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Analysis for the kinematic behaviors of rock blocks

determined by considering the relative positions of joints

Kwan-Suk, Hong

Department d Applied Geology, Graduate School,

Pukyong National University

Abstract

Knowledge of the orientation and the spacing of discontinuities in the rock
mass is of condderable importance for the prediction of rock behavior. In this
dudy a computerized sygem capable of analyzing the orientation and the spacing
of discontinuities and predicting the formaion of potentia blocks on the horizontal
roof of underground excavation and on the rock dope face has been developed.
Daabase for the gatia characterigics of joints was edablished in the sygem and
the digitized joint map was produced by superimposing the joint digribution on
the layout of either underground opening or rock dope. Saidical analyses for
the orientations and the spacings of discontinuities were carried out by consdering
both the orientaion and relaive postion of each joint.

The formation of potentia keyblocks on the roof of underground excavation and
rock dope, together with its kinemaic behavior and the dability, was aso
analyzed. Exidence of a potentia keyblock was algebraically determined by
utilizing the plane eguations of joints consging the block surfaces in a

three-dimensiona space. Sability of rock block suject to the body weight was
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also calculated by consdering the kinematic behavior of block with respect to the
orientations of the diding planes. To illudrae the practica applicability the
formaion and the failure mode of potentia keyblocks developed on the roof of
underground excavation and the rock dope face were anayzed and compared with

the reaults of field invedigaions.
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2.1.1

(scanline survey) (window

sampling)

(Cruden, 1977; Kulatilake and Wu, 1984).

(Attewell and Farmer,
1976; Priest and Hudson, 1981).
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Priest and Hudson (1976)
50 80%
, ISRM (1978)
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, 200

(Priest, 1985; Priest and Hudson, 1981).
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(cut- off length; threshold length)

Priest and Hudson(1981) 10cm  Rouleau and
Gale(1985) 50cm, Cruden(1977) 2m
(1999)

Pahl (1981)

, Mauldon et al.(2001)



(circular window s)

(Poisson)
(rectangular windows)

Zhang and Einstein (2000)
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(intensity),

(density)

Song and Lee(2001)
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2.1.2

Shanley and Mahtab(1976) Mahtab and Yegulalp(1982)

Baecher (1983), Kulatilake and Wu(1984) Priest (1985)

Fisher (1953)

Fisher (spherical normal distribution)
, 0 ( ) K(Fisher ) 2
Fisher Mahtab et al.(1972),

Priest (1985, 1993) . Kulatilake et al.(1990)



Miller (1983)
chi- square
150
Kulatilake et al.(1990)

, Miller (1983) Mahtab and Yegulalp(1982)



2.1.3

, Sen
and Kazi(1984)
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Sen and Kazi(1984)
RQD
Pascal et
al.(1997)
2 . )

Rouleau et al.(1985)
, Priest and Hudson(1976), Priest and
Hudson (1981), Priest(1993)

, , (uniform distribution)

Pahl (1981)
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Ehlen (2000)

(fractal dimension)
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2.2

Goodman and Shi(1985)

Chan and Goodman (1987)

Hoerger and Young(1990)

M auldon (1994)

, Mauldon (1995)

Kuszmaul (1999)
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Hardy et al.(1997)

(Kulatilake, 1981, , 1996)
Bro(1992) ,
stick- slip
( - -
)
La Pointe(1988) (fractal) fracture density

index
intensity index . density
formulation index
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22.1

(nodal
point) (FEM, Finite Element
M ethod) , explicit
approach (FDM, Finite
Difference Method), (boundary element)

(BEM, Boundary Element Method)

(DEM, Distinct Element Method)

Quek and Leung(1995)

(2000)
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Lee and Park (2000)

, Lu(2002)
3 Heliot (1988)

Language)
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Dips
, cone angle
(limit equilibrium method) ,
Lilly(1982) shale
Lunard et al.(1994)
netw ork , Hoek and
Brown (1980) . Bye and Bedll
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3.1

Figure 3.1 - 2km

10 Table 3.1
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Joint Map
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Figure 3.1. Joint distribution on the rock slope face in Dageon-Tongyoung

Highway .

