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Weathered Coal Gangue on Slopes Under Simulated Rainfall Conditions
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Abstract: [ Objective] A design scheme was proposed involving the addition of hydrophilic polyurethane
(W-OH, a highly water-resistant material) under disturbed soil conditions to reconstruct a bottom water-
resistant layer (approximately seamless impervious layer) in order to alleviate the adverse effects of water
factors on the failure of disturbed soil to form frozen soil in a high cold mining area. Changes in slope
infiltration, flow production, and sediment production of weathered coal gangue after the reconstruction of a
water-blocking layer in an alpine mining area were studied to provide theoretical support for the recurrence of

frozen soil on a disturbed slope and the prevention and control of soil erosion on a slope after the
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reconstruction of a water-blocking layer. [ Methods ] Simulated artificial rainfall was applied at rates of
60 mm/h and 90 mm/h to reconstructed water-blocking layers having W-OH concentrations of 0%, 1.5%,
2.5%, 3.5%, and 4.5%. Infiltration characteristics and soil and water loss changes of the weathered coal
gangue slope under three different slope conditions (5°, 15°, 25°) were obtained. [ Results] O The stable
infiltration rate of the coal gangue slope after application of a reconstructed water-blocking layer was
significantly lower than that of natural slope, and was negatively correlated with W-OH concentration.
@ The flow yield of the coal gangue slope showed a trend of rapid increase at first and then gradually
becoming stable over time, and the average flow yield showed a positive correlation with the W-OH addition
concentration. The average runoff yield of coal gangue slopes with 1.5%, 2.5%, 3.5%, and 4.5% W-OH
increased by 26.75% , 38.02%, 46.90%, and 63.23%, respectively, compared with the natural state. @ The
average slope velocity was positively correlated with rainfall intensity, W-OH addition concentration, and
slope, and the influence degree followed the order of rainfall intensity~>slope addition concentration™>W-OH
addition concentration. @ The variation curve of slope sediment yield over time was mostly a “unimodal”
curve, which showed a rapid rise at first, then a slow decline and finally tends to be stable. The average
sediment yield of coal gangue slopes with 1.5%, 2.5%, 3.5%, and 4.5% W-OH increased by 26.98%,
49.48%, 71.64%, and 94.01% compared with the natural state. [ Conclusion| The reconstructed water-
blocking layer significantly reduced the permeability of weathered coal gangue on the slope, thereby
effectively helping the recovery and formation of frozen soil on disturbed slopes in high, cold, mining areas.
However, the decrease in infiltration rate could make the slope more prone to runoff and increases sediment
production on the surface, and therefore, certain soil and water conservation measures should be applied.

Keywords: infiltration rate; flow production rate; sediment yield; weathered coal gangue

i 5 3T S A 4 R AR AR R DL I NSRSl 1 5
e, 4R 32 LU DX S 5 1 A 2 T I 3 AR Ak R BRI
ZAE T BT 2480 SRR I & R A7 ) R JE
TR R 10 a ok, B PE X Z4EKR - FRTE
3.0~7.0 m. %+ EFRFFER 0~20 cm/al, Rt
RTPEY XU+ B AW 5T 5 A R 2 X B K
J2 R W-OH 1915 B K - 22 K 43 R X I i 2
T ICHE I BRSO T SR (8 S R S L Sy
Pt 3 Hi X % 4 B B B S

AT A2 DR LAY AR R 5, 78 O R ke
IE AR AR 25 B e R 10 %0 B
SAIG L R L P AR A R D, b R R A
7.00X10% t, HAFAE I /35 1,50 X 10% 1, i s I AT
AT BB AT 3T B AT A 1, R B 3 X B4
BLER A . Ak R A NS A P, CdL F, Hg, Cr 4F
A EICES I, Y T A 37 2 KR W R
27 R T 1) PR 85 ) L 6 XA S IR B RO T
KI5 e F R 2 b X R A AR AR R R . BLRT. B
A 2 0 B AR i 3 i 9 DL K. W-OH X AN [
AR+ B = v R B F g, B, AT i 5
T8 R IE ST AN [R] vk B W-OH W% 4% J5 T8 1 00 [ 45 )2 17
T AT WIRAE PRSI W-OH JE B [ 25 2 A<
B ARG PR MBS 25 X R IK i R, BE 16 3

