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Shape Optimum Design of Puliruded FRP Bridge Decks

kK

oz st =zTad Ao AT A4
Lee, Jong-Soon  Cho, Hyo-Nam  Choi, Young-Min  Kim, Hee-Sung  Kim, Hyeung-Yeol
(=238 0 20044 5 29 ; AAIERY 20044 8 282

47 Agxoz AR, ALk J1F ATHEF, HeE H2EAS 292
fol Tk WRRAE EFAA St o ugd Yoz AgRgon, A48

AL 2ol 3 3 2 A48
sfo +e4E Fuse AME GAsE AFEAT. A4 Z29dl ABAQUSE AMgale] 339 fRasdds Sdsy
3, 2N 2oe AN Bgol Baw AGRACE BEem ARE AL £AHYT B AT Faol A%d A
8 Z2a9e A% d8el, Amd A7, F 1214me) 7Y 2ol 25mel HERE oz deon, Eua A7 7]
2 WE3he DB-24815 S A4stach HEAES ARE E-glssi#% A4shaom, A94AS +98 23 9249
el o8 84 vHg ARt

480} : FRP v, GAs, 974 HH 2, Index”] ¥

Abstract

Due to their high strength to weight ratios and excellent durability, fiber reinforced polymer(FRP) is widely used in
construction industries. In this paper, a shape optimum design of FRP bridge decks having pultruded cellular cross—section is
presented. In the problem formulation, an objective function is selected to minimize the volumes. The cross-sectional dimensions
and material properties of the deck of FRP bridges are used as the design variables. On the other hand, deflection limits in the
design code, material failure criteria, buckling load, minimum height, and stress are selected as the design constraints to enhance
the structural performance of FRP decks. In order to efficiently treat the optimization process, the cross—sectional shape of bridge
decks is assumed to be a tube shape. The optimization process utilizes an improved Genetic Algorithms incorporating indexing
technique. For the structural analysis using a three-dimensional finite element, a commercial package(ABAQUS) is used. Using a
computer program coded for this study, an example problem is solved and the results are presented with sensitivity analysis. The
bridge consists of a deck width of 12.14m and is supported by five 40m long steel girders spaced at 2.5m. The bridge is designed
to carry a standard DB-24 truck loading according to the Standard Specifications for Highway Bridges in Korea. Based on the
optimum design, viable cross-sectional dimensions for FRP decks, suitable for pultrusion process are proposed.
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22 (0,) 2.0 18.88 21.00 27.62 254 16.23 21.00 27.62 254
AEZAA] FH
e (sz)] A2 2.0 2.002 2.002 2.004 2.004 2.001 2.001 2.004 2.004
AAAA 1.0 2.12 2.21 2.28 2.38 2.10 2.21 2.28 2.38
ER k] 1.0 1.06 1.05 1.03 1.04 1.01 1.05 1.03 1.04
A = 3} 3 5.0 5.16 5.18 5.26 5.26 5.05 5.18 5.26 5.26
E 10 MA =Y SAx(e HBe M =43t ot
7]
Case Qe Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
E1(GPa) 25.098 25.098 25.098 22.588 22.588 20.302 22.588 22.588 22.588
E2(GPa) 15.236 15.998 15.998 15.998 15.998 15.998 15.998 15.998 15.998
Viz 0.3 0.255 0.255 0.255 0.255 0.255 0.255 0.255 0.255
G12(GPa) 4.114 3.908 3.908 3.703 3.703 3.703 3.703 3.703 3.703
=z | G13(GPa) 4.114 3.908 3.908 3.703 3.703 3.703 3.703 3.703 3.703
;| Ges(GPa) 2.240 2.240 2.240 2.128 2.128 2.128 2.128 2.128 2.128
A | Ti(KPa) 4000 4000 4000 4000 4000 3800 4000 4000 4000
T2(KPa) 0.25T,; 1000 1000 1000 1000 950 1000 1000 1000
C1(KPa) 4000 4000 4000 3800 3800 3800 3800 3800 3800
C2(KPa) 0.25C, 1000 1000 950 950 950 950 950 950
S12(KPa) 800 800 800 850 850 800 850 850 850
E{(GPa) 20.374 20.374 19.355 18.337 18.337 19.355 19.355 18.337 18.337
E2(GPa) 10.460 11.506 10.983 10.983 10.983 10.983 10.983 10.983 10.983
Vi2 0.3 0.3 0.255 0.255 0.255 0.255 0.2556 0.255 0.255
G12(GPa) 4.892 4.892 4.467 4.403 4.403 4.467 4.467 4.403 4.403
G13(GPa) 4.892 4.892 4.467 4.403 4.403 4.467 4.467 4.403 4.403
;ﬂ G23(GPa) 1.349 1.349 1.282 1.282 1.282 1.282 1.282 1.282 1.282
| Ti(KPa) 3500 3500 3500 3500 3500 3500 3500 3500 3500
T2(KPa) 0.25T, 875 875 875 875 875 875 875 875
C1(KPa) 3500 3500 3500 3325 3325 3500 3500 3325 3325
C2(KPa) 0.25C, 875 875 831.3 831.3 875 875 831.3 831.3
Si12(KPa) 1100 1135 1135 1135 1135 1135 1135 1135 1135
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o Case 1 Case 2 Case 3 Case 4
e AA | A8A | AAw | a8A | AAg | a8A | aAg | aaA
R
5% v 392.4 | 76.64 | 23924 | 7561 | 23924 | 67.59 | 392.4 | 67.23
aura g
GF SR 392.4 | 7755 | 3924 | 77.24 | 3924 | 78.96 | 392.4 | 79.29
A Al ATred
SRE Ay 78.5 14.73 78.5 14.6 83.4 15.28 83.4 | 15.08
A g (1.0 0.194 (1.0 0.193 (1.0 0190 | <1.0 | 0.190
IV, | 25726 | 12549 | 22185 | 10929 | 20074 | 98s.8 | 18621 | 972.9
A 92100 | 117.1 | 1861.6 | 88.7 1344.0 | 489 | 13440 | 53.2
Bl R EFNSHE 1039 | 519 75.5 37.7 7117 | 365 | 7117 | 355
e A% 50 23.53 50 22.62 50 21.93 50 21.04
R el 3.13 1.86 3.13 2.98 3.13 3.022 3.13 3.002
T 11 MA =AY Moz 2o (HS)
c Case 5 Case 6 Case 7 Case 8
o A | asA | aAwm | aax | gAg | @A | adg | da8A
EEIE.
o s 372.8 67.1 392.4 | 7561 | 392.4 | 67.59 | 392.4 | 67.23
DT 2
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] A) o3
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Bl AR B AT g3 416 75.5 37.7 71.17 35.5 7117 | 355
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A e 3 3.13 2.95 3.13 2.43 3.13 3.022 313 | 3.002
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