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Test on shear strength criterion of soft soil under cyclic loading

LEI Hua-yang, JIANG Yan, LU Pei-yi
(Department of Civil Engineering, Tianjin University, Tianjin 300072, China)

Abstract: A series of cyclic triaxial shear tests were performed on soft soil in Tianjin city, which
reveals the law of axial strain and pore water pressure under dynamic loading. The appropriate
failure criterion of dynamic strain is discussed, meanwhile the difference of cyclic strength under
different standards is given. The results show that: the critical dynamic stress ratio of structural
soft clay is not a fixed value, which reduces when the pressure increases; when the confinement
pressure is below the structural yield stress, the influence of different failure criterions of strain
on the dynamic strength is little, when the pressure increases, the impact will be more obvious,
but with the increase of cyclic number, the dynamic strength under different failure criterions of
strain tends to a stable value; so using a turning point as the failure criterion of strength is feasi-
ble. 1 tab, 3 figs, 19 refs.

Key words: geotechnical engineering; traffic loading; soft soil; structural characteristic; failure

criterion of strain; dynamic strength

0 3 IE 45 LR o o e S R BB R I . H . A E
Je M 2o i FAT R AR S o A T B0 B R AR

o T 32 B0 R Sl A 2 IR AT P E R B RS AR B S DR A UL 2 A

T 3L DX ARG P e MR 2 e A LUK TR ) B T TR R R AR R R P R S iR R AR R

][l

%5 B #7 :2008-12-16
E£TE :EHRARE¥IETH (50508021)
EE BN T AR 974, 2o AL 3N A B 2047, T 2% [ 4 . E-mail : leihuayang74@yahoo. com. cn,



% 64

F A0 PRI AT AR A T AL b ad 5% B ) A AT R K I

55

2. T DR S Y R A RIS E L S BORS
TE 2 A5 2 VE T B3 R B — € 19 AR SE
Ph oo TR A AR 5 R A IR BB Bk
L FEAR L R L AR Dy T2 T il R A Y T 5 A [
WANE AT AR T2 BT B N AR UG
TE Bl PR R far 28 T AR B T 5 B RIS A (] AL
X8 A RD  — BORE P DL A FTEORS £ S AR A
s 2P R 19 30 0 e PR ST O T ORI R
SRECIT o R 1 Bl 5 R () R A SO L A
—E MBI I IR B R KT 7 2 B — 48 % i IR B A2
e i (4 8y B A7 n 2R AR Bl U BORT LA RO TR
P A S5 R0 B UCROR Bl E 1935 IR AR B AR
HEAS ] S FH LAY 2l i B A ) o DA A9 a6 495 2R 106
W 268 R ZH0R H AR ol 2 sl A (9 LA Sl 1.
U 2 T o T 44 JiE I I g A A o e A A

JEAS AL ML L BB Bk i A8 Ak . O e AR S UR
FRBE T X IR L ARG — R P 3h =Rl 45 R
IR BT T L AR Al g 18 A LA R LB K s B S 1 ) 7
PR, 38 H 3 A T 503 iy A T R A A B
F1% 20 5 5 2 S0 o S A E S [ B o T RS 4 1 3l
9y 56 5 AR AL LT

| P S

T 6 2 BB TR Y Y X AR 1) J58 8 BB R
SR 4 R 4~13 m, 50 ]+ iy A 3 ) 2
febr LR 1. 225 3CHRL18 142 i J50IR 1 ) 5 i
J B 5 T v g B TR 4 i A R R AR SCRY
5 R 1R 45 R 1 2OORS L #1945 T g R 45 44 Tt i vz
J153 %)k 105 kPa i1 128 kPa,

AU XA K ] DDS-70 i iR 3l =i .

