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ABSTRACT

Volcanic rocks formed from magma near the earth surface commonly show vesicular structures due to exsolution of gaseous phases
in magma. The distinction and the amount of vesicles are greatly various, but there are few researches on the effect of volume percentage
of vesicles on the mechanical properties. In this study, mechanical characteristics of volcanic rocks in relation to the porosity are
investigated through experimental tests with Jeju basalt. Two methods (the buoyancy method and the caliper method) are adopted for
measuring porosity. And unconfined compressive strength, elastic modulus, tensile strength, and elastic wave velocity are plotted
against porosity in order to propose the empirical relations after the regression analysis. Also, unconfined compressive strength and the
elastic modulus in relation to the elastic wave velocity are proposed with the analysis. In the case of vesicular rocks with more than 5%
porosity, it is found that the buoyancy method provides more accurate estimation of porosity than the caliper method. The unconfined
compressive strength, the elastic modulus, and the elastic wave velocity decrease curvilinearly with increasing in porosity. Also, the
unconfined compressive strength and the elastic modulus increase linearly with increasing in elastic wave velocity.
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Fig. 1. Geologic Map of the Study Area (KIGAM)
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Fig. 2. Total Alkali-silica Diagram for Volcanic Rocks (Cox et al.,
1979)
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Table 1. Test Types and Parameters
iti Number of specimen
Type of test Test method COIllelOIl of P Total Remarks
specimen A* B* C* (ea)
iaxi i D 5 5 5
Uniaxial compressive strength KS E 3033 Dry (D) 30
test (C) Wet (W) 5 5 5
D 5 5 5
Tensile strength test (T) KS E 3032 Dry ©) 30
Wet (W) 5 5 5
D 5 5 5
Elastic modulus (£, ) ASTM D 7012 Dry () 30
Wet (W) 5 5 5
. . Dry (D) 5 5 5 Specirpens for
Poisson’s ratio ASTM D 7012 30 compressive strength
Wet (W) 5 5 5 "
est
D 5 5 5
Elastic wave test ASTM D 2845 Dry ©) 30
Wet (W) 5 5 5
Specific gravity / Absorption KSF 2518 Dry (D) 20 20 20 60 Specimens for
Porosity KSRM compressive / tensile
(Caliper / Buoyancy) Standard Test Methods Dry (D) 20 20 20 60 strength test
Polarization microscopic i Dry (D) ) 2 ) 6
analysis

* A, B and C indicate specimen with smaller, intermediate and larger pore size, respectively

Fig. 4. Test Set-up for Determination of Pulse-travel Time
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Table 2. Summary of Results for Compressive Strength Test

. i Elasti
Sample Bul_k S:e‘ilil;c Ab.s or Porosity (%) I?Jrrlsf UCS** Elastic Poisson's Velj:t}c’z:/nj\slzc)
No. i]‘)emﬁ ¢ Gravity -Pption . Weight (MPa) Modulus Ratio
ravity (SSD¥) (%) | Buoyancy| Caliper (gfon) (MPa) P-wave | S-wave
1 2.591 2.641 1.94 5.01 5.01 2.587 61.41 11,372 0.15 3,451 1,803
2 2.579 2.632 2.03 5.24 523 2.576 59.04 16,677 0.13 3,896 2,014
C-D-A 3 2.600 2.651 1.96 5.11 5.10 2.594 77.45 11,410 0.14 3,547 1,818
4 2.591 2.643 2.02 523 5.21 2.584 69.87 14,575 0.15 3,905 2,021
5 2.584 2.635 1.97 5.10 5.09 2.580 59.20 16,130 0.14 3,455 1,825
1 2.627 2.672 1.72 4.52 4.48 2.603 96.09 15,625 0.15 4,253 2,225
2 2.624 2.668 1.71 4.47 4.47 2.617 115.58 16,506 0.11 4,532 2,319
C-D-B 3 2.617 2.665 1.81 4.73 4.68 2.592 83.02 21,916 0.12 4,427 2,307
4 2.637 2.684 1.76 4.65 4.63 2.627 57.84 34,263 0.20 3,780 1,976
5 2.623 2.671 1.85 4.85 4.80 2.594 60.60 22,921 0.16 4,324 2,211
1 2321 2.391 3.04 7.06 6.70 2.200 28.89 8,270 0.22 3,258 1,703
2 2.380 2.443 2.62 6.23 6.00 2.291 37.85 13,765 0.22 3,326 1,716
C-D-C 3 2.381 2.442 2.56 6.09 5.90 2.306 38.10 19,741 0.24 3,284 1,690
4 2.390 2.447 2.38 5.68 5.47 2.301 43.24 32,415 0.20 3,755 1,963
5 2.448 2.504 2.31 5.64 5.46 2.367 73.17 25,693 0.18 4,258 2,206
1 2.598 2.651 2.04 531 5.27 2.631 61.92 11,296 0.12 3,215 1,662
2 2.604 2.655 1.98 5.15 5.15 2.656 53.05 14,162 0.14 3,229 1,696
C-W-A | 3 2.580 2.635 2.12 5.48 5.45 2.620 50.81 19,755 0.16 3,144 1,637
4 2.601 2.656 2.11 5.50 542 2.615 58.98 14,389 0.16 3,304 1,698
5 2.606 2.661 2.12 5.51 5.38 2.594 4551 10,437 0.18 3,014 1,593
1 2.630 2.683 2.01 5.30 5.24 2.654 53.98 11,444 0.15 3,684 2,014
2 2.635 2.688 2.01 5.31 5.20 2.633 47.84 12,393 0.12 3,269 1,701
C-W-B 3 2.619 2.669 1.92 5.03 4.99 2.649 46.70 9,999 0.15 3,176 1,625
4 2.625 2.675 1.90 5.00 493 2.637 55.37 12,516 0.14 3,336 1,689
5 2.631 2.683 1.98 5.21 5.15 2.650 30.17 9,609 0.11 3,205 1,632
1 2.385 2.452 2.82 6.72 6.47 2.361 35.47 9,011 0.19 3,089 1,612
2 2415 2.488 2.99 7.23 6.96 2.392 50.30 13,161 0.17 3,247 1,690
C-W-C 3 2.403 2.468 2.70 6.48 5.62 2.141 34.38 12,657 0.21 3,011 1,574
4 2.441 2.506 2.68 6.54 5.67 2.173 31.63 6,682 0.24 3,004 1,532
5 2.361 2.435 3.11 7.35 6.29 2.083 31.82 13,192 0.18 3,103 1,613
* Saturated surface-dry ** Uniaxial compressive strength
Table 3. Summary of Results for Tensile Strength Test
Sample Bulk Specific Bulk Specific Absorption Porosity Dried Unit . Tensile Strength
No. Gravity Gravity (SSD*) (%) (Buoyancy) (%) | Weight (g/cm’) (MPa)

