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Abstract
The main goal of the paper is the presentation of research works on static and fatigue behaviour of LWC (lightweight concrete) deck slab reinforced with GFRP (glass fibre reinforced polymer) rebars. The structural LWC with lytag type aggregate
has been used for slab casting. The carrying capacity of the slabs as well as fatigue durability have been checked during
experimental tests on three full-scale deck slabs. All slabs were 5.2 m long, 1.9 m wide and 0.18 m deep. One- and two-span
arrangements have been applied for static and fatigue tests in shear and flexure. The research has clearly revealed that
bridge deck slabs made of LWC concrete and GFRP rebars could be viable alternative for conventional concrete bridge
decks with steel rebars. Following the research the first Polish application of LWC bridge deck slab reinforced with GFRP
bars took place on a medium-size road bridge.
Streszczenie
Głównym celem publikacji jest zaprezentowanie prac badawczych nad statycznym i zmęczeniowym zachowaniem się płyt
pomostowych z betonu lekkiego zbrojonego prętami GFRP (glass fibre reinforced polymer). Do wykonania płyt wykorzystano
beton lekki na bazie kruszywa lytag. Podczas badań trzech pełnowymiarowych płyt pomostowych sprawdzano ich nośność
doraźną oraz trwałość zmęczeniową. Płyty miały długość 5.2 m, szerokość 1.9 m oraz grubość 0.18 m. W czasie badań statycznych i zmęczeniowych zastosowano jedno- i dwu- przęsłowy schemat badania na ścinanie i zginanie. Prace badawcze
wykazały, że płyty pomostowe wykonane z betonu lekkiego zbrojonego prętami kompozytowymi GFRP mogą stanowić
pełnowartościową alternatywę dla konwencjonalnych płyt pomostowych ze zbrojeniem stalowym. Wynikiem przeprowadzonych badań było pierwsze polskie wdrożenie płyty pomostu z betonu lekkiego ze zbrojeniem GFRP na moście w ciągu
drogi publicznej.
K e y w o r d s : Bridge; Bridge deck slab; GFRP rebars; Lightweight concrete; Structural testing.

1. INTRODUCTION
Corrosion of steel reinforcement is a major durability
problem in concrete structures which leads to shorten
the service time of concrete construction such as
bridge decks and increases the maintenance cost. In
road bridge system, concrete bridge decks deteriorate
faster than any other bridge components due to deicing salts and increasing traffic load. Corrosion of
steel rebars causes structural degradation and constant costly repairs. In order to avoid steel corrosion
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problem, concrete structures can be reinforced with
non-corroding reinforcement such as GFRP (glass
fiber reinforced polymers) rebars. The use of GFRP
bars in concrete structures can lead to increase of a
service life of bridge, decrease the maintenance cost
and improve effectiveness cost in life-cycle of construction. GFRP reinforcement, as compared to steel,
is resistant to corrosion, it is lighter and has a higher
tensile strength. Moreover, GFRP rebars are transparent to magnetic fields and electrically non-conduc-
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Figure 2.
Loading scheme LM1
Table 1.
Load levels for static test
Characteristic
load value
Test scheme
Pk [kN]

Figure 1.
Test arrangements – scheme M1, M2 (M3)

tive. Due to their advantages GFRP rebars are a
promising alternative for conventional steel reinforcement [1, 2, 3, 4].
Another issue, which is considered in bridge deck
construction is a lightweight concrete (LWC) application. When lightweight concrete is used, the extra
decrease of self-weight of deck (about 30%) which
means bridge strengthening in redecking cases, might
be obtained. So far, a major obstacle of application
LWC in bridge decks is highly absorptive concrete.
When steel reinforcement is used, it usually leads to
faster steel corrosion following by concrete deterioration. However, when using LWC and GFRP reinforcement, this problem is solved owing to non-corrosive properties of rebars. Combination of LWC and
GFRP offers synergy of advantages of both materials
and leads to more durable, less-weight and cheaper
in terms of LCC (life cycle cost) bridge decks.
The paper presents the research works on static and
fatigue behaviour of LWC deck slab reinforced with
GFRP rebars, whose results enabled the first Polish
application of LWC-GRFP deck slab on medium-size
road bridge.

