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Three-dimensional mechanical properties of light solidified saline soil
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Engineering Environment, Tianjin Urban Construction University, Tianjin 300384, China)

Abstract: It is of great significance for engineering construction and environmental protection to improve saline soil by curing
technology to make it an excellent roadbed filler. In this paper, taking light solidified saline soil as the research object, laboratory tests
were carried out by using true triaxial apparatus. The effects of the ratio of intermediate principal stress, salt content and confining
pressure on the stress-strain relationship, failure strength and shear strength index were analyzed. The strength failure mode of light
solidified saline soil was revealed and the calculation method of strength index was established. The test results showed that the slope
of the stress-strain curve increases with the increase in the ratio of the intermediate principal stress and the confining pressure, but the
salt content has little effect on it. The salt content has a significant effect on the failure stress. When the salt content is at 4%, the
failure stress reaches the maximum. Under different conditions, the light solidified saline soil could produce different strength failure
modes of lateral expansion, taper, oblique crack, and diagonal. Through analysis and calculation, the prediction formula of failure
strength and shear strength index of light solidified saline soil considering the ratio of intermediate principal stress and salt content
was established. The comparison showed that the Mohr-Columb strength criterion is conservative in describing the strength of light
solidified saline soil and it tends to underestimate the actual strength of the soil. The research results can provide references for
engineering practice.
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Table 1 Basic physical properties of marine soft soil
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Table 2 Preparation of light solidified saline soil
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Table 3 Test scheme of true triaxial test
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Fig.1 Relation curves between (0i—03) and & under the
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Fig.7 Verification of the variation of failure strength curves

BN A O R B R2HRAE 0.9 DAL, BEBIA
o5 HA TR TN 2 3 AR R 5 7 [ 1 5 - e A i
FESEhE K R ERII b Z AIREN K R
42 ZHHBERERR

Bt (01 — o)-a KA, TATLASHARFS
B PRI b R AR A R R
71 ev WEEM e E RN . AET 58T, A0
4 FhEEE BB R AL G R —%EL, mE
8+ 9 Fme

B8 FIIE 9 T4, o o Elf b AR LK E
I, ATHTFREIEL v o5 b 2R, B

- K=0%
——K=2%
95 - +—K=4%

v K=6%
90 ——K=8%
85 //
80 4'/
75 ;//_/'
70
o -;7%
603
0.00 0.25 0.50 0.75 1.00
b

8 FHENcHEPENMAL b KRR
Fig.8 Relation curves between cohesive force ¢ and
intermediate principal stress ratio b

c/kPa




598 A + VAl % 2021 4F
_b
c=Me N +J (3)
b
p=Le " +G (4
_ R M. N, J. L. Fs GYIRITESEE. Bk
g ZHHUENE 6.

1

Ko

» ,/*’////4
20k

8 L L 1 ]

0.00 0.25 0.50 0.75 1.00

b

WEE Mo 5 XML b HIK R L

Fig.9 Relation curves between internal friction angle ¢

Xt 6 B rtnl g1, S8 M. Ny J. L. F.
G5 K FEENRR, NELST, 7TH TSk
RS H M. N. J. L. F. G5 KX, H.

O=aK*+dK> + gK* + hK +m

(5)

