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where U, is the normal component of the interface displacement. Using the interface condition, the equation of
motion of the coupled system to ground motion including damping effects are given by,

McUc CcUc KcUc Rc (10)

in which M., C., and K. are the mass, damping and stiffness matrices for the coupled system, respectively. UC,

UC , Uc and R are the vectors of the displacements, velocities, accelerations and external loads of the coupled
system, respectively (Kartal, 2012).
Kocaeli Earthquake

In this study, 1999 Kocaeli earthquake records were used in all linear dynamic analysis. The earthquake duration
is 27.185 seconds. The earthquake accelerogram was given in Fig .4.
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Figure 3. 1999 Kocaeli Earthquake records

Results

The displacements of upstream site of dam were calculated for empty and full reservoir cases. It is clearly seen
that full reservoir case has higher displacements than empty reservoir case in linear dynamic analysis due to
hydrodynamic pressure. The maximum displacement in full reservoir case is 3.2 cm and the maximum
displacement in empty reservoir case is 2.7 cm for the dam. The change of displacements by dam height is given
in Fig. 4 and 5.
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Figure 4. Maximum displacements changing
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Figure 5. Minimum displacements changing

We investigated the principal stress changing by dam height under Kocaeli earthquake for linear dynamic analysis.
It was expected that full reservoir case had higher principal stresses than empty reservoir case because of
hydrodynamic pressure effect. According to linear dynamic analysis, it was observed that full reservoir case has
higher principle stresses. The maximum principal stress is 2206.96 kN/m? in empty reservoir condition and
2904.08 kN/m? in full reservoir condition for the dam. Besides, the maximum compressive stress is 2622.44 kN/m?
in empty reservoir condition and 2324.98 kN/m? in full reservoir condition for the dam. The change of maximum
principal stresses and compressive stresses by dam height are given in Fig. 6 and 7.
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Figure 7. Maximum compressive stresses changing
Conclusion

Boyabat CG Dam geometry and the unfavorable section of the dam was examined using finite element model.
Boyabat dam was modeled as two-dimensional and the material and foundation soil mechanical properties were
obtained from the experimental data of the dam. After that these materials were identified to dam model by ANSYS
software. Fixed boundary conditions were defined around dam and foundation. Finally, 1999 Kocaeli earthquake
was selected for this application due to similar earthquake seismic zones.

In this study, we investigated the effect of strong ground motion on stresses and displacements. In addition to this,
it was examined that friction, which was identified between dam body-foundation soil, effect on stress for empty
and full reservoir conditions. It is clearly seen that full reservoir model has larger tensile-compressive stresses and
displacements than empty reservoir model.
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