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Influence of vegetation blanket coverage on thermal properties of
coal gangue substrate in alpine mining areas

Li Chuan, He Kangning, Ma Xiaodong, Zou Xingchen, Wang Zuoxiao
(School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] The influence of different vegetation blankets (common anti-erosion blanket, straw
vegetation blanket, coconut fiber vegetation blanket, and straw-coconut fiber mixed blanket) on the thermal
characteristics of coal gangue substrate in alpine mining areas was evaluated, and the insulation protection system
of frozen soil in mining areas was reconstructed, in order to provide a scientific basis for ecological restoration in
alpine mining areas. [ Methods | Using the natural peat layer and uncovered coal gangue as controls, four common
vegetation blankets covering the coal gangue substrate were selected. The thermal conductivity, thermal capacity,
and thermal diffusivity of different covering materials were measured through thermal property experiments, and
their insulation performance was then comprehensively evaluated by combining the entropy weight TOPSIS
method. [ Results] O Within the water content range of 0.1 to 0.3, the thermal parameters of the peat layer and
coal gangue matrix exhibited different variations as the water content increased. Among them, thermal capacity
was the most sensitive to changes in water content, followed by thermal conductivity, while thermal diffusivity

fluctuated greatly under the influence of both factors. @ The laboratory soil column experiment showed that the
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thermal conductivity (0.61 W/(m - K) J, thermal capacity [1.60X10° J/(m* - K) ], and thermal diffusivity
(3.90X10 7 m?/s) of the peat layer were all at their optimal values. Compared with uncovered coal gangue,
vegetation blankets significantly improved the thermal properties, among which the straw vegetation blanket
performed the best, reducing the thermal conductivity to 0.65 W/(m+K), increasing the thermal capacity to 1.16 X
10°J/(m® - K, and reducing the thermal diffusivity to 5.50X 10 " m*/s. @ The entropy weight TOPSIS analysis
showed that the straw vegetation blanket had the highest relative proximity (0.603) and was the optimal coverage
solution for alpine mining areas. [Conclusion] The straw vegetation blanket can effectively simulate the heat
insulation function of the peat layer, significantly reduces the thermal conductivity of the coal gangue substrate,
and increases its thermal capacity. It can be used as the best material for reconstructing the insulation layer of
frozen soil in alpine mining areas.
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Table 1 Physical properties of peat at study area
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Table 2 Physical properties of weathered coal gangue at study area
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Table 3 Vegetation blanket indicators at study area
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Fig.1 Laboratory experimental setup of soil column
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Fig.2 Relationship between soil thermal conductivity and water content
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2.1.3 ek R Y B F A K G TACH 6 B

FT T 3T R DL R B i R AN TR SRR

REGKEE R R R (E 4. RS
K 0.10~0.30 cm®/em® JE Bl N, #05F:3R DL N #0245 Bl



%2 3

28 A5 < AT A 35 0 o FE B DX A i T A I Y 52 81

KRB I NS A B4 R S [ B LU G iR
RIS T R A R, H A b BT R A K
#£0.25 em®/em’ 76 A7 I IF U6 BE o e AR R
AR AR S B /N, R 3,40} 107 7~4.40X 1077 m®/s, &
BL ST £ AR HOR U B B AR, T 1.35X
107°~2.00X 10" m*/s £ A8 B¢ B A1 o Ak B, 5 AF

0.44 1 A Bk 227
0.42 | g .

g
IS

0.40 |

038r )
o/ y=-Tx+2.79x+0.14
R=0.7

P BR/(X10°m* » 57

PA BUE/(X10°m? + sT)
(=)
w
(=)

b A B EMNT L ~ 157

7 = -17.76x"+10.45x+0.48
R*=0.97

MW BE T 3 T YRR U s v B /N, Sl 450X
1077~6.00X 107" m*/s, HR W FEFFHP 22 1R 5 8, ™
BRI ShIE N 6.70X 10 '~1.07 X 10 " m?*/s, il
Bij o B B 3 TR AT A B T ADoK AR b v L
1.03X10 °~1.43X10 ° m?/s, i 22 ¥ ¥l B6 3 &5 "
B R AR L5 R 8.80 X 10 7~1.27X 10 ° m*/s.

c LAt

y=-23.71x+10.77x+0.2
R’=0.96

PP BE/(X10°m’ » s
5

0.32 . . - - 12 . : - . 1.0 « : - .
0.10 0.15 0.20 0.25 0.30 0.10 0.15 0.20 0.25 0.30 0.10 0.15 0.20 0.25 0.30
R K/ (em® * cm™) ARG K ZF/(cm’ + cm™) AR K F/(ecm® » cm”)
~ 0657 d AmAE ~ 137 e Mz ~ L1f f A AT 22
‘v % ‘v (%é\%
5 060F A SR 4 10
S 0.55 S 1t S 09}
< 6565 325x40.19 & S
w050 Toss W 1o} );;_—3%38#4—11.81):—0‘04 S g 081
ﬁ 0.45 ¢ ﬁ 0.9 L/ e ﬁ 0.7 1/ y=-29.52x¢+11.54x-0.17
s ¢ R®=0.66
= e b
0.40 - - - . 08 ' : - - 0.6 - : - -
0.10 0.15 0.20 0.25 0.30 0.10 0.15 0.20 0.25  0.30 0.10 0.15 0.20 0.25  0.30

R & K ZF/(cm’® » cm™)

ARG K/ (cm® « cm™)

K E/(em’ » cm”)

M4 BREATHESKSEULFT

Fig.4 Relationship between thermal diffusivity and water content of peat layer
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Table 4 Entropy value and entropy weight of
each evaluation indicator

i H WFR Wz AR
i 8L 0.868 4 0.749 9 0.877 5
WAL 0.2610 0.496 0 0.243 0

x5 AEARBEBAERAYRHEFER
Table 5 Ranking results of thermal insulation performance
of different types of insulation layers

CK, 0.000 0.471 1.000 1

CK, 0.471 0 0 6

FC 0.420 0.077 0.155 5

JG 0.192 0.292 0.603 2

YS 0.361 0.129 0.263 4

HH 0.279 0.209 0.428 3
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