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Effects of Freeze-thaw Cycles on Gully Wall Collapse in the
Black Soil Region of Northeast China
JIA Chenyang, LIU Hongyuan, YU Yue, MA Qianhong, KE Qihua, ZHANG Keli

(State Key Laboratory of Earth Surface Processes and Resource Ecology» Faculty of Geographical Science
Beijing Normal University » Beijing 100875, China)
Abstract; [Objective] To evaluate the contribution of freeze-thaw cycle (FTCs) to gully erosion by measuring
the collapse volume of gully wall collapse during FTCs. [ Methods | From 2016 to 2018, a total of 463 collapse
points in 36 gullies were selected for field investigation. Based on the investigation results, there were two
types of wall collapse: massive collapse and loose accumulation. The morphology parameters of two kinds of
accumulations were measured at each collapse point, including the volume of the collapsed soil, the width
and depth of the gull coross-section, and the shear force and hardness of soil of the corresponding gully wall
soil. [Results] (1) The average collapse strength of gully wall collapse caused by FTCs during the three-year
study period is 16.12 m*/(km * a). The two types of collapse occurred randomly within the gully, and the
single point freeze-thaw collapse mainly concentrated in 0~3 m®, but the amount of soil caused by massive
collapse was larger. (2) The transverse width and depth of the gully were the main factors affecting the
collapse of the gully wall, and the collapse amount increased with the increase of the width-depth ratio. When
the width-depth ratio>>2.71, the collapse amount increased rapidly. (3) The amount of gully collapse was
closely related to the shear force and hardness of the soil on the gully wall. [ Conclusion ] The freeze-thaw
collapse of the gully wall was closely related to the width and depth of the gully cross-section, the freeze-
thaw collapse accounted for 3.28% to 23.68% of the sediment yield of the gully erosion, and its influence was

equivalent to that of the headward erosion of gully head. The research results provide data support for
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quantitatively evaluating the contribution of FTCs to gully erosion.
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Fig. 1  Diagram of gully cross-section
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Table 1 Basic information on the investigation gully
DI SN i1 8 it /m® B %L/ m WH/m ORI
BT B POk L fﬁ‘k{ﬁ RAME B WRKME B/ME PHE RKRE BOME FYE RRE SOME CFRIE
Gl 30 5 25 2.619  0.004 9.366 9.80 1.90 5.63 2.50 0.70 1.84 8.18 1.43 3.24
G2 16 0 16 0.330 0.003 0.732 5.70 3.00 4.54 2.20 0.45 1.59 6.67 2.07 3.06
G3 8 3 5 0.028 0.005 0.112 1.80 0.70 1.52 0.60 0.30 0.45 5.67 1.17 3.80
G4 3 0 3 0.062 0.007 0.123 1.50 1.20 1.33 0.55 0.45 0.52 2.89 2.18 2.60
G5 1 0 1 0.027 2.80 0.85 3.29
G6 12 2 10 0.067 0 0.357 6.50 1.00 3.46 1.75 0.60 1.05 5.91 0.83 3.46
G7 10 2 8 0.168 0.003 0.429 1.20 0.55 0.95 0.55 0.30 0.41 3.67 1.82 2.37
G8 7 0 7 0.128 0.020 0.414 4.35 0.60 2.01 0.79 0.55 0.71 6.73 0.80 2.94
G9 5 2 3 0.132  0.007 0.236 2.40 1.00 1.72 1.09 0.50 0.78 2.53 1.88 2.21
Gl1 10 4 6 2.525 0.024 4.551 4.40 0.30 2.74 1.80 0.50 1.34 2.75 0.60 1.84
Gl12 2 0 2 0.219 0.035 0.254 4.60 2.30 3.45 0.95 0.90 0.93 5.11 2.42 3.77
Gl4 14 12 2 0.219  0.037 1.397 8.20 0.94 3.89 1.75 0.44 1.28 4.69 1.76 2.92
G16 15 6 9 0.280 0.003 1.233 4.80 0.90 2.34 1.10 0.50 0.72 8.25 1.54 3.21
G18 2 2 0 0.172  0.098 0.270 1.40 1.40 1.40 0.45 0.45 0.45 3.11 3.11 3.11
G19 6 3 3 0.122 0.012 0.374 1.80 1.10 1.32 0.90 0.55 0.71 2.40 1.33 1.91
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G33 14 3 11 0.683 0.007 3.015 7.20 2.10 5.04 2.70 0.85 2.20 4.60 1.10 2.43
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G36 4 2 2 0.357 0.034 0.592 2.19 0.16 1.46 1.09 0.76 0.88 2.59 0.21 1.61
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