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Evaluation of Shear Strength of Discontinuity Plane in Failed

Slopes of Yangsan Fault System in Gyeongsang Basin

Kim, Chang Ho

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Korean mountain has shallow surface soil layer and below it the ground
in the mountain consists of a rock mass. Stability of a cut slope is
significantly dependent on rock mass characteristics such as geological
structure and discontinuous planes(joint, bedding, and fault), weathering
and pore water pressure. Especially to evaluate precisely the failure of
rock slopes controlled by pre-existing discontinuities, the shear strength of
discontinuous planes are determined by boring and tests. But it is not
easy work. That is, limited boring and tests are not enough to evaluate
the properties of discontinuities, and their results also have limitation to
apply in design and construction. Laboratory and field test results, the
pre—existing references, design documents obtained from the construction
near sites are often used to compensate for the limitation, but these are
also complicating and time-consuming approaches. Also, these are not

suitable to apply to certain rock’s discontinuities, due to lack of research.

Thus, in this paper, discontinuous planes existing in clastic sedimentary

rock, one of the certain rocks, formed Yangsan Fault system in
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Gyeongsang Basin, were studied from a practical point of view. The
exposed failure clastic sedimentary rock slopes were face-mapped in detail
to assess the shear strength of discontinuities. The Busan-Ulsan
expressway construction site was selected as the target site located in
Gyeongsang Basin, especially passing through Yangsan Fault system. In
this area, two earthquakes, Gyeongju in 2016 and Pohang in 2017
happened recently. This site involved a lot of rock slope failures compared

to other expressway construction areas during road construction.

As the results of this study, the failure of rock slopes having
discontinuous planes were significantly dependent discontinuities such as
joint, bedding, and fault as expected. According to discontinuity types,
different failure types were shown; plane and wedge failures were
dominant type in joint, and plane failure is predominant one in bedding
and fault. For all discontinuous planes, if rock quality is poor, a circular
failure 1s primary failure type of slope failures.

In design, the shear strength of discontinuities was adopted without
considering their characteristics in depth as 50 kPa cohesion and 30° of
friction angle in the fractured zone and 25° of friction angle in clay gouge
zone based on the existing documents, laboratory tests, and empirical
equations. These design shear strengths were compared with the results
obtained from this study on each discontinuous plane such as joint,

bedding, and fault.

For the results of joint, the friction angles in clay gouge and fractured
zones were evaluated as 10~30" and 17~30°, respectively. These values
were smaller than that of design value up to 15° and 13° in clay gouge
and fractured zones. The cohesion in clay gouge and fractured zones was
evaluated as 5~30 kPa (average 169 kPa) and 5~30 kPa (average 14.5
kPa), respectively. These values were smaller than that of design value

up to 45 kPa in both clay gouge and fractured zones.

For the results of bedding, the friction angles in clay gouge and
fractured zones were evaluated as 5~30° and 17~28°, respectively. The

cohesion in clay gouge and fractured zones was evaluated as 5~20 kPa
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(average 13.6 kPa) and 5~30 kPa (average 17.2 kPa), respectively. These

values were smaller than that of the design value.

For the results of fault, the friction angles in clay gouge and fractured
zones were evaluated as 5~40° and 10~27.5°, respectively. The cohesion
in clay gouge and fractured zones was evaluated as 7~40 kPa (average
19.2 kPa) and 5~43 kPa (average 24.3 kPa), respectively. These values
were also smaller than that of design value like joint and bedding

discontinuities.

In this study, the shear strengths evaluated in discontinuities are
different, especially, the shear strength obtained from bedding plane is
smaller than that of joint and fault. The existing shear strengths proposed
by other researchers were also compared, and its result indicated that the
shear strength evaluated in this study is lower than the existing those.
For use in determining the failure of a rock mass, the evaluated and
existing shear strengths were expressed with Mohr-Coulomb failure

criterion and compared.

In addition, the relationships between the internal friction angle and the
discontinuity plane angle were also evaluated for joint, bedding, and fault
discontinuities. Theoretically, there is no relationship between them.
However, it i1s widely known that rock slope failure is more possible if
the angle of the discontinuous plane is higher than the internal friction
angle of the discontinuous plane. In this study, since the angle of
discontinuous planes is easily measured if the discontinuous planes are
exposed, it may be possible to decide easily and quickly the stability of
rock slope by considering the internal friction angle and the angle of the
discontinuous plane.

The results of this research are very useful and important reference
when considering design, construction, maintenance, and stability decision
of rock slopes in Gyeongsang Basin including Gyeongsangnamdo, Busan,

Ulsan, and Gyeongsangbukdo Yeongdeok county.
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36°N =
E Cenozoic sedimentary/volcanic rocks 77— Jinju '—!
:| Late Cretaceous-Cenozoic Granitic rock$
- Yucheon Group 4 35°N =
:| Hayang Group
E Sindong Group
- Myogok Formation 0 50 km
% Pre-Cretaceous Basement rocks e [ |

Fig. 2.1 Location and geological map of the Gyeongsang Basin. (a) Cretaceous
sinistral strike-slip fault systems in the East Asian continental margin.
(b) The Gyeongsang Basin divided into three subbasins by WNW-trending
growth faults. (c) Regional geological map of the southeastern part of
the Korean Peninsula (modified after Kang et al., 1995).
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Table 2.1 Geological ages and formation of Busan - Ulsan - Gyeongsangnam

—-provinces
. . T i . Ti f
Geological time Stratum ectonic Main rocks e .O
movement formation
Quasi-solidified
Third layer muudstone, 20 million
sandstone, years
. conglomerate
Cenozoic Third
era Zain, Miryang,
Yangsan Moryang, Yangsan, 30 to 20
fault zone Dongnae, Ilkwang, million years
Ulsan fault
. Bulguk
Plutonic " gu' s . 90 to 60
Intrusive Granite e
rocks million years
rock
Cretaceous | Igneous Yucheon Rhyolite 100 to 90
) period rocks group Andesite million years
Mesozoic
era :
Sediment | Hayang Sandstone 130 to 100
ary rock group Shale, Conglomerate | million years
Jurassic Plutonic Daebo . 146 to 130
. . Granite -
period rocks Granite million years
Arch : . .6 Dilli
¢ aegn, Metamorphic rock Gneiss 06 bi 1or1‘
Proterozoic era years ago

o] Bo] wAst= Aom dHA vk 53] A & ol¢te] Ae F ddd
=27 F&(swelling) 2 &#lo]H (slaking) Aoz Ak k3l A7}t =
A7t dojus S-S 7HA L Aot Sakekel ldEH =

St digk AYgE va deud A8 gor HEFE(kaolinite,

ilite) Aol S7FE Aoz dHA Atk
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Table 2.2 Engineering characteristics of rocks in Busan - Ulsan -
Gyeongsangnamdo-provinces

Ground layer

Engineering characteristic

Sedimentary rock

Stratification development : Plane sliding due to stratification,

Wedge failure(stratification + joint(single layer))

- Intermediate clay coordination : increased activity

- Formation of thin weathered zone

- Type of solid material, degree of hardness : Rock strength,
Poisson’s ratio, Deformation coefficient.
Sand . . . .
Groundwater reaction of solid material — decomposition, rock
stone
. weakening, interlayer viscosity formation
Sediment
- Arkose vulnerable
ary rock
Shale Swelling and slaking — Weakening ground, degradation of
Mudsto ground water
ne - Stratification development : Shale > Sandstone > Conglomerate
i - Formation of thick weathered zone
Granite A\ i
- Distribution of core stone in the weathered zone, surface tor
- Low resistance to weathering
Rhyolite | - Hydrothermal alteration : Increase of Kaolinite, Ilite —
vulnerable
Volcanic
rocks
- High resistance to weathering, major aggregate resource
Andesite | - Formation of talus
- Hydrothermal alteration : formation of montmorillonite
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Study Jreal K§

A: Jain Fault
B: Mirayng Fault
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F: ligwang Fault
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H: Ocheon Fault

Fig. 2.2 Fault system in Gyeongsang basin of Busan - Ulsan -
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Table 2.3 Number of slope faces, failure section, and re-evaluated
shear strength slope section

Slope face nos.

