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Migration law of salt in compacted aeolian sandy soil

ZHANG Hong"?, YAN Xiao-hui', WANG Zhong-han', LIU Hai-yang'

(1. Transportation Institute, Inner Mongolia University, Hohhot 010070, China; 2. Research Institute of Integrated Transportation Science

of Inner Mongolia, Hohhot 010051, China)
Abstract: Aiming at the phenomenon of salinization diseases in the aeolian sand subgrade in desert areas, the change laws of
water, heat and salt in compacted acolian sand soils are investigated. The self-made aeolian sand column test device with
sodium salinite soil as its foundation is based on the real-time monitoring data from natural environment for 6 months (June to
December) to analyze the temporal and spatial distributions and migration characteristics of water, heat and salt in the
compacted aeolian sandy soil layers. The result shows that affected by the external environmental temperature, the compacted
aeolian sandy soil layers affect the severe (0~50 cm) and weak (50~120 cm) areas. As the depth of burial increases, the
internal temperature of the soil column tends to be flat, and the temperature of each layer reaching the peak has a hysteresis
effect. Under the effect of the concentration gradient of the salinity content of the salt-containing underlay surface and the
compaction aeolian sand deposit, the deep area of the compacted aeolian sand soil layer is moved in by salt, and it is composed
of nothing. The accumulation of salt in the aeolian sandy soil layer lays the foundation for the further migration of salt. Affected
by the external temperature, the shallow layer of soil is affected by the change of water storage and evaporation, which
promotes the gradual migration of water carrying salt in the compacted aeolian sand layer. The salt has a "high-low-high"
distribution pattern throughout the depth of the soil. Affected by the external environmental loads, the shallow salt content in
the compacted aeolian sandy soil layers will gradually accumulate, and from less to more, it will form salinization diseases over
time.
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Table 1 Grain compositions of soil sample
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Fiff/mm  2~0.5 0.5~025 0.25~0.075 0.075~0.001

WORL RS /%  2.09 12.61 72.46 12.84
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Fig. 2 Diagram of water vapor test devices
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Fig. 3 Variation of water content in dry aeolian sand
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Fig. 4 Schematic diagram of water migration form
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Fig. 5 Soil water, heat and salt tester
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Fig. 7 Temperature distribution of soil column at different depths
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Fig. 8 Moisture distribution of soil column at different depths
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Fig. 9 Salt distribution of soil column at different depths
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Fig. 10 Heat distribution of water and salt

TE 52 IR 53 5 R0 55 /I8 1) 2 P 30 DX S sl i s 2
N7 B B 5 RV Rl Y, FOO Ab /K R ES B 1E 8%, 1T £k
SRR, o rE B R B T I RmE
M5 2R A XFRYD 1 B Ehvl FE R B AL T W1 UR TR 8)
77, EARVP B X e 52 R YD 1) B 41 e T B R e, (H i
I KPRARGGAE BT A WK TR 7] HIERS, TEIXIER M)
s, 5TERTAROERE S HEE, FilE—P1E
o LiE®, R 2 R R B AR &
LA 5 T 7E 52 U S e S 2P 3 R X B VR <50
cmo F10 &b & 7K B R Z IR B2, SRR
FHOG, 2 R B 52 A B B2 1R 52 e 58 A 7K 73
FAEIT R, FELIEBKIE ALK 5, 1B #TEA
NUGRSEANE BARE 10 8 Eh 21 B L AR
b, 1H F10 &= EKT F0, KN F10 4/KiKiE
BN, KomrraEd, WM Foo 4 F
X B E 2, MK, S BdE, 2K
FERRRE . PREEIRFEILFAIPE o

B R K NKRBZE R, el T2
BRI o 2 1) TR X, X AR R S ARV R
EEomIR, B EEE R AT R T . A
HEWTBE S F 2 — AR SR, N E hih
KRR A BT 3R ER 7, R SRRV 2 N R
S IR TRV AT “m— K —m” R OIS
HRPRER 7 B3R 2 1) e b o g ot B B SR 3 10 o A b
fiEs

4 5

gx b, DoKIRRISH s oaarde, kdE Bl T R
SN TR B S 15 i 1) e SRR D A P 6 B U %
BE, BRI SRR YD 4 B R AR Eh B = AR 2l
AR G SRR, WP EI TR JLAUAR:

(D) @ KVRREE, RIS RED R 2 X 35
(0~50 cm) ERAHIFE, 2+ Z KA
TR EZEBRFVEAK, & RN AR N
TR R T3k

(2) ZHMRIAETRE A, RS2 KRARVD + 2 N
TP A A 5 o SR s TP 2%, A R e B X
(0~50 cm) HEMETHIX (50~120 cm), % /ZiRE
FR VA B A A RN .

