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Interpretation of Fracture Network in Rock Mass Using Borehole Wall Image

Jae-Dong Kim and Jong-Hun Kim

ABSTRACT In this study, fracture network in rock mass was interpreted using borehole wall images
obtained by televiewer. The orientation and JRC value of major joint set were evaluated adopting image
analysis techniques, of which process were written in macro-program code. As linking JRC to joint
stiffness using Barton-Bandis model, fracture network map was produced for application to jointed rock
modelling in numerical analysis of underground structure.
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Table 1. Comparison the features of borehole
televiewer with BIPS

BIPS
Optic

Televiewer

Source Acoustic

Time-distance data
converted to image

Direct optic

Acquisition natural image

Resolution 144-288 pixels/ 360-720 pixels/

-horizontal  360deg. 360deg.
-vertical  (0.1)-1 pixel/mm 1-10 pixels/mm
Scan
velocity 1-10 m/hr 6-60 m/hr
needs water as Water unrelated
Operation  traveling media.
state Irrelevant water Relevant water

turbidity. turbidity

Scanning Unavailable horizontal, Available any
direction upward hole direction

Converted image
from seismic
reflection feature

Natural borehole

Image wall image
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Fig. 1. Borehole wall image obtained by borehole
teleview
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Fig. 2. Image processing sequence (a) Separated joint
image, (b) Best fit for high contrast, (¢} Joint
profile trace
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Fig. 3. Lower hemisphere projection of normals of 46
joints
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Fig. 5. Results of JRC evaluation fot joint set
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Fig. 6. Roughness measurement using mechanical
profilometer

Table 2. Comparisons of JRC evaluation results ob-
tained from using image analysis and
mechanical profilometer

Joint JRC from JRC range Roughness profile traced
D image from by

analysis profilometer profilometer(Scale : 1/2)

1 6.961 6~8
3 4.731 4~6
4 6.813 - Fracturing
5% 5317 4~6 —_——
9 6.437 4-6 i ———
16**  3.239 2g*
25 3.336 2~4
27 5.780 2~4
38 7.091 - Fracturing
40 5.273 Altered vein

* . evaluation of JRC at center part of joint surface
of core as loss of filling material and broken rock
piece core edge exists

** . gvaluation of JRC at center part of joint surface
of core as loss of broken rock piece core edge exists
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Fig. 7. Normal stiffness vs. joint closure curve for
joint set
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Fig. 8. Shear stiffness vs. shear displacement curve
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348

g Aolct. gk #9] 1.0 mm ool A= 749l widt

7t A9 etz #gksla 1.0 mmel 1/2 FFollA 9] A

A HEX 2 7P AkA X 1.263 MPa/
mm o]t}

5 FEZ|FZ=k

f

AFANAE ol goll 4 7143 st 7o) Aele] o
Selo] MelTol e WA 24, A7)
b4 9] 240l Bk ATZ APt on ol
Fstol Ael ot 2elge) Aoy F=
ek, HelF2EE Bl FellAsh 7ol
ol viet gelel Wk 2g TAlstele] it
uoh B aawhe FAel MelEel
E4¢ ol 5 YES k) 242 Tk,
oA A ele] wake AR sjo] ol
ofl Sodeto] o)2H4) 43 ol Lhehili: 3t

oy
T
&
o

2,
o

Mo
il
(3

(N
ox M
_<‘>Lm

2}

&m\mﬂmo?.i

oz
O
o&

2 1A s O Sy QL= A O
X
” 015-__’ rﬁ_ N o
oe,t 43
_Z:

i
LI
rlr o
2 o
2
SIS

=2 T

fe W

N ok

Ao M oW

s
©

& k7] A 7+
E5 282 slo 7 Hig
AL %Eﬂ%i\# dojR 5 v o] HhA Aol odgiv)
A sig A8, 339 FelA F we] &
ke Ao WA FEG AT o714 T3 3%}
2 TAAre] AFE o AuE wzisto g 2319
4] AY WwARAS 78 7 Aot "k Helrzs
= 9% 71EHT oy AeldE 7o 34E 249
goll Foddt Helebn & 5 glek

olzigt A& Ao g fEsly] SJsle] AFF 9l
TE 71EH0, 0, 02 ARetx, 71EHE NIEHE
Fsla 54 W7E 7RAE FEHoE AR
o 2 +10m2 st Ao Ase 71ed
o] Fo} FAAY G237 A %ol aﬂ%ﬂv}:ﬂ 7H skt
#HE 20 AR L Fig. 99} 7L°ml A e R
o7 29 g 7, x F2 Nk, y %8 E W
olct. B ol tollA] ukgt éal? v 2 ZZ o]

Ae e 23 Was YHARR ] Sjste] 7€
2] H,;IAH W zhg Ael o) FA ek gAY 2
& 7Fog A Ao 0~360°] HHAE 2

o r& (B oox i o o rr 4% o2

o of (B

+X(N direction)

—> +Y(E direction)

v
-Z
Fig. 9. The assumption of coordinates

A2 A B o, A% B, AEE def
shd, well cigk B4 —l B 3)’514 7},
N = ai +bj+ck (3)

o]714], a=mcosa, b=msin B, c= |d|,
=|d| - tanP

T (0, 0, )Z Eshabx, WA W] Ng 2= Ae
o) WAL ez} 7ho] vpehd 4 gl

cos asin Bx+sin acos By +cos Bz =d cos § 4)

712 Aol e Aol 90l =z, el Wy
A& 543k 7ol vhehd 4= giek.

cosOpx+sinopy =0 ®)
o714 o : 71Em 2] WAle uke) 7}

@A G £ A Aol s A s
2 Agelw 3R oIS A WRAE T

© ¢ Sltk. <18 7129 A 244 FRf 2]
QA= 6T Zo]l x g y AZE r T A}
o A A7}

r=VxZ+yZ (6)

aeg, 33H AU x, 5, 2) FHEE 7|£H
AollA (r, z) HEZ el 5 o, o] A E VIE
wabollA] FAPY 7h7} stEZat Al 3] o3k
upebd, Al 71FHY #9 F £10me] F34
o Ao XA F A, 20, Gz 2208 ALkE
249wl o g Vel £ 9tk 7 Hol 7|Fw 9]
FdgEAnt Aejme] w2l tistel MuiH o)zl



(6)212] Aol W} yi=-1, y,=rZ HSAZ ¢ 3t}
upela] =4 o) WA (DA 2t
%7

1
Z=Ty+‘2“(zz‘zl)+zl ™

& o= 0,90 7%,
0°<a<180°—z=-tanBy+d
180°< < 360°—z = tan fy+d

Aol F2EE 22he] Aeloll il (DA S8l o]
A HEGE EAGRA T & gtk He] FEE
A4 Zeageldt 7Z0e B4 Wee JHus
= do] B 22 Soldl FAMe] WY, T2
9] 7Zulo] B gale] HE5 st

Fig. 10& 42l 240l 98 259 467 4 22
o A4 B L AALE AEE elo] B4R BT

W  Distance(m) E NBOW Distance (m) S60E
10 0 10 -10 0 10

-240 + -240 T——Ah—“

-250 A -250 1

-260 |

-260 A

:‘V i
270 AP

Depth (m)
Depth (m)
)

I
o

77
-280 -280

-290 4

(a) (b)
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Table 4. Summary of data for joint set
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Joint Orientation JRC o, Gy o, K, K,
Set (degree) (MPa) (MPa) (degree) (MPa - mm™ (MPa - mm»)
1 203/69 54+1.4 140 112 35 63.441 1.263
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