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Abstract: The scaling properties on the length distribution of microcrack populations from Tertiary
crystalline tuff are investigated. From the distribution charts showing length range with 15 directional
angles and five groups(I~V), a systematic variation appears in the mean length with microcrack orientation.
The distribution charts are distinguished by the bilaterally symmetrical pattern to nearly N-S direction. The
whole domain of the length-cumulative frequency diagram for microcrack populations can be divided into
three sections in terms of phases of the distribution of related curves. Especially, the linear middle section
of each diagram of five groups represents a power-law distribution. The frequency ratio of linear middle
sections of five groups ranges from 46.6% to 67.8%. Meanwhile, the slope of linear middle section of
each group shows the order: group V(N60~90°E, -2.02) > group IV(IN20~60°E, -1.55) > group I(N60~90°W,
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-1.48), group I(N10~60°W, -1.48) > group HINIO°W~N20°E, -1.06). Five sub-populations(five groups)
that closely follow the power-law length distribution show a wide range in exponents(-1.06 ~-2.02). These
differences in exponent among five groups emphasizes the importance of orientation effect. In addition,
breaks in slope in the lower parts of the related curves represent the abrupt development of longer lengths,
which is reflected in the decrease in the power-law exponent. Especially, such a distribution pattern can
be seen from the diagram with N10~20°E, N10~20°W and N60~70°W directional angles. These three
directional angles correspond with main directions of faults developed around the study area. The
distribution chart showing the individual chracteristics of the length-cumulative frequency diagrams for 15
directional angles were made. By arraying above diagrams according to the categories of three groups(A,
B and C), the differences in length-frequency distributions among these groups can be easily derived. The
distribution chart illustrates the importance of analysing microcrack sets separately. From the related chart,
the occurrence frequency of shorter microcracks shows the order: group A > group B > group C. These
three types of distribution patterns could reveal important information on the processes occurred during
microcrack growth.

Key words: scaling property, length-cumulative frequency diagram, linear middle section, sub-popu-

lation, power-law exponent
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Table 1. Localities of each rock sample location in the study area (Park, 2009)

Rock sample Administrative

Altitude

No. district Longitude Latitude (m) Color
Pohang-si medium
1 Heunghae-eup 129° 23'46.14" 36°0740.17" 3 light
Chilpo-ri gray
Pohang-si light
2 Heunghae-eup 129° 23'31.73* 36°08'14.02" 11 brownish
Chilpo-ri gray
Pohang-si light
3 Heunghae-eup 129° 23'46.24" 36°082547" 7
Chilpo-ri gy
Pohang-si dark
4 Heunghae-eup 129° 23'56.76" 36°084'35.71" 24 reddish
Chilpo-ri brown
Pohang-si , " o ot " mle.dﬁlm
5 Heunghac-cup Odo-ri 129°24'03.84 36°08'59.24 33 ight
gray
Pohang-si , " o 11 " reddish
6 Cheongha-myeon lga-ri 129° 22'56.16 36° 11'03.04 5 brown
i INDEX MAP
5
4 LEGEND
g
3 gl [@&] Awvium
§ ~ Unconformity ~
Chilpo-i Sre Yeonam Fm
2| ¢ mm e
o Idong Fm.
g g BT Heuoghae Fm.
¢ Hakrim Fm.
lél ~ Unconformity ~
y § L Crating ufr
2 w

Fig. 1. Geologic map (after Eum et al., 1964) and rock sample location in the study area, 108 sets of microcrack
from image processing (1~6)(Park, 2009) and microcrack parameters from photomicrographs of thin sections (1, 4

and 5) were derived.
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Fig. 2. The sketch of microcracks in a tiny quartz on
horizontal plane of the crystallineline tuff. 1, 4 and &:
Rock sample numbers are the same as ones in Fig.
1. Qz: quartz.
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Table 2. Summary of microcrack length statistics for five groups(i~V)

