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Analysis of the seismic response of ultra-high head lock at different
water depths under oblique incidence of seismic waves

LIU Ligiao', CAO Zhouhong"?, LI Xian', SU Ying', TAN Zhilan'
(1. School of Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. Key Laboratory of Dongting Lake Aquatic Eco-Environmental Control and Restoration of Hunan Province, Changsha 410114, China)

Abstract: The ground vibration input method based on viscous-spring boundary simulates the incidence of plane SV
and P waves at different angles, and the acoustic structure coupling method is used to simulate the dynamic water
pressure inside the lock chamber to study the seismic response of the lock roof displacement, acceleration and plastic
damage in the ultra-high head lock chamber at different water depths. The study shows that when the seismic waves
are obliquely incident, the seismic response of the ultra-high head locks varies significantly with the water depth
compared to the vertical incidence, and the general degree of seismic response is greater than that of the vertical
incidence. Under the same water depth conditions, the peak horizontal relative displacement and peak horizontal
acceleration of the top of locks increases with the increases of the incidence angle in most cases. The seismic
response of the lock chamber structure of the ulira-high head lock is significantly affected by the variation of the
water depth. The area near the general gate wall with relative height of 0.2 is more likely to have serious damage,
and when the relative water depth is 0.97, the tensile damage range on the waterfront side of the gate wall reaching
serious damage is the largest. It is suggested that the combined effect of oblique incident seismic waves and different

water depths within the gate should be considered.
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Fig.1 Schematic diagram of oblique incidence of seismic waves
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Fig.2 Finite element model
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Fig.3 Pulse of seismic waves
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Fig.5 Schematic diagram of interaction boundary conditions of water body and gate wall in the sluice chamber
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Fig.7 Sloshing displacement time-history responses at the free surface of the rectangular tank
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Fig. 10 Time history curves of horizontal relative displacement of gate top under the action of plane SV waves
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Fig. 12 Time history curves of horizontal acceleration at the top of the gate under the action of plane SV waves
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Fig. 13 Peak values of horizontal acceleration at the top of the gate under the action of plane SV waves
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Fig. 14 Distribution of tensile damage along the elevation when plane SV waves are incident at different angles
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Table 3 Range of severe damage to the gate wall under the plane SV wave as a percentage of the total height
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Fig. 15 Time history curves of horizontal relative displacement of gate top under the action of plane P waves
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Fig. 16 Peak values of horizontal relative displacement of gate top under the action of plane P waves
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Fig. 17 Time history curves of horizontal acceleration at the top of the gate under the action of plane P waves
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Fig. 18 Peak values of horizontal acceleration at the top of the gate under the action of plane P waves
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Fig. 19 Distribution of tensile damage along the elevation when the plane P waves are incident at different angles

APUL ST PN R A SR AN RIS B g e K A 2 R A i s 7

B RARALG LA W B 2252 27

P A RS FRE AN TR TER T BSR4

0.2 BET Y X B 5 H B B A2 A
ST P AR RS KT D B R B BT Rl e e 1 0 FE AR 4
FHPETREEEERIEE RS ASERALL

Table 4 Range of severe damage to the gate wall under the plane P waves as a percentage of the total height

x4

R A1 i LRI R R A5 1 A 5

AR, 2RO A

I35 AR ]y B B b %

HHRT AR
AL 0° A 15° ASIh 300 AGioh 45 A 60° NG 75°
0.15 0 0 0 1273 13.97 19.55
0.31 0 0 0 15.63 2234 25.14
0.48 0 0 0 27.33 61.72 45.75
0.64 0 0 0 38.88 69.60 73.73
0.81 0 0 0 38.93 69.31 72.16
0.97 0 0 0 58.54 76.30 79.03

HIZE 4 R0, SP-00 P ST ISssiib 2 A0 52 437 45 475 2k 380 7 T Al A B A998 L P ZE A X K TR 0.97 It i
R P PRSI AR R]ACHE T TR1355 3 SRR A5 330 Rl 22 L AR

