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In order to investigate the correlation of sedimentary rock properties. specific gravity,
porosity, water content, sonic wave velocity, and point-load strength index of core samples
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of limestones, sandstones and shales were measured.

The relationships between density and velocity show V,=16300d—38719.3, V.11896.4
d—29225.1 of regression equation for sandstones and V,4856d —10264.8, V.=3519d —7841.3
for shales and V,=4085d’—20747d+ 303, V,3899d’—21442d+318 for limestones. Seismic
wave velocity of shales which have high density is lower than that of sandstones, and
this seems to be an effect of bedding in shale.

P-wave velocity and S-wave velocity of limestones, sandstones and shales show the
linear relationships as a whole. The regression equations are respectively calculated
V.=026V,+1041.6m/sec, V,=043V,+424.2m/sec, and V.=0.51V,+261.9m/sec and the
correlation coefficients of the velocity show r=0.88 in sandstones, r=0.75 in limestones
and r=0.86 in shales.

According to the point-load strength test for limestones, point-lord strength anisotropy
was not so clear even though the specimens show generally the banded structure. Varia-
tions of dip angle of bedding whihin the range 30°—60° does not have much influence
upon the diametral strength index and axial strength index.

From the result of point load test, P-wave velocity increases with point-lord strength
index but the regression equations are V,=9851Is,+4082.1m/sec, V,=106.4Is.13954m

/sec and their correlation coefficient is low.
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Fig. 1 Microphotogrophs of specimens(scalebar is 400microns).
(A)Shale, (B)Sandstone, (C) and (D) are limestones.
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Fig. 2 Diagram of Typical apparaius of ulrasonic velocity
measuring. Components shown by dashed lines are
opfion.
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Table 1 Specification of Ultrasonic pulse velocity measuring device.

P Ulirosonic pulse velocity meter
WeightCkg) : about 2
Quiput voltage = 800V
Repefition rate :

Power requimment @ 12V

P Oscilloscope

Power requimnent

I Transducers

Resonance Frequency

Size(em) @ 235X20X5

1-250 pulse/sec

Mode! : 3channel 8frace Oscillescope 5506(Hung Chang)
Frequency range @ 60khz
AC 100V, 50-60khz

Model : Sonicviewer Opfional Accessories(OYO Co.)
P-Wawve fransducer, 5211
S-Wave Transducer, 5212

P-Wave fransducer, 63khz
SWowe Transducer, 33khz
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Table 2 Physical properties and dynamic elastic consiants of rock samples. (Mean values)
Jinsan Jinsan Taegu Taegu
Sample name Granite Limestone Sandsfone Shle
No. of Specimens 5 3 5 9
Density Lab
) 2628 2839 2689 2720
Porosity 0.734 0.367 0554 1.009
%)
Water cont.
(%) 0.229 0071 0137 0408
P-wave velocily ;
(mfsec) 4064 4682 5230 2982
Swove velocily
(m/sec) 2041 2228 2719 1710
VoVs 198 190 1.88 168
Young’s modulus
( x1 05kg /cmz) 2.936 3768 5.256 ] .985
Shear modulus
(X ]O‘F’M/sz) ].] ]9 ].429 2.004 0.81 1
Bulk modulus
(X 10%Kg/om?) 2.885 3.888 4,330 1.325
Poisson’s ratio 0331 0320 0.303 0.209
J v HAsk A" (Pointoad test)
20V =V2) ‘
| ang AuEA BN FEE P
G = pV? A8 549 % g &Mlt} £ Agl
e 449 e BFE g8 @A 4
K = p(V —4V¥/3) £3}A) ol &8 4 Q) 78 A3t A @ (point-

load strength test method)S
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Fig. 3 The relationship between densily and (A) P-waove velo-
city, (B) S-waove velocity in sandstone and shale. Solid
lines represent regression lines of the dala set. The
regression equations are shown with their comelation
coafficient(r).
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Table 3 Anisofropy coefficients for various rocks(Lama & Vufukuri, 1978).

Rock *c%mw Reference
Ausfin® chalk 17 Tocher(1957) .~
Homogeneous anhydrite 1.16 Dunoyer de Segonzac
ond lohenere(1959)
Anhydrite with 112 1o Dunoyer de Segonzac
intercalated limesiones 114 and Lahemere(1959)
Limesfone 108 to 1.10 Dunoyer de Segonzac
and Lahemere(1959)
Arbuke limestone 1.30 Uhirg and Von Melle(1955)
Satt . no anisofropy Dunoyer de Segonzac
ond Loherere(1959)
Sandstone no anisoiropy Dunoyer de Sagonzac
and Lahemere(1959)
Eagle Ford shale 133 Uhrig Von Melle(1955)
Pieme shale(Liman, colo.) 118 Unrig Von Melle(1955)
Pierre shale 114 Uhrig Von Melle(1955)
(Lost chonce, Colo.) ,
Combridge siate 107 Tocher(1957)
Lorraing shale 1.40 Tocher(1957)
Gneiss, Hell Gate, N. Y. 120 Birch(1960)
Micaschist, woodsville, Vi, 1.36 Birch(1960)
Granodiorite gneiss, 133 Birch(1960)
Bethlehern, N. H.
Gneiss, Pelhom, Mass, 1.27 Birch(1960)

