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 k�'5 �� ��51����I0�1�A �� ��10�� !0�   ��IJ�� -��� G��* l7

 ��� 4"�8� m�	�I0�1�A  n/�� ����� �1O   � !8� !�� �J��*
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(1)  0 ≤ � ≤ �� �� = ���	
(�/��)� 
(2)  �� ≤ � ≤ �� �� = ���	
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�� (��) ?)]5 7�� :  
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 45�1  +�( �J�J'( 4Z����I0�1�A ?)]5 u�	)90 u�	  2010 ([4] [8] 

  
Fig. 1. Analytical bond stress–slip relationship (Fip90, Fip2010) 

[4] [8] 

 45�2.  +�( ���1.��I0�1�A  -���".�   7"#� ?)]5[6] 

 
Fig. 2. hasket bond stress - slip fgure [6] 
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Table 1. Parameters defining the bond stress slip figure for Fip90 and 2010- values in parentheses are for Fip2010 [10] [8]
  

  
 i 
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� ����0����A S�(�.� ���1.�   ����
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 4,#�   4,#�90 .���� �1O   

-�.�4�1W �� 4X�e� 4* ?)]5 ��
&� �$
� 48��� `�� � �� �1�
 ���0����A �8��   
�0#� ��@W��^�( ����0����A ���( !0� 7� �&�  

$��� G�5� 4���$
�� 40	�W �X� �� -K 
���� ���1� �8 ��.
��  
  

3˗ �,!+, ����� �/��34��56 ��/  

4a5s� ����� ���� n'� �� �^1� ����I0�1�A � ��IJ�� !0� 4
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O2 4�1.� 4.� .
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 ��IJ�� �Z[ ��1O1� % �a( ���(   
�0#� -�#"8 4�
�� ����� ��

4�1.� .7�� ����J�� 
T�� ��P�� ����� �$
� 40H�� �� �0�

 -1	
� i1o ����� ����IJ�� \�.( .
�0#� q�a(��   m�/ �i1o

250 �J���� !0� GH�� �� �0�-�.�   
���� �� 4* 4�1W  i 
O

3 $
���� ���1� i1o ) ���� ��1� �����dl!�8K ( 4���ACI318 

[11] .�� !���( ��$�1.
�� +� RA �� �H�� �� i1o �� ��J�[ ���

 y@� ��IJ��   !0� !�� i�T(� ���� i�./� 7�O �� ����(1*

��}�( �^� �( �1�$1W ��� +� RA !8� �� l�1� 40	�W �X� �� ��

�.� G"� $
8
A !8� ��
����)�� q1� 4� 4O1( ��0� �� ����W 42�

�� 40	�I� %�1d ��IJ��   !0� !�� i�T(� y@�.7  

  

4�1.� �� �
/ ���Q �"8   $
��1T'� !0� �$
� 40H�� ���
 .7�� $
���1T'� 4��� !�8K %��F�	 �� ���� ��1� ����� i1o

 {1	 4� r�� i 
O3 ��
���.  
 ���82 4�1.� %�T,�����I�8���K ��� 

existing 

embeded 

length  

(mm)  

Rebar 

Diam. 

(mm)  
Confinement  Dim. 

 (cm)  
Sample 

ID  

250  20    30x30x30  P20S-1 

250  22    30x30x30  P22S-1  

250  22    30x30x30  P22S-2  

250  25    30x30x30  P25S-1  

250  25    30x30x30  P25S-2  

Table 2 . specifications of tests 
  

3˗1˗ �*�7� 8&�7�  

3˗1˗1˗ 9 �  

+8���K !8� ��4�1.� \�.( 7H�� ���� �51.P� $���K !0� �� �� ��
 $
� $��a0�� �o �� 
P� .7��28 !0� �� � �G./   �)8� �� K

4��10�� ����	 7� �&� !0	�8 ���� �\�h� 4��( 4�1.� 4� ��� $

 ����	 7� �&� !�I���� 4* �
� $��� ���[ $�I0�� �� _�(�( 4�

4��10��) ���
��0�� ��150x300 �J�� ����� ���K (�0�23 
.
�K 7�� 4� i�"��A�I�  

  
  
  

confined concrete Unconfined concrete  

Other bond 

conditions 

Good bond 

condition 

Other bond 

conditions 

Good bond 

condition 
 

1 (1.8) 1 0.6 (�(��",$%&'()) 0.6 (�(��",$%&'()) s1 (mm) 

