
 

 

Shear Bond Strength of Rehabilitated Steel Plate Bonding CFRP Plates. 
Part 1 Tensile Loading Tests 

 
by 

  
Hiroyuki TAMAI*, and Koji JINKAWA**, and Kenichi NAKAMURA** 

 

To enhance the usable life of existing building, a strengthening method with bonding CFRP Plates has been 
developed by authors. The CFRP Plates is high-strength (2100MPa) in longitudinal normal stress. The 
composite member of steel bonding CFRP Plates has enough bending strength when no bending moment 
works at the edge of CFRP Plates. The composite of steel bonding CFRP may easily peel out under tensile 
loading because shear bonding stress is concentrated at the edge of CFRP Plates. In this paper, Tensile 
Loading Tests of composite of steel bonding CFRP Plates were performed to clarify the shear bonding stress 
distribution and failure condition of adhesive. Also, analytical solution of shear stress distribution was 
presented. Strength improvement method for the composite was discussed through the test and analytical 
results. 
 
Key words: Carbon Fiber Reinforced Plastic Plate, Bonding Strengthening, Tensile Loading Test  

(CFRP)

1)-4)

 

CFRP

 

5)-7)

(CFRP)

1 P CFRP

CFRP

 

1)  
2)  
3) CFRP

 
4) CFRP

 
5) 

2

(1.a) 

(1.b) 
 

 

 

c c a aA d dx W� �� � � �

s s a aA d dx W� �� � � � �

Division of System Science

Graduate School of Engineering  

21



 

,c cA� CFRP

,s sA�

,a aW�

(1.a,b) , 

 

(2.a)

(2.b)
 

(3)

,c su u CFRP

at

(4)

(4) (2a,b)  

a�

(5.a)

(5.b)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�

a a aA t W� �

(5.a)

(6)

1 2,C C

(7.a)

(7.b)

(4)

(8.a)

(8.b)

(8.a,b) (6) 1 2,C C  

c a a

c

d W
dx A
� � �

�

s a a

c

d W
dx A
� � �

�

c s
a

a

u u
t

� �
�

,c s
c s

c s

du dx du dx
E E
� �

� � � �

c s c s
a

a c s a

du du dxd
t E E t

� ��
	 
�

� � � �� �

 �

c s a
a a a

c s a

Gd G d dx
E E t
� �� �
	 


� � � � � �� �

 �

a c s a

c s a

d G
d E E t
� � �
�

	 

� � �� �

 �

2

2

1 1a c s a a a a a a

c s a c c s s a

d d d G W W G
dx E dx E dx t E A E A t
� � � � �	 
 	 
� �

� � � � � �� � � �
� �
 � 
 �

1 1 a a
a

c c s s a

G W
E A E A t

�
	 
 �

� � � �� �
� �
 �

2

2 2

1 0a
a

d
dx
� �

�
� �

2
2 a s s c c

a a s s c c

t E A E A
G A E A E A

� � � �
�

� � � �

1 2cosh sinha
x xC C�
� �

� � � �

2
Lx � � 0 ,c s

P
A

� �� �

2
Lx � 0 ,c s

P
A

� �� �

2
Lx � � a s a a

s a s s a

d G P G
dx E t E A t
� �
� � � � � �

�

2
Lx � a s a a

s a s s a

d G P G
dx E t E A t
� �
� � � � � �

�

1 0C �

2

cosh
2

a

s s a

P GC L E A t
�

�

� � � �
�

�

22



(6)  

(9)

CFRP c�

(9) (7.a,b)

CFRP c�

(10.a)
 

c c s sA A P� �� � � � (10.a)

s�  

 

(10.b)

(9) a� ,
2 2
L Lx � �

maxa�

L tanh 1
2

L
�
�

�
 

 
�

(11)

2 (11)

CFRP

2 (11)

m a xa�

 
(11) CFRP maxa�

1) at

2) sA

3) aW

3 1) 2)

 

2 3

CFRP

3 1

L1 L2 N1 6 mm  90 mm

800 mm T1 CFRP

2   

L1 L2 T1 H-SA700 N1
SS400

(CFRP ML:  50 mm  2 mm)
 L1 L2 2

T1 0.7 N1 0.5
CFRP

 
SS400 2 H-SA700

 
L1

L2
( 1 )

T1 ( 2
) N1

 
CFRP 2 3

2 1 CFRP
5 7  

 
CFRP

2000 kN

 

2

sinh
cosh

a
a L

s s a

P G x
E A t�

��
��

� � � � �
�

2

sinh
cosh

c c a
L

s s c c a

P E A t x
E A E A A�� ��

�
� � � � �

� � � �

cosh
1

cosh
2

c
c

s s c c

x
EP LE A E A

��

�

	 

� �

� � �� �
� � � � �� ��
 �

cosh
1 1

cosh
2

c c c c
s

s s s s s c c

x
P A P E A

LA A A E A E A
� ��

�

� �	 

� �� �� �� �� � � � �� �� �

� � � � �� �� �� ��
 �� �

max
2

sinh
cosh 2

c c a
a L

s s c c a

P E A t L
E A E A A�

�
� ��

�
� � �

� � � � �

tanh
2

c c a

s s c c a

P E A t L
E A E A A� �

�
� � � �

� � � �

max
c c a

a
s s c c a

P E A t
E A E A A

�
�

�
� � �

� � �

max ( )
a c c

a
a a s s s s c c

G E AP
t W E A E A E A

� �
� � �

� � � � � �

23



P
3

CFRP 5mm 45mm

50mm 100mm (G1 G2 G3 G4)

CFRP (G5)

 

G1 CFRP

Pcr

 
 

4.1 1

CFRP

 

2

1/4

 

 

 

� x

 

4800

 
 

 

4 4 6  
4 at

crP

maxa P�

cr� cr�  

 

  (12) 
 

4 P �

5 P 70 kN CFRP

L1 L2 CFRP  

 L1,L2,N1  T1  

W1 W2 CFRP Wa= 50 mm 

N1 SS400 E258RW 90.1 90.1 5.96 0.46
L1 H-SA700 E258RS 90.7 90.7 6.07 0.97
L2 H-SA700 E258RS 90.8 90.8 6.05 1.84
T1 H-SA700 E258RS 89.9 179.2 5.94 0.66

t s

mm
t a

mm
W1

mm
W2

mm

CFRP  

N/mm2 N/mm2 N/mm2 % % %
H-SA700 205000 795 862 11.7 6.6 48.0

SS400 205000 329 443 26.1 15.4 58.6
CFRP ML 295000 2,169 0.71

N/mm2 N/mm2 N/mm2 N/mm2 N/mm2 N/mm2 kJ/mm2

E258RW 4000 1438 61.0 67.0 37.0 27.0 4.2
E258RS 3100 1115 58.0 71.0 34.0 29.0 4.2

JIS K7208 JIS K7208 JIS K7203 JIS K7208 JIS K7113 JIS K6850 JIS K7111

maxcr cr aP P� �� �

24



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

* ** F.E.M.

t a P cr

mm kN N/mm2/kN N/mm2

L1 E258RS 0.968 162.6 (1.00) 0.187 (1.00) 30.44
L2 E258RS 1.844 202.9 (1.25) 0.138 (0.74) 27.92
T1 E258RS 0.66 201.9 (1.24)     0.122** (0.65)   24.6**
N1 E258RW 0.46 148.2* (0.91) 0.319 (1.70) -

Ave. - - - - 29.2
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cr
�
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