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To most people today, Kit Scruton is remembered for his pioneering work 
on wind engineering and industrial aerodynamics. However, it is worth noting 
that for nearly half his career, he worked on aircraft flutter and it is from this 
scientific base that provided the fundamental techniques for analysis of the 
dynamic response of bridge, buildings and structures. 

Kit Scruton was born in Shipley in Yorkshire in 1911 and joined 
Aerodynamics Department of the National Physical Laboratory, Teddington, 
England, as a Junior Observer in 1929. At that time, NPL was the leading 
aerodynamic scientific establishment in the UK. The Superintendent of Aero 
was Dr. Relf and a central part of its work concerned aircraft stability and 
aircraft flutter. For example the large 14ft x 7ft 'DUPLEX' tunnel was used in 
the run up to the last Schneider T~'ophy contests to aid the winning Supermarine 
Aircraft design team under Mitchell. The flutte~ work had started in 1925 
following the recognition that a number of aeroplanes had been lost as a 
consequence of this phenomena (though if truth be known it was probably a 
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Objectives 
•  To	inform	the	audience	of	wind	effects	on	the	built	
environment,	from	very	low	wind	speeds	to	very	high	wind	
speeds,	paying	par:cular	a;en:on	to	the	issues	of		
serviceability	and	resilience.	

•  To	illustrate	these	effects	with	examples	of		work	carried	out	
by	colleagues	and	co-workers	at	Birmingham	and	elsewhere.	

•  To	irritate	and	provoke	wind	engineering	colleagues	by	
cri:cism	of	current	prac:ce	and	iden:fica:on	of	new	issues.	

Definitions 
•  Serviceability	–	the	ability	of	a	structure	/	network	/	
engineered	environment	to	func:on	in	most	wind	condi:ons	

•  Resilience-	the	ability	of	a	structure	/	network	/	engineered	
environment	to	func:on	when	impaired	by	severe	wind	
condi:ons	and	to	recover	rapidly	when	such	condi:ons	have	
passed	

•  Failure	–	the	failure	of	a	structure	/	network	/	engineered	
environment	in	severe	wind	condi:ons	from	which	recovery	
is	not	possible.		

Contents 
•  From	low	to	high	wind	speeds	

•  Techniques	
•  Informa:on,	illustra:ons	and	irrita:ons	

•  Discomfort	
•  Distress	
•  Disrup:on	
•  Damage	

•  Concluding	remarks	
	

Serviceability 
and Resilience 

From low to high wind speeds 

	 Illustrations	 Mean	wind	speeds	 	

Discomfort	
Pollution	dispersion	

<	7.5m/s	
Low	

<10m/s	
	
	
	
	
	
	

High	
>20m/s	

Serviceability	Pedestrian	comfort	

Distress	 Pedestrians	 5	–	15m/s	 Serviceability	
/	Resilience	Cyclists	

Disruption	
Treefall	 10	–	

20m/s	 Resilience	Roads	networks	
Rail	networks	

Damage	
Small	scale	storm	
systems	 >	17.5m/s	 Resilience	/	

Failure	Flying	debris	
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Low wind speeds  
•  For	low	wind	speeds	<10m/s,	
atmospheric	stability	
(thermal)	effects	are	
important	

•  Stable	atmosphere	–	low	
turbulence	

•  Unstable	atmosphere	–	high	
turbulence	
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Turbuence	intensity	at	coastal	site	
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Lower	limit	

High wind speeds 

Hurricane Irma September 2017 

Storm Doris February 2017 

Hurricane / Storm Ophelia October 2017 

•  Tropical	cyclones	
•  Extra	tropical	cyclones	

Discomfort - 
serviceability 

Distress - 
serviceability 
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Disruption - 
resilience 

Damage – 
resilience / failure 

Damage – 
resilience / 
failure 

Techniques 

Andrew Quinn 
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Mark Sterling        Mike Jesson Dave Soper 

Hassan Hemida 

“As Martin Jensen has 
reminded us the lack of 
full scale verification that 
has been tolerated is 
‘‘embarrassing’’. It is not 
characteristic of other 
technologies such as 
shipping, transportation 
or aeronautics.” 
 

