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Construction of a New Hollow Cylinder 
Apparatus to Study the Tensile Behavior of Clay 
with Different Plasticity Indices 
 
Soil tensile strength is important in different geotechnical 
structures such as earth dams, roads, airports, landfills, and 
retaining walls. There are several experiments to study the tensile 
behavior of soils with different advantages and disadvantages. 
One of the methods used to investigate soil tensile behavior is 
tensile hollow cylinder apparatus, which has seldom been used. In 
this research, a hollow cylindrical device to measure the tensile 
properties of soil was built and operated. This device can apply 
tensile stress evenly to the entire soil sample so that stress 
concentration does not occur at any point in the sample.  After 
designing, manufacturing, and assembling the apparatus, 
validation tests were performed to ensure the device was 
operating well. The results of the repeatability tests show the 
accurate performance of the device. Also, in this study, the effect 
of plasticity index (PI) on the tensile behavior of kaolinite clay 
was investigated. Clayey soils with plasticity indices of 10 and 
24% were selected. The results show that for clays with a similar 
mineral, the tensile strength increases and the tensile failure 
strain decreases with increasing the plasticity index. 
 
Keywords: Tensile hollow cylinder test, tensile strength, clay, plasticity 
index.  
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P.��<<�  4H��L- ���� .0�0  ���7� � ����- ���MB5 �

4�6�� 0�+L- ��<�� �  4? f�� ��<�
 e
�� �� ��� ���

 �?���- 4,<!� 	�6:� +8�0 ���+� +�� �0�@- P<20 4� �

 ����9�F �� +�� ��//? �9�Q<�D ���? A+�� ��<��

��� f�� ��<�� 	J0 �� .06�� �0�� ���� �<a ����9�F

4� �G .+,��� n<J0 ��<�� ����� 1� �0 4�E� ��?  ��

 ��B<-4��5 ��5 �h<- k��B� 	J0 �� ��  (���.<-) ��-

���+�� �- ��<D ���+�� 	!5 .+,,?  ��<D4��5 ��5  m�6 

�- ���9�F �G P��@- �0 	���  R�L�8 �� �� �BhE ~+�

0 j6�H- R�L<l6  .0�? �0����� 0�6- ����9�F 4,<-� �

.	�� �+� �0��G �+7� �Q� �0 �0�����  

2 -3- ��63/78 9�:� �.�'+3�; �1�:  

 ����9�F �� �0��������+�� D<� �P.��<<�   �0

�-�G� �� �� �. ���9/�-�G �.<,. 6MN �1?� �� �

 �� .	�� A�
 ���E� P<hL  ���� �0�0 	��0�� �0 �!-

 ��-�G I6� 4� 456 k�]�� �+�  � (�.<-�,0 � �.< ����)

 � ���? up� 1<,c��P.��<<�  �� ��0�6-<��  ����

 R����- �G 	<���F � �9�F I6� �A�
 ���E� 	
�,�

 .06� +��6
4� ��6,�  ���? up� 4.,� 4� 456  �� 4�6��

 �//? �9�Q<�DA�
 ��  �� �0����� �	�� �? ��<��

���� �<a ����9�F �6c�� �f�� 	J0 �� ����9�F �

 �������+�� D<� �4��5 ��5  ��<�� A�
 �0 �0�0 r�

 ���9�F 1� .0��0 	<���~`
��  s�� ����9�F ���

 �6c�� �	�� d��  �0 4�6�� up� �� 4?LVDT ���

�� � d��  ��+� ��� �_� kB<��.- d���4��5 ��5  ��

-� +,],� ���� �<a ����9�F �� �l�F n<@L  �0 .

