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Risk Assessment of Slopes using Failure Probability in Korean Railways

AN Y

Hyun-Ki Kim - Soo-Sam Kim

Abstract Abstract Infiltration of rainfall that may lead to reduce resistance force due to reduction of matric suction
and to increase driving force due to increase of self weight makes the slope fail. There are many specifications to make
slope stable based on factor of safety. Although result of slope stability analysis satisfy the specifications, slope fail-
ures triggered by rainfall are frequently occurred in reality because slope stability analysis cannot consider uncertainty
of each soil properties. This is why conventional analysis has limitation and development of alternative method is
needed. So it is suggested to adopt the reliability analysis rather than design based on factor of safety into designing
safer structure. Through the evaluation of handicaps for the factor of safety based design, calculation of soil properties
by site investigation, and reliability analysis considering distribution of each soil properties, distribution of failure
probability in railway slope is obtained. Then, Risk assessment of slopes in Korean raillway is executed from the
results. Damage loss and incoming loss are considered as the loss. Using these results, it is possible to make proper
countermeasure or efficient maintenance.

Keywords : Railway Slope, Factor of Safety, Reliability Analysis, Probability Assessment
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Table 1. Information of cut Sopes
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- B (No. of Slope) | (m) ) (m) (kN/) ) (cm/sec)
o1 8 My 1 124 25 2837 5.7 32 3.1x10°
A
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Table 3. COV of soil parameters
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Porosity 0.10 Schultze(1972)
Specific gravity 0.02 |Padilla& Vanmarcke(1974)
Silty clay 0.20 |Padilla& Vanmarcke(1974)
Water conten 0.13 |Frediund & Dahlman(1972)
Degree of saturation 0.10 |Frediund & Dahiman(1972)
Unit weight 0.03 Hammitt(1966)
Coefficient off  S=80% 240 .
permesbility| S=100% | 0.90 Nielsen et al (1973)

Compressibility factor 0.16
Preconsolidation pressure | 0.19

Padilla & Vanmarcke(1974)
Padilla & Vanmarcke(1974)
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Table 4. Factor of safety and failure probability of railway slop
" s A7) GL -3m GL Om
Q& 3] 2H5 (%) Sleie iy 37 2H5(%) Slisy 137 2H5 (%)
o 23 o) 9 1.334 1316 5.467 0.632 99.001
e g} At 2.153 2.103 0.29 1.433 13122
Az B npA 1.088 31548 1.02 43.15 0.456 99.998
3= Zof = 1.487 1.223 6.686 0.811 92.054
dEA 2B A3 1.447 1.069 27.064 0.582 100
©okx oo} A4t 1371 1.363 1.478 0.627 99.751
P i e 1512 1.367 2.064 0.803 89.245
kA= Xl Zet o7 1.466 1.292 6.69 0.79 100




SIAMLOIY|=0R| K| 11X K23 20084

Bgjelu ol] tjdt AVIES) 2] Wew AL o
F gIglom, S 5(2004E Aae9l7h Awwe] Slrk
= Ag7)Ee 788 A%, mE el bel A} ol
ofdl AR $7] A] T Bebgsh Bkl whdt
W] ool e EEule] g ALEe] ofnl
ATk AAE vk e

s, ol BERe wlud At 28 e Jo)
2 Aguel EHHA Felo) AAl vk AR A3 W
ShaL QA kAL gl olejd A%E Edlz 2 W), 45
S2 AbgE AR AeT A9 A= oldt
AR BAL ARG A Qe BAse ES A 8
bl wig A48 ned 5 ¢k Aow WekEth o
2P, Afel el e sajlel) dist wek A 2k
2 Folo] AMAY, 2954, folwAow wfs wd
A2 Sol WE SRS Bes] PRek el
Wl A2 T AAdEs e Hesh) it FleT

7} Hew dch

=0l (m)

T 1 T T T T 1T T T 71T 7T/ 1

0 10 20 30 40 5 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

20l (m)

(a) Dry season

=0l (m)

8
1T T 1T 1T 1T T T T T T T 1T /7T

=0l (m)

4.2 2ozt

73

QPgo] FARSI LRI Slgele 2akL,
Aolapll Ui Qe ol

A

O]

ek, o]

(e}

T

o

43.15%°] 7S

o
3,
=

HE]

apd T

A ATl elap

she tekep] Yash sl
1.0

= B
AR S AEA AR yééﬁéi?)r H) g
SEFEE gl o8 B
olgsto] B AL
e tijkeEA 9] Hjgtes v
sk, 9] gE2 2714 ﬁ%ﬂ@%& =
2] 31 548%= ekl Qlou), FE-AEE
5% WREY] ks Holi 9les & F d%le
ZAME HA 0.29%~H )
A T AT s, A3 sk
M= H 13.122%~AT] 100%= Kol k. tha]
A7 H 97IA1e] A ofl] 3m aZskEgel] il
= BT B0%E shslshs A¥E Rolal gldl whe, A

E‘

=
=

=) 1
S

, XLLO} 3n7bA] S}

Ao =

e S S ey Iy Iy |
0 10 20 30 40 50 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

2001 (m)

(b) Rainy season(Ground water level GL-3m)

) e e ey

0 10 20 30 40 50 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

200l (m)

(c) Rainy season(Ground water level GL-Om)
Fig. 2. Results of slope stability analysis(Seungbu-Sucpo)
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Table 5. Damage loss (including recovery cost) Table 6. Incoming loss of each slope
unit:thousand won unit:thousand won
AR E A o7k s8] ) Aaws | Amke | v | B2 | os2 | @)
1 7R T-09k 11,608 1 173,794 | 170,052 | 1,187 78,378 | 423,412
2 AR o) gk ) 11,608 2 173,794 | 170,052 | 1,187 | 106,543 | 451,577
3 AZA H-ulad 13,297 3 0 6,754 | 3,386 4979 | 15118
4 = Fop et 4,985 4 0| 2339 55 8436 | 10,830
5 TN 28 3 4,985 5 0| 2250 40 8,311 | 10,602
6 ©oby S0k A AT 11,568 6 0 0 0 14,383 | 14,383
7 g1 - 65,398 7 682 2,746 39 1,333 4,801
8 oAl FEHUR 3911 8 2,815 7,578 427 1032 | 11,853
Table 7. The results of risk assessment
2= o] « 29
o o _Eig;f@ = SRRy | AUEEY) | )
1 11,608 423,412 435,020 5.467 23,782 1
2 11,608 451,577 463,185 0.290 1,343 5
3 13,297 15,118 28,415 43.150 12,261 2
4 4,985 10,830 15,815 6.686 1,057 6
5 4,985 10,602 15,587 27.064 4,218 3
6 11,568 14,383 25,951 1.478 383 8
7 65,938 4,801 70,739 2.064 1,460 4
8 3911 11,853 15,764 6.690 1,054 7
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