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Microcrack Development in Gabbro, Sandstone and Marble due to Fatigue

Stress

Bo-An Jang and Jae-Dong Kim

ABSTRACT Microcrack development in the Macheon gabbro, the Sangju sandstone and the
Jungsun marble due to fatigue stresses was investigated using differential strain analysis and
microscopic observations from fluorescent-dyed thin sections. In the Macheon gabbro, various
types of cracks, including grain boundary cracks, cleavage cracks, intragranular cracks and
intergranular cracks were developed. However, only grain boundary cracks were produced in the
Sangju sandstone and the Jungsun marble due to fatigue stress. Many microcracks were
produced due to fatigue stresses in the Macheon gabbro. However, few microcracks were
produced in the Sangju sandstone and the Jungsun marble. Fatigue stresses produced new
microcracks in the Junngsun marble and the Macheon gabbro, but only pre-existing grain
boundary cracks were lengthened in the Sangju sandstone. Most microcracks were produced
within a few tens of numbers of cyclic loading, indicating that rocks under fatigue stresses will
be damaged at the early stage of cyclic loading.
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Table 1. Physical properties of rocks

Jungsun Marble Macheon Gabbro

Properties\ Rock Sangju Sandstone
P-wave Velocity (m'sec) 5,625
Porosity (%) 0.65
Specific Gravity 2.71
Compressive Strength (MPa) 175
Tensile Strength (Mpa) 13.9
Poisson's Ratio 0.238
Young's Modulus (GPa) 85.15

4,239 2,719
0.75 0.91
2.72 2.83
96 103
6.0 6.5
0.227 0.185

52.18 47.83
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Fig. 1. Block diagram showing the overall setup for

the fatigue test.
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Fig. 2. Block diagram for the differential strain analysis.
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Table 2. Numbers of cyclic loading applied to specimens

Eld} xeb5z 243

60% of Dynamic Strength

80% of Dynamic Strength

Sangju Sandstone 250 500 1000 2283 15 30 60 138
Jungsun Marble 857 2807 4000 8000 5 10 20
Macheon Gabbro 391 800 884 1000 2265 5 10 20
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Fig. 4. Photomicrographs of the Sangju sandstone
(A) Microscope with ultraviolet light, (B) Opt-
ical microscope (crossed polars). Q: quartz,
GB: grain boundary crack, P: pores.

o, Table 2= 7 Aol 73l W¥elze] £t 3
Folth. gl ZaEe Z7e] GhEola WA Ao
22)7} oluhs QA SIS 24 4, Sl 2
HFESIE 35 F2EoE Viro] Thslel ol sl el wh
eh A o] wherelz vl Al Fodol Hol7h LR % dlolel,

60 st5AEolla] 4FA W vhR o) 2] 2y
G 2265-2283% A 2] HlZeht 444 L oF 80003]
2 o0 He H5F Holk e, 809 sFFol
A QA W oA 2082 EUshh FEA
13882 7 2a}goll by Fuigich DAoL o5
A AR e) ghAjol 2ele) qhauel Za o] A
AL Ay 4FAT A0l ZHR) w4
o} | 2455 ekt

AL A5 60% 51Tl 4t 800052 o
3 el 8059] S 2R AL v A} 5 2
7 A9 EAsA oksiet. djelete] T TR

sidlel S-S e w Ql4uiso] uhage olu] 4

Fig. 5. Photomicrographs of the Jungsun marble (A)
Microscope with ultraviolet light, (B) Optical
microscope (crossed polars), Cal: Calcite. Al-
most all grain boundaries were cracked.
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Fig. 6. Photomwrographs of the Macheon gabbro (A)
Microsocpe with ultraviolet light (B) Optical mi-
croscope (crossed polars). Pl: plagioclase, Or:
orthoclase, Py: pyroxene. C: cleavage cracks,
GB: grain boundary cracks.

