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The Reliability Analysis Of Rock Slope Stability And
Its Application To The Jinlongshan Slope

ABSTRACT

Located on the Yalong River with a capacity of 3,000 million Watts
and a reservoir of 5,800 million cubic meters , the Ertan Hydroelectric
Project involves an arch dam with a maximum height of 240m. The rock
formations at the site consist of Permian basalt with later age intrusions of
syenite in a high stress field of 40 — 60 MPa. Due to the importance of the
Project , extensive investigation by laboratory and field investigations have
been carried out on a large number of items on important rock mechanics
parameters. Since there is evidence of ancient slide at the Jinlongshan
mountain, only 570 m away from the dam site, in order to ensure safety
during constauction and later operations, great concemn has prompted a
series of research and investigations on the stability of the slope. Notable
creep and minor slides have been observed repeatedly in Zone I, II, and
II. Since Zone II seems to be more important for the safety of the dam
due to its estimated sliding volume is around 1.8 million cubic meters,
and the potential volume might be around 20 million, thus investigations
were concentrated in this zone. Deep boreholes and adits were driven to
locate the possible or actual slide surface. Uniaxial horizontal
inclinometers of SINCO Co., USA, and related instruments were installed
in the boreholes to measure the horizontal displacement, etc., at three
deep boreholes of 30 to 50 m in 1986. It was established the slide surface
should be at 25 — 45m below the surface. The total measured horizontal
displacement in each hole was in the order of 45 — 60 mm since
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installation up to the end of 1996 in a general increasing trend. But there
were an obvious seasonal fluctuation at all points along the bore holes.
The maximum value was in the range of 3 - 6 mm per annum either above
or below the mean. An obvious abrupt change occurred in a zone at the
elevation corresponding to the inferred sliding surface. In the nearby
region mainly above the zone, there was a stretch of 10 m, 2 m and 20 m
for the top, middle, and bottom holes, respectively. Below this zone, 3
m, 6m, 6m, respectively.

In order to evaluate the stability of Zone II, rock mechanics
parameters were derived from site investigation for the dam, which
includes shear strength, deformation parameters, creep , etc. Since the
maximum normal stress on the sliding surface would be around 1 MPa, a
comparison was made to evaluate the suitability of the Mohr ~ Coulomb,
Drucker — Prager and Hoek — Brown criteria from the large amount of data
from in - situ direct shear tests of 31 groups (167 data points), of which
106 data points were used for detailed analysis. The method developed by
Hoek is not satisfactory, thus a new computing algorithm has been
proposed. Evidently, in the case of Zone II, the failure strength from the
Hoek — Brown criterion is fairly below those given either by Mohr —
Coulomb or Drucker - Prager.

Since the limit equilibrium method can not provide the displacement
of the sliding mass and the fact that there are so many uncertainties in the
mechanical properties as well as in the numerical modeling, the
conventional FEM. seems to be not appropriate. In recent years, the
Stochastic Field Finite Element Method (SFEM) has been developed and
applied in several examples with success. So a computer program
specially developed by means of NDP — FORTRAN language for analyzing
2D elastic — plastic problems is applied to analyze the stability of the
slope. Due considerations have been paid to the statistical characteristic
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nature of the pertinent properties of all related important rock mechanics
parameters , including of the closely — spaced intermittent joints from a
fractural mechanics view. Special attention has also been paid to apply
the advanced Bayes method to extend the range of test data as well as to
establish the inferred probability distribution function (PDF).

Extensive parametric studies have been performed to provide a valid
base for selecting parameters analyzing the behavior in Zone II. The
analysis has shown that the reliability index is around 1.5 for the Mohr -
Coulomb or Heok — Brown criterion on the slide surface as compared with
2.0 for Drucker — Prager criterion. Furthermore , there is a tension zone
at the top of the slope , where the reliability index is only around 1.0
there. These resulis confirmed well with the conclusion derived from
direct shear strength tests.

It should be emphasized that the computed displacements cannot be
directly eompared with the measured ones since they are not equivalent..
The numerical model considers only the gravity loading while we could
only measure after initiation of the reading following installation of the
measuring instruments. Thus what the instruments measured is the
displacements due to either creep or other disturbances. As mentioned
above, a seemingly linear creep has been established with a creep rate of
2.5-6.0 mm per annum(0,0007 — 0017 mm per day) . Laboratory tests
suggested a linear creep rate of 0.5 — 4 mm per day, much higher than
the measured ones. Field tests suggested a logrizmic law, which would
eventually give a insignificant creep rate after a short period of time. Both
are inadequate to predict the long time behavior though it appears a linear
law may suit the purpose. Even though the SFEM could be modified to
take care of the linear creep, it was decided to use the more versitile
ADINA for further analysis.

The results showed that linear creep displacement was simulated as a
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general trend but the seasonal and local vanations could not be taken into
account. The correlation between rainfall and the displacements seems
insignificant and the only possible source should be the severe temperature
change due both to the air temperature variations and radiation on the
Southem Slope . As is well known, temperatures in the rock mass
somewhat 8 m below the surface would not be influenced by even annual
air temperature variations. Yet, due to the particular geometry and
boundary conditions in Zone II, the top surface layer could be displaced
rather more or less freely but restrained by the bottom layers. A simplified
temperature field was adopted and analysis by ADINA was performed.
The seasonal changes of the displacement were simulated well and also the
abrupt change near the sliding surface.. By further refinement of
transition stretches, it might be possible to simulate the local variations.
The paper concludes that the stability of a slope can not be predicted
reliably at the present stageof development and recommends that much
efforts should be done as suggested by Prof. Leonards inhis famous
“Overview and Pesonal Commentary” in Engineering Geology, vol. 24,
No.1 -4, 1987. Jinlongshan slope hardly met these prerequisites. It was
assumed that the velocity of the surface displacerments was an index of
impending failure. It will be shown subsequently that this assumption is
incorrect but, even if it were valid, there was no analytical or empirical
framework on the basis of which a safe value of horizontal displacement
rate could be established. So it is necessary to do more to research the

mechanism of the slope failure at the Jinlongshan mountain.
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