Alan Davenport 1991 

Full scale testing 

Journal of Wind Engineering and Industrial Aerodynamics, 41-44 (1992) 15-22 
Elsevier 
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MARTIN JENSEN: AN APPRECIATION 

by A. G. Davenport  

I first corresponded with 
Martin Jensen on the subject of 
modelling the boundary layer 
in 1958 and met him later, at 
the first International 
Conference at Teddington in 
1963. In 1964 he invited me to 
collaborate on the development 
of the Danish and 
Scandinavian Code on wind 
forces. This meeting laid the 
basis of our fiiendship. After 
this, in addition to the great 
pleasure of working together 
on projects, nay wife and I 
holidayed, toured, attended 
Conferences with Martin and 
Inger and visited their summer 
cottage in Sweden. 

A little over six years ago, Martin Jensen received from the University of 
Western Ontario a Doctor of Science Honoris Causa. His citation referred to him 
as a "bridge builder", in recognition of his achievements both professionally as an 
engineer and also as a scholar, in buiiding b~idges between different fields of 
knowledge. 

His pioneer thesis on shelter from wind is a blidge between aerod:~ namics and 
agliculture, and explores the influence of wind on plant growth and the 
aerodynamic protection provided by trees and hedges. 

"The Model Law for Phenomena in the Natural Wind" is a bridge between the 
effects of wind in full scale and their representation by models in a wind tunnel. 

0167-6105/92/$05.00 © 1992 Elsevier Science Publishers B.V. All rights reserved. 

Martin Jensen 

Information, illustrations and 
irritations  

Discomfort 
 
Air quality measurements in 
railway stations 
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Alice Hickman 

John Thornes  
Xiaonming Cai 

Diffusion tubes NO2 NOX, CO2 and PM 

        

W
in

d 
sp

ee
d 

   
   

   
   

   
   

   
N

O
2 

co
nc

en
tra

tio
n 

•  Atmospheric chemistry 
•  Natural / forced ventilation 
•  Stochastic / deterministic 
•  Public / occupational health 
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Discomfort 
 
Comfort criteria and London City 
model 

UK 
practice 

Lawson (2001)	 LDDC	

Sitting	 5.60m/s , 1% (5)	 Pedestrian sitting	 4m/s, 5%	

Entrance doors	 5.6m/s, 6% (6)	

Pedestrian 

standing	

5.6m/s, 6% (6)	 Pedestrian 

standing	

6m/s, 5%	

Pedestrian walk 

through 	

8.25m/s, 4% (8)	 Pedestrian 

walking	

8m/s, 5%	

People around 

buildings	

10.95m/s, 2% (9)	

Roads and car 

parks	

10.95, 6% (10)	 Business 

walking	

10m/s, 5%	

Distress	 14.1m/s, 0.01%	 Distress	 15m/s, 0.025%	

Tom Lawson 

Beaufort Scale 
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RWDI London 
City model 

Ender Ozcan 

RWDI London City 
model 

Ozcan’s Penguin 
Effect 

Discomfort - reflections 
•  Wind	comfort	is	an	important	aspect	of	urban	serviceability		
•  Human	response	needs	to	be	taken	into	account	–	exposure	
to	pollutants,	wind	comfort	

•  Combina:on	of	stochas:c	and	determinis:c	effects	
•  Wind	speed	range	where	atmospheric	stability	effects	
important,	par:cularly	on	turbulence	–	should	these	be	
taken	into	account	in	wind	tunnel	tests	/	CFD?	

•  Is	there	a	need	for	an	agreed	approach	to	comfort	
acceptability	levels?	

