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Analysis of the Mechanical Properties of Liquid Paraffin-Cemented Soil Under
Freeze-Thaw Cycles
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Abstract: To alleviate the degradation of the mechanical properties of cement-soil brought about by freeze-thaw
cycles, a solution involving the addition of liquid paraffin has thus been proposed by utilizing the energy conversion
characteristics of phase change materials. Firstly, based on the results of unconfined compressive strength tests, it
is found that the compressive strength of cement soil reaches the highest point with a mass fraction of 3% liquid
paraffin added, which is about 7% higher than that of plain cement-soil. Subsequently, freeze-thaw cycling tests reveal
that under the same number of cycles, the appearance of liquid paraffin cement soil deteriorates slower than that of
plain cement soil, with a less loss of quality and strength, yet a relatively higher unconfined compressive strength.
Finally, a comparison and analysis are made of the micro-structure of cement soil and liquid paraffin through scanning
electron microscopy experiments, revealing the damage mechanism of water soil under freeze-thaw cycles as well as
the improvement mechanism of liquid paraffin on cement soil. The research results show that the addition of liquid
paraffin helps to significantly improve the freeze-thaw degradation of cement soil, with the strength loss of liquid
paraffin cement soil 8.56% less than that of plain cement soil after freeze-thaw cycles, which verifies the remarkable

improvement effect of the liquid paraffin.

YRS EHEE: 2024-12-06

E4WH: HEARFAHFELSRIIE (42402272) ; ZHEAEFHIITITRIESEBIE (2023AH050177 ) 5 ZH#A
5 598 & IR RLAF AT RIS T H (2023-YF036 )

EB®N: T B, Lo, WEEFUFERIZGZ, M, FEFE 50 yER TR, E-mail: weilu@ahjzu.edu.cn



553 4 Wk F

VAT AP K L R i R S HLIR A3 A 11

Keywords: cement-soil; freeze-thaw cycle; compressive strength; liquid paraffin; scanning electron

microscopy

1 HAREB=

B2 X K U8 BOTR A BTSSR B0 T 10
KR BAEEAEE, EAMREHR, Kt
E— R 1 T LA 5 B ZE VR IB 3R A
TR T, FL K 0 45 AT B A 1R 2 3 7K U - 7
R A A s A 7 O PN RS R B, K
8 - T 51 312 2 R AT B R 3 T
ELVRFAE F 2 K U8 £ AR K VB SR 0 K
BRI O BT BRI A R A, R
R B R i B I O R B 8 T
N, W R ER S IR B B R .
R R ER AR FEO K U8 - K505 1 6 A3 - o
TSI R 2k . BB O AR it (), 4 0
a5 00 JE KR A R RS LT, KL BRI X
2 2 0 AT A R AR A T - 1 38 4 2 3R
SE LR IERE . WIS U BT T BRI KR
PR A, 25 TR W T LR 5 K
T HHERE . PRI RLE

SEAER, RS R A 1 RE R
B BUBPRHO TG A, 335 11 A M
FE PR R 2 OBl WA 8 5 R 2 Fe
oo FIT, HS BRI FE 20 X B TR BT
A, A8 A BN T RS R T
SER BT E R E , METF AR, AR
PRE MR AT ORE, I HL T DR e
AfA] A ASDE G [l e wege 4 U DU Rk + o0
BFGORTS: . 0 P 7 B e AR A B L Tk R A 7
VAR, BT bR RS T DL B A
AERE; ARTRAEE U 4R R KA AR — IE DUk
(EG-C14) A MR B R +, g R iR
EG-C14 AEH 2%l 0 5 3 1] - PR B0 25 e ok
2, TR - REC AT . W B x
B2 M R 8 A A5 28 ) ) PR e 77 A
ORBEFTRIAAS PR, TR IAIRD AT A 8 1 b A
—RHNAK, 7R BT LS RS R
BRI, TESLTE R M T T R0

