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Pedestrian,	cyclist	and	road	and	rail	
safety	in	high	winds		

Pedestrians	in	high	winds	
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Bridgewater	
Place,	Leeds	

Video	Clip	removed	

“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	
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Lawson (2001)	 LDCC	

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%	

P e d e s t r i a n w a l k 

through 	

8.25m/s, 4% (8)	 Pedestrian walking	 8m/s, 5%	

P e o p l e  a r o u n d 

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%	

Comfort	and	safety	criteria	

Adequacy	of	safety	criteria?	

Full	scale	
measurements	
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Sensor	

Anemometer	

Video	Clip	removed	
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Lawson (2001)	 LDCC	

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%	

P e d e s t r i a n w a l k 

through 	

8.25m/s, 4% (8)	 Pedestrian walking	 8m/s, 5%	

P e o p l e  a r o u n d 

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%	

PracLcal	operaLon	

Cyclists	in	high	winds	
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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 
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Road	vehicles	in	high	winds	

Skye	Bridge	wind	restricLons	

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. 

 

Video	Clip	removed	
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Start / Finish lay-by 

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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PracLcal	operaLon	

PracLcal	operaLon	
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Rail	vehicles	in	high	winds	
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