Group Directional angle N Length range Mean length Median Star}dgrd Densit};(p)
© (mm) (mm) (mm) deviation (x 107
1 N60 ~ 90w 36 0.05~1.18 0.18 0.12 0.20 19.12
II N10~60W 22 0.08 ~0.42 0.21 0.17 0.10 13.78
i NI1OW ~N20E 15 0.11~0.80 0.27 0.24 0.17 18.32
v N20 ~ 60F 28 0.06 ~0.43 0.18 0.14 0.09 14.86
\% N60 ~ 90F 33 0.05~0.37 0.15 0.14 0.10 11.07
Total 134 0.05~1.18 0.19 017 0.14 77.15
10.00 1 ! : BISE B, FaA sisAldel wske
2 Ao R fAbsltt o IF  I(N60~70°We)
— Upper imit F7he] A E 13420 nHRY F, £Ho=E
E 1.00 T e, UHT X]]'P qo]u:] 2017} 7V 71 UV‘“I—T_LOE’(NZI, Lm:
£ ] % : { g 118 mm)el] 71Q1=le} ZAojeie] FReAN L Z7}
2. $ e she S40) Siok, 5 REEON £AIE O o]
- T Mo RS ¥H, 2§ M9 77H0.11~0.80 mm)
owe Lower fipyys % 77; 7%‘3% 5]{4 N-ng %O*QO?}‘H‘E‘ :]—% [—0-“] ’?‘{1’
" o e e e e e e (005118 mm), N-ES] Gl 2F ve) 37
U, %, 0, %, 0, %, % 2 e s e e e e % (0.05~0.37 mm)C.E Z<E Zolrt 1} e vjMy
Direction (degree) go] Hixgvt HAHog FURIY. a5E $EE
o] BYFL A wakzt 71 EEE(Fig. 3a)9)
¥ XYl Higte] AP} B} Fslsit). @ B
o . T v My Zole] EEXYE BY, IF [1(027 mm)E 7|FECS
b 2 3l AAle] whgekel 28 (021 mm)—> 28
= | o _— (018 mm) —22]51 NAMGYR] 25 IVN:1§) — =2
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Fig. 3. Variations of microcrack length ranges for 15
directions (a; Park and Lee, 2009) and five groups (b).
Mean length (mm) of five groups (I~V). 1(0.18), Il
(0.21), 11( 0.27), IV(0.18) and V(0.15).
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Table 3. The values of constant(a) and exponent(b) in power-law equation for five groups
Power-law equation (N =axL?)
. . . Upper  Lower
Directimgal angle 1[::1 ?1?1 Median Lincar middle section secl:)tlijon section
) (mm) (mm) Length Frequ;ncy ,
range N ratio a b R’ b b
(mm) %)

1 N80~90W (.15 o1 011~017 7 46.6 007 217 093 096 0.93
2 N70~80W 0.21 022 021~027 4 50.0 002 349 099  0.60 1.52
3 N60~70W  0.19 013 0.12~026 6 46.1 023 154 08 064 0.46
Group I 0.18 012  012~043 18 50.0 083 148 098 0.60 0.77
N-W 4 N50-~60W  0.17 012 011~031 6 66.6 057 110 095 073 5.88
5 N40~350wW  0.20 017  016~023 5 71.4 003 254 084 115 1.56
6 NI10~20W 027 025 022~042 3 75.0 022 174 099 06l 1.74
Group I 0.21 017 0.14~035 14 63.6 091 148 099 049 7.10
7 NO~10W 0.37 029  024~033 3 60.0 018 221 098 102 0.79

