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Effects of pore water surface tension and contact angle on dry-shrinkage
cracking of expansive soils
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Abstract: The surface tensions of water, alcoholic solution and suds (surfactant) are measured by using the pendent drop
method, and then their values are compared. The contact angle of soil samples is measured by means of the sessile drop method,
and the samples are mixed with octadecylamine. Based on the results, the tests on dry-shrinkage cracking are conducted on
expansive soil samples with different pore water surface tensions and contact angles. The results indicate that the surface
tension and contact angle have a major impact on the dry-shrinkage cracking of expansive soils. The soil samples with a less
surface tension have a less final crack ratio. In the phase of cracking development, the samples with a lower surface tension
have a higher crack ratio during the same amount of drying time. Increasing the contact angle of soil particles and pore water
can hold back the dry-shrinkage cracking in expansive soils. For the soil samples during the same drying time, a larger contact
angle will cause a smaller crack ratio. Both decreasing the surface tension and increasing the contact angle lead to the increase
of the radius of curvature in pore fluid, and the matric suction thus decreases. Meniscus may become convex because of the
larger contact angle, and the matric suction will disappear in this situation.
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Fig. 3 Contact angles of soil measured by sessile drop method
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different surface tensions

50 T
i, WHE WK

0 s 10 :Ilﬂsrjﬂﬂ-ll:o 25 30 35
& 6 T [E)4ht At & 7k SR RERT (B) 25 (L phZk
Fig. 6 Variation of water content with time in soil samples with
different contact angles
2.2 HBLRUIESN
B 7 451 1 5 AMBRELE LIRS SRR 0 R UL 4 T
MG WEPAT A, SRS L T A FERE
JERUSAZRR, &R R I R R A 2 35 BT KBUH
ARIRUAE : 3 %R T— i, EREIERIE % T 3

ANERGY, S1FERT SZ2 FEIZRATE, WKL,
HARHREREAYE, RV PR K
—% R, EREKELETSCREITERE, &
SR TR IE K 3 265K, S1 FEA SZ1
FEADCHEL 7208, AR BUREATAN A 1A X 3t 05 3t B
THIRRE, WAL T ARG, HARuA Il 7
AFREE RS, (HIFAE,

ANFFEIARE IR, 20 R B Il T2
KR BEAT BB AR EE, i 8 o, Sexd RAERIRIIZIK
T AR R GET T, BB AR R
HE ARG T R EL, RENEREIGET

AUTOCAD HHGRFES 4a A A R, i e it
L ARRE (U 4 T 2L 2L s 1O,

_ (So _St)+Sf

5=—ﬁ§—— (2)
R NIRHETTFRZEE (%) 5 So NIRFERIEATH

s SONBLIRI R ¢ 0 FE AR, S ik R T
S AR

B 7 s dm T RER

Fig. 7 Photos of final shrinkage-cracking of soil samples

(b) ZfEHHE () REWME
E 8 RIREGAIELIZ
Fig. 8 Image processing of cracks

K 9 AN [FIFR T 5K 0 T AR A T 2R R T B IS
AR FR ik, BT AT LA Y, Hedce iR
RIEFEAR T 3B 88— BOy R 4 T2 s
ARBTBL BRI IR 2R RIK,  RERIK D T E
N AR A FLBEK, B B AR B 7 A2



9 1

B Hn, SF SRR IS8l AR 4T 252 1 B i 7T 1649

IR B BONIART 2O R R B, B B
B R N S S Rt i N e = S N
TR e B, A il 2 R R i TR 38, i
FFHAB AR TE R AL . SZ2 Bt NI
FERLRE e B B, e i (US4 T 4 4 R N 6.7%, SZ1
PSR ENIZE T AR M B, FE IR A T 2L
FER 7.9%, S1 Ak AW 248 e B B s [a] i £
TB 2, AR R AR T RZLRE N 10.3%.
IREAR, FLBURARSRTH K T8 /NERRE, IR AR 2R
G RZLRR RN, (EAE AR R T 2B R R B, M
[ 1 MO VT ], FLBER K R TR 7 /0N R AaRE S U 4 4
ZARREA T RER TR 5K BRI L FE

