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The shear strength characteristics of shallow loess

under extreme dry-wet alternating

QIU Mingming, LI Xiaomin
School of Architectural Engineering, Yan’ an University, Yan’ an 716000, China

Abstract: Understanding the mechanical properties of loess under extreme dry-wet alternating climatic
conditions is essential for analyzing and evaluating the stability of geological bodies. Focusing on the
Q, loess of a cutting slope in the Yan'an new area, we conducted repeated dry-wet cycle tests and direct
shear tests of undisturbed and remolded loess to investigate how factors, such as dry-wet cycles,
cycling path, amplitude, and normal pressure, affect loess' shear strength and its associated properties.
The results indicate that the relationship curve between shear stress and shear displacement for dry-wet
cycle loess, under different normal pressures, exhibits a strain-softening behavior; Furthermore, the
peak characteristics of the curve gradually diminish as the number of dry-wet cycles increases. The
shear strength attenuation of undisturbed loess during dry-wet cycles is more pronounced than that of

remolded loess, with shear strength decreasing by 77.82% after three dry-wet cycles. Significant
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differences exist in both shear strength and its parameters in dry-wet cycle loess across high- and low-
pressure conditions, with the low-pressure condition requiring careful consideration in direct shear
tests. The shear strength parameter of loess declines rapidly with the increasing number of dry-wet
cycles initially, then decreases slowly before stabilizing. Notably, the impact of dry-wet cycles on
cohesion is greater than that on internal friction angle. Additionally, the shear strength parameter of
loess is negatively correlated with the amplitude of dry-wet cycles, cohesion in high-pressure
conditions and internal friction angle in low-pressure conditions showed more significant deterioration
at larger dry-wet cycle amplitudes. The evolution of the deterioration curve for the loess shear strength
parameter can be divided into three stages: a rapid growth stage (1-3 times), a slow growth stage
(3-5 times) , and a gradual stability stage (5-7 times) , with over 78.77% occurring during the rapid
growth stage. Based on the statistical analysis of the experimental data, we have established a
predictive model for the absolute deterioration degree of cohesion and internal friction angle in dry-wet
cycle loess.
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Fig. 1 Preparation process of wet-dry cycle loess
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Fig. 2 Relationship curves between shear stress and shear displacement of undisturbed loess under different dry-wet cycles



96 iRz (HARHERR H3E30)

964 4

855 AR IR 1, XA AY AL 2 0.5~1.0 mm, 5
N AET 1, RS AL 2 1.0~2.0 mm; AL N
2.0~3.0 mm 5 e B TRAE -

2) ProyomfE S FRME R RECC R ML . Ak

T 9 BE L o- AL 5 R MR 0 BT NS IE(EL, 5
A i D (L D IS D1 (5782 08 4.0 mum JI Xof 07 F) 85 37 A
VERPUITSRIE . AN p 2605 T IEOIR S 98 o 5y
568 JEE B IR PR YR A2 AL & 3 R

WIEAN TRJ 3 ) s g 2608 R B R AP BT 5 BE AR A,

() RIBAA (b) RE41B (©) il
600 300 300
500 S s
\_\ 250 - 250
400 B 200 — HE T ———— S
« \\ T < <
% o S %b 150 R~ -
S 200p I — = 100 = 100
_—
W 9 ) e —————— ) —
N I —— N — i —
0 1 2 3 4 5 6 7 0 1 2 3 4 5 0 1 2 3 4 5
N N N
(d) E4HD (e) HIRAE
300 300
B0~ 250~
200F—0, 2004~
- -— . .
S 150 = 150F
S0l T Wb : —B— p=6.25kPa p=12.5kPa
i\ i —m— p=25.0kPa —m— p=50.0 kPa
e — e p=100kPa  —m— p=200 kPa
| I — —— oLt o -300kPa —m—p=400kPa
0 1 2 3 4 5 0 1 2 3 4 5
N N

P13 OR[N ] T DR 5 0 o e 5 ik B2 B TR AR PR R A2 1
Fig. 3 Variations of shear strength of undisturbed and remolded loess

with the dry-wet cycles under different normal pressures

ARG PR T 5T 50 R R R R A, B T
P IROCEIE I, LCRE T B 5 5 A DB Dl T ) 328 i

2.2 WEEHRST
221 TERAREFHTHRERTERERR R

K3 045, HENE RIS, BiE TG AKX
BR R, B A B oT A R 5 B Se R R
RS W, e T P RmEE; fTER
A+ HA KR TR, 7 JF0IR 3%+ R &4k 5
I EA S R AR B B SR B, & TR A S
HHI IR EE MR RN , OUIR B 0440 5 9 B o U
FHAS TH IR 00y 1 38, a2 K] 3a T R v
AR A FL A T B A SR s AN, BRJEDIR
B AR A N 4 T IR TR AE IR 5 BB AT
AR A, AR S T - BT R
e 3R TR G B Wi TR . B &S
(2017) 48 H 22 0 T 1R 0 5 | e JRUIR B 4 19 25 74 54
BEWR, meZAfifJFRe 5 E W+ A RA
A I A 25 4 RV B R, L4518 5 AR SR 56 25
A,