®1 KBALTHERYENFER

RARTPE r/ | GOKH MR FLBRE | R W/ | JBBR We/ | SBMEIRE | R4 RS/ | EAEL ey
(kNem ) | W/% G, e % % I, MPa E/MPa | ]y J7 c/kPa | NIEEE S ¢/ ()
17.8 12.8 | 2.71 1.18 38.0 20. 2 17.8 0.92 2.55 5.0 7.68

Bl 3 s B 43 % P R g =R 2 L 0 88 0k B R
0~10 Hz, fge K4l ] gl fif 24 70 kg BF FH L4EH
£ 80 mm, A% 39. 1 mm iy A&, #7622
A AR O FLBRK E H 28 B ¥ KT 0. 95,
FEIR I 3 A v DLk A AR R A Dl SRR AE L 4y
R A E 100,150,200 kPa #F47 4 1 [ 45 , % F
Pl WA R 1 Hz 1 1E 5% 5 R 485 400 38 38 1 H it i 49

A A7 28 TR T AR PR i 3h T R A AL
M.

2 G E R T AF ST AT

JEOIR B A 78 A [R) [ 45 FE 3 7R %) 4 1w 3h 6 AR 5 4R
R Z B R L R R WE 1 iR .
1 RT LU H L R B0 0 AR Bl 4R 3l v B

— & J7 Hh0.244

. 0.15 - - - &R 77 He0.228 0.15 —
o BRI 150280 g -~ g % J1 10.222 s 81 ) 1£0.225
010 1= BRI 180254 2 0-12 P 2012 - BB g H0.215
ANE # 6 N . , S _—— ]
.‘3\‘ 0.08 : __Zi]mjj HSOA225 . ,}2‘ 0.09 X /// ﬁ0.09 z;i]ﬁ‘lj] Hﬁ(i 2?4
E ool ' Eo0.06 R .06 SN
E0.04f 1 = e E R
Fo.02 )/ . £0.03 B £0.03 L

FARPTIS L bbb A . = . . : /g =7 . .
0 500 1000 1500 2000 0 100 200 300 400 0 100 200 300 400
798 PR % 8l Ik B0k 178 A48 3l K Bk 16 R4 20 B

(a) [EZ5)E S K100 kPa

(b) [E&5EJ) H150 kPa

(c) [E%5EJ]H200kPa

F1 ASTR] I 45 e 3 7 b il 3 7 28 5 0 20408 3l B0 o6 R

g RBUE A . LK 52 Bl oy 289095 2l AR 4 K 2%
18 5 IR 3k B — E WHUR - BL AR Fe 3 i, AR TB
T SRR R 2 S 72 5 A (9 R 3l U BT i i) 3 2
BRI . AR AR [ [ 45 2% 0 A AR LR A7 A —
I 5 Bl L 77 BE & 24 R T R T A5 Tl FE I 4k
SRGH R BB AR A o TR IE L 7R 3 R B AR T Y
BT B e A (A BT A . AR R T A Y
P S AV 45 g Jo IR L g o e A S i 55 0 B2 3 e
{H 0. 220~0. 225 ; i 45 Bl I 114 A 1B 385 O L 8 ok 25
ey Jet JIR IS 7 {EL IR W 5 20 13 7 FE AR AR A 0. 2065 24

P Hs 248 5238 RIS s 9 2l 1oz g B A AT R AR 3 0. 198,
HT I AT L 5 A 1 A i 2 B ) EE O RS e —
SE{H - T 5 LT R/ SE R (E

i e o2 A v R S O d A€ 1 5 A S S S N i 38
JEAEAR T LA 45 44 St AR T3 1 00 b A S5 4
PEFEAS 1 8A T8 BV R L W 5 » 52 2040 T/ AR
ME A2 HE AR o e L3R 245 IR 5 e o 22 04 40 36 02 7 B
RN T VAR S U RER ) A L R
BLEEAG VR Y KR BEIR o i 2R SRS /1N Bl 1) B
o7 78 W) i 5 31 3l U KA i i B R R B AR L ik



56 k& XRFFROGAMFR)

2009

A5 IR I 5 530 0 51 821 E A B8/
3 ARBRAKEHNZELSH

JECAR A A A A [7] [ 45 [k 7 T B9 LK s g S5 70
PR R Z (8] A2 R AN 2 T

MIEL 2 0] DU L BEA 3 0 A7 HE A3 R LB K
FE ST ANWEE R . 2 B AR T 45 44 Ji i 1 B AL B
K e T3 B R FR IR S R B A AL T 5y 2 Bl Ol . —
ol e B0 T FE /NI S 7E S 00 B PR 3 U S £L
B K Hs 7 i 3 A 0 % 3l R 38 i 3 Bk L 24 AL

