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a b s t r a c t

This paper reveals the influence of arching action on the shear behaviour of glass fibre reinforced polymer
(GFRP) reinforced laterally restrained concrete slabs in bridge decks. A total of seventeen full-size
one-way concrete slabs were constructed and tested in this study. Those restrained test slabs represents
typical full-scale dimensions of a real bridge deck slab 400 mm wide by 2400 mm long and 200 mm deep.
The test variables were lateral restraint stiffness, reinforcement configuration and concrete strength. The
behaviour of test slabs was discussed and the influence of those structural parameters on the amount of
arching action was evaluated by comparing the results of different specimens. The test results showed
that increasing the arching effect resulted in shear failure mode and larger shear strength. The experi-
mental shear strengths of the restrained test slabs were compared with some theoretical predictions
in the literatures. The results indicated that those theoretical methods yielded high conservative predic-
tions. A theoretical model that takes into account the effect of arching action in the shear-strength pre-
diction was proposed by the writers. This method provided accurate and slightly conservative
predictions.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

It has been evident that corrosion of steel reinforcement consti-
tutes one of major problems that shorten the service lifetime of
concrete bridge decks [1,2]. One solution to this corrosion problem
is the use of alternative materials to steel reinforcement that do
not corrode, such as fibre reinforced polymer (FRP). Since glass
fibre reinforced polymer (GFRP) is more economical than other
available FRP (CFRP and AFRP), it is more attractive for infrastruc-
ture application and has been used as reinforcement in concrete
bridge deck slabs for more than twenty years [3].

Currently, it is well established that the concrete bridge deck
slabs can fail in shear, including punching shear failure and
one-way shear failure, due to the in-plane restraints and the con-
centrated or distributed loads of large magnitude [4,5]. In addition,
it has been recognised that an internal arching effect is induced as
the slab deflects due to the horizontal restraints provided by the
slab panel boundary conditions such as supporting beams, dia-
phragms and surrounding slabs [5]. This is known as arching action

or compressive membrane action. In previous research, it was
shown that this arching phenomenon had a strong effect on failure
mode and ultimate capacity of GFRP reinforced concrete bridge
deck slabs [5,6]. However, the majority of research on the shear
behaviour of FRP reinforced concrete members has been concen-
trated on the simply supported beams or slabs [7]. The effect of
arching action as a result of in-plane restraint was not taken into
consideration except in the specimens with small span-to-depth
ratio (6 2:5) [8]. Interestingly, the tests by authors showed that
the failure mechanism of GFRP reinforced concrete deck slabs with
large span-to-depth ratio (P 2:5) could be shear failure due to the
significant arching action [5,9]. Therefore, an investigation of the
shear behaviour of laterally restrained concrete slabs reinforced
with GFRP bars should be carried out by taking into account the
effect of arching action.

The aim of this paper is to study the shear behaviour of in-plane
restrained GFRP reinforced concrete slabs in bridge deck structures.
As shown in Fig. 1, a one-way spanning concrete slab strip with lat-
eral restraints typical of a bridge deck slab is conducted in this
study. A series of experimental tests were carried out to investigate
the influence from some structural variables on the behaviour of
those slabs, which included the degree of external restraints, con-
crete strengths, reinforcement percentages and reinforcing materi-
als. After comparing the results of different test specimens, the
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influence of arching action on shear-strength and failure mode was
discussed and presented. A understanding of the nature of shear
behaviour of concrete deck slabs reinforced with GFRP bars can
be extended. Subsequently, the shear-strengths from the test were
compared to the theoretical predictions provided by some pub-
lished shear-strength design methods and a model proposed by
authors. It was shown that the theoretical method taking into con-
sideration the effect of arching action proposed in this study gave
reasonable agreement with the test results.

2. Background to shear behaviour of FRP reinforced concrete
members

It is well known that the cracked reinforced concrete flexural
member without shear reinforcement, such as concrete slabs,
resists the applied shear stress by means of five structural mecha-
nisms: (i) shear resistance of uncracked concrete; (ii) aggregate
interlock; (iii) dowel action of the longitudinal reinforcement;
(iv) residual tensile stress across the inclined crack; and (v) arching
action [10]. As similar to the behaviour of steel reinforced concrete

members, those five mechanisms are expected in FRP reinforced
concrete members. Due to the relatively low modulus of elasticity
of the FRP composite material, FRP reinforced concrete structures
generally develop wider and deeper cracks compared to those rein-
forced with steel. Those cracks decrease the contribution to shear
strength from the uncracked concrete due to the low depth of con-
crete in compression. The contribution of aggregate interlock and
residual tensile stress can also be reduced by the large crack
widths. Additionally, due to the relatively small transverse
strength of FRP bars and relatively wider cracks, the contribution
of dowel action may be negligible. Finally, the shear capacity of
FRP reinforced concrete members is smaller than those reinforced
with the same amount of steel bars. This is well reported by the
findings from the experimental investigations [11]. In addition,
the shear behaviour of FRP reinforced concrete slabs without shear
reinforcement is potentially the dangerous case in shear prone
applications due to the brittle nature of concrete and FRP reinforc-
ing bars [10].

Since most research of the shear behaviour of FRP reinforced
concrete members is carried out based on the simply supported

(a) Test slab and lateral restraint configuration 

(b) A typical test specimen 

Fig. 1. Test model.
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