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Geometrically Nonlinear Dynamic Analysis of Suspension
Bridges Considering Construction Sequences
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ABSTRACT

Dynamic structural behavior in long span bridges, especially cable structures, is very sophi-
sticated due to their flexibility and structural members are sequentially erected in each const-
ruction step. In this study, the consistent mass matrix for dynamic analysis is formulated and
computational program considering construction sequences is developed where structural mem-
bers can be builded or removed by command language and automatically reanalyzed in the mo-
ment when structural system is changed. The dynamic analysis, ie. eigenvalue and time series
analysis and the geometrically nonlinear analysis considering construction sequence are con-
ducted to the Namhae Bridge. The analytical results are satisfactory compared with measuring
values and the developed computational program can successfully be applied to design and
safety check.
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Table 1 Structural geometry of the Namhae Bridge

Span length (m) 128-404-128
Wideness (m) 11

Sag ratio /12
Anchorage type Earth anchor
Shape of main cable Parabolic
Shape of main tower H-type
Support condition Simple span
Section type Streamlike box
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Table 2 Structural dimensions of the Namhae Bridge

Main girder
Weight per unit length (ton/m) 4.235
Elastic modulus (ton/m‘) 2.1x10
Moment of inertia(ls) (m®) 0.1316
Moment of inertia(lz) (m®) 3.2667
Tortional moment of inertia(J) (m®) 0.4399
Main cable
Weight per unit length (ton/m) 0.6908
Horizontal initial tension (ton) 3063
Sectional area (m‘) 0.08356
Distance per hanger (m) 11
Elastic modulus (ton/m®) 20x10’
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Fig. 3 Loading position and measuring point of testing
truck)

Table 3 Loading position and load cases

Load case Loading position
Middle point of main span{L2/2)

L2/4 point from Hadong of main span

Li/2 point of side main to Hadong

L2/8 point from Hadong of main span

V[ [ [ DD |

3L2/8 point from Hadong of main span

A7 Ly L. Lse 247 8t%& Ao,
Bz dol, FalE 7t olo|t}. Fig. 4% Fig.

RN SEX| H14H H4ZE "9 129

Hemel JistEty MY E DjE BY ¥ AITCAY MR

S AbetEgEldA dedae RAERY A
Yxolrt. o8 oz AlstF e A P gl
£ 7L Hojob st 27134 AN eIA
24¥e AFE Lagrangian #Eo] 7]1Zxs)A
AARY R FAEA Hrlso] Aojgy 7
€3 Hol7l i ZelAA g HHol A
Rolt. dtAwt MAIZHo] dAstm AolE
AN 333mel #la 0.284mE 0.9%9)
2% Folng 9 274 Aoz
HAL olF &dlF Mo} Az o] &
o] Qo A

of o rly fo N

NAMFULE BRDGE - ETATIC AMA YIS UNBEH DEAD AND LIVE L0
Maree: Force 9T N P
x

Mot VUTEE01 ot 20 s Flement GADE 148 fram Mada 143 r

|
|
{_ VA« 162464800 w150 ot Elemant ™

{

S SR

Fig. 4 Moment diagram under the dead load

ABHAE BRIOGE - STATIC ARA YB3 UNDER DEAD A0 LIVE L0
NOEFORMED ¢ DLTORMED

|
)
I
T
|

Fig. 5 Deflection curve under the dead load

Table 4= 2 A8t A% s} FAo) B
BB AHEAE AN @ AsAld @
< FAHAE vehic

Table 4914 B9 2 AFoA fMe gt
AA mRelA EZFE Fatolole X7t o
196 W2 A9 vl%eict wteky & 479 o

153



123
03
it

4 Zzage @5me) A% MAYATL o
Hated ol AYY Aoz wuEdh

Table 4 Comparison of vertical deflections(m}

I;Z:: Measuring point | This study jﬁ::tiidl
Main cable Ly/2 0.3178 0.314
! Main girder Lo/2 0.3194 0.312
Main cable Lo/4 0.3568 0.367
2 Main girder Lo/4 0.3610 0.373
3 Main cable Ly/2 0.2389 -
Main girder Ly/2 0.2437 0.236
Main cable Ly/4 0.2108 -
4 Main girder Lo/4 0.2118 0.211
Main cable Ly/4 0.2221 -
> Main girder L/4 0.2232 0.214
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Table 5 Natural frequencies of the Namhae Bridge

Natural frequency{(Hz)

22 | Direction Shape Reference™ This
study

1 Vertical | Antisymmetric 0.2185 0.21848
2 Vertical Symmetric 0.2485 0.24821
3 Lateral Symmetric 0.2717 0.27126
4 | Vertical Symmetric 0.3602 0.35970
5 | Vertical | Antisymmetric 0.3860 0.38567
6 Lateral | Antisymmetric 0.4844 0.49867
7 Vertical Symmetric 0.5002 0.50167
8 Lateral Symmetric 0.5085 0.52174
9 | Vertical | Antisymnetric 05286 0.52814
10 | Lateral | Antisymmetric 0.5921 0.58906
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Fig. 6 Natural modes of the Namhae Bridge
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Table 6 Construction contents per each step

R Deformed
Step Construction contents
shape
1 Main tower, main cable <Fig. 8>
Main tower, main cable, uncompleted .
5 . P <Fig.9>
main span
Main tower, main cable, completed .
17 P <Fig. 10>

main span

Main tower, main cable, completed .
24 . . <Fig. 11>
main span, uncomplete side span

27 | All completed

<Fig. 12>

Fig. 8 1st construction step
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Fig. 9 5th construction step

Fig. 10 17th construction step

Fig. 11 24th construction step
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