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Analytical and Numerical Modelling of Debris Impact Events on Columns

WenlJuan Tang
School of Civil Engineering, Fuzhou University, Fuzhou 350025, Fujian, China

Abstract: Post-disaster surveys of tsunamis have emphasized the need for an in-depth understanding of debris
loading. Until now, empirical formulas used to estimate debris impact loads are based on single-degree-of-freedom
(SDOF) models. However, the validity of these SDOF models to estimate debris impact loads has not been studied
extensively. This study investigates the validity of using a SDOF model to predict debris impact forces by comparing its
force response to experimental data and a multiple-degree-of-freedom (MDOF) model developed. Additionally, a
comparative analysis was conducted to assess the provisions on debris impact loads in Chapter 6 of ASCE 7-22 against
these alternative methods. The MDOF method was shown to model accurately the experimental force response data,
while all other methods for estimating debris impact loads overestimated the force response in both magnitude and

frequency. Furthermore, the impact loads generated by the MDOF model proved to be longer in duration but smaller in
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magnitude than loads generated using the SDOF model and Chapter 6 of ASCE 7-22. In addition, a performant
numerical model was developed to simulate single and multi-debris transport and impact loads on a column. The
dynamic numerical model was developed within the general-purpose finite element program LS-DYNA. Inside this
modelling framework, the Arbitrary Lagrangian-Eulerian (ALE) method was used to simulate dam-break wave
generated debris impact loads onto the column. The model accurately replicated the water surface elevations,
hydrodynamic forces, debris transport, and debris impact forces presented in Stolle et al. (2019) and Stolle et al.
(2020b). The model's ability to simulate debris impact events demonstrates its potential as a valuable tool for designing
and evaluating critical infrastructure's resilience against extreme coastal inundation events, such as tsunamis.
Keywords: Debris-impact; Dam break wave; Impact force estimation; Extreme events; Structural response;
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Figure 2 Concrete Debris Impacts
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Figure 3 Vessel Impacts
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Figure 4 Dam-Break Flume at the University of Ottawa
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