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 Friuli(Italy), 1976 Tolmezzo 82/15 �PH 5/6 4169/0 

  

���#M�! :$��M �8��.� �$ ����0� �0  0�5� ���

��$ E��% �% �R1�I�  �1�< �0 �� �0 � �#M�0�
 ��,W�

9#$ � �0j5W ���? ��% ���$  ,-�� :���$�C �B�/ �8/5�


 9�1�� �- :/��� �!�0 ���#M�! k�P%�� �$ ��$ ��C

����5�0 ( )W :$ �0�P#!� ���$�J �0�4��� h5I! �$ �PJ�

( )IO:3��� �  :/�C( )LS ],����W �/�#!? � ( )CP 

 ��`$ 9�� �0 .8� 9��R% �8/8�!� :!��$ �5S3� �$��bc% 

 ����+� � :#`! �$ �$�� �����%���#M�! :B/�C  ���

��$ E��%  ���1� 9�� �- :#1�< �0 ��,W�  ���#M�! �� ��

�8� OL<  ���0�$ EH�< ��W�p :33� � ���/� ,�/ 8/�

 .�!� �8�E4� �0  ���7  �8  �$ �p�3#� ,��; ��0�+�

B��/ �8< )j�< �0� �1,1� �$ �p�3#� ���,��; ����� �$

h�f )Target Drift�< ��W�p :33� ��� �( �� EH

��$ E��% �8� �0�0 ����/ ��,W� .�!�  



32  ���1 ����#����
 � 0�4��� �$ 8/5�
 �����% ��bc% :$�����  �����#M�! 9#$ ���  ���?���! D#��! �$ �BRC �� �� E4�  

 

���	
 ���� ��� � ����� ��� ����   ����� ������  �!1 ��#�$�% � ���$ �1397 

  
E4� 7 -  ���#M�! ��W�p :33�4 �+Bf  

  
E4� 8 -  ���#M�! ��W�p :33�8 �+Bf  

��$ E��% 9�g ���#M�! �0 �8� �5�R� ��,W�  ���

 ����5� �0 tJ�� �����5�0 :$��M ��R1�I� 0�5�2  �3 

E4�) �>
2:� ��N? ����5�0 ���! �� �%0�� �(  ��� .00�;

 �>
 �� ���J 9�� �0 ����5�0 �#.�$ :B�/ 8H�0 ��� 9��

 .�!����1 ���/  �$ �B�/ �$�� �����% �#.�$ K%��� �$ ��

:��$ �����5�0� 0�� :$��M �$ ��3����1� 9�� ��=3�  ��

:� ����5�0 �$ �B�/  .00�; ��W�p :33� ����+�

���#M�! �1�< �0 �0 ��  �� D��) �$�� �����% �5{<

9#$ � �0j5W ���?��/? OL< � (� ��./  �83�0��bc% 

E$�J ���1� 9�� �S<>�  :B/�C ����+� � :#`! �$ ��

:� ���#M�! ��� 9�� ��� .8��$�  �0 �5F`$ �-

:� �� �!� �%05�.� �%83�$ ���#M�!  �8� ��
5- �$ ��5%

 �����% �!5% ����5�0 �0 �K�%�% 9�� �$ .0�0 �B�/ �$��

 8� ���! ���#M�!  ����BRC �� E4� ��bc%  �����%

D.� E$�J ��#W� �$ 8/5�
  �����% OL< � ���/ :�5


 �0 .8� 8��5`/ :$5�I� o��#/ �$ ��3�  8� �� �$��

���#M�! �$ ����+� ��% �$ ��� 9#$ 8/5�
 ���?�;� � ��

���#M�! �0j5W 8/5�
 �����% �$ ��  ����+� � :#`! ��

�W� ���� 8/��0�5M�$ ��#�- :B/�C ����+�  ,-��% �� :��/

��RJ5� �0 :$��M  ��.#�W�p :33� �0 ��M ���

8��.�:�/ � E$�J ��B�H �$ �C5% �$ .05�  D#��! �S<>�

�BRC �� E4��W� �  :/��;�/ ���:$��M � ����+�  :
 ���

:� :
 �0  �����#W� �$ ��3� 8/�5%E4���N  � ��L


K�!? ���!��N ��� ��  �? EF<�� �- 00�; ���,W�

)���M  ���,W� tB#1�$ � �1,1� 9�< ���#M�! ���

�3�,� ��/? ���BC �$ e5$�� ���  �- �/5=/��� .05$ 8��5M



:��{%�� � ���3��  33  
  

 

���	
 ���� ��� � ����� ��� ����   ����� ������  �!1 ��#�$�% � ���$ �1397 

:� �S<>�  KB! �0j5W 8/5�
 ��% �� �0�P#!� �00�;

