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Analysis of collapse course of mudstone cut slope and suggest
countermeasure
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Abstract This study analyzed the collapse course of a mudstone cut slope during the construction of a express and
suggested a countermeasure. Experiments were carried out on bedrock mudstone to investigate the engineering
characteristics and the slope stability analysis at the time the design was reviewed. In addition, stability analysis,
considering the strength softening characteristics of the slope due to the Swelling-Slaking phenomenon, was also
performed. As a result of the Swelling-Slaking test, the slake durability was Low-Medium, and the swell potential
was Very Low. A review of the stability analysis performed at the time of the design showed different results from
the actual results because LEM analysis had been performed without considering the engineering characteristics of
mudstone. As a result of additional stability analysis considering the strength softening characteristics, the slope
collapse point and the maximum shear strain point of the stability analysis were the same and the standard safety
factor was not satisfied. As a countermeasure, a slope mitigation method was found to be most appropriate. The
mitigation slope was calculated by Finite element Analysis. A comparison with BIPS to determine the applicability
of a mitigation slope revealed most of the unconsolidated mudstone.
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Slaking Test

Table 2v= EAF B4A1E ZA3%E Jehd Flo|,
Table 32 94 EAA]E, Table 4= 94 dAd 4

#2 e Rolth,

Table 2. Result of soil properties Test

no. 2
Depth (m) 1.0
Moisture content (%) 5.0
Specific gravity 2.67
Atterberg Limits Liquid Limit N.P
(%) Plastic Limit N.P
X . . #4 57.7
Fig. 2. Detailed status of failure slope Grain Size 410 91
(a) Surface (b) Underground Distribution Finer #40 375
than (%) #200 12.4
21 -
Table 1. Result of boring investigation USCS SM
no. Stratum Depth (m) Material
Regolith 0.0~0.2 Silty sand with gravel .
Weathored Table 3. Result of rock properties Test
. 0.2~0.6 Silty sand
1 soil
Soft rock | 0.6-145 | Mud d Sand: — . 2
H0 d rOck 14 5~ 27' 0 1slhzltlone Zns Znt o Depth (m) 152 9.0
s;ﬁ 0{“ 8162 $Mm1 Specific gravity 2.63 2.68
Wegt‘}’l i - 00, ity sand with grave Unit Weight (kN/m) 26.25 20.53
2 ezoifre 0.6~1.5 Silty sand Absorption Ratio (%) 234 101
Modul f Elasticity (MP 6,160 -
Soft rock 1.5~23.0 Mudstone and Sandstone odulus of Elasticity (MPa)
v 0.31 -
Elastic wave Primary 2,193 -
_ N _ Velocity (m/sec) Secondary 1,220 -
SASFEE Rolal, #d2 BErd ~ vj§-Alshtd
< Hlvh A o HES ~ BEFEE Hola, 7
& ot ~ AHdS BTk Table 4. Result of rock mechanics Test
NFEA A BT EEAYAPeIA A sE i 2
1= - Depth (m) 15.2 10.1
2 A AFSAA AHE A 7r = skel]
A A zsh A g, A Aw T 159l HEA<) Compressive Strength (MPa) 313 74.6
AEE dAgste] =it A(KS)ol Fake] Auiag Rock Joint ¢ (MPa) R 0.028
©° ZFslal Shear D () - 314
= TR Swelling Strain (%) - 0.168
Slake 1d; - 84.83
= durabilit
Al EMAIS Y
1) EAF S8AIE index (%) 1d: . 80.50

gERlAE, HIFATE, ABAAND, 2ATAAME,

A2 A

125



FFAle7| 4 8ks) = 2] A|19W Al4Z, 2018

2.3 Ztx 54 mpet

Yehll= #3844 (Expansion index, )= Uniform
7104 AATE 2] 18 E3)

2.3.1 Slaking building code, UBC(1968)[7]
Slaking 34-& o]9ta} o] dokelw HEARS of  TH T Ak
ARG Aol B Sl o5 A% - Fao] WA
o2 Zaste] A" YA ZAErt AstE e Ale A% EI'= 100 x percent swell x #4 pass efficiency (1)
AL el s s T2
Slaking #4+¢] 45 Slaking TestS £3F Slake W] %1714, percent swell& &G &4 50] .
T4 A5 A4} Gamble (1971)[6]S Slake T Table 7 UBC(1968)[7]°l1 A A|AIE 73|l ut
A A2 B BF 7)FL Table 59 o] ANsl. € BT S 27 Aol
Table 5. Slake durability classification system Table 7. Identifying swell potential
Durability Idi (%) 1dy (%) Criteria EI
Very High > 99 > 98 Very high > 130
High 98 ~ 99 95 ~ 98 High 91 ~ 130
Medium High 95 ~ 98 85 ~ 95 Medium 51 ~ 90
Medium 85 ~ 95 60 ~ 85 Low 21 ~ 50
Low 60 ~ 85 30 ~ 60 Very low 0~20
Very Low < 60 < 30
Swelling TestE 3 4% Swelling Strain
ARAEE EE A Skke U ATE g 1eg0z egon, of Ang A 10 48310 B

Gamble (1971)[6]2] 7]l w2} EH7s8hd Fshul+4d

o] Yo HEO0Z LJERITHTable 6).

Table 6. Classification using slake durability index

Slake durability index (%)
1d, 84.83
1d, 80.50

Classification by Gamble
Low Durability
Medium Durability
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Table 8. Calculation result of swell potential

#4 pass
efficiency

57.7 %

Swelling Strain ET Criteria

0.168 % 0.10 Very Low
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Table 9. Condition of soil slope stability analysis

(Design)
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o 1 F N 40 50 L] o
X-Distance{m)
Height 23.07 m Water level GL.(-)8.4m
Division ¥ (KN/m") ¢ (kPa) D (°)
Weathered soil 19.0 15.0 27.0
Weathered rock 20.0 30.0 33.0
soft rock 23.0 100.0 350

Table 10. Result of slope stability analysis (Design)

Safety

season Image factor Index

Standard | 1.50

dry Result 9.24

| S Decision | O.K

o ‘ Standard | 1.20

wet 7 Result 9.03
|

| g ‘ Decision | O.K

Standard | 1.10

seismic | | Result | 7.47

Decision | O.K
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Table 11. Redetermination of strength parameter

Division | Regolith Wea@ered Weathered soft rock |hard rock
soil rock
¥ (kN/m) 18.0 19.0 20.0 — 19.5 2.0 = 25.0
22.0
c 100 — | 300 —
(kPa) 5 15 30 — 20 50 200
] 350 — | 380 —
@ 25.0 27.0 33.0 — 25.0 2300 330
E
15 30 200 — 100 | 1,000 10,000
(MPa)
027 —
v 0.38 0.33 0.32 — 035 028 0.25
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Fig. 3. Cross Section of Analysis
(a) Design Slope (b) Failure Slope
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Fig. 4. Mesh of Analysis
(a) Design Slope (b) Failure Slope
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Table 12. Result of slope stability analysis (Design
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Fig. 6. Comparing of BIPS and mitigation slope
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