55 44 3% 55 2 1 oo %+ Vol. 44, No. 2
2022 4F 4 H JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Apr. , 2022

DOI: 10. 7522/j. issn. 1000-0240. 2022. 0062

HUANG Youfen, WU Daoyong, WU Shiyu. Experimental study on deformation of remolded sulfate saline soil under freeze-thaw cycles[J]. Journal
of Glaciology and Geocryology , 2022, 44(2):602-611. [B{{H7%, RiEH , RFFM . FREMGH ST EWmREHE 2RI prR1]. ik

NI+, 2022, 44(2):602-611. ]

HREINFHTEERE

R

=
~
(1.

N

B,

S W SR M B T IR PRI A S T S A, SR B 5500255

72 15X

=

2. SRR PR S EREE TR AR, 52 BBH 550025)

== i
ik H

AR

B R DCRRER A IR PR 3 AR B RV R BN 2 TR R R SR (H AR
WP G AN+ WA o o e A ) 5 R i by O R R R AR PR, F 5 i e 8 v i B R K
bt ALBUKE ) RO A RS B AR PR . S5 SRR FLIRUK R g RV S5 W8 0 - (Al B8 e,
TASTEAT LR . S T AR AN AT RO IR, 25 T VREE EL T iAo A
Oy LI AR K AR R RLTOA R A LA ARG MR R T ORSE i AR LB, W T R
0 ARARIE ) S R R L, R AR 15 £ fak I b A AR AR K AR 3 5 BEE A R ik i3S , R kR
W F) TR BBOR BRS39S T B/ , SRS 2 il 5 3 ek T A R ] AR TE
KGR URRIMEEE ; BRI L s IR HLEE ;s A0 )

REHES: TU448 XERFRERRD: A

0

515

)z A T AT R X, 52
AW S B2, FE DX 32 N R 2 A RS B
LERNRAL , VRGP UL T 1R i R A, 725 W
RPN AR RS . R BRI R KR
AN AR IR, AR A2t B K oy R
SFLZMNR BN v R R M Z A Y
B R R A B AR PR A . AR T A 2 Y R
Wi, B R T5T B R R IR R B L TR
i RIS T 0 R AR e VBRI A T I A
TRASERIRT B R Tk =T R
HA AR R, T AR R R Wi b AR K 3
KA 58 T A X T DR B 7 b 2= 5 o 1 X TR A 3T
UR/SSov T R AT 18

VFZ2 27 BN URREAE TR 535 1 19 38 i T
JE TR AT R E N, DR T T
FAMAR . EEW R LT IJLAS TR BT (1)
REVE R $hit L Ak ERIE RS o AR AR
i 2 WA ST 1K 73 MR 2 AR IR R P BT #%

gig=h:: R
HEE£WMAB:
fEEE T
BIEEE:

2021-08-10; f&T HH#A: 2022-03-28

XEHS : 1000-0240(2022)02-0602-10

F W R BRI R TR IR ARG
T LR AR S R B HBCA WK ERE RS
AIIREN 1 o B BHE RO K R, VR 22 R R A4 I
e BT ESE SRR AR HLEE =, R L S )
PR K SRR BOUK B 1 B R SE R B B
YNGRy SUR e LN N T RS N AR G
XIER% R A5, SRR R BN . R
I8 B AE WS T RSy K O i R R ARAE I
ARSI, i 08 R B A R I ARl T AR AR T
(R BN, 5 R A I R R R o A
o (2) URRAE IR AR B AT R o T A
Xt RARER T AT S R BRI A5, R
T FR VR LR B 2 e rp R I R AT B B,
AR R R ) 2 18] B SC R AT S R
ERLRE . R A R IT e SR K B s e R R
F, xR R K AR A T BORIR AN
o R RIS AE M T Bl o Hr i 3] 2
R IR A FRESE0h TIRSUmIR N
A LK BRI TR T N IT R GE R A R

HhE

% EARFAIE 4 100 H (42002280541761016) 5 5 M A BHEH R FE4 T H (B RHE SERL-ZK [ 20227 £5.018) ¥ Bl
HAR S g A, TR R AR TE A ERFSE . E-mail : huangyoufenxxx @ 163.com
SIBEH  RIEE, FEFRE  TRAE S AR PESY . E-mail: dywu@gzu.edu.cn



2 4 R OYAE  URRIERR A 1E T AR AR £t AT IR IR AT Y 603

B RESAE , R LAY EEOR Rk DR,
BXF T2 E RS R, 25 8] R RS i
KA R IR B A 2K, ik T it — 2t
Fo WA 2AH PO TR RO IR T R R
A A PR BUE AR, £ 1 O0E T 1E i i B R 5
BERL, X TR T AR BRI RIS R
L L AR IR RS AT A e — AN R
7K PER TR 5 e e, AN [R) BRI A £ 20 BN [R] 25 36
A b AR AE AR R P T 2 R B R R AR T
FRPE™ (3) i TRl 2 A A, UR Rl R b i K
BB VR AR R AR A o PR AR B TR
PR 20T b AR 45 4 2 ), 2 ] I 18 R 45l
Pt 5 P 38 D T A AR I 5 K 3R A 8 i
Wan 52 e — D50 TR0 ARSI, $ i1
TR e J U B R R R ) — B B A 5
AT RCR N IE R IR R K T
TR T RAF A REAY , D #h 57 i X TR i
At T HISARYE . (HBRR Hh B b AE A 2 AR E
FINEASSE b Y, S BOR R 0 25 A5 R ) 3l 8 B85 2
PF T AR BEIRHLBE i AN 20 WA o i X o

