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Effects of Temperature on Soil Atterberg Limit in Soil of Collapsing Gully Wall
in the Hilly Granitic Region of South China
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Abstract: [ Objective ] Collapsing gully, one of the most serious soil erosion problems in the tropical and subtropical areas of
South China, occurs mainly in the hilly red soil regions as triggered off by the interaction of runoff and gravity. A collapsing gully
generally consists of five parts: an upper catchment, a collapsing wall, a colluvial deposit, a scour channel, and an alluvial fan.
Stability of a collapsing gully wall determines the scale of the collapsing gully and the volume of the colluvial deposit. Rainfall

and temperature not only determine weathering rate of soils, but also affect the mechanical state of granite red soils. Liquid and
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plastic limits are the most commonly tested mechanical indices. However, few studies have been reported about investigation of
the effects of temperature on soil Atterberg limits in collapsing gullies. [ Method ] In this study, soil samples were collected from
the three soil layers in a soil profile, i.e. red soil layer, sandy soil layer and detritus layer, of a typical collapsing gully located in
Anxi County, Fujian Province. The soil profile was subdivided into three soil layers in the light of their colors and structures. Four
levels of temperature (15, 25, 40 and 60°C) were set to investigate their effects on soil liquid and plastic limits and soil bound
water content. [ Result ] The red soil layer was found to be the highest in soil liquid limit, plastic limit and plastic index and
followed by the sandy soil layer and the detritus layer. Liquid and plastic limits positively and linearly related to contents of fine
clay, organic matter and iron oxide. When temperature rose from 15°C to 40°C, soil liquid and plastic limits in the three soil
layers all decreased, as well as the soil bound water content. When temperature rose from 40°C to 60°C, soil plastic limit
increased in the red soil layer and the detritus layer, and soil liquid limit increased in the red soil layer and sandy soil layer. The
effect of temperature on soil bound water content was consistent with the changes in soil liquid and plastic limits. [ Conclusion ]
The soil liquid limit of the detritus layer is approximate to its saturated water content, and decreases gradually with the rising soil
temperature. In the case of high temperature and heavy rain in summer in this region, flow deformation is the most likely to occur
in the detritus layer, which might be one of the main reasons causing the collapse of a collapsing gully wall.

Key words: Collapsing gully; Soil bound water; Soil particle size distribution; Liquid and plastic limits
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Table 1 Physical and chemical properties of the soil relative to soil layer in the collapsing gully

n Ak N BB
A LB e A Ak HE
+)2 Saturated Soil mechanical composition /%
Organic matter Free iron oxide pH Bulk density
Soil layers water content fib#i Sand Bk Silt FhkL Clay
/ (gkg") / (gkg™) / (gem™)

1% 0.05~2mm 0.05~0.002 mm <0.002 mm

21 1+ )Z Red soil 7.79 34.36 42.02 5.88 1.45 30.00 52.88 17.12

b+ 2 Sandy soil 1.96 13.01 40.77 5.56 1.55 43.74 47.29 8.97

% )8 2 Detritus 1.05 4.83 39.58 5.59 1.55 67.79 29.47 2.74

R2 RERSTIENTRSH

Table 2 Particle size distribution of the soil samples for liquid and plastic limit test

WUk 23 A
Soil particle size/%
+J=
B HLBARL AL oL HUB AL AwbRL G
Soil layers
Fine clay Coarse clay Fine silt Medium silt Coarse silt Fine sand Coarse sand

<0.00l mm 0.001 ~0.002 mm 0.002 ~0.005mm 0.005~0.01l mm 0.01 ~0.05mm 0.05~0.25mm 0.25~ 0.5 mm

21 42 Red soil 11.60 9.90 23.03 19.20 24.17 6.27 5.83
b+ 2 Sandy soil 4.54 7.36 18.19 16.18 28.36 17.22 8.15
)8 )2 Detritus 1.81 2.58 7.30 9.38 30.50 29.83 18.60
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Table 3 Semi-quantitative analysis of clay compositions in the tested soil relative to soil layer
T2 [ L LRIR =K IRl
Soil layers Kaolinite/% Goethite/% Gibbsite/% Illite/%
414 ) Red soil 77.3 11.1 5.25 6.42
b+ 2 Sandy soil 92.1 - - 7.87
)8 /2 Detritus 80.4 - 8.81 10.8
W —: Ak Note: —: Undetected
*4 RWEE TKNEE MR AR T /R BELAMXR, RERBYE T
Table 4 Water density under the experimental temperature 0.95,
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I pr (gem™) 0.999 0.997 0.992 0.983 @ fb-1-)Z Sandy soil layer
2 60F O %)% )2 Detritus layer
=
" 2 s L
2 45 R i 3 =
% 5 40 2
g b
. , Wézm ¢ a
21 AR LEREREFE =3 b b
— RO, . e £ 201
25CHRMT, =A TR TR IR 2% 5 &
N , , O 10f
(B 2), Kb, 20+ 2 IR MR8 M
e e o o PORSIGEN 0
e T LEMEEEZ, W5 )E DR R R YR iR AT
Plastic limit Liquid limit Plastic index

BN, MW (CE TR LMY ( GB/IT
50145-2007 ), £+ )2 H8E TamiRm +, w12
3 TR £, AR R TR D
0+ )2 R B3 S TR & kR, B8 2RI IR
W2 S0 0 5 7K ko 8 B A ] 5 7K e AR Ak LN
KX 2 RS B /N, 2 38 2 B
I, 20 42 E RS G 5 A sk A s MR,
IK AR B 2 R RS AR R, — BB ]
KB EIBERN , AR S K RIRE S R BB, A
REFEA ARSI, AW B KA,
22 TERLEREEZWEER

J7 i 1 %) Y 8 B 5 HL R A B A M B ) A G
PR TR (% 5), AN RBEIRS
BB bR A A R R R AR, 5
P 1% V) & N B~ AN S = 0 VAN i ANBL B ) % YA
AHLTT . W AR SR B IEA . A
FEARR D, 5 Y R A OG5 B B 3 K P
( P<0.05) 1y -Het: i AT AR . MY ARL . A HL
JE R B A S i N R TR S BR S A E R
FEB KL . A7 AL 0T AN 5 SR Ak B i b AT i R U6
A DL B+ e S IR 5 ik . MR . A AL

B2 e = )2 A T I PR 2 5
Fig. 2 Differences in liquid and plastic limits between the three soil
layers in the collapsing gully wall
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Table 5 Correlation analysis of soil liquid limits with basic physical and chemical properties

S ‘ _ ‘ ‘ L R
YA AR PR ik g £ A ikl A
Fractal Coarse Organic Free iron pH
Fine clay Fine silt Mediumssilt Coarse silt Fine sand Coarse sand

dimension clay matter oxide
PR 0.953 0.998* 0.936 0.920 0.920 —1.000** -0.975 —-0.859 0.977 0.998* 0.911
R 0.920 1.000* 0.898 0.878 0.878 —-0.996 -0.949 —-0.807 0.993 1.000*  0.946
YRS 0.870 0.990 0.844 0.820 0.819 -0.979 -0.908 -0.736 1.000*  0.990  0.977

(DPlastic limit; @Liquid limit; GPlastic index. ¥ : *Fl** 73 HIF/RTE 0.05 A1 0.01 /KF I 3. Note: *and** denotes significant

correlation at 0.05 and 0.01 levels, respectively.
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Fig. 3 Relationship of soil liquid and plastic limits with physical and chemical properties
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Fig. 4 Effects of temperature on soil plastic limit in the collapsing gully wall
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Fig. 5 Effects of temperature on soil liquid limit in the collapsing gully wall
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