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Evaluation of performance and design of GFRP dowels in jointed plain concrete
pavement – part 1: experimental investigation

Basim H. Al-Humeidawi1 and Parthasarathi Mandal*

School of Mechanical Aerospace and Civil Engineering, University of Manchester, M13 9PL Manchester, UK

(Received 7 March 2012; final version received 8 July 2013)

Dowel bars are provided at the transverse joints of the jointed plain concrete pavement to allow for expansion and
contraction of the pavement due to moisture and temperature changes. This paper presents experimental and analytical
investigations for the deflection response of glass fibre-reinforced polymer (GFRP) dowels for different joint widths and
concrete grades. The results were compared with those obtained from investigations into the conventional epoxy-coated
steel dowel bars of similar rigidity. The experimental results showed that the 38mm (1.5 in.) GFRP dowels perform better
in terms of joint face deflection compared with 25mm (1 in.) epoxy-coated steel dowel bars. In addition, these results
showed that the deflection of the GFRP dowel was significantly affected by changing the concrete compressive strength
and the joint widths.

Keywords: jointed plain concrete pavement; dowel bars; GFRP; shear test; relative deflection

1. Background and research significance

The jointed plain concrete pavement (JPCP) is one of the

most widely used pavement types in highways and

airports. The transverse joints in the pavement structures

are usually introduced to allow for movements due to

changes in moisture and temperature. They may also

originate due to interrupted construction activities. These

joints are either (i) non-dowelled, where the joint width is

,1mm, typically in the road serving low traffic volume,

or (ii) dowelled, where the joint width is .1mm. Steel

dowel bars are used across the joints to distribute the load

between the adjacent concrete pavement slabs. These steel

bars often get corroded, which creates dowel looseness due

to the reduction of cross-sectional area. Corrosion also

affects the surface smoothness of steel dowels, which

offers higher resistance to slab movements, generating

substantial amount of locked-up stresses. The combined

effect of the above causes rapid deterioration of

pavements. The glass fibre-reinforced polymer (GFRP)

dowel bars, on the other hand, are a corrosion-proof

material. Their surfaces are very smooth and resistant to

bonding with concrete; they may not require lubrication to

meet some dowel pull-out test requirements (Porter et al.

2001, Löfsjögård 2005). Owing to the minimal bond that

exists between the GFRP bars and concrete, slab

movements are less restricted, resulting in significantly

lower locked-up stresses.

Although GFRP dowels are ,50% costlier than the

steel dowels (Bian 2009), the cost of their maintenance

over the long term is less and their transportation costs

are less. Therefore, they can be a practical alternative to

epoxy-coated steel dowels.

A number of studies had been carried out using the

GFRP dowel bars as a load transfer device at the transverse

joints of JPCP (Porter et al. 1993, 2001, Eddie et al. 2001,

Porter and Pierson 2007, Vijay et al. 2009). Because the

GFRP dowels are relatively weak in the transverse

direction, research on their usability as an alternative to

steel has been limited to contraction joints (narrow joints).

Previous studies have shown that a load transfer efficiency

(LTE) similar to that of the steel dowels can be achieved by

using GFRP dowels with suitable diameter and spacing.

Due to relatively weak modulus in the transverse direction,

the deflection of GFRP dowels may be high. Murison et al.

(2005) investigated the deflection behaviour of GFRP

dowel bars along the embedded length. Their results

showed that for similar bar size, the GFRP dowels

exhibited higher joint face deflection compared with the

steel dowels. However, the deflection was substantially

lower for higher diameter GFRP dowels or concrete-filled

GFRP tubes, which can be a feasible alternative to steel

dowels. The study did not show the difference in relative

deflection for the GFRP and steel dowels, which is the

most important factor in the evaluation of pavement joints

(Porter et al. 2001).

In this study, the load deflection behaviours of GFRP

and epoxy-coated steel dowels were compared using

experimental and theoretical (analytical) methods for
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various joint widths and concrete compressive strengths to

achieve a greater understanding of the load transfer

mechanism.

