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A Study on the fatigue deformation behavior of granitic stone in Korea

Jaedong Kim, Youn-Young Jeong and Bo-An Jang

ABSTRACT The

cyclic temperature variation.

deformation behaviors under uniaxial
investigated for fresh rocks and freeze-thaw cycled samples. The Pocheon granite which is one of
the most popular building stone in Korea was selected for tests. 0.5 Hz and 50% of dynamic

compressive cyclic loading were

strength were used as test conditions for frequency and fatigue span, respectively. For freeze-
thaw procedure, samples were frozen for 3 hours under the temperature of -20°C and then
followed 3 hours thawing under the temperature of +20°C. Twenty seven samples were used as
untreated and seventy three for freeze-thaw samples. No failure occurred up to 15000 cycles at
the stress level of 60% dynamic strength, indicating that the lowest stress level for fatigue
failure may be around 60% of dynamic strength. Permanent strain and damping capacity curves
show that there were three stages when rock behaves like under creep. Young's moduli were
increased and Possion's ratios were decreased with the increase of the number of cycles.
Possion's ratios varied more rapidly than Young's moduli did with the increase of the number of
cycles. This may represent that most microcracks developed by fatigue stress are parallel to the
axis of loading. The deformation behavior of freeze-thaw cycled samples were almost the same
as that of untreated samples. However, the result of freeze-thaw cycled samples showed lower
regression constant, indicating that the physical durability of rock is much lowered because of
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Table 1. The physical properties of the Pocheon granite

Property Avg. Value
Uniaxial Compressive Strength 188+3 MPa
Brazilian Tensile Strength 6.4+4 MPa
Young's Modulus 47.95 GPa
Poisson's Ratio 0.242
Longitudinal Velocity 3015 m/sec
Shear Velocity 1679 m/sec
Apparent Specific Gravity 2.602
True Specific Gravity 2.624
Porosity 0.797%
Absorption 0.306%
Shore Hardness 65+3
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Fig. 1. A view of testing apparatus.
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Table 2. The conditions for dynamic fatigue test

Content Condition
Loading waveform haversine
Stress rate 100 MPa/sec
Cycle amplitude 103 MPa
Frequency 0.5 Hz
Dynamic peak stress 206 MPa

Table 3. The specimen numbers for each stress lev-
el in the fatigue test

Ft0 Ft8 Ft24 Ft 36 Ft 72 Ft 108

Dynamic S, 4 3 3 3 3 3
90% 3 3 3 3
85% 2 2 2 2
80% 3 4 4 3 3 3
75% 2 2 2 2
70% 3 2 2 2 2
65% 2
60% 2 2 2 3 3 2
total 21 18 18 9 18 10

*Ft: freeze-thaw
*Numbers represent the number of freeze-thaw cy-
cles
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Table 4. The conditions for freeze-thaw tests

ASTM C-666 ASTM D-560
Object Concrete Soil-Cement
Temperature ("C) +4.4~-17.8 +21~-23
Test subject Weight Weight

Dyn. Young's Volume

JIS A 6204 JSSMFE
Object Concrete Rock
Temperature (°C) +5~-18 +20~-20
1 cycle (hour) 3~4 6
Test subject Weight Weight, Absorption

Dyn. Young's Shore hardness
Modulus Specific Gravity
Dyn. Young's
Modulus

(JSSMFE — the Japan Society of Soil Mechanics
and Foundation Engineering)

Fig. 2. Instrument for measuring temperature within
the specimen.
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Fig. 4. Comparison between static and dynamic
stress-strain curves under monotonic loading.
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Fig. 5. A typical fatigue curve of Pocheon granite
under uniaxial compression.

Table 5. The comparison of properties under static and dynamic loading

Uniaxial Compressive Strength (MPa) Elastic Modulus (GPa) Poisson's Ratio
static dynamic static dynamic static dynamic
197 206 49.09 55.49 0.234 0.178
187 210 48.22 52.79 0.292 0.146
191 204 47.62 49.5 0.2 0.136

177 46.89 0.244
avg. 188 avg. 206 avg. 47.95 avg. 52.59 avg. 0.242 avg. 0.153
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Fig. 6. A typical hysteresis loop under cyclic uniaxial
compression loading.

FHHoll A5 oL A7}F AHsla] A3 3| 85514 3
ahaL offLf 2| o] whAslo] kel ‘d‘JOlLk
Hysteresis loope] WAL AslA] gk A2t ol
2 NE] 2 oA gk AlshA] R o] o] 24k
vrehw t*a’%l ol E HZAYPA szFde] 4
Azk Az aels Aol 22, ubebA] ofltdz ] &
A A 5= damping capacity(V)& %o s 5 9)
t}. damping capacity+x A3} 2ol Aelxm 7
Algle]l 45 Fig. 63 3te] 7t sl 23lqoll4] H 24
o] ety FHEAEZ UL wHAHA+Bloll i3l
hysteresis loop2] B1#(A)2] v &4 A ol% + il

