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ABSTRACT

Numerous accidents occur on roundabouts withoungaaiken into account in safety studies, due
to the fact that the risk of fatal injuries in trgguation is relatively low. This type of accident
represented only 1% of injuries in 2001. Howevieeytgenerate damage to the road and create
disruptions for drivers by causing traffic jams.rFhis reason, research work has been
undertaken by the LCPC (the French Central Laborafor Roads and Bridges) and the
Laboratoire Régional de Lyon (Regional LaboratofyLgon) in order to highlight the link
between infrastructure characteristics and HGV dmrts. Part of this work focused on the
parameters influencing accidents occurring on rabondts and was divided into three steps.

Firstly, a literature review was made, in ordendentify several roundabouts where accidents
occur. This work was done with the CETE Normandeni: (a technical service of the French
Ministry of Transport, which is specialised in roadfety). The whole study selected three
roundabouts for simulations. This article presémésresults obtained with one of the three.

Secondly, a software called PROSPER was used, wdliolvs the simulation of vehicle and
road interactions. This software was first validatey a study on Heavy Truck Rollover
Simulations (Delanne et al., 2002). Specific dyratasts were carried out with an instrumented
truck and PROSPER was proved to give accurate gireas of vehicle dynamics parameters
such as yaw speed or wheel lift.

Lastly, geometrical parameters (crossfall) andam@fcharacteristics (Sideway Force Coefficient)
were modified in order to evaluate their influerme road accidents. The study particularly
focused on the maximum longitudinal speed, therdatecceleration, the maximum roll speed
and the roll angle of the vehicle.



HEAVY GOODS VEHICLE ACCIDENTS ON ROUNDABOUTS:
PARAMETERS OF INFLUENCE

Veronique CEREZO
Laboratoire Régional de Lyon — CETE de Lyon
25, avenue Francois Mitterrand - Case n°1
69534 Bron - FRANCE
veronique.cerezo@equipement.gouv.fr

Michel GOTHIE
Laboratoire Régional de Lyon — CETE de Lyon
25, avenue Francois Mitterrand - Case n°1
69534 Bron - FRANCE
michel.gothie@equipement.gouv.fr

1. INTRODUCTION

A roundabout is one of the safest control devieesrégulating traffic flow at intersections. It
allows a reduction in the speed of vehicles andodification of driver behavior just before
entering the roundabout. Thus, most of the craah@gersections are avoided, which represents
a gain in terms of safety and costs consideringrtjugies and traffic jams entailed by accidents.
These are the main reasons for roundabout develtpmeEurope and the United States
(Kiattikomol and Urbanik Il, 2005). As an exampéecidents on roundabouts represent only 1%
of the fatal injuries in France between 2000 an@420

However, these statistics don't reflect the realityhe situation. Indeed, most of the accidents on
roundabouts have a particular typology, which i$ ta&ken into account in accident statistics.
Statistics focus on injuries and fatalities andaotases where there is material damage only.

Heavy Goods Vehicles (HGV) that roll over or ruri thfe road on roundabouts are also part of
this category. These kinds of accidents most dftealve a HGV and no other vehicle, occur at
low speed and rarely entail injuries. Nevertheléssy have economic consequences due to road
damage, trucks damage and subsequent major feafiie For this reason, the LCPC (the French
Central Laboratory for Roads and Bridges) and tRd I(the Regional Laboratory of Lyon)
decided to carry out a study on truck accidentsoondabouts.

The study began by a brief literature review, whagimed both to make an assessment of the
roundabouts’ characteristics, which seem to plagla in accidents, and to identify actual
roundabouts where accidents had occurred.

Following this, a simulation software called PRO®Pkas used to reconstruct real-life
accidents (Briet, Cerezo and Gothié, 2004b). Thép snabled HGV characteristics to be



determined for the simulations. The second steghiefwork was the use of PROSPER to study
the influence on HGV dynamics when the crossfalin$versal slope of the road) or the SFC
(Sideway Force Coefficient) surface characteristiolve. We were therefore able to obtain an
evaluation of the influence of infrastructure on YiGehavior.

The present article will propose possible diredior future research on this subject.
2. THE CHOICE OF ROUNDABOUT

A research team in Rouen (France) identified exampf roundabouts where HGV accidents
occurred, through safety studies carried out overlast ten years. This task proved to be rather
difficult, as accidents of low severity are notéakinto account in French databases. The team
therefore had to go to authority offices in orderdad the accident reports and collect interesting
data. They selected three interesting roundabouthis study. The authors have chosen to focus
on only one of the three in this paper.

The chosen roundabout is on a major road (“naterz8”) located in Longueau (Somme),
between the towns of St Quentin and Amiens. Theisaof the ring is 20 meters with 2 lanes of
4 meters each (Figure 1). The simulations considereks going from Amiens to St Quentin.
These trajectories seem to be the most dangerotissormoundabout.

