
����� ����� 	
��
 ���� ��� �
 ���� �� ��� �� ��� TLP 

����  

 ���� ��� � !"# �!�$� %�!��
 &'()� �� ��� �!* +,����� �!� -��� �!. /�� � 
�. �0. �1� ��!2-�� �#

 ��4�� �� ����� 5!6�!�78 .�� :!� � �0��� �!*!��
 �
 ��0;�!  ��<� �<= !� ���� ����� >�!=� �� ��,����� � %7

�?'@��� AB� ���<� C!�?0* �!* �!6$ >�7�� /'�D0* � �2 ��� EF<� G,# +.�
 E��� ���� /���7 AB� �
 

�� �
��H���� �!*�!� �I� �
 �� �6�'� /'�D0* � 
�
 C!6  �� !* ��'@ %7�� � ��!0� � �@! �@ %��8 +��� J�!�  .-

��� E�1� �!�$� ��� �� �#�� C!6  �� !*�����!2 /'� �K'. L!M��� /'�D0* � 
�. G*��$ N�'0<�� �!6$ � �2 �!*

� ��� �!*�����!2 �
 
�;�� >=��� �
 ��1� 5!6�!�78 &MH .
�
��'�  � ���0� 5��*!6� EO<�P /�$�@ �4  �
 !� !*

 ��H �
 �1� �'�!��
�(B�� �I� �!6$ � �2 N�'Q��� E+,� �2 -���� E�2 ��� E���� �I�  .��� +��� �� /�� J�!�

�� &'()� C
�. %�M'R!. ���� � ���
�� %
!K��� 5S!'� �'�!��
 5!M�!)�.  

���(�  

T�� E�'�� �!"R!� �
� �
!�7 �!* �I� 5�16� ��� �� &'()� ���wave-in-deck  U
!� 7� ��!� �!*�1� �


 ��!
 �!
 ����"� � �
 E�� /�� 7� .+�� %�� :!� � �
 �* 7� �M'.�� !� �
�� �!*��� !� ����� 5!6�!�78 -���

 �!*�!� �@��.��2 � �@�?� &'=
 ��'M6'2 �� wave-in-deck �� �!* %7!� 7� %��8 +��� � !"# V�!2 � �. ��!

.+��
 7!'  %� !� �=!� 
��)�  

 �!* �!� /'� �
2004  �2005 ��?1� J'<� �
 !��� � !����!. EC��� �!* C!$�H E126  �� U
!� 7� ��!� %7!�

 �� � 
�. F��P�183  C!$�H /'
 �
 �. ����@ �� !� �� %�� T��?@ �!* 5�!,� .
�. 
��� 5�!,� �Q�
 %7!�

!K��� E!*
!�
�@ � �0��� �!* �M�!�
 �
 ��'�� .
�6'� ��6'� �
��H W!K��� 7� !* %7!� 7� �<'� �
 ��� W2015 E50 

 �
 �. ��@�!. 
�. +�!�� !* C8 +�!=� U)� �� ����� ��� �. � ��
 ���� � !�7 �!0� �!��
 �
 ��!K
 �(B��

��� 5��I� /�� �. G��� �#��� .�� �Q�
 �K  �� C�� X���� � �K  �� C�� ��6. Y�!� �.�?'Z 7� ��6'� �  �.

.�*�'� [� E%��� +��� ���\� �!*��� -���  

https://sina-pub.ir


 %
!� �!* �M;# C
��8 +��� ��� �� U
!� 7� ��!� �!* %7!� ��� �� ��� 5��I� ��� �� %�� +MI 5!('()� �].�

 �� (C��2 )!* U2 � !* C��� �� !� ���� ��7 %7!� E
�#� /�� !� .+�� ����
 ?.�0� `!� AB� !� ���� %��� ���  ��

 �'�!��
���'* 5S!;K � � U;$ �� �#�� !� .
��aQ� �'I!� ���� ��S!� +0,= ��� �� C8 �@��.��2 � ��'  �@�?� ���

!* U2 � !* C��� /'� �
  ��1� ��)�6�� � ��� ��1� �� !� � ��� ��ZTLP � ��� �� ��!� � T��2 �!*�I� E(

���7 AB� ��� �� � 
�� ��� W!K��� ���?$� Y�!� ���a@ �<�!$ �. � �'0"$ C����* � �.7��'  .
��aQ� �I� ���� /

 �
�0� ���'  ��� �� � ���'� �. 
��
 ���� ��7 �
 ��� ���#7��$ �
 �0"� �(  !* C��� /'�wave-in-deck 

 +�!I ��� �� �
 ���� �!* C��� >H!(� U)� �. �� �#��� >'0bR��M� .
��aQ� �I�TLP  �'c ����� +)� �.

�R�0;� ���� �!6$ U0)�� E
�'Q'� ���= ��<� �<= !� ��wave-in-deck  �� +M,  ���6'� ���� ��7 �?.�� &H!��

 �!� �@�?� ��� %7!� ��7 �I� ��� �� N�'�* � � �!� .
�6'�wave-in-deck  %
!K��� !� �!. /�� �. � 
�. &'()�

.�� :!� � �;��� �!* C��� �� �� !� �M;# ���� �� C
�. U�� 7� 8 �� �
!�7 �'I!� C��� ��d
 �. � �'0"$ !* C

 E!* C��� ��d
 !� .+$!� ���?$� 5�� �� �*�!� �@�?� � 
��
 �<)� �!*�!6$ � �<. �
�0� �!*��'  �@�?� ���

 ���'  �].��
wave-in-deck  ���?$� C��� C��� +R!
 �
 %�� ��'@ %7�� � �!� G0�?.!� ����� �
 !M��(� �
�0�

 .+$!�  

�� >�!=� ���� �!* ��wave-in-deck  ��!�� U
!� 7� ��!� %7!� ��� �� �� �<�� �<. � �<)� �!*�!� +�� /10�

 � �2 �
 �� �@�?� �!*��'  � ���'� �<. �!*�!� .
��!'� 
�#� ��riser  %7!� 5!.�
 ��� �� E��'�  �
 � ��. 
!���

C
7 ���� ��! ��� �<)� �!*�!� �. �R!
 �
 E
��aQ� �'I!� ��!��  +'��� � ���'� �. 
��
 �� 5�?'"�� � %7!� ���� ��

 �� -��� �2 ��� ����� 7� �0"� �P� .
7�� !'� �B� �� �� 
��$�TLP  V�!2 �� � ���'� � !$�H -���� �
ringing  

 �!�$� ����� E�� /�� 7� .����Q'� S!� �� �� 5!.�
 �
 G. �QK� +<� �� ���!� �� !� ����2 �� �� �. ��!� -M���

 �1'�!��
TLP  ���� :!Q�* ��wave-in-deck  .+�� 7!'  
���  

� �!*�1� ��� �� ���� �!� � ��� �I� /'0P� ����  C�2!. ���\� E%�� ���!�� ���\� �!* ����� /'� �
�! 7� �

 ��!2 �!* %7!� ���� ��� �� ��� �I� ?'R! 8 ���� ��� /�� E�!]� C���� �� .+�� ��$�@ ���= %
!K��� 
��� �!',� U
!�

https://sina-pub.ir


�6 ��@ GBS ���� ��� /�� 7� %
!K��� .+$�@ ���= %
!K��� 
��� +�!I U
!� 7� ��!� �!*�1� �Q�
 W�� � ��!* �;�!# 

�'  C
�. ?'R! 8 ���� %�� ���� �(MH 5��� �� GR�*�!� .
�6'� �'��� ?'  ��!�� �!*�1� ��� �� ��� ��I� �!*�

 ��1� �� ���� ��� �� ���� �!* ��� �I� ���\�semisubmersible �!* ��� !� �,�!(� �
 �� (��!�� �Kb )

