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Determination of slope coefficient of subgrade reaction of saturated
clay based on p-y curve

LOU Xiao-ming, WU Hao, HUANG Jiang-feng
(Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China)

Abstract: The distribution of the coefficient of subgrade lateral reaction is usually assumed to be a slope linear with depth. The
slope coefficient of subgrade reaction is termed as m value. The m value can only be gained from the empirical range in the
table of the codes which are too crude and have not been renewed for 30 years. Combing the p-y curve with the m method, the
relationships among undrained shear strength c¢,, pile diameter and m value of saturated clay are established in the case of the
same displacement of piles on the ground surface when the distribution model of ¢, value increases or is constant with depth.
The results can be expressed in the form of simple tables and formulae with convenience. If ¢, value along depth is trapezoid, it
can be considered as the super position of the above basic models. The stiffness of pile shaft has little influence on the above
relationships. The allowable bearing capacity or relevant displacement of piles obtained by the suggested m value is in
accordance with the test results of two practical cases. The proposed method provides a more comprehensive and
reasonable way to determine the m value.

Key words: slope coefficient m of subgrade reaction; p-y curve; undrained shear strength; allowable bearing capacity
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Fig. 1 Variation of lateral reaction coefficient with depth
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Table 1 Calculated results of parameters of f;, and f;

Yo=6 mm yo=10 mm yo=12 mm
d/mm
Jo T Jo fo Ie T
400 1555 4215 1041 -2623 903 2223
500 912 -2095 611  -1286 531 -1092
600 590 1122 396 -673 343 -560

700 406 495 272 -228 235 -124
800 310 416 207 -236 180 -190

900 234 229 157 -121 136 -93
1000 182 -114 122 =52 106 28
1100 145 -29 97 14 84 17
1200 117 34 79 42 69 37
1300 97 62 66 35 57 35
1400 83 53 56 46 48 44
1500 70 66 47 54 41 48
1600 61 75 41 57 35 50
1700 53 80 36 55 31 49
1800 46 76 31 55 27 48
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Table 2 Calculated results of parameters of f, and f;

Yo=6 mm yo=10 mm yo=12 mm

Jo T o S o S

d/mm

400 776 181 558 138 501 117
500 748 142 539 99 479 88
600 702 135 505 94 449 82
700 660 142 483 86 429 76

800 643 121 462 82 411 71
900 613 125 446 77 397 66
1000 596 116 429 77 382 65
1100 575 116 416 74 371 63
1200 559 113 404 72 360 61
1300 544 110 393 70 350 60
1400 530 109 383 69 341 59
1500 518 106 374 69 333 58
1600 506 105 366 67 326 57
1700 496 104 359 64 319 56
1800 486 101 351 63 310 59

FESERE N, HEEC AN d FRETNA VRS
Yoo TIIVIERSE Yy B o, IREET MG KA R A,
A DAER A N R, A (13) fEnat
CECE PRI

IR m 5 ey, d ZIRRAPFE, #4%
TE 1 RIS R 5 AT 2 H P A AN
o
2.3 atBERmEm iR

M e, BEVRPE RREE A, AT DAERRR N c, 2 B R
JEE ANAR FIBH PR S L P E S I ) PR RS I 8 i, X IR
m BefT ] IR PIRIMBE AL v S 25 AR A 2, 5K
DIBETRA VAL 10 mm, BEAE 0.6 m ¥ Lol A 14T
Wik,

co WERTE A3 A, BHERFEIBIG IR A B 0.22,
WIGEAE 9 N 15 kPa 3| 45 kPao W 3l 0 AR 15280 ]
PAFAE 1.1 795 o AHEON 15 2] 45, 2.2 1 424 0.22
IS PRRIBE AL R B o ik G AR A oy 2RE 2
A IR AN [FIRTARAEL ) m B K480 o0 A0 (W EL
S5 R AR (T L RS ez T’ 9

22000 -
20000 -
18000 |-
~ 16000 |-
; 14000 |-
= 12000 |-
10000 |-
8000

6000 -

10 15 20 25 30 35 40 45 50 55
cul/kPa

9 BMEREITEERMI

Fig. 9 Comparison between superposition and calculated

m,

results

M9 T, EEH S AT RN BN 4 R E R AR

B PTUAE TRESEER T, WAGEE] o, BAEIE 0 A
MO, MR co IAMEARIRAE 2.1 TR 2.2 T4k
B0V AL S N EAT .

3 m-EItHXMRIDHER

AT T m 5 LS E e, AT, T BT 5
(FR RSO . F58 b, TR, REMHOT
AL N FH AR, DUDKE R, [RATE WU ET S5 PRE = 2R AR K
A, WA DEEAT m S SIS RIEE EL (AR DCHEDE
5o

ERE Y A BERT PHC B 0E, 20T
[1o]=10 mm I} d=1.7 m [FIENEHERT d=0.9 m [¥) PHC &
BE m (EREAEREE s 1R ESL, Wikl 10, 11 Fox,
Bl m X SEOES m B, m ABEAEREJR 6 5 ET
BALIENE m A WAL, m {HBEREE 6 5% EI
(ARAAR AN, XK m BB K T )78 .

