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Table 2 Settlement U, (0,10,t) at the soil surface under the cyclic loading

DQEM #{f f#/mm DQEM #{H fif/mm DQEM H{H fi#/mm
B 1A/ NP =N®=7,N, =7 N® =N =8N, =8 NP =N?=9,N,=9 fehH A Imm
At=0.01s At=0.02s At=0.01s At=0.02s At=0.01s At=0.02s
0.2 0.33335 0.32887 0.33855 0.33404 0.33542 0.33093 0.3413
0.4 0.47703 0.47393 0.48274 0.47964 0.47909 0.47599 0.4835
0.6 0.58663 0.58412 0.59269 0.59018 0.58871 0.58620 0.5925
0.8 0.67872 0.67656 0.68509 0.68292 0.68084 0.67867 0.6843
1.0 0.75937 0.75745 0.76600 0.76407 0.76151 0.75959 0.7652

N T RSB IRAEAR ST IER M, BLER A
4 AN AL B TR BN A A (R Bh A IR N . P AR R
HE 3(b)n. B 4 7~ tH T z=5 m #1 z=10 m A[FIE
FEARL ARSI RE 2R . Horpr, SZZRAN R 2R ARSI
[543 9 At = 0.01s. At =0.02's [RI%1E 45 5.,
1M 15 A% 3% Boer i 45 5 . I8 5 Rt T T HOn
TR B Ty N e, Horp, BB KA
At=0.01s . i5d, AHTCAE T NO xND =
TxTAGESE, 1=1,234. fEsER, REL2 5
JOIEAE 4 B, HRYE DQEM #RETH 4 A
IR, XEREA RIS ERT, &
ESIE i

0.0000
=0.0002-

=0.0004-

PiPE/m

=0.0006

=0.0008

00 02 04 06 08 10
(1) /s
4 AR IR h £

Fig.4 Time-history curves of the settlement

0.0000 -
-0.00021
& -0.0004

=0.0006

AT

-0.0008

: : : : :
0.0 0.2 0.4 0.6 0.8 1.0
F 5]/

KI5 BonHon BB AR A

Fig.5 The effect of the number of elements

3.2 MEE-IAFLTAHIEE RGBS

FHE 1 Prosiha RER ISR . X HE-
ARG RG] 2 A BT (B R AT A £
YLK 2). PEFEMPA AR S HOLE 3, H
Ngs AT NS AT HARZS IS [ AR AT M ) AR 4338
4y I H X By H=40m, r,=05m, r, =
80m . EHCHIMIN (A AH S A I B AT A Ak
q(t) = go[1—cos(mt)] FF#f IN%L q(t) = goh(t) ,
1 g, =50.70kN/m® , @=50s" , T h(t) =2
Heaviside p&i#. TH5H 1, 7EE] 2 5 I6(1)F HI6(2)
digy il A BT NP xN, =10x19 I NP xN, =
19x19 445 51, FFELAL=0.025s .

#=3 MBERGHNIESH
Table 3 Physical parameters coupled system
MR+

™ =1000 kg/m® % = 2000 kg/m®
»™® =10000 N/m?® kF =0.00001 m/s
ngs =0.67,0.5 _

15 =5.583x10° kN/m?
25 =8.375x10° kN/m?
née =0.33,05

b
AP =8.25x10° kN/m?

17 =5.5%x10° kN/m?
321 ARteAe P AE R g3 Ak

SFFeh i, B 6~ 7 Rl T AR
(r,z) =(0,20),(r,z) = (0,40) LI F% ul (HrF%) MK
FEH 2R, JLrp g RIseLl /) SIARR T nGe = 0.33 A1
noe =O0.5MIL5JL, EMp BB, TEMEEINER T IRARTL
B FE o A SR TR R e LA/, IR H 4 et A O's
F) 0.6 s AR KIS, AU FERGE TR, MifE t=0.6 s
PUE, DURERRASIIN. SR, 7RI~ RfA
STIR B AR JE LT R B A L BT 18 o it 44 o

S F A AIT %) t=0.1 5. t=0.2 s K] 8~/ 9 R
TARFLEE nS: =0.33. nS =05 T, r=05m kit
WESE I BYNIBEIRSE 2 7M. REREEE], TERMREIN
BWIHOLT, BN RS B AT S I A2 3 o,

p° = 2500 kg/m®




176

£
&
S

PUE/m

ViFE/m

1

JURE/m

0.00001 5

0.00000 4
=0.000014
=0.000027
-0.000037
=0.00004+
-0.000054
=0.00006

=0.000074

0.00002 4
0.00000
=0.00002
-0.00004
=0.00006

=0.00008

-0.00010

=50 kN
~0.000121
~0.00014

=0.00016

(b) xi(0,40)
6 UUREIS il 2k (W BRI Ek)
Fig.6 The time-history curves of the settlement

