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Ground vibrations induced by heavy traffic on a highway viaduct:
analysis and validation

CHEN Feng', HUANG Mao-song', TAKEMIYA Hirokazu®

(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Department of Environmental and Civil

Engineering, Okayama University, Okayama 7008530, Japan)
Abstract: An effective method was proposed to predict the ground responses in the near field due to traffic on a highway
viaduct. The basic assumption was that a pier of the viaduct was supposed to move as a rigid body, so that the motion at the
footing center could be derived from the measured data at the pier. A pseudo-3-dimmentional FEM procedure was utilized to
derive the impedance function at the footing center and the transfer functions at specified points in the near field. Further more,
the ground responses were predicted and validated by the measured records. Good consistency was achieved for the cases of a
test-run truck as well as ordinary traffic. Therefore, the present method was reliable and could be widely applied for viaduct
traffic.
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Fig. 1 Plan view and front view of the highway viaduct
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Fig. 3 Pseudo-3D axisymmetric model of a pile foundation



89

P4
2
1
1/800 m™
20t
75 km/h 21 m/s 10 Hz
3 G8
40 s
60 min
1b Al
P2 P4 P6 Al P2
Bl B2 B3 B4
1 a
G4 G9 G8 G6
P4 P6
2.1
P4 P6 2.2
P4 P6
P4 Ver
Al->A2 P6
P4
P4 A2->Al
P4 P6
P6 P6
L6 P4-K 4r P4-K
08| l H 2l h
0 0
16F P6-K 1.6[ P6-K
08| 0.8}
? 0 0 o anki
2ol * o
g 0 O_J.M—-n_n._u_.a___l
S 16r 16
%4_% 08| 0 o8} G9
g [ o .
8| 08
0 Ajb-- 1 0 ‘ﬁn |
167 G6 16r G6
08} 8-
0 _.ha_“- . ) Oz J.. TS . )
6 4 8 12 16 20 0 4 8 12 16 20
HiES Ha SR/ Ha
(a) Bl 1 7K ST e (b)) B K SEmR;

4

P4
P4
P4 P6
P4-k P6-k
G4 G9 G8 G6
4
2.5 Hz
5
G6 4 5
G6
[6]
3.5Hz
Vph
P-SV
Rayleigh wave
SH
Love wave

04 P4-K
0.2E A. ! N

0

0.8 P6-K
0.4E h A

0

04r G4
02+

0 __-mﬂmﬂu-m-
041
02 Go

0 L bt
04r c8
0.2

0 Lo A Wbt
04r c6
0.2

0 __.mﬂ-‘a.—._g_.l

0 4 8 12 16 20
$i#/ Hz

(o) B EJTTHmRE

Fig. 4 Fourier spectra of the acceleration responses on ground surface and pier bottoms, and measured records for eastbound test-run
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Fig.9 Fourier spectra of the computation results of the ground responses for eastbound test-run
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Fig. 10 Computing results of the ground responses for the case of ordinary traffic

[1] TAKEMIYA H, CHEN F. Traffic-induced vibrations from
viaduct: hybrid procedure of measurement and FEM analysis
for prediction and mitigation of ground motions[J]. Journal of
Structural Mechanics and Earthquake Engineering, JSCE,
2006, 62(2): 204—214.

[2] TAKEMIYA H, CHEN F, IDA K. Ground vibration prediction
and mitigation by WIB for traffic on continuous multi-span
viaduct on soft site[C]// Sixth European Conference on
Structural Dynamics. Eurodyn, 2005: 1317—1322.

[3] HUNG H H, YANG Y B. A review of researches on
ground-borne vibrations with emphasis on those induced by
trains[J]. Proceedings of the National Science Council, Part A,
2001, 25(1): 1—16.

[4] SHENG X, JONES CJ C, THOMPSON D J. Prediction of

ground vibration from trains using the wavenumber finite and

boundary element methods[J]. Journal of Sound and
Vibration, 2006(293): 575—586.

[5] LARS H. Simulations and analyses of train-induced ground
vibrations in finite element models[J]. Soil Dynamics and
Earthquake Engineering, 2003, 23(5): 403—413.

[6] TAKEMIYA H, CHEN F, SHIMABUKU J. Vibration
mitigation alongside of shinkansen train viaduct by combined
foundation connecting beam and WIB[J]. Proceedings of
Railway Mechanics, JSCE, 2006(10): 31—36.

[7] TAKEMIYA H. Three-dimensional seismic analysis for
soil-foundation-superstructure based on dynamic substructure
method[J]. Journal of Structural Engineering and Earthquake
Engineering, JSCE, 1985, 2(1): 139s—149s.

[8] TAKEMIYA H. Ring-pile analysis for a grouped pile
foundation subjected to base motion[J]. Journal of Structural
Engineering and Earthquake Engineering, JSCE, 1986, 3(1):
195s—202s.

[9] KAUSEL E, ROESSET J M. Stiffness matrices for layered
soils[J]. Bulletin of the Seismological Society of America,

1981, 71(6): 1743—1761.



