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Engineering Characteristics of Shales due to the Angle of Bedding Planes

7 o N Kim, Young- Su A el A7 Seo, In-Shik
3 x o7 Heo, No-Young o] A F™ Lee, Jea-Ho

72 9 av Kim, Byung-Tak

Abstract

Foliated metamorphic, stratified sedimentary and regularity jointed rocks have properties (physical, mechanical) that vary
with direction ( 4 °) and are said to be anisotropic. The ground in Daegu area consists of shales, clastic sedimentary rocks. These
shales have plane anisotropic or transversely isotropy characteristics. Engineering characteristics of shale in Daegu area are
investigated by performing a series of rock test to the bedding( =0, 30, 60, and 90 degrees). The results of tests show that the
uniaxial compressive strength is maximum at 8=0, 90° and is minimum when A is around 60 degree. And, Brazilian tensile
strength, point load strength, P-wave velocity and S-wave velocity are maximum at 5=90° and is minimum when 8=0°. A
correlation between the uniaxial compressive strength of rocks and the other properties such as Brazilian tensile strength and
point load strength is proposed. In addition, engineering characteristics to the angle of bedding planes of sedimentary rocks are
classified by the quantitative indices of uniaxial compressive strength, Brazilian tensile strength, point load strength, and P,

S-wave velocities.
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Tabie 1. Physical properties according to sedimentary rock types

Physical True Apparent ;peclﬁc Wi s Ne ab
properties speci_fic grawtyf (Water (Degree of SatL!JrationJOO%) (Porosity | (Absorption,
Rock types | B° gravity Gn Gy Gt content) ,100%) 100%)
0 274 | 274 | 2.75 0.16 59.57 0.75 0.28
30 274 | 2.72 | 2.75 0.65 82.65 2.13 0.78
Black shale =5 274 o 273 [2.75 0.48 79.07 1.65 0.60
90 2,74 | 2.74 | 2.75 0.20 62.22 0.89 0.33
0 2.67 | 2.66 | 2.67 0.25 65.96 1.00 0.38
. R . 1. 79. .34 .
Rod shale g 268 o e e g 50 R
90 2.59 | 2.54 | 2.62 169 | 68.45 7.41 2,91
Table 2. Engineering characteristics of shales due to the angle of bedding planes
Uniaxial Brazilian tensile | Point load P-wave S-wave
Rock types compressive strength strength velocity velocity
strength (kg/cm?) (kg/cm?) (kg/em?) (km/sec) {(km/sec)
, | Average values(extent) 1045(613~1479) 57(21~110) |22(11~30) | 5.07(4.65~5.40) | 2.47(2.17~2.69)
0 95% confidence interval 840~1240 35~80 17~27 4.90~5.30 2.36~2.60
o Average values(extent) 789(550~1205) 68(23~132) 24(12~38) | 5.54(5.05~5.77) | 2.61(2.31~2.85)
Black 0T g5% confidence interval 620~920 42~92 18~29 5.34~5.70 2.50~2.72
shale soel_Average values(extent) 538(361~759) 88(28~128) |28(15~36) |5.62(5.02~5.99) ' 2.81(2.41~3.18)
95% confidence interval 410~610 60~120 19~33 5.35~5.81 2.60~2.94
90° Average values(extent) 1002(424~1890) 104(34~175) | 29(16~41) | 5.73(5.24~6.15) | 2.90(2.51~3.45)
95% confidence interval 720~1280 65~142 21~33 5.562~5.9 2.61~3.12
0 Average values(extent) 1004(653~1555) 67(23~125) 23(12~38) | 5.24{(5.07~5.5) | 2.72(2.42~2.87)
95% confidence interval 800~1220 45~90 16~30 5.156~5.3 2.63~2.81
30° Average values(extent) 662(410~950) 85(26~134) 27(15~39) | 5.39(5.03~5.68) | 2.84(2.58~3.33)
Red 95% confidence interval 510~800 60~110 ~33 5.24~5.52 2.65~3.02
shale 60° Average values(extent) 557(347~755) 102(35~160) | 31(15~43) | 5.64(5.2~6.0) 2.93(2.7~3.5)
95% confidence interval 500~660 70~132 23~37 5.45~5.82 2.72~3.12
90° Average values(extent) 1100(779~1502) 119(56~180) | 33(21~49) | 5.78(5.4~6.11) | 3.11(2.73~3.74)
J 95% confidence interval 950~1250 94~144 24~38 5.57~5.91 2.82~3.34
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Fig. 2. Uniaxial compression strength of shales

