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Introduction Methodology Experimental results

Pe tŎ ὖ

ḻ%ÆÆÅÃÔÉÖÅÓÔÒÅÓÓ

ḻBiotÃÏÅÆÆÉÃÉÅÎÔ

(Biot, 1941)

Pe: the effective pressure

Pc: the confining pressure

Pp: the pore pressure

Pe tŎ ὲὖ

(Terzaghi, 1925)

What is the ÅÆÆÅÃÔÉÖÅÓÔÒÅÓÓ?
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Rock type Clay Fraction Porosity n Source

Sandstone 6% 24% 3.5 Zoback (1975)

Sandstone 8% 20% 2.2̡ 4.0 Zoback and Byerlee(1975)

Sandstone 0.5%-20% 16%-24% 1.2-7.1 Walls and Nur (1979)

Sandstone 8% 16% 5.4 Al-Wardy and Zimmerman (2004)

Sandstone 15%-22.5% 8.5%-13% 0.93-6.16 Zhao et al. (2011)

Limestone x 13.4%-17.6% 0.9-2.4 Ghabezloo(2008)

Al2O3 x 26%-29% 0.43-0.86 Walls and Nur (1979)

Granite x x 0.4-1.0 Bernabe (1986)

Sandstone x x 0.72-0.96 Franquetand Abass(1999)

Shale 40%-50% 2.5%-15% 1 Kwon (2001)

Chalk x 36%-48% 0.55-0.93 Omdal(2009)

Sandstone 0%-5% 2.42%-11% 0.0-1.24 Li and Bernabe (2009)

Sandstone x 1.65%-3.23% 0.17-0.70 Qiaoet al. (2012)

Shale x 5%-52% 0.15-0.85 Heller et al. (2014)

Mudstone x 3%-5% 0.51-0.98 Zhao andGhassemi(2017)

Previous results
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Microstructural model (conceptual model)

Clay Shell Model Clay Particle Model
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(Al-Wardyand Zimmerman, 2004)(Zoback and Byerlee, 1975) 
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(Neasham, 1977)

Kaolinite

Illite, chlorite, montmorillonite

Illite, chlorite, montmorillonite

Clay Shell Model

Clay Particle Model

Does it exist ?



(Almakrami, 2017)

Clay particle modelClay shell model

In real case
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1. Calculate the effective stress coefficient of porosity and permeability 
under different confining pressure and pore pressure conditions. 

2. Clarify the influence of  the clay content and clay minerals on the 
effective stress coefficient.

3. Factor analysis of the porosityand permeabilitymodel 
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Motivation
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Estimation of effective stress coefficient for physical properties
(porosity & permeability) : 

Ὠὗ ὨPc+ Ὠὖ

ὗ ὗtŜ ὗtŎ ὲὖ
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(Walls and Nur, 1979)
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Porosity/Permeability measurement system

YOKO2 designed by Toshihiko Shimamoto

Porosity :
.ƻȅƭŜΩǎ ƭŀǿ
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Measurement system
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Confining stress 
(MPa)

Pore pressure 
(MPa)

Porosity
(%)

3.5 0.38 7.14

3.5 0.59 7.49

4.0 0.30 7.02

4.0 0.49 7.18

4.0 0.67 7.20

4.5 0.30 7.00

4.5 0.52 7.22

4.5 0.68 7.08

5.0 0.39 6.96

5.0 0.59 7.08

5.5 0.30 6.82

5.5 0.51 6.86

5.5 0.69 6.84

Diameter (mm) 25.50

Length (mm) 21.64

Effective stress coefficient(n) 0.87

Sandstone from Vietnam
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ὲ0(%) q R2

If  n=0.87 10.99 0.119 0.93

If  n=1 10.89 0.117 0.93

Confining 

pressure
Pore pressure

3.5 0.486

4.0 0.488

4.5 0.499

5.0 0.490

5.5 0.500
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