5557 % 430 + o W) Vol. 57, No.3
2020 4E 5 ACTA PEDOLOGICA SINICA May, 2020

DOI: 10.11766/trxb201903230072

B BRI, MREA, EOST, R, BN, BIET, RN, EACKIT R BAER A B K R R R R[], SR, 2020,
57 (3): 600-609.

ZHANG Zhi, CHEN lJie, LIN Jinshi, JIANG Fangshi, GE Hongli, LIAN Binbin, LI Zaoyu, HUANG Yanhe. Effect of Water Content on
Swell-Shrink Characteristics of Collapsed Granite Soil in Anxi County[J]. Acta Pedologica Sinica, 2020, 57 (3): 600-609.

BKEMNRRBEEN G R TR

= N ) N > N
T &, K O, KEE, BFT, BN, EuW, RuEx, g4
(fRERMR A IR 524 B, @0 350002 )

O R ORI SR KRR RUR R B R 2 — . BERT R LSS0 b e AR R AR I, PR b Ak
PR SRR B R A RS2 DU A BE AR 1 DGR I R 2 — o ASBIFFE L2438 EL RN /i i e AR 0P 42, S st 2 P JEfar B ik
RN RIS, WA RIEREE &K S0t AR R IR AR RE b A5 . S5 5R0H . ASIR] )2 M TR ik B B bh &
IKRIE RTINS R MIA I o WILG S /KR R R 2K A K 2 (B A AE 6 T B R EOE e &R, £ 12
A FHAFRI [H  RI  Fk A : d=ae ™" +e , R*>0.96; WG & /K35 B REAR ] 22 R - SR M0 4 2R 22 ] WU 471 25 1
BB R, & L EA PRI B R AT R IE N dg=ae P +c, R*>0.96. Xt TRl—1)2, BAKAYAS bR
KPR AR . HCBORE L2 R RIS A IR R B, 21+ AR R R, 404 )2 2.58%F11 3.33%,
BRI 20 3.61%F1 4.67%. XA AT 30 14 TR KA IR G PI B Je  i A™ A AR I 5 R A BEHR SR, 350 T I AR
B SR Rt 7 35 L R R A i i AR AILBRA T 38 S

KR LR WIIREKER,; MR, Skl R

RESHES: S157.1 MERE: A

Effect of Water Content on Swell-Shrink Characteristics of Collapsed Granite
Soil in Anxi County

ZHANG Zhi, CHEN Jie, LIN Jinshi, JIANG Fangshi, GE Hongli, LIAN Binbin, LI Zaoyu, HUANG Yanhe'

(College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract:  Objective  Change in soil moisture of a collapsed wall is one of the main factors leading to occurrence and
development of collapse therein. Rainfall can cause unstability and eventually collapse of the wall. During this process, the
swell-shrink characteristics of the solum as affected by soil water content play an important role in mound collapsing. In the past,
studies paid most attention to effect of water content on the swelling-shrinkage characteristics only in a single soil layer.

Method  With the collapsing mounds or walls typical of Anxi County of Fujian as object, effect of water content on the
swell-shrink characteristics of a solum or a mound relative to soil layer was studied via indoor tests on no-loading expansion rate

and linear shrinkage rate. ~ Result  Results show that no-loading expansion rate of the soil, regardless of layer, decreased with
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increasing initial water content, while linear shrinkage rate was in a reverse trend. Initial water content exhibited an obvious
exponential decreasing relationship with soil unloading expansion rate in all soil layers and the relationship could be fitted with a
regression equation of de=ae""+c with R*>0.96. But initial water content did have a significant exponential increasing
relationship with linear shrinkage rate of the soil, regardless of soil layer, and the relationship could be fitted with a regression
equation of dy=ae®+c with R>>0.96 in all soil layers. So initial water content had a good exponential relationship with
no-loading expansion rate and linear shrinkage rate. In the same soil layer, the expansion varied more greatly than the shrinkage
did in extent. Comparison between soil layers in extent of the variation of expansion and shrinkage rates shows that the red soil
layer was 2.58% and 3.33% higher than the sandy soil layer, and 3.61% and 4.67% higher than the detritus soil layer, respectively.