 �$ �p�3#� )8� ���� �$ ����5�0 �0�4��� qI! �0 ���u%

1�:�/ h�f �1,  �0 ����5�0 �)8� �� qI! 9�� �0 .00�;

 8�  �0�P#!� ���$�J 0�4��� qI! �$ ��R1�I� 0�5� ���

:$ �PJ� )IO:� V!�
 ( ���#M�! ��$ ,��; .83�0  9�� �0 ��

 �� �#�- K%��� �$ ��IM qI! �8�!� ���$ ��j ,��;

�!� �0�B��/ �0�4��� qI! �$ ����5�0 .  �4��7  �8  �$

/ :$5M��. :33� �$��J �83�0 ���#M�! ��W�p ���� 

��/? �5{< �$ � �$�� �����% �5{< ��8$ �1�< �0 �0 

9#$ � �0j5W �� D��) ���?(�  �� ���x- 0�8R% �8�!� �� 8R$

 �0�4��� qI! �$ ���! �����5�0 9�$ �$�� �����%

 :$��M �/�#!?n�!��$ :� 05C5� :$��M ������R� 83��$ 

]20[ qI! �0 :33� �0 9�3w�� . �/�#!? �0�4���

�$ :$��M:��$ ��5�0 :$��M ���R� K�<�  �� qI! 2�

:� ��./ �� ����+�  :B!�3� E�10 �8��.� �0 9�� .83�0

 �H �� 8� ���! .�!�  

6 - D3�
% &�34& E��	 (&�F�'  

 0��?�$ :3W )��$0� �0��#W� K��g �5�P� �! �$ �

:<��f ���
 �$ K��g 9�� ��/)���/ 9��? �� :�� K�f �(�� 

��$�C)�E4�/: 05C5� � (���L
  (��W�p) �8� r��R%

 �!�]21  �22[���;5�C ��C .  ��/? 0�$��- �0 ��B#�� ��

 �5�P� �! 9�� ��!� ��j�$ )�5H  :W�R� � 9��B% �,��

.8/5�  

6 -1 - E��	RCode -
�F) ����? ���: �' ���= (��  

 K��g��#W� 9��? �0 �8� r�H5% ���/  �$ �!�!� ��

D#��! 0�4��� )�8��.� ���
  �0 r�#`� :/��#M�! ���

�1,1� �$��$  �$ :3#B� � �8� �6��� �#�L; �5J ���

)��{J  �$ e�B%�� �0 �����$ 9�++� .�!� :!83�� ���

�05$  8#�� �8� RCode �0�0 ���/� :/����W )�R1�I�  8/�

 �Q�J0 9��`% �- 8/8+#R� :� ��0�B��/ K��g �%  8/�5%

]�� �#.�$ ��3��f� ���$�J KB! 9��? �$�5g � �� ���/  ��

00�; ]23[ ��/ m�`#/� :�H� ��� .»:����/ ]��«  ��C

 :W�R�RCode 9��? �0 ���/ �? �� � ���/ ��,�� �- �!

E4� 8./ �0�0 �1�M0 �? 9��R% �0 ����L
 �0 .�!� �

9��?  ��0�+� ������ �1,1� ���/RCode �$  �� E+#�� )�5H

 ��3% � m��3% ����n�!��$ ���! D#��!  q1�F� k5/ � ��

:� �6���  �- :���/? �� .00�;���! D#��! �BRC �� �� E4� 

 �$ e�B%�� �0 �0��� )��>f� � �!� 9�5/ D#��! 2�

�1,1� �0 �? 0�4��� �  �< �0 ����/ 05C5� �#�L; ��

�$ �g�< ��� ��53���5���  �� ��» 9#$ �$��$ ��5�0 D#��!

q���« :� }�W 05� ]9[ ��#W� K��g ��R1�I� 9�� �0 .

���#M�! ��1�� :<��f ���$ �8� �0�P#!�  ��8+� �� ���

 0��8/�#!� �0��3.�
2800 ]6[  �$��$ ��5�0 D#��! ���$

E4� �$ q��� 9#$ 0��� ���L
  �$��$5 .�!� �8� �0�P#!�  

6 -2 - E��	RDemand  /���J'�K) E�? ���: �'

A78 (���L:  

 qI! �$ ���#M�! 2� K�f ��#W� K��g ��8+�

���1  :!83� � :4�,�W )�F`.� � �+I3� �,�M

 ��./ 9�++� )�R1�I� o��#/ .�!� �#�$�� ���#M�!

:� 8�0  :/5/�- Q�� � �1,1� ��;�,$ �-c% �$ �0��� ��b

K��g RDemand /�#����
 � 8/��8  �5� :���

E4�  ����#M�! m��3% ���� ��7�/� mLC ��,�� ����L


�/ �����+� �W�g� % �:3�R� �3C � �0��? )�C�0 08R

c% E� v�M8/��0 �? �B!�� �$ ��#.�$ ��b ]24[. 