•  Important	to	consider	neighbourhood	as	well	as	building	
scale	

•  Beaufort	Scale	should	be	avoided	

 
 
Distress 
  
Urban winds project 

Author Mean wind 
speed m/s 

Gust wind speed m/s Notes 

Melbourne 
(1978) 

 23 Mean plus 3.5sd’s 

Penwarden 15 to 20   

Hunt (1976)  15 (control of walking) 

20 (danger) 

Mean plus 3sd’s 

Lawson (2001) 14.1 to 17.3   

Soligo (1998) 11.9 to 15 22.2 to 27.8 Mean plus 3.5sd’s 

Compilation 

Bottema 
(1992) 

10 15 (elderly people) 

20 (young people) 

Mean plus 2sd’s 

White (1992)  20 Compilation 

LDCC (in 
Lawson, 2001) 

 15  

Peters (1999)  12.5 to 20 Train gust 

BRB (1971)  11 (passengers) 

17 (trackside workers) 

Train gust 

CEN (2009)  15.5 (passengers) 

22.0 (trackside workers) 

Train gust 

 

“A wind of Beaufort Scale 6 can upset a frail old lady. This is 
not a sexist remark; a lady is specified because she 
normally presents a greater area of clothing to the wind”  
(Tom Lawson, Building Aerodynamics 2001) 

Bridgewater 
Place, Leeds 
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“I'm	concerned	having	heard	all	

the	evidence	there	may	be	an	

offence	of	corporate	

manslaughter	by	one	or	more	of	

the	organisa:ons.	I'm	obliged	to	

adjourn	this	inquest	pending	

further	inquiries	by	the	Crown	

Prosecu:on	Service”	

“I	am	recommending	that	Leeds	

City	Council	closed	the	road	where	

Dr	Slaney	died	when	wind	speeds	

reached	20	m/s	-	about	45mph”.	

	

Melanie	Williamson,	Wakefield	
Coroner	2014,	2015	

Full scale 
measurements 

Mike Jesson 

Ophelia by Sir John Everett Millais 1851 

Physical 
simulation 

Mike Jesson 

CFD 
Simulations 

Dominic Flynn 
Hassan Hemida 

pedestrians on windy days and are the reason that the Biosciences building was chosen for this case 
study. 
 

 
Figure 11 Instantaneous x-component of velocity at z=0.004 m. 

Figure 12 shows mean and 10s peak gusts along the walking route in front of the Biosciences 
building, as highlighted in Figure 5. The gusts are calculated from equation 1, equation 1 with Iu=20% 
and by using a 10s moving average. In the CFD simulations, position four roughly corresponds to the 
location of probe 12. The instantaneous horizontal velocity magnitude and 10 s gusts at position four 
show occasional peaks that are well above the mean values. This is a result of the unsteady wake 
region impinging on that position. All of the methods of obtaining 10 s peak gusts from the CFD fail 
to produce values within 40% of those generated in the wind tunnel tests at position four. 
 

 
Figure 12 a) gust and mean along walking route and b) instantaneous, 10s peak and 3s peak at position four along walking 

route. 

 
FURTHER WORK 
The work outlined in this paper is on-going. Data gathered in the instrumented pedestrian tests and 
moving-model tests will be analysed and be an input to the development of an integrated risk analysis 
approach for the safety of pedestrians, cyclists and vehicles in urban areas. 
 
REFERENCES 
[1] N. Isyumov, ‘Studies of the pedestrian level wind environment at the boundary layer wind tunnel 

laboratory of the University of Western Ontario’, J. Wind Eng. Ind. Aerodyn., vol. 3, no. 2–3, pp. 
187–200, 1978. 

[2] N. Isyumov and A. G. Davenport, ‘Comparison of full-scale and wind tunnel wind speed 
measurements in the commerce court plaza’, J. Wind Eng. Ind. Aerodyn., vol. 1, pp. 201–212, 
1975. 

second sector of maximum gust speeds occurs for the opposing wind direction (around 180°) for 
probe 17 but not for probe 12. This difference may be due to probe 12 being adjacent to an open 
square which reduces funnelling of the southerly wind at this location, while probe 17 is within an 
enclosed street. 
 

 
Figure 9 Maximum 10s gust wind speeds for the open-country probe (9) and the probes with maximum speeds. Vertical 

dotted lines indicated bounds of highest wind speed yaw angles from historic records. 

Further physical simulation will reveal the impact of topography on such simulations, and include an 
assessment of the turbulence spectra. 
 
CFD Simulations 
 
The CFD simulations were conducted using LES which is computationally intensive and prohibited 
many different wind angles from being analysed. For the current case, the wind angle of 270° is 
considered because this is the prevailing wind direction in Birmingham. Figure 10 shows a colour plot 
of the instantaneous x-component of velocity at the centre of the computational domain. It can be seen 
that the campus geometry is well within the boundary layer, with peak velocities occurring much 
closer to the roof of the domain. 
 

