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Evaluation of stress and pore water pressure distribution
inside impervious core of embankment dams, especially
during a dynamic loading is necessary to analyze the dam
stability. To perform such analysis truly, it is also necessary
to model soil behavior as precise as possible. As the loading
path affects the soil behavior, this study aims to probe
loading pattern in different levels of embankment dam core
during an earthquake. A comprehensive numerical study on
Alborz embankment dam and Polrood embankment dam
was conducted in this regard. Figures (1 and 2) show the
geometry of the analyzed models

To increase accuracy of the numerical analyses, extensive
considerations such as correct modeling of bed rock and
lateral boundaries, precise preference of soil behavior model,
consideration of the dam reservoir interaction on dynamic
analysis results, optimum preference of dynamic time
stepping, correction of input motions regarding standard
regulations and also the seismic hazard studies of the dam
were taken into consideration.

Based on results of the concrete calculations performed,
the dynamic loading pattern at different levels of the
embankment core was investigated through practical loading
parameters such as the deviatoric stress (q) variation with
time, the ratio of the mean confining pressure amplitude to
that of the deviatoric stress (h=p/q) and the ratio of excess
pore water pressure to the total confining

A set of equations are proposed to estimate equivalent
uniform cycles of shear stress that cause the highest excess
pore water pressure at the core of the dam caused by a definite
input motion, similar to the excess pore water pressure that
would be caused if the dam was numerically analyzed by the
input motion. The calculation procedure was:

The maximum shear modulus of the core material, GO,
was considered as the first trial.

The main frequency of the dam was estimated according
to the equation in Das and Luo (2016):
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The displacement response spectrum magnitude at the
main frequency of the dam was read from the response
spectrum curve of the input motion record, S,

The average shear stain was estimated along the dam
core:

Ly
= d dam (2)

dam He

Based on the calculated g, the shear modulus magnitude
was corrected if required. The procedure went on until nearly
the same shear modulus magnitudes in two subsequent
calculations were obtained. The modulus reduction cure of
the core material was required in this step. Since such data
were not available, the proposed modulus reduction cure
by Park and Kishida (2019), which is recommended for the
core of the dams made up of clay-aggregate mixtures similar
to the dams studied herein, was used.

Then, applying Eqs. (3) through (6), the targeted
parameters were estimated.
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In Eq. (3), I, is the Arias intensity of the input motion, S
wn 18 the velocity response spectrum magnitude at the main
frequency of the dam, p_ is the core material density, D is the
damping of the core material at g, which was estimated
from the curve proposed by Park and Kishida (2019).

Further, a__is the maximum acceleration of the input
motion, which is 0.3g in this study isthe total vertical stress
at the desired elevation. In this “vcore elevatioms tu d y ,
was calculated as the product of the core height to its total
Ty core elevation UNIt weight:

(7

O care elevation =ﬂ.5p€ xg»xH,

Care must be taken that Eq. (3) results in a unit-less
magnitude. Consequently, any set of compatible units may
be used.

Putting Egs. (4), (5) and (6) into Eq. (3), a simpler form
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of the Eq. (3) is governed:
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In next step, by studying the case study of the Polrood
dam (which contains mixed materials in the core), the effects
of mixed material behavior on overall stability of the dam
have been investigated.

In mixed materials, with increasing pore water pressure,
the dam stability safety factor decreases. The extent of this
decrease depends on several factors, including the relative
geometry of the core and the shells. In dams containing thin
cores and high-shear strength shells, the effects of changes
in the excess pore water pressure in numerical models do
not produce a significant change in the overall safety factor;
However, care must be taken to the high shear strains and
possible cracking and water penetration in the mixed cores,
which may not be modeled in this study.

Figures (3 and 4) compare the status of the dam core in
the normal state (uniform core) and the case where the effect
of the mixed materials is modeled in the form of weakening
of the materials in the upper elevations (zoned core). Despite
the significant shear strain in the zoned core, the overall
safety factor of the entire dam has not been significantly
affected by changes in core conditions.

Keywords: Equivalent uniform stress cycles, Embankment
dam core, Dynamic analysis, Excess pore water pressure
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