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Estimation of Dynamic Response of Advanced Composite Material Decks for Bridges
Application under Various Vehicle Driving Velocities

Kyoung-Sik Chun™, Suk-Yoon Chang’

ABSTRACT

Applications of advanced composite material in construction field are tending upwards and development of
all composite material bridges is making progress rapidly in home and abroad due to their high strength to
weight ratio. This paper formulated the dynamic responses of the laminated composite structures subjected to
moving load and analyzed the various dynamic behaviors using the finite element method. The
nondimensionalized natural frequencies of a simply supported square-laminated composite plate are considered
for verifications. Mode superposition and Newmark direct integration method are applied for moving load
analysis. For structural models, dynamic magnification factor calculated for various velocities of the moving
load and displacements characteristics of laminated composite structures due to the moving load are investigated
theoretically. Numerical results are presented to study the effects of lamination scheme, stacking sequence, and
fiber angle for laminated composite structures during moving load. The various results on moving load and
lamination through numerical analysis will present an important basic data for development and grasp the
behavior of all composite material bridges.
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Fig. 1 Laminate geometry with positive set of lamina/laminate reference
axes, fiber orientation.

Fig. 2 Compesite Bridge Deck under moving loads.
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Table 1 Nondimensionalized maximum deflections of a simply
supported plate under sinusoidal loading (a,/6=1, 0900,
w=uwl B/ (a'q) X 100)

| Present | GLPT4] | TSDID6] | FSDTR271
4 1.2661 1.2547 1.2394 1.2412
10 0.4601 0.4571 0.4580 0.4541
100 0.2827 0.2832 0.2821 0.2820

Table 2 Nondimensionalized fundamental frequencies of a simply
supported plate (a,/b=1, w = w(b*/h)/p/E)

. Laminate | Sobrce - e
o e w0 | o
Present 10.4839 11.0902 11.3118
(0/90) HSDT[25] 10.4319 11.0663 11.2988
TSDT([26] 10.5680 11.1052 11.3002
ESDT[27] 10.4610 11.0639 11.2842
Present 15.0803 17.6444 18.8566
0/90)s HSDT[25] 15.1048 17.6470 18.8357
TSDT[26] 15.1073 17.6457 18.8356
FSDT{27] 15.1426 17.6596 18.8362
Table 12
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Table 3 Maximum deflections by the number of layers
(em, L1 = (0/90),, L2 = [0/(£45),/90])

1 0.58093 0.56926 0.82386 0.55178
L1 2 0.30925 0.33922 0.39084 0.29967
3 0.28196 0.31303 0.35162 0.27662
4 0.27353 0.29766 0.33934 0.26939
1 0.53180 0.52246 0.74846 0.50628
L2 2 0.41336 0.43941 0.58741 0.40271
3 0.37895 0.40618 0.53403 0.36824
4 0.36611 0.39521 0.51486 0.35528
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Fig. 5 Dynamic response by symmetric and anti-symmetric lamination
conditions.
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Fig. 7 Dynamic response by fiber reinforced angles.
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Fig. 8 Elastic modulus by fiber reinforced angles.
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