F) Lol oFsli} o b o] ol HEE HolF
o] gfo @ Z v adFxjolok 3 B o & AgE)

5.2 @40l o8t DIMZHS BE

Fig. 4% 4742] 22|41 whAlo] 4 Az} 82
u|7d ARlejc}, A=A 9] vlalTed w2 a5 wlof
slo] HERAHo g QA7 A FY(grain boundary
crack)y} QATEF(intergranular crack)o] vheh
sl ot i REe] YAF A Al oAl
o] A4 =]o] 9lA] okch. ZJAUE W F55]
o BRA 0 alAlFge] uiwksl Qlet.

AAA e tifFo] A4A WMo FAxlof gl
o, 2] JAAEAE wtet AT AT o] Wt
# et oJAe] A F e (intragranular crack)
ojuf IAREFAL Ao whekal A Yok vk
oAl Fo| FiL 7ol7} Lol A 3l

ri:i

UHO 1,1‘

ezl Aafay

N
N
N
SN
wn

800

‘Q 600} ©Qeeeo HI1
2 caesa H2
; amann H3
Z 400 VER
x
S 200t
-
hiS 04
e
z
& 200k
L
L
L ~ap0t
=}
— 600 bt 4 i L N
0 50 100 150 200 250
CONFINING PRESSURE (MPg)
& 1000
(=]
z
I B0OO
o«
—
1%}
« 600 +
(@)
X
o
© 400
w
>
T
> 200 F
b
)
(&7 on

0 50 160 15‘0 2(;0 250
CONFINING PRESSURE (MPa)

RACK COMPRESSIBILITY (107°/MPa)

c

1
~
o

4] ' 50 160 * 15‘)0 ’ ‘ZCI)O 25‘)0
CONFINING PRESSURE (MPa)

g. 7. Differential strain analysis curve for the Ma-
cheon gabbro experienced 884 cycles with
680% of dynamic strength. H1, H2 and H3 are
three directions perpendicular to the axis of
loading, and VER is the direction parellel to
the loading axis. The tangent line is drawn at
the pressure of 51.2MPa in differential strain
curve. The intercept of the tangent line is the
cumulative crack strain at that pressure
(dashed line).

Fi

onf, R el Afiell= A o] whdal glolA ]
Zalgol] oste] - Ao AAH ey Eelk
(Fig. 5)

ohA Aol ool QAR AL w2k YA A



246

1000 [—
o~ 00880 0
b aeeea 250
=4 800 4+ 500
— #4000 1000
t aaama 2283
% 600} ﬂ/a/“/lw
& o
o o
& 400 &4
N M
O a”
é o
& 200t
O (l I i F— e
50 100 150 200 250
CONFINING PRESSURE (MPa)
(a) SANGJU SANDSTONE(60%)
1000
o~ 0660 Q
< cease 857
o BOOF +ivuv 2807
~ 48660 4000
i amaan 8000
G 600
@] A
nd - a-a—8-a
o =
@ 400t
X
o
é 200+
(@]
0 50 100 150 200 250
CONFINING PRESSURE (MPa)
(¢) JUNGSUN MARBLE(60%)
4000
.. 3500 09900 O
e 391
o +++ 800 a,rew
= 3000 | seeeo 8B4 ——
z aaeas 1000 R
T 2500 [ e 2265
gg u,)«/’WAPZx
@ 2000 | oo
8 /
1500 + -
x P
2 1000 P
o
(&)
500
0 R . \ N
0 50 100 150 200 250

CONFINING PRESSURE (MPO)
(e) MACHEON GABBRO(60%)

1000

800 | 4yttt 30

600

400 +

200+

CRACK PQROQOSITY (107

~50 00 50200 250
CONFINING PRESSURE (MPa)

(b) SANGJU SANDSTONE(80%)

1000

800

(o]
[=]
o

400

200 +

CRACK PORQSITY (107%)

56 00 TTE0 200 250
CONFINING PRESSURE (MPa)
(d) JUNGSUN MARBLE(80%)

4000

3500 | ceo00 0
3000 | +++++ 10
2500 }
2000
1500

1000

CRACK POROSITY (107%)

500

50 700 150 200 250
CONFINING PRESSURE (MPa)

(f) MACHEON GABBRO(80%)
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Fig. 9. Microcrack porosities produced due to fatigue stresses. Numbers in the figures represent loading cycles.
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Fig. 10. Relationship between microcrack porosities and number of loading cycles in samples after fatigue.