Failure section nos.

Re-evaluated shear
strength nos.

113

173 153
Joint Y Joint 59
Bedding . 36 Bedding 32
Fault D48 Fault 40

Poor quality* : 22

Poor quality* : 22

* [ excluded in this study

_16_

Collection @ kmou



241 %9 A4d 4%

DA 72E 39 X2 As:

o] ¥ wilo] FIsh: PAU~53 )4 AAN S

p=S
N

Table 2.4 4 H

&l

2 ZAE AL HEd A A g A Bl o

e

-
1

[e3]
2R

al

Fig. 2.3 Geological status of the passing tracks in Busan~Ulsan

expressway(see Fig. 1.1)

<Ulsan (Onyang ~ Bueomseo) >

<Busan (Haeundae~ Jang—an) >

_Z#O
"

Z.o

A 47]

_Z#O
"

Ao

oF o oR oH ~n
T LB L
Edww LT L
™ T T D 5 2
SIZI wir we
BN e S
i
T
TN T
E e
No & T
0
: X
T
~ = ,
~ of =
e T N B
z W oop 2n o oF T Ao
Mﬂ 17r0 ,;Imﬂ - on oR 0} ﬂa ‘mvl
o o T B g T
! ul i
0 M o W OER W wr1_ ~ s
Toaa ¥ TLge@n
X .E_u ) U:W On_ \w,ﬂ

- 17 -

Collection @ kmou



2) 4 7E 392 ¥%

AAH o2 ¥

olefl Table 2.4} 7t}

o

I

=]

=9A 7

ojgfe® A Ut

vl
=

L3549 A

Table 2.4 Geological status of Busan~Ulsan expressway

. Bl |T_|e|w
< oy 4ror | <2 | o
o s | T E| M 2 |TH
o |82 |Tn|ER g |0 _|X
= | N\ R ., <X
e E N - P U B Ll RO
ol wp |FHISM| R lm s (| T
B = | & | = o o Loy | e
S o | P = ~ |7 o | WX i .q_o%@
Pl [T M . o |mE|w | ol =@
S || N |oF of | AL & 7O — | oo T | o e
g ol Il I K IS e O] ™
o | M|l 8| % X o | o T
8 I R S K I R Nl o B S A i
@l W | Mn_ BN _@_. W= R oo o| 2n 53 ol & N
s || oo |~ o | H ol SN RTCH e R
] X = | 4 ~ ~
—~ oH o=l N < | R K| — 0
sl N |22 R — ==y | |0 ooy
S IR s [ ol | g e T~
S| B |op oo |~ oF o) | = O of
2l w (w, |N e 70l <
3 o (w2 ] e T m S|
5} oH Eﬂ = iy - Mr ﬁ‘m =
ol R I IS Ml el o S
—_ [
ol 7} W JI1_/P| ! Muﬂ ‘ﬁm_i A LR T R
F R T B | X | N BT o
i | o )W | R FAT 5 |
T [ RORYREL | Ho MR R GR| R R TR
TN T | VN KB R K TH | o T
o —~ — —~ - a0 a0
7 ap 2 S 5
Sl (21312 8|8 |8 |8
<12 IR 2| |5 |E
S| £ | < ! , S |g S S
2l 2 lse| & oD oD 5 |88 8
- Q o = = = o= o=} ==}
sl E ol 2| & 2| & |sCs2lae
P Rl I Rl R e R
=R S 3 3 g g = 3
2 =] 4 2 2 Z |» 0 )
5 | A = = = SHll= 2 -
e} M m /M -} -}

N

242 FFAT

2]

be 2 )

2| &

=
L

o

ge Fdow ojeisfe

72145

)
=

B

(Bl 1~

_z_o

)

Mo
o~

_z_o
)

O

-

—

j=1 e
=

se3(4)

e

w
I
Y

el
700
™o

_18_

Collection @ kmou



£l
z E g g g g | E
g g = = 20 2|3
+ (=]
1% I © = n [ie} ©
m
50 1o
3 Ay | o ey
o' o'
5 e 7 |- %o w
. S
2 % | T | ¥ ||
- mo 50 | = wru = ~ wru T~ o of- ey
(4 (4
QA== [T [N wo | M| wo | wo | wo
QT |~ [l [~ W[~ ]|H e B
Allar (= o s |F|o|a ||| F|F |
o | o | & | mr [ | E [mr | so | B | so | uo | W
| | | | | | | | | | | |
ElE| | E|E||ElE]| ] @ -
12l E|8|5|E|B8|%|E] =|a |z
SlE(2|F|E|2|E|E|S|F| B2 =
S&]= AalA AR o B E
S o = =)
% g 2 S| 3| &
o = + W = =
—~ j=r) o~ = o~ U
w ES|2ES | EC X =
>~ 2 = =

Fig. 2.4 Status of Yangsan fault system in usan - Ulsan * Gyeongsangnamdo—rovinces

243 43 ¥Egd A A=

o] 7}

p=S
N

A A A% (Table 2.4)°14 K

A]

M edElens

g 71 5=

o}\

94

s

Plots Wasro] =43t |

_z_o

.

ol

)

L9FT

4-6-7-8

ZFmzn=g 4

2~
==

_z_o

14 1]

9]

SRR

_19_

Collection @ kmou



25 7Ivtgt R EASH AGAE A

4

2.5.1 7]qtet

o]—l:lsq ;ﬂ

= o

v

7=+ Bieniawski(1989)2] RMR(Rock Mass Rating) #kell ¢
ok & Nk S5& H7bste] 4H4gEksith Tables 255 RMR

W R o] mhE el AUYEE el 9

0

-

M

R

ofr
-
12

[e]
k=

M

71

M

Table 2.5 RMR classification criteria and score(Bieniawski, 1989)

PARAMETER Range of values // ratings
i For this low range
Strength {Pointioadstrength | 10 \pa | 4.10MPa | 2-4MPa 1-2MPa | uniaxial compr. srengh
of intact {index is preferred
1 1K niaial com- 5-2501-5 | <1
material oressive strength >250 MPa. :100-250 MPa | 50-100MPa i 25-50MPa WPa | MPa | MPa
RATING 15 12 7 4 2 1 0
3 {Drill core quality RQD 90-100% i 75-90% | 50-75% 4~ 25-30% | <25%
RATING 20 17 13 8 5
3 Spacing of discontinuities >2m 06-2m 200-600mm ; 60-200 mm <60 mm
RATING 20 15 10 8 5
iLength, persistence|  <im . | 1-3m - 3-10m . 10-20m >20m
Rating 6 4 2 1 0
Separation none <0.1mm 0.4 -1mm 1-5mm >5mm
Rating 6 5 4 1 0
Condition [Roughness very rough rough slightly rough smooth slickensiced
4 of discon- Rating 6 5 3 1 0
tinuities i none Hard filling Soft filling
nfiling (gouge
9 (gouge) = <5mm >5mm <5mm >5mm
Rating 6 4 2 2 0
Weathering unweathered slightly w. moderately w. highly w. decomposed
Rating 6 5 3 1 0
Hioeperion none | <10litres/min | 10- 25 litresimin (25 - 125 liresimin| > 125 ltres Imin
tunnel length
Ground
5 water py /o1 0 0-0.1 0.1-0.2 0.2-05 >05
General conditions | completely dry damp wet dripping flowing
RATING 15 10 7 4 0
pw = joint water pressure; o1 = major principal stress
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Table 2.6 Rating adjustment for discontinuity orientations
(Bieniawski, 1989)

?)ilfizz?;%tril: rlltsy fav\(:E;Zble Favourable | - Fair | Unfavourable unf a\\iggable
Tunnels 0 -2 -5 -10 -12
Ratings | Foundations 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50 -60

Table 2.7 Rock mass classes from total rating(Bieniawski, 1989)

Rating 817100 61780 41760 21740 < 20
Class No. I I I \Y A%
Description Very good Good Fair Poor Very poor

Table 2.8 Meaning rock mass classes(Bieniawski, 1989)