2. EXPERIMENTAL PROGRAM
A total of three full-scale concrete deck slab of 5.14
m long, 1.90 m wide and 0.18 m deep, were constructed and tested. All slabs were reinforced with
top and bottom grids of 12 mm diameter GFRP
rebars spaced at 80 mm in both directions, with concrete cover of 30 mm. The rebars were fabricated
using pultrusion process. The GFRP bars had a sandcoated surface to enhance the bond performance
between the rebars and surrounding concrete. The
116
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M1
M2

34.9
155.5

Design
load value
Pd [kN]
94.5
324.0

Figure 3.
Slab specimen M3 under testing

tensile strength of GFRP rebars were obtained from
appropriate standard test [5] and amount to about
810 MPa. The structural LWC with lytag type aggregate has been used with target class LC35/38. The
density of concrete was 1970 kg/m3.
One simply and two continuously GFRP reinforced
LWC slabs were tested in shear and flexure. The continuous slabs comprised of two equal spans, each of
2.4 m, while the simply supported slab has a span of
4.8 m, as show in Fig. 1.
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Figure 4.
Flexure failure of M1 slab specimen
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During static and fatigue tests, the deflection, concrete strains and formation of cracks were recorded
and marked.

3. TEST RESULTS AND DISCUSSION
Two different failure modes were observed in the
experimental static tests as shown in Fig. 4 and Fig. 5.
The M1 slab (simply supported scheme) showed flexure failure (concrete crushing) at PM1,ul=220 kN load
level, while the M2 slab (continuous scheme) failure
in shear at PM2,ul=880 kN. Shear crack started at
loading point and propagated to middle support.
Basing on static test, the global safety coefficient for
ultimate limit state (ULS) were specified as ultimate
to characteristic load ratio. The value of this coefficient for tasted slabs were over 5.0 what seems to be
the satisfactory result in terms of bridge safety.

Figure 5.
Shear failure of M2 slab specimen
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specified in Eurocode 1 (EN 1991-2). The minimum
load level was set as Fmin = 22.2 kN (2 × 11.1 kN).

C I V I L

The load was applied by means of a 400x400 mm steel
plates at places that represent the LM1 traffic load
models as specified by Eurocode 1 [6] (Fig. 2). The
static test was carried out on M1 and M2 slabs, and
fatigue test was carried out on slab M3 (Fig. 3).
The slab testing was a part of research works on the
first Polish road bridge made of FRP composites, so
applied loads corresponded to bending moments
induced by the traffic load in deck slab of the bridge
with 1.7 m spaced main girders [7]. According to this
assumption two load levels had been specified for
each test scheme, unit force Pk and Pd characteristic
and design load value respectively, see Tab. 1.
Slab M3 was subjected to constant amplitude of
fatigue loading. The cyclic load with frequency 2 Hz
(up 500 000 cycles) and 1.5 Hz (after 500 000 cycles)
was applied to test specimen. The maximum load level
Fmax = 222.2 kN (2 × 111.1 kN) corresponds to bending moment caused by weight 210 kN for each axle, as
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Similar analysis were performed for serviceability
limit state (SLS). The experimental value of deflection and crack width at characteristic load level was
compared with allowable value (Tab. 2). As allowable
deflection of slab value of lt/250 was adopted (where:
lt is center to center space between supports) and as
allowable crack width value of 0.5 mm was assumed
according to ACI guide [5].
Table 2.
Comparison of experimental and allowable values for SLS
Crack width
Deflection
[mm]
[mm]
M1
M2
M1
M2
Maximum test value (a)
0.3
0.3
13.4
1.8
Allowable value (b)
0.5
0.5
19.2
9.6
(a)/(b) [%]
60%
60%
70%
19%

In fatigue test after 980 500 cycles, there was
observed a considerable increase of slab deflection
amplitude. Due to large value of deflection and rapid
crack propagation in concrete the test was stopped
(Fig. 6). The main reason of fast increase of crack
width and slab deflection was bond failure between
GFRP rebars and concrete. Due to the fact that the
service load of the real bridge will be much lower
than applied in fatigue test, the results of this experiment were accepted as satisfactory.