 
Figure 10 Instantaneous x-component of velocity at y=0 m. 

Figure 11 shows the instantaneous x-component of velocity on a plane at z=0.004 m. The velocities 
are significantly lower than the freestream values shown in Figure 10 due to the influence of the 
ground plane and a local geometry features. Regions of peak velocities of approximately 5 m/s are 
seen to occur around the base of the biosciences building. These areas are particularly hazardous to 
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Chapter 1 Introduction 

3 
 

Figure 1.1 Typical cycling positions: (a) upright, (b) dropped and (c) time trial. 
 

The aerodynamic drag can be reduced by changing from an upright to either a dropped 

position or a time trial position, hence reducing the cyclist’s required power output. Average 

drag reductions of about 10 % in the dropped position and about 22 % in the time trial 

position are found compared to the upright position, respectively (Zdravkovich et al., 1996, 

Jeukendrup and Martin, 2001, Chowdhury et al., 2011, Defraeye et al., 2010a). More detailed 

information about the drag reduction in different cycling positions will be addressed in 

paragraph 1.2.2. Although the drag significantly reduces when lowering the body position, 

significant decreases in the power output of the cyclist have been observed (Gnehm et al., 

1997, Grappe et al., 1997, Jobson et al., 2008). Previous literature states that for elite cyclists 

the detriment in power output outweighs the aerodynamic gains (Gnehm et al., 1997, 

Jeukendrup and Martin, 2001, Lukes et al., 2005).  These statements are however based on 

elite time trial cycling speeds, e.g. > 45 km/h (Gnehm et al., 1997). For trained cyclists, the 

cycling speeds are usually lower (<45 km/h) and it could therefore be suggested that there is a 

trade-off between aerodynamics and power output. 

In contrast with the reduction of the power output, research on the effect of lowering position 

on the physiological performance leads to contradicting findings. An overview of several 

studies investigating the effect of different cycling positions (upright, dropped or time trial 

                  (a)                                              (b)                                                 (c) 

Chapter 2 General methods 

34 
 

 

Figure 2.10 Wind tunnel experimental setup to measure the forces on a bicycle and cyclist under the influence of 
crosswinds. To investigate a variety of crosswind yaw angles, the bicycle is placed on a turntable. The aerodynamic 
forces are measured with a force platform, which is placed underneath the turntable floor. Inset shows a close-up of 
the measurement frame and force platform. 
 

The force platform is calibrated in all three force application directions (e.g. side force, drag 

force and lift force) by means of calibration weights with a known weight. To calibrate the lift 

forces, the weights are placed directly on the frame with uprights. The side and drag forces 

are calibrated with a force calibration setup as shown in Figure 2.11, in which a rope is 

connected to the bicycle, Figure 2.11(a), and the uprights, Figure 2.11(b), respectively. The 

rope is connected via a pulley to a hanger, on which the calibration weights are placed. For all 

force directions, the force calibration is performed in the full range of the expected 

aerodynamic forces for crosswind yaw angle varying between 0 - 90 degrees. All calibration 

measurements are repeated 10 times. Correction factors for the sensitivity of the force 

platform are calculated and applied on all recorded data. The aerodynamic forces are 

repeatable within ± 0.05 N and have a standard deviation of 0.0424N.  

 

 

Chapter 6 Crosswinds: Experimental study 

96 
 

Figure 6.4 Aerodynamic responses of the mannequin in a 16° and 24° torso angle position relative to the ground. 

 
Figure 6.5 Aerodynamic behaviour of a time trial bike and road bike at different angles of attack. 
 

6.3.2 Moment coefficients 

.In Figure 6.6 the aerodynamic moment coefficients are shown. The rolling moment, CrA, 

increased significantly between 0o and 60o, indicating the importance of considering the full 

range of yaw angles in stability analysis. The pitching moment, CpA, decreased (in absolute 

terms) as the yaw angle increased, whilst the maximum yawing moment is observed to occur 

at approximately 30o. The rolling moment coefficient CrA is mainly determined by the 

vertical moment arm of the side force. Hence, a close correlation (p<.001) can be seen 

between the CrA and side force coefficients CsA (see Figure 6.7). 