N FEREE s R BE A 5 N TR S AR oY TR
TR s T 2 R 0 Xk 5 0 7 3 7 U B RS L K
5 VA s T e A0 5 M 359 T A0E 2 304 TG A7) e 7 S T
L SR TR T i v 4 5 0 T b R /0 7 U T A
o3 U855 3 TP Pl b Vb R B s R AR A AT
MR I B ST T 8 8 W-OH AR g 77 8 80432 4k -
BB R U W5 e A BETE W-OH X A%
A B AR L kI R A B Y B TR
T A SO S A PN AL AR AL v i X ke o e A A
A1 7K R B RIE A S Ak, BT AR I A ke I TR 3
SRR KB 2 WY T VD R R AR O RN R
PREOG 2, HLAR T8 U o % 7™ Vb 26 14 5% M ok T ok B
HREIC A IR £ W-OH X + 58725 72 v a9 5 v
e, KW & W-OH 5EFa M8 Ao, ik, A&
SRR W-OH (9 BH 7K 4 F0 % 1=y 58 Ml X1 3k L P
P 10 T AL AT A b 1w B K2 3 1 %2 L RN T RE
TS AP 565 o APF 5 AR AN [ i T e R 0 3 A 4
TPER TRV AR LR, S WX PN A BH K 2 3 1 K
3R A T A K b DR B A 1 SR A P e S

1 MES5JE
1.1 HREX#HFR

W58 DX T AR LB XA 370 2 — B 3R B X,
Ak 1 T P M DR R B i L N M6 EL S SR SF- 1 iR



5% 2 3

547 S5 < AR UL R TR A% PR T A BELK V2 0T 38 THT XA B A 7 G U 1 5 103

P4 000 m. 22 h i DR VK Sk S0 28 A L AR 9 <Ak 9% R
B 7 IX 11 H 2345 A 2% ,6—10 H LKW
9 AR FE TR A 400~500 mm, 4F 175 kB
1 544.88 mm; B RR —0.39 C AL KA
M —34 °C, F AR 19.8 °C L & T e AU % 5 I K it
PR, DI AR W 22 IR L 45 40 1) BR L DL ey JETH
KA Ry 5 e T ) A S A, AR
PR Y O 150 4 5 w5 R0 R AR A A R A
S S KA R AL L R TR
o L APUR S R 21.99% . pH H 7.5, 8 A
W 12,4, 1A, KSR -T2 K F R REZ) Sl 50~
90 m, VAR LA 4 AW AAFF R, 9 AR
VR 5 MR TR 0L 0 R R R T X R R
fE 40~120 m, Z4EK T FRNY 5 m,
1.2 REEESHH

R T 2023 4 4—6 F 76 b mMk Ok K2 B Ik
05 3 M IR AT N TR T 25 R R P AR R TR
e /NI SR e S SO S N UiE L W I VY T
CMSR-S20-W1100(1500) 7, F B W9 45 4% L K 22 L F T
P ot i WSk U L S R K A 2H A SR
AL, B 6.8 m, K& FT R 9 R Ak Bl 20 ~ 240
mm/h, BT A S 12 m?, BT 2450 BE >80 % , i
JE/ NI R i N S B ol = I |
PE B (K X FEX )N 1.2 m X 0.5 mX0.15 m 7]
E T R KA KRBT S AR O O E A
AR VD . B BT 2R K M R SR (W-OHD ek
AR HA B, % 1.18 g/cm’ . BHE K 650~
700 Pa/s, [E &0 85 % . BEE A 30~1 800 s, X
FRIRRT A B A 7 08 R BLIE HHRT S I, KU AR A
FAAE N 1.62 g/em’ , RIR KR 13.7% , L4
BN :d<<0.1 mm KA 5.73%.0.1<<d <0.5 .4
H12.33%,0.5<<d <1 LBl ky 12.56 %, 1<<d <2 Ik
Bk 6.61% ,2<<d <<10 ARy 38.55% .d =>10 LL.f
H24.23%,
1.3 A&t

BT 18 R BB 5 a [ RS W0 B8 20 0
TR 6 [ RN Y 5 35 B O 60 A 90 mm/h BHANEEE s i T
AR R A 1L HE ) A 5%, e Rl 25° 2
A IR BTN 5°.15°,25°3 VB B s 2 I8 iR AE
BT A0 R VR T W-OH A9 38 R LA % 42
1EZK XS RIS 2 i 223 g v W-OH 9 3T H iR B2, 45
B WAL BERT A1 B o 7 2138 5 LD 25 i 1 I 25 5 L Sl
W-OH % KA BERE A7 5 4 T ROR 10 90 25 SR 25 6 40
ik W-OH B9 ¥R BE IR 0% (25 X 41,
1.5%.2.5%,3.5%.4.5%5 AR, il W-OH 5§

it e SIS bR A 1 000 mI(W-OH A+
K)/m*
1.4 RESE

(D R, T B 1k KRBT A7 5 KAl
T2 i T80 A2 i B o a6 45 2L S ST A ZKORS JEG 350 A i J
A B K 20 A HEAT B I, S S O 12 om, B3
W6 em L MRIEAEE N 1.62 g/cm® , 5 HRIREST
— B SR HE S L WE W-OHL 2/ 1 h ik W-OH
AR ERE EFARIEE 12 cm 5= AK
PR 55, JF AR B A,