 �0 �f�� ��<�� 	J0 4? ���!  ��9/��0 A�
 ��9/�-�G

���+�� D<� �P.��<<�  ��  �//? ���E� ����� ���� +���0

) 	�� �+� �0����� A�
 P.�10.(  

 
 P.�10 -  �9�F �� ����4��5 ��5 �<a�+� �0����� ����   

 +,��� n<J0 ��<�� 4{�D� ���� �<a ����9�F

 �� u<L8 �0����� ���� �-��G �� �-  �6<���H<2�? 	���

 n<J0�G ��  P-�6� � 4�E�\� R�68_^ <��\D�  ��

���0�.h�� 4� 	J0  �6<���H<2�? k+� .00�D ����,�

 4? u<L8�0 ��<4]  }��� �	�� P-�6� 1� 4� 456  k+�

�-  s��� �9�F 4? 06�.+��� 4M��� �L<L8��  
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2 -3-1- �&�.�3#����  3/78�9�: �1�: �.�'+3�;  

 ��9��0 �� ���9�F �0�? ��H<2�? ������� � 4? �

 �0����� 	�� ��-��.<- = �� P./�--� 00�D  �0 4?

 P.�11  4L�8 = ��9��0 1� �0 .	�� �+� �0�0 ��/�

P��@- �0 (~+� 4L�8) �BhE�  �� �� 4? 4�E�D ���J �9�F

�h<- �<� 4L�8 1� �4h8�E �<�,  o<� �+��
�{ ��0  ��-

��54 �- �5  ���� q,5 �� +�� ~+� �BhE 4L�8 .06�

 ���J ���9�F P��@- �0 �h8� ��-�G �0 4? +��� �BhE

�- �- �0����� �-6<,<-62G x�{ �� �],� �0 .0�<D  .06�

�9�F P��@- �0 k6<,<-62G O�� 1�  ���J-� D<0� 1� �0 .

4h8�E �� ���<�   �9�F �� �-6<,<-62G 4L�8 eQ/-

�- 0�]� 1<7- N��2� =  �0 �+� ��H<2�? +,G�E �0 .+,?

 �9�F 4� �6<���H<2�? ��9��0 n�: �� k6h7- 4h8�E

���+�� 4p@� �0 1� 4� j6��- N��2� � �+� �E�7-  ��<D

�-  � 06�4� �1  � <x +H- �� ��� � x<�N��2� ��06�� �- 

�<<� 4� ��.- k�� 4� � �+-G 	�0 �- �E�7- ��BE� .06�  

 
 P.�11 -  ����9�F �6<���H<2�? ��9��04��5 ��5 ���� �<a  

2 -3-2 - <���+ 3/78 �&� �8�&,  

� ��+��� �F�6� �0 ���� �<a ����9�F  ��!���

 �G �0 4? +,��� �@:�,- ����0 ��//],� ����

���+��  �F�6� �n:�,- 1� z�F`p8� .+���+� �@<J0 ��<D

�6? �- �+<-��  ���� .+�6�=  =  �� ���9�F �����- +

�0�D 1<<7  �6? �F�6� 1� ���9�F ���@��� ��-� �0 �  +

�G 4h8�E 4? 06� 	J0 ���+�� up� �� ��  4<F�� �0 ��<D

? ��+@- 4� 456  k+� .06/� CJ�� ��!��� � ��+��� �6

�- �9�F �� �0 �6? �F�6�  	M��J k+� 4� �],- +��6 

4��5 ��5  +<26  4]<�� �0 � ��-�G k�]�� �6: �0

�0�0 .06� mha ���  �6? �F�6�7 <<1 �+� �� ���� �� =

 ��+5 �0 n<@L  1� �0 �0����� 0�6- ����9�F2  �+-G

.	��  

 ��+52- �F �6<���H<2�? R�3Q/-�0����� 0�6- ����9 
�9�F �����  ) �+� ��H<2�? ����mm(  ) ��!��� �6? +Fmm(  ) ��+��� �6? +Fmm(  

1  ��8-6  5/7  5/1  

2  ��8-6  5/7  5/1  

3  ��8-4  6  2  

4  ��8-5  7  2  

5  ��8-5  7  2  

6  ��8-4  6  2  

  