Table 3.1. Data of the first 10 discontinuities measured on the rock slope

face in Dageon-Tongyoung Highway

. Xini ini Xter ter Di Dip Dir.
dintNo. O Ty (my D (o)
1 2712 6.073 3.797 4802 25 010
2 4.068 6.638 2508 5.366 57 211
3 3.797 7.344 3.390 4589 68 102
4 5.695 8.261 5559 4.237 78 088
5 7.051 0565 7.661 11.721 62 357
6 7.390 5.391 3.720 4237 82 224
7 7.051 3.964 10.712 5.103 13 028
8 7525 9674 9017 3601 78 085
9 10.508 6.073 12 475 5.366 20 042
10 11661 6.990 12 407 4802 88 054
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X y'
) x5y z')
(o) a -90° X'
X A y (Figure 3.2 ).
X cos(@- 90) sin(a- 90) O X' X'
ytl = - sin(a- 90) cos(a- 90) O y't = [A]lly' (3.1)
‘z’ 0 0 1 ‘z’ Z"

z=7' (upward)
A

y (north)

X (east)

Figure 3.2. Rotation of the Cartesian coordinates for the case of tunnel.
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(@a) (B o)
x,y, 2) . X" =x'
y" z" B
(Figure 3.3 a) ).

1 0 0 X" X"

7" Z'

‘y’ 0 cos(- B) sin(- B ‘y’ [B]‘y"’ (3.2)
z |0 - sin(- Bg) cos(- Sq)]

' z=7' (upward)
A
y (north)

el y

X (east)

a) rotation about x" axis, b) rotation about z' axis

Figure 3.3. Rotation of the Cartesian coordinates for the case of rock slope.
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z' =2z o« - 180°
X' X A
y (Figure 3.3 b) ).

X cos (a@y- 180)  sin(ay- 180) O X' X'
ytl = - sin(aqy- 180) cos(ay- 180) O y't = [C]{y'}(33)
‘z’ 0 0 1 ‘z’ Z"

x", y", z'=0)
X {x‘
yt = [B] [C] {y" (34)
‘z’ z"’

P = (Xt‘, yt‘, O) = (Xl, Yt, Zl)

- 21 -

iy, 0) = (Xi, Yi, Zi)



3.2

3 Ay, 2)
n=(a, b, c)

(Figure 34 ).

z (upward)
A

_n=(a, b. ¢)

y (north)

X (east)

Figure 3.4. Coordiantes system used for plane equation.

ax + bx + ¢cx = d (3.95)
,a, b, cd outward normal vector

(@) ®)

outward normal vector(n)

- 22 -



a= n, = cos(90° - B) cosd
b = n, = cos(9° - j) sing
c = n, = sin(90° - A
, Nk, Ny, N,  X- ,y- , Z- n
(@)
g = 90° a ( ,0 <0 6 =360° +0 )
a b, c
d ,
_ d
/a2+b2+02
(36) a+b+c =1
a, b, c d

- 23 -
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(37)
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4.1
Rosette diagram
(Attewell and Farmer, 1976) (Phillips, 1971)
Rosette diagram

3 ,

411 (Spherical Projection)
, Priest(1985) R , On, B

(Table 4.1 ),
clustering Shanley and Mahtab (1976), Mahtab and Yegulalp

(1982), Mahtab and Grasso(1992) Priest (1993)

(Poisson process) . Y t

P(t, v)
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e- /IV(AV)t

P(, v) = Tl

Table 4.1. Cartesian coordinates of a point

(4.1)

on a lower hemisphere

projection with a radius R(after Priest, 1985)

projection X

y

equal angle R sin @, tan (45- %

R cosa,tan (45-

B
2

equal area RV 25sin a, cos (45 + BZ” ) RV 2 cos a, cos (45 + %
% /
cone angle cone angle
U] cone c
c = 1- cos¢ (4.2)
4.1 v 42 c , A n
e "°(nc)’
P (t , C) = Tl (43)
(43) n cone angle
0] t cone angle t
P(>t, c)
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- nc

nc)’

P(>t, ¢c) = 1 - Z}O € T (44)
n c¢ t P(>t, ¢) . Mahtab and
Yegulalp(1982) t teir  P(<t, €) £ s
S (limiting probability) , Shanley and
M ahtab (1976) s = 005 Mahtab and Yegulalp
(1982) s=¢c . terit
Mahtab and Y egulalp(1982)
, cone angle
Cone angle
Priest (1993) 15
20° cone angle
cone angle
X, Y,z
X, Y,z (36)
, M
Mn = ilnm
Myn = i}lnyi (45)
lan = %nzi
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4.1.2 Fisher

