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Mechanical Anisotropy Dependent on the Rock Fabric in
the Pocheon Granite and its Relationship With Microcracks
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We investigate mechanical anisotropy dependent of rock fabric and its relationship with microcracks
in the Pocheon Granite. Uniaxial compressive strengths range from 177MPa to 212MPa and the elastic
constants are 48GPa—~62GPa. The tensile strengths are 6.9MPa~85MPa and ultrasonic wave velocities
range between 3,200m/sec and 3,700m/sec, indicating that mechanical anisotropy is strongly dependent
of rock fabric. The minimum anisotropy ratio is 14% and the maximum is 24%, depend on the
mechanical properties. The preferred orientations of microcracks are closely related with the directions
of rock fabric. The preferred orientations of microcracks in feldspar are governed by the direction of
mineralogical axis and are different from the directions of rock fabric. However, microcracks in quartz
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grains are very long and parallel to the directions of rock fabric, indicating that directions of rock
fabric may be governed by the preferred orientations of microcracks in quartz grains. The preferred
orientations of microcracks measured by differential strain analysis and microscopic observation are
slightly different. That may be caused by different methodology. Lengths and numbers of microcrack
are measured by microscopic observation, However, differential strain analysis measures the widths of

microcracks.

Key Words : rock fabric, anisotropy, pocheon granite, mechanical property, microcracks

M =

grhghe o= & wrgkow EAAE gHe] o
2 ggut AJgyez a3 Jehlis e aw
et} olu] ddiE MFEL oHF WIYAHE
‘Folgtn T oo, A F EAAE Sy
& 1AE(rft plane), d&o2 7 ZAAE W4 L
24(grain plane), Z/)Ae H=7t 713 wleks 4
A8 3d8(hardway plane)o|z} &l iRE2] 4
Aol dEL M2 Ao #AE Holi glon,
o kg e 3gge] Wzrd o AgHe A
g Bl EL QR EEId AAskE
(overburden)®] Hslog oizte] 37k ue] =
£3td o] digE o AdsE vidadEs %
g e dfeol dfel BEuEUHDale,
1923, Plumb, et al.,, 1984).

7 el Fe] £ty glenz PgeE
Aoz ogdE Rolm Utk Osbome(1935)
& Ao vl wel GEFRI} oS HYS
B3935, Douglas and Voight(1969) ZHe] =
o we} AZLGEZRET JEo| oS Hol
o, 28L& A2 A& o)1 USS HHIHAC
Peng and Johson(1972)2 29 HgAds d&gs
FEst gF 9 Fold H|g opde] UAES B
%31, Plumb et al.(1984)2 Zo| Wio] A& 9
o] WgHdE AANEE FHEPT:  Thil et
al.(1969, 1973)2 d4ldl £%& ol43te Ze of
v 2 Bastgn, o)A(199% dHg g
Coole drlE o o3t Ao waks AN
sl on], o¥idl £(1999)E AEHYE AL T
slo] mlaltde YRS THEAG

Fetydoz HAYYLS AL FPHY o=
HEHE o] AWHoY, 9] o] gFelA W
5o AYdr dEE0 R o E Holxn gl

o #2 SolM Hdd 2 FeA pxzge 4
Aol AFEE ol & HUF A7 AAH7 L
on, Mol oldg HAARR oj&slm Qo
2382 e 3dge] AN E GaH oy
o FxE dosts Aol Yasgn At 2
AFoAE A7 AT Al EXEahe T
Feb7] B3RS diyde s ASYSYE, AT
¥olg B, AFAE 2 257 P9 £5 AL
B3] 2o Aol wE ¥ gl 95y
oS HHENUL, AE UYE B4 L g4y
e dv)3 wEAE T Aol WA uly
Tde deBAE FF

1= B I B

EQ sheke dAxels)e] wALF A
71598 BYE 7] AR $FGen A=
E@A Az Ausn glon ¥HMoz B
T Y8 A9, 199). o 442 BH4
FER sRdeln, MEg# FA9 Jx Ave
3~9mmz 49 FY WA =HA A olH,
K-349 |93Fo2 9342 d2 gich & 743
B2 Ao, A, WA, 34, FERFeln
¥ FARERE 47N, 544, A4, Ao E,
AN YR Fo] @A=L I FL wnEch

Al " 9 o

Azl E

A7 1= EHT AT (FR AT Gl
$9ste A4 30cmX0em*30cm 271,
Zt o] At Ax YPF HH5AAY HFA
BE ARG ARD BSA 894 1284 +3
g w3k(o}al RAIR), 2@ =3 #3kelE G

192



TGN e do A% oY vlAFL FHA

Alg) 2 3del 4£Ag ugk(e]d} HAR)E NX
az)|e el AF3I4E4.

