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Effect of initial saturation on mechanical properties of frozen canal expansive soil
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Abstract; In order to explore the influence of initial saturation on the low-temperature mechanical properties of
canal expansive soil, the unconfined compressive strength tests under —2 °C, -5 °C, —10 °C and —15 °C were
carried out on canal expansive soil with different initial saturation. The effects of temperature and initial saturation
on the strength and deformation characteristics of canal expansive soil are discussed. The results show that; the
stress-strain curves of the samples gradually transform from softening type to hardening type with the increase of
initial saturation. Two different types of stress-strain relationship can be described by hyperbolic equation and
composite index equation respectively. According to the failure characteristics, the failure modes of the samples can
be divided into three types: collapse failure, bulging failure and overall compression failure. At —2 °C, the
compressive strength of the sample decreases with the increase of initial saturation, but at =5 °C, -10 °C and
—15 °C, the compressive strength increases first and then decreases with the increase of initial saturation, there is
a “critical saturation” that makes the sample have the strongest resistance to failure, and this “critical saturation”
decreases with the decrease of test temperature. In addition, with the decrease of test temperature, the elastic
modulus and compressive strength of the sample increase gradually, but the hardening modulus of the sample
increase first and then decreases.
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Fig.1 Testing system of unconfined compressive strength test
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Fig.2 The stress-strain curves of samples with different initial saturation at different temperatures

2.1.2 RNy - AR AR
3 5 DA b XA 2 I R o IR He 447 12X 1
J1 = I AR il £k 43 B W] AL AR A EE R (0,70,
0.78) Z M W AR FR AL U 7 — 1 A i & T v AR A
JEE AR DU B b ) 52 L 1 AR B AR 7R R b AR SO
KPR [RIZE RGN T — N AS T R iR VR 45 1
JHK BN T - AR SE R
G, DMBRATEE 0. 86 20k AR 2R 1Y i A5 Al £k Y
N7 — ARG R Mk, R IS Sy R A T A
&
7 Ta+be (1)

o Rl ST e Sl A ;o b 2351 A 4L

e 18

X T DM ATEE 0. 70 120HE AR 10 1 A2 H fk
IR T3 — AR G FR AU, A5 S B i 450 FE Xk e b
I — WIRTRBE - foh T B 59 g A5 rp B 4 10 1 52
BHEEAY Iy R TR .

o=(ag" —=b)exp( —ce") +b (2)

R .o HHIRIN 756 AN A ;0. b.com Fl n
SIAAILE S8, B3 4 RIS [RI4R R EE AR Y
RIE S EROR MG SHI TR 1 MK 2,
AU I, R AU £ 07 #5245 48 BOA /) 5 R T
PRERIR ) — W78 5 R 4006 3 HAT B0 O AH oG &=
B, TSR AT B ROR



- 126 - T S N AP NI 5 56 &
45- o 159 4.5 a-159 ) i £
SOURE mess . Mpopromems
.0 A -5°C / -n-:rﬂ‘]"}np_n—— OF a-5°C ,aa‘n'u'u“‘u‘cif a,
35L v -2°C _guao” 0000 3.5 v-2°C.% ° T~lo g
o0 oa09-°-= o TSao_
£ 3.0t g~ " gco® g 30f  ° . o
_-30 , 0 © coo o
E 250,70 6@ g 25l o e ®oaa, @
>‘ DD// 0'0 E // /6 Qﬂ\o‘
iE 2.0t o /09’ L aaaassasss = 2.0t g ° o
£ 15t mIC?’ ,A—EA-A‘A’ &2 L5t ?9/ PO N
M Loff e,
e & Irt e \A.A\A
0.5 b2 0.5(7%
e aash Sobhnsaear s PN
0 5 10 15 20 25 30 0 5 10 15 20 25 30
4l ) AR /Yo e AR /%o
(a) $=0.86 (b) $=0.70
3 AERNRBESIESERIIL
Fig.3 The comparison of the fitting results and test data of the sample
£1 FTEARKERNEETEMESE(S, =0.86) BN -2 CIl B IR e BT 00, K 4 45
Tab. 1 Hyperbolic equation fitting parameters in strain- T =2 CTH FAE R AL SR g S 5
hardening sample (3, =0.86) AT LA i, GFIEE S 0. 70 S E S8 A Pl R
i ¢ b K INRFHE , I HAE S B BOFUE R B Be e, R B i 1z
15 0.62 0.23 0.9857 b S L R s S S €€ Ko Fb
b o OB O SRS AR TR AR
s 2.75 0.41 0.993 7 2l g 17 g 3k B AL U T B T i B O B AT
-2 12.44 3.04 0.998 8 FLAN 2L SRR AR BRE B e | R I HE AR AL
" - ‘ WIRBTEL, ] 0 AR AR SR IE K T N B 4
F2 EERUBLEAWEHLHELESH(S, =0.70) ROTEL, AR B2 i

Tab.2  Composite index equation fitting parameters in strain-

softening sample (S, =0.70)

t/°C a b c m n R?

-15 3.83 -14.13 0.16 0.71 0.59 0.987 0

-10 6.01 -13.35 0.31 0.61 0.43 0.997 4
-5 250 -10.53 0.18 0.70 0.55 0.998 8
-2 2.81 -5.89 0.36 0.45 0.34 0.944 3

2.2 WIREES
2.2.1 -2C¢TH
Z 8B - 2°C iR B 3R AL B IR R E A A B i

04— =2°C, §=0.70
______________ om
0.3 Ci
£ |
R 02 < -
g i om 1
F 01 : AB—BAVEE:
BC—JE IR EX
CD—RAL B,
A = - [ " 1 ) )
0 5 10 15 20
1) B3R /%
(a) $=0.70
& 4

PG U T IR T, 1R 2 T PR T f i 2R i
Jiiv , BB S IR AT S, IR N -2 CHEE
VRER RS AR AR AN B 14 10 PN S R S5 T2 I ry 7 2D oK
TIURLAS A2 DL SECI 1CRE AR AL B, 7 B0 R Y
UK — B A T B s, R R R IR T R B e
20020 MRARLIRES T, iy T 1URE P 5 v Kok
RK & AR e B AL BB YERIR AL, B
TERZIR BB TR LR TR JE 3 AR T s K O 1
WEAVF 2 W] B I AL, 2R BIR L 25 AE Chai 45127
B IAER mEs h A R

051 —=2°C, 5=1.00 g

0.4} = m

03rm zm
0.2+ I
l 3 -

0.1

#l 17 Rz 71/MPa

ab iR
i be—JERBL
b cd—TEALB

30

15 20 25
1) AR/ %%
(b) $=1.00

10

-2 CTHABHIRAES
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Fig.6  The end morphology of the sample at low freezing
temperature
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Fig.7 The relationship between initial saturation and compressive strength of samples under different temperatures
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