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Abstract: In order to study the factors that influence anti-bending mechanical properties of GFRP tube confined  
concrete beams and better applied to engineering, the influence of different thickness of GFRP tube, concrete 
strength grade, the section form and strength of steel were analyzed using finite element analysis software 
ABAQUS when the beam is in compression condition in this paper. The results showed that the bearing 
capacity of beams was improved by increasing the GFRP tube thickness, improving the core concrete strength 
and increasing steel area and strength. The numerical results were in good agreement with the experimental one. 
The anti-bending bearing capacity formula was in good agreement with the experimental results.  
Keywords: GFRP tube; ABAQUS; mechanical property; the bearing capacity.  
 
 
1. Introduction 
 

The compression member’s constraint effect of GFRP tube on the core concrete was better than that of the 
bending, but it was more common that the GFRP concrete composite components bear the bending moment in 
actual construction, such as large eccentric compression components, small eccentric compression members and 
tension-flexure components were not only to bear the axial force but also to bear the bending moment[1,2]. 
Therefore, it is necessary to study the flexural properties of GFRP confined concrete members[3, 4]. 

In this paper, the existing test results was simulated using the finite element software ABAQUS. Based on the 
facts that the numerical results were in good agreement with the experimental one, the influence of different 
thickness of GFRP tube, concrete strength grade , the section form and strength of steel when the beam under 
the compression were analyzed. 
 
2. Finite element basis 

 
2.1. Concrete constitutive equations 

By verified a large number of numerical results, the constitutive relation of core concrete used the concrete 
constitutive relation model of Zhao et al [5], and the expression is given as: 
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The calculation of the relevant parameters is referred to [5].The tensile stress relationship model of concrete is 
given as: 

σt = �  
(1.2𝑥𝑥 − 0.2𝑥𝑥6)σp                                𝜀𝜀 ≤  𝜀𝜀p 

𝑥𝑥
0.31σp(𝑥𝑥 − 1)1.7 + 𝑥𝑥

                          ε ≤  εp                                        (2)  

Where, 𝜎𝜎p means peak stress,𝜎𝜎p = 0.26(fcu)2/3, εp means peak strain, 𝜀𝜀p = 43.1𝜎𝜎p(µε).  
 

2.2 Constitutive model of GFRP tube 
The mechanical properties of GFRP tube (Fig.1) on the elastic section was simulated using ABAQUS single-

layer plate model, and the Hashin failure criteria[6] was used in ABAQUS to approximate simulate the 
composite material’s damage evolution process. The correlation parameters of single layer plate was calculated 
using the analytical method in the mesomechanics of the composite materials[7]. Then a pavement design about 
GFRP tube was provided, for example, pavement design to 6mm thick GFRP tube (Table 1). 
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Fig. 1 GFRP tube paving method 
 

Table 1 6mm GFRP tube paving situation 
Total 

thickness Pavement design 

6mm Single layer angle 30 -30 30 -30 30 -30 
Single layer thickness 0.001 0.001 0.001 0.001 0.001 0.001 

 
2.3 Establishment the finite element model 

In order to improve the efficiency of numerical calculation, 1/2 model was taken to be calculated, 
applying the symmetrical constraint about Z axis on the mid-span, the concrete and the pad were using 
eight-node hexahedral reduction integral unit (C3D8R), the steel and GFRP tubes were modeled by using 
the shell element S4R (four-node reduction integral), in the thickness direction. Fig.2 shows the use of 
three integral points Poisson integral, the various parts of the finite element model and boundary 
conditions. 

 

 
 

Fig.2Each part of the component model boundary and the meshing 
A) GFRP tube; B) Steel bone; C) Concrete and D) Boundary and load conditions 

 
 

3. Experimental verification 
 

In order to verify the accuracy of the numerical model, the numerical simulation in the bearing capacity was 
compared with the experimental data in Qin et al[8] and - deflection (N-μ) curve (Fig.3). In this paper, the 
detailed experimental data and the bearing capacity calculated one compared with the experimental data in 
Table 2. 

Table2 and Fig.3 shows that the numerical simulation was in good agreement with the experimental data, 
and the calculation curve were under the experimental curve, the calculation ware safe and the model 
accuracy was verified. 

 
 
 

A                                 B                                          C                                                        D  
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Table 2 Detailed data 
Specimen 
number  L(mm) D(mm) Fc(MPa) Fiber 

winding angle Nexp Ncal Nexp/ Ncal 

WGSC1  1200 200 48.6 80 177 187 0.95 
WGSC2  1200 200 48.6 60 201 202 0.99 
WGSC3  1200 200 48.6 60 185 186 0.99 
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Fig.3 Experimental Curve Compared with Simulation Curve A) WGSC1; B) WGSC2 and C) WGSC3 

 
4. Analysis of influencing factors of M-μ curve 

 
The factors affecting the component’s bending properties were the fiber winding angle of the GFRP tube, the 

wall thickness of the GFRP tube, the strength grade of the concrete, the cross section and the strength of the 
steel. Based on the accuracy of the simulation model to design specimen, the above factors were investigated 
using the finite element software. 

 
4.1 The effect of fiber winding angle  

Fig.4(1) shows the effect of fiber winding angle; it can be seen from the M-μ curve that fiber winding angle 
has less influence on the early loading, because the lateral expansion of the concrete were not obvious at this 
time, and the constraint effect of the GFRP tube was not obvious too. The deflection of the concrete was all 
small. As the load increased, the steel and the GFRP tube emerged the confining effect, and the increasing of the 
component’s deflection became slow. The larger the fiber winding angle was, the stronger the bending 
resistance of the concrete would be. Fig. 4(2) shows with the increasing of the fiber winding angle, bending 
bearing capacity have an approximate linear growth. 