8§ NO~I0E 0.20 016 0.16~029 3 60.0 046 117 099 062 12.82
9 NI10~20E 0.25 023  020-042 3 75.0 027 148 099 063 1.48

Group Il 0.27 024 0.16~029 7 46.6 169 106 095 052 1.60
10 N30~40E 0.26 024 0.19~037 4 100 011 219 099 219 2.19
1 N40~ 50E 0.16 016 0.13~032 3 55.5 045 124 08 040 7.27
N-E 12 N50~60E 0.16 014  011~043 12 80.0 023 171 097 064 1.71
Group IV 0.18 014  011~032 19 67.8 074 155 099 043 4.72
13 N60~70E 0.19 014  0.13~020 4 44.4 040 140 092 038 241
14 N70~ 80E 0.14 012 0.12~0.16 4 50.0 002 252 098 052 0.88
15 N80 ~90E 0.15 0.14  0.09-020 8 50.0 093 114 098 024 4.60
Group V 0.15 014  0.12~033 20 66.6 035 202 097 033 845

Total 0.19 015 0.09~035 92 68.6 319 163 098 032 120-4.60

*N: Cumulative frequency; L: Length (mum)
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Fig. 4. Length-cumulative frequency diagram for micro-
crack populations in group [(N60~90°W). The linear
middle section (filled squares) of all plots has a similar
slope that gives an average power-law exponent of
-1.48. A gap and break in a slope in the lower part of
the curves represent the abrupt development of longer
lengths that gives a lower average power-law exponent
of -0.77. Slopes of linear sections: N60~70°W (-1.54),
N70~80°W (-3.49) and N80~90°W (-2.17).

gk 2AYE S 78 ot 2t

N80~00°W: Bt o] Fujrtxl AellA] 799 mlA]
TEMN:15, £XE:11.1%)2] AoJH9)= 0.06~0.49 mm,
Hadols 0.15 mm, EUFE 0.11 mm, EEHA=
0.110|t}. 37 Wakz} Afole] RIZ(N), Hole] #¥
B (mm), Hedol(mm) 2 FUEH(mmyg 43 4
WA Th i Zo] 2 FYAS N70~80°W(0.21,
0.22) > N60~70°W(0.19, 0.13)>N80~90°W(0.15, 0.11)
9] &4 ZE]3 EFEHIRE N60~70°W(0.30) > N70~
80°W(0.12) > N80~90°W(0.11)2] o2 z}z} e}t
b}, ©)F N80~90°We] Wizt p7ioA Hipel,
FYH B ZFHAPL ¢ BAE =58 51 Ak
HH AP P77, 2] 0.11~0.17 mme] 77}, K%
£:46.6%)°14 9 o HEFEE N=0.07<L27 (R*=
0.93pIct. L - A — FEFe] Ve
715 096 — -2.17 — -0.93¢] &0 Jepdth, 2§
o] &3k ) W3z 22 F, AETEY 718
(-0.96)7F 7§ Zth(Fig. 4, Table 3).

N70~80°W: PIMIZE(N:8, E-¥8:5.9%)2] Zol¥
A= 0.09~0.43 mm, HdZolE 021 mm, TS
0.22mm, EFHAE 0.120]th 3H A7 7HNA,
o] 021~027 mme] F7F, RIEE:50.0%)plx1e] &<
ek N=0.02xL** (R=0.99p]t}. 4577 — A

HI — FEFE] 7127)E 060~ 349> -1.52
9] o7 Yehdth 1F 1o &3k i g 7
7+ &, 9201021 mmy’} 7P 29, BEEO] §-
2o TAH] HmA AFd9o) sFErhFig. 4,
Table 3).

N60~70°W: PIHIFE(N:13, BE&:9.7%)2] Ao
AE 0.05~1.18 mm, BFZol= 0.19mm, FTUwS
0.13 mm, ¥FHxR= 030010 15709 77 5, 4
ol¥e] W EFEWA} A}, A AFFATHN:6, Zo)
0.12~026 mme} 77}, WI=£:46.1%)041 9] 2] H
T N=0.23xL1% (R=0.85 ]t} A7 — A8
T2+ - 3FT7] 7187 -064— -1.54—> 0469
o yehdtl 2§ 19 &3k 3 W 77
of tigh M¥y7re] 71€71E vlws] BH, N70~
80°W(-3.49) > N80~90°W(-2.17) > N60~70°W(-1.54)
9] =07 7kA3IH(Fig. 4, Table 3).

