Vol. 42 No.3 JK S Hb T TR b R B425 B3 H
May. 2015 HYDROGEOLOGY & ENGINEERING GEOLOGY 2015 4£ 5 f

DOI:10. 16030/j. ¢nki. issn. 1000-3665.2015. 03. 17
ZEER LM%M RS HEIE SMP E AR 4 N

ZRA e B’ h R RVE
(1. REmARFERIRFE, R 300384;2. #1 F it K IRE5E54,7d #%  453003)

R O S E IR A g A T T B ZE R SR IR T R 0 e T RS B AN TR B e SR R S R P 2E S . I LR
Ji ot TR A S Sy B2 SRR - o T AR JE G AR b A T = S S TROIR A R I it TET L A K S5 2k (RGN T £
gk FET NN - PO A0 s 18] 3 R 7R B R R 4G K, B EOIRZS B Al B g il T IS T T ROR A9 & IE SMP R
fRAEN & IE SMP JE R T8 H 6 #L SMP JE IR S0 T 0, 0oy P10 LINHLR 0, = — o, BEFEAFB I8 5% 19 #1255 T Lk
5K, BSLZE B FM. STETF A 7 Vi _E T8 288 4 098 IRAT A 2R, OF 58 50IR 4 09 i I B % 7E i 1 K, 5 45
LW TFEAENL o + Ko, + Koy = ¢ By I EJEAT o 10 R B RE 10 35 = SE 30 25 2R R 3R I, 5% L SMP
R AE AR LE , 2 T K, [ 45k 9 18 1 SMIP i AR o DU 58 36 5 48 58 ) AR 0 AR - B0 B 82 i IR AR AAE

RERIA JFUIR &5 K, B (WA RE IR ) 57 100 ) 100 5 48 1E SMP Jai JIR ofi )

B4y 25 . TU431 XHRARIRAD : A X E 4 S :1000-3665(2015)03-0102-06

A modified SMP yield criterion for undisturbed soil
considering initial stress state

LI Shunqun', JIA Hongjing', XIA Jinhong®, SHANG Jun', ZHANG Shaofeng'
(1. School of Civil Engineering, Tianjin Chengjian University, Tianjin 300384, China;
2. Department of Civil Engineering and Architecture, Xinxiang University, Xinxiang, Henan 453003, China)

Abstract; The differences in mechanical properties between undisturbed soil and remolded soil are derived
from the diverse initial stress state and the corresponding structure distinctions. In the constitutive model for
remolded soil constructed usually in the spherical stress state, the isoclinic line is utilized as the baseline of
the yield surface. On the contrary, the K,-consolidation line (or initial stress line) should be taken as the
baseline of the constitutive model for undisturbed soil due to anisobaric stress state in space during settlement
process. Based on the Matsuoka-Nakai’ s SMP yield criterion a modified criterion considering the K-
consolidation is proposed. The modified SMP yield surface can be obtained by rotating the conventional SMP
yield surface around the line of ¢,/0 = o, = — o, for an angle of w between the isoclinic line and the K-
consolidation line. Similar to the meridian plane and m plane in the yield surface for remolded soil, the
meridian plane through the K -consolidation line and the y plane vertical to the K -consolidation line can be
employed to study the undisturbed soil. True triaxial test results of the pluviating sand sample indicate that the
modified SMP yield criterion is superior to the conventional SMP yield criterion and is more effective in fitting
the strength and yield characteristics of natural sedimentary soils.
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Fig.1 Stress paths of the triaxial tests for samples constructed

respectively from spherical stress state and K, stress state
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Fig.2 Isoclinic line for remolded soil and K, consolidation

line for undisturbed soil in the principal space

5AEmZ OD ATy o i, KON
o, +to,+to,=c (7)
Aree—HH

T LI Ty 2 R E Y ¢ X T AR
ST T 38 2 R T AR G T e b e Y
7 .

