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Displacement standards for lateral capacity of rigid pile and
flexible pile in soft soil foundation
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Abstract: The determination of lateral force capacity of piles is a problem to be solved in construction of soft soil area. Based on the
Matlock p-y curve used in soft clay, a simplified double broken line model of Matlock p-y curve was proposed, and then the
undrained shear strength index s, and CPT cone tip resistance g. were used to represent the model parameter k;,; and p,. The
dimensionless relative stiffness coefficient of pile and soil, noted as Ky, was used as a classification standard to differentiate rigid pile
and flexible pile. The relationships between the initial tangent modulus coefficient denoted Ky and the horizontal soil resistance
coefficient denoted K were established. At last, the displacement standards for lateral capacity of rigid pile and flexible pile in soft
soil foundation were developed. Results show that the displacement control standards can quickly determine the pile critical lateral
capacity. it demonstrates a practical and reliable method of evaluating lateral capacity of pile foundation.
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Table 1 Bearing capacity characteristic values of single pile by specification methods
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Fig.1 Horizontal bearing mechanism of a single pile

R TAERIR AR ] o 0T AAAH O I B AR
(RIERAE, TRk de/E R 2RI A NIAES), XK
BERR R M, KSR 8T — i E AN - Py i 2
P o R T BEAARARS NI RN R B, HZR AR K,
Mot BT R R g, BN RVENE, bR
(R 7K P 78 ) AT AR s SR O L4507
FEIRE

BEFEIK PR 3 R vt B e g o3 U AR A A
AL R L RN ) R, R IR T,
FE A AN IV m] A7 A BRBE £ Y ) AN KT V0 m) i
J1. B, s LR &S K R IT Ik
A py MR, poy WhE RELE A I W~ AR AR
RS2 RIAE S, I HASZHE S AR AR/ 5%
Wi o
22 KFEL py RN & ELL

TR poy MIZRIIBTST, BN A= IRt
% T, Wi 1 3 ERE Y T % py B,
(IR R o BN W - i S WX P (EB P28 N
B H TGN 58 Reese [ORDPE L XUMZE p-y
BRI Matlock (151 p-y B8, Bouafia” 8%
RXAT & A Xt 4 p-y BREATRIER (L
Bl 20, g5 T B rh A D) 25 ki KT

p A

2 iy by

<y

Ve

_____ Py

B 2 Bouafia WHTREHRE
Fig.2 Double broken line model of Bouafia



2678 b +

o 2017 4

W LB po I EESHNIRIE, Hwe XA H
LRI SIS ye ABESE AT AR BRI LR . =
BRI EAAE RS P R A B RS 2 T
TN

Matlock i1 p-y BT I £ A5 7Y B AR
PR BCRIE A FTAN[R], AH 35 (1) #h e R AE A7 AEARAAPE
Kim "R, XU £ AR th BE R L 1 I 1
BEM L p-y BHEESCR. FET 0k, X Matlock [¥1%67E
1 py BT BRI, e py e
I QRS P98 ye, H TR S H LI B /K
SR AT R P AR E . Matlock 1) p-y B4l 56 E A4
ey (APD M BEE . CANHEK PTI98 /)
T 96 kPa) AFIE/K VA ST I RIVE S, Ik
EBAT (SO TR Y PERAM . Hthge
DL 3.

p/p,=1

1/3

0.5p, |- P/Pu:0~5(y§/)%o)

Matlock!'", 1970 4F

0

Vso Ve 8¥s0 Y

B3 BKFt py R BEIDRIFLEL
Fig.3 p-y curve of soft clay and its double
broken line model

p-y W& a3 B =L E -

1
0523, y/y, <8

Vso

L
Py

(D

1, y/ys, =8

/\E'j:
P, :(3+E+
S

u

0'SZ)SuD, z<z,
D (2

p,.=95,D, z=z

T

Vo =2.565,D 3

s pu AACEIRBREHTTT5 so Jobk e Lk 2 R
U 12 WHRRERE AL s sy BARAHEIKGTET 5
FEs y" R AR R s D AR TS Cem) s
z NBEIMUERIE s 2 IR FHRSE, 4% T e

f=—? 4
y'—+0.5

u

X} Matlock 3K Fh 1 p-y AT AT L,
A3 7 VAN S50 S IR] Bouafia IR X 28 28 p-y XUHT
LTI, ki 0 Matlock p-y FHERHTUR D) £ b,
pu N Matlock p-y 127K 4177
23 NI TR E