38 IN60~00°W)2| &8t 1F 1o &3l= wlAl
FEWN:36, FEE:26.8%)2] Ho|HHAE 0.05~1.18
mm, B4l 0.18 mm, $UYHE 0.12mm, EF
H2R= 02000t =3x9] HAH FEHE B, TY
Bol M AFPF7HN:21, Zo] 0.12~0.43 mme]
ThE A= 3l 71877 AFeE e A
FZZHN:20, o] 0.05~0.12 mme] 774 23 7]
717} 7Hshs SE-EZHN:3, 2] 0.43~1.18 mme]
Fhow FEE ¢ ot

A8 AEF2e Zojo} FARIE Ale]e]
Q&9 Hag BAE AN S AT g
TR N=0.83xL1# (R%=0.98)0|t}. A7}, A+
Zb 283 ] 7187)E 060 > -148— 077
o] oz g, AFY7 — IR 4FE V)
2717} Zagith

T FURe] Ayp7k S Aleldle F7
Al E(gap)el B 71€719] @E(break in
slope) EA¥o] LA, AFP47re] vlsle 71€717}
74 o3 BEFEE o7t Bt 7] vAld
o] F73 W A3t} (Swanson, 2006). 371
Wbzt 37k Aleldls -] Bt 718717t
0}3}H, N70~80°W(-1.52) > N80~90°W(-0.93) > N60~
T0°W(-0.46)2] &0 2 7HAadh}, B3] EFHXA(0.30)
7t 7¥E & N60~70°We] a7t 7kl g £F
9| BN E 71&7)(-0.46yF 7S A3 A
3}, A7AY doolld BEXdhs 2 dEe] U
3 ¥ ¥y 45 ojEe A7, N60~70°WS]
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W e NRAFGE SHeEe) Tl
S Th(Fig. 4, Table 3).
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1l

m

N50~60°W' HAIFE (N9, BF8:6.7%)2] Zo]
= 0.08~035mm, HHZolE 0.17mm, TUgHS
0.12mm, ¥FAXR= 0.100]th. N-we] FGoljr=
N60~70°W 2 N70~80°W2] Wiakz} 17hs A )sps
NO~10°W — N80~90°We] 77k F Z% Hgdo|
B FYES HojHoE 7asith mxe) WA e
FEHE HH, N40~500We] T=x9l fAksit}. s
A TN, Zo] 0.11~031 mme] F7H BIEg
166.6%)PNIA 2] &9 Y= N=0.57<L"1° (R?=0.95)
ofth, AFZE — MY - IR 718T)E
073 = -110— -5.882] &£o 2 Jepdt}l, A3

E

rl

ZF - IR AR 71277t §43] Zo1e
o, dol7} B} 71 uldlgge] A% wdo| nF
B THFig. 5, Table 3).