� 5!.�
 C
�. e!,
 ���� �Q � -��� %�� :!� � �!* ����� 7� C!@��,��  .
�
 ���= �;R!B� 
��� �R�0;�� � �1 7

 U�2 �. .� 
�� %�"� ��0� �!* ��� O'��� ���� f.���� :�
 G4  ��� ���\�WAMIT  >���� C
��� +��� ����

 Y�!� �. ��1'� �'R�� �� �@�?� �61� ���'  E�1� �I� �. � �'0"$ C!@��,��  .��8 +��� �B� 5!.�
 ���� �R!(� �

 !� .
�� �@�?� /'�!2 �� �� 5!.�
* %7!� 7� %
!K��� C8 �@��.��2 � ���� �!6$ ��'M6'2 ���� ��!* T�� E+�!I �!

 `!� AB� ��� �� �I� �!6$ ���� �� ���\� ����$ �� N � .�� :!� � �B� ��� ���\� 7� %
!K��� !� ���� ��H �


 5!6�!�78 �
 %�� ��'@ %7�� � �!6$ !� e�� �K'. �B��� �� %��*
 C!6  �. 
��8 +��� +�!P� 7� �4  `�� !�

�.+�� ��(�8 �'c �#�� C��'� �!* ��� �'��'. 
���!. �� L���� ��!6� �!*��� � :������ �!* +�
��)� .
�� ��  

 ��!M�!)� 5S!'� �'�!��
 g!�� �� �. ��!*���CFD  .� � ��$�@ ���= �#�� 
��� �!',� �'�� �!* �!� �
 ���,*

 �� !� ��!�� �!*�.STAR-CCM+  �ANSYS FLUENT �� ��H �� �. U
 � C
�. ��� ���� � �6'� %
!K��� J�

 �I� 5�16� C
�.wave-in-deck  �!* C!��# C
��8 +��� ���� �!'� G�
 T�� 7� �. ���,* 
�#��

 �� ���M� �!* �'�1� E�� /�� 7� .���1'� %
!K��� 
�7� AB� �'�!��
���'*CFD  C
�. ��� �
 ����� %
!K��� ����

 �!* ��� �� -M��� ��!�� G�
 ��.+�� 
��)� ��(;�!  �!��
 +R!
 �
 ����  

��� �!* +,�  �!*��'  C
7 /'0P� ���� ���a@ �
wave-in-deck %7!� O<�P� �!* W�  ��� ��  7� ��!� �!*

 �!*�!� C
��8 +��� ���� T�� /���"� �])� U�!= 5��� �� ��� �!* +,� .�6'� :!� � U
!�wave-in-deck 

 �I� �!*��'  ��'@ %7�� � ��� �� %�� �6��� �!*�!. 7� �"#�� U�!= +��].� .��!M'�wave-in-deck  ��� �� �<.

 -M��� �$
!b� �!* ��� � �R�0;� �!* ��� �� �. 
��
 ?.�0� +�!I `!� �!* AB� !� %�� %
!� ���� �!* �M;#

��� ��Z �!*��!�� ��� %�� :!� � 5!('()� E�Q�
 `�H 7� .
�� +��� 5!('()� �].� /'�D0* .+�� �
!  J��� � 

 !* %7!� /�� ��� �� %��8 !* %h��2 C
�� � !��)� +<� ��.� ���  ���= :�0� g���
 �
  5!6�!�78 �. ���'� �4  ��

https://sina-pub.ir


 �I� 7� �����wave-in-deck  �*
 -���� 7� ��!�� U
!� 7� ��!� �!* %7!� ��� ��2000  C!'� �
 .+�� %�� 7!c8

()� /�� �!* ��� V�!2 � ��� �!*�!� E�1'�!��
 ����* U���$ N'�* � +,�!*�# E5!('TLP  �#�� -���� +)�

 �I
!
 �� &'()� �
 �* .� 
�. ����� �� ����wave-in-deck  �P�!2 :?' !1� Y�!� +, ��� �� �. 
�
 T��?@ ��

* �
 .
�� �#�� U�!= ���� ���?@�!� �
 +"# �''i� �� �. � �� �$!�� ���� ���� �!6$ >�7�� EC!�7 C!0wave-

in-deck  �2 ��� U�!� �. �<. �!� !� C8 �B��� � � ��� ��Z ��!�� ��1� �� �!* C��� +62 � �<# `��H� �


 �!� ��'M6'2 � &'=
 �!* ��'@ %7�� � 7� ��!* T��?@ .+�� ��$�Q  ���= ����� 
��� �'�!0�,'� ��H �� E��!M'�

 V�!2 � �<.� %7!� �1'�!��
U
!� 7� ��!  �I� 	
��
 +<� �� E��!��wave-in-deck  .���,* 
��)� 5�� ��

 �� ���M� �!* �'�1� ��B !0*CFD  ���
� 
�� +$�6'2 �� ��Q�R ��!�� G�
 �� �1'�!��
 �I� ��'M6'2 ����

 5!��H� .�*�'�wave-in-deck  �!* �7!� �'M� �'�!� ���� ����� CFD . ��!��H� C
�. �'"� ���� �� ���'� � 

.+�� 7!'  
��� 
�� %
!K��� !* �1� /�� �
��H ����  G�,'� �� �<. V�!2 ����� E&'()� /�� `�*TLP  +)�

 �!*��' wave-in-deck  .+�� !* C8 �;=�� ���1� � O<�P� ���� �#�� �!* j!K�� ��� �!* +,� 7� %
!K��� !�


 �0. 5!'�?# � �K'. �!* %!@��
 �'"� ��� �� &'()� /���I� �!*��'  � wave-in-deck EF<� �0�
 5!.�
 E

 ��� V�!2 .
��
 ?.�0� !* C8 -���� � ���� ���� �!6$ � �2 �!* ���TLP  
�;�� `�!;�� �'c �#�� �!*
����� �


 7� /�� �. �� ��'@ %7�� � O<�P� �#�� �!* �'��'. !� ���Z10000  !'R����� ���c �!0� �
 !��
 +R!
 �R!�

�� %�� ��$�@ /'0P� &'()� /�� `�* EO<�P� �;=�� -���� !� O<�P� �#�� �!* 
����� ���� !* +,� :!� � !� .+

 ��!�� �!* %7!� ���� %
��,@ 5��� �� +�� /10� �. ��!* ��'@ ��'�  � ���� ��'@ %7�� � �!* V�!2 � �@! �@

 
��
 �4  �
 /'�D0* &'()� /�� .��!M'� E
�'@ ���= %
!K��� 
��� W�  G* ���� � ��� �� �. �� %�� �k?# J�!�  �.

