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ABSTRACT

This study was conducted to identify the causes of the unusually high number of rock slope failures during an expressway
construction in Yangsan fault system. The shear strength (cohesion and internal friction angle) of 128 slopes of discontinuities
including bedding, joint, and fault planes were re—evaluated through the examination of face mapping and back analysis.
The re—evaluated values were analyzed and then compared with the existing data and values used in the design. As a result,
the re—evaluated cohesion and friction angles were very low compared to the existing data and the values applied in the
design. This incongruity was pointed as the primary reason for the rock slopes failures during the construction. This may
be related to the inherent features of clastic sedimentary rocks in the study area, and the discontinuities in the sedimentary
rocks in this region played a significant role. Especially, bedding discontinuity showed a big difference compared to the existing
data. The shear strength depended on the type of discontinuity in case of clay filled in discontinuity. However, shear strength
was independent on the type of discontinuity in case of shattered materials filled in discontinuity.

Sl&to]

o(’“rj/] ZF/L %?)01] 2} face mapping
i“ll-a‘_:]ljl]— ywbEzte] dhal As skl o
Fel 3 UiepEzte] 71 gl Aol

sl A 710w nal, olte

o
)
ki
=
=
it
o
R
g
o
=
2
20 N
% il
M =
.
e 0—;“
re ol
e
> )
N
>
2
ox
i
o &
>}L
[0
]
e o
e
R
_u
i
11'4

o
i
of
|
Gl
o,
h
2
ol
rr
o
o o OlN‘
it

= o o pu
_>;

T
o

Ir
Pau)
o
F
i
uj
3L
i
itha
rQ
A
ri
2

fF do 2 r2 2 N & )y rl
- oo X

I
o)
p
ol
b
N
X
ll
%
oy it
ool
o
o
o
rlr
o
ja=2
&
_i-lé
i
s
Y
)
ol
T
oM,
o
2,
rlr
[
p
ol
bt
=L
rlo
e
re
b
g
1o

Keywords : Shear strength, Clastic sedimentary rock, Yangsan fault, Bedding, Joint

Received 15 May. 2019, Revised 10 Jul. 2019, Accepted 15 Aug. 2019
*Corresponding author

Tel: +82-51-410-4465; Fax: +82-51-410-4460

E-mail address: kth67399@kmou.ac.kr (T.-H. Kim)



[
19E

ﬁ%%uﬁzz%%y- N

H
4

A

&

ongsan

7y ovpongs
), I
%/; i

f
I
|
y
J

-Yucﬂaun Group

35N

=—— Cenczoic sedimentary'volcanic rocks. Jinju
te Cretaneow(‘,mm:@mmu%— 7
/ﬂ—_’

Hayang Groip T \ Busan-Ulsan
= swenmoon ' J Isnd expressway
I et 0 s0km
%FM‘C&MWS Basement racks —

Fig. 1. Geological map of the Gyeongsang Basin with location
of Busan—Ulsan expressway: 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
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Slope cut
(failed or expected failure)

i

Data collection
- Slope extension, height, slope, cross section, bench, etc.

Face mapping
- Types of bedrock, ground conditions, weathering
- Discontinuity types, directions, slopes, distances,
extension, thickness, block shapes
- Filling types, thickness, roughness, conditions, presence
of underground water
)

Field test
Profile gauge test (measuring JRC), etc.

Evaluation of shear strength
(friction angle and cohesion)

| Comparison with the values of previous studies
¥
Slope stability analysis
- Stability analysis with limit equilibrium method

No

‘ Yes
End

Fig. 3. Evaluation procedure of shear strength adopted in this
study

Table 1. Result of re—evaluated shear strengths on bedding planes

Bedding state No, Unit weight (kN/m®) Cohesion (kPa) Friction angle (°) Bedding plane angle (°)
1 235 1.7 5 10
2 — 1.7 5 7
3 235 17 5 7
4 18.6 9.8 10
5 — 17.6 25 27
6 — 17.6 25 27
7 - 98 20 33
8 - 17.6 25 30
9 - 98 20 24
10 - 9.8 20 32
1 — 49 15 25
12 — 19.6 30 35
Filled by clay 13 - 9.8 25 35
14 — 98 15 28
15 — 19.6 15 28
16 - 9.8 15 28
17 — 19.6 25 30
18 9.8 20 30
19 18.6 9.8 10 13
20 18.6 98 10 13
21 235 19.6 17 23
22 19.6 147 17 24
23 - 9.8 17 23
24 — 19.6 10 10
25 - 19.6 26 28
26 - 29.4 28 30
) 27 - 29 4 28 34
ki - : . ;
materials 29 19.6 17.6 25 30
30 235 98 17 25
31 — 49 20 21
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Table 2. Result of re—evaluated shear strengths on joint planes

Joint state No, Unit weight (kN/m?) Cohesion (kPa) Friction angle (°) Joint plane angle (°)
1 24.5 147 25 34
2 255 98 20 34
3 — 98 20 34
4 — 98 20 30
5 245 19.6 15 20
6 18.6 19.6 15 20
7 225 147 10 -
8 235 19.6 25 —
9 235 29.4 30 —
10 225 19.6 25 30
1 225 9.8 25 32
12 16,7 98 20 32
13 225 19.6 25 30
14 — 19.6 25 39
15 216 19.6 20 25
16 235 19.6 25 30
17 — 245 30 35
18 19.6 98 18 26
19 19.6 1.7 22 26
20 19.6 147 25 —
21 — 245 30 34
22 18.6 29.4 25 -
23 18.6 245 25 —

