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Executive Summary

TheEuropean tandard forVehicle Restraint SystenfVRS)EN 1317, dates from 199&nd

it is known that since that time there has been a considerable change in theevélbigd, in
particularthe increase irvehiclemass andhe growth inthe numbers ofSUVs and M on
UKand European roads here hae also been changes in regulaticeasd EuroNCAP that
have led toa significant increase in vehicle frontal structurefagks from around 2000
onwards.This project aimed tadevelop a better understanding of the existing and future
effects of ths changein the vehicle fleet orthe performanceof VRSs

A literature surveywas undertakenn order toidentify vehicle propeiies which have an
important effect on vehicldo-VRS interaction A workshop was also rganised with
automotive industry experts to discuss tinelevantpast and future vehicle design trends.
Vehicle massheight ofcentre of gravity(CoG)and stiffness wre confirmedasparameters

of primary importanceThe type of carvehicle segmensuch as Executive car, Small Family
Car, SuperminiMultipurpose Vehicle oMPV, ports Utility Vehicle or SVetc.) andits age
have a direct effect on these parameters.

Vehicles with a higher mass also have highkeretic energyso that heavier vehicles
impacting a barrier arenore likely to breaclit. Vehicles with a higher CoG are more likely to
roll over as a result of barrier impac¢tehichis especially problematic flUVs and MPVs.
Older vehicles with lower stiffness are expected to absorb more of the impact energy
through deformation of their outer body and structure and therefore less of the impact
energy is expected to be absorbed by deformation of the barhdwdern vehicles with
stiffer frontal structures deform less during a barrier impact and therefore more of the
impact energyneedsto be absorbed by deformation of the barridBarriersmay therefore
suffer more damagevhen they are hit by modern carswhich are considerably stiffer than

the older carswhichthe barrierswere originally tested with

Theproject alscanalyse& the composition ofhe current GBand BJ vehicle flees. Themean

age of the car fleet in GB has increased from 6.8 years old in 2080 tgears old in 2015.

GB has a younger car fleet compared to the rest of Europe (1.7 years younger in 2015).
Therefore EN 1317 vehicles are less representative for GB than they are for Europe as a
whole.

The mean mass in running order of newly registeredrs in the EU has increased from
1,268kg in 2001 to 1,38&g in 2015. In the UKowever, themeanmass in running order of
newly registered cars has gone up from 1,R§lin 2001 to 1,39Rg in 2015; i.e. a slightly
larger increaseln 2015 for Europethe meanmass in running order for the Luxury, Upper
Medium, Car Derived Van, Medium, Sport and SUW@GH segments all exceeded the
1,500kg N2 containment level limit.

In 2015, registered cars on GB roads dating from 1998 (the year EN 1317 walsqol)iaisd
earlier, represented around only 2.5% of the total car parc (278,977 cars).

The EU market share of SUVs has dramatically increased from 2% in 2001 to 22% in 2015.
The trend does not show any sign of slowing down, therefore the market share 8iikes
expected to increase further throughout the EU.
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Vehicle registration statistics from D&ihdthe UK car parc data from SMMT weanalysed.
These showed thatni GB, 22% of the 2016 car fleet hadn@an mass in running order
exceeding the 1,50Rg valie used in EN 131T.cars are assumed to contaiwo adults on

average the proportion that exceesll,500kg in mass increases to 40%

Data in STATS19 on single vehicle barrier accidents (SVBAs) on the SRN involving cars over
the period from 1999 to 28 were analysed.Thiswas linked toSVMT data to determine

the massand velicle segment of the car&/BAhave declined since 2009, possibly due to
improved vehicle design, for exampdegreater percentage of vehicles being fitted with ESC

and other activesafety systemsHowever the severity of SVBAs has increased over the
years from 8.4% KSI in 2008 to 13.3% KSI in 2015.

There is a statistically significant relationship between the SVBA severity outcome and the
impacting vehicle being under or over 1,30§) Barrier impacts with vehicles over 1,3@p

are around 2.5 times more likely to result in a fataltyd 1.2 times more likely to result in a
serious injury than those with vehicles of up to 1,%@0mass. These relate to 1.4 times
more likely outcomeof KSI for vehicles over the N2 containment liriibe percentage of
these SVBAs involving vehicles over 1,%90in mass (when carrying two passengers) has
increased fron¥.8% in 1999 to 17.4% in 2015.