Class No. I i m I\% \Y

Average 15m span | 10m span 5m span 25m span | 1.0m span

stand-up time | o2 200 | & 1\d | 02 [FY | o2 1047 | o2 308

Cohesion of

rock mass > 400 3007400 2007300 1007200 < 100
(kPa)

Friction angle

A > 45° 35745° 25735° 15725° < 15°
of rock mass(®)

Tables 2.6~2.82 Table 252 RMR(Rock Mass Rating) /7] % A

=

TE AHgsty] 91 AlF-E7Eel™ ofe Table 29+ ¢hwhe] A= At

98 s AT AER 7 FE paote] GANY ARE vehgn

1= =

W

s
2
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Table 2.9 Test results of cut slope rock cores

Uniaxial
Boring Depth Specific Porosity compress.
Sect. hole (GL-m) gravity (%) strength Note
(MPa)
_ _ ~ 89.2
C-1 CB-3 9.5710.0 2.71 0.84 (910kg/cr) H. rock
_ ~ 188.2
C-2
_ ~ 63.7
CB-5 17.8718.2 2.68 0.83 (650kg/cr) H. rock
_ _ ~ 100
C-3 CB-6 11.7712.0 2.71 1.24 (1,020kg/cri) H. rock
_ _ ~ 64.7
C4 CB-7 20.8721.2 2.68 1.66 (660kg/cr) H. rock
_ _ ~ 79.4
C-5 CB-8 21.1°21.4 2.65 2.81 (810kg/cr) H. rock
_ _ ~ 60.8
C-6 CB-9 21.0721.3 2.70 2.49 (620kg/cri) H. rock
N N ~ 53.8
Cc-7 CB-10 6.6°7.0 2.64 2.33 (600kg/cr) H. rock
_ _ ~ 101.0
C-10 CB-13 13.9714.4 2.62 1.45 (1,030kg/cr) H. rock
_ _ ~ 23.5
C-11 CB-14 25.0725.3 2.69 291 (240kg/cri) H. rock
ez B-1 14.0714 2,64 725
C714 C - 5 .O .5 .6 1.38 (740kg/cmz) H. I'OCk
_ _ ~ 55.9
C-13 CB-16 25.2725.5 2.68 2.32 (570kg/cr) H. rock
() kg/er
Tables 25~2.89] RMR(Rock Mass Rating) ##77|%& 2 A4 AAS
915 HF7h3Eet Tables 299 A Foto theh HAAIH A A FHAA
AAH 3ol BB, ARALAEA 5L FF Bl AEY 72 Tl

3Fo] RMR#ES AFA 3 ofe o] Tables 2.10~2.159F 2t}
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Table 2.10 Calculation result of rock section of cut slope RMR(1/6)
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Table 2.11 Calculation result of rock section of cut slope RMR(2/6)

se | Bor Strength RQD A4 A Asdd | Ay
Se hnlng strat Dep. e e RMR Guk
ct. ole um (]\rf;) e (%ﬂ =] 94 (mm) B =S ES = ok A
L3 FZHA A
Soft | | - 4 6 |3 | <e0 |5 |** 10| a 0| % 5|27 | N
rock =) 175mm amb o -
45 e
45 oFZHA A
Hard | ) 65 7 8 |8 |e20 |8 | o] me |7 | wa| 5|m | W
rock 75 (F4) < 5mm
! 1-5mm
75 FZHA A
Hard| =) 66 ) 7 0 0 | <6 |5 | Gauee 0| 2¢ |7 | #d] 5|4 |V
rock 82 F4) < 5mm
. 1-5mm
89 vl §-A %
Hard| ~ 65 6007200 Bty .
_ %5 | ne o - 2
rock 127 (F4) 7 = 13 0 15 Immeo] ] B s 7 el 562 o
CB = A
C-2
-5
197 SFAAR
Hard) = 6 g 2|8 | 6200 | 8 | GEe 10| 2¢ |7 | #d] 5[0 | N
rock 153 (F4) < 5mm
- 1-5mm
153 vl A 3
- ~0, ok 7}
Hard| _ 65 7 63 |/13 | /6007200 5| = % g |7 | wd| 5|62 | @
rock 204 0 Imme]
- A
204 v A3
2. . ob7t .
Hard) 00 80 7 s |17 | 9000 | s %5 | e |7 | #d| 5|66 | O
rock 04 F4) 0 Imm®] t}}
o 2L
994 v A3
o ~2 oF2h .
Hard| 71 65 7 86, < | g, o=60072005 5 % | 2e |7 | %a| 5|66 | 1
rock 106 (F4) 0 1mm®]t}
’ ZAx
6.0 4 e
Soft | _ _ = | 9 ~o 3 dam ool _
Tock (21 F | 21 3 607200 8 Smmol 4 10 o 10 | &l 5| 30 v
9.7 q) ook
07 ufj 2
Soft | - =1
- 102 12 173 | <60 |5 | 2|10 sam 0| %] 5|3 | N
t
rock | 155 o}
oFHA A
Hard 155 102 _ Bl - o
- =g 12 38 8 2007600 10 25 | B 7 frel| 5| 57 m
rock 20 F4) Immeo] ]
: A
c-3 CB
. -6 uf 2
Hard| 20 | 102 22
ard) |12 24 |3 60200 |8 | U 10| 2e |7 | #A] 5]H |V
rock 86 F4) 5mme] %4
20 q1ek
986 FZHA A
Hard | = 102 _ Bl N o
- ey 12 44 8 2007600 10 25 | B 7 frel| -5 | 57 m
rock 370 (F4) Immeo]
o A
570 vl §-A 3
o 2 "2 ok
Hard | 10 12 63 | 13 | 6007200 | 5 5| g2e |7 | %8| 5|67 | W
rock 108 (F4) 0 Immeo] ]
’ A
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Table 2.12 Calculation result of rock section of cut slope RMR(3/6)

Se| Baing | strat Strength RQD A4 el Aetdd | A
ct| he | um | D PO I B T Wk Wk | w e owm O
N oA
Soft | 7| _ 4 Skl oar| 5| o
Tock (34 18 3 < 60 5 1~5mm 10 | damp | 10 | #&l| 5| 27 I\
71 wror
A A
Soft | 7
- |- Loale 3| <eo 5 | Cavee 10 | damp | 10 | %2l 5|27 | N
rock 112 (F4) < 5mm
- 1-5mm
o o
2 of &
c-4| cpg | Hard) 27 66 7 15 |3 | 200000 | 10| -7 10| Wet |7 | 8| 5|32 |V
rock 5| F4) 5mme]
142 P
o A A
Hard - . 3 N o
- 66 7 75 13 60072000 15 25 | Wet 7 2| 5| 62 il
rock 985 Imme]d
- A
s kA
Hard| = | 66 1 3+ N o
- - 7 44 8 2007600 10 25 | Wet 7 2| 5| 52 m
rock 340 (54) Immeo]
o An
| £
3.0 2
Soft | U7 | 4 4 |3 | <60 5 | 35 0 | damp | 10| R3] 5|17 | W
rock (F4) ) 5mme]
6.5 o ok
=
Soft | 65 " o
- - = 50 8 2007600 10 - 0 damp | 10 | 2| 5| 27 v
rock | 1g (F4) Smmeo]
7 Aok
" A3
Hard : 81 - L N o
- o |7 74 |13 | 607200 | 8 o | B Wet |7 | w8l 5|8 | m
rock 185 (F4) 1mmeo]
’ A5
Cc-5| CB-8 N
FZFA
Hard 185 . oF3k o
- 81 7 33 8 60072000 15 25 | Wet 7 2| 5| 57 m
rock 979 Imme]u]
279 Aw
o R A A
Hard| °'7 | 81 ~ o1} .
- = 7 19 3 2007600 10 25 | Wet 7 2| -5 | 47 m
rock 395 (F4) Immeo]
A
kA
Hard 395 81 - Bl N o
- = 7 74 13 60072000 15 25 | Wet 7 2| 5| 62 il
rock 410 (F4) Immeo]
' A
17 v
Soft | | _ 4 0 |3 | <60 5 | 2% 10 | damp | 10 | §2| 5|27 | W
rock (F4) . 5mme] %4 ! N -
55 of ok
- AT
Hard ’ 62 - Bty . o
- = 7 63 13 607200 8 iy 25 | Wet 7 2| 5| 55 m
rock 85 (F4) ek
C-6| CB-9 Aax
o AT
Hard : 62 - Bl . o
- = 7 28 8 607200 8 o 25 | Wet 7 2| -5 | 50 m
rock 1 (F4) ek
07 A
A3
Hard 107 . Bl N o
rock | 62 7 79 17 607200 8 o 25 | Wet 7 2| -5 | 59 m
33.0 Ax
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Table 2.13 Calculation result of rock

section of cut slope RMR(4/6)

