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Estimation of Usable Cut-out Volume Considering the
Structural and Engineering Properties of Rock Mass
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Swuctural and geclogical engineering properties of the rock mass distributed in the Yokmang
mountain area were investigated to determine the usable cut-out velume and quarrving efficiency. The
study area is located in the southern tip of the Yangsan fault system which controls the geological
structure of the Kvungsang basin. As a result, the study area is mainly composed of andesitic, rhvolitic,
and granitic rocks of the Cretacecus Kyvungsang Supergroup and a series of right-handed strike-slip
faults is developed along NNE-55W direction. These regional faults significantly affect the spatial and
mechanical characleristics of joints such as spacing, [requency, and compressive strength. The joint
frequency is highest along the fault zones and decreases toward the remote region. Based on the
geological Information obtained from the ficld survey, the detailed structure of the Yokmang mountain
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was analvzed and the volume of the rock mass was assessed. Considering the minimum rock block size
required for the construction of a coastal dumping site, potential cut-out volume is then estimated o be
4018.000m* the volurme % of which is 48% of Yokmang mountain including the scil and weathered

rock and 6126 of the unweathered rock mass.

Key Words : fault, joint spacing, orlentation, compressive strength, cut-out volume
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Topography Geology
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Fig. 1. Topography, geclogy and drilling profiles of study area.

103



{Sillitoe, 19777 74 Afo)

e E .Dl KW B ONg o R ...Aro Il tn e
= Y ~ - ’ oM s g0 %0 3 = & U e W e
— b - = i) s .
-, ‘ ._m. — ° i m_._‘_ ™ B m TR _&m T T .WL ™oy
N oy VWl ET T oL, A = W T oo ) 30 do = kb o
ﬂu s Br = ~ ,m.r OE CJ_ m .3 R OT_ o Lu.‘_ .E o
v N umoﬂ vw_-urloﬂowrm,@r W%.:lﬂ:l.mﬁ._;ww_.ﬂlﬁr_._oizfu
N g wog B G g 2w BX oy oo
m m T. W = o3 I —_— il - Ir R A 1..._. o° _7,_0 A
& = g P B N2l o ol ome — of T BT A v
Sl Jcsl B EOHaE Mok E oo N o Moo Lo 2 e
5|8 (28 |2 Taoma® L& Tz xr T w LB a2 TR
M_ g E % & m = _.‘_wh - .m.,l = oK = ot = b i3 oy = ey Hu SN
g [ E op e ™ X 5w & 1) o MO oEs e O T -7
5 S O . ! 7 oy W o HW : o FRAEA | g Ho T
@] = & ol oy o 3 .a_ L K4 w3 ¥ o
Sy .m @ o g o e G Ho 9 How e Mo 0 — = oo o
S whmmwd ey e [k ex P Rer 2@
T © wo o) W " o o mo o w3l R T g Ty oo™ o
g ~ __yi ey ﬂ_mu —~ m 7_«_ K & XL, = 1Hro Y D.F Eo
g 5 3 mF H_u e e oo 1o u@ il i ol w m._r My T _Z . £y
zl |8 7 I B ] R S R W L
B et - - — i -
£ = = Fi I IS S g ol &M g =T H W YW
|15 2 = = 3 5o ey o W3 dn woFE B o ol Mo T g0 = X
K- g = P e o e o ogr s 9w b g, ™ I pd st A,
= 5 = B Lm I VR N o o o
%] TR =y 3 iL| E”_,._ S ~o .ﬂ._ o) e I [ite) ' .XT_ 3 o 2 .MN. N ]
[ - o
M 5| = manHTmmﬁrwamumbumm.ﬂ EW_RTM%W%,mdﬂ_z_o_%q
o m ﬂ .;\_ o 1.%\_ Mor M mT O e .h_l ' ._._po ,_él ~ N wWon o
..|Ar_| ﬂ ) woH s E T W) oF ,ET I nlo,_u \L,”_%o H Pj_a ol R o ) ® o Ao
" gOEl |2 ? OMETOBINTR DT
J.um m o Wn o) e _t A,
= o = A =y -
o & T S MG A T s wa VA . R A BT S e I
a oo _, P T — W =N Z i <~ T T ot
= ; 5 5 3 AR o o T I R Bl ok 30 wo FO o E 5
° 8 £ 2 5 s2 L SeEniel &Y w0 om0
© & s = WEl =MLy o,._%_u.ﬁ,oti_, _m.,uiLmﬁaﬁﬂ
s fres A = = 3
> 5 ZTHMunodﬂw. lo_m_mk,@mruﬂu.om_.mﬂd%mu o o T o
E = — B o S o oo 3w i B o0 Fo W o e T
@ M%ﬂ@&%@zﬂ%?%@%ﬁ&Mﬂ%fﬁ LT N E e
s _#LL o K7 o~ L 0_ \.M_n ol To .AL J.r ol W o_H i - N ._L. iy
° g A Twd R T 2T TLL AT
: GiluuETAETrsEen R wETAT
£ = o o 0| @..n_ Y = o o i m_rT e + 5 Mo B i ...._,u T v "R
5 ﬁ_,mﬂﬂo_hﬂonmﬂmg% ﬂoﬂa*o_wwﬂmam.d.i a0 W A g &
—_ = e X 7 }
20, _ﬂ}%m_e_eMmmmoxﬁoﬂdowhg.ﬁmﬂaﬂ%@.{% meﬁ%‘_wmﬂﬂ
8|5 4 - zTﬂmmu._.__ i S L AR IT By R I
< FY B F T 5D ¥ O = 2,
2|5 f ‘z,;_.gw%ole\nwﬁwﬂowaﬂxﬂﬁﬁ G TR RN R )
e p L ™ —_—
R i ﬂr:@ﬂ@.ﬁmmﬁoﬂ%iﬂﬂ mﬁ&%oE]ﬁﬂgﬂomgaﬂmom.oﬂu@.oh
% ﬂ“w % ﬂeﬂnmxuﬂ»m.ﬁumﬁo_ok .mp,mﬁ._ﬂo_..ﬂunmu.mm\klmnwxlmaﬂTﬁThr.nml_aﬂn_ .
W oI = W = oy I ol _ oy - o 2 ° oy = o) D
: ) oo & oo S - R R _ <
— ﬂ..rwruqﬁ%ocmumaﬁ%%muﬁ.oW@nmu%%uuuﬁﬂﬁoﬂaimq_%%%
[} oﬁ _er_ ] ! HT_ Ird e T st 0 = W T ..or i A._ o Eo _m_vd (=) He ,l_.
= o ,....ur.._ o O_ e 2y J T oo g = BI ...Ar._ = Q ur =y __.T Be o ..ﬁo nm; HAr ) -
© = = = o 3 ol & -~ T ! — 1k 7
= ol ah::mﬂwmu%mw%wm%e%ﬂﬂow L.,muo LnMo.A_.or,_ﬁ'mnﬂ_/.Momﬁ
X o OB 1 T oh o] o w ook T & T = % N o