SVBAs involving SUVs and MPVs have a higher getleait those with other vehicle
segnents. For examplel82 out of 34952%)SUV SVBAssulted in a rolloverWith every
new generation of SUVs, the rollover rate decreasddwever, theseverity of SUWo-
barrier impactsremains highand the problem persits as long as older SUV models are
the fleet.

Overall, therefore, single vehicle barrieollisionsare decreasing in numberut increasing

in severity. Therefore there remains a concern that EN 1317 tests are no longer appropriate
for the current ca fleet. The proportion of vehicles in the current fleet that exceed the
1,500kg level, particularly when loaded muwh higher than it was in 1998. Therefoemn
update of the TB32 test vehicle mass is recommendad it is recommended that a
maximum test vehicle age limit is introduced to EN1317.

Similarly the proportion of vehicles such as SUVs and MM&h may have high CoGs and
therefore be more prone to rolloveand higher severity injurieg they hit the barrier is
much higher than in 199&urrently there is no test vehicle in EN1317 to represent SUVs or
MPVs.Thereforeintroduction of a new test vehicle category is recommended so that VRSs
which are capable of safely containing these types of vehicles can be developed.
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Glossary of Terms

Alternate Fuel Vehicles  (AFV)

Association Auxiliaire de I'Automobile (AAA)

Body -in-White (BiW)

Carbon FRP (CFRP)

Centre of Gravity (CoG)

Cold Metal Transfer (CMT)

Co-ordinate Measuring Machine (CMM)

Department for Transport (DFT)

Electronic Stability Control (ESC)

European Automobile Manuf GACEAur er sd Associ
European New Car Assessment Programme (Euro NCAP)
European Union (EU)

Fatal Accident Reporting System (FARS)

Fibre Reinforced Plastics (FRP)

Heavy Good Vehicles (HGVS)

High Strength Steels  (HSS)

Highways England Vehicle Restraint and Temporary Traffic Management (VRTTM)
Informati on Handling Services  (IHS) Markit

International Council on Clean Transport (ICCT)

Killed or Seriously Injured (KSI)

Light Goods Vehicle (LGV) .

Liquid Petroleum Gas (LPG)

Manual for Assessment of Safety Hardware (MASH)
motorcyclist pr  otection systems  (MPS)

Multi - Purpose Vehicle (MPV)

National Automotive Sampling System Crashworthiness Data System (NASS/CDS)
National Cooperative Highway Research Program (NCHRP)
Offset Deformable Barrier (ODB)

Research Council for Automobile Repairs (RCAR)
Run-off-Road (RoR)

Single Vehicle Barrier Accidents (SVBA)

Society of Motor Manufacturers and Traders (SMMT)

ation
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Sports Utility Vehicle  (SUV)

Strategic Road Network  (SRN)
Transportation Re search Board (TRB)
Ultra High Strength Steels (UHSS)
United Kingdom  (UK)

Vehicle Registration Mark  (VRM)
Vehicle Restraint System  (VRS)
Vehicle Static Stability Factor (SSF)
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1  Background

The Strategic Road Network (SRNyoing thraigh a time of transformation. Management

of the SRN has been reformesihcethe Highways Agency became Highways England. A
significant amount of investment, worth over £15 billion, is committed to the strategic roads
to 2021. This significant investment$anade it possible for the Departmefdr Transport

to set challenging yet achievable aspirations to transform the SRN by 2040.

The strategic road map to achieve these aspirations is set out byD#partment for
Transport (DfT) in the Road Investment Strategy (E8partment for Transport, 2015)
Improving safety on the SRN is a major aspiration within the RIS, with a set tamé0uf
reduction in deaths and seriousjuries by the end of 2020. Furthermore, it is targeted for
the number of people killed or seriously injured (KBithe SRN to approach zero by 2040.

These targets have led to the Highways Engjledealth and Safety 5 Year Plgfighways
England, 2015)which sets out the vision and establishes a series of measures that will
enable Highways England to progress towards the injury reduction targets defined in RIS.
The Hellh and Safety 5 Year Plan includes 122 distinct actions in six areas of priority
identified by Highways England. Among these, item 77, as showgimel, lays out a
series of road safety interventions with regards to the masragnt of risks for road users.

