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Parametric Seismic Performance Evaluation of Tall Steel Moment Resisting 
Frames With Shear Walls 

Abstract 
In this paper, parametric seismic performance evaluation of tall steel moment resisting frames with shear walls is 
presented. The performance point of each frame is determined by principals of capacity and demand curves.  The 
evaluated frames are of 15, 20 and 25 storey. Effective damping of each frame is calculated using ATC-40 method. 
Effect of parameters such as shear to wall stiffness ratio, total structure stiffness to frame stiffness ratio, wall width to 
structure height, number and width of bays, and height of the frames to seismic performance are considered and results 
are evaluated for immediate occupancy performance level. 
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é- Immediate Occupancy  
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Codes FEMA 

273 
Mean Return 
Period Years 

Probability of 
Exceedance 

  72 50% in 50 
years 

  225 20% in 50 
years 

Design basis 
earthquake (DBE) BSE-1 474 10% in 50 

years 
Maximum Capable 
Earthquake (MCE) 
Or Maximum Credible 
Earthquake 
Or Maximum Considered  
Earthquake 

BSE-2 2.475 2% in 50 years 
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EARTHQUAKE DESIGN LEVELS 
(SEAOC VISION 2000, 1995) 

Probability of 
Expectance 

Recurrence 
Interval 

Earthquake 
Design Level 

50% in 30 years 43 years Frequent 
50% in 50 years 72 years Occasional 
10% in 50 years 475 years Rare 
10% in 100 years 970 years1.2 Very Rare 

�µÁ|m������ÉY�Ã��·�É�Ë~a���y�sÂ�� SEAOC��� Á����
 
������{�°̧¼��sÂ����

�É�Â§��Y�¬f�Y�,{�°̧¼���Y�e�¾Ì·ÁY��IO������Ä/̄�d/�Y�½M�¹�̧f/�»�,

�������½Z/ËZa��Y��/a�0Y�Â/§�Á�Ã��/·�¾Ì/»���Â/«Á�Ê���{�0Z»Á�·�½Z¼fyZ�

¾Ì»��|�Z]�É�]�Z̄�¶]Z«�,Ã��·����¾Ë�/yM�����Y�d/ ¿Z¼»�,{�/°̧¼���Y�/e

�\Ë�ze��CP�Ê»�Ã|ÅZ�»�ÊËZm��{�,��|u����{�½Z¼fyZ��Ǟ�{Â�
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2�- Immediate Occupancy 
3�- Collapse Prevention 
4�- Life Safety  
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1�- Basic Objective  
2�- Essential Hazardous Objective  
3�- Safety Critical Objective   
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4�- Hysteric Behavior  
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Ê»��Y�«���¿�|»�,Ã�Z��Ȩ̂ �̄�Zf§���Á��|Å{�������Ä/]�Ä/r¿M�Äf̂·Y

                                                                            
1�-Federal Emergency Management Agency 
2�- Applied Technology Council  
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Ê»�¶¼fv»�Ä·�·��º¼Ë�̄Z»�ZË�s���Ä·�·��|�Z]����
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��

                                                                            
3�-Demand Curve  
4�-Capacity Curve 
5�- Performance Point 
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ºÌÅYÂy�ZÆ¿M�Ä]�|¿�Y{��ÌiPe�Ã�Z��{�°̧¼���{�,dyY{�a����{

Ê»�d�{�Ä]�Ã�Z��{�°̧¼���{�ZÅ�f»Y�Za�¾ËY��ÌiPe�d¬Ì¬u�|ËM��

��YÂË{�Á�[Z«�Êfz��d̂�¿�½Âr¼Å�ÊËZÅ�f»Y�Za��ÌiPe�Ê���]�Z]

�[Z«�Ä]�Ê��]��YÂË{�Êfz��d̂�¿�,Ê�¼y�[Z«�Êfz��Ä]

Ä¿ZÅ{�{Y| e��iY�,Ê�¼y��µÂ���ËY�§Y��iY�,cZ¬̂��{Y| e��iY�,ZÅ

{Ä¿ZÅ���YÂË{�����d̂�¿��iY�Á�cZ¬̂���Z̈e�Y��ËY�§Y��iY�,ZÅ

Ê»�,½M�¶̄��Z̈e�Y�Ä]�Ê��]��¾Ì »�º�¿�{ÂmÁ�c�Â���{�½YÂe

Â¼¿�h�Z]�,�Â]�»�ÉZÅ�f»Y�Za��Y�¹Y|̄��Å��ÅZ̄�ZË��ËY�§Y�Ǟ�{
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cZ¬̂��{Y| e���¿��Y�½Ấ¼Å�ÉZÆ]Z«�ÉY�]�É{ÓÂ§��
��

0.009

0.01

0.011

0.012

0.013

0.014

0.015

0.016

0.017

2 2.5 3 3.5 4 4.5 5
Total Stiffness of the Structure / Total Stiffness of the Steel 

Moment Resistant Frame 

Pe
rf

or
m

an
ce

 P
oi

nt
 D

isp
la

ce
m

en
t /

 H
ei

gh
t 

of
 th

e 
Fr

am
e

5 Span
3 Span
Log. (5 Span)
Log. (3 Span)

��
�¶°�����Ê�¼y�[Z«�Êfz��Ä]�Ã�Z��¶̄�Êfz��d̂�¿��iY

{ÓÂ§É��ZÅ�Ä¿ZÅ{�{Y| e���¿��Y�½Ấ¼Å�ÉZÆ]Z«�ÉY�]��
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 eÄ¿ZÅ{�{Y|�Ã�Z���Zf§��ZÅ��Ê¿Zm�dÌ¿Â�»�d¼��Ä]LS��¶Ì»
Ê»�|À̄���¶°��Ä]�Ä mY�»�Z]������½{�̄�¥~u�Z]��Â�Â»�¾ËY

Ä¿ZÅ{�{Y| e��f»Y�Za�d�Y�Ã|Ë{�³�ÄWY�Y�ZÅ���Ã|����Y�]��Â�y
Ê»�½Z�¿�Á�|¿�Y{�Ây�]�Ê]Ây�d«{��Y��{�Â»��{�Ǟ�|Å{
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