W45% w2 = + I

2023 £F 12 H

E I

Vol.45 Supp.2

Chinese Journal of Geotechnical Engineering Dec. 2023

DOI: 10.11779/CJGE2023S20006

Bt R B RS0 RE M oy RIS

AHET, WEE? T OB o 4
(1. E A EER RN ST AR A R AR, WL Bt 3100145 2. RO TR L4#
3. PRI EDCE TR AT, WA I 4300715 4. EREGIE G (R BIRAF, e &/ 350003)

b, widt N 4300705

& . TR TRESTER, R AR S R A AR L M IR R M LA T b, S R S AR AR AE py
HhZRBEATHEH, {H H AT APUDNV MG p-y EUE DB LR, 8o 4 B IEE N 1 py W Rk . 4=
HE T AN P B R AN a8 ) T A L2 ST BB 1 BY R )-8 AR, /48 T — ok B B — R AR I R A p-y 2%
(71, TN LTI AR 43 5ol LA 3 S5 A L ) p IR y, R R IER A . AR4E APT #VE b L
(1 p-y M4k, KFH Masing IEMIMEE T APl p-y #i M4k, H510 SN py IHZeHEAT TXFEL, 20 #T T RILNIEE . B8
E A5 A RS R A R I o B SR PR RS ARG 45 SR BGAIE 7 TR HE 1 p-y 2R 107G R

4R AR, poy BhERs BEIUREME; M

hESHES: TU432 XHRFRIRAD: A XEHS: 1000-4548(2023)S2-0085-06

fEE@N: EWHLA972— ), B, W+, BERARE TR, FENERFEAS LTRSS HRP T, E-mail

wang_my2@hdec.com,

Bounding surface plastic p-y model for a single laterally loaded pile in sand
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Abstract: In ocean engineering practice, laterally loaded piles are usually analyzed using the nonlinear Winkler foundation
beam method, in which the soil-structure interaction is modelled by means of the p-y curve, but now the API/DNV rules are
only valid for few soils and pile conditions, and the p-y hysteresis curve is not given under cyclic loading. A simplified
bounding surface plastic shear stress-shear strain model for sandy soil under monotonic and cyclic loads is proposed, and a
method is introduced for the establishment of p-y curves from the proposed model. Based on the scaling of stress and strain into
compatible soil reaction p and pile deflection y respectively, the proposed method has good theoretical basis. According to the
p-y curve of sand in the API rule, the API p-y hysteresis curve is established using the Masing rule and compared with the
bounding surface plastic p-y curve, and the variation characteristics of secant stiffness and damping ratio with displacement
amplitude are analyzed. Finally, the validity of the proposed p-y curve is verified by the model test results.
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T IRGGMEAENL, WRAE (5) Argia At
P p-y AL ) B LM B2 S0 T R
K G

-1
LA U A U PR | BT
Kmax GmaX h T Tf

3 5 API#* p-y tRBINTEE

HRHEAPI 201474, #b - [aIBE S 5618 p-y ok &R
SEIUNAELME, EHVDATEENE B, BRI
-y IR AT ALLR FH X IE U7 bR B ik Sy

p=Ap, 'tanh[ ke yj o
Ap,

s AR — R TR 8RB R 8 TR T ach
A=0.9, BN A=(3-0.82/D) = 0.9. XEHRENE
WA R 2 S8 BRI /N T2.6DI 7K 3 B4R

k255 T p-y BERHT UG WL, RIRTT 46 W I % 55 4 1 38
I,k AR LN B A R, PTRAEEEREG pu
Np-y SRR IRBRE . 2 (12) SIRAPI p-yHliZk JfX
PR S H U p I SRR IR 2. AR (12) 7T

(12)



88 "+ T OB % M

2023 4F

13 API p-y I 1 W1 55 TRk i 2% 5 i 348 i i T 48 1 p-y
BRSO L an 4R, v UG i a3 —5, H
J& B DR R, SRS /N TR T TARERT, 7T LIRSS 8
NIFE IR (G/Gmax>0.99)

1.2+

1.0+

0.8+

0.6

04+ e

IH— bR (G Gna)

R HEYE p-y

0.2+

0 L 1 1 L )
0.0001 0.001 0.01 0.1 1 10
H— AR 0)

4 IAREEEN p-y 1RELS AP RBVHINIE TR
Fig. 4 Stiffness reduction of bounding surface plastic p-y curve

and API model

X T A AARLEARGI T 8T AN AR WA, — A

N Masing V£ E S AR T AR AR . MH T

H AT AP p-y B BT, AIAR INAE & T il 2R H

A 12) XU IE DT 2B, 3y 07 1A B AR aS R

PN, R Masing 52 U 5 i i 0 SV 14 S R
ER Y1 Ul

P=Pn_ g9l tanp| K2 Y=V ]| (13)
2 D 09p, 2

T [ ] it 22 U _E 2RI in#k i £, (3 RUETR
K%, FHRIABBIG B S (por uo) AL, XLE
AR B AR RS AS i Rl 2 an B S P, 5 30 S 2
p-y R EEAS LA Ee, fEE R & (WIERND .