M5 1) Al Jn, ¥ 5] 4 2 vh 00 4h 7 g i IR
ANV TR E I ) A H] b R oR S HEZ O, I
K, B2 s w b v g 2, ml UL, K, [ 45 4k 19 J7 1] 1]
#HH, Ky, K)o XA E (R | L i) 46
NSRBI o AT — M A, w] DL R A 3 45 i
KH K, B Z MM o N




7K SCHb B R Ml 5 - 105-

w =54.74 — arctan( 2K,) (8)
bE K, 24k, K, 25 4A A R iy R (8 H A Bt
BRI 7E— o XN, B TP o, =0y B9 B2
— X (E 2 1 o, 0D TR = MR , A SO
FE LR Ky B3I [ K8 R HLEE T K, N
TV B E O K, B T HOT R R
o, o, O,
071 )
5 oo VR E CEM LAY K, 452 OF 3
B TE SO x T, 5T R T AR LR P
T # 8 SR T 26, B A 3 T 00 3R I ) kA
T # iy 44 R x FT o AN TR A JRUIR 4, H K (E— e A
[ H o PRI, A [ JSAR = X 07 1 K [T 45 26 Ay P Tl —
BoEARFER . Fi4h, = (8) AT f 7 P ILE (9)
RN HL e — D o, B33 y 118 o

4 EFEREIe=@EEHE

SMP J&E IR 7NN A, 24 85 6 ) 5 1E
FI) 5 — B AR IR B

VAR R

Tsmp

= (10)
T2 [ B TH LAY BY N 77
aswp—ﬁil‘ﬁl W Bl 0 IE R T

LR R
IEW%KJJEEI’JE FTIEA N

l 0'1—0'2 0'2—0'3 2 0'3—0'1
(11)
SMP JE IR MEN 2 Bl d shman & 3 FE 4 s,
Hr o, KR ZAENEEM, BA

' %9 (12)
an =
Foi ™y Jo.a;
(R L, 23 (R ¥ 3l 1) A — e PR AR 00

% tan2¢n]nlz +tan2€0m023 +tan2§9m031 =A (13)
X)W LIS Ry .

1,1,

=A (14)

O, 0 T 4 B B — A R R
RIS = R
(14 R A

(o, +0,+0;) (0,0, +0,0, +0,0),)

0,0,03

|~ 45°+ (pmnn/z

o, /1 \
/ 4549, 2

‘‘‘‘‘

3 SMP J& k&N B = EE 3 E
Fig.3 The space mobilized plane of the SMP yield criterion

A P(o,

S\iP’rS\iP)

o, g, 9,

3>
>
g

E4 =ZABIERZEFHEENEEAFMERH
Fig.4 Shear stress and principal stress on the three

glide planes and the space glide planes

R I 3R A 7S T i A e AR DU ST AR G T
P A B AF OC S0 R IS 4 T AL 2 b, G R A A
JCAR A B 3L g A BT I A R AR B Y R AR
JE 72 XE LLSE ALY

TSR 35 ] T 5 9 A 0 0 RS R T R A
Il o D S B AR e RN P T Y B A % T AR
BT K, [E G5 FNXF Ry - T Y Jest AR U L i T 4 i
LN ar TR e IR DU B g B, U b JE IR
i F R A

F(o,,0,,05) =0 (16)

HR A 1 2, 4 1 98 4 %) Sl At i A= (9) SRm 9 .
LN — A o, B RS 3560 T IR 4 1Y
Wb o BT LA, 3 AT R A S i T F T R

F*(crlcosa), SENNE )20 (17)

’
COSw COSw

P, 35 T IR 9 2 1 SMP i A o 0 g -

0-2 0-3 0.20-3
0, cosw + + 0,0, +— 5 +0;0,
Cosw  COosw

0,0,0;

COoSw



- 106 - ARNGRE , 45 2 i JECIR B A U B 7 RS B 8 IE SMP i IR ofi DU

2015 4

A =12.K, =0.4 mf, 5 (15) F(18) 78 5 Jg
23 (6] AR T A AT S s o R T 1 (€ ) X
P (1S) 360 T A sl 2 X T A(18) i
AT AR+