I 7 SOk 2 8 B9 T K JR FIAR S A 53
45 A B I HPOU R R ER AR PR B )2
BOSEI, TTE B BE 1 Fh A K SR SRS b 4] 2

MRS R TEREILS:, $ETHHPIURTERE, NIt 22K
THEERBARIE L PR, 2D R A
e ZET UL, ASCHIE 1A B A TR RO K
Je L TEM R BT B 52 Y, IFAERUL B AR B
OYRHERS b, TP RRRE ORI, BRI TR R O
PMERT, WA KT LRSI, S A AR 1l
O, TR PIRKTE B T BT SR, X g
Br TR L ROE S B2, DIRFOKTE L0k
ROIEPR T BB HLIE, DA RN T W AT RS 7K
Tt ryek RATLEE

2 R

2.1 XmairE

A A LR IS QS i 7 e I 70 G =
PIBEPERUILER 1. #2208 (AR Tl iAe ) , #d
FEET AR R T XUCTAL B, BlJS TRAE,  fe2 i
WOREAE o 2 mm B EAE, LARRYRORLZLAC A an il 1
B e B TR K eSS PO - 42.5 Eam iR R K
e, Wiy 354 Sio,. CaO. ALO;. Fe,0, 4%,
Py L 2. 1 T FHAHAZ BB PCM-A-5 ]
s, ShULERICEICREY, BB,
FASIREE N 5 C, HASHLE 3.

®1 THERMEMER
Table 1 Basic physical properties of the soil
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Fig. 1 Particle size distribution curve of the soil
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Table 2 Performance indicators of Portland cement
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Table 3 Performance parameters of liquid paraffin
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Fig. 3 Compressive strength of cement-soil with different
paraffin content added
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Fig. 4 Schematic diagram of the influence mechanism of

liquid paraffin
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Fig. 5 Appearance of two types of cement soil under

freeze-thaw cycles
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Fig. 6 Relationship curves between the number of
freeze-thaw cycles and the mass change rate
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Fig. 7 Relationship curves between the number of freeze-

thaw cycles and the unconfined compressive strength
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Fig. 8 Microscopic morphology of two types of cement soil
under freeze-thaw cycles
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Fig. 10 Schematic diagram of the improvement mechanism of

liquid paraffin under freeze-thaw cycles

WP 10 firs, MKV 2 BIARESAE I, WA
Ay 30 o R AR R TR A7 1) A 5 A SR TR A AR
YU, MG T RS TKEEAS A S vox —d e & 4, K
55 1 AR UKAURIKIE ST, PRIRK P 1 JKamAb, MATT
i - ORI (9 FLBR A /s T 247K e 452 2 Rl AL 1
I, AT BT A AR IS PR S B AR R A
IEA T RES B BER KB, AR 7K Y6 - AL B B
WAL /L, AT 7K L Az ] B F LB A Al it — 2
P L R, TR A I B A LRI F 4 A
Pl AR AT AR OB O, AT
PRYE LR IR A S, BT LA IR E
RE, Do/ mEym s ORI 46 ALK (19 E A2 VR R AR
M, —EREEE BT LIS ZK e 452 B R AR .

4 Zhig

ASSCATRAAAT W el ROK e - RmivERE , 4T T
BRI 50 HE 1 . R R R A i R
I3 BT AT I 5 R K D8 L B i (G 45 % T3 o ORI
FIPEPRE T T K Y Ll SR 0L . o | 5 B2 RO
SRR, FEEHET

