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A NEW CALCULATION METHOD FOR THE SETTLEMENT OF SINGLE
PILE BASED ON VIRTUAL SOIL-PILE MODEL IN LAYERED SOILS
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Abstract: Based on a virtual soil-pile model and by virtue of an elastic-perfectly plastic model, the settlement
analysis of a single pile embedded in layered soil is conducted by using a load transfer method. Firstly, the
interaction between pile side soil and a pile is modeled as an ideal elastoplastic transfer model, and assuming the
developmental plastic depth to be an independent variable, a new calculation method for the settlement of a single
pile in homogeneous soil is derived and extended to the single pile settlement analysis in layered soil by a
recursive method. On this basis, the analysis of the parameter selection of a load transfer model and the factors as
well as the selection method of virtual soil-pile length are conducted. Then, by means of the presented method, the
influence of pile-soil system parameters on load-displacement curves is studied. Finally, comparing the
calculation results of this method with that of the measured and normative method, it is shown that: within a
certain range of load, the pile top settlement calculated by this presented method is approximate to the measured
value, and also superior to the normative method.
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Fig.1 Mechanical model of pile-soil system
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Fig.2 Model of pile-soil system with partial surrounding soil
entering plastic stage
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HXS T BRI R 28 M, AR AR 21 LA AT
ff, HTRERFIAGE. 4 i DI ot 2 ih 2 5
R Ay FUAR R IRV O TR T, &l 5

7, A K4 Randolph A1 Worth® e} 1547 4% 1] [R] 4 |
SRR A T R 45 0 R BT DDA R Ay 1 TS

AN

Ay =2nG /In(r,, / 1) (26)
Eﬁmﬁ*ﬁéﬁﬁfﬂ%ifﬁ?ﬂﬂ FERKA M HUE b
R, Horb, GORMEM B UIRR; r obE B AR
r NBTUIEM AR, SRR & R A



80 T T

ho

—RTIEAR In(r, /7)) =4 o WA, = £ Ju, FEH A
PR R B, RG24, A A, BT 1E
BT AR BT BT DI R A Ao Sl
{9 43 BT T ST P R 47 05 00 3 2% 260 4 DA S 4
PSR S LA R IR 3k 4S5 e szl
LR A VERY B IR K S AL, R A P T )
91 J3E 2R B AT 5 ey o I P )

K5 argdefte i o b 2800 (K IRV

Fig.5 Range of parameter A in load transfer function

R BT A 2 prr AL I — AN KRS TP
RN, BEONEERH ) 58 A R AR P AR5 88, HAR
BRAZAS, 2 )RMEmT. BER, HEAR. BESMIRZ. HE
DPRDRE P2« BRIR S0t T 255 B R s . ViR
SN o B FLHE TR B I S IR R Y, WO R g
(0545 S ) KANMAT R K2 R 78 3 B
IS BT e S R AR PR A A1 55 2 A o0, HARR
AR KEAE 2mm~15mm. Ak, B FRA SRRV AR
P 22 50 B 5 N AN SR A

2) LA SR L o

MR8 R A AT S IR AR 9 2 A, IR A
LRSS 0, Tk LR L2 BRE I, R
T 2807 PR P B A e ol S8 R P TOUA VI e o
SE ) ME T 2805 RS PR 2 — VR 8 LA ki - R A2 3
LU 0 O TR R DT BRAR /DN, PRI R R
4 R BRI SR E, JF CAAE O R o K
MU o T rT W, R A S R ki
M RS I A DR 3R R e 5 B A U R FR 1
S R AR S A R F AT b BOE
Bi- bk %2 % E, =32GPa, A =20MN/m,
u, =3.5mm, 1, =30m, A4=0.5m", 43 HIHCA [ HE +
BEVHS K BE VST P-S 14k

@© WEun b RAEBE . E, =200MPa
20MPa I, X RIE T - DR 2 B 6 P,
P e it e 27 AN (] R A oE S5 R T 545 21 1Y
Py SAE. AT, #EEMmEGEE N, P-S ki

7 e WA M AR RE IR I v/l HAE S b s 4
BN, THAE TS MR LK. Tk
GG INE- TR RSHL, FHREE 6 TR ARFR TR Y
L, B 6(a) Tt AT (1 v K mT A
6m, [ 6(b) LHLME T HE T EAS B R HUCA 0.8m.

