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problematic from engineering perspective:

The information currently available on the geotechnical
characteristics of pumice sands is limited.

Attributed to the time-consuming and expensive nature of
laboratory testing, implemented to characterise its behaviour.

Introduction

•Crushable

•Compressible

•Lightweight

• Vesicular nature

(Internal and surface voids)

• Unique surface texture



Problem statement
Lack of information on pumice sands for required DEM parameters;

A DEM model, with consideration of the crushing response based on

the experimental results and irregular shape of the particles under

various conditions for pumice sand.

Developing an efficient model to account for implementing the particle

crushing mechanism and impact of crushing on the other particles in

the sand matrix;

Effects of boundary condition, drainage condition, shape of particles,

void ratio, and different loading impact such as cyclic loading.



Influence of the shape and crushability on the behaviour of pumice sands;

Calibrated DEM results with the results of laboratory experiments;

Accurately predict the response of pumice sand particles;

Better understanding of the behaviour of pumice sands subjected to loading

conditions;

Micromechanical behaviour of pumice sands at the microscale and macroscale

level.

Objectives



3D scanning 
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Results (cont.)



3D scanning 
analysis



PARTICLE STRENGT
SIZE RELATION 

Results (cont.)

𝜎𝜎 =
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Results (cont.)



PARTICLE CRUSHING 
CRITERIA 

As particle crushing criteria, a linear elastic formulation was used:



Breakage Approaches
• Different approaches have been used to describe breakage in DEM. They 

can be classified in two major groups.

I. Multigenerational approach (particle replacement)

II. Multigrain agglomerates (Fully resolved fragments).



Generation of particles
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Results (cont.)

UNDRAINED TRIAXIAL



UNDRAINED TRIAXIAL

Results (cont.)



20

Results (cont.)

Twist strength (Twist); and

Twist stiffness (Ktw)
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Results (cont.)



Conclusions
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The correlation statistically showed that the crushing strength of smaller pumice

particles is higher than bigger particles.

The study also showed that the particle crushing did not stop, and particle

crushing continued until the end of the tests.

This study confirmed that the hardening behaviour of pumice specimens, not

only due to the crushing, but also due to the unique surface of pumice particles.

It was found that the limiting mechanical coordination number of corresponded

to the start of the instability of the specimen.



One of the parameters that played a key role during the simulations is the
interaction between the particles, which was controlled by twisting parameters
together with the rolling resistance parameters.

The mechanical coordination Z was used to explain the instability of specimen,
i.e. Z<4. The crushing phenomenon due to decreasing porosity of the
specimens offered a higher resistant soil structure.

The total number of crushed particles in dense pumice sand was roughly twice
that of loose specimens. Moreover, this study proved that particle crushing
occurred during the extension or unloading phase.
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Conclusions (cont.)
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