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Abstract

Based on sieve tests, 5 sets of soil with different particles size (<0.1 mm, 0.1 - 0.25 mm, 0.25 - 0.5
mm, 0.5 - 1.0 mm and 1.0 - 2.0 mm) were obtained. Built on that, Na,SO, powder in different
mass was added into sieved soil to make salinized soils in different salt contents with different
particle sizes. After these, indoor direct shear tests were conducted to these salinized soils. The
results exhibit that: 1) both salt content and soil particle size distribution exert significant ef-
fects on the shear strength properties and failure behaviors of salinized soil. For the five sets of
salinized soils in different particle sizes, their shear strength indices exhibit an initial decreas-
ing and then increasing trend with salt content and the salt content corresponding to minimum
values in shear strength is 1% and 3%. Additionally, cohesion is sensitive to the variation of salt
content and internal frictional angle is insensitive; 2) for cohesion, as salt content ranges from
0.0% to 6.0%, it experienced a linear decreasing trend with soil particle size increasing, whe-
reas as salt content distribute from 9.0% to 12.0%, it exhibits an increasing trend with soil par-
ticle size increasing; 3) for internal friction angle, as salt content less than 6.0%, it exhibits an
increasing trend and beyond this value, it exhibits an initial increasing and then declining trend
with particle size increasing; 4) with salt content increasing, shear stress-strain curve expe-
rienced a transition from elastic-plastic to brittle property; 5) as to salinized soil with soil par-
ticles size less than 0.5 mm, with salt content increasing, its deformation and failure property
are characterized with a transition from elastic-plastic to brittle property, and as to soil with
particle size larger than 0.5 mm, its deformation and failure properties are dominated with brit-
tle feature. The researching results have a significant role in salinized arable land reclamation
in regions jeopardized with soil salinization and soil erosion, also can be used to shed light on
the mechanism of soil erosion and slope failure in salinized regions and play a practical role in
soil erosion prevention.
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T A AR SR A [21]-[27]. Forr, KRR R TAN 7623.9 km?, 32 B FE KA iR [21] [22] [23]
[24]: AR50 63 AbFN 22 4b[22], FEEAMAT TR KIS 3 SR P B X 2 5 4 X 34
G [22]; LR E B T T A L X ML RIEBEASM L, R R RIX, LR
P T AR H TR P SR X —y, X P AR st R DU R £h e o 3=, FEBE AR - 5[25] [26] [27]. B
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PR R L R R BB SR R, R R TR A X B TR R JRCE T 105°C LA
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6.0%- 9.0%F1 12.0%; 7E_LiRiAEH, FIEERFIKE . ISk E R 45 & DA SRR f 2 R | (-
TARI T VEARE) A GHUE AT B . R ARG 2 R, KRR T % 3 R 3R T rh R4
24 h, DU ORE BRI h i RE AR o 2, FRTRY e R R ARG (kLI T VAR ) AH G e T
e SRR
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Figure 1. Relationship between shear strength of remolded salinized soil and vertical pressure under different

particle size composition
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Kl 2 B A RIBR R BT, BRI RIS EHREXRR, xEFHERZLE T,
B SR 0, E A AR R R SR 38 B RN S BN AR AR . 7R DABTRL/NT 0.1 mm [ AR
BB, 8 =508 0.0%. 0.5%. 1%F1 3%, %8 5153 T R AE N B 58 7 70 5l 14.90 kPa. 14.09
kPa. 13.66 kPa F1 12.04 kPa, B[R 25 /bl 7 5 5 G 2 0 H B N AR AR AR, T 24 7 R 5l 3%
WZE 6%, 9% 1290, HFHMN AIZEEE 10 H 12.04 kPa 1 % 32.06 kPa. 40.32 kPa #l 53.33 kPa, Hi1iZ%45 %
AL, TES Eh RN 3% BRI LA R R V1A B/ ME, R 12.04 kPa.
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Figure 2. Relationship between cohesion and salt contents of remolded salinized soil under different particle size composition
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K 3 B NANFIBR R4 F F, B LA NEREA S SHEXRR. HiIZEW R, HIFED
BLRECAE T, B Eaf K, R P B A ik b 5 508N IS 38 I AR AR . it Bk B,
PURLAE /T 0.1 mm B A 0 DL A, B8 Eh 5 e 0%08 A 1.0%H, UFE P R 482 A WU FH 18.51° %
F 13.51°, 1 4% 2h B 1 1.0%38 2 12.0%H], FCAH B 1) P9 BE #2 f1 H 13.51° B 3 189 28 20.20°, fHtkml 0,
RN 1.0%00F, HIE R LRI Y B M e ME, Bl 1351 bk, HR 4 PRI SRR T P EE
B/ ME HR 165.91°, 16.61°. 17.19°F1 16.82°, AR & £h &8 BI{E 4 728 0.5%. 1.0%. 0.5%7FH
6.0%.