(3) EERRY L EREXI (50~120 cm) #h
I IE R TR EREN Eh M N I 50148 R A+
BEEhE (0%) MRS IR T 63077,

(DO HELZF T R+ 2 & Eh & 8 15
SERUERY, — IO RE 12 B A R
SRR BRI A, ST SR IR e TR RN .



746 =

+ T

B ¥ Ok 2019 4F

FAF R4, W R RER RN IF H B )

R R, HHTR LR TR IR .
P
[1] 3k %, FHIE, MR, & BURILD X KB B b

AEE IR I 0], P S KR (A 2R AR, 2015(3):
308 - 312. (ZHANG Hong, WANG Zhi-yuan, LIU Run-xing,
et al. Experimental study on aeolian sand road performance in
Horqin sandy land[J]. Journal of inner Mongolia University
(Natural Science Edition), 2015(3): 308 - 312. (in Chinese))

[2] CHAUHAN M S, MITTAL S, MOHANTY B. Performance
evaluation of silty sand subgrade reinforced with fly ash and
fibre[J]. Geotextiles & Geomembranes, 2008, 26(5): 429 -
435.

[3] SANTONI R L, WEBSTER S L. Airfields and roads
construction using fiber stabilization of sands[J]. Journal of
Transportation Engineering, 2001, 127(2): 96 - 104.

[4] PADMAKUMAR G P, SRINIVAS K, UDAY K V, et al
Characterization of aeolian sands from Indian desert[J].
Engineering Geology, 2012, 9(139/140): 38 - 49.

[5]1 KOK J F, PARTELI E J, MICHAELS T [, et al. The physics of
wind-blown sand and dust[J]. Reports on Progress in Physics
Physical Society, 2012, 75(10): 106901.

[6] 5k ¥, 2, #redk, . BYEMXCR R R RS T)
HE SRR e A R RIS B T (0], TR X R R S A,
2015, 29(8): 167 - 172. (ZHANG Hao, LI Zhe, SHE Xue-sen,
et al. Compaction and compression characteristics of different
levels of aeolian sand in Maowusu area[J]. Journal of Arid
Land Resources and Environment, 2015, 29(8): 167 - 172.
(in Chinese))

[71 MARSHALL J R, BULL P A, MORGAN R M. Energy
regimes for aeolian surface
Sedimentary Geology, 2012, 4(253/254): 17 - 24.

(8] WRAKWI, Wrishik, 7k B KRR LI Bk M AL
PRI, BHE A0 5477 77, 2008(3): 63 - 64, 67. (CHEN
Fa-ming, CHEN Jing-xi, ZHANG Hua. Discussion on design

sand grain textures[J].

and antiseptic treatment of saline soil subgrade[J].
Technology Innovation and Productivity, 2008(3): 63 - 64,
67. (in Chinese))

(91 Wb 4. EhipT A b [X i 5 o T 2 ¥ BT 9 0], oh KAz A
F1J, 2012, 12(11) : 218 - 220. (YANG Zhong-quan. Study on
subgrade settlement in saline soil area[J]. China Water

Transport, 2012, 12(11): 218 - 220. (in Chinese))
[10] 5k &, EBIE, jKig, 55 BURE AT g X o H

903 2 R T[], 224 SEAEE2EH), 2015, 15(6): 151 -
154. (ZHANG Hong, WANG Zhi-yuan, ZHANG Hai-long, et
al. Analysis of desert highway expansion caused by the
excessive salt content in Ejina of Alxa Area, Inner
Mongolian[J]. Journal of Safety and Environment, 2015,
15(6): 151 - 154. (in Chinese))

[11] NASSAR I N, HORTON R. Water transport in unsaturated
nonisothermal salty soil: I experimental results[J]. Soil
Science Society of America Journal, 1989, 53(5): 1330 -
1337.

[12] NASSAR I, GLOBUS A, HORTON R. Simultaneous soil
heat and water transfer[J]. Soil Science, 1992, 154(6): 465 -
472.

[13] BRESLER E, MCNEAL B L, CARTER D L. Saline and
sodic soils. Principles-dynamics-modeling[M].  Berlin/
Heidelberg/New York: Springer-Verlag, 1982.