 D#��! �� ���+#�� �R1�I� 9�� �0 K�f ��#W� K��g

 �0��? �C�0 83� :RJ��n�!��$  �I$��)12(  ���`#!�

.�!� �8�  

)12(  . .MDOFR R RDemand s dµ= Ω  

���M� �I$�� �0MDOFRµ 
 �� :��/ ��#W� K��g

E4�  8/���
 ��#W� �� :��/ �8� 2��#�� �7�/� � ���L


 .�!�sΩ� �W�g� �� :��/ K��g � ���#M�! �0 ����+

��$ �b� �- �!��3- �`
  �� ���#M�! :3�R��/ ��� �$ ��

:� �S/ �0 :3�g )�5H �$ ,�/  .0��;Rd :��/ K��g �

:� �8���/ ���� �3% ��  qI! �0 �- :���/? �� .05�



34  ���1 ����#����
 � 0�4��� �$ 8/5�
 �����% ��bc% :$�����  �����#M�! 9#$ ���  ���?���! D#��! �$ �BRC �� �� E4�  

 

���	
 ���� ��� � ����� ��� ����   ����� ������  �!1 ��#�$�% � ���$ �1397 

� ���� �3% ]�� �$ :<��f � ����$ �:���/ ����+� �

 m�g :B���g �0 ��3��f� ��C �0 q1�F� ����+�

:� 8/5��  ����+� qI! �$ �����/ ���- ��C �!� ��j

.05� �0�P#!� ���- K��g 9�� �� :<��f  ����0� �0

 K%��� ����! K��g 9�� ���`#!�:� q��.% .00�;   

s`.� �IM qI! 2� ���$�  �+I3� K�f r�f

m�#� � �8� ���% ���=/  m�`#/� r�f 9�� �$ ��;��! ���

:� ���=/ .8/5�  �8���/ K�f �1,1� �- :$�`#/� ���

:�  � �8�  ���� :IM ��#W� }�W �$ ���#M�! �$ 8/5�

:� ���0�$ EH�< ���
 ]�$ ��0�+� 9�=/��� .00�;�  ]�$

 2�#!j� ���
( )Ve 8���/:� �  �S/ ��R1�I� 9�� �0 .05�

 ��C ��!� �05$ v>� :<��f �IM qI! �43�� �$

�1,1� �#.�$ ���� ��BI/� $ ���� ��- ��=#M�! �IM �$ �0�$ �

���=/ ��  �`$ �0 �8� :W�R� :�53F� ���5  �0�P#!�

 .�!� �8��1,1� ��=�0 :��; �0  �$ ���#M�! �$ K�f ���

8< � �8�  ���� :IM��N ��#W� }�W ��$ ���% ,��; �x-�

:� ���0�$  �p�3#� ,��; �x-�8< �- ��0�+� 9�=/��� .05�

�!� h�f �1,1� �$ )Target Drift   �4�� �07  �8 (

�$  E��% �� EH�< ��W�p :33� ��� �$ O8� ��53�

 :33� �05�/ :IM�0 �� 8R$ � �8� s`.� ��,W���$

n�!��$ ���1 �����$ E�R1��5#!0 ���#M�! ��  ���

5� 05C]16[ �( )Vy :� ���0�$ .00�;  �$ �p�3#� ]�$

 ���#M�! �0 :IM��N ��#W� k���( )Vs�  E4� Q$�I�9 

:33� ���8C E�  ��#W� }�W �$ ���#M�! ��W�p ���

.05$ 8��5M :IM��N � :IM :<��f ���
 ]�$ ( )Vd 

$ :P�f m�#� m�{�H�< D��+% �� ,�/�  �� �8�? �!0

�? :�- ��� �0 ���#M�! :IM r�f�  ��#W� K��g �$

9��? :� EH�< ���/  K�f ��#W� K��g ���`#!� .05�

 �I$�� Q$�I� ���#M�!)12(�  ����#����
 �B!�� �$

 �0�B��/n�!��$  E4� �0 �w/?9 �8� :W�R�  ����


:� .0��L
   ��8C �03  �4�  �0�B��/ ����#����
 � E<���

 �1�< �0 �$ ���#M�! K�f ��#W� K��g �B!�� ���$

��% ���$ r�#`� .�!� �8� �6��� 8/5�
  

6 -3 - E��	RSupply (M
4�N) ()K)� M����� ���: �'  

