344 5 12 W = + 7 &2 Vol.44 No.12
2023 £ 12 A Rock and Soil Mechanics Dec. 2023

DOI: 10.16285/j.rsm.2022.1968

sl it - B -k REIR A KOR S IERK R it
B BN E S S

REY, WA, AR, &k

GEF kR il 5 TR 2 o #08 ME A, Jba 100124)

WO SR T RN A B2 H o R AR I g Rk AN kb b R SR R MR B kT OpenSees 1 FRIGF
AL T RN S-S5 R R FRICHRY, 5 KARS) G IR 5045 T AT X b, S00F 7 BB AR AT Stk . 7R B3k
fifi b, ST SR RN AL 7 S-S5 R AT PR TR, 6 B B 3 Bk 5 AR ket R A P T A 2R bt R e

F PR b A B 580 B i s b R i S 2 [ RO AR S 4 HT ,D%%%ED% ek R sh AL, Ipk B AER R, ik
PR RN, (ERRDZ TR, LK 40%; IF S S RAINE S i RO E W, TH R E AL JERkmf iz
Bl R B SRR bR 5 A5 W R (8] AR e T Bk b FB B AR, GBI 3 AN MR (9 RS S5 VA (S P /e R s i
(PGV/PGA). [l LT3 E AT. P T, WIAE— @ RERE [ SRAEHOFE B0 Ak g b — A TS5 A0 R ZR R I 7 RIS o

XK OB O BohHES); WAlRInH; AEIERE, BCEAL BN RS Mt

FESHE: TU4T3 SCHRFRIRAG: A XEHS: 1000—7598 (2023) 12—3629—10

Difference analysis of seismic responses of inclined liquefaction
site-pile-structure system under near-field pulsed and non-pulsed ground
motions

ZHANG Zheng-zhe, JIA Ke-min, XU Cheng-shun, PAN Ru-jiang
(Key Laboratory of Urban Security and Disaster Engineering of the Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract: In this paper, the seismic responses of inclined liquefaction site-pile-structure system under near-field pulsed and
non-pulsed ground motion were studied. Firstly, a finite element model of inclined liquefaction site-pile-structure system was
established based on the finite element platform OpenSees, and the reliability of the numerical model was verified by comparing with
the results of large-scale shaking table test. On this basis, the finite element model of typical inclined liquefaction site-pile-structure
system was established, the seismic response laws of the system under near-field pulsed and non-pulsed ground motion were
compared and analyzed, and the correlation analysis between ground motion intensity index and seismic response was carried out.
The results show that compared with the non-pulsed ground motion, the residual displacement of the site increases obviously under
the near-field pulsed ground motion, especially at the top of the loose sand layer, which increases by about 40%. Pile bending moment
and pile residual displacement increase significantly, especially at the pile top. The correlation between the ground motion intensity
index and the response under non-pulsed ground motion is higher than that under pulsed ground motion. Three strength parameters
with good correlation, i.e. PGV/PGA (peak ground velocity/ peak ground acceleration), Al (Arias intensity) and 7m(mean period), can
indicate the influence of ground motion on the failure response of liquefaction site-pile-structure system to a certain extent.
Keywords: pulse ground motion; inclined liquefaction site; pile foundation; numerical simulation; seismic response; ground motion
parameters; correlation analysis
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Table 1 Parameters of soil elements
AKPFE WEHAE RHEAHEK KPS REME
ERUUN JINMGEEE IR AR ERK % ZH
/(m=s?) /(m-*s?) /kPa /mes"y  /(m-esT
HAZE 0.0 -9.81 8.0x10° 1.0x1078 1.0x10°8
AR 42 0.0 -9.81 4.4x10°0 1.0x1076 1.0x107¢

O IR Sy B A el e I o N A i
PDMY 020223, Z A SRS ] DA BE i 3 s v -
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filf - Z 3k FH 2 i IR i s 2 P AR R PIMY CRA
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RISAE ) 2 %, BT SCal S R0l . HEE RIS
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MNAZ BTG quad FEALL, FRIT RN SUEAE AN B
B, a3 IR R B A% . SR Concrete 01 1
Steel 02 A5 BB IR 5t L AR5 1) J1 2247 19, 45
T AN ZHUE W3R 3.

THREMSHER

Table 2 Soil constitutive parameters

P R SHEYPWYIE SEEBEE WEEM FR) SHEE EAORY WIKA B4R WA RN KRN kR
= p/(10°kg » m™) G,;/MPa B,/MPa @/(°)  c/kPa /kPa n Dpr /() c (&3 d, dy
)z 1.80 150 750 0.0 75 100 0.0 — — — — —
N 1.87 97 229 335 — 101 0.5 31 0.093 0.18 0 0.17
X3 SHEMSER
Table 3  Structure constitutive parameters
B 5 /kPa W 82 A% JiE IR FE /kPa JE R A FPER B /kPa JE R E /kPa 10 R S B
Ry BoX  RKyE BeX  RPE BOoX RKPZE BEOX g PSRN e .
WEL WL WEL REL  RRE WEL L gt Do ST BREERE B SR i
—27 588 —34485 —0.002 —0.004 0 —20691 —0.008 -0.014  4.2x10% 2.5x10%  4.9x10° 3.3x10° 0.02 0.02
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Table 4 Parameters of soil elements
AKFRE BENE RHAHK  KFR =N

RN FIIEFE
/(m *s7?)

BIERH BERH
/mes) /mes

TIMEFE AR
/(m = s72) /kPa

= 0.0 -9.81 6.0x10° 1.0x107  1.0x1077
FARD IS 0.0 —9.81 5.2x109 1.0x10*  1.0x10™*
By 0.0 —9.81 6.7x109 1.0x107%  1.0x107°

x5 THhAEHSHEER

Table S Soil constitutive parameters

L SHEUYINE: SHEBBE NERM FR S5H EARM Ek B9IKMA SR B R E Bk R Bk REL

Z

p/(10° kg + m™) G, /kPa B, /kPa @/(°)  c/kPa  [k/kPa n HE Der/(°) 1) © dy d>

L2 1.8 1500 000 7 500 000 0.0 75 101 0.0 20 - - - — -

Fafb U 1.7 60 000 160 000 31.0 - 110 0.5 20 31.0 0.087 0.18 0 0

= 1.9 100 000 234 000 335 — 115 0.5 20 25.5 0.045 0.15 0 0
3.2 HIRBNIEE K35y Shahi SR62ELT 22 73 & 1k B2 Jikar iR i 77
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