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Mechanical Anisotropy of Pocheon Granite under
Uniaxial Compression
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Jurassic granite from Pocheon area were tested to investigate the effect of microcracks on mechanical properties of
the granite. Three oriented core specimens were used for uniaxial compressive tests and each core specimen are per-
pendicular to the axes ‘R'(rift plane), ‘G'(grain plane) and "H’(hardway plane), respectively. Among various elastic
constants, the variation of Poisson’s ratio as function of the directions was examined. From the related chart between
ratio of failure strength and Poisson’s ratio, H-specimen shows the highest range in Poisson'’s ratio and Poisson’s ra-
tio decreases in the order of G-specimen and R-specimen. The curve pattern is nearly linear in stage 1 ~Ill but the
slope increases abruptly in stage IV-3. As shown in the related chart, diverging point of a curve is formed when ratio
of failure strength is 0.92~0.96. Stage IV-3 is out of elastic region. The behaviour of rock in the four fracturing stages
was analyzed in term of the stress-volumetric strain curve. From the stress increment-volumetric strain equations
governing the behaviour of rock, characteristic material constants, a, n, Q, m and ¢ ™, were determined. Among
these, inherent microcrack porosity(a, 10”) and compaction exponent(n) in the microcrack closure region(stage 1)
show an order of a"(3.82) > a%(3.38)> a"(2.32) and n"(3.69) > n°(2.79) > n"(1.99), respectively. Especially, critical volu-

mef

metric microcrack strain( e ,"*) in the stage IV is highest in the H-specimen, normal to the hardway plane.
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These results indicate a strong correlation between two major sets of microcracks and mechanical properties such

as Poisson’s ratio and material constants. Correlation of strength anisotropy with microcrack orientation can have

important application in rock fracture studies.

Key words : granite, microcrack, Poisson’s ratio, material constant, mechanical anisotropy
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Fig. 1. Number(N), mean length(Ly) and den-
sity(p) of microcrack traced from
photomicrograph. The unit of Ly is
mm.
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Fig. 2. Typical axial stress vs volumetric strain curve
showing fracturing processes under uniaxial
compression of granite(S.N. R).

71" stress at the upper boundary of compaction stage

4 1‘: stress at the stable microcrack initiation point

g 1 ': stress at the unstable microcrack initiation point

01" failure strength

¢ v: volumetric compacting strain

(inherent microcrack porosity)
¢ " volumetric microcrack strain,
¢ ™ critical volumetric microcrack strain.
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Fig. 3. Axial stress vs axial, lateral and volumetric strain curves of R, G and H specimens.
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Table 1. Strength by each stage.

341

Sample 01°(1) 011 0 1"(1) 01'(IV)
No. (kg/em®)
R 320 590 1057 1768
G 280 530 667 938
H 220 510 838 1703
MEAN 273 543 854 1469
* Symbols of strength are as same in Fig. 2.
Table 2. Values of Ky, K; and Ka.
Sample  Ko(%) Ki(%) Ka(%)
No. 01/ 01 oi/ o1 01/ 01
R 18.0 333 59.7
G 29.8 56.5 711
H 12.9 29.9 492
MEAN 20.2 399 60.0
HES 2o AsH FAst BT 1 ~MolA E3 R>G>
i X HAHY o2 F7tetH, 25 VoA 438 A3
4 DAY ZEFig M SHE 5 TIUY yao poy, o]% H A9l A2 88 go] 139(%)
= E‘ﬂi/ ZHye-ddy e 9 Y AHAEY (Tab1e3)
& WAEFig 4% 9 AURAS A WAVL A 2ugggune 2 39FeAEIS B
Hdel FR &S] use FAMS PARABER g 4w solq AEE The G E AR,
e e FAHA NDHE BT S5 ¥ BANAE H A
FUBESAE 1Moo AN SAR>C> o ywayzo) gzan. ogre AFde Y}
HARe €02 S718k0, 018 4= VEAZR) ] oy o) vjazae) Madyel 72ss Hoz
AR 0B0NE 712 A FEIT 012 AR g 2o g 2, 2ug e SRuLsE oA
Wl A % Fol FANLeE AATL FAA] oo meare) gao] R> G H AN £ 0 1)
o) 71 gkt &

