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A Study on the Mechanical Behavior of Two Granites at

Elevated Temperatures

Myoung Hwan Jang and Hyung Sik Yang

ABSTRACT When crystalline rocks are heated, thermal stress is induced by the differences in thermal
expansion of the mineral composition and its orientation. In this study, high temperature uniaxial
compressive tests were carried out for Iksan and Hwangdeung granites to study the deformation and
failure behavior due to thermal loading. Compressive and tensile strength of Hwangdeung granite for
200°C decreased to 80% and 82% of the room temperature strength, and those of Iksan granite
decreased to 90% and 92% for 200°C, respectively. Elastic moduli of both granites were decreased
sharply at the stress level of 80% of ultimate failure strength. Elastic moduli of both granites by
variation of temperature at 50% of ultimate failure strength was decreased as almost linearly.
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(1) Spherical seat

(2) Upper loading piston

(3) Chamber body

(4) Inserted electric heater (3 kW)

(5) Specimen

(6) Lower plate

(7) Supporting leg

(8) Thermocouple

(9) Programmable temperature
controller

(10) A.C. main

(11} Power plug

(b)

Fig. 1. Equipments for high temperature tests.
(a) photograph (b) diagram.
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Table 1. Physical and mechanical properties of
Hwangdeung and lksan granites

Properties Hwangdeung ITksan
Unit weight (kN/m® 26.3 26.6
Absorption (%) 0.28 0.27
Apparent porosity (%) 0.75 0.72
P-wave velocity (m/s) 3710 3990
S-wave velocity (m/s) 2030 2100
Uniaxial compressive strength
(MPa) 189 152
Brazilian tensile strength
(MPa) 9.1 75
Young's modulus (GPa) 415 35.5
Poisson ratio 0.18 0.20

Table 2. Compressive strength at various temper-

atures for Hwangdeung granite

Compressive strength

E7} AstEIQiTt. 03] 4% osbm HE3ete] A4
AL 25°CollA] 200°C2 257} A<53toll ujel o]
ghol] Fefdl 7ol 86%, FA3 HIEkQl Aol
82% A9 o= Aslsge] vehd Zlog By
33 e, B AFAE 80 el AERAHA
£ BojFa 9t

Table 3& 3+53l7kete] g3l AR E A4
ZAslolct. AL 25°Coll diste] 100°ColAE 95%,
200°Ce]l thelAl= 82%2 77} A3leht b7t
SRohE 1 Astgol At o] Ao oJsld 53t
739ke] 734 25°CellA] 200°CE 257} 455l wet
79) wigkol] HFaPgt 7ol F 78%, 23 Wl
73ole oF 5% FEAsEdo| vehd Ao B
a2k B AFoNE o 82%8 5] ZE Aol
Vehl =z Qlet.

Table 4% JAHRQte] g3l w3245 Ay
AE Jepd Zolch HollA Aol A
25°Col] thste] 100°CollAl= 94%, 200°Cell cHall A=
8997 A =7} Zasiich. ol¥ el o A
25°C¢} vlizsled 200°CS) w27 eel e 90%%
=2 2aslgdEdl, £ AR olgh A ni%dt
89%2 748}t

Table 5% JAbshgele] ngsl A4 E A4
ZAzto|t}. YAt A-E 25°Col| diste] 100°Cell
A 96%, 200°Coll A= 92%2 7=} skt

ey} 3hEsiekel Al itk 200°Ce) Z4E

Table 3. Indirect tensile strength at various tem-
peratures for Hwangdeung granite

Tensile strength

Temperature

C) 5. (MPa) Nr. sp  fatios
2% 91 3 106 100
70 8.9 3 107 098

100 8.6 3 Y05 095

150 77 3 102 085

200 75 3 104 082

Table 4. Uniaxial compressive strength at various
temperatures for Iksan granite

Temperature . .

o Ratios Compressive strength

€0 5 (MPa) Nr.  SD Temperature o N S Ratios
25 189 5 +16  1.00 - S - a b
70 187 4 +13 0.99 5 1 4 +15 1.00
100 181 3 + 8 0.96 100 143 3 +11 0.94
150 160 3 + 7 0.85 150 140 3 + 9 0.92
200 152 3 + 8 0.80 200 135 3 + 6 0.89




Table 5. Indirect tensile strength at various tem-
peratures for lksan granite

Temperature Compressive strength Ratios
0 o, (MPa) Nr. SD
25 75 4 +0.3 1.00
100 7.2 3 +0.2 0.96
150 7.1 3 +0.8 0.95
200 6.9 3 +0.3 0.92
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Fig. 2. Stress-strain curves for Hwangdeung granite
at various temperatures.
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Fig. 3. Trace of elastic modulus for Hwangdeung
granite at various temperatures.
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Fig. 4. Stress-strain curves for lksan granite at vari-
ous temperatures (after Lee, 1993).
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Fig. 5. Trace of elastic modulus for Hwangdeung
granite at various temperatures.
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Fig. 6. Variation of elastic modulus of both granites
at various temperatures.