Fisher . Fisher
(1953) ,
(spherical normal distribution) Fisher ,
0 ( )  K(Fisher ) 2 . Fisher
Mahtab et al.(1972), Priest(1985), Priest
(1993)
0 0 +do , P(B)
P(g) = 75e“%g (4.6)
, K (Fisher )
K sin 8
7= K . oK (4.7)
(46) (47) , f® )
: K cos &
(6 = XXM (48)
Fisher (K)
Fisher(1953) K (sufficient estimate) k
(maximum likelihood equation) (resultant vector) |r|
M

e+ e X r1y |
()= ~w

e- e K

(4.9)
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cluster k 5 4.9

k =~ M
M - |rn|
Fisher(1953) M k (4.11)
(1966) k 3
K= M-1
M - |rn|

(4.10), (4.11)
k . 0: ©0:
P(G 1<0 <0 2)

1%

P(6,<0<6) = [ 1(0) d(6)

(4.12) f(® ) (4.8)
sin@ d@ = - dg
QKoo K,
P(0.<0<8,) = K. oK
(4.13) K 5 e”
0,06:=86 , 0O 6
P(<0 )

P(<6) ~ 1 - eK(cosﬁ- 1)

- 28 -

(4.10)

(4.10)

, Watson

(4.12)

(4.12)

(4.12)

, g=cosf

(4.13)

(4.14)



)

(4.14) cos6

cosgd = 1+ —In(- P(<0))
K
In O e
P (<6) ~ 1 - eK|rn|(Cos§. 1)
(4.16) cos@
= In(1- P(<6))
e
(4.15)  (4.16)
(49), (4.13)
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(4.16)

(4.15)

P (<

(4.16)

(4.17)

(confidence limit)



4.13

sampling bias

A , / =as/Bs
A s (Figure 4.1 ).

set normal

As
k discontinuities

Figure 4.1. Discontinuity set intersected by a scanline of general orientation

(after Priest, 1985).
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N =Al

o) N
I/ cosd
po = N8 o ) coss (4.18)
o)
o) , 0 =90°
m
s i / a di/B di,
)\ iy 6 i
| )\ si
Asi = A;j COS§; (419)
)\ s )\ si
)‘s = IZl)‘si
S NS = )\ S IS . I
Nsi = A si s ) (4.19) A 0
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A
T erzaghi (1965)
Ni = Nsi/ COS& = )‘i |S
1 . (4.20)
1/ cosd |
w , i
w = 1/ cosd
€c0so 3
Figure 42 X ( 90° ) y
, Z
(ON) / On /B

(direction cosine)

sing, sinf,

cosa, Sinf,

cos f,

- 32 -

X, Y, Z

(4.20)



Z (upward)
)

“scanline

y (north)

O

X (east)

Figure 4.2. Coordinates system used for scanline.

(OS) / as /Bs mx, My, m;
) o)
cosg = Iymy + |y,my, + I, m,

Cc0so

cos g | (sin a, sin 8, sin agsin 4,)
+ (cosa, sin 8, cosagsinB) + (cospf, cosp,) | (4.21)

= |cos(a,- agsinf,sinf, + (cospf, cospy) |
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4.2

Priest (1993)

. discontinuitics
/ [ /f / .
I." || [ i r'|l | I'I ;
i | | [ |
| /
f I II II / III ||l II ."{
[ |
/ | 'I I' X g ‘ A
P | | J i

Pk, x)

(4.22)

(4.22)

] t T T r.JI ! ,-"“I ".I
"f:s,nalamc:tﬂud‘P'N%f‘/q T':T.— Ill;; ,J’f II'
Emwﬁ“l\”f |
! )( \ -II | .'|I | ; \

randomly
located
interval x

scanling

Figure 4.3. Estimating of total spacing using intersected distance by a

scanline.

Figure 4.3 , X
s Xi X

P(0, x)

- 34 -

P(X1>X)

(4.23)



P(X,>x) = P(0, x) = e ™
X X P(X:<x)

P(X,<x) = 1 - e ™
P(Xi<x) F(x)

F(x) = 1- e ™

X F(x)
(4.26)
fx) = GEL o -
(4.26)
|d)/V a®+ b%+ c?

a +b+c =1

- 35 -

(4.23)

VA

(4.23)

(4.24)

(4.25)

(4.26)

ldI



5.1

y

Figure 5.1

bi

ajx + b;

Ji

J

Figure 3.1
, 2

(5.1)

(Xe, Ye)
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a1 - & (5.2)
_agb, - a, b,
Ye = a; - a,
(Xu21, Yi21)

(Xnz, Ynz)

(X122, VI22) ™
3 w2 1 (Xc, Yo

£y

(X1, Yiin)

H| 1 X} il X}

Figure 5.1. Diagram for the intersection of the joints.

