
  

 
2.3.2 Second phase 

In the second phase, the specimens were quasi-statically loaded at room temperature, for 
measuring the residual mechanical properties after the thermo-mechanical conditioning. 

3 RESULTS 

The first experimental phase was subdivided in three consecutive steps (see Figure 4): 

1 - loading up to the considered maximum load (3.6 kN); 

2 - heating up to the maximum considered temperature (210 °C) on the bottom surface; 

3 - maintaining the temperature constant on the bottom surface for 65 min. 

The measurements of the mid-span deflection show the contribution of the three steps on the 
global deformation. In particular, the mid span displacement of the panels with concrete cover 
5 mm was lower, as expected, than the panels with 10 cm cover. The heating up in the second 
step generated an increase of mid span displacement of almost 45 % and 25 % for a concrete 
cover of 5 and 10 mm, respectively, while the diffusion of the temperature in the third step 
raised the displacement in the center of about 16 % and 24 %. The specimens with ComBAR® 

rebars showed a lower mid span displacement for both concrete covers and in each step of the 
thermo-mechanical loading. 

 

 

Figure 5. Mid span displacement at different steps: (1) at the maximum load before heating, (2) after 
heating up, (3) after 65 min of maintaining the maximum temperature, (4) after unloading and complete 
cooling. B1 and B2 indicate Schöck ComBAR® and FiReP® Rebar P, respectively. 

The thermo-mechanical loading in the first phase developed the cracks pattern on the bottom 
surface detailed in Figure 6, where the longer cracks were highlighted. The main distribution of 
the cracks is, as expected, in the central part of the panels, where the constant maximum 
bending moment was generated. The different rebars and concrete covers did not show 
considerable differences in the crack distributions. 

The influence of loading and elevated temperature on the residual mechanical response of the 
panels was measured in the second phase with four points bending tests at room temperature up 
to failure. The load vs. mid span displacement curves (Figure 7a) show a very similar behaviour 
of the panels with the same concrete cover. The only difference was the failure load of the 
panels with 5 mm concrete cover. The panels with ComBAR® rebars had a maximum load 

  



  

 
almost 30 % higher than those with FiReP® rebars. This is probably related to the external 
surfaces leading to different adhesion failure mechanisms. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 6. Cracks pattern after the first phase. Specimens reinforced with: Schöck ComBAR® (a, b) and 
FiReP® Rebar P (c, d). 5 mm (a, c) and 10 mm (b, d) concrete cover. 

The predictions of ACI 440 are in good agreement to the experimental measurements mainly for 
the second branch of the load-deflection bending curves (Figure 7b). 

 

 (a)  (b) 

Figure 7. Post-heating bending. (a) Load vs. LVDT mid span displacement. (b) Comparison of ACI 440 
predictions and some experimental curves. B1 and B2 indicate Schöck ComBAR® and FiReP® Rebar P, 
respectively. 

The degradation of the mechanical behavior can be measured comparing the stiffness of the 
panels at the maximum load level of the first phase. The stiffness is defined as the slope of the 
segment passing through the two points of a curve in Figure 7a, at load 0 and 3.6 kN. The 
comparison of the pre- and post-heating stiffness in Figure 8 shows the degradation of this 
mechanical parameter due to loading and heating. The initial stiffness of the panel decreases 
19-27 %, whereby the reduction was higher for concrete cover 10 mm than for 5 mm for both 
rebars. Moreover, the stiffness is lower for panels reinforced with FiReP® and concrete cover of 
5 mm than panels with ComBAR®, while those with concrete cover of 10 mm have almost the 
same stiffness. 

 

  



  

 

 

Figure 8. Pre- and post-heating bending. Initial stiffness of the panels. B1 and B2 indicate Schöck 
ComBAR® and FiReP® Rebar P, respectively 

The predictions according to ACI 440 do not consider the heating effects on materials, but the 
comparison in Figure 7b show similar experimental and theoretical stiffness of the panels. This 
demonstrates that the rebars are undamaged and the adhesion between bar and concrete is still 
effective despite the imposed elevated temperature. These considerations are confirmed 
observing the failure mode of the panels. All specimens failed for compression of the concrete. 
The bars were not extensively damaged and they had still a good adhesion with concrete (see 
Figure 9 for rebars in panels with 5 mm concrete cover). 

 

 (a)  (b) 

Figure 9. Post-heating bending. Some rebars after failure of the panels with 5 cm concrete cover. External 
surface of: Schöck ComBAR® (a) and FiReP® Rebar P (b). 

4 CONCLUSIONS 

The thermo-mechanical response of thin concrete panels reinforced with GFRP rebars was 
experimentally investigated considering the influence of two aspects: the concrete cover and the 
external surface of rebars. The main outcomes of the research are: 

− The external surface of the GFRP rebars has considerable influence on the bending response 
of the panels. 

− The imposed elevated temperature imparted a considerable residual deflection in the panels 
after complete cooling. 

− The initial global stiffness is reduced after the first phase (loading and heating with 
maximum temperature of 210 °C) due to the imparted cracking patterns. 
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− The GFRP reinforcement and the interface between bar and concrete did not show relevant 

damage after the exposition to the elevated temperature. 

− The failure mechanism of the panels, after heating, was compression of concrete with 
almost intact rebars. 

The obtained results show the excellent mechanical behavior of thin concrete panels reinforced 
with GFRP rebars exposed to a range of temperature higher than expected in real applications. 
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