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Abstract: Multiple drying-wetting, freeze-thaw, and drying-wetting-freeze-thaw cycle tests were conducted on
intact expansive soil. This was followed by conventional shrinkage tests and controlled suction desorption tests on
saturated samples under each cycle condition to investigate the differences in the effects of drying-wetting,
freeze-thaw, and combined drying-wetting-freeze-thaw cycles on the soil-water characteristics and shrinkage
behavior of expansive soil. The results indicate that the yield suction (sy) and shrinkage limit suction (ssp) divide
the desorption process of saturated expansive soil into three zones: (1) when s<Tsy, the soil is in the elastic zone,
(2) when sy<Xs<ssr, the soil is in the elastoplastic zone and (3) when s>>ssi, the soil is in the shrinkage limit
zone. Following drying-wetting (DW) cycles, the expansive soil exhibited the highest critical suction, water
retention capacity, air entry value, yield suction, and shrinkage limit suction, with freeze-thaw (FT) cycles

yielding intermediate values, while drying-wetting-freeze-thaw (DW-FT) cycles resulted in the lowest values.
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Under various cycling conditions, the e-S; curves during desorption can be approximately divided into three
segments: a gentle segment, a steep descending segment, and a vertical segment. The shrinkage deformation was
essentially completed after the steep descending segment. The degree of saturation (or void ratio) decreased (or
increased) with the number of cycles and eventually stabilized. Notably, the first cycle caused the most significant
reduction (or increase), with the degree of saturation (or void ratio) stabilizing after three cycles. The dry
shrinkage degree of saturated expansive soil was greatest after DW cycles, followed by DW-FT cycles, and
smallest after FT cycles. A model for the Soil Shrinkage Characteristic Curve (SSCC) and Soil-Water
Characteristic Curve (SWCC) of saturated expansive soil, incorporating the effects of DW, FT, and DW-FT
cycles, was proposed, and the fitting results demonstrated good agreement with the experimental data.

Key words: soil mechanics; yield suction; shrinkage limit suction; drying-wetting-freeze-thaw cycles; shrinkage
behavior; dry shrinkage
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Table 1 Physical properties indexes of intact expansive soil

. . - e b y -3 . iz SRE
Faks  NAEE AmpKE s aim e s ORI
(natural water  (relative  (free swelling (liquid limit) (plastic limit) ~ (shrinkage (liquidity ~ (plastic Y / (initial void density) y /
content)w/%  density) G, ratio) &, /% w, /% e /% limit) wy, /% index) 7, index) I, Pa ratio) ¢, V7
‘ (g cem’) (kN * m™?)
25.4 2.68 58 435 21.8 9.4 0.166 21.7 1.56 0.72 19.5~20.2
L2 RS AR A R

Table 2 Mineral composition and particle size distribution

P40 pi(mineral composition)/%

ARk A2 B AT &5 EL A5 (proportion of particles of different particle sizes)/%

FRFIA Gllite) 52 M5 47 (montmorillonite) =704 47 (kaolinite) i JE(quartz)

>0.05 mm 0.05~0.005 mm <<0.005 mm <<0.002 mm

31 15 7 47

7.6 47.5 44.9 26.2
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Table 3 Saturated salt solutions and their corresponding
suctions(at 20 C)[1]

TN 255 (saturated salt solution) "% 71 (suction)/kPa
LiCl 286 300
CH3;COOK 197 900
MgCl, 149 300
K,CO; 113 300
NaBr 71 000
KI 48 420
NaCl 37900
KCl1 21 800
Na,CO; 12 700
Na,SO04 9 800
KNO; 7480
K>SO, 3300
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Fig.1 Shrinkage characteristic curves of saturated expansive soils under different cycle types
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Table 4 Pore ratios corresponding to the shrinkage limit under different cycle types

PEIF 7 (cyclical patterns)

{R4E 28 (volume shrinkage ratio) 77, /%

4iBRFLBR L (reduce the porosity ratio) e,

0 1 3 5 10 Pl 0 1 3 5 10 Rl

FRAEIR 58.90 4933 44.16 43.59 43.59 4378 0327 0403 045 0458 0471 0.460
VRAMERR 58.90 46.05 40.51 4125 4051 4076 0325 0429 0464 0474 0481 0.473
Tl - VR AL PR 5890 48.00 42.86 4231 4231 4249 0325 0408 0460 0470 0474 0.468

JERCR, 3~10 IRTEM G e SEBREUD, WAy 3~
10 KPEMG e JUTAHAE, XFRLTFHE RELAT
M - VRERPEIA, TGP EIME 293008 0.460, 0.473
00467, RHITHRIEFAEH T HRAEZAK K
% )5 W SRR R K, TR - URELIEIAE T R Ik
o VREMPEAE RN R R