Strength RQD e ] R A3k el R
Se | Baing strat Gr
Dep| _ . .. .. RMR
ct. | hole um 7Y - Tk i 7K v b e wel | ow ade
(VFa) ©0 (mm i i i
ujj 3+
st | 7| 4 0| 3] <60 5| 9% 10| damp | 10| %8| 5 27| W
rock . (F4) ’ 5mme]/d -
ol A oF
C-7/CB-10
5o AR
- ozt
Irloa;? - 60 7 58 13| 2007600 10 - 25/ Wet 7 frEl| -5 57 m
10.0 2 o
ujj 3+
st || 4 4] 3| <60 5| 2% 10 damp | 10| f2| 5 2| W
rock (F4) ' 5mme]’d ! Tr -
6.5 o ok
wjj 22
Hard 65 103 " 231
-, = 12 29 8| 607200 8 10| damp 10| e -5 43 m
rock (F4) 5mme]
10.6 of ok
FAAA
Hard 106 Bl .
C-10CB-13 rock - 103 12 66 13| 60072000 15 = 25| damp 10| = -5 60 m
| 158 o
A
kA
158 piy
Hard - }03 12 30 8| 2007600 10 —; 5 25/ Wet 7 2| -5 57 m
rock (F4) ks
21.0 A
FAA
Hard | 220 103 Gz
- 12 100 20| 60072000 15 o' 25/ Wet 7 el -5 il
rock 20 F4) 4 &
- Az
)22
st || ! 6] 3] <60 5| 10| dam 0| %8 5 2| W
rock (F4) ' 5mme] amp Tr -
45 st
FNAR
Hard | *°| 2 e
- = 2 48 8| 2007600 10 13 25| damp 10| -5 50 m
rock (F4) e
80 A
FNAR
Hard 80 oF7h '
C-11CB-14 rock - 24 2 89 17 60072000 15 - 25/ Wet 7 2| -5 61 il
355 2 o
55 IRes
H o 24 Bl
ard - 2 0 0] < 60 5 10| Wet 7 el -5 19 v
rock F4) 5mme]
330 e
FNAR
Hard 380 24 Bty '
- 2 93 20| 60072000 15 —; o 25/ Wet 7 frEll -5 64 i
rock (F4) Rk
5 A
- 26 -
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Table 2.14 Calculation result of rock section of cut slope RMR(5/6)

so| mie | st Strength RQD ERR A [ Asadd |2 o
S et et [ o1 v v e RMR
ct.| hole | um o | oo | W vk Wk | W K| W ade
V. il
o
30 -
Soft ol A 71 3] <60 5 9% 0/damp | 10 2| -5 27| W
rock 792 (F4) 5mmo]
2 QAo
79 w2
Hard - _ A% o
| 7 31| 8 | 2007600 10 ) 10/damp | 10 el -5 40| W
rock 1 5mme] %4
7 Aok
7 k713
Hard ! . o3k . o
-4 7 80| 1760072000 15 o 25 Wet 7| #El -5 66| O
rock o (F4) 3
267 A
c-19
1 CB15
067 w2
I R A
ad ) M g 41| 8 | 200700 | 10 | 2 Wet | 7| %8 -5 52| m
rock 296 (F4) 5Smme] %
AR o\jg}
296 4
Soft o 4 Fiis . o [
o o ) 41 3] <60 5| sl A 10, Wet 7| #E® 5 u| W
35.2 o of
252 w2
Soft o 4 - A& . o
- 3 : g -5
o o () | 34| 8| 2007600 T i 10, Wet 7| #E 5 3| W
38 <A
31 £
Soft R 4 oz R o,
el (X 0| 0| <60 5 cmol A 10/damp | 10 el -5 24| W
50 of ok
w3
5.0 -
Soft _ - _4 24 3 < 60 5 A% 10| damp 100 # -5 27 v
rock (F4) 5mme] A
113 dlor
113 e
Soft . 4 EES . o,
14 cno16 | met () 0| o <60 5| Smol 4 10/damp | 10 el -5 24| W
143 dlor
143 w3
. ofz}
Hard =7 57 7 36| 8| 607200 8| 0{damp | 10| f&| 5 48| 1
rock (54) 175mm
175 o of
k713
Hard 175 . Elixds . o
- | 57 7 59 | 13| 2007600 10 o 25 Wet 7| #® -5 57| m
rock 98 =
- Aa
63 w3
_14 CB- Soft ool 4 A% P IS
C-1§ CB-1 | o) =1) 0| o <60 5| smmol 4+ 10/damp | 10 el -5 24| W
88 of ok
- 27 -
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Table 2.15 Calculation result of rock section of cut slope RMR(6/6)

Se | Bai Strength RQD dedA | deudd | Asaad | daed | R
ot | ol | um | P T2 [ o] 18] o] 1% ] ] o] e | e | e | oad ] M| e
' (MPa) i (%) 5 (mm) Bl I Bl B el N ol B Al e I B B
UH 1z
8.0 4 oz
c-| cB - A% dam
:oﬂcfﬁ I G| 0 0 5 | 5mm | 10 10 | sa 5| | v
0] 205 %) 60 o P
' At

~2.
of ZAste] Nke] HAGAEE ALASI A THTable 2.16). o] # 2 9

S0 Ad Aol dste] 47 NVege Haxe NVego FdAE
243t npzzte] Ao dore wAlste] AlHol A7) E 7hotalo]

SAge MEFe] AAe Agaa

Table 2.16 Shear strength of rock

Classification | Cohesion(MPa) ool wkN/mMY) | e (KN/m®)
Soft rock 0.1 (10t/m?) 30 235 24.5
Slickenside | 0.15 (15t/m?) 35 245 25.5

( ) kg/er

Z 7] (roughness), %% & (filling material), <74 (persistency) 5o 2|3

Bk A ARgE e AFackdl] BE dew AuAY L oA

Pg
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H = Tables 2.17~2.21% 7t}

Table 2.17 Basic friction angle for various rocks(Barton, 1973)

Name Friction angle(y) Name Friction angle(q,)
Amphibolite 32 ( Coargéi“gitr‘;me 0 31~35
Basalt 31~38 Limestone 33~40
Conglomerate 35 Porphyry 31
Chalk 30 Sandstone 25~35
Dolostion 27~31 Shale 27
Gneiss 23~29 Siltstone 27~31
Granite 29~35 Slate 25~30

Table 2.18 Shear strength of rock slope(Hoek and Bray, 1981)

Cohesion Friction
Rock type (MP2) angle( ) Remark
Basalt 40 ~ 50
Chalk 30 ~ 40
M.atenal Blasted/ Granite 45 ~ 50
without | broken i - -
cohesion | rock Limestone 35 ~ 40
Sandstone 35 ~ 45
Shale 30 ~ 35
_ Solid Igneous rock | 35.69 ~ 56.08 | 35 ~ 45 (Granite, Basalt, Porphyry)
Material | S¢dimen . _ B o
) Metamorphic 20.39 40.79 | 30 40 (Quartize, Gneiss, Slate)
without tary ( )
: Solid Sedi 10.20 ~ 30.59| 35 ~ 45 | (Limestone, dolomite, Sandstone
cohesion rock Solid Sedimentary rock
Weak Sedimentary rock | 1.02 ~ 20.39 | 25 ~ 35 (Sandstone,Coal,Chalk,Shale)

Table 2.19 Basic friction angle ¢, to rock type(Barton, 1982)