N
N

X1 X Xy

N
ke
A

X 321 = Xoz

N
N

You Ye Yo

N
N

Y21 Ye Yoz
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5.2

3
3 Cartesian
(36)
(X1, Y1, Zl)
d; = ayx + byy + ¢;2 (5.3)
a; = Ny, by = Ny, € = Ny
outward normal vector
d2 = a2 X + b2 Yy + 02 z (54)
d3 = agzXx + b3 y + C3z (55)
3 (5.3) (55)
3 (Xb, Yo, Zb)
Xy = Dx /| D
Yo = Dy /D (556)
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a; b, ¢, d; b, ¢,
D = det|a, b, c,l, D, = det|d, b, c,f,
as b; c3 d; b c;
a; dy ¢, a; b, dy
D, = det|a, d, c,|, D, = detfa, b, d,
ag d; cj3 ag by d;
3
(5.6) Z
z- (z =0
Z >0
3
3
, 3
)
3 (P, P2, P3)
, 3
Figure 5.2
Q
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() . , C

C x,y Q (Xb, Yb)

cQ

cQ Q

trace 3

trace 2

Figure 5.2. Projection of block apex to the horizontal plane containing base

triangle.
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(W)

W = Wn, (5.7)

,y ] i1 j1 /k\ X7y7z

(N) (S) ’
(Figure 5.3 )

W= N+ S (5.8)
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z, upward

y, north sliding plane

X, east

Figure 5.3. Decomposition of body weight vector on the sliding plane.

n (3.6)

outward normal vector

n=-n1-n,j-n,Kk (5.9)
N

N = Nn (5.10)

N = W(n, - n)= Wn, (5.11)

s (58)

S= W- N= Ss (5.12)

S= Wy1l- n

s = [nnd + nnj + (n2 - DK]/y1-n?
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FS

(Figure 54

¢

(cA +

N tang ) / S

N1,

N2

- 43 -

(FS)

(5.13)

(36)

N2

(5.14)

(5.15)

(5.16)



sliding plane 2
f

. tis
| /
\“Tx\ /
- line of intersection

"

I
W / / ‘||_s1idiugp|,m1
4 / ||___-ﬁ|
s ." I
rd

Figure 54. Decomposition of body weight vector for the case of sliding on

two block faces.

Se (5.7) Ny
S, = (W - | )I
= W(n,- | )I
(5.17)
= W( -1,)1
= S, |
N (5.16)
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R1

R:

N, = W - S,
= - Wk - W (LT + Lo+ k)
= W[ I, Li+ I, I+ (L%1)k]
= N.n;
N, = WM
M= [(1L L)Y+ (1, 1I,)2+ (1,2 1)%% = [1-
ne= [, Li+ 1, Lj+ (1L2-1)k]/Mm
2
N 2
RZ Nc
(Figure 55 )
0.0,
1 2 Ni, N2
g, = N¢eng
g, = N¢-n,
92 Rl RZ

R,cosd, + R,cos8, = N,

R.;sing, = R,sing,

- 45 -

(5.18)

2112
1."]

R2

(5.19)

(5.20)

(5.21)

(5.22)



i 7 sliding plane 2

! | Nc “‘*-@
) - / \
\ " line of intersection

Xp?”
P

- sliding plane 1

/

Figure 55. Reaction vectors R: and R: normal to the sliding planes 1 and

2, respectively.

2
(FS)
FS = [ ciA; + Rjtang, + Cc,A, + Rytang, ]/ S, (5.23)
, C @ , A
, 1 2

Figure

56
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50

a) free falling b) sliding on one joint plane

e
._\y
%/ﬁ?— ﬁz

/ . 3'0 N

2

c) sliding on two joint planes
Figure 56. Joint maps showing tetrahedral wedges of different failure
modes(B : : dip angle of joint plane 1, 3 - : dip angle of joint

plane 2, B s : dip angle of joint plane 3).

