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Dynamic analysis of a vaulted dam
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Abstract:

Introduction/purpose: The dynamic analysis of a seismic response of a
concrete vault dam is a complex problem in which the representation of the
behavior of the material requires some form of a nonlinear model, especially
if the concrete is subjected to a significant stress load of the ground. In the
case of large movements of the latter, large cracks may form in some areas

1414



of the dam, especially at the base of the dam and near sudden changes in
geometry.

Methods: This analysis was based on a numerical simulation of the dynamic
effect. This work was carried out using the finite element method with the
ANSYS 12.1 program. The dam was modelled in two dimensions. Four
types of analysis were performed: static analysis, modal analysis, seismic
analysis under excitation of two accelerograms (Asnam 1980 and
Boumerdes 2003), and spectral analysis.

Results: This analysis showed the vulnerability of the Brezina dam to the
Boumerdes earthquake with high stresses at the base of the structure.
Conclusions: Based on this study, it was concluded that if the Brezina dam
suffers an earthquake of a greater intensity than that of Boumerdes, this will
cause structural damage and cracks that will compromise the dam’s
watertightness as well as its durability.

Key words: dynamic behavior, finite element method, cracking, dam,
spectral analysis.

Introduction

Water resources are incredibly important for promoting agricultural
economic development worldwide. Hydraulic structures, such as dams,
intake towers, and piles, are considered special structures that require a
significant safety margin under both normal and critical conditions such as
major earthquakes.

The evaluation of the seismic safety of a concrete gravity dam is one
of the main subjects of design and construction, as well as other basic
safety checks such as dam stability in its foundations and a high overflow
velocity of a dam. The reservoir - dam interaction can be an important
factor influencing the response of concrete dams. When a reservoir - dam
system is subjected to a strong earthquake, its behavior is likely to be
influenced.

The procedures for a seismic analysis of structures are often
approached with simplifying assumptions. Among the most important is
the one which assumes that the seismic signal is uniform. In the seismic
analysis of structures, (Datta, 2010) explained the fundamentals of
seismology that all structural engineers must know. Progress has been
made (Der Kiureghian, 1981), which led to a specific application to linear
structures using the response spectrum of soil motion. Different
phenomena contributing to the spatio-temporal variability of the seismic
signal have been grouped together, with four distinct effects (Der
Kuirghian, 1996).

Benahmed, A. et al, Dynamic analysis of a vaulted dam, pp.1414-1440



@VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 3

The first interaction model between the dam and the reservoir was
developed by Westergaard (1933), who presented a solution for the two-
dimensional pressure distributions on the upstream face of the dam due to
seismic excitation. He assumed that the water is incompressible and the
dam is rigid. Zienkiewicz & Bettes (1978) studied the problems of the dam
reservoir in a coupled manner taking into account the flexibility of the dam.
Fenves & Chopra (1987) presented a simplified approach for the analysis
of concrete gravity dams under earthquake actions.

Jablonski & Humar (1990) explained the application of the constant
boundary element method in the three-dimensional boundary element
reservoir model for the seismic analysis of arch dams and gravity. A
comparison of computer codes for a dam analysis was conducted by
Singhal (1991) using EADG, PAS 1V, as well as the ADINA software. The
analysis of the severity of an earthquake on dam-reservoir systems using
Eulerian and Lagrangian approaches was conducted by Calayir et al.
(1996). Guan & Moore (1997) developed new techniques for modeling the
reservoir-dam interaction and the dam foundation. Chopra & Gupta (1981)
investigated the effects of the hydrodynamic interaction and the
foundations on the seismic response of a concrete gravity dam. A hybrid
numerical procedure is proposed for the dynamic frequency response of
earth dams resting on a multilayered base. De Araudjo & Awruch (1998)
used the probabilistic finite element method for the analysis of a concrete
gravity dam. Ghaemian & Ghobarah (1999) studied the nonlinear seismic
response of concrete gravity dams considering the interaction between the
dam and the reservoir. The dynamic analysis of the soil-structure
interaction using the finite element-boundary coupling method has been
studied by Yazdchi et al. (1999). The dynamic analysis of concrete arch
dams by an ideal-coupled modal approach has been studied by Aftabi Sani
& Lotfi (2010). A parametric study on the fluid-structure interaction problem
was conducted by Maity & Bhattacharyya (2003). An evaluation of the
effectiveness of the equations developed to determine the response of the
fundamental mode of weight-bearing dams was carried out by Miguel &
Bouaanani (2010). In their study, an iterative scheme in dynamic analysis
and a complicated boundary condition were used. Kigukarslan et al.
(2005) studied the transient analysis of the dam-reservoir interaction,
including the effects of the reservoir bottom by coupling the finite element
method in the infinite fluid domain and in the solid domain. A comparison
of stochastic and deterministic dynamic responses of gravity dam-
reservoir systems using finite fluid elements was conducted by Bayraktar
et al. (2005). Asteris & Tzamtzis (2003) used a smeared crack analysis