(for the step loading)
0.00002 4

0.00000
=0.00002
=0.00004
—0.00006
=0.00008
=0.00010

=0.00012

=0.00014

0.00000

=0.00005

=0.00010

=0.00015

=0.00020

-0.00025

=0.00030

(b) s5(0, 40)
BL7 DORRE IR R 22 (R 0T m 3)
Fig.7 The time-history curves of the settlement
(for the cyclic loading)

401
304
£
& 201
104
0 -
0 100 200 300 400
BYRN A7 7,/Pa
(@) ndr=0.33
401
I
30+ T
£ " qo=T0 kN
& 20
IS
10 A t=0.1s
—1t=0.2s
0 4

0 50 100 150 200 250 300 350 400
B N 17 7,/Pa

(b) ng: =05
K8 YR (B in #K)
Fig.8 Shear stress around the pile (for the step loading)

/

0 200 400 600 800 1000 1200
BIRLS) Tp,lPa

(@) nfr=0.33

T 4e=T0kN

(o=50 kN

——————— t=0.1s
10+ t=0.2s
O_
0 200 400 600 800 1000 1200
BY 1 F] Tr,IPa
(b) ng =05

K9 bR BY 8 (91 #K)
Fig.9 Shear stress around the pile (for the cyclic loading)



T ®

T CEAE Sk P I TR G 38 i (B 8). % T A B m#k, 4
t=0.1's I, ZEAE Sk B LA BE S5, AR TR T
FEINERA = R AEX PG . jeAh, LB X HE (1)
JEEREL ) BR300 o B S P 5 BE S g L 5 (%) 484 o
O FEAC
322 jtaAe eyt R

[FIRE, W] USRS L i shAsm v . 76 & 11
thzg th TANFI 2 R R A R £, R 12 R
A T AN RIR BE A AT A FLBR R I AR I 2 TSR
I RAE 0o=50 kN. PR TR, AH——ifid.

0.00002
0.00000
-0.00002
£ -0.00004
& — =0.05s
12 -0.000067 ¢ =0.1s
=0.2s
-0.000084 ¢ =03 s
=0.4s
-0.00010+
-0.00012 T T T T T
0 10 20 30 40
e AsFRr/m
(2) BrkhnE
0.00000 -
-0.00004
g 4
x; -0.00008
= —1t=0.05s
-0.00012¢4 t=0.1s
t=0.2 s
_ 4 t=0.3s
0.0co0164 . =04
-0.00020
0 10 20 30 40
AL FRr/m

(b) JAHImE
K10 AR 20 i) 3R TR il 2k
Fig.10 The settlement curves at the soil surface for
the different time

40+
30
£ 20+
|
~ 10
0.
0.0 02 0.4 06 0.8 1.0
i a]/s

(a) BrisinzEk

VAR 177
z=10m
"""""" 7=20m
504 0 T z=30m
g 25
=
=2
0 .
954
0.0 0.2 0.4 06 0.8 1.0
I ) /s

(b) JA N

B 11 AS[RIVR B2 AL A FLIRG R R - 26
Fig.11 The time-history curves of the pore pressure at the
different depths

4 ZEig

AT Z A FHEGE PMT, B0 T HEH
TR A0 A 2 s P 2 ) il X AR R S R G 1 Bl A T
LAY o FOIR, T SR g% IR R DQEM,
Forh R T IR AL B A E B A ) — . R
F TR ¥ DQEM, 7 2% (]38 Py Xof 42 il #sk 73 77 #2 3k
177 88, BRI — A RE s T 28
Ja KA 2 B fa 2250 i B L T A 24, &SR
F Newton-Raphson & ELENIMG K1 T R1G T
) AR BB AR . A SO IIEUESS R Boer (1%
Pras R RAF, Uil 1A SCEIR AT R IR A 1
DAR S TS s [RIR 2552 1 BronBoR 2 s ot
Bl g RSt s . REE B, ASCIRIMW
DQEM EATHE &/, K Ao thir Al shot
PREEAR 1 o B A SO AT T A - D+
A RGBS N, [N 3RAS T AR L A A - 1
—UER SRR . USRS R T, T
KL “Winkler fE” SRARFLL 44X A 25 1) &2
TER, SEMEIERN AR A B — ARG R GUORIE I
TR A1 D1 54T 9 UL e AT 22 A A AR A
FEAEATATI o ARSCATPRAL X R &N K
T 5 1 40 B0 1A B50ME T v AT R SR 4 BT i B 28 AL
XEME RA LKL EZ IR RG340
R, AR — PP R .

EEP S

[1] de Boer R. Theory of porous media: Highlights in the
historical development and current state [M]. Berlin,
Heidelberg: Springer-Verlag, 2000:1—20.

