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Fig. 1 Temporal variations of runoff rate (a) and sediment yield intensity (b ) on frozen and thawed soil slopes
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Table 1 Runoff rate and sediment yield intensity on frozen ( FS) and thawed slopes (TS ) under simulated rainfall
A 7 AL 1 i {2l i HiTRL
Treatment Initial runoff generation time (s)  Runoff (mm)  Sediment yield (gm™)  Runoff velocity (cms™)
%I Frozen slope 177.0 1.4 27.27 +0.43 891.9+12.1 5.42 £0.94
% LY Thawed slope 350.0+7.8 24.98 +0.26 4352+9.7 4.02 £ 0.64
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Fig. 2 Temporal variation of mean weight diameter (MWD ) of 3 fractions of soil particles on frozen and thawed soil slopes
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Table 2 Average percentage of each fraction of soil particles in content (%)
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AJEAH Substrate 1.06 56.22 37.36 5.36
etk Splash 1.18 59.29 34.28 5.25
PR3 TS ]
WIS Scour 1.55 70.12 26.38 1.96
it Splash 1.12 60.44 33.90 4.53
fivR LB FS ]
RIJETS Scour 1.33 71.98 24.90 1.79
24¢ _
a 85 b
2.1

—
o0
T

v
L 4.

Zhikier & Clay content (%)
T :

24

09+
(7| P S S SN S S RO, S SN S S
0 5 10 15 20 25 30 35 40 45 50 55 60
361
C
33F
30F
bt % . /?\%/
27 | uim ~E- /}é :
w1
ﬁo/a\; J"g .

21
18

MUK £ & Coarse silt content (%)

15- 1 1 1 1 1 2 1

0 5 10 15 20 25 30 35 40 45 50 55 60
[} 1E] Time (min)
—s— 5 3w FS

[*]
(=]

~
W

YW ki & Fine silt content (%)

Whki €& Sand content (%)

0 5 10 15 20 25 30 35 40 45 50 55 60
[} 1E] Time (min)
—o— R g0m TS

K3 Ok LB mA vk R P AR (a) o dIRPRL (b)) o RDEYKL () o AR (d) & BEBERS ) 5922 f L

Fig. 3 Temporal variation of clay (a) , fine silt (b) , coarse silt (¢) , sand (d) contents in percentage on the frozen and thawed

soil slopes
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Effects of Freezing and Thawing on Soil Erosion and Sediment Particle Size
Fractionation

ZHANG Hui LI Peng’ LU Kexin REN Zongping WANG Tian TANG Shanshan WANG Feichao
( State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi’an University of Technology, Xi’an 710048, China )

Abstract [ Objective] The Freezing-thawing action refers to daily, annual and secular climate change
that might lead to freezing and thawing of the earth’s surface in a certain climatic region. When the soil is
frozen, soil water is frozen, too, thus expanding in volume and the expansion destroys the connectivity
between soil particles, and hence change particle size distribution of soil particles. And during the thawing
period, owing to the existence of both thawed soil layer and frozen soil layer at the same time, the soil differs
sharply in erodibility from those completely frozen or thawed. However, studies focused mainly on changes in
soil erodibility before and after freezing and thawing and gave little attention to studies on erodibility of frozen
soils. Under the joint actions of hydraulic erosion and freezing-thawing erosion, the slope varies sharply in
soil erosion and sediment particle size fractionation from those under the single action of hydraulic erosion,
however, it is still unclear how soil erosion and sediment particle size fractionation varies under the joint
actions. [Method] Therefore, an indoor experiment was carried out using simulated rainfall to explore effects
of freezing/thawing on water erosion during the thawing period on slopes of loess, processes of soil erosion
on frozen and thawed slope and particle size fractionation of sediment. [Result] Results show that affected
by rain, runoff initiated 173 seconds earlier on the thawed slope than on the frozen one, while runoff rate
and sediment yield was 9% and 105% higher, respectively. In terms of MWD of sediment particles generated
during the processes of soil erosion on the two slopes, an order was observed as splash particles > scouring
particles, but MWDs of the two types of particles were both significantly higher on frozen soil slopes than on
thawed soil slopes (p <0.05) . During the erosion process with the rainfall going on, the contents of clay
and fine silt increased first and then decreased, but the contents of coarse silt and sand did reversely, on the
thawed slopes, while the sediment got dominated with coarse particles. However, particle size fractionation of
the sediment on frozen slopes did not vary much with the time going on. [ Conclusion] On frozen slopes, the
existence of an aquiclude aggravates the soil erosion, but during the hydraulic erosion process, the erosion
was low in selectivity of sediment in particle size relative to that on thawed slope. This paper is expected to
provide some valuable reference for better understanding the mechanism of soil erosion.
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