model based on a non-linear fracture mechanics crack propagation
criterion to study dam cracking and response.

The experimental and numerical seismic surveys of the Three Gorges
Dam were conducted by Li et al. (2005). Millan et al. (2007) demonstrated
the effects of the reservoir geometry on the seismic response of gravity
dams. In this paper, a boundary element method (BEM) model in the
frequency domain is used to study the influence of the reservoir dam
geometry on the hydrodynamic response. Bayraktar et al. (2010) studied
the effect of the reservoir length on the seismic performance of gravity
dams to near- and far-fault ground motions. Samii & Lotfi (2007) compared
coupled and decoupled modal approaches in the seismic analysis of
concrete gravity dams in the time domain. Ross et al. (2008) studied the
treatment of the fluid-structure acoustic interaction using localized
Lagrange multipliers. Li et al. (2008) developed a semi-analytical solution
for the absorption characteristics of a reservoir bottom dam retention
system. Bilici et al. (2009) studied the stochastic dynamic response of the
dam-reservoir-foundation system to spatial variations in earthquake
ground motions. Wang et al. (2021) studied influences on the seismic
response of a gravity dam with different foundation and reservoir modeling
assumptions. Xu et al. (2024 ) studied a time series modeling approach for
damage monitoring of a concrete dam under seismic effects.

The analysis aims to study the dynamic behaviour of the dam under
seismic excitation and the detection of anomalies in stresses and
displacements that can be harmful to the structure. Practical conclusions
are also drawn from the results obtained using different numerical
strategies.

Dynamic analysis has a great importance in the design of dams with
respect to seismic excitations. Several mathematical concepts govern the
dynamic behavior.

Fluid equation

1. (1)
VP == P

where V2 is the Laplacian operator in two dimensions, (C) is the speed
of sound in the water, and the points represent the derivative with respect
to time. Equation (1), with appropriate boundary conditions, fully defines
the hydrodynamic aspects of the problem.
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Finite element analysis execution

The water domain is discretised as a finite element assembly,
assuming that the pressure is the nodal unknown. By using the Galerkin
method, the discretised form of equation (1) is obtained as:

E1(5 )+ (1) + (161 + 52 141) ) = —prTsia) @

where {p} represents the vector of nodal pressures for the water
domain. The expressions for the matrices [E], [A], [G], and [S] can be found
in Maity & Bhattacharyya (1999).

[£] ==X [, INIT[N] d + = zf INITIN] d 3)
A)=7 X, INITIN] dr (4)

=X [, GLINTT 5~ NI+ 3 [NTT - [N]) o (5)
(8= X f,, INI"[T][NG] ©)

In the equations above, (3-6) I' and Q represent the surface and the
volume of the reservoir, respectively. The indices f, s, r, and t represent
the free surface, the solid-fluid interface, the bed-reservoir interface, and
the truncated surface, respectively.

Differential equations governing the coupled structure
of a dam

The dam-reservoir interaction is represented by two coupled second-
order differential equations. The equations for the structure and the
reservoir can be written in the following form:

N1{U} + [c] {0} + IN] U} =(fi} = [M] {Ugn} = M1 {Ugu} +  (7)
[Q] {Py ()}

(6] (PBY+[CV] {PLBYKY] (P.hY= (£2)- pMIT (U} (g




The point represents the time derivative. The structure of the dam is
analysed using the plane deformation formulation with a side reservoir. By
the analysis of the structural system using the plane deformation
formulation, the elementary stiffness matrices are obtained:

k= [ 8 ' o11B140 ©)
n

The elementary mass matrix with p_s is the density.