 �7!� �'M� � � !"# ?'R! 8 ��?$� :�  C
�. %�M'R!.CFD  ���� � ���� ��� ��!�7� J�!�  �1��� ���� .��. G*��$ ��

 U�!� �. 
��
 
�#� J�!�  � ��� ��� �� �k?# 5!��H� E��!� +�!=� U�!= %���8 �
 �
�� �7!� �'M� !� �,�!(�

 �!* ��� �� !� ���6'� �k?# 5!��H� .��!M'� E+�� O<�P� �!* ��� �!* T�!. �
 %�� ��'@ %7�� � ��� W!K���

J�!�  �
�� �7!� �'M� ���� � ���'� �. T�� �� .��!M'� 
�#�� ?'  ��'@ %7�� � ��� W!K��� 7� � !�7 /�� �
  &'()�

https://sina-pub.ir


 �].� �. /�� 
�#� !� .G'�!�6'� �� C8 ?'  ���# ��� ���\� �� �. +�� ?.�0�� ��� �'�1� E
�� %
!K��� �����

V�!2 C
��� +��� ���� ?.�0�� ��� �'�1� 7� 5!('()�  �� 7� �. 
�
 C!6  �R? �� E� � %
�. %
!K��� +�!I �!* %7!�

 �'�1� /�� .
�. %
!K��� C���'� ��!�� ��Q�R %7!� �� �1'�!��
 V�!2 C
��8 +��� ���� � ��� �� ��!6� T��

) %��,��  /'R�� -��� >M�� �R!(� � �R!(� /�� �
 �. ��!� �� �B(  �� �
 ��� W!K��� � !�7 V��!� ���7!' � (>'0bR�M

 7� C!@���. %
!K��� .+$�@ ���= %
!K��� 
���CFD !� �. �� ��� �� !� � ��� �� %�� ��'@ %7�� � ��� � !�7 V��!�

 ����$ �''i� &��H 7� �B� ��� 5!M'.�� &'MB� 7� %
!K��� 5!M'.�� .
�� ����  �  7� G'(�,��B� ���  E%��� +���

�'0  C!6  +��
 ��� +';'=�� �
 �� ��� �'�1� �� .��!M'� ��� �!* >H!(� C
�� �B� �'c �H!� �� /�� � �*

 E%�� ������ +';=�� �
 �4  
��� ��� � !�7 V��!� �7!��  ���� �#�� 5!M'.�� 7!$ � W!K��� G'4�� ���� �R!;K �

.+�� 7!'  
���  

2!*��?�� � ��� .  

2.1 ��� +,� 5! !1��  

R����� ����!� �!Q6 �
 �
 ��� ��!�7� /�� C?P� /�� �. �� :!� � e8 C?P� �
 !'100  � ��H ���3.55  l�� ���

 C8 &0� �. 
��
1.5  �R�0;� �'c � �R�0;� O<�P� �!* ��� -���� C
��8 +��� ���� C?P� /�� .��!� �� ���

G'�1'� �4  `�� �� ��8 C!��# � 
!� 7� E��� C
�� U(�,� � �1� V�!2 C
��� +��� ���� .+�� %�� ����  

2.2  ���TLD 

���  g!'(� !�  1:125 MH ��& �2 ��� SNORRE-A  �� �1� /�� ���� �. �R!
 �
 .+$�@ ���= ��!�7� 
���

 ���# �
 ��� g!'(� � �<�� g!'(� �
 �1� �<�� m���.
�� %�� ��� U1� �� �M;# %7!� �� C����1  U1� �

1 )C?P� ��].��
 &0� �!* +�
��)� &<� �� .+�� %�� %
��81.5  &0� 7� ��!'(� %�� g!'(� e8 &0� E (���

 �. �<��SNORRE-A  �2 ���)� ��P� �. �R!
 �
 .+,'  E
��
 ���= C8 �
TLP  E�;=�� ��H C
�
 C!6  ����

 E&'()� /�� `�* �. /�� +<� �� ����� /�� .+�� F�!��� �;=�� e8 &0� !� %�� ��� e8 &0� �. +�� %�� ���

https://sina-pub.ir


 �1� �� ���� �1'�!��
���'* �!*�!� C��8 +���TLD ()� /�� �
 ���7 +�� ��M= 
��� E+�� �<�� V�!2 E&'TLP 

.+,'  7!'  
��� &0� �
  

 
����� 7� �*!@��
 C
��8 +��� &'()� /�� `�* �. ��B !0*wave-in-deck  ��� ���� W!K��� E+��TLP  ��!�

 �!* ��� �
 �I� �!*
����� ���� �$!. %7�� � �� G�
��8 +��� �. �
�� �� C
��8 +��� ���� .
�� nP6� +=
 ��

� ��!��
 �!* +R!
 ���(� �� �1� 7� �1'�!��� ���� n'��� E��!� o�?� �$!. %7�� � %15 )+�� %�� e!P� � ���120 

 �� �;� �. (�<�� g!'(� �
 ���12  )���92  �($��� �� 5��''i� /�� .
�. ��'2 �*!. ���0  �
 (��� �
 ��� �<'�

�I� 
����� �$!. ���(� C
��� +��� ���� �7!� C!�'0H� ��4�� �� �. +��   wave-in-deck �
 � ��� �� �. +��

 5�!K� .��!� ��6'� !��
 �
 �<�� g!'(� 7� !*
����� /�� C
!�$� j!K�� e�!�� �@� ��
 
�� ?'R! � � %�*!6� +,� /'


 ���� n'��� �
 ��1� /'�SNORRE-A  U1� �
 &'()� /�� �
 %�� %
!K��� ��� �2  .+�� %�� %
�
 C!6 


��� ����� �!*�I� e�!��  �P� �
 ?'  �!4� �3 .
�6'� Y)�  

 �� �?�� �P� �
 /�� /���
 .���� ��S!� +0,= � (!* U2 � !* C��� )����2 :
�� �� G',(� �P� �
 �� ��� /��

 ��� /�� .G'�. ����� �M'.�� %7!� �� 5��� �� G* � � !@��# 5��� �� G* �� ���� �. �*
 �� �� %7!#� /�� !�

 �. +�� %�� �
��H ���H ��S!� +0,= E+$�'� �!4� � �. ��B !0* .
�� e8 ���
 > !� � +P� /10� �
 !�


�� ��
?  �!',� G* �� !* C���.  ��<� �'<��.� �i'� ��100  ��4�� �� ���'�'��R8 �!* ���@ �S!� �� ���� �<'�

 ���# �
 �� C8 J�!�  C��� �� �. +�� %�� Fb  ���� U��
 �� e8 ���
 7� ��'@�<#3 !6�.
�. %�* 

  ���# �
 �. �� :!� � G�
 � �6 ��@ ?.�� C
��8 +��� ���� �P  �
 �!* +,� � F'� 5!6�!�781  C8 J�!� 

.+�� %�� %
���    G�
 �� -��� %����?$� ���1.70  �
 >=�� ���@ �<'.515  ?.�� �
 ��� �7 �S!� ���� �<'�

 U1�) 
��
 ���= �1�6b �
 %� �� S!� ��� %��*
 C!6  �. +�� %�� e!P� � ���H %�� ?.�0�� G�
 /�� C!1� .(

 /���7 ����SNORRE-A .��!� 

https://sina-pub.ir


 

 ���#1  

2.3 �2 G�,'�  

   

