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In this study, several methods have been experimentally evaluated to in-

crease the efficiency of reinforcements in the bearing capacity of a strip 

footing on sand. The capacity of the foundation in five different configura-

tions including single and multilayer reinforcements was evaluated with 

free and wraparound anchored end, different thickness, and nailed with 

different numbers of nails and patterns. According to the results of these 

tests, dividing the length of the reinforcement and using it in more layers 

increases the efficiency of the reinforcement, but this division of the length 

of the reinforcement has a certain limit that reducing this limit reduces the 

efficiency. The use of wraparound anchorage caused more interaction be-

tween the soil grains and the reinforcement surface and as a result in-

creased the bearing capacity of the foundation. Increasing the thickness of 

the reinforcements was another parameter studied in this study. Increas-

ing the thickness of the reinforcement caused the bearing capacity to in-

crease.  The results of the experiments show that the pattern of nails has a 

significant effect on the performance of the reinforced soil. 
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0(��,�-��� ,� 9�13� �..h ���N � 	8�5 � `.(  ���

+�
 �,0  =
�, �, �,�-��� ,�0(�  g�0  �, �..h  iX�

 � +�
 4.� �3 )*�( �133B 	�!� �, � �1��  	.@�O ��

�( �.[\  �N �� g?�� �� ��!� ������ .,��:;  

3 -  � ������� ��  

3 -1- � ��  

 s����� ������ 4� �, �,�-��� ,�0( 9��(

�9��, 1� 9��( �1<�( ���.  �1� �13��( 1��� =D� �, .

1  ��1J �1� �;��  4� �, �,�-��� ,�0( 9��( ���

 A.b<  ���� ��1� 4..F  ,��1����� E���(�N s����� 9B

 �,�,1�� 	�� ]40-43[.  

   
 =D�1 - 9��, ��,0�� �13� �,�-��� ,�0( +�
  

 ��1J1- P0n
.E� @�n( +�
� 

,��1����� ��1b( ���(��� 
ASTM D 2487 3/0  D10(mm)  

ASTM D 2487 53/0  D30(mm)  

ASTM D 2487 92/0  D60(mm)  

ASTM D 2487 067/3  Cu  

ASTM D 2487 017/1  Cc  

ASTM D 2216 2 1P�,  ω  

ASTM D 3080 °35  φ  

ASTM C 127  1/16 )kN/m3(  

γ  

ASTM C 127 61/0 e  

ASTM C 127 55/0 emin 

3 -2- !"�#$%��&
 

�()* �133B  o0� �� ����� 4� �, �,�-��� ,�0(

 �1� 9�@�� =���D 0LK�( 1��� 	.@�O � M.��Q� ��1( .

�N ���B ,��1����� s����� ASTM D4595-11  �,

�(�N��2� F ..4 �1,�; 	�� ]45[. �;�� ��� 

���D 0LK= �, �,�-��� ,�0( 4� �(�N�  ���  �, ��1J2 �

�1� �,�, ���� 	�� ]45[. 

 ��1J2- P0n
.E� ���D 0LK= @�n(� 

,��1����� ��1b( ��(���� 

ASTM D4595 36/9 Axial load capacity 
(kN/m) 

ASTM D4595 2/4  Extension at failure 
(%)  

ASTM D4595 185  Elastic modulus 
(kN/m2)  

ASTM D5261 3/0  Unit mass (kN/m2)  

