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2.2. Track
Figure 2-1 shows the track of TC llsa provided by the Bureau of Meteorology.

Figure 2-1 TC llsa track — Courtesy of BoM

2.3. Anemometer data

Figure 2-2 shows the wind speeds recorded at various locations before, during and after TC llsa crossed
the coast. This data was downloaded from Bureau of Meteorology (BoM) Automatic Weather Stations
(AWS) (Bureau of Meteorology, 2023). The anemometers at Rowley Shoals and Bedout Island
experienced
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Figure 2-2 Wind speeds at different locations (Anemometer data from BoM website)

Table 2-1 Corrections to peak gust from AWS data

Lowest
pressure Time of max
Station (hPa) gust
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3. Estimating the TC llsa wind field
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Figure 3-4 Damage to power transmission tower

Maps of the principal wind directions, representing the first 350 km of the cyclone track over land,
were constructed using observations from a vehicle and the ground-truthing techniques described
above. The plot of wind directions helped refine the cyclone track. It was possible to estimate the time
and duration of the passage of the eye from discussions with people who had sheltered on their
properties during the cyclone. In some cases, security camera vision enabled estimates of the duration
of the eye and evaluation of the wind directions before and after the eye.

The ground-truthing indicated that the eye passed between Pardoo Station and Pardoo Roadhouse,
over Yarrie Station and the Yarrie Mine Village, over Warrawagine Station and Telfer Mine Village. The
refined path is presented in Figure 3-7.

3.1.2. Evaluation of road signs
Upper and lower-bound wind speeds were estimated using damage to 51 road signs along the path of
TC llsa.

f  Lower-bound signs were those which had failed by bending the posts (forming ‘plastic
hinges’). The wind speed to cause the damage was higher than the wind speed that would
have created enough load to fail the post, and this is shown in the left-hand photo of Figure
3-5.

I Upper-bound signs had not failed by forming plastic hinges in the posts and remained upright.
The wind speed cannot have exceeded the speed that would have created enough load to fail
the post, shown in the middle photo of Figure 3-5.

f Where the pole had just started to fail but hadn’t developed a full plastic hinge, the lower-
bound wind speed was likely close to the actual wind speed. This is shown in the right-hand
photo of Figure 3-5. Note that sand had blasted most of the paint off the surface of this sign.

Figure 3-5 Lower-bound and upper-bound road signs
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that the damage was inflicted by large debris and not by wind. Information was collected on the terrain
and topography in the direction from which the wind blew to cause the damage.

The information from each sign was used to calculate a lower or upper bound of the wind speed at
that location, and the wind speed information was plotted as shown in Figure 3-6. The black line in
Figure 3-6 is the estimated path of the cyclone. There were four locations where nearby lower- and
upper-bound signs converged on a single wind speed (highlighted by red circles). The wind speeds at
those locations, and the anemometer data from the Bureau of Meteorology automatic weather
stations were used to prepare a preliminary estimate of the wind speed field.

Figure 3-6 Summary information from road signs

In addition, the observations of river gum damage illustrated in Figure 3-2 noted the following
attributes:

f Inlower wind speed areas, the extent and location of leaf cover remaining

f  In higher wind speed areas, the diameter of branches or trunks that had been broken.

This qualitative information was used to draft the shape of wind speed contours on the map. The
shape of the contours, the road sign data and the anemometer data gave a map of wind speeds over
the study area. This was combined with the map from the numerical model indicated in Section 3.2 to
provide the final wind field.

3.2. Numerical modelling of the wind field
The Australia-wide version of the SEAtide model (SEA, 20
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The peak modelled storm tide at the isolated coastline north of landfall was estimated to only exceed
HAT (Highest Astronomical Tide) levels by up to 1 m along a distance of about 25 km, despite the peak
surge component being around 6 m. This was due to the locally high tidal range and the timing of
landfall near a low tide. However, even modest exceedance of HAT in areas with salt pan margins,

such as near Pardoo, would have experienced shallow saltwater incursion several kilometres inland
during the extre
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4. AS/NZS 1170.2:2021 Regional wind speeds

Figure 3-11 shows the estimated wind speed contours as 0.2-sec gust wind speed in sta(o)4(ur)-11(s)5( )-22D

21



Cyclone Testing Station TR67

22



Cyclone Testing Station TR67

Figure 4-2 Plot of V 0.2-sec along the track of TC llsa

The actual wind speed profile shown on the left of Figure 4-2 and the notional profile had the path
been perpendicular to the coast (the right hand plot in Figure 4-2), are only slightly different. Both
plots show that the maximum 0.2-sec gust in standard conditions for most of the profile was higher
than the design Vsoo.

4.2. Implications of wind speeds for wind regions

As indicated above, no assessment or estimate of the annual exceedance probability of STC llsa was
made, but this section compares the estimated wind speeds to the design wind speeds detailed in
AS/NZS1170.2:2021 to address relative differences across the study area.

