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Parametric Design Process, pp. 86-87. 
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��Mirniazmandan, et al, “Mutual Effect of 

Geometric Modifications and Diagrid 
Structure on Structural Optimization of Tall 
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32. R. Afghani, et al, 
“Adaptation of Hyperboloid 
Structures for High-Rise 
Buildings with Esoskeleton”, 
p. 135.

 :Z+ .33
Seyedehaida 
Mirniazmandan, et al, 
“Mutual Effect of Geometric 
Modifications and Diagrid 
Structure on Structural 
Optimization of Tall 
Buildings”.
34. Kazemi, et al, “Achieving 
Structural Efficiency of 
Tall Buildings by Means of 
Parametric Design”, p. 282.
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37. Karamba
38. Form Generation
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41. Park, ibid, pp. 86-87.
42. Kazemi, et al, 
“Investigating the Effect 
of Geometry Plan in Tall 
Buildings with DiaGrid 
Structure on Structural 
Efficiency on Lateral 
Seismic Loads”, p. 130.
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44. Ibid.
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Seismic Load
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 48�EIK�/� b�A) ,� 47,;G;� ���  RC�S� =!�  �" �?	 ?�C�AD
 ��� #�A��  �� � ,O�&� 
���` R!��!� 2800 ���+ =I!� �� g��f�
 #"��� �" ,� �� �$�� =!� �" .�� H?	 ,/��2 �c+ �" �O+�F
 .""�2 �� ,O�&� ,;G;� �"��� ���I+ �Y@ #�� � ,;G;� n!�U
 .�� H?	 ���k/� ,��+ =I!� �� Rk� =!� �" H?	 H"�'/� \����
 �� H��; YI�&K �" �"��� �EIK�/� $�� �� H"�'/� ,`�2�
 ��@�?  ̂�� ��C #��/D� ,� ,��+ =I!� �c�� �� pc�� ��C #��/D�
 �� o?C ,@�l+��� ��� H?	 "�?&� ,!�� ���K �� �/� 50 P�'K��
 ��/��  Rl�  ����  �� ,L!�<�  ���O�  �I�K  YI�&K  =!�  
�l+�
 ,+  �  ��  �O+�F  ��C��I+  �����  �"  �� H��  V�/k�  ��C 
��
 ��� H�� ����� �^��_ ���O� ����� ,� YI�&K T!�/+ �� H"�'/�
 ��C $�� ,� �OL+ $�� =!� �/�@ �m" ,� #"A� Vm�� =�U
 ���� "�A� ��C 
�� �X�� y�/OL+ "�?�K ���� �ZI���!" YI�&K

.�� n��� RC�S� =!� �"
 ,�  2800  ���+ =I!�  ��  «2-3  �f���»  g��f�  ,;G;�  n!�U
 ���� � #���K ��	 �" ,@ 49"A	 �� ,O�&� «1 �f���» a�	
 ,O�&� 0/055 ����� RC�S� =!� �" H?	 ,/��2 �c+ �" H�� PA+

 GI+ (V-,!�� $��) ,;G;� �EIK�/� �"��� �	�� ���I+ .""�2 ��
 «1-3 �f���» �� ��/O� ,;G;� n!�U � (W) Y@ #�� h�� ��
 Rk� ."A	 �� ,O�&� «2 �f���» a�	 ,�  280050  ���+ =I!�
 �B!" Rk� � b�<O_ ��" #�� Y��	 #��/D� Y@ #�� �?��
 �#�LE! Y@ �^�L� ,� ,FAK �� ,@ �� ?!�2�!�" ��� Y��	
 ���  .��  #�LE!  GI+  �C �?�  ��C  b�<O_  V@  #��  PA�l�
 ���  �20 � H"�� ���  �100 PA�l� tV@ x��� �/� �C �" ��<d
 b�<O_  V@  Y@  �"���  #��  =!� �� ���  �  51"A	 ��  {�&;  H?+�
 ��C 
�� �F��D ��� #�� =IB+�I� ."A� ?C�AD =KAI+A�I@ 350
 #�GI� � =K 43675 �"��� Y@ #�� ,lI/+�" � =K 8675 V�/k�
 $�� ���I+ x!�AK ."A� ?C�AD =KAI+A�I@ 24021 (V) ,!�� $��
 h�� �� P�'K�� �" ,;G;� ��� Rk� �,<O_ �C 
�F G@�� �� ,!��
 �" YE	�IIqK ��� �� ��/O� 2800 ���+ =I!� «18-3 �f���»
 �C �� ,!�� $�� �� ��� �����) ���2 
�l+� #�A+ ��� "A�
 52.(3 �f���) (�^�L� � =I�� vf �� P�'K�� �OL+ ,� ��� �<O_
 H���C ,� H?	 ?I;AK ��C 
�� �� �E! �� H�� �?� «7 b» �"
 ,� ,;G;� �O+�F ��� .�� H?	 H"�" R!��+ ?!�2�!�" ��� �����

.�� H?	 x!�AK b�<O_ G@�� �� � ,O�&� }A� $��
C = A×B×I

R U

 (1),;G;� n!�U :C
a�_ ���O� z�/	 �OL+ :A
#��/D� z�K��� n!�U :B
#��/D� �I�C� n!�U :I
#��/D� ��/�� n!�U :Ru

 V=C×W (2)

 Fi = 
Wi hi

k

�i
n
=1 Wi× hi

k
× V (3)i ,<O_ #�� :Wi

=I�� vf �� i ,<O_ P�'K�� :hi

,;G;� ,!�� $�� :V
 G@�� �� H"��� ���I+ ��?<� :Fi

i ,<O_ ��"

 �� �E! �� H�� �?� .7 b
�H?	?I;AK ��C 
��

.#�2?�L!A+ :=!�?K � pIc�K
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 ��/O� �}A� ��C 
�2 �� Y)�  ̂�?� 36 T!�/+ �L!�<� � YI�&K �"
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 ��C��� #?	 "��� �d� �" #��/D� ���K =!�KX�� �O+�F #�E� �IIqK)
 �OL+) �B/��2��@ ,� n!�U ��INI� � 55H�� 54Y@ #�� � (�O+�F
 #� ���� Y�&K Y��m R�K ,� A�� Z! �" "AFA� R�K #�GI�

 �C 
�� �� H�� ��/�� �L!�<� ���� 
�� �C ����� Y@ �" (A��
 #�E� �IIqK  ���d  �/�����  �"  tx����  �"  56.��  H?	 ,/��2 H���
 ,/��2 ��@ ,� GI+ �� ,<O_ #��" �O+�F #�E� �IIqK ���d � �O+�F
 ,� ���K =!�KX�� �O+�F #�E� �IIqK �OL+ ��� ���d :�� H?	
 ,<O_ Z! �O+�F #�E� �IIqK �OL+ 
�" ���d � #��/D� P�'K��

 .57,<O_ #� V@ �K V@ P�'K�� ,� "AD =!�!� �<O_ ,� �OL+

@G �*� � *��9 $��9H�� !��I ���I ��(�� .1 .3
 ��C 
�� �" #��/D� ���K =!�KX�� �!�F ,��F #�GI� «8 b» �"
 ,�  g��/�  #�GI�  =!�/NI�  .��  H?	  H"�"  #�N+  ����  "�A�
 �!�F ,��F  �/�  1/21 ��@�?^ ��  ���U , V@ #W� ��  ��C 
��
 =!�  #�GI� =!�/NI� .�� ���U , 
��  � V@ #W� ��  
�� �"
 V@ #W� �� ��C 
�� �" 
�" #A/ �" �?�� �OK�� �" �!�F ,��F
 �LI� V@ #W� �� ��C 
�� �" �D� #A/ #� �� r� � ���U���`
 ��C #A/ �" uD�	 =!� #�GI� =!�/�@ .?C" �� �� ���U���  ̀�
 �" #� Ym�?^ � (���U12 � 8/6 V@ #W� �� ��C 
�� �" \�
 ���U6 V@ #W� �" 3 ����	 
�� ,� �A��� ��C 
�� ��C #�I�
 �OL+ RC�@ �19) �/� 0/98 �!�F ,��F �� ���U3 
�� #W� �
 V@ #W� PWU� "�?�K #"A� �/�@ ��@ �A_ ,� .�� (1 
�� ,�
 �"A	 �� #�E� �IIqK �!"�<� R!�G�� nO (���U���  ̀� ���U ,)
 (���U8 � ���U6) ,+�I� V@ #W� PWU� "�?�K �� ��C 
�� �"
 #W� PWU� "�?�K R!�G�� �� y�"?l� � RC�@ #�E� �IIqK �!"�<�
 g��f�  ��B!"  �A ��  .?��!  ��  R!�G��  ��@ #�GI�  =!�  �V@
 R!�G�� V�/k� ��C 
�� �" H�� Y@ #�� b��IIqK �«9 b» ��"A�+
 "�?�K R!�G��  � Y@ #�� RC�@ nO V@ #W� PWU� "�?�K
 �" =!� � "A	 �� �/����� =!� RC�@ nO GI+ 
�� #W� PWU�
 #�/�@ � =!�/NI� .�� }"�) �C 
�� ��C �" ��@ �A_ ,� "�A�
.�� (=K 8480) 36 
�� � (=K 9370) 1 
�� ,� �A��� Y@ #��

 #�I�  �"  ���K  =!�KX��  �!�F ,��F  �  Y@  #��  #�I�  �f���
 �!�F ,��F  #�GI�  �Y@  #��  RC�@  ��  �  �LI+  pI</L�  �C 
��

 �!�F ,��F  #�GI�  ��"A�+  .8  b
 ��/�  ,�  �C 
��  �"  ���K  =!�KX��
.#�2?�L!A+ :=!�?K � pIc�K :%De�
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.�F #��C .50
.29 s �#��C .51
.55 s �#��C .52

 �C 
��  =!�K =IB�  y�O!�<K  ,E��  �?��! ��+  RC�@  ���K  =!�KX��
 #�  rE�  .?+��"  ��  ���K  =!�KX��  �!�F ,��F  #�GI�  =!�/NI�
 �+�I�  �"  xm��  ��C 
��  �"  uD�	  =!�  ,E��  ��LI+  }"�)
 uD�	 =!�  ,E+�  ��  RI�  =!� �� ���  .��  �/�@ tY@ #�� ����
 #W�  sA�k�  ��C #W�  �?�C  ,�  �?	��  Y@ #��  ,�  ,/L���
 #W� �?�C �?+� H?+A	 Z!��� �C 
�� ,@�l+���) "��" �B/L� V@

.(�� �K H?��@ =II�K V@

 �� ���� ���? �- �� %�4 ���4� @��A9 .2 .3
JG � %�� �K� L���

 g��f� #�AK �� �� ��Lm =!� �" H?	?I;AK ��C 
�� 6 �" 6 �EO	
 #W�) �C #A/ � (#�LE! 
�� #W�) �C�f n;�m �" «10 b»
 =!� ���K =!�KX�� �!�F ,��F ��"A�+ ."�@ �?�� ,/" (#�LE! V@
 � 11 b» �" nIK�K ,� «10 b» �?�� ,/" h�� �� H��2 �"
 ���  H��2  ,�  �A���  #�  #�GI�  =!�/NI�  .��  H?	 ,����  «12
 �4 �3 H��2 �" ��?<� =!� .�� (���U , V@ #W� �� ��C 
��)
 Z!"G+ �B!?E! ,� (���U12 � �8 � 6 V@ #W� �� ��C 
��) 5 �
 ��� H��2 �" .�� �fD y�O!�<K #� ��"A�+ b��IIqK �AB;� � ��
 
�" H��2 �" �(�/� 1/21) 
�� =I;�� ,� �A��� #�GI� =!�/NI� GI+
 ,� �A��� GI+ �D� H��2 �" � �(�/� 1/10) 
�� =I��" ,� �A���
 #"A� ���d �� ���@ �A_ ,� =!� �� ��� .�� (�/� 1/03) 
�� =I;��
 ���K =!�KX�� �!�F ,��F #�GI� =!�/NI� �V@ #W� PWU� "�?�K

."��" �� 
�� #W� PWU� "�?�K =!�/�@ ,@ ?C" �� �� ���� �"
 �(#�LE!  
��  #W�  ��  ��C 
��)  «12 b»  ��"A�+  g��f�
 ,�  �A���  ���K  =!�KX��  �!�F ,��F  #�I�  oW/D�  =!�/NI�
 6  �"  �7  =IB+�I�)  ��  H��2  �C  
�"  �  ���  ��C ��C 
��
 �" t�/����� =!� #�GI� =!�/NI� �?	 ,/'2 ,@ �A_ #��C � (H��2
 �!�F ,��F #�GI� H��2 �C �+�I� ��C 
�� �" ��� �C 
�� =I;��
 �"  �  (�1  =IB+�I�)  "A	 ��  Z!"G+  �B!?E!  ,�  t���K  =!�KX��
.(�3/5 =IB+�I�) ?��! �� ��@ oW/D� GI+ H��2 �!��/+� ��C 
��

��<�� %�� � JG �K� �� ��� %�4 @��A9 .3 .3
 V@ � 
�� #W� �� ��C 
�� #�I� �" «13 b» ��"A�+ h�� ��
 ��"A�+  �"  36  �  29  �22  �15  �8  �1  ����	  ��C 
��)  #�LE!
 �12 �8 �6 �4 �3 V@ � 
��  #W� ����"  nIK�K ,�  �  «10 b»
 ,� �A��� ���K =!�KX�� �!�F ,��F #�GI� =!�/NI� (���U24 �
 Ym�?^ �/NI�  �17/5 ,@ �� (���U3 V@ � 
��)  
�� =I;��
 =I�[�C .�� (���U8 V@ � 
��)  22 ����	 
�� ���!  �#�
 �����  #�  ��@�?^  ,�  ���K  =!�KX��  �!�F ,��F  =!�/�@  �OL+
 =!� �?/�� �V@ � 
�� #W� PWU� "�?�K R!�G�� �� .�� �82/5

�" Y@ #�� ��"A�+ .9 b
�
�2A�I@ ,� �C 
��

.#�2?�L!A+ :=!�?K � pIc�K



 8854
 ���U , V@ � 
�� #W� �� ��C 
�� �� �?��! �� RC�@ #�GI�
 =!� � ?/�� �� }�'K� RC�@ �10 (8 
��) ���U���` ,� (1 
��)
 �22 �15 ��C 
��) ��"A�+ �+�I� �" �K H?	 �/�@ ���� ,� #�GI�
 =!� ��� H?	 Z!"G+ �B!?E! ,� �C 
�� �!�F ,��F #�GI� (29 �
 ���U8 ,� (15 
��) ���U6 V@ � 
�� #W� �� 
�� �� #�GI�
 ��@  GI+  ��"A�+  �D�  �"  �  ��  ,/��!  RC�@  �0/7  (22 
��)
 (29 
��) ���U12 V@ � 
�� #W� �� 
�� ��  �?��! �� R!�G��
 =!�KX�� �!�F ,��F #�GI� R!�G�� �4/5 (36 
��) ���U24 ,�
 �!�F ,��F \A/� �A_ ,�  ��"A�+  =!�  g��f� .?C" �� �� ���K

 �3  V@  �  V<  #W�  PWU�  "�?�K  R!�G��  ��  ���K  =!�KX��
.?��! �� RC�@

 ��"A�+  nI	 �Y@ #��  ��"A�+  �"  «14 b» ��"A�+  g��f�
 R!�G��  ��  �"��A� ��C �" � �� �/NI� ��Om ��"A�+ ,� �OL+
 
�� �� .?��! �� RC�@ #�GI� =!� �V@ � 
�� #W� PWU� "�?�K
 RC�@ �5/5 tY@ #�� #�GI� ����U4 ,� 3 V@ � 
�� #W� ��
 �/�@ ,/�� ,/�� #�GI� =!� � (b��IIqK #�GI� =!�/NI�) �� ,/��!
 ���U24  ,�  ���U12  V@  �  
��  #W�  ��  
��  ��  �K  "A	 ��
 R!�G�� �� Y@ #�� \A/� �A_ ,� .?/�� �� }�'K� RC�@ �0/35
 ��  H�W� .?��! �� RC�@ �2 V@ � V< #W� PWU� "�?�K
 (1 
��)  #��  =!�/NI�  ,�  (36 
��)#��  =!�/�@  �OL+  =!�
 �RC�S� ��  �Nk� T!�/+  �" ,@ �� �@� ,�  
�X .�� �90
 nO #W� PWU�  "�?�K  R!�G��  GI+  #���E�C �  #�?����I+�I�

.58""�2 �� H�� #�� R!�G��
 �!�F ,��F  #�GI�  =!�/�@  ,@  ��  #�  
��  =!�/��  y��OK
 «2 ��?F» �" .?	�� ,/	�" �� Y@ #�� =!�/�@ � ���K =!�KX��
 V@ � 
�� #W� �� ��C 
�� Y@ #�� � ���K =!�KX�� �!�F ,��F
 =!� �OL+ �!"�<� �=!� �� H�W� .�� H?	 H"�" R!��+ #�L�C
 ,O�&� (���U , V@ � 
�� #W� �� 
�� ,� �OL+) �/����� �"
 pI�K «15 b» ��"A�+ �OL+ �!"�<� =!� h�� �� .�� H?	
 