* The coefficient of anisofropy may be defined as the ratio of the velocity along the layers to the velocity perpendicular fo the layers,
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Fig. 5 The relationship befween porosity and P-wave velocily.
P-wuve velocily decreases as the porosily of rock inc-
reases. Shales(star), limesfones(cross) and sondsto-
nes(open circle)
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Fig. 6 The relationship between porosily and water content

in limestones.
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Fig. 7 The variafion of water conient and P-wave velocity.
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Fig. 8 The relafionship between P-wave velocity and S-wave
velocity. (A)limestones, (B)sandstones, (C)shales.
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FEo J8A A AN N3t P £2E
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ditAo g FoAEH|7E 0259 AA P
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ble 2). o181 § Vp/Vs] WaE 44 87
Su n24H o w 2olrh AUTH(E
B, 1974). 2 A0 A8t Xgke)
Vp/Vst Qe B Te 37, AL 3
Vel o9l 2o ABE A2 Hold
2 Azz Yz,

HAist Aleloll 208t ZEX|T b2

A} A g A3 g 25705 A e st
Zurr Ao 98t HAfst FEAF Isash
A7 Mg o3 AxAF [dE T3
Aok T8 44 Ude FHebdog Q3 o=
Ar9 oldAe] EA5tH ol g FHerwHe
wheka} 7 &) whakel] whet HAls AE A5t
galAeg g4y Zre EFd Aol 7}
£} (Broch, 1983). old wel £ A¥ of
AAEZ A8 A 3L 5372 (banded st-
ructure) 7} ThA& 2R3t A= oA AT E
Asstdct, dAs A= AgAA Zx o
uHAd 2) 4= (point-load  strength anisotropy in-
dex :la)= 4tz oz HAix o g Huj
%9 B)(Is Max/Is Min) & “ER ™ Yty
o2 M9 out A X4 105~57Y HY
£ 1 21t}(Greminger, 1982).
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Fig. 9 The variation of point-load sirengih anisofropy in limes-
tones. :

¥ B9 07~16°1 &8} HF 148 4
Ehis A g 419 A% 058 AYEd
=12 A% Hd3AE Jehdh(Fig 9).

L4 AR Mg EAd HFHY FY
o2 YAse 39 ¢ 29gy Zx
A 42 HGE FAste] Hokdh AR 2
A8 o]HhA A e FH ok o) Bl ke
Ho} A8 &3} o] R Z, G AA
(B)8) @7l F&& Tt ol gy A7)
me} Idad}t Isa7b Wdte] A p7F 00 BT
9009l 717-& 45 oA ¢ & FFE VA7
o Eoloh(With A, 1991). olc B 43¢ A=
o} Fokm o) 247t Fw el & 300~500
9 9] (Table 4) oIt} TR 45°H A2 YAG
Ho|7] ez A4 ol#d dF=
Fig 9o vt wiel Zo] a=12 HF |
HBAZ wdEE oy EAZAAYE o
Asle ACE A4Ed, B d7dAae &
wrgk ol 274 whakel] gk MAIs A=A e}
Ffoe] o|F= Zh Atolo| tigt #A(Fig
108 22§ 24, 3% 2 439FY
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Table 4 Poinf-Load Strength Index.

So'\anle D w Pd lsd Pa - " B
0. (mm) (mm) ) | (MPa) M) | (MPa)

> 360 239 120 93 93 | 849 0913 -
J- 360 237 99 76 a9 913 1.201 -
s 8 360 209 60 46 45 47 1024 -
F N 360 237 123 95 1.1 1021 1075 -
13 360 262 163 126 108 899 0713 450
> 14 474 271 36 16 42 257 1606 450
16 474 290 54 24 60 343 1429 300
J- 19 473 298 75 34 90 502 1476 50°
S 20 473 293 96 43 66 374 0870 -
-2 473 193 99 44 78 672 1527 45°
2 474 267 156 69 1n.7 7.26 1052 300
S 24 472 2838 11 50 129 746 1492 450
25 473 241 57 26 51 351 1404 450
S 26 456 288 45 22 105 6.28 2.855 300
J100 36,1 253 97 74 90 775 1047 -
101 360 262 12 09 45 375 4167 450
102 36.1 265 96 74 87 7.15 0,966 -
J103 360 249 75 58 1 972 1676 50°
J104 362 230 114 87 99 9.3 1075 30°
J109 474 262 45 20 27 1.71 0,855 280
J110 473 243 218 a7 17.1 1170 | 1206 450
J 472 283 108 48 48 283 0590 450
112 473 198 72 32 33 277 0.866 -
J13 472 211 5.1 23 48 378 | 1643 -
116 473 310 102 46 a9 531 1.154 450

la : Pointload strength anisofropy index(lsa/lsd)
B : Dip angle the weakness plane.
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Fig. 10 The voriation of (A)diamefral P/L sirengih index, (B) axial P/L strength with the dip angle of bedding in Limestones.
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Fig. 11 The variation of velocity and (A)point-load strength
index for diameiral direction test, (B)point-load sire-
ngth index for axial direction fest,
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