
Expert Witness Statement of Trenton Gilbert 

(Expert retained by Union Fenosa Wind Australia) 

1 Name and address 

Trenton Gilbert 

Senior Engineer 

Garrad Hassan 
Suite 25, Level 8 
401 Docklands Drive 
Docklands, VIC, 3008 

2 Area of expertise 

(a) I hold the degrees of BE and PhD. 

(b) My qualifications and experience are detailed in Annexure A. 

(c) I am sufficiently expert to make this statement because: 

• I have been involved with shadow flicker analyses for over 1 GW of proposed 
wind energy installations;  

• I have significant experience in using appropriate software applications to model 
shadow flicker hours about wind farm projects; 

• I have the analytical background required to work with the subjects covered here 
as evidenced by the degrees attained above. 

3 Scope 

3.1 Instructions 

Garrad Hassan was commissioned to examine shadow flicker issues for the proposed 
Berrybank wind farm. The resulting report is contained in Appendix 10 of the Berrybank Wind 
Farm Planning Permit Application. 

I have been commissioned by Union Fenosa Wind Australia Pty Ltd to provide expert witness 
evidence based on the work conducted for the planning permit application. 

3.2 Process and methodology 

A shadow flicker assessment for the Berrybank site was conducted by Garrad Hassan in March 
2009. The findings of this analysis are contained in Appendix 10 of the Planning Permit 
Application (Shadow Flicker Assessment). The Shadow Flicker Assessment was conducted 
for Robert Luxmore Project Management, on behalf of Union Fenosa Wind Australia. 

I have drawn on my experience with wind energy projects (detailed in Annexure A) to conduct a 
revision of the analysis in order to address the issues discussed in this statement.   

In carrying out the tasks for the estimation of shadow flicker hours, I have: 

• Reviewed the relevant sections of the “Policy and Planning Guidelines for Development of 
Wind Energy Facilities in Victoria”, 2009 (Victorian Guidelines); 

• reviewed the relevant specifications of the proposed wind turbines; 



• reviewed the locations of the proposed turbines; 

• reviewed the reported locations of neighbouring dwellings; 

• reviewed topographic data describing the locality of the proposed wind farm; 

• independently assessed the extent and duration of shadow flicker arising from construction 
of the proposed wind farm. 

Shadow flicker involves the modulation of light levels resulting from the periodic passage of a 
rotating wind turbine blade between the sun and a viewer. This means that a shadow cast by 
the turbine passes over a viewer, and causes sufficient variation in light levels to cause 
annoyance. Shadow flicker typically only occurs up to a distance of around 10 rotor diameters 
from a turbine [i

Although shadow flicker can be perceptible outdoors if a viewer is in close proximity to a turbine, 
it is more likely to be a problem indoors when ambient light levels are low. In this situation, the 
turbine blade intercepting direct sunlight into a room can cause large variation in light levels, 
and therefore annoyance for a viewer. 

] or approximately 1 km for a modern wind turbine with a rotor diameter of 
100 m. Beyond this distance the shadow is diffused such that the variation in light levels is not 
likely to be sufficient to cause annoyance. 

The Victorian Guidelines for the development of wind farms in Victoria [ii], state that: 

“The shadow flicker experienced immediately surrounding the area of a dwelling (garden fenced 
area) must not exceed 30 hours per year as a result of the operation of the wind energy facility.” 

Whilst the Victorian Guidelines suggest that it is possible to determine the annual duration of 
shadow flicker, this is far from straightforward.  The simplest method to calculate shadow flicker 
examines the quantity of shadow flicker from a purely geometrical standpoint.  Such a style of 
calculation is the simplest, but tends to over-estimate the number of hours of shadow flicker 
experienced at a dwelling [iii,iv].   

There are a number of reasons why the theoretical duration of shadow flicker provides a 
conservative assessment.  Firstly, the modulation of light levels resulting from the passage of a 
wind turbine blade in front of the sun is a function of many variables.  Most important is the 
distance from the turbine. However, the level of humidity and other dispersants in the air, 
incidence of cloud cover and other factors all influence the quantity and intensity of shadow 
flicker experienced at a location, and serve to reduce the theoretical impact.    

The modelling process also does not take into account any reduction in shadow flicker duration 
due to shielding by vegetation or other structures. 

