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Evaluation of ASCE7 Simplified Procedure For 
Estimating Maximum Seismic Displacement of 
Structures with Friction Pendulum Isolators 
under Near-Field Earthquakes 
 
Seismic base isolation is a practical solution to reduce the seismic 
demand on civil infrastructures. In this paper, the maximum 
displacements of friction pendulum isolators resulting from 
simplified method prescribed by ASCE7-16 are compared with the 
results from nonlinear response history dynamic analyses for 
near-field pulse-like and non-pulse-like earthquakes. The 
maximum displacements of the friction pendulum isolators with 
four different coefficients of friction and four effective radii have 
been determined using simplified methods prescribed by ASCE7-
16. Nonlinear response history dynamic analyses are then 
performed for the 16 aforementioned cases using OpenSees under 
seven near-field pulse-like earthquake records and seven near-
field non-pulse-like earthquake. Adjustment factors are finally 
developed for the simplified method of ASCE7-16 to update the 
predictions. The results show that the values predicted by the code 
are less than the values obtained from nonlinear time history 
analysis. In addition, the adjustment factors obtained for pulse-
like near-field motions are larger than adjustment factors for non-
pulse-like near-field motions. 
 
Keywords:   Seismic Isolation, ASCE7-16, Friction Pendulum Isolator, 
Simplified Method, Nearfield Ground Motion, Pulse-like Earthquake. 
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36  185/0  35  35/0  238/1  1/0  78/2  03/3  230  

42  162/0  42  35/0  291/1  117/0  23/3  57/3  320  

48  132/0  48  35/0  322/1  127/0  62/3  04/4  410  

56  121/0  54  35/0  424/1  162/0  32/4  5  620  
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16  169/0  16  35/0  711/1  3/0  95/1  03/3  230  
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20  150/0  20  35/0  711/1  3/0  32/2  04/4  410  

24  138/0  24  35/0  711/1  3/0  65/2  5  620  
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16  199/0  15  35/0  711/1  3/0  55/1  03/3  230  

19  186/0  18  35/0  711/1  3/0  70/1  57/3  320  

20  132/0  19  35/0  711/1  3/0  90/1  04/4  410  

24  121/0  25  35/0  711/1  3/0  2  5  620  
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8- Design Base Earthquake 
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��  .*��:/]Z��9 �+!��2. M!R59 V�I�� ���:� �����

�� �� >	��  /: �*� 6�Z��� 	��;2:���1g  1�!O�

�� i!d �*� 1�!O� 	��;2:��� ���: _k� *�A�

�� ��� Y!;��!�.A� M+�) 3: 1�!O� j�e .(/�A;  ��
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�� 6�Z��� ���: �. /3 .A�2/0  �95/1  .A�� �:��:�gh� 

���0 �����*J ���!����  �9u�: ML�X Y!;��!� i!d

��80 �� i!d *L�..��*��� ���S  �. ML�X j�e ..�!;:

	��;2:��� �� >�� 1�!O� j�e�� 6�e �� /: � .A�

 �+!��2. M!R59 V�I�� ���: ��8� 1�!O� j�e ��A2�

�� ���S �.����� .�A�..�!?  

 ��*J2- /0 0� P�tZ-���� �*� 6�Z���.  

 i.�

	��;2:���  
/0 0� V��  ���  ��;���  

 3�� �9 /RL�C 

)km(  

 	������: wA� 

)m/sec(  

/0 0� ��?� : 

)M(  

��AX>. � _0��/�A?  

1  Morgan 
Hill  

1984  Gilroy Array  85/9  663  19/6  

2  San 
Salvador  

1986  Geotech Investig Center  14/2  489  8/5  

3  San 
Salvador  

1986  National Geografical Inst  7/3  455  8/5  

4  Chi-Chi, 
Taiwan  

1999  CHI 074  02/6  553  2/6  

5  Parkfield  2004  Slack Canyon  6/1  648  6  

6  Parkfield  2004  Parkfield Cholame  3/3  410  6  

7  L'Aquila, 
Italy  

2009  L'Aquila Parking  3/5  710  3/6  

��AX_0���!^ >. �/�A? 