3 -3- ��'( )��"��*+,  

�,Q0@ 9XFJ �� ,�0(�,�-� 9.X� 	!J  +�
 ����

�� ���  ����, �0>90 � t��25  � o�- ��30  ���.����

�( 1��� �� 7.� ���0� �� . ,�F��2×5/7×25  ���.����

9� E�0P  �7*@ 9<-P MX�.9 ����  �1�  ,�F�� .	��

���2��(�N �1( ��s��� �*X? E�b.b<  a���  k�^���

1��  	�� ]22 � 26[ .9XFJ 	
�� 	!J�  �� R��

	(�^Z 9� �,Q0@ 5  ���.*.(�,�-���  �1�  �� �D 9B

���0,  �N ��� �� {�-� R��! .9  �1� 	��  ���@� ��0�� � 

 � +�
)*�( �133B ��  �,��� ������ ����� �,�1���(  .,�B

	��� 	X[ � ���:;��� 	!J �� �1( ����  MJ ��

��(�N ��2��, CBR �,�-���  �1�  .	�� 4.3d�� �F�

1,�; � 	�� +�DGP� �[� �1���� =?�15 9� 	!J

���0, ���0, ��� j(�B 9XFJ �*
�, ��� {�P 4C�� �  ���B

�1�  ���.� .13����,�-���,�0( � �, �, A.b<  4 =D�

2 ���� ��,�,  �1� .	��  

3 -4 - .���( � /"��'( ���0��)�� �'� ��  

�(�N��� �, a3� ���r _*�^( �1( =(����� 

C.�)*�(� �( �� �1� )*)*�( �133B �!��� ���  �� � ,��N

��;�� ��!(� Q M 9 Q13] ��9  �1� )*�(

	(�^Z�� ���  _*�^()*�( �133B � �!��,	  �1� )*�(

 ��)*�( �133B ��� �1���!( �� (.` 6�H�� 1�.  
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(_8�)  �7*@ �� � ��(�N 9XFJ �� M. ��� =D�9� E�0P Q�� �� 1,  (k) M. ��� =D� � � ���.)*�( �133B 9� E�0P ��3B �� 1,  

  
(|)  ���2��(�N ���.� uD��,�-���,�0(  

 =D�2 - �(�N 9XFJ� � �.��� ,�0( �,�-���   

	!J  � ���;�� ��!( �.[\  9��b(`.( ��0B  �,

 �*B �0> ��� ������ 	.@�O)*�( �133B ��� ,�0( 

�,�-��� .1�1� k�^��� ����� `.(  ���,�0( ,�-����  ����

 ��!( � ���1��)*�( �133B  ����, �0>3  �5  ���.����

 �, ,0�� 	!J �, 9B 1�,0�)*�( �133B  	8�5 �, ��

`.( ��0B A  �B 1�1� �,�-��� 	8�5 �� M�� 9B ��� A 

 �B  =D� �,3  �����,�,  �1� 	�� .	8�5 �� M��  ���

`.( ��0B ��(1.] o0� �, �� �1� �  ���N1 � 2  A��G(

� =D4 ,�0( 9F8�G( .13�@�; ���?  =���D 0LK,�0( 

9F8�G(  	(�^Z ����,13/1  ���.*.(�( 1��� 	!J .

{�GF�� i�] �� �,�-��� �� �	(�^Z �.[\  �����  �, ��:�

 �� 9Q 9� �)*�( �133B   =n�( �21D 9� �*���D 0LK

	(�^Z �  1�1�  �� �-*�^( ���)*�( �133B  s���, �,

.1���  

  
  

(_8�) `.( 	8�5 ��0B A  (k) `.( 	8�5 ��0B B  

 =D�3 - 	8�5  ���`.( ��0B  

    
(_8�) ��N� 1  (k) ��N� 2  

 =D�4 - ��(1.]  ��� �� `.( ��.;���? ������D 0LK=  

 �, =D�5�  ��.;���? �0<�)*�( �133B ��  =
�, �,

) +�
u 9*P�@ �)*�( �133B  ��� �� ��h9Q 9*P�@ �  ���

�).*�  L � �0>)*�( �133B �B � �� t�� �a o�- �� �

 `.(�,�-���  �1� �( 1���( .	�� �1� �,�, ���� 
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 4.3d�� =D� �,6� `.( ���2��(�N 9�0��  ���,�0( 

�,�-���  �����,�,  �1� .	��  

  
 =D�5 - ].�3 ��;�� ��!(�  ��!( ��1� �)*�( �133B  �,

+�
 

3-5- .���( '� � )�� ��  

�!( �� �D 4�  E�D� �1( ���� @.7D ��*��?.	 