The rolling moment coefficient CrA is mainly determined by the vertical moment arm of the 

side force. Hence, a close correlation (p<.001) can be seen between the CrA and side force 

coefficients CsA (see Figure 6.7). The corresponding phase plots show also a strong, almost 

Mark Sterling 
Hassan Hemida 
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Wind angle 

Inclination for 50kg cyclist 
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Distress - reflections 
•  Distress	criteria	are	not	well	specified	yet	wind	distress	
remains	an	important	aspect	of	urban	serviceability	

•  Human	variability	needs	to	be	taken	into	account	
•  Pedestrian	level	winds	are	very	unsteady	and	variable	–	can	
these	be	captured	by	wind	tunnel	/	CFD	

•  Cycle	stability	is	a	growing	issue	and	needs	more	a;en:on	

Disruption 
  
Treefall 

A	Wind-Beaten	Tree	
Vincent	van	Gogh	1883	

A	Spa:o-Temporal	model	
to		quan:fy	the	risk	of	
tree	failure	to	cri:cal	

Infrastructures	in	severe	
weather	condi:ons.	

TREEFALL: Tree Risk Evaluation 
Environment for Failure And Limb Loss. 

Duncan Wyatt   Alan Blackburn Dave Gullick 
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Disruption 
  
Road networks 

Skye Bridge wind restrictions 

THE HIGHLAND COUNCIL Agenda 
Item 

4.3 

SKYE AND LOCHALSH AREA COMMITTEE – 23rd APRIL 2007 Report 
No 

SL-97-07 

 
 

Current Status of High Wind Bridge Closures on the Skye Bridge 
 

Report by Acting Area Roads & Community Works Manager 
 
 

SUMMARY 
This report is to present members with the current arrangements for dealing with high winds 
on the Skye Bridge 
 
 
 
1. BACKGROUND 
 
1.1 During the winter of 2006/07 there were periods where the Skye Bridge was shown as closed on 

the interactive information signs approaching the bridge both Skye-bound and Mainland-bound 
on the A87. 

 
1.2 In addition to this certain local and national radio stations were also announcing that the bridge 

was closed, as was the Traffic Scotland website. 
 
1.3 The bridge however physically remained open to traffic during the period that the sign was 

showing closed. 
 
1.4 As a result of this situation a number of meetings were called at Northern Constabulary HQ 

between Northern Constabulary, Transerv, Transport Scotland and Highland Council with the 
purpose of agreeing a procedure for bridge closures. 

 
 
2. OUTCOME FROM MEETING 
 
2.1 Two meetings were held to discuss the issues, one on 24th January and the other on 7th February. 
 
2.2 Transerv tabled a draft protocol which has trigger levels depending upon sustained wind speed. 

In summary this protocol is: 
 

Wind Speed is 35mph – 50mph: Sign advices “Caution High Winds” 
Wind Speed is 50mph – 75mph: Sign advices “Skye Bridge Closed to High Sided Vehicles” 
Wind Speed exceeds 75mph: Sign advices “Skye Bridge Closed” 
 
The signs automatically change as a result of sustained wind speeds recorded at the bridge itself. 
An fax or email is then automatically generated and sent to Transerv and Northern Constabulary 
HQ. 

 

Start / Finish lay-by 

Andrew Quinn 

Dave Hargreaves 

Federico  
Cheli 

following) in flat ground scenario are presented. The second paper
is devoted to comparing the high-sided lorry with different
vehicle types (tankers, tractor semitrailer combinations and
multiple units vehicles) and to evaluate the effect of the infra-
structure scenario (flat ground, embankment, single and double
viaduct) on the aerodynamic forces and moments acting on the
vehicles. Both mean and unsteady aerodynamic forces and
moments will be presented. In order to gain an insight of the
flow pattern around the vehicles, pressure measurements were
performed together with force measurements.

