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Abstract

For fine-grained sulfuric acid saline soil with different salt contents, a self-made test chamber was
used to conduct freeze-thaw cycle tests. The temperature, humidity, and salt content of the soil
samples at different heights were measured, and the distribution and migration of water and salt
under freeze-thaw cycle conditions were analyzed. Based on the microstructure characteristics,
the mechanism of salt frost heave in fine-grained sulfuric acid saline soil was studied. The experi-
mental results show that during the freeze-thaw cycle, the cooling rate and temperature variation
range of the soil sample increase from the bottom to the top; the temperature changes at different
heights of soil samples vary with different salt contents, but their trends are similar. The higher
the salt content, the greater the water migration of saline soil towards the cold end, the greater the
difference in water content between the bottom and top, and the gradual reduction of heat loss.
After the freeze-thaw cycle, the salt content of saline soil with different salt contents migrates to-
wards the cold end. The higher the salt content, the greater the salt migration, and the greater the
difference in salt content between the top and bottom. The number of large pores in the soil par-
ticles from the bottom of the soil layer to the top of the soil sample increases and their distribution
is uneven, resulting in significant expansion deformation at the top of the soil. This indicates that
under freeze-thaw cycling conditions, water and salt in saline soil migrate towards the cold end,
resulting in more ice crystals and salt crystals at the cold end, resulting in salt frost heave defor-
mation of the soil.
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Table 1. Basic physical property indexes of soil samples
= 1 AR AR

HREZRG TR wp (%) TR wp (%) KT pg (grem™) B K (%)
A Vi o 25.6 179 1.73 18.8

Table 2. Chemical composition of soil samples

2. THECFERS

COy (g/kg) Cl' (gkg) SO; (g/kg) Mg' (g/kg) K" (g/kg) Na" (g/kg)

0.21 0.09 16.65 0.07 0.06 0.21

S LR EYEARECN 7.4, WUMETRECH 0.03, AR L 1 s v R % B RN SRR R G L
VEERTT HRE RS T BN 4.1%, i C1 /SO 4 0.0055, /NT 0.3, HIEZHRENRER . X HTEE
Wik R REAT VR B AR, W DR R R ) AR AT S 0T RS R sE, LR C1/SOY 2 0.1176, H
EZEFONRIRER L S EEN 0.37%, T 0.5%, TEhAkYE.
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Figure 1. Test equipment
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Table 3. Test plan
=3 RBAR

RS THE%) SKE®%) LR BEIEHE(C) PEIR TR HA(IK)
1 1.5
2 2.0
3 2.5
A 0 20 0.93 20°C~—20°C 7 (IR THE )Y 24 h, 48 h Jy— AN AL E R H 1)
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6 4.0
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Figure 2. Sensor installation location diagram
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Figure 3. Comparison of 15% H,0, solution before and after treatment
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Figure 4. Partial process of micro test
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Figure 5. Temperature variation with time at different heights inside soil samples
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Table 4. Temperature variation range at different heights of soil samples

F 4. IHTFSELREZNEE

+ 2 = (em) BEEH(C)
20 5~8
40 1~10
60 ~7~12
80 —20~20

Il FE AN SRR R iR =, B2 DU A R S AN IR A, FRIR R PR =~ B
AR [ AR Y B A i . NS 4 rPaT R M AR RS S 3 TR AR B T e, RN T IR AR A
RN EE TR BEEURAN R N, ARaSEE & m Rl AR IR 2l AL
ST, AT R P AN [ R AR R AR R A T R RN S A R L R G S AT R B
TRER AR IH AL TR ARG . 7E 0~10 h IR PN, EARSM R BRI L SURI R %, BER BRI 5
AR ZE RO . £E LUR I (] A AR 5 A R IR 22 B . Ehist B AR RS R, R S
S T T RS STt R B, & Eh BRI LR R S T AR T A R R R .
JE R LR IR AR A G VR IE A SR &5 2h B A 2 sl (HpEiE A K.

2) KRR

K6 gt 7 ANRE S ER B R R R E IR S A T B AR R AN R R AL B KR A

80 ) 80 1 i
—O— WA EIKEE —0—YIUGEEIKE
—o— i — —o— 55— JH I
60 FE R 60 | R
5= FH=FE
= —o—IUFEE = —o— U
Saf e 540 —o— B LA
i o o
4%@ —o— N E —o— 557N
- 2 |- H B e E2 H]
_‘_}: 20 b —f Yo it ﬁ 20 — 4 BJE ]
0 1 1 1 ] 0 1 1 1 ]
10 15 20 25 30 10 15 20 25 30
IKE(%) K EE(%)
(a) FEE 1.5% (b) FEHE2.0%