Damping capacity(¥) = E/E n
E.: 7 sl 23lpellA] gheia| g £4151 ol A
E. : 7 3] 23150 2o glell 4] vieh s 3y

EellvA

Fig. 59| ]2 #4ollA] hysteresisol] 2J3} ollLfx]<&
Ale Hekd o7 ool 4} damping capacitys 2
Astedet. Fig. 7& 7+ 23] w2 damping
capacity?] W35 FAIE 29l o8] Wk A
Al Al ghAE FRE < Q) Fig 5¢9F Fig. 7€ vl
sl 3] ZA18] 4] hysteresis loop] Hle3lg)l= ok}
A A GAE7), F7], E7DE ek

Z7)0A= F %2 v]Z3la(loading cycle)ol] 4]
A8t damping capacity?} 3| 231572 F7t8} v Eof

g B

Damping Capacity

40 60
Number of Cycles (N)

Fig. 7. Damping capacity variation of Pocheon gran-
ite under cyclic uniaxial compression loading.

wola MR B FAHEE slzgeel Z7 o
Fagheh. o] 19 Tharslel AIRQThH AT

I 7t
st ool o elol slal A4s el s1Qlshe
o o

Z7behe
damping capacity+= i3l 751 1;}8
hle). o) A8 Alsha) AR S5 oﬂLiZlfg &
apo] AlstAlubet S 3
oz A VoAl se 3ol ola B
ol A14lu|aL gi= Jleil ghly

Wolel Al wasel A Zvsh ol
damping capacity (gt =1A| F7RRbch. o] 2 A4
AT 225 o U X2 v E B oko] £41x
g AR ARHRLAAE it 3lz@del
ubkoll 7]Qlele] el F4sl WA AoR
2+ & gkt

Hol-?%l:o]]/(«] 2 7FS JeEhH ). ;J -,Q_i 0.58] Fo}
St AL eI Ao sl sl
Fol WyASE 4

A Wt @ W 2 Bohgu
5% We 4 slehvhe AV 189 4 9les ¢ &
sleh. 21528 3157150l B2 AT S ol A
aieh. A7k ) A F Aol w3
Fol ] 2] 3

Ao A2+ gl

r
r
Q.
4
4
"
s



150

\L(U}'Ul) \L(Gx-D])
A
N/
0y - “— Oy
0 — «— 01 %
T(Q]_gl) T(U!'Ul)

(a) ()
Fig. 8. Crack model proposed by Brace et al.

Zoback and Byerlee(1975):= o}#] 3l vig 7o) ¢}
ZolzAgoll Al A LbelLbA|ut r} °J§-’3F/H°ﬂ‘1%
bl vhalEdtche A9 ARE S
and Byerlees= 4F&ol3del]stol 4] 2] ’é‘aﬂ o R
b kel Fdg At AL Asli: wake
2 gt “"%]’3'— k. swgo g YA

0O

9] o7} &2 Brace et al.(1966)7} A|A1EL 27}4]
FARIE 53 H AwlE) 4= 9l o Fig. 83} 7it}. Fig.

83} 7rol tE-Seo] 7l wl QHAIe] 7 Aol
A mlmel o] whalsl Al Kick. vlmeiale] A AR
YAZRAS) vho) Ztesiw AZ QA AR
HkR-Toll 4] Zpere] Fodo] WA meta) A
5 Zulsk Fod g olslo] ThEgl Fukgk Wido] et
4 ole}. ol2igt wilFhZoll Uigh B AT} L ast
vk 4zt

3.2.2 of e e

Fig. 9%= Fig. 59 5] 2 FAoll4] 3] 31l ul o
FHYPE HE A1 Aol T §o| M}
Falakoll 4] 25 A ghAl(E7], F7], B7DE %LE’—
givh. 27 e ge] 277 A% i
2 S 23l <F 53] o|WellA] & F it '6‘7]
3k of i3] o] Z71y) whalsle chA| 2 Alg]

O

e e —(}~
o X

U i T

o o8 &

_°.

QPuket wh7hA) Lhebgel. w7l FAR |7
Pigals Sl A shdo] glukat 53] o
E %»nouxa upayret.

ATl w3k A4 slZFAol wale} BUs
A Fypabichs Yuikold Freial wsl) Uepl

rE

;o
rJE

=
k.

Permanent Strain (E-06 strain)

0- . e PR S S o
10 20 30 40 5 60 70 8 90 100
Number of Cycles (N)

Fig. 9. Permanent strain variation of Pocheon gran-
ite under cyclic uniaxial compression loading.
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Fig. 12. S-N curve of the Pocheon granite.
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Fig. 13. The variation of dynamic peak stress and
dynamic Young's modulus with respect to
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Young's modulus.

