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Soil Shear Strength of Collapsing Erosion Area in South Jiangxi of China
Relative to Position of the Soil and Its Influencing Factors
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(Research Center of Water and Soil Conservation, Huazhong Agricultural University, Key Laboratory of Arable Land Conservation (Middle
and Lower Reaches of Yangtze River), Ministry of Agriculture and Rural Affairs, Wuhan, 430070 China)

Abstract: [ Objective ] Soil shear strength is an apparent indicator of how easily shear deformation occurs under the action of
external force, and a major index to characterize soil mechanical properties, as well as an important parameter of the
process-based soil erosion model for prediction of hydraulic erosion. So far, little has been reported on soil shear strength at each
collapse developing stage. The purpose of this study is to (1) investigate variation of soil shear strength with the process of soil

erosion on typical collapsing mounds; (2) determine influences of basic physical and chemical properties on soil shear strength;
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and(3)establish an equation for prediction of variation of soil shear strength with development of collapsing. [ Method ] The
experiment lot was set up in the Jingouxing watershed in Tiancun Town of Gan County, where there are quite a number of
collapsing mounds. Three adjacent collapsing mounds of granite different in collapse developing stage(initial stage, active stage
and stable stage)were selected for the experiment and a total of 15 sampling sites were set on each mound. Topsoil samples from
the 0 ~ 20 cm soil layer of each mound and relevant environmental variables, were gathered, separately, for analysis of basic soil
properties and soil shear strength. The data were processed with the classical statistic method for spatial variation of soil shear
strength and variation of saturated shear strength with developing of collapse was predicted with the stepwise regression equation.
[ Result ] (1) The physical properties of the soil in the collapse system are relatively poor with bulk density of the top soil layer
varying in the range of 1.02 ~ 1.40 kg-m~ and declining with the position lowering along the slope, particle size composition
coarsening, soil organic matter content lowering and root density ranging from 0.27 to 3.57 kg:m™, all of which demonstrate
typical features of soil degradation with developing collapse; (2) Soil cohesion and internal friction angle, varies quite
similarly, that is, both in a declining trend with development of the collapse, peaks at collecting areas, and bottoms in ditches.
When collapse develops into a stable stage, restoration of vegetation promotes formation of root-soil complexes, which in turn
increases soil cohesion and hence soil shear strength by a certain degree; (3) Statistical analysis shows that the contents of
gravels, silt and clay are the optimal parameters to characterize soil internal friction angle of a collasping mound and their
relationships can be well-described with a power function. Besides, a good linear correlation between root density and soil
cohesive was observed; and (4) The experiment used root density and particle size composition to characterize shear strength
of the soil under saturation, and established the equation (R*=0.891, P<0.01) for predicting soil shear strength of a developing
mound. [ Conclusion ] With developing collapse, soil properties degrade obviously. Soil saturated shear strength varies
significantly with soil particle-size distribution and root density across the collapsing erosion area, and is affected jointly by
soil texture, topography, moisture and land use at the regional scale. It is recommended to use the functional equation based on
parameters like particle-size and root density to predict soil shear strength, particularly for soil layers below 20 cm in the
collapsed erosion areas in South Jiangxi.

Key words: Collapse; Development stage; Different positions; Soil basic properties; Internal frictional angle; Cohesion
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Table 1 Basic characteristics of collapsing at each development stage
i P 2R K ez BRI RE ARG R RFAE
(AL LizE7]
Type of Elevation Gradient Canopy Grass Erosion
Location Plants
collapsing /m 1% density/%  coverage/% characteristics
IR 26°112.08"N;  185.3~201.6  8.7~40.1 59 76 Pinus massoniana Lamb+  f [T, £EK
Initial gully 115°10'34.15"E Dicranopteris linearis+Buxus [X [ fREE K, &R
sinica+Miscanthus sinensis+ 3% % W72 5% 5
Schima superba+Broussonetia 7= H: R Y] {2 ph 0 3
papyifera+Cinnamomum+ Wi, LM R R
Raphiolepis indica F, EHEREL,
var.indica+
Syzygium jambos (L. ) Alston
IEBRAI 26°1119.53"N; 177.0~207.3 5.2~31.4 43 62 Pinus massoniana Lamb+ 2l DAY
Active gully 115°10'32.56"E Dicranopteris linearis+ BFh ALK, R R
Miscanthus B, 4LMER
sinensis+Agropyron PROFIAR R Y)Y
cristatum+Dicranopteris B, DRI T IR
linearis+Stipa bungeana &R A AR,
RSB 26°11'42.63"N;  186.6~208.6 12.2~29.7 31 40 Pinus massoniana Lamb+ 3y 3k #) %2 & 4% 1T 43
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Fig. 2 ZJ-model strain controlled direct shear apparatus
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Table 2 Basic soil properties of the sampling sites different in collapse development stage

