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General model for relationship between void ratio and matric suction in
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Abstract: A general model is proposed to simulate the dependence of void ratio on matric suction for unsaturated soils. This

model can be derived based on (7) the characteristics and the relationship between soil-water characteristic curve (SWCC) and
soil shrinkage characteristic curve (SSCC) and (if) a SSCC formula using a three-segment linear model, and a three-phase basic

formula for unsaturated soils. A series of unsaturated tests are conducted by using the triaxial apparatus on a red clay to further

verify the theoretical assumption required for the proposed model. Only one parameter u is required in the theoretical

0 3

Key words: unsaturated soil; soil-water characteristic curve; shrinkage characteristic curve; void ratio; matric suction

—_

assumption and has a clear physical meaning, which can be calibrated using the conventional SWCC tests. Based on the

assumption with the amount of drainage of saturated samples at a given suction, the bulk volume change, the amount of the air
=]

entry into the soil and the total volumetric strain can be accurately predicted. The validity and application of the assumption are
demonstrated by these tests, and hence the proposed assumption-based model is also validated.
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Fig. 2 Schematic of typical SSCC

X TR GE M E R, BRI B ) £

A UAfAf N — %k B 2k, T4 SSCC Hh & mT AT o =
E@Zﬁ&ﬁﬁ, U1 McGarry Z5USHR 1) = B 2645 BUAR
o Cornelis Z="F IR IG FdE X EL T 9 R SSCC A
*ﬁ*%i, BRI, ZIAR, R ECR A E R
FousE, JhEd gt fabs (iR z RMSE,
e R AR RS REHEN AIC) , B = H k%



5

M2, S5 AR FLRR HE 5 5 T ) 9% 2% i J AR R 929

BRI . S5t U2 SSCC 4ia 3|
He R, R S AR S R AT A T AR R PR R
AR T TRENH

2 FLBEEESERIN DX ZRZNBRAERR
ARSAN PR TR IR 5 (AR5 8
AN F1), WEFCIREE AARDIR S B 52 4 T8 (B
AR . AR AR B — T A F R R AR
iR FEHE KRR 5 RAAV=u- AV, (Hrp u AAV T
AV LB 25, HE R LR 30, HArRE AR
T LA AR, BIAV=AV,, AL
R AV = (1-u) | AV« WS 38 AT BE 1 52 -
S=VylVys FTUAR RN P3G &0 R
AK,KznuMQ:A%_&AK .o
Ve V. V.
MRHEFLBRLLIE XL e=V/ Vs B3 Ae=AV IV, HHGH

AV =u- AV, RN (1) i

1

ASr:“e ‘Ae ()

X (2) AR uz 0.

FRIE B 1 57K 5E S w=My/M=py Vi M, (FL
o M, e EHK R, MR PRI TR, py K
(I RE), W LA R R 3R R:

AS. =

PLAV.
Aw=—"—2> 3
w 0 3)
FREAV =u AV FAe=AV VAN (3) il
Ae Ae

U= =— 4
Aw-G, Agp @

X (4) mIAL u SEPR EJ2 SSCC (pe HiZk)
FIRER, R RURE R, A ST BSEI S5 u B
AR,

i BT, SSCC fEBA B, AV <AV,
DR A 46 R w TS IEIZE 0~1 2 1A). 24 u=1 1}, SSCC
XL I IEF USRI B, AR AL TIRAIRES,  Dhi 2
R NGFE T, BIEAV,= 05 24 0<u<1 B, SSCC
X AR B A USRI B, AR AL T AR AR, BhR
TR R ALBR P ARRUZ B S S PR, VL IR ETE R Y
u=0 B}, SSCC Xf M2 F WAk B, i A2
DRl 4k SEHEZK T R AR B R IR, HEH K FLER LT 4
HORFLBR AT 4R . iR e TR, LB AR
BB A T4, Hlds R e RN N 0
<u<Il., EFERMLE, S TREHEFREERE
SRR, WIAKHERE L, TERWRAERY B 4E % u I
AET 0, PR 2 T RN 0<u<1,

W EATETR, SSCC ] LA = H &1 75 BuAs A >k

ik, MALERE— D BXIA] b, Wi u BN AL
THEN urs wp A wzo AN, 2 (20 ATELER 23
B A BE AT R T4

u

e
:k+(p ’ )
b,k AEEHEE. FIEFRGNE, e,<e<ep ¢
=e. 4114 e = eg M =e KA H T k= (1/u1-1) ey,
¥ kAKX (5 17

u, =

&—e_
&~ @ -

TERRRWLARN B, B e<e < eys @<g<gy. [A3E
CIES

1. (6)