N40~50°W' A ZL N7, EE8:52%)°] 2ol

= 0.14~037 mm, HIFZolE 020mm, FUghS
0.17mm FEFEHUAR= 0.080]t}. =3xe] Al ¥
ge Aol 2 s JYFNS, Zo)
0.16~0.23 mm®] 77F, WE=&:71.4%)lA] &<
T N=0.03xL2% (R*=0.84)0]t}. A1 — X3
T — R 71e71E -L1S > 254 — -1.569)
T2 2 YehdtiFig, 5, Table 3).
N10~20°W A FE (N4, FEE:2.9%)2] Zoly
= 0.14~0.42 mm, HFZHolE 027 mm, U
0.25 mm, XFHEX= 0.110]0h =59 Ax) 3l 3
© AP 23, 984 N70~-80°We] W3zt
4o Bxy3 gaksio), sk A FTHN:3, 4ol
0.22~0.42 mm9] -7F, W1E&:75.0%)p14 2] &9 9
e N=0.22xL7 (R?=0.99]th. A7 —> M
TR B SR V187N 061 > <1749 £o®
vebrdth g aF 19 &dhe v w3 Akl
AZFZre] g 712718 Hlaws] 2, N4o-
50°W(-2.54) > N10~20°W(-1.74) > N50~60°W(-1.10)
o] o ® Zhaditt. 53, sMErke] #Het 71871E
BT N50~60°W(-5.88)°ll H]&}d N40~50°W(-1.56)
2 N10~-20°W(-1.74)%] W&z} F7belM= Aize
2 Yt} oF N10~200We Wbz} 7he EEA).
ddse Ao ek s dEohFig 5,
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Fig. 5. Length-cumulative frequency diagram for microcrack
populations in group [I(N10~60°W). The linear middle
section(filled squares) of all plots has a similar slope
that gives an average power-law exponent of -1.48.
Slopes of linear sections: N10~20°W (-1.74), N40~50°W
(-2.54) and N50~60°W (-1.10).
Table 3).

JE IN10~60°W)2| Bt & 119 &3k mA

H(N22, B-¥8:26.8%)2] ZolH9E 0.08~0.42 mm,
HaAolE 0.21 mm, FWHES 0 17 mm, EFHA=
0.1001%}. FF4de]l E FUES N10~-20°W(0.27,
0.25) > N40~50°W(0.20, 0.17)>N50~60°"W(0.17, 0.12)
o] o2 yEehdt), WA Wko R A48 Wi
o] W FYL e, F W= el Aolrt
1o & vNFEe) HEs Fkehe FEEES
2% F vk 38 EHAE N50~60°W —
N40~50°W — N10~-200W¢] =02 njds]o] §le:
N10~20°W2] 337} 71o] vz gl #ﬁ&
o} AHTZHN:14, 2] 0.14~0.35 mme] F+7Helxl 2]
B3 N=0.91xL1* (R>=0.99p]ch. A7+ — A
FH7F - SR FULE AFE VS 045
-148 — -7.100.% vehdth $H 7] 4R 77k
e wie] AFTD 77 Aolels 7147)
(-1.48 — -7.107} 543 S7keit) ol EXFH
= 2& 19 A9 elshy, sptrlel AAHE
Zolzt Ht} 7] ulMl«tge] deo] nFEE AAjH
tHFig. 5, Table 3).

NO~10°W: B FE(N:5, B32-8:3.7%)2] Zdo]u9]
= 0.20~0.80 mm, B 0



32

029 mm, EFHAR= 0250} 157)e) 77 &, 4
w#olel Fgte] g 7o) wlg] aA vehy
™, N60-70°W(0.30)°] #3kzt w7t} v8o] 53
a7t Aok 3 3o FeE 2H, IF 1o &
ke 3 W ] nARE S S =39
Fejo} A9l FARITY, AET7HN3, 2ol 0.24-0.33
mm&] 77}, WIE8:60.0%)004 2 g9 Hise
N=0.18xL**" (R*=0.98)°]t}. AFH-+7F — A F7+
— R 18R <102 221 0.7%] £°
2 Yehdth. 53], siR-770olE Aol W Fol
AtFig. 6, Table 3).

NO~10°E: PIAlFE(N:S, B-28:3.7%)2] Zods]
 0.11~030 mm, B+ ZolE 025mm, FYUS
0.16 mm, ¥FHAE 0.100]th. AFTEN:3, Zo]
0.16~0.29 mme] 77}, ¥lE8:60.0%)041 ] &9}
FE N=046xL7117 (R?=0.99p|c}h A7 — A
T — 7] 7187 062 -117— -12.829)
o 2 epdtlFig. 6, Table 3).