Figure 56 a) 3
) Q
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Figure 56 b) 3 1

Q
cQ 1 1
2 3 30° 1
1 . 45°
Table 5.1
(5.12)
: 45°
Figure 56 c) Q
: cQ 2,3 2
1 30°
2 3 ,
Table 5.2 . 2 3
, 45° . , 2
60° , (5.22)
1
(Table 5.1 )
2 . Figure 56 c) 2,3
60° , 50.8°
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1,000N Figure 55 Nc = 6325N, 6 : =0 =
37.8°, Rt = R. = 400N , (5.22)
800N 632.5N

Table 5.1. Safety factor of tetrahedral block for the case of sliding on one

joint plane

dip( ° ) safety factor

30 1732
35 1428
40 1.192
45 1.000
50 0839
55 0.700
60 0577
65 0466
70 0.364
$=45°
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Table 5.2. Safety factor of tetrahedral block for the case of sliding on two

joint planes

dip( ° ) safety factor

40 1892
45 1633
50 1412
55 1215
60 1.033
65 0.859
70 0.689
ho= p3=45°

- 50 -



5.3

2
l( X, Y, Z) = ( X0y Yo ZO) + a’( |x1 lyl Iz ) (524)
, (Xo, Yo, Z) , (I, Ny, 12)
, a . 2
1:x = X1+ a, |1X y = yi1t+ a; |1y Z = Z,t a4 llZ
(5.25)
21X = Xot a1y Yy = Yotarly z= zta 1,
2 X y ] (X1 y) aa
o, d: Z2+ 01l =2 02 |
2 )
Figure 57
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a) , , b)

a) formation b) non-formation

Figure 5.7. Diagram of the block formations.

(Figure 58 1),

4 4

- B2 -



HEH

ER2

Figure 5.8 Existence of the blocks.
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(Figure 538

2).



(Figure 5.9 ). 53

Figure 5.9. Volume of the block with the multi sides.
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6.1
225
Figure 6.1 ,
cone angle = 15°
/ Set 1 Set 2
280.1/885  190/58.2 (Figure 6.2), Fisher
Set 1 2 133 398
(Figure 6.3 Figure 64). Set 1 90%
34.2°, 95% 39.2°
90% 3.3°, 95%
3.8° . Set 2 90%
196°, 95% 224°
90% 25°, 95% 28°
Set 2 Set 1
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Set #1 280.1 /88.5
Set #2 190 /i58.2

Figure 6.2. Lower hemisphere equal angle projection of discontinuity.

Fisher Distribution: Joint Set #1

=]
08t $
08F -
07b ¢ Number of Joint = 112
dipdir/dip = 280.1/88.5
0B Fisher constant= 13.3
Proo = 3.3+
Pros = 3.8+
0&r PaD = 34.2-
Po5 = 30.2+

04F

03r

02r

01f

Figure 6.3. Fisher distribution of the joint set 1.



e s o

Number of Joint = 64
dipdir/dip = 190/58.2
Fisher constant = 39.8

Prog =25

Pro5 =28

Pa0 = 19.6+

Pog =224+

30 35 40 45

Figure 64. Fisher distribution of the joint set 2.

(Figure 6.5)
44.71m
0.7715m ,
(Figure 66). Set 1
0.8746 (Figure 6.7), Set 2

6.742 (Figure 6.8).
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1.059m,
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Joint Map

— 4inn), narth
=]

th

(=]
T

5 i
15 il ] 1] 3 a0 45 ] ] &l
— =m), 2ast

Figure 6.5. Scanline on the joint map of the Eonyang Crystal cave.

Total Joint
30 T T T T T T T

Total scanline length = 44.71 m
Sampling size = &7

o5l Mean spacing = 07715 m
Probability density distribution f(x) = 1.296exp(-1.296%)
Standard deviation = 0.5793

20 1

Frequency (%)
i

D L 1 1 1 1 1 1 L 1
] 2 4 B g 10 12 14 16 13 20

Discontinuity spacing (m)

Figure 6.6. Discontinuity total spacing histogram for scanline.
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Joint Set 1
30 T

Total scanline length = 44.71 m

Sampling size = 40

o5l Mean spacing = 1.058 m

Frobability density distribution f(x) = 0.9443exp-0.9443x)
Standard deviation = 0.9746

Frequency (%)
i

0 |||l T n L 1 L 1 1

1] 2 4 B g 10 12 14 16 15
Discontinuity spacing (m)

Figure 6.7. Set spacing histogram of the joint set 1.

