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Abstract: [ Objective] The effect of surface cracks caused by coal mining on soil moisture changes in a loess-

covered area was studied in order to provide data support for the study of soil moisture changes in coal mining

subsidence area. [ Methods] The study was conducted in a coal mining subsidence location in a loess-covered

area. A self-developed mining subsidence surface crack simulation device was used to carry out physical

simulation experiments. Soil moisture sensors were set around the cracks to analyze the characteristics of soil

moisture changes caused by surface cracks. Hydrus software was used to build the hydrological models and to

optimize them using the results of physical simulation experiments. The control variable method was used

with the optimized model to calculate the differences between soil moisture content around surface cracks and

soil moisture content in non-deformation areas under different fracture shapes, topography, and initial water

contents. [ Results | Crack width mainly affected the maximum crack-induced soil moisture loss. Crack depth

mainly affected the location of the maximum crack-induced soil moisture loss. There were differences in the
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influence of cracks in the uphill direction and in the downhill direction. The larger the slope was, the more

obvious the differences were. The smaller the initial soil moisture content was, the smaller the soil moisture

disturbance by cracks was. When the initial soil water content was less than 20%, the impact of surface

cracks on soil moisture was less than 15 cm away from the crack. [ Conclusion ] Under the same boundary

conditions, the soil moisture simulation results were consistent with the changes observed in physical

experimental results. The optimized hydrological model could be used to quantitatively analyze the

disturbance characteristics of soil moisture resulting from surface cracks in loess-covered areas.

Keywords: surface cracks caused by coal mining; soil moisture; physical simulation device; Hydrus numerical

simulation; loess-covered area
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Fig.1 Images of surface cracks caused by coal mining
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Fig.2 Images of surface cracks simulated
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Fig.3 Variation of soil water content with time
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Table 1 Model parameters of optimized numerical simulation
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Fig.9 Variation of crack induced soil moisture loss with depths
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Variation of soil moisture loss with different initial soil moisture contents
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3 kB FRALEXT K I8 B IR SRR AL, L T LA

a e

(1) Ptk il i) R 2 Hb 3% 28 4% 1) BRASE 4002 B fiE 6
BT SRR 51 1) Hb 3 SR 48 P Bl B HE X = JE Kk 7y
AL SR AR T HF AN 0 5 BRSO AT D)8
il DS 2 A A A e e I B K o3 AR A 4 7S 2R Bl

BB TR S R A T - .

(2) FIJH Hydrus $UE KDL RE T P id A 250t
I3 M SR Bl 3 SREE 2R AT MK s B8 Y I A AR Al
FRfik .l ad Pl A2 4 Oy Ko i T R HEOK iR R S
EEVLIE R L SR G S OK i B B SN R



48 7K R E

%43

] R AL O 28, W AP 4 7 T oK Bl i R ZRAE X Tl i 3%
THEK I is B BB

(3) ASCHIIAI R, B 8 0 OR B AR 3
ST KT P B R M 5 RAE AR AR L R B
K SCREE IR R I 2 A7 A AR IO 5 o8 &R L R R
T2 R0 A B BROGH U6 45 A B 205 W) T T A%
7F R 2R 8l 2L8E X 1 K 7 P sl R A A 2L A
Top b — 20 T W TR 25 48 T 1 30K o 728 Ak i B8 40T 52
BT S0 ST i A K 73 BT T

[ 2 % x @& ]

[1] FIE. TR, 8RR, B0 A s 5 T &
)5 A A5 1 52 S S 2 [ )R IR 24 4l 2021, 46 (5)
1378-1391.

(2] EXUH], B HE %, DGR, 557G T AF 24 i 55 DX 5 460 T R
i 50 R R 2 0] R R e R R ER TR 5 A R AR TR
#4.2020,2(4) :5-19.

[3] Khan M N. Gong Y, Hu T, et al. Effect of slope, rain-
fall intensity and mulch on erosion and infiltration under
simulated rain on purple soil of South-Western Sichuan
province, China [J]. Water, 2016,8(11) :528-546.

