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Analysis of dynamic interaction influence factors of pile-soil-structure

LIU Jingyu, JING Liping, QI Wenhao
(Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China)

Abstract; In order to study the mechanism of pile-soil-structure dynamic interaction and analyze its influencing
factors, the horizontal dynamic response laws of pile-soil-structure system under different superstructure mass,
different input wave frequency and acceleration peak input are analyzed and discussed by using the method of
shaking table test and numerical simulation analysis. The soil model of the test foundation is medium hard soil, and
the shear speed is about 213 m/s. The pile group foundation is composed of five foundation piles with a length of
1.35 m and a diameter of 0.1 m arranged in cross shape. The superstructure model is simulated by mass block. The
experimental results show that the bending moment and shear force of pile body are the largest at the pile-bearing
joint,and decrease with increasing depth. With the increase of the superstructure mass, the acceleration reaction
between soil and pile foundation increases significantly, and the bending moment and shear force of the pile body
also show an increasing trend. With the increase of the input sine wave amplitude and frequency, the motion
interaction becomes larger, and the bending moment and shear force in the pile body become larger. The change of
superstructure quality has the greatest impact on the dynamic interaction of the pile-soil-structure system, followed
by amplitude and frequency.
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Fig. 6 Time history curves of sine wave acceleration

2 REERKESH

2.1 TARINEE R
2 FE B B0 Ao A X DAkt B 174 T MR 7 A SR WA (L N B S 0 SR s A 5 P R M S, T AAE 45
P T BE B 3 T RASONE I, SR X8 AR I Tk A A S S8, TR U

1 (T
2 2
arms—Td JO a (t)de (3)

AP (o) e U AT I BE IR 7 O MR AR T S G AR R 5 @, 55 65 THTH AR
PR FUAEL , 502 SO INE BE TR R EL

B 7 45 0 TR AR 6 Ha 1E 5% 5 A [R)_E B4 Jo o T 00 4% I A5 iy s 8 R R et 26, 7 I
FRAEH S 6 SRICH TO0H i T A BRI 0.15 g TESX PN IE B SN Bs sk, 45 T 5 ABR{ELN 0.05 g
F10.10 g BN P, b BE B AR ) F-A7 I, LB S o 85, 22 00 o 0 ool P2 A% e £ 22 52
R Hr &7 AT R R P R AR AL B e, SRR S R R v AR I, e AR s R A TR
BRSOV, I L PR B4 o 88 w7 2 30 EE A 3 = ORI R a8, LU A ] 9R E AL I 5 F-A
~F-A8 P54 s 8 SO W d K T A C-AT ~ C-A7 , 3X 3R W B B 45 A0 A Ae Ak 14 - 4452 38 1 Jom 3k B e AR
T AEFERRF AT AR 8 I B ORI . X EECR N e B A M B A AR B2 i, B iRl (12 3)
M AR R FE A | S O A ] B (RS2 3 Bl iy A SRR S A P AT A 1] = PN 8 3 B s A
o PR TEOR S R ARG — B RTAR T, B A L 52 P58 R I 0 78 A0 18 O LR B 2= v g e
JETROR Z R B — b 8 a3 RV (0B g | O RN 8 2, X IR O IR 3l 15 106 T 00 /0 W (L
A, R RE AN 5 ARl FI WA R HEAR A 5 2 T LA DRI gl 807 R A i i A R B BE AR R AR A
/N DT S50 A ok R A A8 0 2 M8 58 e 44 i A W (L — R P, 6 R SC R T 00 ) AR i i
JE RS e T 3 HRISCER T IS AR R 7 0 e A B S Ry, U P Bt b B AN AL B A4 8 B A A
FHAERS S 24, AT B AR A S 0 2 728 45 SR 20, e A A o s 32 e A B 2 B A



