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Abstract: In order to improve the lining defects of concrete channel in saline soil foundation in Ningxia, such as frost heave and
corrosion, and to improve the utilization rate of local magnesium slag, the study on solidification of saline soil was carried out with
cement—magnesium slag. Thirteen kinds of cement—magnesium slag with different mass fractions were designed to cure saline soil
samples, and the shear strength and hydration mechanism of the samples were analyzed by XRD and SEM characterization
methods. The results show that the cohesion and internal friction angle of cement—magnesium slag solidify saline soil increase with
the increasing of compacting coefficient for samples at 7 and 28 d of age. The cohesion and internal friction angle of solidified sa-
line soil increase with the increasing of cement content. The addition of magnesium slag has a great effect on the cohesion of the
sample, but a small effect on the friction angle. The relationship model between cement and magnesium slag content and shear
strength index of cured saline soil is established. Hydrated calcium silicate is the main source of hydration products and shear
strength enhancement of cured saline soil. The solidified saline soil particles at the age of 28 d can fill the pores and the
microstructure is more dense, thus the strength is higher. The shear strength of cement and magnesium slag solidified saline soil
is improved significantly, and the mechanical effect of cement and magnesium slag solidified soil is better when the cement
fraction is 3% and the magnesium slag fraction is 10%.
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Tab.1 Chemical composition of cement, magnesium slag and saline soil %0

A w(Si0,)  w(Fe,05) w(ALO;) w(K,0) w( Ca0) w(MgO) w(P,05) w(S05) w(TiO,)

K 19.41 6.51 7.91 0.94 64.25 0.98
Bt 34.68 4.09 0.58 0.13 47.00 1251 0.28 0.22
it 62.70 6.20 8.30 9.00 2.00 0.10

TE: sl RN,

F2 P.0.32.5 KERE R
Tab.2 Physical properties of P.O. 32.5 cement

o &0 BELE B[]/ min YUESRE/ MPa YLYTr9E B/ MPa

L /mm/ (m? kg™ Wk % 7d 28 d 7d 28 d

2.23 214 169 284 10.77 35.44 4.01 5.54
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Fig.1 Particle grading curve of saline soil Fig.2 Appearance of magnesium slag
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Tab.3 Solidified saline soil with different mass fraction of cement and magnesium slag %
e d's KB gnde | RS Kkge Ente || kY KigsE ghda || KhHS Kidte ndte
1 0 0 5 1 5 8 3 5 11 5 5
2 1 0 6 1 10 9 3 10 12 5 10
3 3 0 7 1 15 10 3 15 13 5 15
4 5 0
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Fig.3 Test block loading process and model diagram
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Fig.4 Relationship between compaction coefficient and increase and

decrease of cohesion and internal friction angle of samples at 7 days
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Fig.5 Relationship between compaction coefficient and increase and

decrease of cohesion and internal friction angle of samples at 28 days
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Fig.6 XRD analysis of 3% cement and different contents of magnesium slag solidified saline soil
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Fig.7 SEM images of 3% cement and different contents of magnesium slag solidified saline soil
ﬂ: N
3 458

I 13 FpR R K JEFIEE 42 i [ A ER i L A9 = BialE | XRD #1 SEM RAE 45t LA R 4518,

1)7 d 83 RE ZK E ~ B8 v ] A R 357 - P 285 2R 0 /01 DA JEE 42 0 40 i T 52 R ) 486 T 48 o 5 B2k e
I AR 35T o f0 285 5% ) A PR B 2 A A B /K e 5 B RO S T AR O s BRI IS A 3R 51 R iR 2R )
R SEHE T Uk, PR S A R AN T A

2) X EABIKIERY 28 d eI AL R It ik LB R R B S A A 5 T d R R AR TR
IKPE-BEXE HATE BN 190, [BALER 5T 036 R I BB 12 B A i 22 K, K JeB 5 0 4%
I, ZE R IR BRI s BEBE 2 5 AN, A [R) 1 52 2R A5 A 5 - ) PN B 48 ) O MR B AN SR
HIH AL AT 1548 22 (K e ik i Xof ] AL R 357 58 FE S TH AN A2

3) 7K B [ AL Eh51 L AR AL 7 B LUK AR SR RS L B AR S K AL RERR 55 FAS AL A1 o 3, ook
PR RS 1) R AR e 55 (F5RAT IR Z ), Ca, Mg Si, 04, (HO) , FREAE W S5 A1 5 114k 58 5% 450 59 8 5 4 1=
(14 32 2 DR K AL R R B4 1) 2R B

