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Simulation of Rubber Constrained Layered Damping with Respect to the 
Viscoelastic Properties 
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Abstract 

In this study, the method of measuring the viscoelastic and hyper-elastic property of rubbers is explained. 
After that a sandwich cantilever with core of rubber is simulated and the simulated results are compared with 
experimental results. The main parameters like loss factor and storage module for simulating rubber behavior are 
explained. Next, the ways for measuring of these parameters is described. Finally, this property is used for 
ABAQUS and results is compared with experimental test. 

 
Keywords: Rubber, Property of Rubber, Viscoelastic, Hyper-elastic, Finite Element Model, Vibration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

  
 

 

 

 

"�
�

 
#�

$
% ��

��
��$

�
	

&
� 

�$
'

��
� 

()
��

�
 ... 

24  

1 - ���,�  
��  	�  � N���';�	 �Q$=$�  ���R; �" 0� &�	 �R������  ��

S	� T)� U*�, O	KP	 � N�'�V ���" T
�/ � T��M; � �!  

��0)
�� �� �" ���� 0R� 3
�WR� ."$�  �/ �, ��RC	�:	 �" #	

 � (��	" ������X�RH	"  A��� ��!�	$7 0�
�
,(
!1� �/ YC� �� 0, .

 �	 �!'�  �� �" L�Z� �	$�*[
>V  Y��� ��"$7#��� ��R
�	$� �

 �!'�  N4/ 3
��� �����"��� \�, � [� ��	�R* Y���  �; 0!C�8

 .���	"�� �� �/ 0, ... � #���.�� #�� � �"�� 0C�=	 L$R'�"	$ 

� 0��, 0, L�'C �
] ����� �)�!1� 0,�= �	 �"��!�	  0, �����
8

�	$�* �	 [�	$* #$� �	 �"�	� N���';�	 ����� �)�!1����';  �	

^R� ��� 0�	��� ����$;$� � �	�" N	K
�%; [
>V  N���';�	 X�_', � ��

 ... � 3
�� "$7 �	$�* 0, `��� ��
!�4 N���  �	 �"��!�	 �

���� 3
, �" ���';�	 ���	�P  #�� O	KP	 A��� #	�, � K�$� <��

.�';�	 �/ &�	 ��a [,�V .�';�	 � K�$� ��$+�
� L�S �� 0, .

 (�� ��
1,.�� �	 ��� .&�	  A��� �" �bc� � ��� 0!C��d� #��

 � N���';�		�  � ���  N�$  0, �
!�4	$�1�� "	$� �	 �"��!�	

��� �
2�1 &�	 3
�WR� � �
!�4	$�1�� "	$� fg;	 �$!��C .

#��C &
 �7 0�4  �
2� #0�4 ���';�	 ���	�P #	  ���� 0, 0�

 ���';�	 #h��	 A��� �" ��� [F!� 0��	" � N���';�	�bc� ��
1, 

&�	3�	�,��, . �!V� ������ .�';�	 ��R7 [�� 0, �) 	 #  ���

�� �	�V i�K, [�� �

D; �� j�'� �" �
!�4	$�1�� 0�4  "�
8

 0, �/ ��>�P #h��	 ����8 �� [��>; "$� ]1[0�4 0�
�� �" .  #��

 L�� �	 .�';�	 ma�P1950 .��  �"	" ���� #	�, �;���!� #��

 ��!C� ��� .&�	 ��� 0H	�	 #"��� "	�C	 0)
�$, �
!�4	$�1�� "	$�

 �"�� L�� �
!�4	$�1�� "	$� ��!C� #��� 0,��� #����� �	

 ���$� 	�
� #�� ����� ���$� �	 #�� �� 0)
�$, ���, L���

�	��R��	" �	 3; �" ���	 3
R� 
��	 �, .���, �� �q$��  K
-��/

 �W������ 0��  �	���� &-�S � 	�d8��"	" J�%�	 	� ]2.[  [FC

 ��� m�M!�	 L�� �" 0� &�	 3�	 �
7	 N�'-��� 0R� `�!��

.��$� �"� 3
RM; �� J$)'� 9
V" N�$  0, "	$� #���!�	���  

 ��
����" ��!C� ���� 0, ��7 �
!�4	$�1�� �"