[M°] = f [BT] ps[N]do (10)
0

Damping matrix

The global damping matrix is calculated using the following
expression since Rayleigh damping is taken into account:

According to the theory of modal analysis, the structure of the dam
can be simplified as a multi-degree of freedom system, and its equation of
motion control is equation (7). In free vibration analysis, we need to solve
the eigenvalue equation given below:

([K] = w?[M]) {u} =0 (12)

Dynamic analysis

The dynamic analysis method is mainly based on two methods,
depending on the idealisation of the dam body, namely, the method of
distributed or continuous masses and the method of discrete or grouped
masses. The first method forms the dynamic stiffness matrix of the
structure, which includes the elastic and inertial forces acting on the
structure during vibration, and determines the natural frequency and mode
of the dam by solving the frequency equation, (7) (Clough & Penzien,
1975).

The second method of calculating the static stiffness matrix of the
structure reduces the natural frequencies and mode shapes using
standard eigenvalue solutions (Bathe & Wilson, 1987). Chopra (1995), in
his book Dynamics of Structures, has also developed theories and
applications to seismic engineering.
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Description and modeling of the dam

The Brezina Dam (El-Bayadh-Algeria) is a gravity dam, a concrete
arch dam. It is built on a rocky foundation (limestone) and has a total height
of 63 m. The arc length at the top is 153 m, with a maximum arc radius of
67.80 m. The maximum thickness is 41.33 m, and the thickness at the
crest is 3 m as shown in Figure 1. These mechanical and physical
properties are as follows: Young's modulus E = 26.6 GPa; Poisson's ratio
v = 0.2; and density y = 2.5 t/m3. There are also the mechanical and
physical properties of the foundation (rock) and the fluid, which are,
respectively, Young's modulus E = 14 GPa; Poisson's ratio n = 0.3; density
Mv = 2.7 t/m3, and Young's modulus E = 20.7x106 GPa; density Mv = 1
t/m3.

Figure 1 — Cross section and the dimensional parameters of the dam

ANSYS is a versatile finite element analysis software; it allows testing
of product prototypes in a virtual environment before manufacturing them.
It also identifies weaknesses and improves them. In our modeling, we used
two types of finite elements: Fluid29 and Plane42; the resulting mesh
included 4,790 nodes and 1,974 elements, as shown in Figure 2.




EEVSS

Figure 2 — Model of the Dam - Fluid - Foundation system with ANSYS

Analysis and interpretation

Static analysis

Static stresses are caused by the hydrostatic pressure and the dead
weight of the dam, which is automatically distributed towards the center of
gravity, while the sign convention is respected when entering the pressure
and assuming that the tank is full. The results are presented in Table 1_and

Figure 3.

This shows the distribution of static stresses in the dam body. These
stresses reach the maximum and minimum values in the lower part.
Figures 4 and 5 show the distribution of the normal (X, Y and XY) and main
(S1, S3 and Tmax) stresses in the lower part of the structure. It can be
seen that these stresses vary from upstream and downstream of tension

to compression.

Table 1 — Results (minimum and maximum) of the various static constraints

Sx Sy (MPa) Sxy S1 S3 Tmax
(MPa) (MPa) (MPa) (MPa) (MPa)

MAX 0.47556 | 0.30071 0.90254 | 0.64125 | 0.13501 | 0.38813
MIN -2.3767 -3.499 0.23755 -1.4314 -4.0006 -2.716
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stress Sxy o stress S1

Figure 3 — Mapping the distribution of static stresses in the dam
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Figure 5 — Principal stresses in the directions S1, S3 and Tmax

Modal analysis

The principle of the modal method is to find, for each mode of
vibration, the maximum value of the effect of seismic forces in the
structure, which is represented by the calculated response spectrum.
Prior to dynamic analysis, the natural frequency of the dam in the case
of an empty reservoir is determined by modal analysis. The analysis
is performed in the modal mode. All degrees of freedom at the base
of the rock substrate and the peripheral equipment are restricted.

