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Study on the Physical Properties according to the Anisotropy of Granite
Yun-Seok Park and Choo-Won Kang

ABSTRACT. This study is to clarify the comparative relationship and a mechanical anisotropy of rock on the subject of
granite distributed in the Namwon area. Uniaxial compressive and Brazilian strengths with respect to the horizontal and
vertical axes of granite are shown the linear relation. In the case of the result of the p-wave velocity measurement, it is
represented that the velocity of vertical direction is faster about 10 to 15% than other two horizontal directions. The
difference between velocities is caused by a developmental pattern of microcracks distributed in rock. Moreover, this result
is very consistent with the result investigated through thin sections. The proportion of uniaxial compression strength to

Index of point load strength (13(50)) is 18720 times in case of granite. Uniaxial compressive strength is relatively good
relationship with point load strength, Schmidt hammer rebound value, and tensile strength. Point load strength of them is
the best comparative relationship. It is indicated that point load test is the most useful tool to estimate uniaxial compressive
strength, comparing with other experimental methods.
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Table 1. Chemical composition of granite

Major elements Composition (Wt. %)
SiO; 69.010
TiO: 0.462
AlL,Os 16.905
Fe;Os 2.023
MnO 0.058
MgO 0.523
CaO 2.615
Na,O 4.135
K,O 3.925
P,0Os 0.084
Total 99.740
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Fig. 2 X-ray diffraction analysis of granite
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Table 2. P-wave velocities for granite measured

in three perpendicular directions

P-wave velocity(m/sec)
Rock type Direction
Z) Y X
3,796 3,158 3,378
3,822 3,222 3,436
3,817 3,181 3.464
3,841 3,264 3,375
Granite 3,764 3,181 3,315
3,788 3,158 3,344
3,906 3,181 3,436
3,831 3,222 3.456
3,812 3,226 3,436
3,807 3,099 3,322
Average 3,818 3,189 3.396.20
4.2 #0|Y @3 Ay
gl g dEe Wigs ZIgs
v H8 BBY BEARRRY 77} ZX,
Y-Z, X-Y®Hol| el st2xA27F 25x30mmel 3

e
ol

He} vt g A2}k o]E wpH oz NE
el F 74 FEA 499 oHTEES
g A3, QAN AAR e A9 YE B
o BEsy de F3I vlAFde] o 1
ATk olF M FEEY WS gnY 5
7P FElgh M-S Hole o7 o A}
S Fig. 110) Uehdch

Fig. 1l(a)e Z-XHHgolr #2§ vjidEs
T vehd Aoz gwtHo s X&n
A Holg ulMidEe] F2 maEc o
= YEO Bgshl 23Y S=209) v) g Yx|g
o Fig. 11(b)= Y-ZHAEA o)A #adl ojyag
o] HFE vEd RozM gozRE @
ol PAEEES wgo] 2% Wiknt Ao Bz
A wdsol Bty J&S ¢ F AUtk o] AR
< X&F Wk gysiA %Zéf?} £ @3’49} “H—°r

) d
30 W oo
g or o ob

X,

o
i

an

s s
ot o

HolE vliFEEe) F2
e U %+ Atk ol A 73 Wy
of $E24 A%} v YX



28 uhg A - AR/ B} -

ol4te] ARERE viHFde WY 20
&5 Z32AR 4B4E 43 F A 29
U #ojd g3 EA4A diddAol e mAT
gdo] Wik P4, FFHez Yele de &
& Ags} Ako] Bt wEtA 2 ATlN
Fdd @n7 #F Zides ZFFHA 2AEAY
oule ztA Rtk 2B ol HulH #F
Ade 229 &% % dF5UFAE T 934
B4 vingges 2 9uE 13 gk

(a) Z-X plane

(b) Y-Z plane
Fig. 11 Microphotograph of granite sample;

gl 42178 A43, 2003 d 129

43 URYUZYT
B}73qtol Wi Al whake) Mzl AlgE Wi
o2 UYERAEPTAFL AN de AFES
Table 3¢] Az)slyr}. 2+ Hbake] Y=QtE7ws)
—EJ“ vehds ¢ 4 ded, ol Table 29 £
27 Avle] o< sl Y&L BAFTh
é, oy ZYEe] 22 £57 waA Jehges Z
23 X& wekoz B¥Ey o] dgEAws)
2 vee ¥, ez ol F Wi A
o] Ao vAFASe] B¥&n Y Y]
Azt A vz LS ¢ 4 Uk

(c) X-Y pe
Qz(Quartz)

