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The Measurement System and Physical Property
of Unconsolidated Sample under Triaxial Pressure
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Absiract: A measurement system of tri-axial pressure was designed and constructed to measure permeability and
resistivity under changing confining pressure. The system was designed to measure the permeability and resistivity of a
core simultaneously, consisting of tri-axial supporting device and sets of dual-flow measurement. In this measurement
system, the permeability and resistivity of a sample can be directly measured and porosity can be obtained using Archie's
laws. As for physical properties, artificial core samples are made from mixtures of standard commercial sand and mud of
illite. In-situ sediment cores were sampled at the water-depth of 1,800m in the Ulleung Basin, East Sea. In order to
investigate the effects of confining pressure changes on physical properties, permeability and resistivity changes were
monitored with increasing confining pressure. In this study, it was found that with the increase of confining pressure,
permeability and porosity tend to decrease and resistivity tend to increase exponentially.
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Fig. 2. Schematic view of fluid flow in measuring system
(Solid arrow indicates when the pore pressure is larger than
back pressure and dotted arrow indicates the opposite case).
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Fig. 3. Insulated core sitting in the cell.

Fig. 4. Three pressure (input, output, confining) and its
measuring gauge.
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Fig. 5. Resistivity measurement system.
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Fig. 7. Calculation of flow rate using water volume and
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Fig. 8. Schematic view of the four electrode circuit.
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Table 1. The comparison of this 4-electrode system and
commercial test gauge

AGI Super Sting  Four electrode (Qm)

R8/IP(Lm) - the new system -
sample # 1
(soil, fresh water) 9103 88.00
sample # 2 094 095

(soil, saline water)
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Table 2. Petrophysical data for sand sample (Hama #5, 6, 7,

8)

Permeability (Darcy)

Porosity (%)

Density (g/em”) Average particle size (pm)

HAMA #5 104.37 38.98 2.68 384.70
HAMA #6 22.80 37.92 268 403.80
HAMA #7 9.00 39.10 2.69 189.20
HAMA #8 0.25 3222 2.70 104.00
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Fig. 9. Changes of core resistivity with concentration
change (1 wt% to 5 wt%).
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Fig. 11. Changes of permeability to the increasing confin-
ing pressure.
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Table 3. Changes of cementation factor to the degree of consolidation

Consolidation

Cementation factor (In atmospheric)

Cementation factor (In-situ)

Shallow, very unconsolidated sands
Unconsolidated sands
Unconsolidated to friable sands
Friable sands

Hard to friable sands

Hard sandstone

Very hard sandstone

12
14
1.5
1.6
1.7
1.8
2.0

1.2
1.6
1.7
1.8
19
20
22
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Table 4. Core sample description

Sample Sampled depth Sedimentary
Number from seafloor (cm) environment

#1 10 Pelagic

#2 35 Deformed, Volcanic ash

#3 80 Deformed

44 1242 Pelagic

45 1542 Pelagic

#6 179.2 Turbidity

#7 191.2 Turbidity
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