 ��Q�R G�,'� �1��� ����TLP    SNORRE-A  7� U16�� �.4  +�� ���@ �* �
 �2 EG'*
 C!6  �� �?�� �2 ��

 ��� �
 �2 ���Z L!(  .G'�. �� %
!K��� C!,1� ��P� C
��8 +��� ���� ��� ���@ �* ����TLP  L!(  �
 >=��

 Fb  -��� C��� ��!"� �3  U1� �� !� C��� �* �
 ���)� �S�R4  C?P� O. �� �2 �* �Q�R �B( .+$�@ ���=

 �;=�� ���)� �R�M= .�� Ub��4  �2TLP SNORRE-A ��� !� !� �� ��P� �. �� ��� N 7 �� �!*��$ 7� %
!K

���)� ��P� !� �M� ��$ .�*�'� �k��� ����
 g!'(�N/mm 15.80  �0'� e!�H �� /'�3.2  � ���� �<'�

�� Fb  �Q�R ��!2 U1� )4 %�!0� ��!2 ���� .(1  %�!0� �4  U�� e8 �� ��!� ��<� �� � �0'� e!�H �� �� ��$

�� �� E�1'���2 �Q�R .�� :��. �* E��� �'2 C
��8 +�
 �� ���� .
�. G*��$ �� C?P� O. �� �2 ���� ��= F'.

 G'� �� �� !* �2 7�1.20  ���� �<'� �.� �Q�R �!"� � �� Ub��
�  �� �� C
��8 +��� E�� /�� 7� .G�
�. U��

C
�. ����. ��
 7� ���� :?' !1�   .G�
�. ��'2 +�
 �2 ��� �'2T=30.4 N  

https://sina-pub.ir


  

U1�1 

2.4 !*��?��  

 C!1�5  ���# �
 ��� T�!.2  U1� �
 ��!b�P� G�,'� ) .+�� %��85  ��� T�!. .(+�� %��8WP1-WP3 

 +"# �
 �. �� ��0� �
��� �!* ��� W!K��� %7�� �x  E��� �I� 5!6�!�78 /'
 �
 .
��!'� +��� �� ���1'� +.�


 ���WP4 �  WP5 .
�� Ub�� �1� ��S!� �!* �MR F(� � �<# ��  


 U1� �
 �. 
��8 +��� �,'H!�i� �B� ��!��!# ���!���K, ��� �� -��� ��� C!���� +.�6  %�� %
�
 C!6 

 E���
� �
 .+�� Xsens MTI30 ��� ��� �� �
�78 �#�
 �� ��.�
 ��'@ %7�� � G�,'� �� ETLP  %7�� � ����

 `�* .�� Fb  ��� ��!��2 5!.�
 /'�D0* � �R!(� � ��!�� 5!M'.�� ��'@ m�bP� ��'@ %7�� � G�,'� /��

 G�,'� !� C!�?0* G�,'� /�� .+�� L!M��� �
 ��� �I� 
����� !� �. +�� ��!��2 +.�
 ��� C
��8 +���DAQ 

 �B(  C
�. ��'2 ��4�� �� .+,'  :!Q0* C!���� ����� 5!��H� � !*�!� E��� W!K��� !� C8 5!��H� !�� 
�6'� /���

 
�#� �� ��!��2 5!.�
 ��� �I� �!*
����� -��� %��8wave-in-deck V��!� �,�!(� !� �M��(� �7!� :!Q0* �� E

https://sina-pub.ir


 �!* /'���
 -��� �����$ /�� �. �� :!� � C!���� ����� +.�
 C!�7 V��!� � ��� W!K��� !� e!��2 V�!2 C!�7

.�� -M� ���k��� !��2 
����� ��� �
 � !�7 ����
 ���� ��'0d� �1��� 
�#� !� E%�� /�����7 �@�?� E��. �0  e �

 �I� 
����� ���Z C��
 �
 ���� e!��2wave-in-deck .
�'Q'� %7�� � ��  

  

U1�2  

  

U1�3  

 ��<� �
 -��� !* �2 7� !� �
 -($��!�  ��!��FUTEK  U1�)
�� Ub��4 /'�!2 ��Q�
 � �#�� S!� !* �2 7� �1� .(

 -��� ���� %7!� � !�)� +0,= .
�� �#��16  ��!6$ ���!���K, ���piezoresistive  +0,= .
�� %�� ��!. ��?��

 !M��(� !*���!���K, ��� 7� :��. �* ���<#4 �
 !* �� !���K, ��� /�� �!6$ .
�� ��$� ��$ e8 U��
 ��� �<'�  F(� � �<#

https://sina-pub.ir


.
�� %�� �P2 U1�)6 ���<# C��� `��H� +
!,� .(C2  -���PT1  �PT4  �. �R!
 �
 .
�� %�� ��!. ��?��

PT13 �   PT16   ��62 C��� �1�
?  �
 %�� ��'@ %7�� � ��� �I� �!6$C3  %� !� �=!� �!6$ .+$�Q'� %7�� � ��

 E���!���K, ���PT5 � PT12 U1� �� %�!�� !� .�� 
��� �@
��,@ %
��)� -�� �
 E6 l�� � ��H �
 �'
!  �!"Z E

 -��� ���� /���74  ���# .
�� %�� ��!. ��?�� :��. �* ���� �!6$ ���!���K, ���3  �'
!  �* ���(� %��*
 C!6 

 .
�6'� �!6$ >�7�� C�� nP6� Y�!� �<)� �!6$ ���!���K, ��� F'��� .+��  

  

U1�4  

  

���#2  

3��� -���� .  

 3.1 !��
 +R!
  

 �� ���Z C!$�H �� �Q !'� E�� %
!K��� ��� ��!�78 /�� �
 �. ��!��
 +R!
10،000  !'R����� ���c �!0� �
 �R!�

 �#�� U�!= ��� W!K��� !� ���, !# O'H -��� e8 +R!
 /�� .+��Hs=22.13m  %��
 ��� !� E17 � (����$ )�' !I

https://sina-pub.ir


�!@ ��� U1� �����!2=!0.1 !2 .�� �7!� ��� g!'(� !� -M��� �!*�����1:125 EHs=177mm,Tp=1.52 l?$ .

.e8 C!��# !� 
!� /�$�@ �4  �
 C��� E+�� ��<� �<= ����� !� ��!��
 !�  

  

U1�5  

 �. +��
 �4  �
 ��!�TLP  U
 %�� /���"� �Q !'� !��?R� E+$�@ ���= ����� 
��� ��� /�� ��!�7� �
 �. �;=�� g!'(�

.+,'  G���!  �!��
 +R!
 !� C8 /�$�@ ���= l�;� �
 � ���� �1'�!��� n'��� !� �,�!(� �
 �
��H ���� 
 �

 >�!=� ��. /'0d� �. � � %�� e!P� � ���H !��
 +R!
 � ��� �!*�;� E+('(
wave-in-deck  �!� �� 7� ��6'�

 C!$�H �� �
10،000  � �@ /�� E�*��P'� X��H �� �. +�� �?'Z OR!P� /�� �1��� 
�#� !� .��$�'� j!K�� �R!�

 >�!=� �. �*�'� %7!#� !* e!P� �wave-in-deck  C8 ���(� �. E
�'Q� ���= ����� 
��� �(B�� %!��. �!* 5�� �


 %�� �
��H �!* C!$�H 7� ��0.3 .+�� ���!K�� �#�� m��� U�!� �. +�� ���!�  

3.2  �!* �����1� ���� �#�
 �  

 �!* �����1�  E+�� %�� F'.�� ��1� ��� ���� �#�
 ����2 7� %
!K��� !� 7!� ��� -��� 5�� %!��. `�!;�� �'c

 �$
!b� ��� �� �� /���� � %�� �� U�!� ����2 /�� .+�� %�� :!� � C?P� �
 ��� 
�#� 7� UM= !* C8 +���* �.

