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Numerical Analysis of the Consolidation Behavior of Soft

Clayey Soil Subjected to Individual Vacuum Pressure

Jeongbhin Lee

Department of Civil Engineering, The Graduate School,

Pukyong National University

Abstract

In recent civil engineering project, many projects have currently been carried
out on soft grounds that were considered as inappropriate sites for construction
purposes. However, constructions on soft soils are challenging works because
of their poor properties such as low shear strength, high compressibility and
unfavorable permeability.

In order to overcome these problems, a variety of ground improvement
techniques have been employed. Recently, the use of prefabricated vertical
drains (PVDs) with vacuum application has gained a popularity for ground
improvement where the construction of high embankment for preloading is not
available. The conventional vacuum consolidation system is composed of an
impervious membrane and a cut-off wall to maintain a vacuum pressure
during the whole treatment process. It has been reported that there exist
several problems in using the impervious membrane and the cut—off wall
They can be easily damaged during construction and thereby resulting in a
poor control of vacuum pressure. To overcome these shortcomings, a new

vacuum consolidation system, which is called as an individual vacuum

- vii -



consolidation method, has been developed.

However, it is not an easy work to design the individual vacuum consolidation
method due to several limitations of the consolidation theory. The numerical
analysis can often be used as an alternative method to predict the
consolidation behavior of soft ground to be treated with the vacuum
consolidation method.

In this study, numerical simulations were performed to simulate the individual
vacuum consolidation system using the finite element program, Plaxis 2D. The
modelling procedures of the vacuum consolidation system are presented in
detail with results of an unit-cell analysis. In addition, a case study was
carried out to assess the applicability of the Plaxis 2D for simulating the
consolidation behavior of soft ground subjected to the individual vacuum

pressure.

Keywords : Ground improvement techniques, Individual vacuum consolidation

method, Numerical analysis, Plaxis 2D
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"o : (e 10m -

Drain ' e
d, =0.2m
Effecti -
ective zone
de =1.13m d, = 1.13m
(a) B8 (b) @H &=

% 3.3 Unit-cell 3j4]) A€ 7|37

¥ 3.1 Unit-cell 349 AL % Drain 54

Division Value
Spacing (pattern)
Diameter of effective zone of drainage

1.0m (square)

1.13m
Dimension of drain 100 < 3mm?
Diameter of smear zone 200 mm
Dimension of mandrel 120 X< 60 mm?”

¥ 3.2 Unit-cell 3|4 488 EZASF

Layer Properties Value
y(EN/m?) 17.5
o' (") 25
k,(m/day) 5.76 X 10~ °
Ky (m/ day) 5.10 < 1077
clay k,,(m/day) 1.26 x 10 °
(Soft Soil model) r '
A* 0.085
K* 0.017
OCR 1.2
€ 1.35
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Model
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29 3.5 Hydraulic model
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General
D Phase_3
Start from phase Phase_2 -
Calculation type [374 Consolidation -
Loading type [ ' staged construction -
My aiche 1.000
Pore pressure calculation type [Z] steady state ground +

Thermal calculation type i | Ignore temperature

Time interval 1.000 day
First step 5
Last step 28
Design approach (None) g
Specdial option 0

1% 3.6 Pore pressure calculation type

Deformation control parameters
Force fully drained behaviour newl
Reset displacements to zero
Reset small strain
Reset state variables
Reset time
Updated mesh
Updated water pressure

| Ignore suction
Cavitation cut-off

O 0 4.0 O'E 0=

Cavitation stress 100.0 kN/m?

%9 3.7 Deformation control parameters
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Properties

Values

USCS

CH

Natural water content, w,

52.6% ~ 75.7%

Initial void ratio, e,

1.49 ~ 2.09

Liquid limit, LL

66.4% ~ 93.2%

Plasticity index, PI

40.1% ~ 63.2%

Compression index, C, 0.50 ~ 0.88
Undrained shear strength, S, < 30kPa
OCR 0.87 ~ 1.62
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Division Value
Spacing, S 0.9m
Pattern Triangle
Diameter of effective zone of drainage, d, 0.945 m
Diameter of mandrel, d,, 0.15m
Equivalent diameter of PVD, d, 0.05m
d,/d,, 2
k,,/k, 2
n 18.9
s 6
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Layer Properties Value
Fill v(kN/m?) 18
and ¥ °7
Make-up fill 5y 50000
(MC model) - N
k(m/day) 0.86
y(kN/m?) 15.5
¢ (kN/m?) 2
o' (") 25
k,(m/day) 2.19%x107°
Silty Clayl Ky, (m/day) 1.20x10 °
(SS model) kq,(m/day) 5.20 10 °
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A 0.18
OCR 15
~(EN/m?) 16
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(") 25
k,(m/day) 19%x107 3
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C. 0.84
OCR 1.0
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