The Delivery Plan outlines the range of infrastructure measures that will be
implemented to improve road safety. Interventions include:

The introduction of expressways and smart motorways;

Providing better routes for non-motorised users;

Praviding safer verges;

Upgrading unprotected lay-bys;

Improving signing and road marking; and

Developing and deploying technology to prevent, detect and menitor incidents.

Start Date: . i, o Owner: Executive Director Professional
April 2015 Target End Date: March 2020 and Technical Solutions

Figurel - Action 77 of Highways England Health and Safety 5 Year fMaghways England,
2015)

As can be seen fronfrigure 1, provision of afer verges is identified as one of the
infrastructure measures to be implemented to improve road safety on the SRN. However

the means of achieving safer verges is not defined. This is why in 2015 Highways England
O2YYAaaA2ySR (GKS GRRESNINPESHEEZ PRAOCOKY F | g0 ®ST
2016(Erginbat al,, 2016)

The aim ofthe Safer Verges Scoping Study was to develop a better understandiig of

roadside as a whole, with regard to the level of safety mled and the measures which

could be applied to improve the current level of safety. To achieve this aim, a large scale risk
assessment was carried out to identify the contributory factors which affect the likelihood

and the consequences of vehicles leavine carriageway and the countermeasures which
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can be implemented to mitigate the risk posed by each contributory factor identified. The
risk assessmenivas based oran indepth literature review, accident data analysis and
consultation with national andnternational technical specialists and it was presented
through a comprehensive Haddon Matr{kladdon, 1968) Furthermore, the traditional
Haddon Matrix was modified into a new format to feature a biunltalgorithm which
generted recommendations for Highways England, with regards to every single
combination of contributory factor and the corresponding countermeasure identified. The
result was a list of 84 unique actions recommended to Highways England, through which
improvemerns to roadside safetymight be achieved. These actions were also grouped
according to their level recommended priority as high, medium or low.

Among the 84 recommended actions resulting from Safer Verges Scoping Study, Highways
England Vehicle Restrainné Temporary Traffic Management (VRTTM)s chosen to
pursue three further. These were:

1 The use of centreline and edge rumble strips on SRN singlegmwiags,

1 Further research to develop a better understanding of the scale of risk posed by
wooden boundary fencintp road users, and

1 Further research to develop a better understanding of the existing and future effects
of the change of vehicle fleet on Velg Restraint System (VR&yformance.

The common feature of these three actions is that they were all identified as high priority
actions and they all relate to contributory factors whishve beenshown to be a problem
within the SRN tlough either research or accident statistics. They are also all related to
countermeasures which are used successfully in other countries but not yet in tHgalféK.
Verges Part Il is designed to follow up on thelsee¢ ideas and explore them further. This
report presents the results forthe third of these topics, i.e. developing a better
understanding of the existing and future effects of the change of vehicle fleet on VRS
performance.
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2  Problem Description

Vehicle Restraint Systes are passive roadside safety measunebjch are designed to
mitigate the risksposed byerrant vehicles leaving the carriagewakhe risk mitigations
achievedthrough safe containment and controlled redirection of thegrant vehicle This
controlled impact is expected to result in less severe consequences for the vehicle
occupants, compared to the alternative of impacting or reaching the hazdatated
behind. TodayVRS installation is the most commooadside risk mitigation tooltilised
throughoutthe RN Therefore, successful impact performance of these systems is fatal
keeping the overall safety risk to an acceptable level.

In the UKand the rest of the EUimpact performance of VRS is assessed through
standardised full scalimpact testingas described in the European Standard1847(CEN ,
2010) An example of one such test is shownhkigure2.

e TR

Figure2 ¢ Example of an ENI317 impact testcarried out with a 1,50kg car

The type and characteristics of the vehicles used during the bheste a significant effect on
the performance ofa restraint system. Due to cost and time limitations, a VRS cannot be
tested against all possible impact segios which can occur on the road. Instead, the tests
are designed to havepre-defined impacts speedsand angles as shown inTable 1, to
represent the more commonly expected accident scenaragthermorethe test vehicle
types and specificationsare set to represent a large proportion of the vehicle fleet on the
road whichmayimpact these systemss shown ifrable2.