g LRTR, TESEEIGIMIYIEI B, RIS S E N T Sh R, B R PR R e AR
BB & s R s k>, A B R R T B, IR B A B S A R K 2 R E . X
FEARFE—ERAARZEMET, BRI REP RS SRR TS RERERN, S8R o R LR
[ BE[15], AT A 3 50 R o BE B Ay kN, L35 b Bl o SR B T, 1RR 0 R 0 A R A
RN, TR B B R B BRI, SRR BIR SR ERER A F AR S B, X b S A E 7R T AR
FLALBR R TR B 2R, HESERs, ZREEMASE I EAEEE, WEBH SRR
PR f AR, DR R 9 5 T R BT 5 A = [15]

UbAh, FUCHRRAM T, EMFERAARZA T, SHEREFIFRARIA——XNRIKR, 1Y
TARRARNT 0.1 mm B, JLERIR 0 R A R AN 3.00%, 17 P JBE HE AR 6 R R R RE A 1.0%,
AR R A5 AISIRE 7 78 7] Wik €45 (2014) [7]. Fuetal. (2019) [17], {HLL_E223# 3R HE AR R
FUET, B LiREE R S S EE R
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Figure 3. Relationship between internal friction angel and salt contents of remolded salinized soil under different particle
size composition
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BERLARIZETIE NN, TAREER S R MERRAR AR RRAE, s b 3.00%0, Kifs H 4 24 1 5 AN [F)
KR 4k, HEE S0 5108 12.04 kPa. 11.94 kPa. 10.92 kPa. 10.69 kPa 1 3.39 kPa; 4% & & KT 6.0%
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Figure 4. Relationship between cohesion and soil particle size of remolded salinized soil in different salt content
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AT, 7 P E R AR 5 MORFIBRI R ATT, HNBEEARIN 2 FARIREE, B
RN 0.0%~3.0%I, AR P BEAE A BEOREAS G D0 S I H G NI AR AL RRAE, N B E 0N 3.0000, Ak
/AT 0.1 mm 3G 4 1.0~2.0 mm, JLAHMN A BEE AN HY 13.7°39 &8 22.24°, 452804 6.0%. 9.0%A
12.0%HF, e Ay BE 1 i D it bz A28 19 00 52 S B 0 5 BN AR A RRAGE , G0 3 3h B0 12.0%0, BERIAE /N T 0.1
mm 1 % 0.25~0.50 mm, Ly BEHE A i 20.2° 18 5 31.7°, {H ki 42 H 0.25~0.50 mm #4 2 1.00~2.00 mm i,
L EERE A W B & 23.70°, 40E] 5 FoR.

35
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Figure 5. Relationship between internal friction angle and soil particle size of remolded salinized soil in different salt content
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3.3. HSmE IR N5 RN XRFIE