A PR L B K g B D, A S I 5 R
DR Xk S [R]E, ARSCT JEAN [R] B R R R
ot b B9 2 R UR BRSPS R i e vh R i A
VR 0T £ AR T B BTRR, 20 VR Rl A R L EE LK
oy ERr SRS BRI R & ] R R AR
FLBAK TR T 55 38 500 % R AR T B2, Sy ik —
AINRRAS R 1A LB S R A 4l

1 #R57EE®

T MR D SR T A I R R IR M IR A
SLRARBF BB L, AR b T 7 vk b ofie ) ik
Fr3E AP T ik g 2R R 1. KRR kh
ARERVEEL, AETERER 2, Hrp EEHE T
N Na', FE B CIrfi SO . B, KRR
ot 5 AR MK T P , T I IR0 1 I Al 9
T BISE I —UE T . SRR A ZRIBOK [ A2
UE, H RO SR S AR . I Tk
IR BIE T T, BER T 2 M AR AR I
IR AR o FF R BRER Y LR AE 105 CTHAF
N BEEE I 2 mm (Y AT

K1 RARREAY IS

Table 1 Basic physical parameters of the soil

A R/ (geem™) R /% RR/%

A2

KT/ (g cm™) Tl K HRI% L

i 1.4 28.3 20.0 8.3

1.8 17 2.589

*2 KAWL PAE TR (AL mg- L)

Table 2 Ton contents in the natural saline soil (umit: mg-L™")

Na* Ca™ K* Mg** cr S0,” NO, MR/ %
395.92 102. 98 66. 08 7.82 756.32 302. 56 22.96 0.83
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Fig. 2 Variations of unfrozen water content and displacement of soil samples during freeze-thaw cycles: Sample SO
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Table 3 Temperature parameters of soil in each stage during freeze-thaw cycles (unit: C)
. N RAME R L
X 5 HESE
1 2 3 4 5
URGE IR 0.02 0.02 0.01 0.01 0.01
S0
[y -1.20 -1.20 -1.20 -1.20 -1.20
FRARAT TR -0. 83 -0.91 -0. 83 -0.94 -0. 84
UREE IR -1.25 -1.12 -1.10 -1.05 -1.04
S1
LR A=Y -2.60 -2.40 -2.31 -2.21 -2.11
SE AV R 4.61 4.52 4.31 4.71 4.72
En AT H I 0.52 1.02 1.41 1. 54 1.85
UG IR -1.21 -1.21 -1.22 -1.21 -1.21
S2
[y -2.10 -2.01 -2.01 -2.01 -2.01
5C AV IR 10. 50 10. 04 11.01 11.11 11.20
SOARHT TR 7.42 7.91 8.22 8.31 8.51
UREE IR -1.34 -1.34 -1.38 -1.39 -1.35
S3
LRI -2.12 -2.13 -2.31 -2.32 -2.31
ST AR A R 12.55 12.91 13.01 12.82 12.93
En AT H I 12. 04 14.03 13.73 14. 14 13.91
YRGS -1.41 -1.41 -1.34 -1.34 -1.34
S4
[y -2.82 -3.91 -2.15 -2.13 -2.06
TEAVE I 13.01 13.93 14.53 14. 61 14.52
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Fig. 3 Variations of displacement, unfrozen water content and conductivity of soil samples in the second freeze-thaw cycle:

Sample SO (0 salt content) (a) and Sample S3 (3% salt content) (b)
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Fig. 8 Variations of various soil strains with salt content during warming and cooing: salt expansion (a),

frost heave (b), thaw settlement (c), dissolve collapse (d) and residual strain (e)
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Experimental study on deformation of remolded sulfate saline soil
under freeze-thaw cycles

HUANG Youfen', WU Daoyong'?, WU Shiyu'

(1. Key Laboratory of Karst Georesources and Environment, Ministry of Education, Guizhou University, Guiyang 550025, China;

2. College of Resources and Environmental Engineering , Guizhou University, Guiyang 550025, China)

Abstract: The accumulated deformation of saline soil caused by the special temperature and humidity environ-
ment is the main cause of numerous engineering problems in seasonally frozen region. However, the deforma-
tion failure mechanism of saline soil is not well defined. The freeze-thaw cycle experiments are carried out by
silt with different salt contents to investigate the variation characteristic of temperature, unfrozen water content,
pore water pressure, matric suction and displacement during the test. It is found that the pore water pressure and
matric suction are sensitive to soil temperature and have important effects on soil deformation. By analogy with
the effective stress principle of unsaturated soil, the effective stress equation of frozen saline soil is given. The
soil deformation is divided into temperature strain, salt expansion, frost heave, dissolve collapse, thaw settle-
ment and residual strain, which completely explains the deformation mechanism of frozen saline soil. More-
over, the degree of influence of salt content on soil deformation is discussed, which indicates that frost heave
and thaw settlement are the main strains of saline soil with low salinity. With the increase of salt content, the
contribution of salt expansion and dissolve collapse becomes more and more significant. The soil deformation is
minimum when the salt content is 1%, which indicates that proper control of salt content can effectively suppress
soil deformation.

Key words: freeze-thaw cycles; sulfate saline soil; deformation mechanism; effective stress principle
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