K��gRSupply�  �0 ���#M�! ��W�p ��,�� �$

 ���u% E�%E4�  ������ h5I! � :IM��N �0�4

���#M�! :<��f .�!� �#�$�� �8� r��R% :� ��  8/�5%

 ���- K��g m�`#/� � :����/ ]�� ���� n�!��$

 �1,1� qI! �% :F`.� :$��M }�W �$ ����+�

:<��f ��
 }�W 9�� � 8��$ ���� �8�� �0�4���  �!�

�g�<  �< �0 �- ��C 0�4��� :!��$ ���1  ��

���#M�! ��� 05C5� �0 v��8� K�!? ���L
 ���1  ��

�0�P#!� :� 05� ]23[.  ���$ �0�P#!� 0�5� D#��5=1�

 ��W�p ��#W� K��g ���`#!����#M�! ���  ]�� ��

� :��4���? n�!��$ :B/�C ����+� ��/?� �!� h�� 9�8$ 

]24[:  

���=/ ���$ ��=#M�! �$ K�#3� ��� E��% �

 :IM��N ��#W� �$ ���#M�! ��� �$ :.��,W� :4���3�0

 K���g � �8� ���/�PGA �S/ 0�5� :$��M  9�� �0)

����+� �3�.�$ ��S/ ,��; �$ �8�!� Q�+%-  �B��+%

(:/�C :3��� 0�4��� qI! �$ ��5�0 9�1�� �8�!�  0�R� 

:� ���0�$ ���0� �0 .05��  �% ���#M�!PGA ���

EBJ ��; :$��M�  9�=/��� � �8� :IM :4���3�0 E��%

:� �B!�� EH�< ���
 ]�$ ��0�+� 00�; ( )Ve.  ��; �0

��$ t��5% �5=1� �$ ���#M�! ��=�0  �%  �05� :B/�C

��$ E��%  EH�< ��W�p :33� � �#W�; ���J ��,W�

:� ���`#!�  O8� ��4����u% 9#W�; �S/ �0 �$ .05�

 � �� �8J �0 �8� �#W�; �S/ �0 :$��M h5I! �$ �p�3#�

 �� ��W�p :33�n�!��$ ���1 �����$ E�R1��5#!0 �� 

]16[ ����/ �0 � �05�/ :IM�0�   0�R� D���% ]�$

���#M�! ( )Vy� :� ���0�$ .05� 8R$ �$ ��; 9�� ��� 

 �- �!� ���� �5-L� K��g �B!�� �$��� � E<���

8� �0�P#!� K�f ��#W� K��g �B!�� ���$� ���4% �� �L1 

:� ���005M ��/?   ��8C �0 .05�3  �4  � E<���

 ��W�p ��#W� K��g �B!�� ���$ �0�B��/ ����#����


���#M�! � ,�/ �R1�I� 0�5� ����!� �8� �6��.  



:��{%�� � ���3��  35  
  

 

���	
 ���� ��� � ����� ��� ����   ����� ������  �!1 ��#�$�% � ���$ �1397 

  
E4� 9- :IM�0 ��#W� K��g �B!�� �$ e5$�� ����#����
 :W�R� � ���#M�! ��W�p :33� ���! 

  �8C3-  ���#M�! ���$ ��W�p � K�f ��#W� K���g4 �+Bf  

:� 9% K�<�$ ]�$ ��0�+�) (8��$  ��#W� K��gK�f )RDemand( ��W�p ��#W� K��g )RSupply( 

���#M�! �0 8/5�
 ��% k5/← �0j5W 8/5�
��% :3#$ 8/5�
��% �0j5W 8/5�
��% :3#$ 8/5�
��% 

)9��� m�#� �3�.�$ 9�=/���g( 35/0 35/0 072/1 1/1 

)2�#!j� ����+�Ve( 57/1161 86/1173 5/2909 43/3001 

):RJ�� ����+�Vy( 44/457 582 98/488 650 

 k��� �$ �p�3#� ����+�)2�#!j���N ��#W�Vs( 4/252 320 40/252 320 

):<��f ����+�Vd( 276 276 276 276 

E4� �� :��/ ��#W� K��g )���L
Rμ( 54/2 017/2 95/5 62/4 

)����+� �W�g� �� :��/ ��#W� K��gRΩ( 812/1 82/1 94/1 03/2 

)���� �3% �� :��/ ��#W� K��gRd( 1 16/1 1 16/1 

)��#W� K��gR= Rμ× RΩ× Rd( 6/4 253/4 53/11 87/10 

  �8C4-  ���#M�! ���$ ��W�p � K�f ��#W� K���g8 �+Bf  

:� 9% K�<�$ ]�$ ��0�+�) (8��$  ��#W� K��gK�f )RDemand( ��W�p ��#W� K��g )RSupply( 

���#M�! �0 8/5�
 ��% k5/← �0j5W 8/5�
��% :3#$ 8/5�
��% �0j5W 8/5�
��% :3#$ 8/5�
��% 