Figure 1: Geometrical characteristics of the roundaout (C.E.E.S.A.R. and CETE Normandie Centre, 1999)

3. SIMULATION SOFTWARE “PROSPER”

1.1 Characteristics of the software

PROSPER is a 3D road vehicle dynamics simulatidtwaoe developed by a French company
called SERA-CD. This software is based on a 3D adatpn engine, with 29 Degrees of
Freedom and more than 600 variables. It allowsdewange of input parameters, which cover
vehicle characteristics (suspension, truck dimerssiocenter of gravity height, tire
characteristics...), different driver reactions andd characteristics (geometry, SFC, gradient,



crossfall...). In terms of output, the work focusedtbe position of the vehicle in relation to its
theoretical trajectory, the lateral acceleratidm toll velocity and the roll angle. More thanift
parameters were available in total.

The results given by this software were validatgddmparison with measured values obtained
with an instrumented truck for different maneuv@slanne, Schmitt and Dolcemascolo, 2003).
They used a French military truck with a maximuradaf 10 000 kg (model TRM 10000 which
is a logistic vehicle). Their work showed a goodccuecy of the longitudinal and lateral
accelerations, yaw, pitch, roll angles and veloe#djues. They even managed to simulate the lift
of the inner wheels on the roundabout.

1.2 Hypothesis for the simulations

The simulations are made with a semi-trailer (%els articulated vehicle). The vehicle is fully
loaded (38t) and the centre of gravity is 1800 rhigh. A former study showed that the
maximum velocity on a bend is lower when the vehigl fully-loaded than when it is empty
(Figure 2) if a fixed loading is considered. Howeuge influence of a moving load couldn't be
studied with PROSPER. This is one of the limitasiai the work carried out, considering the
fact that moving charges are responsible for moldwers because they considerably increase
the roll effect.
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Figure 2: Influence of the load on the speed limiin a left bend with a radius of 120 m and various BC
(Briet, Cerezo and Gothié, 2004a)

Suspension characteristics were chosen in view egresenting average French truck
characteristics. The Michelin Company provided fi@ameters and the friction coefficients
were calculated with Pacejka's magic formula.

This work only considered the behaviour of an H@Q\Attwas alone on the roundabout.
Interactions with other vehicles were not takem iatcount. Crashes were also excluded from
the study. Only rollovers and vehicles runningtb# road were taken into account.



The crossfall is the technical word meaning trarsaleslope of the road. It was assumed to be
constant in the ring and covered the following eatu-3%, 3%, 5% and 7%. The crossfall of the
entering lane was 2,5%. Rules relating to the ulelas and minus symbols took into
consideration the distinctive trajectory of vehgclen roundabouts due to the specificities of the
superelevation, which differs from that which candbserved on a typical bend. The crossfall
was considered positive when the left side of #me lwas higher than the right side of the lane.

The HGV trajectory was chosen in view of minimisitige dynamic stress on the vehicle. A
statistical study on an instrumented roundaboutvelkiathat more than 50% of trucks use the left
lane on the ring (C.E.E.S.A.R. and CETE Normandatte, 1999). Moreover, the same study
proved that 80% of the trucks have a trajectoryictvimakes an angle with the entering lane
axle. This behaviour helps to diminish the stresstlee trucks. The speed of the vehicles is
supposed constant during the manoeuvre and eqtia entering speed.

1.3 Results of the simulations

1.3.1 Longitudinal speed and lateral acceleration

Simulations allowed the maximum speed to be detexdhfor the truck entering the roundabout,
for three levels of skid resistance (SFC = 0.4,&m6 0.8). The maximum speed is defined as the
maximum speed value borne by HGV before runningauhe lane. Figure 3 shows that the
maximum speed decreases when skid resistance gesreghis is a well-known and logical
result.
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Figure 3: Maximum speed of the truck at the centref gravity of the tractor -trailer on the roundabout

Nevertheless, the simulations showed another reslidtting to the role of the crossfall. For a
high level of skid resistance, the crossfall hagegy limited influence on the maximum speed
value (no more than one or two kilometres/hour)e Tieximum velocity level is stable. On the
other hand, the maximum speed is more dependaroséfall when the skid resistance is low.
For a low SFC, HGV tends to skid and runs off tbadr A positive transversal slope increases



this effect (this positive slope is in the oppositeection of a normal crossfall on a bend). A gap
of 3% to 5% exists for velocity. Above these valu#ise maximum speed is constant.
Interestingly, the French guidelines for safe roagign (Brenac, 1992) indicated a maximum
value for crossfall of 3% to avoid rollover. Thisnlt was obtained by experimental studies,
fifteen years ago.
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Figure 4. Maximum lateral acceleration at the cente of gravity of the tractor and trailer on the roundabout

Thus, the maximum lateral acceleratipnthat can be borne by the tractor is the half at th
borne by the trailer for each skid resistance levet positive crossfall valueg, ranges from 1.2
m/s* to 3.2 m/éfor the tractor and from 4.0 ni/$o 6.6 m/$ for the trailer. The level seems to
depend less on crossfall (Figure 4), than on sksistance. For a negative crossfallranges
from 1.2 m/$ (SFC = 0.4) to 8 mfs(SFC = 0.8). In this case, crossfall generatespposite
stress to the dynamic stress applied on the trodklze maximum value of increases.