4)SEM 7 A3 28 d WAL 7 d IR 2 I BE A S LI b | FORE .  HE BRORR B IR HL
AR A IR, ST T A 957 e 14 5 JBE R 52 PE A B0 i



55 By, 45 K YE - Bk ML T L A TR S I 15

5) 8L T AR 0T 5 BE 4 bR S K YR A BRI 4B B S R P (B <0.000 1, BN BE 4L
s K Pe Bk i [ AR 15t b AT B SR BEAS B 52 T, K e TR 0 BN 3% 55 BRI i J» KON 10% 1 5K} ]
PRt t BAT B0 1 2 R RE , DK U8 — B T 11 A 700 i 107 B AR B S0 8y

222 XLk ( References) :

CUIBRHEAE, ki An, g, v [ K 58 A S8R b Ha i PR RIS - 56T Shephard /K BE IR 25 s [ )], A BRIEST
2022, 31(3): 591-601.

CHEN Y P, ZHANG T Z, LIU C. Study on water resources utilization efficiency and its influencing factors in China: based
on Shephard water resources distance function[ J ]. World Geographical Research, 2022, 31(3): 591-601.

[2]X0F98, 4, BIEZ, . T 2 s mok 2l LRI OC R MIFE[ T ], KBTI 5K TR =4k, 2023, 34(2) :
1-8.

LIU Z X, XI R, HEL Z ], et al. Study on carbon and water footprint and its correlation along Huangcheng City Belt in Ningx-
ia[ J]. Journal of Water Resources and Water Engineering, 2023, 34(2) . 1-8.

[3BESE . 7 B DOR IR R AT IR S BRI e FFE [ ] KRR AR, 2011, 42(10) : 106-109.

LU L. G. Analysis on the lining status and failure causes of the last canal system in Ningxia Irrigation Area[ J]. Water
Resources and Hydropower Technology, 2011, 42(10) ; 106—-109.

[4]BAVE O A, KOSICHENKO Y M, GARBUZ A Y. Composite polymer coatings for repair of concrete linings of channels[ J .
Defect and Diffusion Forum, 2021, 410 799-805.

(5] Ehi5t -t R (AR U o) A U i 2 LB S RS SE [ DL 4RI TR, 2022,

LI H B. Study on freeze —thaw response mechanism and model of integrated channel lining of saline soil foundation[ D].
Yinchuan: Ningxia University, 2022.

Lotk , 7o, &R, % ORI T A Kk RERST 30 I S HE [ 1], & £ TR, 2022, 44(1) .
90-97.

XU Y I, DONG Z J, ZHOU J S, et al. Study on dynamic parameters of saline soil improved by lime under freeze—thaw con-
ditions and different temperatures[ J]. Chinese Journal of Geotechnical Engineering, 2022, 44(1); 90-97.

(7]RASRIN, XU, BEEG. W W T Ba s e B S w5 Y LI Wi e gt e [ 1] Za5E TR, 2021,
28(6): 174-181.

ZHOU K Y, LIU S X, LUO Z J. Research progress in stabilization of heavy metal contaminated soils by common alkaline in-
dustrial wastes[ J]. Safety and Environmental Engineering, 2021, 28(6) : 174-181.

[8IXNR, BrfLilr, Jifs, 5. Bl i et S e I FEBSUR B B IIR R [J] . Bl 2021, 46(12) ; 3833-3845.
LIU L, RUAN S S, FANG Z Y, et al. Modification of magnesium slag and its application in mine filling field[ J]. Journal of
China Coal Society, 2021, 46(12) . 3833-3845.

[OVZEEFHE, WAL FRAE RO A6 B AR5+ A9 7 ARV ERRORALER ). P ERMASOAR , 2022, 28(5) : 30-39.

LI S J, CHANG L J. Mechanical properties and microscopic mechanism of regenerated micro-powder solidified loessial saline
soil[ J]. China Powder Science and Technology, 2022, 28(5) : 30-39.
[10] 5Kz, LEEA N R BTN - B 0 Lo WA E tEOFFE[ D], 22 2N SE K, 2021.
ZHANG Y. Study on direct shear test and slope stability of modified saline fine sand by soil set rock[ D]. Lanzhou; Lanzhou
Jiaotong University, 2021.

