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Fig.1. 3D finite element model of R/B=0.6
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Fig. 2. Considered constitutive behavior of mass
concrete in tension
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Fig. 3. IDA curve sets for radial crest displacement model
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Magnitude

RTUD

Un-scaled PGA (g)

VSSO

No. Barthquake (M) (Km) (m/s) Stream SctrrZZ; Vertical
1 Whittier Narrows 5.99 47.25 996.43 0.06 0.07 0.04
2 Sierra Madre 5.61 37.63 996.43 0.10 0.13 0.04
3 Iwate - M11 6.9 57.15 859.19 0.18 0.12 0.10
4 Iwate - M04 6.9 40.42 849.83 0.23 0.15 0.13
5 Chi-Chi 7.62 57.69 996.51 0.09 0.08 0.03
6 Iwate - 118 6.9 64.27 891.55 0.13 0.14 0.09
7 Niigata 6.63 52.15 828.95 0.14 0.10 0.09

Table.1. The properties of the earthquakes used in this research
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Fig. 4. The IDA curves sets for damage energy dissipation,
model R/B = 0.6
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Fig. 5. The dam’s various limit-states on the mean IDA
curve, model R/B =0.6
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Abstract:
Dams are among infrastructural and essential structures which are designed and implemented for storage of
water for multi-purpose usage. One of the natural events that constantly threatens the sustainability of dams
is the earthquake. Therefore, accurate modeling and investigation of dam behavior considering the effective
parameters and interactions during earthquake is one of the principles of safety evaluation of dams.
With the advancement of knowledge in the field of earthquake engineering and the development of more
precise methods for estimating the intensity of possible earthquakes, The methods of analyzing and
evaluating the seismicity of the structures have been improved and the effects of more parameters can be
considered in assessing the risk of each structure. Considering the nonlinear behavior of materials and the
effect of cracking and its extension in dams, as well as more precise expression of the forces involved in, and
its analysis with more advanced methods, are included as the important achievements of earthquake
engineering in this field in recent years. For nonlinear analysis of concrete dams, nonlinear behavior of these
structures by choosing existing methods requires acquaintance with the functional nature of the materials.
In the past, seismic analysis of concrete gravity dams was most often considered ideally by using two
dimensional monoliths in design mechanisms, and earthquake effects were usually applied by defining an
earthquake coefficient. But in recent years, more emphasis has been placed on linear time history analysis
and the failure analysis of the concrete dams in three dimensional space. In the present study, the seismic
response of a concrete arch-gravity dam under the influence of earthquake stimulation is investigated in a
three dimensional finite element analysis. The effects of dam-reservoir-foundation interactions are
considered, the nonlinear behavior of the concrete and also the different patterns of the arc radius of the dam
are studied and the results are compared with the two dimensional analysis. Finally, the contribution of
response of each of the sustainability factors to seismic stimulation is evaluated.
In the present study, the seismic response of a concrete arch-gravity dams has been evaluated through three
dimensional nonlinear incremental dynamic analysis (IDA). For this purpose, five different-radius arch-
gravity dam-reservoir-foundation coupled systems are analyzed under a set of 7 proper three-component
ground motions, each scaled to 10 increasing intensity levels. The effects of dam-reservoir-foundation
interactions are considered and the nonlinear behavior of the concrete and also the different patterns of the
arc radius of the dam are studied. A damage index (DI) has proposed so that the damage imposed to the dam
body is calculated based on the obtain results from the IDA study. Crest displacement, tensile damage
occurred in various zones of the dam body and energy dissipation are considered as damage measure (DM),
then the performance and different limit-states of the dam structure are determined.

Keywords: concrete arch-gravity dams, seismic response, three dimensional analysis, dam-reservoir-
foundation interaction, nonlinear behavior.
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