T #PIKN
500 1000 1500 2000 2500

A
8 -~ 1=5m E“
Y

(a) E,=200MPa It AN [ f2 A TH SR BT I (4 T P-S 2

fif PN
500 1000 1500 2000 2500

(b) E;=20MPa I AN [a] jiE - AEvH 57 BT R R BE T P-S th 2k
Bl6  Aisi LA i TR T B A IR

Fig.6 Influence of compression modulus of underlying soil on
virtual soil-pile length

TR A S PR M A R B T LR B A
Tz, 2 RIRAERY], R SR K
WA T PR LB (8]

@ MG H IR . E,=200MPa I, 435131
SR - B B 1 =10m. 20m. 30m H, X
I2E L - AS el 7, Horb, 1 4 R EVHS AR,
AS AR R A TS B BN BETRUTRE S 1 2
o W, ANEE RS R BT 1 B TR
72 St It 2 A T 8 PR 18 00 (58 A% T A B 2 7 98 T ¢
IS N TTITE: ) PR A i | i TR i IR BS
FEREM /N e LG, X TaE - LR R, %8
BEAR T 7853 BAEI i AR T S R T IOR
B a8 3.2 /N5 8 00 b b s b s 4 A 6 K
BETAT BTG 5 AN, BT ELvH S HOE
R SSEV RS



i 2 81

0.4
0.3
g
£
< 02
&
S
0.1 —&— [=10m
—o— [=20m
—a— [;=30m
0 : A ’ )
2 4 6 8

M FHEACEE B/m
B 7 s 0 R A K A

Fig.7 Influence of stress of pile tip on virtual soil-pile length
32 P-SHZITESR

FH Y S S DR I R IA AT A, S H
BEDCRR I SR ZATRE S AR SRR B R
THE R AR BLE E, B R A K RE BB D) NI
A BEN PR SR A SRS 0y, R AR RS L,
BEK G BES TR 4. FHHIGHTE, < E X
P-S W& )5 m

1) E, W50 Z2% S20n TR HE S FORH) 5
P, S35 E, =20GPa. 25GPa. 30GPa. 35GPa.
40GPa, HAhZ#(: [ =30m, E,=20MPa, A=
20MN/m, u,=3.5mm, A=0.5m”, " LL{3E|A[H]bE
G AT N ) P-S thek, k8 iR

FH L 8 WA, AT B [ I, Wk T0C 3 Bt
S P AT PR B KT/ o

R PIKN
o 500 1000 1500 2000 2500
2 -
£
E
54
s
7} ——E=20GPa
6F - E=25GPa
E,=30GPa
E,=35GPa
B E,=40GPa

K8 E, %t P-S Lkt m
Fig.8 Influence of £, on load-displacement curves
2) E MW, 435I E, =20MPa. 50MPa.
100MPa. 150MPa. 200MPa, E =32GPa, HAlh%
DAL 1) AT LA S AN [ R A s A58 )
) P-S gk, Wk 9 Pras. mEFEH, HBEaE
ARTFTIR B T2 B R A P 2 B 8 KT /)

B RGN, P-S ihEefs e B

i

fir g PIKN
590 IQOO 1590 ZQOO 2590 SQOO

10}

Vg S/mm
[
(=]

—— E=20MPa

3oL E=50MPa
- E=100MPa
--- E=150MPa
4oL~ E=200MPa

Ko EXP-S s
Fig.9 Influence of E on load-displacement curves
ML LA oAl g, SRR A AR R T S B
YU RS AE — e L b S WO - Ak 3R S By B
F15 Rt P-S BRI

4 TIEKBISH

SCHR[24TIRHERABE SR, 34T T 5 K424
AL T VA P A A A 3 L B R AR S R O R AL T A
VRN IR B S M BORE . IR UEAS ST
EEYE, A RSO M, BERSEIIE- AR R )
BB HETEIL P-S thek, IR SE RS R
S 465 TR B R AR RS A o T A A kL)
THELIR 25 BT 0T L 3 BT o Mo BE b TT0RE S A7 2
BOLFE 1o BES FRARRTRE E AR Sl 3RS B4 A
T I g - AR 2 WUAR, RN 0B DT B2 SR A
AR BRAE RS AH 00y, R 205K A5 1R A0 JBE FEL ) 5 bk
AL O ZR 2 MU, HAB SR R4S HH
SRR [R])— S My BE S0 BEORERN LR 22 50 U

1 MHORER RIS S

—
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5 U R e 20.3 5.94x10* 3.5
6 PSR 26.0 5.94x10* 3.5
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Comparison of the different P-S curves obtained by
different methods
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