2. Test methodology

The test involved examining one dowel bar across a

transverse joint between two concrete blocks as a simple

representation of the actual pavement. The dimensions of

the blocks were determined from the general guideline of

spacing and slab depths according to the American

Association of State Highway and Transportation Officials

(AASHTO) guide (1993) and the UK Highway Agency

(2009) guidelines. The dimensions of the loaded and the

reacting blocks were 300mm £ 300mm £ 250mm and

450mm £ 300mm £ 250mm, respectively. The width of

the blocks was selected to represent a 300-mm spacing of

the dowel bars, while the additional length of the reacting

block was used to fix the block to the base of the testing

machine. Two different sizes of dowel bars were used:

25mm for the epoxy-coated steel dowel bars and 38mm

for the GFRP dowel bars. A bigger size for the GFRP

dowels was chosen so as to get an approximately similar

flexural rigidity (EI) to that of the steel dowels. The length

was 458mm for both types of bars as recommended by the

AASHTO (1993) guide. A light lubricant was used to

debond the embedded steel dowel bars from the loaded

block, whereas the GFRP dowel bars were used without

any lubricant or greasing.

The main aim of this study was to evaluate the

deflection response of the GFRP dowel inside the concrete

pavement and the stress at the joint face beneath the

dowel bar. The sub-grade layer was omitted and its effect

was considered within the modulus of dowel support

using beam on elastic foundation approach of Timoshenko

(Timoshenko and Lessells 1925). The reacting blocks

rested on the steel base of the testing machine while a

25-mm gap was introduced beneath the loaded block

to allow for the deflection of the dowel bar and

transfer the load to the reacting side. The loaded block

was loaded monotonically using an L-shaped frame

attached to the block as shown in Figure 1. A line load

was applied on to the steel frame along the centre line

of the joint.

The reacting block was held down to the base of the

testing machine by one threaded bar through a hole in the

concrete block. Lateral twisting of the loaded block was

prevented by clamping both sides of it to the reacting

block. Also, two load cells were put at the outer edge of the

loaded block to provide temporary support prior to load

application as shown in Figure 1. At the initial stage of

loading, the load cells were in full contact with the loaded

block and provided the reaction force data. At about 10%

of the applied load, there was no contact between the load

cells and the blocks, and all the applied load was being

transferred to the reacting block through the dowel bar.

The test arrangement was similar to the testing of

steel dowels as found in the literature (Mannava et al.

1999). This arrangement was chosen for two reasons:

there is no standard test for the dowel bar deflection

inside a concrete pavement and there are no limitations or

requirements for the magnitude of relative deflection of

JPCP in the AASHTO (1993) guide. The AASHTO

(1993) guide assumes that the relative deflections

between the pavements will be taken into account by

considering the LTE.

The surface deflection of the dowel bar was measured

using linear variable differential transformer (LVDT)

displacement transducers through a 7-mm-wide and 90-

mm-long slot in the reacting block parallel to the dowel

centre line as shown in Figure 1. The deflection of the

dowel was measured at five positions of the embedded

Figure 1. Test set-up: (a) complete test set-up; (b) schematic for the test set-up.
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segment from the face of the joint until a distance of

80mm. Previous works (Mannava et al. 1999, Murison

et al. 2005) have suggested that the deflection

beyond this distance was negligible. The LVDTs were

spaced at distances of 0, 20, 35, 50 and 80mm from the

joint face.

A special frame was fabricated to hold the LVDT

sensors inside the slot. It consisted of a plate with holes to

hold the sensors. The holes were carefully drilled to give

a very small clearance so that the sensors remained

vertical during the test. The plate was attached to the top

surface of the reacting block using adhesives. High-

accuracy LVDTs were used to measure the deflection

(accuracy ^0.001mm). The LVDTs were calibrated

using a long barrel micrometer which had an accuracy of

^0.002mm. A trial specimen test was conducted to

check the overall set-up and to ensure that the LVDTs

were giving satisfactory results.

Each specimen was cast in two stages. The first stage

involved casting the reacting block with the dowel at the

centre to ensure that the dowel was fixed at the appropriate

position. The second stage involved removing the mould

of the reacting block and casting the loaded block the next

day. The face of the mould of the loaded side was designed

in two halves so as to slide them out from the sides after

casting.