Joint Set 2
30 T T T T T T T T T

Total scanline length = 44.71 m

Sampling size =7

o5l Mean spacing = 5.423 m

Frobability density distribution f(x) = 0.1844expi-0.1544x)
Standard deviation = 6.742

20

Frequency (%)
i

1] 2 4 B g 10 12 14 16 15
Discontinuity spacing (m)

Figure 6.8. Set spacing histogram of the joint set 2.



set 1 set
05602m  0.6095m (Figure 6.9 Figure 6.10),
05722 1425

Joint Set 1
30 T T T T T T T T

Sampling size = 112

Mean spacing = 0.5602 m

e B Frobability density distribution f(x) = 1.785exp(-1.785%)
Standard deviation = 0.5722

20F 1

Frequency (%)
i

0 Iy o L L L L L L L L
a0 2 4 B g 10 12 14 16 13 20
Discontinuity spacing (m)

Figure 6.9. Set spacing histogram of joint set 1 for plane equation.
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Joint Set 2

30 T T T
Sampling size = 64
Mean spacing = 0.6095 m
e B Frobability density distribution f(x) = 1.641exp(-1.641%)
Standard deviation = 1.425
20
&
=
S 15}
=
[=y
e i
s
10
L
0 | [ L L L L L L L L
1] 2 4 B g 10 12 14 16 15 20

Discontinuity spacing (m)

Figure 6.10. Set spacing histogram of joint set 2 for plane

225
29
19

19
13

7,8, 9
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Figure 6.12
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Table 6.1. Results of model analysis for the tetrahedral block on the roof

of Eonyang Crystal cave

ook joint. combination aea of base  volume of  failure mechanism’ cactor of
rumber forming tetrahedral tr:angli tetrahfdral 2I ock face sfety?
block (m"x 107) (m’x 107) #1 # #3

1 1 2 3 78.30 2.900 0 0 0 ND®
2 6 7 8 51.20 5.100 0 1 0 0.049
3 7 8 9 190 0.035 1 0 0 0.049
4 23 24 25 235.30 272.600 0 1 0 0.255
5 26 29 30 61.70 1,345.500 0 1 0 0.404
6 31 32 33 104.90 127.300 1 1 0 0.317
7 64 65 66 11.30 0.300 0 0 1 0.676
8 64 65 68 30.20 1.100 0 1 0 0012
9 65 66 68 39.40 1.200 0 1 0 0012
10 70 71 72 5.20 0.200 0 1 0 0.074
11 75 76 77 13.10 0.200 0 0 0 ND®
12 9% 97 98 2.20 0.041 0 0 0 ND®
13 120 121 122 98.20 334.000 1 1 0 1242
14 24 125 126 40.50 2.300 0 0 1 0.149
15 161 162 164 96.10 4.400 0 0 0 ND®
16 183 184 185 23.60 5.800 1 0 0 0.003
17 193 195 196 13.80 14.300 0 0 1 0.404
18 204 205 206 1.10 0.034 0 0 1 0.162
19 210 211 212 25.80 4.100 0 0 1 0.049

' 0 : free falling, 1 : sliding
2 c=0, $=35°
° ND : not determined
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Figure 6.11. Joint map showing base triangles of tetrahedral wedges -
Eonyang Crystal tunnel.
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Figure 6.12. Distribution of potential tetrahedral wedges on the roof of
Eonyang crystal cave.
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13 0.334m’° 19
, Table 6.1
(T able 6.1). )
35° . 4
, 12 Figure
6.13 a) .1
19
(Figure
6.13 b)). rock
bridge
2 13
(Figure 6.13 c)). 13 Table 6.1
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Figure 6.13. Tetrahedral blocks of different failure modes.
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6.2

(Figure 6.14).

Table 6.2

angle

(Figure 6.16).

(Figure 6.17), Fisher

/ = N 416W / 52 NE
cone angle
, Figure 6.15
, Fisher K =5
Cone angle = 12° 3
1 3
(Figure 6.18 Figure 6.20). Cone angle = 10°

(Figure 6.21), Fisher

(Figure 6.22 Figure 6.25).
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T able 6.2. Result of the joint set analysis

orientation )
cone angle (dip direction/dip) Fisher constant
15° set 1 0266 / 215 5
12° set 1 1225/ 43.1 423
set 2 0185/ 272 106
set 3 3151/ 630 714
10° set 1 1225/ 431 423
set 2 0483/ 315 338
set 3 3263/ 390 37.1
set 4 3129/ 619 138
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Set#1 26.6 /121.5

Figure 6.15. Lower hemisphere equal angle projection of discontinuities

(cone angle = 15°).

Fisher Distribution: Joint Set #

D L 1 1 1 1 L L 1
0 10 20 30 40 a0 B0 70 g0

8 (degree)

Figure 6.16. Fisher distribution of the joint set 1(cone angle = 15°).
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Set #1 122.5 1431
Set#2 18.5 /27.2
Set #3 315.1 /63

5

Figure 6.17. Lower hemisphere equal angle projection of discontinuities

(cone angle = 12°).

