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Stability of Soil Slope under Soil-Atmosphere Interaction
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Abstract: Soil-atmosphere interaction refers to the complex process of material exchange and energy transfer between the surface
shallow of soil and the atmosphere, and this process is driven by a variety of meteorological factors. Due to global climate change,
extreme climate events have occurred frequently in recent years. The engineering properties of soil have changed dramatically in
the process of increasingly severe climate environment. The change of soil leads to a large number of landslide disasters, which
brings many new challenges to the field of geotechnical and geological engineering. In this paper it systematically summarizes the
mechanism of rainfall, air temperature, air humidity, wind and solar radiation affecting slope stability, and analyzes the correlation
effect among soil cracking, surface vegetation and soil-atmosphere interaction. The mainly conclusions are as follows. (1) There
are various ways of slope instability and failure caused by rainfall, including the instability and sliding of slope directly caused by
rainfall infiltration, the erosion of rainfall destroys the slope surface, and the swelling and shrinkage failure of expansive soil slope
caused by raining and drying cycle. (2) Under the condition of rainfall, the damage degree of soil slope is regulated by both rainfall

threshold and soil permeability. (3) The increase of temperature accelerates the process of soil evaporation and shrinkage cracking.
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High temperature environment has an adverse impact on the stability of frozen soil slope. (4) High wind speed, low air humidity
and strong solar radiation increase the evaporation rate of soil mass and indirectly enhance the stability of soil slope. (5) The cracks
formed by soil cracking become a new channel for water exchange between soil and atmosphere. Cracks increase the evaporation
area of soil and increase the evaporation rate of soil. At the same time, cracks provide a priority path for rainfall infiltration, which
makes rainfall infiltrates the slope faster and deeper, and destroys the stability of the slope. (6) Through the transpiration of leaves,
plants release the water absorbed by roots into the atmosphere and reduce the soil moisture content. Plant roots enhance the water
holding capacity of soil and reduce the permeability of soil. At the same time, the root system strengthens the soil in the form of
reinforcement, which improves the stability of the slope. In view of the research status of this subject, it puts forward the research
direction and focus in the future, including the theoretical model of soil-vegetation-atmosphere interaction, the instability
mechanism of frozen soil slope under climate influence, and the ecological regulation measures of extreme climate engineering

geology.

Key words: soil-atmosphere interaction; stability of soil slope; meteorological element; soil cracking; rainfall infiltration; wetting-

drying cycle; engineering geology.
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Fig.1 Schematic diagram of influence of soil-atmosphere interaction on soil slope (modified from Rahardjo ez al., 2010; Ishika-

wa et al.,2015)
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bR LB K

=Y SUES

%

i 3 = B BB B

\ 4

F- 45 1 ]
IS5 R S Bkl o (B B 91 4 4, 201 1b 2 50
Fig.5 Schematic showing the three stages of evaporation
from soil( Tang ez al., 2011b)
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MR AR 20, A (4) , T 9 25 & R I M 8K
TR M AR F W A B R EE R, EER
9K Zh 1R KA A Z ] 0 28 VR B TR 2
HE— L N R R R 5 S KRR Z B & .

E= H = H .
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B kEmritaE AR - 2FE T HIRRE
AFDR 8 J3E X6 7K G 2 K W 52

BT AR S R 32 BSOS R . Tang
et al. (2010)BF5E & BN, + 147 Az 2L B s i 3¢ 55 7K
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UANTR A I e N =535 ) o = 5 i SR N Y
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R R 23 52 4 3 A B2 8 P (Cheng and
Tang, 2021).

KA BE T 1 23 % 5 1 4 1 XA R AR LA
KR E mh bt 2 7= AR fE R X, T R
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et al., 2012; Subramanian ez al., 2017). % T Z=945 1%
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A B TR, R 1R 2 Ak B AR 3R T A A T
[, B B A vk Bk B T B % (Ishikawa et al.,
2015) . A K 3R 2 1 PGS B A TR SR T 8 ) 2 T il
b, il Ak 5 0 3 R K Ay I AR N TEB S AT
PRTE X 1Y) 3, PN B — o R B A Y R 2 32 RO R
A M B2/ A Tk AR S5 IR A K 3 Tk 8 ik
AR )2 Uk 2 1) % A% 388, TE K A VR )2 3R THTK 43 38 W
L (Koch et al., 2013; Bring et al., 2016). F It 7k
ARZFTHY BT = R0 B I EE 452 BH ) AR 40 By
9B BF B9 W 3 1 (Zimmermann and Haeberli, 1992) ,
o 445 3 K B T % T kA R s, I 1 AN 6
AR TEE L RZ K AR LRy RAL Y R T R
THEESENEE, b ks B R T2
BEAR B SR T &AL N OK R Z M B ER &R IR T4
J2 Z 8] (9 ¥ B fiE & A #: (Walvoord and Kurylyk,
2016; Gariano and Guzzetti, 2016; Patton et al.,
2019) . e [ 75 w3 B DL A9 A 8 353 280 3 2 Sk
JE TR TS UK s s (A s R AR,
2004 ).

B S DS S TS s Rl Wi B A [T = AN W - A =1
TR R ARG I, A 3 A R T 1) O 1 K B
5, A R 5 T W% 7 e R R Y R R R DL &
B K 114 8 T A7 2 1) (] 4 25 fiff 4 B R R IR, BV RS R
ARSI/ N 2 N1 BT 8 W 7 NP2 o A W N/ 8
£ RE o3 B, ORI x4 SRR e R S A R T
RN AE L H T A T e A R s R
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TSR IR T AR B e B 1k, o+ — R Z IR A K 43
A& fE A T T B AR T AR RS E R T AN
F R SRR F ,RRT A S EORE
Wk - fl Ak, il B R AR Y E 0E a RE h JE Tk
FHERBYERZE  RZ RS KB
23 ZTHIEEX.KPREH

2R R PR SN AR B R 1k —

Bl 6 Ak — KRAAHEAERT 0GR X0 oR & B (58
Patton et al.,2019 &2k )

Fig. 6 Schematic diagram of landslide in permafrost area un-

der soil-atmosphere interaction (modified from Patton
et al.,2019)

KA BAE ] ik 78 vp i % 95 09 e 8 42 VE T i 2 2
A5 A K 1Y 78 & 45 F (Pan and Mahrt, 1987) , 80 +
5 KA Z P I . fig it 28 4 ok B2, 3 1T 52 o 3
[y W U 6 T o 2 N T N Wzl a1 NS ED O RT3 o= [
el e W N S ) N7 i R 241 5 B Ak o NS (T
HEAKR S (E# A4 ,2011a) .Song et al.(2016) 3 i
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T N J 2 (Davarzani ez al., 2014).Crozier (2010) fff
- B R e W N U AN (1A e
PR K 3, X $h SRR 8 Mk 77 AR B2 Davarzani er al.
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(9 52 0], S ek A 3R T 8 XU R K VRO
AR, AR ZE R KUY AR i 2 xR
(1) il Ak B 7 AR B2 R (Crozier, 2010) , #R 35 Aif 3C
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(a) #. T8 6 5 y o+t

IR 5 i

P7 BB e I 78 e BOA B IR 7R B (45 Zhang et al., 2021 15 20)
Fig.7 Schematic diagrams of soil slope failure induced by crack dominant flow (modified from Zhang ez al.,2021)
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Ng,2017)
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