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Damping Characteristics of Silty Sand Reinforced 

With Carpet Waste Strips 

H. Ghiassian; H. Shahnazari; A. Shafiee; A. R. Tabarsa; R. Jamshidi C�
ABSTRACT 

A fiber reinforced soil behaves as a composite material in which fibers of relatively high tensile 

strength are embedded in a matrix of soil. Shear stresses in the soil mobilize tensile resistance in the 

fibers, which in turn imparts greater strength to the soil. In this paper a study on the influence of synthetic 

fibrous materials in improving the dynamic strength characteristics of a fine sandy soil is reported. The 

study is aimed at converting fibrous carpet waste into a value-added product for soil reinforcement. A 

series of stress controlled cyclic triaxial tests were carried out on fine sand specimens reinforced with 

randomly distributed carpet strips. The dynamic deformation properties of the reinforced sand are defined 

in terms of shear modulus and damping ratio. The effects of parameters such as fiber content and aspect 

ratio, number of cyclic loading and the level of confining pressure on the aforesaid parameters were 

investigated. The results clearly indicate the increase of damping ratio of reinforced samples in different 

confining pressure. The increase is more pronounced in higher fiber contents and aspect ratios.  
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�Q?T�� -;"A);� =� �CAc��B� �����)� m���P� �-� h����';� �?��

��zI�'���
�=� �-;-�����/� ;����K� &����)�S,;I+;� ;��"L-�_

� ��;� �-� m�P� *)=�()� S,;I+;�-=I+;�":�-� J;� ��K�/� h��';�

��J=X�Xh��';�=�m�P���K�m�nT:;�&,=;J� Xh��';�l9�;�*����

� m�nT:;� &,=;J� �	P;-�VT�� *���=� X&���%� &$L� S /� Xm�P

�=� �n,I�+� 8��:?WP� �,��� =� �L�C#,�)J^� b,;��� Xz�K

�n���n)h��';�=�m�P�)��"��K�_��

5$ �����������������2��
��� ��6�7���89���/�

���:3
���

;� �-,(Y/� ��d�V	�)� &��)� �G�)� ,-� ��A+�� ����K� h"L� X

�&);-;���A�;���-�HF)��,;� &R� �-?K�*R?)���L� &#,�/� �K� �"�
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*�;� �"�� ����;� �	�g� �G�/�A�;� 8��'�T)� _���;� �?� )� �,"K

';�>?��X��J=�":�-��?�$L��	);?
�&$L���F# /�=�V�	�/���$

*�;�&A+�B��;�g�&�'�T)�-�?)�Z	Ac)�&���%�_�*�� �)��;"K��,;

�8;����J;"�;�X�	�g���L�&A+�,�q,�A���K�&�,�()���G);��?� )�&K�&R

�&C��*K����-��A�;�-�?)���L�&#,�/��Tg�=�S,�)J^�-�?)�&��)

*�;� �"�� &A�;-� _�-�?)� ��L� &#,�/� &R� *�;� � A�B� �� �$L

�-� �-��A�;��K� �,�F+��';� J;� �;� &
?$�)� 8�?:� &K� d�(Y/� �,;�

�V	�)���$';��/;��ec	c/�r
�K�-?P��,;�&R��-?K�HR�����K��Tg

�)��"  R��"������;�8��'�T)���R;�&R�*�;��'����-��,;�=�-?�

��K� V	�)� O�P� �G�)� ,-� =� �G�/�A�;� ��L��A+�� a?WP� �-

*�;��-?K��;�&A���[/���F+��';�[$R�_&K�& �)J��,;��-��?� )�

��	�$G/�8��'�T)�&K�J����Xh��';�=�&��)�8;�����K�S R�"�;�����/

�=� � %� XO�P� �" K� &�;-� �?�$L� �	);?
� �A+�B� ���� �-� �K

��-� �"��i,J?/�h��';� -;"�/� X�L� &�?$�� &A���;-� Xh��';�*)�c�

� =� &���%� &$L� ��F# /� =� z�K� VT�� ___�)�����K� &R� "��K

h��';� =� &��)� 8;��� S R�"�;� ��R=J���d�(Y/� l?�?)��

-?K� "L;?P� �;� &��B;"%� _���L� &�;-� S R�"�;� ����/� &R� " !�L

�*�;�&A+�C���;�g�����K�-�?)��? R� �/�*R?)�h��';� �K�&��)