)9��� m�#� �3�.�$ 9�=/���g( 35/0 35/0 02/1 92/0 

)2�#!j� ����+�Ve( 2070 2210 19/4514 4991 

):RJ�� ����+�Vy( 84/503 625 839 710 

)2�#!j���N ��#W� k��� �$ �p�3#� ����+�Vs( 3/355 520 3/355 520 

):<��f ����+�Vd( 21/565 21/565 21/565 21/565 

 :��/ ��#W� K��gE4� �� )���L
Rμ( 11/4 536/3 4/5 03/7 

)����+� �W�g� �� :��/ ��#W� K��gRΩ( 42/1 202/1 36/2 365/1 

)���� �3% �� :��/ ��#W� K��gRd( 1 1 1 1 

)��#W� K��gR= Rμ× RΩ× Rd( 83/5 25/4 7/12 6/9 

  

E4� �0 �- �/5=/���  ���10  �11  �S<>�

:� 00�; ����#M�! ��W�p ��#W� K���g ��8+�  0�5� ���

9#$ � �0j5W �1�< �0 �� �0) �R1�I� ���?  (��8/5�
 ���$

��/? �$ �p�3#� �IM h5I! ��  ��#W� K��g ��8+� �� � K�f

 :<��f �IM qI!�%j�$ .�!� �8� 0��?�$ 0�5� 9��� 

 D#��! :W�- :3��� � j�$ ����+� 9�B��BRC �� E4� 

�IM h5I! ���$ .�!� ����� �0 8�8� ���#M�! �0  �$ ���

 �0�8� �0 K%�� ��� �� ����A1  ��$��$ :�H� ��{��

 9�8$ .8/�� 8��5M :J�$ 2�#!j� �0�8� �0 D#��!

 0��8/�#!� h�f �1,1� ��;�� �K�%�%2800 ]6[  K��g �



36  ���1 ����#����
 � 0�4��� �$ 8/5�
 �����% ��bc% :$�����  �����#M�! 9#$ ���  ���?���! D#��! �$ �BRC �� �� E4�  

 

���	
 ���� ��� � ����� ��� ����   ����� ������  �!1 ��#�$�% � ���$ �1397 

 ��#W�4 8� � )8� �� qI! 9�� �% �0��; ���J h��f �S/

9���
 h5I!  ��? �� �% 2�#!j� �0�8� �0 ����5�0 �RIJ

:� �S<>� �- �/5=/��� .8/�� 8��5M :J�$  9�g �00�;

��% �� �0�P#!�  �0�8� 9�� �D#��! �0 �0j5W 8/5�


:� ���,W� $ 0�5� 9�� .8$���  �%83�$ ���#M�! �0 �5FM

 �0 ��#W� K��g m�`#/� �- �!� :��8$ .�!� �%05�.�

��W�p � K�f ��0�+� 9�$ �0�8�  qI! 2� �$ �p�3#�

���#M�! �0 s`.� :$��M�  �0 ���#M�! �8/�� :J�$

 �8�!� ���$ ��j )8� ���� �$ ��S/ 0�5� 0�4��� qI!

)8� �� �0�4��� qI! 9�� �$ 9���
 ���  �� �? �� �%

$ .0�- 8��5M 9��{% � K%�� ��� �� ���� �$ � �x� ��53�

�0 E4� �0 �8� s`.� �/� ��#�-�M �0�8�  ��

)A0(�  8��5M :B/�C ��$��$ ��W�p ��-��- ���#M�!