2 -3-3- 3/78 3=� ���9 �� �&�.�3#���� ��&9 �>* �.�39  � 0�.h�� �6L� ��+� ��H<2�? �� q�� �� =

 ��H<2�? �0�+L- �� � ��0 � �+� ��H<2�? ���� �0 ���9�F

0�6- ���� P.�) 	�� 4�E�D ���J �12 1� 4� ��? 1� .(
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 �9�F u<L8 0�.h�� �� 4? 	�� �+� k�]�� P<20

 4c��,{ �� � �+� �����P.��<<�   ��H<2�? �0�+L- �� ��

 �0�@- 1� �9�F ���E� � ��06�� x�F�� �+� |��
 �+�

 4.,� �!- 4�.� .+�6� �`8�K6hp- � 1  ����9�F ���E�

 �p
 ���E��G 	���  P.� �0 4?12  m��� ��6,� 	L 

�+�  ��<� �G�+� m��� �0 .	�� �+� �G� 4��5 ��5 

���+�� D<� �� ����� z�@<J0 �9�F m�6  �+� �4��5 ��5 

.	�� ������ 0�6-  

���� �6:  P.� �0 4?12- w � R �i2�  �+��/-

-� 06� ����9�F �1 �4  �5  �+� ��H<2�? 4h8�E �� � ��0

�- z�H�@  � +���+� �H��,- 0�.h��  qF 	�D ��6 

��� +,,?. � ��!��� � ��+��� j�@� i�7  � ��H� 4

���+�� ���� �� �6<���H<2�?  .	�� ��\D�_� ���9�F 1� ��<D

 ����9�F �0 �-�2 �3  �6  P.�)12- v �K �| 4c��,{ (

 ��B<-P.��<<�  +��� �+� ��H<2�? ���� �� ��/<�� �-  ��6 

 �0�+L- �� |��
 �0 �,L,- x<� m�6  �0�0 �`8� ��

�6<���H<2�? �0�0 1� ��  �?g P��J .06�� �0����� B<� ��

 ���9�F R����- ���E� 1� 4? 	��P��J 456   .	��

 �0 ���� �<a ����9�F ���E� x��,- 	
�,� 1����,�

�G �� u<L8 �0����� �0�0 	E��0 � ��  �� x��,- ���

.	�� ��0�6
�� ��B�� 	<���  

    
 �9�F(i2�) �����1   ����� �9�F (K)2  

    
 ����� �9�F (v)3   ����� �9�F (R)4  

    
 ����� �9�F (w)5   ����� �9�F (|)6  

 P.�12 -  ����9�F �6<���H<2�?4��5 ��5  ����� ���� �<a1  � 6 �0����� 0�6-  

2 -3-4-  39 @�6 �(�A �.� 6 3=��&�.�3#����   4L�8 �� ����9�F 4<2�� �6<���H<2�? �0

+� �0����� ~�8 �-6<,<-62G. 2�F�0� 4?  ���-�G �0
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4�6��  4��6��� ���2�
6  .+,��� �,L,- �F6p� ����0 �

 4? �h
�0 ����9�F P��@- �0 � ��H� 4�P.��<<�  

���+�� �� 4�6�� �h
�0 �6p� �- ��<D �6p� +,,?�  �7@-

�@- �0 � �06� 4? �5��
 ����9�F P�P.��<<�   �6p�

���+�� �� �2�
6  4��6��� ����<� �- ��<D �6p� +,,?� 

 �],� ���� 4? +0�D }��� I6l6- 1� .+,��� K+L-

 4L�8 = �� �	��_ 4h8�E = �0 ~+� up� �,L�� �<_^ 

 �0�@- � 06� �0����� �7@- 4L�8 = �� �90 ��� � ~�8

���+�� 9�F m�6  �+� ��<D ��/� 4]<�� .00�D 4��@- �

4h8�E �0 �9�F 4? 0�0  ��0�@- �7@- �6p� �� 	��_ ��

�? �- ��/� �7J�� ��+@- �� �   ��+5) +,�02 1<�� .(

���+�� �0�@- 4��@- 	!5 �0 �],�  �9�F �+� ��<D

 �04h8�E � ���.  B<� K+L- � ~�8 ~+� up� �� 	��_ �

h8�E �0 �9�F 4? 0�0 ��/� 4]<�� � +�4  �� 	��_ ��

 ��/� �7J�� �0�@- �� ���/<� �0�@- K+L- �6p�

�-  ��+5) +�03.(  

 +� �+��/- 1<,c�� � ~�8) ~+� up� k�E 4?

