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Research Background

» China’s transport network is rapidly expanding into mountainous
regions like Sichuan and Tibet.
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Research Background

> Strong earthquakes occur frequently in active fault-dense regions,
where multi-fault rupture is prominent.
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Research Background

» Multiple sequential ground motions are characterized by multiple
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Earthquake research urgently needs to e)Tpand from single-fault rupture to

multi-fault rupture.
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2 Multi-fault ground-motion simulation

» Spectral Element Method was used for ground motion simulation
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2 Multi-fault ground-motion simulation

> A basic benchmark model was built and the results matched well
with the Discontinuous Galerkin method.

single-/dual-fault rupture model validation
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2 Multi-fault ground-motion simulation

> Spatiotemporal distribution characteristics of multi-fault ground
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2 Multi-fault ground-motion simulation

» To study the effects of fault distribution and source parameters on
ground motion characteristics, parametric sensitivity analysis was

Yok | 100 km B ittt
P __| |
(a) (b)
¢ =30° L=10km
b=3.4km b=34km
7=70 MPa 7=70 MPa

L=5,10, 15, and 20 km

@ =0°,15°30° and45°

interval time T

—— multiple sequential

£ Hypocenter L = Hypocenter - PGALs ground motion
- LR P o i) - — - eme=
% Fault 1 el 0., Hypocenter % Fault 1 @
NN Hypocenter \+ .-
Fault2*< <% Fault2's, "
% 5 PGA ratio r=PGApg/PGA; g
* o0
Y Y = o e
4 L X Fault-to-fault distance | | X Fault-to-fault angle <
(©) S ' (@ S '
\ " | | " [
£ ' Fault2 | £ | Fault2 | Py
2 L=10km S L=10km
7 9=30° 7=70MPa Horizontal Location 7 ¢=30° b=34km 08 . . . . . - s .
X h=3411.1,189, and 26.6 km of nucleation zone X 7=70,71, and 72 MPa Intial stress of fault 1 0 2 i 15 y (250) 2> 30 35 40

I | [ |
100 km 100 km

O To quantitatively describe the

variations in the characteristics

> lF(‘ault-to-fault distance L :5, 10, 15 and 20 .
m of ground motion under the

> Fault-to-fault angle ¢ :0, 15, 30 and 45° influence of these parameters,

the peak ground acceleration
> nu(flzeba%i%n-zone position b: 3.4, 11.1, 18.9 P srou
an -0 km ratio r (PGA.,/ PGA,) and the

”  initial shear stress 7:70, 71 and 72 MPa X time _interval 7 between _the



2 Multi-fault ground-motion simulation

» Each parameter significantly affects ground-motion characteristics.
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3 Seismic performance analysis of bridges

> bridge numerical analysis model
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3 Seismic performance analysis of bridges

® To clearly illustrate the influence of multi-fault rupture, ground
motion simulations were conducted for both multi-fault rupture and

single-fault rupture.
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® Multi-fault rupture causes the seismic response of bridge piers to increase, with the
maximum displacement at the top of the pier increasing by 10%




3 Seismic performance analysis of bridges

® The spatiotemporal distribution of bridge seismic response in
different multi-fault regions was studied.
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® The seismic response of the bridge at S3 and $4 are
significantly larger than that at other stations.




3 Seismic performance analysis of bridges

> As L increases from 5 to 20 km, the maximum pier-top displacement
under the latter sequence gradually decreases from 86 to 26 mm.
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3.2 Seismic performance analysis of bridges

» As the angle increases from 0 to 45° the maximum pier-top
displacement under the latter sequence decreases from 87 to 26 mm
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3 Seismic performance analysis of bridges

» As b increases, the seismic response of the bridge piers exhibits a
decreasing trend.
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3 Seismic performance analysis of bridges

> As the stress increases, both the maximum pier top displacement and
cumulative hysteretic energy gradually increase
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4 Conclusions

» Multi-fault rupture results in ground motions that
exhibit  multi-peak  characteristics, which are
particularly pronounced in the fault rupture overlap
zones (S3 and HA)

» Smaller fault-to-fault distances and angles lead to
greater bridge seismic responses in the fault-rupture
overlap region, causing more severe seismic damage

» Multi-fault rupture ground motion significantly
amplifies bridge seismic response. Compared with
single-fault rupture ground motion, the maximum
pier-top displacement increases by more than 10%
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