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Abstract: The dynamic characteristics of the pile settlement under loads are studied based on the motion control equation for

piles. Firstly, a pile-soil interaction model, considering the softening and recovery of resistance, is established by considering

two contact states between piles and soils: sticking and slipping. Then, the established model and a modified tri-linear model
are used to simulate the pile-side soil interaction and pile-tip soil interaction, respectively. A method for settlement of pile
foundation considering the stick-slip mechanism between piles and soils is established in combination with the finite difference

method. Finally, the stick-slip dynamic characteristics of the pile settlement and the mechanical characteristics of the pile are

investigated based on the analysis method. The effects of the parameters of pile-soil interaction model on the dynamic

characteristic

characteristics of pile settlement are also analyzed. The results show that the dynamic characteristics of pile foundation with
loading, the shaft resistance of the pile can be better mobilized and the ultimate bearing capacity of the pile is higher under

alternating sticking movement and rapid slipping movement are observed when the loads are close to the ultimate value of

0 3

single-stage loading. The mechanical responses of piles are related to the loading path. Compared with those under single-stage
Key words: pile; stick-slip; resistance softening; resistance recovery; finite difference method; dynamic settlement
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gradation loading. The proposed method can be used to simulate the settlement process of static loading tests on the piles.
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Fig. 1 Dynamic stick-slip model for pile settlement

1.2 tEEMEEERRE

ARSCAE = Hre BB L b, 25 S b 5 A i
PR ZIRI RN/ EN38, 357 1 4R 2 Ffe s Ak i A4 BHL g
B, St LR wRI R 2R

Py

Ky3
2 — 6
Kpp 77
4,

7/

|
|
8 7
I P
Wh2 7

1
0 Wh1 w

2 Hrim R SRR
Fig. 2 Model for soil resistance at pile tip
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Fig. 3 Model for soil resistance at pile shaft
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Table 1 Parameters of pile-soil interaction

c/ K.,/ W/
«Pa tangp & A B r T, a KN m

0 0.4 0.7 200 0.8 1 1296000 1 60000  0.005

2.1 METRER LR AarEE A TS HE B AOITUPEFHAE

Bl 5 45 T HETR 1800 kKN AL/ T, M5
AR B AL A RS- R G R 2k . NI S T, 7R
PETI 1800 kKN (SRR A #AE T, AR R A BlFe
AT, AES A EA B AR R TP # B T — I [
WU ZNE R RINE R LR I By, R B LR [y
B S PO s i BAg B I B, A SO
XFPAL AR AT DR AL RS . B S BETHAN
5 m A5 Ab 7 AL B BEIK R S OR B T LU
AT PRIEE B AT A B B I T 55 A B 77 48 3ok 3o 255 2 1)
B CES RO R A A RS B JE ik N r
BB, A5 5 b 1) (B bR At M o i sl fi
AN BB B LR M BT 5 S A ] A
BT 3 PRGBS, B B P A B GR FE # 1a
AW R AN R/ F ) N RS R T (B S RO
B RE 3). fER I BEAS G, A& SEE it
NP S A I B (5 Rl ok B i e 5).

0

—— 0 mibHE B 7S
e —e— 5 mibhE SRS
b 165k \A —— 10 mfbHE SIS
{ —— 15 mibHEF A B
. —— 20 mibAE SIS
4\ 155 \

© N A~ N
T T T =

? GomzogooTotR 008 | |
156 M
3 5\
157
0.073 0,075 0,077 0.079 0.081

BB /mm

1 1 1 i 1
0.05 0.10 0.15 0.20 0.25
B B) /s

5 HETR 1800 kN BT E{E A T A RIR BT S L 75 8]
KERHZ
Fig. 5 Displacement-time curves of pile shaft at different depths
under single-stage loading of 1800 kN at pile top
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Fig. 11 Distribution of skin friction of piles along pile length under
gradation loading at pile top
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15+

at pile top
XFECE 7, 11 AT, AR TR 2820 AR A7 ] A3 1
JIEEM RAFLE R o AP 11 AR, A T g 28 AR /0
IS5 23 RN AR T PR 3 A0 B BEL g DX 3 B i g i
Ny HJVPANEAREA SR T 0 X8 tin AR [

