MERE FWE FT1S@MNE 2 A
BUTSURI-TANKO (GEOPHYSICAL EXPLORATION) VOL. 37, NO. 1 (1984)

BEROBERRIC & 24 RHEAKE O ERBRS AR OHE

OB O o= - I Cilel

A Study on the Distribution of Pore Shapes in Crystalline Limestone Using the Theory
of Composite Materials—By Tokumi SAITO and Mamoru ABE  Based on Kuster's expres-
sions concerning the elastic moduli of composite materials, the estimation of pore aspect ratio
spectrum of crystalline limestone is discussed.

Three conditions given below are assumed to make 3640 types of pore aspect ratio spectra.

1) Aspect ratio () ranges from 10° to 10™ and has a line spectrum distribution. Eleven
values of aspect ratio are here chosen in this range to divide equally in logarithmic scale.

2) The distribution of aspect ratio corresponds to the normal frequency distribution.

3) A spectrum of pore shapes has only one peak.

The longitudinal wave velocities are calculated for 3640 models with the limitations men-
tioned above, and the pore aspect ratio spectra of crystalline limestones are investigated by com-
parisons of the calculated velocities in dry and saturated states with the laboratory data.

The results show that the variation of longitudinal wave velocity with respect to water con-
tent can be quantitatively illustrated by the use of pore model with mixed aspect ratios instead
of a single aspect ratio model, and that the most suitable model explaining velocity increase due
to water saturation is governed by the grain size. The spectrum of pore shapes ranging from sphere
to very thin cracks (aspect ratios 10° to 107°) is required to fit the coarse grained specimens,
while the model concentrated as flat pore with aspect ratios ranging from 107 to 10~* is suitable

for the fine grained specimens.
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Fig.4 Model of type C with mixed aspect ratios.
Here the concentration means relative value.
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Fig. 5 Model of type C with mixed aspect ratios.
Here the concentration means absolute value.
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Table 1 Several models with mixed aspect ratios used for the examination of observed data in
the case of rock specimen AM-D2. Mean velocity difference is newly defined.

AM-D 2 Observed value

Effective Porosity

Velocity in dry

Velocity in saturated

0.29% state 3.96 km/s state 6.48 km/s
<In the case of dry velocity>
Velocity Velocity difference Velocity Velocity difference Mean velocity
Type (dry state) (dry state) (saturated state) (saturated state) difference
km/s km/s km/s km/s km/s
Mixed aspect ratios
C7—12—4 3.88 —(0.08 6.23 —0.25 0.17
C5—9—12 3.88 —0.08 6.19 —0.29 0.19
*x C3—7—11 3.93 —0.03 6. 26 (). 22 0.13
C 6—13—19 3.94 —0.02 6.16 —0.32 0.17
C7-19—9 3.95 —0.01 6.18 (. 30 0.16
C 6—12—13 3.96 0 6.17 —0.31 0.16
C 6—18—18 3.97 0.01 6.17 —(0. 31 0.16
C 7—15—17 3.98 0.02 6.21 —0.27 0.15
C4—8—20 4.00 0.04 6.22 —(. 26 0.15
C7—20—9 4.00 0.04 6.18 —0. 30 0.17
C4—8—19 4.01 0,05 6.22 —0. 26 0.16
C 6—13—17 4.01 0.05 6.17 —0.31 0.18
C4—8—18 4.02 0.06 6.22 —0. 26 0.16
C5—9—11 4.02 0.06 6.21 —0.27 0.17
C7—12—13 4.03 0.07 6.26 —0.22 0.15
Single aspect ratio
a =0.00178 3.97 0.01 6.16 —0.32 0.17
<In the case of saturated velocity>
Mixed aspect ratios
C4—8—1 5.19 1.23 6.47 —0.01 0.62
C5—10—38 5. 43 1.47 6.47 —0.01 0.74
C6—14—6 5.54 1.58 6. 47 —0.01 0.80
C6—16—8 5.62 1.66 6.47 —0.01 0.84
C6—20—9 5.70 1.74 6.47 —0.01 0.88
C7—17—1 5.33 1.37 6.47 —0.01 0.69
C5—11-10 5. 63 1.67 6.48 0 0.84
C5—12—12 5.74 1.78 6. 48 0 0.89
C5—13—15 5.77 1.81 6.48 0 0.91
C 5—14—17 5.83 1.87 6. 48 0 0.94
C5—15—20 5,89 1.93 6.48 0 0.97
C6—12—5 5.43 1.47 6.48 0 0.74
C7—19—3 5,42 1.46 6.48 0 0.73
C4—9—13 5.59 1.63 6.49 0.01 0.82
C6—13—6 5.53 1.57 6.49 0.01 0.79
C6—17—8 5.71 1.75 6.49 0.01 0.88
C7—20—3 5.45 1.49 6.49 0.01 0.75
Single aspect ratio
a =0. 00706 5.88 1.92 6.48 0 0.96

Ve10c1ty difference=Calculated velocity—Observed velocity

Mean velocity difference

_ | Velocity difference (dry state) | +|Velocity difference (saturated state)]
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- Table 2 Comparison of observed data with calculated velocities.
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Table3 A discrete spectrum of aspect ratios obtained to fit the observed velocity.