 
4.2 Effect of steel type 

Fig. 5(1) shows the effect of steel cross section. The M-μ curve showed that with the steel type change, the 
structure’ initial stiffness enhanced along with the steel cross-sectional area’s increased, elasticity segment 
increased, and the slope of the elastic section on M-μ curve became larger, the component bending capacity 
greatly enhanced. Fig. 5(2) shows with the increasing of steel cross-sectional area, bending capacity have an 
approximation parabolic growth. 
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Fig. 4 Numerical simulation curve (Effect of fiber winding angle)   
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Fig.5 Numerical simulation curve (effect of steel type) 
 

4.3 Effect of concrete strength 
Fig.6(1) shows the effect of concrete strength grade. Concrete was a brittle material, the concrete reached the 

tensile strength limit because of the load which was perpendicular to the cross section quickly at the elastic 
phase, and then the concrete tension zone quit of the job, so the deflection was very closed to the other, we can 
obtain a conclusion that the concrete strength grade has little effect on the bending capacity of the composite 
members Fig.6(2). The bending capacity has a little growth along with the concrete strength grade increase. 
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Fig.6 Numerical simulation curve (Effect of concrete strength grade) 

 
4.4 Effect of steel strength 

The core concrete and steel can be seen as a whole at the beginning of the force because of the bond-slip, 
high-strength steel makes the whole have a larger initial stiffness and a extended elastic section. Fig.7(1) 
showed that the elastic limit of the high strength steel is larger than that of the lower strength steel, and it has 
high bending capacity. Fig.7(2) showed that the bending capacity has an approximate linear growth. 
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Fig.7 Numerical simulation curve (effect of steel strength) 
 

4.5 Effect of shear span ratio 
Fig.8(1) showed the effect of shear span ratio was shown. It can be seen from that the effect was a significant 

on the M-μ curve because of shear span ratio. With the increasing of the shear span ratio, the specimen is 
responsible for its own gravity as well as the same load. The relationship between the bending moment and the 
length has a quadratic function, and the increase of the bending moment causes the deformation of the 
composite member and accelerate the bearing capacity decreasing. Fig.8(2) showed the bearing capacity 
decreasing along with the shear span ratio. 
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Fig.8 Numerical simulation curve (effect of cut span ratio) 

4.6 Effect of wall thickness 
Fig.9(1) showed the effect of wall thickness.  It can be found from Fig. 9(1) that the composite members 

which one had the thicker GFRP tube had the higher bending capacity, because the thicker GFRP tube can better 
suppress and the bearing capacity would improve. Fig.9(2) indicate the wall thickened and the bending ability 
approximated linear growth. 
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Fig.9   Numerical simulation curve (Effect of GFRP wall thickness) 
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5. Bearing capacity formula simplified calculation 
 

Based on the unified theory of concrete-filled steel tube[9], the formula for calculating the bending capacity 
of the combined member was obtained in literature[10], but the attenuation of the bearing capacity caused by the 
shear ratio of the bending member was not taken into account. In this paper, based on the regression analysis of 
ABAQUS calculation results and the experimental results, the bearing capacity formula was simplified as 
follows, 

M = φ0.2821r(0.89437 + 1.0001θ + 0.9927ρs)Acfc                                     (3) 
θ means hoop coefficient (θ=ffAf/fcAc, ff means the circumferential tensile strength of GFRP tube, Af means 

the sectional area of GFRP tube), ρs means bone index of steel (ρs=fsAf/fcAc, fs means the yield strength of steel, 
As means the steel cross-sectional area). φ means stability factor 

 φ = 1 −ζ�L
D
− 4,  

where ζ means shear span ratio reduction factor, L means the calculation span of the beam, D means the outer 
diameter of the beam. 

The reduction coefficient was calculated by changing the shear ratio of the specimen. It can be seen from Fig. 
8 that the bending moment in the mid-span decreased with the increase of the shear-span ratio, regression 
analysis the calculation results and experimental results. We could obtain formula 4: 

�ζ = −0.277λ2 + 1.619λ − 1.977         2 ≤ λ ≤ 3
ζ = 0.001λ2 − 0.04λ + 0.502                    λ > 3   

                                             (4) 

In order to verify the applicability and accuracy of the formula of bearing capacity, the experimental data [8] 
were taken into equation 3 for calculation. The results were shown in table 3. The results showed that the 
calculated results are in agreement with the experimental results. The average score of Mcal / Mexp was 1.083 
and the mean variance was 0.0125. 

 
Table 3 Comparison of calculated and experimental values 

Specimen 
number λ  θ  ρ Mexp Mcal Mcal/Mexp 

SW1 2.2 0.7558 0.3646 65.4 70.82 1.08 
WGSC2 3 1.0077 0.3646 72.36 79.68 1.10 

SW3 3.3 0.6229 0.3646 61.8 66.14 1.07 
 
6. Conclusions 

 
By using ABAQUS to simulate the bending properties of GFRP concrete composite members, through the 

contrast analysis of  M-μ curve, the following conclusions can be drawn: 
(1)Through the comparison with the experimental N-μ curve, the numerical simulation were in good 

agreement with the experimental one, the accuracy of the numerical model could be verified. 
(2)The influence of GFRP tube wall thickness, concrete strength grade and steel cross section, shear span 

ratio on the bending capacity of GFRP composite members were analyzed. 
(3)Based on the numerical results and the experimental study, by using the unified theory of concrete-filled 

steel tube to modify the formula of bending capacity under the consideration of shear - span ratio. The formula 
calculated results are in good agreement with the experimental results. 
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