U, = 2 ° (7
e\y -

RN 0 FIERAN B, emn<e<e, 0<
o< @, H 0<uz<uy<u;=1. [FEA[1F
e —e
u, =
&~
TEWRAE RN 0 BRI B, B e =eg, LERT w0 =0,
KR 4. (6) ~ (8) &HE
Ae € —e
A_(p == 0 ) ©)]
A, e LR LE, 03 SSCC 1 3 MEFEFLER
L, 2508 e e, il e (LK 2). R (9 HJLIME
N

®)

J-w do :J-: de ’ (10)

Pref e)k —-Q ref e* —e
K, e Qs AR SRILBRLLAIZ ISR, H
emingerefgeo, Ogﬂef <¢Sato EE:—& (10) ﬂ‘?:E,l"
— e* ((oref _eref) + (D*(eref _e*) (11)

q)ref —-e

HIT e /& SSCC #iZk i, X () #ig
IR et 11 2 BER AL WS S K L o B AR
FEJRW T s MR, Blo= fs), NIAT#3EEEAS & /KR
T B ONBAIE) 52 45K 1 e—s HIZR. 4 e'=eq» er=

emin (Per=0), W (11D A[LLE N
e=e,, +(¢ _emin)& ° (12)

€
A (12) FURARSCYTHE S H ) S A LR b AN 2 o

W 2 1) 5% 2 () P AR Y

fEm L TREF, SWCC F&i HMNHEFRIEXE
VG FlF-X B8, ST R ml =t (13) ~ (15).

—-m

w=w, + (W, —wr){H(ijnJ ) (13)
a

A w ARG KA, AT R, 8w 0;

e




930 H O+ T OB % M

2019 4F

wea NG KA o535 TESUE (KPa); n NSAL
BN AT RIS HE: m N5 SWCC BAR JUATEAR
ARISE, H— BN m=1-1/n.

w=C(s) e - (14)
{1n[2.718 +(s/a) ]}
. In(1+5s/s,)
o= s) (15)

b, s WHARIERBIT (kPads waa IR K
a NEHAEA RIS (kPa); bl c NS
Bl (13) ~ A5 RN (12) Hrrs

—-m

e=e,, +(€ — ey, )|:1 + (ijn :| ) (16)
(04

(€ = €pin) . (17)
{1n[2.718 + (s/a)b]}c

A FWARI B A 20N 0, B epin=er X (16)
HI ¥4y Baumgartl 2B B HBAY . Stange 212!
R K & RIS AR R S T 2 e A8 1R 4 M iR 1L
Bt L B R o R T AR AR R

Salager 25> F F-X R ARG H $2 1 4L
B bb 5 B AT IOk RO

e=ye, +C(s)

e= emin + C(S)

(1-2)e i
{1n [2,718 + (s/a)b]}c

X, 228, KR L. 542 pe=emin WK (16,
(A7) 2L T ARMAAMPIIESLE L e B
MR T HIFLEREE epin AR BEE e FUHE K,
E PRI B A AR R R DRI s bR B IEAS
WHG ST I S 2 Ceor emin) fH, JEIER
SORIUCHR[22, 2314 K ¢=0.79, SEBrie 5 4y
ARl

(18)

3 1RBMRIZHILEIE

N T AEA ST HES LR L 5 5 R ) 9% & (1)
A B RN, TP A
P4 B s i A 2 . Sk, FIA GDS JErfufn 4=
BASC, I T 2 A% SR s 1) DR T 0 4 = i (e 2
BRI IIE R T IR R S HEK R, SRR
i R I FLRR b S A s it = (60 ~ (8) iF
o (A, FRARSE IS HE K & R P AR 1)
AR, IS SME AT A
3.1 RAEHIF

AR VLG B T BE W X R T T B Y B
o ZEFEAOEE, AOBRMEANSURRE, H
FEAYFRE AR R RARRT T N 2,75, WFR
N 32.1%, BN 19.5%; SR EKEN 15.4%, mK

T2 1.88 g/em’; <0.074 mm IR & 8 3.75%:
0.5~0.074 mm ¥R 5 &4 46.29%; 1~0.5 mm [
TR A BN 23.50%; 2~1 mm RS BN 26.46%:
ABIZIRECN 7.2, LT ERE KT HE5E 2 mm §,
HRAE B A B /KR LIV A, AR5 BRI DRL S s
HEE 48 h, (ELFERRIKISE A TR B A
ORI BARIESLE N 0.9, AL EMTHERN 1.78
glem’s BB IR T, 25 Bk, BEZ BT
PLEAEE, WA EBUS M EAE RN 39.1 mm, &
N 80 mm. H i AL HEAT AR
3.2 REWAHR