As can be seen froffiable2, important vehicle propertiesuch as mass, wheel track, wheel
radius, wheel base, location of centre of gravity and the number of axles are set within
certain limits. These are pmefined as they are seen as important parameters which can
affect the outcome of the test.
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Tablel ¢ EN13172 vehicleimpact test descriptionfCEN , 2010)

Test Impact Speed (km/h) | mpact An( Total Mass (kg) Type of Vehicle
TB11 100 20 900 Car
TB21 80 8 1,300 Car
TB22 80 15 1,300 Car
TB31 80 20 1,500 Car
TB32 110 20 1,500 Car
TB41 70 8 10,000 Rigid HGV
TB42 70 15 10,000 Rigid HGV
TB51 70 20 13,000 Bus
TB61 80 20 16,000 Rigid HGV
TB71 65 20 30,000 Rigid HGV
TB81 65 20 38,000 Articulated HGV
Table2 ¢ EN1317vehicle specification§CEN, 2010)
MASS
kg
+
900 1300 1500 10 000 13 000 16 000 30 000 38 000
Total mass + 40 +65 £75 | +800 | £400 | £500 | £900 | 1100
Test inertial massa 825 1300 1500 10000 13 000 16 000 30 000 38 000
+40 +65 +75 + 300 + 400 + 500 + 900 +1100
. ) Mot Mot Mot MNat Mot
Including maximum ballast® 100 160 180 applicable | applicable | applicable | applicahle | applicable
. Nat Mot Mot Mot Mot MNat Mot
ATD installed 78+4 required required required required required required required
DIMENSIONS
m
(Limit deviation = 15 %)
Wheel track
(front and rear) 1,35 1,40 1,50 2,00 2,00 2,00 2,00 2,00
Wheel radius Mot Nat Mot
(unloaded) applicable | applicahble | applicable 0.46 0.52 0.52 0.55 0.55
Wheel base Mot Nat Mot
(between extreme axles) applicable | applicahble | applicable 4,60 6.50 5,90 6.70 11.25
CENTRE OF MASS
LOCATION®
m
Longitudinal  distance  from
front axle (CGX) < 10 % 0,90 1,10 1,24 2,70 3.80 3,10 414 6,20
Lateral distance from wvehicle
centre fine (CGY) +0,07 +0,07 +0,08 +0,10 +0,10 +0,10 +0,10 +0,10
Height above ground (CGZ):
— Wehicle mass (+ 10 %) Not Not Mot Not Mot
0.49 0.53 0.53 applicable | applicable | applicable | applicahle | applicable
—  Load (+ 15 %, - 5 %) Mot Nat Mot
applicable | applicable | applicable | 120 1.40 1.60 1,80 1.0
Rigid Bus Rigid Rigid Articulated
TYPE OF VEHICLE Car Car Car HGY HGV HGY HGY
Number of axles® 15+1 15 +1 15+1 15+1 15 +1 15+1/2 25+2 15 +3/4
8  Including load for heavy goods vehicles (HGY).
b Including measuring and recording equipment.
¢ The vehicle’s centre of mass shall be determined when the ATD is not in the car.
d  The centre of mass of vehicles with two axles shall be determined in conformity with ISO 10392.
€ & steering axle.
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The specificationsof test vehicles, as shown in Table 2, have not chdngince the
publication of the first version of EN3171, in April 1998. However there have been
significant changes to the vehicles on the raadce then, i.ein the last 19 years. Vehicle
design keepchanging due to factors such as:

1 New legislatioron safety technologies

1 New legislation omissions

1 Market demand for safer, cheaper and more efficient vehicles

1 Market trends andise in popularity of certain classes of vehicles

As new vehicles enter and older ones are taken out, the composition dfikheehicle fleet
change. The average vehicle seen on the UK roads today is considerably different than the
average vehiclén 1998, when EN317-1 was publishedFor example the average vehicle
today is heavier(see Sectiort) and has a more complicated crash structuwempared to

1998 (see Sectior8.2.4). Passenger vehicles with a higher Centr&advitysuch as Sports
Utility Vehicles (SUVsEInd Mult-Purpose Vehicles (MPVale much more commorisee
Sectiord.2).