 
��
 ���� ����� �
 �.22 ) �('=
120 �. ��!� �� (��� g!'(� �
 �' !I  ��� f !.�$ 7� %
!K��� !� �!. /��200 

 .
��a2 �� :!� � ��� �!* T�!. ���� ?��*  E
�'@ ���= %
!K��� 
��� ��;� 5!6�!�78 ���� � ��� �� ��� �7!� �;=��

 �1'�!��� ����* �<�!$ 7� ��� �� �<= W!K��� U=��
 �. �H�� ��a=120mm )15  T�!. �
 (�<�� g!'(� �
 ���

 ���WP3  �WP5  .+�� &MB�� ���� �MR !� �. E
�� ��6'�9  5�� �� :��. �* E��� �7!� �;=��450 ) �' !I40 

 U�!� �. E(��� +R!
 �
 �' !I8 .� � %�� e!P� � �#�� �7�!�� 
�����  

https://sina-pub.ir


  

���#3  

  

U1�6  

 ����� E&'()� /�� `�* �. /�� 
�#� !� �!* 
����� 5�].wave-in-deck  %�� e!P� � ����� ��1� E+,'  /10�

 7� �!�,���$ 5�� %!��. >�7�� �� �#�� !� .
�� ��$�@ �4  �
 ��;� !� �R!0�
� ��',K� � �0  �� C���� �� � ��� ��

 /'Q !'� ��H �� �. 
�� �� �!4� � E��� �!* �<=46  �1'�!��� ����* �<�!$ 7� �#�� �<=a=15m  +R!
 /�� �


 C!$�H ��!��
3 � �� /�� 7� .
�� ����$ ���!9  !� ����� �$
!b� %�� e!P� � �7!� �;=��17.4%  �#�� �!* �<= :!0�

 �#�� !� �7!� ���0� ���� e!P� � /�� �. ���'� �4  �� .
��'� ����$ %�� %
�
 +';=�� �
 �1'�!��� ���� AB� 7�

 �!* V�!2 ��TLP  �!* �I� U�!� �.wave-in-deck ��!� �$!. E��!M'� �!* %7!� C
�. >'�� �1��� 
�#� !� .

 �!*
����� ���7!'  +�� /10� �!. /�� E��!� ����
 %��0* �� J�!�  �
 ���6'� fK  �� 
!0��� +�� /10� ���

.��!� �1'�!��� ���� �*!. !� �� � S�H �!* �����1� !� ��� 5!6�!�78  

* ��� ��1� � !��
 +R!
 E��� �!* �;� �
 %�� %
!K��� F'.�� �� C�'�� ��4�� �� �(B�� &$��� �� %��*
 C!6  !

.��!� �� `�* /��  

https://sina-pub.ir


4��!�78 W��� .  

4.1 ��� ��!2��  

 ���TLP  U(I ?.�� !� C?P� �?.�� -� ��� ��x=y=0  �
 >=��15  U1�)+�� ��$�@ ���= 7!� ��� ����5 .(85 

!�7 �$!. ���(� �� �. 
�
 �� %7!#� /�� !� �� C?P� 7� %� !� �=!� ��� �� ��6@7!� �!* ��� +R!�
 C��� ��#� ���� C

 � �0  f !.�$ �� .G'�!� ����
20KHz  .�� �!0�� %!��. C!�7 �� ���� �!6$ �� C�'�� ���� !* �! !. :!0� ����

24  E���a@�!� �!* ��<� ���� !� �
 E�B� ��!��!# ���!���K, ��� ���� �1� ) �! !.16  �!6$ ���!���K, ��� ���� !�

 �5 � f !.�$ �
 (�#�� �!* T�!. ���� !20  G�
 �� %
�
 ��� �� �. �� �!0�� ?��* �<'.220mb  ����40 

.
�. �'R�� �� %
!K��� C!�7 7� �' !I  

4.2 �QK� � �;'MH �!* %��
  

 �2 G�,'� ���� �@�'��2 5!6�!�78TLP  
��� �QK� +M,  C
��8 +��� ���� �0���!QR �*!. T�� .�� :!� �

 ��� � !�7 %��
 .+$�@ ���= %
!K���TLP  ���# E/, !*�# 7� %�� ��$�@ �<�� g!'(� ��
!(� !�4 �� .�� �,�!(� E

� �� E�2 ��H � e8 &0� +<� �� E+$�'� �!4� � �. ��B !0* �. �� ��'2 ��� �;'MH %��
 �
 o�?� 5�!K�� g!'( ��

 F'��� �� C8 ��
!(� �. +��
 &�!B� �<�� g!'(� 5!��H� ��!0� !� ���(��� � /�$� S!� � !�7 �!* %��
 .�6 10% 

 �3.7% .
��  

4.3 f1�� !� +,�  

 ��� /�$�@ ���= !�TLP �#�� >�!=� 7� :��. �* ���� ��� �!*�����!2 EC?P� �
)WE(  � !�7 V��!� �* ����WP3 

�� ���P���)1� U5 E�K� ��M� %��
 C
��8 +��� ���� ���� �!*?'R! 8 .(Tz E�<= W!K��� Eᶯc /'�!2 !� �<= W!K��� E

 � ���H  U1�) �� �!0��4 ���# . (5  7� %�� %
����� ��� ��H ss �. ���H �� ��1'� ����� �� !*�����!2 /��

 �
 %�� 7!c8 ��� �!*
����� .��!� �� �@��.��2 -����WP3  ��,1� �'c %
�
 C!6  ��� F'� -��� �. %
��

).+��S=H/λ E7!$ +��� .(c-��� ETz/ λ  %��8 ���# �
 �. ��B !0* E/'�D0* .��8 +��� �#�� 
����� �* ����

 E�($� +��� E+��U �
 f.���� :�
 G4  �#�� ���\� �
 %�� �M�!)� �<= �
 EZ=ᶯc  �1��� 
�#� !� .��!� ��

https://sina-pub.ir


 C���� �� �($� +��� /�� E
�#� /�� !� E��!M  &'=
 ���� ����� �'��'. ��'M6'2 �
 f.���� ���\� +�� /10�

 .
�'@ �� ���= ��� �!*
����� ���� �M��(� ��'@ %7�� � ��  

5C!�'0H� :�� �!*?'R! 8 .  

 �!* V�!2 +';B= :��TLP  �].��
)/���Z -��� �@�?� � C!�7 �
 %�� ��'@ %7�� �5 ( 7� :��. �* ���� ���1�9 

 E�!]� C���� �� .�� ��!�7�� !* C8 �!* V�!2 � ����� ���� J�!�  � �@! �@ � ��8 +��� ����� �7!� �;=��4  7� ��#�

 
����� �
 U�!� �. ����� ��!� �;=��WE2  �WE3  U1� �
 �. E� 
��7  X�� �k?# ��H �� ��7 �
 E� � %��8 ?' 