4.2.1. Region D northern boundary
In a statistical study of the occurrence of severe tropical cyclones in WA,
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40 m/s 50 m/s 60 m/s 70 m/s 80 m/s (0.2-sec gusts)

Undamaged arrays arrays with damage

Figure 5-1 Location of solar panels observed in the study area

5.1. Undamaged solar panels
The tracking panels for the town power supply at Marble Bar were undamaged and functional during
and after the event, as shown in Figure 5-2. The maximum peak 0.
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Figure 5-3 shows a ground-mounted fixed array that experienced 0.2-sec standard condition gusts of
around 70 m/s. The highest wind was towards the upward-facing slope, as shown by the blue arrow.
There was no sign of bending failures or detachment of the panels. There were few obstructions
upwind of the installation that would have introduced extra turbulence or become wind-borne debris
if they had failed. Although gravel was on the ground around the panels, the glass had not been
broken. The precise details of the mounting system were not observed elsewhere in this study — the
clamps were fixed directly to the rails.

Figure 5-3 Undamaged ground-mounted solar arrays

5.2. Ground-mounted inclined solar panels
Ground-mounted inclined solar panel arrays are used extensively in remote communities in the Pilbara

27
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5.3. Inclined panels mounted on shipping containers

Several solar arrays had been mounted on inclined frames fixed to shipping containers. The shipping
containers contained batteries and other electronic equipment to produce an independent power
supply. The shipping containers were all securely anchored to large concrete blocks.

The failure modes discussed in Section 5.2 also applied to panels mounted on shipping containers.
Figure 5-10 shows some failures of solar panel arrays mounted on shipping containers with the wind
direction that caused the failure indicated by blue arrows. In some cases, the panels had been
damaged by wind directed at the upward facing side of the panels, but in one case, the failures were
caused by wind onto the downward facing side of the panels.

The container itself increased the loads on the panels compared with similar ground-mounted
systems, as shown in Figure 5-11. The aerodynamics of the container generated an increased net
upward pressure onto the panels.

Figure 5-10 Failures of solar panels mounted on shipping containers
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5.4.1. Failure of clamps between the chassis and the rails
Failure of the clamps between the chassis and the rails was observed on ground-mounted inclined
solar arrays, as discussed in Section 5.2.3. Many s
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5.4.2. Failure of the roofing fasteners
Figure 5-14 shows roofs where the rail brackets had removed the roofing screws from the top hat
battens, leading
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5.4.3. Structural damage to roofs under solar panels

The battens and batten straps under the solar panels on one building failed (Figure 5-15). The solar
panels had previously extended across the region that was damaged. The wind direction that
appeared to cause the damage is indicated by the blue arrow.

Figure 5-15 Failure of battens and batten straps under solar panels (image courtesy of Warrawagine Station)

This building was around the same age and almost identical construction to two other similar buildings
on the same site that did not have solar panels. The roofs without solar panels were not damaged,
and none of these buildings had openings on the windward side.

Parackal et al., (2023) present data showing that solar panels can increase the loads on battens in roof
structures under roof-mounted panels. The roof discussed above is one in which the increase in loads
may have caused the failure of the roof with the solar panels compared with similar roofs without the
panels.

Recommendation

Perform research on wind actions on solar panels and the roof structure for a wide range of roof-
top configurations. Use the results to review the pressure coefficients on solar panels in
AS/NZS 1170.2:2021.
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5.6.

Structural Design criteria for solar panels

Damage to solar panels observed in the study had several safety implications:
f Where the panels detached from their fixings, they became sharp edged, wind-borne debris.

l

Solar panel debris impacted other buildings, fences and facilities. The structural performance
requirements in the NCC make it clear that buildings should avoid causing damage to other
properties. To be consistent in protecting occupants of other buildings, the same criteria
should also apply to attachments to buildings such as solar panels.

If the system's failure removed fasteners or sheeting from the roof, the structural
performance of the building was compromised.

f After the event, damaged solar installations had to be electrically isolated to prevent injury.

l
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6. Performance of sheds

Most communities visited in the investigation included sheds that housed activities important to the
core business of the community — vehicle repair functions; storage of chemicals, equipment or
materials; electricity generators or battery storage; vehicle protection or warehousing functions. In
many cases, the value of the equipment stored in the shed exceeded the cost of the shed. In other
cases, damage to the shed caused loss of stored equipment or materials and significant interruption
to the business.

A high percentage of the sheds in
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6.1. Maintenance issues

Signs of corrosion in sheds are often not addressed in routine maintenance and yet they can
compromise performance. Figure 6-2 shows where a small shed had been positioned before the
cyclone. The hold-down consisted of a steel clamp that held a square hollow section (SHS) frame
member to the top of the concrete slab. The clamping brackets (circled) can still be seen in the upper
two photos, but the SHS framing almost completely disintegrated due to corrosion.