As a resultthe test vehicle types and their defined physical properfiesn 1998may not

be repesentative of a significant proportion of vehicles on the road todaiyce these
physical properties have a significant effect on the impact dynamics, a higher proportion of
the vehicles on UK roads today maydieisk of unsatisfactory VRS impact penfioance in

the eventof a runoff-road (RoR}accident This is supported byultiple researchpapers for
example by onewhichshow that SUVs have a higher tendency to rolla&n result of VRS
impact due D their higher centre of gravity, compared to passenger vehides Section
3.2.3.

Therefore the following areas should be better understooddentify the size ofthis risk
and the countermeasures which can be applied ttigate it:

1 Vehicle properties whicthave an important effect orvehicleto-VRS interaction
should be identified

1 Characteristics of the currettKvehicle fleet composition and its change over time
should be analysed, so that the relevance of current Westicles in EN317 can be
understood.

The bllowing sectiongrovidean in-depth look into bothof theseareas
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3  Effects ofVehicleType andCharacteristiceon Barrier Impact
Performance

3.1  Working Principles of Roadside Barriers

A roadside barrier is aggsive safety feature which is designed to contain and redirect an
errant vehicle in a controlled mannemhe design is aimed absorbng lateral impact
energy and redirecing the vehicle as illustrated inFigure 3, rather than completely
stoppingit in the longitudinal direction. This way, abrupt accelerations wiaidhlikely to be
exerted onvehicle occupants ardecreased. An ideal impact performance is one where the
vehicle gradually slows down in the lateral direction faiflog the initial contact and then
gradually changes directioand returnsback towards the roadat a narrow anglen a
controlled way.The vehicle can then slow down without intruding into another running lane.

= = o n o —SB—"—-n 4 = =

Lateral Component
of Vehicle Velocity [ =~ iy~~~ o

Longitudinal Component
of Vehicle Velocity

Figure3 ¢ lllustration of vehicle redirectionrmechanism of a roaside barrier

Controlled redirection is achieved through different mechanisms by different types of
roadside barrier systems. Although each system is unique in many aieigsent barriers of
similar make fien work on similar principledt is important to understand these working
principles to be able to assess the effect of different vehicle parameters on the impact
performance of a barrier. For this reason, the underlying working mechanism of the two
mog common types of barrier systems found on the SRNsiazland concrete, are briefly
explained belowat a very high level

There are many different designs of steel barriers available on the market today. However,
the majority of these systemsperform on similar working principles. Theyare
predominantlypost and rail systems, witmain differences being beam profile, beam height,
post spacing and beam to post connection. The most common beam profiles used on the
SRN ar¢he corrugated and open boypes

In a post and rail system, the main energy absorbing element isotiggtudinalrail. Posts
are mainly designed to hold the rail the correct height for the impact andor the majority
of the systemgexcluding strong post systemwhere posts addo rigidity), they are also
designed to disconnect from the beaduring the impactand bend awayrom the ground
level without causing vehicle snaggings the impact progressesije vehicle pushes and
deflects the barrier in the lateral directioWith the increase in lateral deflectiotensile
forces develop in the longitudinal beam axis. This way the lateral impact energy is
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distributedovera much larger area along the system. As the tension on the beam increases,
the rate of deflection decreases uhthe lateral energy of the vehicle is contained and the
vehicle is redirected back towards thenning lane. An example of such an impacst i
presentedin Figure4.

Figure4 ¢ Example of impact performiace of a typical steel barrier, i.e. tensioned
corrugated beam

Beam heipt is of extreme importance fothe successful performance giost and rail
systens. The ideal impact is one wherehe height of Cene of Gravity (Cd5) of the
impactng vehicleis aligned with the barrier beam, as illustratedRigure5. This way the
barrier can apply an oppias force to the impacting vehicle without causing a significant
overturning moment If the Cd@s is aligned over or under the barrier beam, the vehicle
would have an increased tendency to override or underride the barrier.