3 (3.6) 3 (2) 0.6 (s1) 0.6 (s1) s2 (mm) 

clear rib spacing clear rib spacing 2.5 (1.2s1) 1 (1.2 s1) s3 (mm) 

0.4 0.4 0.4 0.4 α 

1.25��) 2.5��)  ��)  (1.25��)) 2��)  (2.5��)) ��	
  (*+�) 

0.4��	
  0.4��	
  0.15��	
  (0) 0.15��	
 (0) ��  (*+�) 
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���8 3 .��� i1o�� � ��1����  ���� 4#8�&�  i1o �� -1	
� �1O1� �����

!0� 

bd 
fy 

(MPa) 
f'c ψt ψe ψs λ  

 dl

(mm) 

 extl 

(mm) 

20  410  23 1 1 1 1 814 250  

22 410 23 1 1 1 1 1106 250 

25 410 23 1 1 1 1 1257 250 

Table 3 required development length vs existing embeded 

length 

3˗1˗2˗ '��	��  

 �� �	�T� �����IJ�� %�T,�� i 
O4 ���8  $��� -���

wK q1� �� ����IJ�� 4.� .7�� $
�.
�0#� ��� rh   rs  _�(�( 4�
 wK 4Jd�	   q�a(�� D� �� ����IJ��7�� [12] .maxε  +��*

.7�� +�* 7#( �� ��IJ�� �f*�
�  
 ���84 �	�T� �����IJ�� %�T,�� 

maxε  
uf  

(MPa) 
yf  

(MPa) 
rs 

(mm)  
rh 

(mm)  
type  Designation  Diam. 

(mm)  
0.29 639 487 12  3  

d
ef

o
rm

ed
  

S400 20 

0.31 624 451 13.2  3.2  S400 22  

0.30 629 486  15  3.75  S400 25  

Table 4. specification of rebars 
 +8���K 7'( 4�1.� 4� ��IJ�� �Z[ �� �� �7� �&� !0	�8 ����

-K �8���   D�J#( 7� �&� 4* 7	�W ���[ +�* �1o 4� ��
 ����� `�10�474    630 .
�K 7�� 4� i�"��A�I� 

  

3˗2˗ �,!+, 0:���/  

4�1.�   !"#� �$�� %�&�&'( )*�� $��� $�I�8���K �� ��
� ������� ���[ �W
��* - ��� +8���K ��1�   
� 40H�

 �1T'�   $
� �1T'� 75��  � 4* !8� 4� 4O1( �� .7	�W
-1��K !8� �� $
�� ��1� $
� 40	�W �X� �� ��!.F $�� S8  G�

4�1.� ���� ����"0�� ? � �� �$
� �1T'� !0� �� ���
 $��a0�� �O��H �W
��1T'�
� $1O  4* _�(�( !8� 4� .

�1.� ����O���� 7aO �� 4 40	�W ���[ ����O ���	 7'( ��8��
 +,� �� 4* �1Z��.� .7�� $�1.� ��28� �� �1T'� !0� `8���  

+8���K 4� 4O1( �� �7�� $
� $��� -��� L8�0� �8�� ���
-��I�� RA 9��A �$
�K 7�� 4� L8�0�   ���$
�K 7�� 4�  ��

4�1.� �� c��Z� ? � !8���� %1��H �� 4* 7�� �8�� �1T'� �
7�� $
� $��a0�� !0� -
�  [7, 12, 15] .) i�"��3   4   5 (

 4�1.�   S�(�.� �
����)�� �$
� 40H�� 4�1.� _�(�( 4�
�� -��� �� $
� �
����)��.
�� 

  

3˗3˗  ;�<,��4��56�/  

4�1.� c��Z� -
��* - ��� +8���K 7'( _�(�( 4� ��"� G4 
   !0� 4� ��1'� ���	 �$
� 4��P( S�5 �
�� SO .
�0	�W ���[

) L�� ���   �1.� ���  ��IJ�� 4� ���* � ���Load cell (
 i�0�* %�1d 4� ���@W��� .7	�W $��
�� �� ��IJ�� � ��� ��
&�

��O4�8�O ��O .7�� $
� \�2��4 ���](  � `�1( ��1'� �8�O
 L�� -�"�(LVDT) -K !�I����   
� $
�2�� ���[ �X� 
� ��

�J�� $� � 
� �( ��IJ�� .7	�W.7�� $
� $
��* �0�  
 

 

 45�3  $
� 40H�� 4�1.� 

 
Fig. 3. Specimen picture 

 45�4 .+8���K �
����)�� 

 
Fig. 4. Test setup 
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4˗ �4��56 >4� ,�/  

4˗1˗ 01�? '!� � @��/�3�  

+8���K \�2�� �� vA �1�   ��0	� q1�  � �$
� �)8� 4����� ���
 $
���� 7#"�
� y��o� !0� �4�1.� -
� �1T'� %�1d �� .

�� ���� �I0,�#W D� �� ��Q� +�* i�� �� ��IJ���1�   
) ��IJ�� �W
��* - ��� 75��Pullout�� ~� () 
�� G"�6.( 

 �� G"�7 ?)]5 ��IJ��   
� $
��* - ���-K -  +8���K ��
��� -��� $ G�5� .7�� $
� q1[  !8�-K 7#"� �1�  4* 7��

 �z��� �� �0.* ��IJ�� ���* !0� 7#"� ���� ���� ��1� �z���
�I0,�#W   -��1H }�( ���� ���� ��1� .7�� 4�1.� G* !0�  

 45�5. - ��� +8���K %�.�X�($
� �1T'� !0� ���� ��IJ�� �W
��*  

 
Fig. 5. Test setup for pullout test of confined concrete 

45� 6.  : ��IJ�� tZ� �� _��K   }�( ��* ���a ����* ��.� (b ��.� (

  �� �[12] 

 
Fig. 6. Cracking and damage mechanisms in bond: a)side view 

b)front view [12] 

  ��� i�./� �� 
P� ��J* �I0,�#W \
/ �1O  �� 75�� !8� ��
}�( ���.7	�W G"� ��IJ�� y��o� �� �81�  

4��O �^� �� �
���� $
� �1T'� 4�1.� �W� �I8� 75�� ��O �8�
 �I0,�#W ��Q� �J* �1o 4� 4�1.� ���IJ��(splitting) �� .���W

wK �1O  ���� !8� G�5�wK !8� .7�� ��IJ�� �� �� ��1'�  ��� ��
 �� ��1'�   ���� ��� ��� 4� G8
�( !0� %� �2� �� �� ��IJ��

�� �� ��� !8� .
8�.� �� �I8� %��O �I0,�#W ��Q� �� !0� 
���1(
����� ��0� 1�/ S8 �� .
��*  !8� �%1��H 
���� �F�/ ��IJ��

�� 7� �&� $
� ��28� ��� ��� G��&� �� ��)O� G"� .
�8�.�8 
�� ��� !8� .
�� �� -��� �� 

 G"�7 ) $
� $
��* - ��� ��IJ�� �81T(Pullout ���� (P25S1 

 
Fig. 7. Picture of pulled out rebar (P25S1) 

 
45� 8. wK ��IJ�� ����O ��.�v"/   �� ���   ���G.P5�-K ��� [12] 

 
Fig. 8. Side view of a deformed bar and its forces and reactions 
[12] 

 $
���� ��0	� q1�  � �� +� RA !8� ��
�4�1.� �� . 4* �8��
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� �1T'� !0�pullout 4�1.� ��    �1T'� !0� ��
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��splitting  .
� $
8� G"�7   9  �I���� _�(�( 4�
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.
�0#�  � !8�  
�� 4X�e��1�  1�/ �J* ��"J./ �W
��1T'� �1O  4*

4X�e� G��[ 
� �� �� ��0��� �&(�� �� L8�0� $ e/ 4� .
�,�4� 
$
�K 7��  $��� t�F1( 4���� �� 4* �7�� % �a0� ���#� )��
.
� 
��1H  

4˗2˗ �4��56 >4� ,�/  

+8���K \�2�� �� vA    ��� -�� K 7�� 4�   ��4��O�8�O �
 +�( ��
&��I0�1�A ( �
0�� �� 4a5s� !8� -�1� 7��^ m�	 �� �

�� ��IJ�� ���0�� +�( -�1� 7��^ m�	 
�Q �� .
8K1�A�I0� 
 %�&�&'( �0��� �� �
��� 7����� 7�� !".� %�[ � �H�� ��

 7�� 40	�W %�1d m�	 !8� $
� \�2��[12] �2�K �� $ e/ 4� .
 �X� ��1� �J* ��"J./ 4* !�I���� �I���� �`�10� +�( �7��

+,� �� +�( l7�� !0� �� -1	
� ��IJ�� tZ� YJ0,� ���
   t�'d e��* L8�0� � �*�� $�W
8�   �J* 75�� �� 42�0� ��

.�1� 
��1H ���0�� G��[ 

 45�9. ) 7#( �� 
P� $
� 40,�#W !0� �81T(P25S-2( 

 
Fig. 9. Picture of split concrete (P25S-2) after test 

  

+8���K L8�0� 4#8�&� ���� �� �I0�1�A +�( ������1.� 
8�� ��
 �1.� G�J'( �� -K   �� K 7�� 4� �� ?)]5 G��&�[2].  

 G"�10 4�1.� ���� ?)]5 G��&� �� �I0�1�A +�( �I���� ���
P20S-1  �(P25S-1 .7�� �f*�
� +�( 4���� 7�.�� k�'5 4� 

 G"� �� 4���� !8� �-K � � �0��� n'� ����  11  $��� +8�.�
 .7�� $
� 
��1H ����� G��* %�1d 4� $
�K 7�� 4� L8�0�

 ��IJ�� �Z[ +8�)	� 4* 7aW 
8�� 4deH %�1d 4� ��� �
�

�� �f*�
� �I0�1�A +�( +��* n/��[ �����IJ�� ��) �1� �Z
22   25 �J�� �Z[ 4� 7�#� ��0�20 �J���0� � 
� _�(�( 4� �4 
  10 �� $
���� �f*�
� +�( +��* 
d�� !��E.� .(�1�

 $� 
'� �� ��f*�
� +��* �� �g��0� ?)]54/1  �(2 �J�� �0�
� .7���  4�1.� ���� G��&� y�oP25S2  $
�� �1T'� �!0� 4*

 G"� %�1d 4� ?)]5 G��&� �� �I0�1�A ���1.� 7��12  .7��  
 45�10 . +�( ���1.�I0�1�A� ?)]5 

 
Fig. 10. Bond strength - slip diagram 

 45�11.  +�( ���1.��I0�1�A �f*�
� +�( $� 
'� �� +��* 

 
Fig. 11. Bond strength - slip diagram in maximum stress range 

  
 4�1.� $
�K 7�� 4� L8�0� ����� ��P20S-1  �(P25S-1 

�� ���#� ?)]5 \�I��) 7/�� 4� 4�5 � �0,� 4* 7aW -�1(
�� ��8� (�*
���� �0��^ ��
&� 4� ��8�&(   �1�� 
P� .
�� �

 �8��� 
� 4� �?)]5 +8�)	� �� 4* ���I�� �4J��� !8� -
���@W
�� S8�)� �I0�1�A +�( 4� q �� (�0,�) ���1.� _�� ��1�

��)]5 ��) 
��� �ad 4� �( $��* -
� D*  � 
�4/1  �(2 
�J�� i��P� ��)]5 4� �( 40	�8 +��* %
� 4� �0,� v�� .(�0�
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 � 
� ��P8) �f*�
� +�( �� �g��0� ?)]5 �����  � ��8�&(4 
�J�� � 
� 4���� !8� �� �I0�1�A) 
��� (�0�50  �(60  
d��

D8e� _�� �� �0,� 7.#[ !8� �� .(
�* �� 7	�+��* ��( 
��� ��8�&( +�(   
��8�� �
�A 7��^ 75�]( j[�  ��) 
�* %����

�� �8)O +�( .(�1�  
 45�12.  +�( ���1.��I0�1�A ?)]5 $
�� �1T'� !0� ���� 

 
Fig. 12. Bond strength - slip diagram for unconfined concrete 

 

 7�� 4���� ��8�&( �J* G"� 4"�8� �� $
�� �1T'� 4�1.� ��
 ���	 �1O  \
/ G�5� 4� ��� ?)]5 ��) j8�� �J�H 4�1.� �����O

 � 
�4/0 �J���� +�( �f*�
� 4� (�0� ��Q� 4Jd�	e�   
��
�� 7	��1� 7	� .�I0�1�A  ?)]5 � 
� �(1/1 �J�� 4� �0�

