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Effects of freeze-thaw cycles on soil strength and deformation parameters
ZHANG Weijun

(Gansu Third Construction Group Corporation s Lanzhou Gansu 730050, China)
Abstract: The change of soil strength and deformation parameters caused by the freeze-thaw cycle is one of the
important issues with engineering works in the cold area. In order to investigate the change of strength and
deformation parameters, with the saturated silty clay samples taken after and before the freeze-thaw cycle as the
research object, the triaxial shear test after consolidation and drainage, triaxial isotropic compression test and elastic
modulus test were carried out to analyze the effects of freeze-thaw cycles on soil strength and deformation

parameters. The research results can be used as reference for the treatment of {rost damage in engineering works and
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also as testing data for numerical simulation.

Key words: freeze-thaw cycles; soil strength; soil deformation; cam-clay model

0 35IF

TEFE X TR B 39 PR R 1 A o ik Rl D
T2 A Ty A A A O L G | — AR A T
PEUH o [ AP OC T VR Rl A BT - B 0L 45 4 | 2
Ay e o LR A AL B 5 D T A BF 5L RS T
A w5 T IS8, O 98 X TR A 150 119 R JR AR AR K
BTERY

KT R BAE IR AR O ZE . 5L 7
SRR SE A H B A BT TOAS TR R B O L A
FE s AR IR A e e AR Al RSB AE T A BT T R
R PR 0T A S BR A 7R R RBORE 2 I L L 3 i AR AL
B A 4 AR BE L BE ST T UR BAE 20T 25 0 1R A 5

YR BEH:2020—04—15

DOI:10.12143/j.tkgc.2020.06.015

LA L RS LT 3 ST XE R
T HC LA S R R O B4 998 S AL

I HILBEJZ T L PRI T R Rl AR 0 RO 1 R A 7 A
i KL S R T B A T TR R . O T R
VR R 2R AT I OGF b AR S AR g 2 P J5 1) 582 g ML B G
VEFH A L3, E R E 45 LA o 980RG + 4 S BIF 5T
XGRS T VR Rl 20 KOG 20 RG  5  4E AR 1Y
SO . R A UAS R B 0R A K R 9
WEFE R G 3 — R 5 AN [ AR U I E L% 798 B U
A = A, B T R AT R AR P X B 5 B AR AR

AR, 5 B 19 20 T 1 3R R AR AR S R R T
ROPTIROC 28 . 1 A ST BIE ST R A 4O B X 22 N BT

EFE T RIE I DU 1982 4R A, R AR, R TR Lk, 1, BN SEEORTT K | 2 43 BT A8 B A5 AR 48 =2 M 300G DX

% ,1403970876(@qq.com,
E1DiR - S QK S

Vi RGP0 6 ARS8 B AR T S 80 s m [ 4R TR CA R4 8 T/ ,2020,47(6) : 86— 91.

ZHANG Weijun. Effects of freeze-thaw cycles on soil strength and deformation parameters[ ]J]. Exploration Engineering (Rock &

Soil Drilling and Tunneling), 2020,47(6) :86—91.



EERVE R

A 7 VR AT B X (AR R R 0 2 B R 87

T B R LR 5 e B R A PR AR R T
B Y P AL i T2 R LA T B R AL B R Y K
AR —E R BE L] DL R VR B OE B RS AR B E
B ML . SO S M B 8 R AT T
AN TR 5 AR AN T R 4 LR R i AT B K00 R
C R RSP IR DI S S i Bt 1R
RIS T ORRRIAER 5 LA B R AR B, B
A EFEE SR FI R BOR 125 2 TR [ 9 3% K8 B9 T
RO RONS 98 B[] S B S 5 K B A
WFSE T VR BR 0 0351 - K e v b ) i B 5 S I
PE A2 R 45 R 5 K RO R R S B PR
PERERY T 2L R . DL R AN [R] B9 £ B2 L B0 A
() 26 20 14 L AT 5T 1 VR A PR X b B A o ) 52
Wil o DAE R B B R R R AT B X A [ 6 B )
T 538 B ARSI J5 T B9 520, — o B b A 3 A R B9
MU EUR A RE B 1Y AR RE EORE TR R BIR SR E T T
A [ 26 B 1) & FL o BE RN AR I BT 7 AR ) R A A7 AR 3 4K
RIZES .