The value of the damping coefficient considered is 5% - the
results of the analysis are shown in Table 2.

Table 2 — Results obtained for different vibration modes

Mode | Frequency | Period | Participatio | Coefficient Effective Mass | Total
[Hz] [s] n factor mass fractio | mass
n

1 4.332 0.231 1.44 x 108 1.000 2.08 x10° | 0.604 | 0.594

2 9.729 0.103 | -8.11 x10? 0.562 6.58 x 10° | 0.795 | 0.188

3 11.029 0.091 | -5.81 x10? 0.403 3.38x10% | 0.892 | 0.096
4 18.917 0.053 | 6.09x 10?2 0.422 3.71x10% | 1.000 | 0.106
5 23.073 0.043 | -1.80 x 10! 0.012 3.25x10% | 1.000 | 0.000
Sum / / / / 3.45x 106 / 0.985

The deformations obtained for each vibration mode are presented in

Figure 6.
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Figure 6 — Deformations of each vibration mode

Dynamic analysis by accelerograms

At this stage of the analysis, the two most destructive earthquakes
recorded in Algeria have been selected, namely the Asnan earthquake and
the Boumeldes earthquake. The accelerograms and the characteristics of
these two earthquakes are presented in Table 3 and shown in Figure 7.

Table 3 — Characteristics of the two earthquakes

Earthquake Location Date PGA (g) Magnitude
name
Asnam 1(‘2’3&25:‘)3;2‘:1{*"?’;222&" 10/10/1980 | 0.034 73
04 Km from the coast
Boumerdes between Zemmouri and 21/05/2003 0.338 6.4
Boumerdes
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Figure 7 — Accelerograms of the two earthquakes

Results of the displacements at the top of the dam

The movement of the dam crest under the excitation of the two
earthquakes is shown in Figure 8. The comparison of the two figures
shows that the excitation generated by the Boumerdes earthquake has a
significant effect on the movement of the dam crest.
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Asnam Boumerdess
-0,08
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Figure 8 — Displacement to the ridge (top) of the dam under the excitation of the two
earthquakes
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Results of the acceleration at the top of the dam

The accelerations at the top of the dam under the excitation of the two
earthquakes are illustrated in Figure 9.
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Figure 9 — Acceleration at the crest (top) of the dam under the excitation of the two
earthquakes

Distribution of the principal stresses (S1) at the base as a
function of time

The distributions of the main stresses at the base of the dam over
time are shown in Figures 10, 11, and 12.

These figures illustrate the variation of stresses along the upstream,
central, and downstream sections of the dam during two earthquakes. In
particular, the tensile stresses exceed the compressive stresses in the
upstream section, while both stresses decrease significantly in the central
section.

Conversely, in the downstream section, compressive stresses
dominate and exceed tensile stresses.
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Figure 10 — Principal stresses S1 at the basis of the dam upstream for the two
earthquakes
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earthquakes
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Figure 12 — Principal stresses S1 at the basis of the downstream dam for the two
earthquakes

Table 4 shows the maximum displacements and accelerations at the
crest and the principal stresses S1 at the base (upstream, intermediate
and downstream) recorded for the two earthquakes.

Table 4 — Comparison of the results of the deferent characteristics under the effect
of the excitations of the two earthquakes

Displacement | Acceleration Stresses S1 Stresses S1 stresses S1

(m) (m/s?) en Amant MPa | au Milieu MPa en Aval MPa

Asnam 2.16 X 102 0.1617515 4.61263648 0.50066706 0.16896932
Boumerdes 7.26 X 10 0.7032191 13.3658454 1.26142696 4.31357794

Comparing the different results in Table 4 shows that all the results
obtained under the excitation of the Boumerdes earthquake are much
more significant than those of the Asnam earthquake.

The tensile stresses are mainly concentrated upstream of the dam
and greatly exceed the tensile strength limit of the concrete f_t= 2.35MPa,
causing cracks at the base of the dam.