4001

300f

200 /
L /
/
w/
AW, /
~400 .

-0.015 -0.010 -0.005 0 0.005
H—A M F AL (/D)

5 XF Masing SEME AP1ES £ p-y i [EIBRZE
Fig. 5 API p-y hysteresis loop of sand using Masing rule

MAPI p-y FIEIEIZ R (13) ATSRELFLE He A

/kPa)
S

A1
|
g8 o
™

:

-300|

0.010 0.015

Aw 2 2In(cosh(y"))— y" - tanh(y")
y" -tanh(y")

l_

Cdnw m
R Y = ymkz/(Apy)

4007

. (14)

300+

2001

100+

P
3/kPa)
=

B 1 (
|
8

~400 . . . .
-0.015 -0.010 -0.005 0 0.005

H—LAm i fL 8 (/D)
6 WHFEEY p-y HEG AP EE Y
Fig. 6 Hysteresis loop of bounding surface plastic p-y curve and
API model
API p-y M5 F BN py BAPFEJE LXT
b7, AT LUA R R AR R R A e e —
B, R HJE g K

0.6

0.010 0.015

0.5F

0.0001 0.001 0.01 0.1
A — A LB WAL Vo D)

7 MR EEMS APl p-y tRERE R S BIEEN KR
Fig. 7 Damping ratio and displacement amplitudes relation for
bounding surface plastic p-y curve and API model

MUL P R S s th £« i [ P R B JE B ol 2 45
BURTRR, AT B30 S BB I p-y IR 5 AP p-y R Y
—HEEE, HATE R ARG B EEA, WT AR
-y R B R e, 5 AEAPTRTE Hh I
el R, I R geRA Tk E Y, HArm R
K 80.9, &R

4 S
SCHR[2013EAT T 1D - A Y B 0o AR R R, AH
BAELEN40, JEAHE H420.72 me ATIEE104 m, i



$ T 2

ERITE, S Wb P R A AR BRI S p-y BT ST 89

LRIEE476 MN.m?,  INE AL T-HiTil 1.6 mid ., A
R AT, RiAREHF0.125~0.315 mm, TARK
THE16.34 kKN/m®, AHXT R % E2.65, AHXT#SLE
Z) 86%, WEEHESM38° o AL /K71, KA
PRI INER, TR 10 Nis, feKEAT960 kN,
BATIFAEI60 KN, FLVFHEk H H1#£3) .

mEs, A HEKE2 m, 50 N30T
(B HITK N4 m) , ZEHE B R BTy S Ak
V10 SR VB e p-y B S e o SR i b, A 3
HN+96 No HMSHIUEN: h=0.5, a=15, Ri=
0.895 (r,=R.p', p' NVHEBIENT , G=50,
M=2.75, N=17.

1.6 m
~ FaAAH— P

A %!
ﬁﬁﬁm

p-yEE

e

LA

8 p-y BZ EIEIUM =) AT HE T BAR AL E

Fig. 8 Schematic of laterally loaded pile model in the p-y method
KH APL p-y BRITHE, S5 R EoRih SR
R WRERBRFE G/ o (TR AR RS L AEFT AR R P A7
FEGEE RN, N BEARIEH 2 /0 80 N EEE A SR H
NCHUECKIME (>11.9207D) , TN TE A 3 1)

RO, <17.86°D o TEIRFE z =1.8 mit,

120 5T B p-y BB AU, 5 6 45 R A IO s

800r DR E I -y

104 m

p-y¥E 5 T il 2R

600

/kPa)

400

P
D

200

i 3 (

0.04
H—L i hL R (v/D)

9 TRMGETE T R Hh 515 X Rk

Fig. 9 Relationship between lateral soil reaction force and

0.06 0.08

displacement under cyclic loading
MR LU i, X DA E It o0, v SR
BOR, HBAR B RS REF B B 1RG5

AR AN 7K1 -0 78 5% - H G R AR S M Re 1, SR
TP BB MO . FEAER BB
fE 25 R MBI S e 74 Sk KT - Ok 2 il 26 11
T I MURAC R o X80T 45 RAR B AT L 7
T 5 S p-y BT T S RO SR A AE AP R A i 2
YRR B9 S~ r R mi b

5 &

BT H AT APTAE IG5k Z A6 1A 20 Bk A
Pp-yis I 2k, ASCHEET “BhRaREiit” e, 12
H T e D (R B R - AR 5¢ F A B A
py W%, FEARILUFIMLL.

13 5 2B 1 p-y #1285 MasingiZ: U 74 3 (1) API
p-yis Bl LA AL, ELA T i S W FE 3208 i Bl
Rl F¥T BELJE LU 38 I — 25

(2) DB Epy BERLR B T A BY R - R AR
KAMFHE, B BRA NS A RIBUE, RERHUA
(7] S 2 PR R (1) 5 U8 p-y O R A PR A7 2T B A A
(R Rl AR, B2 S B APL p-y i 28 B A 5
I N

(3) XA e far 84 FH T A AR AR 5 i3 47 5
B Wr 2R BH , 32 51 YR Vep-y i 2R B 45 SRR Y 156
DN R A S 1 e [ R 1 25 SR W&

SE -

[1] AMERICAN PETROLEUM INSTITUTE. Recommended
practice 2GEO/ISO 19901—4: Geotechnical and Foundation
Design Considerations[S]. API Publishing
Services, 2014.