Table 6. Elastic moduli of two granites according to variation of temperature

Classification RT 75°C  100°C 150°C  200°C  300°C 400°C  500°C  600°C
Hwangdeung T 415 39.8 371 30.5 32.3
granite S 36.1 37.7 32.5 30.5 30.5
Iksan eranite T 21.9 21.5 21.6 19.8 18.5 134 1773
gr 8 18.2 15.8 16.5 145 11.9 867 470

% T: Tangent modulus, S: Secant modulus.

Fig 5% Fig 4] $% - 4345 82| A
gl el Aoz Pl 143 £
-8y E Frhol|lA LHFFH g L
el Aolch. olthete 455420l slelol ot
52| 30% TElA Higks Holt, 50% Tl
A HAZES Rolx Qv 7 3t Y o501 =
5 SARE AT s Aol 2
02 50% SEEFNe HABAALS hEAl
SAAIFE HFsta gl 2 Erk ohvjzt A2l
A% ghel wge] skl @Al Aol AL of
27} gl_o_g 53_01-’.‘—5}

o

gl ﬂ*&i} Akl tielod &
W oleh. 17 oM
9.% 252 27hol e} 94

a 7]571% %L%ﬂﬂ%} [Iies ﬂﬂ%‘ Hep 24 o}
E=43.16-0.0635T (GPa) @
E=21.48-0.016T (GPa) (5)

A @), 6= F sl & 4
ARA Astole). SARA ARATE T HY %

0.80 A xoir}.

Table 6& 3+5 9 oj4kslziere] PHErAAlSe} 3
AR ASE el Roleh. § wilell o4t B A

o) Aol LEuisloll w2} oj4ririete] S5BAet

= N

weh o Ak ol o Aksidelel $Eskaetel skl
FHoh ol uAdgHY L sfnjgiet

5.4 B

o4 @ e meeh BE EA L5t o
F20 B GAATY WS Aoz T4 A%
& ehgst ok,

D 35 W bR RS Holt glou} &5
bl el s 47} sk

R

G Seiegel Msel de) At
AR sAeglo] Heksich. YKoz 50% S
Foll 4 HABAASE DEHQ BAATE AT
gl e B of]e} Lol E Zhe] WFol Als}
o] WA Aol A)2o] oi A7} Qe Aoz B
DS

3) F 3 25 80% &
S} e Thastol 37t &

22 o) Abol| A= BRI A
E£-5-9] ZA3(hardening)



48 Heldt
4) L5l o3 eAl Aol HRE =2AE7] ¢ste]
A3 A3 7 e B Ad¥H R ashe

1. Kunsoo K., 1993, Design, execution and analysis
of a large-scale in situ thermomechanical test
for siting high level nuclear waste repository, in
Hudson J. A. ed, Comprehensive Rock Enginee-
ring, Principles, Practice and Projects 3, 881-913.

2. Bauer. S. J. and Handin, 1983, Thermal expan-
sion and cracking of three confined, water-satur-
ated igneous rocks to 800°C, Rock Mech. and
Rock Eng. 16, 181-198.

3. Pratt H. R., A. D. Black, W. S. Brown and W. F.
Brace, 1972, The effect of specimen size on the
mechanical properties of unjointed diorite, Int. J.

ElGF AeFg 135

Rock. Mech. Min. Sci. 9, 513-529.

. Lau, J.8.0., R. Jackson and B. Gorski, 1991,

The effect of temperature and pressure on the
mechanical properties of Lac du Bonnet grey
granite, Proc. 32nd U.S. Sympo., 313-323.

. Dmitriyev, A. P, L. S. Kuzyayev, Y. 1. Protasov

and V. S. Yamshchikov, 1972, Physical proper-
ties of rocks at high temperatures, NASA Techn-
ical Translation, N72-26286, 1-13.

. Homand, F. and J. P. Troalen, 1984, Behavior of

granites and limestones subjected to slow and
homogeneous temperature changes, Eng. Geol-
ogy 20, 219-233.

- ol71d, o134, A4, 1990, 373l Azjel Azt

7 BT, A 583 A) 27, 31-42.

- ol¥4Y, 1993, 49 daFiAE Bl HYAFY 25

A EA ol B A, Aot o] AL,
p196.

. 01314, 1995, 2= Hislol]| u}-E 7et, Haljle] o

A, sS4 Ve A7, A i 4
A1, pl36.