Spectral analysis

The spectral method is an approximate technique for evaluating the
peak response of a structure based on the peak response of each modal
oscillator read from the vibration spectrum of the excitation.
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The main constraints for a 5% and 10% depreciation (Asnam)
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Figure 15 — Principal stresses S1 at the basis for the Asnam earthquake damped at
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Figure 16 — Principal stresses S3 at the basis for the Asnam earthquake damped at

5% and 10%
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Figure 17 — Principal stresses TMax at the basis for the Asnam earthquake damped
at 5% and 10%

Table 5 — Results under the excitation of the Asnam earthquake damped at 5% and

10%
S1 S3 Tmax Dépl max (m)
5% 10% 5% 10% 5% 10% 5% 10%
Max | 0.18686 | 0.14421 | 0.06666 | 0.051446 | 0.1202 0.092764
" 8.43:10% 6.51:10%
Min | 0.019478 | 0.01503 | -0.00168 | -0.00129 | 0.02116 0.016330

According to Figures 15, 16, and 17, damping has an opposite effect
on the principal stresses. Damping significantly reduces the stresses
upstream and downstream, but in the central section, the damping effect
is weak for the stresses S1 and TMax, and negligible for the stress S3.
These results are reported in Table 5.

When comparing the stress S1 with 5% and 10% damping, it can be
seen that at 10% damping the stress is reduced by 0.043 MPa compared
with a reduction of 5%, while for displacements the reduction is 1.92 x 10-
4 m.
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The main constraints for a 5% and 10% depreciation
(Boumerdes)

1,00
0,90 ,
0,80 /
0,70 -\

_ 0,60 N\ /

£ 050 -\ /

< 0,40 N\ //

0,30 N\ -

0,20

0,10 .

0,00

M

Stresses

0 5 10 15 20 25 30 35

Distance (m)
—S1.5% ——S1_10%

Figure 18 — Principal stresses S1 at the basis for the Boumerdes earthquake
damped at 5% and 10%
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Figure 19 — Principal stresses S3 at the basis for the Boumerdes earthquake
damped at 5% and 10%
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Figure 20 — Principal stresses TMax at the basis for the Boumerdes earthquake
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Table 6 — Results under the excitation of the Boumerdes earthquake damped at 5%

and 10%

S1

S3

Tmax

Depl max (m)

5%

10%

5%

10%

5%

10%

5%

10%

0,91489

0,8866

0,32637

0,31628

0,58852

0,57032

Min

0,095366

0,092417

-0,0082377

-0,007983

0,1036037

0,1004

4.13x10%3

4.00x10%

Similar to the Asnam earthquake and based on Figures 18, 19 and
20, it can be seen that damping has an opposite effect on the principal
stress. The damping reduces the stresses in the upstream and
downstream directions, but in the centre the damping effect on the three
stresses is negligible. The same results are shown in Table 7. If the
stresses S1 for 5% and 10% damping are compared, it can be seen that
the difference is small, 0.028 MPa, whereas for displacement the reduction
is still insignificant.
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Conclusion

The main objective of this paper is to provide a scientific and analytical
contribution on the internal constraints of arch dams, in order to better
understand the complexity of the engineer's task when designing dams.

Indeed, this analysis shows that, contrary to what has been said,
dams have certain displacements and no part of the superstructure is
immune to the risk of failure; therefore, engineers must find feasible
technical solutions.

Static analysis has shown that stresses vary from tension to
compression over the entire surface of the dam. Concentrations of tension
constraints are observed at the upstream base, while compression
constraints are observed downstream. Whether tension or compression,
the constraints remain low compared to the tolerated limits.

As for modal analysis, it allowed us to identify the natural modes of
the structure. We considered the first five (5) eigenmodes, where we
observed that the first two modes are the most important because their
frequency is low. It is known that when the frequency is low, there is a risk
of collapse.

After static and modal analyses comes dynamic analysis which is
carried out under the excitation of two earthquakes, namely Boumerdes
and Asnam, to get an idea of the dynamic behaviour (tension, compression
and displacement) of the dam at the top.

The Boumerdes earthquake generated significant tensile stresses
upstream and downstream, exceeding the ultimate tensile stress, whereas
the tensile stress in the Asnam earthquake only exceeded the ultimate
tensile stress upstream.