��Tg� &K� &��)� ��L� &�;-� �Tg� *���� ����/� �;� �J;"�;� �/� �G�'

�;�� O�P� �G�)� ,-� eG�� ����/� 8�Wc#)� �K� *R?)� 8;���

-?$��-�=^�K�_�h��';�&R��,�%��^�J;�d�(Y/��,;��-��-��A�;�-�?)

"�;� �-?K� �"�K� &�� �,�L� &
?$�)� 8�?:� &K� _�VT�� �,;�K� K

�)��?�
��L�&#,�/��K�O�P���$/�eY)�J;��CAc��B��,;�=�" R

�)���#���);��$F)�S(��&��)���L�&�;-�=��L�&#,�/���K�&R�"L-

-?$�� "L;?P� ��,;� _�&�;-� �Tg�SL�R� �K�*K�����J=�*����[,��-

N�=-�&��)���L�)��",""L-����"�;?/0��

�X&��)���L�&�;-�a?Wc)�VT��S,;I+;�e�'-�&K�&G ,;�>=;

�S,;I+;��L�&#,�/��K��L�&�;-���$/�VT���-��R�GT:;�*)=�()

�b	Ac)����K�>=")���,�N��-�=����K�*)=�()��,;�K� K�=�&A+�,

�)�S,;I+;�I���"��K�HR��"g��^��L�&�;-��Tg��B;�&G�^��=-�=�"K�,

��� �L� &�;-� &R�e�'-� &K� ��B��^� "  R� �N� ;�� �L� &#,�/��'�P�8;�

�&A��R� �F�^� O9FA�;� *�:�P� J;� �L� &#,�/� �Ac�� S,;I+;

"K�,�SL�R�V'�W)��,;��)�&R�-=���)����A�;�=�"��"L;?P_��

;$ ����/�3
��<��	+�8���=>��

� �?� )� &K,J��� &�?$�� ��� )� z=�� �A+��C�?C!� =���

�/����;-� 8;��� ��;� �-� &A��R=J��	�/���)J^� XV,�F#���HR;�/

-�;"��A�;&�?$���=���K�)��K�V	�)�=��'?$�)���L�';��;I��h�t�

�l9�;�*����=�":�-t�=�v-�B�����;�,"�_�A�,�)J^�q,���#��S

)�� &R� "L"� �K� �K;�K�m�P� & �FK�*K?��tk���a?Wc)��J=�=

K� [#P�#�& � �^�u3ty�)� ��n)� �A)� �K� �/?��� ?	�{�" ��K�_

 �$L��A�� �,� q� *��^� �C���K+;� &R�S,;I+;� r
�K� h��';� �-=I

�H$,IR�)� [#P� a?Wc)� �J=� SL�R� =� & �FK� *K?��� �;"()

-?���)�_�)�;��& �FK�*K?����;"()�S,;I+;�*	
��U%��-��;?/

�/��A#�K��^,�L�&#���;"()�SL�R�*	
�=�O�P�&K�*����*R?)�

�)� ;�� H$,IR�)� [#P� a?Wc)� �J=�;?/�� ,IC,�%� �-������

�L�&�;-�;��K�O�P�,�/��,�L�&#�*������A$R��'�C!��;�;-�&R�

-?$��?�A�%�" ��K��)�O�P�&K_��

?$ �1@���=>���A���
���
��B
���

��K��"��V	�)�I,��&��)��G�)� ,-���A+������K��?� )�&K

[,�*R?)�h��';�����)J^�,�?Y)�&��8�#����	G�#GLJ���

;���*Y/��"#�,-�B�����;�S /�>�A R�b,"�_��,;�����;�J;�h"L

/�&�'�T)�8�#,�)J^�������J=�":�-���L�A);��N�����owf�p�=

&A��� l9�;� *����� �LoAR� pS /� � Y )� �KDS��{���	G��X

� *)=�()��	G�� X�/��;� ����� �^� ��#+� 8;����K� >=")� X��=�

)� *����;��,�"��K� �)� Z	Ac)� &���%� &$L� ��L��#+� �-� _��,;