Conclusion

These irreversible phenomena of swelling-shrinking might be the main cause to form cracks in the solum, which

then eventually lead to soil collapse. This work is of certain important significance to understanding the causes and mechanism of

collapsing of mounds.

Key words: Granite collapse; Initial water content; No-loading expansion rate; Linear shrinkage rate
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Table 1 Information of sampling layers

+ )2 T RJE Depth + 2 HHE
Soil layers Serial number /m The characteristics of soil layers
A= Al 0~0.3 TIEBENNIRME R 6, FbRiE, 2RI, DRSS, 2HhKA
Red soil A2 0.3~0.6 M B, HUBRL A 3 & b, B — 2t FEM A AR & 53 A Horh
A3 0.6~0.9
R Ad 0.9~2.0 T O EERRAGAKAG, FZ—RBERET; HRLRERS L, &8
Sandy soil A5 2.0~3.1 LEN PR
A6 3.1~4.1
s )= A7 4.1~49 TIEGEEIKA G, LR, &6 KEARD, AEaXR s
Detritus soil A8 4.9~57 WEEE, AR T AL R A I SRR S5
A9 5.7~6.6
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Table 2 Physical and chemical properties of the tested soil

ETRe il YARR WBR CEC WK ZHAY Particle size composition/%
Bulk density
Serial number Plastic limit Liquid limit ~ / (cmol'kg™)
/ (grem™) 0.05~2 mm 0.002~0.05 mm <0.002 mm
Al 1.38 32.88 76.83 28.57 69.16 17.64 4.56
A2 1.32 36.85 70.24 28.53 55.57 34.18 6.61
A3 1.29 36.10 78.08 33.27 42.95 47.95 8.23
A4 1.31 30.78 41.55 4.77 58.20 19.35 2.56
AS 1.30 29.58 47.59 3.54 56.48 22.27 2.26
A6 1.33 29.32 47.44 3.26 57.17 24.55 2.52
A7 1.55 27.98 42.66 2.55 64.53 21.23 1.49
A8 1.39 32.89 43.52 2.71 65.85 20.10 1.48
A9 1.43 29.65 45.87 2.83 61.33 21.40 1.99
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Fig. 2 Temporal variation curve of no-loading expansion rate with initial water content
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Fig. 3 Fitting relationship between initial water content and no-loading expansion rate relative to soil layer
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Fig. 4 Temporal variation curve of linear shrinkage rate with initial water content
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Fig. 5 Fitting relationship between initial water content and linear shrinkage rate relative to soil layer
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AN, AR A — X AR
RS LI A0 I o DTSR M2 M o 7y 2 e 4 e 7
e m] R, BRI th Ze Al i th e 4K B A
A —E BRI, (HR LR A R 2 i AR I AN —
QORI BULUPOR S o= 8 @ W 7 SUR EibpUBUR
WA AR, B AR 25 U it 2 O RO XS R

2. I 6 BRI, LR, WHEMEEE
It X 7 9 A B 5 7K SRS A BRI 0 X B il e 2 SR A
HAZSCIRTI AR DX AR, 3 B 5 S BB
K S — DA R R R . S — AT, AR
WY Uh K FRARAIE FIN 2D 2 B KK 4 25
6.11%, FARIKF N ERRWLHRE 2.10 £5; B+

http://pedologica.issas.ac.cn



608 + S

e 57 %

JE I KM 22 0 6.07%, e KK 25y S5 KU
REY 3.64 75 BEEZ MR RIKAT 220 6.42%, ek
T M e R 0 7.55 5. etk mluil], g
AN g A R A, [ R [ AR AR
{Lgib]e