[4] Palchik V. Localization of mining-induced horizontal frac-
tures along rock layer interfaces in overburden: field
measurements and prediction [ J]. Environmental Geology,
2005,48(1) :68-80.

(5] ZHoR 5 MR R R A5 OR  25 R B R IR T b
it = HEIL I 0 5E [T 1. 74 28 B 3 K 2222 4k, 2020, 40 (4)
589-598.

(6] ZBARAL 254 A VR 3 50 B FF SR b 3R B IR R AIE « LA AR
B X ] E . 2018,27(4) :106-112.

(7] BR& M5 4/0NEE ST RANBR IR S 3R
RLERHIE TS [T 5 B2 45 R . 2020,48(10) : 130-136.

[8] MR#LHT, 24k ARGk, S v 2 55 0 3 TSR B A 465 g
A Bt 2 454 405 WF 5 L0 0. 1 ¢ 2 4l 2020, 45 (8)  2728-
2739.

L9 Mg, XBmgrh 5 /R, 45 R sl M 48 2 8 R & U SR
AR RV LI ] R 5 % 4 TR 2 4, 2017, 34(5) . 884~
890.

[10] Sun Xueyang, Ho Chunhsing, Li Cheng, et al. Inclina-

tion effect of coal mine strata on the stability of loess

land slope under the condition of underground mining

[J], Natural Hazards, 2020,104(25) :833-852.

RO, HARME T BT B ORI R A X+

oK o1 v w5 [T ). B K AL 98 5 K R B, 2019, 17

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

(3).115-120.

TRAE R, BE AR, BBk, AL [T LRI R SR,
2015,38(3):11-14.

TH30 v, BOME AN, e ST L A R R I I 2 4 X I T S 4
181 HE K A s i ()] - 62 31,2014, 51(3) : 497-504.
Hou Lizhu, Hu B X, Qi Zhiming, et al. Evaluating e-
quilibrium and non-equilibrium transport of ammonium
in a loam soil column [J]. Hydrological Processes,
2018,32(1) :80-92.

Wang Jiajia, Long Huaiyu, Huang Yuamfang. et al.
Effects of different irrigation management parameters
on cumulative water supply under negative pressure
irrigation [J]. Agricultural Water Management, 2019,
224:105743.

Hartmann A, Simunek J, Aidoo M K, et al. Imple-
mentation and application of a root growth module in
HYDRUS []J]. Vadose Zone Journal, 2018, 17 (1):
1-16.

W 4 B 3R SR ) b AR TR WL BRI S SR LT .
TR R ,2018,43(3) :810-823.

KA kAR P X B R R R AN [T
I TR AR R 44R ,2014,33(11) :1466-1470.
BRI AR 4 B R A — R RIE 50 R R0 B X
BEFRAE FHB L6 & . CN216847791U [P, 2022-06-28.
Gui Hanliang, Wu Zhiguo, Zhang Chunping. Compara-
tive study of different types of hydrological models ap-
plied to hydrological simulation [J]. CLEAN-Soil, Air,
Water, 2021,49(8):2000381.

Dahri Z H, Ludwig F, Moors E, et al. Climate change
and hydrological regime of the high-altitude Indus basin
under extreme climate scenarios [ J]. Science of the
Total Environment, 2021,768:144467.

TR ORI L BRIGE 22, 45 L T K dak - A D BT Y 24 B AR
FE Ui B B B AR e O LT ] RO LA 27 4l . 2021,
52(10):314-326,348.

A R Bl R 4R LIRS s B A R AR U E B R
PFLELLDT AL 5 . b Bl K2 (db s, 2020,

B R E N B AL AE T B A B XA [ A A
A 9K S e A B LR M T ] K R 4 e e
2020,40(1) :65-71.

Elliott J, Price J. Comparison of soil hydraulic proper-
ties estimated from steady-state experiments and tran-
sient field observations through simulating soil mois-
ture in regenerated Sphagnum moss [ J]. Journal of

Hydrology, 2020,582:124489.