AW E BRI N, SRET LRI D) - RIS R R 2 MO RIS RE, H, &
EHEALT 6.0%M RN Fy - RARSC RN KA, BIHESEHZEAL, ST 6.0%[1 shit 10 /) - NAE S R
N RAY, BIGEREAY, T St R8T TR 1 e A I B (R o Dl AU
PLRIAE A 0.25~0.50 mm b5+ oA Bt T U8, Wil 6 Frs. HiZE a 1 b v %0, 244 2k & 0.0%F1 0.5%
I, B BN TN, BY RS TR R I N SR, (HYEARFEE R, A& AR I
AN RRIE, 753 B K /18 50 kPa (P1)F1 100 kPa (P2)46 1 K, JLM 1 - NAR H 28350l T “ B AR -
SHPERERL” B “ G5 B MR AL 7 [29] [30], 43 E K /124 200 kPa (P3)F1 300 kPa (P4)if, JLBYR; /)
- PR RRMNG “LRPEGRAL B A 7 B “SmAEALIEMERIAY ” [30]. £F ERE, KA EHE L AIFAR
B EERIPE B R S R . 5 BT 6.0% 0, EhiHARFEE SNSRI R, LRy - AR
LRI AR T B R T - AR R, Wil ¢ #1 d Bros . % B Rl 0, 76 36 BLE 7774 50 kPa #1100 kPa
B, SERER 9.0%A 12.0%0) 5 LB /) - NAR K RERIH “ S5 ACMEERIR 7 FRPE[30]; MirEEE
J& 7374 200 kPa 11 300 kPa if, JLBYR Jy - ARG RMIFRILH “smmg L BPERIR” FEE[30], LRI R*R
B RNy - R OC R R I BRI M, X B Y LR S Sh R R, AR I R B R A & DA
gEmEh AT, BRI SRR, IR T AL, MR S BRI RN ) - MK RR
DL SRV AR BT B 1 “ S5 AL PR RR 7 RAEE o AE A S PERIR AL Reik[29] [30].
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Figure 6. Curve of strain-stress of salinized soil with size of soil particle ranging from 0.25 mm to 0.50 mm

6. AIRX L AHKiRHA 0.25~0.50 mm HIEhE TSN 5 25 < FRphzk

Ehis A T AR AFAE

AW T 2k B A LR C ) 2 ) R L R AR TR AR AE = AR s, b, T4k 32 (<0.5 mm)
B, U EET 6.0%0), 35 HAR R LS - Ba i 3, & S EART 6.0%0 LSt - ¥ N 3,
XF AR ER ST 12(>0.5 mm), LARBIR DEPERIA . Sk, ARBFFUIEBRAZR /N T 0.1 mm Ehist Ak
%9 0.5~1.0 mm P B AT UL . o, &3 E 508 0.0%. 0.5%. 1.0%. 3.0%7F1 6.0%7EBI JI{EH
Ja, BUREEEA BORFEEDIR, RIS S ERUNIRME e AL, XY SRR EE T, iRkt
TEBSUIE AT AR T, X RN TR S Sh &85 T, R IR 2 A B 3 I S5 M M B e
AR Ml A 2 iR (E &N 9.0%F 12.0%) 176 85 U i A3 & A= W BT DI T O RRAR, i3 Rk
B B Eh B i, AR A T RGR M A, FEE AR T LR NapSO, 11 T 45 il A H 23 A R
Na,SO,-10H,0, X yHFELkp—m iKYy, M FBOERSPR S K RBEAC, A5 R s R s
R MEMIRES, A P45 AR NaSO,-10H,0 278 T AR B b= AR IR 45 IR R 28, X Pl ke 25
VEFFI B BB TE B T AR IS5, it 0T 3358 LR BY B KT IR 46 iy, 3hist il iE 4 W R A
W, W SRR E R A RN . BeAh, KRN 0.5~1.0 mm 5 HIFEERUIER T, JLTF2E
R A P A R T R, IRRERRIR R AR AR B DI A B AL, H B DI R R TR A E YRR (D). X
18 AR AR AR RO #h35T RE, FE B UIE F R P AR AN [R) A8 TR R R AIE 1) 3 2 J5 R AT R AE T~ Aok
AR R BIARE, R URL 2 18] 340 T 5 VR A 22 B A X 55, FE BT UIS IPE R T 5 R A48
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TEREIR,  TRLAR AR X B8N L AR URL 2 [R] YEAE A T 5] TR B SR P ARG B, WO T4k
FE R A i AR [31]

