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RESUME

The Tsageri concrete dam (h=11 m) is located on a gravel foundation.
Batimetric surveys, as well as underwater inspections, revealed that the stilling
basin slab had been demolished and a 5 m leached pit had developed at the
foundation, which had penetrated even to the foot of the structure with high
compressive stress. All posed a real danger in terms of loss of stability.

The seepage length was shortened as a result of the demolition of the basin
slab, which in turn increased the pressure gradients in the dam foundation wash
zone. As a result, the reserves of seepage strength have decreased.

Static calculations of the “dam- foundation” system were performed taking
into account the operating loads (including seepage pressures) and the nonlinear 3-
axial deformation of the foundation material.

An analytical approach based on the results of experimental studies of
macrofragment soils is used to approximate the "stress-deformation". The load
deviation area is used for soil deformation analysis based on experimental studies
by Marcella and Gupta.

Nonlinear calculations of the “dam-foundation” system were performed
using the two-dimensional finite element model. The formation of the nonlinear
stiffness matrix of the system was carried out by iterative calculations.

It was obtained, that the plastic deformations were increased under the
influence of the concentration of compressive stresses in the contact zone of the
dam and the foundation (near the leaching area in the foundation). As a result,
there is a redistribution of stress. In particular, in the zone of high concentration
there is unloading of the stress state and in the deeper sections of the contact zone
there is loading.

By using the hyperbolic stress-strain curve, it was obtained that a significant
redistribution of stresses occurred at the foundation of the dam, especially under
downstream side. In particular, in the zone of high concentration of compressive
stresses, the stresses decrease, while the stresses increse in the direction of the
central section of the dam.

The mentioned state of stresses at the foundation affects the stability of the
foundation. In particular, according to the stress distribution, there is a
displacement of the potential shear surface in the direction of the central section of
the dam. As a whole, the unstable area grows, which further worsens the stability
condition of the dam.

During the operation of the spillways, in many cases there is a conjunction
of the streams accompanied by the hydraulic jump, which reaches its maximum
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value at a certain value of the gates opening. Under the influence of this, energy
shortage and the pulsating load accompanying the existing turbulent regime
develops on the stilling basin slab. The value of the energy shortage increases
mainly with the increase of the hydraulic jump. These loads in some cases reach a
fairly high value. Thus, when assessing slab strength and stability (in some cases
slab anchoring) in a row of the operating loads, it is necessary to consider the
hydrodynamic impact of the flow.

Thus, calculations on slab strength and stability need to be performed
taking into account the total range of operating loads, according to the limiting
state, in accordance with the requirements of the construction norms.

Hydrodynamic impact on tile involves two main tasks. In particular, the
loads are determined:

- On the surface of the slab, under the influence of the flow stream;

- the seepage pressure developed at the bottom of the slab.

The pulsating components of the hydrodynamic load are determined
according to the results of existing experimental hydraulic studies. In particular,
the maximum value of the specific pulsation component on a slab is determined
using analytical dependencies based on pulsed pressure data at “points”. This takes
into account the ratio of the point pulse pressure standard (standard deviation) and
the specific pulse load standard on the slab area.

The Tsageri medium-pressure hydropower plant stilling basin slab (5 m
thick) was completely destroyed during operation. A 5 m leached pit emerged
under concrete gravity dam from the downstream, created a real threat to the
structure’s stability loss.

Based on the analysis of the hydraulic regimes of the Tsageri Dam, the
accompanying hydrodynamic and pulsating loads of the hydraulic regime created
in the stilling basin were obtained at different values of the gates opening and, in
this connection, the slab stability reserves.

The hydraulic regime, developed during the conjunction of the streams,
determines not only the geometric dimensions of the stilling basin slab, but also
the hydrodynamic loads, developed on the slab and consequently, the strength and
stability of the slab. In this regard, the design parameters of the slab (including its
thickness, its reinforcement) are determined, and in the case of a rock base, also
their anchoring parameters.

The paper presents separate results of numerical analysis of nonlinear work of dam
and foundation.
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