! .9 �1( ���  9���(�( 1��� �  :����D �� �(�N� �� 

�} .4 ,0�.  ��1,�; �F� ����� =5��( �(��  �,

9�0��  ���9�
�� �1�  .13��� ����D r��� ����, ���

9��( 15�� ,�0( �,�-���  9XFJ �,1/16 0*.B �� 4 0.�

iFD(��( �,0�   ���D 	!J .	��,0� � l0n^( ���

��(�N �(��   ,�15 �, ���4/64  6�;0*.B �� ���� 9��(

 ��(�N�,�-���  �1� .	��  

  
 =D�6- )( uD� (_8�. ̀��� �,�-���,�0( � )��N (k� 

;���?.�� (.` ���D 0LK �= �(�N 9�0�� =
�, �,��2��  

 �, 9��(13] Q9 9Q ,�1F  9� 9���  ���

)*�( �133B 9� E�0P , ����� � 9XFJ ���? ��(�N�,�, 

 �1�  �, ���!] �1� �B���( 9*5�( ��� .	��  9��( ���

9Q �, ,0J0(  ��� _*�^(9� 9�0; �� k�^���  �1�  	��

( =B �X�� �B��  � l0n^( ��� 9B.1��� ���D 9�� 

�F��( �,Q0@ 9��� �� �,�-��� �� 9Q ��  ,�F�� 9� =D�

14×14 9� ����.����  ���8/3 ;0*.B �B��  6��,�,  �1� 

 �0B:( 9��� �9Q �� �B��  ���� .	��50  o�- �� �� ���15 

.���� ������ �1�  	��9� 9�0; ��  �(��  �B��  �K��� 9B

�1(  ���� �� �,0� �����  ~�� �� �� ���:;��� .	��1 

 �� 4�@� ��3.�>� ���� .1� ����� 9b.?, �� ���.*.(

��(�N a��� 	<P �� ��� �� M��(�N  =?�15 ��3  ���

�1� ���D  .	�� �� 9J0  9� �,�, ��� ����� ��� �.�.4� 

 	(�^ZQ9 ���  �  9� 6��!] � 60� �6�, ����.i 5 �5 �

3 � 3 ����.��� k�^��� ,�;�1 	�� .��� Q9 ���  9��(

Q �, ,0J0(9 ���  6�, � ���1/20 B.6�;0* ��� �� 

Q9 ���  6��!] � 60�1/12 B.0*6�; �( 1��� ]22 � 

26[ .s��� k�^��� 	(�^Z Q9 ��� +�
 �7�� =<( 

;���?.�� )*�( �133B �� �,0� 	�� (��  �, � � �1( �� �

�)*�(�.C � )*�(  �B��  I�����D .1��� 

3 -6 - 3�0(�4 ��5���  

�, �1( ���� ��� @.7D�  9� 9J0 9���  ,�F��� 

b( �� �1(.s� F?��� �����  9�@�; �p� �,.,0�  9J0  ��

}? 9�.9 �� - B0�.�6�!23  �, �;�M @ �1(.7D� ,�1F  

m h�(.� [\ .� ,�F�� �p� �� 9B 13��� 9���,� ���,� n 1F�

13���. *B.9 h�(.���� ( �� �1( �N �� �B�5� ��0  �� )m-

n (h�(.�  1F� ��1��.�� ,�B .h�(.���� [\ .��:;� �, 

@�O.	 ������ �� ��0�� ��� )*�( 9��( �1� �, 9G��� 

)1 (���� �,�, �1�  	�� ]46[:   

)1(  ( , , , , , , , , )uq f B D t a u Lϕ γ δ=  

9B �N �,� ϕ� ���9 *
�, +�DGP��  �+�
B� � t���� 

D� � �0@1( A���� γ�  �+�
 l0n^( ���t�  	(��b(

��B� )*�( �133B �a� t�� gGb( )*�( �133B� u� 
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9*P�@ )*�( �133B � ��� ��� δ� ���9 +�DGP� ���O� 

�.4 +�
 � )*�( �133B  �L� �0> )*�( �133B 	��.  