AR SCHF R R0 MR SRS 5 U SV RN PR [ A BE AR O, SR FH P AR S VA
KA i) Sk Z@ﬁﬁﬁﬁ%%ﬁ%&i@ib%i%LTﬁmm%ﬂWMﬁ%miﬁﬁﬁ—EﬁiﬁA%:%ﬁi

BROCHRIY , BIF 5 L AN [R) AR A1 2 A1) 2 AN [R) KT i A S A e P 7 S i

R FELEE .

Uﬂ%ﬁﬂk%ﬁﬁ%m%%ﬁ%ﬂ%ﬁ@%ﬁﬁﬁ%%ﬂ@ﬁﬁﬁA%ﬁ%ﬂﬂ&ﬂ%ﬁm%ﬁﬁ



206 W oE L B 5 T B & 3 44k

— B EASS I S350, SRR A A IR EAR RIS, 19 T LK 17 16 7] B9 7K AR RS RS 08 L 7K F
TN LU (R 2 B0 BEASE A3 ORI R, 105 ek A S MR X A R 7K Sk S TR S5 A RS

2) MR IR AGI | 7K IR AR 2068 1 7K S I 235 F e 7 B 7 235 R SRR , 5 B TR P % FE K
DAZ IR B

3) Z2BE B0 T IISEARRS o RE S 0.2 BRI 4 DX I 2 2 3R 3™ B 52 AR UK R R BE 5 AR KT 0.97 I
I 55 s 7 00 28 30 7 B e DR PR P P SR D R e K

25 b AR SO EA TN R 2 7K K AR ] M 52 S L7 BT | I8 2556 2% REARE A S i 7 0 A 1 2 P S [ K
SRR

ARSCAENAR G T3 1) R — A EE R BER BE AT ST, Jm ik m] 25 RS st e 5 AN [R) 7 52 Ay A S5 A1 ) 22 45 FA) B
210 Al PR, LA ST TR e R e 7K S S ] o) 5 7 — s 0] b O R S SR T3 b A R A
FIAR R GRIL R T S5H 52 154 25 5 i) R A Rt — 2B E T

SE 3k
(1] S srpge M =S5 55 TSI E R T D], SR, EHRZSE K, 2012.
ZHAN Bo. The research of dynamic interaction of separation gravity chamber structure and geotechnical [ D ]. Chongqing: Chongqing Jiaotong

University, 2012. (in Chinese)

(2] BEX, &bh, BEE, 55 AR s - A G AR R RS R = 4EBE T[] TEBHE IR 2R AARBERR) |, 2017, 33(2)
251-258.

CUI Chunyi, MENG Kun, CHENG Xuelei, et al. 3-=D numerical analysis of dynamic response of lock chamber system[J]. Journal of Shenyang
Jianzhu University ( Natural Science), 2017, 33(2) ; 251-258. (in Chinese)
(3] ok, PE==. Bhomde N T et n 45 s St s s (1], /K LA, 2017(1) : 87-93.
ZHANG Li, TAO Guilan. Application of viscoelastic artificial boundary in dynamic calculation of chamber structure [ J]. Port & Waterway
Engineering, 2017(1) : 87-93. (in Chinese)
(4] TREAEE. SUBIRM R i I % 2540 5 T AR R S A A D). st INERA%, 2007.
XU Minglei. Dynamic interaction between soil and ship lock with double-hinged soleplate[ D]. Nanjing; Hohai University, 2007. (in Chinese)
[5] B PO BB S 25 RE S 1At Ar AT [ D). TR . TSGR, 2016.
XUE Jingjing. Dynamic analysis of double-hinged ship locks[ D]. Chongqing: Chongqing Jiaotong University, 2016. (in Chinese)

(6] k. KRG RE PR RE A BROCRERAI D). B EPSSE AR, 2012.

