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Coupling effects of cyclic deviator stress and cyclic confining pressure on
deformation behaviour of saturated clay
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Abstract: A series of partially drained cyclic triaxial tests under coupling of cyclic deviator and cyclic confining pressure are
performed on typical Wenzhou soft clay by using GDS cyclic triaxial apparatus. The coupling effects of cyclic deviator and
cyclic confining pressure on the partially drained cumulative plastic strain of saturated clay are studied. The experimental
results show that under partially drained condition, compared to that of the conventional CCP tests, coupling of cyclic deviator
stress and cyclic confining pressure expedites the accumulation of cumulative plastic strain with the increase of confining
pressure amplitude, and the increase of the ratio of cyclic confining pressure to cyclic deviator stress of 2/3 will induce an
increment of 32% in the cumulative plastic strain. On the basis of the experimental results obtained, an empirical formula
incorporating the coupling effect of cyclic deviator stress and variable confining pressure is proposed to estimate the cumulative
plastic strain in the partially drained cyclic tests.
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Fig. 1 Dynamic stresses under traffic loading
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Fig. 2 Dynamic loading process used in cyclic stage
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Table 1 Test programs

R ol ampl sl fn#x
Y2 /lzpa 7kPa CSR 7™ #
P01 0 15 0.075 1/3 10000
P02 10 15 0.075 1.0 10000
P03 25 15 0.075 2.0 10000
P04 0 21 0.105 1/3 10000
P05 14 21 0.105 1.0 10000
P06 35 21 0.105 2.0 10000
PO7 0 27 0.135 1/3 10000
P08 18 27 0.135 1.0 10000
P09 45 27 0.135 2.0 10000
P10 0 36 0.180 1/3 10000
P11 24 36 0.180 1.0 10000
P12 60 36 0180 2.0 10000
P13 0 45 0.225 1/3 10000
P14 30 45 0.225 1.0 10000
P15 75 45 0.225 2.0 10000
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Fig. 5 Relationships between permanent axial strains and number

of loading cycles under different CSRs and stress paths
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Table 2 Parameters for calculating permanent axial strains

RRR xRS Eqr000/%0 k
PO1 0.218 0.208
P04 0.294 0.220
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P10 0.724 0.188
P13 1.190 0.154

¥ (71D MSE e ARAR (6) RIATA3 S E & H
FEN, BBUBPERNAR TS A R

N 0.195
g . =0.241e!00Csk (—j . (8
weer 1000 ®

5r 7 ampl =1/3
e Csr=0075 — R (8)
® CSR=0.105
| ACSR=0.135

v CSR=0.180
& CSR=0.225

0 2000 4000 6000 8000 10000
TEERRELN
10 HEESKMEX L

Fig. 10 Comparison between predicted results and measurements

$a 2 (8) THELAFR K K Al 1) AR 5 SR 4 EE
BN 10 Pros, —EBOAYIS, B (8) mILUK
B MRG0 73 A S5 PF TR T I 45 M AN B Rl A s
fEE, WAy ) AR BT DI R P 2R Rk A 1)
.

el (8) AKX (4) mTLLE— 543 3] L% &
AEFA i 52 A s AR 15 RO R B - R K )
AR, B



5512 3] PN Fs S AP ) RV IR SRR 15 0N RIS AR TR R 1) 52 2203

1 N 0.195 gy
gP =0.241¢'00W 20| 1+0.32=—1. (9)
‘ 1000 amp!

3 45 7t

S 4 HE AR ST L5 3 0 45 M R G AT A M
N 3 R R AR 2 I ) s AR AR =5l XL T
TS FELES R 7 0 B AT B 5 171 A8 T 0478 A M 17 g
FEER AR S BT 128 T, 3 BUR 3 451t

D) HAHK ST, 4HARI SR, 5
Y LS, R I ) B ARER BT A FIAT B, A ER R
3RV ] S R4 1 P A 28t 17 T [ 8 ok
B LKA TG R .

(2) JEE A FEER R S AR R, AR Nk
1000 Y5 FIBRE K 2Bl 1) B AR HEATIH— Ak, R AR
s 54 5 B A PR 2 PR 7 A S 1) 28 F LA R SEEAB)
Sy HR S ERE N ) L RIRER B S, BhAh,
D1 AR PR FUAE R 55 D A A ™ SR Rk
K.

