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Reliability—Based Analysis for Rock Slopes Considering Failure Modes
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Abstract

This paper presents the results of sensitivity analysis based on an example study to
verify a newly developed reliability-based model for rock slopes considering uncertainties
of discontinuities and failure modes-plane, wedge, and toppling. The parameters that are
needed for sensitivity analysis are the variability of discontinuity properties (orientation and
strength of discontinuities), the loading conditions, and the rock slope geometry. The
variability in orientation and friction angle of discontinuities, which can not be considered
in the deterministic analysis, has a great influence on the rock slope stability. The stability
of rock slopes including failure modes is more influenced by the selection of dip direction
of cutting rock face than any other design variables. The example study shows that the
developed reliability-based analysis model can reasonably assess the stability of rock slope.
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Cutting Plane

CNi = BEASH o] vk
Ui = BEAEY o] oAy
T = HA4g
§ = &Evgkel depaE
T = AAsE

Joint Plane i

Block/"8"

T\ Ni @

~CiA§— Ntongi§=-T§

fir : unit vector of cutting plane

o, : dip angle of cutting plane

«; : dip angle of joint plane i

C,; : cohesion of joint plane i

¢; : friction angle of joint plane i

q : uniformly distributed stabilizing pressure
(normal to cutting plane)
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X 1. Sliding Direction Vectors and Forces

Failure Mode Description Sliding Direction Vectors and Forces
Slding L XE)XA
Direction Vector 5 [ X T |
Plane
Failure Resistance R = [fiXT (tand; *CGA;
Load L= I1fi XT |
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Failure
| (7 x) - (fi XAy | tan 63}
1
Load L=——— 17 -fiXfQy) |
[ X fy |

9 (TS zZH B2 g7 Fgsh= 549

U= 2 oafi (5)
71M, pi = BALE i9 FAlol A&she
F%
A = EAS5H io] B
i = BA&H i) EAuUR W o
e

Aoz 7hgste] ol oz bk,
Fa=KVrya v (6)
7N, K = 9 A0AS

A = X119 weley

2
—

= (sinf¢. cosBr, 0)
He] Ak

START

Properties of Discontinuities

a;, 8, 5,4, C

P D

Slope Geometry and Suppon Presure

e B9

Kinematic Check Finiteness and o,
Removability of All Blog]
Analysis Y
Vo1
)
Calculate Area and Volume of
Removabic Blocks
Stability
Analysis No-

Check Stability of
Removabie Block
Yoy
4

Determine the Failure Modes

— I

Key Block and Failure Modes

| Nomremovable

Block

Stable or Potential
Key Block

a8 5. gukAlee] Be 2 Hy|En oEHA SEE

ERKETRERm R




FEEY @A ARH(Q)L ol oz X
o},

Q = gAr(-fip) (7
o714, q = SEE 35

Ay = AL HAY

Ny = F2He] GeHANE

e L 7)ok A SR gele) UG
3 e & 1o YEpigich

QbS] B L H7)sheel TSk 7)shera]
sI43} Hel EBEE 19 boll eI,

-

=
(slope toe) Hr} Rz 2)9-2 o wkaysic}
Eab]= APAAAE (slope crest) @) 9
7} APHAR R o] SEART AhEor T
O

ARSI FA 0] PbaTe] WHo] wA
shul, AHe) MO B ubeRe] AurkE

286l Bt 22 3ol Asghay} et

hAbis] Astale) e s o
zm TR opaEn) A 2 2R

as

3} Boid o] AApalske] AbAlel] 3
=2h 3’Jr e F2 A9 Pl
e W ) 7)skehA Amjziol “‘}Q

U=

d] o]S Wske] zlol= 15 ° ~ 30° AX oufjolo]

r;’ﬂ
H )
y

8 1548 HOW - 19994 128

oF g} (Goodman and Bray, 1976). £ &)
M E F2AY EdsHe] gaeko] 180° +
30" Atel] A2 R A 7|81t gajxpoz
St B4 2718 FAH ] FAR), Edde)
74/\}7511 vhzte)| Tt AoR EALHe] gl

< 22| ZFAkzat EALA] whEkzhale] A}
ol¥t}d 22 plunge$! &%l 715}t vta)zA
< WS} B 394 Choquet$t Tanon
(1985) 7} Azt olefj 28 7 W] 71515 ulz]
ZHOR 791 5] O}oiq

(90°-aa) < (a;-¢a + k) (8)
714, k = 0 ¢a < 20°
k = %(¢A“20°) DA = 20°
an = BEAEHA A9 HALz)
pa = EALH A9 vz}
ar = ERAIHS] HALZ)

232 oHdsl| A

Aot s FEH BALHe F5ko] 7o) 3
sY3}a AAPEK(dip direction)©] =2 d ) v
Wkl 3 ZAtzto] Hit B (discontinuity
‘A, I8 6)o] Afzold| vl duixoz 2k
ZHA(Sa, 29 6) 02 ddst 9o 2Agi),
3k A=vlart wAgsk| Helie SAPHe FF
eyt AP Z2He] FARLETE ZARze]
zke- thE B4 (discontinuity ‘B, 219 6)
o] Eafafof ghrt. 19 6ol ViERd vt o) A
B AHRE 2= L, - - -, i1 0, i+
1+ -, n AHog HolelA Bk (i+1)
HA) Mol 2k8-8h= ele ded=ste] zjo|=
oluE AdalEe] (HA o= Hdedr)
o] 2 Heslgo] AfHA R0 AN A7}
A dgdgd A2 ZeJFHGoodman and

Bray, 1976). ©] H2al(P(i))2 HA=xa=]

_E



H : slope height
q : uniformly distributed stabilizing pressure
a,, o,: cutting angle of slope and

upper slope surface
a,, op: dip angles of discontinuities A and B
S, : spacing of discontinuity system A
0 : step angle
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Pr = P(SM = P; = 0] (12)
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Qrientation Friction Angle Spacing
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