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One-dimensional creep tests and model studies on saturated saline soil
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Abstract: The physical and chemical interaction between soil particles and pore salt solutions in saturated saline soils has a
strong influence on the mechanical behavior of soils, which makes the saline soils exhibit different deformation characteristics.
In order to accurately describe this interaction of saturated saline soil, the experimental studies on the remolded specimens
saturated with distilled water, sodium sulfate solution and sodium chloride solution are carried out by the conventional
oedometer tests and constant load creep tests. The test results show that there is a significant difference in the consolidation
creep between saline soils and non-saline soils. This phenomenon is more obvious with the increase of salt content. The
consolidation creep effect of sulphate soils and chloride soils with the same salt content is different. Secondly, based on the
Yin-Graham one-dimensional creep equation, a one-dimensional creep theoretical model for saturated saline soils is established
by using the Pitzer ion interaction model and the van't Hoff osmotic suction equation and introducing the effective osmotic
stress. Finally, the improved theoretical model and experimental data are compared and analyzed. The results show that the
proposed theoretical model can describe the chemical-mechanical coupling in saturated saline soils and effectively predict the
one-dimensional creep behavior.
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Table 1 Physical properties of soil samples after salt washing
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Fig. 1 Consolidation test results under saturation of different salt

solutions



144 Hs

T

v

=

Eibd 2020 4F

(2) IFAR IR

i A e AR LIRS T EUR AR
ARG T AR GRS S A (1 R MR R - AT LA
AR [ S5 R p oA AR UK B 45 546 . 1 2 i

T LR RITEZEEK . BREREN RN S ANV AN T 1)
THEIGEAE . A2 (@) ~ (¢) 2HIZLE 200,
400, 800 kPa 1A NIRATIERE, EAHL Bt T £hi5%
T 5L LG AT NI ZE R

0.70

—0— NaCl 0.6 mol/kg —+—NayS0, 0.6 mol/kg
—#— NaCl 1.2 mol/kg —A—Na»S0, 1.2 mol/kg
—>— NaCl 1.8 mol/kg ——Na,S0, 1.8 mol/kg

1 1 1 1 1
0 2000 4000 6000 8000 10000
B} 8] #/min
(a) 200 kPa

—%—NaCl 1.2 mol/kg —— Na;S0y4 1.2 mol/kg
——NaCl 1.8 mol/kg ——Na,S0,4 1.8 mlol/kg
1 1 1 1

0 2000 4000 6000 8000 10000
B} 8] #/min
(b) 400 kPa

T —o—NaCl 0.6 mol/kg —i—NayS04 0.6 mol/kg
—#%—NaCl 1.2 mol/kg —~—Na,S0, 1.2 mol/kg
—>—NaCl 1.8 mol/kg ——Na,S0, 1.8 mol/kg

]

1 1 1 1
0 2000 4000 6000 8000 10000
B} 8] #/min
(c) 800 kPa

2 TEFLERERIEM TR TN ER
Fig. 2 Creep test results under saturation of different pore
solutions
XFEE A — AR O T 3 A LB IR LA i P A2
oL, RIS b S0 AR R T AR T 46
i AR ALY 5 IR SR AT B T KL L 5 85 Eh A
FRE R RS, Hk, it SRR AR
AR E W R BB ANR], R AN R R SR 5 4 A AR AR
SE I TR P AT REL BN R 22 5% . A 3

o4 200 kPa B, ZE 1B /K MO FNN (IR AL I [R] K Z07E 4.8 d,
M0 SRV R M RS IR AR (R 6 d 2. R4k
ERE S IR A B B 2R T AR SR BT . [RIISE R
FESLVEWIREE N 1.8 mol/kg I, ZBRRANA S ALANTE
AN I 45 S5 75 0.6 F1 1.2 mol/kg 145 53
B, [FIITAE 400, 800 kPa All[E 4556 LR B T
FAARIGE R o &R PG i R 0] R 24k Rk ik
1.2 mol/kg W}, HIFBRBREAA R TG /N T E AN
Wi, M-S BUEER B 22 10 L RS 5 ) [ 45 A AR s

Xof L [R) 6 28RN 35 5 1 3R 953 7R AN [ fnr 281 i AR
SERRI: BEEMEIIIGA, SRR, %
AR FRE T 7 LI TR o 4R A 1.2 mol/kg B A2k
4200, 800 kPa I [)iEALFRE I ] 4519 5.8, 6.1 do

2 AFNENRLT A — IR TR A
2.1 BEWH

R 7 R E R R I RIBE R T G TR 1)
R, AR L — AN SR IS TB AR T .
BIEW T2 T LB K R i SR A AE S 8 bR R AL
BRIK AL 22 A B BRI, FLs i i LR N AN IE I,
s AR YR LA R FLISK R 7T, AT 350 RS 7
F3E (B 3D,

/ \
TRELR FLERFA

E T S R L
] e
|

3 IR LTPBERNTEE

Fig. 3 Schematic diagram of osmotic suction in saturated saline

soils
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Table 2 Osmotic suctions of sodium chloride and sodium sulfate
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solutions with different concentrations at 298.15K (kPa)
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Table 3 Model parameters
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Fig. 5 Sensitivity analysis of parameters
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Fig. 6 Creep test results of saturated distilled water and calculated
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Fig. 7 Creep tests and model results under saturation of sodium sulfate solution



148 HoE L OB % ® 2020 4
4.6 60
sal — Bt el —
: ---- Yin—Graham . ----Yin—Graham
o RELR o RIHR
42+ m=0.6 mol/kg X 56 m=0.6 mol/kg
5 o
2l 2l —oa
] = 54+ o=
52
3 6 1 1 1 1 ] 5 0 1 1 1 1 ]
] 2000 4000 6000 8000 10000 ~o 2000 4000 6000 8000 10000
B [B] #/min B [B] #/min
4.8 - 62
sl — Bt 6ol — Bt
’ ----Yin—Graham . ---- Yin—Graham
o RELR o IR
R 44t m=1.2 mol/kg L 58t m=1.2 mol/kg
L= ] 5,

3.8

1 1 1 ]
4000 6000 8000 10000

B} 8] #/min
50
asl —
---- Yin—Graham
o HEER
e\\° 46 m=1.8 mol/kg
>
2l
421

1 1 1 ]
4000 6000 8000 10000
B} [E] #/min

(a) 400 kPa

1 1 1 ]
4000 6000 8000 10000

0 2000
B} 8] #/min
6.4
ol — B
---- Yin—Graham
o IR
e\\° 6.0 m=1.8 mol/kg

1 1 1 ]
4000 6000 8000 10000
B} [E] #/min

(b) 800 kPa

8 SMARIEMTHRTHIESRBEHEER

Fig. 8 Creep tests and model results under saturation of sodium chloride solution
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