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Mode  Frequency(Rad/Time)  Frequency(Cycle
No /Time)
1 23.526 3.744
2 48.198 7.671
3 64.427 10.254
4 82.744 13.169

Table.1. Natural Frequencies of Modes
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Fig. 4. Distribution of Adaptive Modal loads,
Force and Displacement-based adaptive pushover
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Material parameter

Value
Undamaged Young's modulus, E, 30
(GPa)
Poisson’s ratio 0.2
Density(Kg/m3) 2400
Tensile failure stress (Mpa) 29
Compressive yield stress (Mpa) 20

Table.2. Concrete properties used in the analyses
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The type of lateral Apply lateral Apply lateral
loading pattern load load
In In
upstream(cm)  downstram(cm)
Mode 1 0.92 3.24
Mode 2 1.66 1.44
Mode 3 1.67 1.22
Mode 4 0.41 1.26
Adaptive Mode 1 1.03 3.24
Adaptive Mode 2 0.33 0.90
Adaptive Mode 3 0.67 3.22
Adaptive Mode 4 0.38 1.04
Rectangular 0.49 4.51
Multi-mode
combination o_f 0.79 330
squared summation
method(SRSS)
Trapezoidal 0.60 4.58
Force-based 0.78 3.28
adaptive pushover
Triangular 0.69 4.16
Displacement-based
adaptive pushover 1.35 2.45
Load

Table 3. The values obtained in the pushover analysis

LasS a3l oloand bl 4 8513 e 5550 il
sl s a5l e 3 55 b S s sdoms Ol Jie 5,
O =l el (655 Sl eslimad b et S L,
S eSS Y IS L e A el
e 5 JEES ¥ S b s con
L iS5 i GRS R o) amen 50 /Y O gl
o 8l st e Je ol Sadly Jobe 3l slind
sslazal (A) S G e 5 wlases 51 s o Salis
b e VY e ol s O O Ll Lol sl

NGSOW S Vo

LesS Ao bl Slamses (O) LSt 5 Ol Je () A S
(a) b)

(i)} ()

Fig. 8. (a) Finite Element Model of Koyna Dam.
(b) Geometric properties
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Fig. 9.(a). Crack profile from Abaqus. (b).Crack profile from
Lee and Fenves (1998). (c). Crack profile from Cervera et al.
(1996) (d). Crack profile from Calayir & Karaton (2005)
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Fig. 14. Lateral load coefficients in cyclic loading[13]
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Abstract

A gravity dam is a dam constructed from concrete or stone masonry and designed to hold back water by
primarily using the weight of the material alone to resist the horizontal pressure of water pushing against it.
Gravity dams are designed so that each section of the dam is stable, independent of any other dam section.
Gravity dams generally require stiff rock foundations of high bearing strength (slightly weathered to fresh);
although they have been built on soil foundations in rare cases. The bearing strength of the foundation limits
the allowable position of the resultant which influences the overall stability. Also, the stiff nature of the
gravity dam structure is unforgiving to differential foundation settlement; which can induce cracking of the
dam structure. Gravity dams provide some advantages over embankment dams. The main advantage being
that they can tolerate minor over-topping flows as the concrete is resistant to scouring. Large over-topping
flows are still a problem, as they can scour the foundations if not accounted for in the design. A disadvantage
of gravity dams is that due to their large footprint, they are susceptible to uplift pressures which act as a de-
stabilising force. Uplift pressures (buoyancy) can be reduced by internal and foundation drainage systems
which reduces the pressures. During construction, the setting concrete produces a exothermic reaction. This
heat expands the plastic concrete and can take up to several decades to cool. When cooling, the concrete is in
a stiff state and is susceptible to cracking. The increasing need for clean water and energy resources for
human societies has led them to optimize the old technologies with the best in research and studies to make
the most of them. One of these inventions is dams, structures that are created on the rivers. In the past, the
creation of dams was generally aimed at providing drinking water and irrigation of farms, but nowadays it is
not only a source of water, but also electric energy. In many studies, dynamic analysis is used to assess the
vulnerability and damage damages during an earthquake. Despite the precision of this method, there are
many uncertainties in the analysis stages that make the study costly and prolonged. Therefore, using
nonlinear static analysis method, researchers increased the speed of analysis and reduced costs. Pushover
analysis is a simplified nonlinear analysis technique that can be used to estimate the dynamic demands
imposed on a structure under earthquake excitations. It is a static-nonlinear analysis method where a
structure is subjected to gravity loading and a monotonic displacement-controlled lateral load pattern which
continuously increases through elastic and inelastic behavior until an ultimate condition is reached. Lateral
load may represent the range of base shear induced by earthquake loading, and its configuration may be
proportional to the distribution of mass along building height, mode shapes, or another practical means. The
purpose of this study is to investigate the seismic performance of concrete gravity dams using nonlinear
static analysis (pushover analysis). For this purpose, load patterns used in the pushover analysis are applied
in both directions upstream and downstream of the dam structure. Observations show that, apart from the
rectangular load pattern, all load patterns used in this research can adequately correlate Detect the crack in
the dam body correctly.

Key words: Concrete gravity dam, Pushover analysis, Load pattern.
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