12

—=—S1
-0—-SZ1
r ——SZ2

Wi T 4B BE 6/%

1 1 1 1 1
15 20 25 30 35
i 1)/

B 9 FREIRE K AU LE T R R R E R (8] L R 2k

Fig. 9 Variation of crack ratio with time in soil samples with

different surface tensions

Bl 10 AN [l Fe il A ORI A T 2R SR i 1)
AR R, B AR S, TR R 3
MBI A KA, BB A A,
BRI — B, B T 2 BE R B I )k,
R D RO M 8 ), i B0 RS PR A5 5o 82 P WAL
RRGER N . WIS AU, ST AR SJ2 R R
s FFAZLRRIE S BN 5.2% 0 4.3%, & FT A IRFE
e i T 2R IGURE B /NI A, HL b A B R ST2
PR B Wi T 23R T 3L LG ST R/l e i)
T 3R UL 55 AL RS/ TA] PR Ak A PT DAAR G P40 1)
AR

12
—-S1
—e—SJ1
10 —a-SJ2

W B 61%

i [ 1 |
0 5 10 15 20 25 30 35
I}l /h

[ 10 [l A i A U 4 7T 3R B BE FiB R 8] 28 (L 2%
Fig. 10 Variation of crack ratio with time in soil samples with

different contact angles

3 iF i
3.1 fEMATRER IR RS IR

ki

MR RGN TR gk /7 8k
L5 L B /K I P e 0T DA B K - 1 T4
FFZL, SRTT, S £ B L i T S 48 2%
) R AF TN LUK R /7. 45401 11 (ks
TR A0 B TR ML ER AT 047

4 - 1] R RN Ot T JEL R - o i
KEFRES, HIEREB S o N

@=7{%+i} o (3)
Xy NIRRT TR S, r A ey AT — XA B
HE LI I A th 2y h 2R, MR
O TEAR NN HAE A “h”, k2 “IE”. "o N
“IE” BERRE], N “” BERRHEFR. RS
M L5, BB AR TE, A afi.
KRR N TR T TR, @ s s L ARE AN
SEAEAKMEARL,  BIFLRK S ok e f oA 0,
RIS 7R AR AL TSR BT R R A A 2 LR /NI, X
P& DL T AR R TR IE, BP: JEMR - p R A7
TEFLBUKIE ). R, BfiliK)E, 2R
RATREE “IE” A8 “ 47, AR LR B R
KPE, B ARAEE RN ) S /KRN AR S
JRAKMERER, B S KERMIER, LRI FRRMEA T
BERt 2 P,

Y r=r=r B, B E Y R e e A b g ALBR
O R AR AN A= A R B IR S )5 BT S 25 4 T
(O I —A, K, A HEERS, BPE
2K —HFKEL—HFK, M 3) BN
2

p=r— (4)
E R T H R 23 R (i K e b s iy, LBl A
WEENEEE R 0P, BRI U6 Ja A A R AL R
IKFFUGZE R, e fLBE b B S VR, 25 5 R 0 (R Lk
P, FERERWOIER NG R E . MG A
TR I FLBSER SRR 2, Lk (1 2 5 ) AT K
0 A |1 e S D ) P S R W A [l S ER e 2P
WK, TEZW_ERIUN TARTFRE; A L 0k [a] [ B
BAFXTR AN, TEZE W R R BN R AE, R —
B RFEE B AR 1 FLRSK SO R K, st
(3) AJ %A, ST E T 25 R HH A 6 O 7 YA
Hh2k, 3R FRAR,  (EAH . BTk o 7385 e,
TARR YIRS, iR AE TR E



1650 H O+ T OB % M

2017 4¢

g AR LK R T Ak ) (i 11 G B
) A AR R, il (3D A (4
IRy Wb, e BER, FERRT @ e BEZ AN,
Hoy 8N, o v, BRI A ) de 2 e T SRR
& SZ2 /N, SZ1 k2, S1 K. HR Lk 5L
JK TR i A PT DA K R F) il A2, B
RO HT AR Y, B AR R R R R O (B T
(a)). WWEIT, Ml KT 90° /K, /I
T90° DS, SR A JURE Y 30 A IR F) 4 Ak £ A0 AT
LINT 907, HAB /KSR AR Rk PR &, 24
BRI —EH, FRMESHRE, H—)
i, SRR K PR MBI IR . T3 A5 2
FH R K LR e BRI AR R, T
AR, — 7> Uk [A] L 22 ey T o Y B
SEEEFRSTE R (X3 MK (4D, HEAEK,
[T T ) T 28 AR, e B R T R 2
FE SR SR /N BRI e e SR B AR B A T 2R R
SRS S S Ui

& 2 FLEGAK i
EMAE A B -+ 2K Lk
) | imq\ ) {

i Feili ok
. LBk SR
Usakisi h " U Tab N

ﬂH ) H - )