Item Basalt Conglomerate | Gneiss Granite | Sandstone | Shale
Fricti 1
rlc(i°n¢:§1ge 31.0~38.0 35.0 93.0~29.0 | 29.0~35.0 | 25.0~35.0| 27.0
- 29 -
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Table 2.20 Shear strength of filled discontinuities in rock and filling
materials(Barton, 1974)

Rock Description Peak Peak Residual ~ Residual
¢’ (MPa) $° ' (MPa) ¢°
Basalt Clayey basaltic breccia, wide variation 0.24 42
from clay to basalt content
Bentonite Bentonite seam in chalk 0.015 15
Thin layers 0.09-0.12 12-17
Triaxial tests 0.06-0.1 9-13
Bentonitic shale Triaxial tests 0-0.27 8.5-29
Direct shear tests 0.03 8.5
Clays Over-consolidated, slips, joints and minor 0-0.18 12-18.5 0-0.003 10.5-16
shears
Clay shale Triaxial tests 0.06 32
Stratification surfaces 0 19-25
Coal measure rocks ~ Clay mylonite seams, 10 to 25 mm 0.012 16 0 11-11.5
Dolomite Altered shale bed, + 150 mm thick 0.04 1(5) 0.02 17
Diorite, granodiorite  Clay gouge (2% clay, PI=17%) 0 26.5
and porphyry
Granite Clay filled faults 0-0.1 24-45
Sandy loam fault filling 0.05 40
Tectonic shear zone, schistose and broken
granites, disintegrated rock and gouge 0.24 42
Greywacke 1-2 mm clay in bedding planes 0 21
Limestone 6 mm clay layer 0 13
10-20 mm clay fillings 0.1 13-14
<1 mm clay filling 0.05-0.2 17-21
Limestone, marl and  Interbedded lignite layers 0.08 38
lignites Lignite/marl contact 0.1 10
Limestone Marlaceous joints, 20 mm thick 0 25 0 15-24
Lignite Layer between lignite and clay 0.014-03  15-175
Montmorillonite 80 mm seams of bentonite (mont- 0.36 14 0.08 11
Bentonite clay morillonite) clay in chalk 0.016-.02  7.5-11.5
Schists, quartzites 100-15- mm thick clay filling 0.03-0.08 32
and siliceous schists  Stratification with thin clay 0.61-0.74 41
Stratification with thick clay 0.38 31
Slates Finely laminated and altered 0.05 33
Quartz / kaolin / Remoulded triaxial tests 0.042-.09 36-38

pyrolusite

_30_
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Table 2.21 Friction angles of rock mass considering discontinuity
(Wyllie, 1992)

(Classification Rock type Friction angle(®) Note

Low-friction Rocks Schist(including muscovite), Shale, marble 200 7 270 -

Medium-friction Rocks Sandstone, Chalk, Gneiss, Slate 2710 7 340 -
High—friction Rocks Basalt, Granite, Limestone, Conglomerate 34.0 T 400 -

2) A 4A A ¥ (Korea Expressway Coporation, 2013)

ek Aelre] AUFE AL 98 ATTIE WFLNF RS Ew
S AR WP~ DEER AelW AVLE APS FEHAD A

& A= Table 2.229 2t}

Table 2.22 Joint shear strength test results of rock

Boring | Dept. | Stratu | Rock | Ghesian | Frictionangle(®) | (oo | JCS | Kn KS | Note
hole (m) m type (kPa) | Max. | Remain (MPa) | (MPafmm) | (MPa/mm)
B—4 | 13.2~136 | Had Fsandsione | 18.8 | 3668 | 34.33 | 4~6| 531 | 1245 | 147
CB—5 | 15.6~159 | A4 ] Sandsione | 2.2 | 8782 | 3571 | 2~4| 518 | 128 | 14 | exp.
CB-10 | 20.5~21.2 | Hard | sangstone | 22.8 | 39.86 | 3817 | 4~6 | 40.1 | 115 | 2.16
CB-11 | 30.8~38.7 | Hard | sangstone | 22.2 | 37.79 | 35.70 | 4~6 | 550 | 137 | 159
CB-12 | 36.3~37.1 | Hard | sandstone | 49:4 | 33.25 | 2842 | 4~6 | 22.0 | 1047 | 1.6
cB-13 | 18.7~19.2 | Hard | sangsione | 23.1 | 3549 | 30.10 | 4~6| 320 | 578 | 1.8
CB-14 | 163~17.0 | 2O | Sandstone | 61.5 | 44.99 | 42.04 | 6~8 | 31.0 | 860 | 1.62
CB-15 | 21.5~21.9 | Hard | sangstone | 23.2 | 36.91 | 32.53 | 2~4| 20.0 | 1067 | 1.79
CB-16 | 40.0~40.3 | 1 | Sangstone | 43.5 | 32.60 | 31.53 | 4~6 | 320 | 1067 | 2.63
TB-10 | 7.6~7.9 | HAd | Sandstone | 262 | 4148 | 38.17 | 4~6 | 423 | 1253 | 0.86
TB-11 | 20.6~208 | HAd | Sandstone | 6.6 | 37.16 | 311 |2~4| 431 | 1137 | 1.85 | exp.
TB-13 | 11.9~12.3 | Had | Sandstone | 60.2 | 3088 | 37.77 | 6~8 | 483 | 84 | 1.83
TB-16 | 13.6~13.9 | HAd | Sandstone | 563 | 46.41 | 43.57 | 4~6 | 431 | 1074 | 1.46
TB-21 | 12.1~123 | SO | Sandstone | 731 | 3311 | 32.25 | 2~4 | 466 | 13.18 | 1.50
TB-27 | 9.0~9.5 | NoMal| Sandsione | 40.7 | 37.00 | 34.07 | 6~8 | 25.0 | 1067 | 1.36
CB-15 | 21.5~21.9 | Hard | sangstone | 23.2 | 36.91 | 32.53 | 2~4 | 20.0 | 1067 | 1.79
CB-16 | 40.0~40.3 | 1 | Sangstone | 43.5 | 32.60 | 31.53 | 4~6 | 32.0 | 1067 | 2.63

_31_
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Table 2.23 Joint shear test equipment and test view

Test equipment Test view

* Shear Strength : Japen Shimadzu’s 200ton
v Al Ald 7] (UDH-200AR)

Test System : System 5000
(1]=F Measurement GroupAt: BFs A& A] 8710
EooE s AYdH= %0}504 )

* Specimen displacement : LVDT(Z=E#| Alo]
A §9} LVDT)

7A71E JRCE vetdo] 22D 22 deue] Add=E A et

JCS

7, = o,tan[JCRlog,, (—— - )+, 21(2.1)

n

A7IA, o,=FET2-eH, JRC=42 AZ7] AlF(Joint Roughness Coefficient),
JCS=A2H 4= %=(Joint Compressive Strength), ¢,=7]1% w7 (basic
friction angle)o]Tth. webA], el AEdE A2 22D YERE o

o MEES AYIEE sbed,

_32_
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FEFASHE AU L Zv)Eold] met A4A 2 grolAw
o2 20mel 4 A%l el gy BAAE AAsGs] el B A
£ Bmz Al FEFASYS WSt Webd, farA s

£ 25t/m® x 25m = 625t/m?(613.3 kPa)o.& A4 <)

(2) JRC 2H4
AA7] A4 JRCE profile gageo] 98] ZgH 2SS =AHsta, o=
Fig. 259 et profile charte} Hvlasle] 24 3FA ). profile gage©l
olgf FA3 JRC= 72 AR v ZolE Yl 4~209 Fs 7t
2 ZAE AL, b arg el #H Akl JRC=4= A &3kt

’

D)
rlr
o
o

JRC=0-2

JRC=2-4

JRC=4-6

JRC=6-8

—_— e S = ————— JRC =8-10

m JRC =10-12
w JRC =12 - 14
w JRC =14 - 16
M JRC =16 - 18

—_— T — JRC = 18 - 20

Fig. 2.5 Roughness profiles and corresponding Joint roughness chart
values(Barton and Choubey, 1974)
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(2.2)

AR s A

o T

Table 2.24 Unconfined compressive and joint compressive strengths
of rocks(Korea Expressway Corporation, 2001)