Calculation of the theoretical duration of shadow flicker is also usually undertaken based on 
simplifying assumptions regarding operation of the turbines; 

• The modelled shadow flicker hours assume that the wind turbine is constantly yawed to the 
worst case position of facing into or away from the sun; 

• periods where the wind turbine is not in operation due to low winds are not considered. 

I have assumed that the locations of proposed turbines and reported house locations in the 
vicinity of the wind farm are as reported to me by Robert Luxmore Project Management and 
Union Fensosa Wind Australia Pty Ltd.  

Independent analysis of the duration of shadow flicker has been conducted for dwellings 
neighbouring the proposed Berrybank wind farm, assuming a maximum turbine hub height of 
100m and a maximum turbine rotor diameter of 104m (maximum total height 152m).  It is noted 
that the maximum turbine dimensions currently proposed by Union Fenosa Wind Australia for 
the Berrybank wind farm (as described in the Planning Permit Application) include a hub height 
of 80 m and a rotor diameter of 101 m (maximum total height 130.5 m). This means that the 
results obtained from the analysis will be conservative, as the predicted shadow flicker impact 
increases with increasing turbine dimensions.   

The assessment has been conducted using the GH WindFarmer software package. 
WindFarmer incorporates a model which describes the path of the sun throughout the year, and 
can calculate the relative position of the sun, wind turbines and dwellings to predict the shadow 
flicker durations in the vicinity of the wind farm site.  

I have been assisted in this analysis by Ollie Mannins and Graham Slack, colleagues within 
Garrad Hassan. 



3.3 Reports and materials reviewed 

I was instructed to consider the following materials when conducting the shadow flicker 
analysis: 

• Topographic data supplied by Union Fenosa Wind Australia Pty Ltd and Robert Luxmore 
Project Management and also data from publicly available sources; 

• Dwelling locations provided by Union Fenosa Wind Australia Pty Ltd and Robert Luxmore 
Project Management; 

• Wind turbine dimensions from Union Fenosa Wind Australia Pty Ltd; 

• Wind farm layout supplied by Union Fenosa Wind Australia Pty Ltd and Robert Luxmore 
Project Management. 

3.4 Additional work undertaken since exhibition of application 

The Shadow Flicker Assessment was completed in March 2009. In September 2009, a revised 
version of the Victorian Guidelines were issued, which included a modified statement regarding 
the evaluation of shadow flicker at a dwelling. The modified statement can be seen below: 

“The shadow flicker experienced immediately surrounding the area of a dwelling (garden fenced 
area) must not exceed 30 hours per year as a result of the operation of the wind energy facility.” 

This is in contrast to the previous version of the guidelines which stated: 

“The shadow flicker experienced at any dwelling in the surrounding area must not exceed 30 
hours per year as a result of the operation of the wind energy facility.” 

The revised guidelines therefore indicate that shadow flicker duration should be assessed not 
only at the dwelling itself, but also in the vicinity of the dwelling. This revision is similar to a 
recommendation in the Public Consultation Draft of the EPHC National Wind Farm Guidelines 
(Draft Australian Guidelines) [v], which suggests the shadow flicker duration at a dwelling be 
taken as the maximum value of shadow flicker duration within 50 m of the centre of the dwelling.  

The Draft Australian Guidelines provide a methodology for assessing the shadow flicker 
duration within 50 m of the centre of the dwelling. This approach has been assumed to provide 
a value for the shadow flicker duration that will be representative of the shadow flicker 
experienced “immediately surrounding the area of a dwelling”, and has been followed here to 
reassess the shadow flicker duration to ensure the wind farm complies with the revised 
Victorian Guidelines. The revised shadow flicker durations can be seen in Table 1. 

Additionally, the shadow flicker map included in the original Shadow Flicker Assessment was 
found to contain a minor inconsistency compared with the numerical results in the report, and 
has been regenerated. The revised shadow flicker map can be seen in Figure 1. 

4 Findings 

4.1 Summary of opinions  

The Shadow Flicker Assessment completed by Garrad Hassan was exhibited with the planning 
permit application and I adopt it as the basis for my expert witness statement and evidence.   A 
summary of my findings is contained within this statement. 

The results of the shadow flicker modelling are provided in Figure 1, in the form of a shadow 
flicker map showing the number of hours of shadow flicker experienced annually at locations in 
the vicinity of the wind farm. These are shaded by colours delineating the predicted number of 
hours of shadow flicker per annum. 

