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Rock Slope Stability Analysis in Boeun Region Considering Properties of
Discontinuities
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2Civil Engineering Research Division, Korea Institute of Construction Technology, Koyang, 411-712, Korea

The study area, Boeun-eup Boeun-kun, belongs to Ogchon metamorphic belt which is highly metamorphosed and
consisted of complex geologic formations. Even though the geological structures and formations are complex and
metamorphosed, the geological investigation and consideration are not enough and consequently the plane failure is
occurred in the rock slope which was under construction on 1 : 0.5 gradient. This area is assessed as unstable and
additional failure is possible by the discontinuity with same direction of failure surface. Therefore, the authors eval-
uate the slope stability using various analysis methods such as SMR, stereographic projection method, and the limit
equilibrium analysis. In order to analyze stress redistribution and nonlinear displacement behavior caused by stress
release, the authors conduct numerical analysis with UDEC and then the behavior of rock mass is analyzed after
reinforcements are applied.
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Fig. 1. Geologic map of the Boeun area (Lee et al., 1973).
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Flg. 2. Face mapping for study region of numerical analysis
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Table 1. Quantitative description of discontinuities. Table 2. Uniaxial compressive strength of rocks (Kim ar
Set 1 Set 2 Set 3 al, 1994).
4 582100 8571200 520275 gy BRUEEE gy 9EUEYS
2 (m) 08~1  0.1~03 03 (kgffom?2) (kgffem’)
= (mm) 1~5 1 0~2 73k 1,000-2,500 239t 300-2,500
A4 (m) 8~10 10 05 As9 1,800-3,000 Alet 50-500
A7) ﬂ’lﬁh) (ﬂic?h) (-‘:%Eaf) gt 18003500 1,500-3,000
(rougl roug smoot o} o
228 wAKsily U AKsil) ] AKGsilt) - 1,500-3,000 Hreleth 500-2,000
SEATMPY) 180 150 180 AR} 200-,700  WiEd 1,000-2,500
o &3 Z23) EX Y Ad 100-1,000 ZH°lE  1,000-2,000
(damp) (damp) (damp)
Table 3. Classification of rocks in terms of strength (Lee et al., 1997) .
ShybEL Iy hably Y s A%
2= T (kgf/cm2) 125¢]3} 125-400 400-800 800-1,200 1,200014F

TRIAXIAL COMPRESSION TEST : MOHR'S ENVELOPE
Specimen : Granodiorite Depth : 36 m
( unit of strength ; kg/cmz)
Size of . Triaxial Uniaxial Tensile
Sarr‘nple specimen %?:sf::?eg compressive | compressive | strength
o D* L (mm) strength strength (Brazilian test)

4A-5 55.0x 1156 51.0 2244.0

48-10 55.0x 116.5 102.0 2091.0 1844.4

4C-20 55.0 x 115.7 204.0 3403.7
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Normal stress g (kg/cm?)
Internal Friction Angle (degree) 48.0°
Cohesion ( kglcm? ) 330

Fig. 3. Mohr's envelope.
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kgfcm®|t}, UubEQl oFale] UYEPETEE= Table 2
o} Zromj, B AQPellA 78 FEgtol st =
Qbe) QEARIFHE Welol AL & Ak EH,
Table 39) 9H ZEsRol oJa £ Qe ohdol
o Wi T FAQUE U 5 Aok

32. ah&atAEAMY

AEPEARE B FREHA el M3 (ot
etz eyE ab7] S8l ARt £ Al
AHg-¥ AEQFEAI P 7= SBELARS]  Stiff Test
System Model STS-10002.2 F 83 1,000,000
Ibs445MN)S 7} & d2o™, 30X10° Ibs/inch
(6.25MN/mm)2] 74& zh=th £ A1ge] AsE o]
B3l #rgh ®ojele Fig 33 th Rojds TA
sl el WiRrldzst MaEe Feb) fEl
& 5, 10, 20 kglem® FO2 7I5ke] RSy ot
FAE2HgHLe A= A3 dHe] RekdE 4804
HAELE 330 kgemolt}. dEUS B HFAFAY
oA T el gt J&, Fopdul R sEl A8
55 2ol Table 49} 2t

3.3 HYTCAY

PG HL BAEHe] A4S I8 FAsY
£ 3] sk Aede] AHHA JRep A ot
7] 91l s ESAeh gAY Bale BASRe] 5
gell 2A FeHEE APAES §8 HeHe] 24
8 5o] Yoot} & AFoM ARRE HIAA7 =

Table 4. E, estimated from triaxial compression test.

Diameter (mm) 55.0
Height (mm) 115.6
Weight (gf) 700.0
Weight of unit (kgf/cm®) 2.55
Deviatoric Stress (kgf/cm?®) 2258.28
Confining Pressure (kg/cm?) 51.0
Young's modulus(E) (X 10° kgf/cm?) 7.0

Poisson's ratio (y) 0.27

shear test

-
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o v = ;N

shear
strength(Mpa)

0.5 1 1.5 2 2.5
normal stress(Mpa)

()

Fig. 4. Shear strength-normal stress graph.

