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Effects of Temperature and Water Pressure on the Material Properties
of Granite & Limestone from Gagok Mine

Yongkyun Yoon, Youngjun Baek, Youngdo Jo

Abstract This study focuses on having a temperature and water pressure effects on the change of material properties
of rocks. Granite and limestone specimens from Gagok Mine were thermally treated with predetermined temperatures
of 200, 300, 400, 500, 600 and 700°C (excepting 700°C for limestone) to estimate the reduction of material properties
of rocks caused by heat. Specific gravity, effective porosity, elastic wave velocity, uniaxial compressive strength,
Young’s modulus and Poisson's ratio for pre-heated specimens were measured. With increasing temperature, material
properties of both rock specimens change sequentially. Significant changes of specific gravity, effective porosity and
elastic wave porosity occur above 400°C for granite and 300°C for limestone. Changes of uniaxial compressive strength,
Young’s modulus and Poisson’s ratio seem to be similar to those of physical properties. GSI of 500, 600 and 700°C
specimens inferred by using uniaxial compressive strength and Young's modulus of preheated granite specimens is
found to be 81, 66 and 58 each. In case of pre-heated limestone specimens of 400, 500 and 600°C, the corresponding
GSI is 76, 71 and 65 each. 500, 600 and 700°C granite specimens and 400, 500 and 600°C limestone specimens
were pressurized to 7.5 MPa and their effective porosity, elastic wave velocity, uniaxial compressive strength and
Young’s modulus were measured. The average value of material properties (mentioned above) of 500, 600 and 700°C
granite specimens under water pressure compared with material properties of non-pressurized pre-heated specimens
exhibits the reduction of 7.6, 11.3 and 14.9%, respectively. In case of 400, 500 and 600°C limestone specimens under
water pressure, the average value of material properties decreases by 8.2, 13.8 and 21.9%, respectively.

Key words Gagok Mine, Predetermined temperature, Preheated specimen, GSI, Water pressure

£ E 2 dAolie 2=t 4ol erde] B4 ¥islel nX= ke Btttk 257t 94 9] B4l nX=
FFS HrIsl7] fIte] 7gAtoll A AF e st A5k Al 200, 300, 400, 500, 600, 700°C(H&]¢<]
75 7100C = ALt el B 7t AGAFnS ARSIt dgA - Hel| digt AlAaES B3l vi%, a5
5, UG, SIS, S EolbulE 2t Av 227t Sl wet st} A3t lEAE
He| E4o] Hisl= A0 Yelth v, fads=E UG S35 k= seke] 79-400T ool A
sl 0w, A3]eke] 9oz 300T ool UeRgtt 2kof mE I5US7E, ¥d7les Eoldne] Hshe
E2|% B4 wigle} A AoE Uepdth daAdHe] dsErdwel edARE R E {55 500, 600, 70
0C et AEAIEHE] GSI= 771 81, 66, 582 YERFESH, 400, 500, 600C A9t | HA|FHS] GSI= 242t
76, 71, 65= LFERSTE 500, 600, 700C 33t o GAIFHIT 400, 500, 600C A2|% A GAIEH] 7.5 MPa2] 42945
71elSt. oS A83t AGAIFHY] FETTE BATEE, d5USAE, BAE St B 2
U 7kl A A GAIEHEe| vIsl Hat 7HAEFo] 3Rt 500, 600, 700C SGAIEH ZizZtel disliA] 7.6, 11.3,
149%= YERGIL, A3 400, 500, 600C of|BAIEH thafixl= Z7] 82, 138, 21.9%= F7F=|3ick

AMO| 7 Al ERE, DA, GSL Y

4

e

D
2)
3)

*

Y
Algejati sty B4k A Avlgata 1LME

BAAZ : yoon63@semyung.ac.kr Fou] YA A9 A A BeLE S bl w
M 20119 1Y 39
AAF Y o 2011d 19 149

o A3l shie] EAISH AEEL Ase %ot

AA AL ;20119 1Y 14 Eo] Q& AR o). BErt AskrR LdlE|o]