DOI: 10.12677/ag.2023.135054 576 HOBRBL 2RI


https://doi.org/10.12677/ag.2023.135054

pUNGTE

80 80 r

— ORI K —o— WA KR
—o—5— A —o—
60 | —o— 60 - R
E=EM =R
— —o—FEIEH —o— SF VU E 1
S0} - Saot
ﬁ —o—FE R JHH % —o—FBILAM
- —e— AN —e— AN
v 20 —— LA i —o—H-L A
+H20r =0T
0 1 1 1 ) 0 1 1 1 ]
10 30 10 15 20 25 30
BIKE(%)
(d) EEhE 3.0%
80 \ 80 [
—0— Y& KK —o— WU E KR
—o— 55— JE —o— S — &
60 F -5 A 60 F —o— 5
EZAH Gy p ]
— —o—FEIHE —o— U HA
Sat sy 540 F ”
o —o— 5 11 A Y] {é —o— 5 11 J5 Y]
2 —e—5N / —e— 55N
H# 2 —— LAY i —o— LI
-+ i 120
0 1 L L J 0 L 1 1 J
10 15 20 25 30 10 15 20 25 30
K EE(%) K ZE(%)
(e) #EhiE 3.5% (H FHE 4.0%

Figure 6. Water content and time variation curve at different positions of the sample
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Figure 7. Distribution diagram of salt content of saline soil with different salt content at different heights after the end of
freeze-thaw cycle of samples
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Figure 8. Relationship curve between freezing times of saline
soil with different salt content and salt frost heave deformation
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Figure 9. Surface expansion of soil samples

E 9. tHRAMMIR

3.4. WYEHIFHEDHT

2 FEUR RGP G 2 A P A [R] v P AR IR B AR AR X 8] /K IE  ANER A IE RS AR AR AL, PR 2R
BN 3.5%RE, A HTERBMEIR AT . A RME IR G (H BRI ERED 20 cm. 40 cm. 60 cm. 80 cm 1= B AL ) i FE
OS5, RN ECHN 2000 £, WA 10.

R BTG A BT ROORE (R BON R %, ORI A 3 50, UKL ) v] i Bl (R /N FLBR, - FLBR 4>
ABNBE), KRAREER D . Stk IEaRE, 0K A R S AR T4 B R A B AL B I e, &
WREEREETTAS , FLBRECE RN B TN, 282 S5 2 HAAiA Y. (EVRBE IR T o 0k e 15
AL ER A o T8 10(b) B A AR Bz, [RIITREG A A0 0 25 ORI 2 A 15 A AR R R R I AR P FAE 1
PR IR, 1%L R AR G AR o R B A B /N, ok R SR g A= D, P AR KB/
X L RELE A IR B/ o B T2 ST BT, AR R A PR 2 R AR O 40 R W /L, TE VR BB A
LR A PR AR AR T IE OR,  RAE MUK G i S R A IR N, PR AR K TG, B2
PR BT K o 1] 10(e) i1 B B ¥R, W BEARAGBR B e K, TEVRAMIE IR I R R kAT T 2 k78 70 11
IR, R B ERIR, PAAEREZ RILE.

[0 TS BN 20 om ERER U, B AR ) B X AR —m R ), R Z L E R R g
FEH =2 (1 ER VR K RS A 8/, A AR S5 i fLBR AR A . XT3/ 80 em L4, Z L2
TEAR OGP 2 Hh 2 AR 1 ER VR IR ROREAR O 80K, 1T B AR D A, o B B L AR [ s e o] 22
WEANTE. WS LR RN, LS ERAS , FLBREE KO/ NN, s 2 i A .

B AR YRR I, 50 ] (PR A AR BT R G PR BT AR AR B 2, AR IR T AL

DOI: 10.12677/ag.2023.135054 580 HOBRBL 2RI


https://doi.org/10.12677/ag.2023.135054

XIHEH 45

e

SBI . 10KV, “WND2 43 WX 2,000 TG —— SEI  15kV.  wD1émm  $843 sy SRS —— SEI 15KV.ER WD18mm' $543

() VRAREIAHT (b) REMEIAE = 20 cm (c) VRREINE i 40 cm

SEI" 15kV © "WD18mm  SS43 P2/000NSoin | — SEl 15kV.  WD1smm $543

(d) FREMEI G SE 60 cm (e) HRAMIEM G =% 80 cm

Figure 10. SEM images of soil samples at different heights before and after freeze-thaw cycles (3.5%)
& 10. FEbfEFATE LR FESELRBEIEHEER(G.5%)

FLBR A SO/ AT BT sn, B SM e 22 Hp A AN o AR R LA BT AR HZ AT eL , SLIRE
B SOONIH TS N, JRAE SRS 2 B A A

4. &5t

TR Ko 3o DURALBR AR W Eh i R RAK A SR 3R, T I R RS A 2%
PR AN S A AN R R AL R T . SRR S, ZE ARG SRR R RS A
RIKRARIE R 2R, VAR UR RME AT G E A R e B O S MR A, 73 B R RMIE A 250 T, EhB bk
[ s A%, o s B UKAE S A, SRR A SRR AR .

