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Effects of boundary friction and layer thickness on desiccation cracking
behaviors of soils
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(School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China)

Abstract: As the layer thickness and interfacial roughness of soils are the most important factors affecting their desiccation
cracking, a series of desiccation tests are therefore conducted to investigate the shrinkage and cracking characteristics under
various soil thicknesses and interfacial roughnesses. In the tests, nine slurry specimens of initial saturation are prepared and
dried under a constant temperature of 30°C and three different soil layer thicknesses and interfacial roughnesses. The change of
water content and surface cracking are kept in a real-time record during the whole process of drying. The image processing
technique is employed for quantitative analysis of crack network. The dynamic desiccation cracking process is recorded and the
relative parameters are obtained under different soil layer thicknesses and interfacial roughnesses. The results show that: (1)
The larger the interfacial roughness, the faster the rate of cracking development, while the greater the thickness of soil layer, the
slower the rate of cracking development, and the more significant the effects of integrated shrinkage of soils; (2) The larger the
interfacial roughness, the higher the degree of cracking development. However, the increase of soil thickness can restrain the
influences of interfacial roughness on cracking development; (3) The influences of interfacial roughness and soil layer thickness
on cracking have certain influences on the average water content during the initial cracking of soils. Additionally, the influences
of the two factors on cracking development have coupling relationship. Finally, the influence mechanism of the two factors is
explored by expatiating the mechanism of soil shrinkage.
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Table 2 Time and water contents for crack initiating
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Table 3 Experienced time of geometrical parameters of crack
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Fig. 3 Quantitative results of desiccation crack images of nine soils during drying

A ZR IR L n] DUE L, PR R 1) AR JE R 2% A
T, FUERLRE R RN, AR YE R R B R, IR A
TR E R, XIS
2.3 FRERBEHEHELARSHHE
Bl425 T 9 LR TR LS RS I e A R
M 4 FTDUKECE Y, AR i3 T DRS RN
AR R B R . 7 SE L b B A
SRS FE 0 R fa 22 sgm, R NJU-CIAS Xt &
4 AR R AR U RS 3T T e m T, A
KEERIE 5 K 6 A, B 5 HEIERY, AR
JERESAE TN, B ST RERS B ek, RE SR T e 4
RN EMF AR AT, MERE

(RIS, CFE R TR e R 1 a5

K6 (a) ~ (b & T 5REMINSH, N
FRTLAE H, EAER R RS, R E K, R
858 2 AR 288 2 5 o A S it 7 T AEL S P58 1) Y o o 48
I Bulbe B RO, S RE FE R R LA
SERS RN R R IR 2 PE T, 2R
B E L B R B R S e A B 2 1 B P
SENTTRD o XF T ARB TEEN E, AE A A R %
PE, ZRRGT- 4 8 EE Rt A F T RELRES P2 (0 8 KT i) »
- HLAEAR R SRR B 261, SRR T T FE R
FEEEE g g n (6 (b)),

Kl 6 (). (D gl 175 LYK E &4l



5 3 3 R e e N R N e S R P SR ) - VA 549

R WHHUE W, EMEEEZMT, T
R, Ao, PR AN, BEE R
JE RN, SRS B0 = SRS FE e R, T
Xf L HeF S AR ARG N . A ) 5 TR A R A A
T, BEE ARSI, PN EOED, R HCP
AL PN

4 9 HIAHTIREREHREE K
Fig. 4 Crack images of nine soils after drying

38
36 S9
34 -

. 32r

g

& 30 S8 S6

S7
28 S5 S3
261 s4 Sl <~
1 1 1 - S|2 1 ]
21).4 0.6 0.8 1.0 1.2 14 1.6
AR fem

5 9 AR FIREREMNETGERNEEDTER

Fig. 5 Quantitative results of nine soils for shrinking rates after

drying
3000 S1 140 81

1 1 1 1 1 ] 1 1 1 1 1 ]
04 06 08 1.0 12 14 16 04 06 0.8 1.0 12 14 1.6

T ARE B /em T ARE B /em
g1 (a) REREKE (b) BB SAH
- 7 S8 s6
6 S5\
i oA 3
gaf
f; 31 87
Ealg
(1) ST S9
04 06 08 1.0 12 14 1.6 04 06 08 10 12 14 16
F R /em F R /em
() BBEAR (d) BEFHTE