Lo
5]

104



(soa1Bap) apnien

Longitude {degrees)

) lineaments in

B

(

A} Yangsan fault system and

(

Fig. 2. Aerial view of

the study area.

=
e

o

.&o

1972 Choi and Park, 1983

ol &% 0|27,

S|
A

A7t )

=
T

{Simple dextral strike-slip)e]at

e

X
=

o

pii5)
-

]
Hm
Ho

WM& (Multiple deformation)e] *

v

ol

23T AGopA]

’F

z

#9132, 1998).

dEol Tk

3

A o] aTzel FEAeE B

L=
piLie=)

=0

73] N =ZF 48kme]

105



BT AFZE Uehtt BE AFAYAE
HE-PAREY HFEIL SASD TR B
S5 % AFHS HE-A WH ATz $

T 23 FA Y wEElE ¢E S RAMSIY A
59 TEE Fig. 3-Ad
2 T3 HA g

Y
jo

: %
o FWEe] AR $5uH BEYoR WY
97t gk 2AAGIAY BES GFw %
& Fus B4 FRAM Y FEH @
FRE-GEA BeY HFoE XA

Tore ooy rlr 42 2 ool B ofl ok HE R

Elt}= flower +3{Woodcock and Schubert, 1994)
7} 2 AR K Fig. 4-A, Fig. 5). 953499 75
7F 15m ol HE HELZ £ oy} ddsia go
v](Fig. 4-B) 93452 %% 8lcm ol =ol
(Fig. 4-D) 9ate] Wdzg =71 ol HdE

g B
& 2j2a5/805%

2 % Qvh E@ RAEC] Furso] U
& o} gNs] WAt BYsEe] A AL 4
) 4

ey
=nna fauit ,,_? ,--’
l
B N
’/0 . ‘

pole 10 plane
L 4

Fig. 3. Distribution of (A) major faults and
{B) the equal area projection of
fault orientations.

