(38) = = Zr & I BB AT 26 oD L A% T M~ oD E FH
I D v T D TR IR AT

FEHKECER K@ A=
BRKELRE 4A 7L

/. @ b=
G EEBE. #A L Blho 0B 5. 160 CHAK- L) T ABRSBRET IV 3V 34RL
ubbmﬁ\1—79”F%ﬂl(;&&%&##%&n%ﬂﬂﬁ%fﬁd.%Eﬁ#ﬁﬁ#eiﬁg.lkq
AEF=A MR A T 9 T, 2US B3 B BH=BS LEBOFI 3 278> <. KELH
Lot BELTw0Ts3, WELYr 9Bt tGER 1 MEE 2 Ll - BEF ERE o 7 AdH
PEYETH ) AT o5+ <ReRHAFEEME v T2 R,

BeF2h50F > Gamili-Be 3HE L EWYR) RSFBERES <o s 44 - Bbf S GRE
bﬁ&ﬁi%ﬁ@knﬁ%@og%z%ij¢£ef237977¢%ﬁ§2u5é92ﬂh3léh#ﬂ‘m
Er-Fakse 3TN Frz ek,

Y1 AWML T F TS o GL LA s> LB ER LS L. AT E ~ o o TR
Wz BB 3w A5G vEln AE@ 5 7% RERR =T R EERCHYT 3.

2. 75 991Le @

7577l b >ERET > F LT BETHY
"M L w s Ekelo, RRAEHaxzE—
KT, =Re-bud EyERERTCH T %
po iy HEEL RTE 7779 LLE £ o
Ze 5)‘{\5)\775 7ol tda Fo1ERLT 3.

P ASE ST LI W N 2371 DN
nQEMBMEY>BEEk L Er T, Y
ANz P L7REA L RaZz Ly RE &K Y
EXS 25N ) 8- | HFEEBReEE

%ﬁbqﬁaﬁwﬁztvﬁ&o:afzsﬂ\g:fEaifzzﬁﬁq;aq%¢@£Mh£,7gi7
E>5. (@ 1)

20 F% [ awBETHI LAT TEVEAGO o h T3, 53 )BT -V ERALTES
Gralotemde 3t PFO-EXEZIh T3 20 550 / CIRBEFTTG2 A § 7Hivh
T THRET o BEF s LEb ST, do b @b LEdMTO3 L B ML WS,

Yoo et s g3, ok et du3 LTHFHRL R LS T <= h T
ErzdxBetiL tudos. ShERLL T 3b Fi=iuBd o,

ol tEHO T 3L L7 75 o9 LRrEH w3 s LB i sk,

2. 7779k’

s FRdiMy fBMEEL CBRT3IEs=d, LreRk|
Bo ¥ v ER L Ea T FET 47CF 3. ¥t RaES=R

TobHEZL 3. . *
FT-RRoEHtF23. Goohtt- t3M¢+E2<F
3> LERCFF<I 703 S ko b5 AR T H-2 Ezodk

—186—



w3, (F-2)

BhtEr ) o NEEZHE » EBS A NG IBEND L 1 5 . Nopp 7 &, §~>0 g BRI =& 5 0
B R LEL>#5 > heRok s 3H6BL <0 3,

&glww7 = 2 (£ &z) )

3 E=RAETs B, SKEFE NI TasHBFEFH
3ol N L A RGM) S, 7> 0 a BTy 1= ¥ ST _
R BBESEE> 45 ke sht =Rz oo L v du /
30753, (F-3) el

L N0l = S (5 ER) @) ™~

S50 Y2 SE AR EH 2 KT DAL <& s
09=23340<hH 7. ONPE3 5127wz +&E 3EL
LIEER 2 E, TS BREN 0 32 ¢EMBAL Y- T F-9 @Effi-nlE
L5097 %3,

WERBI=L T w3757 0 L AR Ak G SIRE L7 LI o KT DFEA Y 0 THS 54T
& =AM R - BB IHAREEL 3 L. 2o — e il

M/ = é:‘. Nary = o0 @)
=R F
Mz = ,r&;g Nep#d - o &

L7 T TRV BABSHBLVS 2 e dTITN, LEF P T 0l B E- KA T RETEF 2 &
=57, Bl iz Lo bh B nwrkat R HIBL H 232 vERTEH3. 2ok G2
VHEINERT 2> LE. )\U2FLT7(75 257IL)REL F&R,

