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Table 1  Physical properties of the soil samples
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Size composition

ST

G e 1,
Soil type (g cm - (% ) 0.02 ~ Soil texture
<0.02 mm 2 ~0.02 mm
0.002 mm
£y it
1.41 2.72 0.93 15.84 19.1 52.65 15.08 32.27
Yellow soil Caly soil
55058 (0 1 it
1.35 2.70  0.99 15.47 18.3 0.74 59. 19 20.77 20.03
Calcareous purple soil Caly soil
o .
1.54 2.67 0.84 16.25 — 12. 94 8.74 78.32
Neutral purple soil Sandy soil
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Fig. 1 Soil cohesive force of yellow soil as affected by p, and @
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Table 2 Regression equation for soil cohesive force of the three types of soils
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Soil type Bulk density Regression equation Correlation (%) c(kPa)
(gem™?) coefficent
B 1.3 c=-0.1910> +4. 741w - 13.02 0.980 0 12 12. 63
Yellow 1.4 c=-0.093 1w? +2.2540 +2.76 0.922 3 12 16. 41
soil 1.5 c=-0.1520% +1. 248w +63. 15 0.957 6 6 65.59
1.6 c= -0.9120° +17. 580 +41. 45 0.774 0 10 126. 1
1.7 c= -2.2180" +48. 60w - 53. 35 0.658 3 11 212.9
4 1.3 c=-0.1590° +4.237w - 17.27 0.943 2 13 10. 94
#E 1 1.4 c=-0.212 90> +6. 7190 —27. 48 0.878 5 16 25.53
Calcareous 1.5 c= -0.8040° +19. 68w -36.5 0.962 7 12 83.93
purple 1.6 c=-0.5150" +10. 76w +46. 32 0.928 8 10 102. 4
soil 1.7 c= -1.1830% +27. 00w - 3. 325 0.921 1 11 150.5
rfpk 1.3 ¢c=-0.076w> +2.208w - 5.6 0.951 1 15 10. 42
E S 1.4 c=-0.0871w* +2.39%w - 3.92 0.983 9 14 12.56
Neutral 1.5 ¢=0.2630> -8.7530 +87.22 0.989 6 5 50. 03
purple 1.6 c= -0.160* +0.3520 +78. 05 0.968 0 5 75. 81
soil 1.7 c=-0.6280" +10. 3w +65. 1 0.967 2 8 107.3
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Table 3  Parameters of the regression model for soil cohesive force

T+ 1E2 A Soil type RMSE SSE R R? DC

H# 1 Yellow soil 9. 697 1974.8 0. 989 0.977 " 0.977 9
4 it %8 (%, + Calcareous purple soil 7.764 1265.8 0.985 0.971*" 0.971
tipE 48, 1 Neutral purple soil 6. 403 8 60.9 0.981 0.961** 0.961

R wx FoR 0,01 B 3E K (n=25) Note: =+ Represents statistical significance at 0. 01 (n =25)

R4 IMIEFRES c MEARBRY

Table 4 Coefficient of the regression model for soil cohesive force of the three types of soils

Z ¥ Parameter WL Yellow soil 5 Jii 4846, + Calcareous purple soil P 2845+ Neutral purple soil
P, -2 848 2.575 -70.11
P, 3789 -9.144 113.8
P, -1578 4.879 -50.20
P, 210.4 -0.807 6.597
Py 316.8 16. 08 50.29
P, -542.5 -19.30 -83.92
P, -0.156 0. 003 -0.071
Py 78. 67 -6.34 14.22
Py -306. 1 13. 48 -63.03
Py, 295.4 -9.587 63.25
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Table 5 Regression equation for internal frictional angle of the three types of soils

e FE 495 B2 ES T

Bulk density o(%) (%)