1.3.2 Roll angle and roll velocity

The roll angle of both the tractor and the trailere evaluated at a constant speed. For each skid
resistance level, a maximum speed was taken. tegponded to the lowest of the maximum
speeds determined in 1.3.1. for each SFC value.

The roll angle of the tractor ranges from 1° to°38d the roll angle of the trailer ranges from
0.5° to 0.9°. The roll angle for the tractor ishmeg than that of the trailer because the stiffridss
the suspensions (S.S.) is less for the tractor fitratine trailer (S.Sactor = S.Syailer / 2).

The evolution of the roll angle in relation to cstal is therefore different for the tractor ane th
trailer. For the tractor, the roll angle slowly ieases when crossfall increases. The stress
generated by the transversal slope has a complameetfect with the centrifugal force.
Nevertheless, this phenomenon is not preponde@mtthe other hand, the roll angle of the
trailer slowly decreases when crossfall increases.
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Figure 5: Tractor (a) and trailer Roll angle (b) for different skid resistance levels as a function ahe
crossfall

Moreover, the roll angle is very low when the SEQow, as trucks tend to skid and run off the
road, rather than roll over.
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Figure 6: Roll velocity of the tractor (a) and thetrailer (b) in relation to crossfall

For roll velocity, the values range from 0.5°/artore than 4°/s depending on whether the tractor
or trailer is considered. The roll velocity of ttrailer is three times lower than that of the toact
This is due to the stiffness of the suspension.

The evolution of the roll velocity depends on thelgesistance of the road. For a low SFC, the
roll velocity in relation to the crossfall is alnmtosonstant both for the tractor and trailer. For a
high SFC, the behavior is rather different. Thé velocity of the tractor is stable if the crossfal
is below 6%. Above this limit, roll velocity strolygincreases and the tractor starts to become
unstable. For the trailer, simulation results shibveedecrease in roll velocity for a crossfall
below 3% and an increase for a crossfall above B%re would appear to be a limit beyond
which the dynamic behavior of the vehicle changes.



4. CONCLUSIONS

This paper presents the first results obtained fresearch on HGV behavior on roundabouts for
various crossfalls and skid resistance levels. firge conclusion is the need for a high level of
skid resistance on roundabouts, considering thetfat speed limits and lateral acceleration
limits are directly dependant on the level of SBE@ossfall plays a role only in cases of low skid
resistance because it generates a transverse @trélss vehicles, which is added to the effect of
the centrifugal force and leads to vehicles runmrgge frequently off the road.

A second point of the study focused on the rolll@rand the link with various crossfalls. The
first results of simulations led to the conclustbat the impact of crossfall is rather limited on
roll angles. Skid resistance has a greater infleehan crossfall on this parameter. Nevertheless,
the roll angle of the tractor slowly increases withssfall and the roll angle of the trailer slowly
decreases. A higher velocity and the radius of ature could accentuate this tendency. This is
one of the next points that will be tested by tHLLin the next months. The aim will be to
modify the radius of curvature of roundabouts tamptete this work and explore the
consequences on the dynamic behavior of trucks.

Similar conclusions can be drawn for roll velocior SFC values below 0.70, roll velocity is
independent of crossfall. When skid resistance tmesohigh, a limit appears for crossfall. For
the roundabout used in this work, the limit is 3Phe variations of roll velocity are reversed.
Above this critical value, the roll velocity risesidd may become dangerous. Thus, it would be
better to limit the crossfall value to +3 or +4% r@undabouts, due to the fact that the transverse
slope is on the outer side of the bend.

REFERENCES

Brenac, T. (1992),Sécurité des Routes et des Ru486p., Ed. by SETRA, ISBN 2-11-085704-
8.

Briet, F. Cerezo, V. and Gothié, M. (2004a)."The ug the software PROSPER for safety
study”, The SIIV 2 International Congress, Florence, Italie, Octd#e9, 2004.

Briet, F. Cerezo, V. and Gothié, M. (2004komité C — Programme CEP 12 — TRUCKS
Compte rendu d'études, LR de Lyon, France, Fégfied.

C.E.E.S.A.R., CETE Normandie Centre (1999 dmportement des poids lourds en giratoire:
cas de Longueau dans la Soinieapport d'étude, Longueau ( Somme), Francdefla®99.

Delanne, Y. Schmitt, V. and Dolcemascolo, V. (2003avy Trucks Rollover Simulation""8
International Conference on the Enhanced Safetebicles, Nagoya, Japan, May 19-22, 2003.

Kiattikomol, V. and T. Urbanik I, P.E. (2005)."Aevaluation of Roundabout as an Alternative
Intersection Control Device using VISSIM Simulatidpplication”, TRB 84th Annual Meeting
Congress, Washington, USA, January 9-13, 2005.



Observatoire National Interministériel de la sé&gurputiére (2002)Ll"a sécurité des poids lourds
en 2001 : étude sectorielleParis : la documentation frangaise, 60p., ISBNL2004759-3.

Schaeffer, G. Lechner, D. Naude, C. (2003), "Séeudies poids lourds au renversemgnt"
SIA :Actes du Congres de dynamique du véhicule l&E@entrale de Lyon, France, Juin 3-4,
2003.