< 70 _ < 1007 —Zh ¥ J3 1h0.244 o SO — &R J7 10.225

& 60 PPClian S gof--- 4RI 160228 S 40 ---EHRAIEO0.215

=50 tae = == Zh M. ) 160.222 =2 - —Zh 3 71 10.204

2 40 o - . 60 . - 30 R

=} o — &M 7 H0.280 B ] Ll

ﬁ: ;8 74 --- Z % 1 10.254 ﬁ 40 ot ﬁ 20 e

= 10 = =3 B Jj 1b0.225 é 20 = ;; 10

0200 400 600 800 10001200 0" 50 100 150 200 250 0 50 100 150 200 250

776 £ 9% 5h v vk 776 B 9% 5h v Bk 76 A % 5 U Bk

(a) [E%5)ES) K100 kPa
2
B s 73k B — 5 AR LU LK I g Bl 7 BR
R Bl ORI I AR B 228 R B AR E RS T — Rl
5l 1 T BRI AL B K He 7 3 A | B A 79 2
BUCKUIE LM OC AL I HL i iy i R B BV A L
Y 3 DR T R . 2 B Sl W e O 0. 225 L 5
A 1%y Bl i 30 77288 e S0 30 197 ) FE AR
=0 ] e e ok 245 ) e AR T ) LK s T e A2
PEIEA S BRI [R] I 30 17 7 LU A9 e A8 X T 4L
B K s R0 5 e L s T A I RS . R —
D7 T RSN 5 55— T TR LA B B
BB DT A5 L B K T g A 4 N S RE A LA
TH AL DT 3 AL /K B 7 i 2t K

4 EHEER TR ERIRIRE

T TR VLA FG 5 ) P R L S ) A R B v A
U SRR M EORS AR TR K R LA S LA A 1 R A
A5 o RARHE UKL 22 (8] 1) J1E 405 560 B2 2 AN —#E 1Y
b AR A TR A JEE A L8 ) T Y AN S Y K B
TEAR 2N TR 0855 Ak 516 e A BBEA ool A e 5% SE 0 K
B Yo e A L B8 2 (W) AR AR 52 0 1) /N BRAA B AT R
BAERE P AT A K B B 24T
FT /0 R H0Z 2 i RN /N R e 2 B A
FE B T IR A b R A A A R R AR T . A ER
a7 2 T HORG - 45 4 A8 A SR TR 1 K Rl ] T %
HEVE R At R L A% b 2 BT S B bR AR A AR
LR BIORE 1 B SR VR IR . DR G DURE i s AR Y
ARAEAE Sy e PRI Y BB s o B A3

XoF X A 2 R 1 A L AN [ 45 T IR A T
BBCIR IO 78 BB I AN AR ] o 24 [ 45 TR 0 /D T 454 )i
IS T B o e R 0 A B AR b 5 [ 25 T g AT 35
IO 3 HE TGS 5 1 224 ] 45 [ g ek 45 44 Jie B 15 7 B B
G RN ST L T2 0 R B DR O A 2 R i

(b) 451 K150 kPa

(c) [E45%J) 4200 kPa

AT 188 5 18 3 R FL B K T 55 406 B 4% 3l IR 56 R

PR T IERTN: N N

TE 53 A7 45 80 B I3 W AELVE FH R 19 552 B e 47 a5 0 A8
2% B0 s DR 25 AL M A 1 IR N AR R - 7
1.27~2.13 Z[a), gl ul. TE76 67 2 AEH T,
AR SR 5 %0 LA 1 1 7 A B IR AR o N B A TR R K
ZRZ

5 ZHERIHEEE

ARJITJEL A A 1) Sl 5 B I R B A o o 1 ke
ARG AZ A o AR U I8 19 FH 4l 1) 3L P4 R0 P g A 2
eq HOE TN 2R 296 .5 V0 A1 Sy IO A% 5 O A o - BT 5 &
PR By 50 B2 5 O 748 B TR v 1 G 2%

AR AN ] £ 107 A B8 s HE o ) LA 3 4 B 3k 3
BRI AR Bl U K. ol g m] LA HY G 25 h P R
1 2l B2 A Al i 2 4R AL 3 iR .

