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Ratcheting A%�- �� ��'�! �	�"�
 1D ��" �� � �J�D

KL�4" �� ������ � ��M
 �&��' ���
 �� �� N��
"� B
�! ��.�" KL�4" �� 

��  ���.!�' �&��' ���
 �� ��# 1H  O;��:� �� ���
"� ��P�:� N���
 

���.!�' ��  �&��' ���$�6! ��.�" �� ��# 1H 1! 8�" �%�%0 ��" �D�Q��  

%���$ ��.

��6H�� �" I��4 �"�"� �	�� ��"R$��!

���
 ��' �� ��M
 � ������ KL�4" S"��"

�� �C�"�# 1H ������ T� ��' ���
 �&J� 1! ��' �U�� �- �=�!� V�W5 

��# Baseline ��W�� ���)* �� %�H.

���
����������� ����
��

4



Ratcheting A%�- �� ��'�! �	�"�
 1D ��" �� � �J�D

���
����������� ����
��

5



Ratcheting A%�- �� ��'�! �	�"�
 1D ��" �� � �J�D

���
����������� ����
��

6



Ratcheting  �0 1��0 ��
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����    ��# �� ��.�" �	�� ��! ��6H�� �" I��4 3
�* 1H �&��' ��!

�          Z�������

 Japanese Road Association Code (1990)  β=1

 MacRae and K. Kawashima (1993)         β=2

 Yeow, G. A. MacRae (2013)                    β=2.3

���
����������� ����
��

7



Ratcheting  �0 1��0 ��

e

P

M 
+

M 
-

���
����������� ����
��

8



 3�"�# �! ��  ����4�
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Grand Chancellor Hotel
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  GILD �����4�
 ��  1��� 8��- �

( 4.1.8.11.  Equivalent Static Force Procedure for 

Structures Satisfying the Conditions of  

Article 4.1.8.7. )

( 4.1.8.12.     Dynamic Analysis Procedure )

( 4.1.8.7. Methods of Analysis)
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  GILD  �����4�
 ��  1��� 8��- � / S��]�^4 �" �����self centering A�J�D

���
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��

S�:5�C� dupuis � ���(�  ��=� �"� 1H S"��" Q���D� _�!�� 1! ������� `�� 9 1�J!"� 1! a
�0 b����J�  SFRS 

�
". ��  c�J�
 �! 1�	Y b����J�  ���H �&J� 1! ��  c�J�
 �"�"� �$<�� Self-centering 1H 1�	Y b����J�  

��D�0 �(# N%��"� ���U�  1H �� d�:� S"��" GILD N%��J  ��=�! %:�J� ����� Q���D� %��J . 8�"�!��! �� *e��: 

8�" ������� �"�! SFRS �! �$<�� Self-centering ��  ����%W� �*��P�� "� f��
" %�H ��.

��  >�? �=�4 � �"��� �#�! ��  1	0�H �$<�� Self-centering �" ��4 ��=� %� � ���.

�"��� �#�! �5�J�H 1H �� �  �- ������ ���$g"� �! �� ���� ���=� �#�� �" �� ��! ���� 8��h* N��# �� �* ����� 1H 

Z�
- �� 1�Y�� �^P� T��
L0 %�%# N��=� �"�"� �$<�� Self-centering %��J .
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  GILD  �����4�
 ��  1��� 8��- � / V�W5 ��W�GQ A�
" S��] 1D 1!

���
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��

1^M=� ������ GQN 1H �"�! 8��:* α �� ��� 1���$ �%# N�
" 1! cJ���(� c�	J* SFRS �U�J! ��"�. �"��:! f�i� �"�! 
c�J�
 ��"��� 1H �� �- ����j ���
 �! �U�5 k���� �� �!"�! N���$g"� ��%W� l�%# GQ %��! �"��:! �U�5 ���$g"� �� ��� 
1���$ ��#. �� �5�Y 1H �"�! ��  >�? �%�!���� ��;�� �� ��  >�? �=�4 GQ %��! m�! 1�&F �� 8��* ��"�W! �5�Y �� 

��� 1���$ ��#.
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 ��  1��� 8��- � / V�W5 ��W�yQ A�
" S��] 1D 1!

