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Response property of deep-water bridge pier under near-fault earthquakes
and inspection of calculation methods of hydrodynamic effect
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Abstract: Hydrodynamic effect is an important issue which should be taken into account in seismic
design of deep-water bridges, and the response property of deep-water bridge pier under near-
fault earthquakes and its reasonable computation method needs to be studied. Therefore, taking a

typical deep-water bridge as research subject, this paper built the equivalent pier model based on
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complete numerical method considering fluid-structure interaction. The influence of water range
on stability of results was analysed firstly. Then the vibration and response characteristics of the
deep-water pier excited by impulsive near-fault ground motions were discussed. Furthermore, the
accuracy of several typical analytical-numerical methods was checked. The results show that the
vibration frequency tends to be stable when the water width is 10 times of pier’s diameter. The
vibration period and dynamic response of pier is amplified by hydrodynamic effect, and this
influence becomes more significant with the increase of water depth. The first three vibration
periods of pier with full-water around increase by 5.3%, 12. 2% and 17. 9% , while the maximum
bending moment, shear force and displacement increase by 22%., 23% and 20% respectively
under near-fault earthquake. The error rates of different methods vary with the change of water
depth. The calculated response by Morison equation method is larger than that by complete
numerical method, and the error rate is beyond 6 % , while that by Japanese code is smaller and its
error rate is close to —5%. The calculated results by radiation wave theory, Chinese railway code
and Li Qiao-Yang Wan-li’s formula are quite close to that by complete numerical method, which
means these methods are applicable to deep-water bridge of usual sizes. The above research
results could provide reference for seismic design of deep-water bridge near active fault zone.
2 tabs, 9 figs, 21 refs.

Key words: bridge engineering; deep-water bridge; equivalent bridge pier; fluid-structure interac-
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Tab.1 Vibration frequencies of pier under different water sizes
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— K A4 3l /m
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2.5 (la) 1. 561 10. 03 12.13 17. 34
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25.0 (10a) 1. 602 10. 60 12. 35 17. 31
27.5 (11a) 1. 602 10. 61 12. 36 17. 31
32.5 (13a) 1. 602 10.61 12. 36 17. 31
37.5 (15a) 1. 602 10.61 12. 36 17. 31

3 EETEMRRIEE

Fig B DA Jir D) 32 BT B 22 b RR Bl i it - O 2
JITAE S i 28500y T 25 5 5 @ T A 1l 72 3 1 0 7R R
(M) KT 6 % QI gEE PGA KTF 0. 2g:Did
EUEGW MW 2R EE R ARLFTI0 km; @A
LIRS R G GUINE X T o N U
PEER 58 @50 2 Pk B T 7 25 54 B 5 K o ol
Yk R st HAEA SR TR 2, T 3
(a) L (b) 25 17 &R 431 5% A 3k B B 2, AT LA
B ik T A AE s L 3 Co) T 3 3 I g i ]
BB TCUOS2W e 4k, A & X B e B A
AR T R M35 43 A o e B 300 79 4 A1 DX T s 5 47
SEB A i JE A0 AT A RO Rl K AR & i Bl T e

1.61¢
1.60F
« 1.59F
T
= 1.8}
1.57F
156 10 20 30 40
7K A4 Fl/m
(a) 1B AR
10.7F
10.6F
10.5}
o 10.4r
= 103}
10.2f
10.1}
1005
7K A% 18 [El/m
(b) 34T R
12.41
12.3}
N
T
&
12.2}
12.15 10 20 30 40
7K A G Fl/m
(c) SEhH =R
17.351
17.34}F
N
T 1733t
W
17.32}
17315 10 20 30 40
7K A% 78 FEl/m
(d) 6B HE

B2 B I0E R 3 B K A4S B s 1Y 43 A
Fig. 2 Distribution of vibration frequencies of

pier under different water sizes
J7 o R4 R0 A Gk Y B B AL OB 4590 3 PGA 4
— R 0. 2g, R B X B PR 0 15 #1473 ) i 7R
VA
4 AEEETHHMRES S

VA ST g % & T T AS) T AR A [H]



52 KEZXFFROAERHAFR 2016 4
*2 FEEHBEMEINIER
Tab. 2 Selected near-fault earthquake ground motion records
Gy | st S B | mg/M | Bk | s mﬁiﬁﬁg méfgfﬁfiV/ L"ffr'){fj
1 PETO090 Cape Mendocino 1992-04-25 7.1 9.50 0. 64 0.662 89.7 29.55
2 RRS228 Northridge 1994-01-17 6.7 7.10 0.72 0. 838 166. 1 28.78
3 YPT330 Kocaeli, Turkey 1999-08-17 7.4 2. 60 0.52 0.268 27.4 10. 08
4 TCU052W Chi-Chi, Taiwan 1999-09-20 7.6 0. 24 1.08 0. 348 159.0 184, 42
5 HEMOO000 Imperial Valley 1979-10-15 6.5 0. 50 0.66 0.314 71.7 25.53
6 |HE07140 Imperial Valley 1979-10-15 | 6.5 0. 60 0.70 0.338 47.6 24. 68
7 SCS052 Northridge 1994-01-17 6.7 0. 20 0.74 0.613 117.5 54.16
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