71271& Bol -2 mAldde] ¥ T30 E 7t
AL glek. FEEFELD 0.02-0.12%F Kol 4] ¥

£ vHidde] BN, 60%ll4 2 FLET
&5 Kol 42 tgrfel AV|H ez A& o K}
G2 ulAdlgdol HAE AYE HolFrh

5.4 m|28rEglel OlMZE2| W

Fig. 102 F2uba3lsol uhd w7 wetek
o] HAIE HolEct 434 A4 L s2dtg s
of Aol Ao YA TFAEFEE vehd A2
5o 27] 3] ~pA sl A R wAlFdel A4
AU & T Yok 53] 80% spgrFollAl 53
Bl 2Hbe-g g2 AL o 97X 10%9) FAFFE S
Holu}, 108] 3l 2039 FEHEE ¥ AlgE oF
430x10°9] LAY FETTEE 2ol iR w4
Tdo| 53]~103] Aooij4 YAEglom 108 o]F
203744 719 mlAlEd A EA ek et ey
ERFEY ol w2 npA A FAFTHEL A2k
x7)olle 2 TEETTELS Kol el St &
Thated graele e 294 60% tEFEelA
22653]9} 80% slFTLollA] 202)9) F2HtEg B
AlEE EIRAYST AHe] FbElo] DSAAEE
I 2Ag Y] FARellA AHgleny FIAF
FEol ¢ Aog Asdc} 2y 60% sFETEol
4] 8843]9} 10003] 9] 7] 2nHE-g vk A 271 391%)
ol 8003] 9] F|2RtE-g ghe AlgHch 42 FATF

& Ko 1) 391 5] 800%]9] s 2xhE-g e Al gell
2 NS 7 Aol ofn] 32 vl Fdol wreal 2l

HAM, 2) 72 957k ZAKgel e} 27] S
WA F43le) szl A4 ATl
slo} glol A g A& AR oleiet AFe A%
GaEe) HEH ASIHE et o m AAY
AT LAk FRoleh

=2

[

6. 2

A% A, A4 diele 2 ok dreletel oistel
%2135 71 W) A9l S22 Y gAuoll 41415
£ oA F9) §4$ DSA % 4ol oI dnl7 B
g Foto] FHslol thew 2 AR Aink.

L 60% E5EolAel AT RASE AFAT
whai Aol of 2200812 & yhlo] F44S 80002]
2 obF 31, 80% SHEFFIAL nhl AT BAA S

2032 SUsh} A3AL 1382 o e Zeklch. A4

(38 W
e dZ shErelA AAuET Ao BT
2 H¥E o] 2257 o, 454 By
71Ael B o2 Qate] F2tiel B3 Aew F&
et webd AW g o] 2 dojube Wi o g 74
o AL stFrTol doriA A7kl 24 g 2st
Toll st dFEd 71AE 749 AR FRe
stETol 3 B2kl A skl WtAde] B

Aoz Agsl.

