Temperature effects on GFRP reinforced thin concrete panels
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ABSTRACT: This work presents an experimental investigation aiming at understanding the
behavior of thin concrete panels reinforced with glass fiber reinforced polymer (GFRP) rebars
exposed to increasing temperatures. The considered low thickness of 4 cm is typical for low
bearing function concrete components, like façade panels or slabs for pavements. The effects of
elevated temperature on the mechanical response of the GFRP reinforced panels were measured
assuming two concrete covers and two different external surfaces of rebars. The heating
condition was such that the temperature of the internal GFRP rebars was about the transition
temperature of the resins. A consequence of the imposed temperature was the reduction of the
initial global stiffness, while the adhesion to the concrete and the mechanical response of the
GFRP rebars were not compromised.
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INTRODUCTION

In the last decades several investigation were dedicated for the replacement of steel rebars with
FRP (Fiber Reinforced Polymer) rebars in reinforced concrete (Bakis et al. (2002)). The main
advantages in using FRP reinforcement are: the lightweight nature, the non-corrosive and nonconductive characteristics, and the high strength-to-weight ratio (GangaRao et al. (2007)). The
advantages of composite rebars were demonstrated for quasi-static loadings and in some
environmental conditions, but some aspects concerning the reaction to elevated temperatures are
still topics of investigation. In particular, FRPs feature poor resistance to elevated temperatures
due to the glass transition temperature of the polymeric matrix that can be in the range of
80÷180 °C. A temperature of this level could be easily overcome during fire exposure and, as
consequence, the rebars have reduction of bond to concrete and of stiffness and strength. This
has to be considered for the design of a reinforced concrete structure.
Some experimental investigations were published for concrete beams and slabs internally
reinforced with FRP bars subjected to elevated temperature, see e.g. Nigro et al. (2011a,b),
Carvelli et al. (2013) and Terrasi et al. (2012). The authors underlined the importance of the
concrete cover and of the bars anchorage length as fundamental parameters for the fire
resistance of concrete members.
Some investigations detailed in the literature were focused on the numerical and analytical
modelling under high temperature conditions of structural concrete members reinforced with
FRP bars. The estimation of the residual flexural and shear strengths of reinforced beams
exposed to fire are detailed in Saafi (2002). Accurate predictions were obtained with finite
element models (see e.g. Yu et al. (2013) and Pagani et al. (2014)), accounting the effect of the
temperature on the slip between FRP rebars and concrete for the variation of the mechanical
properties at high temperature of the materials.

The continuous research allowed to improve guidelines and codes. For example, the Canadian
Code (CAN/CSA S806) provides a design procedure for structural concrete members in fire
situations.
The researches available in the literature were dedicated to FRP reinforced concrete members
with bearing function, in the authors’ knowledge. Low bearing function concrete components,
like façade panels or slabs for pavements, have a relevant importance in constructions. Recently,
the non-corrosive GFRP bars have been adopted as reinforcement for the facing concrete layer
of slender sandwich wall panels to reduce the concrete cover and simultaneously the thickness
of the concrete layers (see e.g. Schmitt et al. (2014a,b)).
In spite of the interest in constructions industry on low bearing function FRP reinforced
concrete members, their thermo-mechanical behaviour is not deeply known and investigated.
This aspect is very important for external claddings of buildings or for pavements exposed to
irradiation in very warm climates.
The experimental investigation, described in this paper, is focused on thin concrete panels
reinforced with GFRP rebars exposed to increasing temperature and bending loading. The
panels are typical for low bearing function concrete layers in façade claddings. The influence of
two aspects was studied: the concrete cover and the external surface of rebars.
The adopted heating condition allowed to reach temperatures of the internal GFRP rebars close
to the transition temperature of the resins. This does not match to a real fire exposure, but to an
extreme heating condition of low bearing panels to verify the variation of the deformability and
the load carrying capacity of the panels with post-heating bending tests. The elevated
temperature did not produce degradation of the rebar-concrete adhesion and of the rebar itself.
Moreover, a relevant reduction of the initial global stiffness was measured as consequence of
the imparted damage by the pre-loading and heating.
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2.1

EXPERIMENTAL FEATURES
Specimens

The geometry of the specimens (170 x 40 x 4 cm) and the reinforcement distribution are
detailed in Figure 1. Two concrete covers were considered, 5 and 10 mm, and two GFRP
unidirectional E-glass rebars: Schöck ComBAR® and FiReP® Rebar P, in the following B1 and
B2, respectively. The concrete panels did not have shear reinforcement.
The GFRP rebars were produced by pultrusion technique. ComBAR® has external ribbed
surface, cut into the bar after curing (Table 1). The external surface of FiReP® Rebar P is
produced with a wave shaped thread profile during pultrusion (Table 1). Both rebars were
infused with vinyl ester resin, whose glass transition temperature is about 180 °C, according to
the producers. The rebars had a nominal diameter of 8 mm, a tensile strength of ≈ 1000 MPa
and an elastic modulus of ≈ 60 GPa.
The specimens were casted in movable formwork to enable an appropriate compaction of the
concrete with external vibrator. According to compression tests, the concrete was of quality
C45/55.
The number of tests for each combination of rebar and concrete cover are summarized in
Table 1.

Figure 1. Specimen geometry and reinforcement.

Table 1. Rebars external surface and number of tests

∅8mm

Designation

2.2

Rebar
External surface

Concrete cover
5 mm
10 mm

(a) Schöck ComBAR® (B1)

2 pcs

2 pcs

(b) FiReP® Rebar P (B2)

2 pcs

2 pcs

Experimental procedure and setup

The experimental investigation consisted of two consecutive phases: (1) application of a
bending constant load and then heating; (2) post-heating bending response up to failure at room
temperature. A four-points bending test setup was adopted (see Figure 2). The temperature on
the bottom and top surface of the specimen was measured by the two thermocouples TC-B and
TC-T in the mid span. The deflection of the specimen was measured by three displacement
transducers (LVDT) (see Figure 2).

Figure 2. Test set-up: scheme and position of some instruments.

2.3

Mechanical and thermal loading

2.3.1

First phase

A bending loading was imposed quasi-statically up to the maximum resultant of 3.6 kN. The
maximum load was estimated by ACI 440 (2006) in the range of the theoretical first cracking of
concrete, supposed to start at about 2.6 kN. The maximum load was maintained constant for the
heating time. The heating on the full bottom surface of the specimen was applied by an
electronically controlled oven (Figure 3).

Figure 3. Test set-up: heating device and position of the specimen.

The temperature on the bottom surface of the specimen was increased from the room
temperature (25 °C) up to the maximum considered of 210 °C and was then maintained nearly
constant for about 65 min.
The maximum temperature of 210 °C was imposed to have at the rebars level a temperature
close to the glass transition temperature of the adopted resins (Tg ≈ 180 °C). The diagrams in
Figure 4 show the evolution of the temperature recorded on the bottom and top surface of the
specimens with the two concrete covers. Assuming a linear distribution of the temperature in the
thickness, at the bar level the temperature should be about 189 °C and 178 °C for 5 and 10 mm
concrete cover, respectively.

(a)

(b)

Figure 4. Representative diagrams temperature vs. time of specimens reinforced with Schöck ComBAR®
for 5 mm (a) and 10 mm (b) concrete cover.

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.
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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.
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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.

− 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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