2.1 Material properties

2.1.1 Dowel bars

The flexural and shear properties of dowel bars were

required for this investigation. These properties are well

known for the epoxy-coated steel dowels, being an

isotropic material. Since GFRP dowels are non-isotropic,

using them as load transfer device for the JPCP will

require the knowledge of direction-specific material

properties at the design stage.

Epoxy-coated steel dowel bars. The steel dowel bars used

in this study were made of mild steel according to BS EN

13877-3 (BSI 2004a) which requires the minimum tensile

strength to be used as a dowel to be 250MPa. The tensile

strengths were tested according to BS EN 10002-1 (BSI

2001a). The average yield and ultimate tensile strength

obtained from the tests were 275 and 460MPa,

respectively. Although the dowel bars used in the concrete

pavement were normally designed to be in the elastic

range, a complete stress–strain behaviour was necessary

for subsequent numerical simulation of dowel shear tests.

The steel dowel bars were supplied by the manufacturer in

a coated state (epoxy coated) with a coating thickness of

0.3mm, according to the requirements of BS EN ISO 7253

(BSI 2001b).

GFRP dowel bars. According to the manufacturer, the

GFRP dowel bars used in this study had been produced by

pultrusion process. It consisted of the pultrusion of

continuous Electrical grade Corrosion Resistant (E-CR)

glass filament with vinylester resin. This resin matrix offers

high resistance against corrosion, alkaline attack, acids and

solvent (Barbero 1999), which are important aspects in the

longevity of the dowel bars. The glass fibres are arranged

unidirectionally, parallel to the longitudinal direction. The

mechanical properties of the GFRP dowel bars were

supplied by the manufacturer as shown in Table 1. These

data do not cover all the mechanical properties required in a

numerical simulation. The values of the parameters which

were not available had been estimated using the volume

fractions of the fibre and resin matrix.

The predominant mechanism of load transfer by

dowels at the transverse joints of the JPCP is shear. GFRP

dowels have relatively higher strength and stiffness in the

longitudinal direction (parallel to the direction of fibres).

The tensile strength of the GFRP dowel in the longitudinal

direction is higher than that of the steel bars, whereas the

transverse properties are much weaker. The shear strength

of GFRP is a critical issue in using it as a dowel bar,

considering the weakness in the transverse direction.

A double shear test was conducted for the GFRP

dowels used in the current investigation according to BS

ISO 10406-1 ISO/DIS 10406-1 (BSI 2007; Figure 2).

Three samples were tested and the average shear stress and

strength of a single side were 173MPa and 196 kN,

respectively (Figure 3), which was about 10% higher than

the shear strength listed by the manufacturer as shown in

Table 1. The average shear stress and shear strain obtained

from the double shear test were used to calculate the

average shear modulus of the GFRP dowel bars. The

stiffness of the bars increased with higher load as the inner

diameter of the steel blocks holding the dowel may not

have been exactly the same as the outer diameter of the

dowel bars. In fact, very small clearance was made for ease

in inserting the dowels considering that there may be a

small variation in the diameter of the GFRP dowels.

At higher loads, more surface areas of the dowel within the

holding blocks came in contact with the steel blocks,

Table 1. Mechanical properties of 38 mm (1.5 in.) diameter
GFRP dowels as supplied by the manufacturer.

Diameter (mm) 38

Shear strength in bending (kN) ASTMD4475-96 95.7
Shear strengtha in direct shear (kN) ACI 1440.3R-04-B.4 173
Longitudinal modulus of elasticity E1 (GPa) 40
Transverse modulus of elasticity E2 (GPa) 10
% weight fraction of fibre 0.75
Specific gravity of dowel 1.9

a Shear strength for single side.
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thereby raising the stiffness. A secant modulus was

considered for the purpose of shear modulus calculations,

which will include the effect of small clearance that will

invariably exist in reality.

2.1.2 Concrete

The test specimens were cast in the concrete laboratory.

Six cubes were cast for each specimen – three for the

loaded block and three for the reacting block. The

compressive strength for each block was estimated by

calculating the average compressive strength of the cubes

on the day of the test, as shown in Table 2. BS EN 1992-1-1

(BSI 2004b) was used to find the concrete properties

according to the concrete grade.

