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Tropical Cyclone Yasi: Structural damage to buildings 

Executive Summary 

Tropical Cyclone Yasi (TC Yasi) made landfall in the early hours of Thursday 3rd February 2011 

with the eye passing over the Mission Beach region. The maximum wind gusts at the standard 10 m 

reference height in flat open country (i.e. Terrain Category 2 per AS/NZS 1170.2), were estimated to 

be 140 to 225 km/h with a 10% error margin, across the area stretching from Townsville to Innisfail. 

The range of wind speeds across the impacted region is equivalent to 55% to 90% of typical housingôs 

ultimate limit state design wind speed (V500) which is nominally 250 km/h. The localities away from 

the Mission Beach to Cardwell region experienced gust wind speeds towards the lower end of the 

stated range.  

 

A destructive storm surge was recorded between Clump Point and Lucinda but fortunately it did not 

coincide with a high tide. Even so significant damage to several structures resulted from storm surge. 

There was little surge North of Clump Point and a reduced surge was recorded along the coast, South 

of Lucinda. Planning and the development of new construction requirements for buildings within a 

storm surge zone are recommended in order to reduce the risk of structural damage in future events. 

 

Under wind load actions, buildings correctly designed and constructed to the standards/requirements 

introduced in the 1980s performed well. The exceptions were roller doors, tiled roofs and water entry. 

Each of these has been specifically addressed in the report, including recommendations for 

improvement in each case. 

 

Typically less than 3% of all Post-80s houses in the worst affected areas experienced significant roof 

damage, although more than 12% of the Pre-80s housing inspected had significant roof damage. More 

than 20% of the Pre-80s housing in some towns had significant roof loss. Inspections for possible 

hidden structural damage are suggested. Recommendations are made for the upgrading of Pre-80s 

housing to improve the resilience of communities along with ongoing maintenance programs.  

 

The generally low incidence of damage in the Post-80s buildings indicates that the current building 

practices are able to deliver a satisfactory outcome for most of the building structure at these load 

levels, as should be expected since the wind speeds were less than the design criteria. 

 

The study reinforced the need to design the whole low rise building envelope, including cladding, 

doors, windows, roller doors, eaves lining and skylights to resist the expected ultimate limit states 

wind forces. It also highlighted the role of dominant openings in determining the internal pressures in 

buildings.  

 

The report recommends changes to AS 4055 with respect to calculating topographic classes. It also 

suggests an investigation into requirements in AS/NZS 1170.2 for determining internal pressures in 

tropical cyclone-prone areas. It details recommendations for improving AS/NZS 4505 on roller doors 

and AS 2050 on roof tiles. Other key recommendations relate to construction of a óstrong 

compartmentô within each residence for protection of life in case the building envelope is breached by 

large wind-borne debris and/or wind speeds exceeding design levels.  

 

With current design requirements, water ingress through the building envelope is inevitable at wind 

speeds near the ultimate limit state, and unless new water-tightness requirements are developed, 

materials and fittings should be selected with a view to their resilience to wind-driven rain. 

 

The report has highlighted the inadequacy of the sparse anemometer network along the tropical coast. 

Due to the importance of determining the wind speeds that impacted the communities for building 

code development and emergency response planning, the report recommends that systems be put in 

place to establish more anemometers providing better coverage during tropical cyclone events. 
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1. Introduction 
Tropical Cyclone Yasi (TC Yasi) was a severe tropical cyclone with a relatively large diameter 

that crossed the Queensland coast near Mission Beach in the early hours of Thursday 3 February 

2011. The media reported damage of varying severity between Townsville to Cairns, with the 

most severe damage located between Cardwell and Innisfail. Figure 1.1 shows the Babinda to 

Ingham region that contains the study area. 

 

Cyclone Yasi was initially predicted to have a very significant storm surge associated with it, 

mainly because of the large extent of the system and its relatively low central pressure.  

Fortunately, the peak storm surge did not coincide with high tide and so the actual sea water 

rise was significantly less than it may have been for the worst case scenario. 

 

Nonetheless, TC Yasi produced structural storm surge damage and structural wind damage at 

various locations between Innisfail and Townsville. As the warnings of the event were widely 

reported and because the predictions were very dire, there was an evacuation of low-lying 

areas between Cairns and Townsville. Many houses were also evacuated as people made 

decisions as to which of their friendsô houses looked and felt strongest. Due in no small part 

to this community response to the event, there were no casualties due to structural wind or 

storm surge damage, though casualties may have occurred if some of the buildings that were 

badly damaged had been occupied during the event. 