UEtHAME

A&g&AEE R A7 670, G A7 674 B H
NE 671 T TA 18719 Aol st HAEHR
ony ISRM(1984)el A At whel S1Aso Al
RE A¥sgn A¥E7E dFEE At be
8 A RFEA7|(servo controller)7t §-&E (FIEE
Ao A A zg ¢EAYP/NKDC HM08-20, A&
2 100t S AHEEtg e, eS5EE 063~064
MPa/sec2 2Nt 5% 7hg o Agd @
sty & 4% 2 8 Wie] ¥¥EL 7ol Smm
o] & WHF A|A(NMBA AF)E AHE3I
zAsgon YR Kyowarl AFL] dog 21
(data logger}E ol&sld HAY &2 AYE
Feld A 71E8Hh

Z}z}e] Bol AlgolE F W PeYstA 27
o] ZHo] BX33 ok 48 59U RABdC 24
9 3zgo] =o} AR & WFH HYsiA LX)
2 oo d&FEBAYA Zzhe] Algee 24
¥ UX3E W 2 3F7 st wel & 4

0

!

\
t

T S,

A

*7 Strain gages

i\

_l
!
AV
N
!
!

\

1————————

Fig. 1. Shape of specimen and locations of
strain gages
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Fig. 2. Shape of sample prepared for the
ultrasonic velocity measurement
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Table 1. Uniaxial compressive strengths

R Sample G sample H sample

1926 171.0 1715

Unjaxial 2260 186.8 1937

Compressive 196.3 1695 196.3

Strength 236.3 1929 1746

(MPa) 2175 1763 1634

2075 1983 1586

Average 2127 1825 1772
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Table 2. Young’'s moduli and Poisson’s ratios. G and H indicate that strains were measured at
grain plane and hardway plane, respectively (cf, Fig. 1). * indicates that Poisson’s ratio
is higher than 0.5

R Sample G Sample H Sample
G H R H R G
656 505 51.2 575 58.8 547
Voung’ 66.2 51.0 559 58.1 M5 482
‘(’)‘é"f S 455 60.5 54,8 711 479 471
“: G}T,‘ ‘;S 61.9 730 57.0 578 529 534
a 529 670 457 5.4 51.1 46.1
648 63.2 52.8 63.4 400 417
Average 595 62.4 53.1 605 492 485
0.14 * 0.24 0.29 * 0.30
0.27 0.14 0.38 * 025 021
Poisson's 0.25 027 0.28 0.37 * 0.19
Ratio 0.23 0.30 0.22 021 * 028
0.2 0.24 0.15 0.28 027 033
0.29 0.28 0.24 0.32 036 036
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Fig. 3. Stress-strain curves measured from uniaxial compression test. (A) R sample (B) G
sample (C) H sample.
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Fig. 4. schematic diagram of crack propagation
under compression. Figure was taken
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Table 3. Tensile strengths measured by Brazilian
test. R, G and H indicate that loading
axis are parallel to the rift, grain and
hardway planes, respectively.

R G H
62 7.1 75
ensile 76 78 85
69 73 77
Smgh 7.1 74 79
65 95 103
71 9.1 93

Average 69 8.0 85
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Table 4. Ultrasonic velocities measured along axial and lateral directions of core samples(cf, Fig. 2).