555 # RBP4 Ak - -~ 45 A4 B A B RS2 M N 3R A 215

1.4 1.4
1.2} 1.2}
£ £
% 10} % 1.0}
m =
= 08} = 08}
£ 06 R B 19+ - BEHEI9-E
e 0.4 —=—005g gl 0.4} —a—005¢
02k —0—0.10g 02l —0—0.10g
’ ——0.15¢ : —a—0.15g
0.0 : . . 0.0 . . .
0.5 1.0 1.5 2.0 25 0.5 1.0 1.5 2.0 25
T BETOR 25K JSEE R OR ZR B
(a) T LH#F45H
1.4 1.4
12} 12}
£ E
" 1.0k ;1::; 1.0+
% 0.8] Z o8]
B [ ol .
w 00 BN 1+ bz 06 B+
H 04] =005 ¢ B 04l —=—005g
= —o— = —0—0.10
02} 0.10¢g 02} e
—A—0.15¢g —a—0.15g
0.0 . . s 0.0 . - s
0.5 1.0 1.5 2.0 25 0.5 1.0 1.5 2.0 25
IR BE R R B T BETOR R 5L
(b) 3Ttk
1.4 1.4
1.2} 12}
g g
£ 1ot = 10}
= % |
E 0.8 g 08}
E 0.6 E 0.6}
4 TG B MRS Y = I
04 B ERIE Y = 0af BERFL 9 1
w —=—0.05¢ = —=—0.05¢
0.2 —0—0.10g 0.2 —0—0.10g
0.0 \ . . 0.0 \ f .
0.5 1.0 1.5 2.0 25 0.5 1.0 1.5 2.0 2.5
T BETOR R 2L I REHOR R 5L

(c¢) 6 Lk

7 B RMEERK R

Fig.7 Amplification coefficient of root mean square acceleration of soil

2.2 WEENT R

2 S AT B ity e U 1 0 0 A R Ty 1) B B R AT SN 8 s, B TAE 6 BB T AL A
WRAEL 0.15 g IE 5% I B 2 o BCH sk g, 28 1 T i AIRAE R 0.05 ¢ F10.10 ¢ RORE B N AR 2R 18], 7
AT AR S e AR AR N SRR B BEACK TR RAS . FETC AR A A A T B TR B AR
KB A VR 22 A B R AR /)N, B 5 i AT T8 38 s R e (B R0 3 R 398 R, LR AR B K, 72 s/ iy
T B T BRI Z A TERR AR 4 ~ 6 fEHEAR AL B AL N AR WK, AR T L B4 5 A
HAERI W, L EREE R B4R S o K G R AL AR SRR 5 B R A iR SRR TR

[T ML 8 H T LA, 78 AH R sk BE R RR A5 T, B4 8 2y 6 BRC 0 T 00 Ao e 100 A8 s {2
L EREEA Ry 3 P T 2~ 3 4%, SR TC LA T 00 4~ 8 %, 76 AR & A AR R 0 T80 H | AS [) et i
AN [0 3 X5 A T00 17 A8 W (L9 AR A A 2 R 20 A, I LA A T 3 5 ) 7R W 080X A 35k J07 7288 4 35 Wi S8 A - 481 538 o) A
FEN AR RS 3K R AR EE Y AR e 1 25 R AS R SR AR B A KNG DG A b RE B (X A
AR RS M YR T AT 58 P9 788 A Xl A7 366 107 228 18 5 el e /N