0>� �
!�4	  �" ��T)��  �	 ��;��>* 0� &�	 0P$; "�$� ����	

, L��� ��$�$� � �2
2S &R1V 0, N�� 0, ���
D!� 3�	 .���

 �+�$+q �$�	�
� �;�
)� G
��� .��!1� 0!1,	� I����C � ��"

 s)!M� ���, L��� \	�M!�	 #	�, 	� �
8�" �� �� �
; �	 �"��!�	

)!M� #����" #	�, �I����C 0, 0!1,	� � �"�� �� G

"��/ &��, �
!�4	$�1�� ]3 -4[ . 0� "�	���!�	 �" 	� �/ ?��!�

ASTM756-98   3�	 ?��!� �	 0-�2� 3�	 �" .&C�� �	$; ��

.&�	 ��� �"��!�	 "�	���!�	  
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0�1 ��0G� %&�� �
:�  
 [��!
� [���/) [��!
� 0��� �, �
!�4 �	 0-�2� 3�	 �"

(3�"�;$,� �
!�4 �	 ��� 0�  .&�	 ��� �"��!�	 &�	 J$��� #��

 #	�	" �
!�4 3�	35  �	 ���, �
!�4 3�	 .&�	 ��
� 3,�� � �"

 "4$C 0, T1q `��� 0�4 �� �, [>V 0, I5� � ���, ��� [F!�

��-� N�$  �
2� Xg��� N�$  0, #"4$C N���  0, ��� �K
�

,.�>1W 7 �	 ���';�	 &-�S �" �
!�4 3�	 &
 �7 "$

.��" �� ���� �
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� ���/ �
!�4	 �5��� "�	$� �	 #	

��, �	$; 0 6	$7 G��'; #�P 6	$7 G��'; �, �
!�4	�5���

.&C�� &�" �,$7 ?��!� 0, K
� �
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 $; ""�8 .3�	 L�� 

z�,	� 3
, A�; � A��� 	� 0, N�$  �
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#	�, L�Z� �
!�4 �� #	�	" ��!C� ��
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!�4 ��1�� � ��7�
] &�	 � �" �!�
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 �7 �8����	�
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��
7a #h��	 �" �"�� �, �S	� (%S �YP�� � 0, N�$  �',�; �	 
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|�; � ��>
-�� �� "$� �; 

#��7 �>1� �$,�� 0, A�; 0�
R�  ��
���� 6	$7 .""�8

�
!�4	�5��� 6	$7 ��'� �|� "�$� �
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."$� �� #�
8 ��	��	  �" �
!�4 �"�� L�� #	�,ABAQUS 

 0� ?��!� ���,�$��/ �" ���$�� �; 0��  � ��$��  �	 	� #	

 s2C �	��	 �" �-� .(
��, 0!�	" �|� "�$� �
!�4 �$��/ �;

."�	" "$P� ��$��  �$|�� 3�	 #	�, �	 �$��/ 0� ��$�� �; A��

�� �"��!�	 ��1�� [�� [>�" # 0'�V "$� 0, ���/ &��, ?��!� .

[�� N�$  1  ��� 0H	�	.&�	 ]8[  

 ?��!� �$��/ "��S �" ��$�� �"5/1  �-	2  �,	�, �$��/ ��$�� �;

 � �"$, �$��/ s2C 0� �!-�S �" .&�	 �/ 3
, �� #	 0�� 

�"	"  #�� �$��/ &V" �, $-��� .�� �	 �"��!�	 (��	" 	� ��$�� �;