3.5. ¥tig

35.1. FEEXTENIRERM

WL SRR, & Sh BN T ARPUBY 98 B RO AA AR — B, RIS AR & LR T ER, S
SRR, TAARFIR IR R A B RRCARRIE: S S B EE T RER, RS ShENm, AR
TP R £y 35 R TR SR T 3 N RFAE[14] [15] [16] [17] [18]. BAMiFESE(2006) [16]%F 5T T Hi CaCl, Fiiil i
BRI SR EPUBTSREFR AR S Ak CaCl, &5 R, KILBE CaCly a3 n, HARHHTR RN BEFE 11 35 2
Jel N EE IR, HAES EhE 10.36% %4 ~, LARFR 1B B/ ME, ZES AR 7R
B IREEA . Tk CAEERZE(2014) [7]7MFH THZRMIF 410, toh, TfaHBAHAF, 4
HIP T B IKE Y 129%0), 5 FPoAS [FPRLAR Y #1957 1 3R BIME 4 1.0~3.0%, 1 _Fak 223 [7] [14] [15] [16] [17]
[18]HF 78 Fr 45 ) i & £ B BAE 20 74 1.6%. 10.38%F1 1%, S5AWIFLE BA—3, 4 —F 5 A
JRR P R B Eh B 2R . EKEAN L AR RO R FE A T T R 22 57 2%, 9140 Fu et al. (2016) [14]. 5K K AT
BT (2014) [7] IR R E5 357 - 47081 5t B 0T 7 (14 2 6 52 R B Ak B 7K R 18 o 52 38 I Fr AR AL ARFAE

AN 5 FHASEIBURLL LI 7 A2 Sh ik B2 1) 35t iR U BY o B 4 b 5 FOAH RL S SR B O R AT
TE, Wk 1R, HiZEATH, WP S SRR TH Ty =ad + bx+ ¢ X
7, TEFE U R 24 BRI A 1.0~2.0 mm B, 65 5 & B Rl FH =ik A7 30K, Bl y = ax®
+ b+ ox + d, ZRARERERNGE 2 DS IRRERE, BIFER I BE S g hn 5 e/ f5 58 0 F
DAL . SR IR R BUE bk R S, R RS kiR KN BT R, B
ORURLR R £h 5 1 & Bh RN, ATVA RN NapSO, A IABIMIA, Na,SO, AIVEMET 7K, MM {E A Ak 1)
Na,SO, LAKAL B 7 1 A7 AE, Na“ 23R R ) (R B, AN s Ak X AR R g AR A, 845 5k
5] 51 Ao 55, 20 R 2 T3 NapSO, F i /N - ARTE BY 8 94 F R SR B HE P4 BE B A 9/« 86 5% 108/
MARRFAE . B NaSO, S &N, g3 1 S BER, T8N NaSO, M LALE fh#h b th, 45
s 20 A A [ (A JORE () — B o BIR G5 VE T, HIEA T AR P LB, IR T AR SORL R (Y EE 45 75 ]
I VRN 2 i ER G A 1 BRI — 0 0 42, BN e 2 9 R A AN B SR 3 B R R AE s 9 2h i
LA 2 EEREBER, RIS RKARIKIER, TR KA, RO ] (R 45 1 9SS
EhIRAEH — e R B B I SS 7 ORURL L A] (RRG 45 77, {5045 2 5 70 00 P JBE 4% £y B 5 #h B ) 14 0 2 P/ 1)
AL FE[15].

Table 1. Fitting equation of cohesion with salt content of salinized soil

# 1 MREEGFEAERERASIHIRENEHIE

b4z (mm) FE WA I P BES Fr UL 5

<0.1 y = 1.8551x? — 8.1927x + 21.44, R? = 0.9538 y = 0.5313x? — 3.3158x + 20.441, R? = 0.5337
0.10~0.25 y = 1.5795x2 — 6.4026x + 17.29, R2 = 0.8492 y = 0.5657x% — 2.8007x + 20.613, Rz = 0.7984
0.25~0.50 y = 1.6637x2 — 6.427x + 17.1, R2 = 0.8177 y = 0.9357x2 — 5.5793x + 25.02, Rz = 0.9327
0.50~1.00 y = 1.6195x2 — 6.3069x + 17.5, R? = 0.8533 y = 0.5585x% —3.1265x + 22.029, R? = 0.7985
1.00~2.00 y = 3.3933x2 — 17.692x + 28.42, R2 = 0.9652 y = 0.282x% — 2.1915x + 23.959, R? = 0.2485

T #oh RRBRWAMEE.