2. 454 9 A ANele H2etFel oJsle] whA]
YAZATA who] A=A 2 v Al A7
AddE viEste] WAHE et AT, YANT
d, JABETE G W vAFde] YA ECh 47

vEL



4 9 A4S QRe] 2717} Ax, AR A
128 QA P glojAl QlxhilFedelut w»x
Eelo] A9 AAHEA Feigont, s Aol %
Holuk 3140l B el FEsla gigle ,o,;
2] 2717k 23, FAAE) RAAFTE Zol 7k A
agx}wosow YABEFAo] A FH et
3. 473 Aolls Aol Tol o8k AZg vlAlFAe]

BHe A glen, 189 £ EY0Z Holk )
Agdgol Asislola we Zyulo) vjAFAR 1
shigich. et B4 W ehd el 3] 23l o
alod oF 50 MPa ofsloll4] Wl de E3ul) A
& ulAFRSo) A4t

4. 3|22l % ulAlFde) WS whA Aol 4
71 v, AT RS slopsigict B 4%
M3k AL slZgel 27 53] WA S4Bl
ohite) v HlFele] A4E ¥ ¥ 2ubE8I7} Sk
A% Ad VR FAEFEE Bk webd A

WAl EEZAA 27]9] kel Eo] ok o) ulA)

o

9 el B el 2 A0z AL,
# 1 B 8

1) Brace, W.F., Paulding, B.W. Jr., and Scholz, C.
H., 1965,
stalline rocks, Jour. Geophy. Res.,
3953.

2) Scholz, C.H., 1968, Mechanism of creep in brit-
tle rock, Jour. Geophy. Res., 73, 3295-33022.

3) Walsh, JB., 1965, The effect of cracks on com-
pressibility of rock, Jour. Geophy. Res., 70, 381-
389.

4) Brace, W.F., Orange, A.S. and Madden, T.R.,

1965, The effect of pressure on electrical resis-

Dilatancy in the fracture of cry-
71, 3939-

tivity of water saturated crystalline rocks, Jour.
Geophy. Res., 70. 5669-5678.

5) Walsh, J.B. and Decker, E.R., 1966, Effect of
pressure and saturating fluid on thermal con-
ductivity of compact rock, Jour. Geophy. Res,
71, 3053-3060.

6) Walsh, J.B., 1966, Seismic wave attenuation in
rock due to friction, Jour. Geophy. Res., 71,

2591-2599.

7) O'connel, B.J. and Budiansky, B., 1974, Se-
ismic veolcities in dry and cracked solids, Jour.
Geophy. Res., 79, 5412-5425.

8) Haimson, B.C. and Kim, K.C., 1971, Mechan-
ical behavior of rock under cyclic fatigue, Proc.
13th Symposium on Rock Mechaincs, ASCE,
845-863.

9) Haimson, B.C., 1978, Effect of cyclic loading on
rock, in dynamic geotechnical tesing, Am. Soc.
Testing and Materials, Special Technical Pub-
lication 645. 228-245.

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

11) Tao Z. and Mo, H., 1990, An experimental
study and analysis of the behaviour of rock
under cyclic loading, Int, J. Rock Mech. Min.
Sci. & Geomech. Abstr. 27, 51-56.

12) Simmons, G., Siegfried, R. and Feves, M., 1974,

: A new method of
examining cracks in rocks, Jour. Geophy. Res.,
79, 4383-4385.

13) Siegfried, R. and Simmons, G., 1978, Charact-
erization of oriented cracks with differential

83, 1269-

Differential strain analysis

strain analysis, Jour. Geophy. Res.,
1277.

14) Burdine, N.T., 1963, Rock failure under dy-
namic loading conditions, J. Soc. Petrol. Engrs,
3, 1-8.

15) Tullis, T., 1980, The use of mechnical twinning
in materials as a measure of shear stress mag-
nitudes. J. Geophy. Res. 85, 6263-6268.

16) Fu, Y. and Evans, A.G.,, 1985, Some effects of
microcracks on the mechanical properties of
brittle solids-I. Stress, strain relations, Acta
Metall, 33, 1515-1523.

17) Plumb, R., Engelder, T. and Yale,
Near-surface in situ stress :

D., 1984,

3. Correlation with
microcrack fabric within the New Hampshire
granite, Jour. Geophy. Res., 89, 9250-9364.

8) 22k, ot AANE, 1994, H Za}5oll &3t 74
SHF gbAe] oldldd g A, AR, 30
613-631.



