
  

TGFRP

:
GFRPT

ABC

ABC

FRP

ABC

  

GFRPT

   

                                                  

   

amir.qodes@students.semnan.ac.ir 



T

/ 

   

FRP

 

FRP

][

]

 

[

T

GFRP

][

GFRPCFRP

 

GFRP

CFRP

GFRP

CFRP

][

GFRP

m

][

CFRP

(b/t)(h/d)



 
]

 
[

 
T

AC

B

 

2A

GFRP

MPaGPa

FRP

Kleer Koat Table 

Top Epoxx-kk512

FRPFRP

A

009.0
db

A

w

s

B

00450/

A

C

01350/

.

 

GFRP

1A2A3A



T

/ 

      
3kg m( / )

 

A 

B 

C 

 

cm

kg/cmkg/cmkg/cm



 
ABC

]

 

[

ACI 440R

1

u s s f f f e s sM A f d{ (

 
A

2C

 

C,B,A 

440R

1

ACI

fef

1 1 1
u s s f f f e s s

c c c
d A f)

2 2 2

ACI-318-05 

ACI

' ' '1 1 1
u s s f f f e s s

c c c
A f h A f( )

2 2 2

FRP

ACI 440R

f

ACI-440R

' ' '1 1 1
u s s f f f e s s

c c c
A f d( )}

2 2 2

 

4B

3B B

.

3C

 

FRP

440R

1A

GFRP 

MPa

cm

B2B3B4B

2B3B 4B

C3C

2C3C

FRP

 

1A

1B

1C2C

GFRP

FRP

FRP

3A2A

MPa

B

1B

C

1C

GFRP

FRP

cm

1B

 



T

/ 

  

3A

A

 

2B

2C

GFRP



 

1A2A3A

A

1B2B3B

B

1C2C3C

C



T

/ 

  
A  

B 

 

cm
Kg

2

    

1B

2BCFRP 

3BCFRP 

4BCFRP 

C

 

cm
Kg

2

   

1C

 

2CFRP 

3C

cm
Kg

2

   
1A

2A

CFRP 

3A

CFRP



 
ACI440R 

 

1A

2A

3A

1B

2B

 

3B

4B

 

1C

2C

3C

A

2A3A

2A3A

2A

3AFRPFRP

FRP

2A

3A1A

3A

1B2B3B4B

2B3B

 
4B

2B3B4B

2B1B

3B1B

4B1B

2B3B

 

4B

GFRP

GFRP

1C2C

3C

2C3C

2C3C

U2C3C

FRP

2C3C

AB C

Anti-slipt

FRP

FRP



T

C 

C 

ABC

ABC 

  

0

2

4

6

8

10

12

14

16

18

20

LO
A

D
(T

O
N

)

B

 

B

 

025050075010001250

CONCRETE COMPRESSIVE 
MICRO STRAIN

B3 B

B1 B
LO

A
D

(T
O

N
)

100012501500

CONCRETE COMPRESSIVE 
MICRO STRAIN

B2

B4

 

A 

A 

0

2

4

6

8

10

12

14

16

18

20

0 250

LO
A

D
(T

O
N

)

CONCRETE COMPRESSIVE 
MICRO STRAIN

A3

/ 

 

250 500 750

CONCRETE COMPRESSIVE 
MICRO STRAIN

A2 A1

/ 

750

CONCRETE COMPRESSIVE 

1



 

C 

ABC

5A

 

4A

B

  

4A 3A

A 



T

  

6B

5C

B6B

C5C

5B

4C

4B

3C

 

/ 

 

/ 



 
][

' 2c c
c c 0

0 0
c

'
c c c0 0

0

2
f0/92 [ ( ) ] 0

0.15
f0/92 [1 ( )] 0/003

0/004

cc
'
cf

0

'
c

c

f1 / 8 4
EcE

ACI-318-05 

][

'
c cE f57000

 

FRP 

s s s y
s

s y  y s

p p p

E 0

E

E

 

ssEsy

p

pEGFRP

 
1A

2A

3A

1B

2B

3B

4B

 

1C

 

2C

3C

GFRP

GFRP

T

FRP



T

/ 

  
FRP

FRP 

1 . ACI Committee 440F. Guide for the design and 

construction of externally bonded FRP systems for 
strengthening concrete structures. 2002. 
2 . Hayder A. Rasheeda,*, ShariqPervaiz Closed 

form equations for FRP flexural strengthening 
design of RC beams Department of Civil 
Engineering, Kansas State University, Manhattan, 
KS 66506, USA 
3 . Al-Sulaimani GJ, Sharif A, Basun bul A, 