�=���&{��,�L�&�?$���=��8���#,��)J^��X���:x3k�=t�":�-�

��FA���� �K� h����';� l9�;�t�=v&$L� ��L��#+� �-� "�;� �-?K��

�&���%�ux�Xtkk�Xwkk��=jkk�?	�{��>�n��N;���*Y/,b�=�l���;�

�&A+�,�H�nY/����$L�*'����-��#nLJ�*�;��",-�B�����;��"#�_

&����CA�-�d�(Y/��,;��-��-��A�;�-�?)���CA�-��-?%?)���?Y)

� m��P� ����n��)� ��C#,�)J^� �-K� ��C#L=MN�		$';� ���&'I'J�

��� ��" F)� =��)� &'I'J��"��K�� _�)J^� ����;� e�;�),��K� S

� -�;"��A�;� ���;ASTM D 3999-91���K� z=�� �K� d�T )� =�

��	G��*K���(Constant Cyclic Load))��"��K�_�/�XH\�g���K����

�?Y)�eG��;�������^���#+� X��/�=����?K�&�?$��H������&	

�L�C����	Ac)��;��-�&R�&A+�B��;�g�S� ��-�?)�,��`��/�;�

-�(),B� �J;"�;� ����?(/� &K� ]�A'=� 8�?:� &K� �"��,��"  R� *

(Amplifier)-�B�e(A )�,��b�?/�����=� �"���C�J;-�N� HA�

�8�
9�;(Data Acquisition))�*����"�-�B�_��

C$)$ 8���=>�D�E/��F2��2��=�
��/�!/��

&�?��$���;�K��J;���	Ac)���F���=�� ��C��#,�)J^� �-��J��

e��g?��)�H��{;�/�z=����(Wet or Moist Tamping)� X�z��K

[#P(Air Pluviation)� Xz=����;UCK?���^� �-� 

(Water Sedimentation)&A+�,� SL���{� H��{;�/� z=�� =��

(Undercompaction)�-�;-�-?%=�_��,���^�J;�V	�)���F{�P��-

� �K� �=9
� &{XO�P&#,�/� =� h��';���S(�� &{� �"�� &+��;� ��L

�"��V	�)�)��J�K�;������" ,�$��$��=�"��;-�-?%=�I��F�^��;?/
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�8�?:�&K��^��-���;UCK?����,�=��#P�z��K���F�=��&K�;�

�)� �,;�K� K� -?$�� `?	c)� &��)� �K� *P;? n,� =� �C$L��J;� �;?/

-?$���-��A�;��/�=��#P�SK?{���F�=�� _��,;��-�&{� ���^�J;

