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Sandstone  - void feature sizes and absolute permeability  [1]

Our Cartesian void network named Pore-Cor RS (www.pore-cor.com) has been recently upgraded with the addition of an Euler beta function for modelling

throat size distributions, and a priori uncalibrated simulations of diffusion, filtration, preferential flow and void-void auto-correlation. The geometric

characteristics of the network are matched to the entire percolation characteristics of a wide range of experimental samples (deduced from mercury

porosimetry or water retention) using an 8-dimensional Boltzmann-annealed amoeboid simplex (shown as ). We display examples of simulations of the

experimental properties of a range of sandstones, cements and filters, specifically void sizes in 2 and 3-D, fragments, absolute permeabilities, effective

diffusion coefficients and filtration efficiencies. We are developing a method of tuning the model (i.e. narrowing down the range of possible stochastic

realisations) using a void-void auto-correlation function, which can be compared with Fast Fourier Transforms of image-analysed thin sections of the sample.

Multi -property Correlation of Pore -level Properties
using a tuned Cartesian Void Network
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Cement and Concrete �±void structure differences and diffusion [3]

5 sandstone samples,

e.g. Sample 5: 

Braided Channel.

Load bearing quartz cement 

with chlorite. Porosity : 0.302

Absolute  permeability

to N2 : 1970 mD
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Ordinary Portland Cement

Hardened Cement Paste made 

of  Ordinary Portland Cement, 

CEM I 32.3R, w/c=0.4 

minimum 28 days cured [4,5]

Ultra High Performance 

Concrete

Cement CEM 52,5R HS-NA

(733 kg/m³), sand (1008

kg/m³), microsilica (230kg/m³),

quartz I (183 kg/m³), plasticiser

and water (161 l/m³). Minimum

28 days cured (provided by

University Kassel [6])

End of taper zone

vario_dist(
N,2)

vario_dist(
N,3)

vario_dist(
N,1)

Filters �±filtration efficiency and ageing [7]Sintered stainless steel filters

Sintered stainless steel powder, 

gross diameter 140 mm, thickness 

3 ± 0.15 mm, commercial grades 

supplied by Porvair filtration   

Mercury porosimetry

Calculate auto-correlation function at quasi-infinite resolution [2] 

Resin inject and 

photograph thin 

sections

Image 

analyse to 

obtain 2D 

void 

features 

sizes 

Sample 5 

Calculate extent of 

diffusion out of 

structure (shown 

red) after 1 week. 

Simulate filter 

performance and 

ageing

Measure filter 

performance and 

ageing

Measure 2D auto-

correlation 

function using fast 

Fourier transform

Use 

variogram to 

choose 

between 

stochastic 

realisations

Mercury 

porosimetry

Useful 

agreement 

between 

simulation and 

experiment, 

avoids need for 

laborious flat 

sheet testing

Single pass flat sheet test 

Diffusion very 

slow, but 11% 

greater from 

OPC than 

UHPC.  As yet 

no experimental 

results for 

comparison 

Close match between theory and experiment which has 

improved even more with use of the Euler beta function

Simulation under-estimates absolute 

permeabilities, but shows correct trends

Conclusions.  The new Euler beta void size function, together with new algorithms for simulating  a wide of properties and processes, 
are producing results sufficiently realistic and predictive to be of great use in both researc h and industrial contexts. 

Mercury 

porosimetry

Navier-

Stokes flow 

mapping of 

entire 

network 

structure 

before

and after 

each filtration 

(straining) 

event. 