(a) (b) (e)

11 ARIRENRDSEMANESERREE

Fig. 11 Diagrammatic drawing of capillary effect with different
surface tensions and contact angles

3.2 MIEERSBAK Y

S B TR AT DA I A [R5 O 2K 23R4T 2
Pk, FERZAK 1 AR ARD . B SR LR T BRI 5
oA T AR P FLRR S AL, 38K T LR K S VR
AR, PN TR, BRI AR L AT
FORFEREAR, RRTNEIR B B, ES S ERK,
skZ S NE N B I LT R, AR
SE G MK L (K B 5 LU 20%. PR PR A5 EY
WE A AR LB N e R AT e R, Wl
W€ IR AEB AN 15%. F34h—FrH I 2 RIEZIK
LI R AR R IS RS 2, kg
PR 5 DA RH B 73R E PR O T, SRS TR RE LA
BRI BT R 2 SR A R . — et OL T 23R
[P R =N b P 1 R R e TR 5 - QU el 1
RN, LA I AT A Skl ) H ORI T, T
7RI D) 5t 125 2 T 52 5 [ HE ) A E UK R AR AR 5K

1PN Nt VASEIN SV NI DS G 75 Qe i
TFRMVERT AR 2] 1o . Al bR A £
TR A /b8 e oKGR [T K 31 48 K PO fi £ 1) 2%

B A R TR T AN
4 % 1

(1) AR RIKAEAE A B2 AR B
AR BARGE R B, XA BOFA 2 RO FLIR
KT 5K 77 B He A 1 (1 SR T R A AR o /ML K
RITKIIFEARENE A& HBLAT UGB TR 1, 1
B8R UG 7 55 S0 W] P42 frk A7 JU 7T DS A = A H B
HIURZ IR AT 8] o

(2) FLB/RFR MK SR IEZAK 1 T4 F A
SN o ZRITK DB, R 2 i TR R
N, (EAE AR T R RS R B B, AR 1 BRI ],
FLBR /KR 5K 77/ AR i FLUSe 6 T 2R AT T i
TR RN

(3) 3G R AR 5 FLRR KT8] ffk #fy 7T DAARBF )
TR AR AT, P AR, A [ A B
(8] AR i T R B R )

(4) LRI TR — MR, 52 30
JFRWE T ALK R T K A 3L R R AR . SRR
AN 5K 7 2 UL [ AE AR L AS Bl 3R 5K AN
el A (10 O3 ELER 3 S0 R R R R R AR,
TR AR 40T 2= A, R BN B R K £
Rt T —AE B

SE -

(1] BURE, #h M. MBS IR 30 5588 e 17 Hr
[7]. AETFEZER, 2011, 33(3): 454 - 459. (YIN Zong-ze,
XU Bin. Slope stability of expansive soil under fissure
influence[J]. Chinese Journal of Geotechnical Engineering,
2011, 33(3): 454 - 459. (in Chinese))

(2] BRBRAK, X8 W, BRAK, 55, R AR i A E
MMM A& TS, 2006, 28(2): 210 - 215.
(CHEN Tie-lin, DENG Gang, CHEN Sheng-shui, et al.
Effects of fissures on stability of unsaturated soil slope[J].
Chinese Journal of Geotechnical Engineering, 2006, 28(2):
210 - 215. (in Chinese))

31 fL&f, FRE, BT, & KL KR E &
HITEMPIT]. A TR, 2004, 26(6): 727 - 732.
(KONG Ling-wei, GUO Ai-guo, ZHAO Ying-wen, et al.
Water stability of Xiangjing expansive soils and their
mechanial effect[J]. Chinese Journal of Geotechnical

Engineering, 2004, 26(6): 727 - 732. (in Chinese))



9 1

B Hn, SF SRR IS8l AR 4T 252 1 B i 7T 1651

[4] ZHANG Z B, PENG X, ZHOU H, et al. Characterizing
preferential flow in cracked paddy soils using computed
tomography and breakthrough curve[J]. Soil & Tillage
Research, 2015, 146: 53 - 65.

[5] JARVIS N J. A review of non-equilibrium water flow and
solute transport in soil macropores: principles, controlling
factors and consequences for water quality[J]. European
Journal of Soil Science, 2007, 58(3): 523 - 546.