(2) FETRNGRRE . KA A A 5 A 72 KR
DU FfCE A AT T AT R R O R PR E B IR R
WiRZE AN 5%, A5 ERF] 85 % L I,

() Vi AW B E RERE. BN
LR ) FH RS BE D 3R 10 S0 4R 7 B [ L R E T R
JEICSE 60 min Y6 ¥ AR U RO HACHE . B
LR FAT 10 min, 4 1 min PEAT — R JE ¥ 42 7 & B
o [ B AR P e e 7S e 3 DU S A 79 10 min
Ji o B 5 min SRAE—UCHUE . T HZE SR [ 0] 22
SNBETR o Sy Wl )NV S A T R 1 15 22, BTHI AL X AR
P Ik, KB 50 e, 0 G R, 7R I3 DX A
Hh ] A0 43 500 3 O O 241

() Yeib 72 ik Ab B . 3 17 A48 I et ORI A A
WL R R R E 24 hJE B &b R MR 7E
105 “C FHETF 24 h, IR 0.01 g KB R F-FRE M,
1.5 HIESH

BRI M R Excel 2021 #6417, $08R 1955
IT 40 B il SPSS 25.0 #F 17 4b 3, B {4 F A Origin
2017 AT L

(1) FIEAF= AT 8] CT o) 48 M TR T 8 2 45 i 1
YA B % B I R R ] ()

(2) WV, em/s), i 1 i BR 51 7 B ik U 45
P18 T A2 T 1Y) 2 A L 23R LA IE R B kL 15 F
FH R E v,

v=kV (1)
Koo HFPHHHE (m/s)s & B IE FR 2 5
0.67 . 1 L 0.75 ZFHL 0.80, AT H £=0.67).
(3) A&y tt (g) Ry TH 5 7 U A — B i 6] BT 4R 1Y
P (mbD
M
Ot £
Vi N &R A K BARB (mD s M T
Jea PR AT U () 5 pasres AIENT AT (g/cm®)

(4) 7= (R ) Sy B Ao Bt ) 257 1 AL L 3% 1 4%

W (mm/min) , RAE P2 7 JE ,

qg=Vux — (2)



104 7K R E

544

_ 1

AT
KA AP EEA(em®) s T HBFER A (min) ,
(5) F2Y>HEE(S) Sy B B[] A7 1 AR L 35 1T v

« min) , KALR R,
oM "
(6) A (i) Ny B T AR 4 18 2% 1 AE 54 ) ]

WA B KE (mm/min) ,

R (3

#(g/m’

10
PTCOSO_Tq
i:f (5)

AP HEMR W (mm/min); 0 A EIEC) ,
2 SR 550r

2.1 HEANSEHFMHE
ST A B SR AT LA e B B [ A RS T B i
B AR B K . AT R B S A B R B [E]

SN R, H 3R] R 77 AT 20 min N, AR
SRt [ 3RS AT . 20 min S B AIG 9 B A 2% 9F 1%
T RasE (B 1), 7E 60 mm/h BRI & T . 3
T F e AT b W-OH 7 i B 385 0 28 7 AR
M 1.5%,2.5%.3.5% .4.5 % ¥ JE T k€ A B R0 5
49 0.421,0.280,0.239 1 0.108 mm/min. %% A SR AT
A1 0.657 mm/min FEAK 35.92%,57.41%,63.58 %,
83.50% . 90 mm/h FE M 38 B B9 A B F 4 60 mm/h
Wb R E, AR E ABRYE W-OH ik &
L RTRY P SE ¢ I R 3 3 L S I AT
FE B 2R YR B 32 00N, 257 3 T AR E A B
I 5°7E60 mm/h B AL 35.91%,90 mm/h B [&
IK63.47 %6 o % L 7] — 35 T8 4% 14 A AN W) 86 T 5 5 T A
TE B ARG DL AT, AR 8 A B 2R B WY R 5 Y
KM /N, 5°,15°, 25 B FE AR R LR A B R
B % R T R A 25 m 43 00 B/ T 59,806, 65.56 %,
76.94%

Lor P=60 mm/h, 6=5° 1O P=60 mm/h, 6=15°  1-0f P=60 mm/h, §=25°
2 -g 0.8 f = 038
2 z g
:a 9 0.6 = 0.6
g ) )
@ @ 0.4} g 0.4
A} o N N -
< 02t Aeaa < 02f <L 02r M Len
A ‘_‘~ L~‘~‘. -...._ 4o 3
0 A oL . & o, AAAa.a-a-4
10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
i [6]/min i 16]/min fi [8]/min
Lar P=90 mm/h, 6=5° 12 p P=90 mm/h, 6=15°  0-8[ P=90 mm/h, #=25° W-OH
_ _ _ TR
z £ < - —0— 0%
é g é 0.6 —o— 1.5%
. . . y —— 2.5%
g g g --®--3.5%
g g )
< < <
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
fif [E]/min Ff [8]/min fif [8]/min