12

1.0 & .

HS
0.8

0.6 I I | I |
10 20 30 40 50 60

8/mm

B 10 SNEHE m/m - 0 KR E
Fig. 10 Curve of m'/m - thickness o for steel pipe piles

127

1.0 =

=S
0.8 -

0.6 1 I 1 1 1 I ]
9 10 11 12 13 14 15 16

Slem

[ 11 PHC #E m/m - 6 XZRE
Fig. 11 Curve of m'/m - thickness ¢ for PHC piles

4 |52 FASEA
41 o, BERE AL

TZSEAFIAT T BN JE VE V. LontarTangerang, 54
s e LR 5~6 m IR RV RS s 6
m DU R A, gL . BARON A E I,
R SRR 3 E Y, BEMARIE 552 0 F 2k
AAE B, HOESERE LR R — e R,
BB AEAESE) 5T 80 - R 2 K Aar 28

ZRED A A TR A ] g L, AR
ca 2120 37 kPa, FEIRELAA K.



12

PERH, S JLT p -y IHERHE MR R IE 1) UL LA R 8 2211

T d=0.6 m, HEJE 10 cm (K] PHC HE, 24[y0]=10
mm N, FTELAE 1 a3 N 24 £, = 396 Al
fo =673, FARAIK (9 ARk m=13979 kN/m*.

B () AR

Hoz(md)g-(E[)§~y0/Ax ’ (14)

¥ om My BN (14) 15 H=119.3 kN,

X PHC 1Bl Ik~ 8, e KN4k 210 kN,
[Fi) ] Ak S Ay 80 S IS AR TR AP A, IR S
SR st Ze il 12 R

250 -

BEBUK VAT BN
g & 8

W
o
T

0 10 2 30 20 50
T P-4 8 /mm
12 HETGUIRIA AN SR T AL 7 ST fh 2%
Fig. 12 Measured curve of displacement and cyclic load of pile
head
M 12 AT, BETIAZAZ O 10 mm IS5 R FRARE T
DARAFTHCH 110.7 KN HHubnr W, o5 i Ho Al
IR TR A o 2B A W) £ o
4.2 ¢, MEREZMEE LA
ARG K-l A i b XL AL, B A
Q345C, HEJESs =30 mm, d=1.7 m, HE5 5 NEHE
18 m MA LB 64 m, JEIfAEARFA-11 mo i T2
WL, WORT DA BRI 16 oy BEYRBES AR I, 4%
#X D, WA as) ek

c, 1 sing
A=—=—(1+2K,)———, 15
vz 3( 0)1—singo (13)

L, o, AIEEEAHKBRE, K hil LR &R
Ko MR TR O, =19.2° , K, =048, fRA
X (15 15 21=0.227.

PR T I A, Hodsk 2 ) Ui s,
KINZ 300 kNo HAETITECh 260 KN I Y FRIAE 5
PRS2 163.3 mm, W REXAE S I R, T
HE TN AR AL AT L an B 13 B, i Je
AL A7 #2410 mm.

T d=1.7 m [FANERE, 2 LA =8
KN/m’, JeIHAL IR [vo]=10 mm I, ATLAME 2 heik
X NS EL S, = 359R1f, =64 , FEAAAL (13) 1@
Al K43 md=724.5 kKN/nr’.

tH md KA TE R 5L =0.146, FH5 &2 2 &
ERE, St EAANETA N 216.9 mm, FKT 163.3

mm S HRZETTRE S Je M AL AL K S HA
AN EAR SN A R

-35L
13 SRE TS K EABERER ESH
Fig. 13 Lateral displacement of pile along depth below ground

surface

5 Hit5EW

CORIARE T — T4 & A VFACEA R R R
PEPEAR . HOIEAHEAKPUBY RS o S AR L 1) o3 A 5
AR ML LU R B m (B 75, AR 7 15
SE IR m AB VSRR TV P52 03 A8 TR PR 5 SN 25 SR A
WG, 3380 T m 5 o REMERR, m(H5 4 2XUH
LR RPN, PR FRZHE G S5 MW EE ET 52 mAR /N
ESIE N

(2) HARSCIEMER m A SR
TG PERS , AR d AP R ZE G BRI m IR,
Fe LU= 152 ) B N TS0, i th R WX p R
THEARRN ) m A RNARA BRI T2 1
A, AT RLG3 ) SR RS SR FE G B Y AR ) m A
SR S5 2 IR IR 7 V20 o X ANV S Bl N 138
m fH .