6] Ve, A, BRega mE R0 E 2 K R A AR
HEIT R KM= T[], A 015, 2015, 36(9):
2569 - 2575. (XU Xi-chang, ZHOU Wei, CHEN Shan-xiong.
Study of cracking characteristics and influencing factors for
remolded Nanyang expansive soil in dehydration process[J].
Rock and Soil Mechanics, 2015, 36(9): 2569 - 2575. (in
Chinese))

[7] REWiE, B K%, TANG Anh-minh, %, AT R A
TS AS T[], 5 TFE4R, 2011, 33(8): 1271 -
1279. (TANG Chao-sheng, CUI Yu-jun, TANG Anh-Minh, et
al. Volumetric shrinkage characteristics of soil during
drying[J]. Chinese Journal of Geotechnical Engineering, 2011,
33(8): 1271 - 1279. (in Chinese))

(8] X °F, skpeoo, Mk %%, . HETAEITRPE R D]
R 2] S TR AR, 2015, 1138 T 1): 352 - 358. (LIU
Ping, ZHANG Hu-yuan, CHEN Yi, et al. Review on
disiccation cracking of clay soils[J]. Chinese Journal of
Underground Space and Engineering, 2015, 11(S1): 352 -
358. (in Chinese))

(9] ZeHmms, FRUu, KA. BRSNS R -+
JKRFAE R I TN 77 350 ST [0). 0 S TR AR,
2013, 32(6): 1288 - 1296. (LI Jin-hui, GUO Ling-bo,
ZHANG Li-min. Prediction of SWCC for unsaturated
cracked soil considering development process of cracks[J].
Chinese Journal of Rock Mechanics and Engineering, 2013,
32(6): 1288 - 1296. (in Chinese))

[10] 55, B K, F9%H, & ARMAZIK LR IT IR
BER MR R[], A0 %5 TSR, 2008, 2748 T
1): 2967 - 2972. (LI Pei-yong, YANG Qing, LUAN Mao-tian,
et al. Research on influential factors of crack propagation
depth of unsaturated expansive soils[J]. Chinese Journal of
Rock Mechanics and Engineering, 2008, 27(S1): 2967 - 2972.
(in Chinese))

[11] FREDLUND D G MORGENSTERN N R. Stress state
variables for unsaturated soils[J]. Journal of Geotechnical

Engineering Division, 1977, 103: 447 - 466.

(12] BAE . i A P 22 M. bt Bl e,
2012. (ZHAO Ya-pu. Surface and interface physical
mechanics[M]. Beijing: Science Press, 2012. (in Chinese))

[13] 5K HH, XIZ4R, sk, & NSRBI 5 O AH E
PRI JIRFET]. AKFI2A4R, 2013, 44(7): 810 - 817.
(ZHANG Zhao, LIU Feng-yin, ZHANG Guo-ping, et al.
Microscopic hydraulic behavior from the interactions
between uneven-sized wet particles and liquid bridge[J].
Journal of Hydraulic Engineering, 2013, 44(7): 810 - 817. (in
Chinese))

[14] BLHCZE, BRI, 3725, IRV AN B ARV AN - fX Hi BT 5 B2
e KNI, &%, 2005, 26(4): 580 - 585. (JIA
Qi-jun, ZHAO Cheng-gang, HAN Zi-dong. Study on shear
strength of the unsaturated soils in pendular state and its
application[J]. Rock and Soil Mechanics, 2005, 26(4): 580 -
585. (in Chinese))

(15] £/, /£ 2, skAEie, % 1 CTMAB S R AR K
SR IR - kgt (0], & %%, 2009, 30(3E T 2): 39 -
42. (WANG Bao-tian, REN Ao, ZHANG Fu-hai, et al.
Experimental research on stabilizing expansive soil by
CTMAB[J]. Rock and Soil Mechanics, 2009, 30(S2): 39 - 42.
(in Chinese))

[16] LEHRSCH G A, SOJKA R E, KOEHN A C. Surfactant
effects on soil aggregate tensile strength[J]. Geoderma, 2012,
6(189/190): 199 - 206.

[17] MULLER K, DEURER M. Review of the remediation
strategies for soil water repellency[J].
Ecosystems & Environment, 2011, 144(1): 208 - 221.

