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Stability Analysis of Toppling Failure in Rock Slopes
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ABSTRACT

The purpose of this paper is to formulate and apply the stability analysis of toppling failure
by considering the variation of discontinuity characteristics, slope geometry. and loading conditicns.
The stability condition on toppling failure of rock slope is mainly influenced by the dip angle as
and H/t ratio. In order to check toppling failures in design. the stability charts composed of dip
angle as versus H/t ratic have been constructed in this paper. In general, smaller dip angle as
and smaller H/t ratio give safer condition. The suggested curves change rapidly at the eritical
point around the zone, H/t=4~6. The stable zone in stability charts becomes smalier due to
porewater pressure. The change of failure volume is most sensitive to the seismic force and the

step angle 8.
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START

No Topplin
Check Kinematic Conditien No-» priing

Failure

Calculate n Slices Coordinates

IxuCi) (i) xa (i) yai)oxe (1), yee () oae (1) 30e0i)

|

Calculate n Slices Geometry Variables:
bai), be{i), buli), Ba(i), bw(i),
bual(i). x (i), v (i), A(i)

}

Calculate n Slices Forces:
Qli), Wi}, U(i), and F (i)
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i=n
P{n}=0

J—.] i=il—1

Calculate R{i). N{i), Ps(i),
and Pu{i) at the (i)th Slices
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P(i} = Max(Pi(i), Pu(i})
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| o ® 379.2 452 =70. =1,
Support B T aq—TU ap =20,
Pressure(q) St/m @ 2253 452 $ =40, H/T =10,
6t/m? & | Tl4 45,2 | U=0. Fy,=0, #=0
50° D) 329 31.0 - .
Cutting A R ©; 155.6 8.4 ap = 0 9& = 0
Angle(a:) 70° @ 379.2 45.2 H/T =10, U =0,
" — F,=0, g=0. =0
80 @ ] 383.7 50.8
3.3 OHRIEH atd el o (unstable zone)$] WHi= =z ¢t
AL A AEsh3e FAe] BA%
AAH LS 35t oS aZ H/H] ~ }
T Bl ZHabzh 9 H/w|e) 23 ko] B
(FubAlE ] Folo} B4 zHA L] v = R
ot dgkalN e} Acke A ou|did =R
H/Sa) 2t es(Ed&d B o Axazhe| g4
2 285 oAb deslale g e
£F 19 9~ 129 13 viehligish 1Y o= 40 ]
Fagmel Wbz wstel e A -
7 FATMo2 AgkEl I ARdde = 10—
Aol e HEstazh $Age Suge 23 ‘
102 49t @ A A 5}Eo] ule nm_g}q ol s Unstable
5 ne
29 1% AR%e) dal ot dPnad % 20+ Ze
vebiigeh 19 128 23 156l @A T r
/\]’EE*‘] %’J'ZMI E]'TEL* ?l*zj_‘};_ﬁ_-% "}'ﬂ"‘ﬂ%‘\q a 10 Friction Angle Stable
ShitAld o] A= Bd4He] vlizd 3 —h—$ 25 Zone
27, @A 7 Aol SFEA Fol AT 1 e
el spAgh 23 9~ 2] 139 viehd wl 0 ———
ghzke] 25° ~35° 9 BdSH whAzh 0~ 0 4 8 12
Lo sie) Az o~6m/rH o) AL, R/t Ratio
° 80" Hele 27 =] i 2] 5}
50° ~80° W 91e] &7 £ Wl 2 & Q2 9 Wmelpste] WE AT

62 144 F20E - 19984 4A



o)A et e (stable zone)S THES4=H] 3o
gt 7l ZA A 33 o (failure
volume)2- | 222} oA zte] Wity 7} 7]
zraleh Ags R =ReA H/t=4~6 B

AN F44 718717k oA Hstne Abw
o gel7h BASR A

7tH 9 4~euHx

40
Loading Condition
b —h g (120
- F =01, U=0
P B — F =i U=t
30 —— F =0 =]
& Unstable
o
20 Zone
o
ot
=] 1
)
10
3
{
T T T T T :
9] 4 8 12
H/t Ratio

D8 100 b A B g Ew

40
30—
Unstabte
E 2 Zone
Tz
B 20 .
=
{ - ye e
i 4
A Step Angle
10 Stable
Zone
0
T | T T T | T
0 4 % 12
H/t Ratio

a8 12, Az e d3lEs

2 =RdlME gukEAAbds] Qwsae

o &

Dip Angle{as}

Dip Angle{as)