As already mentioned, this first paper focuses on the tests
carried out on a VAN, considering flat ground scenario. The
experimental set-up will be described and the main results
will be presented. In particular, the sensitivity of the mean
aerodynamic coefficients to the wind–vehicle relative yaw angle
and to the wind turbulence intensity (low, mean and high) will be
shown. The mean aerodynamic coefficients, obtained by means
of force measurements, will be interpreted on the basis of the
measured pressure distribution around the vehicle. Finally, the
aerodynamic admittance function of the force/moment compo-
nents, which are more significant from rollover point of view will
be shown. Taking into account the spatial correlation of pressures
at any two points on the vehicle surface, the aerodynamic
admittance function allows to evaluate the unsteady aerodynamic
forces and moments acting on a vehicle subjected to turbulent
cross wind and thus simulating the vehicle dynamic response
(Cheli et al., 2006).

2. Experimental set-up

In the first part of the experimental campaign, a high-sided
lorry (VAN, Fig. 1), 8 m long, 2.5 m wide and 3.5 m high (full scale

dimensions) was tested: the vehicle is the same, which was
considered in the WEATHER project (Sterling et al., 2010). The
VAN cabin and the wheels were built in resin (RenShape BM5030)
through a CNC machine and then they were assembled on the
VAN trailer, made of wood.

All the tests presented in this paper have been performed
considering a flat ground scenario, representing the vehicle
running on a flat and open terrain. This scenario has been
reproduced by positioning the vehicle model directly on the wind
tunnel floor, as shown in Fig. 1(a).

2.1. Force, speed and pressure measurements

The aim of the wind tunnel tests is to assess the aerodynamic
loads acting on a vehicle due to cross wind. It is important to
point out that a rigid model was used during the tests: this means
that the geometric characteristics of the tested vehicle are
reproduced, but not its inertial, stiffness and damping properties.
Thus the dynamic interaction between the vehicle and the wind
cannot be experimentally evaluated.

The aerodynamic loads acting on the vehicle have been
measured through a 6 component dynamometric balance placed
under the vehicle model and connected to its wheels. Fig. 2 shows
the measurement set-up: the balance is placed under the test
chamber floor, so that the connection bars between the wheels
and the balance are shielded from the wind.

The wind speed was measured through both Pitot tubes,
connected to low pressure micromanometers (Furness FC0510,
range 200–2000 Pa, accuracy 0.025% FSD), and a multi-hole
pressure probe (Turbulent Flow Instrumentation—series 100
Cobra Probe, accuracy 70.5 m/s). The latter instrument allows
to measure the 3 wind speed components with high frequency

Fig. 1. Wind tunnel experimental set-up, VAN vehicle: 1:10 scale model (a) and dimensions (b).

Fig. 2. Wind tunnel experimental set-up: connection between the vehicle and the dynamometric balance.

F. Cheli et al. / J. Wind Eng. Ind. Aerodyn. 99 (2011) 1000–1010 1001
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Figure 1 -  The 22 weather regions used by Network Rail.

Operational context and requirements

8 RSSB

delay minutes being built up. The EWAT will also make decisions 
regarding Network Rail’s other responses to the high wind speed 
event, such as arranging for additional maintenance staff to be on 
duty.

Following the EWAT conference the route control manager will 
then feed information on its decisions to other stakeholders on the 
route (such as passenger train and freight operators), this is 
usually takes place within an hour of the conference. 

Delivery of 
emergency speed 
restriction 
information to 
drivers

Information on emergency speed restrictions is circulated to 
drivers in a number of ways, largely depending on which is most 
appropriate given the timescales involved. Methods used to 
distribute information on extreme weather to drivers include the 
insertion of notices in the driver’s bag / late notice case (if the 
restriction is either in place or already scheduled to be imposed 
before the shift starts), distribution of notices to the drivers at 
scheduled platform stops, signallers stopping trains at signals, 
and radio messages to drivers in an area via the National Radio 
Network (NRN) or the Global System for Mobile Communications 
- Railway (GSM-R).

Live wind speed 
information

The use of live wind speed information to support the national 
forecast is not a required part of the high wind speed alert 
process. For this reason, both the extent to which live data is used 
and the processes involved vary from route to route.