Beam height is measured from the ground to tbentre of the beam and the height has
been historically determined tsafely containthe majority of passenger vehicles on the
road. For exampl¢he typical beam height for the tensioned corrugated beam used in the
UK is 610mnand hasa 310mm profile Therefore the beam covers a space of 455mm from
the ground at the bottom @ 765mm from the ground at the toprhis barrier is of N2
containment level, which means it is tested to contain a 1500kg passenger car with a 20°
impact angle up to 110km/h impaspeed. According to EN317, as previously shown in
Table2, the vehicle to be usd on this test needs to have a Gbeight of 530mm above
ground.Therefore the CG of the test vehicle is aligned with the barrier beam.

Figure5 ¢ Dynamics of asteel barrier impact with a stan@rd saloon car
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Another common type of barrier is the concrebarrier. Justas forsteel, there are many
different concretebarriers available on the market today; however most of them perform
on similar working principles. The main differences are basedystem height, profile,
construction method (precast vs-gitu) and foundation details.

Concrete barriers are rigid systems and most of them do not deflect during impacts with
passenger vehicleSde impact with a rigidzerticalwall can be very severtor the vehicle
occupants, as this likely toresult in significant lateral accelerations. Thisli® to lack of
deformation in the system, which causesthiehicle and its occupants to change direction
in a significantly shorter time.

To overcome th@roblem of high lateral accelerationte majority of concrete barriers are
designed with sloped profiles. The side slopes designed so thaan impacting vehicle
climbs along then during the impact until it redirects and lands back on four wheelghAs
vehicle climbs the side slope and starts to rotate, some of the lateral acceleration is
transferred to the vertical axis. This is illustratedRigure 6. This way the total lateral
acceleration is decreased. Furthermoee significant portion of the impact energy is
consumed by the climbing action as the side of the vehicle climbs up in the vertical direction.
As a result, less energy is left for lateral impact and redirection.

CoG

Figure6 ¢ Dynamics ofa concrete barrier impacwith a standard saloorcar

Vehicle type and dimensions have an important effect on the successful impact
performance of concrete barriers. The lifting/climbing action introduced by the side slope of
the barrier and the followindanding action of the vehicle back on its four wheels can occur
in different ways for vehicles of different size and dimensidresss stable vehicles may
experience increased risk of overturning as a result of redirection by a concrete b@hier.

is a&knowledgedn the AASHTO Roadside Design GdeSHTO, 201dhich states:

GThe critical variable for concrete safety shape is the height above the road safface
the break béween the upper and lower slope. If this breskigher than 330mm, the
chances of a vehicle overturning are increased, particularly for compact and
subcompact automobiles.

Furthermore the landing action may introduce instability to velsalgth higher CoG and
narrowertrackwidth.
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In the light of the working principles explained above, it can be seen that for both steel and
concretebarrier systens, optimumdimensionsof certain featureswill depend on the type

and charactestics of the vehicle impactingp that the safest impact performance can be
achieved Therefore, as the vehicle characteristics change, the assumptions which form the
basis of barrier design choices may not hold true. As a rethdtrisk of unsatisfactory
impact performance may increase.

3.2  Vehicles Properties which hee an Effecton Barrier Impact
Performance

3.2.1 Identification of Vehicle Properties whidhavean Effect on Barrier Impact
Performance

Vehicle to barrier impacts are dynamic events with multiple parameters potentially having
an influence on the outcomeTlhis is especiallyyue for real world impacts, where a whole
range of parameters such as vehicle type, weightcture anddimensions, impacspeed

and angle, driver steering input, interventions from vehicle safety systems, roadside surface
conditions, barrier installabn, etc. comes into effect. Even though the effect of some
parameters such as vehicle massid CoG height appear to bebvious, it is not
straightforwardto identify all vehicle properties whicmay have a significant effé@n the
outcome ofa barrier inpact.