MIEL 3 AT LAt G181 O b 1o A2 85 SR A v
LA A AR BT 2% 1 0 3l i B2 D S A [
LRy Bl BT AN W0 Ok Bl ik 2l 2k 0
AN R R B G AT L R B BT ) 2 A PR
e o 24 L AT 2 B /N 1 B 0 2 A A R T
205 NO 1 ALk 1 ) [ R VAP N = KR 5 NP Y X = 3 B
548 J3E T 2 AV T A v 5 A L ) 8 T 09 O T L
Ao e A F 5 K e AR R g R o AR Y 2 B R R 1
T U 5 R L 4 B0 R (O AS WK 2l 1
2= AN W HL AR

20 Bl ARG T 245 ) e A B A T ) 728 Al A
P v X A B8 IR 3l 17 g 69 R e AR /D 5 BE A R TR Y
AN R 2 o LA B A TS B IR Bl 8 A7 ) 5 W
OB s 7EAR Bl OO TR] 15 D0 T SR T A4 19 AL BB A
o MBS 0 5 0 R R Al T AN 4 s 2 A 2K
798 B I 3l R R I 88 T — 4> fg /N 1 Bl 56 2
FeCaniE 3 gy I HEZ T 78 o AESE PR TAEH . 4R



% 64 TR, AR BAE R T Ok £ 09 3% B A AR R B 57

0.30 0.24 —t,=2% 0.24 —e,=2%
0.28 e 8,=5% - 8,=5%
3 £023 £0.23
i 0.26[\,
= 0.24 2022 2o.22
R 0.22 = =
020 R 0.21 R 0.21
| . . ) 0.20 . . ) ) 0.20 ) ) )
0 500 1000 1500 2000 0 50 150 200 250 0 100 200 300
MR 3 I Bk T R 4% 3l U B0 Ik TR 8l IR Bk
(a) [& 45 )1 K100 kPa (b) [EZ5ESI K150 kPa (c) [ 45 )3 4200 kPa

PR3 A [ o A A DR T Sl S AR A 1 e A

TR AL T IR I A5RAS AR B P R B A
AP AE I 5 dne /NSRBI

6 % iE

(D FES) R AL e id R P A7 AE — AN TR e 4T A
e BT T VLA A R S A A 5 B T S AR
AR Tt SRR IR fELAE 1. 27 ~2. 13 ZJi]

(2) 75 A [R] #1181 45 2% 14 AL RAR T S AFAE—A
s 53 2l 13 3 L 5 i 5 8l R 3 HEIF AN — AN L T
S5 I R /NAR G I Bl ] s ) 38 9 4 R T P

(3)FLBR A J1 B 728 Ak LA 25+ gt R 12 3 2 % 3
A B AN TR i A A LA — o FL B K R ) AE B
PR 07 P14IR Bl U A L L BT s T B 3 47 3R 4R Bl K
TR T b 2 LB K R ) 3k B — i A
Ja » FLBRK s 3 B 36 478 30 4R 3l O K0 388 A2 154k
N8 IR B RR RS 5 55 — Bl D02 FLBR K TR ) B A
EEEE PRI IR B IR A G AR I HLHE 0 A T R
[fiEcRmIPANI AR PN PN

(O ZE R PR AR AR LT 19 3l 1 oy Bl
L IS 14 A B 8 K 8 it B2 ot e 6 B A R T 224 T
AR T 235 4 o AL 0 B A [ 4 )V 78 0 R A o X - A
(19 3y 56 J3E L 1A 2 IR AR /D o Bt D ) 3 K L X b
SEMR B AR A B A 06 2 R 3l Ui RO T
— > d /N Bl 5 B L 5 F) D Bl A A e AR v AT
14738 T Je 47 s+ A D 5 B P Sl B 2 T A 114

Sk

References:

C1] Bk, SO Ly BE AR TR LM, db ad . A RAS T
R4t . 1987,

[ 2] Guo T Q,Prakash S. Liquefaction of silts and silt-clay
mixtures[ J . Journal of Geotechnical and Geoenviron-
mental Engineering,1999,125(8):706-710.

