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Two-dimensional freeze-thaw deformation characteristics of compacted loess
under makeup water condition
QIU Nan, CUI Zizhi, ZHAN Shiyuan, HU Yue
(College of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China)
Abstract: In order to explore the two-dimensional freeze-thaw deformation characteristics of com-
pacted loess, fixed saturation at 60% , changed compactness to 0. 86, 0. 90, 0. 94 and 0. 98, and
fixed compactness at 0. 94, changed saturation to 30%, 40%, 50% and 60%, the two-dimensional
freeze-thaw test of compacted loess in 20 freeze-thaw cycles is carried out by the fixed saturation
method. The results of two-dimensional replenishment freeze-thaw test show that the frost heave
and thaw settlement are observed vertically, and that frost heave and thaw heave are observed
horizontally. With the increase of freeze-thaw times, the height of samples increases rapidly at
first and then decreases slowly. The vertical thaw settlement gradually changes from less vertical
frost heave to greater vertical frost heave. After several {reeze-thaw cycles, the height of samples
is less than the initial height. The width of samples keeps increasing, with the horizontal thaw
swelling being the main reason for the increase of vertical thaw settlement. Under the same satu-
ration condition, the frost heave rate, thaw settlement coefficient and volume change rate of the
samples decrease with the increase of compactness before a certain number of freeze-thaw cycles,
and then increase with the increase of compactness. The compactness can delay the development

of freeze-thaw deformation, but it can increase the stability value of freeze-thaw deformation.
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Under the same compactness condition, the frost heave rate, thaw settlement coefficient and vol-
ume change rate of the samples increase with the increase of saturation, but the volume change
rate tends to be the same with the increase of the number of freeze-thaw cycles. Compactness af-
fects not only the number of freeze-thaw cycles in which the volume change rate reaches a stable
value, but also the size of the stability value. Saturation only affects the number of freeze-thaw
cycles in which the volume change rate reaches a stable value. The research results are of great
significance to the evaluation and prevention of frost damage of compacted loess bank slope engi-
neering in seasonal frozen soil area.
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Tab.1 Basic parameters of soil samples

o/ w/ 4 w./  wp/ Omax/ Wopt /
(geem™) % ) % % (geem ) %

1. 49 8.2 2.72  27.2 15.0 1.72 16.0

E P N S X e ]

Tab. 2 Particle size distribution of soil samples

LAt 0.075~ 0.05~
ne/ =0.075 7
mm 0.05 0.01 0.005

0.01~
0. 005

HH/% 5.9 58.5 20. 3 5.1 10. 2
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Tab. 3 Factor combination scheme

IEREE TR Ac S./% N/
G, 0.86 60
G, 0. 90 60
G, 0.94 60
G, 0.98 60 1~20
Gs 0. 94 30
Gy 0.94 40
G, 0.94 50
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Fig.1 Two-dimensional freezing-thawing sample
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Fig. 2 Process curve of vertical freeze-thaw deformation and time of sample
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Fig. 3 Process curve of horizontal freeze-thaw
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Fig.4 Vertical frost heaving rate curve
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Fig. 5 Horizontal frost heaving rate curve

(LS

T4, anisl 6 FE 7 fios .,

60
80
00 —a,
20 —G,
40 —G
60}
80
.00

8./%
S o =MW E A

0 3 6 9 12 15 18 21
N/IK
(a) AN [R] & 5 &

401
60
80
00
20
40t
60
801
00

0./%
SO bW RV

0 3 6 9 12 15 18 2
N/
(b) A~ [7] ¥ A

&l 6 1% ] Al T AR A0 b il 4R
Fig. 6 Variation curve of vertical melting

settlement coefficient

6.00F
4.80}
_G1
2 360} G,
< —G
2.40} 3
—G,
1.20}
O. 00 1 L 1 1 i 1 1
0 3 6 9 12 15 18 21
N/
(a) ANl JE 52
6.00F
4.80
—G
s 3:60f 6.
< 2,40} —G
_C}3
1.20}
0. 00

0 5 é é ﬁ B & ﬁ
N/
(b) 7~ [) o A

7 KRR EUE A M2
Fig. 7 Variation curve of horizontal

melting settlement coefficient

HIET 6 771 G0 119 18 i i 3T A% K240 B i
PRUCKEL 0 3 PN UG R . UG TR A BEAR TR A 25 1F T
1t [ o 2R 50 52 PR A A 4 R 5 188 1) R K R B T
TR RS 2 22 AN K VR LG 2 I, e 52
JEE SRS TR 5 ) BT AT B e . TR S RE A I 9 4%



120 VU225 TR 232 4R (20200 45 36 45 1 1

TR 15 1o k9 2% 250 L R 18 3 DR T3 K

oA 7 FIEL 6 AT AT, K- R0 28 B50RN 3 ) T 2R
BB R G PR R B S B RN B AR A R R AR
2.2.3 IRAEEK

YRR R A R AR RO R an & 8

7N o
12. 507 — G,
10. 00} — G
2 —G,
< 7.50t —G,
5.00F
2.50+
0. 00 "
0 3 6 9 12 15 18 21
N/ IR
(a) AN Al JE S B
12.00 G,
10. 00} —GaG,
8. 00} —aG,
2 —G
S 6.00f
4.00f
2.00f
0. 00 —_—
0 3 6 9 12 15 18 21