There have been a number of research projects which aitemlentify the parameters
which have a significant effect on vehicl®-barrier interaction.One such researcproject
(Rosset al, 2002)was carried outin the United Statesat Texas Transportation Institute
under National Cooperative Highway Research Program (NCHiRP)published by
Transportation Research Board (TRB)

Ross et al. evaluated the characteristics of light truck variants, i.e. vans, minivans, pickup
trucks and 4wheel drive vehicles, and their interaction with widely used roadside safety
hardware such as baars. As part of their research, Ross et al. analysed roadside crash data,
cariied out computer simulationsstudied full scale impact testsnd studied dimensional

and inertial properties of light trucksAs a result of their analyses, they identified the
following vehicle propertigswhich they believe have a significant effect on the barrier
impact performancgdsome of these are illustrated Figure7):

1 Vehicle Mass

1 Centreof-GravityHeight
1 Frontal Overhang

1 Bumper Height

' The Transportation Research Board (TRB)the US aimsto promote innovation and progress in
transportation through research. TRB facilitates the sharing of information on transportation practice and
policy by researchers and ptitioners; provides expert advice on transportation policy and programs; and
disseminates research results broadly and encousdlgeir implementation.
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WheelSize

Wheelbase

Mass Distribution

Wheel Suspension Properties
Crush Stiffness

= =2 =4 A

1: Vehicle Height 2: Frontal Overhang
3: Centre ofGravity Height 4: Wheel Base

5: Wheel Track Track Width 6: Frame Rail Spread

Figure7 ¢ lllustration of various vehicle dimensions

Perhapsone ofthe most comprehensive studsto identify vehicle properties which ka a
signifcart effect on barrier interactiorwascarried out in theUSat the George Washington
University Transportation Research Institteskandariaret al, 2004)under NCHRPThe

aim of this study was to identify the existing anduite vehicle characteristics that are
potentially incompatible with the existing roadside safety hardware at the time and to
identify opportunities to improve compatibility. To reach these aims, Eskandarian et al.
carried out a literature reviewstatistical analys and case by case review of roadside
crashes,reviewed historic full scale crash testgerformed measurements on a large
number of new and used vehicle structures, carried oatv full scale impact tests and
organised an industry workshop.

Thestudy by Eskandarian et alncluded anin-depth, case by caseeview of 247accidents
identified within the National Automotive Sampling Sget Crashworthiness Data System
(NASS/CDS)rhe accidents reviewed were single vehicle cases involving guarcoaitsete
median barriers and end terminal$zor each of the cases reviewethey listed the
important vehicle factors which they identified as having an eftecthe vehicleto-barrier

% National Automotive Sampling SystenCrashworthiness Data System (NASS/GP38h indepth accident
database, which contains detailed data on a representative, random sample of thousands of minor, serious
and fatal crashes, attended by the police from across the US for every year since 1988.
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interaction and incident outcomeAs a resuliof all 247 case reviewshey have identified
the following vehicle characteristics awiticak for the proper impact performance of a VRS:

1 Vehicle CoG Height
1 Vehicle Frontal Overhang (propensity for snagging)
1 Vehicle Mass

Alsq through a literature review they have identited further vehicle characteristice/hich
may0 Spoténtially influentisf R dzZNA y 3 NERB I Ra A RS asKistedBetolv NS  ONJI & f

Height of vehicle front structure and profile

=

Stiffness and geometry of vehicle front and side structure
Front and rear suspesion characteristics
Vehicle door rocker geometry

Vehicle door latch/structural geometry

= =2 =4 A

Vehicle wheelbase
1 Vehicle Static Stability Factor (SSF)

It can be observed that some of these characteristics are the same as those which were
identified by Ross et al. This is because the work by Ross et al. was among those which were
referenced by Ekandarian et al.

Eskandariaret al. continued their study by identifying the dimensions of vehiclddgch

were involved in the 247 crash events theydhareviouslyreviewed. This was done so that
correlations between certainvehicle characteristics and axident outcome could be
investigated. To be abl& identify the vehicle dimensions, Eskandarian etralt only
examined literature such as trade magazines and engineering resources, but they also
performed measurements by hand on a large number of ned/@sed vehicle structures.

Once all the data was collected and the analysis complete, Eskandarian et al. identified
some correlation between vehicle global attributes and crash outcommegarticular,they
have identified that:

1 Track Width,

1 Track Height

1 Vehicle Height, and
1 Vehicle Mass

indicate good correlation with crash outcomes and injury severity.

