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Behaviors of wetting-induced failure for unsaturated intact loess
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Abstract: The tests are performed on intact loess under two separate hydro-mechanical paths: constant-suction triaxial shearing
and constant-shear stress wetting in steps, using the triaxial equipment for shearing and permeability of unsaturated soils. The
variation characteristics of stress-strain and critical state identified from shearing and wetting are analyzed. The influences of
hydro-mechanical path on the wetting-induced failure of intact loess are discussed. The necessary conditions are clarified when
wetting-induced failure occurs. The results show that the critical state lines (CSLs) on the deviator stress versus the net mean
stress (g-p) plane from constant-suction triaxial shearing tests are non-parallel straight lines, while the data of the critical state
points collapse along a single line much closer to the saturated CSL on the deviator stress versus effective mean stress (g-p’)
plane. The data of critical state points from constant-g wetting tests tend to merge together on g-p’ plane, which can well be
described by the linear form of the Mohr-Coulomb strength theory. The contribution of suction to the shear strength of the loess
is dependent on the hydro-mechanical path, and the values of strength parameters are lower obtained by the latter tests than
those of the former tests. The threshold values of shear stress level and suction are identified, which can be used to judge
whether the wetting-induced the intact loess failure may occur. The expressions for those threshold values are obtained by
combining with the proposed water retention model considering the influences of shear stress.
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Table 1  Physical properties of intact Q loess
WA AkR T R AR UL %
HILC, w,/% pu/(grem ™) w/% wy/ % >0.075 mm  0.075~0.005 mm  <0.005 mm
2.70 15.2 1.28 30.9 19.8 4 73 23

W A ] 42 5z WA 470 BT R, A X AR AR A0 2 AT
W 7 el S KR = 8T U el B K, E IR T
YOO KSR SRS O KR ) Z D R P
FE R TRTR B 1 7K 2 b B R K (1
FEAAR) , BRI AT IR, i JE A o
FYH YK 0 G sl BRI B A A, R
T R Y DI REIR R R AR AR
A5 AR IR 5 R B R B BLEGF R  TRK
FHAERL ST, H 23818 AR AR R AL T 80K >R H
JRFE I BB G EPr . (B H A2 R IRTRT#H ik
WFFE A IIE PR 5 12 2 75 0 10 R0 3 b i 3492470 57
R 2R, R A 8 5 B TR IR A il Y a0 AR R
2, LA UnAn i 3 25 35k 28 (R ANV A, BE T,
A SCUAECAR 8 A g WSS G, T e 8 W g = b o
D55 Y I g K P53 SR K P RR K g B AR 1 )
AT AR AR AN JFUCIR B A % 14V B B AR R K T i

TR

T mARKAE
1.1 REAL R F

TR A P 2 I R Q, 38 4, I IR
3 ~d4 m, HANUEW I1 s, = 175 kPa, Ho At By BV T 48 A
W1, FHIRERSH & AR 3.91 em, EE R 8 em
() = SRR R T
1.2 RIS IUEE

RIS AR TE B AR R =Rl b e i,
BURNGE T i N R SRR T S
URR WAy IE= % R e WA R AL A DY I =R AN VPR
Je B R P AR SRR 3 A (5 R IR AHE ) 1 B
Bk d A A BRRE o LS BIENE A ] AT R
FIECE EKRT RIRI RN T AR =4 4 1056, 8 N )
RT3 PR AR 5 FHA S RS U i R A S5 HE
JKEH 0.01 em® , Hli[a]1ZETE R 0. 01 mm, FLERK TR
1 kPa, EARAIUESGERI TR SCER[ 7],
1.3 REAHRREFE

R T ST AR ARECIR B - A IR BT B R R K
JIBEAR R RE A, A T R 4 i U g g BBl R £ 1 45 HE
K =BT RREE AR b P — 2 T R ) v R R
5RIR I K43 R KRR, T FRH B N ) 43RG
G, A B o, 435128 50, 100,200,400 kPa,

FERIBY BT R S K R 439028 0. 25,0.50,0. 75, Hr
R.=q/q;,9(q=0, — oy, K& N TT) KR,
g M s =175 kPa B[R] oy X0 4T 55 58 B

TR T AL 250 A7 [ 45 HEAK BT AR 8 N Ay
IR A B B, B8, X R AR B KRIREE (s, =
175 kPa) #4755 W 7 [ 45 Hok , fEHEK 528 B e
Jei U s B0 o AR B = Bl BT U B AR 2k = H bR By
N R e, FrHEK 52E R 5, #EA R o,
TRFEAAE 3 IR K A, Hod gk sl b i < oy
KT 6, R E KB & Aw=2% , EAKIZKIT
TR SCHER[7] .

