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ABSTRACT

Concrete dams are critical infrastructures, and their seismic safety
assessment is of great importance. Among various influencing factors, the
presence of sediment in dam reservoirs can significantly affect the seismic
response of these structures. This study aims to investigate the impact of
sediment on the dynamic behavior of concrete roller-compacted dams,
using the Javeh Dam as a case study. Finite element analysis was
performed using ANSYS software, with sediment layers ranging from 2 to
20 meters and reservoir levels set at 50%, 70%, and 100%. Key
parameters evaluated include maximum horizontal displacement and the
first and third principal stresses at the heel and toe of the dam. The results
indicate that sediment thickness and water level can either increase or
decrease stress and displacement depending on the specific conditions. At
50% and 70% reservoir levels, sediment presence had minimal influence
on structural response. However, under full reservoir conditions, sediment
thicknesses up to 7 meters increased stress and displacement values.
Beyond 7 meters, these values began to decrease. Specifically, for
sediment thicknesses of 2, 5, and 7 meters under full reservoir conditions,
the first principal stress at the dam heel increased by 19.06%, 14.65%,
and 5.20%, respectively, compared to the no-sediment case. These
findings emphasize the importance of accounting for actual sediment
conditions in seismic analysis and design of concrete dams to ensure
structural integrity and safety.
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Introduction

Roller Compacted Concrete (RCC) dams,
as a widely used and economical form of
gravity dams, play a significant role in water
resource management and energy generation.
One often-overlooked factor in their seismic
analysis is the effect of sediment accumulation
in the reservoir, especially with varying water
levels. This study aims to thoroughly evaluate
the seismic behavior of RCC dams under
varying sediment conditions. The Javeh RCC
Dam was selected for modeling using ANSYS
finite element software. Dynamic analyses
incorporated the near-field Manijil earthquake.
Scenarios involved sediment layers from 0 to
20 meters and reservoir levels at 50%, 70%,
and 100% capacity.

Boundary Conditions

The boundary conditions of the dam and
its surrounding reservoir are illustrated in
Figure 1. The structural domain follows a
Lagrangian formulation, governed by the
equation:

Vo-pli=0 M
Here, ¢ is the Cauchy stress tensor, u the
displacement vector, and p the solid density.

The fluid domain is modeled using an
Eulerian pressure-based formulation, assuming
small displacements, inviscid flow, and
neglecting spatial and temporal water density
variations:

1 . 2

Where P is fluid pressure and C is the speed of
sound in water. Three fluid boundary
conditions include:

e S1 (Free Surface): P = 0, assuming
negligible surface oscillations implying
zero hydrodynamic pressure at water
surface nodes.

e S2 (Structure—Fluid Interface): No flow
through the interface due to dam
surface impermeability, leading to zero
relative velocity normal to the interface:

Vip —Ciz p=0 (3)
Where p is the fluid mass and n is the normal
vector on S2.

e S3 (Far Field): A truncated boundary
condition modeled by the Sommerfeld
radiation condition, assuming plane
wave propagation far from the

structure:
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Figl. Boundary conditions for the dam and
reservoir

Modeling: Geometry and Loading

The height of the Javeh Dam is 99
meters, with a base width of approximately
58.97 meters at its lowest level and a crest
width of 6 meters. One of the important
features considered in the design of the model
is the inclusion of a 14-meter-high foundation
located upstream of the dam, which lies above
the base level. In this study, the foundation is
modeled as massless, and the sedimentary
layers settled at the reservoir bed are
considered as a soft and compressible medium.
The material properties used to accurately
simulate the interaction between the structure
and its surrounding environment, as well as
the system's dynamic response, are provided in
Tables 1 and 2.

Tablel. Material Properties of Dam System

Young " .
Part Modulus Pc:;iscc))n M?;S (/ien3$|ty
(GPa) )
Dam 31 0.2 2643
Foundation 16.86 0.2 0
Sediment 0.15 0.3 1360

Table2. Material Properties of Water

Part Bulk Modulus Mass density
(GPa) (Kg/md)
Water 2.07 1000
Results

The presence and thickness of sediments
at the reservoir bed have complex effects on
the dam’s dynamic response. When the
reservoir water level is at 50 and 70% of its
capacity, the influence of sediment on the
dam’s seismic behavior is minimal.




However, under full reservoir conditions,
an increase in sediment thickness up to 7
meters leads to a significant rise in
displacements and stresses. In this state, the
maximum  horizontal  displacement  for
sediment thicknesses of 2, 5, and 7 meters
increased by 19.06, 14.65, and 5.20%,
respectively, compared to the no-sediment
condition. This indicates a gradual reduction in
the sediment’s effect with increasing
thickness.

Under full reservoir conditions, the
presence of sediments causes a notable
increase  in  principal  stress  values.
Specifically, the first principal stress increased
by 17.30, 7.33, and 2.20% for sediment
thicknesses of 2, 5, and 7 meters, respectively,
compared to the no-sediment case. Similarly,
the third principal stress for the same
thicknesses changed by 8.21, 2.21, and
-5.77%, indicating the significant influence of
sediment thickness on this parameter.

For the first principal stress, under 50%
and 70% reservoir conditions, increasing
sediment thickness led to a slight decrease in
stress levels, though the changes were not
significant. As for the third principal stress in
these partial reservoir conditions, no clear
trend was observed; the values did not follow
a linear pattern with respect to sediment
thickness and instead showed oscillatory
variations.
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