The modelling shows that when assessed under the 2009 Victorian Guidelines, there are two 
existing non-stakeholder dwellings (i.e., those where the landholder has no licence agreement 
with the developer) that are predicted to experience some shadow flicker, one of which is 
understood to be a ruin that is uninhabitable. However in both cases the predicted durations are 
less than 30 hours per annum. Therefore, compliance with the recommendation that shadow 



flicker durations do not exceed 30 hours per annum in the vicinity of dwellings surrounding the 
wind farm is predicted to be achieved at all non-stakeholder dwellings. 

There are six stakeholder dwellings (i.e., those where the landholder has an agreement with the 
developer) which are predicted to experience some shadow flicker. Three of these dwellings 
(two of which are uninhabited) are expected to experience greater than 30 hours of shadow 
flicker per year, however it is assumed that this has been deemed acceptable to the landholder 
through their agreement with the developer. If these stakeholders find this level of shadow 
flicker to be unacceptable, mitigation options, such as the installation of screening structures or 
trees are available to reduce the shadow flicker duration experienced at those dwellings. 

In the results presented here, a number of effects which may reduce the incidence of shadow 
flicker, such as cloud cover and variation in turbine orientation, were not taken into account. 
Exclusion of these effects means that the assessment is conservative and is expected to over-
estimate the number of shadow flicker hours.  

Cloud cover is typically measured in oktas or eighths of the sky covered with cloud. It is noted 
that at the Lismore Post Office Bureau of Meteorology Station (which is approximately 15 km 
from the Berrybank wind farm), the average annual cloud cover obtained from readings at 9 am 
and 3 pm is 5 oktas [vi]. This means that on average 5/8 or 62.5% of the sky in the vicinity of the 
wind farm is covered with cloud at those times of day. A reduction in the shadow flicker duration 
proportional to the amount of cloud cover can be expected.  

Similarly, turbine orientation can have an impact on the shadow flicker duration. The shadow 
flicker impact is greatest when the turbine rotor plane is approximately perpendicular to a line 
joining the sun and an observer, and a minimum when the rotor plane is approximately parallel 
to a line joining the sun and an observer. An assessment of the likely reduction in shadow flicker 
duration due to variation in turbine orientation was conducted as part of the Shadow Flicker 
Assessment, which indicated that reductions of approximately 35% could be expected.  

5 Response to key submissions 

A number of objections have been raised regarding the shadow flicker analysis completed for 
the proposed Berrybank wind farm. 

(a) Use of property as a buffer 

A number of submissions raised concerns about shadow flicker on parts of properties without 
dwellings that are currently used for farming purposes, suggesting that these parts of the 
property were being used as a buffer for the wind farm. Under the Victorian Guidelines it is only 
necessary to assess shadow flicker duration in the vicinity of existing dwellings.  

(b) Health impacts of shadow flicker on outdoor workers 

A number of submissions raised concerns about occupational health and safety for workers on 
farmland which experiences shadow flicker.  

The effects of shadow flicker are generally most prominent to an observer indoors. This is 
because light levels indoors are low and the shadow from a turbine has the potential to intercept 
the only light source.  

When an observer is outside, they are exposed to ambient or diffuse light as well as direct 
sunlight. This means that if shadow flicker occurs, the variations in light level are typically lower 
in amplitude, and therefore less likely to cause annoyance. 

I am not aware of any specific guidelines or legislation describing the requirements of a 
workplace with regard to allowable level of shadow flicker from wind turbines. As noted above, 
the Victorian Guidelines place a limitation on shadow flicker in the vicinity of existing dwellings, 
but not at any other outside locations. 

It is acknowledged in the Draft Australian Guidelines [v] that the key risk associated with 
shadow flicker is annoyance for an observer, and that there is a negligible risk of distraction of 
vehicle drivers or of other health effects such as initiation of epileptic seizures. Regarding 
epilepsy, it is noted in the Draft Australian Guidelines that only 1 in 4,000 people suffer from a 
form of epilepsy which involves sensitivity to strobing light, and only 1 in 100,000 people are 
sensitive to frequencies down to 2.5 Hz. Modern wind turbines have a maximum rotational 



speeds of approximately 15 to 20 rpm, corresponding to a blade passing frequency of 0.75 to 1 
Hz, well below the frequency likely to trigger epilepsy,   