TRARTERAE T, Nk A IR TR B /N T B G 3%
g oL, B BEERE— AT E I, s SR AR
0 /2 BEL 7328 457 T A% PR JBE BHL 7 5230 o PR 11 il v]
HH L5 T AR PR P25 o 2 i A 0 28 B g ks T R 4 R
BH AR, AT S sk R A ETIRES R, A 5
R ) R BH g T R M EERE g, T A B JECER 1)
JEE R 7 T 56 4 R A%
S BN S 7R T0 53 2000 205 B N 77 27 97
AN TR P DR DRI P T B RN AT, AT B 7 A e 3 e 7 A
Ko HMETTar BN, A& R A 1 (A7) Ak T W6
Fhmr A, R R 2 R AR BN B LN R
S B RS L A SR ER R, TR I B A P A L TS
N EEBE 3 VA B v BHBE R, A B b3 2547 8 Ak U BR1 Ay
7 AR (1 (B A B B R AP AR R A B X 30 240 T
TP — 1K (1440~1820 kKN,  BAZR AT &
INRoet 155 N I WAEERIN =160 92 8 e ol LT 275 VN
BRI AN SPRASLE, AR R b R Bz
FALR N I SHEER 77, T2 N /N (A B i
e A A3 SR B A Re i BHES B DS, R AR i
5 R ER B BH 7 o5 LEEEOR, A B T 0 EE BH D R
(CEIER iy s

3 BHSh

S, A R A R R b B O A )
K, AR BEHE 32 3 TR shAS IR N, N ik
AL, BT RAL I Hr b o L ARKIEE K, RAEMIFH 5514
Y A 1 0] L TR ik 2R K & %o B AR 0 o b - b 5 A A
BEDTRERR I B oA o VAR BOE T B g a7 =X, 23
*ﬁaﬂ%}ﬂ%ﬁ’]ﬂiﬁz%, HRZHFE 1.
3.1 iR S HIHES SIS ARSI

B 13 AN [E) g = DA 2 DA R A i - R BR A2 #% T
T BE 20 AT PR A T3 e — P [ 5 2% T 2 1] . A
13 WAl HY, A A i R PR R X AR T
VRS E AP AERAMR, bk s = BRI RE AR (R, Bl
W NI FERG R, AH [FIAE T A R B R, BT
iR AR (A N, HARBEE IR Sh A R IOAETI—
FHURRN = A ORI AR, BRI AL 3% 1E S e FaE
DR B T AT AT s T ks AR [
FRIRALAS K AEARAGIN AR THUAT B A8/ R AT THUDC
I 18] 5G 2% ith 2% B AH [, 57 BR AL RS 32 BEAERE T far 20384 K,
o i 57 4 Ao A Sy B AS RS I R AR
3.2 HELIBIFAAK EERR NXIHES FIM RIS R RN

Bl 14 25 T A RN BE S 9 SR 0 S I RETSZ J 03
BEFSEIE o AN 14 HhmTE HY, ko T F 00 o 5 sk 22 4
&R, BB B BH g 3 D R RE P AT, AH R T



270 "+ T OB % M

2024 4E

IR EAE T, MR R E N SEPr 1 & il
RIS, B 7 o B ) BE B g 2l 1 30 A BR A JBE BH ) 2%,
AR BB B N R RO, DRI A THUAH 7] B
ZINE T DT R IS & BN RESE AL AE T 47 2
P BUINE FITT R Bh AR IZ —BUR.

o —e— K;,=60000 kN/m, w=0.005 m, .%P,=1800 kN
—e— K;,=120000 kN/m, 1,=0.005 m, 4% P,=1800 kN
21 Pi=1800 kN
41 01 m, #.2%P,=1800 kN
—+— K,=60000 kN/m, w,=0.01 m, #.2%P,=1080 kN
g 6f —— K,=60000 kN/m, w,=0.005 m, H.4¢P,=1080 kN
£
hor a -
% 8
10
=
ﬁ 12 =
14}
16

—
=

0 005 0.10 015 020 025
wHEl/s
13 AN[E)AE i A Wi BE BOAE TPUTO P B 8] 5K ZRpth 2k
Fig. 13 Settlement-time curves of pile top for different values of

stiffness of soils at pile tip
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Fig. 14 Settlement-time curves of pile top for different values of

side friction attenuation coefficient
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Table 2 Parameters of soil layers in Example 1
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Table 3 Parameters in Example 1
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Fig. 15 Comparison between calculated and test settlement curves

for pile in Reference [14]
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Reference [14]
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Table 4 Parameters of soil layers in Example 2
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Fig. 17 Comparison between calculated and test settlement curves

for pile in Reference [15]
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Reference [15]
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