 (�06� �,L,-���0<4]  z�0+]- �\2 .	�� ��\D�_� ��<��

 P.�) �7@- ~+� up� m�6  �6<���H<2�?13- (i2�

 ����9�F ����1 �2  �3  � (4�6�� P
�0 ����9�F)

 P.�) K+L- ~+� up�13- ����9�F ���� (K4 �5 

 �6 .+� k�]�� (4�6�� ���<� ����9�F)  

 ��+53-  �0�@- 4��@-���+�� D<� �,L,- � ~�8 �6p� �� �9�F �+� �CJ�� �+� 4h8�E �0 ���. ��  

K+L- ~+� up� 	2�F �0  �7@- ~+� up� 	2�F �0  
  

K+L- ~+� up�  ~�8 ~+� up�  �7@- ~+� up�  ~�8 ~+� up�  

099/3  86/2  6/1  7/2  
���+�� �0�@- ) �9�F m�6  �+� ��<Dmm(  

2/4  985/3  4/2  04/4  

  
(i2�)  (K)  

 P.�13 -  �BhE ~+� 4L�8 �� �0����� �� �6<���H<2�?� �7@- (i2�) )K+L- (K  

3- ���. �,&', � ����-.� ��&� B��C�  

3 -1- "� D�*  

 e
�� �� ��� A�
 I6� �0 �� ����� 1� �0

 ��<�
10  �24 1� .	�� �+� �0����� +8�0 A�
  ��

�+� 4<!  ���� �,<{ A�
 4��
��? �� A�
 .+��  ��� ���

 ��<�
 e
�� ��10  �24 k�� 4� +8�0  ���]  ���

SZWMK1  �ZMK2 �- 4�
�,�  4� � 1�- �0 .+�6�

A�
 ���3�
� 	!5  ��<�
 e
�� �� ���10  �24  ��

k��  ���K10  �K24 �- ���\9-��  R�<863
 .+�6�

A�
 ��� 4? ����� d��� ���0��+�ASTM 4�  	�0

�+-G  ��+5 �0 �+��4 4��0 �,L,- � A�
 �+,�  P.� �0 ��

14 �� .	�� �+-G4@H: d��� ) +��<�6 �+,�USCS �(

 A�
K24  A�
 R�68 4�CH  ��<�
 	<8�
 �� d�)

 A�
 � (0��K10  A�
 R�68 4�CL  	<8�
 �� d�)

4@H: (�? ��<�
 �- �+,�  ��<�<� x<?�  .+�6�

A�
  ��+5 �0 ��5 .	�� �+-G  ��� 1<<7  ����

4�6�� 	!5 4,<!� 	�6:� +8�0 � =/
 �63Q-  �����

 A�
 �0 �� ��� �� �6�?��� 0��+����� �?��  ��-�G

48`
 .+� k�]��  ��+5 �0 s��� �� ��4 .	�� �+-G  
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 ��+54- A�
 �.B<E R�3Q/- �0����� 0�6- ��� 
43Q/- 0��+�����  K10  K24 

