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A Theoretical Study of the Behavior of Reinforced Concrete Columns 
Strengthened by Steel Plates and Transverse Reinforcements 

 
M. Sheikhi and H. Haji-Kazemi 
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Abstract: Jacketing of reinforced concrete columns is a common and useful strengthening method. This method substantially 
improves mechanical properties of the column, such as flexural strength as well as shear and ductility. In this paper, the behavior 
of confined reinforced concrete columns are investigated. The results indicate that the method is more effective for slender 
columns in the region of their failure zone. 
 
Keywords: Columns, Strengthening, Confinement, Load- moment interaction, Ductility. 
 

*&��
	 .���
�/ **& ���	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.5
.7

 ]
 

                               1 / 8

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.5.7


��� ������	
��
��� �������	 ���� ��

617�(�� 

01�2�� 3245 6278	 �9  ��: 
  ;<�2� =<�2� <	 '2>� �29

?�6��(� �2@��A 1 B	6CD291EF G�HI '�
65  
H� J�KHLH� 

'�MK&��	 ; H5 '�@�N.��P�< QHR1 677SI 1 �9?7�T ���) <	 �9

 =
	UV
�5 1 'W74� G�	6� J	677SI 1 '�H� ;<�� 6�K 1=�29

  <	 '��5 <�7) ;��K X�Y�()T 01��� �5��	 =<�� .
 1
 ?�	 <	

 01��� ������ ?�	 ;H7� B�7� <	 1 ZM+� ?�5 =�()H�� =<�� =�29

 01�2�� [M�*� =<�2��\2�HF ]1
 R
1 �25 BH�2� B 	  =�2(

 ���6V 
	6R 6^) �� = YH� 
�2��
 625 ?�5 'V��
H_4� 67`aI 1

BH����5;E�1 �)	 =
H4�
�25 \�/
&
H2� 'D2�86C�� '2�
65  

��	 ���6V 
	6R.

01��� \�HF ;H7� �5 '��5 =�()H�� =<�� �5 B 	  �2(R
1 =

P27) =62C�  ?2��4� =	
	  �2�1��� \�	P�	 65 ;1�K = YH� 

�+9 .�2/ �2�	 '2�/ =�b� ]1
 ?�	 ��P� ?7�1	 �2(R
1 =

��S�	 '��H�I = YH�'����/ .<	B 6/
H_24� �25 62C�  =H�

 BT c6�U2F Xd� 1 ��1��� �?�5 �29	H8 =67C�D2: \�	P2�	 

���� .'D2�8 �2�1��� =	
	  �2KH�e� ?2�	 f27I6I ?2�	 �25

 �2�1��� XR	�2g 1 ; H25 �27�1	 '2��5 BH�2� �25 �h+) =6�D75

BT =
�D22����1��� QH22�e� �22h@A =
�D22� =�22( 1 = YH22�

��+9  H5 �9	H8 '��5.�2�	 ?72�: ��1���  Hh(5 ?�	 0P7)�>�

 '2��5 ��+29  H2A1 �2MK �5 �/�\)�2�/ <	 '@2LH� R
1 =�2(

 '2� =67VH2MA i2W�� X28	  �5 = YH�  H2�.62C�  j62k <	 

��HV iW�� =�9 )���	 X5���� J	6`	 �MK �5 �2��@�� =�2(�=	
	 

 1 'D2)��/ 6`l2� �H2k \9�2/  H28 �2/ ; H25 = �2�< '�*�

 �2@WR =�2(�)	 1  =
	 67V)'��H2�I = YH2� m
1(25 	
 ���2h) 

 ��	  �9	H8 .'� B�D) J�D���<T � �2/ �29  'D2)��/ �2�1��

?�	 �)H�))H�� c YH� m
1 �5 ;�� ��H�I c�( n�h�6�I �/�65	65 

�h@A '��5 ��+9 B1�5 = YH� ��	]�[.