AR SOMKHTBE IR P Kk 6 6 e g 3 TLIOT Y DG 2
WA 30T A3 SRS 1 S BIF 5 % B R T =l B U1 L =
fih 25 1 s 24 X [ 3P B WS T I A B BORG
AR R EE PR A R e B AV E S R AL A B

1 HRAFE
11 KA+
T P A I Ik P 2 B B I R R L 0 Y
HAYBE R SRS T R 1,
®1LRNEFNERRSH

Table 1 Physical parameters of soil specimen
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Fig.2 Strength envelope in p —q plane

Stress-strain relation curves of samples taken after and before the freeze-thaw cycle
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Table 2 Strength parameters of samples taken after
and before the freeze-thaw cycle

A o5/ qi/ pi/ ) o/ &/ c/
FE kPa kPa kPa ) kPa kPa

. 50 100.6 83.53

R )

b 100 207.3 169.10

1.122 28.2 11.17 4.85

lé 200 374.6  324.87
300 555.4  485.13
1 50 134.4 94.80
%100 235.0  178.33
filt 1.170  29.3 25.19 10.89
B 200 420.6 343.20
300 614.6  504.87
FE 1 8
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Table 3 Compressive test results of samples taken after

and before the freeze-thaw cycle

TR g KB 4 3t

AN L I T AT
Roge p/ ks wpy T ) g LR BHOBH
f em *) kPa cm?® cm? toe cm®  cm? te k A
0 0 96.01 0.807
20 4.2 91.81 0.728 1.1 79.81 0.502
" 50 6.7 89.31 0.681 1.0 79.71 0.500
il 70 8.3 87.71 0.650 0.8 79.51 0.496
1,50 0.006 0.072
it 100 9.4 86.61 0.630 0.6 79.31 0.492
¥ 200 11.9 84.11 0.583 0.4 79.11 0.489
400 15.0 81.01 0.524 0.2 78.91 0.485
600 17.3 78.71 0.481 0  78.71 0.481
0 0 96.050.819
20 3.8 92.25 0.747 1.0 81.25 0.539
4 50 6.2 89.85 0.701 0.9 81.15 0.537
S 70 7.4 88.65 0.679 0.7 80.95 0.533
filt 1.49 0.005 0.066
it 100 8.4 87.65 0.660 0.6 80.85 0.531
FE 200 10.5 85.55 0.620 0.3 80.55 0.525

400 13.8 82.25 0.557 0.2 80.45 0.523
600 15.8 80.25 0.520 O 80.25 0.520
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Fig.3 Loading — unloading rebound curve of samples taken

after and before the freeze-thaw cycle
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Table 4 Elastic modulus test results of samples taken after and before the freeze-thaw cycle
- 1 i 1 B AR e /%
q/kPa Jin g ) 76 i fig ) fif Jn i ) i Jn i ) Aif Jin fif ) iy
0 0
20 0.173 0.898 0.898 1.036 1.036 1.140 1.140 1.239 1.239 1.302
R Rl R 40 0.385 1.012 0.968 1.152 1.113 1.246 1.212 1.338 1.302  1.420
60 0.685 1.101 1.109 1.232 1.237 1.323 1.313 1.402 1.414 1.473
80 1.153 1.153 1.282 1.282 1.395 1.395 1.468 1.468 1.555 1.555
b £ /MPa 14.44 15. 16.74 14.92 15.82
0 0
20 0.153 0.786 0.786 0.958 0.958 1.124 1.124 1.262 1.262 1.372
A o R 40 0.335 0.875 0.815 1.043 0.984 1.208 1.167 1.335 1.304  1.444
60 0.585 0.922 0.904 1.072 1.096 1.233 1.262 1.387 1.366 1.482
80 0.953 0.953 1.102 1.102 1.253 1.253 1.426 1.426 1.507 1.507
SRR E /MPa 21.41 22.33 21.98 22.59 23.70
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