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Abstract

Ground improvement techniques using concrete injected column (CIC) or controlled
modulus column (CMC) have been widely used since 1980s. However, impacts of ground
displacement induced by the techniques have not been studied adequately. This project
advances both experimental and numerical bases for assessing effects of installing CICs
or CMC:s on the surrounding soils and previously installed columns, with interests given

to installation sequence and behaviour of concrete inclusion at early age.

Three-dimensional numerical modelling was conducted to investigate how groups of
columns installed in different sequences could affect previously installed columns. The
assessment included coupled consolidation analyses in large strain mode, considering
soil-column interaction. CMC installation was modelled numerically with the combined
use of cylindrical and spherical cavity expansion theories. Where possible, the results
were compared with analytical solutions and published field cases. The study revealed
that the use of different installation sequences resulted in noticeable differences in the soil
responses near existing CMCs as well as the difference in the bending moments generated

in the previously installed columns.

A soil-displacement piling rig and a fully instrumented soil tank were also designed and
built in the laboratory to simulate column installations and to study the soil behaviour and
the responses of previously built columns to nearby installations. A group of concrete
columns were cast in-situ in soft soil using low strength concrete. The installation effects
in terms of soil behaviours and structural responses of the columns were well captured by
3D laser scanning, soil miniature instrumentation, and a customised strain gauge system
installed in CMCs. Test results revealed complex interactions between the soil and the

columns, which are otherwise often difficult to observe in the field.
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List of Symbols

The following symbols were used in this thesis:

Au excess pore water pressure

Aug, excess pore water pressure due to spherical cavity expansion
Ay min smallest width of FLACP zone

0 column lateral deflection

K swell-recompression index

A virgin compression index

v soil’s effective Poisson’s ratio

V. Poisson’s ratio of concrete

De concrete density

Pd dry density of soil

Psat soil saturated unit weight

o'y major principal stress in CMC

a's minor principal stress in CMC

o, unconfined compressive strength of grout specimen or intact concrete
Ot indirect tensile strength of grout specimen
oy tensile strength of concrete

'y in-situ vertical effective stress

'ho in-situ horizontal effective stress

v specific volume

Uref reference specific volume

bés soil’s effective friction angle

¢’ effective friction angle

o interface friction angle

W dilation angle of concrete

C. soil compression index

Cy permeability change index

Cr soil recompression index

' effective cohesion of soil

o interface effective adhesion

cy vertical coefficient of consolidation
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D CMC or column diameter

dpite pile diameter

E'or Eg drained Young’s modulus of soil

E. Young’s modulus of concrete

e, initial (or current) void ratio

fex characteristic cylinder strength of concrete at 28 days
f'ex characteristic cylindrical strength of grout at 28 days
fac(® characteristic cylinder strength of concrete or grout at age of ¢ days
fetapl mean tensile strength of plain concrete (e.g. CMC)
fetm mean tensile strength of concrete

fetm (o) mean tensile strength of concrete at t days.

G shear modulus of soil

G specific gravity of soil

1 area moment of inertia

K bulk modulus of soil

Ko coefficient of earth pressure at rest

K¢ fluid bulk modulus

k or kn hydraulic conductivity of soil

kn interface normal stiffness

ko initial permeability

ks interface shear stiffness

L column length

M slope of the critical state line

M or M(z) column bending moment

m Hoek Brown material constant

N constant in K, equation

n porosity

OCR over consolidation ratio of soil

p' mean effective stress of soil

Pl pre-consolidation pressure of soil

P initial mean effective stress in the soil

Dlref reference pre-consolidation pressure (i.e. 1 kPa)

q deviatoric stress

R radial distance from column axis
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Ry radial position of elastic-plastic boundary (cylindrical cavity)

Rsp radial position of elastic-plastic boundary (spherical cavity)
TeMme CMC radius

Te column radius

rr radius of expanded cavity

Ti initial radius of cavity

Ppile radius of pile

S Hoek-Brown material constant

s column spacing

Sc coefficient taking into account the cement type

Su undrained shear strength of soil

Umax maximum excess pore water pressure

u, in-situ pore water pressure

vV shear force in CMC

V or Viorm non-dimensional pile penetration velocity

Vp vertical pile penetration velocity

Wp plastic limit

Ry radial position of elastic-plastic boundary (cylindrical cavity)
Ry radial position of elastic-plastic boundary (spherical cavity)
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