Fisher Distribution: Joint Set #1
e e .

Number of Joint= 28
dipdir‘dip = 122.5/43.1
Fisher constant = 42.3
Prog = 3.6+
Pros=4.1+
PoQg =19+
Po5 =21.7+

D 1 1 1 1
0 5 10 15 20 25 30 35 40 45

8 (degree)

Figure 6.18. Fisher distribution of the joint set 1(cone angle = 12°).



Fisher Distribution: Joint Set #2

&
09t $
08F !
v ] Number of Joint = 107
dipdir/dip = 18.5/27.2
OB Fisher constant = 106
= Proo =38+
Pros = 4.4+
z o5 Po0 = 38.5¢
o PO5 = 14.2-
DaF
03F
D2k
0.1 -
D 1 1 1 1
0 10 20 a0 40 a0 RO
8 (degree)

Figure 6.19. Fisher distribution of the joint set 2(cone angle = 12°).

Fisher Distribution: Joint Set #3
T o LR .

Humber of Joint = 12
dipdir/dip = 315.1/63

Fisher constant=71.4
Pron=42-
Pros =48+
P90 = 14.6+
P95 = 16.7+

D L 1 L L L L L L 1
1] a 10 15 20 25 30 5 40 45

A (degree)

Figure 6.20. Fisher distribution of the joint set 3(cone angle = 12°).



Set #1 1225 1431
Set#2 48.3 131.5
Set #3 326.3 /39
Set#4 3129 /619

|
5

Figure 6.21. Lower hemisphere equal angle projection of discontinuities

(cone angle = 10°).

Fisher Distribution: Joint Set #1

1 [ .

Humber of Joint =28
dipdir/dip = 122.5/43.1
Fisher constant = 42.3
Proo = 3.6+
Pros=4.1+
Pog = 19+
Po5 =217+

D L L L 1 1 L L 1 1

& (degree)

Figure 6.22. Fisher distribution of the joint set 1(cone angle = 10°).



Fisher Distribution: Joint Set #2

Number of Joint =69
dipdirfdip = 48.3/315

[IN=R S Fisher constant = 33.8
= Proo = 2.6+
Pros =209+
:‘L 05r- PO0 = 21,3~
o P05 = 243~
04F
03r
02k

a 5 10 15 20 25 aa 5 40 45
8 (degree)

Figure 6.23. Fisher distribution of the joint set 2(cone angle = 10°).

Fisher Distribution: Joint Set #3
1r [ -

Number of Joint= 31
dipdir/dip = 326.3/39
Fisher constant = 37.1

Pron= 3.7+

Pros =42+

PO0 =203+

Po5 =232+

D L 1 1 L
0 5 10 15 20 25 30 35 40 45

8 (degree)

Figure 6.24. Fisher distribution of the joint set 3(cone angle = 10°).



Fisher Distribution: Joint Set #1

1r oo

&
0ot ®
08r
i Number of Joint = 8
' dipdiridip = 312.9/61.9
06F Fisher constant = 138
- ; Prog - 3.7+
i Pros§ = 4.2-
205k PO0 = 10.5¢
o : Pos = 12+
o4}
o3k !
o
01
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0 5 10 15 a0 ) 30 3/ 40 45

8 (degree)

Figure 6.25. Fisher distribution of the joint set 4(cone angle = 10°).
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2
(Figure 6.26). 1(SL- 1)

cone angle = 12°

Table 6.3
Figure 6.27 Figure 6.35
Priest (1993)
Table 6.3
1.767m, 2 1.335m

(Figure 6.33 Figure 6.35)
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T able 6.3. Result of joint spacing analysis

method joints mean spacing Star.’ldél’d

(m) deviation
total scanline SL-1 83 1767 1637
scanline SL-2 14 1335 1287
joint set #1 scanline SL-1 17 6.173 8497
plane equation 28 256 3.640
joint set #2 scanline SL-1 33 4527 4.800
scanline SL-2 11 1735 1.353
plane equation 106 1420 4810
joint set #3 scanline SL-1 11 1144 1043
plane equation 12 100 1042

Joint tap

g
=
T

- Venge
=
T

— .-H-\"-\..
"—*"Eff = e,

]10) 11 140 180 120 200
X - Herizsennl - Deglar = 408

Figure 6.26. Scanlines on the joint map of rock slope near Samgok Station.
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Total Joint

10 T T T T T T T
Total scanline length = 143.4 m
9+ Sampling size = 83 E
Mean spacing = 1.767 m
gr Standard deviation = 1.637 1
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Figure 6.27. Discontinuity total spacing histogram for scanline(SL-1).