Filed by clay 24 18,6 29.4 30 -
25 18.6 29.4 25 32
26 — 9.8t 25 32
27 — 16.6 30 36
28 — 19.6 30 35
29 — 49 20 27
30 — 6.8 20 33
31 - 49 15 25
32 — 98 15 34
33 19.6 29.4 30 —
34 — 98 15 —
35 — 19.6 30 36
36 — 19.6 15 36
37 — 19.6 15 35
38 235 19.6 15 32
39 — 147 20 33
40 — 147 20 33
41 — 19.6 30 40
42 — 9.8 30 40
43 — 98 30 39
44 — 98 20 30
45 — 245 17 33
46 - 98 30 50
47 - 147 30 46
48 245 147 25 34
49 255 98 20 34
50 — 98 20 34
51 16,7 98 20 32

Filled by 52 225 19.6 25 30

shattered 53 216 19.6 20 25

materials 54 19.6 29.4 30 —
55 - 49 20 27
56 — 98 20 35
57 245 147 30 58
58 — 147 17 40




Table 3. Result of re—evaluated shear strengths on fault planes

Fault state No, Unit weight (kN/m?) Cohesion (kPa) Friction angle (°) Fault plane angle (°)

1 19.6 245 40 -

2 225 24.5 20 80

3 18.6 18.6 25 -

4 225 19.6 25 30

5 235 19.6 25 -

6 225 19.6 25 30

7 - 98 25 32

8 225 19.6 25 30

9 - 19.6 25 39

10 216 19.6 20 25

1 216 39.2 20 -

Filled by clay 12 - 6.8 10 31

13 - 17.6 25 40

14 - 98 20 42

15 - 98 20 26

16 19.6 39.2 30 -

17 - 98 25 29

18 18.6 235 275 -

19 - 98 20 33

20 - 98 20 25

21 18.6 235 275 -

22 235 19.6 15 32

23 - 181 15 -

24 225 19.6 25 30

25 21.6 19.6 20 25

26 216 39.2 20 -

27 19.6 29.4 30 -

28 235 421 345 -

29 18.6 17.6 25 82

Fled b 30 - 176 25 40

srlwaettereé 3 — 19.6 %0 —

materials 32 19.6 392 30 -

33 - 49 20 27

34 - 98 20 35

35 20.6 343 30 -

36 - 98 25 29

37 - 29.4 30 51

38 20.6 39.2 30 -

39 17.6 98 30 66
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Table 4, Unconfined compressive and joint compressive strengths of rocks (Korea Expressway Corporation, 2001)

Boring hole Unconfined com pressive strength Joint compressive strength Average gnd adppted
(MPa) JCS (MPa) values in design
CB-3 89.2 (910 kg/cm?) 22.4 (228 kg/cm?)
CB-4 188.2 (1920 kg/cm’) 471 (480 kg/cm?)
CB-5 83,7 (650 kg/cm’) 16.0 (163 kg/cm?)
CB-6 100,0 (1020 kg/cm?) 25.0 (255 kg/cm?’) Average
CB—7 64.7 (660 kg/cm?) 16,2 (165 kg/cm?) =21.0 MPa
CB-8 79.4 (810 kg/cm’) 19.9 (203 kg/cmd) (214 kg/om’)
CB-9 60.8 (620 kg/cm?) 15.2 (155 kg/cm?) Adopted value
CB-10 58.8 (600 kg/cm?) 14.7 (150 kg/cm?) =19.61 MPa
CB-13 101.0 (1030 kg/cm?) 25.3 (258 kg/cm?) (200 kg/cn)
CB-14 23.5 (240 kg/cm?) 235 (240 kg/cm?)
CB-15 72.5 (740 kg/cm?) 18,1 (185 kg/cm?)
CB-16 55.9 (570 kg/cm?) 14.0 (143 kg/cm?)
Table 5. Basic friction angle of shale and sandstone (Korea Expressway Corporation, 2001)
Rock type Value (°) Reference
25 ~ 35 Barton and Croubey (1977)
Sandstone 27 ~ 33 Barton and Croubey (1977)
35 ~ 45 Hoek and Bray (1974)
25 ~ 35 Hoek and Bray (1974)
Shale 19 ~ 32 Barton and Croubey (1977)
27 Hoek and Bray (1974)

Table 6. The relationship between friction angle and cohesion
(Hoek and Bray, 1974)

No, of Friction angle Cohesion
sample ) (kPa)
1 715 10,90
2 10,22 19.21
3 12,23 9.87
4 20.30 68.02
5 20,31 88.79
6 21.35 9.87
7 22.41 51,40
8 26.35 61.79
9 30.12 298,55
10 30.28 4933
1 32.20 11.94
12 3422 28.56
13 3517 9.87
14 35.19 138.63
15 37.09 28.56
16 38.06 4933
17 42.03 474,04
18 42.09 29.60
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Table 7, Estimated and adopted shear strength for joint and
clay gouge zone in Busan—Ulsan expressway

Case Cohesion (kPa) Friction angle (°)
Joint 50 30
Clay gouge zone 50 25
140
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Fig. 4. Relationship between the friction angle and cohesion
obtained from the failed rock slope discontinuities in
Yangsan fault system with the data proposed from
Hoek and Bray (1974)
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Fig. 6. Comparison of cohesion values to discontinuity types
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