WP« SR PEAE (R 7K AR Az SR L 2 A DXl
(1), RINAESEALNE 5 o FE P hE 2 L he g ¥
i, 3 AT X ) SR I AR (AR W E Lo A
(RIAFDRT ]I P B2 S A — = W AR AIE 2 T G R, X
Vi) 422 S AT ) 1= P A e e B R AR A () 1 I« (s
F1 T REAESE RS ) (PSR 2Rk m ks SRR AR

FERECh
7= EL (5
mD

A Ev T BB sa iR (N/em®) R
HIPEAE Cem® s m S HENN -+ & 7 R ) R 5
(N/em®), RAEHEN A 52 1 BB k BEIR I 2k AR
WHKZs T RHAHXRIERE (em).

HE PRI AR WIS R B0 — AN 5 H /K P ik e
JIWVELERRRR, ERE T RS (b S
B ARVFFFRD, Wik 74 e ). @b 7
THRIUZRMACE AR S RS Bl
RGP BRI N K TR £ 22 (B TREMIE
) A NI R R brdE (L A
IR, FREASEM T e, I [ b 28
S SZBr BB R BN T 2.5T I A RIERE, K145
T 25T W hafpbmr (v U,

K2 NIPERE. SRR HrHE
Table 2 Definition standard of rigid pile and flexible pile
FMEbE _
Jrik: M A (R A
’ T M
L=4T AT>L=2.5T

m L L<25T

3 py ZHIHE

3.1 AHKPUBYRE 5, RIE

ANHEZKPUBY 5 P55 2 B 1 ik FE R PR R JE S Al B
SEME I T DEN 48 HR - Matlock #%E + p-y thER L5
W MZ DS EL: AP 5T ) po R ] Lk 218
FRPTS 172 IR ARTE ysoo HHEC (2)0 (3) 7T
Hls pu i so FTRREL, yso 5 = e 4l 50w B XA Y
FTHY 50% B0t I (AR, 4 AH G o

Ebrahimian 2 g 5 dg - (GET 495 413
Wi BH ), RAEAKES LA LA AR FH R b ey
W] B LRI HE K BB SR s, RAE, e T 3



59

PR AN P ARSI AERT T 2679

T A s, FIORUAS b [ 45 B OCR- s, W HRFRIF
5 FIETFES, 5N
&5y =163, —0.7 (6)

&5 =55,0CR—s,—0.010CR-0.5 (7

2 (D) py Al yso BITERE 5, HEATRAE,
Matlock & 1 p-y MU T AAAHKPUBT 3L s,
HbitazHutes. Bk, X1E 3 Matlock p-y XU

Prekfa iy, fEREWE py WTUS Ll R RIL
s
Sf(sy, EILL,D, p,, k) =0 (8)

X (8) AT R AL EAS

k.. L EI
<g(ﬁ ) pu s T o 4
s, sD D sL

u

)=0 (9

X9 FE 1 AHHIRECE s RAL T HIVIZ
RN RE, WE A

k. (z2)=2"s,(2) (10
552 AR EGE s, RAL M L5
2H WfEn
Pu(2)=n"5,(2)*D an
BEEE p-y HHEBISE AR KI5 00 5 Rk

4

d’y
El—=+ p(z,y)=0 (12)
& p(z,y)

