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ωFounded in 1977
ωEvaluating various building products 

from screws right up to whole houses
ωWind tunnel tests
ωDamage investigations
ωVulnerability models

Load Cycles

Pd

2.0 x Pd

10200
0

TR440 (1170.2) for Qld and WA

CTS



www.jcu.edu.au/cts

ÅPeak gust estimated 70m/s (250 km/h) 

Å70-90% of housing destroyed

ÅEngineered structures performed better (in terms of structural robustness)

Queensland Home Building Code (1982)

BCA/NCC, Standards, TRADAC, Manufacturer load tables, etc. 

Cyclone Tracy (1974)
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Robustness

National Construction Code



www.jcu.edu.au/cts

AS/NZS 1170.2:2021

Minimum  design standards

NCC: Class 2 Importance level

10% in 50 yrs prob of exceedance

(1:500 Annual probability of 

exceedance)

70 m/s  
(250 km/h)

87 m/s  
(300 km/h)

57 m/s
(200 km/h)

Approximate wind speeds

45 m/s  
(160 km/h)
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Wind loads on building

Flow over and 
around building 

Consider the forces caused by pressures induced by wind passing over structure



www.jcu.edu.au/cts

Small 

Internal 

pressures
Positive 

pressure 

on wall

Negative 

pressure on 

lee wall

Negative pressure 

on roof

Large negative 

pressure at windward 

edge

Wind loads on building



www.jcu.edu.au/cts

Large 

Internal 

positive 

pressures

Negative 

pressure on 

lee wall

Positive 

pressure 

on wall

Negative pressure 

on roof

Large negative 

pressure at windward 

edge

Typically, designers only consider dominant 
opening for regions, C and D only

If an opening forms in the external envelope of the building  

ŜΦƎΦ ŀ ǿƛƴŘƻǿ ƛǎ ōǊƻƪŜƴ ƻǊ ŀ ŘƻƻǊ ōƭƻǿǎ ƛƴΧ  

Wind loads on building
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IBHS full scale wind tunnelwww.disastersafety.org 
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IBHS full scale wind tunnelwww.disastersafety.org 
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AS/NZS 1170.2:2021

Minimum  design standards

NCC: Class 2 Importance level

10% in 50 yrs prob of exceedance

(1:500 Annual probability of 

exceedance)

70 m/s  
(250 km/h)

87 m/s  
(300 km/h)

45 m/s

57 m/s
(200 km/h)

Approximate wind speeds

{ƻΧ CǊƻƳ ŘƛŦŦŜǊŜƴǘ ŘŜǎƛƎƴ ŎǊƛǘŜǊƛŀ ŦƻǊ ƛƴǘŜǊƴŀƭ ǇǊŜǎǎǳǊŜ
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Track, affected area



www.jcu.edu.au/cts

Why do damage surveys?

Perth thunderstorm

Cyclone Yasi

Cyclone Yasi

ωAre our design standards 
appropriate?

ωWas the design criteria (wind speed) 
exceeded?

ωCorrect implementation of design 
criteria?

ωAppropriate materials?

ωAdequate construction quality?
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Kalbarri  - DFES RDA data

Only damaged locations shown

Legend / Damage type
No of 

buildings

No damage/Unaffected 448 50%

Slight damage 213 24%

Moderate damage 131 15%

Severe damage 86 10%

Total damage/destroyed 24 3%

Total 902
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Wind-borne debris
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Wind-borne debris
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Total roof loss and wall damage

Not robust and not resilient!

Changes to Code:

ÅWind Region B2 cyclonic in AS 4055 and AS/NZS 1170.2 (amd 2024)

Now need to design assuming dominant opening (as 
well as wind rated garage doors and LHL for cladding)
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Wind driven debris

Å Small

ï Tiles

Å Medium

ï Battens

ï Sheets

Å Large

ï Roofs

ï Sheds

ï Big consequences
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Wind driven debris test

Australian Standard Test (AS/NZS1170.2):
Å 4 kg 100 x 50 mm timber travelling at > 28 m/s (100 km/h) (Region C house)
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Wind driven debris test

Australian Standard Test (AS/NZS1170.2):
Å 4 kg 100 x 50 mm timber travelling at > 28 m/s (100 km/h) (Region C house)
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Cyclone Vance 1999

Debris screen mounted 
away from window to 
allow for deformation
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Very wide
Slow moving 
Lots of rain
Stalled as a Cat 1 in Moreton Bay
Crossed an ex-TC

TC Alfred
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During its journey West
Winds forecast: 140 to 150 km/h

TC Alfred
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Max gusts approx. 32 m/s (100 km/h)
Days of driving wind and rain

ex TC Alfred
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100 km/h too low 
for:

- Lifting tiles
- Lifting wind-borne debris
- Blowing in garage doors

But found weak links

-    Corrosion in steel
-    Rot in timber
- Poor design
- Water ingress
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Contemporary Construction

ÅVery little structural damage

ÅLots of wind-driven rainwater ingress

ÅBalcony pavers

ÅFailure of windows and podiums near ground level

ÅBasements

ÅInternal pressures



www.jcu.edu.au/cts

Water Ingress ς ex TC Alfred
ÅRoofs ς small leaks from wind-driven rain (buildings OK in rain if without wind)

ÅWalls ς leakage through single leaf concrete blocks, flashings

ÅWindows ς pressures above AS water penetration test pressures but lower than 
serviceability pressures
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Basements and ground floors ς ex TC 
Alfred

ÅSeepage on a good day is brown (corroded r/f)

ÅWater can take out power (switchboards, fire panels, meters, transformers)

ÅNo power, no pumps

ÅReliability of back-up power? (Lifts, pumps, emergency lighting, fire 
systems, ventilation)
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Robustness and Resilience?