Wit 3 AAFEE (100, 200, 300 kPa) R
SWCC 56, A3 2H 1056 it n () 32 J53 W 3 433l 9 20, 50,
80 kPa, it 9 MlFE. RN FEERE N LR N
R AE R R — R 77 PR, B MRl
RAS BT PR o G0 TR FH 1IN 1~ At -
WFEAE 24 h W EIHEK BN FARBERANY 0.05%Y, 7
BRRNE RS, REARAFKESIN IR, (HET
FA R RRE A SO AR, g Bl R A 2 51 il
VRIS (AR AL, SR REAE AR I HE K, 4R P17
(R [A]
3.3 RELERFITIL

N T VR AE R ST T B RS K,
WA AT OTE R TR &AL 1 =
I FRIA BR3P B SR HE K S E SRR 7R B A
JRR IR L N E RS KR @RISR )P
g, B RAE L RIFRE, AT SRERRE 7 5 e 2
JRR IR L N RS KR . AR RRE —My
%o

B AN THIRE R ZE 5 PR A R i Ak =
Az TR R I AR T DA B A SR A H IR o A 7= A 11
Peshas, #R 25 R S b RF S RS (B
£839.1 mm, =N 80 mm) ZIMFE{ERZE . WA
TR R 0 I 22 22 S B0 46 T-% 2 5 1508 I 46
B~ R, MRk 20 - i vk 511
FLBR LR . DRItE, AR R EE TR AT R I S
B T RN 7~ T LR L .

BARVFEOPIRMN . OF AEAKFEE 2R /77
TS SR E I HE 7K B S W T4l 1) B B 7K R IR R
FERIMIUA S /K @B e a4 I S R 5 1 i
R 1, R REFIVIGE S KR EYIE LR L FIA)
TN, @R &R T L EE, JF
FAWIUGE 2 B AR AN IR A it GDS =l
DU RN AR TR, 3 AT DA B M Rt 1) 5
PR @R W 3 i SRE ) B AE, g A1
FERFE M RER, T2 P TR I FLBR B



ERE Mg, & AR FLRR S 5T ) Ok AR i AR Y 931
R 1 FEEBEETRERENERIES R ERIE
Table 1 Measured and back-calculated data of samples during drying under different net confining pressures
W o s 4 w 55
ETAS] /kPa /kPa /mm’ 1% Wea/ Y0 ey Vy/em® e hy/mm
S1-1 20 1200.724 18.87 23.62 0.6496 97.2940 0.5843 81.03
S1-2 100 50 1200.724 17.41 23.01 0.6328 96.3048 0.5671 80.21
S1-3 80 1200.724 16.90 23.05 0.6339 96.3676 0.5596 80.26
S2-1 20 1200.724 17.84 23.49 0.6460 97.0843 0.5499 80.85
S2-2 200 50 1200.871 17.05 23.27 0.6400 96.7319 0.5484 80.55
S2-3 80 1200.724 16.31 23.34 0.6419 96.8446 0.5677 80.66
S3-1 20 1200.724 17.50 22.22 0.6110 95.0208 0.4926 79.14
S3-2 300 50 1200.724 16.57 22.61 0.6219 95.6614 0.5058 79.67
S3-3 80 1200.724 16.11 22.37 0.6153 95.2722 0.4850 79.35
® 2 WHRARK « REXSHHTUNEMSE
Table 2 Shrinkage coefficients and predicted and measured values of relevant parameters
frm SRS IR
i AV,/mm’ AVImm’® AV, /mm’ &, % " AV /mm’? AV /mm’ & %
S1-1 -7705 -3850 3855 -4.008 0.500 -3852.50 3852.50 -3.960
S1-2 -9084 -3877 5207 -4.036 0.427 -3878.87 5205.13 -4.028
S1-3 -9974 -4379 5595 -4.559 0.439 -4378.59 5595.41 —4.544
S2-1 -9166 -5670 3496 -5.903 0.619 -5673.75 3492.25 -5.844
S2-2 -10095 -5403 4692 -5.624 0.535 -5400.83 4694.18 -5.583
S2-3 -11408 -4379 7029 -4.559 0.384 -4380.67 7027.33 -4.523
S3-1 -7654 -6897 757 -7.274 0.913 -6988.10 665.898 -7.354
S3-2 -9803 -6846 2957 -7.127 0.698 —-6842.49 2960.51 -7.153
S3-3 -10160 -7687 2473 -8.002 0.757 -7691.12 2468.88 -8.073
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Fig. 3 Comparison between measured values versus predicted

values of volume shrinkage and inflow
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