K av dv g b m¥EPNITHEZSEE; 0 RES
BM. N. J. L. F. G. BAERSHAEME T i,

and intermediate principal stress ratio b
#6 YA
Table 6 Parameter values
EWED) X @)
K% M N J R K% L F G R
0 2.0812 —0.696 7 68.064 80 0.997 1 0 0.6102 —0.5521 18.876 7 0.997 7
2 0.3284 -0.3181 75.417 30 0.994 6 2 29.493 8 -11.178 2 —7.688 4 0.994 5
4 —35.5227 3.1721 117.656 13 0.990 1 4 2.6743 -1.206 0 26.655 6 0.999 3
6 13735 —0.560 3 58.861 40 0.993 7 6 25255 —1.004 7 29.694 2 0.999 0
8 5.460 4 -1.3141 53.459 30 0.998 3 8 10.058 5 —2.183 6 22.168 8 0.992 7
®1 TIESSHE
Table 7 Parameter values in the equation
EWED) X @
¥ ZH
a d g h m R a d g h m R
M 0.553 8.863 41.950 52.000 2.081 0.996 2 L 0.264 4.883 28.87 54.76 0.610 0.998 5
N 0.053 0.857 4.033 4.878 0.696 0.994 5 F 0.100 1.843 10.81 20.36 0.552 0.9990
J 0.756 11.900 54.610 63.980 68.060 0.9932 G 0.294 5.451 32.08 57.99 18.870 0.997 5
N ¥ A=l pAS
9 (5) R T HURAFIRA (3) At (4), kR — s, Koo
3 = A~ R B 3 AL B —o— K =2%RInEE R P2k, K=2%
¥ AN =} Y Z ey NI 3 N
HXAREGERE K P EN b TR c 5A - K4 - SN, K- %
7rd H AR 2B 4TINS P IA 4 B I —v— K=6%i\Is R - - Wh £, K=6%
PEVE £ @ FI7AS AL 2R AT B0, 356 &5 S5 Fl Hh o K= 8% kIO ZE B TR, K = 8%
ek 104 11 P ol
R ) ., 34
—— K= 0%i40 4 R — Tz, K=0% f
—o— K=2%REGA R o BN LE, K =2% 32
—a— K= 4% R ---- T2k, K =4% ~ 30 |
g5 ¥ K=06%ilIAi A -T2, K =6% s »f
—— K=8%IRIEE R — - T, K=8%
9 F I 26
24

c/kPa
v

0.00 0.25 0.50 0.75 1.00

b

B10 FET c U RBAERCRE

Fig.10 Verification of the variation of cohesion ¢

18

22‘/—/
20k —_——

A 11

0.25 0.50 0.75 1.00
b
P BE S A o B2 AL T R ISUE 5 R I

Fig.11 Verification of the variation of internal friction

angle ¢

FHE 10 A1 11 T RLEH, A T 2
AT U iR B R E AL 25 cvo [H 5 ANE S



%5 3 3 WM A R A R Tt = 4k R R T 599

i K PN b R R
4.3 BRENERER L P BRI
P 12 4 [A)— BRIy T e o ] A it = -~ i

e R EL
HIBA T S & B R

T EHEK=8% HEK =80

* oK =6 % S S

AIREE (0 o °

OFmEK=0% HEK=0%

AFRE I (]

v & mEkK HEK =29

wO S IR K e

Emi HEK=4%

RK=8%

HK=6%

HK=0%

FHK=2%

HK=4%

(c) BRI 7J] o =200 kPa (d) BRBi 710, =300 kPa

B 12 BEEGER 2 FH LR E S S HENRR
Fig.12 Relationships between the failure surface of light
solidified saline soil on the 7z plane and the salt content

A°

/00
13.957

--- Mohr-Columb# |
<% RIS M

60°

(e 3

SIATIEL 12 BT, & SRR AR o ST b e
ORI RFE K . U EhE . PIBRN I8N
I, A2 )0 8] A0 R 15 b ST b %) 5 FE A A T A |
E3Y. YA ARG - SRR, tkZ
B EAeAE FH 2B~ 323K N7 )38 DR 1288 sk /] »
FAE 77 T b A 98 B2 A UK T LG A Bl T Mohr-
Coulomb FIAHEN, MIATHAFREIE, migig®
BT RN FR NI . S E TR ENINE 6%, 8%,
AR EINEE . TR S —elt, &
N 0%~ 4% K52 4k 3 t, HPrBysmaE e K
TEEHE 6%M 8%