$E� L�� .&�	 T���� �+�" #��"$� #	�, 4�, ��
1, - ��� � 3�$�

R� &V" 	"��/ L�� � �"$, L$>V [,�VL�� ."�	" #�!  ��q #��

0)RP ��8/ � #	 0� �� �8	 �-� .��!1
� T���� Xg 	 I-	����	� �

 �� �$��/"��!�	 (
��, 0!�	" 	� �,$7 9,��; �7/ L�� 0� �	 �

"�	" ]9.[  

                                                                           
1 Ogden 
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 Arruda-Boice 

3 uniaxial 
4 biaxial 
5 planar 
6 volumetric 
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.&�	 J�4 �"�� �
!�4$�1�� &-�S  � �" 3�	&
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 N�$ 
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� tanδ  �|� "�$� �
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 Q��8-  ?��!��$��/ �I����C (!���+- T1S�, L��� (!���+- N	�

D;  

  

 
Q�� 9-  ?��!� �$��/ � (!���+- T1S �, �$!��C (!���+- N	�
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I����C  

  
 #"��� "	�'; 0%
!� �" � �)7	" �
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 �	 �"��!�	 �, ."$� ��
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�,$7 �"	" �, I����C �	 �'
�� �"���� #	�, �,�%; #��  � ��

"�	" &2,��� G)!M� #���R
)�  [��)10(.  

�!�	 �,�� 0!C�� A��� #���1� .�� �	 �"�  ���, L��� �	$;

 N�$  0, 	� �
!�4 ��$�$� � �2
2S �"��!�	 #	�, ��� N4"�'�

 "���� ��R-	 �	KC	 J�� �"�� 0� �$: ��R� ."��/ &��,  �
�
,

 ?��!� 3
, ����	 fg!7	 �$��/ J�C �"�	" "$P� 0!C�� A��� �1� 

]1[.  

  

3-$��  %&�T�      �4@TG4 <'T� �9 �
0T�145�6*+ �9�T�

ABAQUS  
J��  �	KC	ABAQUS  �" �" 	� �
!�4	$�1�� "	$� ��!C�

�� ����, ��R* ��$S ] ���5�6:[  

1-���� ��$S  

2-�1����C ��$S  

�" [�� �

D; ���� ��$S  ��$S �" � ���� �, "	$� 3�	 "��� #��

�� ����, 	� &�	 I����C 0, 0!1,	� 0� #"	$� ��!C� I����C .���  

  

 
 Q��10-  ����� 01��2� �$��/0!C�� A��� �1� .�� � ���, L���  

 
 �� �$��/ A��� 3�	 ���
+, �|� �" 	� �q$� A��� �, ���,

 ���� �, X�,���!� ���,�� �

D; .���  

)5(  ( ) ( )tit ωγγ exp0=  

�� j�C  ��4$: ���� N�� ��
!�4	$�1�� 0'�V 3�	 0� "$�

.&�	 ��
�� �	���� &-�S 0, � &�	 �"$, ���$� &�;  

)6(  ( ) ( )( ) ( )tiiGGt s ωγωωτ exp)( 0+=  

�� 	� (s)!M�) L��� 3�	  �, N�$  0, 0��$C [��>; �R� 0, �	$;

 �',	∗��
 &��, ."��/  

)7(  1
)(

)( −=
∞G

tG
tg R  

  

)8(  

))(1()( * ωωω gGGs ℜ−= ∞  

))(()( * ωωω gGGl ℜ= ∞  

 ���, 0!�	" "$P� L�� �" ��$�� ��q A�; 0� ���+��

ABAQUS �� j�C  (� �	 �R%S L��� � ���, L��� ���

 �R%S L��� &R1V �" �, �R%S L��� ��!C� .��!1� [2!1�

 ���$� ��
7a	����
 ��� �R%S L��� ��+!C�( )ωlK 

�� G��'; �� K
� 	� L��� 3�	 ���, L��� 0
>� ."$�  0, �	$;

0��$C [��>; �R��∗��
 ���� 0, 0!1,	� �R%S L��� �����
 

 ."$R� �', �,  

)9(  

  

  

))(1()( * ωωω kKK s ℜ−= ∞  

))(()( * ωωω kKK l ℜ= ∞  
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 Q��11-  ?��!� �$��/�, �-�, L��� N	�

D; #	�, I����C T1S  

 
 ��$S �" �
!�4	$�1�� "	$� 6	$7 G��'; #	�, .�� ���q

:�	 ��;��>* 0� "�	" "$P� �1����C  

1- ���� #�� T�	�= 3

';  

2-.K7 A����/ ?��!�1  

3-A����/ ?��!� A)�	�2  

4-I����C 0, 0!1,	� T�	�= 3

';  

 .�� AM, �" 0, "$7 I����C 0, 0!1,	� T�	�= 3

'; .��

Formula  .�� �Tabular �� #��, (
12; ."$�  

 s,	�� .�� Formula :N�$  0,  

  

)10(  

afgg −= *
1

*  
afkk −= *

1
*  

&�	 [�a }�� 0, AM, 3�	 s,	��  

  

  

)11(  

∞=ℜ GGg l /))(* ωω  

∞−=ℜ GGg s /1))(* ωω  

∞=ℜ KKk l /))(* ωω  

∞−=ℜ KKk s /1))(* ωω  

  

4-%&�� �
:� U5/��3 �4@G4 <'� �9 '
V�9 '� �* '
(  
 N�$  0, #K)C 0�4 �" L�	 # 0)S�� �" 
$��,/ �"Shell  0�4 �

 N�$  0, ��
!�4Solid  ."$� �� L��  

  

 $+��1- O	KP	 �
!�4	 6	$7 

 T��=

3�	$�  
 ���� L���

GPa  
�-�+q�	

���  I�P  

3/0  210  7800  "4$C  

4939/0  1  1250  
 0�4

NBR  
  

 �"$R� "�	� #�', 0)S��6	$7  I�P �	 #K)C &R1V .&�	 "	$�

 �K
�	$-�8 "4$CASTM A653  �"�� I�P � &�	

��
!�4 Q$� �	 �
!�4	$�1��NBR  (3�"�;$, [��!
� [���	)

                                                 
1 Creep test data 
2 Relaxation test data 

L��P �" .&�	 1  ���/ �"��!�	 "�$� �
!�4 � "4$C 6	$7

.&�	  �
!�4	$�1�� 6	$7 #��� 0
>� 3�	 �" �"���
!�4�  �,

 � [>V T-��� �	 �"��!�	 �" &R1V Tabular ��� N�$  0, "�	�

 ."$� ��  

  

$+��2- �
!�4	$�1�� 6	$7 �"$R� "�	�  �	KC	 J�� �"ABAQUS  

Re(ω) Im(ω) Re(k) Im(k) 

0.2000 0.0000 0.2000 0.0000 

1.2069 -1.4138 1.2069 -1.4138 

5.5172 -5.8966 5.5172 -5.8966 

14.4828 -19.6897 14.4828 -19.6897 

54.3103 154.1724 54.3103 154.1724 

40.3448 309.3448 40.3448 309.3448 

2.4138 343.8276 2.4138 343.8276 

  

 0)S�� �" I� &�	 ��� ��
��>1q #"4$C 0��  0, �
!�4

Interaction  �
V �	tie  # 0�4 0, #"4$C # 0�4 L�F;	 #	�,

"$� �� �"��!�	 ��
!�4  �
V �	)shell to solid �Partiton 

("$R� �"��!�	 �	$; �� (� 0, ��;$
� �� #��
� �', 0)S�� �" .

 Xg��� �+�" #��!�	 � "$� �� L�R*	 �W������ �
; #��!�	 ��

��R-	 �, ���, �
!�4 .""�8 �� �
2�3(C3D8H)   � 0!�$�

��R-	 �, #"4$C4(S4R) ."$� #K�� A�  

  

 

 
Q��12- A� �W������ �
; #K��  

  

 0�	"	 �"m	$P  �	 [ �S #�� .�� �1�$� ��In-house  .�� �

�)
)�; [��)13( ���� �, J�� #��  �	KC	L�� s�	�� �" #���  �

 N���!� ��	�
� "4$C[�� 0, 0P$; �, #��  

 14 �;16 &�	 ��� 01��2�  ���� ?��!� 3�	 T���� &2,��� �

&�	 ��� �"	" ]1[[�� 0, 0P$; �, . 17  �
!�4 �"	" �	�V �,

 A��� #"4$C �
; ��
� �" �
!�4	$�1�� 6	$7 ���,

 �8	 � ��/ ��	$7 "$P$, �
; �'
>: I����C �	�2� �" #�
+R�q

 "$� L�� �
!�4	$�1�� 6	$7 �, � �'V	� N�$  0, �
!�4

 0!�� �, ��g*��� 4�,�� ���" �1����C ���� �" #"��� A "$�.  