IR
A pH Particle-size distribution/%
Site code (H,0) v fibAr kL Bk
Gravel Sand Silt Clay
IC 4.35+0.36 38.73+0.92 22.20+0.65 56.98+2.23 20.82+1.92
U 4.41+0.12 28.35+0.63 20.04+1.11 54.41+1.23 25.55+0.98
IM 4.10+0.03 24.20+1.08 21.20+1.77 55.10+2.64 23.70+1.01
IL 4.224+0.04 20.87+1.77 19.59+0.43 51.1243.00 29.29+1.97
IS 4.10+0.17 3.78+1.21 24.64+1.71 56.30+2.49 19.06+0.21
AC 4.16+£0.47 37.99+0.77 21.37+0.98 56.624+2.48 22.01+1.83
AU 4.00+0.15 36.20+0.55 22.49+0.79 56.31+2.15 21.20+0.55
AM 3.95+0.07 31.82+0.45 23.84+1.09 51.31+1.59 24.85+1.11
AL 4.73+0.08 29.23+0.54 16.68+1.16 60.73+2.46 22.59+1.74
AS 4.27+0.25 3.64+0.66 26.42+1.42 55.3442.71 18.24+0.34
SC 4.37+0.09 28.81+0.30 27.73+1.07 54.10+2.47 19.61+1.01
SU 4.2240.11 23.00+0.29 29.26+1.84 49.92+2.19 20.82+0.77
SM 4.55+0.07 19.73+0.94 27.56+0.61 52.86+1.30 19.58+1.85
SL 4.41+0.16 19.87+0.95 24.88+0.53 53.5742.02 21.55+1.61
SS 4.98+0.09 11.70+0.45 28.44+1.40 55.1942.49 16.37+0.92
. L R HE LB LB
i
e Organic matter/ Root density/ Bulk density/ Capillary porosity/ Total porosity/
Site code
(gkg) (kgm™) (kg'm?) % %

IC 8.09+1.42 2.75+0.27 1.42+0.06 42.79+0.09 44.43+0.54
U 9.34+0.59 3.05+0.03 1.40+0.03 41.25+0.03 47.22+0.27
IM 11.04+0.97 2.334+0.12 1.40+0.05 48.82+0.17 58.84+0.13
IL 16.92+0.76 3.57+0.46 1.29+0.21 39.88+0.11 51.74+0.23
IS 5.66+1.18 0.96+0.18 1.10+0.20 50.13+0.13 66.05+0.11
AC 8.60+0.36 2.19+0.16 1.40+0.07 40.15+0.15 52.80+0.41
AU 9.69+0.50 2.1240.22 1.38+0.06 41.26+0.11 47.21+0.14
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Zidk
e AL RARE A B SALE
Organic matter/ Root density/ Bulk density/ Capillary porosity/ Total porosity/
Site code
(gkeg!) (kg'm™) (kg'm™) % %
AM 10.10+0.15 2.81+0.17 1.274+0.19 42.77+0.21 56.51+0.39
AL 4.73+0.48 0.77+0.12 1.06+0.14 45.34+0.21 59.47+0.15
AS 3.87+0.31 0.27+0.10 1.024+0.03 45.28+0.35 64.29+0.55
SC 7.27+0.44 1.81+0.29 1.34+0.12 43.414+0.30 59.24+0.36
SU 8.59+0.32 1.8340.31 1.394+0.17 44.62+0.24 58.35+0.42
SM 9.18+0.73 2.10+0.14 1.37+0.01 41.44+0.14 58.734+0.27
SL 11.49+0.50 1.87+0.11 1.19+0.05 42.76+0.19 57.51£0.19
SS 10.97+0.35 2.35+0.25 1.28+0.11 42.22+0.19 51.814+0.21

e BRI A-TEERIN; S-RUE LA AN C-EKIX; U- B3 M-l L-F 3 ; S-7438. [ Note: The first

letter of a sampling site: I stands for -Initial stage; A for-Active stage; and S for-Stable stage; The second letter: C stands for - Collecting

area; U for- Upper slope, M for- Middle slope; L for- Lower slope; and S for- Scour channel. The same below
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Fig. 3 Distribution of soil cohesion and internal friction angle relative to development stage
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Table 3 Statistics of soil shear strength relative to position of the sampling site