 �0P�,� 9B 1( �;.2�^� +�
 )*�( �9 E�0P 

�;.2�^� ��B� )*�( �133B �� �1��X� (� ��0  @�O.	 

������ �� �� �9 E�0P g��  ��1� 1F� �� �.�� ,�B ]47[:  

)2(  ( , , , , , , )uq D t a u L
f

B B B B B B
ϕ δ

γ γ
=  

3d��.4  �,��(����  1F� ��1�BPR  �UBPR 

���� �b(9� ���a  ��(���� .	�� �1� �,�-���BPR 

�.�� � �3  	X�� �133B� �� g?�� �� ��� �
+  )*�(

� �3  9�� �� �� �� g?��� C +�
.� �, )*�(M 

 ����� 	����( 1��� .�4 ��(���� ���� �����  \[.� *� .) 

�, ������ �� �, 	��� ��� _*�^( �,�-��� �1� 	�� .

��(���� UBPR �.7 �9 E�0P 	X�� @�O.	 ������ �!�� 

�� ��� @�O 	X�� 9� )*�( +�
.	 ������ �!�� �� 

��� +�
 C.)*�(� �F _ �1� 	�� .�4 ��(���� �.7 

	!J �����  \[.� *� .) �, @�O.	 �!�� �� �,�-��� 

�1� 	��.  

4- 6"�#0  

	�^� 6�; �, +�
 ������ 	.@�O 4..F  	!J �

�.C)*�(�,�1F  �  ��1� +�
 ���� ��(�N)*�( �133B 

	@�; E�0P  a��� 9B9� 	�,  �1(N  =D� �,7  ����

�,�,  �1�  a��� 9� 9J0  �� .	��9� 	�,  �1(N �(  ��0 

9�0�� 9.!  I�� 	@�; 9H.��  9���( �,�� ,�15 �  ��

�( � �,0� �21D a��� ��0   �� .,�B 9��b( �21D �� ��

 	.X*P 	8�5 9� 9J0  ,0J0( ���b  	X�� �� �,� 

�(  �� 	��� 9B ,�B ����� ��0 9� E�0P  	
�03D

�( 1��� 	8�5 �, �� ������ 	.@�O .C.)*�(� �9  E�0P

1F� ��1� 6/278  �,�F()336 B.0*��D��� (�( 1���.  ����

��(�N a��� ���!� 9��b(  ����s���  ��1� �����(����

1F�q/B×γ  )q� �� ������ 	.@�O � γ l0n^( ��� �

 (+�
 �� t�� 9� 	��� 	X�� ��.�� �1� 	��. 