���
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��

�� e��:* �&J� αN I�M� �JH )yQ(N ������ ���� ���� �� �!"�! �� ���� 1565� 1! �����* )��%! �� ��� 8���$ ���j� 
����" SFRS �"�! ������ �� �!"�! GILD( �
". 

yQ "� �"���� �! �� m�� e	�M� 8��:* ��H:

1- �" oR �!"�! ����� �&��'  �Y"�F 1565�

2- �" ������ �5���Y" SFRS �� ��"�W! 8��* qC
 c�	J* c�J�
 ����� GILD �� SFRS �- qC
 

m�� f�" �"%�� 1���W� � 1�"��H α "� 1�"�" % � ��.
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  GILD �����4�
 ��  1��� 8��- �

NZS1170.5

Section 4.5.3

Ductile and limited ductile structures, which have been designed on the basis of either
the equivalent static or modal response spectrum methods of analysis, shall be
assessed for their potential increase in lateral displacements due to ratcheting by
calculating the ratcheting index, “ri”.
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%& � %&,( � %&,)

%&,( �
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%&,) �
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*,

%&    Q���D� r4�#
�
   �* ��? ��' �! �j���� ������

�.%   �* e�:� ��' �! �j���� ������
�/   ���
 �&��' ������ S"���)*

 1H �*��] ��%&  �" ���H1.15 ��# 1���$ �%���� %�"�* �� Q���D� S"��" N%#�!.

 �$"1.15 3 %& 3 1.5 �P�F ��	W* � f��:� �(�*��
" ��	W* �" �%�- �
%! �&��' ��  �(#���)*  %��!

 %�! s!�C�7.2.1.3(b)  ��"%�" 1!0.75�%& 6 1� %�!�� t�"6�".

 �$"%&  �" ��$�6!1.5 # ���P�
" �C4��u ����� 1vM��* ��	W* �" %��! ���
 ���.!�' 8��:* �"�! N%#�!��.
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 ��IBC 2021   �� �ASCE7-16  ������� 1!GILD �
" �%=� ���#".
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Sمدل 
Baseline

OIمدل  Iمدل 

 �%:!�� ��  >�?
S��&F �"%:* :3 N4 N6 N8 N10 N12  �16  
`�P*�" � 1� � :��� 1
 S��&F `�P*�" � ��� ���D 1� � f�F �! 1� � ���D

�&��' k���� c�J�
 : ��;�� �<�� �=�4 >�? c�J�

�Y"�F ��  1��� 8��- :ASCE7  �AISC360

 �W* �=�"6�" �(������ ��	W*22  �J$ �" ��� 1565� ���H� �P'FEMA P695

 �C4��u f%�IMK

��:C? k%

                            ���H� ��:C? k%
0.4

              �Y"�F 3!"�� ��:C? k%
0.35
                  ���J5%� ��:C? k%
0.35

           � �U=����- ��"� ��:C? k%
0.35

       c�J�
 �	H ��:C? k%
0.75~ 0.726
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ACMR10%SM  ACMR 20%SM  ACMR  ACMR  SSF  CMR  Tµ  0Ω  ‘ ö⁄  

Performance group NO.1  

18  47  3.079  2.756  1.31  2.104  6.25  3.1  S3-0  

18  33  3.079  2.501  1.31  1.909  5.38  3.3  S4-0  

18  109  3.079  3.921  1.43  2.742  7  3.2  S6-0  

18  78  3.079  3.344  1.49  2.244  6.77  3.0  S8-0  

18  48  3.079  2.776  1.49  1.863  5.67  2.7  S10-0  

18  88  3.079  3.533  1.51  2.340  6.09  2.9  S12-0  

18  45  3.079  2.723  1.48  1.840  5.4  2.4  S16-0  

Performance group NO.2 
3 37  2.689  2.568 1.26 2.038 5  3.3 OI3-5 
3  33  2.689  2.499 1.31 1.908 5.4 3.4 OI4-5 
3  77  2.689  3.329 1.4 2.378 6.25 3.1 OI6-5 
3  54  2.689  2.891 1.46 1.98 5.98 2.8 OI8-5 
3  24  2.689  2.339 1.51  1.549 6.02 2.4 OI10-5 
3  33  2.689  2.508 1.52 1.65 6.27 2.3 OI12-5 

Performance group NO.3  

-3  30  2.535  2.439 1.25 1.951 4.67 3.2 OI3-7 
-3  39  2.535  2.616 1.38 1.896 5.62 3.3 OI4-7 
-3  66  2.535  3.126 1.37 2.282 5.59 2.9 OI6-7 
-3  49  2.535  2.803 1.45 1.933 5.76 2.8 OI8-7 
-3  29  2.535  2.42 1.52 1.592 6.2 2.4 OI10-7 
-3  28  2.535  2.402 1.57 1.53 7.13 2.3 OI12-7 
-3  3  2.535  1.939 1.47 1.319 5.26 2.3 OI16-7 