[2] de Boer R. Theoretical poroelasticity-a new approach [J].
Chaos, Solitons & Fractals, 2005, 25(4): 861 —878.



178

T ®

/i

22
5

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

Apirathvorakij V, Karasudhi P. Quasi-static bending of a
cylindrical elastic bar partially embedded in a saturated
elastic half-space [J]. International Journal of Solids and
Structures, 1980, 16(7): 625—644.

Zeng X, Rajapakse R K N D. Dynamic axial load
transfer from elastic bar to poroelastic medium [J].
Journal of Engineering mechanics, 1999, 125(9): 1048 —
1055.

Jin B, Zhou D, Zhong Z. Lateral dynamic compliance of
pile embedded in poroelastic half space [J]. Soil
Dynamics and Earthquake Engineering, 2001, 21(6):
519—525.

Zhou X L, Wang J H, Jiang L F, Xu B. Transient
dynamic response of pile to vertical load in saturated
soil [J]. Mechanics Research Communications, 2009,
36(5): 618—624.

Zeig, ARHE, T, WA b BRI B IR S R AT
fR R SI[I). THREFI%E, 2011, 28(1): 157 —162.

Li Qiang, Zheng Hui, Wang Kuihua. Analytical solution
and its application of vertical vibration of a friction pile
in saturated soil [J]. Engineering Mechanics, 2011, 28(1):
157—162. (in Chinese)

Wang J H, Zhou X L, Lu J F. Dynamic response of pile
groups embedded in a poroelastic medium [J]. Soil
Dynamics and Earthquake Engineering, 2003, 23(3):
53—60.

Maeso O, Aznarez J J, Garcia F. Dynamic impedances of
piles and groups of piles in saturated soils [J]. Computers
& Structures, 2005, 83(10/11): 769—782.

UBKER, 5%, VAN rhobE- A 5 1) B A ELAE R
MER R PRBN[I]. TAES12%, 2011, 28(1): 124—130.

Liu Linchao, Yang Xiao. Pile to pile vertical dynamic
interaction and vertical vibration of pile groups in
saturated soil [J]. Engineering Mechanics, 2011, 28(1):
124—130. (in Chinese)

Liang F Y, Song Z. BEM analysis of the interaction
factor for vertically loaded dissimilar piles in saturated
poroelastic soil [J]. Computers and Geotechnics, 2013,
62: 223—231.

Bellman R, Casti J. Differential quadrature and long-term

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

integration [J]. Journal of Mathematical Analysis and
Applications, 1971, 34(2): 235—238.

Bellmam R, Kashef B G, Casti J. Differential quadrature:
A technique for the rapid solution of nonlinear partial
differential equations [J]. Journal of Computational
Physics, 1972, 10(1): 40—52.

Bert C W, Malik M. Differential quadrature method in
computational mechanics: A review [J]. Applied
Mechanics Reviews, 1996, 49(1): 1—28.

Sk [E 9%, AR IR SRR SR A % f) 58 S 42 1 e [].
TFEJ1%, 2005, 22(1): 59—62, 27.

Nie Guojun, Zhong Zheng. Elasto-plastic analysis of
beams by differential quadrature method [J]. Engineering
Mechanics, 2005, 22(1): 59—62, 27. (in Chinese)

SR, KK, RATS. BT R SRBUER Euler-
Bernoulli %2 (1) KA T 123247 N A3 THRE 1%,
2014, 31(3% T 1): 1—4, 10.

Zhang Qiong, Du Yongfeng, Zhu Qiankun. Study on
large deformation mechanical behavior  of
Euler-Bernoulli beam using DQM [J]. Engineering
Mechanics, 2014, 31(Suppl 1): 1—4, 10. (in Chinese)

Hu Y J, Zhu Y Y, Cheng C J. DQEM for large
deformation analysis of structures with discontinuity
conditions and initial displacements [J]. Engineering
Structures, 2008, 30(5): 1473—1487.

B, R, BEEY. KREJLATIRE M- LA &
ARG R ITIE]. [l A7) 5524k, 2008, 29(2):
141—148.

Hu Yujia, Zhu Yuanyan Cheng Changjun. DQEM for
solving pile-soil coupling systems with geometrical
non-linearity [J]. Chinese Journal of Solid Mechanics,
2008, 29(2): 141—148. (in Chinese)

Wang X W, Wang Y L. Free vibration analysis of
multiple-stepped beams by the differential quadrature
element method [J]. Applied Mathematics &
Computation, 2013, 219(11): 5802—5810.

de Boer R, Ehlers W, Liu Z. One-dimensional transient
wave propagation in fluid-saturated incompressible
porous media [J]. Archive of Applied Mechanics, 1993,
63(1): 59—72.