B 62/ ���L	 1 BH��65 
�5 ���K	 �5 6C�  =H� <	 'e�
�2I

 �/ �7�
 o79	H8 =�g �5 BT <165 6`	 
  
  P�
 
�7+5 '��(/6I

?�5�oeg \�	P�	 '��5 ��+9 '��5��.	p
 '��2C�9 ;�2��F ?2�

'� <	 6IY�25 �5 ?�5 
  \�I �/ �9 0.5f’c5�2�6]
[.]1
 
 

 = YH� m
1 �5 ��H�I ���HF G�HI oeg \�	P�	 ?�	 = YH2� 

�2� =�(D2�I �24I ?�25 �2e7�) 
  1 ;�� 
�(� 
	62R =
H24� 

'�  67V '��5 ��+9 =
�D� ��1��� \�	P�	 BT ���7F �/�29	H8

 H5 .?2�	 
  ��7�g 
  ��2�HF �2��	6� '2��5 �5�D2� =�29 YH�

 'L6K X2�K ��2�H7F J
HN �5 '�1 '2� �2�/ .�2I ;�2��F ?2�	

 = YH� ���HF �/  
	  ��	 	 '��C�9 \)��/ �4�N B1675 �5 1


 '@LH�; 6/���HF 1 ?�5 1
�2:  iW�� <	 �W�) BT 
  = YH� 

f�6*I�)H� .67C�D2: \�	P2�	 �2��	6� ?�	 
  6/q X5�R ��>)

X>� FBH�� =6�U��	 	
 i2W�� QH2) ?�	 <	 ; ����	 �/ =	625

 �5 �M5��� G�	6� ��P�<6I�7��'� <��.


	 H2�) �;�2� 6/q  
	H� �5 �AHI �5 �2)	 =
H4�
�25 \�/
&

�)H�) ��: 'D�8 6C�� ZM+2� ?�25 BH�2� 1 ZM+2� ?�5 BH��

 �25 ;�� ��H�I �2(R
1 = YH2� =.�2�	65 �2� �@� =�29 � �2@I 

�D27F ]1
 1 j
�@�� c �( �2r	
	 
	6R s2�
65  
H2� 1�29	H8

 ��6V.

<	 =62C�  B	6CD91EF ����UV 
  �/ ��	 Z7LHI �5 0<Y

 �M�A��HMVH7+2I B	
�2>�9 1]�[=�29 YH� J	62`	 �2�7�< 
  

?72�t�91 �()H�2� 
�2��
 65 'L6K '��2�u	B	
�2>�9 1]v[
  

6`	 ��7�< �2(R
1 �2h@A X��2� =�()H�2� 625 = YH2� s��H2�I =

YH� =  ; 6�+2V J�2�7�4I ?�5 <	 ;��/T ; 	  0�2e)	 c	 �2)	.�2�	 


  = ��< J��7�4I�� �@� 0wH2I J	62`	 �25 �2(R
1 1 = YH2� =

=�9 YH�'L6K �(IH��8 �� 5;�� ��H�I ZM+� ?�5 =�()H�� 6

�5�(R
1��	 ���6C) J
HN = YH� =.

81���� 9:�� ����� ���;5$� #�� 

�25 BH�2� 
  '2L6K =�9 YH�  HA1 625 ;1�2K ZM+2� ?

?�5 ��1��� \�	P�	�X>� ��2h)  �25 P7) 	
 iW�� 6�D75 =6�UF

��	  �9	H8.�2/ ��	 ?7�: 
�/ .��	 'h)�2A 
�D2� 62`	 
 

 �(IH��8 j6k <	 ?�5 65  
	1�x� =�(D�I ��+29 =
H24���25 

�� =
H4� / �� ��9	H8 X��hI 1 �2�1��� \�	P�	 BT �e7�) �

X>� ?�5 =6�UF  H5 �9	H8 .@��� � 6�< j6@� 'h)�2A 
�D2� 6`	

 65 ?�5 =
�D� ��1�����	.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.5
.7

 ]
 

                               2 / 8

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.5.7


��� ������	
��
��� �������	 ���� �,

cof

e 0
8

5

)B;�� 
H_4� iW�� (
ccf

ccf85.0

cof85.0

ccf2.0

e 0
1

e 8
5e 1 e 2

0

fc

e

)A
H_4� iW�� (

<*�61(A) �3(���=>� ?,
�, 2�(� @��A' B�� 

(B)�3(���=>� ?,
�, �� �����+�C B�� 

)"(l1cocc fkff += 

�/
 BTfcc �;��
H_24� ?�25 =
�D2� �2�1��� fco �2�1��� 


H_4� ?�5 =
�D� �;�D)f11 'h)�A 
�D� k1\�	P2�	 f�62L 

��1�����	 .f�6L 
	���k1'C�+25 ?�25 BH�	HF f�6L �5 

	  
<	 BT 
	��� 1�� �@� 6�< �5�� '���T]�[.

