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Nonlinear consolidation model for stratified soils with vertical drains
based on spectral method

XU Bin-hua® %, HE Ning":?, ZHOU Yan-zhang', ZHANG Zhong-liu'
(1. Department of Geotechnical Engineering, Nanjing Hydraulic Research Institute, Nanjing 210024, China; 2. College of Civil and
Transportation Engineering, Hohai University, Nanjing 210098, China; 3. Key Laboratory of Reservoir and Dam Safety,
Ministry of Water Resources, Nanjing 210029, China)
Abstract: Many soft soil foundations with vertical drains are stratified, and the permeability and compressibility of soils change
nonlinearly during the consolidation process. A nonlinear consolidation model that can consider both vertical and radial
drainage is proposed based on the void-ratio dependent compressibility and permeability (e-lge’ and e-1gk), and a nonlinear
consolidation model for the stratified soils with vertical drains is obtained based on the spectral method. The validation of the
solution is verified by the degradation study and the comparative analysis with the existing nonlinear consolidation analytical
solutions and laboratory tests. The results show that the average relative error between the calculated value and the analytical
solution and the measured value is lower than 0.7% and 2.0%, respectively. A field case is also studied and analyzed. The
results show that the calculated values of settlement and pore pressure at different depths are in good agreement with the
measured data, which can predict the development of settlement and the dissipation of pore pressure in different soil layers
during the consolidation process. The case study further illustrates the feasibility and applicability of the proposed model in the

consolidation calculation of stratified soils with vertical drains.

Key words: stratified soil; vertical drain; nonlinear consolidation; spectral method
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Table 1 Parameters used in verification

S e 1 ek 2
Ce 0.29 0.29
Cin 0.45 0.45
R EAE De/m 0.45 0.45
S HIKEAZ Do/m 0.066  0.066
WH X E% D/m 0.2 0.2
WIUEAK T 838 R 2 kno/(10 °m-s ™) 4.4 4.0
ken/kes 1.5 1.5
WIHEFLER EL eo 1.000  0.950
YGRS Hm 0.925  0.870
WILERN /] o) /kPa 20 50
AN 7 p/kPa 30 50
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Table 2 Parameters of drain properties

R EAR SEHHOKER WHX B k Ik
D, /m D, /m D, /m /s
1.26 0.067 0.2 5

#=3 TMsHE
Table 3 Soil Parameters
i kvo ko o, v
/m /(10°m's™) /(10°m's")  /kPa /(kN'm?)

0.0~2.0 6.21 6.64 9.40 19.4 0.796

2.0~3.0 3.21 3.60 22.90 18.2 1.098

3.0~6.0 3.21 3.60 39.30 18.2 1.098

6.0~8.5 3.21 3.60 61.85 18.2 1.098

8.5~9.5 3.21 3.60 76.20 18.2 1.098

9.5~12.0 0.69 0.93 90.30 18.0 1.193
12.0~16.0 0.69 0.93 116.30 18.0 1.193
16.0~20.0 0.69 0.93 148.30 18.0 1.193
20.0~24.5 0.69 0.93 182.30 18.0 1.193
24.5~29.6 1.16 1.50 222.74 18.8 1.193
R Civ Cin Ce G K
/m

0.0~2.0 0.398 0.398 0.180  0.020 1.00

2.0~3.0 0.549 0.549 0.188  0.020 1.00

3.0~6.0 0.549 0.549 0.188  0.040 1.00

6.0~8.5 0.549 0.549 0.188  0.050 0.98

8.5~9.5 0.549 0.549 0.188  0.050  0.97

9.5~12.0 0.597 0.597 0.413 0.090 0.95
12.0~16.0 0.150 0.150 0.243 0.034 091
16.0~20.0 0.100 0.100 0.500 0.034 0.86
20.0~24.5 0.150 0.150 0.660  0.034  0.79
24.5~29.6 0.100 0.100 1.500 0.034 0.70
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