The disconnection of the hold-down brackets from the shed frame meant that the shed, complete
with shelving, was lifted off its original position. The air-
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Figure 6-3 Corrosion in members of shelters close to the sea

Some older sheds used timber components as purlins; in some cases, the timber had deteriorated.
This is the case in the shed shown in Figure 6-4.

Figure 6-4 Deterioration of timber in shed elements

Recommendation
Regularly inspect structural elements for signs of deterioration and repair or place as necessary.

The welds in
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6.2. Lightweight shed systems

Several relatively recently constructed sheds experienced significant wind damage. It is important to
consider the effects of internal pressure, even for sheds with permanent openings. Figure 6-6 shows
a relatively lightweight shed with completely open ends. At the time of TC llsa, the shed was full of
hay and had trucks parked across each end. The blockage inside the shed from the contents would
have given an internal pressure that the original shed may not have been designed for. The damaged
elements included sheeting, purlins, and portal frames.

Figure 6-6 Failure of a recent open-ended shed

Recommendation
Design open sheds with an appropriate net pressure coefficient assuming ‘blocked under’, as the
contents of the shed may increase the pressure on the underside of the roofing.

Figure 6-7 shows sheds of different sizes with very lightweight panelpan AMICID 10/Lang (en-AU):BDC q0.00000887 0 &
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6.4. Racking failures

Figure 6-1 showed damage to many sheds, where most failures were caused by uplift loads. Figure 6-9
shows two views of a shed with racking failure. In this case, the tall shed had full-height openings on
each end to accommodate the crane rail. The large surface area on the wide faces gave significant
lateral load, but no bracing was observed on the shorter side walls.

Figure 6-9 Racking failure of a tall shed

There was also a significant lateral component to the failure of the shed on the right-hand photo in
Figure 6-7. These cases underline the importance of lateral load-resisting systems in sheds. Even
where a shed is designed to be open, it is possible that blockage from stored contents create lateral
pressures on the structural system.

Recommendation
Ensure all sheds have adequate wind lateral load capacity (bracing).
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Figure 7-5 Damage to a single unit within a larger building

Some dongas had window protection. The left-hand photo in Figure 7-2 and Figure 7-6 shows a donga
with windows that were protected by debris screens installed with an adequate standoff. These
screens and the use of security-rated doors contributed to the resilience of those dongas.

Figure 7-6 Example of an effective debris screen

By contrast, unprotected windows are illustrated in Figure 7-7, together with doors that did not have
the capacity to resist the appropriate wind actions — in this case, side wall negative pressures.
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7.3. Verandas and other attachments to dongas

To offer protection from the weather, verandas are often attached to dongas on the side that has the
entrance doors. The verandas are not an integral part of the donga and use posts for support on one
side and are attached to the donga chassis through the skin on the other side. Verandas were often
damaged even though the donga itself sustained minimal damage. In some cases, the damaged
veranda caused debris damage to either the donga it was initially attached to or another one.

The damage to the veranda was generally caused by:
I Design of the veranda to a lower wind rating than the donga itself
91 Deterioration of the veranda over time

l
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Figure 8-9 Veranda post and footing

8.5. Roof-mounted items
Functional communication technology is essential for remote communities.

In some cases, damage to the satellite dish installation caused damage to roof sheeting if the
connection was inadequate. Figure 8-10 shows a satellite dish well-connected to the roof structure
and a ground-mounted satellite dish that both performed well during TC llsa.

Figure 8-10 Satellite dishes

Figure 8-11 shows some aerials mounted on buildings that performed well, even though parts of the
building were damaged. The photo on the left is a two-way radio transmitter fixed to a roof with some
damage originating
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9. Conclusions

9.1. Wind field

The Bureau of Meteorology (BoM) accurately predicted the path of TC llsa. Two offshore BoM
Automatic Weather Stations (AWS) recorded wind speeds for part of the event. Only one AWS was
close to the path of the cyclone over land, so ground truthing using vegetation and road signs was
required to verify the track and estimate wind speeds in the area affected by the cyclone. The
completed wind field used this data and a double Holland model to estimate wind speeds throughout
the study area. The same model indicated that because TC llsa crossed the coast near low tide, the
estimated storm tide was around 1 m above the Highest Astronomical Tide level
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9.5.  Other buildings

Many buildings in the study region that performed well did so because they were designed for wind
region D, even if they weren’t in wind region D. They were also regularly checked and maintained or
upgraded if necessary.

The study showed that regular maintenance was required to prevent deterioration of vital structural

elements. Steel in contact with the ground or concrete is more prone to accelerated corrosion and
requires heavier galvanising
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