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Case Study on the Causes for the Failure of Large Scale Rock Mass Slope
Composed of Metasedimentary Rocks

Boo Seong Park, Hyun Jo, Seung Hun Cha and Ki Hwan Lee

Abstract For the design of large scale rock slope which has complex formations and geological structures, generally,
insufficiency of geotechnical investigations and laboratory tests are the main factors of slope failures during
construction. In such case, remedial measures to stabilize slope should be selected and applied through reliable
investigations and analysis considering the geotechnical characteristics. The rock slope of this study, one of the
largest cut slopes in Korea with a length of 520.0 m and maximum height of 122.0 m, consists of metasedimentary
rocks. And a case study on the causes of large-scale rock slope failure was carried out by analysis of landslides
history and site investigations during construction. When the slope with the original design slope of 0.7:1.0 (H:V)
was partially constructed, the slope failure was occurred due to the factors such as poor conditions of rocks
(weathered zone, coaly shale and fault shear zone), various discontinuities (joints, foliations and faults), severe rain
storm and so on. The types of failures were rockfall, circular failure, wedge failure and the combination of these
types. So, the design of slope was changed three times to ensure long-term slope stability. This paper is intended
to be a useful reference for analyzing and estimating the stability of rock slopes whose site conditions are similar
to those of this study site such as geological structures and geotechnical properties.

Key words Large scale rock slope, Metasedimentary rocks, Slope failure, Sliding history analysis, Slope stability
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Fig. 1. Study site divided into three zones
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Fig. 2. Regional geologic map of the study site (The Geological Society of Korea, 1999)
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Fig. 4. Circular failure along fault shear zone Fig. 5. Circular failure within weathered zone

Fig. 7. Complex failure mode
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Table 1. Results of borehole survey and slope stability analysis of the original design
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Table 2, Summary of geotechnical survey
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Table 3. Results of BIPS
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Table 4. Results of the borehole survey

- . ki ANFHE | At
TE e A A (EL. m) | (GL-m) (GL}.Tnj o
i N B-1 STA. NO. 2+500 (3}5) 71.93 28.0 -
EHRAAIE (2001.2) B-2 STA. NO. 2+500 E@Hﬂr) 91.87 46.0 -
VH-1 | STA. NO. 2+535 (&&) 82.63 50.0 29.08
VH-2 | STA. NO. 24380 (#&) 71.37 44.0 16.95
VH-3 | STA. NO. 24380 (=) 61.02 34.0 - TuEy
. VH4 | STA. NO. 2+305 (=) 67.34 43.0 - Zuyy]
42 AEHE (2003.8) VH-5 | STA. NO. 2+305 Ez}é) 61.95 37.0 - |
VH-6 | STA. NO. 24200 (=) 63.62 4.0 - TulEy)
H-1 STA. NO. 2+395 (&%) 71.51 50.0 18.65 A S
IH2 | STA. NO. 24515 (&%) 82.63 52.0 31.58 PEES
BH-1 | STA. NO. 2+380 (#%) 85.09 19.6 4.5 HAL (218/70)
52 AlEOPEZAE (2003.11) | BH2 | STA. NO. 2+380 (%) 67.13 18.2 5.8 AL (221/70)
BH-3 | STA. NO. 24380 (3%) 47.90 40.1 52 AA} (229/70)
NH-1 | STA. NO. 2+340 (F=) 60.00 30.0 18.8
. NH-2 | STA. NO. 2+410 (¥=) 60.00 30.0 159
6% AR TRE (20042) NH-3 | STA. NO. 2+280 (%) 40.00 30.0 14.8
NH-4 | STA. NO. 2+530 (3=) 50.00 30.0 -

Hairin 2 45 glou), B gzt Zo| He
o] ¢Hlo] 53& o]F= Bt AS+RE Yetde
Aol tisliAe ZAst Azt g 4 Qv o]t A
& nejle] A)B % 4700 2A 2 17890 djg 57
U RIS AEHOR, AR AT o 2
18.2 mZE-E |t} 52.0 mo)| o]2cKTable 4 2%, €]
zAA ol 2004, SHEAHESLE], 2003, A 2B
AELE] 2003).

A FZT e ARAGMY, SR Y, AFEAIY,
ARE, TARE D Aot B AR AUATES
Lo TR WMARAAR 558 olwn Wkt
e, AFY ofgst PAEEE= F2 F w29 AR
A"z o] gt Aupele Ao FAGE AOR RALE]