1 AEPEFEE(P)MEE(0)FETHRELENSETL

Fig.1

2.2 WA AT B 4R

) 7 i I ) 7 BT T R LB A B R )
WREAKBEHRZMZW ., £ 90 mm/h FENW®E T,
4 7= B TA) B W-OH v B A8 b G B S #s 7E
60 mm/hRFE R T W46 ™ it B8 W-OH ¥k B2 1
e N B 1.5%6,2.5%,3.5% ,4.5 Yo W BE W-OH
FIUG 7= W B TR A B SRR T 4 B T 41,11 %,

Changes of soil infiltration rate under different rainfall intensity (P) and slope (0) conditions

60.18%,64.21%,73.66 % (F 1), 1 B W W 58 A [F] (1)
SRAETR BRI A [ B SR R R S B/ AL 15°
25 - aG 7 s ) 43 0 o 211 F0 151 s, A3
5THETH Y 306 s /b 30.93 %0 1 50.64 %, B AR R
90 ey 77 i T 60 i 26 TR R ) o 2 B P N s
£ 90 mm/h FEFTHIER T P00 46 7 FaT ]2 134 s,
FH#EF 60 mm/h & F I 311 s kDT 56.91%.,



G B4 5 < DL T A% 1R T S A BEL K JZ 0T S0k T XA T 7 07 0 B 5 e

105

5% 2
R1 TEFEWEREP)MKEEO)FHETHER
TEVB R EEL
Table 1 Changes of initial runoff production time of slope soil under
different rainfall (P) and slope (6) conditions s
- 338 7 it B i)
W-OH %8 N "
WV, 60 mm/h F 3% 90 mm/h F 3%
5° 15° 25° 5° 15° 25°
0% 964 526 298 298 173 82
1.5% 492 369 192 124 130 116
2.5% 279 266 167 222 116 76
3.5% 222 211 207 168 80 141
14.5% 169 154 148 117 85 81
2.3 WHESRERG

77 5 S5 e B AN I 8] P B A7 T AR T AT A
AR . ASHIESE R B, 7 R B A ] S Y K
P, ARG LA N A B Be . O W46 7 T IR
20 min W7 R REIE K ; @20 min J577 R EZE
WK ERE (E 2), 7E 60 mm/h BEW NS T R
I W-OH B BERT A7 3 - 289 7 i AR B BT R T A 4R

RS TWETH  S v B h 1.5%6,2.5%,3.5%,4.5%
W-OH 3 i~ 25 7 it 24 0,452, 0,559, 0.594 F
0.719 mm/min, H i % W-OH ¥ & /934 i, 5 ¥y 7=
TLRB RN, 43 5 A SRR TR 9 0.225 mm/min
A 100, 33%, 148.16%, 163. 70% ., 219. 03% ; 1£
90 mm/h I RN 3R A5 R N, 7™ U 5 08 0 3 R R, B
T b TR E L AH P 34 7 U R B vk R 1 A Ak 8
AN, EH SRR T MG I W-OH 3 i S 2 77 37 R 3
0.992 mm/min~1.268 mm/min, [f]— [4 R 7 R 55 4
T T 2R A I B R B 0 3 KL 50, 15°, 25° 7
60 mm/h B} 43 %M 0.484 mm/min, 0.512 mm/min,
0.534 mm/min,90 mm/h B4 58 1.080,1.129 #i
1.190 mm/min, B8 3% B 3G I 57, 7 I 2 o5 K3 o il
BAE 90 mm/h¥E B 15° 4% 2 25°, F ¥ 7= i S 0
0.061 mm/min, X o [a]— 3 1 25 1476 A 5] B RO WY 50
R PR SR o - RUTWEI [P ST o <3 Dby e 6 & 3 SR 4
BN G 5°, 157, 25 M BE AR AR P34 7 It A B
T TR B 35 Jn 43 ) 48 K 123.15%6,120.68%,122.75%