ZHANG Tao. Numerical analysis of high-head ship lock with integral structure’ s seismic stability[ D ]. Chongging: Chongqing Jiaotong University,
2012. (in Chinese)

[7] GARCIA F, AZNAREZ J J, PADRON L A, et al. Relevance of the incidence angle of the seismic waves on the dynamic response of arch dams[ J].
Soil Dynamics and Earthquake Engineering, 2016, 90. 442-453.

(8] ZMdE, JEAK, MACH), 45 FIASTHERT B DR AT B AR ST (1], M TS TR k3l , 2022, 42(3) : 180-189.

XIA Zhanghua, TANG Yongbo, LIN Youqin, et al. Response analysis for prefabricated composite utility tunnels under oblique incident earthquakes[J].
Earthquake Engineering and Engineering Dynamics, 2022, 42(3) ; 180-189. (in Chinese)

(9] BURHr, TEE, T SV IRAS T RZZ RSN SO ERTAE )] R TR TRMRE), 2022, 42(2) : 225-234.
WEI Chenggian, YU Yanyan, DING Haiping. Study on amplification characteristics of ground motion in layered basin in time and frequency
domain under oblique incidence of SV wave[ J]. Earthquake Engineering and Engineering Dynamics, 2022, 42(2) : 225-234. (in Chinese)

[10]  JAXUE, WEWE, K3 SV PRI I XU IFAT Mk R 1 R R B AT [ )] AR TR S TR, 2021, 41(5): 1-12.

ZHOU Shuangxi, YE Guotao, ZHANG Ji. Transverse seismic response analysis of twin parallel metro tunnels subjected to obliquely incident SV
wave[ J|. Earthquake Engineering and Engineering Dynamics, 2021, 41(5); 1-12. (in Chinese)

[11] XU CJ, SPYRAKOS C C. Seismic analysis of lock-soil-fluid systems by hybrid BEM-FEM[ J]. Soil Dynamics and Earthquake Engineering, 2001,
21(3) . 259-271.

[12] SR fif i i 28 4540 BYAELRME SN T SN A BT B8 [ D). P2 PRI TR, 2014.

LIANG Liang. Nonlinear dynamic response analysis of lock chamber structure of ship lock[ D]. Xi” an: Xi’ an University of Technology, 2014.
(in Chinese)

[13] MALTIDIS G. Seismic soil structure interaction of navigation locks[ M ]. Karlsruher: KIT Scientific Publishing, 2017.

[14] MENDES N B, PEDROSO L J, RIBEIRO P M V. A simplified numerical and analytical study for assessing the seismic response of a gravity
concrete lock[ J]. Revista IBRACON De Estruturas e Materiais, 2021, 14(1): e14104.

[15] KONTOE S, ZDRAVKOVIC L, MENKITI C O, et al. Seismic response and interaction of complex soil retaining systems[ J ]. Computers and
Geotechnics, 2012, 39. 17-26.

[16] H:fEdy, B, EIEE. WTHBEBII N TR T IS [T]. J1%73k, 2006, 38(1) : 49-56.