(c) Setback of 1km is insufficient to prevent shadow flicker 

A number of guidelines indicate the maximum distance from a turbine at which shadow flicker 
will occur and cause annoyance for an observer. The UK wind industry and UK government 
consider that 10 rotor diameters is appropriate [i], which corresponds to approximately 800 to 
1000 m for modern wind turbines which typically have blade diameters of 80 to 100 m. The 
recently released Draft Australian Guidelines [v] suggest 265 maximum blade chords1

The limits suggested above, are based on the fact that beyond these distances, the intensity of 
a shadow cast by a turbine blade is sufficiently reduced that it is unlikely to cause annoyance for 
an observer. A number of mechanisms contribute to this.  

 as an 
appropriate limit, which corresponds to approximately 800 to 1050 m for modern wind turbines 
which typically have maximum blade chord lengths of 3 to 4 m. Guidance from the Danish wind 
industry available at the time the Shadow Flicker Assessment was conducted indicated that this 
distance was up to 1 km [vii]. For the turbines at the Berrybank wind farm, GH consequently 
assumed that 1 km is the maximum distance a shadow can be cast that is likely to cause 
annoyance due to shadow flicker.  

Firstly, as light from the sun passes through the atmosphere it is diffused or scattered by 
particulates within the atmosphere. This has the affect of attenuating or reducing the intensity of 
shadows cast by this light. The attenuation increases the further the light travels through the 
atmosphere. 

Secondly, beyond approximately 1 km, only a portion of the sun is obscured by a turbine blade, 
and consequently sufficient direct light reaches an observer that the intensity of the shadow is 
reduced. Figure 2 shows a depiction of the different parts of the shadow cast by an object such 
as a wind turbine blade. In the portion of the shadow known as the umbra, the sun is completely 
obscured by the object. Outside of the umbra, only a portion of the sun is obscured by the 
object, light directly from the sun reaches the observer, and the intensity of the shadow is 
decreased relative to that experienced in the umbra. The further an observer moves from an 
object casting a shadow, the smaller the portion of the sun obscured by the object and the lower 
the intensity of the shadow.  

For a modern turbine, the umbra of the shadow cast by the thickest part of the blade ends 
approximately 4 rotor diameters from the turbine. The umbra from thinner parts of the blade will 
end at a shorter distance from the turbine. 

At a distance of approximately 1 km, the width of the thickest part of the blade only covers 
around 40 to 45% of the diameter of the sun when viewed by an observer. Thinner parts of the 
blade (which cover a larger part of the rotor area) will cover even less of the sun. This means 
that sufficient light passes around the blade to diffuse the shadow, reducing its intensity, so that 
a typical observer will not experience variation of light levels of an amplitude likely to cause 
annoyance.  

(i) Shadows observed extending up to 2km at Waubra wind farm 

An example was cited of shadow flicker observed at a distance of 2 km from a turbine at the 
Waubra wind farm. It is possible that faint shadows may be cast to distances of greater than 
1 km by a modern wind turbine, however at distances of greater than 1 km, the variation in 
light levels is expected to be sufficiently low that it will not cause annoyance for an observer.  

The Waubra wind farm consists of wind turbines with rotor diameters of approximately 80 m. 
Assuming a maximum blade chord of 3.2 m, which is typical for a wind turbine of this size, 
only around 20% of the diameter of the sun would be obscured by the turbine blade at a 
distance of 2 km. Although it is possible that a faint shadow may be cast at this distance,   
the resultant shadow would be diffused such that the resulting variation in light level at that 
location would not be significant. 

(ii) Aircraft at 30,000 ft can cast a shadow  

It is possible that an aircraft at a height of 30,000 ft (approximately 9.1 km) may cast a 
shadow on the ground. However there are a number of factors that make this a poor analogy 
for the shadows which are cast by a wind turbine.  

                                                      
1 The maximum blade chord is the thickest part of the blade 



Firstly, because turbines are located on the ground, shadows are only cast significant 
distances by a wind turbine when the sun is very low in the sky. This means that the light 
from the sun passes through a much thicker portion of the atmosphere, and is reduced in 
intensity and significantly diffused when it reaches an observer. However, in contrast, a 
shadow can be cast by an aircraft when the sun is high in the sky, meaning that the light 
from the sun passes through a thinner portion of the atmosphere, and is less diffused, 
potentially leading to a sharper, more intense shadow.  