1  Coalinga 1983 Sulphur Baths 75/9 617 77/5 

2  Whittier 1987 
Pasadena - CIT 

Athenaeum  
18/4 415 99/5 

3  Chi-Chi 1999 TCU084 55/8 655 90/5 

4  Chi-Chi 1999 TCU084 8/9 671 20/6 

5  Parkfield 2004 
Parkfield - JACK 

CANYON 
46/9 576 6 

6  Parkfield 2004 Parkfield - UPSAR 11 41/9 466 6 

7  L'Aquila 
Italy 

2009 L'Aquila - Parking 07/5 717 6/5 

    
(i0�)  (6)  

 M+�3 -  �� ML�X Y!;��!� i!d7 ��AX 	��;2:���_0�� (i0�) >. � _0���!^ (6) � /�A? /�A?  
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����� 	
���� ��� ������ ���  � ����� ����� ��2 ������ �  !�� �1400 

�� �� >7 1�!O� 	��;2:����*�  ����� /:

�� C� V�� �. ��8� 1�!O� j�eOpenSees   ����*J /:

�� �����.*�A�  �/�A�� ��A2� /: `�N� ���:�gh�m  3/2  �

 a�+KL� j�e03/0�  /��O�1�!O� i!d �: �*�

80|�d /0 0� .��*����� i!d%  ���: �.2/0  �95/1  �:��:

 .A���gh� ���0 �����*J ���!� M+� c:�K� ���4- i0� 

	��;� 6��� ���: /0 0� /: ~A:�� ���  >. � ��AX ���

_0�� M+� c:�K� � /�A?4- 6 	��;� 6��� ���: ���

/0 0� /: ~A:��^ >. � ��AX ���_0���!  /�A?��*��: .

 ��*J3  �.A�� 1�!O� � ���� ����� j��e  !� �� ���:

/0 0� _0�� >. � ��AX ��� _0���!^ � /�A?  /�A? ��-�

�� �..*  

    
(i0�)  (6)  

 M+�4 - 1�!O� Y!;��!� i!d �*�/0 0� >. � ��AX ��� (i0�)_0��/�A? _0���!^ (6) � /�A?  �: ����*J ���: `�N��gh� 3/2  ��� �

 a�+KL� j�e03/0  

��*J 3-  `�N� �: ����*J ���: ��8� 1�!O� j�e Y!!N9�gh� m3/2 Re =  � a�+KL� j�e03/0= µ  

	��;2:��� i.�   j�e���� ����� i!d  .�A3� 1�!O� j�e   j�e 1�!O���8�  

��AX /0 0�>. � _0��/�A?  

1  59/1  46/2  9/3  

2  59/1  42/1  26/2  

3  59/1  47/2  95/3  

4  59/1  10/3  44/5  

5  59/1  75/4  60/7  

6  59/1  74/1  78/2  

7  59/1 97/2  76/4  

��AX /0 0�>. � _0���!^/�A? 

1  37/2 06/8 15/19 

2  37/2 82/5 82/13  

3  37/2 74/11 86/27 

4  37/2 20/7 10/17 

5  37/2 82/6 20/16 

6  37/2 20/4 27/10 

7  37/2 98/10 47/28 
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6-2- 0H(�I ���� �E7�,�� G� #�  

 �� C� V�� �.OpenSees  ����*J M+� c:�K�5  /:

��L �Ad �: ���0� > ��A2� P�AL /:  ��?�. �: �*N:�.

 /3�+ �*� *!O� �� �*� �	��..A�  

  
 M+�5 -  �� C� V�� �. �*� �*� ����*JOpenSees  

 �� _k�	��;2:��� �� ����� ����*J /: � .A�

/:�J ��JL�X �� �� M�K
�!^ ����� /]Z��9 M!R59 

�� 	bg..A�  	59 ����*J ���: M!R59 V�I�� �� _�

 �� >��	��;2:��� �� �.�O� Y!;��!� �/:�J ��J	bg -

 ���: �*�	�� 	��;2:��� _0�� � /�A?	�� 

_0���!^ 	��;2:����� /b��5� /�A?..A�  

 a�+KL� j�e ���: *2��C Y�03/0 �06/0 �1/0 

 �15/0 �  `�N�3/2 �2/3 �1/4  �2/6 �� V�I�� /3 .A�

 �7 \���/0 0� ���:_0�� ��� /�A? ��*J4 �  ���:

/0 0� _0���!^ ���*J /�A? ��5 ��*��:.   ��8��� �A��

 ���*J Y��� 	b/:�J ��J �[3�*X /3 *�. �� ��-� ��

 �!�O9 ML�X/:�J ��J M!R59 �� ML�X Y!;��!� �[3�*X

 /]Z��9 �l� �. 	��;� 6��� 	�� ���: �K
�!^ �����

 /: ��*� /�C�?/:�J ��J G�� �� ML�X �[3�*X

�.�� ���� Y!7 �*� *J �. .AJA� /��� ��1 �� *��:.  

 ��*J4-  Y!;��!�/:�J ��J ����*J ���:/�A? _0�� >. � ��AX ��� /0 0� 	59  

Re (cm)  D1 (cm) D2 (cm) D3 (cm) D4 (cm) D5 (cm) D6 (cm) D7 (cm) 

/:�J ��J

Y!;��!� 

)cm(  

 	b��

/:�J ��J

�[3�*X  

=0.03μ  
230  2/7  4/50  4/114  2/87  4/82  16  2/63  4/60  7/1  

320  6/9  2/51  2/147  8/140  116  6/21  68  2/79  89/1  

410  2/11  56  168  6/173  8/128  8/24  6/73  8/90  88/1  

620  2/15  4/66  2/163  4/158  2/147  2/31  4/82  8/94  69/1  

=0.06μ  
230  2/7  8/32  4/86  6/57  8/48  6/9  4/46  3/41  87/1  

320  8  2/39  2/107  4/98  4/74  8/12  56  6/56  23/2  

410  8  6/45  6/121  2/119  6/85  2/15  6/61  3/65  32/2  

620  8  4/58  8/128  4/114  2/103  6/21  72  9/72  05/2  

=0.10μ  
230  8/4  4/26  4/54  8/32  4/26  8/4  6/33  8/25  62/1  

320  8  32  8/64  2/27  6/33  8  44  3/31  67/1  

410  8/8  4/34  8/68  8/56  2/39  8/8  4/46  6/37  87/1  

620  2/11  8/44  4/82  64  4/54  4/10  56  2/46  92/1  

=0.15μ  
230  4/2  2/19  6/29  4/18  8/16  6/5  2/15  3/15  29/1  

320  4/2  2/23  36  6/21  6/17  4/6  4/18  9/17  34/1  

410  2/3  4/26  6/41  4/26  4/22  4/6  6/25  7/21  41/1  

620  4  8/28  8/44  2/35  2/27  4/6  32  5/25  54/1  
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 ��*J5-  Y!;��!�/:�J ��J ����*J ���: >. � ��AX ��� /0 0� 	59�!^/�A? _0��  

Re (cm)  D1 (cm) D2 (cm) D3 (cm) D4 (cm) D5 (cm) D6 (cm) D7 (cm) 

/:�J ��J

Y!;��!� 

)cm(  

 	b��

/:�J�J �

�[3�*X  

=0.03μ  
230  4/18  6/57  4/62  112  8/16  8  4/70  37/49  38/1  

320  28  4/54  8/60  148  8/20  6/9  6/77  03/57  36/1  

410  4/30  6/57  2/71  192  8/24  14  18/20  54/67  4/1  

620  6/33  4/70  2/91  2/287  2/31  4/18  4/94  49/89  6/1  

=0.06μ  
230  8/19  44  2/47  108  6/13  2/7  52  6/41  88/1  

320  8/24  2/43  8/52  120  4/14  8/8  56  71/45  80/1  

410  28  6/45  56  4/186  16  8/8  60  26/57  03/2  

620  2/35  8/60  2/63  8/248  8/20  4/10  8/68  56/72  04/2  

=0.10μ  
230  8/8  4/18  6/21  64  2/7  2/3  4/26  37/21  33/1  

320  2/11  20  8/32  4/82  6/9  6/5  2/27  97/26  44/1  

410  6/13  4/26  36  100  4/10  4/6  6/29  76/31  58/1  

620  4/18  8/32  6/45  152  16  4/6  36  89/43  82/1  

=0.15μ  
230  8/4  2/15  2/23  4/54  6/9  2/3  4/14  82/17  11/1  

320  4/6  2/19  6/25  4/62  6/9  4  16  45/20  09/1  

410  8/8  2/23  2/31  80  4/10  8/4  2/19  37/25  26/1  

620  2/11  8/24  8/36  4/102  4/10  6/5  2/23  60/30  27/1  

  

