
1 INTRODUCTION 

CFRP repairing has been confirmed to be a good 
way to upgrade and retrofit the service time of steel 
structures [1-14]. Previous studies have proved that 
the load-carrying capacity of steel structures is dra-
matically improved by adhesive bonded patching 
[15-17]. 

However, CFRP repairing debonding is a failure 
mode which should be paid attention to during the 
repairing studies. Researchers have agreed that the 
adhesive repairing bonding is the most dangerous 
point in steel strengthening repairing because of the 
high stress concentration [17-19]. A few FE models 
were used to study the stress concentration effects 
that located in the steel beam [2, 17, and 19]. Teng 
[20] studied the CFRP repairing debonding failures 
of steel beams and conducted both theory study and 
experiments to study the notch damaged steel beams 
strengthened by CFRP plate [21]. 

However, little research is conducted to study the 
progressive debonding in notch damaged steel 
beams strengthened by CFRP. In this paper, the FE 
method is adopted to study both the initiation and 
the progression of the debonding failure of the 
notched steel beams strengthenedby CFRP when the 
steel is applied to an incremental four points bending 
load. And the effect of the patch length on the 
debonding property is studied. The results can give 

some suggestions to slow down the debonding prop-
agation. 

2 GEOMETRICAL MODEL 

The model of the retrofitted beam considered is as in 
Fig. 1. The steel beams have the following material 
properties: Elastic constant 2100pE Mpa ; Poisson 

ratio 0.33  .And the steel is considered to be per-
fect elasto-plastic: Yield stress  345s MPa   

The elastic properties of the reparing patch are 
shown as follows: 

1 2100E Mpa , 2 10E Mpa , 3 10E Mpa , 

12 3700G Mpa , 13 26500G Mpa , 

23 26500G Mpa , 12 0.3  , 13 0.006  , 

23 0.006   

 

Numerical simulation of progressive debonding in notched steel beams 
strengthened by CFRP plate 

Cheng Geng 
School of Business Administration, Xinyang Agriculture and Forestry University, Xinyang 464000, China 

 
 

 
 

 

 

ABSTRACT: CFRP repairing is an effective way of repairing or strengthening notched steel beams. 
However, the debonding failure of CFRP repairing reduces the effectiveness of this reinforcement technique. 
The CFRP repairing debonding is the most dangerous failure mode to reduce the efficiency of CFRP 
repairing. In this paper, the surface based cohesive model and the finite element method are used to study the 
initiation and progression debonding failure of progressive debonding in notch damaged steel beams 
strengthened by CFRP plate. The effect of the patch length on the debonding is studied in this paper which 
can be used to optimize the geometrical properties of the composite patch. 
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Fig.1 retrofitted beam model. 

3 FINITE ELEMENT MODELING 

The FE model is used in the study with ABAQUS. 
The debonding of patch and beam is studied by the 
Surface-based cohesive method in ABAQUS. So the 
FE model consisted of only two subsections: beam 
and the composite patch. The contact constraint is 
created between the beam and the composite patch. 
The web in the mid-span region of the steel beam 
studied includs four full-depth stiffeners on the two 
sides. Each stiffener that contact with the beam were 
tied to the top flange with three edges. The shell el-
ement S4R is used to model both the steel beam and 
the CFRP reparing plate .Fig. 2 shows the mesh of 
the steel beam and repairing patch. 
 
 

 
(a) 

 

 
(b) 
 
Fig. 2 (a) mesh of the steel beam (b) repair patch. 

4 DEBONDING FAILURE ANALYSIS 

In this research, Surface-based cohesive parameters 
are selected as follows: strength of tensile (30 MPa), 
elastic constant of tensile (8 GPa), shear con-
stant(2.5 GPa) mode-I fracture energy(0.06 
N/mm).A typical equivalent stress plot of beam is 
shown in Fig. 3. 
 
 

 
 
Fig. 3 Typical equivalent stress plot 

 
To highlight the effect of the length of the patch, 

four cases are considered: No reparing, 50mm, 
100mm, 150mm. And the Load–deflection curves 
obtained are shown in  
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Fig.4 Load–deflection curve 

 
As we can see from Fig.4, the curve of No repair-

ing patch length 50mm are very close which means 
the repair effect is not obvious when the patch 
length is relatively short, the repair effect is not ob-
vious. And when the patch length increase to 
100mm, it increased the loads significantly which is 
almost twice of the No repairing. When the patch 
and beam starts to get debonded, the debonding 
grows very fastly and the load drops dramsticaly and 
soon converg with the case of no repairing plate 
which means it reduces the effective reparing  area 
of the patch significantly . 
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5 DISCUSSION AND CONCLUSIONS 

In this study, the FE method and the surface based 
cohesive model is adopted to study the initiation and 
progression CFRP reparing debonding failure of 
progressive debonding in notch damaged steel 
beams strengthened by CFRP plate. Effect of the 
patch length on debonding is studied. We can obtain 
some conclusions throuth this studyas following: 

1. The repair effect is obvious only when the re-
pairing patch gets to a certain value. 

2. The repair can increased the loads significantly 
compared with the No repairing case. 

3. When the patch and beam starts to get debond-
ed, the debonding propagates very fast and converg-
es soon with the case of no repairing plate. 
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