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� � � � � � � � Loss Tangent and Constraint of Deformation of  

� � � � �   � Composite Rubber Plate with Inclined Layers 

 

� � � � �  � Takeji ABE,  Yasuhiro MORIKANE� Masataka KOISHI,  Hiroyuki KAITOU,   

 and  Kazuyuki KABE 

 

Tensile deformation of composite rubber plate with inclined layers to the stress axis is analysed.  The complex stress 

and strain components are considered and the transfer of the components between two layers is assumed in the normal and 

the shear directions to the layers.  The loss tangent is estimated based on different analytical models.  The analytical 

results are compared with the experimental data and discussion is made on the assumption in the analysis.  
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% Fig. 1  Model of rubber composite plate with 

inclined layers 
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� � � � � � � � � � � � � Table 1% Results of the first experiment 

 
 

% % % % % % %  % % % % White   Black  0θ =

o

   20
o

     45
o

% % 90

o

 
 

% % % % % % % % tan δ % %  0.093    0.258    0.211    0.157    0.111    0.118 

% % % % % % % % % E′       2.96     15.15    7.84     6.27     4.46     4.87 

% % % % % % % % % E′′       0.275    3.909    1.654    0.984    0.495    0.575 

 

 

% % % % % % % % % % Table 2% Results of the second experiment 3five experiments4%  

 

% % % % % %  %   % White   Black  0θ =

o

   20
o

     45
o

% % 70

o

     90
o

 
 

% % % % % % % %    2.771   14.969    8.181    6.269    4.114    4.306    4.452 

% % E′  % Experiment    2.851   15.574    7.613    6.731    4.268    4.396    4.480 

% % % % % % % %        2.751   14.484    7.631    5.711    4.323    4.464    4.554 

                       2.760   14.913    7.965    6.188    4.442    4.349    4.472 

                       2.735   15.957    7.909    6.468    4.349    4.631    4.438 

 

      Average      2.774   15.179   7.860     6.273    4.299    4.429    4.479 

 

  

% % % % % % %  %  % White     Black  0θ =

o

   20
o

     45
o

% % 70

o

     90
o

 

 

% % % % % % % % % %     0.0856    0.2531   0.2061    0.1665   0.1095   0.1187    0.1210 

% % tan δ % Experiment   0.0859    0.2558   0.2049    0.1678   0.1060   0.1117    0.1181 

% % % % % % % %         0.0882    0.2445   0.2052    0.1582   0.1249   0.1106    0.1148 

                        0.0884    0.2560   0.2048    0.1668   0.1011   0.1121    0.1175 

                        0.0875    0.2548   0.2076    0.1612   0.1052   0.1155    0.1176 

 

        Average     0.0871    0.2528   0.2057    0.1641   0.1093   0.1137   0.1178 

 

 

                     %  Table 3% Results of the second experiment 
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%  % 70

o

   % 90

o

 

 

E′′      0.242    3.837    1.617    1.029    0.4699   0.5036    0.5276 

 

 

% % % % % %     % Photo 1  Test pieces of rubber composite plates with inclined layers  

%

% ���

������������������� ��������������������������������������������������

����



 

 

� � � � �  

� � � Fig. 2% Elastic constants and loss tangent of inclined composite rubber plate%  

% % % % % % % % % % % [ The first experiment ] 

 

 

 

Fig. 3% Elastic constants and loss tangent of inclined composite rubber plate and 

     % % % %   effect of Poisson’s ratio  [ The first experiment ]  

 

 

Fig. 4% Elastic constants and loss tangent of inclined composite rubber plate and 

%    % %  %  effect of Poisson’s ratio calculated directly from complex elastic constants  

 % % [ The first experiment ] %  
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� � � �  

� � Fig. 5% Elastic constants and loss tangent of inclined composite rubber plate%  

% % % % %        % % % [ The second experiment ] 

 

 

 

Fig. 6% Elastic constants and loss tangent of inclined composite rubber plate and 

               effect of Poisson’s ratio  [ The second experiment ]  

 

Fig. 7% Elastic constants and loss tangent of inclined composite rubber plate and 

% % %         effect of Poisson’s ratio calculated directly from complex elastic constants  

 [ The second experiment ] %  
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