Goes beyond the current NCC in terms of Life Safety (but must evacuate if in an evacuation zone)

[ŜǘΩǎ ŘŜŦƛƴŜΧ

Resilience is about Maintaining Functionality  
ÅThe building (home, shop, school, etc.) is able to be mostly functional within a short time of 

being impacted from storm, flood etc. 
ÅMinimize damage and therefore minimize displacement of people
ÅThe community recovers quicker (and needs less external support)
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Wind driven rain (WDR) ingress

ÅExtensive damage to 
Plasterboard linings
ÅCorrosion of framing 

elements
ÅNon structural elements
ÅMold and bacteria
ÅOdour

In every cyclone or thunderstorm damage 
investigation report conducted by the CTS 
back to Cyclone Winifred mentions damage 
due to water ingress 
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.ǳǘ ŘƻƴΩǘ ƴŜŜŘ ŀ 
hole in roof to let 
the water in

Due to low design test requirements 
(AS2047) for windows/doors water ingress 
and associated damage to house can be 
expected when heavy rain occurs with 
wind speeds greater than about 30 m/s.

Require levels of performance 
(ratings) that give the 
purchaser knowledge of the 
ŀƳƻǳƴǘ ƻŦ άŎƻƴǘǊƻƭƭŜŘέ ǿŀǘŜǊ 
to enter into the building
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Text analysis of claims data for Strata buildings

With defective roof

Without roof damage

With roof damage

Without opening damage

With opening damage

Total Mentions

CTS report TS899:
www.insurancecouncil.com.au/assets/report/Independent%20strata%20study.pdf 

CTS Report TS948
www.insurancecouncil.com.au/assets/media_release/2014/July%202014/100714%
20Report%20JCU%20Engineering%20Inspection%20Scheme.pdf

http://www.insurancecouncil.com.au/assets/report/Independent%20strata%20study.pdf
http://www.insurancecouncil.com.au/assets/media_release/2014/July%202014/100714%20Report%20JCU%20Engineering%20Inspection%20Scheme.pdf
http://www.insurancecouncil.com.au/assets/media_release/2014/July%202014/100714%20Report%20JCU%20Engineering%20Inspection%20Scheme.pdf
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Resilience of PV systems

Impact from STC Ilsa (2023) in WA
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How do PV survive in strong winds?

2023 impact from 
STC Ilsa in WA
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How do PV survive in strong winds?
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How do PV survive in strong winds?

What is the regulation for PV design?

Is there NCC design criteria?

CTS is advocating for appropriate design criteria to 
match the requirement (importance) of use.
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https://www.abc.net.au/news/2025-11-04/105966036 https://www.jcu.edu.au/cyclone-testing-station/reports/Technical-Report-60-
Investigation-of-Damage-Brisbane-27-November-2014-Severe-Storm-Event.pdf

Hail
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Collaborative research project with Unimutual and TEFMA

Investigate the performance of building products to hail impacts
ÅMetal cladding
ÅRoof tiles
ÅPlastic roofing
ÅPV panels

Utilise damage data from Unimutal to compare with current hail test methods
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https://www.abc.net.au/news/2025-11-13/solar-power-
panel-damage-giant-hail-queensland/105992850

https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850
https://www.abc.net.au/news/2025-11-13/solar-power-panel-damage-giant-hail-queensland/105992850


www.jcu.edu.au/cts

Å Climate Change is happening at an increasing rate that is faster than 
we understand all the changes and implications

Å hǳǊ .ǳƛƭŘƛƴƎ /ƻŘŜ ŀƴŘ {ǘŀƴŘŀǊŘǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ мл ǘƻ нл ȅŜŀǊǎ άƻƭŘέ ƛƴ 
terms of current lessons learnt

Å ²Ŝ Ŏŀƴƴƻǘ ƪŜŜǇ ǿŀƛǘƛƴƎ ǘƻ άǊŜŀŎǘέ ǘƻ ŀ ŘŀƳŀƎƛƴƎ ŜǾŜƴǘ ǘƻ ǘǊƛƎƎŜǊ 
code change

Å We need to be keeping up with evolution of our building systems 
and accounting for new shapes, methods, products, climate

Å !ǎ ǿŜ ǎǘŀǊǘ ǘŀƭƪƛƴƎ ŀōƻǳǘ нр ƻǊ рл ȅŜŀǊ ƘƻǊƛȊƻƴǎΧ

Å Will we invest in resilient buildings and build beyond the minimum, 
or will building stock be the same as it is now? 

¢ƻ ŎƻƴŎƭǳŘŜΧ
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CTS supporters
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