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Abstract 

This paper discusses application of a component method combining wind tunnel model data and a 

dynamic/aerodynamic model of the vehicle/driver system for prediction of wind induced course 

deviations of road vehicles travelling on bridges. The wind tunnel data comprise mean wind 

distributions obtained in the region of the bridge towers for situations with and without local wind 

screens. The dynamic/aerodynamic vehicle model combines the time rate of change of steady state 

wind induced side force and yawing moment on the vehicle with a second order calibrated model for 

the vehicle/driver interaction.  

1 Introduction 

 Wind induced accidents of road vehicles can broadly be categorized to be due to wind induced 

overturning or wind induced course deviations. While wind induced overturning and means to mitigate 

it have been studied in wind tunnel tests for more than 40 years, wind induced course deviations are 

much more difficult to assess and mitigate. Baker (Baker, 1998) proposed a so called component 

model for the assessment of wind induced course deviations of road vehicles. This model combines 

vehicle aerodynamics and site characteristics as well as dynamic vehicle characteristics with a 

dynamic/aerodynamic model of the vehicle/driver system with a view to predict likely accident wind 

speeds. Baker also supplied a six component dynamic/aerodynamic vehicle/driver mathematical model 

(Baker, 1998) for prediction of course deviations. Recent Japanese attempts to develop mathematical 

dynamic/aerodynamic vehicle/driver models include the two major aerodynamic load components 

responsible for wind induced course deviations, namely side force and yawing moment. A second 

order model for the vehicle/driver interaction is assumed (Charuvisit et al., 2004) and (Maruyama & 

Yamasaki, 2006). The vehicle/driver interaction of the latter dynamic/aerodynamic vehicle/driver 

model was calibrated with the aid of driving simulator experiments and showed good agreement with 

actual measured course deviations of road vehicles entering the sharp edged gust of a landing highway 

rescue helicopter (Maruyama et al., 2006).   

2 Maruyama-Yamazaki Model 

 The success of the Maruyama-Yamazaki model to predict road vehicles' course deviations in 

sharp edged gusts made it interesting for the study of course deviations of road vehicles travelling 

through the wake of bridge pylons and the possible improvement of driving conditions by means of 

local wind screens. 

A case study (Maruyama & Yamasaki, 2006) addresses the bridge tower situation in a generic fashion. 

A typical compact car weighing 1100 kg is assumed to travel at 100 km/h across a bell shaped velocity 
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deficit in which the side wind speed decreases from 25 m/s in the free field to 0 m/s behind an 

assumed bridge tower, Figure 1 (top). The width of the bell shaped velocity deficit is varied from D = 

50 m assuming that wind screens are not present to D = 500 m assuming that very long tapered wind 

screens are located adjacent to the bridge tower. Figure 1 (bottom) displays the predicted horizontal 

course deviations of the vehicle travelling through the four different cross wind velocity deficits. The 

predicted course deviation is in the direction towards the wind (-sign) once the vehicle enters the 

velocity deficit. The wind action on the vehicle is counteracted by the driver steering action yielding a 

half sine wave shaped vehicle path. Once the vehicle leaves the wake region, the course deviation is in 

the direction of the wind (+sign). The course deviation is again counter acted by the driver, making 

another half sine wave vehicle path. For the short defect D = 50 m, a maximum course deviation of 

about 1.5 m is noted, for D = 500 m the maximum course deviation is about 0.3 m supporting the 

notion that placement of local tapered wind screens adjacent to bridge towers may improve driving 

conditions in high cross winds. 

 

 

Figure 1: Generic bridge pylon wind velocity deficit (top) and associated course deviation (bottom) for 

a compact car travelling in cross winds at 100 km/h. 

3 Storebælt Bridge 

 For the Storebælt suspension bridge local wind screens at the towers were considered during 

the design. The design activity was supported by 1:30 scale wind tunnel tests which mapped out the 

velocity field from the road surface and 4 m upwards in regions of about 30 m at either side of the 

tower. The local wind screens were of 50% porosity and lifted 0.8 m above the roadway. The screens 

were 2.9 m high at the towers extending 2.5 m into the spans, tapering down to a height of 0.5 m at a 

horizontal distance of 18.5 m from the towers at which point they were terminated, Figure 2. 
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Figure 2: 1:30 scale of wind tunnel model of the Storebælt bridge deck, towers and local wind screens. 

In addition to the velocity measurements, side force, overturning moment and yawing moment were 

measured on a generic vehicle model (rectangular box) located on the road deck at different distances 

from the 9 m wide tower for situations with and without the wind screens. The force measurements 

indicated that the along span gradient of the yawing moment was halved in presence of the wind 

screen, a result considered satisfactory at the time. However, it was decided to await operational 

experience before installing the wind screens. 

Towers of large suspension bridges are not 50 m wide as suggested in the generic case study discussed 

in the previous section, neither are tapered wind screens usually extended over 100 - 200 m at each 

side of the tower. It was thus relevant to apply the Maruyama-Yamasaki model to the Storebælt wind 

tunnel data discussed above in order to learn if the measured decrease of the yawing moment on a 

vehicle leads to less course deviation, and thus supporting the beneficial effect of the local wind 

screens. The velocity data obtained for the situation with and without the tapered wind screens were 

averaged along vertical profiles from 0.4 m above the roadway to 2.0 m above the roadway to form an 

along span average cross wind profile of what a travelling car may encounter, Figure 3 (top).  

Comparing Figure 1 and Figure 3 it is noted that the Storebælt data presents deficits that are much 

narrower than assumed for the generic case but not as deep going from 26 m/s for the unshielded 

roadway to approximately 12 m/s behind the centre line of the tower. The resulting course deviations 

predicted for a compact car travelling at 80 km/h are shown in Figure 3 (bottom) and are at a first 

glance surprising. For the case without the wind screens the maximum course deviation is 

approximately 0.3 m whereas the predicted maximum course deviation in presence of the local wind 

screens is almost 0.6 m. The explanation is to be found in the vehicle/driver dynamics. From the 

simulator tests used for calibration of the Maruyama-Yamasaki model (Maruyama & Yamasaki, 2006) 

it is noted that a response time of approximately 2 s is needed for a driver to regain the original 

heading after entering a sharp edged gust. In this time the vehicle will have travelled 44 m for the case 

in hand which is almost identical to the width of the velocity deficit for the tapered wind screen case. 

For the case without the wind screens the width of the velocity deficit is roughly 17 m which is much 

less than the distance travelled during the response time. Hence for the case without the local wind 

screens, the driver does not have time to fully respond before the wind loading on the car is re-

established to what is was before entering the wake of the tower. 
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Figure 3: Storebælt bridge pylon wind velocity defect (top) and associated course deviation (bottom) 

for a compact car travelling in cross winds at 80 km/h. 

4 Conclusion 

 Simulation of vehicle course deviations for cars in high crosswinds was carried out for a 

typical large suspension bridge configuration. It is found that local wind screens adjacent to the towers 

are not necessarily beneficial for driving conditions in view of the driver/vehicle dynamics. The full 

paper will address the Maruyama-Yamazaki model in more detail and give guidance for proper length 

of local wind screens for obtaining improved driving conditions.   
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