A special nomenclature or coding was used to define

the test specimens as follows: ‘G’ for the GFRP dowels,

‘S’ for the epoxy-coated steel dowels, ‘N’ for narrow

joints (10mm), ‘W’ for wide joints (21mm), ‘H’ for

higher concrete grade (28MPa) and ‘L’ for lower concrete

grade (17MPa).

3. Test parameters

Two test parameters were considered for both the GFRP

and the steel dowel bars: the concrete compressive

strength and the joint width. Two grades of concrete were

selected: 28 and 17MPa. The selection of these concrete

grades was made to obtain the distinct load deflection

behaviour of the GFRP dowel bars that could be measured

with certainty to demonstrate the effect of concrete grades.

However, a concrete grade of 17MPa is not used in

practice, but it was deliberately chosen to verify the

current results with the data available in the literature

(Mannava et al. 1999).

Two joint widths were selected for the current

investigation: 10 and 21mm. These dimensions are typical

for expansion joints in Middle East countries like Iraq.

Only a limited number of studies have dealt with the

behaviour of GFRP dowels at the expansion joints, and

there is a clear need to examine the deflection behaviour at

these joints. This may be a critical aspect in design as the

mechanical properties of the GFRP dowels in transverse

directions are substantially lower compared with those of

the steel dowels. Eight tests were carried out – four with

the GFRP dowel bars and four with the epoxy-coated steel

dowel bars according to the parameters shown in Table 2.

4. Discussion of results

4.1 Deflection response of GFRP dowel bars under
load

The specimens included in the test were loaded

monotonically until the failure of the specimens. The

Figure 2. Double shear test set-up for GFRP dowels: (a) schematic diagram; (b) photograph.

Figure 3. Results of the double shear test for GFRP dowels.

Table 2. Experimental parameters.

Test code

Measured
joint

width (mm)

Nominal
concrete

strength (MPa)

Measured
compressive

strength (MPa)

GNH 10.3 28 29.5
GWH 21.3 28 29
GWL 22.5 17 18
GNL 10.3 17 22.7
SNH 10.3 28 35.5
SWH 21.3 28 30.1
SWL 21.3 17 19.65
SNL 10.3 17 25.1

B.H. Al-Humeidawi and P. Mandal452
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load deflection reading for all LVDTs inside the slot

(deflection of the dowel bar surface) and the deflection of

the loaded block were recorded during the test. Although

the relative deflection between the loaded and the

unloaded side of the joint is a key parameter for all the

dowel types, it is more of a concern for the GFRP dowels

due to their weakness in the transverse direction. The

measured relative deflection between the loaded and

reacting blocks was believed to consist largely of shear

deformation of the GFRP dowels.

In order to obtain the deflection of the dowel bar

analytically (theoretically) following Timoshenko’s pro-

cedure, it is required to know the value of modulus of

dowel support (ko). This can be back-calculated from the

deflection value of the dowel bar at the joint face at the end

of the elastic range using Equations (1) and (2):

y ¼ Pt

4b3EI
½2þ bw�; ð1Þ

b ¼
ffiffiffiffiffiffiffiffi
kod

4EI

4
r

; ð2Þ

where y is the deflection of the dowel bar at the face of

the joint (mm); w is the joint opening (mm); d is the dowel

bar diameter (mm); E is the modulus of elasticity of the

dowel bar (MPa); I is the second moment of area of the

dowel cross section (mm4); Pt is the load transfer by

the dowel (N); ko is the modulus of dowel support (MPa/

mm) and b is the relative stiffness of the dowel (mm21).

The experimental results showed linear behaviour until

about 16 kN, and the deflections of all the specimens were

compared at this load level. A numerical simulation of

the test specimens also exhibited elastic behaviour in

the dowel–concrete interface up to this load level

(Al-Humeidawi and Mandal 2013). Similar observation

was also found in the literature (Mannava et al. 1999).

Table 3 gives a summary of the ultimate load carried by

each specimen, the ultimate deflection and the deflection at

16 kN load of the dowel bar at the joint face. The modulus

of dowel support is also presented in this table. The data

presented in Table 3 show that the deflection of the dowel

bars at the joint face varied according to the joint width and

the concrete compressive strength. The deflection at the

ultimate load is about 4–9 times its value at the end of the

elastic range due to increase in crack width at the post-

peak zone, as evident from the data in columns 3 and 4 of

Table 3.