 .���0) qI! 9�� �0A0�;� �( :B/�C �$��$ D#��! ��

���� �8� :IM��N �0�8� 0���  �$ ���#M�! �� ���5�0

.8�!� 8��5`/ :/�C :3��� �0�4��� qI!  �- �/5=/���

:� �S<>� 9��? ��#W� K��g m�`#/� �00�; ���/  �$��$ ��

5 ��� :<��f ���$��1�  � ���#M�! :3��� 9�{#� :$5`$

���1� �7�/� mLC ���$�J  �% �? :B/�C ��$��$ ���

 �8C K�!? D#��! �0 �43�� ��8$ 05$ 8��5M h�f �1,1�

 K�f ��#W� K���g 9�$ v8/� O>#M� �$ �S/ .05� �0�<

9��? � :� ��S#/� ����/  h5I! � h�f �1,1� �% �- 0��

9���
 )8� ���#M�! ��? �� �%  �� �%j�$ :I! �0 ��

�0�P#!� ���$�J �0�4��� qI! :$  .83/��$ :J�$ �PJ�

:� �S<>� �- �/5=/��� ��% �� �0�P#!� 9�g �05�  8/5�


 ���- K��g �0 9�� 9�$ O>#M� �D#��! �0 �0j5W

:� ��% �� �0�P#!� 9�g ��%83�$ ���#M�! �0 .8$��  8/5�


i�5R% �0j5W  ��#W� K��g �� K�f ��#W� K��g ���L


9��?  ���/�#.�$ :� 0��?�$ :� �� 0�5� 9�� .05�  �$ ��5%

���1 ���/ ���,W� E4� � )�+Bf ,��; ��  �? �0 ���L


$ .0�0 �B�/� :� s`.� ���>� ��% �� �0�P#!� �- 05� 

���#M�! �0 �0j5W 8/5�
 �#�� ���$�J �$ �tP%�� ��� 0�

:� D#��! .8��,W�  h��f ��S/ 0�5� )8� qI! �$ �#�$

:�  ��./ o��#/ .8���/ m�`#/� �� ��#W� K��g 8/�5%

:�  ��#W� K��g �$ �:<��f �IM qI! ���$ �- 83�07 

 9�g �- �!� 9��� �0�8� �0 ���5�� ���#M�! ,�/

��% �� �0�P#!�  ���,W� >$�+#� :3��� ����< ��0j5W 8/5�


W�� 8��5M:� ��S#/� .�  ��#W� K��g ��8+� 9�� �- 0��

E�#� �1,1� �3�.�$ ���$ )g55/0 �8/�� :J�$ ,�/ (

���#M�!  9��{% �� :/�C :3��� �0�4��� qI! �0 ��

.8���/ :!��$ 9�g �:<��f �IM qI! �0  ��#����
 ���

:� s`.� ��%5- ���#M�! �0 �- 05� �%��% �  8/5�


K��g �$ �0j5W ����+� �W�g� ( )sΩ :$ �B��+% ��bc% 

 ���� �!����,W� E4� �� :��/ ��#W� K��g ���L
 ( )Rµ 

$ �� ���% �� �0�P#!� �)8� �� qI! 9��� �0 .0��0  �B/0 

K��g �0 �� ��%83�$ ���#M�! �0 �0j5W 8/5�
 

( , )R sµ Ω :� ���,W� �� .8�0  

  
E4� 10 - 9��? � ��W�p �K�f ��#W� K���g ����+� 9#$ (m) � �0j5W (r1�) 8/5�
 ��% �1�< �0 �0 ���/  ���#M�! �0 ���?4 �+Bf  



:��{%�� � ���3��  37  
  

 

���	
 ���� ��� � ����� ��� ����   ����� ������  �!1 ��#�$�% � ���$ �1397 

  
E4� 11 - 9��? � ��W�p �K�f ��#W� K���g ����+� 9#$ (m) � �0j5W (r1�) 8/5�
 ��% �1�< �0 �0 ���/  ���#M�! �0 ���?8 �+Bf  

7- P��3= �%&�'  

 8� �$ 0�8� �R1�I� 9�� �� EH�< o��#/  � ��

:�!� h�� 9�8$ � �05$ �8� ��`%� )��g�W  

1- ��%  8/5�
��bc% �S<>� E$�J ��  :B/�C :#`! �$

�BRC D#��! ��W�p :33� � :���%�� ��  E4�

 D�+#�� �B�/ ���#M�! k�P%�� �$ 0��5� 9�� .0��0

 �)�8��.� QBf .8/��0 8� ���!  �$ ���#M�!

�BRC D#��! �� ��% ��8$ E4�  :���#/ �8/5�


0�3#!� E$�J ��N � ��RJ�� �� ��0  8��5M ���#/

.0�0  

2- D#��! �j�$ :3�R��/ � :#`! �$ �C5% �$

�BRC �� 1 0�4��� �� :%�� �5f �$ E4����  ��

 �:<��f �IM qI! �% .�!� ��0�5M�$ :$5�I�

��% �1�< �0 �� �0 9#$ � �0j5W 8/5�
 ���? �

��1�� �$ :�H� ������#M�! :B/�C ��$� �� 

�0)�� �%j�$ �0�4��� qI! �0 (����5  ���$�J

:$ �0�P#!� :� ���J �PJ�  .8/��;  