)
(
ν
ν−

=
1k1


	�2�� �2/ �e)T <	k1?�25 =	625 
 ?72�t�9 1 [2M�*� =�29

 ��+7) �5�` = �K J1���� =�9
�D� B	6CD91EF �2� �@� =�29

6C�  P7) c65
	��� =	k1; 6/  �(�D7F �)	 .?�62I6h�@� �2M�A <	

BT��� �@� '56eI J
�t�
 B	
�>�9 1]�[J
H2N �5 �y ��	 

6�< �r	
	 ;�� ��	 .

)�(17.0
l1 )f(7.6k −=

��22>��	 Z722LHI�22� �@� mH22� z��22�) �225 622C�  �22/ '��(D22���<T 

�2M�A <	 B	6CD91EF 6���25 ]{[1HI�2�1'2�Hh�T ]|[0�2e)	

 ; 	 �)	  
H� 1  
	  s5H8 sh+) }5�WI �7�aI��	 ���6V 
	6R.

�/  6/ ���L	 ���5 ?7�t�9�� �@� )~(ik��� =	65 �(�I �5
�D2� 

�8	H�>� 'h)�A  
	   65
�/ .;6�	  iW�� 
  ���� B	H�K �5 X>2� =	

 <	 '��) 'h)�A 
�D� �/ \�HF �2� 1 = YH2� =�29 YH� �'2L6K 

?�	 ��	 �8	H�>�� �@����29  s� s�HhR X5�R c�(*��F s2�1 
  

'@k��� 67^) '@56� iW�� 1 ; H2h) �28	H�>� 'h)�A 
�D� �/ X>�

 
�D���HV 
  5 �9�G2�1 J1�2��� Q�2L	 �2�	 ��2� �@� �25 Y�25 

�2/ �2�	 0<Y 1  H25 �29	H*) ; ����	 X5�R o7��+� J
HN 
�D2�

 � �@� 'h)�A  H� ���6V 6^) 
  .�
H2^�� ?2�	 =	625 H7+2I��HMV 1

B	
�>�9 ]�[�� �@� �h2��4� =	65 	
 6�< =�9 'h)�2A � �2@� 
�D2�

�) 6/  �(�D7F ZM+� ?�5 '@56� iW�� =	65 .

)%(le1cocc fkff += 

)�(l2le fkf =

)�(
sb

sinfA
f ys
l

∑ α
=

),(17.0
le1 )f(7.6k −=

)$(0.1)
f
1)(

s
b)(

s
b(26.0k

ll
2 ≤=

?�	 
  �/�� �@� �9fcc �;�2� 
H_24� ?�25 =
�D� ��1��� fco 

�;�D) 
H_4� ?�5 =
�D� ��1���fle 
�D� 'h)�2A �� �2@� As

iW�� ZW� YH� 
  'L6K =�9��iW�α��1	< �2(IH��8 ?725 

�5 
H4�L6K'�iW�� s��2(IH��8 �MN�� b1 i2W�� �62K sl

�MN�� 1 = YH� 
1�e� '�Hk o9���+29 .�25 �25 �2�  B 
1T 


	���fcc D)6y 1.��	 65 6����� c�(�� �@� =�9 �6�< '2� B	H2I

\�I 
	 H�)&?�5 \)6/ 	
 o�
� 6/ �X>)"(.

)�()k51(011 +ε=ε

)��(
co

le
1 F

f
kk =

)��(085185 260 ε+ρε=ε

)�
(
sb
As∑=ρ


 �� �@� 5 c�9�Y� Asi2W�� ZW2� =�29 YH� '2L6K �2�	 .

:��t)�  
H� 
  '56eI J�K�k	6� ��� 1ε185.0ε
�7�8	 
  

����h) '� B	HI ?�5 =	65 	
 
	��� 1  ?�	 f27I6I �5 '�H�@� =�9 

65	65 ���/�1��~$/�62^) 
  �2�6V .�2/  62/ ���2L	 �2��5

 'W8 67� ��+R 
	 H�) �7�1	 (B) X>� 
  )"(�<	�� �@� 62�< 

�5 �� '���T]�[:

)��(cc
)k21(

1
2

1

c

1

c
ccc f])()(2[ff ≤

ε
ε

−
ε
ε

= +

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.5
.7

 ]
 