Vi Vo Ve Voo Vi Viso Vaxia

3377 3277 3708 3826 3432 3418 3049

3421 3490 3687 3717 3487 3380 3066

R 3623 3454 3678 3807 3814 3458 3338
sample 3439 3597 3647 3863 3905 3386 3330
3559 3563 3745 3709 3741 3638 3375

3466 3593 37199 3720 3530 3408 3293

average 3464 44 3711 3774 3652 3448 3242
3550 3567 3252 3127 3244 3456 3250

3546 H19 3414 3127 3284 3463 3270
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Fig. 8. Photograph of microcracks taken from dyed thin sections. (A) R sample, (B) G sample
and (C) H sample

200



EAAN Rl ey de] ety ol nldTde] A

Direction
R H R
4D = L L 20
—u— Crack length
-- #- Number of cracks
—_ 16
E 304 . %
5 =]
3 g
8 £
P-4
{A)
-4 60 -30 4] 30 60 90
Direction{Degree)
Direction
H G H
40 L L . . 20
—u— Crack tength
-- ®- Number of cracks
16
E 30 @
E S
-12
g 5
8 20- 5
y e &
8 £
© 10 =z
L4
o4 . o (B)
-80 -60 -30 0 a0 60 90
Direction(Degree)
Direction
G R Gzo
40 —m— Crack length
-+ &+ Number of cracks
H 16
E
E 2
= L1285
g’ k<)
3 o 8
£ E
&) =z
-4
6'0 90"

.30 0 a0
Direction{Degree)

Fig. 9. Crack lengths and number of cracks

measured from photograph of
microcracks taken from dyed thin
sections. (A) R sample, (B} G sampie

and (C) H sample

201

3

2 oldddel ded o AZUEE $AL 7l
Aol BauA dAsts 39 UYEE S
B2 F2 vAgde] F(width)z BAZ e B
Ao, drlel e mAgde @3 dolt 7
#& FAs] wEel WM ofde) Ajelr}
dAes Aoz Alrdd

HEHA ofuiAd

Y&=Y2AE JIAAE, BYAS ¥ o0 &
=t Zo Wi gt U] W] Hel o
_g olurA S AAME 4 glou] ztzie] o|ubd A

e B 54 F£EHqn AAAEE F3F o
1@-4- Hagd o sH @32 g Hel o4 A
FE 1:116: 1242 71 2 oA g ot
ZQET = 15 Z0) 3AT A wEez A

e AEolA HF @& AEE AT oA A
FE 12:1.03:124 AGZE gger 2 oy
& 7Hch @A T 120 75 Bge &
AANE o 71 & @ ol ohyAsE 1:
1.09: 114010, gdal &5+ 18 57 WFor
2490 E o 7B oy oy AFE 1:106:
1002 g o3y A7t fFAbsich

Table b. The ratios of anisotropy for mechanical

properties
R Sample G Sample H Sample
Tensile Strength 1 116 1.24
ucs 1.20 103 1
Young's modulus 1.09 1.14
Ultrasonic Velocity 1.06 115
XA BAee 180 A g olFa o

o2 gulyel AlZ gyl
IH‘“ ASYSFE £3A 287 34de] 35 &

7 #astAEe] (F 58 R A5 A7) d54H
70‘*59} BaArE Ho gl A Ty ¢
gl os AARR FH A, ABEddE 2
A 28 340l 3tF &3 HAsAHY (F 59 G
AR FE& H AR &) ABB=EE T @& ~
Hd gke] L) T3 AdwrHl z&4 4%
£3L Fote & g webd YAFHER (B S
ol R Algo} 3, 283 £ i ol 54

z



Fuch 2

dth 23y #3202 AlS5E Zole G AR F2
H Ag¢ #Hgslol dFAEAEG S AFA4
AL d-F @el, 289 £z FHAqANE
7 g~Ad o] FHEG 23y AR TR
Me AlF dreke wiel B8 Fo| 3F FH #HE)
A 2 4 glerng A9 Ay wik odet 3
o] 24%9] A 7t Aolrt LAT 4 Ak
- | g

EH s72<del diste] Ao Wil wt St
A8, AL Ag, 229 £5 5, AR
HE B4 9 gl ofd M7 d TS A
o g3 g ZEE 4k

1L Ed ge] dEuS7A=s 1TTMPa~
212MPag] H9g, dAAISE 48GPa~62GPa, o
AAEE OMPa~8MPa, ®43 &5 3200m/
sec~3,700m/secd] HAE Helh

2. XA e Zo eke] wek HshE ot
g Foln glon, AFAERA Hdl 24%°2
oyt & molu, g FHE W 14%
oyt & urEblcl E3 =E A8 Agels 14
of ojgt ko] 7HF AA vt