1.0 P=60 mm/h, 6=5° 1.0 P=60mm/h, 6=15° 1.0 P=60 mm/h, 8=25°
¢A—‘ «A\ """"
—~ vy —~ JA-aT ." —~
08t A kkck 208 A 'Y 2
g ) E g
g 0.6 ol A = 0.6 =
g E I g
@ 0.4 14 @ 0.4 @_
5 02 4 02f i
10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
Fr} [8]/min Ff [B]/min Ff [8]/min
1.6 1.6 1.4
~ 14} ~ L4t ~ A
§ 1.2t A g 121 % g 121494
g 1.0 [AMlT g 1.0} gl :
£ ¥ is £ i e S 1.0 o3 IR B
;” 0.8 F i i ; 0.8 F ;’ —0— 0%
BB £ el % —o— 1.5%
2 0.6 4 2 0.6 4 £ 08 ——2.5%
i 04l P=90 mm/h, 8=5° i 0.4 P=90 mm/h, 6=15° i P=90 mm/h, 0=25° ..e..3 59,
: “ --A--4.5%
0.2 P 0.2 N — 0.6 T
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
fi []/min i} [8]/min fi [8]/min
B2 FAEKEWREEP)FEEO)ZGTHEELESRETNH
Fig.2 Changes of soil runoff yield rate on slope under different rainfall intensity (P) and slope (0) conditions
2.4 FHRERE Tt AL it 5 ) B B R 8GO, HL ST & 15° BT P i

SF- 357 30 S R A TR A s B 3 U 1) 9 T LA OE
RBUH B RN ISR R B R A A
FA G, TEAH [R] REE TR F SR RN R SRR R R B
BB AE 4.5% W-OH ¥ B2 3% i I, fe K3 = o
60 mm/h, 25 B T A5 78 T, 4.5 %0 W BB (1 SRR A 4
B 0.770 em/s (Kl 3), [A] — B M M 58 45 14 R, °F 3

HAYHE A 0.791 em/s Bl KT 15° % 25°4 & 0.21
em/s, [A]—3% 5% R, B RN R 5E 6T ST 35 U R 19 5
Wi 3 35,57, 15°, 25 B I /E 90 mm/h F&FY WY 5% i SF- 2
WM 3.134,4.100 1 4.413 cm/s, % 60 mm/h
2.442,3.058 1 3.167 cm/s BN T 28.42%,34.08% ,
39.37%.,



106 IR A PR 944 B
387 P=60 mm/h 481 P=90 mm/h A
ST A ot _ 46 o

S 34¢ o L.-"7..-7" 0 T 4.4+ i .-
» -O--5 T o v e
e s = LAl TR g
S 30f A2 L S 40t
) Lo
28t 4__,.::::____,-8 . ;‘g 3.8F o...-
& 26F o o o 7 36f
B 241t B 3.4+ n
22} . 2(2) Jr— J
2.0 . Vi g.----t )
0 1 2 3 4 5 0 1 2 3 4 5
W E/% W BE/%

3 AEBEMBEEP)MKEEG)FRETHRALEFHRELTL
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Fig.4 Changes of soil sediment yield rate under different rainfall intensity (P) and slope (6) conditions
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Fig.5 Changes of average sediment yield rate of slope soil under different rainfall intensity (P) and slope (6) conditions

3 W

E 4 THT R A S R T BT (9 A8 R S
T R E R R, X H % RN gy R
B e 5 KR A8 35 I f 25, Oy 3kt e ) B 1 KR
S A 5 1) 3 96 245 2R T FH BT A 2 7 [) — s i) B
F (] — A5, I 78 3 0 1 I K T kAT O L R
U] UE 7 7K i AR — 30, PRI mT DA 2008490 s 5 7K SR %
ABRFEAE MWW, EARNS B B W-OH i 45
AR E AB R BT ARRES T m, 5
B e B 1 T AN T RIS, SO RS W-OH BT R 47
PR A A A e 937 K P L WO 9 8 e v X 33 1T ) 98 188
PERERR MG 2 A S SRR SR A T g A
HH S 2T B I 2 R AR Ak R A X R Ol B T
I R K PRGH A B 1848 15 B T HRDIR S

A0t 7 A B i) 2 AIE 39 1 s B0 AR E 7R A 1)
AHIF 5T 2 B IR A 3 TRTR) 46 7 DA () R 5 T R 5 R
BeRE 2 UM X SaT AN AER R R R AR R T
IR G R —B, PR ™ i B, = iR b G
et W0 s ) 3 I 384 KL IR B M TR E R A LR
PRS2 ke T J5E A A 2 o TR ) 30 R S BB T, A B R
15 Wi A TR D13 B ) A, ke TR A 3 3k 3 A A
RE ABREE I 8 TRE, mRERENEZ
WIS o TAS TR B TE S5 AR AR R R B W-OH ik
JEE BN T 38 K 3k 2 TR R s i W-OHL i 38 17 0 A F1
()35 15 ML BE AR . W-OH ¥ 3 5, X 3% 1 98 385 1 i
R AP 0 B S 3 3R] — A R R 3 2% 1 B T AR 2 A B
RPEAR AR K B AR RN B R R o
A B THTAR O 77 O R B K k5 e F A 1 45
—F, HTFRERES T mABRE/N mETE
TR 77 A o R AR R R 5 6 T B A e T T
T B SE L T LA B 2 W T TR 98 00 B L R RE T R R
AW BT T BT 7 I A R A 2 AR