(3) £ Monismith &5 e L, i i 14
3 S AR [l RV 2 B A R 7K il 1) I3 g LA
[ ) B AR LR I R, BT T MK S R, T
DL 3% FE LR PR ) R SR A 25 00 £ 1 5 [ 45
VAN Lk Al AR 2 B A

SE K-

[1] SEED H B, MCNEILL R L. Soil deformation in normal
compression and repeated loading test[J]. Highway Research
Board Bulletin, 1956, 141: 44 - 53.

[2] MONISMITH C L, OGAWA N, FREEME C R. Permanent
deformation characteristics of subgrade soils due to repeated
loading[J]. Transportation Research Record, 1975, 537: 1 -
17.

[3] LI D, SELIG E T. Cumulative plastic deformation for
fine-grained subgrade soils[J]. Journal of Geotechnical
Engineering, 1996, 122(12): 1006 - 1013.

[4] CHAI J C, MIURA N. Traffic-load-induced permanent
deformation of road on soft subsoil[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2002,
128(11): 907 - 916.

[5] BO%AS, FHER, 0. WRIRRT T A HK G B
BIRHFPED]. A b TR 2R, 2006, 28(7): 891 - 895.
(HUANG Mao-song, LI Jing-jun, LI Xing-zhao. Cumulative

deformation behaviour of soft clay in cyclic undrained

tests[J]. Chinese Journal of Geotechnical Engineering, 2006,

28(7): 891 - 895. (in Chinese))

(61 7k 5, LA, #HE, & PEMAEC T AR 1 R
L N AR I ST [T]. & %%, 2009, 30(6): 1542 -
1548. (ZHANG Yong, KONG Ling-wei, GUO Ai-guo, et al.
Cumulative plastic strain of saturated soft clay under cyclic
loading[J]. Rock and Soil Mechanics, 2009, 30(6): 1542 -
1548. (in Chinese))

[7] LEKARP F, ISACSSON U, DAWSON A. State of the art I:
resilient response of unbound aggregates[J]. Journal of
Transportation Engineering, 2000, 126(1): 66 - 75.

(8] MWk, 2 mHRz) b L3 SR RIS [D]. BUM:
ITK2#, 2008. (SHI Ming-xiong. Sand response tomulti-way
dynamic loading [D]. Hangzhou: Zhejiang University, 2005.
(in Chinese))

[91 Brfral, WX, w M8 BRAODAEIRAE R A 148
TEAFPE IR TE[]. A )55 TR AR, 2005, 24(3):
513 - 520. (CHEN Cun-li, XIE Ding-yi, GAO Peng. Testing
study on deformation characteristics of saturated sand under
repeated spherical stress[J]. Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(3): 513 - 520.
(inChinese))

[10] RASCOL E. Cyclic properties of sand: dynamic behavior for
seismic applications[D]. Lausanne: Swiss Federal Institute of
Technology in Lausanne, 2009.

[11] RONDON H A, WICHTMAN T, TRIANTAFYLLIDIS T, et
al. Comparison of cyclic triaxial behaviour on unbound
granular material under constant and variable confining
pressure[J]. Journal of Transportation Engineering, ASCE
2009, 135(7): 467 - 478.

[12] WHICHTMANN T, NIEMUNIS A, TRIANTAFYLLIDIS T
H. On the influence of the polarization and the shape of the
strain loop on strain accumulation in sand under high-cyclic
loading[J]. Soil Dyn and Earthquake Eng, 2007, 27(1): 14 -
28.

[13] SIMONSEN E, ISACSSON U. Soil behavior during freezing
and thawing using variable and constant confining pressure
triaxial tests[J]. Candian Geotechnical Journal, 2001, 38: 863
- 875.

[14] ZAMAN M, CHEN D, LAGUROS J. Resilient moduli of
granular materials[J]. J Transp Eng, 1994, 120(6): 967 - 988.