Joint Set 1
10 T T T T T T T
Total scanline length = 143.4 m
9+ Sampling size = 17 E
Mean spacing =B.173 m
gr Standard deviation = 3.457 1
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3 L i
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Figure 6.28. Set spacing histogram of the joint set 1(SL-1).



Joint Set 2

10 T T T T T T T
Total scanline length = 143.4 m
9+ Sampling size = 33 E
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gr Standard deviation = 4.8 1
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=
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Figure 6.29. Set spacing histogram of the joint set 1(SL-1).

Joint Set 3
10 T T T T T T T
Total scanline length = 143.4 m
9+ Sampling size =11 1
Mean spacing = 11.44 m
8r Standard deviation = 10.43 E
? - 4

Frequency (%)
[y}

0 II B, 3 = . o L L L L L
0 5 10 12 20 25 30 35 40
Discontinuity spacing (m)

Figure 6.30. Set spacing histogram of the joint set 1(SL-1).



Total Joint
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Total scanline length = 21.68 m
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gr Standard deviation = 1.287 1
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Figure 6.31. Discontinuity total spacing histogram for scanline(SL-2).
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Figure 6.32. Set spacing histogram of the joint set 2(SL-2).



Joint Set 1

10 T T T T T T T
Sampling size =23

9t Wean spacing = 2.564 m 1
Probability density distribution fix) = 0.1435 m™

= Standard deviation = 3.633 E
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Figure 6.33. Set spacing histogram of the joint set 1 for plane equation.
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Figure 6.34. Set spacing histogram of the joint set 2 for plane equation.



Joint Set 3
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Figure 6.35. Set spacing histogram of the joint set 3 for plane equation.
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Plane-Toppling Failure

Set #1 122.5 /1431
Set #2 18.5 127.2
Set#3 3151 /63

Figure 6.36. Stereographic projection for the plane and toppling failure of

rock slope.

Plane Failure
ED T T T T T

=52

A0+ -

: Dip

20+

- Vertical

Y

_2D 1 1 1 1 |

X - Horizontal : DipDir= 48.4

Figure 6.37. Joint distribution causing plane failure of rock slope.
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(Figure 6.38),

Wedge Failure
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|

J3
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Figure 6.38. Stereographic projection for the wedge failure of rock slope.
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Table 64
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Figure 640 Figure 642 .1
(Figure 6.40) ,
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Table 64. Result of block analysis for the rock slope near Samgok Station

block volume  base area slope depth perimeter
safety factor

No. (m°) (m°) (m) (m)
1 4.123 4.295 2879 11.067 1.037
2 4.053 7.386 1648 13.079 0.910
3 0.003 0.059 0.158 1134 1466
4 0.003 0.049 0.165 1.188 1524
5 7.302 2.359 9.285 7.530 Non- Sliding
6 11.141 9.906 3.374 14.986 1621
7 1413 1.106 3.832 5.057 2528
8 13.613 1.663 24551 5.978 3.756
9 0.247 0.604 1.226 3.773 1535

Block Distribution
T

¥ - Nerseal 1 Dep =2

=
2

r

1]

P

|

1

I
a A LIt [-n} -1} m F.l 10 161 = A0
A - Husizoassl @ Daalliy = 284

Figure 6.39. Wedge block distribution on the rock slope near Samgok

Station.
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Block #1 Sliding Block

B volume = 41228 m°
base area = 4.2954 m’
slope depth = 2.8794 m
perimeter  =11.0674 m

safety factor =1.04
2 Rockholt: 5D30- D25
SF=1.3:10.7kN 1
SF=1.5:16.2kN 1
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Figure 6.40. Results of stability analysis for block #1.

Block #? Sliding Block

volume = 4.0578 m®
base area = 7.3861 m?
slope depth=1.6482 m
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safety factor = 0.91
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SF=1.3: 186N 1
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Figure 6.41. Results of stability analysis for block #2.



Block #8 Sliding Block
20 volume = 13.6125 m°

o hase area = 16634 m
H slope depth = 24.5508 m
g_ 10 perimeter =59775m
= \ safetyfactar = 3.76
o Rockbolt: 5D30- D25
e SF=13:0kM 0=
A0 SF=15: 0k 0
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Figure 6.42. Results of stability analysis for block #8.
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