A fe/ME ISPN(:] FHIME riE AR AL
- o ) Standard Coefficient of
Position Minimum Maximum Mean n
deviation variation

i H EKIX 9.52 13.84 11.37 222 0.20 15
Soil cohesion Lok 10.14 11.78 10.75 0.89 0.08 15
/KPa g 9.48 12.60 10.54 1.79 0.17 15
Tk 7.34 14.99 10.61 3.94 0.37 15
MBI 4.87 10.07 6.74 2.89 0.43 15
P JEE 22 £y EIKIX 44.82 46.89 45.94 1.05 0.02 15
Internal 1ok 44.78 46.31 45.43 0.79 0.02 15
friction angle/® T 42.70 46.54 44.43 1.95 0.04 15
T 42.28 46.21 44.48 2.00 0.05 15
HABEES 38.22 40.38 39.63 1.23 0.03 15

BEH A YA 7S [ AL D 27.0%~41.0% , Bk i
A Ho Al g A2 [R) AV D 24.0%~53.7%
23 ARRMEEELZBEIRPHZMESR
AR R P AE S R G IR, AT
My, R R B, K R KRR )22
BHWOKMBIY), WMRA R, Rz, +5T
SRR GOKBE IR, JCHk AR E A KT
MK Gy, AR LIA K, R, H
BRI BT UIRE g0, Bk, AR X A

PERRSEC S PR EFR PRIV R, X T4 30 ki f=2 ik
A BAUIRAR b X4 A 2SR R i HLA R R S
4 RN S SEUR AR, W]
. RERRTE . R RSB 5P RIE
I AFTE R BEEAROCOC R . Hirh, MRARTE . A T H .
B LS NEEAZE R BT, 20 E
3 (R*>0.60, P<0.01), Mt K/NA Gr>RD>
BD>TP>CP; L& SLBE. SALE S N EEHE A 2
FMK; BEOE. RAKESHFRIUWEN
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Table 4 The correlation matrix of soil basic properties

C p BD cp TP Gr Sa Si cl pH oM
BD 0.57* 0.67%*

cp -0.17 ~0.63*  —0.40

TP ~0.42 —0.65%*%  —0.65%* 0.75%%

Gr 0.48 0.86%* 0.57* ~0.49 —0.73%%

Sa ~0.44 -0.32 0.09 0.07 0.30 ~0.44

Si -0.25 -0.29 ~0.40 0.25 ~0.04 0.14  -0.50

cl 0.65%* 0.57* 0.16 ~0.27 -0.25 033 —0.68%*%  —0.28

pH -0.50 ~0.40 ~0.17 -0.16 -0.05 ~0.22 0.13 029  -041

oM 0.54% 0.50 0.52% ~0.49 -0.45 017  -0.13 —0.56*  0.54* ~0.09

RD 0.67%* 0.68%* 0.75%%  —0.59%  —0.72%* 049  —021 ~0.46 0.55% —0.13  0.83%*

e *P<0.05 (R ), **P<0.01 (W), C-FHEIT; o-WIEHSM; BD-HHE; CP-BHALIIEL; TP-BILKE; Gr-#ff; Sa-
WhkL; Si-Byki; Cl1-ZhAL; pH-TREGE ; OM-FAHLEL; RD-HRZRZE ., Note: *P <0.05 (two-sided ), **P <0.01 ( two-sided ), C stands
for Cohesion; ¢ for internal friction angle; BD for Bulk density; CP for Capillary porosity; TP for Total porosity; Gr for Gravel; Sa for Sand;

Si for Silt; ClI for Clay; pH for soil pH; OM for Organic matter; and RD for Root density.