4

KT LA m AERAE p-y BHERERAE, JAEM L $t )
p(z,¥)=k(z)y =mDzy (13>

L KL RE k@I AN k(z)=mDz, X T
Bl 3, k(2) RN AR TE p-y RISt
F AR A (R S R AR L, 45
A (ke RAENE AP L4 R BB R B AR AL
(RSN
m:iﬂ%@m:éﬁm&m:%ﬂg (14)
ot LOWBERIE R R RRE, Lo B FIOREAR
RAGAETE, m EHTEHUER ., %% 2, L it
L, =min{L,2.5T} (15

BERIARX NI R KL T T A S SR
Cem) [MUWELE, XPPHraC (9 %S HAIAN G
AAKIAE, Pk, 200 SC—ASTo A A I
FH HEeRIES 3 2 (W ZPERERI bt — 2.
it mA b, ATCE R L ARR NI R A
Kr
El

- (16)
kL

Ko (k)

=L I, K (5. (14) AR (16) 15

2EI T
K. (k)= =2(—) an
(k) mDL (Le)

X 2 HrRIERE . ZRPESER) 4 AR L= 2.5T,
M L= L. B, Kr=0.020 5 AT{EN ISR, e rEpE
Koy writk, LRI brik SR 2 MYEVEAH— 2.
3.2 CPT/CPTU #RBH 17 q. RAE

B ASHE K BB S 5 (96 € 77154 Bjerrum
7%+ Mesri ¥, USALS 7. SHANSEP . 13 %%
45 N J39% . Tsuchida 2 USV, AR 7 fi 5
CPT/CPTU £iAR, AHEKBUBY s EAE B e 18 FAT)
AFAE BRI, & BB DR S22 2 (1 B il
DU P B A LRI

Lunne ZU 75, CPT IRHERFE 7 ¢, 5 144
ANHEKPUBY S s, AT ARG 1 — SR B, 2Ryt
AT g 5 s, IR SC R @ T FLIE )it
R CPTU AR p-y IHEEBRL. ¢, 5 s, WS IR
gt 0% (18

Nk Nk

Kt g, AEHERBLD: N WHER BB 0,0 A
FE LT g g R LR B IE 2 S 2 HE
RELJy, HARIEA N

q, =9, +u,(1-a) (19

s g, SEIHESRBE 75 o 70 HE A A7 S 11
fUE; a ABSKA ML, a=0.8.

ST, ATUAE B R AHEKBUBT 9 s, RAE
(1) p-y ZHGLIE S| th CPT/CPTU HERPHL ) g, #4773
fiE, SCEUEAESE, FIT RSN p-y th&SH0kR
. Ebrahimian 2 PWERFTit fE e, X (6).
(7)1 eg W TARPLBN AR F U, i ) kR 2
WEALAEPREN R IR, FHESR B A HE K P18
SRIEHHT py BRI T AR BN 0] 8

e (18), Mg, mHA (10>, (1)

S



2680 E- - S 2017 4
175 X ' Ke=7
k., =K.q. (20D
0 K, =01x K"
p,=K.q.D QD 10 O
itl:'j Kg j"j (]: %?E‘Fﬁgtﬂéjﬂ%%giﬁ, Kc j"j (]: %% & 107 VLR ; NI
(RN Y S RIS LIT=25 | L/T<25
TR FE ARG IR HER B ) g, 1 R fE (gt A
107 F ,
* 1 e ¥ 1 =n * ., E _
4= g (2)dz :L—gqc (h (22 K =0021
. . SN s PV 10_10‘3 10"2 1(;“ 1(I)° 1(;‘
A b AR AR 0 ANEERITE A | K
TG RRE: g () A iR LT ESR B B4 Kok ER

HA

* o, 1,»*
4=, 42 (23)

F CPT/CPTU HEAR BH ) AL ) oA BE - AH X
Wil B Z 3800 A
__E
gt

A Kr 530 (16) K &8, WKIHTE L= L. W,
I Kr=0.020 5 1E N NI ZEPERERI 70 brdE, S5 R0
e R — 5
4 NI VR B i b v