N/
(b) 7 [) 4 A
B8 R AR £k
Fig. 8 Volume change rate curve
Hi & 8 AT, & AL IR YR A2 R KT 0, Rl
JE R TR K BB . G~ Gy IR AR R 5 YRRl
IURA I B e i R e W te g Mk et .
By 0L 0 AT ] A9 2% R A VR Rl 498 A8 I A 78 % B
J S5 B ) 3G R /0N L 22 05 BE TR SRR A B K 1
Ko FESFZEE/NAYIRAE , H VR Al e 1 2 TR 8 (1R A8

IR B RS I 0T IS 09 VR il PR B0 D R R AR
TEfE/N . UREL 20 I, Gy AR R E G IR A R

ZIWIK 1.8, JRSCEE M A 25 AF T L e A AL R
W R JBE ) 4 R T R EL B AT B R R O R Y
I TR B G L R A0 B S RE A [ B AR L A A

[F] 4 A A A A R, T 2 B AN AL R ) R L S 1 BE
YK T EL 2 We RS (B B9 R /0N o A 1 B2 AL 52 Wil 7 il
Tt 72 1 PR U B

3 &

1) BE R Rl OB 58, 1R R 4 5 Y g JE
S T R 2 /) FR s A RO R R R Y
i N TR AR R

2 URE Y B J3E il AR R 28 4 84 R 8 1 L K
- Bl 2 s 1) Rl T R Y S E A

30 URE A VR IR L R AR ORI A A A A B U
UK i s 52 J32 8 DR DRk /0 o 2 I it e 52 ) 3 R
T K 5 s S5 2 AT LA S i R il A2 T 119 4 e L (R 22 ok
R LR E(H .

4) BRI VR I 3 Rl T 2R ORI R A2 4 i A A RE
F 3 AT 38 K A ] P 552 82 4R 119 A A 3R Bt 70 35 1R
A O R 3 A T 1

B E Wk

(1] #RBOH, ERE K. R LW M. bt B2l
JiAL 2001,

(2] MAE,FRIE A, % RSN 8 - AR S50

Piil ]ROBE 2R [T, 4 05 2%, 2018, 39 (7)) 2336-
2343,2360.
YE Wanjun, LI Changging, YANG Gengshe, et al.
Scale effects of damage to loess structure under freezing
and thawing conditions[J]. Rock and Soil Mechanics,
2018, 39 (7). 2336-2343,2360.

(3] gk . Hb ok 48 2R i 280 T o b Bk 4= 2l ) e 1k 5 IO &5

MR B LD]. BN BTV, 2016.
ZHANG Mengya. Experimental study on dynamic char-
acteristics and microstructure of frozen-thawed soil un-
der subway loading[ D]. Hangzhou: Zhejiang Universi-
ty, 2016.

(4] B AME 5 SO 3R ARG PR VE FI T 3 AL B R A2k

MAELTD. VKR £, 2014, 36(4):907-912,
XTIAO Donghui, FENG Wenjie, ZHANG Ze. The chan-
ging rule of loess’s porosity under {reezing-thawing cy-
cles [J]. Journal of Glaciology and Geocryology, 2014,
36 (4): 907-912.

(5] ZRe, R R, X P fa, 4. JE 4 A e 38 a3 1 1 i 36

ﬁ[J]JkScimJﬁI&iﬂJﬁ, 2006, (2):27-30.
LIANG Yan. XIE Yongli, LIU Baojian, et al. A test
study of the permeability of unsaturated typical loess
[J]. Hydrogeology and Engineering Geology, 2006,
(2): 27-30.

[6] LEHRSCH G A, SOJKA R E, CATER D L, et al.
Freezing effects on aggregate stability affected by tex-
ture, mineralogy, and organic matter [J]. Soil Science
Society of America Journal, 1991, 55(5): 1401-1406.

(7] M, EEA AT @B 5. Rl & T HBE L BEMN

I LT ], PEALRAMBL B 2 4R CA AR 10
2017, 45(7): 134-142.
XU Jian, WANG Zhangquan, REN Jianwei, et al. Ex-
perimental analysis on permeability law of remolded lo-
ess under freezing-thawing condition [ J]. Journal of
Northwest A&F University (Natural Science Edition) ,
2017,45(7): 134-142.

(8] ZEwg 2%, sk b vife, E . 3 PH 3% + B 59 o FF (9 35 35 i 40
WFFE[T]. P TR 224, 2015, 31(1):113-119.