K 13 yH =S £E 5 Mohr-Columb 585
{RE ) 7z ~F- 0 EE I

ME 13 AT BLEH, R Mohr-Columb 385
7 DU i 2 ot [ 4 b 35 5 P 5 . — A o SR
kR B ERER, BNMARGFESE - TER,
Mohr-Columb 5 B 71 U AH bt B = 350 B S H 2k
P/ o EE K& Mohr-Columb 5i 5 vH I & AH 24
T =AU A R, WA HRET NI
YER, T 328 — e R FE B nT DA I o [ 46
M5 . Mohr-Columb 5 5 v | 53856 Frf5

A
A%

01390 -- Mohr-Columb#E Il
< IRIHE

- - Mohr-Columbf |
< RIHAE

A

3 2

(a) FEF K=2%, BN J10m=200kPa (b) FEHR K=2%, BRI JIon=100kPa (c) FEFE K=2%, BN 1o, =50kPa

B 13 REHIES Mohr-Columb 38 BN 7 SEHE % Lk &

Fig.13 Comparison of test data with Mohr-Columb strength criterion 7 plane

HEEEAAAEIR 2, RAREEDR 8 .

£8 REHIES Mohr-Columb FEEFHENI M L iRER
Table 8 Comparison error between test data and
Mohr-Columb strength criterion
K=2%, BRRiS K=2%, BRRiJ K=2%, BRRiS

Om =200 kPa Om =100 kPa O =50 kPa

b R ZEE /% b R/ % b WRZELE/%
0.00 12 0.00 1.6 0.00 22
0.25 7.1 0.25 7.4 0.25 8.0
0.50 8.2 0.50 8.8 0.50 9.2
0.75 6.3 0.75 6.8 0.75 7.4
1.00 0.8 1.00 13 1.00 1.6

M 8 FHTLAEH, 2 b B, IREEKT
3%HIMEZALE 60%LL I, HARZEMEZRAN 9.2%.
[A R Mohr-Columb 355 P v JUJ 46k - 445 55 Bt
TR, 255 L ARM SRR, (F73HE T
FEAPRI R R ARG I, TS Z, HWNL
R MEHLRE, ZAENTT A2 .

5 4 i

(1) o [ A R V5 o 8 77— B2 AR 28 R R 2 it
ANV LE W AEE DR 3 D NTTR: P N e RO BN



600 +

Inls

71

& 2021 4F

Mgy B S BT R N I B 2 3, M ihE
N A%, IR S35 Bl B K

(2) TREIRER SR RN eSS EA R
HRR, AEFAT, BT = MK
HETE . R XA I .

(3) AR 2 0T [E 4k Bhimt L AR R 0 B S P B 5
fabr on oMK R AL, B Mt &, &7
TR RN b R i R R R A R 1
LR R RE R B 5 FE FR AR A T 2 e

(4) & EhExt Lk i - ss BER IR T AR
SR Tk X 3 B Mohr-Columb 5% 5 #E DU 4
IR o [ Ak ER R L R O T RS, 2 S AIAS AR
SEBRBRSE

2 % 3 W

[1] RICHARDS L A. Capillary conduction of liquids in
porous mediums[J]. Physics, 1931, 1(5): 318-333.

[2] NARASIMHAN T N. Hydraulic characterization of
aquifers, reservoir rocks, and soils: a history of ideas[J].
Water Resources Research, 1998, 34(1): 33-46.

[3] FAEE, B B TREERNTARD]. Bl
JEI, 1956, 2(3): 15-20.

LU Zhao-jun, YANG Can-wen. Study on engineering
properties of saline soil[J]. Railway Research Newsletter,
1956, 2(3): 15-20.

[4] ZHHH. S EHMK AR TEM]. Jbat: NRAEH
fiAL, 1980.

LUO Wei-fu. Highway engineering in saline soil area[M].
Beijing: People’s Communications Press, 1980.

[5] SAUER E K, WEIMER N F. Deformation of lime
modified clay freeze-thaw[J].
Transportation Engineering, 1978, 104(2): 201-212.

[6] BELL F G Lime stabilization of clay minerals and
soils[J]. Engineering Geology, 1996, 42(4): 223-237.