��  �  V@  #W�  ��  ��C 
��  ,@  "A	 ��  ,c^W�  .��  H?	
 ��/�@ ���K =!�KX�� �!�F ,��F � Y@ #�� ���U12 � ���U8
 ��/�� =!�/�� ,@ �'2 #�AK �� ,@ ?+��" �C 
�� �!� ,� �OL+
 #�GI� =!�/NI�) 
�� =!�K?� � ?C" �� #�N+ "AD �� �� �� H��
 .�� ���U , V@ � V< #W� �� 
�� (�!�F ,��F � Y@ #��
 3 �� 
�� � V@ #W� PWU� "�?�K R!�G�� ���"A�+ =!� h�� ��
 ,� 12 �� #� R!�G�� � "A	 �� �� H�� ��/�� "AO�� nO 8 ,�

.�� H�� ��I�� ��/�� �� o��&+� �@?+� nO 24

 ,�  �C 
��  �?�� H��2  .10  b
 (#�L�C 
�� #W�) ��f b�A)
 b�A)  ,�  �C 
��  �?�� H��2  �
 �(#�L�C  V@  #W�)  �+A/
.#�2?�L!A+ :=!�?K � pIc�K
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53. drift
54. total weight
55. Oliyan & Buelow, ibid, 
pp. 7-10; Khodadadi & 
Buelow, ibid, pp. 6-9; 
Alaghmandan, et al, ibid.
56. Kazemi, et al, ibid.
.13 s �#��C �=IB�!� � Y+A2 .57

58. Mirniazmandan, ibid, 
p. 12.

���? �&��' � ���� M�I .4
 V!���K ��I�� �" RC�S� b�I�"� ���� �� r� RC�S� =!� �"
 ���/D� ,� ?��� ��C #��/D� �" H�� �I�C� ,� �?��� #��/D�
 #�I�  ?!�2�!�"  ���  �  Z!�/�����  �^��_  ��  �� ,)WD �  H��	�
 ���� Z!�/����� ��/!�AB;� �=INI� b�<I<&K �� ��/O� rJ .?	
 �" ,@ ?	 ,I�K ?��� #��/D� (�JL+�@) ZIK��	 ��C 
�� ?I;AK
 ��C�/����� ��� �"A�� ��I2 YE	 �AI	 � V@ � 
�� ��C #W� #�
 �C 
��  ��C  Y@ �^�L�  �#�!��  �"  .?+?	  ,/��2  �c+  �"  �Iq/�

 ��C H�� ������� ��C 
�� ����  �?��  Rk� �" .?	 #�LE!
 =!� .?	 ?I;AK ,L!�<� ��F ,��N� �"�E��� \!��	 �� ?!�2�!�"
 ���+ =I!� �" ��?�� �EIK�/� $�� ,� ,;G;� �O+�F ��� �&K �C H��
 ?	 ukN� � YI�&K ?!�2�!�" ��� �� 
�� 36 .?�/��2 ���m 2800
 =!�/�@ ���U12 � ����U8 ����U6 V@ #W� �� ��C 
�� ,@
 =!�/��  �  ?+��"  ��  #��/D�  ���K  =!�KX��  �"  �!�F ,��F  #�GI�
 H�W� ,� ��� ���U6 V@ #W� �� ��C 
�� �c�� =!� �� �C 
��
 �� H?	 ,/D� 
�� ,� g��/� �C 
�� ��C #�I� �" #� #�GI� =!�/�@

 #�GI�  ��"A�+  .(X��)  11  b
 �"  ���K  =!�KX��  �!�F ,��F
 #W�  h��  ��  �C 
��  �?�� H��2
 :=!�?K  �  pIc�K  �#�L�C  V@

.#�2?�L!A+
 #�GI�  ��"A�+  .(=I!��)  12  b
 �"  ���K  =!�KX��  �!�F ,��F
 #W�  h��  ��  �C 
��  �?�� H��2
 :=!�?K  �  pIc�K  �#�L�C  V<

.#�2?�L!A+
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 #�GI�  ��"A�+  .(X��)  13  b
 ��C 
�� �" ���K =!�KX�� �!�F ,��F
 �#�L�C  V@  �  V<  #W�  ��
.#�2?�L!A+ :=!�?K � pIc�K
 Y@  #��  ��"A�+  .(#�I�)  14  b
 �  V<  #W�  ��  ��C 
��  �"
 :=!�?K  �  pIc�K  �#�L�C  V@
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