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Abstract: The peak strengths and failure envelopes of unsaturated compacted soils are investigated via triaxial compression and
uniaxial tensile tests over a wide range of water content. Based on the experimental evidence, a method for deriving failure
envelope model for unsaturated soils is discussed. Firstly, according to the mode of failure, the failure envelope can be
approximated by a bilinear Mohr—Coulomb envelope. Secondly, the effect of unsaturated state on the peak strength can be
described in terms of dilatancy and interparticle stress. Then accounting for the primary components of unsaturated peak
strength and its description, two curved failure envelopes with clear physical meaning are proposed, named after
cohesion-dilatancy and interparticle stress-dilatancy envelope respectively. Based on the piecewise linear failure envelope, the
method for determining the parameters of the curved failure envelope is discussed. Finally, the failure envelopes and their
variation characteristics under different water contents in unsaturated state are given and analyzed.
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Table 1 Physical properties of soils
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Fig. 1 Grain-size distribution curve of sand

FRAEMZE . AR AR 39.1 mm, &N 80.0 mm
=8, SRA Bl milet . fiFent 4 8 Eik
S, RREEDN 10 mm,  PUCRIEGFE )35 5 1% . = 5li8y
PR F GDS JEM AN+ =i i A 4T, it
GDS HKUST RGN ERFERIAZR, g i
HEAAHEAK, 38 A FLBR K 77 S AR AR S5 Ak
F, B R ARANAORR, W AR R (i) FH R 2 )
T, BB o R T e AL BRSO 45 )
AR AIEE, R HHEFLBSEN 0 X RA
JED)o X FARE KE T HARFE, W7 T 4 AA R H
JE N =HE YA, BESA8 0 CRMifR). 25,
50, 100 kPa. >y 7 A4S AR E IR BT R &
IKEN TR, 256 B 75 SCHRR[22] 1 737 -
RGP 25 kPa/ 20 min (R38Rt I B s, BB ik
B HFRME G 82 5E 10 min, PMEIERAE DAL SE
KB EAEEG RUESCRE R 25 HF S 2 5 a5
Yl W56 BT DR BCN 0.1%/min. B P1RIG 7R FE
(Y3l ) AR IR B 20% 0 2% 0k, B 5 B R BT 38R
KA, R REZN, Hr BRI
FERIE KA, REAEIT 0.5%.
1.3 mhREIRIE

R SR Y 5 T R 5 P e 1) - B s 5 EE
IR E AT, Hoh i &K 2 AR TG B T
) bR =l e o 5 I ) e PR 4 S K R R A
Pz il T P HUG ELAEE LS o R SRR . 3
B rh R B ZAE Y 0.5 mmymin, ELCFERR AL
FARER 77, BOEAE R L7 N AR 1) B R o
RIS PR DT 3 I B RES DAORIE I 45 R
AN, RIS WS, BRI ) &K 3R

2 WMIWHERE S
2.1 {BFIETROBTEIMER



5 7 31 (3

e, S5 ARV - (U B 5 245 P R R B AR

1213

PR B, B e e v RRE 11 [ 45 HE /K = ik
56, o AR R B AR T g R ARG rh s
JEN 1.2 glem?, &/KFEAN 36%HIFE, HIREIERRTE
MR = FRIAH R, 2 J5 Zead B AR & s v
Ja PR . RIGIEHEL 25, 50, 100, 200 kPa VY4
JE, BIOIEE RanfE 2 s B o, 0 =5l a i
e, NBIUIR (R RIS, g AR, e, JRRAE,
XTSRRI M2 E, UARYE NIE,
PRI N, D T TR Hb AR B R AR O R,
2 Ca) T[R4 H T IR —flim) B2 AR N F s B g A4 AR
B, BPLE[R—BEA, PR R 7R T i 1a) AR & R B
T DL RRAR AR e . RIS, B 2 (b) AT
TRLRTIS PRI DR L R AN BY 9 B 240

8 —

1r 03=200 kPa

6 N
p - -
£ st .-
4L . 6,=100 kPa

‘ /

)

sl S "3:5}/) kPa
R D )
§> ()"”:'_/_'____l___l____l___l Lewobooclooo ) YA
i (N34 6.8 10..-12--14-16-"18 20 “!