3- ���#M�! ��W�p ��#W� K���g  �R1�I� 0�5� ���

 h5I! ���/? �$ �p�3#� �IM�  K��g ��8+� ��

 ��#W� :<��f �IM qI! � K�f�%j�$  0��?�$

.�!� �8� 0�5� 9�� z� :3��� � j�$ ����+� 8-

 :W�-�BRC D#��! ��  E4� �IM h5I! ���$

.�!� ����� �0 8�8�  

4- 9��? ��#W� K��g m�`#/� ���/  �$��$ ��5 � ���$

��1�� :<��f� #M�! :3��� 9�{#� :$5`$ ���

 �0 �43�� ��8$ 05$ 8��5M h�f �1,1� �%

���1�  �8C K�!? D#��! ��$��$ :�H� ���

 K���g 9�$ v8/� O>#M� �$ �S/ .05� �0�<

9��? � K�f ��#W� :� ��S#/� ����/  �% �- 0��

9���
 )8� h5I! � h�f �1,1�  ��? �� �%

���#M�!  �0�4��� qI! �� �%j�$ :I! �0 ��

�0�P#!� ���$�J  :$ .83/��$ :J�$ �PJ�  

5- ��% ���#M�! �0 �0j5W 8/5�
  �$ �tP%�� ���

:� D#��! 0��#�� ���$�J .8��,W�  m�`#/� 9�g

 ��#W� K��g7 �0�8� �0 ���5�� ���#M�! �

:� ��S#/� .�!� 9���  K��g ��8+� 9�� �- 0��

E�#� �1,1� �3�.�$ ���$ ��#W� )g55/0 ,�/ (

���#M�! :3��� qI! ���$ ��  :3��� �0�4���

 �� :/�C9��c% .8���/  

n�!��$  �$ �C5% �$ ��R1�I� 9�� �� EH�< o��#/

)8� �$��% 9�g �43$�  8/5�
 �����% ��1,1� �j�$ ���

K�!? :3#$  � i�5R% ���$�J �5-L� D#��! �0 �8�0

 �0j5W 8/5�
 �����% �� �0�P#!� � ���0 83��5`/ ����

,�/ ��bc%I! �$ � 0�4��� q���#M�! ��!� �#��8/ ��  �$

Q�J0 t��5% ��4�� �5S3� :$��M �%  �0 �8�  �#3- ���

i�5R% �0j5W 8/5�
 ��% �� �0�P#!� �D#��!  ��L




38  ���1 ����#����
 � 0�4��� �$ 8/5�
 �����% ��bc% :$�����  �����#M�! 9#$ ���  ���?���! D#��! �$ �BRC �� �� E4�  

 

���	
 ���� ��� � ����� ��� ����   ����� ������  �!1 ��#�$�% � ���$ �1397 

�$ ���#M�! ���$ �5FM  �$ Qf�3� �0 tJ�� �%83�$ ������1 :� 0��3.�
 j�$ �,�M .05�  

  

QK���   

[1] El-Tawil, S., Christopher, M.K., Mohammad, H. (2002),“Pushover of Hybrid Coupled Walls, Design and 
Modeling”, Journal of Structural Engineering, 128(10), 1272-1281. 

[2] Zhao, Z. Z., Kwan, A. K. H. and He, X. G. (2004),“Nonlinear Finite Element Analysis of Deep Reinforced 
Concrete Coupling Beams”, Engineering Structures,26(1), 13-25.  

[3] Paulay, T., Binney, J.R. (1974),“Diagonally Reinforced Coupling Beams of Shear Walls”, Shear in Rein-
forced Concrete, ACI Special Publications42, 579-598. 

[4] Kheyroddin, A. (2009). Analysis and design of shear walls. Second edition, Semnan University. 

[5] Mohsenian, V., Beheshti-Aval, S.B, Darbanian, R. (2017) “Endurance time method, a suitable substitute for 
traditional dynamic analysis in seismic performance assessment of RC tunnel form buildings”, Sharif Journal of 
Civil Engineering, 33.2(3.2), 149-159 (In Persian). 

[6] Permanent Committee for Revising the Standard 2800, (2014). Iranian Code of Practice for Seismic Re-
sistant Design of Buildings, 4th Edition, Building and Housing Research Center, Tehran, Iran. 

[7] ACI Committee 318, (2014) Building Code Requirements for Structural Concrete (ACI 318-14) and com-
mentary, American Concrete Institute. 

[8] Computers and Structures Inc. (CSI), (2015) Structural and Earthquake Engineering Software, ETABS, Ex-
tended Three Dimensional Analysis of Building Systems Nonlinear Version 15.2.2, Berkeley, CA, USA. 

[9] BHRCP (2007). Approved technologies in direction of sub-note 2-6, paragraph "D", Note 6, "A step in di-
rection of building industrialization ", first edition, Building and Housing Research Center Press, pages 21 and 
22, (In Persian). 

[10] Chen, Y., Lu, X. (2012), “New Replaceable Coupling Beams for Shear Wall Structures”, 15th World Con-
ference on Earthquake Engineering, Lisbon, Portugal, Paper-ID 2583, 24-34. 

[11] Institute of National Building Regulations, (2013) Design and construction of Steel Structures, Topic.10, 4th 
Edition, Ministry of Roads & Urban Development, Iran. 