�� �
�A 4���� 7/�� 7	� �� 
P� ���1.� _�� )�� �2�8� �� .
�*
 +�(   
��8 �� +��* ��0.* %
� �� �j8���I0�1�A � �ad 4

G�� �� .
�*  

4˗3˗ �4��56 >4� ,����A� �4�� ��/  

 �+� RA !8� %�/eo� G�."( �����0����8���K  4���� +8�)	�  
+� RA �� �I8� 4�1.� 4� �L8�0� ���[ ����� ��1� 4���� ���

 4* 7�� -���".�   !� �I��5� 4� x1��� +� RA !�5 � .
�0	�W
� � �P��O ����� +8���K L�A   7#��   
d \�2�� �� 1� q1F

40���
��[1, 2] +8���K !8� �� �� 
'� ��
P( 
�Q �� l c��Z� ��
-K �8��   
�0#� +� RA !8� y�
�� 4* 
���� �( �a0� `8��� ��

 .7�� c�&'( !8� �� w��H  
+8���K �J* `8��� ���`�(�� :7�� %�1d !8� 4� ��0� 4�1.� 

 i1o ��1T'� ��U ����1� ��   %1��H �� $
� �1T'� ��P"�
7� �&� �� !0�   �	�* ��U ����� � 
� ��) % �a0� ����	 ���

29  �(54  G"� �� .(i�"��A�I�13  !8� 4� x1��� ���1.� 
�Q
 4X�e� c�&'(��.�1�  

 45�13  !� �I��5� ��IJ�� �W
��* - ��� ������1.�[1] 

 
Fig. 13. Elingausen pullout digrams [1] 

  
 \�2�� q1F1� !8� �� +8���K ���
P( D� -���".�   
�"5� 

$��� 7�� D*��0� �1H !0� c�&'( -K �Jd� q1F1� 
�Q �� .
��
 
�Q ���+8���K $��� \�2�� ���/ !0� �� D� 
����� 4* 
�� 
��1(
 $��a0���1� [7] !8� `�1( $
� 48��� ������1.� .-��I�� RA �

 ��
&�   �7�� +�( �f*�
� 4Z&� �( ��IJ�� +�* 4� x1���
 +�(�I0�1�A ?)]5 �� �� .7�� $
�� ?��)W -K �� +�� ���

%�/eo� ��1O  !8� 4�1.� �8�� �� 4#8�&� ���� $
� 48��� ��
�� 78�a*) 
��* G"�14+8���K !8� �� .( ��P"� ��0� 4�1.� ��

4��10�� ����	 7� �&� ��   $
� �1T'� � 
� ��30  �(63 
 i�"��A�I�
�0#� �	�*�� ����� i1o $
� $��a0�� �����IJ�� .

.
����  
!0� � � +8���K 
�Q \�2�� �� w�2�� 78��� �� ���/ ���

 x1��� L8�0� 4* 7�� $��* c�&'( q1F1� !8� �� h�� 7� �&�  
!0� 4��� ���/ 7� �&� �� ��� $��a0�� 
��1(�1�1� 40�5� . q1F

 - ��� +8���K 4* 7�� ����( S�0�eA Gd�a� c�&'( -K �Jd�
 7�� 40	�W %�1d ����O %�1d 4� �W
��*[13]� �  . �

+8���K L8�0� �I8� ����)W %�1d 4� �� !0� �� ��IJ�� ���
 7�� $�1.� 48��� $
� S�"a([14] ) G"�15 c�&'( !8� �� .(

4�1.�4��10�� ��$
� 40H�� ��$
� �1T'� 4* 
�� ����IJ�� .
��
4��10�� 7� �&� �� !0� ��   
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� 48��� %�'�F1( 4� 4O1( ��%�&�&'( L8�0� -�1( 
+� RA.�1.� 4#8�&� �JP	 +� RA �� �� {1	 ��� 

 45�14 �����1.�� ��- � �*�W
� ����IJ 
�"5�  [7]  

 

Fig. 14. Valcunde pullout digrams [7] 

 45�15 �����1.�� ��- � �*�W
� ����IJ  w�2��[13] 

 
Fig. 15. Bigaj pullout digrams [13] 
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���*[12]. 
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Fig. 16. bond strength comparison for different fc 
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�� -��� �� YJ0,� +�( !8�0.* �� ���1.� .
���I0�1�A �
4��10�� 7� �&� ��23  7� �&� �����1.� �8�� .���� i�"��A�I�

 � 
� !0� ��1'�31  7����� 4� 4O1( �� .
���� i�"��A�I�
+8���K %�T,��   
� ��K 4#8�&� -�"�� �� �� .���� �1O  ��

+8���K 4.� ��IJ�� �Z[ ���25 �J��-�.� .7�� �0�4�1W  4*
 +�( �f*�
� !0� 7� �&� +8�)	� �� 7�� �,���1�A�I0 

�� +8�)	� -�1�/ 4� .7#�� �ZH %�1d 4� +8�)	� !8� ��� .
��8
 �� i�f�+8���K P25S-1  !0� 7� �&�23  �f*�
�   i�"��A�I�

 +�(53/12 � i�"��A�I� 7#( ���� �8��&� !�.� .7�2-AVG 
 _�(�( 4� !� �I��5�6/29   91/13  7��[1] ���� 4� ��P8 .29 

 �!0� 7� �&� +8�)	� 
d��11  +�( 
d���I0�1�A  �f*�
�
 .7�� $
� ��8�  

���8 5. �&�84#  +�(�I0�1�A ���K8+��� ���� �� YJ0,�� �Z[ ����IJ   

 7� �&����	� &�   !0��b� -K -��*�� 

No. Research  Specimen 

ID  
τb-max 
(test) 

f'c 
τb-scaled 

 %=���)6(   
Error 

% 

 Bar diameter: 25 mm 

1 
shahrabi-

farahbod 
P25S-1 12.53 23 12.53 0% 

2 

Elingausen 

[1]  

 

1-1,1 13.71 29.4 12.13 3% 

3 1-1,2 13.26 29.4 11.73 6% 

4 1-2 13.72 30.5 11.91 5% 

5 1-5,1 13.26 30.5 11.51 8% 

6 1-5,2 14.93 30.5 12.97 3% 

7 4-1 18.01 54.6 11.69 7% 

8 6-1 14.46 31 12.46 1% 

9 2-AVG 13.91 29.6 12.26 2% 

10 3-2 15.36 31.6 13.10 5% 

 Bar diameter: 20 mm  

1 
shahrabi-

farahbod 
P20S-1 13.76 23 13.76 0% 

2 Bigaj 

[14]  

P20-16-1 15.31 27.6 13.98 2% 

3 P20-16-2 14.77 27.6 13.48 2% 

 Bar diameter: 16 mm 

1 Bigaj 

 [14] 

P16-16-1 17.07 27.6 17.07 0% 

2 P16-16-2 17.11 27.6 17.11 0% 

3 Valcunde 

[7] 

N-65-32 14.07 22.75 15.49 9% 

4 N-55-32 18.92 33.76 17.11 0% 

Table. 5. comparison of bond stress of different test based on 

bar diameter and compressive strength of concrete 
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� �*p G"�
�� +�* ��28� �
�1�� 42�0� �� .
�8�.� ���  !0� ���* 7� �&

�� G./ 7��^ ��1H 4� 40"� !�.� l-K ����	 7� �&� 4� �1�
�� 4� �0.* $
�� �1T'� !0� �� �I0�1�A +�( ��Q 4* 
8�.�

�� 7�� � ��� !8� �� 4J��&� 4a�g  4* �8����IJ�� ��8� l
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!�8K 4� 4O1( �� !��E.� .
���
� �1�� �
���� �� ���* 4���

ACI318 �� !0� ���* 7� �&� ���′) ���� 4Z��� [11] . 

�� h�� n'� �� �I0�1�A +�( +8�)	� 4* 7	�W 42�0� -�1(
 .7�� !0� ����	 7� �&� �@O �� _���0� �� 40"� !8�O i 
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� 48��� ��IJ��

:7�� $
� b��&� �8� 4Z��� �� +�(  

(6) ��0$)	&12 = �� × 4�)0�,�)0�,  

 -K �� 4*�)0�,    b��&� -K 4� 7�#� 4* 7�� ����	 7� �&�
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�� ��ZH !8� G�5� .7��
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� !8� �1� 4O1( 7�� ���� 4* �I8� ��1� 4* 7��0��� 