\ >
300

P-4 BhiD T -2
(a) UL (b) IERLE

B 5 SMP J& ikt 1 51 IE SMP J& Ak i T
Fig. 5 SMP yield surface and modified SMP yield surface

5 HEWRIE

TERTGE I 0 1447 i, W@ i B oE o P
i IS e R 2 5 A AR B A T B ARG
R RNR BIBPEAT R o P TE L B R SR AR R
S p S OB AR (7)) B 3p = o

JEUHR 1 Jee I ot T e o A i R T GE e i
o, B, WF 5T JROR R B g 2 AT O, R LI S E ST xR
1T A Je A £ M G K, T 45 278 e 0 i A
LePEAT . W TR LR A B R (1), 2
THEM M p B RS BOR &y PR
Bt 2 36 1 o AR R

o, +K,o, +Kjo, =¢' (19)
K e —H 8

o T x PR AT K, BEE, B y S
NS S o P A B R SE A L, S RE R R
AR T B 45 K PR 4% ] S

PASC(7) A2 (19) g 24 30 2% 1 1 T b 0 = 4l 5
B, FO IR T AR B R ALY . ik 2 7 P
RN A B x Vil b A P JE IR
(e, o, o) WHAE y Fiin EREEE

o.=0,-p (20)
o'y=0,-Kp (21)
o', =0,-Kp (22)

F

o, +KOUB +Kyo, - ¢’
1 +2K;
ST F T SCHR B 1 5 =l SRR AE V-1 b 5

p= (23)

JH SO T R L B SR S TEAT SR AE o T B 5E R

Kirkga 5584 22 #4714 4 A Jd IR 0z 22 45 13 A~
% p(3p =c =294kPa) P EL =4S T 18] 6 S SCHRAR
BERy 7 P Ik R K5 IR SR N Y Mohr-
Coulomb Jefi iz E W) 370 4%

v=0°

Yoe=0.5%
Vo= 1.0%
Vou=2-0%
Yoe=3-0%
~ Mohr-Coulomb

6 7[E R X Rz B JE BR B2 71 % Mohr-Coulomb #1 &

Fig. 6 Yield stress and Mohr-coulomb criterion fitting

P 7 2 SMP i Il 8 JU) AR SC$ A 48 IE SMP
IR A I X 2] 6 S5 36 KO ) 8L o HG v 4 T2 SMP
Jirt 2 o T 5 ¢ ol TR AR SC 4 A A8 TE SMIP i I
Mo XTI A 23500 15 13 ,10. 8 (105 X 2 £ A" 73541
D 14.12.,10.5.9. 9, AT UL, 5 i @ il 1 A L, g% 60l
T B 4 G T S 0, L a0 it T A i T )N — L
(A< A)o FrLL, 5% M SMP i AR o A0 Lb, & 1F
SMP Jif A% £ DU B3 2 4tk JEUIR 4 A9 B e AT 2

9, 9,

0.0

smpii °

7 SMP R AR AN 55 E SMP B AR /& W B ik it 4
EoHIRMMEILE
Fig.7 Fitting of the true triaxial test on the pluviating samples

auording to SMP yield criterion and modified SMP yield criterion



%31 K SCHb B TR L R 107

[6] e, FER. SHERKLEEERFEIIT]. K

6 Zit SCHE R T FR M % ,2012,39 (1) :36 —41. [SUN D A,
(1) T 98 4 FEDIR 4 76 T i il B2 v 22 52 1 1 ) & XU Z L. Permeability of structural soft soils [ J].

R B AR ) 2 B 45 e 2 52 7 A £ e e G, 200, 2

N —41. (in Chinese

T - [7] Matsuoka H, Nakai T. Stress-strain relationship of
(2) i1 J° 76 2 MURL oh A7 £ i B J5UIR A 19 T soil based on the SMP[J]. Proc Specialty Session 9,

MR iAnpr A K, [ 252 R He 2. ST AR - b 5 9th Int Conf SMFE, 1977, 153 - 162.