[71 LOCAT J, TREMBALY H, LEROUEIL S. Mechanical

and hydraulic behavior of a soft inorganic clay treated

after Journal of

with lime[J]. Canadian Geotechnical Journal, 1996,
33(4): 654-669.

[8] R, MHLAE, RWALE, 5. w0 TAPRHE L i
FERIGIIFT[T]. A, 2020, 65(5): 265-271.

ZHU Yan, ZENG Xiang, YU Xiang-juan, et al. Strength
test research on polymer material solidified saline soil[J].
Highway, 2020, 65(5): 265-271.

(91 TJ7RKRH, 8%, B, 45 VREROEIAX E L ER BT

USRS, A 715 5 TR, 2016,
35(5): 1041-1047.
FANG Qiu-yang, CHAI Shou-xi, LI Min, et al. Effect of
freeze-thaw cycles on compressive strength and deformation
of solidified saline soil[J]. Chinese Journal of Rock
Mechanics and Engineering, 2016, 35(5): 1041-1047.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

SEN, MEE, B, & I EXAKE R
L ) R I AT A (0], a0, 2008,
29(7): 1769-1772, 1777.

CHAI Shou-xi, YANG Bao-zhu, WANG Xiao-yan, et al.
Experimental study on the influence of salt content on the
mechanical strength of lime-solidified coastal saline
soil[J]. Rock and Soil Mechanics, 2008, 29(7): 1769-
1772, 1777.

Fiii, ENRAE, SEFFE. I 1 A 5 R Ak
tHm R - RAR D). & J1E, 2010, 31(12): 3939-
3944.

WANG Pei, WANG Xiao-yan, CHAI Shou-xi. The solidi-
fication method of coastal saline soil and the partial
stress-strain of solidified soil[J]. Rock and Soil Mechanics,
2010, 31(12): 3939-3944.

LU, S, BN, . VRN DR 0 4R 4 n i 2R 15
T HUE R[], H %, 2016, 37T 1)
233-239.

JIANG Yu-bo, CHAI Shou-xi, WEI Li, et al. Effects of
four factors on compressive properties of fiber reinforced
saline soil[J]. Rock and Seil Mechanics, 2016, 37(Suppl.1):
233-239.

B, RN, EAR, S FL R AR IR
FHIE[T]. &1, 2019, 40(1): 245-249, 259.

LU Qing-feng, ZHOU Gang, WANG Sheng-xin, et al.
Microscopic characteristics of nuclear magnetic resonance
of solidified saline soil[J]. Rock and Soil Mechanics,
2019, 40(1): 245-249, 259.

g N RGLRIEK R, GB/TS0123—2019 4 TikE
JHEARHES]. AL o B R AL, 2019,

The Ministry of Water Resources of the People’s Republic
of China. GB/T50123—2019 Standard for geotechnical
test methods[S]. Beijing: China Planning Press, 2019.
BER, BT, @S, & SR 4 ) &
ALFRER LI 5 [, CN107032699A[P]. 2017-08-
11.

YANG Ai-wu, CHEN Zi-he, MENG Xiao-xue, et al.
Sludge curing agent and its application, sludge solidified
soil: China, CN107032699A[P]. 2017-08-11.

SehE, TR, B, & S shE A K G SR
B LSBT, 712, 2009, 30(2): 305-
310.

CHAI Shou-xi, WANG Xiao-yan, WANG Pei, et al.
Influence of salt content on microstructure parameters of
coastal saline soil solidified by lime[J]. Rock and Soil
Mechanics, 2009, 30(2): 305-310.

S, MEB, B, & S SREN A KB AR
#5327 2 om E Rg m B B AT [J]. A R )%, 2008,
29(7): 50-53, 58.

CHALI Shou-xi, YANG Bao-zhu, WANG Xiao-yan, et al.
Experimental study on the influence of salt content on the
mechanical strength of lime-solidified coastal saline soil[J].
Rock and Soil Mechanics, 2008, 29(7): 50-53, 58.