LI Lingyun, DANG Jingian, WANG Wei. Research on



DA 5 55 AP K S0 R RS2 3 e 1) — 2k R Al TR R

121

(9]

[10]

[11]

[12]

ring-shear test of loess shear resistance strength in
Jingyang [J]. Journal of Xi’an University of Technology ,
2015, 31 (1) 113-119.
e, B, E M R R E DT m B4k B
THERBEFELT ). B2 R 5 T/, 2015, 15(28):191-
195,204.
LI Xianrui, LI Xiaoyuan, WANG Shenglin. Capillary
water migration effects of modified loess in vertical di-
rection [ J .
2015, 15 (28): 191-195,204.

BEZEOL. THER MK S TEEMP AR A

BT, 2012, 34(1):96-98.

XUE Saiguang. Research of the main canal lining tech-

Science Technology and Engineering,

nology in the frigid districts of Ningxia [J]. Yellow
River, 2012, 34(1): 96-98.

K 22 ity 7 LS e A 2 S R ik I IR ™ B O B R
R P EARR KR KA, 2012, (9):105-108.
ZHANG Guojun., LU Liguo. Important factors that influ-
ence lining channel frost heaving damage [J]. China Rural
Water and Hydropower, 2012, (9): 105-108.

MG, 4281, AL, A T SN B A 09 R ik il D R 1

[13]

[14]

(00 B2 AR5 T ,2016,16(18) : 230-233.
PAN Peng, LI Jian, HAO Jiaxing. et al. Frost heav-
ing and thawing settlement characteristics of saturated
loess in Ningxia [J]. Science Technology and Engi-
neering, 2016, 16 (18): 230-233.
FEXRZE, MEW . B ZWERM ST & 0w
UMk A g ()] 4 £ TR 2 4R, 2014, 36 (4):
625-632.
WANG Tianliang, BU Jianging, WANG Yang, et al.
Thaw subsidence properties of soils under repeated
freeze-thaw cycles [ J]. Chinese Journal of Geotechni-
cal Engineering, 2014, 36 (4): 625-632.
FEBR BAEDSIBME S AR R A K AT A X
SEH L RRBVIE R LT ], T B R E A (A AR
JR) . 2018, 39(3):234-238.
CUI Zizhi, HAO Jiaxing, PAN Peng, et al. Compacts
loess” deformation characteristic of {rost and thaw in
winter irrigated area under non-sufficient water suppl-
ying condition [ J]. Journal of Ningxia University (Nat-
ural Science Edition), 2018, 39 (3): 234-238.
(GifEgm%E M

)

(EHE%E 114 1D

[3]

[4]

(5]

[6]

XVE TR, TR AT, N A AR, 55, [0 i 30 L B 1 37 b 3 B
Frth g (], 5 M 5 54 . 2019,47(2) - 177-182.
LIU Chunlong, ZHANG Zhigiang, LIU Fengyin, et al.
Research on collapsibility of a loess site in Pakistan[]].
Coal Geology &. Exploration, 2019, 47(2); 177-182.
FEEM AW I, 4F. A f /D e S RE ] AL
SR TR BRI B R, PR LK
4R .2006,22(1) :15-19.

JING Yanlin, WU Yanqging, YANG Lina, et al. A
study of loess collapsibility by combining least squares
support vector machines with particle swarm optimiza-
tion algorithm[J]. Journal of Xi’an University of Tech-
nology, 2006, 22(1): 15-19.

HEL,ERMCERE S WS AR e
BN A AR [T ], oK AR 4 2. 2016, 36 (1)
120-128.

MA Yan, WANG Jiading, PENG Shujun, et al. Rela-
tionships between physical-mechanical parameters and
collapsibility of loess soil and its prediction model[ ] ].
Bulletin of Soil and Water Conservation, 2016, 36(1):
120-128.

RIS R AR R AR S B R S L
FEARIGC R BT vk [T ], A TL R 2 B B 4t - 2018, 35
(6):75-80.

WU Xiaopeng, ZHAO Yonghu, XU Anhua, et al. Re-

[7]

[8]

[9]

[10]

lationship between collapsibility and physical-mechanical
indexes of loess and evaluation methods[]]. Journal of
Yangtze River Scientific Research Institute, 2018, 35
(6): 75-80.
EHK, B FER. % RERES YRS
MARSGHELT ], 3T 5 #I 4R 2013,41(3) :42-45,50,
WANG Jiging, LEI Shengyou, LI Xiaolun, et al. Cor-
relation of wet collapsibility coefficient and physical
property parameters of loess [J]. Coal Geology & Ex-
ploration, 2013, 41(3): 42-45,50.
rhde AR ] A . VB M B b DX
B50025-2004[S]. b o S Tolk th hitkt . 2004,
TR [ B X T 22 IR R TN L] AR A
2018,240(6) :97-101.
ZHANG Changfei. The collapsibility evaluation of the
Malan loess around the Guyuan areal[J]. Fujian Archi-
tecture & Construction, 2018, 240(6): 97-101.
ER. ZEORAE LAY TR S A8 4 ) 2 v B
TR ILD]. TG %« P4 % B TR %, 2014,
WANG Qing. Data mining technology in the applica-
tion of the engineering classification of soil and loess
mechanics properties[ D]. Xi’an: Xi’an University of
Technology. 2014.

GifEgmiE  FE4)