Name of Tyoe o az as N s ol Q7 as Qy oo i
Sample ¥P 10° 10~ 1072 103 1071 107 (%
1| C3-7-10 | 6.03 16.82 21.82 20.09 15.68 10.37 5.82 2.77 111 038 011
AM-Aj2 | C7-11-1 | 1280 1281 1281 12:82 1282 12.82 12.82 8.08 202 020 0.00
3| C7-12-6 3.80 6.29° 9.51 13.12 16.51 18.91 19.83 10.42 1.51 0.06 0.00

4] Ce-11-11 | 0.00 0.02 0.60 604 24.16 38.34 2416 6.04  0.60 0.02  0.00

1| C4-8-14 | 0.00 0.30 9.78 31.10 27.11 17.95 9.03 3.45 1.00 0.22 0.04
AM-p 2| C7-12-3 | 12014 1250 12.97 13.27 13.49 13.62 13.66 7.18 1.04 0.04 0.00
3| C7-12-2 | 1293 13.03 13.11 13.18 13.22 13.25 13.26 6.97 101 004 0.00
4| ¢3-7-12 | '1.82 12.56 23.90 22.01 17.18 11.36 6.37 3.03 1.22 042 0.12

1| C3-7-10 | 6.03 15.82 21.82 20.09 15.68 10.37 5.82 2.77 111 038 0.1
AM-C 2| C7-12-4 | 1031 1149 12.55 13.44 14.12 14.54 1468 7.71 1.12 004 0.00
3| C8-10-1 | 1244 1245 12.46 12.46 12.47 12.47 12.47 12.47 031 0.00 0.00

4] C3-7-12 | 1.8 12.56 23.90 22.01 17.18 11.36 6.37 3.03 1.22 042 012

1] C3-7-8 | 1l.47 17.33 19.88 18.30 14.28 0.45 530 252 102 0.35 010

gv 2| C7-13-2 | 1320 1330 1339 13.45 13.50 13.53 13.54 566 0.41 0.01 000
3| C7-15-7 1.35 3.35 7.05 12.57 18.99 24.33 26.43 5.87 0.06 0.00 0.00

4| C7-13-3 | 12.41 12.86 13.25 13.56 13.78 13.92 13.96 5.83  0.43 0.0l 0.00

1| C3-7-11 | 3.61 14.42 22.89 21.07 16.45 10.88 6.10 2.90 L17 0.40 0.13
AM-D 2| C3-7-11 | 361 1442 2289 21.07 16.45 10.88 610 2.90 1.17 040 012
31 C3-7-10 | 6.03 15.82 21.82 20.09 15.68 10.37 5.82 277 L1l 038 011

4| C8-19-3 | 122 1171 1214 12.50 12.79 13.00 13.13 13.18 0.33 0.00 0.00

1] C6-11-11 | 0.00 0.02 0.60 6.04 24.16 38.34 24.16 6.04 0.60 002 0.00

2| C7-15-7 1.35 3.35 7.05 12.57 18.99 24.33° 26.43 5.87 0.06 0.00 0.00
AM-E 3| c3-7-9 879 16.76 20.79 19.14 14.94 9.88 554 263 1.06 036 001
4| C3-7-11 | 361 14.42 22.89 21.07 16.45 10.88 6.10 2.90 1.17 0.40 0.12

1] C3-7-9 8.79 16.76 20.78 19.14 14.94 9.88 554 2.64 1.06 0.36 011

2| €3-7-9 879 16.76 20.78 19.14 14.94 9.88 554 2.64 1.06- 0.36 011
AM-F 5| 63-7-8 | 11.47 17.33 19.88 18.30 14.28 9.45 530 252 1.02 0.35 010
4| ¢3-7-8 | 1147 17.33 19.88 18.30 14.28 9.45 530 252 1.02 0.35 0.10