Soil type (gem) Regression equation Correlation coefficent
1.3 = -0.0030" - 1. 383w +42. 07 0.980 4 5 38.09
W 1.4 = -0.03630" —0.269 40 +34.38 0.990 2 5 32.13
Yellow 1.5 ©=—-0.057w? +0.087w +34. 52 0.999 6 5 33.54
soil 1.6 = -0.0580% +0. 094w +36. 6 0.999 5 5 35. 62
1.7 ©=-0.1010% +1.4550 +25.92 0.996 4 7 31.16
55 5 1.3 ©=0.0170> —1.971w +44.37 0.964 3 5 34.95
#5614 1.4 ¢=-0.013 o> -0.965 7w +37.76 0.987 5 5 32.61
Calcareous 1.5 @=-0.0790% +0. 829w +27. 92 0.999 0 5 30. 09
purple 1.6 = -0.0340% -0. 466w +36. 95 0.999 9 5 33.77
soil 1.7 o= -0.1010* +1.355w +26. 32 0.992 4 7 30. 86
g 1.3 @=-0.1130% +1. 575w +21. 67 0.997 3 7 27.16
50,14 1.4 @©=-0.050 90> +0.089 7w +29. 6 0.987 7 5 28.78
Neutral 1.5 ©=—-0.0830> +0. 745w +27.77 0.993 7 5 29.43
purple 1.6 ¢=-0.0620" +0.17w +31.75 0.990 2 5 31.05
soil 1.7 @ = -0.0940% +0.99w +28. 55 0.957 5 5 31.55
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Table 6 Parameters of the regression model for internal frictional angle

e m
RMSE SSE R R? DC
Soil type
W
1.392 40. 67 0.986 0.973** 0.973
Yellow soil
(i Sul
Calcareous 1.431 43.01 0.985 0.971*" 0.971

purple soil
kgt
Neutral 0. 687 9.903 0.997  0.994"" 0.9%4

purple soil

WP w28 0.01 B F/KF(n=25)Note: = * Represents

statistical significance at 0. 01(n =25)

x7T ARLTEEBNEZER o BIFRE RY
Table 7 Coefficient of the regression model for internal

frictional angle of the three types of soils

28 R P S R i
Parameter ~ Yellow soil Calcareous purple soil Neutral purple soil

P, 10. 12 6.271 57.96

P, -6.122 5. 667 -11.05

Py 0.701 -0.689 1.394
P, -0.037 0.027 -0.074
Ps 0.001 —-0.001 0.001
Pg 50. 16 10. 88 -6.939
P -15.18 -2.142 4. 821

HR A ) 2 A R RL, 7E 5 K 5% ~25% , 45
1.3 ~1.7 g em "KM AT R, B2 & K R
KR 1% , 5 E\E ALK H0.01 g em ™, 7E Matlab
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£ 7KZ Water content (%)
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Fig. 10 Response surface of the internal frictional angle ¢ of

yellow soil to p, and wHT]
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Fig. 11 Response surface of the internal frictional angle ¢ of

calcareous purple soil to p, and @
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Table 8 Shear strength parameters of the three types of

soils as affected by number of wetting and drying cycles

—— (EEIRYS FiR N WA @(°)
Times of ¢(kPa) Internal frictional
Soil type

alternation  Cohesive force angel
T 0 207. 8 38.6
Yellow 1 66.2 35.1
soil 2 20.3 30.5
3 15.6 30.5
4 10. 4 26. 8
5 6.5 24.6
5 51 0 165 27.7
£t 1 134.9 26. 1
Calcareous 2 32.4 24.9
purple 3 21.2 21.6
soil 4 15.5 21. 4
5 6.2 19.3
e 0 207.7 36.6
E g 1 91.4 36.2
Neutral 2 20.5 32.1
purple 3 12.6 31.2
soil 4 6.2 30.9
5 3.1 22.6

B — U T IR ARG BR 2258 IO T IR 2R N BEHE A o
{H IR R MR AR E /NI BE D/ e A S+ 3 R A
BT NEEE A @ WY IR RDRF (£ 10) , J5 7%
E/RER S IS

