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FS. = - I (2.6)
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summation of dissipated energy of resisting forces
FS. = (2.7

summation of actuated energy of existing forces

friction circle
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strength: 7 ” 714 20 i1 fiszyylumandi 2.1 ARG (mean, x,,) = 022 Vi’ (2107 kPa) 1
1HeUuINATIIY (standard deviation, S.D.) = 0.033 vft’ (3.16 kPa) uazmdualszaninis
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M3 2.1 mansmadeummmasTagiieuau Inaunsia 11 San Francisco Bay,

Marine County, California (Duncan and Buchignani, 1973)

depth (ft) depth (m) test T, (vt T, (kPa)
10.5 3.20 Uu 0.25 23.94
CuU 0.22 21.07
11.5 3.51 818 0.23 22.02
CuU 0.25 23.94
14.0 4.27 uu 0.20 19.15
CU 0.22 21.07
14.5 4.42 Uuu 0.15 14.36
CU 0.18 17.24
16.0 4.88 8]6] 0.19 18.19
CuU 0.20 19.15
Uu 0.23 22.02
CU 0.25 23.94
16.5 5.03 Uu 0.15 14.36
CU 0.18 17.24
17.0 5.18 818 0.23 22.02
CU 0.26 24,90
17.5 5.33 Uu 0.24 22.98
CU 0.25 23.94
19.5 5.94 1916) 0.24 22.98
CU 0.21 20.11

Hnemea MIuUasiumtIe 1 ton (US) = 2000 Ibs; 1 ft= 0.3048 m; 1Uf = 95.76 kPa

1 - o é ~ L=l ~ o Ly Q"
nadnioniia deyaiininueuBos (biased) g1 nsdivesmdulszant cov. i

3
A l55a 5mﬁ'amamsmﬁaunﬁwﬁnaﬂsﬁaummﬂuTﬂaummqaﬂmﬁﬁwm LA

C.0.V. §aneil Duncan and Wright (2005) 5213 C.0.V. fgamsilszinad 15% wazld

dmiunsmageviinielouaznszraumsnadeuiiszaniamga Tumsnaeu
b4

AuauiatdeagRouiadu Tfuunihhm cov. gandhil wuewged 40% (Har,

1987)

2.2.1 M Factor of Safety fA1 Reliability
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AaNuiuYeInsNanare [probability of failure, p (£)] I4ANuFuRUE fefi

R = 1-p(f) (2.8)

NNauMIN 2.8 awsasensnyedela ®)  uaiTenmavesms liiians
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Ed ¥

wiiamsianawld  lunuiselasinsil Suinssyamisaesm 18us a1 FS. fus R
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2.2.2 1 Reliability A1 Probability of Failure

1 A A 4 o Y = 3 1 .

amnnuede 4, R Aidunald fkanninszuuiinalinivey (uncertainty) 1u

=1 =1 t [] T ] =) y.;’,' ¥ A

nawamuzuaz luvaeann: wWSeuaileun M lomannu hiniueuiin 1dismganse
AR Harr (1987) 3210 Mmv09A171 Reliability TuiFa3mnssudn “reliability is the probability
of an object (item or system) performing its required function adequately for a specified period of
. .. Vo woaA A A sldy [~ v a ' o
time under stated conditions” u#a471 MAatinrede 1Al Wumduausnnuinzdui

deadmuaszeznaiisyy Jaezannsoin %o 1 desramnzau

v o ° 9o 3 a a Aq v T
aviunmminnldnulassawady wiany)  Alduanueis wieldsessy
J o 9 A A gy % A
midnusimaangwsn - awsoszyldan  anudede ldveslassadwuiamsiiegd
iwdosnmdesesnuuyldeglunnziidivue (specified conditions) 151 d@n1IzuBINIAB
ad . i ) & ) .
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et al. (1994), Duncan (2000) I¥AIMTIUDN WAGWFVOIMIUATILHAL Reliability ]
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WNTIEH (judgment) UBLIINMIUIZUIN (approximation) UARTHAINAIFIBSUANUITU TS
Twzainmsaaduls

¥ v A =y
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MT192.2 namilumsRnsanmeasiaulasais n3en1 Factor of Safety

=% o= 9/ ¥ Qs o = os A b4 Qs e
1919 2.2 0) nsaaled Wamzmaaevdriifuyanamsifanulumsdaale

=k YV oa o & as ¥ ¥ 3/ W A
1T 2.2 9) NTUAN 1‘”ﬂ1ﬂ’3!ﬁ°\]ﬂ‘lﬂ&ﬂ‘uﬂ'l"lf@iu!%uiﬂi»‘lﬁ‘]’lﬂ‘uﬂ'l‘éﬂﬂ%T‘l—!sl‘il

Cost and Consequence

Required Factor of Safety for Uncertainties

incremental cost to excavation

of Geo-material failures Small Uncertainty Long Uncertainty
Cost of repair comparable to
1.25 1.50
incremental cost to excavation
Cost of repair greater than
1.50 2.50

Types of Slopes Required Factor of Safety
and Foundations Short-Term Stability Long-Term Stability
Slopes of dams, levees, dikes, and
1.3 1.5
other rock excavation or earthwork
Earth retaining , supporting soil
1.5 2.0
(rock) structures
Soil and rock foundations 2.0 3.0
Underground openings 4.0 8.0

19NA391904

1. CANMET (1976), Pit Slope Manual Chapter 1 Summary.

2. Duncan and Wright (2005), Soil Strength and Slope Stability.

3. Geotechnical Engineering Office, Hong Kong (2000), Preliminary Quantitative Risk

Assessment of Earthquake-Induced Landslides at Man-Made Slopes in Hong Kong.

4. Harr, M.E. (1987), Reliability — Based in Civil Engineering.

5. Obert and Duvall (1967), Rock Mechanics and the Design of Structures in Rock.

6. U.S. Army Corps of Engineers (1970), Engineering and Design: Stability of Earth and

Rock-Fill Dams.

7. Wyllie and Mah (2004), Rock Slope Engineering: Civil and Mining — Fourth Edition.
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a 7 a f . . 2 = =3 v daa
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