Secondly, although the outer dimensions of a wind turbine may be similar to a large 
commercial aircraft (a Boeing 747 has a wingspan of approximately 70 m which is similar to 
the diameter of a wind turbine), the projected area of the aircraft is likely to be significantly 
larger. A depiction of the projected area of an aircraft compared to that of a modern wind 
turbine can be seen in Figure 3. The significant difference in projected area means that the 
portion of the sun obscured by an aircraft will be significantly greater than that obscured by a 
wind turbine at a given distance from an observer, and hence the intensity of the shadow 
caused by an aircraft will also be greater. 

Therefore, while it may be possible for an aircraft to cast a shadow on the ground when it is 
flying at 30,000 ft, this does not imply that the shadow cast by a turbine on the ground can 
be expected to be visible over a similar distance.  

Finally, although the aircraft may cast a shadow when flying at a height of 30,000 ft, the 
aircraft will not fully obscure the sun. Therefore it could be expected that the intensity of the 
shadow will be significantly reduced in comparison to a shadow cast when the aircraft is 
closer to the ground.  

(d) Impact on properties in the Berrybank township 

Concerns have been raised regarding the ability for landowners to develop properties within the 
Berrybank township itself. Figure 4 shows the expected shadow flicker duration in the vicinity of 
the Berrybank township. It can be noted that the majority of the properties in the township are 
further than 1 km from the nearest turbine, meaning that they are not expected to experience 
annoyance due to shadow flicker.  



6 Conclusion 

A Shadow Flicker Assessment was conducted for the Berrybank Wind Farm and was submitted 
as part of the planning permit application for the project. The Shadow Flicker Assessment was 
conducted in accordance with the 2003 Victorian Guidelines, and indicated that no non-
stakeholder dwellings were expected to experience annoyance due to shadow flicker. 

Subsequent to the completion of the Shadow Flicker Assessment the Victorian Guidelines were 
revised. A supplementary assessment has been conducted here in accordance with the 2009 
Victorian Guidelines and indicates that two non-stakeholder dwellings are expected to 
experience some shadow flicker, but the durations are below the allowable limit of 30 hours per 
year. 

Concerns have been raised regarding shadow flicker on farming land in the vicinity of the wind 
farm. It is noted that there are no requirements under the Victorian Guidelines to assess 
shadow flicker at locations not in the vicinity of dwellings, and as far as I am aware there are no 
health and safety implications for workers operating in areas where shadow flicker is occurring. 

Concerns were also raised regarding the assumption that shadow flicker does not occur beyond 
1 km. It is acknowledged that it is possible for turbines to cast shadows beyond 1 km, however it 
is expected that these shadows will be faint, and with an intensity insufficient to cause 
annoyance for an observer. Guidelines established in a number of countries indicate that for a 
modern turbine with a rotor diameter of up to approximately 100 m, shadows cast beyond 
approximately 1 km will have an intensity insufficient to cause annoyance for an observer. 

Finally, concerns were raised regarding the potential for shadow flicker at properties within the 
Berrybank township preventing future development. It is noted that the majority of the Berrybank 
township is not expected to experience annoyance from shadow flicker due to the distance of 
the township from the nearest turbines. 

7 Provisional opinion 

The opinions that I have expressed in this report are based on my experience and the 
experience and advice provided to me by Union Fenosa Wind Australia and Robert Luxmore 
Project Management. Subject to any limitations and exclusions, my opinions are complete and 
accurate in every respect. 

I am satisfied through my inquiries that the opinions I have expressed are reasonable in regard 
to the impact of shadow flicker in the vicinity of the Berrybank Wind Farm. 

8 Declaration 

I have made all the inquiries that I believe are desirable and appropriate and no matters of 
significance which I regard as relevant have to my knowledge been withheld from the panel. 