                               3 / 8

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.5.7


��� ������	
��
��� �������	 ���� �$

cc

C

S1

S2

C

CS1

S2C

coreC = f'c.b.c
c

cc

<*�81+���,��%� � ��+�
'9:�� �� �� 

D17EF! 2��� �� #�� ����� ,#�� G, .(�'H ����� �

�h@A BH�� BH�/	 	?�5 <	 ;��/T = YH� ==�29 YH� B1�25 

'L6K 1 '�Hk  
H� '�
65 2R
	6 '2�  627V ..�2�	65 ?�628T 

G22�HI ;�22� 0�22e)	 J�22�7�4I'��22�u	B	
�22>�9 1]v[�=	6225 

?�5 =
�D� ��1��� �5 =�9 ���I��Mpa �� �@� =�9 �25 �/ 6�< 


��I '9�CD���<T z���)� 
	  =6�D75 ��	 ;�� �r	
	:

)"%(
s

2
y

2

E4

F)1(12
t
bR

π

ν−
=

)"�(03.1
c

y

46.1
c

rp )'f(12.0
F
)'f(

R5.6f +−=

)"�(rpcocc mfff += 


  ?�	�� �@� �9frp j6k <	  
	1 'h)�A 
�D� ��2�HF ��+29 �25

 1 '��5m?75 'h�6L %�I��	H28 1  �2@5	 �h+) <	 '@5�I 1

 	H� sd�P7�  H5 �9	H8 .?�25 <	 ;�2�/T = YH� �h@A ik��� 
 �

m65	65 %��	 ;��  �(�D7F.

I17J��F� ��
 #�� 2��� ����� �,
� �����+�C ;5$� 

K���� ����� L�� �� .(� 

01��� 345 �/ '��C�9 '� �6W� BH�� =<�� BH�2� � H2�

��5'�5 ;	6�9 =�9 YH� i2W�� 'L6K 1 '�Hk �2h@A �25 ;	62�9

  H5 �9	H8 6^)  
H� ;���/
H_4� = YH� .<	 x� �79 BH�/ �I

 =HC*��F �(D91EF 
H_4� J	6`	 1 = YH2� �h@A 0wHI 'V��

 =�9 YH� ) 'L6K���+7 .?�	 
 ����� �25 �2/ �2�	 BT 65 '@� 

f7/6I�� �@� =�9 ���2�UV =�(D91EF 1 x7��/ �2� �@� =�29 


  	
 '2L6K =�9 YH� 1 = YH� �h@A 0wHI J	6`	 �/ =���A

 �r	
	 � 67C5 6^) H�.

BH�y	 <	 6V	 �� �@� =�9)"%(1)"�('h)�2A 
�D2� 6� �2��

 �h@A <	 '��) �+29 625  
	1 = YH� '2��5 ��25 �2�  <	 1 �2�T 

�� �@� =�9)�(�I)$(<	 '2��) 'h)�A 
�D� =�29 YH� 1 '�H2k

 o2(�1
 �25 � H� �h��4� '��5 ��+9 65  
	1 'L6K =
	U2V ?2�	

 'h)�A =�9
�D��� �@� =�9 6�< �5��  ��T �9	H8 :

)",(17.0
rple1 )ff(7.6k −+=

)"$()ff(kff rple1cocc ++=

)"�(
co

rple1

f
)ff(k

k
+

=

)��()k51(011 +ε=ε

)�"(085185 260 ε+ρε=ε

)��(
b
t2

bs
As +=ρ ∑


	 H�) \�I &2�� \)62/�
H_24� ik ;�2� �2�)Hc�( '2��5

 �4�N �5 ;�� ��H�I ZM+� = YH� =�9 	
'�<	 ; ����	 �5 B	HI

�� �@� =�9 ;<�5 
  6�< �62� �5 1 ;�� ; 	  \)6/ =�9 �62��y

5 ?�5 1 c YH� m
1 ?75 ]PS����  
1T.

)k21(
1

2

1

c

1

c
ccc ])()(2[ff +

ε
ε

−
ε
ε

= 1c0 ε<ε<

)(
f15.0

ff c1
185

cc
ccc ε−ε

ε−ε
+= 20c1 ε<ε<ε )
�(

ccc f2.0f = c20 ε<ε

M1,(����>���� N�'�12��� �+%O
/�J 

X22hR =�(D22*5 
  ;�22� 622/q f22��W� �225 �22AHI �225��22�	 	 
  


	 H�) �)	 =
H4�
�5 \�/
&?�25 BH�2� iW�� �)H�) ��: 'D�86C��

 m
1 �5 ;�� ��H�I ZM+� ?�5 1 ZM+� = YH2� ]1
 <	 ; ���2�	 �25

 �W8 1 '@� �r	
	s� H� .�2/ �2�	 f7I6I ?�	 �5 ���	6� ?�	 Xg	6�

 1 =
	U2V
�5 <	 �2@5 1 X2hR 
  i2W�� B�2)�� 'R�25 �4�2N �6� �5

 �7g�) 
�I ?�68T =	65 'L6� \)6y �� ��*�)	 =
�D2� �
�2I X24� 

'��8?77@I '� H� .?�	 <	 ; ����	 �5 ��� 1 �2���� � �2@I =
	62R65 �

'��
  ��*�)	'� '�
65 '��8 
�I X4� �6�  H� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.5
.7