� *'��� �-� �F'")� &�	{� &�'�T)l���;��;�g� &'I'J� ��;UB��K� *Y/�

;�K� K�" A+�B�z=��J;��,�?��)�HR;�/�-�)^��;�K����F'")��J��

",-�B��-��A�;� _��J��'")�z=���K�`��/�;��-�&{��	n#)����;�

��L��Ac,�� �K� &{�*�;��^� -�;-� -?%=�8�#,�)J^��,;� �-� �"�

�)��A${;�A)��${�� �,�N�&,f��^�SK?{�=�&,f����FA�;��-�=�--�B

�)� ���A)� d$
� �K� �"�� &AP��� >")� &�?$�� �'�C!� ��{�=� "��K

��C$L�����>")��,;�K� K*�;_��;����,;�J;����B?	%��;�K�&{��	�

SL�{� H{;�/� z=�� J;� �-��A�;� -�;-� -?%=� en#)�&A+�,�

(Undercompaction)�)��"��K� _;� �-,�� �A�;���-;"�/&�?$���

�)J^,L�C#���J;'?$�)�&��)��V	�)�=��,��-;�&�;?A�;��'�g���

�G	N�� �9B�"�� &AP��� _;� �-,��g� a?WP�� �'�"�� ����;�

� =� �"�� |�")� &�?$�� 8�?:� &Kxf�,&� �L�,[� l��/�;� &K�}3u�

A�����A$��;-�*Y/��&A������>-��)�&��)�xk�":�-��z=��&K

�?��)� HR;�/ "�� &AP��� _� �?� )� &K����K	�/� ��;��V��-�

&�?$��z=���J��XF/�&K��;"g;��&�L�&�?$���,�&��)�J;���'?$�)�=

C���';� �K� �"��V	�)��h��*R?)��K�� -��K;�*���t� =�v�� =��I�

�J=� �;"()��x3k� =�t-�B� ":�-�,"� _�A�,q)� ��#����&R� " L-

f�*)�c�,&�L��J�,�,��&��)�&�?$���-��V	�)����$/;�J;�"�K���

�)J^,S�/� z?cA�-����� �"��� &K�?�,&Gf� *)�c��,&�L���

�H� Nof,&J�,�,��pf�=,&/�/�&K��?��=����F!����u�Xv3t�=�j3k�

)�	��A$�SL�R��,&A+;�&R�,�����-�?)���J;���${;�/��]��;�>�$
;

&,f�SK?{���;��-��';?A)��)��,f�K���L�"��K_��

�A�,q�&�?$�� J;� �")^� *�"K�� V	�)� &��)� ��L�&R� -;-� ��#�

';��-=I+;�h��*R?)�&K�O�P�&��)���;K�HR;�/�J;�i��)��A#f�,&�

�L�J�,�,�� SK?R� ��;� �-�&,f�� �,f�K� ��L)��� -?�� &K�?�,&G�

�SL�Rf�*)�c�,&�L���K� �"��V	�)� &��)� &�?$�� �-�O�P��

���J=�":�-x3k�-��K;�*����=�t�f��-,&�L����?��=����F!�

/�/�&K��)�&K���;I�;-="��}3k�=�u3k)��	��A$�"���",-�_;�*	
,��

)�;���);�]��;��U%�&K��;?/������';�b�?/�SK?R�J;���F+���

J?/�*R?),iK��-��"����f�,&�L���=�O�P��"#����K�%]��;���

f�&K,&�L��J�,�,�-;-�*�����_;��-,�)J��& ���� �$L�"���",-�&{

;I+;� �K,S�J=�":�-����V�	�/�J;x3k� &K�t��=��I�-��K;�*����

';�h�� J;� *R?)�t� &K�v� *	
� &K�f�K��A+�	K�g��*]��;� �U%���

';� b�?/��F+���/� &K� �� )� *R?)���8;��� *)�c�f,&�L���

�&�?$��Z	Ac)/���;��-�H{;�f�=��"#�,&�N��-��L�,���)J^�,S�J;�

,AP;? G�K?P��)��;-�?P�K��" ��K��_;�K� K,��z=��J;��-��A�;�

� SL�R� HR;�/,&A+��&��)� m�P� �;�K��h��';� �K� �"�� V	�)� �;