4.2 Comparison of GFRP dowels with epoxy-coated
steel dowel bars

GFRP dowels and epoxy-coated steel dowels were

compared at three stages. The first stage involved the

comparison of the dowel bar deflection at the end of

the elastic range (16 kN) and at the ultimate load of the

specimen of lesser load carrying capacity (40 kN for

SWH), as shown in Table 3. The 40 kN load is

substantially higher than the load carried by the dowel

bars in actual pavement. However, it was included in this

study for better understanding of the behaviour of dowel

bars at or near the ultimate load capacity. The second stage

involved the comparison of the relative deflections of

specimens containing GFRP dowels with the correspond-

ing specimens of steel dowels. Finally, the third stage

compared the localization and distribution of stress at the

dowel–concrete interface using numerical simulation. The

first and second stages are explained in this paper, while

the third stage is explained elsewhere (Al-Humeidawi and

Mandal 2013).

The first stage comprised two parts: the first part was a

comparison of experimental results for both GFRP and

steel dowels at 16 and 40 kN load levels, respectively.

The second part compared both of them using Timoshen-

ko’s analysis, according to which a dowel bar is assumed

as an infinite beam on an elastic foundation when bL . 2,

which is applicable for the tested specimens as shown in

Table 3.

The results of the first stage are presented in Figure 4.

The experimental results show that a significant

reduction can be achieved in dowel bar deflection at the

joint face by using GFRP dowels with flexural rigidity

(EI) similar to that of the steel dowels. The negative signs

in the values along the vertical axes in Figures 4 and 5

Table 3. Deflection and elastic properties of the dowel bars.

Test code
Ultimate
load (kN)

Deflection at the
ultimate load (mm)

Deflection at
16 kN load (mm)

Modulus of dowel
support (MPa/mm) b bL

GNH 57.7 0.461 0.065 492.8 0.0325 7.27
GWH 62 0.665 0.081 443.6 0.0317 6.92
GWL 59.7 1.17 0.177 143.3 0.0239 5.22
GNL 48.2 0.532 0.074 405.7 0.031 6.93
SNH 43.9 0.574 0.087 523.8 0.0304 6.81
SWH 40.1 0.455 0.118 404.6 0.0285 6.24
SWL 46.5 0.731 0.243 145 0.0221 4.94
SNL 41.6 0.71 0.138 231.3 0.0248 5.55

Note: L, embedded length of the dowel bar.

International Journal of Pavement Engineering 453
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indicate downward displacements. To obtain similar

flexural rigidity, GFRP dowels with bigger diameters

have been used. A bigger diameter of the dowel means

more contact area. The increase in the contact area of the

dowel produces less stress concentration at the dowel–

concrete interface, which causes less deflection for the

dowel bar at the face of the joint.

Comparisons using Timoshenko’s analysis

(Timoshenko and Lessells 1925) are also presented in

Figure 4 for both steel and GFRP dowels. The deflection

calculations according to this method consider a single

ko value that was back-calculated from the actual

dowel bar deflection at the face of the joint. Higher

deflections of the steel dowel bars at the face of the

joint produced lower values of ko as per Equations (1)

and (2). For the GFRP dowels on the other hand,

lower deflections at the joint face produced a bigger value

of ko, which was due to a bigger contact area resulting

from higher diameter and lower transverse stiffness

(as stated before). The analytical approach assumed

that the dowels are supported uniformly along the

embedded length on springs of equal stiffness. This is far

from reality and may explain the difference in the

deflected length profiles with the experimental results as

shown in Figure 4.