CRADIEFA SRR A, R B 0 281 TOT 0 1) e R 2 AR B AR X R A T K. & Eh 2R, LFEATE
e P AL P FE AR AR SR ABL o AN ] 5 st 2 s ¥ e 0 2 i R ) el P2 AR 0] 7K 7 M R 23X 8 1A R i
Ko RIS S ARG FER BABOR . LR IR ARG, KM IER BB, e
HORIEM BEHOR, RS TR 2R . EhBTE FOK SR RMEIA SR AF R % i e, Wodm ™ AR5
LKA S AT, R TRE T RIS, SO R A5 S BRI N, R R TR )

R AL
ESWHE

A BRI H (2023-20-756) A4 B T HLIDR S0 B9 1 MU 5 2 BB R 9.
S5

[1]  3K1E. BREREN LT T 2h Ak R B LEE & Bk 22 B G BRI 7E [D]: [ 24001850, T B HE K%, 2020
[2] S, sk P, B, 25 KEEBERER £h b - R A R sz ). KT RREBE B, 2021, 38(6): 108-115.
[3] E5HF. HEFHREIEAN T EH X GER 5K E ML - IR 7 [D]: [M22008 3], 8| FE K

DOI: 10.12677/ag.2023.135054 581 HOBRBL 2RI


https://doi.org/10.12677/ag.2023.135054

pUNGTE e

(3]
(6]

(8]

[9]

[10]

222020

FroiE, Tk Pl BRI HEKVIEF FRBUIR S5 R[], & - THRER, 2019, 33(4): 187-191, 249.

FHAKAR, et Bz, 2% PHdbse R X Bt /KT AT E[)]. A8, 2019, 64(8): 22-27.

BREE, A, HE. URA R B KRS RIS ()] RBRERER S TFE, 2017, 17(30): 285-290.

B, BEH. HEATEIES TR KRBT ARH AL 50 %5 TRk, 2018, 37(S1):
3738-3746.

B PR, MU, CEEL RS ET NaCl itk B KA EHET ], A+ TR, 2017,
39(11): 1992-2001.

AR, WL, SR E IR H R R B 4 e 0t #h 15T T OW S A R o BT (0], UK =, 2020, 42(3):
854-864.

HER, RTRE, R, % KA BRI 35 R R I MU R[], &L TSR, 2022, 44(10):
1935-1941.

JASEYY. R EAE R R AR R R 535 K TR S B T MR AL [D]: [ L 208 3], 22 2 HE TR
22021

BEE, R BATRIR LR L REME I SO S M T[], THRERNER, 2016, 44(5): 12-16.

XIZEH, 5, REE. IR R EE 5 L g5 8 B L 2R (D). #h R 258 5 TR 2R, 2016, 12(5):
1277-1287.

B, G s st L E RO X B A K R[], RSB AR, 2020, 28(2): 58-64.

ZE, FF, EXEE, . VRGP Eh5E L i s B s R OW ML ER B 72 [9]. 1L PSR, 2018, 44(17): 62-64.
ZEHAA. BRIRANGS font Ak b A T AR B S R B BT 9T [D): (WL 232471830, dbse: AL RSk, 2019

ARER, sURAS, RE. B AREE e S aT FE R M AR ], PR, 2011, 33(4): 796-800.

JiTBF:, FE . BRERAAVE RN F BRI T R 4l U R Eh AT IR AT FE[T]. A R TR AR, 2013, 35(11):
2090-2096.

TR, RF, w35 E, % 40N R ER G T 2R IR E RIS W 7 [0]. VK15 T, 2019, 41(2): 407-415.

TR SRR R #1571 S O B AR TR S BT JE[D]: [ 22 A8 0. M A MIASE KA,
2020.

DOI: 10.12677/ag.2023.135054 582 HOBRBL 2RI


https://doi.org/10.12677/ag.2023.135054

	冻融循环条件下细粒硫酸盐渍土盐冻胀机理研究
	摘  要
	关键词
	Study on the Mechanism of Salt Frost Heaving in Fine Grained Sulfuric Acid Saline Soil under Freeze-Thaw Cycles
	Abstract
	Keywords
	1. 引言
	2. 试验材料与方法
	2.1. 试验材料
	2.2. 试验方法
	2.3. 试验步骤

	3. 结果与讨论
	3.1. 温湿度变化规律分析
	3.2. 盐分迁移规律
	3.3. 盐渍土盐冻胀变形
	3.4. 微观结构特征分析

	4. 结论
	基金项目
	参考文献

