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JIRAYUT SUEBSUK : DEVELOPMENT OF MODIFIED STRUCTURED
CAM CLAY MODEL AND FINITE ELEMENT IMPLEMENTATION.

THESIS ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D., 224 PP.

CONSTITUTIVE EQUATION/STRUCTURED CLAY/PLASTICITY/
CRITICAL STATE MODEL/SOIL STRUCTURE/DESTRUCTURING/BOUNDING

SURFACE THEORY/FINITE ELEMENT ANALYSIS

With the advances in the calculation by a numerical method and computer
hardware, it becomes more common to predict the response of geotechnical material
using a constitutive model in numerical analysis. The constitutive models for
structured clay have been developed in this research. The thesis is composed of three
consecutive parts. First part presents a generalised constitutive model for destructured,
naturally structured and artificially structured clays that extends the Structured Cam
Clay (SCC) model. This model is designated as “Modified Structured Cam Clay
(MSCC) model”. The influence of structure and destructuring on the mechanical
behaviour of clay can be explained by the change in the modified effective stress,
which is the sum of the current mean effective stress and the additional mean effective
stress due to structure (structure strength). The presence of structure increases the
modified mean effective stress and yield surface, enhancing the cohesion, peak
strength and stiffness. The destructuring begins when the stress state is on the virgin
yield surface. After the failure (peak strength) state, the abrupt destructuring occurs as
the soil-cementation structure is crushed; hence the strain softening. The soil structure

is completely removed at the critical state when the yield surface becomes identical to
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the destructured surface. The destructuring law is proposed based on this premise. In
the MSCC model, the yield function is the same shape as that of the Madified Cam
Clay (MCC) model. A plastic potential is introduced so as to account for the influence
of structure on the plastic strain direction for both hardening and softening behaviours.
The required model parameters are divided into those describing destructured
properties and those describing structured properties. All the parameters have physical
meaning and can be simply determined from the conventional triaxial tests.

Second part presents a generalised critical state model with the bounding
surface theory for simulating the stress-strain behaviour of overconsolidated structured
clays. The model is formulated based on the framework of the Structured Cam Clay
(SCC) model and is designated as the Modified Structured Cam Clay with Bounding
Surface Theory (MSCC-B) model. The hardening and destructuring processes for
structured clays in the overconsolidated state can be described by the proposed model.
The image stress point defined by the radial mapping technique is used to determine
the plastic hardening modulus, which varies along loading paths. A new proposed
parameter &, which depends on the material characteristics, is introduced into the
plastic hardening modulus equation to take the soil behaviour into account in the
overconsolidated state. The MSCC-B model is evaluated in light of the model
perfonnance by comparisons with the measured data of both naturally and artiﬁcialiy
structured clays under isotropic compression and compression shearing tests. From the
comparisons, it is found that the MSCC-B model gives an excellent prediction of
mechanical response in both drained and undrained conditions.

Last part presents the study of the inhomogeneous stress-strain-strength

behaviour influencéd by the structure strength by using the finite element analysis
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with the MSCC model. The MSCC model formulated with a continuum Jacobian has
been coded into the commercial finite element program, ABAQUS by the user
subroutine, UMAT. The generalised MSCC model has been used to study a triaxial
compression test of artificially structured clay specimens with various cement contents
under drained and undrained conditions by a couple hydro-mechanic finite element
analysis. The influence of structural properties on the inhomogeneity is studied. The
local stress and strain of the artificially structured specimens is compared with those
of the destructured specimen under various isotropic yield stress ratio (YSRiso). The
key aspects of finite element simulation of artificially structured clay are summarised

and discussed.
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