Unconfined com Joint compressive Average and
Boring hole pressive strength strength adopted values in
o. (MPa) JCS (MPa) design
CB-3 89.2(910kg/cm') 22.4(228kg/cm')
CB-4 188.2(1920kg/cm’) 47.1(480kg/cm’)
CB-5 63.7(650kg/ci') 16.0(163kg/cr)
CB-6 100.0(1020kg/cm’) 25.0(255kg/cm') Average
CB-7 64.7(660kg/cm'’) 16.2(165kg/cr) =21.0 MPa
CB-8 79.4(810kg/cr) 19.9(203kg/cr) (214keg/cr)
CB-9 60.8(620kg/cm’) 15.2(155kg/cr) Adopted
CB-10 58.8(600kg/cm') 14.7(150kg/cr) value=19.61 MPa
CB-13 101.0(1030kg/crr) 95.3(258kg/cr) (200ke/cr)
CB-14 23.5(240kg/cr) 23.5(240kg/cr)
CB-15 72.5(740kg/cm’) 18.1(185kg/cr)
CB-16 55.9(570kg/cm') 14.0(143kg/cr)
() kg/en
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Table 2.25 Basic friction angle of shale and sandstone(Korea
Expressway Corporation, 2001)

Rock type Value ¢,(°) Reference

25 7 35 Barton and Croubey(1977)
Sandstone 27 ~ 33 Barton and Croubey(1977)

35 ~ 45 Hoek(1981)

25 735 Hoek(1981)

Shale 19 ~ 32 Barton(1974)
27 Hoek and Bray(1981)

ool AdE IR st A2 FEh dejwl wp&AZE AlAbst

A ookefe] 2(23)3 o] 30 = AT 5 3l

qﬁ:JRClo(JUCS)Jr(,bb 4 log( 200)+27 29.02= 30° 4(2.3)

62.5

n
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3lH ) o] 2] SF2F(Coates et al., 1965, Whitman and Bailey, 1967; Hoek
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Table 2.26 Estimated results of shear strength for joint and clay
gouge zone

Case Cohesion(kPa) Friction angle(®)
Joint 49.07 (5t/m’) 30
Clay gouge zone 49.07 (5t/m’) 25
() kg/a
H ATAE G BASHY AABEAS

29 5o g or AAF AUAR g BARRA 4
AEG AT Table 2277 & AAd 488 2w
2 HzHow s,

Table 2.27 Research application ground properties of rock discontinuity

st Rock lab. test Adopted in design
Xisting
Case Rock 4 : (Milyang-Ulsan
ocuments expressway) Joint day filled

Cohesion(kPa) Weathered 0.06 0.01970.073 49.07 49.07

rock (6t/m’) (1.88~7.31t/m’) (5t/m’) (5t/m’)
Friction angle(?)| " cathered 25735 3277450 30 %

rock
() kg/c
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Table 3.1 Shear strength of soils in nature(Ministry of land, transportation

and maritime affairs, 2006)

. . Unit Weight Friction angle | Cohesion
Soil Description (1N/m) ©) (kPa) Symbol
F(E7rge =z 4
Clay B ;; ozt oA 17 20 Below 50
and
. Rt FE (T = CH, MH
silt ssbe 9o Sol7h) 16 15 Below 30 ML
FEE ] 4
14 1 Bel 1
=oy7}) 0 elow 15

Table 3.2 General shear strength of sand rock, shale and limestone

(Hunt, 1984; A ¥4, 2004)

Unit Friction Cohesion
Case weight(/) angle(?) (Mpa) Note
Lhmestone w54, | 23-238 3B5~45 E) ~ 2942 Hoek, 1981
Sand stone T (1L000~3,000t/m) | (HEA etaiel 4)
Sand stone Pp=25~35 Barton & Choubey
Silt stone H=27~33 1977
Sandstone 1.2~3.0 G=27~50 Goodman et al., 1930
<MWk Sedimartary rack> .
Coal, Chalk, 1723 25~ 35 LS Hoek, 1981
Shale, Sandstone ’ "
o 0~0.59
Shale dp=19~32 (0~6t/m) Barton, 1974
Mudstone 1.8~24
Shale 16~22 10~20 Hunt, 1984
—15~ 0.03~0.07
Shale 16~2.7 10432%)5 30 (3.5~7.0t/m") Underwood, 1967
¢ (unfavorable) (unfavorable)
dp(wet)= 27~35 Barton & Choubey
Gp(dry)= 31~37 1977
1.7~3.1 27~50 Goodmen et al.,, 190
Limestone 17~91 0.06~0.20 Barton, 1974
(5~20t/m’) (EFRES THeR= BT
2.64 Hunt, 194
¢ =30 7 35 Deere, 1976
¢y =711 =7 (basic friction angle)
¢, =4 ¥ 7|n} & Z}(apparent friction angle)
() :vyg 9994 g
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Table 3.3 To determine c according to the thickness of the active
rock(A 32, 2004)

Thickness of

the active rock 5m 10'm 15 m 20 m 25 m

Cohesion(MPa) 0.005 0.01 0.015 0.02 0.025
05t/m) | (1.0t/m) | (15t/m) | 2.0t/m’) | (25t/m")

() g G A #
ATE Fal AEE WHebEz s 2 Fig. 319 Hoek and Bray(1974) €]
AAZE2 Fig. 3.7 Ao A, &9, @ dis) A A dH(You, 2002)3F

Al 47l A Wl = A
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Fig. 3.7 Relationships between friction angle and cohesion(You, 2002)
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(a) Circular failure
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Fig. 3.9 Typical failure types of rock slopes
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Table 3.5 Failure types of discontinuities related to joint plane

Failure section nos. Plane Toppling Circular Wedge
Total Nos. 67 30 9 13 15
Percentage (%) 45 13 19 22
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Fig. 3.10 Failure types of discontinuities related to joint plane
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Blasting rock
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Fig. 3.13 Poor ground condition at the starting point section
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Fig. 3.14 Good ground condition at the middle section

Fig. 3.15 Poor ground condition at the ending point section
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Fig. 3.17 Slope falling location at 'A’ section
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Fig. 3.19 Potential wedge failure due to joint or fault at the ending point section
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Fig. 3.21 Results of analyses of plane failure using stereographic projection
method
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Fig. 3.23 Cross sectional view of reinforced slope at STA.1+240
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Fig. 3.24 Reinforced slope at the starting point section
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Fig. 3.28 Reinforced slope at the right middle section and ending point section
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Fig. 3.29 Dry case at the middle and ending point section(Fs: 1.82 > 1.5)
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Fig. 3.30 Rainy case at the middle and ending point section(Fs: 1.22 > 1.2)
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Fig. 3.32 State of geological and ground at the 5th section, STA.1+360
~1+580
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Fig. 3.34 Detailed distribution of ground at the starting point of the central section
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Fig. 3.36 Detailed distribution of ground at the ending point section
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Fig. 3.37 Direction of discontinuous planes on the stereonet
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Fig. 3.39 Detailed situation of sub joint planes
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Fig. 3.41 Detailed situation of fault and fault fractured zone
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Fig. 3.42 Slope failure at the starting section

Fig. 3.43 Slope failure at ‘A’ section(1lst catchbench bottom)
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Fig. 3.44 Slope failure at ‘B’ section(2nd catchbench bottom)

Fig. 3.45 Slope failure at the ending section
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Fig. 3.47 Slope failure at ‘D’ section(1lst catchbench bottom)
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Fig. 3.49 Erosion by rainwater in a fault fractured zone

_76_

Collection @ kmou



™ 7B M AR ool
g B om0l o
o = o "oT S R
J [ae)
o o] B Mo = ‘L CRR:”
o ¥ \h - X e — HL.E HE
<H T = < =
~ o 2 - I
~ oo w =
I R B = - T
Hlo Y Nk " oo &S] —_— N
) el ~ » B X
B8R | N X o
MM‘_ 4.0! B — W N :i
or | o iy = =
0 —
s % 83 % & : x
= PRy 7 c 2T
T
35 il 1 o N .m @ =
< ® < it < m X
(Tl ¥ = N N e —
N o ‘_Ir,yl o ~X St o d!
B = T OF m © °© =y =
. X [w] o
~ T OB g .2 T T
N ~ o +
R 5 L=
wn X W
A B F W oo . am N
4 ER 2 5 I
T o X = 2 W
. = = o) = X
o> g TN = )
™ T = S < % NI
U = B ok
X ~ .
oE 2o % o oM
oA ) —_ ) Py =0
<7 I [ <0 W
CLEE oo . < o
R oA N R e

