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A study on the Fracture Mechanism and the Test for Strength Properties
of the Granite-Gneiss

An-Sik Choi, Mahn-Sup Cho and Young-Seok Kim

ABSTRACT When tunnels or underground structures are constructed in anisotropic rock mass, designers and constructors
have to consider the anisotropic characteristics in rock mass because their physical and mechanical properties are depended
on the anisotropic angles(B). In this study, therefore, we have first investigated the mechanical behavior of the gneiss
specimen from lab. tests, and then have analyzed the behavior of specimens for to the transversely isotropic model in elastic
medium using the FLAC program. The results of this study were summarized as follows; 1) In the result of the variation
tests, in general, the properties of strength were depended on the angle of inclination in spite of the hard rock. And except
for the shear strength test, the lowest and peak stress were appeared at 60° and 90° respectively. 2) The results of specimen
modeling analysis using FDM well indicated the mechanical behaviors of the specimen of transversely isotropic model.
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Fig. 1. Planes of elastic anisotropy oriented at an angle
B from the x-axis and transverse isotropy coor-
dinate axes convention(x-z direction is an isot-

ropy plane)
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Table 1. The physical properties of the rock specimens

. . Specific ~ Water contents  Porosity
Specific Size Gravity %) %)
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Fig. 2. Angles of weak planes used on tests
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Table 2. The mechanical properties of the rock specimens
on angle

angle(f") 0 30 | 45 | 60 | 75 | 90
max. fracture

strength 204.6|156.1 [ 144.5] 120.3 [ 157.0} 233.8
(MPa)
tensile strength

(MPa) 159 | 142 | 13.8 | 13.5 1 13.3 | 139
elastic modulus

(X 10 MPa) 56.0 | 450 | 420 | 374 | 62.7 | 65.6

Poisson's ratio | 0.27 | 024 | 0.14 | 0.14 | 0.24 | 0.28

P-wave velocity

4,85614.220 | 3,424 | 3,678 | 4,335 4,646

(m/sec)
75 90 i
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Photo. 1. Fracture types of the specimens under the
uniaxial compression test
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Fig. 3. Relationship between max. shear stress and
angle at various confining pressure

AUI B=00ll4 HEAE Boli vt F, Hup7rE 4
o)) ) FE R FolA 9 vluAY Hibe] YAFEE
RO F5HH, slebiie] P ME p=90", 60°H
459 AJFHe 4gs) AR BEHor 93] A
w3 whHo)] B=0°, 15° 2 309 APHE 4o
2 oz v FAsT YA

283 B=0Y WE Algehd f=30"FLofA

ArkeHo) 71 A vebdel, 27151986y vt
E soA Edsont Hulpze] wgko) AEH
of 2xshs AF-&H Wkl disiA Hmate 5ol
dubg e szt A HA4SA =, (6H4 1 o,
ol 98 253 WEF 0.8 FIhe Ao RHE olEHe
2 7ha At A 4ge ALY Y Batst
et

8. = %um‘l i—f ©®

wEhd A g e g e 74 4 AkkeHt
A o) £3-588 (o)) 77 skl ASd A,
F59 kg )0l oF 30~40°0) W E e ER =
08 AT 30" FolA AkgHo] UA Ve Fig.
3ol € FAE AU

33.3 Hulrxe) R Bl W 45545 54

Apabo] ARgshe el (Mt U2 TH el Ao
Zoll ojgt HEEA RS Helslr] Slste] Huprze
ZhewiBlo) whE 4EAEHEAY S ST A Fig.
40 1R uig} o] nprzel WiEke] B=60" U Wi
7 G S pE g oz glem YtHes e 5%
AANY FA & vehf 2 et

gk Al FH ol S 9 Hotrrze] WEkQ)

4000 T
4

g
it

Legend{Confinig Presaure)

- o)
- oppem?)

Maximum Stress(kg/lem®)
"
]
=3
o
|

g
|

—af  150pgem?)

1 T r T ‘ T
° 1% n 45
Degree(beta)}
Fig. 4. Relationship between max. stress and angle at
various confining pressure



H 3ol wiet ARG FE 2ol & HERAL glof vy
Al Fol= A LAZE Heplrzy S, Hel Sl
EANE S oA ol QS weisfof & How At
et 53 oA S4gPte] AXFToNA 37t AH
F B golle oA o F¥e] HS F o2 FH5R
2 A2 AA = AF Aol WA Lok

g @8t gk

4. AlgHe @Yy DY™A </ o
HIIHE Y

B Aol e Hald AHH-E o] &3t 47l AEAET
2He] djeiyhES 5] $isle] R4S 3
S, EA Flloll A LdubE o2 AREE T gle AHEE
4 14 el FLAC(ver3.03)0.2 HalZ Ald
HE malglslo] x84 & st

B s dol] AHER R slEuA 2 BAdul I EA 2
A9 Hw$y Aol d= Ao YA

4.1 MDY W FAx=A

2 ool 4ol] &% e 4L Fig 59 Zol £
Aol YEHAEA Yol A3 AP AT FLsHA Aol
(e E(w)el vlE 2 12 2gsigion 249 g
2 54X = Table 33} o] A8& F&l 78 57 4=
o] 5 H83si%r}. 228 T Table 4oll= 44 A1HH
ol N3t 7 Wbk ghA A 29) Foldu], AtEhA Al S
VRN B, Huoprxo] xz-%9) Folsu|E F435)7]

N
| V'Yt\ \ﬁ x
T e

Fig. 5. Feature of the specimen model

EYS A5Eg 169

Table 3. Elastic modulus of the Jeon-Ju granitic gniess
B E(MPa) EMPa) EJ/E v, v, G, (MPa)
0 154X10" 549X10° 28 0.268 028 29.0X10°
30° 13.8X10" 44.1X10° 3.1 024 028 24.5%x10°

45 127X10" 41.2X10° 3.0 0.141 028 25.6X10°
60° 12.6X10" 367X 10" 34 0.138 028 234X10°
90" 154X10° 64.0X10° 24 028 028 324X10°

E,: elastic modulus of lateral direction

E,: elastic modulus of axial direction

G, :G,={EE}/{E.(1+2v, )+ E }
(suggested by S.G. Lekhnittskii)

Table 4. Elastic modulus of Anisotropic Rocks(Batugin &
Nirenburg, 1972)

E E G,

Rock (GPa) ¢ GPa) E/E, v, v, ( GPa)
Siltstone 430 400 1075 028 0.17 170
Sandstone 15.7 96 1.635 028 021 5.2

Limestone 398 360 L1105 0.8 025 145
Gray granite  66.8 495 1.350 017 021 253
Marble 68.6 502 1367 006 022 266
Sandy shale  10.7 52 2058 020 041 1.2

$18}e] Table 4] Batugin =} Nirenburg(1972)7} A} 4|
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Fig. 6. Deformed specimen for § = 0°~90°
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Fig. 9. A plot of major principal stress magnitude contours
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