3ol wude dd wedw dge
dnge nan 2 AddAE 249 ¢

o

o wat wad vAdge] 2 EXste] H| o
g Ao Faait, Mg HelM= de T3
7 Ao $4% Bgos Aol WS¢ F& A4
ol W SlejM, do Wakde 4y o]
e mAdde] Sl AuE e ez
AtR €T

4, A HYE B4 ojapd i olMd
& 1747 30°~40° @A 2] AolE Heluh, Hol
7 oA oty 1A o 15° WY Ajelg
weith olyd AFEe A2 E] vAZLY
Z2 ZAss wrde] dujF BFE Holu A
€ A3y i ZAeE Ardn

Al Al

o]

die Bodea $u A9NEdTae
AYPe g o|FojF )

202

O

A

—

#

wheldl, A8, Axd, 34971, 2001, Febrl s
Aol dedte Ao n ey By, x3Fl
11, 51~62.

o, FBY, &FHS, o|¥, WH4A, 199, ¥F
Aol EEshe ARt uddd $ES4,
&4ks] A, 8, 24-33.

o], AT, FF4, LT, 1999, 2AMAE 9]
&9 <ol vl BQLE XY #t
Hd 7 Re-E 7L, 9, 34-372.

FRS, HAM, FAT, 19, HZstFod o 7
SHF MY nATd we 54, AFsEx,
30, 613-631,

E5%, Y49, 199, dge 4G 7o) W
M ASHAIS Azt A9 78}, A Aty
30, 41-61.

Brace, W, Paulding, B. and Scholz, C, 19686,
Dilatancy in the fracture of crystalline rocks,
J. Geophy. Res., 71, 3939-3953.

ISRM, 1981, Rock characterization testing and
monitoring, Brown, E. eds, Pergamon Press,
Oxford, 211 p.

Dale T. 1923, The commercial granites of New
England. Bull. U. S. Geol. Surv. 738, 23-103.

Douglass, P. and Voight, B, 1969, Anisotropy of
granites @ A reflection of microscopic fabric,
Geotechnique, 19, 376-398.

Jaeger, ]. and Cook, N.G.W.,, 1979, Fundamentals
of Rock Mechanics, Chapman & Hall, London,
593 p.

Osbome F., 1935, Rift grain and hardway in some
Prercambrian granites, Quebec., Economic
Geology 30, >40-551.

Peng 5. and Johnson A., 1972, Crack growth and
faulting in  cylindrical  specimens  of
Chelmsford Granite, Int. J. Rock Mech. Min.
Sci. & Geomech. Abstr, 9, 37-86.

Plumb R. Engelder, T. and Yale, D. 1984,
Near-surface in situ stress : 3. Correlation
with microcrack fabric within  the
Hampshire Granites, J. Geophy. Res,

New

89,



TGN s He] H5y oA T viAdFde] AEA

9350-5364.

Stegfried R. and Simmens G., 1978, Charac-
terization of oriented cracks with DSA, J.
Geophy. Res., 83, 1269-1278.

Simmons G., Siegfried, R. and Feves, M., 1974,
Differential strain analysis : A new method
for examining cracks in rocks, J. Geophy.
Res., 79, 4383-4385.

Thill, T, Willilard R and Bur, T., 1969,
Correlation of longitudinal velocity variation
with rock J. Geophy. Res, 74,
4898-4909,

Thill, T., Bur, T. and Steckley, R., 1973, Velocity
anisotropy in dry and saturated rock sphere
and its relation to rock fabric, Int. J. Rock
Mech. Min. Sci. & Rock Mech. Abstr. 10,
536-557.

Twidale, C., 1982, Granite landforms, Elsevier
Scientific, 46-86.

fabric,

203

FEqE

ZAAsta A7aes

200-701 A= FHA ZAE 192
Tel : 033-250-8583

Fax : 033~244-8580

E-mail : bajang@kangwon.ac.kr

oMg

FHusta a4 vy fAadTa
314-701 F'd TFA AHF 182

Tel : 041-850-8728

Fax @ 041-855-1975

E-mail : seonano@kongju.ac.kr