 

1.1 Field investigation 

Teams from the Cyclone Testing Station (CTS) conducted field surveys to investigate the 

performance of buildings (housing, larger residential structures and sheds) under the actions 

of TC Yasi.  

 

The study area extended from Innisfail in the North to Halifax in the South along the 

coastline and extending inland to Tully and the Bruce Highway as shown in Figure 1.1. 
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Figure 1.1 Region of investigation 

 

 

The field study commenced on Friday 4 February with the first phase complete on Friday 

11 February 2011. A follow-up data collection phase was undertaken from Tuesday 

22 February to Friday 25 February. The field study: 
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 Used ówindicatorsô to estimate the peak gust experienced at a number of different 

locations within the study area. This data would augment any anemometer data from 

the bureau and lead to a better understanding of the wind field experienced in the 

study area. 

 Examined contemporary buildings to determine whether their performance was 

appropriate for the estimated wind speeds they experienced. Where damage was 

greater than that expected, common failures were documented in sufficient detail to 

allow recommendations for changes to regulations or construction methods as 

appropriate. 

 Examined patterns of damage to determine whether there are any types of structure 

that appear to have systematic weaknesses. 

 Evaluated the performance of structures that had been repaired following Tropical 

Cyclone Larry to determine whether the repair methods had offered any improvement 

in structural performance. 

 Investigated the performance of larger residential structures such as resorts or holiday 

units. 

 Assessed the ability of the building envelope to withstand wind loading and debris 

impact loading. 

 Determined the extent of structural damage from storm surge in the study area. 

 Conducted street surveys to map patterns of damage and its relationship to 

characteristics of the built environment 

 

1.2 Meteorological information 

 

In late February 2011, the Bureau of Meteorology published the following information on 

their website: http://www.bom.gov.au/cyclone/history/yasi.shtml 

 

 

Information repeated here with thanks to the Bureau of Meteorology: 
 

Summary 

  Severe Tropical Cyclone Yasi began developing as a tropical low northwest of 

Fiji on 29th January and started tracking on a general westward track. The system quickly 

intensified to a cyclone category to the north of Vanuatu and was named Yasi at 10pm on 

the 30th by Fiji Meteorological Service. Yasi maintained a westward track and rapidly 

intensified to a Category 2 by 10am on 31st January and then further to a Category 3 by 

4pm on the same day. 

  Yasi maintained Category 3 intensity for the next 24 hours before being 

upgraded to a Category 4 at 7pm on 1st February. During this time, Yasi started to take a 

more west-southwestward movement and began to accelerate towards the tropical 

Queensland coast. 

  Yasi showed signs of further intensification and at 4am on 2nd February and 

was upgraded to a marginal Category 5 system. Yasi maintained this intensity and its 

west-southwest movement, making landfall on the southern tropical coast near Mission 

Beach between midnight and 1am early on Thursday 3rd February. Being such a strong 

and large system, Yasi maintained a strong core with damaging winds and heavy rain, 

tracking westwards across northern Queensland and finally weakened to a tropical low 

near Mount Isa around 10pm on 3rd February. 

  Yasi is one of the most powerful cyclones to have affected Queensland since 

records commenced. Previous cyclones of a comparable measured intensity include the 

1899 cyclone Mahina in Princess Charlotte Bay, and the two cyclones of 1918 at Mackay 

(January) and Innisfail (March). 

http://www.bom.gov.au/cyclone/history/yasi.shtml


Cyclone Testing Station  Report TR57 

Page 4 of 127 

 

Wind Damage 

  At the time of writing there are no verified observations of the maximum wind 

gusts near the cyclone centre. However a barograph at the Tully Sugar Mill recorded a 

minimum pressure of 929 hPa as the eye passed over suggesting wind gusts of about 285 

km/h were possible. This is supported by measurements (subject to verification) from 

instrumentation operated by the Queensland Government (Department of Environment 

and Resource Management) at Clump Point (near Mission Beach) which recorded a 

minimum pressure of 930hPa. Significant wind damage was reported between Innisfail 

and Townsville where the destructive core of the cyclone crossed the coast. Tully and 

Cardwell suffered major damage to structures and vegetation with the eye of the cyclone 

passing over Dunk Island and Tully around midnight on 2nd February. 