[ 3] Timothy D S, Scott M O. Liquefactioon resistance
using CPT and field case histories [ J]. Journal of
Geotechnical Engineering,1995,121(12) :856-869.
FRE B, e, sRmk IR, 1A 1 0 95 U)K S bt
WAL K AW L) ] & £ F1 %, 2007, 28 (4) .

[4]

[6]

L7]

[8]

L9]

[10]

[11]

[12]

689-693.

CHENG Guo-yong, WANG Jian-hua, ZHANG Xian-
min. Experimental study on quantitative relationship
between shear wave velocity and cyclic liquefaction re-
sistance of saturated sand[J]. Rock and Soil Mechan-
ics,2007,28(4) :689-693.

Andrus R D, Stokoe K H. Liquefaction resistance of
soils from shear-wave velocity[ J]. Journal of Geotech-
nical and Geoenvironmental Engineering, 2000, 126
(11) :1015-1025.

i PR e AR S = Rl I e P
PORACHE B[], AR TR 24,2004 ,37(9) :48-54,
KE Han, CHEN Yun-min, ZHOU Yan-guo, et al.
Evaluation of liquefaction resistance by means of dy-
namic triaxial tests with shear wave velocity measure-
ment [ J]. China Civil Engineering Journal, 2004, 37
(9):48-54.

5 N SO N e O = (I N O w5 S Y 3
FEVEIRVELT]. & £ 1%, 1999.20(3) :84-90.

BAI Bing,ZHOU Jian. Some problems on behavior of
saturated clay under cyclic loading[]J]. Rock and Soil
Mechanics,1999,20(3) :84-90.

Vi)V L A 52 A7 A AT IR ORGSR TR AR LT .
TR 1991,13(1) :48-53.

YAN Shu-wang. The deformation behavior of remold
soft clay under cyclic loading [J]. Chinese Journal of
Geotechnical Engineering,1991,13(1) :48-53.

¥ PRV AR RO A AR R I A A )]
HE TR 2002,24(4) :529-531.

JIANG Jun. Study on the strain rate of clay under cy-
clic loading [ J]. Chinese Journal of Geotechnical Engi-
neering.2002,24(4) :529-531.

JE At BRIGE TS R B0 BRI T A RIEORS B 6 AR K
fergEl]. AR TR 4R, 2000,33(5) : 75-78.

ZHOU Jian, GONG Xiao-nan. Study on strain soften
in saturated soft clay under cyclic loading [ J]. China
Civil Engineering Journal,2000,33(5) :75-78.
Yasuhara K, Hirao K, Flhyde A. Effects of cyclic load-
ing on untrained strength and compressibility of clay
[J]. Soils and Foundations,1992,32(1):100-116.
fif & 2%, S b e 3 28 et iR )] & £ T