Table 2 -  High wind speed triggers and responses

Wind Speed Action Colour Code

Forecast gusts <= 59 miles per hour No action Green

Forecast gusts 60 to 69 miles per hour Be aware of possible restrictions Yellow

Forecast frequent (one per 10 min 
period minimum) gusts 60 to 69 miles 
per hour sustained over 4 hours

50 miles per hour speed restriction 
after the first 4 hours unless number of 
reported incidents requires immediate 
action

Red

Forecast gusts >= 70 miles per hour 50 miles per hour speed restriction Red

Gusts >= 90 miles per hour Services suspended Red

John Easton 

Dave Jaroszweski 

Disruption - reflections 
•  The	disrup:ve	effects	of	wind	are	those	most	commonly	
experienced	by	the	public	

•  Stochas:c	and	determinis:c	components	
•  Network	disrup:on	is	almost	always	at	a	neighbourhood	/	
regional	/	na:onal	scale	-	Local	failure	can	have	widespread	
effects	

•  Opera:onal	prac:cali:es	can	make	precise	traffic	restric:ons	
difficult	

•  Wind	engineering	input	into	network	maintenance	and	
development	of	urban	resilience	frameworks		(including	
exposure	assessment)	poten:ally	important	–	what	could	be	the	
business	case	for	this?	
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Damage 
  
Small scale storm systems 

Thunderstorms / 
Downbursts 

Physical 
simulation 

Mark Sterling   Mike Jesson 
This year came dreadful fore-warnings over the land of the 
Northumbrians, terrifying the people most woefully: there were 
immense sheets of light rushing through the air, and 
whirlwinds, and fiery, dragons flying across the firmament.  

Tornadoes  

Anglo Saxon Chronicle AD 793 

Tornado 
climatology 

•  Tornado damage caused by 
direct wind loads, pressure 
loads and debris impact. 

•  Effects usually very 
localised. 

•  Community resilience can 
be severely challenged. 
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Tornado vortex generator scaling 

Mark Sterling  Hassan Hemida  Steffi Gilmeier 
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Damage 
  
Wind borne debris 

‘‘the streets lay so covered 
with Tiles and Slates, from 
the Tops of the Houses, 
especially in the Out-parts, 
that the quantity is 
incredible, and the Houses 
were so universally stript, 
that all the Tiles in Fifty 
Miles round would be able 
to repair but a small Part 
of it’’     Daniel Defoe 1703 

  
t

sheet, plate ℓ"

rod, pole 
ℓ"

d 

d compact 
object 

debris items of all types, and appears irrespective of which form of non-dimensionalisation
of the equations of motion is used.

2. The life and career of professor M. Tachikawa

Professor Masao Tachikawa (Fig. 1) received his Bachelor’s degree from The University
of Tokyo, Japan, in 1952. He was awarded Doctor of Engineering in 1971 from the same
university for the dissertation entitled ‘‘Fundamental studies on the features of fluctuating
wind pressures on buildings’’.
He first worked for the Nippon Oil Corporation, Japan, as a structural engineer for 7

years from 1952 to 1959. He joined Kagoshima University (KU), Japan, in 1959, and
started his study of wind engineering. He said that he started wind engineering simply
because Kagoshima was a typical place in Japan subject to typhoon attack. He was a
Professor at KU for 19 years from 1975 to 1994, and was a Professor Emeritus later. He
served as Dean of the Faculty of Engineering, KU, from 1988 to 1991. After retirement
from KU, he was the President of Sendai Polytechnic College from 1994 to 1997.
Masao Tachikawa achieved excellence in the field of wind engineering, and in 1993 he

received an Award of the Japan Association for Wind Engineering (JAWE) in recognition
of his outstanding and innovative contributions.
His first paper in English was ‘‘Wind pressure measurements on bluff bodies in natural

winds.’’ This paper appeared in the Proceedings of US-Japan Research Seminar WIND
LOADS ON STRUCTURES, October 1970, University of Hawaii. He presented the
results of measurements of fluctuating wind pressures on prisms with a square and a
rectangular section model mounted on the rooftop of a four-storey building. The wind
pressures were measured by six pressure transducers and 20–30 U-tube manometers. The
transducers were manufactured by him in 1965, and it was a pioneering work in wind
pressure measurements under field conditions. He used intermediate-size models to
compensate for various difficulties in full-scale measurements of fluctuating pressures
acting on buildings and different features of wind characteristics in wind tunnels.