1 2.594 2.657 242 6.27 2.565 4.60

2 2.586 2.646 234 6.06 2.569 2.80

T-D-A 3 2.604 2.664 2.30 5.99 2.561 5.66

4 2.609 2.673 243 6.33 2.545 6.88

5 2.620 2.682 235 6.15 2.571 4.08
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Table 3. Summary of Results for Tensile Strength Test (continue)

Sample Bulk Specific Bulk Specific Absorption Porosity Dried Unit Tensile Strength
No. Gravity Gravity (SSD¥) (%) (Buoyancy) (%) | Weight (g/cm3) (MPa)
1 2.655 2.707 1.93 5.13 2.613 3.52
2 2.650 2.708 2.20 5.83 2.627 3.73
T-D-B 3 2.659 2.708 1.84 4.90 2.618 3.52
4 2.650 2.700 1.89 5.00 2.552 4.44
5 2.635 2.685 1.93 5.08 2.596 3.61
1 2313 2.408 4.13 9.54 1.993 4.24
2 2.504 2.567 2.52 6.30 2.359 4.07
T-D-C 3 2.463 2.524 2.47 6.09 2.324 4.17
4 2.439 2.497 241 5.88 2282 4.28
5 2.334 2.433 4.23 9.87 2.067 3.95
1 2.617 2.669 2.00 5.25 2.616 4.58
2 2.610 2.666 2.12 5.53 2.624 3.18
T-W-A 3 2.607 2.663 2.14 5.59 2.625 3.58
4 2.592 2.646 2.10 543 2.587 5.50
5 2.612 2.674 2.37 6.20 2.625 4.77
1 2.633 2.681 1.84 4.84 2.624 3.65
2 2.621 2.673 1.97 5.16 2.642 3.56
T-W-B 3 2.647 2.699 1.97 522 2.644 6.11
4 2.620 2.663 1.66 436 2.675 3.61
5 2.641 2.690 1.85 4.88 2.678 6.03
1 2.457 2.523 2.67 6.56 2414 5.10
2 2.402 2.469 2.79 6.71 2.324 3.24
T-W-C 3 2.429 2.494 2.68 6.51 2.354 3.60
4 2473 2.533 245 6.05 2419 5.84
5 2.280 2.364 3.69 8.41 2.106 3.66

* Saturated surface-dry

Table 4. Photos and Microscopic Analysis of Rock Textures

Specimens A Specimens B Specimens C

R i,ﬁ\b;ﬁ s
(unit : vol %) (unit : vol %)
Plagioclase | Olivine Pyroxene Plagioclase Olivine Pyroxene Plagioclase | Olivine Pyroxene
573 4.5 26.4 63.1 4.6 20.8 60.6 54 23.5
Quartz Sericite (rilri)r?;l;el) Quartz Sericite gupjg:; Quartz Sericite 2?22:::1
33 5.1 34 4.5 52 1.8 43 4.1 2.1
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