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Abstract: To investigate the deformation characteristics of salt rock subgrade filler under the influences of temperature, ensure
the stability of salt rock subgrade and promote the resource application of salt rock in subgrade engineering, the characteristics
of phase transformation in brine and salt rock are analyzed. An orthogonal test method is used to investigate the deformation of
salt rock filler under the interaction of multiple factors in a single cooling condition. The salt expansion accumulation laws of
salt rock filler after multiple freeze-thaw cycles are studied. Based on the test section field monitoring, the deformation
characteristics of salt rock subgrade in salt lake area are evaluated. The results show that the cooling curves of different brine
concentrations do not exhibit any obvious subcooling stage, their balance and fluctuation are very short, and the brine phase
transition temperature increases with the increasing concentration. The cooling curve of salt rock filler has an obvious stage of
subcooling and temperature jump, and the phase transition temperature decreases with the increase of the mixed brine
concentration. The deformation of salt rock filler under single cooling condition ranges from —0.09 mm to 0.18 mm. The order
of influences of various factors on the deformation of salt rock filler is as follows: overburden load > brine content > maximum
particle size > compaction. The lower the concentration of mixed brine under the freeze-thaw cycle, the greater the salt
expansion of salt rock filler. The overburden load has a strong effect on inhibiting salt swelling of salt rock fillers. The field

monitoring of the entity engineering shows that with the growth of monitoring time, the deformation of the salt rock subgrade
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shows a sinusoidal cyclical variation and decreases along the —
depth direction, and it has a strong linear correlation with

temperature.
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Fig. 1 Sampling location of test salt rock and brine solution
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Table 1 Main soluble salt compositions of salt rock

B FEE/% FHESF & &/% B ey

HCO; CI  SOZ Ca* Mg* K'+Na' /% 2¢(SO#)

0.02  35.69 4.55 0.88 0.23 2386 65.18 10.61
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Fig. 2 Grain-size distribution curves of salt rock filler
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Table 2 Main chemical compositions of brine

. B+ FHESF . §
FEET - - - c(C1)/ 2¢(S04)
HCO; Cl S04 Ca?* Mg?* K*+Na*
EE/(mg'Lh 177.6 196039.2 169108.8 37082.0 2685.4 285790.8 1.57
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Table 3 Schemes of salt solution cooling tests
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Table 5 Freeze-thaw cycle test schemes of salt rock filler
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Fig. 3 Layout of salt rock subgrade monitoring system

2 H#R5e
2.1 p/KIETHHE

SRR B X1 7K B NaoSO4 ¥ i 2, LI 4.
B B 2R PR Bl AE S AR S Bk 1 7K R 7 AR R
Hh R 43 45 ST R KK A AR B R L, mE R B 11
A AR A Sk ) T K S E B IR ok v ) A AR AR AE
Kozlowski WAy R A 4 B B /K TE VR 45 10 B il 2 6
(PRI, A REAE BR 2% W 52 BBk EREY B . Fh
4 (a) AIAL, SRR /K B I i 2 ) oK I 2 1
AR, H P Rk shE R oy i 8. R 2
B 7K CLR B iy » 1T NaCl i iRt B 5235 FE S I /),
PIFN NaCl ¥ WRAE-21.1°C LU RIS A &= A vk i, ik
FEPEIRI R T K AR R 4G, 5 B0 7KL R I T8) Y R
HERE IR . H K 5w Eh a2 2 H 43R
HHBIAFE, HoVEmEZRERm AR, A8
RHFER AR OE N, i 5 oA h o AR AR,
SEORF R4 AT HBBCR B A TR AS . R,
s KB BB, R AEHMER R MRS TR
SRI AR, WAL i 2 Mk DA HH IR R B B PR B



720 Hs

P 4 (b) A%, NaxSOs V%S4 IE T3,
e U 1T 288 4775 B S PR B BR S P B o B R PRl it
FE NaSOs WIRAEEIBAN B, R K
B FRATE A B 28 BT BE SR PR Bk R R T
B B o e T 4%NanSO4 AN K A — IS, £-1.05°C
IR ER, M B 22 -0.72°C A2 A R T UG
NFE, NazSO4 10H20 AT H o 1M 8%NaxSO4 ¥ i
RAE T HIARAS, MR R -1.33°CRy, I
BB ER R A VKK AHAE , B S UK K AHAZ [ — 2 kA
ST RIEWIR LG R, NaxSO4 10H0 ik FEAR B
H, HAE-2.03CHRR A B R E R, B
PAF VAR E fenis ) 0.92°C, SRJEBEE-1.19CE A
PR¥FfeE . XM T EZE R FUE NaxSOs 10H0 f
VKT A AUE B — 5 A g, A ST s,

30
-8
201 _10
L -12
g 10
% -14
0 -
6000 7000 8000 900010000
——figFEA __7/:_5@/5
-10 '—O—QO“/ﬂEﬁWJEi [
—a— B ANV BE,
—— TOUA - —- —- =
~20 —o— SO%MLFIHREE i . i
0 4000 8000 12000 16000
IFRl/s
(a) M HE pG K
30 PN 2NasSOTH
2K\ —— 8%NaySOMF R
25
1 -
£
201 = of
= |
£ 151
~ 2k
i
E 10 L
4000 4500 5000 55006000 6500
5 -
ot .
i i
s s s . s s )
0 2000 4000 6000 8000 1000012000

B /s
(b) Na,SO W
4 a7k K& Na:SO4 AP L:
Fig. 4 Cooling curves of brine and Na2SOs solution
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Fig. 5 Phase transition temperatures of brine and Na2SO4 solution
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Fig. 6 Cooling curves and phase transition temperatures of salt
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