4��0 ���+�� C�6  (���� ��6H� +8�0) ��  

˂0.075 mm ASTM D: 422-63 89 100 

�63Q- ��� ASTM D: 854-00 65/2  63/2 

���� � 0�+F 

(%) ��<�
 +F ASTM D: 4318-00 21 28 

(%) ����� +F ASTM D: 4318-00 31 52 

(%) ��<�
 e
�� ASTM D: 4318-00 10 24 

��?��  R�<863
  

�63Q- ���  =/
)kg/m3(  ASTM D: 698-12e2 1740 1550 

(%) 4,<!� 	�6:� +8�0 ASTM D: 698-12e2 6/15 5/23 

  
P.� 14 - 4��0 �,L,- A�
 �+,� �0����� 0�6- ���  

 ��+55- A�
 ��<�<� x<?�   ����0����� 0�6- 

��+<�?�  (%)K24   (%)K10   ��+<�?�  (%)K24   (%)K10   

L.O.I 9  6  CaO 2/1  5/1  

SiO2 64  75  MgO 4/0  4/0  

Al 2O3  24  15  Na2O  3/0  3/0  

Fe2O3  55/0  4/0  K2O  4/0  4/0  

TiO2  04/0  04/0  �6�26� B<{��  B<{��  

  

3 -2- �,&', �&(, ���.  

����� 1� �0 4�6�� P.� 4� ���  �2�
6  4��6���

 �h
�0 �pJ 4�10 � �5��
 �pJ �  I�� ��15 �����  ��-

4�6�� 1� 	
�� 	!5 .	�� �+� 4�
�� x2�J ���  �� ���

x2�J .	E�D ���J �0����� 0�6- � +� 4�
�� �6h�  q,5  

) 	�� �+� P<./  47pJ 4� �� 4�6�� �h
�0 P.�15 .(

 �0 �6h� 1<�� 4L�8 �0 1<�� =�`? ���60 R���]-

�G ��<D���J 	!5 ���<� �4�6��  ��4<H7   .	�� �+�

 x2�J R�7pJ ��!��� �0 ��<D���J 	!5 �h.� ���0 47pJ

 	�� = m�6  47pJ 1� .	�� �+� 4�
�� P
�0

�- 4��� �6h� 4��<- �0 4? �B?�-  x2�J R�7pJ 06�

��0 49� �9+. ��,? �0 4{���. R�68 4� �� P
�0 � 4�

 ��4��5 ��5 �G �- ��<D6h5 4�6�� 	
�� 1<F ��  .+,?

 P.� 4� 456 ��15� �5��
 x2�J  47pJ �0 �� 4�6��

�+� P<./   4? 4��� �� 4� 	�� 0+� �0 m�6 

�- 4�6�� 1<F 4.,� �6�,- 4� .+�6�  ���60 4� A�
 �����
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x2�J 4�6�� � +H�c� ��  �� �+�6/� x<�G ��{0 � x�Q  ��

up� ���  x2�J �h
�0 up� � P
�0 x2�J �5��


 4� nh: up� � �+� �+</? A��� nh: 4f = ����<�

�- 4�/aG 1a�� 4�6�� �?��  	!5 .06� B<�  4h<- = ��

 �� ���? ��? �pJ 4�5/2 ����� .+� �0����� ��-  

 
 P.�15 - x2�J ����� 0�6- ���4�6�� ���� �0 ���� 

A�
 �0�@- 4�6�� 	!5 ��<� 0�6-  d����� ����

 eQ/- ��+� 1<<7  =/
 �63Q- ��� � 4�6�� �]F

�- �� B<� ��0�BE� KG ��+@- .06� +8�0 ��+@- x�F

4,<!� 	�6:�  �� �0����� �� A�
 I6� �� ���� 4? ��

G�- 4H��L- �+� eQ/- �6�?��� ��-� 00�D �� KG .

4� x<?�  �� 4��/E� �� �0����� l� �+-G 	�0 � �+� 4E�

���-� �  �0�? j6hQ-  06� P8�F ��
�6,. j6hQ- 4?

�- 4-�0�  P.�) +��16- .(i2�  

 q��A�
 ���  x2�J �0 K6:�-�+� 4��� �0 s,� 

f4 3 �����  =/
 �?��  ��?�+F �  +�+� �?���- ���-
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