These results reveal the difficulty of adopting the

analytical procedure of Timoshenko for the design of GFRP

dowel in jointed concrete pavement, since the deflections

are affected by changing the ko value which varies

significantly with the geometry and the properties of the

pavement system. Also, it varies with the embedded length

of the dowel bar and the loading magnitude (even for the

elastic range). This difficulty also exists for the steel dowels

since a wide range (81.3–406.6MPa/mm) of ko had been

specified by previous researchers (Yoder and Witczak

1975). The bearing stress (s) calculations for the concrete

beneath the dowel according to Timoshenko’s procedure are

related to ko as shown in Equation (3). Any inaccurate

estimation of ko could affect its value significantly.

s ¼ koy: ð3Þ

The experimental results from this study highlight the

limitations of Timoshenko’s approach. Variations of ko
along the embedded length ought to be included in the

analysis to capture the behaviour of GFRP-like materials,

in which cross-sectional deformation can be significant

enough to affect the bearing stress distribution and values.

In the absence of such a model, numerical analysis

Figure 4. Experimental and analytical results for dowel deflection at 16 kN load. The nomenclatures used in the figure are as follows:
G, GFRP dowels; S, epoxy-coated steel dowels; N, narrow joints (10mm); W, wide joints (21mm); H, higher concrete grade (28MPa);
L, lower concrete grade (17MPa).
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validated by appropriate experiments may be useful for

design purposes.

Figure 5 shows the deflection response for both

steel and GFRP dowels at 40 kN load. Dowel

deflection increased from their values at 16 kN as

shown in Figure 4 due to initiation of cracks at the joint

face. In general, the deflections at the joint face for the

38mm GFRP dowels were lower than for the 25mm steel

dowels.

The relative deflections of the loaded side to the

reacting side are presented in Figure 6. The results indicate

that for all specimens (except GWL), the relative

deflections of the GFRP dowels at a particular load level

are equal to or slightly higher than those of the steel

dowels, although the magnitudes of deflection at the joint

face had been less. This was likely due to the shear

deformation of the GFRP dowels in the joint area.

For the specimen SWL shown in Figure 6(d), the

weaker concrete support may have contributed to a higher

relative deflection since low concrete compressive

strength and a small contact area increase the bearing

stress and the deflection of the dowels. However, there is

no big difference between the relative deflections of

25mm steel and 38mm GFRP dowels in these specimens.

For the specimen GNL, an initial deflection was observed,

possibly due to voids at the upper surface of the dowel

within the loaded block.

Although the relative deflection is a governing factor

in the design of all dowel bars, the results shown in

Figure 6 confirm that it is more so for the GFRP dowels

because they are relatively weak in the transverse

direction. In general, the results presented in Figures 4–6

show that GFRP dowels of similar rigidity can be a

feasible alternative to the steel dowels.

4.3 Effect of concrete compressive strength on the
deflection response of GFRP dowels

Two different concrete grades were selected for the

experimental work: 17 and 28MPa. Comparisons between

the specimens of different concrete grades for the same

joint opening are illustrated in Figures 7 and 8. These

comparisons were made separately for all deflection

measurements (Figure 7) to get an understanding of the

load–deflection behaviour of GFRP dowel bars. In

Figure 8, the comparisons were made at the end of the

elastic range (16 kN) and at the ultimate load (40 kN) only

to avoid repetition. Also, the downward deflection in

Figure 8 was marked by a minus sign to show the

deformation of the dowel due to the load application.

Figure 7 shows a comparison of the deflection values

of GFRP dowels in specimens GWH and GWL. The

nominal joint width in both cases was 21mm and the

measured concrete compressive strength was 29 and

Figure 5. Experimental results for dowel deflection at 40 kN load for the steel and the GFRP dowels.
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18MPa, respectively. The increase in concrete compres-

sive strength by 60% caused the deflection to be decreased

by a factor of one-half. The concrete strengths for GNH

and GNL differ by about 30%; however, the change in

deflection is only about 13%. This is lower compared to

the former set (GWH and GWL) due to narrower joint

width.

Figure 7(f) shows the relative displacements between

the loaded and the unloaded sides. It is observed that

concrete strengths do not have a significant effect in this

case, which is primarily due to joint width being wider in

this case. In wider joints, the effect of shear deformation is

predominant on the relative deflection of the GFRP

dowels.

Figure 8 presents the results of the deflection data for

the GFRP dowels of the specimens GNH and GNL where

the joint width is 10.3mm and the concrete compressive

strengths are 29.5 and 22.7MPa, respectively. These

results show that there is only a small difference between

the two specimens at the elastic range, as shown in

Figure 8(a), because for the smaller values of loads,

concrete in both specimens offers approximately the same

bearing resistance. With the increase in the load value

beyond the elastic range, the deflection value for

the specimens with weaker concrete (GNL) starts to

increase more than for GNH as shown in Figure 8(b).