3 45 i

AR 6 10 1o = P TG R AN 4 R AR
Xt 22 1% B b DX BE AR KRR PEREREAT BE ST, BUA
b RE RN M A 4 e R AT ] R BRI, 1
AR B 73 R LR G Be- A T 218 B B -
P AR E B A AR R . AR R B TG AT R
ik A Bt B 5 K A HE T/, 2 PR WA A< AR
Bo WG KR 5 TO A R K A LA W A R 2 [ 2
HAT RUFHRBOC R, Hhoiih &K R 15 i BEA )
JEUR L HETC A R I 3R 22 (6] A7 A 3 W) A ) 435 S0 s 5%
F o AR AT AR R IO AR Al RPN 4 R Y
R ML LERKR, BL2RZ, BEERDN, B
WIBEHR )2 IR BE A0 R, BE (A ik 4 1 BE 2
WA o 3 A T 3 0 JH A4 R R e O ™ A B
ET 5 36 i BE P33 1) SR o A L B A Ay o
g, T R BIE G KA SRR R B R
SCN— M E 7R 1A b AR i A e, R
S BAE MHER 1455 BRI B
I A A R A A SN R R A — 2
FE B A A R

S %3 Hk ( References )

[ 1] WuFQ, Zhang H J. Soil erosion[M]. Beijing: Science
Press, 2012: 107—111. [Z%& )5, R, £HE M
M]. dbt: BRegHARsE, 2012: 107—111.]

LinJ S, Zhu G L, Wei J, et al. Mulching effects on
erosion from steep slopes and sediment particle size
distributions of gully colluvial deposits[J]. Catena, 2018,
160: 57—67.

Jiang F S,Chen P J,Huang Y H, et al. Experimental study
on erosion hydrodynamic characteristics of concentrated
flow on soil-rock mixed colluvial deposit slopes[J].
Journal of Soil and Water Conservation, 2017, 31 (6):
8—14, 99. [FJ5ThH, BRERVY, HAM, & EdUki
T AR A A AR AR B AR kK Bl ) R AR SR AT 5 (0],
KA, 2017, 31 (6): 8—14, 99.]

Wu Z F, Deng N R, WangJ Z. Erosion geomorphology

and process in avalanching hill areas[J]. Soil and Water

[5]

[ 6]

[ 8]

[9]

[ 10 ]

[ 12 ]

[ 13 ]

Conservation in China, 1999 (4): 10—12. [R&,
wasR, FEARNE. b 2 s SR ] EK
TR, 1999 (4); 10—12.]

Zhou H Y, Li H X, Ye Q, et al. Simulation of
morphological development of soil cracks in the
collapsing hill region of Southern China[J]. Research of
Soil and Water Conservation Research, 2016, 23 (1):
338—342. [M4L L, &MEEE, Mhar, 5. BRI 3
i RE R & B AR R B[], K R AR TR,
2016, 23 (1): 338—342.]

Xia D. Research on stability of collapsing gully wall in
granite region of South China[D]. Wuhan: Huazhong
Agricultural University, 2015. [ Hk. #7716 X 7 X i
< i BERSUE PERTSE[D]. sl bRk, 2015.]
Nowamooz H, Mrad M, Abdallah A, et al. Experimental
and numerical studies of the hydromechanical behaviour
of a natural unsaturated swelling soil[J]. Canadian
Geotechnical Journal, 2009, 46 (4): 393—410.
Tripathy S, Subba Rao K S. Cyclic swell-shrink
behaviour of a compacted expansive soil[J]. Geotechnical
and Geological Engineering, 2009, 27 (1): 89—103.
Schiffer B, Schulin R, Boivin P. Shrinkage properties of
different uniaxial

repacked soil at states  of

compression[J]. Soil Science
Journal, 2013, 77 (6): 1930—1943.

Wang X L. Research on strength characteristics and

Society of America

constitutive relationship of strongly expansive soft-rock
in Yanji basin[D].
Geosciences, 2011, [ T35, FiE 7 20 Hh 5 I ik 708 o
R R ICAR R AW SCD]. dbat: hEM R (b
), 2011.]

LiuYY, SuYH, Cong WM, etal. Influence of initial

water content on swelling characteristics of bentonite[J].

Beijing : China University of

Journal of Henan University of Science and Technology
( Natural Science ), 2017, 38 (5): 51—54, 59, 6. [Xl
TR, s, WILR, S5, WA & /K0 i LK
FEPE B MR (D). TR RO AR C BARBE R,
2017, 38 (5): 51—54, 59, 6.]