 ]
 

                               4 / 8

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.5.7


��� ������	
��
��� �������	 ���� ��

P�(!617��%� ;J�=� ?�=�+� ���
� ���� ��
 

Z��_� E (MPa) fy (MPa) f’c (MPa) 

?�5 ����� &��

=�9 YH�'�Hk ������ ~�� &

 YH�'L6K =�9 ������ ~�� &

= YH� m
1'��H�I ������ �%� &

'2M8	  =�9167) ?���� �5�X��2� �2�1��� <	 '2��) =1627) 

'��5 ��+9)Ccore(167) ��9?�5 \�HF <	 '��) =)Cside 1Cend (

 167) 1�9=
�D2� 1 'DD/ =�9
HI��
T <	 '��) =)Cs1Ts(�1

c
	6R65�� �@� =�9 iW�� � �@I )
�25 �25 'M8	  =�9167) � �@I

 'A
�8 =
H4�(��2W8 1 '@2� �25 �29
	6dI �2�	 	 1
	�2�� c

)'��8 
�I X4� (�5��  '2� �2�T .�H2g =627V6C�� �25 ��2�

B�7� 
�I 6C�� 
	��� �iW�� =1627) ?2�	 �25 6��2��� i2W�� 01���

 ?77@I =
H4�'�H� .

)�%(
cc

0 c

'f

εdfc

ε
=α
∫
ε

)��(
2

cc

0 c

)('f

df
1

c

εα

εε
−=γ
∫
ε

'�	l� �y'� �6W� �2I �2��	6� ?2�	 �2/ ��	 ?�	  H� �2:

�Mg6� =	�2�	  �9	H8 ��	 	 .�2: �2I ?�25 62C�  J
�2hK �25

  6/ �9	H8 ��1��� 'D)6/ .
 �2/ �2�V ���5 ���F }2hk 625

  HA1 �g ?�	 =	65 '_*D� n���/ 
	��� �;�� 0�e)	 J��7�4I

 
	�) .?7�T nYH�@� ���) 'g	6k =	65 �9� 1�2g 
  	
 
	�2�� ?�	 

��~/��I��~�/�'� 6^) 
  �)67V .'��2() \)6/ 
	��� �: 6V	

 ?�5 ;E�1 �5 ?�5 ��1��� �5 =�9 ?�5 1 ?7��F =
�D� 
H_4� =�9 

�I ;����$/��7�
 �9	H8 .?7�T ���� B	H�K �5 ���) B	6�	 ?�5 =

)�225T (	
 
	�22�� ?22�	��~/��22I ��$/��22��6V 622^) 
  
  1

'g	6k 
	��� �9��~/���	 ;��PV65 	
 .

1 'V��
H_24� 324h� �25 �2AHI �25 �\91E2F ?�	 
 

 '�
65 ?7�t�9 
���
 iW�� =
	UV
�5 Q16� <	 �'��2() �g �I

 �() \)6/ ?�25 '���,/��2��6V6^) 
  �2�	 ;�2�.?2�	 �25 

;<�5 ?�	 
  6C�� 
	��� ?�6�D75 f7I6I�=1627) �5 6����� 6C�� 

 H25 �9	H8 ;�� �6� =
H4� .B H25 ')YH2k �25 �2AHI �25

 ���)65 �mH� ���	6� �)��	
 	;�� �7(I ;�� 6/q =�(M7M4I =	65 =

��	.


  =
	UC��)@W�� 62�< ;H72� <	 �2@��W�  
H� c�( ; ���2�	 

��	 ;�� .'�H�K X>� J
HN �5 iW�� x� 0�)bx-py ��	 .

;�� 6/q J
�hK 
 �x�@5 '��5 iW�� i56� 1ym
1 ���*2L 

'��H�I 6��7�)�� f+g 65 '2� ��2��5 .��2�� B	H2�K �25b30-p0 

 �2@5	 �25 ZM+� ?�5 '@56� BH�� x� 6C)�75~�*~�'�)�2� 62��

 '��H�I m
1 B1�5 ; H5 �� 1b30-p1.5 ?�25 '@56� BH�� j6@�

  �@5	 �5 �ZM+�~�*~�'�)�� �/ 6�� �5R
1 =�( '��H2�I = YH2�

 ���*L �5"�'M7� 6�� ��	.Z��_� J�_*D� 5��2��6V 
�2/

 ;�� �)H�) ?�	 
  �9�y� Z��_� .��	65  HAH ��*�)	 B	6�	 
 

;�� �)	�
 �1�A )"(��	 ;�� �r	
	 .