(18] B 48, 2 ¥, x| Bl WRRETK ) RECSIRE )R
ZRSZIRASE[I). TP EMNR, 2014, 40(3): 32 - 34. (CHENG
Juan, LI Ling, LIU Ke. Study on the relationship between
liquid China
Measurement & Test, 2014, 40(3): 32 - 34. (in Chinese))

(191 & 5, WALRl, #c3, & W M IoHL s ik ok
J1 J iR M RE R [I]. VR BEL, 2007(6): 7 - 9. (GE
Yong, CHANG Chuan-li, YANG Wen-cui, et al. Effect of

Agriculture

surface tension and concentration[J].

organic salts on surface tension of solutions and properties of
concrete[J]. Concrete, 2007(6): 7 - 9. (in Chinese))

[20] FEHEFS, 2 B%, ARAEE. FRARAKEEMEXS T3 oK MR R
M I, Ak TFE22 R, 2012, 28(21): 89 - 97. (SHANG
Yan-ling, LI Yi, ZHU De-lan. Effects of reclaimed water
irrigation on soil water repellency[J]. Transactions of the
CSAE, 2012, 28(21): 89 - 97. (in Chinese))

[21] DIEHL D. Soil water repellency: dynamics of heterogeneous



1652 A= T

2017 4¢

surfaces[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2013, 432: 8 - 18.

221 B ka, FEER, R, S5 Hh A AR AN A 5
W ST HIRERT). 5 1%, 2015, 36(3): 674 - 678. (YANG
Song, GONG Ai-min, WU Jun-hua, et al. Effect of contact
angle on matric suction of unsaturated soil[J]. Rock and Soil
Mechanics, 2015, 36(3): 674 - 678. (in Chinese))

[23] b, SRAGHE. S RCSRVE N E R S sk A7), A
@R, 1983(6): 27 - 33. (GAO Shu-tang, ZHANG Qi-huan.
Measurement of low surface tension using pendant drop
method[J]. Chemistry, 1983(6): 27 - 33. (in Chinese))

[24] RAMIREZ-FLORES J C, BACHMANN J, MARMUR A.
Direct determination of contact angles of model soils in
comparison with wettability characterization by capillary
rise[J]. Journal of Hydrology, 2010, 382(1): 10 - 19.

[25] HAJNOS M, CALKA A, JOZEFACIUK G. Wettability of
mineral soils[J]. Geoderma, 2013, 206(9): 63 - 69.

[26] ZE/&H, ZRHE, % PR, ARVRURT L (0 R S Ak SR
H0. BRI, 2006, 28(7): 863 - 868. (LUAN
Mao-tian, LI Shun-qun, YANG Qing. Matric suction and
tension suction of unsaturated soils[J]. Chinese Journal of
Geotechnical Engineering, 2006, 28(7): 863 - 868. (in
Chinese))

[27] SHIRTCLIFFE N J, MCHALE G, NEWTON M 1, et al.
Critical conditions for the wetting of soils[J]. Applied Physics
Letters, 2006, 89(9): 094101.

[28] CHAU H W, BISWAS A, VUJANOVIC V, et al. Relationship

between the severity, persistence of soil water repellency and
the critical soil water content in water repellent soils[J].
Geoderma, 2014, 2(221/222): 113 - 120.

291 # #a, RIGTE, ELHE S R AR L RBURZE R+
HRAKMER M) L3224, 2016, 53(2): 145 - 150.
(YANG Song, WU Jun-hua, DONG Hong-yan, et al. Soil
water repellency of sands and clay as affected by particle
size[J]. Acta Pedologica Sinica, 2016, 53(2): 145 - 150. (in
Chinese))

[30] 5k &, FMVRAK, SO SE. Baib e RIEIK L5 A e
WAL, A 1%, 201238 T 2): 209 - 212. (ZHANG Xin,
SUN Shu-lin, WEI Yong-yao, et al. Laboratory test study of
properties of expansive soil improved by waste foundry
sand[J]. Rock and Soil Mechanics, 2012(S2): 209 - 212. (in
Chinese))

B1] #MRAK, R, A5, 55 Bab KBERK LR EN
MR R )], A S, 2012, 33(7): 1940 - 1944.
(SUN Shu-lin, TANG Jun, ZHENG Qing-hai, et al.
Experimental study of expansive soil improved with
granulated blast furnace slay[J]. Rock and Soil Mechanics,
2012, 33(7): 1940 - 1944. (in Chinese))

[32] XWETR, W, sk, 55 87 A IRE AR Sk AR
TR T [I]. A 15, 2009, 30(8): 2286 - 2290.
(LIU Qing-bing, XIANG Wei, ZHANG Wei-feng, et al.
Experimental stabilizer-improves

expansive soil[J]. Rock and Soil Mechanics, 2009, 30(8):

2286 - 2290. (in Chinese))

study of ionic soil



