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Abstract: [Objective] The combustion of underground fire is a slow, flameless, long duration smoldering,

which does great harm to forest. Daxing ’anling region is a frequent area of forest underground fire in
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northeastern China. This paper aims to study the effects of different heating times and humus particle sizes
on the vertical combustion of underground fires, aiming to provide a reference for the prevention,
monitoring and suppression of underground fires in the area. [Method] Taking the typical forest type in the
Daxing ’an Mountains, i.e. Larix gmelinii forest as the research object, according to the indoor control
simulation of scorching experiment data, SPSS was used to perform two-factor analysis of variance, and the
Origin software was used to draw. The effects of three heating times and five humus particle sizes on the
spreading speed and the highest temperature at different depths during the vertical combustion of
underground fire were studied. [Result] During the vertical burning process of the forest underground fire,
the temperature of the highest burning at a depth of 3 cm was only affected by the heating time and the
difference was significant (P < 0.05), but the effects of humus particle size on the difference were not
significant (P > 0.05). The highest temperature of combustion at a depth of 6 cm was affected by the heating
time (P < 0.05) and the particle size of humus (P < 0.05). When the depth was greater than 6 cm, the
maximum combustion temperature was only affected by the humus particle size and the difference was
significant (P < 0.05). The spread rate during the vertical combustion of forest underground fires was only
affected by the humus particle size. There were significant differences between the spreading speeds (P <
0.05). [Conclusion] The highest temperature of underground forest fires burning at 3 ¢cm and 6 ¢cm depth
rises with the increase of heating time, and the burning temperature is the highest when heated for 2 h. When
the vertical combustion depth is 9-21 cm, the humus particle size is 40 mesh, the burning temperature is the
highest. Among the effects of humus particle size on the spread speed of forest underground fires, the spread
speed of humus particle size 20 mesh is the fastest; when the humus particle size is 60 mesh, it is the
criticality in the process of underground fire combustion. The highest combustion temperature and spread
speed are lower.

Key words: forest underground fire; Larix gmelinii forest; heating time; humus particle size; simulated spot
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Tab. 1 Basic informati
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Rt KL ik i P Hhike/a T AT
Sample plot Longitude and latitude Altitude/m Canopy density Forest age/year Humus thickness/cm
FEHb1 Sample plot 1 50°18"23"N 124°0527"E 392.9 0.8 27 31
FEHh2 Sample plot 2 50°17'56"N 124°05'17"E 407.2 0.7 30 34
F£Hh3 Sample plot 3 50°17'50"N 124°53'56"E 422.6 0.8 27 36
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Tab.2 Variance test of the effects of different heating times and humus particle sizes on the
highest temperature at different depths

%5 Distance FE xR Index F P
JES 5 R 4% Humus particle size 1.855 0.171
DI Jn#if [] Heating time 22.984 0.000
JETEFURLAR x N FART ] Humus particle size x heating time 0.535 0.813
JE A R R 4% Humus particle size 3.896 0.023
D2 Jn#AF 7] Heating time 6.950 0.007
JETEFURLAR x fiNFART ] Humus particle size x heating time 0.292 0.958
JEHAF R Humus particle size 4.846 0.010
D3 Jn#AE 7] Heating time 3.402 0.060
JETEFURLAR < fiNFAHT ] Humus particle size x heating time 0.490 0.845
JEHAF R Humus particle size 4.109 0.019
D4 Jn#AE 7] Heating time 1.720 0.213
JETEFURLAR x N FAT ] Humus particle size x heating time 0.523 0.821
JEHAF R Humus particle size 4.895 0.010
D5 Jn#if [] Heating time 1.136 0.347
JETEFURLAR < fINFAHT ] Humus particle size x heating time 0.379 0.915
JEHEF R Humus particle size 4.665 0.012
D6 Jn#AF 7] Heating time 0.759 0.486
JETEFURLAR x fINFART ] Humus particle size x heating time 0.326 0.943
JES 5 K42 Humus particle size 5.355 0.007
D7 Jn#AE[E] Heating time 0.615 0.554
JEFEFRIAZ < IN#A I 1] Humus particle size x heating time 0.430 0.885

7: D1 ~ D7 H T KT ESRBEIR IS, 739012435 6,94 12,15, 18,21 ecm. F[Fl. Notes: D1-D7 indicate the vertical combustion depth of underground

fire, which are 3, 6, 9, 12, 15, 18, 21 cm. The same below.
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Fig. 1 Multiple comparisons of the highest temperature of vertical combustion of underground fires at different heating times and humus particle sizes
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