!0� �� h�� 4Z���{1	 ��� t�'d 7�� !".� 7� �&��A $��P5�
 -�1�/ 4� .
����4�1.�  ����4  ����� !0� �� �w�2�� +8���K
 ����	 7� �&�5/94 ) i�"��A�I�P16-HS-1 �( P20-HS-2 �(

 +�(�I0�1�A  � 
� �f*�
�20  �(25  $
�K 7�� 4� i�"��A�I�
 7��[14] 4Z��� �� 4* �(�1d �� .6  ��
&� !8�
8��  � 
�31 

�� 7�� 4� i�"��A�I�!0� 42�0� �� l
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������ (i�"��A�I�
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�� 4Z��� �� $��a0�� �� L8�0� 4.� 42�0� �� .
�
�6  7� �&� 4�
 ����	23  b��&� (c�&'( !8� !0� ����	 7� �&�) i�"��A�I�
 
�
� (�
�)(f'c=23 Mpa) scaled-bτ(.   

45� 17 ��IJ�� �Z[ G��&� �� $
� b��&� �I0�1�A +�( �f*�
� ���1.�  

 
Fig. 17. Maximun scaled bond strength vs. bar diameter diagram 
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Table 6 scaled bond strength of different tests 
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(7) ��,2567 = ��,2568 × 1 − 0.015 × 9�0�1 − 0.015 × 9�0� 

 �7a� 4Z��� ����,25  +�(�I0�1�A ) �f*�
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���4��� �� ����#� �� �� Gd� !8� �����o ���

+,�? � �� ���� �	�P� 4* �8���� 78�/� �
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��*[11] .
 �� ��IJ�� �W
��* - ��� ��0	� 4���� ��+8���K �!0� h1.P� ��

 S8 +� RA !8� �� .7�� $
� \�2�� $
� �1T'� %�1d 4�
c��Z� $
�� �1T'� +8���K  i 
O2  .7�� 40	�8@A %�1d

 7�� $��� \�2�� �� $
�� �1T'� +8���K  � !� �I��5� !��E.�
[1]. 

45� 18  +�(�I0�1�A 1T'� !0� ���� ?)]5 G��&� ��$
�� �  

  
Fig. 18. Unconfined concrete , bond strength vs. slip 

 

 �� 4* �1Z��.� G"�18  +�( �7�� �,���I0�1�A f*�
� �
 c�o .7�� $��* �
8
� 7	� $
� �1T'� 75�� 4� 7�#�

 � 
� +�( !8� �%����'�40  �(44  �� �f*�
� +�( 
d��
4�1.�.7�� $
� �1T'� ���  

 V?)]5 4���� �� �1��� 7	� !8� )�� �f*�
� +�( �� �g��0�
!8� 4* %�1d !8� 4� .7��  � 
� ?)]515  �(30  ?)]5 
d��

 �� D� �W
��1T'� \
/ �^� !��1� .7�� $
� �1T'� 75��
�� �,�� (�f*�
� 4Z&� �� 
P�) ���1.� �5 )� 4H���1� 4� .

0

1

2

3

4

5

6

7

0 1 2 3 4 5

B
o

n
d

 s
tr

e
n

g
th

 (
M

P
a

)

Slip (mm)

P25S-2

E 1-4 [1]

E 1-4(2) [1]

No.  Researcher  Specimen 

ID  
τb-max 
(test) 

f'c db 
τb-scaled  

(f'c=23 Mpa) 

 

τb-eq 
(eq.7) 

Error 

% 

1 

shahrabi-farahbod 

P20S-1 13.76 23 20 13.76 13.76 0.0% 

2 P22S-1 13.14 23 22 13.14 13.17 0.2% 

3 P22S-2 13.39 23 22 13.39 13.17 1.6% 

4 P25S-1 12.53 23 25 12.53 12.29 1.9% 

5 

Elingausen [1] 

1-1,1 13.71 29.4 25 12.13 12.29 1.3% 

6 1-1,2 13.26 29.4 25 11.73 12.29 4.8% 

7 1-2 13.72 30.5 25 11.91 12.29 3.1% 

8 1-5,1 13.26 30.5 25 11.51 12.29 6.7% 

9 1-5,2 14.93 30.5 25 12.97 12.29 5.2% 

10 4-1 18.01 54.6 25 11.69 12.29 5.1% 

11 6-1 14.46 31 25 12.46 12.29 1.4% 

12 2-AVG 13.91 29.6 25 12.26 12.29 0.2% 

13 3-1 15.97 31.6 19 13.62 14.05 3.2% 

14 3-2 15.36 31.6 25 13.10 12.29 6.2% 

15 3-3 13.04 31.6 32 11.12 10.22 8.1% 

16 

Bigaj [14] 