FRAHE s1she] ZlahetRalAlg R

A0
30
Unstable
T Zone
20 -
. le
10 Friction AngleZ Sztgge
—&— q:0t/m
- g:3t/m’
- g6t/m’
a
d | T | Y r
¢ 4 8 12
H/t Ratio
Jdel 1, Auge] wE YEs
40
301
Unstable
| Zone
20+ e
Cutting Angle
~— @150 Stable
i 60 Zone
P -l 270
)
T 1 N i T
8 12

H/t Ratio

213 FEtzde] @S A s R

BEMEE T S#eE 63



glAe] Az " A T2 33 (Rocktop)
& Agsld T AN E B3l HEsH
Mg HzzoYe EdHde] 7)Ee
A4 Zotole}l gk xzlsE Y AEE F
& s Aol whedd 4= gle] Al BT
HEA #F276d G2 H37ee] FEu
®arohie} Rock Bolt 2] dexuxg Al
A& 4 glet

Al -2 PN E st EAS
we| wldz, AAH Qg g9 2.
WAtz ArE R FALFe 2 gt
9 BA 2 AAXEE g tAzEs A
stgch. ANAAE A=RHH(P), ¥F
(sliding) ¥ % =(toppling) FH o2 AL ¥
spajeddst dAFd A Foz AHelskst
Bagme) whabzte] Zried PR 3Fas
3 gpjededo] Zrlsbe g vepdch
A3 Qe ePAF Y| zhgof TP T gL
yelvh A7 671 Fhasw P ey
o] zhAdich ubAtwiel A mwI o] Wi <k
A A 7P F83 o3gdAE HAY S as
o]}

AAAEE #15 A e] dxaFe] o
3 A= BE H/H| S el 7| E2 02 3§l
28 923 1390 vebliglel Add A=
Ho|A] otA o (stable zone)-E FFF44hHE
of w2} 7ha ZA A w3 o (failure
volume) & |2 H 2} A 72 wisle] 7HA vl
Zpsicl. qhibabE el AL Al Eeld) B4
W AN (H/1)7F 4~63 5 o o Az
g2 Abef o] o}

B =FelA etE A ERE GAIE
Hestae) dF A E sFE= R oii
42| £z 5 wel HaHoz Hrirbssd)
w A dA AHere st

64 H14% ¥20F - 19984 47

ZAtel 2

g 9FTRAR AL(FAE

971-1201-003-2) o] 2J8}e] o] el dF2) o
B2 Akl ZHab=Act

i)
[

F =2

1. Choquet. P. and Tancn, D. B. (1985).
"Nomograms for the Assessment of Toppling
Failure in Rock Slopes . In. Proc. 26th U.S.
Symposium on Rock Mechanics, Balkema,
Rotterdam. Vol. 1, pp. 19-30.

2, Goodman. R. E. and Bray. J. W. (1976),
“Toppling of Rock Slope”, ASCE Specialty
Conference on Rock Engineering for
Foundations and Slopes, Vol.2, pp.201-234.

3. Hall, John K. (1976). “Algorithms and
Programs for the Rapid Computation of Area
and Center of Mass", Computers &
Geosciences, Vol. 1. pp.203-205.

4. Lee. Mvyung-Jae (1996). "Reliability-based
Optimization for Rock Slopes”, Ph. D Thesis,
Korea University, pp. 93-105.

. Scavia. C.. Barla, G. and Bernaude. V.
{1990), “Probabilistic Stability Analysis of
Block Toppling Failure in Reck Slopes”. Int.
J. Rock Mech. Min. Sel. & Geomech. Abstr.,
Vol. 27, No. 6, pp. 465-478.

6. Turner, A. K. and Schuster. R. L. (1996).

Landslides Investigation and Mitigation,

[41]

Special Report 247. Transportation Research
Board. National Research Council. National
Academy Press.

7. Zanbak, C. {1983). "Design Charts for Rock
Slopes Susceptible Toppling”. ASCE. Journal
of Geotechnical Engineering, Vol. 109, No, §,
pp. 1039-1062,

(YAt 1998. 2. 4)



22 A M=o Cfet SEEHHA

A1 7]olE}™ H=(geometrical variables)

by(i) v (x(i) —xa(1)) H (wdi) —yu(i))?
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T(1)=P{i) - tang,

T{i+1)=P(i+1) - tang,

R(i)=N({i) - tangs

bo(i) =x.(i) —x,(i)
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