��	 Z7LHI �5 0<Y �/=	65	 H�) \�2I 
&?�25 \)62/<	

�� �@� j16@�  ��+�VH9 
 �/D*5 �� B�75 X7_�I �5 XhR =�( 

;�� ; ����	  YH� =	65 1�x7�2��FH��Y	 'W81  
	 H�) x�

oD: �5 �*� ; 1�4� <	 '�HF 'V�� 'D)6/ 62^) 
�2��6V

��	 ;�� .

Q1R���� 

=�(M>�)~(�I)�(=�9
	 H�) �)	 =
H4� 
�5 \�/
&62C�� 

�8 BH�� �)�9  G�1 <	 iW�� = 	�@I 'D���+9 .BH�2� G�1

 
  �296C�� i�<HI<�25 J	62`	 �/ ��	 ;�� ��*�)	 
H^�� ?��5

 67I ��_I	 ; 1�4�&7�*� \�	P�	 1 \9�/ 1 BH�� ���	6� 
  �( 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.5
.7

 ]
 

                               5 / 8

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.5.7


��� ������	
��
��� �������	 ���� ,�

<*�D1%��,�� (�,���>���� N�'�1�+%O
/�J 7��%� b30-p0 

S	
� ��
���� T��� .(� ��=>� 

<*�I1%��,�� (�,���>���� N�'�1�+%O
/�J 7��%� b30-p0.8 

����� L�� � S	
� ��
���� T��� .(� ��=>� 

<*�M1%��,�� (�,���>���� N�'�1�+%O
/�J 7��%� b45-p0 

S	
� ��
���� T��� .(� ��=>� 

<*�Q1%��,�� (�,���>���� N�'�1�+%O
/�J 7��%� b45-p1.2 

T��� .(� ��=>������ L�� � S	
� ��
���� 

62225 6`l222� =�22296��	
�F 6��222� 1 =
	U222V
�5 �2222)	 \�/
 

=
H4�
�5&'D�86C�� \91E2F ?2�	 �@��W�  
H� �/���+27) �

jUg�)H� .	6L �9
	 H�) ?�	 
 �25 P27) �2�1��� \9�/ f�

;�D) ���6V 
�/ �)	 .

M>22� =�()~(1)�(=�229
	 H�) �22)	 =
H224� 
�225 \�/
&

iW�� 'D�86C�� ?�5 ��	 = YH� m
1 B1�5 ��
T .
	 H2�)A

62^) 
  B1�25 1 x72��/ ]1
 �25 ZM+� BH�� 
���
 j6@�

 
	 H�) 1 'V��
H_4� J	6`	 ?��6VB��2�K	 �25 BH�� 
���
 

'L6K =�9 YH� J	6`	 ��	 .


	 H�) 
 B 1�2g �2I 6�2N ; 1�24� 
  �/ ')��< �,�%

s���K	 c�9
�5 6`	 �4I BH�� �'��() 6C�� 
	6R '� 627V �2)1
 �

=
H4� 
�5 \9�/ 01��� 6C�� �5 6����� x72��/ ]1
 �5�D2�

�+7) .)H�2� �2�1��� �2/ ����@� B	�5 ?�	 ?�25 =�( 
 �2�
T

4� � 	H� �+>� ; 1�)�)Y�25 
�25 <	 \725 =
H24� 
�25 (
 

�^��4� x7��/ =�(�1
 ; < ?7�*I �)	
�/'�H�)�.62�	 ?2�	

 '���K	 6C�� �y sW�	6� 
  cP2y6� <	 �1628 �2� 1 BH�2� �25

 �2/ =
�2�/ =�()H�2� =	625 Y�2��g	 ���5  ��< c
H4� c�9
�5

 
	6R '���g ?7�: 
  YH�@� '� oD: X5�R ��)67V '2�HF �2�	 

')�7� =�()H�� =	65 '�1 �2y �h+2) =
H24� 
�25n�62C��1  �2�< 

6��/ 'h+) 'D�8�)
	  =oD: X5�R ) '�HF  H25 �9	H*.;<�25 


  �2(I1��I ?�	 M>2� =�()%(1)�('V��
H_24� J	62`	 �2/

  1�g �I ���	 6�D75,�%;��  '��() 6C��'� H� .

