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Abstract: This work presents a vulnerability assessment procedure for a complex structure using vibration
characteristics. The structural behavior of a three-dimensional framed structure subjected to impact forces was
predicted using the spectral element method. The Timoshenko beam function was applied to simulate the impact wave
propagations induced by a high-velocity projectile at relatively high frequencies. The interactions at the joints were
analyzed for both flexural and longitudinal wave propagations. Simulations of the impact energy transfer through the
entire structure were performed using the transient displacement and acceleration responses obtained from the
frequency analysis. The kill probabilities of the crucial components for an operating system were calculated as a
function of the predicted acceleration amplitudes according to the acceptable vibration levels. Following the proposed
vulnerability assessment procedure, the vulnerable positions of a three-dimensional combat vehicle with high
possibilities of damage generation of components by impact loading were identified from the estimated vibration
responses.
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Fig. 1 Procedure of impact wave propagation and
vulnerability assessment for combat systems
under impact load
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Fig. 3 Frame structure consisted of four spectral
elements under longitudinal (F,) and transverse
(F,) impact loads
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Fig. 4 Normal and shear forces acting on the frame
structure for 0.5 milliseconds
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Fig. 5 Transverse accelerations of the fame structure at
the center of the element 1-3 shown in Fig. 3: (a)
frequency and (b) time responses
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Fig. 6 Crucial components for (a) the mobility system,
(b) the firepower system and (c) the communication
system and their locations in the simplified
combat vehicle
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