1) 3% B B A A BB A KPR L, wl
DU AR K Y L JCM R GTE SR, IERE B e
NWBAARAT RS 7K - B T 2 P REAT SR VR

2) REBIEFRUCEBOARIRI , A AT K e 1 1 5T
EBURBUN, HAMIS RN, e 7 e i
IR K8 - TR A 2 2

3) HEOKPELAML, HFEEHMERRECT, W
(LY i2y) /e WibEA WA AN S PN
WA IS B35 N\ REWS AT 008 G2 VR B B 08 7K 8 5
JE IR o

4) NBWIE S ARE, MRERBIEIRRECT, )
AR U A FLBT IR L RN A DL 2R 1
PR AT RKVE LAY, JE— DU B Y
BT EE K e L BOBTR I A BA R A

S

[1] SHAFIEIA, AMINPOURM, HASANZADEHSHOOIILIH,
et al. Mechanical Characterization of Marl Soil Treated by
Cement and Lignosulfonate Under Freeze-Thaw Cycles:
Experimental Studies and Machine-Learning Modeling[J].
Bulletin of Engineering Geology and the Environment,
2023, 82(6): 200.

[2] LIUC, BERARD C, DENG L]J. Engineering Behavior of
Cement-Treated Stiff Clay Subjected to Freezing/Thawing
Cycles[J]. Cold Regions Science and Technology, 2023,
206: 103743.

[3] & W . FREERMOKIE 98 57 Rt e i i B Y
[D]. LFH: VLR RS, 2019.

HOU Rui. Experimental Study on Effects of Environmental
Erosion on the Fatigue Property of Cement-Soil[D].
Shenyang: Shenyang University of Technology, 2019.

[4] F) . GREMEER XS KYE L = b R bR S R B A
AR [7]. RTIRR A BEBEd, 2021, 38(8): 127-
132.

SUN Tao. Influence of Freeze-Thaw Cycles on Mechanical
Properties and Fracture Evolution of Cement-Soil[J]. Journal
of Changjiang River Scientific Research Institute, 2021,
38(8): 127-132.

[5] HREH, SRIREE, (s, & RAEER N AN R
b R R AR BE R FERTIT [J]. A AT
#iz, 2021, 21(5): 1957-1963.

CUI Honghuan, ZHANG Zhenhuan, HE Jingyun,
et al. Research on Improved Subgrade Soil Mechanical
Properties and Failure Strain Energy Density
Under Freezethaw Cycles[J]. Journal of Safety and
Environment, 2021, 21(5): 1957-1963.

[6] SHIX, YANGP, LIL, etal. Strength and Microscopic
Pore Structure Characterization of Cement-Fly Ash
Stabilized Organic Soil Under Freeze-Thaw Cycles[J].
Construction and Building Materials, 2024, 420:
135635.



16

W Lk K

E

2026 4F

[7]

[10]

[11]

[13]

[14]

ZHANG J S, SHU Y H, ZHANG J J. Experimental
Study on Dynamic and Static Mechanical Properties of
Polyvinyl Alcohol Fiber Cement Soil Under Salt Freezing
Cycle[J]. Cold Regions Science and Technology, 2024,
224: 104224.

LI HB, KANG X R, LIS, et al. Characterization and
Mechanism Study of Sulfate Saline Soil Solidification
in Seasonal Frozen Regions Using Ternary Solid
Waste-Cement Synergy[J]. Construction and Building
Materials, 2024, 427: 136263.

FHM, B b 98k CaCO, X 5 Bl IR R K U + 1
FERER M IR IE (], R ER S TR, 2017,
17(29): 348-353.

WANG Haibiao, CHEN Chong. Experimental Study
on the Strength of Cement Soil Impacted by the Nano-
CaCO, Under the Cycling of Freeze-Thaw[J]. Science
Technology and Engineering, 2017, 17(29): 348-353.
tRugm, 4 &\, K B, . UREMEIREA N XK
L AR M BWEAY (J]. Tk 5T, 2020,
50(3): 109-113.

XU Lina, NIU Lei, ZHANG Ying, et al. Effect of
Freeze-Thaw Cycling on the Mechanical Properties
of Fiber-Reinforced Cemented Soil[J]. Industrial
Construction, 2020, 50(3): 109-113.

EIEAR, S K, SKRE . VREEIME TR RS
KR 5 R T RIS (] ARAR AR, 2022,
38(5): 121-127, 136.

