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Abstract : In this study, the governing design factors of GFRP-reinforced concrete bridge deck are analyzed for typical bridges in Korea.
The adopted bridge deck is a cast-in-situ concrete bridge deck for the prestressed concrete girder bridge with dimensions of 240 mm
thickness and 2.75 m span length from center-to-center of supporting girders. The selected design variables are the diameters of GFRP
rebar, spacings of GFRP rebars and concrete cover thicknesses, Considering the absence of the specification relating GFRP rebar in
Korea, AASHTO specification is used to design the GFRP-reinforced concrete bridge deck. The GFRP-reinforced concrete bridge deck
is proved to be governed by the criteria about serviceability, especially maximum crack width, while steel reinforced concrete bridge
deck is governed by the criteria on ultimate limit state. In addition, GFRP rebars with diameter of 16 mm ~ 19 mm should be used for the

main transverse direction of decks to assure appropriate rebar spacings.
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Fig. 1. Dimensions of GFRP-reinforced concrete bridge deck
in the Study,

Table 1. Mechanical Properties of GFRP bar”

D13 D16 D19
Nominal diameter 13.1 mm 16.5 mm 18.9 mm
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0.85 for f,, =28 MPa
1
=40.85— —— — for 28 < f, <48 MPa
B, =40.85 100 (f.—28) fo
0.65 for f,. >48 MPa

2. Nominal flexural resisting moment A7),
211 p; < pp, (FRP failure)

B¢, €
1—), where, ¢, = «

2
2.2 ELSE p; > py, (Concrete failure)

M, :Afffd(d_ d

€ +efd

a
where,
P/
0.85f b

(Eie,,)* 0.858,f,
ff—min(\/ Len” 4 lkafem
2 I

- 0'5E}'E(u’ ffd)

3. Design check
My=¢M, > M,
where,
0.55 forp; = py,
o= {0.3+0425pf forpfb <p; = Ldpy,
0.65 forp; > 1.4py,

Fig. 2. Design procedure for ultimate state in AASHTO(2009)
[SI units assumed],
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Fig. 4. Governing design factors on GFRP—reinforced concrete decks(cover thickness 40 mm),
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Table 2. Moments at ultimate limit state and maximum crack widths at service limit state according to spacings of main

reinforcement

. Ultimate limit state Service limit state
Designed section Remark
M, M, M,/ M, w Wiy, w/wy,,
GFRP-D16@100-C40 52,01 106.65 0.49 043 05 0.86 Maximum crack width at service limit
GFRP-D19@125-C40 52.01 109.30 0.48 0.46 0.5 0.92 state gover the design
RC-D13@150-C50 52.01 55.68 0.93 0.15 03 0.50 Flexural strengths at ultimate limit
RC-D16@200-C50 52.01 64.23 0.81 0.14 03 0.46 state govern the design

*[FRP/RC]-D[diameter]@[spacing]-C[cover thickness]
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Table 3. Details of available reinforcement of cast—in—situ GFRP or steel concrete bridge decks

. Top Bottom
Designed section
Longitudinal rebar | Transverse rebar | cover thickness | Longitudinal rebar | Transverse rebar | cover thickness
GFRP-D16@100-C40 D16@100 D16@250 30 mm D16@100 D16@?250 30 mm
GFRP-D19@125-C40 D19@125 D16@250 30 mm D19@125 D16@?250 30 mm
RC-D13@150-C50 D13@150 D13@250 50 mm D13@150 D16@250 30 mm
RC-D16@200-C50 D16@200 D13@250 50 mm D16@200 D16@250 30 mm

*[FRP/RC]-D[diameter]@[spacing]-C[cover thickness]
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Fig. 7. Governing design factors according to cover thicknesses and maximum crack widths (D16 GFRP rebar),
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Specifications Cover thickness crack width
AASHTO? 19.05 mm" 0.5 mm"”
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diameter, 30 mm)

(2 5/4 in. when considering thickness loss due to abrasion
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) Indirect crack control by GFRP reinforcement ratio
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Wiy = 0.5 mm

Wi = 0.7 mm

Cover thickness

Allowable spacings(*) Appropriate spacings(ﬂ) Allowable spacings(‘) Appropriate spacings(“)
30 mm 120 mm 100 mm 150 mm 150 mm
40 mm 110 mm 100 mm 130 mm 125 mm
50 mm 90 mm - 120 mm 100 mm

*

() Maximum allowable spacings satisfying design criteria

(") Appropriate spacings considering reinforcement practices among 100 mm, 125 mm, 150 mm, 200 mm, 250 mm

Table 6. Spacings of GFRP reinforcements (D19 GFRP bar)

Cover thickness

Wiim = 0.5 mm

Wim = 0.7 mm

Allowable spacings(*) Appropriate spacings(“) Allowable spacings(*) Appropriate spacings(”)
30 mm 140 mm 125 mm 170 mm 150 mm
4 Omm 130 mm 125 mm 160 mm 150 mm
50 mm 110 mm 100 mm 140 mm 125 mm

(: Maximum allowable spacings satisfying design criteria
(') Appropriate spacings considering reinforcement practices among 100 mm, 125 mm, 150 mm, 200 mm, 250 mm
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