 
 =D�7 -  � �3  E��..h�����- �.C 9�0�� ���� 	���)*�( 

4-1 - �"7 ���5� ��89�  ������": .�;;�  :�<�= ��

,> ������  

��(�N a���  ���6�H��  �1� �1( ���  ��� )*�(

�1�  ��)*�( �133B  ��!��� ��) ,��N�;�� ��!( ��1���(� 

9� E�0P  �9Q M �, Q9 �0> �� 9Q 9� �  ���15 �30 �

45  �60 	X�� �� �@�n( =���D 0LK �� ����.����  ���

 �0>)*�( �133B  t�� 9��� )L/B(�  �����2 �4 �6  �8 

 �, =D�8  �1���(�( ,0� )�0> )*�( �133B  ��L � 

�� t��  ��B  �����,�,  �1� 	��( A��G( . =D�8- _8�

9B ���:;��� ��,0�� -  �@�n( �0> 	8�5 ���� �� 	���

15 �( ���� =���D 0LK �� ���.���� 1�,� �(  9H.�� ��0 

	@�; 9Q ,�1F  ��7@� 9B  ���)*�( �133B  	5��( ��

 =���D 0LK 	,�1<( ����, �	��[ �@�n(�( 1���  �

��� �� ��0  2 ����� �� t�� �0> )*�( �133B  �.�b  ��

�, � �,�B 9Q ,�1F   ���.� ���,�0( �,�-��� ���? ,�,� 

���B �� ���  �0>)*�( �133B  ��2 �� t�� ����� �

)*�( �133B ��� 1��0  �3  �[� �,�1<(  � �,�, ��0� ��

�, ��.9H� ���B� )*�( �133B  ����� ��  �0> �.�b 

�( ���B =���D 0LK 1�� .��  �0> ��7@�)*�( �133B  9�

�0>  �����7� �   ��B4 �9Q ,�1F  ��7@�  ���

)*�( �133B  �,��� ��7@� iX�)*�( �133B  � �1��, 

��.9H� �� ������ 	.@�O  ,�15 �  ��76 +�
 9� 	X�� %

)*�(  �� �1�)*�( �133B �9 9Q M  E�0P  ��7@� ��

�( 1�, .=��? �Bw �( 1��� 9Q ,�1F  ��7@� �.[\  9B  ���
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)*�( �133B 	��� �, � ����� ���.� ,�� ���( ,0� .

 �0> ��7@�)*�( �133B � �D.��D( l�0
 ,0X!� iX� �

 +�
 ����@��( ,0� 8�� �7@��  �0>)*�( �133B  ��

��1b(�  ,0X!� iX� �c^�(	X�� �7@�� @�O.	 

������ �� �b( �,9�  ��1b( ��)*�( �133B @�n(� 

��� ,0�.   

    
(_8�) L/B=2  (k) L/B=4  

    
) (|L/B=6   (E)L/B=8  

=D� 8 - ���:;��� ��,0��-��(1.] 	��� _*�^( ��� �0> �, ��� E��-�(  

 �, =D�9 )*�( +�
 ������ 	.@�O ��,0�� �

��s��� �0> 	X��  _*�^( ���)*�( �133B  �� t�� 9�

���N �,  ���� 9Q 9� � �, �M  ����,�,  �1�  �� .	��

�( ��,0�� 4� a��� 9� 9J0   ��0  ��7@� 9B 	@�; 9H.��

 �0>)*�( �133B  �0> ��45 �1F� 9� ���.���� [\ .� 

=��? 9p5j( ��  	�� 9���1� ������ 	.@�O ��. s����� 

b< .E�b 6�H�� �1� r�0  ���bb<( !� �0>.93 

�.,�!3��  �� �����5/2  � 7 � t�� ������ �( 1��� ]17[. 

�, �Z�5 ������ �� 9J0  9� �0> 45 ����.���� �� 

)*�( �133B 9B 6 � �����t� �� �( 1���� (� ��0  	-; 

���a �9 	�, �1(N �� b< .E�b 6�H�� �1� ���,� A��G  

X��3(� �( 1��� ]20[.  a��� �,0� M,7� 9� 9J0  ��

 ������ 	.@�O9� 	�,  �1(N  �����0� ��60  � ����.����

45  ��21D �� =���D 0LK �� ����.�����mB�15 �0> 

)*�( �133B 60 ���.���� )L/B=8 ( �p� �,9�@�;  �1�  �

�1( ���  ���9F8�G(,�0(  �0> 4� ��������  �1� 1��.  
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 =D�9 - ��(1.] ������ 	.@�O ��,0��  �, _*�^( ���

	X��  �0> ���)*�( �133B E��-�( 

4-2 - ��89� �����? '� .��@# �  ��A� B�#C� ���

������� :�<�= /"�4<� �� ,#+	�  
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 �..h  ���:2�J �0<�)*�( �133B  +�
 =
�, �,

�9 9G���   � +�
 4.� �3  g�0  �..h )*�( �133B q��� �
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