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Abstract

Landslide, as a typical progressive geological hazard, the shear zone strength evolution law directly
influences the disaster reactivation mechanism and prevention strategies. This study innovatively
proposes the dynamic evolution theory of “damage-healing-reactivation” for shear zones, targeting
the self-recovery phenomenon of shear strength in post-failure sliding zone soils. Taking undis-
turbed sliding zone soils from the typical Sanmenxia Huaipa Landslide in the loess area of western
Henan as research objects, self-developed ring shear testing systems were used to design multi-con-
dition “shear-stagnation-re-shear” cyclic tests. The spatio-temporal evolution laws of self-healing ef-
fects in sliding zone soils under the combined action of different normal stresses (100~300 kPa) and
stagnation times (3~72 h) were systematically revealed. Research findings show that: The self-heal-
ing strength recovery rate of sliding zone soils has a significant positive correlation with stagnation
time, reaching 42.3% after 72 h of stagnation under 300 kPa normal stress; The self-healing effect
exhibits significant time-dependence but is vulnerable to subsequent deformation and failure, with
0.5 mm displacement causing 83% loss of healed strength; Increasing normal stress significantly en-
hances the strength recovery rate, while the recovery amplitude shows an exponential growth trend
with prolonged stagnation time, tending to stabilize after 72 hours. Based on microstructure analysis
and energy dissipation theory, a dual-mechanism healing model considering clay mineral recrystal-
lization and pore water film reconstruction was first established. These research results break
through the limitations of traditional residual strength theory, providing scientific basis for con-
structing multi-level landslide prevention systems and promoting the transformation of disaster
prevention engineering from passive treatment to active regulation.
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Figure 1. Fracture distribution
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Figure 2. Engineering geological plane
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Figure 3. Landslide sliding surface
3. BBE

H(m)

o
=)
7]

(D0 D D s D Db D s DD i o

B G B AT IS o
OO

., — — : —- ;ﬂl
TSRS AT B "
[l |REH Y 187°£23°
(i |&Fi iR 187225
T M TR

[ |#shm

0 50 100 1350 200 20 300 350 400 40 500 550
B 85 (m)

(P
=1
=3

200

[
3
=3

Figure 4. A-A’ section
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Figure 5. Sample size distribution curve
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Figure 6. The failure mode of the specimen after shearing
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Figure 10. Relationship between pause time and strength recovery value under
different normal stresses
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Figure 15. SEM characteristics of shear plane with different pause times
at 100 kPa
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