�� �I� �
 .� � %�� %
�
 �#�� �!*
����� -��� %�� 
!��� ��WE2  �WE3  /'� �!* C!�7 �
 C��� �� ��5  !�7 

 ���� �' !IWE2  �23  !�25  ���� �' !IWE3  .
�. %�*!6�3  ���� n'��� 7� � !�7 V��!� /�� �
 �Q�
 �#�� �<=

 .+$� ����$ ���� ��� �� �
!�7 �'I!� C��� �1'�!���  

  

 ���#4  

  

���#5  

4  7� %�� ��'@ %7�� � � !�7 V��!� U1� �
 �#�� 5!.�
8 �� %�� %
��8 �
 ?'  !* C8 !� -M��� �2 �!* ��� � +

 U1�9  ������� S!� �!* �2)LEG1/'�!2 � ( ) ���LEG4.� � %�� %
��8 ��� 7� (  �!* V�!2 :!0� �K'. u!)R 7�

https://sina-pub.ir


 +62 �!*��#� /'� �
��)� � �@! �@ %��*
 C!6  �<. � !"# �<)� �!*�!6$ EW���� /�� G=�'<� .� 
�� G* ��

��6'� � �@! �@ E���� �?�� L!(  �
 %�� ��'@ %7�� ��  �
 C��� �� �� /�� .� � ����
 5�� � �@�?� EC!�7 E!d$ �


 U1�10  �. ��!# E��
�!* f !.�$  ��!6$ �!*���!���K, ��� � !�7PT8  �PT16  ����WE2  %�� %
�
 C!6 

 !� .+�� /���!* 5�!K� 
�#�  E�I� ��!6$ �!�Q'� 7� J��� � �� �� ��!6$ �!*���!���K, ��� �
 �* � !�7 �!* V��!�

 ���?$� 5��� �� C��� �� �� C8 �.���� �@�?� �
 E
�. O��;� ��,*8 �*!. �� 7� f2  .+�� A���  

 �
 %�� ��'@ %7�� � �!* ��� �Q�$� S!�  G0�?.!� ��
!(�WP30'�'� � G0�?.!� E �
 ���� �!6$ � �2 �!* ��� G

PT8  �PT16  �!* ���# �
6  !�8  ����4  � �@! �@ F��� � �!';� `��) � E/'Q !'� ��
!(� .� � %�� ���� ��!�78

 ��
!(� .+�� %�� %
��8 ?' CV  F'��� �� E��� G0�?.!� �Q�$� S!� ����2.5%  � +M]� ����1.5%  G0'�'� ����

+�� ��� �Q�$�S!�. ��(� �CV  7� ��0.3%  %��8 +��� �R!(� /�� �
 %�� T��?@ �#�� �!* 
����� ��!0� ����

 C!6  G0'�'� � G0�?.!� �2 �!* ��� �1'�!��
 5!M'.�� .��!� �� 7!� ��� 7� e�� ���1� �� %��*
 C!6  �. +��

 ���� �"�!6� � �@! �@ %��*
WE2 )2.8% ���� ���@�?� � �@! �@ � (WE3  ��!# �
 .+�� �� �K�� �!* ��� �.

.�����
 +M]� �!* ��� �� +M,  ���6'� � �@! �@ �"#�� U�!= ���(�  

 !M��(� �!';� `��) � !� !*��#� ��H �
 �I� �!6$ �@�?�1  ���� �!1�!2 �<'.PT8  �0.122  ���� �!1�!2 �<'.

PT16 ���#)8 !� �. +��
 �
!�7 5�!K� (CV  ��].��
9%  S!� G0�?.!� 7� ��@�?� ����� �� �
��
 !� E+��
 �B���

 �� �� C8 �. +$�'� �!4� � %�� ��'@ %7�� � �!* V�!2 � �@! �@ �
 `���� 
�#� .
�� 
����� C!0* �
 ��� �Q�$�

 :�� Eo�?� �B� �'c �!"P�!2 .
�
 -�� �B� �'c �1�?'$ V�!2 �� C���C!�'0H� � ��
 ��� o�?� E����!�� f2/ 

 V�!2 �* E+('(
 �
 .+�� ����
 !* C8 &'=
 %�!��
 �'R��TLP  ��x  �� �. �R!0�
� �'i�� �� C���� �� +�� /10�

 ��� /�$�S!�z :
�� ��$�@ �4  �
 E
��
 �Q�,� �<. +R!
 �
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 !���� �
 �.K(a,b,c,…) !*
����� � ��� �1�?'$ �!*�����!2 ��!0� �� �Q�,� �. +�� F��� �� m�bP� ��� �

 ��� �Q�$�S!� ?#z   �B��� EC8 f !���� C
��8 +��� � �!4� � 
��� ��
!(� �1�
?  �
 S!� >�!� �7!� �B� !� .
��


:��!'� +��� ��7  

 


�#� !� E�� /�� 7� �1��� V�!2 7� �('=
 �;�!� :�$  �� ��� �Q�$�S!� �
 �B� �'c ��,��� �'i�� %7�� � E+�� ��"��

� � ��� �
!(� 7CV  E5��= ��
!(� .
�� L!M���� %��  ��'@ %7�� �a �. +�� A��� .+�� %�� %
��8 ����# �
 ?'   E

 �
 ��� �Q�$�S!� !� �
��
 G0�?.!� �2 �!* ���WE2  ���� �. �R!
 �
 
��
 �B� ��!�$�WE3  �B� �'c �!�$�

.G0'�'� �!* ��� ���� !��bP� E
�� �� %�*!6� ��S!�  

 /'0* ��U1�		 CV  ���# ) �I� �!6$8  (�B� �'c ��!�$�  /'� 5��= !� � 
��
3  �4  � �@! �@ .
��
 G'(�,� L!M���

%7�� � �!6$�� :!0� -��� %�� ��'@���K, !���� �� O<�P� ��!�78 �!*��#� �
 � U1� �
 
�#�� X�H 7� C���11 

 U1� .
�. %�*!6�11  �#�� 
����� ����WE2 ��!M'�@! �@ �� .) ���b� �� �S!� � �CV  !�70%  !� !�30 (

 ��<# +0,= �������� +';=�� PT1  �PT6 ��8 +����B��� �� %��*
 C!6  /�� . ٔ◌ �'c �B�  !� ���� �S!�

���(�		 �
�� �S!� � /'�D0* �� ���(� �@�?� 7� +,��!* ��#� %�� ���� �'R�� ��
!(� C!,1� 7� �!6$ �I� ���� 

/'�Z +';=�� ��!* 7!'  U�!=� !� �.z +�� 5!MI �� �'�!��
 ���'* C!��# �Z�. g!'(� ��d
 �.		 � �����f S 

/10� +�� �6(  �
 � �@! �@ %�*!6� %�� %7�� ��
 %7�� � �!6$ �!* ��'@%�� ��'@ ٔ◌ wave-in-deck  L!(  �


��!� ����
 �?��. 
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���#6  

  

���#7  

  

���#8  

  

�. +�� �.z U�!=		��d
 g!'(� �Z�. C!��# �'�!��
���'* ��5!MI � f S����� /10� +�� �6(   �@ �
 � �@!