A
|
s J o
B

Fig. 5. The two main varieties of “flower structurg” associated with strike-slip
duplexes(after Woodcock and Schubert (1994)): (A) Palm tree structure, (B)

Tulip structure.

106



guel PEH D FEH B4E weld HERAY W7

| WS B oAl o

-

CH & Pi246/80F %

Fig. 4. Photos of faults and fractured zones.

107



Hel

[e]

2

23T 277 AHeIM Belg 27
BolAs B BME Fig 6ol BT,
of Wt gus AR ATz

Z

oL

A

o

2

A} A]

2 o oL o [0
L
lo =
o e 2
=L gl
e} A A
ot £
M
A
© gy
_‘:"
13
o
ku
LA
Ir 4o
ol
|
uf
of
I

o off ol

[ TR L S-S T
r-O
o o
nx
JB oo gx dr

[
ok

oo
ol
e
w3 oo RO o otk

Doman®.Z % 3782 Domaing& 43
Domain®| 41 2] #He|uha4fs 8| 2slgch
@Z9 9% 9 Doman 244E ¥
grakel Azlvl HzsiA weEy ol
gyl M2 AA%tE Domain t 7Y
gle 93z AR XS FEE-
g Ag ol9e] BEE-gdA Wk

=

di o (L of X ofi N4 16

r
)

¥

e
ol
o M oafb

2,

R A

4t oak
2

o i
>
I

=} 5]
sk Falela bR SAslA wEets Aew
et o,
ARG 20 AP FRR FHAT 2t

& At Fig. 7-A¢] £413kgich dejztd e

24 BemellA #H o) 20em7bx]e] WElE Uehdu
[BRPE ke chubniokale] uf$ THEA o
el el Domain 2(Fig. 6 #%) 7192 g2
2go] 7H iy Ao Haztdn A3
HollA w]$ ZWert Doman | FHEAAME e

ABL wH ARAG N ZUSA el @
Z7t95% AUNds Lo

].
3390 B9 ol wEwwoel uleksle)

7-Bel malE wish go] HHMEE F 9% A
heg |

ogofol i by A dehie] @eld Wil @
A Aol Ha MRS nAETh A9, BH

Domain 2

Fig. 6, Joint orientations in the study area.

108



Spacing of major joint set

Joint frequency per uril area

176200 : FEE200
wwma faylt B i
175400 176100
=
176600 176000 g ,i
s
-
%
175500 175500 #
175500 175860
175700 175706
175600 - : $75E00
1#RANED 1RIORD BN AAD4ED 1RNREA ROFED 180450 180250 180350 WS 120550 180550

Loca

176202

Fig. 7. Contour plots of {A} joint spacing and
tion of schmidt hammer

teat sites

A

176103 p-
176000 |-
175300 &
t75800 |

Vs |

b i

1752609
133150

180250

180350

180430

180550

180850

{B) freguency.

3

El

a

b3
T

Uniaxial compressive strength(MPa)

50
Distance{m)

Fig. 8 Survey line of (A) Schmidt hammer test and (B) strength of joint wall.

4}%01
CHEe
100me)

o}yl

i

e
ENEE

A zApae

2
aled

T
70| E gl o Schrmidt hammer) A e

v]e}3t Domain 3 Y= ©
qEsst 4 AA 24
_r]ui;ﬂt:L ;<-lg]u]; _r_Eool:}.Lg
Bxo A9 dAa: FH=