ELEAIY] Portable Shear Box Assembly 77-10302.
2, A8 HohHA 155 mmx 125 mm(4.5 inchX 5in)
& Ad 3 102 mm@inl tisiA AEE 5 9l
o} B AHAGAGL debdo] ik e &
SN AFAIYLE FERen, 7 A3 Fg 4
o} Zith, AFARYEE Algw o8 degze o
gt 2 3=elo)) A dhuiiol FAje} Mg AN
£ IAANZ AWES FAEZ i 2208.74N,
2708.74N, 3208.74N, 3708.74N, 4208.74N, 4708.74N,
5208.74Ne] 7HHAIR F288e T7MFIH HES 4
A&, Coulombe] FAMmizyoz ANFAHE A
g 3R] nRatza FAES PNy 3y
2 AR HAHogA (04587MPaclL}, B ATo)A
= A Abel FEAE ByHoz sjdsl] S8
428 0oz zHsigrh
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4.1 SMRO| 2/ 8t futAlH#E T}
SMR(Slope Mass Rating)2 Bieniawski(1976)° 2|
& #<t¥ RMRRock Mass Rating)S 74 3lo

Table 5. RMR classfication of jointed rock mass (Bieniawski,
1976).

2 AR 712 57
U&= (MPa) 180 138
R.QD. %) 66.9 134
Bd4d 744 (m) 0.8 13.5

A&A (m) 9 0.7
£ (mm) 3.0 1.0
RMR 2ojzwm ) .

zgf T A A% (Rough) 5.0
FAE B AKSilt) 2.0
3 BE 23} 3.0

Z=23)

=12~ A} =N e
A Bk dE) (Damp) 10.0
=% O (Fs) 624
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Table 6. SMR classfication of jointed rock mass (Romana, 1993).

Fl:E949
F2 : Byivta] gefg e B4

SMR
F4 : Apa o] Z2py
RMR+(F;X2X3)+F,

A3k AP 3 Aol Afolzt

F3: AFR3H B4R A2 Alo)e] 2

20° 0.7
ZAApzt 58° 1
-2° -50
Aoy gzt 8

VEM) 35.4

Romana(1993)l =) AAE o, Guirpsie] 1248
9l orAe Hrlskey W$ 488 Yoz, B9
At A e} o) & QA 8 a7HE A
Hol #Ag HFAUEL AAFT Utk SMReAM =
RMRAIM E5g 28 IAZ AP g 8488
B3l o ke FES

2 Ao ehikabagE oA EE D] k) ok
RMRe 624802 S T (Favorabley <3h}(Table
5), SMRE 3544822 S5 IV(Unstable)e] &3ttt
(Table 6). SMRe) 55 IV obdbade] 2 Al A
o] Beokysls vehi™, Romana(1993)f <jshd &
HYel= HHay, iR drjgrzp dad 5 9
3, ololl g Bl 2= s Bjol 84
e vekdo 573 RMRS SMR9 grol =A|
zpol7t e olfe SMRS +& o HHgAxE {2
A 7FsAdel e Ehgd dig WakeAY uE

Ajolrt, & A7t Abde] tidk SMR B7HEFHE
S5 IV(Unstable)2x] Apdo] dubgoz Ebgsict
2 B, ofv] Fuazt dss F7HA 7t
dgEe g dAEE & Uk

4.2, Kinematic slope stabllity analysis

Kinematic analysise= th'd ehibapauiel EAsa
AbHel AR $ixlof ofF) BB e AR e
3L 7|sistdor Easke Whyelth. Kinematic
analysiss EAEH, AMH, ARARAY WS 2%
sto] B3, of Mo dutdos Bddmo) o)
g e BASHE wApe] Wkl tisie] HAF
T Qol) =ARRo 2A aEolcKKliche, 1999).

XA Fig. 59149} 7ol J,(58°210°°] HH 3
o] Bordaded ol mAlxlo] Bokst zies wolch
o] 100~120m FZilA BATHE BYAZ] BED
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Fig. 5. Plane Failure
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Hedge failure

Fig. 6. Wedge Failure.
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4.3. Kinetic slope stablily analysls

Kinematic analysis 23 APHo] HFSH 7HsAdo]
Aok FHEW, kinetic stability 48 Sa)stodof
sk oi7N ‘I’}ﬂlﬂéﬁéﬁﬂ"ié ol&3l IHEE T

24 H7HgckPark, 1999). w2t B dFolME
kinematic stability analysisE %3] E<HY3l Zog
ke BASHES 3l kinetic analysisE 583}
St 2 AFeMs Ase9r) Abde] ekAdel n
e GFE HESP] 98] kinematic analysis 23}
HAw 7Fsde] A 11689210900 thsted kinetic
analysis& T 3IY2H, AFRAZRA(A71A) kA&
APAEo]9] 120 ©]2& A $71A)E 7R 8k
PR &S Ikt

@) Zﬂz*}mO 3¢

HEAPAL AlHo| hxul4=7) ®okw 7Egske 4
Bl ?J’é}ﬁ%olb} n|e el ZEshs o] gl
25 ofujgich Al 80 g 5= 9\174“}
ol 2R B g Al ekgAlel GRS x|
7 @erhl B ¢ ok o]idl AzAlHeM s Rk
U, ¢ Ve 2% 00] 531, 4 ()3} o] 539
T Ut
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Wsin¢p+co O tand (e8]