 

 
Trenton Gilbert 

4 February 2010 
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10 Tables and Figures 

 

    Theoretical Shadow 
Flicker Duration 

House 
ID 

Easting1 
[m] 

Northing1 
[m] Status2 

2003 
Guidelines 

[hr/yr] 

2009 
Guidelines3,4 

[hr/yr] 
9 724123 5799807 Agreement 0.0 15.8 

54 720176 5800321 Agreement 23.0 27.2 
565 719602 5799532 No Agreement 0.0 9.7 
61 719390 5796269 Agreement 21.0 29.8 
62 721670 5796577 Agreement 14.0 16.0 
655 723797 5798337 Agreement 182.0 222.0 
66 722414 5798736 Agreement 58.0 71.3 
765 722703 5792293 Agreement 298.0 338.2 
103 723431 5793860 No Agreement 0.0 17.3 

1 UTM Zone 54 (WGS84 datum) 
2 It is assumed that dwellings belonging to landholders who have an agreement with the 
developer are willing to accept shadow flicker durations in excess of the limits imposed under the 
Victorian Guidelines  

3 Dwellings with zero hours shadow flicker have been omitted from this table 
4 Maximum predicted shadow flicker duration within 50 m of a dwelling  

5 Dwellings classed as uninhabitable 

Table 1: Predicted theoretical shadow flicker durations based on  
2003 and 2009 Victorian Guidelines 



 

 

Figure 1: Theoretical annual shadow flicker duration predicted at the Berrybank Wind Farm 



 

 

Figure 2: Parts of a shadow 

 

 

Figure 3: Comparison of projected area of aircraft and wind turbine 



 

 

 

Figure 4: Theoretical annual shadow flicker duration predicted in the vicinity of the  
Berrybank township 
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Annexure A – Qualifications 

• Doctor of Philosophy (Aerospace Engineering),  
RMIT University, Melbourne, 2003 

Qualifications 

• Bachelor of Engineering (Aerospace, Hons I),  
RMIT University, Melbourne, 1999 

 

• Member, Engineers Australia (IEAust) 

Professional associations 

• Associate, Royal Aeronautical Society (RAeS) 

 

 

Employment history and achievements 

Senior Engineer, GARRAD HASSAN PACIFIC PTY LTD 

(Feb 2008 – present) 

Trenton has conducted analyses for over 3 GW of wind farm projects in support of 
developers and lenders, and has been involved in a range of activities, including:  

• Greenfield site identification, 
• Feasibility assessments, 
• Development of monitoring specifications, 
• Mesoscale wind modelling, 
• Wind data analysis, 
• Wind farm layout design and optimisation, 
• Shadow flicker assessments, 
• Electromagnetic interference analyses, 
• Energy predictions, 
• Site inspections. 

 



 
 

  

 

    
 

Aerospace Engineer, DSTO (Defence Science & Technology Organisation) 

(Apr 2003 – Feb 2008) 

DSTO is responsible for conducting and applying research in support of the Australian 
Department of Defence. Trenton played a key role in a number of projects, including: 

• Development, validation and application of aerodynamic, inertial and 
propulsive models for predicting aircraft loads. These models were used to 
ensure the accuracy of loads measured on instrumented aircraft for the 
purpose for of performing aircraft life assessment.  

• Involvement in flight testing of instrumented aircraft, and subsequent post-
processing, analysis and visualisation of flight test data.  

• Development of ground testing and numerical analysis techniques to assist 
with the prediction of aeroelastic instabilities in highly flexible aircraft. 

• Involvement with ground vibration testing, flight flutter testing and subsequent 
data analysis for the purpose of aircraft envelope expansion.  

• Development of parameter identification techniques based on numerical 
optimisation for use in developing databases for aircraft performance 
assessment. 

• Management of long range research activities in aircraft loading and flight 
mechanics. 

 

Postgraduate Researcher (PhD), RMIT University 

(Mar 2000–Mar 2003) 

Trenton completed his PhD thesis titled “Non-linear Dynamic Modelling of Flexible 
Manoeuvring Structures”. This research involved the development of a technique based 
on a non-linear finite element method for modelling highly flexible robotic and aircraft 
structures in order to predict the loading experienced during manoeuvring. 

 

Engineer (casual), RMIT University 

(Mar 2000–Mar 2003) 

Trenton was employed on a casual basis by RMIT University whilst completing his PhD, 
and was involved in a number of activities, including: 

• Participation in development of numerical analysis and visualisation software. 
• Assessment of structural flexibility of a trainer aircraft from deflection 

measurements. 
• Use of data acquisition systems and data processing for aircraft fatigue life 

assessment. 
• Conducting ground vibration testing and modal analysis of sporting equipment. 
• Lecturing, tutoring and student assessment in computer programming and 

dynamics. 
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