3T 2 W oE T B ¥ i Vol. 37 No.2
2015 4F 6 H CHINA EARTHQUAKE ENGINEERING JOURNAL June, 2015

—_

WESKENBEERTERLEEHEBERA T IE

KER FEN, ¥ E&Z, Aot ®ROF
(1. Ki# ﬂiﬁ%iﬁlh%h&ﬁrﬂ M TAREERESLRE LT K% 1160245
2. PN R 2K 5 BB, U1 BLHE 610065
SCRE M KA WRE A ST TRERESLEE LA RN 221008)

WE.AESFRRRBEX G ERARAEEFN, ELZXEHERRAED T IRAAFRED
T B BABEA T EEFBARBRER, AT AERITEERNERBIHERKEC
W Bl AW LR B B AL T M, AP X — AL R E SR KRB AR T W B RARIE
ATV T AT T AR TR B R A KRR EAL M RS0 — MR A X B E RN
T BRI IR TR L LR E b BB R B %4 R YR A RERIEH B R
WARB AR R A M BB TRERZ LA — A2 L5 S8 AR B AL 2
EREMEEIRARAAKMESTHERARFTMBESLTE A TR KA R Rk FFIEKERL
Yo Mo E AR B AS TP IR A BRI

R B MA; MBI #HKIES; WETE
FESZEES . TU4LS MEKFRRAD: A XE
DOI:10.3969/5.issn.1000—0844.2015.02.0428

s WA ik
BB . 1000—0844(2015)02—0428—06

Analytical Method for the Overturning Stability of a Rock Slope
under the Coupling Action of Earthquakes and Water Pressure
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Abstract: The failure modes of rock slopes can be classified into five types:plane,wedge,circular,
toppling,and buckling failures. These failure modes mainly depend on the lithological characteris-
tics of the rock, properties of the discontinuities, and degree of weathering. Generally, rock slope
stability analysis under the plane failure mode mainly focuses on the sliding stability of a potential
sliding mass subjected to gravity,hydrostatic stress in the slope,and seismic loads.However, there
exists the possibility of overturning failure around the toe of slopes because of the fact that all
loadings do not act through the centroid of the sliding mass. This failure mode is completely dif-
ferent from common topping failure, which involves the rotation of columns or blocks of rock

about the fixed base, mainly occurring in anti-dipping layered rock mass slopes with steep dipping
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discontinuities. Thus, the existing methods for the stability assessment of the five common failure
modes are no longer applicable,and a new method to determine the overturning failure is required.
Note that although this overturning failure mode has not been observed and recorded,it is not im-
possible under extreme rainfall conditions coupled with the strong ground motion in Southwest
China.Aiming to resolve this issue, this study presents an analytical approach for the stability a-
nalysis of overturning rock slopes.Considering the combined loadings mentioned above,the gener-
alized analytical formula for the anti-overturning stability factor is derived based on the moment
equilibrium theory.Based on the definition of the safety factor against overturning for earth-retai-
ning structures,an anti-overturning stability factor is defined as the ratio of the resultant resistant
moments to resultant driving moments.A comparative analysis by the variation of parameters was
implemented,and the effects of the hydrostatic stress and seismic load on the anti-overturning
stability factor of rock slopes are discussed.For a steep rock slope with a tension crack, the stabili-
ty factor against overturning decreases rapidly from the infinitely great value for a dry slope to a
finite value for a saturated slope.For the saturated rock slope,the safety factor against overturning
changes significantly with the changes in the water pressure distribution.In addition, the vertical
upward seismic force and horizontal seismic force on the slope face weaken the stability against o-
verturning.It can be concluded that the hydrostatic stress in the tension crack plays a vital role in
inducing the overturning failure and that the seismic load is secondary and can increase or decrease
the possibility of overturning to a certain extent. On the basis of this,a series of preliminary
charts for rock slope stability against overturning is produced and can be used to assess the seis-
mic stability against overturning for saturated rock slopes.This series is produced by considering
the different combinations of parameters such as the horizontal and vertical seismic coefficients,
distribution modes of water pressure in the tension crack,and relative depth of tension cracks to
the height of the slope.

Key words: rock slope; overturning destruction; hydrostatic stress; seismic load; analytical
method
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