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In Barcelona...
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In Barcelona...

Shape, Rorato (2019)

Roughness Breakage
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» Grain breakage

* Testing driven piles in Fontainebleau (siliceous) sand
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Crushing in DEM

»Bonded agglomerates

__ * Bond parameters instead of
% breakage criteria

- | * Limited capture of GSD evolution
oblsmemrme  Computationally very demanding

| -

| | sy

| Ei

-/ | »Multigenerational

e :
L —— \ Crushable agglomerates
| G
s e P e oy
g, i T e -\..|:
/ it
. ] 1R

.-.__‘:-:. y -; UJ rlr 1|.- :;.f_l 3 ’
UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH



Multi-generation crushing model Break

Ciantia et al (2015) Geotechnique 65, No. 2, 91-110
* Mass lost but

accounted for in
tracking grain size
distribution
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Implementation of the crushing model
Particle crushing can be implemented by:

¢ F|SH, a loop over all contacts, time-consuming (pFEViOUS WOrk)

* User-defined contact model (UDCM), c++, embedded in force-displacement
law, efficient (thiS study)
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Incorporation of roughness effect into the (i
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So, the particle crushing criteria can be written as:
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The UDCM implementation is correct?

* Single particle crushing test
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Effect of contact roughness on single
particle breakage

e Parametric study over three new S —
parameters (S, n;, and n,) in the crushing ! .

model
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Effect of contact roughness on single
particle breakage
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Limitations of smooth particles

Oedometer test of Fontainebleau (silica) sand
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Recalibration of parameters

Giim,0 /GPa var Sy /um n, n,

Ciantia model-low G 9 0.2 0.275 10 1.9 0.36
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Conclusions

This contribution documents the incorporation of particle surface roughness into a DEM model for

crushable sands using a UDCM. The effect of contact roughness on single particle breakage has been

investigated via parametric studies. The model parameters for a discrete analogue of a representative

quartz sand have been recalibrated. The main findings are:

e The parametric study shows that increasing either roughness or the n; ratios results in larger crushing
forces and less stiff contact behaviour;

e The effect of roughness S, is more significative than those of the n; ratios.

e The recalibrated parameters including realistic values of surface roughness (using realistic values of
elastic bulk properties for the sand grains) enable to correctly capture both load-unload behaviour and
particle size distribution evolution of high pressure oedometric tests.

e Roughness is then a model refinement that may result in simpler and more objective DEM calibrations.



UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH

To acknowledge:

Professor Marcos Arroyo, Antonio Gens and Dr Matteo Ciantia

ITASCA, Sacha Emam




	Slide Number 1
	OUTLINE
	OUTLINE
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	OUTLINE
	Crushing in DEM
	Multi-generation crushing model �Ciantia et al (2015) Geotechnique 65, No. 2, 91–110
	Implementation of the crushing model 
	Slide Number 12
	Slide Number 13
	OUTLINE
	The UDCM implementation is correct? 
	Slide Number 16
	Slide Number 17
	OUTLINE
	Slide Number 19
	Slide Number 20
	Conclusions
	Thank you for your attention!