552 XT3, 55 - MR R A S I AN TR 85 7K Sk i ] b 752 52 2 70 M 207

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

DU Xiuli, ZHAO Mi, WANG Jinting. A stress artificial boundary in FEA for near-field wave problem[ J]. Chinese Journal of Theoretical and
Applied Mechanics, 2006, 38(1): 49-56. (in Chinese)
XU, BEAR. SR -HIED) S AN AR AT B —Fh Tk [ J] . BAR TR, 1998, 31(3) : 55-64.
LIU Jingbo, LV Yandong. A direct method for analysis of dynamic soil-structure interaction[ J]. China Civil Engineering Journal, 1998, 31(3) ;
55-64. (in Chinese)
B, AR EAE LR N T D] Jbat: JERCT R, 2015.
HUANG Jingi. Study on nonlinear seismic response of rock tunnels[ D]. Beijing: Beijing University of Technology, 2015. (in Chinese)
TRGE. HBRR BRI AL M B UE T S Mk AR ) S AT [ D] RHEE: REERSE, 2019,
ZHANG Liang. Study on the dynamic response of subway tunnel and subway station under oblique incidence of seismic wave[ D]. Tianjin; Tianjin
University, 2019. (in Chinese)
TREESC. AT WTZE HBRR SR A T IS SIS A B R L BT BRI DL KHE: KEE, 2020,
ZHANG Jiawen. Analysis and application of plastic damage response of combined dam structure under oblique incidence of near-fault ground
motions[ D]. Tianjin; Tianjin University, 2020. (in Chinese)
RAWAT A, MITTAL V, CHAKRABORTY T, et al. Earthquake induced sloshing and hydrodynamic pressures in rigid liquid storage tanks
analyzed by coupled acoustic-structural and Euler-Lagrange methods[ J]. Thin-Walled Structures, 2019, 134 333-346.
Dassault Systemes Simulia Corporation. Abaqus analysis user’s manual, version 6.14[ R]. Providence, Rhode Island (RI) : Dassault Systemes
Simulia Corporation 2014.

ERZER, B eR, GEN, A5, BEARBTXTHEI S R A2 BT[], K A2 a4, 2020, 39(6) : 109-120.
QIU Yixiang, WEI Chuhan, WU Zhigang, et al. Effects of reservoir water on simulations of arch dam dynamic characteristics[ J]. Journal of
Hydroelectric Engineering, 2020, 39(6) : 109-120. (in Chinese)
PRAE 2. b [ IS S 5 A A SR B S AR RS [ D). m st IR, 2008.
TAO Guilan. Study on dynamic interaction between dock structure of shiplock on soil foundation and surrounding media[ D]. Nanjing: Hohai
University, 2008. (in Chinese)
CHEN Y H, HWANG W S, KO C H. Sloshing behaviours of rectangular and cylindrical liquid tanks subjected to harmonic and seismic excitations[ J ].
Earlhquake Engineering & Structural Dynamics, 2007, 36(12) . 1701-1717.
AR, TRE 1 YA M B BT S TR o A I S BRI T [0 ] TRBE - S5k U8 I dh, 2018(12) » 34-37.
ZHAO Weihua. Study and application of concrete damaged plasticity model parameter in prefabricated piles[ J]. China Concrete and Cement
Products, 2018(12) : 34-37. (in Chinese)
IS0 ABAQUS AR TAR R HSE B AR [ M. dbot: s RSN AL, 2015.
PAN Jianwen. Aplication of ABAQUS in hydropower engineering: A tutorial[ M]. Beijing: China Architecture & Building Press, 2015.
(in Chinese)
MARK P, BENDER M. Computational modelling of failure mechanisms in reinforced concrete structures[ J]. Architecture and Civil Engineering,
2010, 8(1): 1-12. (in Chinese)
W, T, KBy, S5 HIHER TG BT J0EE S AT SRR E AR [ 1] A STA R R, 2018, 39(2) : 61-71.
HAO Yong, LOU Yu, DU Xiuli, et al. Analysis of shear lag and floor damage degree assessment in steel bundled-tube structure[ J]. Journal of
Building Structures, 2018, 39(2) : 61-71. (in Chinese)
UM, SRAESC, KR, S MR IR A TR EE LT SIS B AR N 44T [ D] K RIEAER 2019, 50(11) : 1326-1338, 1349.
LI Mingchao, ZHANG Jiawen, ZHANG Mengxi, et al. Plastic damage response analysis of concrete gravity dam due to obliquely incident seismic
waves|[ J]. Journal of Hydraulic Engineering, 2019, 50(11) : 1326-1338, 1349. (in Chinese)