216 o TR 5 T R ik 3 LR
1.4 L4 1.4 015
0.05 0.10 158
1.2+ g 1.2} g 121
£ £ £
& 1.0f & 1.0t & 1.0t
i o &=
= 08f § 0.8} § 08}
A L 2 L Az L
E 0.6 E 06 05
o041 —=—2 Hz 041} —=—2 Hz 5 0.4} —=— 2 Hz
: —o—4 Hz = —o—4 Hz ol —o— 4 Hy
= o0l P 0.2} ——6 Hz 02} 6
0.0 ‘ ‘ - - 0.0 - - - 0.0 - - -
-100 0O 100 200 300 400 -200 0 200 400 600 -200 0 200 400 600
BE S L2 e £ 807 e B B0 e
(a) Jo bEp4kHE
1.4 1.4 1.4
0.05g 0.10g
E 1.2} \E 1.2} &\EE 1.2+ 0.15¢
& 10l o0t 1.0}
= = =
2 08¢ 2 08¢ = 08}
E 06l E 06l & 06]
o4l 2 Hy T o04] —oH, | E 04f 21
= 021} —o—4 Hz = 021} —o—4Hy = 021 —o—4 Hz
—— 6 Hz —h— 6 Hz —a— 6 Hz
0.0 . . . . 0.0 0.0 . . . .
=200 0 200 400 600 800 =200 800 =200 0 200 400 600 800
BB 1 AR /ue BB 1 AR /ue Tt EF N 2 /e
(h) YT R
1.4 1.4
0.05g
1.2} 1.2¢
= E 0.10g
Lot oot
= =
£ 08¢ = 08}
Z o6l & 06}
& 041 —=—2Hz E_IE 0.4+ —=—2Hz
= 02l —o—4 Hz == o2l —o—4 Hz
. —— 6 Hz +—6 Hz
0.0 - - - - 0.0, S —
=200 0 200 400 600 800 =200 0 200 400 600 800 1000
HEEF N AR /ue BN A% /ue
(c) 6 BTRITR
B8 2 SHEUEE R ihLk E
Fig.8 Peak strain curves of pile No.2
2.3 METERE
I AV B 17 A8 880 30 2o 2 (4) WA B By AR O R AT Ak Y 2 R, Rk R Dy
El(e,-¢,)
= (4)
D

AP M OHES BT 1SR BT IAERIBTS NIEE s D BRI AR s &, 5 &, 23 I HEE 4R 3 07 1] PN )
RS

H1 T 2 SR 4 ﬁi‘fﬂHT{WJEJMTZ‘EEXT*WDXJJH(*XTW 1S W AR R R i AU I 326 B
35 4 S5 SHERE BRI T T IR 6 RIECEERS 0.1 g IESZ BB BB AT A AR
FORE B 25 RE AN IR 9 BT

H P O RTRI Ak 25 R e R (L0 T BRAE Sk S5 7R 5 S HAL , A AR A 25 2/ N TR T, X 55 1A
TEAY IR 55 R A 2 SRR TR 2727 BEsk SR & Z IR M T B 772X, B R4 R i iy 22 ad 7R 65
FLARALB A HERRAL, X LE P RAR K R B AL RO, [ B 9 ifn] A 78 3 Rl [R5
FRIESZPA T B 2 R AR AT B, I ELREE i A TE5X B AMRAR B34, A By A0 6 /MRS I



555 # RBP4 Ak - -~ 45 A4 B A B RS2 M N 3R A 217

1.4 1.4 1.4

1.2+ 1.2+ 1.2+
£ £ £
% 1.0 & 1.0 s 1.0
Ll ol
E 0.8} % 0.8} :gi, 0.8+
2 o6 =06} E 06
E{E 04+ 2 Ha EEOA- =2 Hz 2_104 =2 Hz
=) 02_ _0_4 HZ =) 02_ —O—4HZ = 02_ —0—4 HZ

—a—6Hz —A—6 Hz —A—6 Hz
0.0 . . . . 0.0 . . - . 0.0 . . L .
-400 0 400 800 1200 1600 -400 0 400 800 1200 1600 -400 0 400 800 1200 1600
HEBZSHE/(N « m) HEEF /(N -+ m) MEEBHE/(N - m)
(a) 35H (b) 45HE (¢) 55H