{Fig. 8). 59 A 4olA 4~63 &48 FrEsd
hdAeEe] Fyighd gstn ool wep dHg

o) EREEF 0L
cHulE A 9], 2000).
JCSy= —0.00005r >+ 0.00002r 2z +0.01078

—0.00090r 2 — 0.00020e” + 1. 10065r
—(1.095982 — 8.41941

AL o) gt FHEU

. n
714, JCS, - A4

109



o3, T84, 2Hd
S = 1 B AR E APA A o] 2438 vEbdTh
@ @ EBEZE
Trapezoidal rule
Fig. 8-B 2 Table 29 7|4 d delde 27 ’ ol
£ 3gEse 3 gid BolusE Frlen J St R+ x4 R
FAE Uik ol 4Ad 8smelrE YEYE7 o £ x 1)+ (D))
%7 5MPaz dl§ AslHel golA @ QA
AMel AR Y EHAE) 4R FEex b A=(Emaln
ade wuE AN AURTE olAAY
RomA Mt BelE 287t BMPaz FARYS e
WOGFAPANIN pEAT ¢ 100 A% 5 [ Addev LSt e £142 £ fot
Zh=e] itk olg} 2o XA o|AY uf =
Aol Ae] chzabg e Mgzl 9 orulz) w2 Fonzt 4 For fon) (3)
= dsld] 2R g9o2 IFayPe Aoz 4 71, h={(b—a)/2n, f;=F( x}).
sHETh
Simpson's 3/8 rule
Table 2. Uniaxial compressive strength of b ok
joint  wall with respect to the fa Ande 3/8( fot3 fi+3 frr2 S5t

distance from major fault.

Distance (m) Uniaxial compressive
strength (MPa)
85 5
250 18
420 20
28.0 24
68.0 46
920 55
gk M
B edee 1A sk dxzoez A
g d3H=e Yegns ol 4] A g A
~hatgoh $4 .%*}110—%01 gk 2374 SAAR
2RE FAAEEE AASEen, ol& o435
Y 7Exs e 338 718 x Sm 7
Aoz wRME YHHn, 7t vHy WYL vk
o AAlE 37k Q(Flannery et al, 1983)& <] &3}
o AbEstET) 37ER) el A sle] AabAE vt
HAE 1He oAt AQE Fste] HA A
A& AFEH Y Table 3¢ F235 4315 A

2 Simpson’s 3/8 ruled] 2]3] Ak
HAFstH, Simpson’s ruleol] 2]sf

Trapezoidal rule
A8 guA e

110

2 fou—ot2 Fou 1+ fon) (4)

A71M, h={b—a}/2n, f;=/( x,).

A1 dELS oo FHPez fr Astadrh X
E R FINE L3¢5 507 HA AHE A
& wes dad F(Fg 9- ) 2342 7t
e BE 9 F3diE Ad guty] 4L 4
3t tHFig. 9-B). Fsdie) AXRALEe A=
ANz s 2R sy HFAS(11MmE o

$are] pergon 7

;}]7—]6‘!»05—1_}.1 7]H Lol

AA AAefiA Fapdfe e
* i1|;§1—% Arerstt g e
]9] ]9 i‘v'i(f'lg 9-C) wpAj =t

’é}tﬂ 2 ﬁg}fﬁ AAT g2 A
SE A TIhe] =)A

a3 °"-’4—1 H4 =A7E et
] Sem ol3he] wEmhddl fE2
AlA etk BFzaba] olg
5~10m Atolell A A Moz s}
, AR el W), e
\1‘01] AddE Fi —‘-}*ﬂ

o)

>

ol
)
£

U

. 8
Tpe®apw
;iFm¥.0¥—U£HE4—”
ol

rlooﬁjﬂ.

I

1:11

e

o~
e
WL
e

i
ol).‘l
o



shite] TEA D FIY 544w HEEAY 4

e S,

S o
-

Fig. 9. Three dimensional topographic map of the study area.
- Volume of whole area (8,292,000m%),
Volume of whale area (6,548,000m?),
Volume of whole area (5,023,000m*),
Volume of whole area (4,018.00 m*),

o0OWwr

111



ol T4, ¥R
Table 3. Estimated volume of rock mass.
Estimation method Voiume{m?} Average Ratio(%)
Trapezoidal 1ule 8265127
Total Simpson’s rule 8,233,530 8,252,000 100
Simpson’s 3/8 rule 8,294,499
Trapezoidal rule 6,550,811
Rock mass Simpson’s rile 0,547 307 6,548,000 79
Simpson’s 3/8 rule 6,548,841
Trapezoidal rule 5,026,182
exclulfhf;‘ gjisme Simpson’s Tule 5,023,322 5,023,000 61
Simpson’s 3/8 rule 5.019,768
Rack mass excluding fault and altered zone 4 018,000 43
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