It should be noted that the values obtained under the excitation of the
Boumerdes earthquake are larger than those of the Asnam earthquake.
For example, the principal stress S1 of the upstream Boumerdes
earthquake is almost three (3) times greater than that of the Asnam
earthquake. Although the magnitude of the Asnam earthquake was greater
than that of the Boumerdes earthquake, these results are probably due to
the acceleration time.

Overall, this study concludes that if the Brezina dam is affected by an
earthquake of a greater intensity than that of Boumerdes, there will be
structural damage and cracks that will affect the watertightness and
durability of the dam.
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Resumen:

Introduccion/objetivo: El analisis dinamico de la respuesta sismica de una
presa de boéveda de hormigbén es un problema complejo en el que la
representacion del comportamiento del material requiere alguna forma de
modelo no lineal, especialmente si el hormigon esta sometido a una carga
de tension significativa del suelo. En el caso de grandes movimientos de
estos ultimos, se pueden formar grandes grietas en algunas zonas de la
presa, especialmente en la base de la presa y cambios casi repentinos en
la geometria

Métodos: Este analisis se basé en una simulacion numérica del efecto
dinamico. Este trabajo se realiz6 mediante el método de elementos finitos
con el programa ANSYS 12.1. La presa fue modelada en dos dimensiones.
Se realizaron cuatro tipos de analisis: analisis estatico, analisis modal,
analisis sismico bajo excitacion de dos acelerogramos (Asnam 1980 y
Boumerdes 2003) y analisis espectral.

Resultados: Este anélisis mostro la vulnerabilidad de la presa de Brezina
al terremoto de Boumerdes con altas tensiones en la base de la estructura.

Conclusion: A partir de este estudio se concluyé que, sila presa de Brezina
sufre un terremoto de mayor intensidad que el de Boumerdes, éste
provocara dafios estructurales y grietas que comprometeran la
estanqueidad de la presa, asi como su durabilidad.

Palabras claves: comportamiento dinamico, método de elementos
finitos, fisuracion, presa, analisis espectral.
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Pesome:

BeedeHue/uenb: [uHamu4yeckul aHanu3 celcMu4eckol peakuyuu
b6emoHHOU apo4HoU nmomuHbl rnpedcmasnsem CrioxHyto 3adauyy, 8
Komopoli  npedcmasneHue nosedeHuUss Mamepuana mpebyem
HekomopoU opmbl HernuHeliHoU mModenu, 0cobeHHO eciu 6emoHHbIl
yHOameHm nodeepzaaemcsi 6onbwol Hazpy3ke. B criydae MaccugHbixX
cdsuzo8 epyHma Ha nnomuHe Moa2ym o0bpa3o8ambCsi KpYriHble
mpeuwuHbl, 0COBEHHO y ee OCHO8aHUs, a makxe 865u3U 8He3arHbIX
usMeHeHul eeoMempuul.

Memoodbi: B cmambe nposedeH aHarnu3, OCHO8aHHbIU Ha YUCIIEHHOM
modenuposaHuu  OuHamu4eckoeo eos0elicmeusi. C  oMouwbro
npoepammbl ANSYS 12.1 npumeHeH mMemoO KOHEYHbIX 3/1EMEHMOB.
lMnomuHa 6bina cmodenuposaHa 8 O0s8yx u3MepeHusix. bbinu
8bIMONIHEHLI Yembipe murna aHanau3a: cmamuyeckuli aHarnus,
moOlarnbHbIl aHanus, celicMudYeckul aHanu3 npu 8030yx0eHuUuU dsyx
akcenepoepamm (AcHam, 1980 u Bymepdec, 2003) u crnekmparnbHbIl
aHanus.

Pesynbmamsi: AHanu3 nokasasn ysa3euMocms iiomuHbl bpesuHa npu
3emnempsiceHuu 8 bBymepdece u3-3a 8bICOKOU Hagpy3ku Ha
chyHOamMeHmM COOPYXKEHUS.

