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ABSTRACT

The widening of roads in hilly terrains is a time-consuming process that presents significant
geotechnical and financial challenges. It typically involves hill cutting or valley-side filling,
both of which can potentially induce slope instability due to steepening or increased
loading/driving forces. This research focuses on the use of expanded polystyrene (EPS)
geofoam, a material that is significantly lighter (20-100 times) than conventional fill materials,
as an effective solution for embankment filling on valley sides to mitigate these risks. Extensive
investigation into the physical, mechanical, and interface properties of EPS geofoam for road

widening applications is carried out in this research.

The initial phase involves a detailed physical characterisation of various geofoam grades,
encompassing image-based microstructural analysis (cell size, void fraction, cell population
density), homogeneity assessments, and variations in density, surface roughness, and hardness
properties. The mechanical characteristics such as compression, flexural strength, and
monoblock shear resistance are evaluated with the aid of 2D digital image correlation (DIC)

analysis to study strain distribution and concentrations within the geofoam.

The study reveals that compressive behaviour is significantly influenced by homogeneity,
which is manifested by the changes in microstructure and apparent density of the geofoam. The
cell size, void fraction, and homogeneity decrease with increasing geofoam density. Moreover,
image analysis provides insights into failure patterns and strain localisation, enhancing
understanding of the complex behaviour of geofoam. Poisson’s ratio and their variations across

different strain levels and grades of geofoam are also explored thoroughly.

A parametric evaluation of the primary design parameters from compression tests shows that
apparent density, size, and ambient temperature critically control the compressive stresses of

geofoam. Additionally, machine learning models, including Artificial Neural Networks (ANN)
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and Extreme Gradient Boosting (XGBoost), are employed to develop predictive models of

geofoam behaviour, with XGBoost demonstrating superior accuracy.

Interface tests are conducted to understand the shearing mechanisms at various geofoam
interfaces relevant to embankment construction, such as geofoam-sand, geofoam-geofoam, and
geofoam-concrete. The effects of the density of the geofoam, particle size of the sand, applied
normal stress, and sand saturation are evaluated during the interface tests. Apart from the
inherent variation of the geofoam roughness with density, the roughness is altered by providing
ledges on the geofoam of varying sizes and shapes. These tests lead to empirical correlations
for predicting friction coefficients based on interface roughness characteristics. The DIC

technique is utilised to analyse strain distribution and failure patterns during interface shearing.

The concluding part of the study involves simulating a geofoam embankment for valley-side
road widening using finite element software, incorporating the material and interface
characteristics derived from the experimental studies of this thesis. Road widening using
geofoam blocks improved the slope stability factor of safety by 25% compared to conventional
soil fills. The simulation results suggest that stresses and deformations within the geofoam
embankment are similar to those in traditional fills. The interface stresses of geofoam at varying
depth levels are also evaluated to assess the critical interface. Finally, a quick-selection chart
for geofoam grades and related material cost estimation for various slope angles in hilly terrains
are also derived to provide a preliminary insight into the economic implications. This research
provides essential guidance for design engineers in selecting the appropriate grade of geofoam

and its design parameters for road widening projects in hilly terrains.
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