Performance group NO.4  

2  15  2.659  2.165 1.24 1.746 4.83 3.4 I3-5 
2  53  2.659  2.869 1.35 2.125 6.75 4.0 I4-5 
2  29  2.659  2.417 1.41 1.714 6.73 3.4 I6-5 
2  69  2.659  3.186 1.49 2.138 7.36 3.6 I8-5 

Performance group NO.5  

7  29  2.78  2.424 1.24 1.955 4.67 4.0 I3-7 
7  40  2.78  2.635 1.33 1.981 6.35 4.0 I4-7 
7  44  2.78  2.699 1.41 1.914 7.07 4.0 I6-7 
7  79  2.78  3.36 1.49 2.255 7.34 4.2 I8-7 

 

 S"��" ����� V�W5 ��%! �  f%� �" ���5 �!����" w����GILD �Y"�F ��

���
����������� ����
��

W* ��� ���:� �� 1H �
" f�&? �!�? c�J�
 ��(	�
 �����%!�� s�:

 1565� �W* m6����� f���Y" 3
���MCE  ���$ �  �"�!
 ��(	�
10 %#�! ���H �� %]��  .

 1565� �W* m6����� f���Y" 3
���MCE  f%� �  �"�!
 ��(	�
 ���$20 %#�! ���H �� %]��  .
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 S"��" �" �#�� ���
 �&��' ��(����)* t�"6�"GILD �  f%� �Y"�F ��

���
����������� ����
��

�P��� f���H ��! Z�H�*

)rLL+(0.5+hE+PartitionLD+

D  ���� ��!

PartitionL  �%�! 1)�* ��!

hE  1565� ���" ��!
L  �%�� ��!

rL   k�! �%�� ��!

ACMR10%SM  ACMR 20%SM  ACMR  ACMR  SSF  CMR  Tµ  0Ω  MTS
  ‘ ö⁄  

Performance group NO.6  

28 43  3.332 2.696 1.27  2.123  5.31 3.4 1.5 OID3-5 
28  52  3.332  2.851  1.31  2.176  5.46  3.5  1.24  OID4-5  

28  113  3.332  4.012  1.42  2.825  6.72  3.4  0.89  OID6-5  

28  115  3.332  4.041  1.5  2.694  6.88  3.4  0.7  OID8-5  

28  64  3.332  3.076  1.51  2.037  6.00  3.1  0.59  OID10-5  

28  76  3.332  3.314  1.54  2.152  6.55  3.0  0.5  OID12-5  

Performance group NO.7 
29 46  3.368 2.74 1.28  2.141  5.81 3.3 1.5 OID3-7 
29  55  3.368  2.91  1.31  2.221  5.31  3.6  1.24  OID4-7  

29  110  3.368  3.956  1.41  2.806  6.59  3.5  0.9  OID6-7  

29  110  3.368  3.955  1.46  2.709  6.62  3.2  0.75  OID8-7  

29  80  3.368  3.389  1.53  2.215  6.35  3.2  0.59  OID10-7  

29  69  3.368  3.17  1.56  2.032  7.02  2.9  0.53  OID12-7  

29  84  3.368  3.458  1.49  2.321  5.59  3.3  0.414  OID16-7  

Performance group NO.8  

67 77  4.364 3.319 1.28  2.593  5.87 3.7 1.5 ID3-5 
67  100  4.364  3.756  1.35  2.782  7.07  4.7  1.32  ID4-5  

67  161  4.364  4.915  1.41  3.486  7.18  5.3  1.01  ID6-5  

67  191  4.364  5.467  1.49  3.669  7.92  5.5  0.83  ID8-5  

Performance group NO.9  

70 81  4.436 3.401 1.25  2.721  4.94 5.0 1.5 ID3-7 
70  108  4.436  3.918  1.31  2.991  6.00  5.5  1.41  ID4-7  

70  177  4.436  5.199  1.41  3.687  8.50  5.5  1.125  ID6-7  

70  178  4.436  5.224  1.45  3.603  8.70  5.5  0.96  ID8-7  
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� �&JACMR  1! wH ���
 �"�"� ��  f%�ACMR  ��  f%�Baseline  Z��� ������α  x�
"�! �  f%�NBCC2015
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��"�#N ����J�"N r^M*N yL4" 1��Y �"N 8F� ��
�0 � %��" 1! 8�4�
 ��"��� 
���!N �� ���H �JH �.(� z�' �� ��#. ���%�W� k6�6
 ��M��" c�(�� !1 

��
�� �! �* � %] x�J�" � {��� 1! f�Y 1�  �� 1H �" ���#"� k��W� �%#c.

�"�! �� �
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