M = fgNo (2 MR @)

Lo LHBF = HO R ERSE30 4 338 T2 R -~ LB v a4 <% 305, Ko HAE
Tty 3B Bvct %o 2y L= FTREZET 3 PEIHF > LTH 3,

Bechondasn =¥ ME. QRIBRGEF <7579 R d& 7.2 e FEz T 3,

% #EoHE

BES == 7579 L e b e 3HEABE T, 1= PEFER LY. 50| 9 470% VB 2 4
P, 755 . 2 L OKEF R WS B 575 7o Lkw b FET h T 3,
Ao B BB, B3RS GER 2075 4oL RTEFD=26~2.6LH3 L vbdTu3,

# e d o B E BERY 7 - Tawba AL L 2o TRIEEE 212 b g ( Manaily /wr)'
R BB =55 NEFE ZREXY \ V- 797504l edE Lrta (Bube, 19 ¢ s‘-)—#»\“
H3. BE =B 77 7L RRE DER S &5 15F2 03,

ﬁyka%ﬁz'f(%ﬁxﬁFv-?)tbmzﬁ%tﬁi~%@&fﬁbﬁﬁéaﬁ£#£i‘Xiii
%LZL\ 3. Aﬁqa Nop

p = T
( N EFH3Io—mofs
Ney : BesBe 22T 313 o %
Lol > glehkd kbt rlis Bh-Bs Lt rERE <« TR F>=Rbhd, 2R 4%
iS%ﬁmb&#77.Aé@bﬁﬁz¢ﬁ%ﬁ%”F7‘7¢7577¢Zi2ﬁ5b5$%£@¢730

é)

—187—



& R L7 207509 LEHE
8- 4 F RSBk B b7~ TCHY. ok > FEIES
ey Ao 750 7L ATLBETIA. 2o tlbo 75051 4T A ,
FROLERBL 7L 5125547, \
b = xéz/‘/m I
Ay N
( Y EF#Fo—ms BT
Ny GELEETIBI K /
Bzt (7. Np) tER%S=7a” [ T3 L. S dhsdd- £a4
5 2EEENT, §H20 BR MBI BE7 757 TR OL T %
NTZ5H3, H- 4EFLEGEZY F7- 7975 0 7 lkrg. Duréas
L 1=,
b. 37%29 73 ool FHE
TR Bl Wt Lo iMBELEGT I BEI-ER2EE
253, 2o et RBYETGLE > LT3 b9 ETR CASH 3. 7
32 A EF RGBS S TROMMERRTIZEE Bk 512 & > "
ZISRMIALLTE Lo ShTHY . M2 BRI F ) BB o,
TRCofE LT o~200F5 < 5hww3., (H-4) :
LY LYo TRCELBS =5%b 3 2L Flen < BBy 5 b9 <H). & | L
BTG 4E o G M 73, ez L,
T RCHntei-BB s CBRY-FHGT 33 EL Lz, T=1KZL

@)

/i |
a-4 BHz> L7-7

.

4

- & Lry - LN itk

FhRY 7))~ IRk IFE L CRIETTE 34 21T [Me

FEARE= ECH w5 HTn STRUBLA R woBBofiz0 75 | L o~e

7yl kRLRD THE, THESBE Mz b KT FEa o= | 2 T 1 2~ %

THRABETIEHEAIELE > 2982 SU3H 5253, 3 #~6
S B b7 79Il DER )T AR B, g | 4~

=G 5 b3 FEEH o MR BB M0 750 gl R |

R tBRET 30 BAY=a 5> FFEH 0 3,

(7%)

@ ERLC L~ 254 2) =S FEH (L 2F 00m) ERE,

® BELEEH - HebwLL B o f ez ko L Z
B&L ELtnl,

© KyrARoHEDS Ao kL TR EZEERY T 2,
b>—F o WECEET3 4R E< )22 B N K
h3,

® Ff o EeRhTT Ay B eREL LR Ly )T
LY #2F, C8-7)