N10~20°E: RIS (N4, BE8:2.9%)] Zolis]
£ 0.13~042mm, FFL0)l= 025 mm, TUZ
023 mm, ¥FHI= 0.140t}, =89 A 3
Hie Mol 23} AFFWN:3, o] 0.20~0.42
mme] F7F WIEE:750%)0A 9] 29 Hiee
N=0.27xL1* (R=0.99[c}. 47 — ¥t &
ST 7187)E -0.63 — -1.489) o2 veht
ot W BELAME NO~10°E — NI10~20°E —
NO~10°We] EF 402 wdsoe] gon, oF
NO~10°We] =37} Hlwa] A9 S 22| ghhFig,
6, Table 3).

& IMN10°W~N20°E)e] B 25 el &3k
vl FEN:15, FE8:11.1%)9] dol¥sE 011~
0.80 mm, BFol= 027 mm, TY7HE 024 mm, X
FHAR= 017010} AFTHNT, 4ol 0.16~0.29 mm)
o2l HEEE N=1.69xL"% (R*=0.95)°| T}, AR
Zb - AEE - SRR ARE 718 052
— -1.06 > -1.6022 Uephdtt. A7k ver)e
I8 12 (14800 Blal] 2F HI-1.06004E
A veRd $HE sEge) 7187 #4483
A8, 10} 71 nMgde] ggs JA g, s
ZrlMel Ha 718715 NO~10°E(-12.82) > N10~20°E
(-1.48)>N0~10°W(-0.79)9] o2 7Adch 53
N10~20°E9] W87t #7he B85 d4gr e b
Z9] W] sFErh(Fig. 6, Table 3).
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Fig. 6. Length-cumulative frequency diagram for micro-
crack populations in group II(N10°W~N20°E). The finear
middle section(filled squares) of all plots has a similar
slope that gives an average power-law exponent of -
1.06. Slopes of linear sections: NO~10°W (-2.21), NO~
10°E (-1.17) and N10~20°E (-1.48).

v

a

o

N3040°E: PIMFD (N4, EZ8:2.9%)2] ZolH$l
£ 0.19~0.37 mmelt}. B-Zol= 0.26mm, TR
0.24mm, EFHAE 0.090t) 25 1vell &3k %3
b Z, Byt 7P 22w, Hadele s
Ao}, £x9] AAFE AFe] sk, Hiere

=0.11xL " (R?=0.99)°|tHFig. 7, Table 3).

N40-50°E: MG (N:9)e] HelHelE 0.06~0.35mm
olt}, FHZelE 0.16 mm, FUI 0.16 mm, FFH
A 0.12000}, @A AFFIHNS, Hol 0.13~032mm
9] 7k, HIEE:55.5%)01419] 2] HEkre N=045%
L1 (R*=0.86)°|C}, AH47F — MYEF — 3
74 71875 040 — -124— 7279 =02 YeRd
ThFig. 7, Table 3).

N50-60°E: mIAlFE(N:15)2] ZolH9lE 0.08~0.43
mm, BFHolE 0.16 mm, FUYEHE 0.14 mm, ¥F
Haks 0.0901t}, o] HAAQ JHE BY, 4
Be A9dt 77he Agel gt 1F vl
&3k Rl WEzt &, 4ol 0.1 mm el miA|
Fge) NEFT} Mg B E4o] Q) 3 AY
FZHN:12, Z°] 0.11~043 mme] 77k, ¥1=&:80.0%)
e &9 Hels N=0.23xL77 (R=0.97)°|t}.
AR — AR 71k 064~ <1719 &
28 JepdthFig. 7, Table 3).

O8 IV(N20~60°E)2l &8h & 1vel &3k viAl
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Fig. 7. Length-cumulative frequency diagram for micro-
crack populations in group IV(N20~60°E). The linear
middle section(filled squares) of all plots has a similar
slope that gives an average power-law exponent of
-1.55. Slopes of linear middle sections: N30~40°E (-2.19),
N40~50°E (-1.24) and N50~60°E (-1.71).