[12] Harries, K.A. (1995),“Seismic Design and Retrofit of Coupled Walls Using Structural Steel”, A Ph.D. The-
sis, McGill University, Montreal, Canada. 

[13] Park, W. S., Yun, H. D., Hwang, S. K., Han, B. C., and Yang, I. S. (2005),“Shear Strength of the Connec-
tion Between a Steel Coupling Beam and a Reinforced Concrete Shear Wall in a Hybrid Wall System”, Journal 
of Constructional Steel Research, 61(7), 912-941. 

[14] Park, W.S., and Hyun-Do, Y. (2006), “The Bearing Strength of Steel Coupling Beam-Reinforced Concrete 
Shear Wall Connections”, Nuclear Engineering and design, 236, 77-93. 

[15] Computers and Structures Inc. (CSI), (2016). Structural and Earthquake Engineering Software, PER-
FORM-3D Nonlinear Analysis and Performance Assessment for 3-D Structures, Version 6.0.0, Berkeley, CA, 
USA. 

[16] Technical Criteria Codification & Earthquake Risk Reduction Affairs Bureau (2014) Instruction for Seis-
mic Rehabilitation of Existing Buildings. No. 360, First Edition, Management and Planning Organization, Iran. 
[17] ASCE, (2014) Seismic Rehabilitation of Existing Buildings, ASCE/SEI41-13, American Society of Civil 
Engineers. 

[18] Mortezaei, A., Kheyroddin, A. (2014). “Higher mode effects in the pushover analysis of RC buildings sub-
jected to the near-fault ground motions”, Journal of School of Engineering, Ferdowsi University of Mashhad, 
25(2), 1-16. 

[19] Mortezaei, A., Ronagh, H.R. (2013). “Effectiveness of modified pushover analysis procedure for the esti-
mation of seismic demands of buildings subjected to near-fault ground motions having fling step”, Natural Haz-
ards and Earth System Sciences, 13(6), 1579-1593. 



:��{%�� � ���3��  39  
  

 

���	
 ���� ��� � ����� ��� ����   ����� ������  �!1 ��#�$�% � ���$ �1397 

[20] Afzali, A., Mortezaei, A., Kheyroddin, A. (2017). “Seismic performance of high-rise RC shear wall build-
ings subjected to ground motions with various frequency contents”, Civil Engineering Journal, 3(8), 568-584. 

[21] Whittaker, A., Hart, G., Rojahn, C. (1999). “Seismic response modification factors”, Journal of Structural 
Engineering, 125(4), 438-444 

[22] Mohsenian, V. (2013). “R-Factor determination for tunnel-form buildings”, M.Sc. Thesis, (In Persian) Uni-
versity of Science and Culture, Iran, Tehran. 

[23] Bertro V.V., (1989),“Evaluation of Response Reduction Factors Recommended by ATC and SEAOC”, 
Proc.3rd U.S.Nat1 Conf. on Earthquake Engineering, South Carolina, 1663-1670. 

[24] ATC (1995a), “Structural Response Modification Factors”, ATC-19 Report, Applied Technology Council, 
Redwood City, California. 

[25] Fajfar, P. (2000),“A Nonlinear Analysis Method for Performance Based Seismic Design”,Earthquake Spec-
tra, 116(3), 573-592. 

[26] ATC, (1996), “Seismic Evaluation of Concrete Buildings”, Vol.1, ATC-40, Applied Technology Council, 
Redwood, CA. 



Vol. 4, Issue. 1, Spring and Summer 2018 Journal of Civil and Environmental Researches 

   

 

 
 

                                                 
* Corresponding author 

 

Evaluation of the Effect of Link Beams on  
Seismic Performance and Parameters of Rein-
forced Concrete Box-type Buildings  
 
In many studies on the evaluation of seismic behavior of RC build-
ings with box-type structural system, link beams are not included in 
models simulation in order to reduce the time and effort of calcula-
tions. In addition, in spite of early failure of the link beams to the 
shear walls, the system faces challenges because of dimensional 
limitations as well as design and construction of detailed specifica-
tions for the link elements as seismic fuses. The present study, while 
presenting a proposal for replacing reinforced concrete link beam 
with a replaceable steel type, investigates the effect of these ele-
ments on the seismic performance of box-type systems in the 
framework of relationships related to the strength reduction factor. 
According to the results, link beams have a significant effect on the 
system capacity and stiffness enhancement; and the model does not 
yield acceptable results by eliminating them. Replaceable steel link 
beams, while increasing the reliability of the system, have no effect 
on the performance level of the buildings under the design and max-
imum credible hazard levels. Due to the replace-ability of these el-
ements, in order to compensate for the constructional weaknesses 
available, their usage is suggested. 
 
Keywords: Box-type building, link beam, pushover analysis, strength 
reduction factor.  
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