CA TR TERE N 98 B — 5 1 T 7 R &
B YA B R AURE R E  EA BT h L R
BT AE AR T/ IV EE BT AE K 38 R 3B T AR R A
TN B T L B LA A B B B O A W e i R b
#F, 90 mm/h [ R & 60 mm/h 44 37 3% B
RO 3X SR AL A A Y I R S A e T A U T 4
I BEEERH T3 AE /NS B L 3X 5 AR 2 T X R
T 5 5 3 A AT 4 SR — B

FEUD R R] 2 B S 8 T R R A
TR 178 Al i F, 3 IR TR A A T 0 8 O o
T o814 A el R 8 T A 1 P BB B A O 8 AR
i A o 3 B R A 7 v R b T B A B T R
B BERT A R i sR IS, 77 VD AR A8 [ A L ST A= ok
I 28 78 Ry A3 X6 B A S T 1) S I Y 7 v R
BARH B TR E, X 52 E AR R 28 R P 8
FEP PR R P EASH T BN . R E
B 7 T 5 T 8 S 2 77 b 3 I A T R 9 4 49 DR T
B R 3 PR Sy o8 T 5 A R o ol R A A T
AE 1O, L I T iR 3 (5 3k 1o A8 O 1 R L & B
AU BT A UKL 1432 7% 6 ) 1 5, 125 ) 3 U AT
AR 33X 5 ] A 5 A A AL R R 3 56 X B B
IOV 7 D AR TS AR R 1 35 77 0 A BE SR Y
B R M 4G 2 PR kg i B 1S KR A8 SRR AL, B T A2
I A b 3 A ks LB R B R 5 B T AR i B
RESY O A= 1l B T 4 5 o DA 39 i 38 T - 2 77 90 33X
5 Lei™ M5 4518 — 3.

4 5w

(1) PR PRI A2 o, A8 R 5 B R RS 2
ke i, W-OH X3 i fEaF A R e ABRA
B 5 A RRAIS , TR 4.5 Y0 Mk JE W-OH 1 ST A 3 1 A2
EABRE [ RAR SRR 83.50 % . AE W5 A & 2 Mt K
a3 B X 2 A R R 4 IR RS



108 7K R E

544

(2) [ SRR A AT A B 1h1 ) I 7 O e ) A 82~
964 s, M W-OH SR A7 3% HI90 46 7 i B 8] 4E 76 ~
492 s, Wi W-OH 3 177 b 7™ 3t B ] B b sk />, HLV
J3E R AT) e 7 B ) A

(3) JRERT A Bl 1o 7= 3 ok A oA e T K S R 4
FasE N W-OH Y AT 6 3 10 2 7 i R 3 & T
FARRE, HWRE 5 E 2 EMHX LR,

(4) J=¥b Fa7E B R W o A v S B S G T
GG 18 TR RSO T RE AR ka3, 20« s il
2 VEE Y BE R T AW . FEAS R AR R
S8 77 b e A7 0 W R R T B B 3L 90 mm/h [ T R
SRR PR AL 60 mm/h 2T 45.43% .

2 & TR ( References)

(1] EARE, B K30 5 14 AR 7 LR T X R

R AT B G A= 2 b BT 2 R R AT 5 L0 0. v el 8 5 4t
2022,34(7) :56-60,66.
Wang Weichao, Liang Zhenxin, Zhang Wenlong, et al.
Research on permafrost characteristics and eco-geological
function of Juhugen Mining area, Qilian Mountains.
Qinghai Province [J]. Coal Geology of China, 2022, 34
(7):56-60,66.

[2] Song Liang, Yu Ying, Yan Zelin, et al. Rapid analysis
of composition of coal gangue based on deep learning and
thermal infrared spectroscopy [J]. Sustainability, 2022,
14(23) :16210.

(3] BEf AT A e & A B S it R LT ] 7 4P 5
2019,39(4) :46-52.

Jia Min. The current situation research on comprehen-
sive utilization of coal gangue [J]. Conservation and Uti-
lization of Mineral Resources, 2019,39(4) :46-52.

[4] TFeng Yan, Shi Liang, Ma Deng. et al. Road perform-
ance evaluation of unburned coal gangue in cold regions
[J]. Sustainability, 2023,15(18):13915.

[5] Shi Fang, Li Xiaodan, Cao Ying, et al. The feasibility
analysis of “ecological photovoltaics” from coal gangue
mountains [J]. Sustainability, 2023,15(11):8761.