�!* ��'@ %7�� � �
 %�� %�*!6�	 �!6$ ���� �� wave-in-deck���
 �?�� L!(  �
.��!� �	 !� �#�� �� C����B= 

 ��R���� �!*. 1.7 ∗ 10
� �1.2 ∗ 10

�  ����WE2  �WE3 �!*
����� ��!0� !� -M��� �!* X�H .�� %
7 /'0P�

���� �#�� �0'0��
 %�� A+�� %�� %
���.  

6 Y)� � J�!�  
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����� ��!0� ���� U�!. J�!�  7� ���0�� �� ��'�  ���<# �MR �
 ��� �Q�$� S!� � !�7 �DP��!� U�!� E�#�� �!*

��62 � ���� ��� � �1� �#�� +.�
 E�0'0� �
 �2 �!* A .%�� %
���		 �
 /�� �P� -($		 J�!�  e!P� � 

%��	 ���� � !M'�62 C
�. 7� �',K� �!�$� *!6�%�� %� ٔ◌ TLPY)� 
���		 ���= ��
�'@.   

6,1:�I� �'I!� +)� C��� �!* �'�!��
wave-in-deck  

P��!�D�  ���� ����2 �MR � �<# �
 ��� �Q�$� S!� � !�7		 E �!�$� �#�� �1� � ����!* �2 �
 U1� 12 ���� 

WE1 �'�!��
 �',K� ���� .+�� %�� %
����K<�P� �!*�����!2 �. +�� G"� E�1� �!* �$�;� �� � �� �. G'�. 5��

 U1� �
 �'�!0�13 �<)� ��!b�P� G�,'� �
 ���� +'';=�� U1� /�� �
 .+�� %�� %
�
 ��!0  (x,z)  !�

.%�� %
�
 X�� �1'�!��� -���� �
 �1� ��<# �MR +�?.��	 /�� *�����!2���,* ��7 U1� �� ! 

• T0�� g!0� ���<# �MR !� ��� �. ��!Q�* g!0� 7!c� C!�7��. 

• ti � !�7 �� ��'2 g!0� �1� ���<# �MR !� ��� �<= �. ���H �� �� ��� /���6'� ��� �S!� �2 �. +��.��. 

• tm ���<# �MR 7� ��� �. � !�7 ���� ��<# �MR !� g!0� � !�!2 C!�7	 ��# %�� � ��H�
 ��
�6'� %
��,@ ��. 

• . tf �MR !� g!0� C!�!2 C!�7 ٔ◌ ��62 �1� � !�7 �. ��� T�� �� !*� ����. � 7� T�� ��# 
�6'�. 

• X(t)�MR �($� 5!b�P� ٔ◌ ���<# T�� +M,  �� -���� �1'�!��� �
 � �0  �' !�7 -M��� +��. 

• � !�7 �2 ��� �. ��� S!�	 �� dt=ti-r0 �����. 

• �MR !� >H!(� C!�7 ٔ◌ # �1� ���<dt LE=tm-t0 

• �R�� g!0� �
 �1� �($� ��� 5�� U0 

• �2 �
 G0',.!� ��� C!�7 �
 �1� �� ��� 5��� ��� S!�U=dx/dt 

•  �1� � ��� �~<= �'M,  �($� 5���U0 

• %7�� � �M��(� 5��b� �����!2 /�� �
 %�� %
!K��� ��� �~<= �($� 5��� +�� %�� ��'@�. . �,�!(� �$�* ���� C
�

��� 5��� !� C8	 �1� �$!. +��. U=dx/dt 

U1� /�$�@ �4  �
 !� �!*12  �13  
����� �� +M,  �1�wave-in-deck �� �� �
 C���4 
�. O'��� �<
�� 
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•  C!�7 �
t0=31.74  U1�)12 (�MR !� ��� ٔ◌ ���<# �1� g!0� ��'2 
�. �. �
 z=a0=120mm 
!�$� j!K��.  T��

 �
x0=-61.28mm�B(  �. ���H �� +��
 ���=  +"# �
 +.�
 �!
 �
 � 
�� ��� +0� �� ��� /�7!c8x  !�

U0=0,09m/s 
�� .�2  ���?$� G"�� (ss) ��� �S!�T’=T0+ĉ��. 
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•  C!�7 �
ti=31.90s ) U1�12 (�2 ) ��].��
 ��� +)� ��� �S!�Tmax=48.00N� !�7 /�� (  �~<= �. 
��

 ����MR !� 7��* ٔ◌ ��<# ���� �
 xi= -19.95mm  !� C��.� ��� .
�� g!0� +��� ���S!�U=dx/dt=0.30 

m/s  � 
�� +.�
 �
+��� �M,  �($� )ur=u-U ��� � ��� �~<= /'� (0,39��' !I �� �� 
�� . C!�7 �
tm=32.03 

s �MR ��� �!
 �
 ��� �~<= ٔ◌ ���<# �1� 
�� �. �
 +';=�� xm=21.40 mm  C!�7 5�� /�� ��H �
 .+��
 ���=

)tm-ti=0.13 s�2 �
 ��� ( 5��� �� ��� �S!� � !"@!   ���(� !� �"�!6� ���(� �� !M��(� � %
�. ��'2 �*!.T’ �.

�R�� g!0� �
 �� �� ������� .��� *� 5��� /'0!���� �S!� ��� �
 � !"@!  �!*wave-in-deck   ���� !M��(�

0.28 (� �
 �' !I) ��� g!'3.13 �<�� g!'(� �
( .�'�!� � ��H ��  

 

•  C!�7 �
tf=32.03 ) �' !I U1�12 (�MR ��� �!
 �
 ��!0� 5��� �� ��� ٔ◌ ��62 �1� +�� xf=93.40 mm 

�� �1� ��� /�� 7� .��!�154,68  ��� �<'�)19,33 �<�� g!'(� �
 �H ��� �I� ��H �
 ��� �',� �
 (  /�� .
�.
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� +.�
� -($ �#4,5 �� ��H ���
�2 .�*�'� C!6  �� �  ��� /'�!2LEG4) ( �<'� ��� +)� G.  )3,60 ( 

�R!
 �
 
�� �2 �
 ��� �. ) 
�. ��'2 �6. C!�D0* ��� S!�24,93�@�?� �M��2 +.�
 �� ��� � (  ���(� �� ��

) !M��(�80( �#�
 :�� 
�. ����� ��. 

•  

• ���#9 

. �� �
12 ����� �. 
�. %�*!6� C���!*�2 �
�* �
 G0'�'� � C!�7 7� �� !*tf �2 �. ��!Q�* 
!�$� j!K��  /'�!2

 C!��  �
��;� � ��� �
 >��� ���?$� �� f�� .�� O';� ���ringing�2 �
 �2 .�� 
!��� ��� /'�!2  S!�

 V�!2 ?'  ���ringing 
�
 C!6  �� ���0. W!K��� !�. 

