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A Study on Dynamic Response Analysis for Pylon of
Cable—-Stayed Bridge by Collision Simulation of Large Ships

Ju-Young Kim

Department of Ocean Engineering, Graduate School,
Pukyong National University

ABSTRACT

The objective of this study is to analyze dynamic responses for pylon of cable-stayed
bridge by simulating container ship collision. The following approaches are used to
achieve the research goal. Firstly, a pylon of cable-stayed bridge and a container ship
are selected to analyze dynamic response due to the collision between them. Secondly,
three different models are selected to estimate the dynamic impact forces on bridge
pylon. The first model (Collision Model 1) is to analyze structural responses statically
on the basis of the AASHTO code for collision. The second model (Collision Model 2)
is to analyze dynamic responses of the pylon applying impact force that is obtained
from collision simulation between the ship and collided plates. The collided plates are
one-side (Collision Model 2-1) and four-sides (Collision Model 2-2) fixed plate. The last
model (Collision Model 3) is to analyze dynamic response through 3-D collision
simulation between real-sized models. Thirdly, the impact force was calculated by
using the ANSYS/LS-DYNA program in each collision model. Impact force calculated
in Collision Model 1 is the highest among three collision models. Finally, stresses and
displacements of the pylon in the each model are computed by applying the each
calculated impact force. From the results, the static and dynamic responses for pylon
of cable-stayed bridge in all models were compared. The highest stress is obtained
near the impact locations in case of Collision Model 2-1. Also, the highest
displacement is obtained near the secondary collision location in case of Collision
Model 3. For economical and safe design of the bridge in the coastal, dynamic 3-D
collision simulation analysis need to be conducted in design process.
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Fig. 2.2 Cable-Staved Bridge Used in Analysis
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Table 2.1 Material Properties of Pylon

22.8GPa

Modulus of Elasticity (E)

Poisson’s Ratio( V) 0.17

2 450kg /m’

Weight Density( £ )
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Fig. 2.4 Finite Element Model of Pylon
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Table 2.2 Material Properties of Foundation Slab

Modulus of Elasticity (E) 22.8GPa
Poisson’s Ratio( V) 0.17
Weight Density( 2 ) 2,450kg / m*
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K
WwE WK
R

Fig. 25 Finite Element Model of Foundation Slab
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Table 2.4 Principal Dimensions of 8 000TEU Container Ship

Length Overall (Loa) 322.00m
Width Depth (Bwm) 42.45m
Bow Depth (Ds) 28.50m
Fully Draft (DL) 12.50m
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Table 2.5 Material Properties of 8 000TEU Container Ship

Modulus of Elasticity (E) 200GPa
Poisson’s Ratio( V' ) 0.29
Weight Density( 2 ) 7,850 kg / or*




(a) General View

(b) Detail View
Fig. 2.7 Finite Element Model of 8,000TEU Container Ship
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Fig. 3.2 Time Histories of Impact Forces for Collision Model 2
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Fig. 3.3 Time Histories of Ship’s Bow Geometry for Collision Model 2

8knots¢! 8,000TEUR ZAH|oju A
ZFEHE AMu FEA Aty FxE
o

ERET ENE R

g nestA Fkon FE A AIS 10%0H
22 7d 39 & M FE5 29 29 FUZ Node-to-surface Contact
Algorithm< AF&-3+9 21 Initial Velocity= 8knots& ¢ # 3t th.

_13_



Fig. 3.4 Collision Geometry of Collision Model 3
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Fig. 3.7 Collision Event Histories for Collision Model 3
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Fig. 4.8 Time Histories of Stress for Collision Model 2-1

Table 4.1 Stress at Foundation Slab for Collision Model 2-1

Foundation Slab
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Fig. 4.10 Time Histories of Stress for Collision Model 2-2

Table 4.2 Stress at Foundation Slab for Collision Model 2-2
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Fig. 4.13 Time Histories of Displacement for Collision Model 2-1

Table 4.3 Displacement at Foundation Slab for Collision Model 2-1
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Table 4.5 Displacement at Foundation Slab for Collision Model 2-2

e ™

B &

Foundation Slab 0 I 20.00 10.94

=
3
©
w
0
—
2
2
S

_28_



Table 4.6 Displacement at Top-Pylon for Collision Model 2-2
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Fig. 4.18 Time Histories of Stress at Collided-Pylon for Collision Model 3-Secondary Collision
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Table 4.7 Stress at Foundation Slab for Collision Model 3

Foundation Slab 0 18.94 6.21 1.38 0

Collided-Pylon 0 24.13 16.67 556 22.22
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Table 4.9 Result of Displacement at Foundation Slab for Collision Model 3-Primary Collision

Foundation Slab 0 7.00 I -9.33 58.89 9.33 16.33

Collided-Pylon 0 0 2121 114.55 84.85 120.60

Top-Pylon 0 -2.94 0 5.88 0 11.18
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