Figure 6.
Slab failure pattern after the fatigue test

The full presentation of static and fatigue tests of
LWC-GFRP bridge deck slabs is presented elsewhere
[8].

Figure 7.
Cross section of deck slab of the Błażowa bridge
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Figure 8.
Installation and construction of a lightweight concrete
bridge deck slab reinforced with GFRP rebars
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5. CONCLUSIONS
Recent progress in material engineering, allowed for
the application of a new, technology-advanced construction materials, such as high-performance lightweight concrete and FRP composite. Due to excellent physical and mechanical characteristic in comparison to the conventional materials, each of these
materials has its field applications in bridge construction. The main advantage of the lightweight concrete
is relatively small density of hardened concrete, what
allows for construction of less-weight and smaller elements. GFRP reinforcement is used due to high
strength and high durability in aggressive environment. Synergy of LWC and GFRP rebar advantages
was motivation to start of aforementioned research
on combination of both materials for bridge decking.
Preliminary works showed that the application of

Figure 9.
Completed bridge in Błażowa with LWC-GFRP deck slab
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The prototype LWC-GFRP bridge deck slab exhibited satisfying structural behaviour during the static
and fatigue test, therefore it was decided to implement it for the first time in Poland on a medium-size
road bridge. The bridge was built in Błażowa (southeastern Poland) along the local road over Ryjak
stream. The bridge superstructure with a simple span
of 22.00 m and a width of 10.44 m, is formed by four
simply supported U-shape FRP girders with an overlying 0.18 m thick lightweight concrete slab reinforced longitudinally and transversely with two grids
of GFRP rebars. The cross-section of the bridge and
reinforcement details are shown in Fig. 7. The deck
slab was made from LC35/38 lightweight concrete
with lytag type aggregate and reinforced with two
grids of GFRP rebars of 12 mm diameter, spaced at
120 mm in transverse and 150 mm in longitudinal
direction. The GFRP reinforcement using in bridge
deck slab was the product of ComRebars company,
the only Polish FRP rebar manufacturer. The GFRP
rebars are made of epoxy-resin and fiber content
75-80% by weight with braided proces for fiber spiral
ribs on the outer surface. The guarantee tensile
strength and elastic modulus of GFRP rebars were
1000-1100 MPa and 50±5 GPa, respectively. The cocnrete deck slab was designed using an ACI guide [5].
The concrete mixture volume of 53 m3 was used for

casting entire bridge deck slab in one-stage continuous process. Concrete mixture was lifted and placed
using basket by mobile crane, what prevented from
the damage of lightweight aggregate (Fig. 8).
The experience from the first Polish application of
LWC-GFRP bridge deck slab is very promising.
Technology of casting was similar to one used for the
conventional steel reinforced concrete bridge deck
slabs. One of the differences was stiffness of GFRP
grids, which were significantly deflecting under workers, comparing to steel reinforcement. To ensure the
right position of reinforcement during concreting, the
extra space elements made of PVC tubes were used.
The other difference was the method of connecting
rebars together, which in case of GFRP rebars was
realized by using zip ties (clamping bands).
The bridge construction was completed in November
2015 (Fig. 9). The general characteristic of the bridge
and construction process is described in [9].
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LWC-GFRP deck slab is possible and even advisable.
The behaviour of lightweight concrete slab reinforced with GFRP rebar is similar to conventional
steel reinforced deck slab.
Besides of the first application there is a constant
need to test the behaviour of this kind of bridge structural elements under the service loading. These tests
are planned to be carried out by the Rzeszow
University of Technology in the near future.
Following the further tests the verification and modification of design procedure when lightweight concrete is used are going to be done. These works allow
for wider application of LWC-GFRP bridge deck
slabs and optimization of amount of construction
material used. The latter is highly expected due to
higher material price in comparison with conventional materials. However, the output of the research
project presented in this paper gives a very promising
future for LWC-GFRP deck slab as application in
road bridge construction.
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