u

) <

The University of Osaka
Institutional Knowledge Archive

Investigations on Hydrodynamic Loads and
Title Dynamics of Debris Entrainment due to Tsunami-
Induced Flows

Author(s) |Nallarajah, Renee Josiah

Citation | KPrKZ, 2023, {Et:m

Version Type

URL https://hdl.handle.net/11094/92972

rights
POEBLRWERLIH D ERMABEMRRAERL
7., EXICRATEORBTOEN =L TWWE
Note T, EXDOTHAE THFLEDZEIE. <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#fclosed”> KPR KZEDIETF/ITIC DL
K/DETSRCEI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name ( NALLARAJAH RENEE JOSIAH )

Investigations on Hydrodynamic Loads and Dynamics of Debris Entrainment due to
Title Tsunami-Induced Flows

(B B K 2 uiR ) & BRI D28 BT 20158 )

Abstract of Thesis

Among the rim countries of the Indian Ocean, Sri Lanka experienced its first devastating tsunami on 26th
December 2004. Massive devastation witnessed during this event showed the importance of proper disaster
management planning and mitigation measures to reduce the loss of lives and properties, especially since Sri
Lanka is vulnerable to natural disasters such as tsunamis. Due to the present active tectonics in the subduction
zone beneath Sumatra, tsunamis might occur in the Indian Ocean again by bringing devastation to coastal
regions of Sri Lanka, according to the disaster risk index of 2017 published by the Disaster Management Centre
of Sri Lanka. Thus, a proper understanding of possible tsunami inundation levels and tsunami-inducing impacts
on structures are prerequisites for disaster prevention and management activities. Hence, this thesis explores the
disaster management mechanisms and impacts caused to an onshore coastal residential structure by tsunamis.

Chapter 1 provides a general background about the tsunami risks and induced forces on an onshore residential
structure with the problem statement and the objectives of this study.

Chapter 2 summarises the findings of previous research studies in detail to identify research gaps and
formulate research methodologies.

Chapter 3 explains the numerical simulation carried out to reproduce the 2004 Indian Ocean tsunami for the
selected cities in Sri Lanka to identify the inundation levels, extents and vulnerable zones.

Chapter 4 describes the details of the tsunami risk assessment conducted for selected cities in Sri Lanka to
identify the existing tsunami management and disaster preparedness mechanisms available. Possible policy
improvements and suggestions for general improvements are discussed.

Chapter 5 reports the experimental investigation conducted to examine the hydrodynamic impacts of the
identified actual tsunami conditions during the risk assessment. Hydrodynamic impacts on a free-standing
cuboid-shaped structure exerted by tsunami-like waves were evaluated. Further, the parameters measured
during the experiments are reported, and the comparisons with empirical formulations are also discussed.

Chapter 6 describes experiments carried out to investigate the debris transport mechanism of the floating
objects entrained by tsunami-like waves. An open-source optical tracking code was applied to track the debris
motion to estimate moving speed and spread and the probability distribution of lateral dispersion. Further,
comparative analysis with multiple debris scenarios is discussed.

Chapter 7 elaborates on the experimental findings of debris-induced impacts on a free-standing cuboid-shaped
structure. Obtained results are explained to understand the debris-structure interaction, types of impact modes
and exerted structural response. Further, debris-induced impacts are compared with the hydrodynamic effects.

Chapter 8 reports the adopted numerical method to establish a numerical flume to aid the conducted laboratory
experiments. Details of selecting a suitable numerical method, governing equations, discretisation and solution
schemes, and a calculation domain and the respective boundary conditions are discussed. Further, the comparison
of measured and simulated parameters is presented.

Chapter 9 describes the derivation of analytical equations of debris motion of single debris, which needed to be
incorporated into the developed numerical flume to simulate the debris driftage due to tsunami-like flows.
Finally, Chapter 10 concludes this work by summarising the key findings. In addition, some recommendations for

future research are emphasised.
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