KRBT RETRMEASRES, IR Z
TR, BURLRI RS, BRI
B4, RN, THRnT e AR, (IR B
Ky BUETHENI 5 AR - A2 AR 1 5 55 (AH EL VR R
PRI R OK A AR AR ), HL W4 ) R AR RN A L
BRELFRAR, SEURGRER, FIRILERLEHb; i
UREMEIA T, UKEERARZARZ) 9%, X hAR4L
B AR BS R T, ORRORL RIS, Ehie)E, Ak
SERRAER, RIEJKU S, AR FLRRD B, HIkR
R A (A BRI S80S0 38 341K 1 SR K Wi PR 5 SR 2%
R, SEARILR LR, AR/, T8 - &
R A P [RI A7 FE SR (-0 A2 I (5 )2 Fob 2k
Bi, “EEKHE, FEAEIRALBE A AL R AT
TR RRAE IS 38 2 8]

NIRRT ER 5 IR AU iR 1 L
ZEFE, ASCRKRIRSIR R st Irh R T
PRI SSCC HEAT T XFLE, RIUAFFEA RN
JFR A E B A SSCC MR SFREAME, EF
TRABHE 5 AN JEUIR 1) SSCC it 2o th BAH BP47
RIS Beahh, B TR - REEER T
THARESE Ko X T 52 4 D B AR S A ARA

%5

Jiz e VR A2 R T g M PR A, 7E TR - VRAE IR
H, SRELEH S ECEILRRERER R, I AR,
TR E R R, TR BOK 2 M TRE 2 01
A, ATILE T AR B

KH W. M. Cornelis %42 Hf¥] SSCC #2484 %
s AT G

e=e, +aexp(mw™) 3)

K e WIETEMALBRLL: a, m F1 n B R7EH
ZH . AFEEARA T SSCC B HUEII K 5
Fios, fR3ER S 4 E A RPEPA SR N 24
a, m Fl n BEOGIRIREL N B Lk R gk, W 2
s, ANEWEAREMT, a, m F n 70 H KT 5
BAIRPERCR, 3 A 5 HAB B Ra g « H Tk,
ANFEEAEBT, 5 KIEHHT a, m Ml n 5 N K
EC IR e R E |

a=a,+ Aexp(4,N) “4)
m=m, +1nexp(1,N) %)
n=n,+yexp(%N) ©)

X ay, myMong 735 9% 5 4 0 IKTEIR T a,
m M on, FAESHIHN237, 1451068 A, nhly
BTG AL G eI A DN
Ar My, RARBWELRE, RESHa, m M
n B N ARL U . K@)~ @) RARG)H T LA
TR HRBRTE - AR A N R 1
1) SSCC #A!, AFEEHARI TN EHESHUEWE 6
. AR, BHE 1(b)y~(@d) LA H, REEHE
BN SSCC AL B RO BT -

AFRTEALAT SSCC B ZHH

Table 5 Parameter values of the SSCC model under different cycle types

TG (drying and watering cycle)

RALYEH (freezing and thawing cycle)

T - RALIEFR (dry-wet-freeze-thaw cycle)

PEIRVE (cycle index)

a m n [ eq a m n €sat eq a m n [ eq
0 237 140 068 073 030 237 140 068 073 030 2.37 1.40 0.68 0.73 0.30
1 123 057 088 0.75 038 1.67 1.20 078 076 041 1.39 0.86 0.78 0.75 0.39
3 082 026 126 0.77 043 139  1.00 088 079 047 1.05 0.80 0.89 0.77 0.44
5 075 027 122 078 044 131 092 09 080 047 0.95 0.79 0.90 0.78 0.45

10 075 026 120 0.78 044 128 093 091 0.79 047 0.98 0.79 0.91 0.78 0.45
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Table 6  Soil property parameters of the SSCC model under

different cycle types
RS (cyclical patterns) A A n 7, /A
RN —0.978 0.154 —0.708 0.158 68 0.117 0.532
R —0.592 0.168 —0.414 0.347 00 0.071 0.347
TR - GRRALEIR —0.844 0.149 —0.512 0.053 00 0.069 0.371
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Fig.3 Soil-water characteristic curves under different cycle types
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Table 7 Parameter values of the SWCC model under different

cycle types
TRAEA RRREH TR - VRAEER
TR U (drying and (freezing and (dry-wet-freeze-

watering cycle)  thawing cycle) thaw cycle)

(cycle index)

K P X K P X K P X

0 603 0.80 030 598 0.78 0.31 601 0.79 0.32
1 548 0.62 0.32 515 0.62 033 481 0.61 0.34
3 525 0.57 0.34 498 0.6 035 445 053 036
5 526 0.56 035 496 0.6 036 446 052 0.37
10 526 0.56 0.35 495 0.58 0.36 448 0.53 0.37
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Table 8 Soil property parameters of the SWCC model under

different cycle types
TER I
w
(cyclical patterns) s B % P P
RRIZCENN —46.185 —0.175
VRREIR —75.617 —0.093 —0.153 —0.127 0.014 —0.347

TR - VRRREIR  —105.247 —0.131
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Table 9 Values of yield suction under different cycle types

Jit IR ) (yield suction force)sy
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(cycle index)  (drying and (freezing and (dry-wet-freeze-
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0 160 160 160
1 149 126 75
3 121 87 58
5 120 86 58
10 120 85 57
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the number of cycles N under different cycle types
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