(3) ARICTTIEME m AE TR FIE FH Y 2
SRIGRT p -y Mgy, WnlLABEE p -y MZiknk
JEMIR & o AT AR KB NS DL, p -y thZkiE
ARG >, AR S iR AR e () 496 B4
BN, WEHEEWRIRACFHU) po WBWAE, p-y
& A BARN, ASREN AR STV 5 14 m Ak
ATHERE 2 A Tt

(4) ARIOTIEME m AERTER RIS T A
IKPUBT RS o, e, oo (EER o] O To M R bt
H 56 AN ] 25 AN HE K =Rl 5e 15 21, (R ) 2 2
FERTEE RS R b sl md, @GR M ARy )
R AR T E o AR AL 5 1 e, b
WK 75 p -y MY HRER R — o, &
YT R

BT p-y Mgk, o S A R RRYE,



2212 b

+ TR ¥ iR

2012 4F

X SEBR RS, m (B L IE 1 B /K P2 1 6
sEM G AR VORI T BN SR AV KT R
ﬁﬁﬁ, SIS E m fH.

EEpa

[1] JGJ 94—2008 N IEH AME[S]. 2008. (JGI 94—2008
Technical code for building pile foundation[S]. 2008. (in
Chinese))

[2] JTGD 63—2007 % Btk B ALk ve vH UG [S]. 2007.
(JTGD 63—2007 Code for design of ground base and
foundation of highway bridge and culverts[S]. 2007. (in
Chinese))

(3] M TR T Mg S 2R Ay, MR TR T M), deat:

FAA Tl kAL, 1995, (Pile Foundation Handbook Compile
Committee. Pile foundation handbook[M]. Beijing: China
Architecture and Building Press, 2008. (in Chinese))

(4] 4% RN, AR, AR AERR R R BRI, A
+ TFE22 4R, 1982, 4(3): 28 - 42. (XU He, XU Min-ruo
ZHENG Chun-sheng. Tests on single pile lateral capacity[J].
Chinese Journal of Geotechnical Engineering, 1982, 4(3): 28
- 42. (in Chinese))

[5]1 FifhRk, FaE, s, AFEIIBEE RSO m
T IGHE E (7). A - 2%, 2008, 29(1): 192 - 196. (LAO
Wei-kang, ZHOU Zhi-guo, ZHOU Li-yun. Analysis of m
value for lateral loaded pile under large deflection[J]. Rock
and Soil Mechanics, 2008, 29(1): 192 - 196. (in Chinese))

(6] £ My, BEEW, B2, & ACHRFEAE RN IR Lt
m VARG [I]. A Ji%%, 2002, 23(1): 23 - 30. (WANG
Mei, LOU Zhi-gang, LI Jian-xiang, et al. Nonlinear analysis
of m method for single pile under lateral loading[J]. Rock and
Soil Mechanics, 2002, 23(1): 23 - 30. (in Chinese))

(71 SR, BEEEACP AR BT FRAE(E S m BB ET]. R4
#, 1995, 12(2): 23 - 24. (JIA ging-shan. Determination of
standard value of pile’s lateral bearing capacity and m
value[J]. Special Structures, 1995, 12(2): 23 - 24. (in

Chinese))

[8]1JTJ 254—98 ¥ I T FEMEFEMYE[S]. 1998. (JTJ 254—98 Code
for pile foundation in port engineering[S]. 1998. (in
Chinese))

[9] FRZE, HMRA, WK, 55 T p-y ihZHTEERIETT
FERPARAT RS, AL T REAER, 2010, 32(12): 1837
- 1845. (ZHANG Rong-jun, ZHENG Jun-jie, PU He-fu, et al.
Response of adjacent single pile due to tunnelling based on
p-y curve. Chinese Journal of Geotechnical Engineering,
2010, 32(12): 1837 - 1845 (in Chinese))

(10] Sfidr. BESHERE TRETFHHM]. Jbat: A RAZHE kit
2008: 139 - 158. (SHI Pei-dong. Pile and pile foundation
handbook[M]. Beijing: China Communications Press, 2008:
139 - 158. (in Chinese))

[11] MATLOCK H. Correlations for design of laterally piles in
soft clay[C]// of Offshore
Conference. Houston, 1970: 577 - 594.

[12] GARASSINO A, JAMIOLKOWSKI M, PASQUALINI E.

Proceedings Technology

Soil modulus for laterally loaded piles in sands and N.C.
clays[C])/ Proc 6th European Conf Soil Mechanics and
Foundation Engineering. Vienna: 1976, Vol. 1.2: 429 - 434.
[13] HE =, BBy, S5, 45 Sl DR ok EEM]. db
o N A H AR 4L, 2011, (YUAN Ju-yun, LOU
Xiao-ming, YAO Xiao-qing, et al. Design principles of
foundation engineering[M]. Beijing: China Communications
Press, 2011. (in Chinese))
(14] R =, B, sk, 5
N
ZHANG Hong-ming, et al. Soil properties and soil mechanics

- EES M) dbsG
H AR AL, 2009. (YUAN Ju-yun, QIAN Jian-gu,

[M]. Beijing: China Communications Press, 2009. (in
Chinese))

[15] #1025 ER LA M. il [R5 R
4, 1997. (HU Zhong-xiong. Soil mechanics and geo
environmental engineering[M]. Shanghai: Tongji University

Press, 1997. (in Chinese))