58 KX FFROARAF B 2009 4
PR ,1997,19(2) . 39-48. tio and damping ratio of soils[ J]. Earthquake Engi-
HE Chang-rong. Dynamic triaxial test on modulus and neering and Engineering Vibration, 2000, 20 (4):
damping[ J]. Chinese Journal of Geotechnical Engi- 133-139.
neering,1997,19(2) ;39-48. [16] Bergk.oRk w8 B 5. 3R 47 40 F RS 2E i o
[13] E@Z R, £ IR 5. IR 300 FUR 3 130 B R IBE AR e 5 [T ], & & Jy 2%, 2001, 22(1)
A F R e L), VG b b R A= 4, 1999, 21 (3D 16-20.
310-314. LIAO Hong-jian, SONG Li, YANG Zheng, et al. Ex-
WANG Jian-rong,ZHANG Zhen-zhong, WANG Jun, periment study on shear strength and yield criterion of
et al. Effect of vibration frequency on dynamic consti- cohesive soils under repeated loads[ J]. Rock and Soil
tutive relationship of loess[J]. Northwestern Seismo- Mechanics,2001,22(1) :16-20.
logical Journal ,1999,21(3) :310-314. [17] Wi . + 3 A2 M. P8 9. 75 4 38 38 k2% R
[14]  BRAEAL . HHFEOR. SRS bR 2+ 19 3 D) R e S 8% L #1988,
SRR R LT P22 8 TR %44, 1998, 14 (18] E K. A5, Jo HE R J50AR 45 4 1k - 5 10 1 45 = )
(2):216-220. Sehyam E e ()] A+ TR, 2003,25(2)
CHEN Cun-li, HU Zai-qiang. Dynamic characteristics 249-251.
parameters and their relation to vibrofrequency of dy- WANG Guo-xin, XIAO Shu-fang, ZHOU Wang-gao.
namically-compacted foundation loess [J]. Journal of Determination of preconsolidation pressure and struc-
Xi” an University of Technology, 1998, 14 (2): tural strength of undisturbed structural soils[ J]. Chi-
216-220. nese Journal of Geotechnical Engineering, 2003, 25
[15] s=mesh, o Bl o0 . 55 3 W 2R gl 0y DI B 4k b (2):249-251.

C#00800#00S00900400S00400S00S00S00S00S00S00S00S00S00S00400S00S00S00S00S00S00S00S00S00

HIBEJE Lk w55 [T, i TR 5 TR 3l , 2000,
20(4):133-139.
YUAN Xiao-ming, SUN Rui,SUN Jing,et al. Labora-

tory experimental study on dynamic shear modulus ra-

(E3% 23 )

S % ik :
References:
L1 58k s 38 BB i B /K )2t Re i 58 Je i LT . & vl

[3]

[4]

Wit »1996,10(1) :37-45.

LU Tie-rui. The properties researches and application
of water-proof layer in the deck of inter-change[J].
Asphalt.1996,10(1) ;37-45.

PU v b N B N P Y L aE S R s N T
[ AdbAH,2003,26(1) :21-24.

LIU Xian-hui, WU Ze-feng, LI Wei, et al. Synchronous
crushed stone seal coat technology[J]. Northeastern
Highway,2003,26(1) :21-24.

(IS [0 R Y O TP A L =k s NEc R M
B 5 THLARAE 2004, 21(11)  1-4.

ZHANG Xin-rong, JIAO Sheng-jie. Synchronous
pavement surface dressing and equipment [ J]. Road
Machinery &. Construction Mechanization, 2004, 21
(11).1-4.

JE 6. TR 25 R AR T B KR S R IR LD . T

[19]

[5]

[6]

L7]

L8]

EBRIL. 25 M PERS T s iR B [T . & £ 1%,
2000,21(1) . 1-4.

SHEN Zhu-jiang. A masonry model for structured
clays[J]. Rock and Soil Mechanics,2000,21(1) :1-4.
LA K ,2007.

MR R BN, A AR SFL N T BT K 2 1 e il I
F2[J]. 675 583 ,2008(2) : 101-104.

WU Yao-dong, WU Yu-hui, L1 Xiang, et al. Research
on test of deck waterproof layer for property[]J].
Northern Communications,2008(2) :101-104.

3K i A2 K U TR HE 0 M T O R BE L A5 A T R
[D]. P94 : | %R 2%, 2000.

PLIEESE, 0. TH K J8 B 1 )2 U 9 52 1 45 49 )= )
LAl /T B R S Rl b =TI S S e o o
2006,8(4):1-2.

ZHU Hai-yan, WANG Xuan-cang. Shearing stress a-
nalysis of thin asphalt overlays on old cement concrete
pavement[ ] ]. Journal of Liaoning Provincial College of
Communications,2006,8(4) :1-2.

T A B R 7K R TR BE T W T B KR 45 J2 B 9T 45
LT 2 B Al A 2007 (3 1)) - 87-90.

JIANG Wei-xiang, WEI Wei-cheng. Study on water-
proof binding layer on concrete bridge pavement[]].
Technology of Highway and Transport, 2007 (S) .
87-90.