HEYE(%)2 AL [~A SHEE
o Aok e FAH glou ZE Vol A 343
Z74gth H A H A E 19 9 2% Ho| 33| ¢33}
T3 FyPu)date] A E(1.09 %)) 7HE 21, &
3 1 BAAAE H5990 B BBz Az
nA7Ee 543 44 @ A I (propagation) ] 7+
32 93l RY G A#H ) v}y }\H;HX-l oi

F2AE S43 4BAel ik N8R 8L 2

Ehdth JUFEL Gl oa] H35H YA
Fgoz Aol 44 E= ARsts AZLL A
Ak, ol el & vl Az d o) AthA e AE Aol 7 H>
G>R A 02 yehdt, B3 229 v 7
o SAMAsHE H AN F98 &0} @ehZo] 7}
¥ 2 ERS4) geun, 200 AREEe o
98 5% % £429) 4ridd WS v mg
onl, YudEe EEEAS 0S AT, B



342

s gl

Table 3. Axial, lateral and volumetric strain by each stage.

Sample Axdial strain(%) Lateral strain(%}) Volumetric strain(%)
No. 0 01 of of 0 o1 01" of o1 o1 oy of
R 048 0.59 0.73 0.95 0.01 0.03 0.08 055 045 052 056 +0.15
0.46 0.58 0.63 0.73 0.02 0.06 0.08 0.43 042 045 046 +0.14
H 0.31 042 051 0.79 0.01 0.03 0.07 1.09 0.28 0.35 0.37 +1.39

MEAN 041 053 0.62 0.82

0.01 0.04 0.07 0.69

0.38 044 0.46 +0.56

An(%) 414 320 354 268

100 75.0 142 95.6

447 386 41.3 2232

* An{Anisotropy coefﬁcien’?:Max - Min / Mean, Axial strain:(-), Lateral strain:(+),

Volumetric strain:(-), +: dilation.
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23 AAANZ 1) cad Aol FHUF AAFLEY
& & (Brace and Paulding, 1966)°19, 1 BA )l A

o E
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15)4 Skt Hi# st

o ARFdel ¢FHol dadte AdY dEHF &
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e
e

5V‘°‘=(01/K)+a (3
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ENE & 3T

a[(alc- U])/O’1C]n

ev'= @)
A71A 01=099, ¢ ,*=aolBR a= HAZ LY
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Ev:EVe_Evmc (7)

A7V e HAREd 9%
(volumetric microcrack strain)©] tt.

Mg VAN $EZE(01-04)/ 04) BT
FgATe] 93 AANYE PAA L & 2o
(Brady, 1970).
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Table 4. Characteristic values of stress increment-volumetric strain equation.

Il | v
St . .
A e =al(0 00T £, =Q(01- 01V 01T
Value a a n r Q m r Q m e r g
UL ao® | ao®) 0% 10 10% (109
R 382 {258 369 0.89 250 186 0.98 378.1 9.81 6.41 0.87 10.25
G 338 | 246 279 0.99 120 094 089 | 3564.3 7.68 5.45 0.97 6.68
H 232 1178 199 0.9 0.63 0.75 0.95 551.4 10.74 11.96 0.92 19.24
MEAN | 317 | 227 282 095 | 144 118 094 14979 941 794 092 12.0
An(%) | 473 | 352 60.2 105 |[129.8 940 95 2127 325 698 10.8 104.6

*Measured value, r:Coefficient of correlation, R, G and H:Sample No., Symbols of value and An are as
same in Fig. 2 and Table 3, respectively.
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Fig. 10. Relationship between volumetric compacting Fig. 11. Relationship between volumetric microcrack

strain( ¢ v” and axial stress(¢1) in microcrack

closure region(stage [ ).

(60.2%)2.T} & THTable 4).

strain( ¢ ,™) and axial stress( ¢ 1) in stable and
unstable microcrack propagation region(stage
M~y

3345 (0 ) vz A AAHYE 42293 FyPujdste R L G Al ulste] Fri
(critical volumetric microcrack strain, &™), 10%)& Aoz FAY AHBAL FHUSE vt o
H AH (192404 78 A4 e, A8 W7ol e @qARe NV 9AY AaAFY B+ Tk
uhe3h= 22 9 rift microcrack 2 grain microcrack®] (Table 4).
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