33



o8]
=

30
rr
ot
o
B
o
5
N

i
o
1o
N

o
R
ox
)
ol
o
i
<
N
4 u
)
=2
=
4
N
_|L
£
0%
1
o 1o

2 o
o o
i

N

R

Lo

==
=
g
°§%
=
B
>
=2
T,
o{n:
> L
o
mE
oZ
ol
ol

T
oM,
-{o
N
)
Y

£51=17) ol AT Al PO
oF ZBMJERR Q) vij4E T Helo) u}xﬂo}_
il olaf A 8 Qhatel B4l Wsly] uhEel
2wk, o] ZHgeis Aiarol 24 o
ofl s3] ofs) A 7l ghito] ThalEof A
A&E GATAL AR )2 Bidw
bl o) A2 3 SAE0] AW} Bl
ARG =7t dago g Q3] 7jro] Heto] 2

POV 0H1 \-Ll
>)i NN
0, rlo AL

)
o Hoélomo r—r‘

=
o

i Hn

O>J

1)
1o
r.t..
r

ek AZe 5 Slek SN olgstod el
walsoie g Ame] gAe WS A9

[}

o Qlaf Aw Ful erbel ofaby Aol ofu
HAHYLIE b Ao| Basi

AT gfo] Gl B skl T 3%
H7R| SIslel Z1RHAEA AR ASkgRI2)elA
23 SPIT TS TR AN e
Be AABlgITE BAMT SART Sl8hs BAE 2
I Ael] foto] Shactst Halel AgEo]
200, 300, 400, 500, 600, 700°C(A3]I2] A-¢- 700CE
ASIHHD ) DL 71 T el ANFRL TS Zget
of Sx7k ghee] B Wl vl G Bl
oF 4 FAIh} AR SIS LR A g
& 510l 15 MPas) 12 718§ 4 St

Tl /g9 Rl vAe dFE &

T

> o :.:‘ mlo o ) HU o I
[‘l-lI Hl lI.?L H“

2. GSIZ 088 Sx|fte] YsrEzco}
EHY7I40 23

A S A5l A o ghilol S9hE 4
Bol= A A 1= 7R Ay SHE AE S
=] okAl B2 Yo 7 A} Sof 2 sk EAJ O]
7h g Aoz ok Askeeo) AE 24
of ejsta] S4go] ulA FFL Brlelr) SIaA
AR et FARSE EA4E 2 AUAEEE ARt
7ol asht dAQMle] RE Beld-ofoty =
AR 2 01'?371 o] & AellM= 45
AEet SHASE 7o R slo] AR NS
S AUABEE AeIC, AE £ o
s page) daYs o 3

7] ¢J5te] UutslEl Hoek-Brown 1y 7])&
1%8} o}, shj7lEAe] tew @xehite] ol
Aeel FAde] dE5gEEe thy A (DI
A7} 9IciHoek et al.,

T > @ ox O qlr m@ oY
EﬂﬁmWﬂéS
e >
HN'

FE H

)
)
_{0
o
_|_.

>,
O o

A 4
i
J{N’

2002).

iy
flo

2o} obo] Al skt Aeigel 24l vAle I

w)

1, _ 5
,7+g(e GSI/15 _

N | =

e 2[1/3) (3)

o]7]4] D& W @AI4x(Disturbance factor) 2 L} &
Zo|¢tof| wat ¢gto] k= Wt JrE vERfy B
g o= 0, sk wakd HFfol= 19 g %
o,

Hoek & Diederichs(2006)+= GSIZE o]-g&35}o] A%
9] EMAIRERE XY HPARE AT

ol thewt 2o A2 Aeksigick
1—D/2
£, =E|0.02+ 1+ (60 +15D—GSN/11) Q)

3.1 XE=EA

£ Aol AT AFRAI] S1A13 el
AFIeE shelal M3tk UATEOR Aga
REAe] AATES Wy AgHeloble] s7jwnt

o2 7141 sjod Apo] T RAFIET HE

dol=%, ThHlslere) Bslels, shas, salner
%, FRES 5Ol PRSI ol5E shaviel W A9
oro] TS Aefolci THAH L AT B, 1986). 7Hg
AR A AT, B, YA s 2
2 FENEE nasolEge] HEdlt syt
PAAFRE 7334007 he] AR A15E v 156~