BEHE (R*>0.60, P<0.01), HHENSHIHE
BRI N BRI A AT 0 MR AT )G, S5 R
e & m . RIS Fhh S E AR R R
T Y 5 B RS A S R A

H IR B S50 51 5 P R A RN SR T ik
FTlA, REBLBRG & . Bk i 5 P B A S Bl
HRIFAREREOCR, RAFESHRIEINHR
IFRZRIEASE R R, XS5 R 2R EPI g%
S A AR Z BB 8 B AR IR T o TR A A
SEIRARL . AR 5 N B AR DA O R AR
i, EAREIMZH, Bk & & 7E [ 538 B X Y
FEWEM I TTRR B R, L, EHERA SR Mk
T RV AR R A SEORHE R T
By 5 B AR RRE, XTEAMTZ A RETHE,
RIMEI BRI REBOCR (K 4), 145185 Chen
25 207 Etham 25 BY15 2 ) -+ e i 2 8004 B oy i
FEM SR RIEAML, 2 S P HEEA M 5Py
SR EFER AR EC R
24 TEEAMRSRITEENINGER

eI AR M T 5 e 8y 5 B A AE T A U B R
. GAHALMIRE WG, NS A
B8] /%) JE 45 77 fi 8 HR AT A1 5 1 VE A ok i g e
1, MW R BE 4% DT e R

FEME . N EREAEUE B Mr bt gy sk, LA
FESES o S HAReR B, BRI EIRELG S5 R
Wi B OBPRL S BRI ROR A F AL R S
ESMUVE) Sity

@ =48.65Gr"7si 26110 R2=0.87, P<0.01 (2)

DIPeE 280 (R?). ¥R 2: (RMSE ) Sk
HEPG R A M, Hdh R {E R 0.87, RMSE A
h0.92, A GE R B FR; R . AR A9 2E
BERE, UhA O R b AR P BRI A Y
ST, HyCh R SRR S R, e
K L, fROKEAIREE IBEZ TR, s A 7K
OyNE EMEA —EEREE ), FREE )y, IR
R SN 7 T, BEEE IR, th BN A 45 R
CEAMABE SEHRIMIE R, X HHA N
J SRS AP BY 3 B A 56 R AT ILA b, HEaT
BEF - BE AP T 0N AR R BT B R AR, 4
WF:

S=L%RD+Pmn@9UGN“$”%CP“)+IM

R?=0.89, P<0.01 (3)
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Fig. 4 Relationship between soil properties and shear strength index
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Table 5 Relationships between soil properties and shear strength i%%ﬁ*ﬁﬂi@?ﬂ#% Eq %E%’ﬂzﬁﬁ s U\ﬁﬁ%% T j:ﬁi
index 2 ) g 4 y
MIRGR T, R IERLUBOR Y B £, (A AR S
2% % x 5
H i - , FEWEAR, Tl e AR 1 B A, BOIR R | R
Parameter Funcion TP R R R0 0
Gr, ¢ @ =49.41 Gr*”7 0.73 <0.01 (EEE Y
Si, o 035,35 §i 0% 002 =029 TEMCIRE  , DL R B B BUT RO IFSE 0 4
Cl ¢ ¢ =64.71 C1 "% 0.30 <0.05 BEXT 7 b 25 T AN b SR BEAS P o 1) 22 S P, T )
RD, C C =2.13RD +5.63 041 <0.01 FA RS T LR DTSSR BE , AN T i LI

. FEARE n=15 Note: Sample size n=15.

L, P FoRMEE Ty, B3 2 i AR 2 08 o
WAL PSSR TR, HREEARVERSHN T
T R BY 3 AT A 1 O RO (R >0.75,
P<0.01), e TIEGTITUIRE Sy, Ha R AR E 1k
e, REREE . BRI ORPRLE AR R
HRREEMEM, HEZEHG TRAR S LR

FEAE RS AT BT 5 A L3RR Dh R R,
G5 BN B L BT BT 5 B TR 7R, R TS R (4 5
PUE S SCME AT CAnE 5), 25 R EBE VIR
FEH T (R™>0.88, P<0.01), Till{E 5 sz B A
RUFAYE S, 77 0 A {5 2 B 84 RMSE=8.79 ),
ot A A 500 5 AR AR R 5 AR R S U
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