(6] Bk, DB, M E P, 5 BT 4 76 = iR Rk A i 1 B

¢t R[] RERR £k 38 4 . 2013,32(9) : 1811-1816.
Duan Feng, Ma Aiqiong, Xiao Guoqing, et al. Study
progress on application of coal gangue in high tempera-
ture materials [ J]. Bulletin of the Chinese Ceramic Soci-
ety, 2013,32(9):1811-1816.

(7] EARZEW-OH 8 By 5 bR 8 € T 52 X3 T Y
FAWFFELT 155 7K Pk, 2011 (4) : 28-30, 34,

Wang Lijun. Application of W-OH new anti-seeping
material in canal of cold and arid area [J]. Water Saving

Irrigation, 2011(4):28-30.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

2 B A0 TR T A T Je R M X B e 3 b 7 7 U 1
mi [ ] N R, 2023,45(7) : 116-119,139.

Li Fanmin. Effects of polyacrylamide and gypsum on
runoff and sediment yields in the loess slope land []].
Yellow River, 2023,45(7):116-119,139.

EIR ARG R S R W-OH B R R 7 R 42
Ty B 8B AU D s e T b K DR R 2
(P30 ,2020,18(6) :123-131.

Wang Xin, Zhu Xuchao. Liang Xin, et al. Effects of
new polyurethane material (W-OH) on infiltration and
runoff and sediment yield of two typical erodible soils in
South China []J]. Science of Soil and Water Conserva-
tion, 2020,18(6):123-131.

R, e SRR R RERT A 35 T K R R A

BT ] A K £ AR RE 7, 2013, 11(2) :39-44,

Feng Huimin, Wang Dianlong, Hu Zhenhua. Soil
erosion and water loss laws of mine waste slope []].
Science of Soil and Water Conservation, 2013,11(2):
39-44,

BB, T BAR BE S R T S5 T AR A R I AR
X IGE Ui (o S 00 3 7 O 7 U R e L ] K b R R
2023,43(3) :1-10.

Luo Jing, Pei Xiangjun, Li Junhao. Effects of breccias
and round gravels on steep cut slope runoff and sedi-
ment yield under simulated rainfall [J]. Bulletin of Soil
and Water Conservation, 2023,43(3) :1-10.

X 2% S, T 0 A IR0 4R 3 K 3T Rl BT RS A B
AL AR ¥ .2012,32(3) :871-878.

Liu Muxing, Nie Yan, Yu Jing. The infiltration process
of clay soil under different initial soil water contents
[J]. Acta Ecologica Sinica, 2012,32(3):871-878.

B R, T JL, B AR K R AT TR B TR A B R
fiE B[] Al T H2~# 4R, 2010,26 (1) :24-30.

Zeng Chen, Wang Quanjiu. Fan Jun. Effect of initial
water content on vertical line-source infiltration charac-
teristics of soil [J]. Transactions of the Chinese Society
of Agricultural Engineering, 2010,26(1):24-30.

K B — A % 7K 5 B 7 2R Wi T A Rk s 1o A
FELDILI5 ST VL 95 K 2%, 2020.

Zhang Lu. Application of a hydrophilic teactive polyure-
thane in degraded steppe of Northern Tibet [D]. Zhen-
jlang, Jiangsu: Jiangsu University,2020

Bl BeAUPY o S AV RE IR T 5 B RS AL 55 0T 3 B b s
R TR 05 R A B4 52 o [ . 98 8 41 K 2% 41, 2020, 39
(1):91-97.

Li Kai, Duan Yingdan. Wu Bozhi, et al. Effect of
rainfall intensity and straw mulching on infiltration of
rainfall into slope planted with flue-cured tobacco [J].

Journal of Irrigation and Drainage, 2020,39(1):91-97.



5% 2 3

KBS A5 < AR UL TR A% 1 T A BEL K2 X0 e o XA R 7 7 30 77 0 ) 52 T

109

[16]

[17]

[18]

[19]

(20]

[21]

[22]

B RS XU L 32 81 %, 55 BCIRLRR WO 45 8 T = e i X
SO Y A BRELT ] A E K AR R Op 3
3),2022,20(1):107-113,

Zeng Fengling, Liu Shujing, Yun Jianwei, et al. Run-
off and infiltration characteristics of purple soil slope in
the Three Gorges reservoir region under simulated rain-
fall [J]. Science of Soil and Water Conservation, 2022,
20(1):107-113.

B AU B R A% 1 B R T e R A A R
Mo (D1 BEVE P44 . P4 -2 3 T K%, 2010.