70 S1

0 1 1 ! ! |
04 06 08 1.0 12 14 1.6
RN

(f) LHYFIYHHR

1 1 1 1 1 ]
04 06 08 1.0 12 14 1.6
RN

(e) LB
6 9 AR TIREREHEMEHEEDITER

Fig. 6 Quantitative results of desiccation crack images of nine
soils after drying
18 B A 25 RS TN B8 BE I AFAE — E I ZE 57+
N T REHEAE L SRR 2 7 1, H T NJU-CIAS 14t
THEUE , 2 7 2 A R SRR AN 38 1) 73 A1 L C
7). SiREW, EHFEEREFMT, BEE TR
FISEN,  ZREBE BE AR B8 B2 iR 20 A Y LA el i,
WRA TR LR B R R SR AN AR O ME 4G 0, T AEAH )
S RE L SR T, BEE AR RGN, KT
AR BGRB8 2RI S 1G 0. Bldn, DL ST 1N
BEAT UL, I H R B 2 DA R 98 2 K/ LR R R
(pixels) TEHAL, FIRIL S1 PSR AEH
TEK SN 0~450 pixels 15 B2 0~30 pixels 176 P,
755 HAH [ & B2 T AN [F] SRR SR A ST RBRIE S
KB #REE R LK E N 200~ 1200 pixels 158 15~
60 pixels FIEEIN . BbAh, 5 S1 AH [F] SRS B2 2% 1
AN B 83 ZRBEIE A K # S P E KA
650~1100 pixels F175E 5% 60~100 pixels (TG P

3 W it

AR R SOKIE R, T RAE, FLRRK
2RO 2 5] S R v, B, - EL e i
RMAEAER AP AR AR L e, 2k
WERFIR S (2R TT wy 5BAAKIETT uy Z72)
AR T AL T 5% R
2]’50059:21’S ’ )

r R
X, SRR, ua N TEST, u, NBLHIKK
F A1, TR IR TR A, r NBHILIFEAR, 0
NBAKKEMA, ROVARIE R R 10, T
R, SR TRE 5 KSR BN IR N, AR+
PR AR N Ay, RRAR LR, W ERBL
g R AR AR TP . fa R R R AE R
WA AR T AL R v P B A I g e AT P T 5
LI, PR A R AT 5 R P A R
(BT AN B 7 2 R AR
3.1 TAREENEKERLEUEN

TEMIR S KRR AR, LGB, Rk

S=u, -—u, =



550 Pl

2019 4F

0.14

I S1 035 mmS2 040 WES3
0.12 F 030 S5 y . S6
- mS3 035 mmS9
0.10 - 025 030
¥ 0.08 | ¥ 020k 3 025}
.I& 0.06 E 0.15 F ﬁ 0.20
& & 0.15F
0.04 L
0.10 310 -
0.02 0.05 I I I | 0.05 |
0 150 300 450 600 750 900 1050 1200 0 300 600 900 1200 1500 0 300 600 900 1200 1500
B BE Lipixels BK BE Lipixels B BE Lipixels
(a) S1. S4, STRBKEENM (b) S2, S5, S8BBKBELM (c) S3. S6. SORBI BE S Hi
0.55 Il S1 0.40 I S2 0.40 EES3
0.50 | I S4 : I S5 . S6
0.45 |- .57 035 mS 035" mmso
0.40 | 0.30 0.30
# 035} # 0.25 025}
B 0.30 =
&2 025N & 020 Z 020
& 020 R 0.15 K015}
8-}(5) 0.10 0.10 |
0.05 H I 0.05 - 0.05 -
1m0 1 1 1 | I.I 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
ZIBK B Wipixels ZUBRK BE Wipixels ZUBRK BE Wipixels

(d) S1. S4. STZIBRSEBESMG

REREA, AR R A B B 2R TH K iR %, TRk
TR TR e A BTG T B TR0, A, B R
MFFSE, MR EFLER/K ik H R (7K 431 75 B 5
EETFBREAREIE A K (CR/AFED, KT
TR BRARIEK:, 7850 R SR B [A] PR, X F %
JEI AR S, 7K 5 B3R 28 R T 1 5 43 % 73 s AR Yot
BK (B 1D,
3.2 AEMHMEENERLEIENEI

TEZE RIS RE AR, Gn 5 AR g USc 4 A2 T 52 21 R 1,
2 - JEORL ) TOVEAR AR, Bl 2R R I RR4EE,
W 4 Bl ARSI RN . ARAE R (1), Bl e i
iR R E N N LT A N 11 7 I N T i P VN1 S VAA
JIANWEE N5+ HOGVERE O R A B8 . Ak p
kb N S S TR R AR R, SRR &
A, akBIN A FTER I REEAS DR Kk, R+
JEFHAFAE BB R ERAE R, RS0t AR B Al
AT A R, TR kR N PRI E
M. fELAREEMFEIAE T, TR SRR,
of A JE R TR U AR T BR ) B, T 9K iz 7 77 4
PR, B A i R AN 2L BT A R
WE 2, TEMFEVEREZMET, WS SRS B,
U A=Ak 2 T HE BB N PRI T K e R, Z4RR
REWEEME (B 1, 3), RHEUgERBN (K5,
HHTIREe)E, AN LA 54k %
B (E .

AN, PR, A IR LR S AR
BRI E B, R AR S R B E

(e) S2. S5. S8ZBRIELE /T
& 7 HEMEESEESHE S HEHE

Fig. 7 Distribution characteristics of quantitative parameters of crack network
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Fig. 8 Stress state of soil in desiccation cracking
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