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Optimal Design of FRP Bridge Decks
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Abstract : Although FRP is relatively new material for constructional use, there are several commercial GFRP bridge
decks available today. In this paper we first set variables which decide the design of a GFRP deck based on com-
mercial products. Under the assumption of linear elastic behavior under DB24 load, all the conditions of stability and
serviceability are considered. We seek the best solution which minimizes the cross section area using genetic algorithm.
The optimal solution shows that the shape is close to the ASSET deck with larger angle of the web and smaller area.
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Table 1, Comparison of GFRP Deck
Spec/Deck | Super deck | DuraSpan deck | EZ-Span deck | Asset deck
Slab thickness

203 127, 194 216 225
(mm)
Weight(kN/m?)| 1.1 0.8~0.9 1
Deflection L/530 L/340 L/950
. glass/ glass/ glass/ glass/
Material vinylester |  polyester vinylester | polyester
No. of Construc- =
fion(forure) | ° %2) ! eE
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Table 2, Characteristics of GFRP

[Young ModulusShear Modulus| Strength [Shear Strength
(GPa) (GPa) (MPa) (MPa)
Long direction 30 300
— 35 27
Normal direction| 7 55

o} 2y debH o R x YE2 go] AMREE
GFRP(Glass Fiber Reinforced Polymer) £ 2] &4
= AT {9 Woll glom, o A AE o]
& AT go g xgalAr(Table 2).
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Fig. 1. Optimal desion using iteration,
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Fig. 2. Section Parameters of the GFRP deck,

Table 3. Range of design parameters

number of

Design parameters | var. .
gn p index

Design range | space

7.5~202(mm) | 0.lmm | 128=27
7.5~202(mm) | 0.lmm | 128=2’

Upper deck depth | tl
Bottom deck depth | 12

Web thjckness B3 | 5~11.3(mm) | 0.lmm | 64=2°
Web angle o 59~90° 1° 32=2
Deck Height H | 120~247(mm) | Imm | 128=27
Web interval B | 100~227(mm) | lmm | 128=2
Cross section shape| S 4=2"
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Table 4. initial input for genetic algorithm

tl(mm) | 2(mm) [ 3(mm) | o(®) |H(mm}|B(mm)| S
Delta Deck] 20.0 12.0 8.0 80.0 | 200.0 | 111.0 | 3.0
Duraspan | 16.8 16.8 112 | 750 | 194.6 | 1010 | 2.0
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Table 5, strength and allowable stress of GFRP flange

upper deck lower deck
category tensife | compressive | tensile |compressive
strength strength strength strength
strength of
material(MPa) 200 200 200 200
allowable
stress(MPa) 80.0 66.7 80.0 66.7
factor of
safety(F.S) 25 3.0 25 3.0
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Fig. 6. 3D model of the GFRP deck,
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Fig. 7. Deformed shape of the GFRP deck.
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Fig. 8. local buckling length of the web.
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Fig. 11. flow chart for optimal design.

Table 6, Design requirement and factor of safety
category design requirement stress analysis allowable limit F.S.
M
comp. flange '< P = 66.7 3
allowable bending P g ik ! 1 /.
siress .
tensile flange f<f = 'Aléy =800 25
stability 3 2
local buckling of the web &< 321 o"regression analysis o= %E;’/ A 2
1 4 . . 2
. L Oy a":regression_analysis P 5
local buckling of comp. flange ot< o3 8 0= ElfA 2
serviceabili local deflection & <& PR A A 1
‘ i o fetee = o = 4ET "= 300
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