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SUMMARY

Problem actuality. For diverse waterworks facilities, to ensure their reliable and steady
operation, are essential to effectively solving hydro-power engineering problems as well as those
related to agriculture. In Georgia which is characterized by a mountainous terrain, waterworks
facilities are mostly situated either in a hilly area or at foothills being often distinguished by severe
geological conditions, as witnessed, in particular, by intensive landslide processes over mountain
slopes.

In this connection, when designing and operating waterworks facilities, in order to ensure secure
functioning and ecological safety in the adjacent area, proper allowance must be made for the impact
of the specific factors characteristic of mountainous regions.

One of a number of those important factors is intensive wave process generated on water surface
due to landslide falling into water in its downhill motion for one reason or other, from waterworks
facility water-storage reservoir shore slope. When the waves are high enough, there can take place
dam overflowing, causing in turn, either partial or overall wash-out at dam (given that the dams for
irrigation waterworks facilities are made, as a rule, of locally available natural material featuring a
tendency for intensive wash-out). Propagating downstream, the said waves can cause the destruction
of structures, irrigation and transportation systems etc., and also, on occasion, may result in casualties
(disastrous impact of landslide waves generated in Viont water-storage reservoir in Italy, 1963 and in
Lion Lake in Norway, 1936 are a good case in point) etc.

The issues concerning landslide-generated wave prediction for large hydraulic power
waterworks facilities situated in mountainous regions have been worked out well enough based on a
number of both theoretical and experimental studies. However, in the case of relatively small water-

storage reservoirs, some currently central problems have not been adequately explored.
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The objective and challenge of the research. Mathematical simulation and proper
computational techniques is to be worked out in the determination of the parameters of landslide-
generated high-wave (including wave amplitude and dam hydrodynamic pressure) in a relatively
small water-storage reservoir as well as dam overflow process.

The (scientific) innovation of the present study is as follows:

- some analytical expressions have been obtained to be used in a series of systematic
computerized calculations allowing a link to be established between the pattern of the
landslide falling into the water and the intensity of the waves generated;

- An approximate analytical relationship has been developed in an effort to ensure fast
prediction for the wavelength of landslide-generated plane waves;

- The generalized schemes has been obtained enabling to promptly determine maximum rise in
water level at the dam.

- A techniques has been elaborated to be employed in the prediction of maximum wave dam
overflowing process parameters, as well as wave-induced dam loading.

Practical value of the research. Potential landslide starting downhill motion over the slopes of
either hydraulic power storage reservoirs or irrigation reservoirs (which can result from heavy rains,
inundation, earthquakes, technogenic reasons etc.) located in mountainous regions calls for effective
prediction of landslide-generated wave parameters, which in turn provides a way for the wave process
intensity in water-storage reservoir to be properly assessed and the security of the adjacent area to be
ensured (dam overflowing, dam wash-out possibility etc.)

The first chapter is dedicated to major approximate theories of wave process research and their
fields of application. The theory of long waves or shallow water waves (SW) theory ignores the
vertical component of water velocity, the current in waterway cross-section thus being characterized,
in particular, by just one mean horizontal velocity. According to another theory, one that is more
general, specifically the small amplitude wave (SAW) theory, it is possible for waves of any length to
be calculated, with allowance made for all velocity components. On the basis of that theory the
boundary problem of hydrodynamics (potential motion) can be solved and velocity potential ¢ can be
determined, which makes it possible to define all parameters of wave process (wave amplitude,
velocities, hydrodynamic pressures).

The second chapter is concerned with the classification of landslide processes observed on basin
shore slopes (including water-storage reservoir slopes.) Consideration is being given to the
peculiarities of landslide rocks as well as to the main reasons of landslide initiation. Certain reported
cases of landslide occurrence in water-storage reservoirs and river ravine slopes have also been
discussed. Furthermore, a pattern of calculation and design scheme have been presented for block-type
landslide motion over the reservoir shore slope.

Using the general analytical solution obtained by of professor T. Gvelesiani’s of plane (two-

dimensional) wave boundary problem as a building-block, some concrete mathematical relationships
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have been obtained and duly presented in the third chapter. The formulae mentioned above involve
various cases of landslide plunging into water and its motion in water.

The fourth chapter offers the results of calculations carried out for various wave processes.
Wave amplitude has been found to be influenced by both wave-generating factors and water-storage
reservoir dimensions; further still, the wave experiences changes in shape and length.

The fifth chapter deals with two methods to be employed for the prediction of landslide-induced
dam overflowing. The first one (the simpler method) is used with wave maximum amplitude (n™)
being far greater than the freeboard (d) (i.e. heigth between a dam crest level and water-storage
reservoir reference level), when n"<d, the simulation of dam overflowing is to be carried out,
according to professor Gvelesiani’s suggestion, following the method of progressive approximation
(iteration method), which makes it possible to determine all overflowing process parameters.

The sixth chapter is dedicated to the evaluation of landslide-generated wave hydrodynamic

impact on the dam for a variety of design parameters values.
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