Aot ASHEEEGS AFERH FAF0] & mué
o &5 Holw, 11 ke F3iet Aol ool
T5& B35t Xk ok PEAI(RQD)= 0~
83%2 T UEhfur 0%E Hole ule EF
(Very poor)@t 70| thee e a1 Qlek. EjE 2 A
o] Aol ety alo® A3 5= Sle BRRY
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=, & Al E23ks ol ERdEd=
SOk, s, SEA Y, SAHE SEod Fo
2 EAE 4 3lom, I 3A 2 et A
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Table 5. Rock types and poor rock distribution in borehole survey
2l AFEZ (GL-m) THUE 249 $¥ (GL-m)
* 50~54 m (£ 0.4 m) : S5
i . * 6.0~62 m (£ 02 m), 79;?.3}1 (% 0.1 m) : o}
e 2= :00~35m o 1o 8895m (£ 07 m): £3
B-1 %}é’m dorel % : 35280 m AAAL e 153~16.5 n(q (£12 )m):FE}éHEH
* TCR : 40~100%, RQD : 0~20% AJE | 18.0~223 m (& 43 m) : BAAY
» 245248 m (£ 03 m) : ZHAE
® 25.0~26.5 m (& 1.5 m) : st
® 0.0~6.0 m (£ 6.0 m) : T}
*70~80 m (& 1.0 m) : SAAY
* 8895 m (£ 07 m) : 3 (Y% FHHE)
] o A |e 12.0~126 m (& 0.6 m), 13.7~14.5 m (& 0.8 m),
g |* EITer Aol 5% : 0.0-460 m AAHY | 16.6~17.1 m (F 0.5 m), 17.4~18.0 m (& 0.6 m) : shaje)
¢ TCR : 9~100%, RQD : 0~65% ARl |*200~215 m (2 1.5 m) : E3g
TFAARH 0 248 m ¥ 270 m £ FHIE
* 30.0~30.5 m (& 0.5 m) : Z3}
* 32.0~332 m (£ 12 m), 37.5~38.5 m (£ 1.0 m),
44.0~46.0 m (£ 2.0 m) : Toj
® 3.0~52 m (£ 22 m) : E3})
2 ® 52~59 m (i 0.7 m) : g%—&}&ﬂtﬂ
o HEAX= " 0.0~3.0 ® 5.9~7. Z 1.5 . &3
BH-1 %g}gﬂg} 00_?%394 g% :3.0~196 m A}ﬂ%o . gig.g 2 E% }.2 B : gg—f—}l&nq{
e TCR : 30~100%, RQD : 0~80% ® 9.6~11.9 m (& 23 m) : ¥}
o [19~143 m (& 2.4 m), 156~158 m (Z 0.2 m),
19.2~19.6 m (& 04 m) : T4y
e HZyx . 00~45m Ao
K )
BH2 Z3e} dAY9 & : 45~182 m AL e 45~6.9 m (& 24 m), 9.0~15.5 m (F 6.5 m) : F3})
¢ TCR : 50~100%, RQD : 0~81% Aot
« B2 . 0060 m Hd e 60~78 m (& 1.8 m), 9.6~124 m (£ 2.8 m) : =3
=75 - V.U~0. 1410 —~ . 2 1]
BHS3 | $5ig0r 9910) 55 : 6.040.1 m A}zj_/q](;gl * 124135 m (% LI m) : S3ao)
® TCR : 30~100%, RQD : 0~77% EFAAY [ 247~30.7 m (F 6.0 m) : EAHY
: > ' A |®307~33.7 m (Z 3.0 m) : E3u)
HY | 0.0~20 m (£ 2.0 m) : 53
Q = . L~ ) -
NS D At ol RoD oty [ AEAY 03850 m (% 14 m), 58-62 m (304 m) : 2T
’ Al |®20.7~21.1 m (£ 0.4 m), 23.0~23.1 m (& 0.1 m) : w4}
Al
g | ¢ ESTeL Aokl 53 : 00-300 m xg}jﬁg ¢ 0,074 m (& 7.4 m) : Z3h
e TCR : 23~100%, RQD : 0~71% o | * 235°250 m (F 15 m) : iy
Ay
* 68 m HZ: AJYE TE
¢ 9.8~102 m (& 03 m) : w4t}
) . A e 123 m 22 FIHE
k2 [ = . »
NH3 | | ‘TSC?{EB%O?—I%TO'O‘/ QRC(}D 9-%&%;3 m AAAY | e 142144 m (Z 02 m), 15.6~16.4 m (Z 0.8 m),
: » : ° Abet 18.2~18.4 m (& 0.2 m) : T}
¢ 18.6~19.0 m (& 04 m) : vk
* 113~11.9 m (& 0.6 m), 28.2~29.0 m (& 0.8 m) : Z3}j
® 33~34 m (& 0.1 m) : "o
® 4448 m (£ 0.4 m) : F3}f
e » . ¢ 51~53 m (i o.i m), 5.7~62 m (£ 0.5 m) : Ty
e HYES : 0.0~1. ¢ 75~79 m (= 04 m), 11.6~122 m (Z 0.6 m) : E3
NH4 |  Zstgl dore] ig : 1.4~30.0 m AAAY | o 13.2~13.r5nr51 (= O.I;)m) : ﬁ%n};h( m ;g
* TCR : 41~100%, RQD : 0~83% Atk |® 175~17.9 m (£ 04 m) : a)
L]
L ]

19.5~20.0 m (% 0.5 m), 20.7~20.8 m (& 0.1 m) : Z&j
242~245 m (& 0.3 m) : TEuby)
* 26.7~26.8 m (& 0.1 m), 28.8~30.0 m (& 12 m) : 3}
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Table 6. Shear strength parameters from shear test in the boreholes NH-1~NH-4

A = A AL
° A2k (c, tonf/m?) WEoHEZ (2, deg)
F3E 22 32
3 1.6~4.9 27~33
a4 2.0~3.2 22~26

Table 7. Deformation modulus from pressuremeter test in the boreholes NH-1~NH-4

=5

AL

A

EEEE)

HE AL (B, kgffem?)

50.8~63.8

653~6,900

2,320~6,930 998~1,390

Table 8. Shear strength parameters of filling material in fault from laboratory direct shear test

T = G5 (v, tonf/m) 2% (c, tonf/im) Y2013t (9, deg)
W9 1.92~2.0 0.8~2.0 27.4~33.4
*A 8 Y& YA : STA. NO. 24373 = STA. NO. 2+420 B2 4714

Table 9. Physical properties for limit equilibrium analysis

or = ASH FEH
Voo ook (v, tonf/m’) | AEF (¢, tonf/m’) YHapaEz: (3, deg) | MEAL (Em, kgffom?)
Apgt 2.4 22.0 34 3,500
A2 23 19.0 27 4,000
=3} 2.1 2.8 33 51
Bkl 22 2.0 24 1,000
SR 1.9 2.0 32 45

*Enl ZUASAEAA & A%

HEASY
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