Bbi8o0ObI: Ha ocHoeaHuu 0aHHO20 uccriedosaHus bbin coenaH ebleo0d,
umo npu 3emrempsiceHuUU bonbwel UHMEeHCUBHOCMU, 4YeM 8
Bbymepdece nnomuHa bpesuHa moana 6bi cunbHO nocmpadams. Takoe
3eMriempsiCeHUe MOo&asio npueecmu K CmpyKmypHbLIM 108peXOeHUsIM U
MOsI8/IEHU0  MPEeWwUH,  Komopble  focmaesm  nod  yeposy
B8000HENPOHUYaeMOCMb M/I0MUHbI, @ makxe ee 00/120CPOYHOCMb.

Knrwoyeeblie crosa: OuHamu4yeckoe rogedeHue, Memod KOHEeYHbIX
afeMeHmos, mpewuHoobpazogaHue, MIOMUHa, CreKmpanbHbil
aHanus.

[vHamunyka aHanusa nydHe 6paHe

Abdenkpum BeHaxmepn?, ayTop 3a npenucky, Ombéu byreHnHa?,
Asnu Mexken®, Xaned Benmaau®, Xaned benpaxane?, Moxamed CapoyH®

@ YHuBep3auTeTcku LeHTap ,Hyp bawwup”, Ogersere 3a HayKy U TEXHONOrWjy,
En bajan, HapogHa Oemokpatcka Penybnvka Amxup

6 Yuusepautet ,Myctada Ctambonu’”,
dakynTeT Hayke 1 TexHonoruje, Oacek 3a rpaheBMHapPCTBO,
Jlabopatopwja 3a ncnmTnBare CTPYKType U MexaHuke maTepujana,
Mackapa, HapogHa Jemokpatcka Penybnuvka Amxup

OBNACT: mawmnHCTBO, MaTepujanu
KATETOPUJA (TWIM) YJTAHKA: opurvHanHm Hyadnu pag

Benahmed, A. et al, Dynamic analysis of a vaulted dam, pp.1414-1440



@VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 3

Caxemak:

Yeod/yure: [JJuHamuyka aHanu3a ceusmuykoe o0zoeopa Jiy4He bpaHe 00
bemoHa npedcmasrba crioxeH npobrem ede npedcmasrbarbe noHawamba
Mamepujarna 3axmeea Heku ObruK HesfluHeapHo2 mModena, Hapo4umo aKko
je b6emoH usfoxeH eenukoM onmepehery memerbHe MospuwuHe. Y
criyqajesuma kada 0ona3u 00 MacusHUX rnoMeparba mia, 8eslUKe rpcriuHe
moey Oa ce ¢hopmupajy Ha 6paHu, Hapo4umo y HEHOj OCHO8U, Kao U y
61U3UHU U3HEeHalHUX rPoMeHa y 2eoMmempuju.

Memode: Oea aHanusa je 3acHosaHa Ha HYMEPUYKOj cumynauuju
OuHamuykoz odezoeopa. Pad ce 3acHusa Ha Kopuwhery Mmemode
KOHayHux enemeHama nomohy npoepama ANSYS 12.1. BpaHa je
moderiosaHa y dee OumeH3uje. KopuwheHe cy yemupu epcme aHanusa:
cmamuyka aHanu3a, MmolasiHa aHasnu3a, ceusMuyka aHanusa ca nobyoom
Odea akuenepoepama (AcHam 1980 u Bymepdec 2003) u crniekmparHa
aHarnusa.

Pesynmamu: Osa aHanusa yka3arna je Ha parusocm bpaHe bpesuHa 00
3emrbompeca jaqyuHe oHoe y bymepdecy ca eenukum onmepeheruma Ha
memerb cmpyKmype.

Sakmpyqyu: Ha ocHosy ose cmyduje 3akrby4yeHo je 0a bu 3emrbompec
eehe jayuHe 00 oHoe y bymepdecy u3a3sao cmpykmypHa owmehera u
npcnuHe Ha 6paHu bpe3uHa Koju 6u yepo3unu HeHy 8000HENPOYCHOCM
u mpajHocm.

KrbyuHe peuu: QuHaMuy4Ko roHaware, Memod KOHa4yHUX efleMeHama,
¢hopmuparse npcruHa, 6paHa, criekmparsHa aHanusa.
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