�*{?)/�=����=�&A�;"���)��z=��J;��;?/HR;�/��?��)��-�

&�?$��-?$���-��A�;��J��.� Y )�&K�&%?/��K��L��HR;�/�X;"()���

� &��)� [#P� a?Wc)� �J=&K� [,-I��xv3tw���K� �/?��� ?	�{

� ��n)� �A)��A�-� eK�g� =� �-?K� HR;�/� ��R;"�� �-="Y)� �-��

;�K�)� �L�&�?$��*P����"��K� _;,�>-��)�&R�a?Wc)��J=��

� HR;�/xk� =� �-?K� ":�-�,)� �?�Y)� b�?A)� HR;�/� [��-?�

;�K�	R� *P����-�B� ��cA�;� �L� &�?$�� &,*�;� �"� _&�?$�����L

?)��;�&�;?�A�;�l?��J;�S,���)J^��,;��-��-��A�;�-�&K��Tg�jk�

� l��/�;� =twk*K?��� �K� =� �-?K� �A$�	�)�FK��& �tk� ���J=� =

�#P�a?Wc)�xv3tw����x�&,f���?��)�HR;�/�z=���K��-

&����CA�-��J���&�?$��a?Wc)��'�g��"��&�F/���?Y)�"�;_�

� A�B�� J;� "�K� *�;��l���;� e�;�)�X� �L� &�?$��*Y//��F# ��

GY/�$������$L�>-��)ux�Xtkk�Xwkk�=�jkkR���*Y/�>�G��N�?	

�;UB��K�-�,)� �G�o����? ����(A)�� p����R�+� =� S /� >�A R

x3k;� &	��)�" !�8�?:�&K� I/�L����;�g�" A+�B� _��L�>?���-

�� &	��)��L��#GLJ���N� =� f�K��,��-� =� �"�� &A�K� &�?$�� �

��"�K�&	��)�l=���^���#+��/��"��J�K� �L�;��������;�,�-��

"�K�&	��)���)J�8")�>?���-�����=�&A#B�[	FA�)��"���X

���K=-����L��#GLJ��;� =� &A�K�,�����;� �=� /� &K� e$
� ����

)�B�-��(ASTM D 3999)�_�)J^���$/;�J;�"�K,��J=��L�&�?$��XS

�/� �F�^� *K?��� ��?R� eP;-� �-� �^� �-;-� �;�g� �K� =� �"��������

)�-�B,"� _�;?)� &K� &%?/� �K� -�"�� &A+�,)�� Y )� �;?/��L���

�^� ��#+�;� ������N� =� f�K��,�/� X&�?$�� ����?Y)� ��G)� ���X

��K�+;�Y�;� S /� X��)� =����/� ;�� S /� ��-?$�� H� _� eG�t�

;�&�?$���L��-;-�J;���)J^�,����K�>�$
;�HL-�&	��)��-�S�	G��

=�� �K�� l9�;� *���� �K� �"�� V	�)� &��)� &�?$��t�":�-� =�

�J=��x3k /� *Y/�� &���%� &$L� StkkR���$�� ;�� >�G��N� ?	,�S

)�"L-_��
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C$($ � �G
�A�
��	����G�/��

�N� �-,�)J^� �L� ��, Y )� XS��L��L����A��� S /� ���

�?Y)�S��R�o�,��K����p��/�)���C�^�=�&A#B�H���;"g;��;?/�&K

)�*����&���Y)�;��,-?$���_� A�B���L��-�*�;���;UB��K�eG��

�D�;-�K��K��)��� �A);��N� �;?/�"�� -�,�/� ;����-?$�� �_��]t}[�

Ishihara����;UB��K� HL-� eG�'-� &K� ;������ e��*'��� &K� �"

�N� =� >-��/, Y )� �-� �;"�� S /��D� S��R��;�K�>=")� &���Y)�

��K�)�*����=��;��,�z����� ;U'�=��-?$��;��-,(Y/�����d��I

���;UB��K�HL-�eG��)��	R����-�B���cA�;�8����Y)�&,*�;��"�_

�;�K;I+;�����J;��"��&A�B�8����Y)�����;���jMatlab ��-��A�;�

-�B,"_��

C$-$ �H��3/��=>�8��A���
��
���B
���

�������2 .��@"��	�<�4��

� �-,;I+;� �K� X*K��� &���%� &$L� S /� =� l9�;� *���� [,�S
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