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Influence of soil plug effect on vertical dynamic response of pipe piles

- 1,2 1 : 2 1 1
WU Wen-bing " “, JIANG Guo-sheng , WANG Kui-hua®, XIE Bang-hua', HUANG Sheng-gen
(1. Engineering Faculty, China University of Geosciences, Wuhan 430074, China; 2. Research Center of Coastal and Urban Geotechnical

Engineering, Zhejiang University, Hangzhou 310058, China)
Abstract: Based on the additional mass method, the vertical vibration of pipe piles embedded in layered soils is theoretically
studied by taking into account the soil plug effect. Firstly, allowing for the stratification of pile surrounding soil and pile end
soil, the pile-soil system is divided into finite segments. By means of the fictitious soil pile method and the additional mass
method, the vertical dynamic governing equations for pile-soil system are established. Then, by virtue of the Laplace transform
technique and the impedance function transfer method, the analytical solution of velocity response at pile head in frequency
domain is derived, and the corresponding semi-analytical solution of velocity response at pile head in time domain is also
obtained when there is vertical half-sine pulse excitation force acting on the pile head. Finally, the sensibility intervals of the
parameters of Voigt model in additional mass method are analyzed, and the influence of soil plug effect on the vertical dynamic
response of pipe pile is also investigated. The rationality of the proposed theoretical solution is validated by means of model
tests. The results show that: (1) with the increase of parameters of Voigt model, the interaction of pile and soil will be
strengthened; (2) as shown in the time-domain curves of velocity response at pile head, there are reverse reflection signals at the
upper surface of soil plug. It looks like there are expanding neck pile segments at the upper surface of soil plug; (3) due to the
presence of soil plugs, the integrated velocity of the pile section filling soil plug is less than the elastic longitudinal wave

velocity of pipe pile, and the higher the height of soil plug is, the smaller the integrated velocity of the pile section filling soil

plug is.

Key words: pipe pile; soil plug effect; additional mass method; dynamic response; longitudinal wave velocity; fictitious soil

pile method

g = ESWRE: [H5K A ARSI (51309207 IE 1R %
: Jet5 4 NN Jet5 4 SR BTH (2013T60759 05w [ -+ J5 B 24 4 i b5 H

L EEREAILE, FEROBERRE T, T A & i - '

(2012M521495)

ﬁ*E%EE‘JL%, H%’Wfﬁ‘]ﬁﬁﬁj@ HWL%% kS HE: 2013 -09 - 18



1130 a5 oE L OB ¥

2014 4F

FESOBCM . [ Py SR 2 2 o B R AR
PEJCATT NERISE AT TR RFR L, SR, T
Ak, b EXE HE SRR R (K AL BT BAT R
e .

T RESN SRR H R 0 BRI PURE 5
Bt BRSNS S AT AR Bt it
BURACHR, TR E WAMEE AL R =y IR 1 VF
0PI, AR BERRE DUR S5 JRRE B T, Yongkyu
U0 RS AR IGF  T HRE AT 3R R 19812 3
B RERG TR R AR S R G ik T
BEREAT B8 1 K1 - [PIFRR £ s e s AN 41 AS A ik
BN 55 VR PR I SR BRI vk ke
KINIREN 6 TTIE T AR DA TR - £ - 13
SRR S PRSI OB IR, VR AT 1 B 5 R
(IR S) < AR 25 S SR AR B 7 AT IR s[RI
)4 S5 A A o 4 3 R S TR AN BT T MR AR R
TN EREPIRENERE, JF4T I T S TN ) B
YRS A (M . A BESh AN T, BATHET
TAR NI T 25— A5 TSR AL
J S ASL DN IR A7 AP DR AR A 1) 8 Ky 10 3T REAIESR 11
RERRING, U LA U3 S R A R O R AR S S
DA I FHSE 3 5 B 1K) RO BN T e T RGeS
St TSN R L W (N TR 2 K e R AL O
MR S EERPERE T AP IO AN ) 00 s Ak e TSR B
IR S8 I IS . IS, BRI o
Jeattol s kw2 R AR SR AT BROC AN AT B
ZEOYSERUEVH S5 Tkt PCC M. PHC bk
TE AR SR S5 SR a0 ASL I IR P = A 250N B FLRT A AT B
(PN PR R ap AL Pt X N i3 Ul g A A 1 P2
TN S MR M IEA S, T IR e i
T TSR AMRA AR S ok 2 AT K ELAR DL B 4
SERENER DN RGN, 0T 7RI BOE . Bk =4
SEONEX 58 BRI [ Bk DR 45 3R (8 52 £E AR L,
XA, T i W2 BR o B AR ey A R
AR B TR AR R AR A B M R BLge K B
B A APE T AR g ST B Sl 7 PO A A e, 3
LI T PCC AR AR A2 5 Sy i A ity g 3 J32 30 1)
e SEAER, AR 5P T Novak ST A%
BRBEFT T YA L R A i 1) B, Lu 452
R FE SN 1 2 BRAR D BORIR AR TARDAZ S
VTR R AP 20 g i AR, AR A PR
T3 BUE TR ER T R A2 S0 3 M IR TN 5 3 Rk 8 1]
HRB TS AR RT S TAET T DA
(KIBIEFCRE Fi T2 EEAR DA A AT AN IR 1) 1 26 5 A
AR, BAKRT 730 4 X6 O 2N
T A e M T SRR AT B R T, RN R

