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Structural Performance of an Advanced Compsites Bridge Superstructure
for Rapid Installation

Ji, Hyo-Seon'

! Associate Professor, Department of Civil & Railroad Engineering, Daewon University College, Chungbuk-Do, Korea

Abstract: This paper describes the design, manufacturing process, testing, application, and assessment of capacity-ratings
of the first all advanced composites bridge on a public highway system. In order to verify the bridge design prior to
the field application, a sub-scale bridge superstructure was built and tested in the laboratory. The field load test results
were compared with those of the finite element analysis for the verification of validity. To investigate its in-service
performance, field load testing and visual inspections were conducted under an actual service environment. The paper
includes the presentation and discussion for advanced composites bridge capacity rating based on the stress modification

coefficients obtained from the test results.

The test result indicates that the advanced composites bridge has no

structural problems and is structurally performing well in-service as expected. Since these composite materials are new
to bridge applications, reliable data is not available for their in-service performance. The results may provide a baseline
data for future field advanced composites bridge capacity rating assessments and also serve as part of a long-term
performance of advanced composites bridge.
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Table 3. Structural configurations and lay-up of Model B type

4 A5 o= ) T
Laminate (0/90 )3 0.5mm 6ply
Corrugate _

Web (0/45/90/ —45), | 0.5mm 8ply
Laminate (0/90 )3 0.5mm 6ply

Fig. 1 Test of sub-scale specimen

Table 4. Brief summary of the sub-scale specimens' teting

results
=L EAE Table 10 YERAAT
T 2 I;/I;)delldllj‘SAS 2 I\;I;)deIlJ]JSSAS Ml
Table 1. Properties of constituent materials ( 10°N/m?) == = = LUSAS
3] &k 80,000N 77812.5N -
A= E E, Viz Gy Gis Gy i e 3
Glass/ A4 3-8+ 3
Epoxy 36.9 10.1 0.33 2.0 2.9 2.9 (mm) 7.5 9.15 8.5 9.7 5.0
Core ©° 7 ZZ3lo &
0.27 0.27 0.11 0.11 0.11 0.11 e Teo
(A/L) (N/er) 16092 | 20613 18524 | 23143 67028
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=91 ARrzrded gek T 24S Table 2, 3¢
urEr Uioltt. Fig. 134320] 33 AAIES ofvto] whee
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Table 2. Structural configurations and lay-up of Model A type

= TEad [ ==

Upper Facing (0/90 )5 0.5mm 4ply
) A ZH =

Core (Oa ¥ U7 10mm 1ply

Lower Facing (0/90 )5 0.5mm 4ply

Comeate | (0/45/90/ —45), | 0.5mm Sply

Laminate (0/90 ), 0.5mm 6ply
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Fig. 2 Cross sections of advanced composites

superstructure (all dimensions in mm)
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Fig. 3 Finite element model of the superstructure
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Fig. 4 Meshing of finite element model of the
superstructure

o BEAlaA ddud TR e s o

A e At
Foas)A] T2yl LUSASE ARE3slIlon, A4
3 94t 427 Thick Shell(QTS4) 24|tk 24

TS4E ¥ AT Fastas ot 5§ 45 54

S & RS 24°]tHLUSAS Theory Manuel,
2001). LUSASE AHEsh o]f= HE3alaAle vlew
olBnE AME & WEgor EMgte] g2r=z 7}
7te] AZEAdE 72t BARS andor g
T Qe TR 5L 7 7] Witk

a4 mdee Fig 33 god A%
= WA FFANE AYY HFRAE 8 AA
o AR 14, 34 Aol H@NLA FE AAS
o RISty AE = Glass/Vinylester® =73
Table 59} Zth A3kl 10m©]al DB-24 at5=
SHOLAL AT 1.854//m’( = 1850 kef/m’) = A
Zholl AAA Alstatelet. o] W] Az G
7 F, g% A, GEEHS Z2E AH-SIITh Fig
37 e mEgoR s FAste] Agetes |
A3t 2z Askal AR Sl ik ARE
Table 6 LFEFUISITY.

=
=
1o
4
e
i)

Table 5. Material properties of a lamina (Glass/Vinylester,
10° N/m?)

E, E, Vig Gy Gy Gy,
36.9 10.1 0.33 2.0 2.9 2.9

Table 6. Comparison of predicted deflections at mid-span

BIRSReIse!
A&} LUSAS Beamo| & o
A4 | A4 | e= | AQ | e9 | O
mmn kaf! mm® mm kaf! mm®
1214 | 4.44 2.774 4.07 1.515 12.5mm
2214 | 9.46 3.156 8.14 3.030 (L/800)
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Fig. 5 Superstructure's deformation under wheel loads in
FE model

Table 7. Material properties of fiber and resin
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Table 8. Properties of lamina (by simple rule of mixtures)

Material | E(MPa)| G (MPa)| Vv |p g/ cm’ ) E, E, G, v %
V12 f m
E-glass (MPa)y | (MPa)|(MPa)
72391.35 27578.0 0.22 2.54
fiber Calculated| 30823 (6222 2201 0.323 | 0.393 | 0.607
Vinyl ester Estimated
. 3910.26 1378.9 0.37 1.24 36938 10069  |3344 0.325 | 0.413 | 0.587
resin from Test
o Aol AAlE SRALA A=A dRTE 2.

AAet AAE feladfret v CAH TX]'_ AF
atal o, ZF Qg EAS Table 70 YERAS

oop Lo

FAF A Tek AzH HES Table 4] ekl
B Seadel $AE Hfe] R ) ool

—‘—‘— i M B R [e]
A}w 4e ohg3t 2k
W/-
v, = by
W/ +&
p/ pm (Sa)
V,=1-V; (3b)

AN, wy, w, & A% $49 FANE ven)
W, pp s WS UERITE 23S ol gdlo] )
2bE = Lamina®] A 5542 2 HE 78 5 Stk

Ev1 = Efl/f +Eme

E, E, (4b)
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Fig. 6 Barmier's general view of advanced composites
superstructure
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7
FE A 0 Jane ano o 0.5
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Corrugate | o). 450/ — 45 /00" fmatly | O | 80
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3= A o 0/ nno o 0.5
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7] gk AomA tdw el s A AA Table 11. Weights of the trucks used in load tests
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Table 10. Type of an Advanced composites bridge
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Fig. 9 Completed advanced composites bridge
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Table 13. Truck load configuration in load tests
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Fig. 10 Static deflections at mid-span
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Fig. 11 Static strains at mid-span

Table 14. Comparison of experimental and predicted
deflections at mid-span

1 1.12 1.76
2 1.22 1.81
3 4.72 4.70
4 6.87 8.06
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Table 15. Dynamic deflections at mid-span
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Fig. 12 Dynamic displacements at mid-span (vehicle
speed10 km/hr)
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Fig. 13 Dynamic displacements at mid-span (vehicle
speed  20km/ hr)
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Fig. 14 Dynamic displacements at mid-span (vehicle
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Fig. 15 Dynamic displacements at mid-span (vehicle
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Fig. 16 Dynamic displacements at mid-span (vehicle
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