 

P16-16-1 17.07 27.6 16 15.58 14.94 4.1% 

17 P16-16-2 17.11 27.6 16 15.62 14.94 4.4% 

18 P20-16-1 15.31 27.6 20 13.98 13.76 1.5% 

19 P20-16-2 14.77 27.6 20 13.48 13.76 2.1% 

20 
Valcunde [7] 

N-65-32 14.065 22.75 16 14.14 14.94 5.6% 

21 N-55-32 18.92 33.76 16 15.62 14.94 4.3% 
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Fig. 19. Elingausen schematic test setup [1] 
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No. 
Specimen

ID  τb-max f'c 
Bu 

(eq. 8) 
τb-total 

Increase 

percentage 

of bond 

strength 

1 P20S-1 13.76 23 12277 14.54 5% 

2 P22S-1 13.14 23 14856 14.00 6% 

3 P22S-2 13.39 23 14856 14.25 6% 

4 P25S-1 12.53 23 19183 13.51 7% 

Table 7. Bond strength in compression forces 
  

 �i 
O !8� ��uB  `�� � c�o8   total-bτ   �f*�
� j.O ��
 +�(�I0�1�A )max-bτ D�#&(   (uB  ) ��IJ�� ����O tZ�D2 
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 + :"G × D2 × 9� 
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Abstract 
The performance of steel rebars in reinforced concrete is always complicated and important. Each 

reinforced concrete element contains two parts, including concrete and steel rebars. Under severe forces, 

the behavior of reinforced concrete structures and their elements is dependent on the interaction between 

steel and concrete.  Due to the composite nature of these structures, their performance is complex and 

might be studied in different aspects. Incorrect evaluation of this item will lead to the wrong design. 

Although this performance affects all parts of a concrete structure, development length and lap splice are 

the most significant parts. One of the common tests, in evaluating the steel reinforcing bars' performance, 
is the pullout test, however, there are deficiencies in different investigations. In this research, five pullout 

specimens were tested, containing four specimens with confined and one with unconfined concrete, which 

had three different bar sizes including 20, 22, and 25 mm. Tests were conducted on 300 mm cube 
specimens and 250 mm development length of steel rebars which was insufficient. Rebars with sufficient 

development length have a different performance. The testing method was monotonic and the compressive 

strength of concrete was 23 MPa. Normally two cracking and damaging mechanism is observed. It is 
pullout of rebar or splitting of concrete. In confined concrete pullout occurs, while in an unconfined 

specimen, splitting of the concrete takes place so the bonding strength and axial force tend to zero much 

faster. Using these results and results from other researches, some important parameters in the field of 

bonding and slippage of rebars, including compressive strength of concrete, rebar size, force direction 

(pulling or pushing), and confinement of concrete were investigated and some equations with high 

accuracy were proposed to generalize available results to desired results. For verifying and increasing the 
range of results, three valid kinds of research are used, which confirm the accuracy of results and equations. 

This study showed that the bonding strength would increase 20 percent by 50 percent increase in 

compressive strength of concrete. Moreover, by changing the bar diameter from 20 to 22 and 25 mm, for 

a constant compressive strength of concrete, bonding strength decreases 4.3 and 10.6 percent respectively. 

By using the proposed equation, maximum bond strength for different bar sizes may be evaluated. Besides, 

maximum bond strength is reduced up to 40 percent of a confined specimen, and the slippage 

corresponding to maximum bond strength is reduced 15 to 30 percent as the result of using unconfined 

concrete. In the same way, for the same bar diameter, pullout force reduced up to 40 percent. The slippage 

corresponded to maximum bonding strength is about 1.4 to 2 mm for confined concrete and 0.25 to 0.45 

mm for unconfined concrete. Bond strength and slippage of rebars vary in compressive and pulling forces. 
This is due to the axial behavior of the rebar's head in compression. The compressive axial force of the bar 

may increase the bonding strength up to 10 percent, comparing to pulling axial force. 

 

Keyword: bonding of concrete to bar, slippage of bars, confined concrete, bonding strength vs slippage 

diagram
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