- 77 -

Collection @ kmou



FAgEJD o HHua Feje vgd 39 7hsdel 9ol rock
bolt 2 7+ A A M-S A 83k, rock bolte} FAWA S A=
A4 At Aol AAg oZ FAHIYY, g 52 Q1] A

T B2 Aol TAHIAAY +HvE e 9 gd R Sk

¢
o
2
Y
ol
ol
rlr
P
o,
2
o
ot
P
o
fr
e
(e HHJ
i,
3@
o
&)
Q
OJ
o)
=

’- _' Blasting rock
Expected tengien crack

Rock Balt spacing; Y{Distance) -2 5m* 2 3m
Reck Bolt steps; 7 steps, Rock Eolt length; 3m

Ane 20, Hole-diameter, Jimm
Rack Bolt specfications: S35, D2imm
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G E A A= Tables 3.6, 3.7, 3.8% #2r}. Ay
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ZA k= 4870 Akdlel i

A9 Axge
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49~29.4(KPa), »F&7t 10~30°
sk Aol Al A1 WEw) Az
e tH(Table 3.7). Table 3.8 %A 597] Al of gt

A% dARGNY A aF

4.9~29.4(KPa),

glo] vlgH H1

Table 3.6 Results of re-evaluated shear strength on joint plane filled by clay

Case 0. Unit weight Cohesion Friction angle Joint plane
(KN/m’) (kPa) (t/m’) (°) angle (°)
1 24.5 14720 (1.5) 25 34
2 255 9.814 (1.0) 20 34
3 - 9.814 (1.0) 20 34
4 - 9.814 (1.0) 20 30
5 245 19.627 (2.0) 15 20
6 18.6 19.627 (2.0) 15 20
7 225 14.720 (1.5) 10 -
3 235 19.627 (2.0) 25 -
9 235 29.441 (3.0) 30 -
10 225 19.627 (2.0) 25 30
11 225 9.814 (1.0) 25 32
12 16.7 9.814 (1.0) 20 32
13 225 19.627 (2.0) 25 30
14 - 19.627 (2.0) 25 39
15 216 19.627 (2.0) 20 25
16 235 19.627 (2.0) 25 30
17 - 24.534 (2.5) 30 35
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Case o, Unit weight Cohesion Friction angle Joint plane
(kN/m'’) (kPa) (t/m’) (°) angle (°)
18 19.6 9.814 (1.0) 18 26
19 19.6 11.776 (1.2) 22 26
20 19.6 14.720 (1.5) 25 -
21 - 24.534 (2.5) 30 34
22 18.6 29.441 (3.0) 25 -
23 18.6 24.534 (2.5) 25 -
24 18.6 29.441 (3.0) 30 -
25 18.6 29.441 (3.0) 25 32
26 - 9.814 (1.0) 25 32
27 - 16.683 (1.7) 30 36
28 - 19.627 (2.0) 30 35
29 - - 28 77
30 - 4.907 (0.5) 20 27
31 - 6.869 (0.7) 20 33
32 - 4.907 (0.5) 15 25
33 - 9.814 (1.0) 15 34
34 19.6 29.441 (3.0) 30 -
35 - 9.814 (1.0) 15 -
36 - 19.627 (2.0) 30 36
37 - 19.627 (2.0) 15 36
33 - 19.627 (2.0) 15 35
39 235 19.627 (2.0) 15 32
40 - 14.720 (1.5) 20 33
41 - 14.720 (1.5) 20 33
42 - 19.627 (2.0) 30 40
43 - 9.814 (1.0) 30 40
44 - 9.814 (1.0) 30 39
45 - 9.814 (1.0) 20 30
46 - 24.534 (2.5) 17 33
47 - 9.814 (1.0) 30 50
48 - 14.720 (1.5) 30 46
Range 16.7~255 4.907~29.441(0.5~3.0) 10~30 20~7T7
Average 21.3 16.620 (1.69) 23.02 33.97
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Table 3.7 Results of re-evaluated shear strength on joint plane filled

by shattered material

Case 0. Unit weight Cohesion Friction angle Joint plane
(kN/m’") (kPa) (t/m’) (°) angle (°)
1 24.5 14.720 (1.5) 25 34
2 25.5 9.814 (1.0) 20 34
3 - 9.814 (1.0) 20 34
4 16.7 9.814 (1.0) 20 32
5 22.5 19.627 (2.0) 25 30
6 21.6 19.627 (2.0) 20 25
7 19.6 29.441 (3.0) 30 -
8 - 4907 (0.5) 20 27
9 - 9.814 (1.0) 20 35
10 24.5 14.720 (1.5) 30 58
11 - 14.720 (1.5) 17 40
Range 16.7~255 | 4.907~29.441(0.5~3.0) 17~30 25~58
Average 22.1 14.274 (1.45) 22.5 349

Table 3.8 Results of average shear strength on all joint planes

Case Unit weight Cohesion Friction angle Joint plane
(KN/m’) (kPa) (°) angle (°)
Clay filled 4.907~29.441
16.7~25.5(21.1 10~30(23.02 20~ )
(48 cases) 6.7~255CLY | koo 0~30(23.02) | 20~77(33.97)
Shattel.r material 4,907 ~99.441
filled 16.7~25.5(255) 17~30(22.5) 25~58(34.9)
(11 cases) (14.274)
Average
(Total 59 cases) 215 16.175 22.92 34.16
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Table 3.9 Failure types of discontinuities related to bedding plane

Failure section nos. Plane Toppling Circular Wedge
Total Nos. 36 21 5 7 3
Percentage(%) 58 14 19 8

Note) de]3t3 36714 5 327040 wis) Al E4 2A
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Fig. 3.54 Failure types of discontinuities related to bedding plane
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STA.0+960

Fig. 3.57 Distribution of ground and discontinuous planes at the target
slope near starting point

AP e

Fig. 3.58 Detailed distribution of ground and discontinuous planes at ‘A’ section
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Fig. 3.59 Distribution of ground and discontinuous planes at the
target slope near middle point

Fig. 3.60 Detailed distribution of ground and discontinuous planes at ‘B’ section
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Fig. 3.61 Detailed distribution of ground and discontinuous planes
at ‘C’' section

Fig. 3.62 Distribution of ground and discontinuous planes at the
target slope near ending point
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Fig. 3.63 Detailed distribution of ground and discontinuous planes
at ‘D’ section

Fig. 3.64 Detailed distribution of ground and discontinuous planes
at ‘F’ section
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Fig. 3.68 Cross sectional view of reinforced slope at STA.1+000
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Fig. 3.70 State of geological and ground at the 3rd section, STA.2+600
~2+960
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Fig. 3.72 Developed situation of clay filled bedding plane at ‘A’ section
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Fig. 3.74 Developed situation of clay filled bedding plane at ‘C’ section
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Fig. 3.75 Developed situation of clay filled bedding plane clay at ‘D’ section
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Fig. 3.78 Developed situation of fault at ‘G’ section
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Fig. 3.80 Whole situation at slope failure site

Fig. 3.81 Tension crack at catchbench(3m) located at 40m ground level
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Fig. 3.83 Cross section of back analysis at STA.2+740
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[#nchor Reinfarcing method]
Anchor Spacing(V#H): 3.0m*1.5m, 2 steps

T
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Anchar tension strength: 50tan, Angle : 30 -f\% R