Table 6. Dynamic peak stress and dynamic Young's
modulus measured at each freeze-thaw cycle

F-T cycle

Dynamic peak  Dynamic Young's

stress (MPa) modulus (GPa)
0 206 52.59
8 205 48.63
24 203 47.64
36 196 46.44
72 194 43.64
108 186 43.50

*Static uniaxial compressive strength: 188 MPa
*Static Young's modulus: 47.95 GPa
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Table 7. The variation of constants in the regression
analysis measured at each freeze-thaw cycle

F-T cycle o, Slope of B, Intercept of
S-N curve S-N curve
0 -3.830 99.31
8 -3.665 98.97
24 -3.674 98.09
36 -3.571 94.61
72 -3.188 93.19
108 -3.061 89.58

TAEL] 71&719 Y5 AHE Vel Zolth HA
o2 & uf AF7 AP, SN =f49] 7127
HAiZhe Zasiled o212 T2 gHE Asto] 8
AP 237} Zhashe el 71903t Al 28ls
o] #aE 2ol g AgH ] g w3} ue}
Al FAgEel 2% 2eld SR AATE =2
ofl th3h x4 ofef A 1 ek FAEH7} A
75 ZA vehdehs 2E & 5 ok

5.2 E

B dFollA= AEUF-FHslelA] A2 3|2 EA
7} ool thgh FAFM Ay Yol A} st
HZAH Y SAFHAEE AX e AXA ke
A2 vhrol AAEQG. AT A} ool AES 2
oFsi ohg#h At

(1) ZA37}e] 8-N F4oA F3lz7 % 60% +
9] 3] 228 sloll A& 15,0008] 714 3] 23} 7} Yo
VA gEgkon, TR AlTe FEokd] oAl B2
grof] B Wdbr} vehdA] ghot F| 2e)dh SHFEE
BolE7bEe] oF 60% 759 7oz dulsl),

(2) Z|ZFAAA A4S Vehis i,
damping capacity 5] #3542 A thAl — s}
A FihEle 27], A b dsle 370, F
73k wishrh b tels ) — &2 R Qo

(3) A ZAIYA] T 5] 231l A He] by
£ F7hge] e Eel Fvhe Rt AA et
u Fopfnlzh G438 Frsledcet. olw AW H9d
7} g o] W R Qe | gskay) AfE = A
o7 &4 9k

(4) FeEREs s AITE A delE 7F

= 7L

AgoE AR ol A

b o 1083] 9] = zhzk 10%,
17% 7raslglom olg)gt EAdxe] 72h4l 7433

g AJ3p7E 155

A

7 e 5ol B4l n)xE cfpol

o - o
bk,
(5) FAFN7L APHEF SN F4el 7)1 &7](He
e zhashe] SAIE 284 oA) Tt e g )
ebxket. wheba] 5A-gaflell ofet Eel A
A5 o) Zalgoll gk Agheld osl]
SAFNE AT AA Jebdrhe S 9 5 9l

=

Ik

i

A
rok

1. Attewell, P.B. and Farmer, LW., 1973, Fatigue
behaviour of Rock, Int. J. Rock Mech. Min. Sci.,
Vol. 10, pp. 1-9.

2. Homand-Etienne, F., More, S. and Houpert, R.,
1983, Strain and fatigue behaviour of rock,
Proc. 5th ISRM International Congress on
Rock Mechanics, pp. A129 - A132.

3. Zoback, M.D. and Byerlee, J.D., 1975, The ef-
fect of cyclic differential stress on dilatancy in
Westerly granite under uniaxial and triaxial
conditions, J. of Geophysical Research , Vol. 80,
pp. 1526-1529.

4. Ishizuka, Y. and Koyama, H., 1993, Effect of
strain rate on strength and frequency de-
pendence of fatigue failure of Rocks, As-
sessment and Prevention of Failure Phenome-
na in Rock Engineering, Balkema, pp. 321-327.

5. o|91f, 1987, uhEa}Zol| o7k 7lqte) o3k A
Eoll Thalod, hghgarats)A], Vol. 24, pp. 1-7.

6. 7%, 1990, YGE SEX Fol o3t vbEslEslol
Al Ahekel 9l 232 7Bl g |, Sk ARESt
3]#}, Vol. 27 , pp. 9-19.

7. ASTM, 1984, “Standard test method for resis-
tance of concrete to rapid freezing thawing”.

8. JIS A 6204, "F:1z| E L s}k Ssla.

9. #R41(2d), 1991, 44 - eikel z=ale} A, YRE
A-g8k3 (1), Ftv| A3, pp. 543-552.

N, AAE, 98, 1990, slESEt b el

AP EA ol ux]= Akl Pk 177, A

PrlEd P4 =4, A10%.

1, AHEok, 1993, Uil Alale] &l

gl iAol 3 A, Stk

10.

o

4%k R
N
g o

£ oft
.

T g
o
2

11.

ol
r'k)

oF
=

1

R < N
2
&
)
4
ok

olol- g
2

12. Tao, Z. and Mo, H., 1990, An experimental
study and analysis of the behaviour of rock



under cyclic loading, Int. J. Rock Mech. Min. 1966, Dilatancy in the fracture of crystalline
Sci. & Geomech. Abstr., Vol. 27, pp. 51-56. rocks, J. of Geophysical Research, Vol. 71, No.
13. Brace, W.F. and Paulding, B.W. and Scholz, C,, 16, pp. 3939-3953.