RIS AR SRR RGNSl R AT | PR AR FFL PR
KIEST, VMAAE A3 /NTF 0.01 em®/2h, il 1] ZEFE /)N
F0.005 mm/h, W Sy 3 & /NF 1 kPa/2h 1E 55 T
45 By U] S 32 7K R E bRt

2 BRA=HBETNIREER RS

SRR R S YIN T p = q/3 + oy, AR
SRS CFE RN 1) p" =p + 8,50 R TAICHEFE
BEE 1t H g-e, IRERBREALAL; DL &, = 15% 1E iR
W 0 R R G 258 T 8 0 ) =4l 35 D056 o 3R
WA FT (g, ) BARFNRE S (REMEFTRR , Ras i) o
HBERN S 5.0 N F qp 5 g-p' Frm b, Wil 1 fr
o WUEH.

(1) s MR, g-p G FARE L E T HIE 8 HL
(Bl 1(a)), HELWEE SRR 55H 0 Mm%
IR TR B FJIE N (0 ~ 175 kPa) ,FiE s BV
INVERR MO R BIARTE s T gp e AR AL It
AT, TSl p 1 R 0 7 3 30T 0 A B A 4R #
P b BEZ N U B UK B A A9 B BT 5 B X
W 7 AR R, HL A BRI TR 5 0 T R O Y 7 4
L,

()R s F g-p' KRR s A MEREN N, -
p' I FRAS LR (CSL) AT LAH— R — Sk H 26, H ol ol
FHHAN g-p I FER AL Fom, AR M =1. 136 (Kl 1
(b)) o 3X— KA E 7580 a2 AR 10 RN B - Pi By 9 B K
fap | B T i B IR RS R DU BT 3 B S A (B R T ¢
FINEESE S @) 5 A 1 FUIR A1 IR B 4 A 55 0 7 )
AR TR g-p I FUIRAS 26 5 W 1 2 18] 56 & B i
SIAHSEL,



HF TR K AF AR IR B A 01 O R R
DO e e Sl O A7 A, A JEOIR - 3 A R K
1000 [ Fl00ies — a8 15 9 B KT B R PR DI
o soo [ caLie 300 ——————————————r
% o 250 72 (172798
E 600 - % 200 + —Cfﬁ/—A—A—A—A:
E 400 R 150 : o
32 —— s=175kPa=Hli3y 4]
g —0—R=025 T
200 [ —0—R=0.50
—A—R=0.75
0 1 1 1 1 ] A
0 200 400 600 800 1000 § A~
KPR Hp/kPa 5 e
@4qp 2 :
1200 [ o s175kPa =
| ® s=100kPa
1000 | O s=50kPa 200 . L L L L . .
< 800 ™ 5=0 kPa 0 5 10 15 20 25 30 35 40
& 5 HAICSLL o N AR e,/%
'5 600 - (a) ;=50 kPa
2 L ® 400 r r T
E 400 - o
200 ‘ o
r O—0—0-Q0-0—— ;=1 75kPa =HiNY Y]]
0 L 1 —0—R=0.25 ]
0 200 400 600 800 1000 o R=050
BEEBR S1p'/kPa —A—R=075
® g’ P
=
B gp Mg FEEERASHETHAR MG RRAS

Fig. 1 Critical state lines (CSL) from constant-suction shearing tests
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Fig.2 g¢-&, and s-g, curves for wetting tests at constant-q
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Table 2 State properties from wetting tests at constant-¢

o, q Sg o )

2 Y N L N k

50 0.25 69 0.365 — — 0.071 1.421 0.994
50 0.50 138 0.366 7 0.920 0.059 1.423 0.998
50 0.75 207 0.375 100 0.496 0.049 1.428 0.979
100 0.25 90 0.366 — — 0.064 1.422 0.985
100 0.50 180 0.385 37 0.723 0.044 1.429 0.975
100 0.75 270 0.416 110 0.491 0.033 1.429 0.966
200 0.25 118 0.385 —  — 0.050 1.422 0.989
200 0.50 236 0.412 16 0.933 0.034 1.427 0.964
200 0.75 354 0.457 124 0.539 0.028 1.424 0.979
400 0.25 189 0.438 —  — 0.036 1.424 0.998
400 0.50 378 0.487 —  — 0.029 1.423 0.999
400 0.75 567 0.539 92 0.647 0.024 1.420 0.998
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Fig.3 Water retention curves from wetting tests at constant-q
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