Bouafia®' 5 H, *FTHEskAm. K41tk /D
=10 A2 b, H)Ebim 250 Kew KF+
il 250 Ko & T ME LA I R 5 K 1R
%, Hie F:

Q24

R

iKR’”, K, >2.1x107
10 (25

7.0, K, <2.1x107°

K, =

(26)

~ {1 AK K >2.1%107
C

10.06, K, <2.1x107

X § Bouafia #3717 BER AL 05 K=
2.1x1072 AR (16). (24) & LIKRIPERE . 21k
BRI FRAEAR— 5 (Kr=K7r=10.020 5), WRIHEA Rk
B IR FE 5 PEARX WIS R LAY L. /T=2.5, T5
T EMEE X B 4, 5 R TR 2R
IIARHEVEIR N Ke~Kry KoKr KZR, B RPERER
Keffl K {2 B, mNIENET Key Ke
B G F 0 AR R Kr 22 S

Fig.4 Relationship between K and Ky

10'

Ky =14x K, "%

g 107
LIT=25 L/T<25
1072 ELi WA
i
i Kp=0.021
10—3 ! H ! !
107 1072 107! 10° 10"
Kr
E 5 KcKg ;Q?%

Fig.5 Relationship between K¢ and Kx

ST 3 5 X Matlock %+ p-y #HiZeXdh
AR,y APEIEICF AR BINIG AL 2, ye HIF]
TRV ERAR ki WG 5 W PRIKT- 5007 py Wi 2%
HFE. Wl 200, QD, f

KqgD K
yo =P 2z _Pep @1))
ki Keq. Ky

mi

F TR, B K <2.1x1072 MO0, ye 0T
IR A9
Ye _Ke 0.86% (28)
D K,
ST ITERE, B Ke>2.1x1072 (RIS, e AH AL
BN

K,
y_DczK—C=141<R‘~93 ~ 14K, (29)
E

(ST 7168 BB AR V1o S e AR E Z it Y



59

PR AN P ARSI AERT T 2681

VERT B U MEAR ) 0.86%, IR (KA Tl s 4800 1
BB RIS A W BT IR 7K 2 80y 42 il
Pt BTG B ABE LA NI R4 Kr ) —IRD73E4T
. WEFREIE, KEHIEHT L2y, %
FERBAR, TRESZPR v iR AR K, AR Z
DAZEPE KA T, BRI, AP R S B 45 b
#E yo/D=0.86% X Fi5 F4K - XpEIE T2 S B AT
FE

5 TRERAES Y

SELTT IR TR 3 AN 7t 12 B8 Sk K SE
BATIRY, W LA 2B N 1) T
PEPRR, ARPERME ST, SAE AR SO 3L K P 7K
TR T RRE (1 - A P RO AT 1
5.1 LB TEMR

(1) 5411

ST SCAGH O B H A TE VLT SR 1, 8
KT =N RS, 332 A vk Tk i -1
JERATR TR TS TR . I H ARG, 4
N IR HE . ST AR Ak
SCARIX L MR AR B A, MR 1R KR
%o ARSI 4 ANERROE IR AN K
68 m, BEARN 1 000 mm (B, FLREBE, R
HE LR RS C30, BES L E 16 AR ¢ 25 mm 7
PR ER, TR oem S MM R 7K TS o

(2) 5 2

U AU B L R s LRI E A TR
FIERLE LT, BUEARIRRIL) 21 470 m®. It Ak
TR RSN, BRI VA AR DY
RUBLE . B igh 12, B, W ~nri,
/DR RRY) SR TR BE, PR IR R
AL L2 RO, W, WA, SORENUR, Sk
WEEE, BEE 1~3mm 2, mEgtk. EH
BHFLBEENE, BEKCA 45 m, HEF2N 800 mm, VR
1RGN C35, bR TERL 3 ARME MK T ) 2idar
R