11 C3-7-11 | 3.6] 14.42 22.89 2107 16.45 10.88 6.10 2.90 117 0.40 012

2| ¢3-7-8 | 1147 17.33 19.88 18.30 14.28 9.45 5.30 2.52 1.02 0.35 0.10
AM-G 3| £3.7-8 | 11,47 17.33 19.88 18.30 14.28 9.45 530 2.52 1.02 0.35 0.10
1| C6-10-5 9.36 11,50 13.51 15.15 16.23 16.60 12.04 4.59 0.92 ' 0.10 001
1] C3-7-7 | 13.76 17.63 19.15 17.63 13.76 9.11 511 2.43 0.98 0.33 0.10

2| €5-9-8 2.61 6.82 13.55 20.46 23.47 18.93 .93 3.39 0.75 0.11 0.0l
TM-A 3| Cg-10-4 | 1191 13.01 13.94 1464 15.08 15.23 11.04 4.21 0.84: 0.09 0,00
4| ¢3-7-8 | 1127 17.33 19.88 18.30 14.28 9.45 530 252 1.02 0.35 0.10

1 C6-14-14 | 0.00 0.00 0.00 0.59 19.07 60.66 19.07 0.59 0.00 0.00 0.00

2| C6-12-9 0.15 1.06 4.78 14.03 26.75 33.16 17.43 2.53 0.10 0.00 0.00
TM-B 3| ¢ 6-13-12 0.00 0.00 0.15 3.71 25.59 48.69 20.35' 1.48 0.02 0.00 0,00
4| C6-13-12 |  0.00 0.00 0.15 3.71 25.59 48.69 20.35 1.48 0.02 0.00 0.00

1] C4-8-7 9.50 14.36 18.39 19.98 17.41 11.53 5.80 2.22 0.64 0.14 002

2| C6-12-7 3.08 6.48 11.56 17.47 22.38 24.31 1278 1.85 0.07 0.00 0.00
IM-Ag | ¢4-8-7 9.50 14.36 18.39 19.98 17.41 11.53 5.80 2.22 0.64 0.14 0.02"
4| ¢6-11-3 | 13.90 14.31 14,65 14.89 15.04 15.09 9.51 2.38  0.24 0.01 0.00.

1] C6-18-10 | 0.02 0.28 2.63 13.09 34.33 47.33 2.33 0.00 0.00 0.00 0.00

2| C6-13-16 | ©0.00 0.00 0.00 0.03 9.15 62.69 26.20 1.91 0.02 0.00 0.00
IM-D 3| G5-1917 | 0.00 0.00 0.00 523 59.05 31.03 4.50  0.18 0.00 0.00  0.00 -
4| ¢5-12-14 | 0.00 0.00 0.51 16.30 51.84 27.24 3.95° 0.16 0.00 ©0.00 ' 0.00
1| C6-20-10 | 0.02 0.28 2.67 13.33 34.96 45.20 0.54 0.00 0.00 000 0.00

2| C5-12-19 | 0.00 0.00 0.00 1.51 61.36 32.25 4.68 0.19 0,00 0,00 0.00
IM-E 5| &5-12-14 | 000 0.00 0.5] 16.30 51.84 27.24° 3.95- 0.16 ' 0°00 ‘0.00 0.00"
' 4] G6-17-10 |- 002 027 258 12.85 33.70 46.47 4.12 _ 0.00 _ 0.00¢ 0.00° 0.0
, LTCEo16TI0 | 0.0 0.3 281 I2.52 32,87 45.05 0.61. 0.0 0.00 0.0 0,00
sl ¢6-20-12 | 000 000 0.19 4.72 32.52 61.88 - 0.69 900 - 6.00 -'0.00" 6400
AM-H 3| G6-1912 | 0.00 0.00° 0.19 4.68 32.25 61.36 1.51,0.00 0,00 Q.00 ~0.00 .
4] C6-20-13 | 0.00 0.00 0.03 2.09 28.62 68.50 0.76 0.00 0.00_ 0.00"0.00
11 C6-19-10 | 0.02 0.28 2.66 13.25 B34.73 47.89 ~ 1.18 0:00 ~ 0.00 0:00 0,00
s 2| C6-18-9 019 1.30 5.87 17.20 32.79 40.66 2.00 0.00 0.00 0.00 :0,00,;
AM-1 3| G5-12-17 | 000 0.00 0.00 5.23 50.05"31.03 450 0.18 0.00 ~0.60" 0.00
4| é5-1237 | 000 000 0.00 5.23 59.0531.03. 4.50° 0,18 < 0.00 - 0,00 "10.400%.
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Fig. 10 Examples which spectra of aspect ratios show almost same pattern
when the mean velocity difference is smaller than 0.1 km/sec.
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Fig. 11 Examples which spectra of aspect ratios show
almost same pattern when the mean velocity
difference is smaller than 0. 1 km/sec.(AM-T 1)
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