Jia Lianlian. Experiment study on soil erosion process
and regulation on loess slope under simulating rainfall
[D]. Shaanxi Xi’an :
2010

AR B, R AL S L BN B0 A5 AR UL B R A% 1 T S L R R
TR 4f 77 Ui W 1) K g e v [T A A A A A

2022,41(7):1316-1323.

Xi”an University of Technology,

Chen Zexun, Liu Tingxi, Wang Yixuan, et al. Quanti-
tative analysis of the contribution of different rainfall
conditions to runoff and sediment yield on typical grass-
land slope [J]. Chinese Journal of Ecology. 2022, 41
(7):1316-1323.

kb, £ By i o B /0 HE L S5 R TR A% T B IO A 20 A
T R o R L) K A DR 41, 2018,32(3) 1 10-15.
Yao Chong, Zha Ruibo, Huang Shaoyan, et al. Study
on processes of erosion on hillslopes of quaternary red
clay under simulated rainfall [J]. Journal of Soil and
Water Conservation, 2018,32(3) :10-15.

Pt SR AN TN A T ama LI m
TG AR ] K & PR R 42, 2016,36(4) 1 118-123.
Hong Bin., Zhang Zulian, Huang Ying. et al. Erosion
characteristics of Yunnan laterite under artificial rainfall
conditions [ J]. Bulletin of Soil and Water Conserva-
tion, 2016,36(4):118-123.

ZERNZ RIS BT RE T AR R R
i PR X g T A A U ) R e [ . b s bR R A
#,2014.36(5) :94-98.

Li Hanzhi, Yu Xinxiao, Fan Dengxing. et al. Effects of
ryegrass coverage on runoff velocity of cinnamon soil
slope under simulated rainfall [J]. Journal of Beijing
Forestry University, 2014,36(5) :94-98.

P SN N AN A NG 9SS 4
7K B J1 ek [T AR A IR BT A4 . 2015, 24(4) 1 638-642.
Liang Zhiquan, Zhuo Muning, Guo Tailong, et al.

Effects of rainfall intensity and slope gradient on hydro-

[23]

[24]

[25]

[26]

[27]

[28]

[29]

dynamic characterisics of overland flow [J]. Ecology
and Environmental Sciences, 2015,24(4) :638-642.
TRIHHE, AL, 5K R i, 4R R S 4 B ) B L XA
ST K I O A S L) ] RET, 2018 ,,40(4) 1 96-99.
Zhang Qilin, Wang Zhanli, Zhang Qingwei, et al.
Experiment on influence of rainfall intensity and slope
on flow velocity in loess area grassland [J]. Yellow
River, 2018,40(4) :96-99.

Tian Haojun, Kong Zhigang. Influence of rainfall inten-
sity and slope on the slope erosion of Longling com-
pletely weathered granite [J]. Applied Sciences, 2023,
13(9):5295.

AR B30T 2% SCFE L IR SR T R A S
o 5 TR M R 3B T U T U R S e L] A A
%47 .2022,33(11) :3027-3036.

Li Ruidong, Wang Wenlong, Lou Yibao, et al. Effects
of gravel content on runoff and sediment yield on Lou
soil engineering accumulation slopes under simulated
rainfall conditions [J]. Chinese Journal of Applied E-
cology, 2022,33(11):3027-3036.

AXZE R 2K LD AR AR L vl ) S5 R AR ME
R AR kR AE [T ). K - A3 41 2 2022.42(6) : 61-67.
Zhao Chun, Gao Zhaoliang, Li Yonghong, et al. Soil
erosion characteristics of engineering deposits under
continuous runoff scouring [ JJ. Bulletin of Soil and
Water Conservation, 2022,42(6) :61-67.

INEE R B I, TG £, 45 R4 R T T 48 I AT 43 A
Xof P 7 v A R A R ma [T ] K A AR R 2R 4R 2022, 36
(4):22-29.
Sun Ruoxiu, Shen Mingshuang, Hu Yawei, et al.
Effect of grass belt distribution on runoff and sediment
yield under simulated rainfall [J]. Journal of Soil and
Water Conservation, 2022,36(4) :22-29.

o J& %5 o A Uy, 32 A By, S R T U T 50 A X
TR B 90 5K 3 ) S AR B SR L ) K IL i B R S
W H5,2023,32(4) :832-841.

He Zhouyao, He Shuqin, Lu Chuanqi, et al. Study on
characteristics of slope erosion sediment production and
hydrodynamics in arid valley area of Dadu River basin
[J]. Resources and Environment in the Yangtze Basin,
2023,32(4) :832-841.

Wang Lei, Li Yan, Wu Jiajun, et al. Effects of the
rainfall intensity and slope gradient on soil erosion and
nitrogen loss on the sloping fields of Miyun Reservoir

[J]. Plants, 2023,12(3):423.



