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The Philippines is an archipelago country situated on the
Northwest Pacific Basin, and its location is unfortunate in terms of the
pathways of typhoons, which can cause massive damage to structures due
to severe winds and storm surges. Perhaps the most significant
Philippine storm surge event in recent history was from Typhoon Haiyan
in 2013, which brought surges of around 5-6 meters at Tacloban City in
Leyte and caused extensive damage to structures and deaths of up to
thousands. To understand the likely impacts that would be exerted by a
storm surge on a structure deemed important (such as a school) the
authors used an integrated weather-surge-structure model that hindcasted
the flooding that took place during. The primary aim of this dissertation
is to clarify the importance of considering flood loads when designing
structures against significant storm surge events, compared with other
design loads such as wind loads, by wusing numerical simulations.
Chapter 1 provides an introduction of this study, including the
motivation of this research that arose from the Typhoon Haiyan storm
surge event. Since it is difficult to provide an accurate estimation of the
effects of wind and flood loads generated by a strong typhoon and storm
surge, an integrated weather-surge-structure model to solve this is
proposed. This chapter also introduces two more tropical cyclone cases:
the 2021 Typhoon Rai in the Philippines and the 2022 Cyclone Batsirai
in Mauritius.

Chapter 2 is dedicated to the literature review for this
dissertation. First, the events during the three typhoon case studies
(Typhoon Haiyan, Typhoon Rai, and Cyclone Batsirai), including related
post-disaster field surveys and numerical modelling from other
researchers, are discussed. For the Typhoon Haiyan case, the intensity
and track of the typhoon, and the shallow bathymetry of the bay resulted
in Haiyan being able to push a significant amount of water from the
south towards Tacloban and nearby towns. Due to the significant damage
brought by the strong winds and surge, the National Structural Code of
the Philippines (the design code of the country) was updated. However,
flood loads are still not usually used in design of new structures, such as

the public school buildings in the country. Next, the models used in
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simulating typhoons and storms surges are discussed at the end of this
Chapter 2 and continued to the numerical methodology in Chapter 3. The
coupled model included the use of the Weather Research and Forecasting
(WRF) Model to simulate the atmospheric conditions during the passage
of Haiyan, the Finite Volume Coastal Ocean Model (FVCOM) to simulate
the storm surge and obtain the boundary conditions for the wind and
flood (hydrostatic, hydrodynamic, and breaking wave), and the Structural
Analysis and Designing Program (STAAD.Pro) to calculate the
corresponding axial, shear, and bending moment envelopes based on the
storm surge simulation. To improve the typhoon modelling, particularly
the track, the Tropical Cyclone Bogussing (TC-Bogus) scheme was used.
A 4-floor public school building in Tacloban was modeled and the effects
that the storm surge would have on a corner column were analyzed.

Chapter 4 provides the results of the weather-surge-structure
numerical modelling for the three tropical cyclone cases. The hindcast
numerical simulation was performed using the TC-Bogussing scheme in
the WRF model, which showed good agreement with observation data.
Thus, the simulated central pressure, wind speed, and track of Typhoon
Haiyan was used as input in the storm surge simulation. In the FVCOM
model results, observations from 3 post-disaster field surveys were used
for validation, and the simulation showed good agreement around
Tacloban area, though the accuracy of the estimation of inundation levels
decreased with distance from this city. The time-series of flood
simulation data at Panalaron Central School in downtown Tacloban was
used as inputs for the wind and flood (hydrostatic, hydrodynamic, and
breaking wave) loads, which were analyzed using STAAD.Pro model.
Based on the structural analysis results, the axial, shear, and moment at
the corner column significantly increased when considering flood loads,
indicating the importance of including such loads in the design of
essential structures.

To demonstrate its versatility, the weather-surge-structure model
was then used simulate two more tropical cyclone cases: the 2021
Typhoon Rai in the Philippines and the 2022 Cyclone Batsirai in
Mauritius. Typhoon Rai hit the central Philippines and reportedly
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brought storm surges in Cebu and Bohol. To verify that storm surges
occurred in the area and explain the watermark levels from a field survey,
the same weather-surge model was used at Tubigon, Bohol and nearby
islands of Batasan, Ubay, and Pangapasan. Additionally, the wind waves
were included in the hydrodynamic modelling.

In the WRF Typhon Rai modelling, there was a slight deviation in
the simulation central pressure, due to the difficulty of simulating a
typhoon over the hilly topography of Bohol. Nonetheless, the wind
speeds were simulated well during its peak. There was also a slight
deviation of 15 km northward in the simulated track. Overall, the
simulated pressure, wind, and track were deemed acceptable for the
storm surge simulation. In the FVCOM-SWAVE modelling, the results
verified that there was a surge that occurred in Tubigon, and high wind
waves were experienced. The numerical model was able to explain the
main factors influencing the measured watermarks at Bohol from
Typhoon Rai. Next, the challenges of simulating Cyclone Batsirai over
the Indian Ocean are explained.

Chapter 5 provides the discussion and explanation of the
simulation results and the importance of the proposed numerical
methodology. As coastal engineers, it is very important to know whether
a storm surge or high wave attack occurs when a typhoon hits a
vulnerable area. As noted in the conclusion in Chapter 6, the importance
of the integrated weather-surge-structure numerical methodology in
understanding the typhoon and storm surge phenomena and the resulting
driving forces are emphasized in this study so people can build back
better. The methodology is flexible, meaning it can be applied to any
typhoon, at any location, and at any structure, so it is recommended to
be applied in the Philippines wherein typhoons are frequent and flood
forces are not included in design of structures. Overall, an integrated
weather-surge-structure model using WRF, FVCOM, and STAAD.Pro was
able to accurately simulate Typhoon Haiyan, its storm surge at Tacloban,
and evaluate the wind and flood forces on a public school building. The
performance of the model was also shown in the simulation of Typhoon

Rai and Cyclone Batsirai.
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