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Experimental study on the one-dimensional nonlinear consolidation and seepage
of saturated clay considering stress history under ramp loading

ZHANG Le, DANG Fa-ning, GAO Jun, DING Jiu-long
(State Key Laboratory of Eco-hydraulics in Northwest Arid Region, Xi’an University of Technology, Xi'an, Shaanxi 710048, China)

Abstract: To study the permeability of saturated clays with different stress histories under ramp loading, the one-dimensional
consolidation and seepage tests are carried out using modified GDS triaxial apparatus, and the change of the permeability coefficient
of remolded silty clay in Luochuan, Shaanxi Province is studied. The results show that permeability coefficients of normally and
over-consolidated saturated clays decrease nonlinearly with the increase of the consolidation stress, and the void ratios of these two
soils are consistent with the trend of change of the permeability coefficients with the consolidation stress. The compressibility and
permeability of soil in the over-consolidated state are much smaller than that in the normally consolidated state. The permeability
coefficient and void ratio decrease with the increase of the osmotic pressure difference under a constant consolidation stress. Finally,
the measured values are compared with the permeability coefficients calculated by the modified Darcy permeability coefficient
formula, modified Kozeny-Carman formula, Stokes porosity permeability coefficient formula and degree of consolidation and
seepage formula in Ref. [12]. The results reveal that the permeability coefficients calculated using the modified Kozeny-Carman
formula are in good agreement with the measured values. Therefore, the modified Kozeny-Carman formula is recommended to
predict the permeability coefficient of Luochuan saturated clay.
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Table 1 Physical properties of intact Qs loess

MR AR TH ¥ W HURLALR%
Gs wl% pal(g « cm™) wL/% >0.075 mm 0.075~0.005 mm <0.005 mm
2.70 133 1.34 28.4 4 73 23
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Fig.1 GDS triaxial apparatus
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Fig.2 Schematic diagram of multi-stage ramp loading
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Table 2 One-dimensional consolidation and permeability
joint test program

EE)iS RIE - EHERE T

i SR e ] kPa <P Pa /I
1 [&5] 25 140 0 - [ 458 77 140 kPa
2 BiE 140 20 0 1B K % 20 kPa
3 BiE 140 40 0 VBIEE 7 40 kPa
4 BiE 140 60 0 BIEE 7 60 kPa
5 ks 165 0 - [ 45 8% 17 165 kPa
6 BiE 165 20 0 BIEEZ 20 kPa
7 BiE 165 40 0 1BIE K % 40 kPa
8 BiE 165 60 0 1BIE K % 60 kPa
9 BiE 165 80 0 1B K % 80 kPa
10 [&5] 25 190 0 - ] 458 77 190 kPa
11 b Sii 190 20 0 VBIEE 7 20 kPa
12 b Sii 190 40 0 VBIEE 7 40 kPa
13 BiE 190 60 0 BIEE % 60 kPa
14 BiE 190 80 0 1BIEE % 80 kPa
15 EiE 215 0 - [i] 5 5. /7 215 kPa
16 BiE 215 20 0 1BIE K % 20 kPa
17 BiE 215 40 0 1BIE R % 40 kPa
18 BiE 215 60 0 1BiE K % 60 kPa
19 b Sii 215 80 0 BIE R 7 80 kPa
20 b Sii 215 100 0 1B1% 7 100 kPa

TEM 25 B, PAIEIZ5 87774 140 kPa A, 4T
TS ROEAER R By RO, KHS 58
M R0 . 4 0% B B &N 140 kPa, &M 0 kPa,
HEAT AN 24 h (R S50 FRfLIETE e 4, film
LIRS, PRARFR E B AT A A [ 45 58 i

TEBIE B, LA 1 B Be (I8 25 52 7729 140 kPa)
ol RIS REAHBR R E A, TS5
FHIE M) N0 &S REA B R B O, R R
JE AN J1 T B 7K Sk 22 R T BN L 1) F 1755
A%, MERRFESE N 1N 140 kPa AT,
WEIBIEEZN 20, 40, 60 kPa KiHTBIE. BiE
IR Z IR S 2 SCHR[19]. @45, 1556 i S
S B R (it n 75 5L 3
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Fig.3 Schematic diagram of pressure application for
consolidation and permeability tests
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Table 3 Measured values of permeability coefficient of
normally consolidated clay under various
consolidation pressures

EESINYA] BB % BB R BB RECT M
/kPa /kPa /(105 cm » s71) /(1075 cm » s7")
20 0.96
140 40 0.83 0.86
60 0.78
20 0.85
40 0.74
165 60 070 0.74
80 0.66
20 0.64
40 0.56
195 60 0.54 0.56
80 0.51
20 0.57
40 0.50
215 60 0.48 0.49
80 0.46
100 0.45
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Fig.4 Curve of permeability coefficient changing with
consolidation stress for normally consolidated clay
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Fig.5 Curve of void ratio changing with consolidation
stress for normally consolidated clay
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Fig.6 Curves of permeability coefficient k changing with
osmotic pressure difference for normally consolidated clay
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Fig.7 Curves of void ratio e changing with osmotic
pressure difference for normally consolidated clay
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Fig.8 Curves of permeability coefficient £ changing with
void ratio e for normally consolidated clay
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Table 4 Measured values of permeability coefficient of
over-consolidated clay under various consolidation

pressures
[ 458 77 BiEEZE B R BIE RECPHIE
/kPa /kPa /(1075 cm + s7) /(1075 cm * s71)
5 1.72
2 10 1.29 151
10 1.22
50 20 1.06 1.14
10 1.18
75 20 1.03 1.10
20 0.91
100 0.85
40 0.80
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Fig.9 Curve of permeability coefficient changing with
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