K9 TEBAREGTAALEXBFES c BFER
Table 9

Regression model for soil cohesive force ¢ of different

types of soils under wetting-drying alternation

L 115 7 p
Soil type Regression equation
W

¢=15.20n% —140. 1n +314.2 0.931 4**
Yellow soil

5 i 5% 8+

Calcareous purple soil

c=8.771n% -94. 64n +260.7 0.9355""

g L

Neutral purple soil

¢=14.71n* -=139.8n +322.9 0.9707**

WP o« o8 0.01 3K (n =25) Note: = * represents

statistical significance at 0. 01 (n =25)
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Table 10  Regression model for internal frictional angle ¢ of

different types of soils under wetting-drying alternation

ER 3. 5 e .
Soil type Regression equation
B

@ =0.1804n% —3.974n +42.19 0.971 6"*
Yellow soil

5 o g€ 4 1

Calcareous purple soil

©=0.0268n% —1.885n +29.69 0.969 5**

kg

@ = -0.4339n% +0.5575n +36.23  0.895 4**
Neutral purple soil

TR = £R 0.01 L #F K (n =25) Note: * = represents

statistical significance at 0. 01 (n =25)

3zt i

R U [ 55 R K = 3l 7 U0k 5, 40 B7 T K
S 75 T 28 AR I E DM X 3 b - B B B 4
PRSI, 7E BL L b R T TR AR IR A R R
PEHBIX 3 il - S8 0 5 0 S 4 3 25 8 L, 52 0 4 R
%‘%EU%:

D ZEARR A TR T3 H BRI c W%
Er K SN L SIS 9N B R, 7 R A
KFERFET, BB R S o A EH KM A, 3
Rl RSB A o (A AT S TR &k R
S EN AT WGP <E A

2) SAKEMAERNL TN RS o A%
B ER I e FE 1.3 ~ 1.7 g em YL N B E A
s, L — PR EH — kKRG
YR, TE X — AL HEAER TR R ¢ 53R K,
B K R A T ) 2 TAE X N BE A o B R AR X
BN R —RE T, o 225 AR K, A T K
SR, MR T B, K X R A o 1 B IR
EHRE,

3) AT T E R T Ry ¢ BN R
1 @ FIERIC R, B B AN R LR T e
WEEHE M @ BER T M6+, 3 f KR
BHEE T {FH BE T I A6 B U0 B0 G 0 2 5L
B, FLAT PR AB IR ¢ 8000 AR O, A =k T
V&R 245 1 TR AR R B 38 7 ¢ [ 8 IR 135 AR /DN
TR E B T R B 4% RS ) B R
KFAFREE L, PiH R ThrEset .

4)3 F b A LR THRAG IR S I EEHE A @ AadAk

SN BN ] b e R (A7 A 25 S o B LK
Va4 R i, BHE P BE 5 1 9 24. 6°, D d ok, Lk
kSR, N EE B O 22, 6° B IR 0 1
TR T TR PR 25 5 A EE 5 A dme /N, R 19,32

& % x #

[ 1] BEoth. b E 4 B8 i B R s . Rl TR 24,2002,
18(1) :1—5. Lu X S. General strategy of land consolidation in
China(In Chinese). Transactions of the CSAE,2002,18 (1) :
1—5

(2] ®OLHE, AR, RE%, % E B 5 b & T 52k
I S0 5. 34,2006 ,43 (4) :662—672. Zhao Q
G,Zhou S L,Wu S H,et al. Cultivated land resource and strate-
gies for its sustainable utilazation and protection in China(In Chi-
nese). Acta Pedologica Sinica,2006,43(4) :662—672

[3 ] MRJUIR,ZE98F, BRI e, 55, T AHP AR AL AL X 48 1
Hb T K e 38V T . Rl TR 2 iR, 2009, 25 (5) 1 202—
209. Ni J P,Li P,Wei C F,et al. Potentialities evaluation of re-
gional land consolidation based on AHP and entropy weight meth-
od(In Chinese). Transactions of the CSAE,2009,25(5) :202—
209

[4] EEFE,BPER, EmAE, 5. XUk iR 85 o 4 & H
B BESE. AR AR ,2006,21(3) :369—374. Wang Y
L,Zhao G X, Wang R Y, et al. Quality evaluation for regional
farmland consolidation and spatio-temporal collocation ( In Chi-
nese). Journal of Natural Resource,2006,21(3) :369—374

[5] GBULIR, =MW, B0, 5. LIS KSR 2 M kAR 2
W HEPTBT SR B AR K L R F A2 iR, 2009,23 (6) 48—
50. Ni J P,Gao M,Wei C F,et al. Effects of soil water content
on soil shearing strength to sifferent soil layer of shallow landslide
(In Chinese). Journal of Soil and Water Conservation,2009,23
(6) :48—50