Huang C Q, Shao M A. Experimental study on soil
expansion and shrinkage characteristics during dry and
wet alternation[J]. Chinese Journal of Soil Science,
2008, 39 (6): 1243—1247. [#fE%:, HAWIZ. THBAC
B AR R K SRR B SRR PF Y (], AR,
2008, 39 (6): 1243—1247.]

Zhang L J, Wu X, Zhang Y G, et al. Analysis of
expansion characteristics of undisturbed expansive soil
under no-load conditions[J]. Hydrogeology and
Engineering Geology, 2015, 42 (4): 96—100. [5Ki%
A, o, sROMERE, S5 JOm AR R RUIRIE K R Ak R
HEAATI]. AKSCHUE TR, 2015, 42(4): 96—100.]
Rao X B, Huang B, WuY G, etal. Experimental study

of expansion characteristics of compacted expansive

http://pedologica.issas.ac.cn



3 1 TR KRN B ELAE R S i b A A R R ) 609
soil[J]. Engineering Journal of Wuhan University, 2011, o, + 2R M. dbat: R E KRR E S AR,
44 (2): 211—215. [FBHE, HEk, R=Nl, %. B 2012.]
iﬂ}ﬂ;#ﬂéﬁﬁ{ﬁ%ﬁﬁ%ﬁ}ﬁ[]]_ BB K2 2R 4R ( I% [ 21 ] ZenglJ, WenCP, BaiYY, etal. Experimental study of
FZ), 2011, 44 (2): 211—215.] impact of initial dry density and water content on free

[ 15 ] Allam M M, Sridharan. Effects of wetting and drying on swell ratio of expansive soil[J]. Journal of Road
shear strength[J]. Journal of Geotechnical Engineering, Construction Machinery and Construction, 2017, 34( 2 ):
1981, 107 (4): 421—438. 80—84. [BIAMH, XA, FIHM, 5. WA THE.

[ 16 1 Al-Homond A'S, Basma A A, Husein Malkawi A1, et al. B K R T I I S M R (0], UL 506 T AL
Cyclic swelling behavior of clays[J]. Journal of WAk, 2017, 34 (2): 80—84.]

Geotechnical Engineering, 1995, 121 (7): 562—565. [ 22 ] ChenJL, ZhouM, LinJ S, etal. Comparison of soil

[ 17 ] Robert W Day. Swell-shrink behavior of compacted physicochemical properties and mineralogical
clay[J]. Journal of Geotechnical Engineering, 1994, 120 compositions between noncollapsible soils and collapsed
(3): 618—623. gullies[J]. Geoderma, 2018, 317: 56—66.

[ 18 ] LiXM, Wang Y H, Xiao H B, et al. Contrastive study on [ 23 ] Fan B X, Huang Y, Sun S J, et al. Study on cyclic
the characteristic of shrink-swell speed for compacted swell-shrink characteristics of Yunnan laterite [J].
expansive soil [J]. Journal of the China Railway Society, Journal of Soil and Water Conservation, 2018, 32(2):
2003, 25 (2): 115—120. [Z=HRER, LK, HEH, 120—127. [FEAYE, #3%, IR, 5. mia b
G, i SN M Mk 4 R AR A X L[], R TR AR R T (9], K LR F522 40, 2018, 32(2):
i, 2003, 25 (2): 115—120.] 120—127.]

[ 19 ] Wang XE, Tan X H, Xin Z Y, et al. Experimental study on [ 24 ] ZhangL1J, GuoY C, Dai C, et al. Experimental study on
shrinkage properties of expansive soils[J]. Chinese Journal the effect of water content on the expansion and
of Geotechnical Engineering, 2015, 37 (S2): 107—114. contraction performance of expansive soil[C]/
[EGER, EHReE, Eis, S5 WK it Bl Proceedings of the Ninth National Engineering Geology
W], A TRREE, 2015, 37 (S2): 107—114.] Conference, 2012. [, ik, VB, & &K

[ 20 ] HouLQ, LiJH. Soil mechanics testfM]. Beijing: China BT I RK 4 Bk g v BB R i IR G IF ST [CT /48 LR A2
Water Resources and Hydropower Press, 2012. [, TR RS SC4E, 2012.]

(RERE: FHL)

http://pedologica.issas.ac.cn