;�22� 622/q  
	H22�'22� 
 �D22�
 �22)	HI�22� �@� = �(�D227F 

���5 ���	   ��+�VH9 .
 ?�	��6^) X>2� �5 �AHI �5 )"(��2@5 

\)6/ x� <	 �*D�)20ε(�5�` \�I 
	��� �'� H� .�	
 ?

?7�T <	 'b@5 
  �/ ��	 '��g ���) 
H_4� J	6`	 <	 �9 'V�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.5
.7

 ]
 

                               6 / 8

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.5.7


��� ������	
��
��� �������	 ���� ,"

<*�U1%��,�� (�,���>���� N�'�1�+%O
/�J 7��%� ��
 

b30-p0�b30-p0.8 

<*�V1%��,�� (�,���>���� N�'�1�+%O
/�J 7��%� ��
 

b45-p0�b45-p1.2 

<*�W1%��,�� (�,���>���� N�'�1O
/�J �+%7��%� ��
 

b30 - p0.4, p0.6, p0.8, p1.0 
<*�6X1%��,�� (�,���>���� N�'�1�+%O
/�J 7��%� ��
 

b45- p0.8?��Y�� S	
� ��
���� �� 

j6N 6^) '�  H� .B��9 6C�  =H� <	 �9
	 H�) ?�	 
  �/ �)HV

�22�	 
�>22�T�
�225 
  'D22�8 �22�1��� ?�6�D2275 =	
	  i22W�� 

 1�g =
H4���I�%�iW�� '��() =
H4� 
�5 �N
  ��	.

@��A �@��W� 
H^�� �5 6�(5 �+���� 1 6���H256� =�29
	 H�) 

�4�N 6`	 �5=�(Md2� 
  Hb2K 
���
 65 '��H�I c�9),(1)$(

;�� �r	
	 =�(Md� }7�MI <	 �/)~(�I)�(;�� XN�g �)	.

B��9 
 �/ 
HkM>�=�(),(1)$(;��  '2�  H2� �2�1���

 'D�8 ��H�I ZM+� ?�5 =�()H�� �5 ;���4�N �h+2) = YH� 

�2�	 6�D275 
�7+25 ZM+2� ?�5 BH�� �5 \�	62�	 �2/ '��2g 
  �

�+7) 67C�D: B��t)T =
H4� ��1��� .���� B	H�K �5��2�1��� 

�)H�) ?�	 
  'D�8 01��� 6`	 
  �9 =<��$/~��2�	 ;�� 65	65 

 1�g BT =
�D� ��1��� �/ '��g 
 $/"�� 65	65 ��	 ;.


	 H�)X>�)�(67`a2I ��2�	 ;�2�T �2�	 	 
  �2/ �2(R
1 c

��	 ;�� �r	
	 iW�� ��1��� 65 '��H�I = YH� .
 
	 H�) ?�	

 '��H2�I �4�2N ���*2L �(�I �iW�� J�_*D� B�)�� �5�` �5

677SI'���/.


  ;�2� �2r	
	 
	 H�) X>2� )"�(
�2��
 6C)�275 �)	 D2�/
'

�)H�) B�DI1��I �/ ��	 '��9 '2L6K =�29 YH� B	P27� 
  �(�I 

��	 '��H�I.
 '5H28 �25 'V��
H_4� 6`	 �9
	 H�) ?�	 
  

��	 B����) =
H4� =�9
�5.

U17Z��� �
�3 

"&225 ]1
 ��22��6V
�/ ?722�T 
  ;�22� �22��) �229�; 1�224� 
 

 )H�2�  	H� �+>� =�2(R
1 <	 ; ���2�	 G�	62� 
  �2: ��(

 <	 �2(�I ; ����	 G�	6� 
  �: 1 '��H�IH�s2L6K c�29 Y

 �^��4� 
�7+5 �/ 	�2@I ?�6�D275 �2/ �2e)T <	 1 �2�	 �)	


 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.5
.7

 ]
 

                               7 / 8

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.5.7


��� ������	
��
��� �������	 ���� ,�

)H�� ;<�� =�( )H�� 	
 �9 ')�7� =�( 
�25 �h+2) �2()T 
  �y

�2�	  �2�< 'D2�8 62C�� �5 c
H4��X7>D2I '2� ��2�9 

 
  =6C)<�5 �5 <�7) ?�	65��5�� �@� =�9 'M8	�2I =�(7�4�� 1

P-M)H�� 6^) �5 =
16L ��('���
.

