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Cundall and Strack (1979)

Force vector plots obtained by De Josselin de
Jong and Verruijt (1969) in photoelastic
experiments

Ratio F,,/F, =0.39

Force vector plots obtained in Cundall and
Strack’s DEM simulation

Ratio F,,/F, =0.43




steel rods

Validation tests and simulations
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Outline:

| want to present some examples that show that:

1. DEM simulations can help us design new testing approaches.

2. DEM simulations can inform how we can interpret element test
data to infer fabric.

3. PIV opens the possibility for us to better understand how to use
CFD to study flow in the pores of soil.
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Laboratory Geophysics
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T-shaped bender/extender
elements

Cubical cell apparatus.
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DEM simulations of wave propagation

Transmitter &= Receiver
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e Simulated using PFC 3D
 Flexible membrane boundaries

* Simplified Hertz-Mindlin contact model — input G and v for particle
* Bender/extender elements modelled as point sources




Signal comparison: Time domain

Isotropic stress of 100 kPa = = = Transmitted signal

Sinewave pulse with frequency of 15 kHz Received signal
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Shear stiffness vs confining pressure
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Bender element testing

bender element

-



Influence of transmitter connectivity
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Shear plate technology

Bender elements

Shear plates
Otsubo et al. (2020) DOI: 10.1520/GTJ20180146
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Shear plate technology
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Peak amplitude : V

Shear plate technology
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Shear plate technology
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Outline:

| want to present some examples that show that:

1. DEM simulations can help us design new testing approaches.

2. DEM simulations can inform how we can interpret element test
data to infer fabric.

3. PIV opens the possibility for us to better understand how to use
CFD to study flow in the pores of soil.



Internal instability in gap-graded soils
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Effect of Fc on Shearing response

Undrained stress-strain behaviour
(Modified from Yang and Wei, 2012)
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Increase in Fc leads to an increase in
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Critical state locus
(Modified from Yang and Wei, 2012)
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Variation in void ratio with Fc
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Stress transmission in gap-graded soils
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Cubical cell apparatus.

O’Donovan et al. (2016) https://doi.org/10.1007/s10035-015-0599-4
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Signal comparison: Time domain

Isotropic stress of 100 kPa = = = Transmitted signal

Sinewave pulse with frequency of 15 kHz Received signal
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Signal Comparison: Frequency domain
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Influence of e and stress on ]‘,Ow_paSS
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Influence of e and stress on f,ow_pass
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Influence of FC on V; CN: SR-3 4
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- kHz

Relating Fc to f;, and Vg
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Bulk density

Bulk density: p =

M
|4
V total volume =V, + Vg,

M. mass of soil grains

Mechanical bulk density:

MS_Mgorl
V

Pm =

M2 °" 1 mass of grains with 0 or 1 contact



Macro-scale, continuum stiffness
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% Passing by mass/volume

Gradings considered in DEM study
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Approaches to measure stiffness
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Density, mechanical density and G
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Outline:

| want to present some examples that show that:

1. DEM simulations can help us design new testing approaches.

2. DEM simulations can inform how we can interpret element test
data to infer fabric.

3. PIV opens the possibility for us to better understand how to
use CFD to study flow in the pores of soil.



Sheffield Permeameter Experiments
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Sheffield Permeameter Experiments
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Sheftfield Permeameter Experiments

(b) (d)
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Shetfield Permeameter Experiments

Results: velocity magnitude (m/s), d=7.5mm, i=0.028
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Sheffield Permeameter Experiments
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(a) Data preparation

Sheffield Permeameter Experiments + CFD
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Sheffield Permeameter Experiments + CFD
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Sheffield Permeameter Experiments + CFD

Sanvitale et al. (2021) https://doi.org/10.1680/jgeot.20.P.432
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Sheffield Permeameter Experiments + CFD
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CFD to study fluid — particle interactions
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CFD to study fluid — particle interactions
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Conclusions:

| hope | have shown that:

1. DEM simulations can help us design new testing approaches.

2. DEM simulations can inform how we can interpret element test
data to infer fabric.

3. PIV opens the possibility for us to better understand how to use
CFD to study flow in the pores of soil.



Acknowledgements

Adnan Sufian Tom Shire Budi Zhao Nicoletta Sanvitale Antonio Carraro  Reiko Kuwano

Masahide Otsubo John O’Donovan Deyun Liu Kevin Hanley Erdin Ibraim  David Muir Wood  Jonathan Fannin



Acknowledgements

EPSRC

Pioneering research
and skills




