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ABSTRACT 
 

Poroelasticity is very important theoretical background in considering 
deformation-pressure behavior of stressed rock specimen. To understand the poroelatic 
behavior of Berea sandstone specimen of 10mm diameter and 20mm length was 
deformed hydrostatically under increasing confining pressure and pore pressure. The 
average diameter and volumetric strain decreased monotonically with increasing 
effective confining pressure. This volumetric decrease was used for thresholding of the 
image processing during pressurization. To apply 3DMA analysis for structural analysis 
in the stressed Berea sandstone, in the first we confirmed its applicability to porous rock 
specimen of Berea sandstone. We compared total porosity of grass beads packing with 
theoretical geometry of granular packing.  We present the verification of 3DMA method 
and also present quantitative characterization of each medial axis distribution  and 
number of connecting paths change of Berea sandstone under various confining 
pressure and pore pressure. 
 
 
 
1. Introduction 
 

In Geomechanics and hydrology field, the theory of linear poroelasticity and its 
application are important and fundamental problem. The permeability and specific 
storage of rocks and sedimentary layers under deep depth are key parameters for 
problems related to the evaluation of buried natural gas and oil, CO2 aquifer storage, 
and various kinds of waste storage. The theory of poroelasticity to solve these problems 
addresses the time-dependent coupling between the deformation of rock and fluid flow 
within rock(Wang, H.F., 2000). In poroelastic experiment, we have measured volume 
change, drainage volume and pore pressure change as functions of hydrostatic 
pressure, pore pressure and axial differential stress. And we can observe various 
poroelastic coefficients related to compressibility or bulk modulus, Poisson’s ratio, 
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3. Designing of a pressure vessel for the simultaneous loading of confining 
pressure and pore pressure 
 

A new pressure vessel for micro-focus X-Ray CT needs to satisfy the following 
requirements. 
 1) To obtain larger CT images, the pressure vessel must be as small as possible. 
 2) To withstand confining pressures up to several tens of MPa, the cell body should be 
made of material with high tensile strength. 
 3) To decrease the X-Ray attenuation, the main material of cell body should have a low 
atomic number.  
 4) Pressure vessel needs to be as light as possible because the rotating stage has the 
weight limit. 
 

Figure 2 shows the design of resulting pressure vessel which fulfills the 
requirements for simultaneous loading of confining pressure and pore pressure. The 
following is brief explanation of each part. 
 
(1) is the pressure flange. It is basically same as one used for hydrostatic pressure 
vessels. 
(2) is the body of pressure vessel. We used peek material because of its easiness for 
processing and high tensile strength. Peek material is often used for pressure sealing 
gaskets. The external diameter was designed to be 30mm in order to enlarge geometric 
expansion rate of CT images. 
(3) are end-plugs designed to fit to specimens with diameter of 10mm and height of 
20mm. Pore water pressure lines are directly connected to these end-plugs and 
insulated from hydrostatic pressure line by 1/16 inch high-pressure stainless tube and 
O-rings. 
(6) are high-pressure needle valves for upstream, downstream of pore pressure  
and confining pressure. The pressure tightness is 15000psi. The maximum  
loading capacity of portable hydraulic pump is 42MPa. 
 

A new pressure vessel was developed to simultaneously supply both the confining 
pressure and pore pressure to a rock specimen with a 10 mm diameter and 20 mm 
length. To determine a change to the inner structure of a rock specimen under 
hydrostatic pressure, we took three-dimensional images of stressed Berea sandstone 
by micro focus X-ray CT.  
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5. Verifi
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connecting paths for X direction showed different behaviors for pressurization. This will 
be caused by cross lamination of Berea sandstone under sedimentation. 
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