(3) 549 3

TE A B LR AR A BRI TR T R et
FERFFRIX A, | hkor A e dbmi s, bRk
169 669.8 m’. M3 0 HL Y (b BB BT I,
IR 70 m DL EEZON B DY RGN THER
YRt WY, AR R BTG A HAH
DU, DLW R BhEE mbTEoR . bR
T1~T3 KN SRk 40, Bl PHC 500 AB
100-25b B, HEKH 21.0 m. WBEEGERN 3 R, ik

B T4 K PHC 600 AB 110-46b i, #E K 46.0 m,
AR 1R
5.2 SEBIRE

3 AN R T T TR 1) Z A6 FA I, Bk
BETHE pH, R0 280 AR Ak 4 B AR LA AS
FARTEY W AT . Fa TS I, b5
HOHE T5 07 F B6 P (AYYAH)-/KF-F H SRR s —
T2 B 2 s IS I PR 47 38 BB I R KT 4 2
Kl 6 A sl 1 ST ER -3 T SR (A Yy AH)-H K
REL HAh b7 CRIE 6.

051  mz3hr
v Z155"#F
04}
§ 0.3
g
£
< 02
213
0.1
0.0 1 ! i 1 1 ! 1 1l
0 50 100 150 200 250 300 350

H/ kN

B 6 MTRMBEEEKFIRER
Fig.6 Relationships between AY,/AH and H

W RS B R B SR s, AR
FOREFE, 0 S b PR UL IR B AN B S5 AT
Kizg. WItEME K (0 (24) HHEAH, AN
(290 HEAT BRI S Ao 42 )37 6 1) i s
it s ZEMERE AT I S mr gz i B E 2 i =X (28)
BEATHAE . LRI 3 ANkl 12 AR AihE 45 53,
SXoF FH R YT R ER AR SCYETIOIN ()s ST A 28
BHATLHREE, PRILE 3,

M2 3 4N, AT S5 515 A e
(1) AT I S KT A LA RSP IR — B, BRI
AR BE 27170 21555 R 2= KA (O is )
25%F1 49.6%), HARAHEXS LL i ZE /= HIE 5% A0
o Z7UFN 2155 R R, bR A, Z2717
A Z2155%% 2 MRHEAEIRPE R FE P IEE N R, AT
I Z T R R BRSO n2 sk e A A 1
ALK, LRI EAIE T FbS BT 7K
TIAR s T AR T AR ST 45 HR 5 S 45 SRR 2
HLEAR 3 A4, ASCIET S e ik 45 R A5
UF, HUR T ARSONE AT, HAO R EH G
W CRBR AR T (L 6), AT Ll A hilbe
HE ye/D EAEIIA I 2 HEFEIG SO AR, dhmi 4
HHE L AR BE L