3.5.2. KX TP S 5EE R
KA, EMHEIESHESM T, BELEAREI, TARZE MmN EEAE DRI 2 MAHE
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AR ARRAE, LR R T RETE T LA R LA 71 :

1) RTEET, W TRARN LA, UERET EHREREN, TARFRFERA T HRE
A B BHAVE R, andadEae ). §dinl Jp. RUWEER ). BOkLIAlHE A w5 (0 A A0 B 45 [31] [32] [33] [34],
Bk, XA AR, SE S W e RIS Sh Bk £ 35 1 i35 58 1 K TRk Hs 1
YRGS ER T HRERER, BRI LR R K T gk it HIREATRE T 2RI H
ghih, IEL BRI BT R 28, SRR SR TR B I N RHE,  HA dh s s, XM
G I R AN S E W o B3 Ak, U&EE—En, ST RAR/N LA, BAATR
P2 SR AT B, SR 2 IR S A B 2R TR A e/, TR TR AR R () Ak, TR AR P 1)
R NAERT R s, WER 23 (R Be 25 4 AN B AR FH U AR X 0, S3hist & B KT AR, Rk ER A
g K4k bt

2) RTWEEEAM, AW, AFRRLR RGN B A B 3 S R B0 W R AN [ ) AL R A
B2 7 b5 0.0%~3.0%0,  —H A Py B 1 A Bl KA 39 0 R B 3G N R AL RFAE s 4 5 RN 6.0%~12.0%
B, 3 P B A U R A 18 0 S22 S 38 I 98N IR B AR, B0k N BE R A 2R I P AT AR AR 1
JEFRFTREAE T : B, ML EEEEUN, LS TR AFAE T ARk R i) Nao ks = A 55 s (1) i W
YER, HAFoRidnan N, X AhiE e GO R [15], 24 PR R, Nat e 0 i 3 e F A
S, MORE SRR AR A BN TR R . R, YRS SRR, BRI,
A P R £ B G NS RS R AGARAE IS AR R R T R S R B SR O, R AL
AN 7 B 1~ ORS00 3R A5 1, RSB R ORI R AR B E 2 H AT /NORE Aokl SR AE — 2 TR BT
TELARE BRI T, A0BURL - (R M DL R A BRI ) 52 21 s 225 4 FH RN k70 -4 A FH R
WESTUMERTT, R 0T 2 ER I R 70 E BR3P R R AR A/ s )
TRRAAL, FHRAARER, BAARRN, LS ShEe TR L, Hahm xRS R Ak 1 i
SERNE S AR F A & T BRI A, TR b, KRR T ARTE BTN U R R AR IR
F2 BEDAIORAT AR AN 28 3 77 A B IR G5 FH B BRI 9, RRIAR AR IR J5 7= A i) /N REAR A e
T RORAER A B ER A TR, SR & R OO LA B BE B R AR A BE AR A

4. #hig

1) Ak BTN AT SR f bR e A R MR, RIS T A — RS Ak, B R
I, BRI R R P R R A 25 B SN S S I AR A RRAE, B 5 PR [EDRIAR S5 T i SR R R A
PR JEE 5 A iR L 1Y) 7 Eh B BRIE A 1.0%. 3.0%.

2) LAk B LU R AR AR S — B R R, B AR N, 7 RN SRR Ak
TR IIRIB AR RIS RAE, B4 28 /N T 6.0%0), BEE TR E#TE N, TARFER Ty
RLEMEAR AR ERIE s MR AT 6.0%0F, T ARSI B kA28 In R B H B0 A0 A AL

3) 5 FHEIRIRECSAIET, 7 DEILER IR E L A BEE AR 2 FASEARAE, BIME RN
0.0%~3.0006M, - fA A BE B2 A BERLAT S I 2 M9 D0 AR AR AR, 45 Eh RN 6.000~12.0%00 , A BEHE ff1 BB L
des e AN R A

4) BEEEhEH 0.0%M % 12.0%, FHFILEIN ) - MK REWHE “HEmtEL” m “gifgrEL”
P ARAFE. 25 HhEACT 6.0%Mf, M) - MARSC R DL “PARG - SRR | “ g5 AL BB MR RIA
BT CLRPERRAGEREBVERR AL | CEREEALIBPERIY Y s HEEST 6.0%M, R - MAEKRL
“CEIALIEMERIIR” R “BRAEALIBMERIIR” N

5) XFF Rt /N(<0.5 mm) it #hist 1, B & R IR N, R AR R IR RRAE 2 I R

DOI: 10.12677/hjce.2020.911127 1221 T ARTHE


https://doi.org/10.12677/hjce.2020.911127

L%

VEASTEIAR I I M R A TR (AR (A, b, 4 i EART 6.0%0, R AR TR ABIA & T30 2
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#HETT(>0.5 m), BRI PR TERIA N .
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