
 

 

 
 

Cyclic Loading Test on Rehabilitated Steel Beam Bonding CFRP Plates 
Part 2 Fatigue Test of Adhesive 
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The authors have developed a tensile force strengthening method using bonded carbon fiber reinforced 
plastic (CFRP) plate to enhance the life of existing building.  
This paper showed the result of cyclic loading three point tests and the analytical stress distribution of 
adhesive layers on rehabilitated steel beam. 
The result showed that fatigue life of rehabilitated beam is over two million cycles and the adhesive has 
enough fatigue toughness for severe working loading such as cyclic shear stress over creep limit 
strength. 
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CFRP CFRP

mm mm

1LB-W 1 900 0.95

4LB-W 4 900 0.78

mm N/mm2 N/mm2 % %

6 330 444 26.1 15.4

9 280 414 25.1 19.4
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N/mm2 N/mm2 %

CFRP ML 295700 2169 0.71
N/mm2 N/mm2 N/mm2 N/mm2 N/mm2 N/mm2

2280 820 55.8 59.2 34.8 25.5
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hs H

ls CFRP

EsIs H

(5) 4

1LB-W �amax

3.0N/mm2

Pmax 30.6kN R(Pmin/Pmax) 0.1

Pmin 3.06kN  

4LB-W 1LB-W 20%

Pmax 38.4kN 3.84kN

5  

4 (3,a,b) (5)

CFRP �amin

�amax  
 

5. 
7 12

7 8 1×104cycles 200×104cycles �1 �3

P 1LB-W 4LB-W

9 2,000,000cycles

n

(3.a)  

(a) 1LB-W (b) 4LB-W

10 11 1LB-W 4LB-W

CFRP (3.a)

x*

12 K(=P/�)

y
K 10,000cycles K0

1) 7(c) (f) 8(c) (f) 200

8(b) (c) 9(b) (c) x*=300mm CFRP

200

 

2) 9(a) (b)

x*=440mm CFRP �1 100

150�

 

3) ��(a) (3.a) CFRP

1

CFRP (1)

11(a)
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4) 12(a) (b) CFRP �3max

1LB-W n 200

4LB-W

�amin=0.32N/mm2

�amax=3.24N/mm2
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Specimen E s E c G a A s A c A a t a L h c w a l c h s l s (EI) c

N/mm2 N/mm2 N/mm2 mm2 mm2 mm2 mm mm mm mm mm mm mm N mm2

1LB-W 205000 295700 820 531.3 100 47.5 0.95 900 117.9 50 750 125 750 8.40 1012

4LB-W 205000 295700 820 531.3 400 156 3.12 900 104.3 50 750 125 750 1.04 1013

R � am �� a � amin � amax P min P max � sm � � s � smin � smax

N/mm2 N/mm2 N/mm2 N/mm2 kN kN N/mm2 N/mm2 N/mm2 N/mm2

1LB-W 0.1 1.78 1.46 0.32 3.24 3.07 30.68 21.39 17.50 3.89 38.89
4LB-W 0.1 1.36 1.12 0.25 2.48 3.84 38.37 26.75 21.89 4.86 48.64
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7 (1LB-W ) 

8 (4LB-W ) 

(a) �1 (1×104 cycles) (b) �3 (1×104 cycles) (c) P (1×104 cycles) 

(d) �1 (200×104 cycles) (e) �3 (200×104 cycles) (f) P (200×104 cycles) 

(a) �1 (1×104 cycles) (b) �3 (1×104 cycles) (c) P (1×104 cycles) 

(d) �1 (200×104 cycles) (e) �3 (200×104 cycles) (f) P (200×104 cycles) 
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