�&
HN 
  B�27� j��28	 � �2�< 
�7+25 =
H24� 
�5 ���K	 J


	�2�� �25 1 z�
�2I �25 = �(�D7F ]1
 1 x7��/ ]1


\9�y '�y'��5��.

~&)H�� 
   ��< n��h+) 'D�8 6C�� 1 G�H�� =
H4� 
�5 �5 =�(

 J	6`	 X7�  �5 �y ��M5 1 6�Y c�()H�� 
  1∆&P
  �2��5 

�� �*D� c
H4� 
�5 �� 1 �2��y X2�4I 	
 c6�D275 62C

 0wH2I \�	P�	 ?7�t�9φ1M)H�2� �25 �h+2) ;�2IHy c�(

 = �(�D7F }7R  ]1
 1 �7��y ]1
 ?75 j��8	 ��5�D�

 
	�22�� 6�y	�2g �25 '2� �22�
 .)H�22� QH2) ?22�	  	�2@I 
  �(

;<�� ��	 �AHI X5�R [�6� ik��� �5 1 ��M5 =�9.

%&01��� )H�� =<�� =�(�5;H72� �5 ZM+� ?\2�HF 	 �25 B 

�22(R
1= YH22� c�
�/ =�(22�1
 <	 '22>� 	B�22�T 1 �22�

01��� =<����	 .�;H72� ?2�	 <
�5 =��	P� <	 .6�2�  
  

Z��_� B H5 ��	 BT c	6A	 ��H(� 1 '��H�I .�d��	 ?�L


H_4�6/1 BH�2� �2�1��� \�	P2�	 32K�5 '��5 ��+9 B 

P7) BT c6�UF Xd� �6��y'�H� .

�&�9
	 H�) ;�� �r	
	 ='�	HI)�2� �2)H�) s��29 ��2N	 =	625

�1
  HAH� =�(�5;E�1 01��� 
  ;<�� =<�� �9s�1 �����5

	 �� s� c
1  H� c 65
�2y ; ����	 B�d�	 6L�g ��g 
  �y

 
	�)  HA1 �()T  ����	 �5.

9!,
� 

1. Shanmugam, N. E., Lakshmi, B., and Uy, B., “An 
Analytical Model for Thin-Walled Steel Box 
Columns with Concrete in-fill,” Journal of Structural 
Engineering, Vol. 24 , pp.825-838, 2002. 

2. Viest, I.M., Colaco, J.P., Furlong, R,W., Griffits, 
L.G., Loring, R.T., and Wyllie, L.A., “Composite 
Construction Design for Buildings,” 1997. 

3. Saatcioglu, M., and Razvi, S.R., “Strength and 
Ductility of Confined Concrete,” Journal of 
Structural Engineering, Vol.6, pp.1590-1607, 1992. 

4. Susantha, K. A. S., Ge, H., and Usami, T., “Uniaxial 
Stress-Strain Relationship of Concrete Confined by 
Various Shaped Steel Tubes,” Journal of Structural 
Engineering, Vol. 23 , pp.1331-1347, 2001. 

5. Richart, F. E., Brandtzaeg, A., and Brown, R. L., “A 
Study of the Failure of Concrete Under Combined 
Compressive Stresses,” Bulletin No. 190,Univ. of 
Illinois Engrg. Experimental Station, Urbana,Ill,
1928. 

6. Balmer, G. G., “Shearing Strength of Concrete Under 
High Triaxial Stress-Computation of Mohr’s 
Envelope as a Curve,” Structural Research Lab. 
Report No. SP-23, U.S. Bureau of Reclamation, 
Denver,Co, 1949. 

7. Sato, T., and Ibushi, K., “Effect of Confinement on 
Ductile Behavior of Reinforced Concrete Short 
Columns,” Trans. of the Japan Concrete 
Inst.,10(5),337-344, 1988. 

8. Yasuyoshi, Miyauchi, “Studies on Repair and 
Strengthening Methods of Damaged Reinforced 
Concrete Columns,” Cement and Concrete 
Composites 22 , pp.81-88, 2000. 

9. Yiao, Y., Wu, H., “Retrofit of Reinforced Concrete 
Columns Using Partially Stiffened Steel Jackets,” 
Journal of Structural Engineering, Vol. 129,No.6, 
pp.725-732 , 2003. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.5
.7

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.5.7
http://www.tcpdf.org