[2] DET NORSKE VERITAS. Support Structures for Wind
Turbines: DNVGL—ST—0126[S]. Oslo: Det Norske Veritas
2018.

[3] REESE L C, IMPE W F V. Single Piles and Pile Groups under
Lateral Loading[M]. London: Taylor & Francis Group, 2001.

[4] BOUAFIA A. Single piles under horizontal loads in sand:

Washington:

determination of P-Y curves from the prebored pressuremeter
test[J]. Geotechnical and Geological Engineering, 2007,
25(3): 283-301

(5] & O, REnde, ¥ F, S WAERIEREA AT AR AL
ARIALRIGHF FE[T]. A - TR, 2010, 32(4): 521-530.
(ZHU Bin, ZHU Ruiyan, LUO Jun, et al. Model tests on
characteristics of ocean and offshore elevated piles with large
lateral deflection[J]. Chinese Journal of Geotechnical
Engineering, 2010, 32(4): 521-530. (in Chinese))

[6] BOUZID D J, BHATTACHARYA S, DASH S R. Winkler

>



90 "+ T OB % M

2023 4F

Springs (p—y curves) for pile design from stress-strain of soils:

FE assessment of scaling coefficients using the mobilized
strength design concept[J]. Geomechnics and Engineering,
2013, 5(5): 379-399.

[7] VARDANEGA P J, BOLTON M D. Strength mobilization in
clays and silts[J]. Canadian Geotechnical Journal, 2011,
48(10): 1485-1503.

[8] LOMBARDI D, DASH S R, BHATTACHARYA S et al. A
Construction of simplified design p-y curves for liquefied
soils[J]. Géotechnique, 2016, 66(9): 115-127.

(9] 75 k. I p-y BB R ARZIE M RGN I B A PR Tk
M. HE TR, 2012, 34(8): 1469-1474. (SU Dong.
Elasto-plastic p-y model and incremental finite element

method for beams on nonlinear foundation[J]. Chinese

Journal of Geotechnical Engineering, 2012, 34(8): 1469-1474.

(in Chinese))

[10] ¥%R, 5 R, % &, & W LK 2 bR
TIFEIR p-y B[], &L TFE2R, 2017, 39(34T) 2):
9-12. (HUANG Maosong, MA Hao, LI Sen, et al. Static and
cyclic p-y curves for laterally loaded piles in soft clay[J].
Chinese Journal of Geotechnical Engineering, 2017, 39(S2):
9-12. (in Chinese))

[11] ZHANG Y, ANDERSEN K H, JEANJEAN P, et al. Validation
of a monotonic and cyclic p-y framework by lateral pile load
tests in a stiff over-consolidated clay at the Haga site[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2020, 146(9): 04020080.

[12] WANG Z L, DAFALIAS Y F, SHEN C K. Bounding

surface hypoplasticity model for sand[J]. Jouranl of

Engineering Meachnics, 1990, 116(5): 983-1001.

[13] 2T, XkaE, #SZoc. TR ERSENE py ihek
IHITEE. &2, 2017, 38(10): 2916-2922, 2930. (LI
Hongjiang, LIU Songyu, TONG Liyuan. A method for p-y
curve of a single pile based on stress increment[J]. Rock and
Soil Mechanics, 2017, 38(10): 2916-2922, 2930. (in
Chinese))

[14] BRANSBY M F. Selection of p-y curves for the design of
single laterally loaded piles[J]. International Journal for
Numerical and Analytical Methods in Geomechanics, 1999,
23:1909-1926.

[15] KLAR A. Upper bound for cylinder movement using elastic
fields and its possible application to pile deformation
analysis[J]. International Journal of Geomechanics, 2008,
8(2): 162-167.

[16] OSMAN A S, BOLTON M D. Simple plasticity-based
prediction of the undrained settlelment of shallow circular
foundations on clay [J] Géotechnique, 2005, 55(6): 435-447.

[17] MARTIN C M, RANDOLPH M F. Upper bound analysis of
lateral pile capacity in cohesive soil[J]. Géotechnique, 2006,
56(2): 141-145.

[18] RANDOLPH M F, GOURVENEC S. Offshore Geotechnical
Engineering[M]. New York: Spon press, 2011

[19] PRASAD,Y S V, CHARI T R. Lateral capacity of model rigid
piles in cohesionless soils[J]. Soils and Foundations, 1999,
39(2): 21-29.

[20] ROSQUOET F, THOREL L, GARNIER J, et al. Lateral
cyclic loading of sand-installed piles[J]. Soils and

Foundations, 2007, 47(5): 821-832.

(G2

L)