[6] BRLLR L5, M3, 5. TR KRS 1 JEn x4
PUOT 5 L BRI . Al T R4 ,2007,23(2) :21—25. Chen
H X,Li F H,Hao S L,et al. Effects of soil water content and soil
sodicity on soil shearing strength (In Chinese). Transactions of
the CSAE,2007,23(2) :21—25

[ 7] PefectE,Mchaughlin N B,Kay B D,et al. An improved equation
for the soil water retention curve. Water Resources Research,
1996,32.281—287

[ 8] PRI, ER . (A AR A0 LT Ry £ 5059 38 B2 0 X L.
B4 T2, 2006,28 (11):1932—1935. Sun S L, Wang L
F. Comparison of shear strength between saturated and unsaturat-
ed sandy silt(In Chinese). Chinese Journal of Geotechnical En-
gineering ,2006,28(11) :1932—1935

(9] W5 i, x5e, 55, URml s B0 08 FT R 40000 1+ $e 57 98 B8
PRI BFSE. vk )1 42 ,2008,30(6) :1013—1017. Feng Y,
He J X, Liu L, et al. Experimental study of the shear strength
sharacteristics of fine-grained soil under freezing and thawing cy-
cles(In Chinese). Journal of Glaciology and Geocryology,2008,
30(6):1013—1017



40 S 50 %

[10] Ex=fp, EEN, RIS TR = WARE LA 25 [17] ldRAe  BUCSCiT. JE T 58005 507k 19 A8 18] O IR 4% 10 T A ol A 4
I EE A T T M AR A R . Ok TR 24 4, 2006, 22 B A3 W RE S Al TR A 4R, 2012,28 (1) : 161—166.
(3):40—45. Wang Y Q,Wang Y J,Zhang H J, et al. Impacts Liu Z H,Zhao Y S. Retrieval of plant and soil component temper-
of soil structure on shear-resistantance of soil under different land ature under different light conditions based on genetic algorithm
uses in Jinyun Mountain of Chongqing City (In Chinese). Trans- (In Chinese ). Transactions of the CSAE, 2012, 28 (1):
actions of the CSAE,2006,22(3) :40—45 161—166

(1] T, H 5, P dEE, 4. Ik & — R 3 2 %o [18] WM&, 20l k. T8 DP 503k m B IR e )y i s
REAE AL, o7 LAl 5 TR BL 2 2 41,2008, 16 (6) :840—845. BHLE/ME AT . R TR S 5, 2011,31(2) .
Wang W,Lu Y H,Tao F F,et al. Three-parameter model for ex- 276—282. Liu C F,Li K, Yang S L. Scheduling of unrelated
pansive deformation process of expansive soil(In Chinese). Jour- machines to minimize costs with precedence constraints based on
nal of Basic Science and Engneering,2008,16(6) :840—845 amended DP algorithm(In Chinese). Systems Engineering-Theo-

[12] Cokca E, Erol O, Armangil F. Effects of compaction moisture ry and Practice,2011,31(2) :276—282
content on the shear strength of an unsaturatedclay. Geotechnical [19]  FEEW,BKAE, INGERRE 4. SE TR 88 it 2 0 8 I e TS
and Geological Engineering,2004 ,22.:285—297 Ye -4 Cu Pb LR (H. 3 #4R,2011,48 (2) :246—254.

(131 XU, B2 4G, w0 A WWURORDRE B X 57 B35 19 5% o 1) 38 36 7 5 - Wang Z G,Zhao Y C,Sun W X, et al. Defining Cu and Pb geo-
B TR 2011,33(2):287—290. Liu Y,Xia T D. Ex- chemical baselines for soils high in pollution risk with robust sta-
perimental study on influence of particle roughness on shear wave tistics (In Chinese ). Acta Pedologica Sinica,2011,48 (2):
velocity of sand (In Chinese). Chinese Journal of Geotechnical 246—254
Engineering,2011,33(2) :287—290 [20]  XUHay, | 364, 17 i, 55, Green-Ampt 82 #8 S Hf (L & 5 L&