;é- 200 r b
-4
:
£
L
Fi
ﬁ o F. I 1
0 30 80 90
B (degree)
(a)Black shale

0 30 80 90
B(degree)
(b)Red shale
o~ 200
3
>
% 150 | s R
:
:
L e .
e 80 b, ,--" .
s H
R
] 0 1 1 i
[ 30 80 9
B (degres)
(b)Red shale

Fig. 3. Brazilian tensile strength of shales
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Fig. 5. Primary(P) wave velocity of shales
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Fig. 6. Secondary(S) wave velocity of shales
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Table 3. Correlations for the strength parameters

Refrence Strength parameters Predictive_equation
Hassani et al. Uniaxial compressive strength( ¢ }-Brazilian tensile strength( o) o. = 10.50, + 1.2
Szlavin Uniaxial compressive strength( g J-Ring tensile strength( g,) o, = 3.60,+ 15.2
Hobbs Uniaxial compressive strength( ¢,)-Ring tensile strength( a,) o, =2.840, — 3.34
plane Griffith Uniaxial compressive strength( ¢ )-Direct tensile strength{ g,) o, = 80y
extended Griffith Uniaxial compressive strength( ¢)-Direct tensile strength( o;) o, = 120
Broch and Franklin Uniaxial compressive strength( g,)-Point load strength( I s;) 0. = 24145
Bieniawski Uniaxial compressive strength( a.)-Point load strength{ Iys;;) 0. = 231450
Hassani et al. Uniaxial compressive strength( g, )-Point foad strength( Js) o. = 29150
D'Andrea Uniaxial compressive strength( g,)-Point load strength( I (sq) 0. =15.3l5+16.3
Fr%lg:d?and Uniaxial compressive strength( ¢ )-Point load strength( Jg;y) o, = 16l
Wyllie Uniaxial compressive strength( g/ )-Point load strength( [s,) 0. = 15450 ~501sp)
ISRM Direct and Brazilian tensile strength( ¢,)-Point load strength( Isg)) o = 1.2514s
Peng Direct tensile strength( ¢,)-Point load strength( /) o = 21,
Brook Direct tensile strength( ¢,)~Point load strength{ Iysy) o = 1.5Iyx

Table 4. Relationship between uniaxial compressive(s ) and Brazilia tensile strength(s ).

Rock types p° Predictive equation R-squared(R®)
0° 0. = 7.84%0: + 601.21 0.86
30° = 5.27X0: + 432, 0.90
Black shale . Oc = 5.27X0: 2.67
60 0. = 3.35X0 + 244.57 0.94
90° O = 8.31X0, + 134.24 0.97
0° Cs = 8.95X0, + 405.92 0.89
30° = 5.20X0; + 221.33 0.92
Red shale . G 20x0: + 221.3
60 Oc = 3.03%0: + 250.54 0.94
90° G = 4.76X0; + 532.19 0.91
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Table 5. Refationship between uniaxial compressive{sc) and

modified point load strength( lsso)

Rock types B° Predictive equation R-squared(R)
0 Oc = 32.42Xlys0) + 328.42 0.87
30° Oc = 23.96Xlqs0) + 220.49 0.91
Black shale 60° o = 18.29Ise0) + 36.93 0.90
90° e = 52.60Xlss0) — 497.97 0.89
0 e = 30.66X|ys0) + 292.82 0.91
30° Ge = 21.57Xlgs0) + 75.67 0.94
Red shale | 60 0 = 13.38Xlse0) + 147.86 0.94
[ o0 O = 20.86Xlss0) + 414.10 0.84
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Table 6. Relationship between Brazilian tensile(sy) and Modified point load strength( lyso)

Rock types B° Predictive equation R-squared(R?)
0° lstsoy = 4.02X0 — 32.20 0.95
30° [ = 4,42X0 - 37.36 0.96
Black shale - el :
60 {sis0) = 5.36X0r ~ 59.04 0.92
90° lsso) = 6.37%X0 — 77.80 0.94
0° lsis0) = 3.27X0y — 9.02 0.94
30° Is = 3.96X0; — 22.99 0.93
Red shale - 0 -
60 lsisoy = 4.34X0y — 31.40 0.97
90° lstsey = 4.30X0; — 22.17 | 0.89
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