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 In the current study, seismic cracking identification of concrete dams is conducted based on extended 
finite element method (XFEM) and Wavelet (WT) transform. First, the dam is numerically modeled and 
analyzed using the finite element method (FEM). Then cracking capability to the dam structure is added 
by applying the XFEM without introducing the initial crack, and the dam is analyzed under the seismic 
excitation. In fact, the whole dam structure is potentially under damage risk, and any zone reaching the 
fracture limit, begins to crack, which grows in the structure. This crack is usually unpredictable and is 
not easy to detect, therefore the structural modal parameters and their variation should be investigated 
based on structure response by using time-frequency transform. Results show that, investigating time-
frequency window of the structure response and model parameters obtained from the numerical model, 
the history of physical changes occurred in the structure, cracking initiation time, and damage 
localization is done from comparing the intact and damaged vibration modes. Moreover, investigating 
the first natural modal indices of the intact and damaged structure, damage initiation and its location on 
Koyna dam height is easily detected, while for the second natural frequency it is not true. 
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Fig. 1 Koyna dam geometry  
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Fig. 2 Koyna dam finite element model  
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Fig. 3 Koyna dam crack growth trend  
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Fig. 4 Experimental result of Koyna dam crack growth trend [20] 
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Fig. 5 The horizontal linear and nonlinear crest displacement 
5   

 

Fig. 6 The vertical linear and nonlinear crest displacement 
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Fig. 7 Linear and nonlinear Max. principal stress of point A 
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Table 2 Comparison of Koyna dam natural frequencies  
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Fig. 8 The scalogram of dam crest horizontal displacement around the first natural frequency (Sec-Hz) 
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Fig. 9 The scalogram of dam crest vertical displacement around the second natural frequency (Sec-Hz) 
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Fig. 10 The horizontal component of Koyna earthquake scalogram (Sec-Hz) 
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Fig. 11 The vertical component of Koyna earthquake scalogram (Sec-Hz) 
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Fig. 12 The scalogram of the cracked dam crest horizontal displacement and the first modal frequency variation (Sec-Hz) 
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Fig. 13 The scalogram of the cracked dam crest horizontal displacement and the second modal frequency variation (Sec-Hz) 
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Fig. 14 Comparison of first and second modal shapes of Koyna intact and cracked dam obtained from Wavelet transform and Abaqus software 
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