  The largest rainfall totals were near and to the south of the cyclone and were 

generally in the order of 200-300mm in the 24 hours to 9am Thursday. These rainfall 

totals were experienced in the area between Cairns and Ayr, causing some flooding. The 

highest totals were; South Mission Beach 471mm, Hawkins Creek 464mm, Zattas 407mm, 

Bulgun Creek 373mm along the Tully and Herbert River catchments. 

 

Storm Tides 

  A 5 metre tidal surge was observed at the Department of Environment and 

Resource Management (DERM) storm tide gauge at Cardwell, which is 2.3 metres above 

Highest Astronomical Tide (HAT). The anomaly occurred at about 1.30am on a falling 

tide, averting more serious inundation. Some significant, yet far less substantial sea 

inundation occurred on the late morning high tide on 3rd February between the Cairns 

Northern Beaches and Alva Beach, with peak levels measured at DERM's Townsville tide 

gauge close to the expected 0.6m above HAT causing inundation of parts of the city. 

 

***All information relating to intensity and track is preliminary information based on 

operational estimates and subject to change following post analysis*** 

* All times mentioned is Australia Eastern Standard Time (EST) 

 

Coastal Crossing Details 

Crossing time:  12 am - 1am EST, 3 Feb 2011 

Crossing location:  Near Mission Beach, 138km S of Cairns 

Category when crossing the coast:  5 

 

Extreme Values During Cyclone Event (estimated) 

Note that these values may be changed on the receipt of later information 

 

Maximum Category:  5 

Maximum sustained wind speed:  205 km/hr (estimated) 

Maximum wind gust:  285 km/hr (estimated) 

Lowest central pressure:  929 hPa 
 

 

Figure 1.2 shows the Bureau of Meteorologyôs estimates of track and intensity of TC Yasi, 

both as it approached the coast and as it dissipated whilst travelling over land. 
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       Figure 1.2 Track  and intensity information for Tropical Cyclone Yasi 

           (Image courtesy Bureau of Meteorology) 

 

1.3 Purpose of the report 

This report presents the outcomes of the CTS field investigations into structural effects of 

Tropical Cyclone Yasi. It focuses on the following issues that are important to the continuing 

safety of buildings in cyclone-prone regions of Australia: 

 

 Structural performance of buildings constructed under the current regulations. This 

gives feedback as to whether the current regulations are targeting an appropriate level 

of structural safety. 

 Individual structural details that may need to be addressed through Codes and 

Standards to ensure that their performance is adequate. This includes some items 

(such as garage doors and tiles) that have shown poor performance in previous events. 

 The performance of buildings that had been repaired after structural damage in a 

previous tropical cyclone. Some areas affected by TC Larry (2006) and TC Yasi over-

lapped and some buildings that had been damaged in TC Larry and repaired were 

subjected to similar loads in TC Yasi. The investigation had a rare opportunity to 

evaluate the effectiveness of these repairs. 

 Identification of hidden damage in previous events. The investigation sought 

structures that were damaged at lower wind speeds in TC Yasi but reported no 

damage at higher wind speeds in TC Larry. The premature failures of these structures 

during TC Yasi could be attributed to undetected weakening of structural elements 

following a previous severe event. Also signs of partial failures of connections were 

also sought from damage that may have been caused by TC Yasi. 

 Structural storm surge damage. TC Yasi generated a significant storm surge that 

impacted on buildings in a number of different settlements. 

 

 



Cyclone Testing Station  Report TR57 

Page 6 of 127 

 

2. Estimation of wind speeds and directions  
Three approaches were used to estimate the maximum values of 3-second gusts reached at the 

main centres affected by Cyclone Yasi. These were as follows: 

 

a) Use of anemometer data from the Bureau of Meteorology, or other agencies, where 

available 

b) A field investigation of failed and non-failed road signs (ówindicatorsô)  

c) Use of the standard Holland wind field model to predict wind speeds. 

 

Methods (a) and (b) were used to calibrate and adjust the parameters of the Holland model, 

enabling it to be used as an interpolation tool to obtain realistic and consistent estimates of 

wind speed and direction in the region of interest.  

2.1 Analysis of wind data 

2.1.1  Anemometer data 

Data was available from the following anemometers: 

 

 South Johnstone.  The anemometer is located at the Research Station of the 

Queenslandôs Primary Industries and Fisheries (part of the Department of 

Employment, Economic Development and Innovation). The measurement height is 

the standard 10 metres. However, the site is estimated as Terrain Category 2.5 and 

affected by a range of hills to the south (Basilisk Range) with a peak at 252 metres 

above sea level, and the sugar mill to the north-west. The anemometer and direction 

vane appeared to function correctly during the event. 