CULI2RAHE, ARG, PREEAE. PO IR Mg At 2R Ll A 3R 01 - i A MR [ 0], M RS2 ( A ARRE ) , 2022,
25(4) : 59-65.
ZHU Y, YU X J, CHEN ] J. Durability test of acrylate copolymerization emulsion curing saline soil[ J]. Journal of Yang-
zhou University ( Natural Science Edition) , 2022, 25(4) : 59-65.
(12150, Se6 22, TR B R 3B HrERE g et 9e [ 1] . IWARZC =R =4, 2012, 20(2) : 67-70, 74.
YANG J S, CHAI Z J. Experimental study on improvement of saline soil by industrial waste slag[ J]. Journal of Shandong
Jiaotong University, 2012, 20(2) . 67-70, 74.

[I3IAEER, frdR4s, skt 25 WA P hist Lt B R SRR KA [T ], InARAROLRE, 2021, 53(4) : 494~
497.
DU Y F, HE Z Q, ZHANG X M, et al. Effects of activated minerals on improvement of saline soil and growth of maize[ J].



16 O B AR AR %529 &

Shandong Agricultural Sciences, 2021,53(4) ; 494-497.

[14]5K00. SR B ALK I R B SEER[ T ]. KPR, 2023(1) : 62-67, 73.
ZHANG X. Application practice of metal magnesium slag in cement production[ J |. Cement Technology, 2023(1) ; 62-67,
73.

[I5]PMET, XINR, fdete, S5, BoteBeid 5a0™ T S I BER R K AL TERE [ T ]. PR a4l ( AARRARR) |, 2022, 53
(10) : 4057-4070.
SUN W J, LIU L, XU L H, et al. Hydration properties of modified magnesium slag based composite cementifier for mine
[J]. Journal of Central South University ( Science and Technology) , 2022, 53(10) : 4057-4070.

[16] e, XRAS, Hle, 4. B LIRMELTAE A K E ALt iR L SRR IR AT 58 [ 1] VLIRS 2 4 ( A AR B
RR), 2021, 35(4): 104-108.
WANG Z L, DENG J, MEI L, et al. Experimental study on static properties of dredged soil solidified with polyvinyl alcohol
fiber reinforced cement[ J]. Journal of Jiangsu University of Science and Technology ( Natural Science Edition), 2021,
35(4) . 104-108.

(171 Tk, AR, sREFRT, 25, Tl I B IR) 7K 8 151 A 05 0 i 6 35 98 B2 K GOML ML BEF 58 [0 ] WK 24
2022, 41(6) . 113-120.
DING Y F, LI H B, ZHANG X S, et al. Study on strength and microscopic mechanism of saline soil in channel foundation
solidified with industrial waste slag[ J]. Journal of Irrigation and Drainage, 2022, 41(6) : 113-120.
[ 18] DIAZ-SECADES L A, GONZALEZ R, RIVERA N, et al. Waste heat recovery system for marine engines optimized through
a preference learning rank function embedded into a Bayesian optimizer[ J]. Ocean Engineering, 2023, 281, 114747.
[19]250%, HAEAR, M, 55, JURPEER A ST b0t 1 iy 2 M Re S m i i g P9 [0 ] R HE K 2240, 2018,
37(12) : 94-99.
LI H B, TIAN J C, NAN H B, et al. Experimental study on effects of curing agents on mechanical properties of saline soil
foundation in channels[ J]. Journal of ITrrigation and Drainage, 2018, 37(12) ; 94-99.

[20]90EF, BRIEARS, EARRE, 55 HA0BEE BOBK U8 5 5 B B M RE SOKAEHLEL ) ]. b4k, 2023, 37(9):
98-108.
SUN R, WU ZHAO J, WANG D M, et al. Properties and hydration mechanism of superfine magnesium slag micro-powder
cement composite cementitious materials[ J |. Materials Review, 2023, 37(9) : 98-108.

[20] T8, B, WIRH, % BAIRIEHED Y &k %T UHPC KL RO e RE R SE i [ ], RERRERIBAR, 2022, 41(2) .
461-468.
WEI Y, CHEN P, MING Y, et al. Effect of ultra-fine and highly active mineral admixtures on hydration and shrinkage
properties of UHPC[ J]. Bulletin of the Chinese Ceramics, 2022, 41(2) : 461-468.

[22] 84, ST, TRMh, 55 M i B R YR BE L0 MR S MO A [T]. M /RiE D R %224k, 2022,
54(3) . 74-84.
HUANG H, GUO M X, ZHANG W, et al. Mechanical properties and microstructure of polymer concrete in flyash-slag base
[J]. Journal of Harbin Institute of Technology, 2022, 54(3) ;. 74-84.

(REHE: RMF)