Table 3. Uniaxial compressive strength for granite measured in three perpendicular directions

Specimer. Uni. Comp. Strength Young's Modulus Poisson's L
Rock type . Direction

ID. (UCS : kegflem) (x105kgf/caf) Ratio
Gr-U-Z1 1,334 5.412 0.222

Gr-U-Z2 1,237 4.810 0.215 zl
Gr-U-Z3 1,017 3.240 0.224
Average 857.00 4.487 0.220
Gr-U-Y1 1,463 4932 0.173

Granite Gr-U-Y2 1,571 5.544 0.211 v
Gr-U-Y3 1,374 4.468 0.208
Average 1.469 4.981 0.197
Gr-U-X1 1,130 3.748 0.298

Gr-U-X2 1.184 5.199 0.236 X
Gr-U-X3 874 2.878 0.289
Average 1,063 3.941 0.274
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Table 4. Brazilian tensile strength for granite
measured in three perpendicular directions

. Brazilian Tensile
Specimen L
D Strength Direction
) (BTS : keflcr)
Gr-B-Z1 86
Gr-B-72 83
Gr-B-Z3 82 zl
Average 83.67
Gr-B-Y1 90
Gr-B-Y2 94
Gr-B-Y3 85 Yi
Average 89.67
Gr-B-X1 84
Gr-B-X2 83
Gr-B-X3 76 X4
Average 81.00
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Y-Z Direction

Axial stress, o (kgfiem’)
AN

(2) Y 8 UCS=20%1 5,

(3) X Hol'% : UCS= ].8XIS(50)

o] 714, UCS : Uniaxial Compressive Strength
Is(50) : Point Load Strength Index

Table 5. Point load strength index (Is(50)) for
granite measured in three perpendicular directions

¥ Gy
i‘ é/ ¢G B-Y, <
Y e G1-B-Y, o, R
r r T r y " . Point load
-1500 -1000 -500 [} 500 1000 1500 SpeCImen Load . . .
Lateral strain, ¢, (x10°) Axlal strain, ¢ (x10) D (k f) strength index Direction
: BV (1s(50) ¢ keflem?)
(c) Y-Z direction Gr-P-ZI | 189536 69
Gr-P-Z2 1862.68 66 zl
Gr-P-Z3 1780.99 63
Average 66
1004 Gr-P-Y1 | 2026.08 73
.e‘\‘ g o - Gr-P-Y2 | 2173.13 76 v
L 7 Gr-P-Y3 | 2009.74 73
% )b . Average 74
SR [ Gr-P-X1_| 1601.26 38
: e T s < Gr-P-X2 1617.60 61 X\
‘X\ PR AN Gr-P-X3 1519.56 55
e m.?.”x”m.m :_%nn‘) ° Axflasnain,;i?:fnﬁ e Average 58

(d) average stress-strain curves

Fig. 13 Stress-Strain curves under Brazilian test
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Table 6. Triaxial compressive strength for granite measured in three perpendicular directions

Triaxial Compressive Test
Rock type Specimer Con. Pres Max. Stress ¢ 2 Y e Direction
ID. - - : (kgf/lcm”) (9
(kgflcr) (kgficr)
Gr-T-Z1 50 1,758
Gr-T-Z2 100 2,163 181.11 54.56 0.976 VA
Gr-T-Z3 150 2,419
Gr-T-Y1 50 2,020
Granite Gr-T-Y2 100 2,320 202.75 56.35 0.979 Y
Gr-T-Y3 150 2,855
Gr-T-X1 50 1,654
Gr-T-X2 100 1,980 168.01 54.78 0.986 X\
Gr-T-X3 150 2,547

log UCS=1.6739 +0.0051R 5yy,, »=10.937

5. Yk SYX|Zie] SHA

&}7)A, UCS : Uniaxial Compressive Strength

Rsuy  : Schmidt Hammer Rebound Value

Table 7. Schmidt hammer rebound value for

granite measured in three perpendicular

directions

Schmidt | Conversion of

Specimen | hammer compressive L

pe[D. rebound stringth Direction
value (kgfic)

Gr-S-Z1 52 1,154

Gr-S-72 51 1,079

Gr-S-Z3 47 825

Average 50 1,019

Gr-S-Y1 53 1,234

Gr-S-Y2 57 1,615

Gr-S-Y3 50 1,009

Average 53 1,286

Gr-S-X1 45 7”1

Gr-S-X2 48 882

Gr-S-X3 41 551

Average 45 718
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Fig. 14 Comparative relationship of physical rock properties according to three perpendicular directions
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