7-  �L����?�L� 8���(9���$ ���  

:�J ��*O� /��O� �Z: Y� �./ ��J �[3�*X

G�� �� ML�X�.�� ���Y!7 �*� ���� �: /���:�J/ ��J

/]Z��9 �+!��2. M!R59 �� ML�X /0 0� 	59 ����� ���

_0��/�A? _0���!^ �/�A? �� /p���/K:�� ..A� Y!: �� 	b

:�J/ ��J �[3�*X�  `�N��gh� /0 0� ���:_0�� ���/�A? 

� _0���!^/�A?  ���: iR�Z� a�+KL� j��e j!9�9 /:

 M+� c:�K�6 ��.*��:  

    
(i0�)  (6)  

 M+�6-  /K:��/:�J 	b���[3�*X ��J  `�N� ��gh�  a�+KL� j�e �.03/0� 06/0� 1/0  �15/0 /0 0� 	59��� (i0�) _0��/�A?  �

 (6)�!^_0��/�A?  
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 M+� /: /JA9 �:6- i0�  `�N� �� C� �:�gh�  �9

1/4  ��� 	b��:�J/ ��J�[3�*X /0 0� ���:  ��AX ���

_0�� >. �  /�A?�� �� C�.*:�  j��e ���: _k�

� ���3 a�+KL�  �����6  ���: � /�C� ���3 *L�.

 a�+KL� j�e10  �15 �� �� C� ��2]�� *L�.�*: .

 M+� /: /JA9 �:6- 6  `�N� �� C� �:�gh�  �93  ���: ���

 a�+KL� j�e03/0 �06/0 � 15/0  	b��:�J/ ��J

�[3�*X /0 0� ���: ��AX ��� _0���!^ >. �  /�A? ���3

�� �`�N� �� C� �: _k� .*:� 	b��:�J/ ��J�[3�*X 

�� �� C� a�+KL� j�e ���: .*:�10  *L�. �:

 �� C�`�N��  	b��:�J/ ��J�[3�*X �� �� C�.*:� 

G�� �� ML�X \��� /��O� �:�.�� ��� �*� ����

Y!7 /]Z��9 �+!��2. M!R59 �� ML�X U��� � /��� �����

 >	b��  a�+KL� j�e �. ����*J �� ���: ��8�

Y!;��!� P�AL /: 	:�g  �� ��!? 	b�� ���:�J/ ��J

�[3�*X ���:  `�N�h��g/�C�? �l� �. ���  �*� ML�X 

*�.  Y�	b�� /0 0� ���:_0�� ��� /�A? �_0���!^ /�A?

 ��*J �: c:�K�6 *��: ��.  Y�	b�� �� ��-� /3 *�.

�.�� 4:���Y!7 �*� ���� 	!C�f Y!!N9 ���: /���

/0 0� �. �3�+KL� �;��7 ����*J �[3�*X ��� ��AX

 >. �_0��/�A? _0���!^ �/�A? � ��*O� /: 	b�

/:�J /]Z��9 �+!��2. M!R59 �� ML�X ��J �����

�� ����3 �.�O�*2�..  

8- NO�- (P� ',(8 2���  

 �Z: Y� �. 	b��:�J/ ��J�[3�*X  	59 ��8�

/0 0�_0�� ����!^ � /�A?_0�� `�N� �. /�A?�gh� 

�*� /��O� �iR�Z� .	��  �: c:�K� /��O� Y� M+�7 

��.*��:   

���� ��*J �. /3 �Ad6 �� �*��-� �: .A�

 �9 a�+KL� j�e �� C�6  *L�. 	b��:�J/ ��J

��8� �[3�*X  ���:/0 0� _0�� ��� /�A? �� �� C� � *:�

 �� ��-!: a�+KL� j�e �� C� �:6  *L�. 	b��

:�J/  ��J �[3�*X�� ���3 ��8�*:� Y!2]�� . /JA9 �:

..�? �� �*��-� ��*J /:  �9 a�+KL� j�e �� C� �:

6  *L�. 	b��:�J/ ��J �[3�*X ��8�/0 0� ���:  ���

_0���!^   !� /�A? �� C��� j�e �� C� �: � *:�

 �� ��-!: a�+KL�6  *L�. 	b��:�J/ ��J �[3�*X

�� ���3 ��8�.*:� /0 0� �g� ��-!: ����: ���:  ���

���� ���C� �: >. � ��AX �� ��� �A9 /: � sJ���]16 �

17[ ..A�� /NJ���  

���� /3 �Ad M+� ��7 �� �*��-� �.A� 	b��

:�J/ ��J �[3�*X/0 0� ���: ��8���AX ��� >. �

_0��`�N� � a�+KL� j��e ����9 �. /�A? ����gh� �

 �� ��-!: 	b��:�J/ ��J �[3�*X/0 0� 	59 ��8� ���

_0���!^�� /�A?*��:.  

 ��*J6-  Y!!N9 	b��/:�J ��J�[3�*X  ���: ��8�iR�Z� ��� /0 0�  

µ   Y!;��!� ��� 	b��/:�J ��J�[3�*X  

_0�� /�A?  

03/0  79/1  

06/0  12/2  

10/0  77/1  

15/0  39/1  

_0���!^ /�A? 

03/0 44/1 

06/0 94/1 

10/0 54/1 

15/0 18/1 
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(i0�) 03/0 =μ  (6) 06/0 =μ  

    
 (�)1/0 =μ   (P)15/0 =μ  

M+� 7 -  /��O� 	b��/:�J ��J��8� �[3�*X /0 0� 	59_0�� ���_0���!^ � /�A?j��e �. /�A? iR�Z� a�+KL� 

 M+� �.8�  	b��:�J/ ��J �[3�*X 	59 ��8�

/0 0�_0�� ���_0�� �!^ � /�A? a�+KL� j��e �. /�A?

.	�� �*� /��O� iR�Z� ������ �*��-� /3 �Ad .A�

 	b��:�J/ ��J �[3�*X ��8����: /0 0��� ���AX 

 >. �_0�� /�A? �a�+KL� j��e ����9 �. �� ��-!:

 	b��:�J/ ��J �[3�*X ��8����: /0 0���� ��AX 

>. � _0���!^�� /�A?.*��: 

 
 M+�8 -  /��O�	b�� :�J/  �[3�*X ��J 	59 ��8�

/0 0� _0�� ��� _0���!^ � /�A? a�+KL� j��e �. /�A? 

iR�Z�  

9- ��F8 R	� � �(�� �S�+�  

 Y� �./0�O�  �:�C�N� �*J ���C���� �;��7 

��3�+KL� �*J Y� .�+R�� �: ��H?�g� �������������  �

 ������ D���.*�*.�? U�-9 _k�  �� !�:�J/ ��J

3�*XG�� �� ML�X �3�+KL� �;��7 ����*J �[ 

�.�� ����Y!7 �*� �: /���:�J/ ��J M!R59 �� ML�X

����� /]Z��9 �+!��2.  	59 �K
�!^/0 0� ���

_0�� _0���!^ � /�A?��AX /�A?�>. �  /��O�*.�? . �.

������ Y� �.�� 4:��� cbd �*�:�����Y!7 �*� /���

ASCE7-16 �� !� :�J/ ��J �[3�*X �;��7 ����*J

 ���: �3�+KL���8T  `�N��gh� )3/2 �2/3 �1/4 �2/6 

 � (�����8T ) iR�Z� a�+KL� j�e3 �6 �10 �15 

(*L�.�  `A�I� �.16  �	0�X > z�C �: .*� Y!!N9

 ��*O�:�J/ ��J �.�O� �*�A� ���+9 *27�C > V�I�� �

:�J/ ��J `�N� �� ���: �*� ��;���gh�  � j�e

/b��5� a�+KL�  _k� .*�	��  /0 0� 	��;2:���
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