A7) Aol e PURARL Ba) BAS
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o, B AT Aol tid AzAlel A%
42 5 KPa(=kNmAZ W7 7Pgsled usael obg
4 Mg FAsEoR, of mel kige 06651tk

(i) AFdolel Vo7 Asiesle e A9

B AT Aol tie Aslsglel AA] 2ol
olFolxA| Yrov, meb B Ao tHek Xske
o 9 TR PP S| Slste) AmiE
o9 127K AR} 4HE 5 e ReE g
SHL (2% o183le] A& Pagrh

_cA+(Wcosh,~U-Vsing,)tand
- Wsing,+Vcoso,

oju Z|3lrel FEF 28] ESH AAE S 0o
2 7pdslden, olgjsl Ao gRE FE4 e
< 0.282A] w9 BPE3E Adujolt}, A7Ael vl
o] HAH3] W o|lf= BEASH sl X
Blol] ofgh Kok oz Qs vjmeFe] Hatehk=s §
o] 74§ Wil Aoz HeHc)

e, AIEEES AAEAS 84 (deterministic
analysis)® 241, Z2A 239 WRle g ekdgo ¢
Asle] HAAAL] S HrslER B A
o] =9 oA} UcHPriest and Brown,
1983). SAHAHL 75lEH o2 E9kyt Ed&H
o tisty] FHEE 3, Al At} X
e 7 o] Byistar Al dpzrt ookl vl
7] Wil ArEWRlA Qlejo] FHoFgh FE oA R
B37F A1FHE g Qlt)h weba dAEEYLR ol
g AlBIEE A slole B7HsT o] Sk

ol Bt 24 s kARG gigk kA
AL 93 SRS o] HFEL Ut AFESEG A
AA 2 siabde) shiz FeYye FAae Apd
AFZ Q3] wAsks =l 9%t gute] o3ty
AL A dEsed FH 5HS B2
ot & dFelde e A 2AS EdEA] &
dto] dis] Bdgw 248 23E 4 e UDEC
Z2aRg olgale] A disl] e s
st

F

(V)]

4.4, UDEC® 0|83 $X|8l4

B aAFoa] A1g" UDEC(Universal Distinct
Element Codey> 293} BALwH g zHzt E¢Foz
Ae|gro 2N Y BAdLHe] wi AAYEE 9
& 4 9l dEWe] gEHARl AEE EdEES
2 2AlE 4 9ok =3 SFE 8 (explicit) TRIYOE

Barton-Bandis E2|2g : Auvrzloz EAR} ghdlo
2 3AE e Ayt A% 542 Mohr-Coulomb
MO)9| dEd=AM &3] x¥H vk et
2E MC 292 #8% 79, da9 vinzigeo
A, 282 Hee 2XYel wE vt BE9
A 9 olF # 58 Ags] BAER) Itk A
4l w}Fel F<2 Barton®} Bandis(1990)1 €8] A
¥ ¥]A43 Barton-Bandis(BB)=2do] AFE-Hx At
Ae3 AAZ, 1999). Barton® Bandisel] j&) 7%
o= AH mde] EA4L BALHe AEYd w
& 7MEste] 4, EdSHe] Al e &
A (aperture)e] AHEAAE HHjo)F AE] @& B
£ &R FHof, AT wEg B3
(dilation)e} 24 18 Fo| Yo, uepr] BEALH]
a7t 9l Jaleo) o) Ed&He] w3
oJ5ekg #iAe 2 3Rk= Mohr-Coulomb Joint Slip
Modeloll vt &4 do] Holuth(Ade- 9], 1999).

BB HA% Az ZdojrE Barton(1973) 23)
ARME @} Zo] Aol A7, d&FE, FFv)
27}e o83t Fale] AWEE BH],

=0, tan| JRC 1og(J—§§)+¢,J @

A7, o, ;Mo AGSRe §ESHLE
JRC: Z2g)9] A&7|A4(oint roughness

coefficient; 0-20)

JCS : Aejde] k=% (joint wall compre-
ssive strength)

or : XEEERzY

Barton-Bandis Az nd-& F&317] A% 8RR
v AP ulwA ANF 2IBES AFH sl
NX size(54 mm)Z AE F 4= 2 HEUSAE,
A[ADA G T3l 3ok AdEH YA A
ZHAISE 50,725 MPa, e HAdAIS= 27,559 MPa
o1, F&32 033 MPa, WHupazhe oF 48%]|c},
Egh AlielA] BdgHe g8 AFATAEE 53
3 A7 FAE L 73714 0.005 MPa2 3= Yo,
2714 0 MPaz 7Pg3lla, WiRebazhe ofF 30°
olty. AL FAYH AL 7 10,000
MPym=2 7F435ivt.



Fig. 7. Cross section for block modeling.
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Fig. 9. Displacement vectors of natural slope.
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Fig. 10. Shear displacement and velocity vectors of natural slope.
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