2682 EE R R 2017 4F
Tbl3%ﬁ $i&?%%%5?ﬁ%%§ﬁ% ‘ B] N RICRIE (55 A1 2 @ikl GB 500072011 4
able omparison between predictions by the propose - SRS oy - ,
procedure and results by specification methods GUHBHEIERA BT BUTELS]. JEat: P IEARS Tl SR,
W e g DV SPRRRAN 2011
th s e T mm oM W /% Housing and Urban-rural Development of the People’s
73" 1000 172 180  4.65 Republic of China. GB 50007-2011 Code for design of
AT z4" 1000 210 195 7.14 building foundation[S]. Beijing: China Building Industry
vy THERE z6" ML 1000 165 171 3.64 Press, 2011.
z71* 1000 172 215 25 / i N . e
" (4] PHENRICANE AR 55 R 2 12 BeEE. JGI106-2014 237
Z155 1000 135 202 496 s R N o K
. FEHERT I BARRLIELS]. Abnt: b E AT T AR AL,
B CT4-4-3 800 350 333 4.86 2014
U EENE CT4-104" FPEBE 800 369 350 5.15 :
B CT4-15-4" 800 352 350 057 Housing and Urban-rural Development of the People’s
PHC500 T1 500 50 52 400 Republic of China. JGJ106-2014 Technical code for
- AB100-25 T2 NITERE 500 60 64 6.67 testing of building foundation piles[S]. Beijing: China
;;H b T3 500 70 72 286 Building Industry Press, 2014.
R
PHC600AB o e0 75 77 a6 [5] FIAUITAERZE 012, DGI32/) 12-2005 R HTHLIX A5
1107460 BEILA VU RVELS]. dbat: T RS TNk AR AL, 2005.
Nanjing Municipal Construction Committee. DGJ32/J
6 éjlj: T//E\; 12-2005 Code for design of building foundation in
. . Nanjing area[S]. Beijing: China Building Industry Press,
(1) Zi 5 BB R By /L, P2 T 2005
il p- : [ S AR R . s ,
Matlock E/}(@SL Py HE@EE/JXX*E‘%EI@{’KBE%E:’ Eﬁﬂ: [6] BT 2 @ AS I 2. DGI08-11-2010 i
Ve JA BN FEACT AR B I Ol 50 A8 ri M HERERE BV AELS]. Lt Bt iR ST i 3
(20 G BRI AHEKPUBT SRS 5, AN 7 b EEAE B BB 3 HHARAL, 2010,
R qc X4 py B IR AR DI ks 7K Shanghai Urban and Rural Construction and Traffic
SRR 141 Du WATRAE, 85 T35 ki Du 5 Committee. DGJ08-11-2010 Shanghai foundation design
T GANE T MR 2R Ke (OAHDEE A, FEIE code[S]. Shanghai: Shanghai Station of the Building
ST LRI R Ke0.020 5 TTHERD, SRR Sl Doy Mok Mamagemen Fress 2010
S —vp N — v e s , , et al. Large-scale modeling
R brdtt, X—brt s A R — 2. o .
T MK R SR T R and theoretical investigation of lateral collisions on
(3) f2 A ~ AT AREDLA elevated piles[J]. Journal of Geotechnical and
SRSV . 28 P A 1 7k SE o L Ao Y S KR 4R T
FERIRRE: SEPEDE AT AR BN Aty HEAR 1Y Geoenvironmental Engineering, 2011, 138(4): 461 —471.
0.86%, WITEBE AT ABAIE bEH TCEANBEL (8] ASHOUR M, NORRIS G Modeling lateral soil-pile
AEX R RE K 0 K5, JEE L TRESEH) response based on soil-pile interaction[J]. Journal of
BT T HAE, X —hpdEis O VB 5 fe b ding & Geotechnical and Geoenvironmental Engineering,
BEREW AT AR Sy, T H B AT A 2000, 126(5): 420—428.
[91 BOUAFIA A. p-y curves for single piles in fine soils from

THE-.
2 % 3 MR

(11 25, bRt 5 TR SR ML dbat: BRe
fittt, 2012.

MIAO Lin-chang. Technical characteristics of soft soil
and its application in project projectfM]. Beijing:
Sceience Press, 2012.

2] HHHENRICIEAL G R 2 2 5 A JGI 94-2008 &3
BEREBCARVELS]. Abnt: P RS Tl H R, 2008.
Housing and Urban-rural Development of the People’s
Republic of China. JGJ 94-2008 Technical code for
building pile foundations[S]. Beijing: China Building
Industry Press, 2008.

[10]

(1]

the prebored pressuremeter — a new approach[C]//
Geotechnical Engineering for Disaster Mitigation and
Rehabilitation and Highway Engineering. Semarang:
[s.n.],2011: 567—572.

MATLOCK H. Correlations for design of laterally loaded
piles in soft clay[C]//Proceedings of the 2nd Offshore
Technical Conference. Houston: Offshore Technology in
Civil Engineering’s Hall, 1970: 77—94.

KIM B T, KIM N K, LEE W J, et al. Experimental
load-transfer curves of laterally loaded piles in Nak-Dong
sand[J].
Geoenvironmental Engineering, 2004, 130(4): 416—425.

River Journal of Geotechnical and

THEE 2692 T