(14] BRHEM, BREPR, FHEW, 55 RN < &5 80 Am M2k
MRIEHT T [T]. VK%L, 1989, 11(3): 231 - 238. (CHEN
Xiao-bai, QIU Guo-qing, WANG Ya-qing, et al. Salt
redistribution and heave of saline soil during cooling[J].
Journal of Glacaiology And Geocryology, 1989, 11(3): 231 -
238. (in Chinese))

[15] &R, mBRERB LI X EIK . #. . IS
R BUE BT JE[D]. 78 % K2 K%, 2006, (NIU
Xi-rong. The study and numerical simulation on moisture-
heat-salt-stress coupled mechanism in the sulphate saline soil
subgrade[D]. Xi'an: Chang'an University, 2006. (in Chinese))

[16] HiE 5t AR EEIE K #. 8. VYIRS 2L
i) 5 P ARG S BT B I3 56 B AU ASHOUR 2 [ D).
%2 K% K%, 2009. (CAO Fu-gui. Laboratory and field
research on coupled hydro-thermo-saline-mechanical
behavior of subgrade in vitriol saline soil areas and field
numerical simulation[D]. Xi'an: Chang'an University, 2009.
(in Chinese))

(7] i 2, 5k 3¢ PHE, & Sisth X R AN
iR BHERRLRIZMHTI]. R EA244R, 2018, 36(4): 17 -
23. (WEN Yu, ZHANG Wen, LUO Yan-zhen, et al. Analysis
of gradation characteristics and salt-resistance effect of
subgrade layer in saline soil area[J]. Journal of Qinghai
University, 2018, 36(4): 17 - 23. (in Chinese))

(18] B2z, KM, HER, 55 Bilbkig i EHRBil
RG] &L TR, 2014, 36(4): 745 - 751.
(ZHAO De-an, YU Yun-yan, MA Hui-min, et al. Secondary

salinization of subgrade of southern Xinjiang Railway[J].



%4 iR, A RSB LR R T R T T 747

Chinese Journal of Geotechnical Engineering, 2014, 36(4):
745 - 751. (in Chinese))

(191 4 W Ehi57 bt DCRR I i ok 0 Uk P AR A R K SR IZ RS AT
FID). 2ZMM: ZEMIZZE K, 2014, (YANG Tun. The study
on temperature variation and moisture rise and salinity
transport of railway subgrade in saline soil area[D]. Lanzhou:
Lanzhou Jiaotong University, 2014. (in Chinese))

[20] WAEESR, 3K, sKilEJE, S5 YIRS H K #IT
FERERT]. sBisi TRESAR, 2017, 17(3): 36 - 45. (HU
Jian-rong, ZHANG Hong, ZHANG Hai-long, et al. Water-salt
migration laws of aeolian sand subgrade in desert area[J].
Journal of Traffic and Transportation Engineering, 2017,
17(3): 36 - 45. (in Chinese))

211 & %, BERE, fRR, & KBTS

R[], WS RFEI(ESRRR), 2017(1): 106 - 111.

(ZHANG Hong, YAN Xiao-hui, HE Lin-lin, et al. Progress in

water-salt migration model and mechanism[J]. Journal of

inner Mongolia University (Natural Science Edition), 2017(1):

106 - 111. (in Chinese))

[22] EBRAT, PRAEER, BAMEE, 55 AREA L ARES KT R
WRTF). HA 155 TR, 2005(18): 3271 - 3275.
(WANG Tie-hang, HE Zai-qiu, ZHAO Shu-de, et al.
Experimental study on vaporous water transference in loess
and sandy soil[J]. Chinese Journal of Rock Mechanics and

Engineering, 2005(18): 3271 - 3275. (in Chinese))

23] 2, £ &R, EBAT. IR EAER T AR LK 5>
TR &1 %, 2016, 37(10): 2839 - 2844. (LI
Yan-long, WANG Jun, WANG Tie-hang. Moisture migration
of unsaturated soil due to thermal gradients[J]. Rock and Soil
Mechanics , 2016, 37(10): 2839 - 2844. (in Chinese))

[24] Whh . i A H XD % R U o B 4 ) R B A (7],
HHHAFF K, 2017(20): 111 - 112. (YAO Jia-yu. Study on
quality control technology of wind blown sand subgrade
filling on expressway[J]. Road and Bridges, 2017(20): 111 -
112. (in Chinese))

[25] JEUFEE. Hramm iR S5t b X i B 05 5 AN K 2R #8 A
FIFFFL[D]. Jbat: JEsts@ k%, 2012. (TANG Hao-xin.
Research on temperature and salt migration law of sulphate
salty soil subgrade in Xinjiang region[D]. Beijing: Beijing
Jiaotong University, 2014. (in Chinese))

[26] CHUNG S. Soil heat and water flow with a partial surface
mulch[J]. Water Resour Res, 1987, 23(12): 2175 - 2186.

[27] PHILIP J R. The theory of infiltration: 4. sorptivity and
algebraic infiltration equations[J]. Soil Sci, 1957, 84: 257 -
264.

28] & T, Br &, Wi, A5 Ba s BONK T RS RS
Hr[I]. Tk, 2016, 46(9): 6 - 9. (LUO Ting, CHEN Han,
YAO Yang-ping, et al. Analysis of water migration
characteristics of pot-cover effect[J]. Industrial Construction,

2016, 46(9): 6 - 9. (in Chinese))