���#9 �����!2 ��!0� 
�;�� �!*��#� ��H �
 -���� �#�� �!*
����� ��!0� ���� ��� V�!2 � ��� ��'<. �!*

��8 U0� �� ��7 5��*!6� .+�� %
�. ���� ��: 

• 
����� ��!0� �
���� g!0� C!�7 �
 E��� �I� �!*� +M]� +M]� +"# �
 %���0* ��� ET�� !� ��� ��x  +.�
 �


 .
����� +��� U0  �
%7!� /'� ٔ◌ 0.09-0.32  .
�� �' !I �� ���7!� +��
 ���= !"#�� ������ �
 �1� �@� !�
		 G* 

!� ���!* +.�
 
�1'�  ./�� �!�$� S!0�
� 7� �!*��'  �1'0��
��'* ��� ����� !" ��� � !"0�2	 �� �)� �I� �T� 

5�6  ��
�'@.  


����� ��!0� �
 �!*�� �#�#�� +���  ���S!� ���(� �� ���U=0.15-0.39 m/s  
����� �!;$ 7!$ ��H �


wave-in-deck ) +$!� ���?$�dt(.  ��'�  �
+��� �M,  �($� urE  !� �,�!(� �
 %���0* T�� � ��� �~<= /'�

 �
 �*!. /�� .
�� ��1Z�. %�� f1'$ %7!� �� ���� C!,1� -���� �
 ������� ��
!(�����M,  + H �� -���� ��

50 
�� %�6  U�P� ��� �~<= �
 ��� ���z 5��� !� �,�!(� �
 ���
.  
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• .�=!� g!0� �
 ��� ���(� E /'Q !'� ��H �� �! C!�7 ��H �
 T�� ���<# +0,= !� %� 13���
Tz  �=!�  �
 � E� !�


�. ����� �� ���a@ �� ���(� /���6'� ��� �S!� ��� E C!�7 /�� ��H 

.  

 U1�14  

  

 ���#10  
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• .
�����) ��!6� ��� �!*WE2  �WE8�'�!��
 ( m�b� �
 �� �"�!6� ��� �!*+��� �M,   /�� !� .
�. 
!���

`���� 
�#� �
 !*dtLE/Tz  �
 5�!K� �� � ���'� �. ��8 +���Tz  !"�';=�� �x0 'R��� 
����� /'� �#�� �!*

O<�P�	 +M,  
�
. 

• . 
����� ��!0� �
 E%�� ��!�78 �#�� �!*%7�� � ��� �~<= 7�!���MR �
 %�� ��'@ ٔ◌ ���<# �1�		 %���0* ��6'� 7� 

�MR ٔ◌ ��62 
�� ./�� C!6  %��*
 ٔ◌ �
 %
!� ��.��2 �'R�� %�� -��� 
�� T�� +��. 

 U1�14 %��*
 C!6  ٔ◌ �I� !(��7!$ ��H �
 ��� � ssss /'� U�+�� e8 �#��� � �
��� �!*.  

6.2 O';� �2 �!* -����  

 �#�� �!* 
����� +<� �� �#�� /'�!2 �2 �
 O';� �2 -����WE1 EWE2  �WE8  �. � !�7 5�� .�� %�*!6�

) � !� �=!� O';� �#�� /'�!2 �2t slack /'� (0.25  .0.35  � ��� g!'(� �
 �' !I3  !�4  �<�� g!'(� �
 �' !I

 ���# �
 !* C!�7 /�� .
��10 ,� �B��� /���
 !� .� � %�� ���� V�!2 �� EO';� �2 �!* ��'@ %7�� � !� G'(�

 /'� ��� /'�!2 +"# �
 e!��2 ����7 !� �M,  o�?� ��!��265  !�80  ����7 �� ?'  /, !*�# .�� ��'@ %7�� � �#�


)�� �@�?� e!��20.3  ��� ��!�78 /'
 �
 (�#�
SNORRE-A TLP  o�?� �� ���� 7�!�� �� �� ��� �. � !�7

 %�*!6� 
�� -M��� �7!� �'M� /, !*�# E/�� �� %��� .
�.CFD  ����SNORRE-A TLP  !� �<�� g!'(� �
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��
 �
 ) ssss �
 .
��8 +���3  �. � !�7 ���� 7�!�� ���

 
��
 �
 �1� ��!��2 5!.�
 E(G��'Q� �4  �
 �� ���#7��$ �!*�I� � ��.��20.3  �#�
 �. ��!# C8 7� .��8 +���

 �
 ����� �;=�� g!'(� �
 ���� 7�!��WE1E   WE2  �WE8  7� �� o�?� &'()� /�� �
3  �<�� g!'(� �
 ���

 �
��
 �. E� � %�� T��?@2  �'#�� �� o�?� G0�?.!� ��!��2 �!* V�!2 E
��8 +��� /, !*�# �Z C8 7� ��@�?� �����

 �!*
����� /�� �. �*
 �� C!6  !� �� �1� F(� � �<# �
 ��� �Q�$� S!� E�2 ��� �!* ��'@ %7�� � !� .���,* %��

� �� �#�� !� .� � ��$�@ 5!6  ���� �I� 7� �. E���!� %�� ��� ��� �� ���b� �� �!*��'  
!��� Y�!� ��!� �#�

 �I� 5�16� ��� �� %�� :!� � �Q�
 5!;R!B�wave-in-deck  ���� ��� /'�!2 �� �� ���'  E+�!I �!* ���� �


F'.�� �@�?� �� � ��� �� !* C8 �@�?� �. EG�
�. ��!�!�� �� .��!� S!� �� �� ���'  � >'0bR��M� � �1 �!� �@�?

 +"# �
 E���� %7!� `��H� �
 %�� �$!�� G�
 �� �� /'�!2 �� �� ���' x  �z  �
 /'�!2 +0� �� �. ��*
 �� +M, 

 /'�!2 �� �� C!��# 7� �"#�� U�!= ��
!(� �� �1� ���'  �. 
�. +��
�� C��� �� /�� 7� .
�'@ �� e!�� C!�7 /��

��. �� ��� �� ���� �I� 7� �;� ��� �. � !�7 E���� ��7 7� e8 �!* C��� �
 ����� �. � 8 �*!. .
��
 �Q�,� E

.��!� G'"� ���.!$ �� � ��� �� ��$� �� j!K�� ���� �I� 7� f2 ���� ��62 ��!��  
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6.3  V�!2ringing �2  

 ��� E��� �!* 
����� ��!0� �
TLP  �
 �� ���!��� �
�0� 5!.�
 )T� �;'MH C��8 S!� �� ��
?  �� %��
 ��H

0.225  G�� �� �� /�� �. 
�. ����� (�' !Iringing   V�!2 .G'�!�� ��ringing  S!� �!* �2 �
 5�� %!��. ���a@

 �#�� 
����� ���� �2 ��� �
 �* �h� � �!* O'H .�� %�*!6� �#�� /'�!2 �WE1  � !�7 %���2 ����31.9  !�

40 1� �
 �' !I U15 �� C��8 S!� �;'MH f !.�$ `��H� �
 ���b� �� �h� � %��*
 C!6  U1� .+�� %��8��!� E

 -��� �. )��� �@��8 S!� O'H �. ��!# �
WE4  �� ���)� � �@ �'* f !.�$ /�� �
 !M��(� (�� ��'@ %7�� �

 �. �*�'� C!6  /�� .+��� ringing  �I� -��� ��].� �2wave-in-deck .+�� %��8 
�#� ��  
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 �0'0� �
 �. E��6'� J�!� A  V�!2 �. �*
 �� C!6  E+�� %��8ringing   ��!
 �#�� �!* 
����� ��!0� �
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