6 F~— ] r0~

7 e — T 2%

e~ 14~s8

@ e T s~ 8

70 b e N 4§~ 20

2 &

[

/0
! cm

H-4 HM=BHLTRCE

Ao h= . M) LqpTid=7 0~ kL B HEBE K20 S5 sB 73, (5-2)
TRCEFTERENO~2, $~/0, sf~20 93 lr- ZIANEECTT5P 9URTEES 3L, /.00,
103, lo7 LY, %ﬁiﬂ”}i SHHILETH PR, 29 2Lt 75 091l kat FTEGFT M=t

—188—




Wm 3#WE=F I SLEF L ZWS, My
/07
e a e NSNS N 5
(Mo 6)
B ««Iq. 3
-7 7577l %kT e #EE H- ¢ 4y - Lesp AU

7. Hb =

BTG T 7T oMRB Lo Plim > TBEEBTT 2 L L b 1m. 7oL AR 2 BHEHER
2H3 75 vl kntdn TR |7 - V3 EXREBo Mo BREPMGLEE 2 5 3,

7% 7 g \LFEB WL S >R . Bz B v eHlBTI <B4 ¢S5 F BB HTu 3,
Re A=z b 77\\3)@&1.?4%?[275'“?% WEERE S =BT BRI B3IV K ST
375 05 LBl » THREFREAZT b0TH ) S o BALKT IHHAD x4 2,

o 20

/. BB fandebbrit | Fmctale , Fovm, Chona , and Limsneion | ( W.H. Fuonarn and Co.,
San Faamcisce , 1907 ), EFFH B " 75 ool A, , BEY AT > xd, 908

2. Fa Bk . "BE-Tsvol,, EBAY%. VR T Netl (7287)

3. e Mansily, §. | Flowr and Tnanaspol in FucHiud Rocke, Iitl Symp. om Hydrogeolopy
0)‘/9004& ﬂf Lor /?nmaM%, Tacson . A/u'}o)ut, /9P

4. Bantoe, C.C. & Lanwm,E. | Fatd geomiliy of o - dimensional fiadlie neluortie
at Yacca howniain |,  gothumedlin Nevooln, Tl S?"‘f‘ . Femdamerntods of Pk Touits ,
Bisahlidon , [ 7 F &

S K- AR B . Faeus o SBot Ko SeTFE F MR =BT s E, B 2ot S
pRECHIE, /70 F

b Bodon, N & Chodey, V. . T atanr stiongth of roek foioits in Wery and practice
Roik Mok ( Springr - Vndag ) 10,/ 84 (17 77)

7. Fechor E. & Rngma N | [eawnemsrit of Marge acale novphnest of nok plones Ly
neane of /”’W ard ;oojo’éca/ compasd. . fock Fractine , Fiosc. o G, 57»«-/. ok
VK. Nomesg , faper 1. /P €71 977)

3. Baton NA 1 foletioikip Litucon pfoisit novghnect avd foiri? ofoar atiengil
Proc. Dit. Spmp. ocR [lek. Nancy , fock Factirw , foper T.8 (19277

—189—~



(38) FUNDAMENTAL STUDY OF FRACTAL GEOMETRY APPLIED TO ROCK ENGINEERING

Yuzo Ohnishi and Hiroyuki Kagimoto
(School of Civil Eng., Kyoto Univ.)

When one looks at the distribution of fractures in nature, it
very often appears that several classes - of objects are imbedded
(self-similar) in the same system, This also shows up in the
terminology used to describe these objects at different scales:
faults, fractures, fissures, joints, cracks, microcracks, etc.

Mandelbrot has created the term "fractal geometry" to quanti-
tatively describe such self-similar complex structures. What it
means here is the following : if, at a given scale of obser-
vation, one can define a set of major fractures, separated by
blocks containing an other set of minor fractures, then at a
smaller scale of observation the minor fractures can play the
role of the major ones with a new set of minor ones and vice-
versa at a larger scale.

Fractal analyses for a fracture map (fracture network) and a
surface roughness of a joint have been tried. For two dimensional
case, grids of various-sized square elements were placed over the
map, and the number of grid elements intersected by fracture
traces was counted. The log of the relative size of the grid
elements is plotted versus the log of the number of grid elments
intersected by fracture for each element size. The fractal
dimension D is the absolute value of the slope of a straight line
fitted to the points. The fractal dimension D for the fracture
network has been determined. Similarly the surface roughness can
quantitatively be characterized by the fractal dimension as shown
in the example problem.
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