HU Jianlin, GAO Pengfei, ZHANG Yulong. Study on
Strength and Deformation Characteristics of Cement Soil
of Iron Tailing Sand Under Freeze-Thaw Cycles[J]. Forest
Engineering, 2022, 38(5): 121-127, 136.

WANG Y, JASIM D J, MOHAMMAD SAJADI S,
et al. Experimental Study of Phase Change Material
(PCM) Based Spiral Heat Sink for the Cooling Process
of Electronic Equipment[J]. Ain Shams Engineering
Journal, 2024, 15(7): 102793.

MAO W J, MA B, XU J Y. Phase Change Material
Coated Geotextile for Temperature Regulation of
Subgrade Soil[J]. Journal of Energy Storage, 2024,
81: 110438.

CHEN Y, HUANG Y H, WANG S, et al. Effects of
Phase Change Materials on the Freeze-Thaw Performance
of Expansive Soil[J]. Journal of Materials in Civil
Engineering, 2023, 35(7): 04023206.

WS, BROoK, RO, S HERDRRE RIEZHK
RRIPERE IS I S OB AT (7], A R TR,
2021, 43(11): 1994-2002.

HUANG Yinghao, CHEN Yong, ZHU Xun, et al.
Experimental Study and Micro-Mechanism Analysis of

[16]

[17]

(18]

[19]

(20]

(21]

Freeze-Thaw Performance of Expansive Soils Improved
by Phase-Change Materials[J]. Chinese Journal of
Geotechnical Engineering, 2021, 43(11): 1994-2002.
KWK, BoRiE, 20 3, 55 RRERT 25842
PR R 3 b 7 22 R PRI ST AL BT (9], B 98K
T AR, 2024, 44(3): 715-724.

ZHU Huaitai, OU Erfeng, JIANG Qi, et al. Study on
the Mechanical Properties and Mechanism Analysis of
Loess Improved by Composite Phase Change Materials
Under Freeze-Thaw Conditions[J]. Journal of Disaster
Prevention and Mitigation Engineering, 2024, 44(3):
715-724.

KA, &, HESR, SF . UREMAER T AR AR
o LB R A B SRR T (D] 2 i, 2022,
67(8): 36-43.

ZHENG Yongjie, ZHANG Xiao, LUO Zhili, et al.
Study on the Physical and Mechanical Properties of Loess
Subgrade Improved by Phase Change Materials Under
Freeze-Thaw Cycles[J]. Highway, 2022, 67(8): 36—
43,

JRIHEHE . FEIX AL A KR I - 14 22 BT B 403 e 1
WEFE [D]. FEAIERF: S AR, 2009.

ZHOU Liping. Study on the Mechanical Properties and
Damage Characteristics of Soil Consolidated with Cold
Region Composite Cement[D]. Hohhot: Inner Mongolia
Agricultural University, 2009.

SKRZEXL, BUETR . YRR T AR K8 L0k
PR RE EFEHL [J]. AERR SRR, 2019, 38(7): 2144-
2151.

ZHANG Jingshuang, DUAN Xuelei. Effects of Freeze-
Thaw Cycles on Damage Characteristics and Energy
Dissipation of Soil-Cement at Different Ages[J]. Bulletin
of the Chinese Ceramic Society, 2019, 38(7): 2144-
2151.

PR . AN F ARSI T B K8 B ~E R
BT FRRIBESY [D]. 1% KR, 2023
CHENG Yuhan. Study on the Physical and Mechanical
Properties and Calculation Models of Loess-Based
Cement-Soil Under Different Service Environments[D].
Xi’ an: Chang’ an University, 2023.

RAZs, ke M, BRRK, S A AT RORR
P O R AR L A R ALV RE (0], b DR A ROR,
2024, 30(1): 123-131.

TANG Shaorong, DU Peng, LI Haotian, et al. Freeze-
Thaw Properties of Silty Sand Modified by Paraffin-Based
Phase Change Materials and Cinder[J]. China Powder
Science and Technology, 2024, 30(1): 123-131.

(THES . BAWE)