i ¥ ) AT AR v U 2 3 SRR B 2508 T ) (8] FUIEL, VOTRIT. %% b e R £ 00 V1A 60 BOW S B

U I 7R ZS A48 IE SMP i IR o ) [J]. 4+ T R2E4R, 1998, 20(2): 102 - 108.
(3)f&1E SMP Jift JIR [ f SMP J IR T 25 B 4% o,/ [JANG M J, SHEN Z J. Microscopic analysis of shear

0=0, = -0, IEFHEED,EEMESETEMELS K, [ band in structured clay[J]. Chinese Journal of Rock

s R, TR BN E =MLk Em, 5 Mechanics and Engineering, 1998, 20(2). 102 -

0L SMPJE I DU A B, 65 TSP I 0 9835 5 108. (in Chincse)

I 1 3 JECR  f SR )22 5 [ 9] BEFEAL, B4R, WS, N7 BEAR XT [ 25 HEK 2% 14 F

MR ECIR AR Sk R R [T ], KR 2
L a & #, 2008, 39(6) : 703 -708. [ CHEN C L, GUO J,

YANG P. Influence of stress path on deformation and

(1] 98, e L. RAR N & T LR a5tk
HRALI]. PR 2R (TR B2 ) , 2005,

strength characteristics of saturated intact loess under

drainage condition [ J ]. Journal of Hydraulic
.14 -18. [ L Y XIE D Y. ructural
37(5): 8. [LUO Y3, Structura Engineering, 2008, 39 (6): 703 - 708. ( in
constitutive relation of soils under complex stress .
Chinese) ]

conditions [ J ]. Journal of Sichuan University
( Engineering Science) , 2005, 37(5) . 14 - 18. (in
Chinese) ]

(2] IMEZ, BIm-F, BREPE. BIIR I )& 1) 5t B
EIPERLAL[T]. & 4%, 2000, 21(3): 222 -
226. [SUN D A, YAO Y P, YIN Z Z. An elasto-

[10] #pEw, K&K, #ETh, 5. ANFENIEET -
PRI R SR Rtk (1], & 1%, 2006,
27(12): 2181 —2185. [ YANG X Q, ZHU Z Z, HAN
G S, et al. Deformation and failure characteristics of
soil mass under different stress paths[J]. Rock and
Soil Mechanics, 2006, 27 (12). 2181 - 2185. (in
Chinese) ]

[11] HpgA, flog. Ak M]. Jogt. P EE
FL Tl H AR #E, 2010. [ ZHENG Y R, KONG L.

plastic model for soil with initially stress-induced
anisotropy[ J ]. Rock and Soil Mechanics, 2000, 21
(3): 222 -226. (in Chinese) |

(3] XVRJE, WERIL. AR N AR T a1 a0
FRHELT]. B4 5 TR, 2006, 25(10) -
2058 - 2064. [ LIU E L, SHEN Z J. Mechanical

Geotechnical plastic mechanics [ M ]. Beijing: China
Architecture & Building Press, 2010. (in Chinese) ].

[12] M M Kirkga, P V Lade. Anisotropic three-dimensional
behavior of structured soils under different stress paths

[J]. Chinese Journal of Rock Mechanics and
Engineering, 2006, 25 (10). 2058 - 2064. ( in
Chinese) |

[ 4] Matsuoka H, Yao YP, Sun DA. The Cam-clay models
revised by the SMP criterion [ J ]. Soil and
Foundations, 1999, 39(1) . 81-95.

[ 5] Matsuoka H, Junichi H, Kiyoshi H. Deformation and

behavior of a normally consolidated clay[ J]. Canadian
Geotechnical Journal, 1993, 30. 848 - 858.
[13] FWsF, SCEHE. IR0 B 2 A9 2540 Ja Mere itk 2 £
LR PR R [T ] K SCHb BT T FE ML BT, 2013, 40
(3):63 - 68. [YAN Y J, WEN B P. Structural
yielding characteristics of unsaturated loess and main
influencing factors [ J]. Hydrogeology & Engineering
Geology,2013,40(3) :63 —68. (in Chinese) ]

REHRE KEH

failure of anisotropic sand deposits [ J ]. Soil
Mechanics and Foundation Engineering, 1984, 32
(11): 31 -36.