A significant crushing and softening for the concrete

beneath the bar may happen as predicted by the numerical

simulation presented elsewhere (Al-Humeidawi and

Mandal 2013). Figure 8 also shows less deflected length

of the embedded portion of the GFRP dowel in the

specimens of higher compressive strength. The results in

Figures 7 and 8 indicate that higher compressive strength

of concrete reduces the deflection of the dowel bars,

especially at the wider expansion joints.

4.4 Effect of joint width on the deflection response of
GFRP dowels

The experimental programme involved an investigation of

the effect of two different joint widths, 10 and 21mm,

which are typical for expansion joints. There are no

previous studies dealing with expansion joints. The results

of the effect of joint width on the dowel bar deflection are

presented in Figures 9 and 10. Figure 9 shows the results of

the comparison of the specimens GWL and GNL for

different joint widths. They have a nominal compressive

strength of 17MPa. The narrower joint width of specimen

GNL produced a reduction in the deflection of the

embedded part of the dowel compared with specimen

GWL. A higher relative deflection was observed for

specimen GNL at the beginning of the test due to the initial

deflection as shown in Figure 9(f). The slope of the relative

deflection graph of specimen GNL increased rapidly after

about 12% (6 kN) of the ultimate load of GNL (48.2 kN).

The average slope of the relative deflection graph of

specimen GNL between those two load values (6 and

48.2 kN) is about 80% of that of specimen GWL.

This means that specimen GNL exhibited smaller relative

deflection.

Figure 6. Experimental results of the relative deflections of specimens with steel and GFRP dowel bars.
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Figure 10 compares the specimens GNH and GWH.

They have a nominal concrete compressive strength of

28MPa. A small difference in the dowel deflection at the

joint face can be noticed between these specimens.

The deflection values of the GFRP dowel in specimen

GNH (at the joint face) are about 80% and 88% of those in

specimen GWH at the end of the elastic range (Figure 10(a))

and at the ultimate load (Figure 10(b)), respectively. Shorter

Figure 7. Experimental load deflection behaviour of GFRP dowels for two different concrete grades at the following distances from the
joint face: (a) 0; (b) 20mm; (c) 35mm; (d) 50mm; (e) 80mm; (f) relative deflection of the loaded side.

Figure 8. Experimental dowel deflection at loads: (a) 16 kN; (b) 40 kN.
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deflected length can be observed for the specimen with the

narrower joint width (GNH) compared with that of the

dowel in specimen GWH.

Figures 9 and 10 reveal that the deflected portion of the

GFRP dowel increases with an increase in joint width due to

dowel bending over the jointwidth, and deflection due to the

slope of the dowel and perhaps concrete deformation. Also,

the dowel bar deflection and the relative deflection of the

loaded side increase for increasing joint width as a result of

the above-mentioned parameters.

Figure 9. Experimental load deflection behaviour of GFRP dowels for different joint opening: (a) 0; (b) 20mm; (c) 35mm; (d) 50mm;
(e) 80mm; (f) relative deflection of the loaded side.

Figure 10. Experimental dowel deflection at loads: (a) 16 kN; (b) 40 kN.
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5. Summary and conclusions

This article involved an experimental investigation to

compare the load–deflection response of the GFRP and

epoxy-coated steel dowels at different joint widths and for

varying concrete compressive strengths. A comparison was

also made using the analytical approach of Timoshenko.

The experimental programme involved testing eight

specimens, four with steel dowel bars and four with

GFRP dowel bars. The experimental investigation showed

that although 38mm (1.5 in.) GFRP dowels have similar

flexural rigidity to 25mm (1 in.) epoxy-coated steel dowels,

the GFRP dowels generally produce a lower deflection at

the joint face. The deflection of the GFRP dowel was

significantly affected by changing the concrete compressive

strength and the joint widths. Between the two test

parameters – concrete strength and joint width – the

relative deflection was found to be more sensitive to the

changes in joint width, especially for the GFRP bars.
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