) p=25 kPa il p=100 kPa 5%/ T #& + 1941 87
5if B AR 4 S S AT X LA BT (L 4) L 55 1R

TR, B B T IR PR R AR b 4
FIREIRE 8K s 4 3R, B4t
B 5 R MR R L SR AR S R IR RE 1Y) 77.8% LA
b PR& TG (N=0) A S I, FEMKN
HE&METF, iR¥BHA. B, C. D, EZJ5SKT
TR 20 J5 0 38 0 57 9 B2 AR 3 TR 28 TR 20 3K
FE 3 9l 70 B K R R 20.76%~38.96% | 26.67%~
38.78% .22.21%~37.78% . 23.84%~42.96% . 37.11%~
53.44%, i 7 =5 W J7 2% A0 1 A I (B DU AR Yk R
11.86%~30.56%. 10.91%~19.59%. 6.35%~12.24%.
12.96%~19.59% . 15.11%~27.56%; & J& 1 B 1 5
i S AR S BE A EE, TIRAE A 8 7GR 1 B
PUBy s Sy A A . XU )E E ST
TG PR MR I T 3 AR TR S ik, X TR IXCEE
B Y AE A 5 G S B AR S T B A, B Ak
J S 6 T RN 78 A R 5 R A A T SO 8 s T 175 340



3

ERHIT, A5 AR AR R R B DT B R X L 97

(a) p=25 kPa
150

120

TIIIL

< 90
&
vo60 b
30 +
0
A B (& D E
RIG 2L

(b) p=100 kPa
240 B -0
[ In=1
200 H I V=3
I V=5
160 | Edv=r
<
£ 120
3
80 H
40
L B C D E
RIS A4

4RI p P T FARARSR A SO0 e i

Fig. 4 Statistical values of shear strength of dry-wet cycles loess under different normal pressures
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Fig. 5 Relationship curves between shear strength and normal pressure of undisturbed loess under dry-wet cycles
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Table 3 Absolute deterioration of loess shear strength

parameters fitted for test group A

) RS PRECR A R

R B B.=67.72N/(5. TT+N) 0. 961
FEJIBE B=34.05N/(2. 48+N) 0.939
EIlE £.=81. 82N/(8.33+N) 0.973
A ENBE B,=91.22N/(36.55+N)  0.976
mEJIBE =33 16N/(3.35+N) 0. 874
ESNIAlE B,=25. 36N/(1. 84+N) 0. 841
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Fig. 8 Effect of dry-wet cycle path on

the shear strength parameters of remolded loess
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Fig. 9 Effect of dry-wet cycle path on the absolute deteriora-

tion degree of shear strength parameters of remolded loess
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Table 4 Absolute deterioration of loess shear strength

parameters fitted for test groups B and C conditions

4l I MR IA R
R JI B £.=92. 98N/(7. 72+N) 0. 955
e B B=25. 19N/(0. 20+N) 0.992
2RI B.=59. 72N/(2. 88+N) 0. 998
N RENB B,=23.23N/(1.66+N)  0.981
FEAB B=13.67N/(1L78+N)  0.971
Bl B,=9. 16N/(0. 70+N) 0.929
1B S.=58. 34N/(2. 24+N) 1.000
EESBE =89.89N/(13.30+N)  0.999
c EilEs £.=59. 15N/(2. 79+N) 1. 000
RENB  B,=19.28N/(6.86+N) 1. 000
e T B B,=5. 62N/(1. 53+N) 0. 998
B B,=2. 98N/(2. 10+N) 0.997
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Fig. 10  Effect of dry-wet cycle amplitude on the cohesion of remolded loess
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Fig. 11 Effect of dry-wet cycle amplitude on the internal friction angle of remolded loess
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Table 5 Absolute deterioration of loess shear strength

parameters fitted for test groups D and E conditions

i R PRI IR R

1B B.=65. 98N/(1. 36+N) 0. 985
FIESB p=31.18N/(0. 51+N) 0.994
RSB p=54. 19N/(1. 46+N) 0. 982
P REHEBE  B=14.75N/(7.99+N)  0.997
HEJIB B=15.07N/(1.46+N)  1.000
SENB B=11.65N/(112+N)  0.999
fRIENBE B=67.26N/(0. 51+N) 0. 999
1 T B £.=83. 59N/(0. 19+N) 0.992
EilZs f.=68. 63N/(0. 41+N) 1. 000
: T B B,=17.46N/(0. 20+N) 0. 999
R B B,=7. 60N/(0. 37+N) 0. 946
2RI B B,=7. 59N/(0. 14+N) 0.984
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Fig. 12 Prediction model of absolute deterioration degree for

loess shear strength parameters under dry-wet cycles
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