TE(N:28, B-EE:20.8%)2] AoIHE 0.06~043 mm,
Bedol= 018 mm, SUR 0.14 mm, EFHAE
0.0901t}. 37f Wakzt Alele] RIZA(N), Hole} B2
HE(mm), Hd4ol(mm) 2 % mm)yS A5 4
AT Firdo] W FURS N30-~40°E(0.26,
0.24) > N40~50°E(0.16, 0.16) > N350~60°E(0.16, 0.14)2]
TO 2 et S A4 WEo g s Hi7lo)
2 S s, F Wng 8 dert B
o e wAlgEe] NedE Z7R BE oA
£ N50~60°E — N40~50°E — N30~40°E®] =% &
o7 WgEo] 3loH, o]F N30~40°ES] =37} H]
WA A9l &3

S FAFe AYAJ WY FHN:19, Aol
0.11~0.32 mm)ol| A &) =8HE N=0.74xL"% (R*=0.99)
ojth. HFAZ - AF o R 4RE
7187)E 043 = -1.55 > 4728 Yepdt}h, Ay ¢
Zrel 71871(-1.55 2% 1 2 11(-1.48) 28|53 2
& I(-1.06)0 Wgle] ZA vepdo, s-77ke] 7]
27 2F U(-7.10) < & 1V(-4.72)2] Zo|tH(Fig.
7, Table 3).

J 2V
NB0~70°E: mAlFE (N9, HF8:6.7%)2] AolH

= 0.07~033mm, HF4dol= 0.19mm, U
0.14 mm, ¥&H2E= 0.090|) o2 W8zt 27k
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Fig. 8. Length-cumulative frequency diagram for micro-
crack populations in group V(N60~90°E). The linear
middle section(filled squares) of all plots has a similar
slope that gives an average power-law exponent of
-2.02. Slopes of linear middle sections: N60~70°E
(-1.40), N70~80°E (-2.52) and N80~90°E (-1.14).

H)3le] ¥R Wk B3] JEiE N70~80°ES]
TR} fAlEIT S AETHINA, Ho) 0.13~0.20
mme] 7}, WE§:444%)04 2 & HerE
N=0.40xL"'% (R*=0.92)c|t}. FH-2F — A7t
— 7] 71871 -0.38 — -1.40—> 2419 &
o7 JeRdtHFig. 8, Table 3).

N70~80° TIAlFE(N:8)e] o9l 0.05~0.37 mm,
Ha 2ol 0.14 mm, F9HE2 0.12 mm, EFUA=
0.100]t}. g ME77kN4, Zo] 0.12~0.16 mm<]
T7h, RIEE:50.0%)000412] 2] H3FE N=0.02x
L2 (R=0.98)|t}. 4F-7F — A3 — s
7+] 7)187)1% 052 —> 252 — -0.882] =07 e}
v}, Al e R 4E T1eT)e T
aspy, B} 71 wAlrge] waeh(Fig. 8, Table
3).

N8O~90°E: PIAIFE (N:16, E8:11.9%)2] Zojd
2= 0.05~0.28 mm, FHZHolE 0.15 mm, FYRE
0.14 mm, EFHRR= 0.09°]th. HetZdol= N80~90°W
(0.15 mm), N8O~90°E(0.15 mm) = N70~80°E(0.14 mm)
o] 37} wiakzt 7ol HwA #/A veRdtt. sk
A F7HNS, 4o] 0.09~020 mme] F7h, HEg
:50.0%)01412) &2 HEg= N=0.93xL* (R*=0.98)
olt}, A1 — AFFF — IFE] V1=
024 — -1.14 — -4.602] 02 VERITE A7
A sEzEe R ASE 717 w438 Sk,
HT} 71 vjMsFEe) do] mgalc)
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FH ERAEEATY 7127 E NT0-80°E
(-2.52) = N60~70°E(-1.40) > N8O~90°E(-1.14)%] &=
o= wigd=e] lom, o}F N70~80°ES] =¥7} H]
WA GGl &3}, E3] N80~90°EQ] =¥l
= AYPF] &3k wAFEY ZolHsirt
Wi, 718717 71 R& 540 Sl Hadele
N60~70°E(0.19 mm) > N80~90°E(0.15 mm) > — N70
~80°E(0.14 mm)®] 08 JeR o]F N60~70°F
o Bezdol7t 71 71 BAo] Utk sgke) 7%
715 N8O-~90°E(-4.60) > N60~70°E(-2.41) > N70~80°E
(-0.88)9] ¢08 7+23THFig. 8, Table 3).

