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Soil-Structure Interaction Analysis of Suspension Bridge for

Multiple-Support Seismic Input
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ABSTRACT

Member actions of long-span suspension bridge due to multiple-support motion are generally larger
than those for synchronous support motion frequently employed in aseismic design of a conventional
structure. In this study, all the sources of the asynchronous support motion are considered including the
loss of coherence and the soil-structure interaction as well as the time delay due to wave propagation
of seismic waves. The substructure technique analyzing total soil-foundation-structure system as a
superposition of two sub-structures including soil-foundation system and structure itself is employed for
the seismic response analysis of the suspension bridge. Finally, an application example is presented to

demonstrate applicability of the proposed methodology.
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STEP 1. Simulation of input seismic waves.

® Tau and incoherence effect by wave propagation effect u, (1)
f4

Propagation velocity of seismic wave, V,,,
> 4 (1)

u,,(0)

Seismic waves

STEP 2. Free field analysis for Caisson sites.

Input of seismic wave Input of seismic wave
atbed rock, u_,(r) at bed rock, u,,(t)

STEP 3. Impedance analysis of Caisson to obtain [S(e)] .

_____ Utilize equivatent lincar soil prop o
N, Approximate of [AMP], [4CR], [4KP] from [ (o)) %

STEP 4. Scattering response analysis to obtain {U;*"(a)} .

Utilize equivalent linear soil properties.
""""" : Efficient seismic force : {£(0)} = [SL (@)}{U Y (0)} A

Input of seismic wave Input of seismic wave
atbed rock, u,, (1) at bed rock, u,(t)

STEP 5. Seismic response analysis of total suspension bridge in the time domain.
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Bending moment, M,y (tonf-m) Compression force (tonf)
L’*P' Locati without WPE’ with WPE without WPE’ with WPE’
0cBlON | and SSI™ (A) and SSI" (B) and SSI”” (A) and SSI” (B)
P2 X, Z" | SRSS | X, Z" |SRSS(B/A)| X, Z' | SRSS | X, ZT |SRSS(B/A)
1118.9, 515.1, | 1405.1 4, 5, 383.5
P1 1307 | 1 316 365 | 063
163.2 4948 (1.24) 80.7 230.5 1.17)
192. } 4877.8 . } 984.2
s P3 3192.8, 32025 4685.8, 3440, | (0| 3407,
o 249.2 13552 | (1.52) | 3783 9233 | (192
8165.7, 81914, | 8502.5 352.1, 3397, | 1197.8
P P4 8175.5 614.4
401.0 2279.0 | (1.04) 503.5 11486 | (1.95)

N -
f/fmiﬂﬁw g Mﬂm&_ml

. . Bending moment of stiffeni irder,
Tension of main cable (tonf) ending Or:dw (::)n:-:n)enlng girder
Location | without WPE with WPE’ Location | without WPE’ with WPE’
and SSI” (A) and SSI” (B) and SSI” (A) and SSI” (B)
X, Z" | SRSS | X, Z' |SRSS(B/A) X, Z' | SRSS | X, Z' |SRSS(B/A)
3574 349.7 402.3 963.2 1010.3 1225.5
’ . ’ Gl > 11006.5 ’
c 67.0 363.6 233.1 (1.16) 292.0 693.6 (1.22)
302.4 299.8 363.9 709.4 919.5 1166.7
C2 ’ 310.0 ’ G2 T | 762.6 ’
68.1 206.3 (1.17) 279.9 718.2 (1.53)
268.8 2942 352.0 1572.3 13344 1757.7
’ 276.2 ’ G > 11619.6 ’
3 63.7 193.2 (1.27) 3 388.7 1144.1 (1.09)
" = wave propagation effect
= soil-structure interaction
' = X and Z denote respectively seismic input in X-axis and Z-axis
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