TR FERE AR AT APERO S, RN T AR
EHEANEER B AR EAE T, AN AR AL IR,
QRIS AL 10 FEBEARE ] A RO BE B ] 1 A
BEVFES20, Z 2RI A AR Ak o - 9 1] 2 20 1
D, B TSR T AP AN [ A 2R -1 2 DA 2 2N 2 S
KIS OMBGE T ZE XM P BRI/ T s i A
BELJS S IR Voigt 141 25 2%, 1% A1 18 | 9
BEAEERA AR, S0 T L FE BT T A
PEIREM: @ “BErpobE” 1 2eRRIB, R
T IE R R PR SE A B, T RO Y R 1]
AEEGAE R, PrLAZ AR ST HE AT I, AT LS |32t
T IERHEZ A AR ELAE I, (H R 2 1 1 JE ) B
TIBAERE S AR SR IOBLEAE AT, A5t — b it

AL B il LU, RS Tl i R
BESI R R oy, Hil TR IE S b
BB IR AL, ZE RN A ) 50 75 Wi
FALEATI AN 2E, AR e X bk 283 A
VE RIS O T 5 AN T A <5 . 25 Tk, RS
S R BN 2R 2 B8 2 S A s AR AR
LIP3 o P8 20 BT A9 - ZE RO A R B ke
RS LA .

1 #EEa
1.1 tEEE

AR SCHIE TR 5T BRI BT S0 1 A A 1 9k 5 1)
o BN TR I S AS ARy XA U K 3 17
T Mo B, BT BON 25K S A R R I
oA Voigt BIALERA AL, W% 8 LIk
RN E BEIR S P T RS, AR5 R RS> A8 i S BEL BT
PRECB I TR R . WL ARG SRR W 1
Bis, fEi, SRSB4 0 R L AR PR B
i b P () SCARAE T o AR AR 1 A 1 1R A
¥ b - LRS B - LRSS A m B,
ML - LRGHE)Z, B - LRGSR, Bk
BRI K G5 R 1, 2, 5 jo - mB, %
BRSNS L, oy L B BTIA
BENMA s by s by ey by o EAEARRARA
W, rn, EWRKEANH, A LIES
JER H, B TR REN H, o 5B G OT B ERE
00 LA A U BRI A 5 R I L 28 T Ay
m'y, b FE SRR LA 5 Voigt ALY ) 5 2
RBOMEHJE R B0 N &, Mo
1.2 ZBFXBEEH

(D2 BRI A RIS, JoIE N ) FEY R
LA JE S A M S

ey Zj R



6 M

R, SF A TERONO D 1) 3 )R o 1131

(2) AR BHE - e b, BEON 144z Y 38
BTV NI R AR b, 1 2 LR In s g xUd
A Voigt B S HEERAE S, HARsITR
I 1 ZE A7 A8 SR %

() ARRBURE LE - bafuii b, Azl N )i
R BYUI R A3 i LA

(4) B3t 55 R AR TGRS S 1 LA R LAk k5B
AT S TR e A I B

(5) WA ARG /NI I AT DABOE 128
FEREE BEI s R P iam BoE . RIVEE— M
TEBIN T 2E & /ARS8

W 9
- H T ,
mh l(; f
2 RS a
Fenjz ./'+1-‘
= — J 61
=
k; " j
mf
ﬁ |
it R | M | o
pig9= 21| + |1 s
1f! # !#
WIHESL

1 L REHEEERRE

Fig. 1 Interaction model of pile-soil system
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