9 AEHETHHEEESER

Fig.9 Peak bending moment of pile foundation at different frequencies

3 HERMEIES S

EARRIRS GRS T 1 S5 HER 2 SRR MEIBRERUIR , WX 3 5 4 5015 SHE B ST T 4047,
It H B AL AR DL B A A 6 i FR ), 208 TR 245 5., RS 8RS0 ALEE , 3@ o B AT ANY
AT DASS RS0 v i 1 | 38 o] LA a6 25 SR R A T N A T A AR T, 5 R B I T IR, AR SCRI T ABAQUS
BRI AR T30 A o T00 AR SR FH 7S T AR SR SR TTRE L, ZEX A AR e 88 1, o T M
R ) LS e PR SR S AN 1) i S SR FH okt 3 i A s OB AL, TRBE A4
KB O ARSNREE T IAEL AT R, IR SR -FEC AR B J 3R J1°h 27.3 kPa, NEEIE S R
32.6°, LHREEFSR LA AY 7 R FH AT AR (5 AT Ao e AL, 3 EL A i AR
Bt B A SRS AN RS AN ARG EE A 335 MPa, APRHGIEARS L E 2 3 fin,

H T BAUAE R AT AR T AE | 2 MR A EAE R 7R AR 5 REAT R A 2 ) i B R A AR
5 LS5 R 2 (a1 0 ek

PR3 G BRRIE ( A FROCH RN R 10 iR, - Bk — 25 IR SRR Y B0 R8O 10 128 4, 35 A5 80k
12100 4>, H/PNAIERSE 30 mm, S KEATTRSF 350 mm,

fic i P
#3 HERMEREMBSHEE G
Table 3 Material parameter values of numerical simulation model
RS %L +ik REE-REEE WA LEYM — =
B/ (kg/em®) 1700 2500 7800 7800 Ee = o
AR/ MPa 125 22567 206000 206000 EEEE E
LA 0.30 0.20 0.25 0.25 -

10 HERIERE
Fig. 10 Numerical simulation model diagram

3.1 ZhAINaRIXE bk S A

TR IR AT BR , AR s L RRBCEE 3 i e S A ST O 6 Hz I 9 IE 5% T 00 T A9 ilse 5
BB AR LT, 2521 AP 11 firzs 180 11 Al B s 25 R 5 1 a5 R LB, 2R 3 R AE |
X A3 24 5 B 3 B O B 5 IR 3 5 R UG 2 SRAH oA, BB AL A 45 R D /), X 2 i TR
ABAQUS A BROCEAEAUNS , 77 2 B0E A B AR (B i i FE o vh 22 2 B Z R0 M S R 5, 5 2ol 5
SRR IR AR REFE B A2 2 i 26 1F i T BT L

TERAIESZIN 6 Hz 0.1 g WRAE T.00 T A — AR B B (0 in 3 B BOR R A 12 s, di 1 12 af o,
T4 AARIRIHORE S Y 25 F T, A ARUATE 18 T B2 A A 7 B ARIRL , DA Z AR THORT o J8 8 ¢ 0 1 B 08 P s R
A I ELREF LA R S r S AS AR AR IR 5 A B i 30 0 ORI AR R Wk B OR R AR A
AN TR B A PR AT B 0T JBE 3 AT RN AR — 8 22 5, H o A R B/IME O PN | PPl e e, X3k
A SR R ot B P A A A9 B2 M S R LA G



218 o= L B 5 L & & 3 %44t

1.4 1.4 1.4

12| 12+ 1.2}
£ E £
@ 10} % 10} % 10}
£ os} = 03} = o0sf
¥ 06/ 2 06} = 061
ﬁ% " & 0.6 E 0.6

41 04+ . 0.4f "

= R g —— = R

021 o B 02} o B 02} o Mt

0.0 s s ‘ 0.0 - s - 0.0 - s :

0.5 1.0 15 20 25 0.5 10 15 20 25 05 1.0 1.5 20 25
WA Jom 38 32 ik R R K WAL N FE TSR R A WAL NS P TSR R
(a) HAJMEEE0.05 g (b) HANMHEE0.10 g (c¢) HAMHEE.15 g
B 11 I8 S E niE B ALK REXT LE
Fig. 11  Comparison of the amplification factors of the experimental and simulated peak accelerations
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Fig. 12 Amplification coefficient of pile acceleration
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