  

                                                 
3 8-node linear brick, hybrid, constant pressure 
4 A 4-node doubly curved thin or thick shell, 
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 Q��13- 01��2�  �� .�� �	 [ �S� �)
)�; [S �1����C ����

 �1�$�In-house[1]  

  

 
Q��14- ���%,�P �	"$R�-1����C � �" ���/ &��,ABAQUS 

 N�$  0, K)C �, �
!�4 N���  
�R; �,Solid to shell  

 
 Q��15-  �1����C ���� L��ABAQUS  N�$  0,Partition 

 ��� L����	�
� �, � K)C N���!� #��  

 

 
Q��16-  �1����C ����ABAQUS  K)C �, �
!�4 N���  
�R; �,

 N�$  0,tie  � �,��	�
� K)C N���!� #��   

  

 
 Q��17-  �" �
!�4 ���, #�� &-�S �" �
; �1����C ���� 01��2�

 6	$7 ���, � �
!�4 �, �"4$C s�� #	�	" L�� ��
!�4	$�1��

�)
)�; L�� � �
!�4	$�1�� 6	$7 �, �
2� �
!�4  

  
5-�

0�%'
V  

0
>� #	�,�
!�4 ��!C� #���  �� � �
!�4	 �
��� 6	$7 ���,

 �R� 0, 	� ���/ �
!�4	$�1�� �$��/."��/ &��,  &��, #	�,

 ���, �
!�4	�5��� 6	$7 �"��/ �	 ��� ?��!� [V	�S�$��/ #�� 

�; ���$�� ���$���" 0��  (
��, 0!�	" 	� #	  �_', �" 0!>-	

 [�� �

D; 0� "�	$� A��� � #�%, �	$; �� &�	 (� �
!�4

 6	$7 G��';�
!�4	�5��� �4	 6	$7 G��'; ���/ #	�, �
!

"�� 3
�WR� .#	�,  ?��!� ���, �
!�4	$�1�� 6	$7 �$��/ L���

 "	$� �+!C� ��� � ���$� ��
7a ���, #	�, �
!�4	$�1��

���� I����C �� N���!� #��  "��/ &��, 	� N���!� #��I5�  0,

J�� �R�  �	KC	ABAQUS �� �
!�4 "	$� ��!C� �	$;�  	� &V" �,

4�,�� 0
>� "$R� #���.  

  

  WX.> Y�'�G  

0G  0|�- ���, L���  �#	 N/m2  

∞G   ������ ���, L���N/m2  

)(tGR  ����� 0, 0!1,	� ���, L���N/m2  
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lG  ��+!C� ��� ���, L���N/m2  

sG  ����$� ��
7a ���, L���N/m2  

)(tKR  ����� 0, 0!1,	� �R%S L���N/m2  

lK  ��+!C� ��� �R%S L���N/m2  

sK  ����$� ��
7a �R%S L���N/m2  
*

1
g s)!M� "�*  

*

1
k s)!M� "�*  

a �2
2S ��"�2�  

b �2
2S ��"�2�  

E  �0!
1
!�4	 L���N/m2  

f I����C  

G  ����, L��� N/m2 

i 1−  
K  ��R%S L��� N/m2  
γ .�, �

D!� 

υ  3�	$� T��=  

τ  ����, A�; N/m2  

ω  0��	� &*��  �#	rad/s 

U   ����� #h��	 Y,�;j 

J Q$R%� �R%S &>1�  

Jel �
!�4	 �R%S &>1�  
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