Baluch M H and Ghaleb BN (1994), Shear repair 
for reinforced concrete by fiberglass plate bonding, 
ACI Structj 91(4), 458-464.  
4 . Chajes MJ, Thomson T A, Finch W W and 

Januszka TF (1994), Flexural Strengtheing of 
concrete beams using externally bonded composite 
materials, Construct Build Mater 8(3) 191-210 
5 . Chajes, M J, Thomson T A and Tarantino B 

(1995 a), Reinforcent of concrete structures using 
externally bonded composite materials, in Non- 
Metallic (FRP) Reinforcement for concrete 
structures, ed. L Taerwe, E & FN Spon, London, 
pp 501-5 08. 

6 . Chajes, M J, Thomson T A and Farschman C A 

(1995 b), purability of concrete beams externally 
reinforced with composite fabrics, Construct Baied 
Mater 9 (3) 141-148 
7 . Taljsten B (1997), Strengthening of concrete 

structures for shear with bonded CFRP-fabrics 
Proceeding of the US-canada-Europe Workshop on 
Recent Advances in Bridge Engineering- 
Advanced Rehabilition, Durable Materials Non-
destructive Evaluation and Management, eds U 
Meier and Betti, EMPA, Dubendorf, July 1997. 
8 . Hutchinson R.Abdelrahman A and Rizkalla S 

(1997), shear streng the using CFRP sheets for a 
prestrssed concrete high way bridge in Manitoba, 
Canada. Proceedings of the us-canada Europe 
Work shop in Bridge Engineeering Advanced 
Rehabilitation, Durable Materials, Non-destrutive 
Evaluation and mangement.eds meier and R Betti. 
EMPA, duberdorf july 1997, pp 97-104. 
[9]. Saadatmanesh H. and Ehsani M.R. « RC 
Beams Strengthened with GFRP Plates 
Experimental Study, 
Struct Eng 117(11), pp. 3417-3433. 
[10]. Hotchinson A.R. and Rahimi H. « Behavior 
of Reinforced Concrete Beam with Externally 
Bonded Fiber 
Reinforced Plastics , Proc 5th International 
Conference on Structural Faults and Repair, 
University of 
Edinburg, 1993, Vol. 3, pp. 221-228. 
[11]. Quantrill, R. J. Hollaway L. C. Thomern A. 
M. Experimental and analytical investigation 
of FRP strengthened beam response: Part I. 
Magazine of Concrete Research 
1996a; 48(177), 331-342. 
[12]. Garden, H. N. et al. under ROBUST research 
programe.University of surrey. 1996 
[13]. Hognestad E. A study of combined bending 
and axial load in reinforcedconcrete members 
(Bulletin No. 399). Urbana: University of 
IllinoisEngineering Experimental Station; 1951. p. 
129. 
[14]. ACI 318-05. Building code requirements for 
structural concrete (318M-05) and commentary 
(318RM-05). Farmington Hills (Michigan, USA): 
American Concrete Institute (ACI); 2005.   

.  



Abstract

  
Bending Strengthening of Light Concrete T-Shape Beams Using FRP Sheets 

M.K. Sharbatdar
Associate Professor, Department of Civil Engineering, Semnan University 

A. Qods

 

PhD. Student, Department of Civil Engineering, Semnan University 

( Received: 2014/2/9 -  Accepted: 2014/5/6)  

Abstract
In order to investigate the effect of Composite Fiber Reinforced Polymers (GFRP) on bending 
strengthening of light weight T-shaped concrete beams in this paper, nine specimens were 
designed, built and tested. These specimens were divided into A, B & C Groups, according to 
their conditions and bars arrangement and composite layers. In Group A, beams were designed 
to have a medium bending defects, while Groups B and C designed for maximum and minimum 
bending defects.In each group one beam was as reference and the others were strengthened with 
different numbers of FRP layers. 
According to observations and results, flexural strength increase of in Group A was from 81% to 
116% while that was from 33% to 208% in Group B and 67% to 100% in Group C. And also the 
effect of using stronger epoxy and anti-slipt material to change shear failure (debonding) to 
flexural debonding and increasing strength was investigated in this paper.  

Keywords: T-form beam,Flexural strengthening,light structural concrete.              
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