 Lucinda Point.  The anemometer is located at the end of a 5-kilometre long conveyor 

jetty.  The 3-cup anemometer head is located about 4 metres above the roof of the 

loading shed, which is itself 27 metres above mean sea level. The direction vane 

appeared to malfunction at the height of Cyclone Yasi. 

 Cairns Airport.  Data was available from an automatic weather station (AWS) with 

3-cup anemometer, at this location. The height of this is 10 metres. 

 Townsville Airport.  Data was available from both an AWS and a Dines anemometer 

at this location.  Both instruments are at 10 metres above the airport terrain. 

 East Innisfail. Wind speed and direction data was supplied by Mr. James Begg, a 

member of the Weather Underground, from his WMR2000 weather station located at 

East Innisfail. The anemometer head was located at about 1 m above a house roof 

ridge. 

(http://www.wunderground.com/weatherstation/WXDailyHistory.asp?ID=IQLDEAST2)  

 

In addition to these stations, hardware for a weather station exists at the Army Firing Range 

at Cowley Beach, including a 3-cup anemometer and direction vane, but unfortunately no 

recording equipment has been connected to it for several years, and no data was obtained in 

Cyclone Yasi.  

 

Table 2.1 shows the maximum values of 10-minute mean wind speed, 3-second gust wind 

speed and direction and times of occurrence, during Cyclone Yasi for each of the recording 

stations listed earlier.  

 

 

http://www.wunderground.com/weatherstation/WXDailyHistory.asp?ID=IQLDEAST2
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Table 2.1  Readings from recording anemometers 

Station Maximum 

10-minute 

mean 

(km/h) 

Direction Maximum 

3-second 

gust 

(km/h) 

Direction 

(degrees) 

Time of 

max gust 

(EST) 

South Johnstone 95 NW 130 WNW 12.17 am 

Lucinda Point 137 ? 185 ? 11.31 pm 

Cairns Airport 61 W 93 NW 12.43 am 

Townsville Airport 106 E 135 E 1.23 am 

 

The above values have had no corrections applied to them. However, in the comparisons 

described following, the maximum gust from South Johnstone was corrected to standard 

conditions (terrain category 2) by assuming the surrounding terrain was Terrain Category 2.5 

and dividing the measured value by 0.915. The East Innisfail anemometer readings were 

corrected to allow for terrain and non-standard height of the anemometer. 

 

2.1.2  óWindicatorô data from failed road signs 

Over a 100 failed road signs were inspected during the course of the field investigation.  

Many of these were found to have failed as a result of a footing failure and were ignored. 

Detailed dimensions were obtained from those that had shown a permanent deformation 

resulting from generation of a plastic moment at, or near, ground level. In those cases, a 

suitable non-failed sign was sought in the general vicinity, although this was not always 

possible. In this way, lower and upper limits of gust wind speed were derived.  

 

In the investigation, cases where signs with one, two, or even three, support poles have been 

used, and also cases where non-rectangular plates are installed, and some cases with more 

than one plate on the same sign have been used. Figure 2.1 shows an example of a failed road 

sign used in this investigation. Figure 2.2 shows an upright ódiamondô sign. The calculated 

failure wind gust speed for this common type of sign is 65 to 68 m/s (235 to 243 km/h). No 

examples of failures by wind loading of signs of this type were found anywhere in the survey 

area, thus establishing 240 km/h as a likely overall maximum upper limit of gust speed 

anywhere affected by TC Yasi. 

 

Appendix A.2 gives background on the analysis method for calculating wind speed from 

ówindicatorsô. For each location where a number of potential ówindicatorsô had been 

measured only the highest wind velocity calculated from failed signs and the lowest wind 

velocity calculated from upright signs were tabulated in Appendix A. Their values give the 

narrowest range of estimated wind speeds at this location.  
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Figure 2.1    Failed road sign with increased signage area compared to upright  sign in 

background  

 

 
 

Figure 2.2    Upright  ódiamondô road sign on Bruce Highway near Kennedy  

Sign with larger 
surface failed ï Plastic 

hinge developed in 
steel pipe just above 

ground level 

 

Sign not failed 
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Table 2.2 summarises the results from the ówindicatorô study. Figure 2.3 shows the location 

of the ówindicatorsô and their readings over the study area (between Innisfail and Cardwell).     

 

The averages of the lower and upper limits shown in Table 2.2, give a general indication of 

the maximum expected gusts at the various locations ï with values of 225-227 km/h at Tully 

and South Mission Beach shown.     