[14]  E1% K. kot [ V0 Al 2 R i Hb 3K 4 28 % HWRSHMOC R, Rl TR R ,2012,28 (1) : 106—110.
Al T #2447 ,2012,28(2) :95—99. Wang B T, Zhang Z Z. Liu S S,Bai M J,Xu D,et al. Parameters simplification of Green-
Inhibiting water evaporation of ground surface by clay-based sand- Ampt infiltration models and relationships between infiltration and
fixing and grass-planting materials (In Chinese ). Transactions of soil physical parameters ( In Chinese ). Transactions of the
the CSAE,2012,28(2) :95—99 CSAE,2012,28(1) :106—110

[15]  E#F 58, BT . /K ST 8 S 500 Ak 1 8t 4% 53 7k S B [21] 50 BTk, BRRR. PO X 58 60 - A (e 4 i 1 I
Fegz= il S 80 B SRR F 24 ,2005,26 (3) :61—65. Wang | S AT SE. 74k ,2012,49(2) :212—219. Zhao
P,Cheng S T, Jia H F. Parameter optimization of water quality J B,He X B,Shao T J. Material composition and microstructure
model ; Implementation of genetic algorithm and its control param- of purple soil and purple mudstone in Chongqing area ( In Chi-
eters analys( In Chinese). Environmental Science,2005,26(3) . nese). Acta Pedologica Sinica,2012,49(2) :212—219
61—65 [22]  skiibsc, B, XV, 5. b 2 W 00 07 2k Ak K

[16] dylbe BURTH, BRI R, JE T 3t% - IR W0R & 5k 10 25k WP T4 ,2011,27 (1) :332—339. Zhang S W, Wang S T,

B[] 2% 2 . AL T#2 ,2011,37(11) :220—222. ShiH Y,
He Q H,Wei X H. Time difference of arrival localization based
on genetic-quasi-Newton hybrid algorithm ( In Chinese). Comput-
er Engineering,2011,37(11) :220—222

Liu N, et al. Comparison of spatial prediction method for soil tex-
ture ( In Chinese ). Transactions of the CSAE,2011,27 (1):
332—339

DYNAMICS OF SOIL SHEARING STRENGTH OF THREE TYPES OF SOILS UNDER
WETTING-DRYING ALTERNATION IN CHONGQING AREA

Abstract

Ni Jiupai

Gao Ming Wei Chaofu

Xie Deti’

( College of Resources and Environment ,Key Laboratory of Eco-environments in Three Gorges Reservoir Region

( Ministry of Education) , Southwest University, ,Chongging 400715 , China)

By means of triaxial shearing test in laboratory, effect of the interaction of soil water content and bulk

density on soil shearing strength in yellow soil, calcareous purple soil and neutral purple soil was explored. The three

types of soils are extensively distributed in the hilly regions of Chongqging. Dynamics of the soil shearing strengths of the

three types of soils under wetting-drying alternation were analyzed, using soil samples adjusted to be optimal in soil water

content and bulk density specific of the three soils, separately, based on the analysis of effect of soil water content and

bulk density on soil shearing strength. Results show that the soil cohesive force first increased and then decreased with the
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increasing soil water content in all the three soils unchanged in soil bulk density, and it increased with the increasing soil
bulk density in the soils the same in soil water content. Internal frictional angle decreased significantly with the increasing
soil water content in all the three soils, regardless of bulk density. The interaction of soil water content and bulk density
affected soil cohesive force significantly, which increased with increasing soil bulk density in the range of 1.3 ~1.7 g
em ~’, and would peak when bulk density interacted with a matching soil water content. The interaction did not have much
effect on internal frictional angle, which did not vary much when bulk density remained the same, but increased gradually
with increasing soil bulk density. In all the three soils, soil cohesive force decreased with increasing number of wetting-dr-
ying alternations, and it dropped sharply in the first 2 cycles of wetting and drying and very slowly during the following
three cycles, and then leveled off. Internal frictional angle as a whole decreased with increasing number of wetting-drying
alternations in all the three soils, however, differences were found between the soils different in soil type. The angle was
24.6°, 22.6° and 19. 3° in yellow soil, neutral purple soil and calcareous purple soil, respectively after the fifth cycle of
wetting-drying alternation.

Key words Soil water content;Soil bulk density;Soil shearing strength ; Wetting-drying alternation
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