2+ SN e mmmm -
3L B
(a) Hunetm =R g R

600
o 400
e ¢'=11.01 kPa, 9’=35.17°
S

200

I 1 1 ]
400 600 800 1000

o/kPa
(b) HuAnm R BF L AMGTRY RS

2 TAFEEY IR
Fig. 2 Shear behavior at saturation
= 4RI AR ML R
K3, 445 7 A UIRIR R AARIE LR, K
345t T EIKEN 16%0], ANFE TR 45 R

0 200

2.2

B EdbRE KR AR S E 2 ME, w RIREER
TKE RIGEE SRR, BEE RN KE, )
FHIERFRPER I ARG, HAR PR B KRS 5,
IR RESE BT, [RIBTE B ARG AR BT R R (&
HARARZE IR NEs 2 IR ILET K, 37K %
CBURK A B AW, A S 4k ek, HiE
Al N VAR A, RN E AR S ) DA AL BT K Fas 3 T
Be/MEs TEVE(EIRA ) fUE, WA BT IR R I 4G T,
HBWEIn 7%, RN TR, HIERE R
PR, RIFEEIE TG ARS8 b i TR
R S BTN TR 53 BN, BT D45 IR IR AR ™
IR BIE FURES, BYIKRRAXRNE, Mt T3
—fE. WMtk =q/p, p NEHERT GREGE
AL Ry, =0); BIIKE D=de, /de,, &, i
s P w2 Y | I AL R S 6 6 S P B B S N
FLARTBY K R (o R 2R B bR oR, B S A TR
R FE, 7ER 3~5 xR Lk,
B2 Hbros BT B R e KR e (ST &
VAR R p (AT VMR i e, AR A T RARER
WEIRES o ARSI LI 8 T R 3ok 7 v (VA
SRIE AL (BAR RO, 45 HHBRIR 2R, B AN 98 B B
VA E FIANY 3 AN

g 1
; O _~03=100 kPa
7 S e
= 6F L ~—0;=50kPa” """
g s
S S5+ [ N
- 0 , \ \
IS4 ;SR \ S
A LS T o—0p=25kPaT -~ - -
g 7 N \
3 v
2l S
J 1 !
P
W 0F
1
-1

3 ARIEETHZHIXEER (w=16%)

Fig. 3 Results of triaxial tests under different confining pressures
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Fig. 5 Stress ratio-dilatancy rate curves under different confining pressures ( w =16%)
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Fig. 8 Piecewise linear envelopes of peak stress circle ( w=16%)
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Fig. 10 Failure envelopes under different water contents
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Table 2 Parameters for failure envelopes and fitting results

1 w1l Cpa . Apid BRI BRI -

g/ﬂ;z (eme) oy (297 2 Y 1 PR
¢ /kPa ¢ /rad «c,/kPa ¢ /rad g ‘ * p-p,) B/KPa R B/Pa R
4 1966 1.1693 47.95 0.7375 0.9987 19.66 -8.34 0.5553 101.26  0.9998 133.07  0.9995
30.80 1.1548 69.16  0.7454 0.9989 30.80 -13.61 0.5408 141.60  0.9999 198.53  0.9991
12 40.14 1.1296 84.59 0.7391 0.9986 40.14 -18.95 0.5156 169.80  0.9998 251.61 0.9984
16 47.16 1.1447 108.90 0.6802 0.9973 47.16 -21.40  0.5307 158.60 0.9990 245.16 0.9968
20 4411 1.1314 98.37 0.6861 0.9974 44.11 -20.73 0.5174 150.56  0.9992 233.08 0.9969
24 4093 1.1496 89.69  0.6987 0.9998 40.93 -18.34 0.5356 135.29  0.9999 207.42  0.9986
28 3631  1.1370 82.24  0.7105 0.9961 36.31 -16.82  0.5230 14434  0.9986 212.26  0.9968
32 3371  1.1471 76.44  0.6597 1.0000 33.71 -15.20 0.5331 95.06  0.9999 146.89  0.9985
36 23.47 1.1511 5893  0.6571 0.9977 23.47 -10.48 0.5371 77.64 09992 112.06 0.9978
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