ARTICLE IN PRESS

Fig. 1. Professor Masao Tachikawa (1929–2001).

J.D. Holmes et al. / J. Wind Eng. Ind. Aerodyn. 94 (2006) 41–4742

Maeso Tachikawa 
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Pedro  
Martinez-Vaquez 

Mark Sterling 

Autorotational lift 
Quasi steady lift 

Quasi steady drag 

Quasi steady pitch 
Autorotational pitch 

Measurement of tornado debris 
trajectories 

Mark Sterling John Bridgeman Fred Bourriez 

Calculation  of debris trajectories Debris impact loading in tornadoes 
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Damage - reflections 
•  Wind	Engineering	design	is	about	much	more	than	the	
design	for	synop:c	gusts	

•  Smaller	storm	types	can	cause	localised	damage	and	
disrup:on	and	severely	impact	local	communi:es	

•  Robust	design	methodology	s:ll	to	be	developed	for	many	
storm	types	to	ensure	structural	resilience		

•  Need	for	loading	data	for	a	range	of	non-synop:c	winds	–	
from	Downburst	generators,	Tornado	Vortex	Generators,	
CFD?	

•  Debris	impact	loads	need	considera:on	to	ensure	building	
envelopes	do	not	fail	

	

Conclusions 

Take Aways 
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•  Wind	Engineering	is	much	broader	than	specifying	structural	
loads	caused	by	extra-tropical	cyclones	to	be	used	in	design	

•  Effects	of	atmospheric	stability	on	turbulence	and	gus:ness	
need	to	be	considered	over	a	wider	speed	range	than	is	done	
at	present	

•  Human	variability	in	ability	and	percep:on	needs	to	be	more	
carefully	considered	in	discomfort	and	distress	evalua:ons	

•  For	network	resilience	assessments	more	emphasis	needs	to	
be	given	to	spa:al	and	temporal	wind	varia:ons,	and	wider	
effects	on	systems	and	networks	

Delay minutes 

3-6 

6-13 

30-89 

89-166 

13-30 

?

00:30

•  4900 delay 
minutes 
between 12:00 - 
00:30  

•  Methodologies	for	combined	determinis:c	and	sta:s:cal	
phenomena	are	required	

•  Methods	for	specifying	loading	due	to	non-cyclonic	storms	
and	debris	impact	need	to	be	further	developed	
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•  Greater	involvement	of	wind	engineers	in	areas	of	
resilience	and	serviceabilty	is	to	be	encouraged	

•  Wind	Engineering	has	much	to	offer	to	a	wide	range	of	
disciplines	–	need	to	think	broadly	

Lodging of 
cereal crops. 
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C. S. S C R U T O N  MEMORIAL LECTURE 

An Appreciation by L. R. Wootton 

Roger Wootton is a 
former colleague of Kit 
Scruton at the National 
Physical Laboratory and 
currently a Director of W. 
S. Atkins Consultants 
Ltd., Epsom, England. 

To most people today, Kit Scruton is remembered for his pioneering work 
on wind engineering and industrial aerodynamics. However, it is worth noting 
that for nearly half his career, he worked on aircraft flutter and it is from this 
scientific base that provided the fundamental techniques for analysis of the 
dynamic response of bridge, buildings and structures. 

Kit Scruton was born in Shipley in Yorkshire in 1911 and joined 
Aerodynamics Department of the National Physical Laboratory, Teddington, 
England, as a Junior Observer in 1929. At that time, NPL was the leading 
aerodynamic scientific establishment in the UK. The Superintendent of Aero 
was Dr. Relf and a central part of its work concerned aircraft stability and 
aircraft flutter. For example the large 14ft x 7ft 'DUPLEX' tunnel was used in 
the run up to the last Schneider T~'ophy contests to aid the winning Supermarine 
Aircraft design team under Mitchell. The flutte~ work had started in 1925 
following the recognition that a number of aeroplanes had been lost as a 
consequence of this phenomena (though if truth be known it was probably a 
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