 

The lower limit of 148 km/h estimated from a signpost at Townsville Airport can be 

compared with the airport anemometer readings. The 3-cup anemometer at the Townsville 

Airport read 135 km/hr as shown in Table 2.1. However, the Dines anemometer at 

Townsville Airport concurrently showed a maximum gust of 163 km/h, this larger value 

reflecting that this apparatus measures gusts over a shorter time period than the 3-cup 

anemometer. The lower limit from the failed sign lies between these two values. 

 

 

Table 2.2.  Summary of ówindicatorô results 

 

ID  Location Lower limit  

(km/h) 

Upper limit  

(km/h) 

Average 

(km/h) 

A Mourilyan 140 202 171 

B Cowley Beach 194 - - 

C Silkwood 173 187 180 

D Japoon - 198 - 

E El Arish 173 187 180 

F Kurrimine 133 230 182 

G Bingil Bay 194 202 198 

H Mission Beach 187 - - 

I S. Mission Beach 209 245 227 

J Tully 216 234 225 

K Jarra Creek - 198 - 

L Euramo - 176 - 

M Munro Plains 187 - - 

N Dallachy-Bilyana 166 194 180 

O Kennedy 180 245 212 

P Cardwell 198 220 209 

Q Halifax-Macknade 144 184 164 

R Townsville 148 - - 
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Figure 2.3 Upper and lower limits from ñwindicatorsò (km/h) 
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2.1.3  Holland wind field model 

In order to provide a more complete picture of the wind field generated by Cyclone Yasi at 

landfall, the well-known Holland model (Holland, 1980) was employed, primarily as an 

interpolation tool for the data from the anemometers and backed up by the ñwindicatorsò. 

Details of the Holland model, such as choice of parameters used, calibration and sensitivity 

analysis are given in Appendix A.1. 

 

2.2 Wind field 

Figures 2.4 to 2.6 show the expected maximum gusts in the region from Innisfail to Cardwell 

for three locations of the centre of the cyclone, calculated using the standard Holland model, 

with the parameters given previously, calibrated to best fit the anemometer and ówindicatorô 

data as discussed in previous sections: 

 20 kilometres from landfall, 

 at landfall when the centre of the cyclone was over Mission Beach, 

 20 kilometres after landfall when the centre of the cyclone was located over Tully. 

 

Figure 2.4 shows that coastal locations between Wongaling Beach and Tully Heads 

experienced strong south-easterly off-water gusts, when the centre of Cyclone Yasi was 

20 km from landfall. Tully was experiencing gusts from the SSE at that time, while Cardwell 

received gusts from the ESE. Innisfail and Mourilyan experienced peak gusts of 155-

160 km/h from the south-west when the cyclone was in that position.  

 

As Cyclone Yasi made landfall (Figure 2.5), beachside locations from Kurrimine to South 

Mission Beach experienced the eye and very low winds. The winds at Tully turned more 

southerly, and Cardwell is predicted to have received its strongest gusts from the east at that 

time, although these may have been shielded by Hinchinbrook Island. Wind gusts at Innisfail 

and Mourilyan turned more westerly. 

 

When the eye of the cyclone was centred over Tully (Figure 2.6), wind gusts were more 

northerly at the beachside locations from Kurrimine to Tully Heads. Winds at Innisfail, 

Mourilyan and Silkwood were from the WNW. Tully itself experienced the eye, and, of 

course, very low winds at that time. 

 

Figure 2.7 shows approximate contours of the highest estimated gusts that occurred at any 

time during the event. The highest gusts of 215-225 kilometres per hour are estimated to have 

occurred at South Mission Beach, Tully Heads and Cardwell. Tully itself is estimated to have 

experienced lower maximum gusts. However, it should be noted that large-scale topographic 

effects have not been included in the predictions from the Holland model which show 

expected maximum 3-second gusts at 10 metres height over Terrain Category 2 in 

AS/NZS 1170.2. It is possible that channeling between Mount Tyson and Mount Mackay 

produced some amplification of gusts at Tully. On the other hand, some shielding of easterly 

winds at Cardwell by Hinchinbrook Island was likely.    

 

Maximum gusts in the range of 140 to 170 kilometres per hour are estimated to have occurred 

in the Ingham-Halifax-Lucinda area, and at Abergowrie in the Herbert River valley. 
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Figures 2.4 Wind directions and gust speeds from Holland model ï prior to landfall  

(Topographic effects not included and values rounded to 1 m/s and 5 km/h) 






































































































































































































