A
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Fig. 3.84 Cross section of analysis to reinforced and 1:1.8 grading slope
at STA.2+740
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Fig. 3.85 Dry case( Fs; 1.71 > 15, 0K )
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Fig. 3.86 Rainy case( Fs; 1.29 > 1.2, ..0.K)
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Table 3.10 Results of re—evaluated shear strength on bedding plane

filled by clay

Case o, Unit weight Cohesion Friction angle Bedding plane
(kKN/m') (kPa) (t/m’) () angle (°)
1 23.5 11.776 (1.2) 5 10
2 - 11.776 (1.2) 5 7
3 23.5 11.776 (1.2) 5 7
4 18.6 9.814 (1.0) 10 -
5 - 17.664 (1.8) 25 27
6 - 17.664 (1.8) 25 27
7 - 9.814 (1.0) 20 33
8 - 17.664 (1.8) 25 30
9 - 9.814 (1.0) 20 24
10 - 9.814 (1.0) 20 32
11 - 4907 (0.5) 15 25
12 - 19.627 (2.0) 30 35
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Case o, Unit weight Cohesion Friction angle Bedding plane
(kN/m’") (kPa) (t/m’) ) angle (°)
13 - 9.814 (1.0) 25 35
14 - 9.814 (1.0) 15 28
15 - 19.627 (2.0) 15 28
16 - 9.814 (1.0) 15 28
17 - 19.627 (2.0) 25 30
18 - 9.814 (1.0) 20 30
19 18.6 9.814 (1.0) 10 13
20 18.6 9.814 (1.0) 10 13
21 23.5 19.627 (2.0) 17 23
22 19.6 14.720 (1.5) 17 24
23 - 9.814 (1.0) 17 23
24 - 19.627 (2.0) 10 10
25 - 86.350 (8.8)crzme) 13 -
26 - 19.627 (2.0) 26 28
Range 18.6~23.5 4.907~19.627(0.5~2.0) 5~30 7~35
Average 20.9 13.346 (1.36) 16.92 23.75

Table 3.11 Results of re-evaluated shear strength on bedding plane

filled by shattered material

Case 0. Unit weight Cohesion Friction angle Bedding
(KN/m’) (kPa) (t/m’) (°) plane angle (°)
1 - 29.441 (3.0) 28 30
2 - 29.441 (3.0) 28 34
3 - 9.814 (1.0) 20 33
4 19.6 17.664 (1.8) 25 30
5 23.5 9.814 (1.0) 17 25
6 - 4.907 (0.5) 20 21
Range 19.6~235 4.907~29.441(05~3.0) 17~28 21~34
Average 21.6 16.847 (1.72) 23.00 28.83
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Table 3.12 Results of average shear strength on all bedding planes
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Table 3.13 Failure types of discontinuities related to fault plane

Failure section nos. Plane Toppling Circular Wedge
Total Nos. 48 18 7 15 8
Percentage(%) 38 15 31 17

Note) ©533] 48714 5 407140 i3] Aag 24 A A
20
o 15
E
o
« 10
o
7
e}
< 5
0
Plane Toppling Circular Wedge

Failure type of fault plane

Fig. 3.89 Failure types of discontinuities related to fault plane
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Fig. 3.93 “B” section; Detailed situation at fault plane; right catchbench 3m
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Fig. 3.95 “D” section; Detailed situation at right upper fault plane

- 117 -

Collection @ kmou



R

eWIW.
5z
aQE
th
IRE
£53

[T

Detailed situation at slope upper fault plane

E” section;

Fig. 3.96

Detailed situation at left joint planes and bedding plane

F” section;

Fig. 3.97

X
o
T

o

H

=0l
R

A B

]l

=
°©

o

il

E7}

3
“

A
™

A tH(Fig. 3.98).

gl

=2 I

- 118 -

Collection @ kmou



dfn [ STA.4+700 |

"
—|(Fault plane

PAFEG R o5 HEY Shgaa e ANttt o W g urn

A7) B3 BASde AR BAY A2 neise] 15°% g3

(Fig. 390). 443} w5wol oshe] Fulsta) b5l Jouz Bt
A% Aow B dchFig 3100 4719 g Fag A

Z':
Fig. 31015 2ow 445 w2z azwel arol 4753 e

- 119 -

Collection @ kmou



Rioping Bottom surface of Potential sliding(fault plane)

/33’: tan33=tand0{true dipf*cos3B(crossing angle)
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Fig. 3.100 Study of plane failure of working design gradient(1:1.0)- instability
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M 4Z T STA4+E60 ~ 0+860 = AHakEf

Fisher
Concentrations
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000~ 450 %
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36.00~4050%
4050 ~4500 %

Mo Bias Correction
Max. Conc. = 40.2097%

Equal Area
Lower Hemisphere
12 Poles
12 Entries

5
2ETe HE MHUEE AR

Fig. 3.102 Plane failure analysis when gradient relaxation method
is applied(1:1.2, 1:1.5, 1:1.8)
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Fig. 3.103 Wedge failure analysis when gradient relaxation method
is applied(1:1.2, 1:1.5)
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Fig. 3.108 Ground situation at the right side of fault zone
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Fig. 3.109 Ground situation at the left side of fault zone
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Fig. 3.110 Major joint on the periphery of fault zone : Clay
coating and severe weathering
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Fig. 3.115 Fault zone at ‘B’ section
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Fig. 3.117 Wedge failure at STA.0+080
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Table 3.14 Results of re-evaluated shear strength on fault plane filled

by clay
Case o, Unit weight Cohesion Friction angle Fault plane
(kKN/m') (kPa) (t/m’) (°) angle (°)

1 19.6 24534 (2.5) 40 -
2 22.5 24534 (2.5) 20 30
3 18.6 18.646 (1.9) 25 -
4 22.5 19.627 (2.0) 25 30
5 23.5 19.627 (2.0) 25 -
6 22.5 19.627 (2.0) 25 30
7 - 9.814 (1.0) 25 32
8 22.5 19627 (2.0) 25 30
9 - 19.627 (2.0) 25 39
10 21.6 19.627 (2.0) 20 25
11 21.6 39.254 (4.0) 20 -
12 - 6.869 (0.7) 10 31
13 - 17664 (1.8) 25 40
14 - 9.814 (1.0) 20 42
15 - 9.814 (1.0) 20 26
16 19.6 39.254 (4.0) 30 -
17 - 9.814 (1.0) 25 29
18 18.6 23553 (2.4) 215 -
19 - 9.814 (1.0) 20 33
20 - 9.814 (1.0) 20 25
21 18.6 23553 (2.4) 215 -
22 23.5 19.627 (2.0) 15 32
23 - 18.155 (1.9) 15 -

Range 18.6~23.5 6.869 ~39.254(0.7~4.0) 10~40 25~80

Average 21.2 18795 (1.92) 23.04 34.93
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Table 3.15 Results of re-evaluated shear strength on fault plane filled
by shattered material

Case o, Unit weight Cohesion Friction angle Fault plane
(kN/m’") (kPa) (t/m’) ) angle (°)

1 22.5 19.627 (2.0) 25 30
2 21.6 19.627 (2.0) 20 25
3 21.6 39.254 (4.0) 20 -
4 19.6 29.441 (3.0) 30 -
5 23.5 42.198 (4.3) 34.5 -
6 - - 15 33
7 18.6 17.664 (1.8) 25 32
8 - 17.664 (1.8) 25 40
9 - 19.627 (2.0) 30 -
10 19.6 39.254 (4.0) 30 -
11 - 4907 (0.5) 20 27
12 - 9.814 (1.0) 20 35
13 20.6 34.347 (3.5) 30 -
14 - 9.814 (1.0) 25 29
15 - 29.441 (3.0) 30 51
16 20.6 39.254 (4.0) 30 -
17 176 9.814 (1.0) 30 66

Range 17.6~23.5 4907~42.198(05~4.3) 15~34.5 25~82

Average 20.6 23.859 (2.43) 25.85 41.8

Table 3.16 Results of average shear strength on all fault planes

Case Unit weight Cohesion Friction angle Fault plane
(KN/m') (kPa) (°) angle(®)
(Czlgycfsus 18'(62;22;9"5 6'8(6?8}?5%)254 10~40(23.04) | 25~80(34.93)
Sl(’f;tizsfi)ed 17'(62g62§"5 4'9(027;8@%)198 15~345(25.85) | 25~82(41.8)
(To élv Zgaizses : 20.9 20.873 24.24 37.68
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