170 mofA 8L, A2jek Al *d# 40078 W
O] FARR AJZF U] 320~440 mollA] AT FEA3]
A4S Hote W*LE st Altslct. ede 9 43
FAEE 94 272 217] 47 mm&} 50 mm o]t} Table
lofl= AIARE sl A2ieh Aldse] dizt =4o] &

nO



B 2|5kt

Table 1. Material properties of intact granite and limestone specimens

35

) Value
Properties - -
Granite Limestone
Specific gravity 2.64 2.71
Effective porosity (%) 0.27 0.42
Elastic wave velocity P-wave 4,820 4,340
(m/sec) S-wave 3,150 2,830
Uniaxial compressive strength (MPa) 232 111
Brazilian tensile strength (MPa) 23 8
Young’s modulus (GPa) 53 47
Poisson’s ratio 0.24 0.26
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(a) A schematic diagram

(b) A photograph

Fig. 1. An apparatus for applying water pressure to pre-heated

specimens
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Table 2. Material properties of pre-heated granite specimens
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Temperature Specific Effect.ive e A Uniaxia.l Young’s Poisson’s

(C) eravity porosity (m/sec) compressive modulus ratio
(%) P-wave S-wave strength (MPa) (GPa)

25 2.643 0.27 4820 3150 232 53 0.24
200 2.637 0.22 4730 3170 246 47 0.23
300 2.634 0.33 4640 3050 216 43 0.21
400 2.629 0.47 4530 2960 205 35 0.20
500 2.605 1.34 3870 2530 185 33 0.19
600 2.574 3.17 2420 1560 128 10 0.09
700 2.556 3.44 2070 1350 79 6 0.08

Table 3. Material properties of pre-heated limestone specimens

Temperature Specific Effect.ive Flastie wave velocity Uniaxia-l Young’s Poisson’s
(C) eravity porosity (m/sec) compressive modulus Latio

(%) P-wave S-wave strength (MPa) (GPa)

25 2.711 0.42 4340 2830 111 47 0.26
200 2.707 0.51 3870 2460 104 38 0.22
300 2.703 0.64 3520 2280 93 29 0.20
400 2.694 1.27 3110 2030 83 21 0.17
500 2.678 1.80 2920 1910 74 13 0.15
600 2.627 3.51 2370 1450 62 7 0.10
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Fig. 2. Variation of normalized specific gravity, elastic wave
velocity & effective porosity as a function of maximum
thermal cycle temperature
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Table 4. GSI of pre-heated specimens estimated by equation (1) and (4)

Rock type
Temg)%r;l ture Granite Limestone
GSTyes GSIpy, Average GSTyes GSIpy, Average
25 100 100 100 100 100 100
200 101 81 91 99 74 87
300 99 75 87 97 64 81
400 98 66 82 95 57 76
500 96 65 81 93 48 71
600 89 42 66 90 39 65
700 81 35 58
Table 5. Material properties of pre-heated granite and limestone specimens under water pressure of 7.5 MPa
Temperature (C)
Properties Granite Limestone
500 600 700 400 500 600
Effective porosity (%) 1.42 3.40 3.75 1.45 2.16 433
Elastic wave velocity (m/s) P-wave 3710 2220 1840 2870 2650 2040
S-wave 2470 1460 1220 1910 1720 1210
Uniaxial compressive strength (MPa) 183 122 70 80 69 54
Young’s modulus (GPa) 25 7 4 19 10 4
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Table 6. Reduction of material properties of pre-heated specimens under water pressure

Temperature (C)
Properties Granite Limestone
500 600 700 400 500 600
Effective porosity (%) 6.0 7.3 9.0 14.2 20.0 234
) . P-wave 4.1 8.3 11.1 7.7 9.3 139
Elastic wave velocity (%)
S-wave 24 6.4 9.6 5.9 10.0 16.6
Uniaxial compressive strength (%) 1.1 4.7 9.6 3.6 6.8 12.9
Young’s modulus (%) 242 30 333 9.5 23.1 429
Average (%) 7.6 11.3 14.9 8.2 13.8 21.9
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