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Experimental study of effect of NaCl solution on soil freezing characteristic
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Abstract: Soil freezing characteristic curve (SFCC) represents the relationship between the freezing temperature and unfrozen water
content. The SFCCs of clay samples saturated by different concentrations of NaCl solution are obtained using the nuclear magnetic
resonance (NMR) and the cold bath. The effect of pore solution at different concentrations on the SFC is analyzed. It is shown that
with the increase of the solution concentration, the freezing characteristic curve moves upwards, that is, at the same unfrozen water
content, the freezing temperature decreases with the increase of the concentration. It is mainly because the osmosis potential induced
by salt solution lowers the total potential of soil water, which in turn depresses the water freezing point. The freezing temperature is
related to the energy status of liquid water in frozen soils. The total pore water potential includes the matric potential and the osmosis
potential, where the matric potential includes capillary and adsorption and the osmosis potential depends on the concentrations of
pore solution. When the unfrozen water content of the sample is very low, the adsorption effect is available. At this time, the unfrozen
water is adsorbed on the soil particles in the form of adsorbed film. Similar to the unsaturated soils, a relationship between
intermolecular forces and adsorbed water film is used to describe the soil freezing characteristic curve at low water potential.
Combined with osmotic potential, the freezing characteristic curves at different concentrations are simulated, and the fitting results
are in good agreement with the experimental data.

Keywords: saline solution; soil freezing characteristic curve; Clapeyon equation; osmosis potential; intermolecular forces

B = 52 MABA I %, it R T 0 O, b
o T AR AR Gk gt T R K 5 1
e Lrh, PUGFLBUKIAREEG, TR ki K. SRR T SIS AER, SR AL

Wk H W: 2015-08-25

HETH: HEKAREEIE S No. 11502276, 11372078); [ FoA 1124 5 TR E 2050 & 78 B R (No. 13-KF-01).

This work was supported by the National Key Basic Research Program of China (11502276, 11372078) and Guangxi Key Laboratory of Geomechanics and
Geotechnical Engineering (13-KF-01).

WEER: DWW, %, 1986 F4, 1L, BUEIOISCR, FEENFARBE LTI T . E-mail: ttma@whrsm.ac.cn

WilfEE: FEE, Y, 1966 4, WIFLR, %, FENFZAN RIS AL TN AP, E-mail: cfwei@whrsm.ac.cn




1920 b +

b 2017 4F

BONRUR, DRI, R K S RIS AT TS
WFFURI T RE S B0 LA BB S Tkl
S5 T R L URRLE R RO R RER, Fe AL
I AR R VRS X LR . AR R 7K S KR 2
A HAER o Horp RS RHE 4 (SFCC) FRorili
JE5 ARV K S 2 T e RPY, ek VR 4K g
IS TITRE UL T 2RI 2R e, R —
IR B EAE AN T B 5 AR A 1 10 KL it
AR, b T DLRAE AR R KR

Uk L P IR R AR i e AN L BURI SN AT 2
FHXR, MHS LRSS mE VI TN
SEREEIEN, AN Cm T KR, g
R, BEEFLBRE IR B, AR GRS
K, HIRG R T, AEOg T, b S
RIS B RS IR B AR EIER . 0 TR+
PR, UREGR SR LI SRS B G
FAMInAar 20 bR 25, FF HOK s BRSO, BAT & i
IR A AR R X — MR 3T T 2 IR SR
VIR JE AN AR I AR R K & B SR 2 A IR
Lo FA T AKBE SRR, RGKE R GHE
UK A KA SR 2 T ok Rk U,
AR gE T RE K T 50 EIFSEELIR,
XPIX o T B A T R 2R

MR L UKoK AR T ARSI, 8 SR 2
HE 1) Clapeyon J7 KSR ARG AK S5 WS & oK
PR AR AP FLBR K I S FARE T Ll i &
FIREE MU Clapeyron 7 Feskit &1, fdm 5L i
R SBIEBRAGE NS S mAEER H T 1
TOORL W B AT B AR, v H e LK T
(Y095 T S S FEAT 550 Drotz %&"JRI Torrance 25!
WEFE T LB I AR AR R K S 18 R i A
T AKEBER EE SR L KT RS ), R KIT
B Py, ORI A RS v 1 2 5 (Y,

TEARSCH, SRR AR RGN B A
SRAFARIARE) NaCl FBOA R T VRS RRAIE 2k
MR 456 Th /0 A I b T AHAR SRR L
BUK MRV, B E T R AR B 40 7K B
AR L Ty 20 i 8 R S AZ A 1) st
I 1) 5 R AR 5 2 MO R, &g n] LIRAE
S N I 5V N OB TR T R 2 | S U S ] 1ot DN
R, SR 3 AR F D B 7K R JE 2 1]
IR, DARGR AL TR MRS IR SR IE M 2k . &5
HBIEREE, BAUANE NaCl 3R JE FIEW R IR SS
FRAE 2R

2 R

SR RSB TR oA 5, o HEE i
W 1 PR R Ny W FHESRAF %56 i bR il
S, =22.63 m/g. {EARY R REY S B
FE, EERAFRREN NaCl ¥l 5 0T LT
G, ELHI IG5 KR 20% 00 LFF, & 48 h,
EILK o A Sy o SRIGRHT R R RIRE, BOE 1)
THIEN 1.4 glom’s g T IWMBRERBLY T Y0371
APk, RV CTIA T T LR
IR 16 em®, FE R 2 eme B4 AR FER:
FH 25 5 vEHEAT AR,V RT Is SR FE R Rl e 2 1)
NaCl ¥, 53R 115258 NaCl ¥ 1 73301l A -
0, 0.05, 0.10, 0.20, 0.50, 1.00 mol/L. +FEHuAl
ZJE PRSI R 2 P,

R 1 LY
Tablel Physical properties of clay

LA HERTAR R SRR
BRE G, Sa/(m%g) wi/% wp/%

HHRidl (mm) /%
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2.71 2263 329 19.1 17.7 79.4 2.9
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Table 2 States of samples after saturation

W FE /(mol/L) MRS KA/ % THEY/%
0 36.68 0
0.05 36.00 0.10
0.10 35.84 0.21
0.20 35.69 0.42
0.50 36.01 1.05
1.00 35.26 2.06
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