& V(N60~S0°E)e| & 2F Vol &3l A
TFE(N:33, EEE:24.6%)2] Zolg$lE 0.05~037 mm,
Hdol= 0.15 mm, FYEE 0.14 mm, EZHAE=
0.10°Ict. Badols M¥7he] Hold g el &3
o} A MEFZHN:20, Zo) 0.12~0.33 mme] 74
Arle] HErE N=0.35%L2% (R>=0.97)°]t}. APt
b - AYEE - PR AR J)eTe
033> -202— -8452 Uehdtt. s/ 28 =, 3%
T7+e] 71&71(-8.457F 717 Atk(Fig. 8, Table 3).

ol Zlest 15 W 73 1Blx s aF
d =30 el wah FES FYRe Al
ek o] Hikgre] WA AdASe a2 AN
T4 B k] 718718 A2jsPE Table 33 7
o},

E 9

ol 10° 7+l 15 W3zt w7+ 2 57 28l
gk do] BE¥TE 77} 2, Gk BEYL
H] 231 thFig. 3). £3 S 2FEE ol Fule
SRS 2, /W =R7e) A5 vnE 53 B
B39 Aol g &3

o] @M 15 W P RUE T
3 BEEE AN £ BEEY A g9
Aol Rlx F3o] EXo] Aolgt I 1E(A, B 2
O d¥o=z aoksl9thFig. 9). £3 5/ 2&
(I~V)®] EXE ZAIR 8 RES(Fig. 108 A,
IEe] REFE AT et o8 £ X
TN =2E AR EXEAF A, olEe] A
Abshe AtxA 2olg 7143t

190 weRt el B¢ B2 15 W 77
o] =X (Fig. 4-8)8 EAIS 43}, Zfe) 990 e}
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Fig. 9. Length-cumulative frequency diagram for micro-
crack populations with directions. The entire populations
are distributed between N70~80°E (-2.52) and N80~
90°E (-1.14) reference lines. The difference in categories
of three groups(A, B and C) is seen. The linear
middle section of all plots (N=134) has a slope that
gives a power-law exponent of -1.63. The diagrams
for six directions are the same as ones in Fig. 4~8.
The slope of linear middle section for N70~80°E (-2.52)
and N80~S0°E (-1.14) directions are the same as ones
in Fig. 8.
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Fig. 10. Length-cumulative frequency diagram for micro-
crack populations in each group (I~V). The entire
slope of linear middle sections for five groups are
similar to the slope of the linear middle section for all
plots (Total: -1.63, N=134). Slopes of four sections: A
(-0.32), B (-1.63), C (-4.60) and D (-1.20). Directional
ranges of five groups are shown in Fig. 4~8.

IF AT =F: N40~50°E, N60~70°E, N70~80°E,
N40~50°W, N50~60°W = N70~80°W), & B(47f
T 3¥: N50~60°E, N80~90°E, N60~70°W 2 N80~
90°W)1elE 18 (/N E=H: NO-10°E, N10~20°E,
N30~40°E, NO~10°W T N10~200W)2 zHz} 8573
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Aok A71E 1F Ad Fahe oY) Wk ke
N70~80°E & N60~70°ES] =& Alo)e] Y, 18
o &= e Wzt 77 N60~70°W 2 N80~
90°ES] =X Alele] P9, 2F ol &3 el
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