(151 i A, B, 22—k 3o a8 R 2 sk
RABB I HB ] A 1%, 1996, 17(1): 54 - 60.
(ZHOU Jian, TU Hong-quan, YASWHARA K. A model for
predicting the cyclic behaviour of soft clay [J]. Rock and Soil



2204 P

2015 4F

Mechanics, 1996, 17(1): 54 - 60. (in Chinese))

(16] FH b, PRz ACIEAT 205 | i B o0 v A b+
ARHEKIGAEAR L0 AR IT[T]. 5 1 TRE2EIR, 2007,
29(11): 1742 - 1747. (WANG Chang-jin, CHEN Yun-min.
Study on effect of traffic loading induced static deviator
stress on undrained cyclic properties of saturated soft clay[J].
Chinese Journal of Geotechnical Engineering, 2007, 29(11):
1742 - 1747. (in Chinese))

[17]MILLER G A, TEH S Y, LI D, et al. Cyclic shear strength of
soft railroad subgrade[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2000, 126(2): 139 - 147.

[18] SHAHU J T, YUDHBIR, KAMESWARA R N S V. A simple
test methodology for soils under transportation routes[J].
Géotechnique, 1999, 49(5): 639 - 649.

(191 ¥ 1, T 0%, BRaf wid sl 4 e i sh =Bl
U, A TREEEIR, 2011, 33(2): 195 - 201. (HUANG Bo,
DING Hao, CHEN Yun-min. Simulation of high-speed train

load by dynamic tests[J]. Chinese Journal of Geotechnical
Engineering, 2011, 33(2): 195 - 201. (in Chinese))

[20] 2% I, %, Fatum, AF. BRI R AT
BRI AL B R I IFTT[T]. A TR, 2013,
35(7): 1307 - 1315. (GU Chuan, WANG Jun, CAI
Yuan-qgiang, et al. Undrained dynamic behaviors of saturated
clays under compressive stress paths considering cyclic
confining pressure[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(7): 1307 - 1315. (in Chinese))

211 % %, Bk, KIEI T 2R T R0 — DT[],
5 TSR, 2001, 23(3): 366 - 369. (JIANG Jun, CHEN
Long-zhu. One-dimensional settlement due to long-term

loadingl[J].
Engineering, 2001, 23(3): 366 - 369. (in Chinese))

[22] SAKAI A, SAMANG L, MIURA N. Partially-drained cyclic

cyclic Chinese Journal of Geotechnical

behaviour and its application to the settlement of a low
embankment road on silty-clay[J]. Soils and Foundations,

2003, 43(1): 33 - 46

MEXRFE L IRMRAEE BRI RAAERERLR

MBER: KITEK ARRE G EANH G H AR
B, R T TR SR ) R R
6 St 5 B A B A TR 5 1~2 44 UARIY
PO AR AR T

(1) Bidf HARTE A A PR

TF AN [FIMEE W B Bzl 1R Y g it A =ik, i
RS 3 AR T A PR R o AR AN 12 i B3
N AR BRI R, WU AR S AN ) AR I
WA AE RN, 8 5725 R T FEE S0 1 3% - 5 P A R
RN LB

(2) A HLF IR S 5 ) 2 B

AT R Y B PR QS i YOI, TR B R Uy + T
FRE S A0 A AL RN AT 22 b b T R 2 IR A At L
FEMN O FE TR BYUIRFEDIFTT, 572 REIE 70 A 5 W P bz S I3
B35 2 J A B B D) A T AN i AR

RALER: OHASE T LR, TR FRR )

AR L2 Ay AR L AR+ ) 2 AT T2 I )
T, @EAMITREIER TAERIGE S, ERT BT
ZbRF 1 G SCIR R @HAHIBIES %, A+
DI B SEAY, BRI AR AR AN DG5S 5 TS 4 B e
71: @HARSEWBNIESI RS, W s, s, B
ARINGERIN: ©ORA RIFNGIERMAZREE S, SR EH.

T TR R 2L G TR B EEAR TSR

RALAFIB: HEA L SR AR AR T 2 1 b ) A
EEIPEIAT s HABARIE 5 A7 32 T .

Bk BER: SRR, L.

MEARN: BKRAGAEI, E-mail: tenderlily@163.com,
HLTE: 025-83787606.,

IR KA N1 7 A RAH SCR M e g uEWIAPEL Clnsy [T
AR R0, BHFE ISR S A RIERBERA,
S A = R B T S B . AT TR B R 2 2
I I AR R R



