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The issue of predictability of landslides and rock slope failures, which are major geo-hazards, is of
great concern. It is a challenge to date in the rock mechanics field to precisely predict failure-time of
geo-hazards, and geo-hazards still pose major threat to life and major loss in terms of economics. In
the geotechnical field, structures are monitored to ascertain their stability, but the question, "When is
geomechanical failure going to occur?” is still an issue. Various monitoring equipment and devices
such as Global Positioning System (GPS), Slope Stability Radar (SSR), extensometers, survey sta-
tions, and others are used yet somehow “failure” still occurs unanticipated. Hence there is a need, to
develop simple, quick and reliable geomechanical failure-time prediction methods that can find ex-
tensive application under different failure mechanisms, geometrical and hydrogeological complexity,
etc. Needless to mention, it is of paramount importance to understand the causative agents (pre-failure
processes) affecting rock mass deformation; this helps us verify, why it failed? However, chiefly, this
dissertation seeks to address the question, When will geomechanical failure occur?

Chapter 1 introduces the problem at hand, background, literature review and objectives of this
dissertation. Overall, with the aid of slope monitoring systems, there is a need to focus on simple and
quick prediction methods that are extensive in application and with minimal sensitivity to different
lithology, sizes/volumes of failure and more importantly to failure mechanisms. Pre-failure processes

affecting rock mass deformation were also covered.

Chapter 2 reveals a new proposed geomechanical failure-time prediction method. The proposed
method utilizes the divergence phenomenon of measured displacement or strain prior "failure” so that
I could predict geomechanical failure-time irrespective of failure mechanism, lithology and any other
parameters. The method can find use in planning and disaster management in the geotechnical field
and in predicting other phenomena. These may include crack movements, landslides, and rock mass
and rock slope failures. A simple proposed conceptualised model representing “safe” and “unsafe”
prediction is discussed.

Chapter 3 presents practical application of the new proposed method to case history studies of ge-
omechanical failure. Of essence the proposed SLO method gave slightly unsafe errors compared to the
INV method (large unsafe errors) with regards to initial predictions. Generally, a gradual decrease of
predicted failure-times Tfps towards the actual failure-time Tf is observed. Both methods, particularly
SLO, were applicable (safe predictions) under different time scales, from minutes in rock mass failure,
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hours in Asamushi landslide, and lastly, days in Vaiont landslide. As a setback, in all the cases, pre-
dictions using a varying t0 approach were unreliable; it not reasonable to extrapolate a safe Tf under

linear fits; Tfps are scattered away from the actual life expectancy.

Chapter 4 contains experimental/laboratory studies on prediction of rock failure-time. Under com-
pression and tensile creeping mechanisms (Brazilian creep test and uniaxial compression creep test),
safe predictions were observed. However, for Inada granite, (dominantly brittle in nature), the meth-
ods tend to show limited reliability. Using the varying t0 approach, some of the predictions were
meaningless if Tfp is less than tm.

Chapter 5 involves a discussion on performance of prediction methods. It was found that both
methods, particularly SLO, were applicable (safe predictions) under different time scales, from seconds
in SWT, minutes in rock mass failure, hours in Asamushi landslide, and lastly, days in Vaiont landslide.
Prediction results also revealed scale-independency of SLO and INV in predicting failure-time across
the spectrum, from small scale laboratory creep tests to real-life large failures, such as the 500 m3 of
rock mass failure, 100,000 m3 for Asamushi landslide and the 270 million m3 for Vaiont landslide.

Furthermore, increasing deformation rates tend to increase the likelihood of safe predictions.

Chapter 6 investigates the precursors affecting rock mass deformation. A case study from a cool
ternperate region in Japan was presented. Field measurements of natural rock slope deformation across
fractures predominantly in a chert rock mass, using six surface fracture displacement sensors (ch1-ch6)
were conducted. The results indicate that, after thermal correction of field data, under corrected dis-
placement, chl gave a clear rock mass movement, which could be related to fracture growth. Ch3 and
5, exhibit very small temperature-induced permanent fracture displacements (due to thermal change)
over a period of over two years. Ch4 was gradually opening whilst ch6 was generally closing. In-
significant influences of weather conditions on fracture/rock mass movement were observed.

Chapter 7 contains a numerical approach to get a better insight into the deformation of a fracture
under temperature variation. It was found that in the rock mass model, tensile stresses that were large
enough to induce fracture growth appeared at the fracture tip when temperature lowered. And, the
small tensile stresses in the rock slope model would be sufficient to cause fracture growth along planes
of weakness. I tentatively suggest that freezing effects on deformation of rock slope (predominantly
in chert rock mass) are little or insignificant, and minor permanent fracture deformations occur under
temperature variation across 0 degrees centigrade; and, the permanent fracture deformations were

dominantly caused by thermal fatigue.

Chapter 8 presents the conclusions of this dissertation and suggestions for the future research.
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