations of motion using Newmark、s 

βーmethod. From the ense加le of response ti血e histories, the mean 

peak responses are obtained. The parametric investigation is 

carried out in terms of system parameters which identify the 

dynamic characteristics of the system. They include uncoupled 

natural frequency (lateral)in one direction ( Wx）・ ratio of two 

lateral uncoupled natural frequencies (Wy/Wy) 、 ratio of uncoupled 

torsional to lateral frequency (W'/Wj and eccentricities in the 
ー 	一 り 喝フ『 」L. 

two directions (Ex and Ey）・ The variations of the mean peak 

response with the above parameters are investigated under 

different conditions (namely, one and two component ground 

motions incident at an angle）・ 

2 . Inelastic response of the torsionally coupled system to 

stationary random ground motion is obtained for investigating 

primarily its ductility demand. 	The response 

time domain y 
b
 solving the incremental form 

is obtained in 

of e四ations of 
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皿otion with the help of a suitable n叫erical integration 

algorit面． The yielding of individual el叫ents of the 如del is 

checked at any instant of time with and withoutconsidering the 

interaction be加een shear forces in two principal 

directions. Mean peak inelastic responses (ductility ratio and 

mean peak torque) . are determined fr0皿 the ense晒le of time 

histories of response.Also,statistical characteristics of the 

various response quantities are derived from the same ense助le. 

The parametric study is conducted under the same set of system 

parameters and conditions mentioned before. 

3. The same study is carried out for non-stationary seismic 

excitation mnorder to investigate the effect of non-stationarity 

on the parametric behaviour of the system. The study is,however, 

confined to two way eccentric system subjected to two component 

earthquake only. Rest of the para皿etric variations re皿amns sa皿e 

as those for the case of stationary excitation. Further,the 

response of mass-eccentric、stiffness-eccentric and stiffness and 

strength-eccentric systems to non-stationary random ground 

motions are compared to study their characteristic differences in 

so far as their inelastic behaviours are concerned. 

4. Inelastic response of flexible base torsionally coupled 

system is. obtained for random ground motion modelled as both 

stationary and non-stationary process and investigated for a 

parametric study. The stiffness and damping coefficients of 

soil representing the dynamic resistance for soil structure 



vi. 

interaction are considered for two horizontal directions and 

three rotations about the principal axes(i.e x, y,and z). The 

study is conducted for two way eccentric system subjected to 

two component earthquake. The base flexibility is varied by 

changing shear wave velocity Vs from a very low value to a high 

value depicting nearly the rigid base condition. Parametric 

study is conducted primarily to study the effect of base 

flexibility ori the ductility demand of torsionally coupled 

syste皿． Also, it is ai皿ed at finding out how the inelastic 

behaviour of such system varies with important parametric 

variations . 
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