®Vehicle Static Stability Fact¢SSF)is a simplified measure2 ¥ | @GSKA Of SQ&a NBaradl yos
essentially indicatebow top heavy a vehicle i#. is calculated aghe ratio of one half the trackvidth of the
CoGheight.
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On the other handproperties such as:
1 Frame Rail Spread,
1 Frontal Overhang, and
1 Centreof Force
did not show a significant correlation with crash outcoraes injury severity.

The next stage of the work carried out by Eskandarian et al. involved two fulltsoaier
impact tests comparing a 1996 Ford Taurus that was retained bybaamguardrail, and a
Chevrolet Lumina that was not retained and resuliada rollover. The barriers and their
installation were the same, and the vehicle mass, CoG, and outer body dimensions were
also the same. The difference in performance was attributed to

1 Vehicle Structural Propertiesincluding the different stiffness ofunderlying
structural members.

In another study, Gabauer and Gabler investigated the differential rollover risk in aticle
barrier collisions for cars, SUVs and pickup try€&abauer and Gabler, 2009s part of
their stuwdy, Gabauer and Gabler identifi&b5 barrier impact casesithin the NASS/CDS
databaseand performed statistical analyses to identify the important predictors for rollover.
They have found that in real world barrier collisions, the most important predictd
vehicle rollover were:

1 Vehicle Type, and

1 Vehicle Tracking Prior to Impact with Barrier.

Following the literature review carrieout as part of this project, a workshop was organised

at TRL Crowthorne Office with Motor Industry Expeifsis workshopvas attended by

Motor Industry Experts from TRL & HORIBA MIRA, as well as VRS experts from TRL and
Highways England. During the workshop, a discussion was held with regards to vehicle
parameters which the experts think would have a significant effect dmclesto-barrier
interaction. Based on the literature review findings and the discussions held during the
workshop it was decidedto focus on the following vehicle parameters, which the
participants believed to be of primary importance:

1 Vehicle Mass
1 Heigh of CoG, and
1 Vehicle Stiffness (primarily of frontal structures)
The particular effects of these parametess barrier interactionare explained in further

detail in the following sections. Further sections are dedicated to the effects of Vehicle Type
andAge.
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3.2.2 VehicleMass

Mass is perhaps one of the most important vehicle characteristics which have a significant
effect onvehicleto-barrier interaction. This is becausige kinetic anergy of the vehicle at
the time of impact is directly related to its mass.

In physics, the kinetic energy of an object is the energy that it possesses due to its motion
(Jain, 2009)It is defined as the work needed to accelerate a body of given mass from rest to
its stated velocityLikewise the same amount of work is required to bring the body from
the stated velocity to a haltln classical mechanics, the kinetic energy afoa-rotating
object is definedy the following formula:

o 2au
C

Where:
B kinetic emergy
m: mass
v: \elocty

As can be seen from the formula, of vehicles which are travelling at the same velocity, the
ones with a higher mass will have higher kinetic energies. For examptejoofehicles
travellingon a motorway with a constant speed of 70mph, the heavier sneh as an SUV
carries higher kinetic energy compared to a lighter one such as saloon car.

Energy is not a vector quantity so it doest have any components. However it can be
partitioned among its various degrees of freedom, for example in lateral @mgitudinal
axes, as shown iRigure8.

[] [ [ [] H [ H

o | 2
KE lateral — 2'm-Vy

vy =Vv.sina
______________ Vv
‘3(1"
J
I = Vx = V. cos a
e 2
KE longitudinal 2-M.Vx

Figure8 ¢ Partitioning of kinetic energyamong its degrees of freedom i.e. lateral and
longitudinal
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From the perspective of barrier performance, lateral impaergy is of special importance,
asabarrier is designed to absorb and reditean impact in the lateral ax{see Sectior3.1).

A higher lateral kinetic energy means a higher amount to be changed into other forms
through meckanisms such as deformation of the barrier, deformation of the vehicle,
generation of heat and sound. Higher deformations can take a barries tiamitsin terms

of the stress and strain of individual componeiatisd ultimately cause failure. This is whg

N2 containment level barrier, i.e. a barrier tested to contain a 1,500kg car at 110km/h
impact speed and 20° impact angle (Seablel1 for TB32 test), cannot be expected to
contain a significantly heavier vehicle such d9®MkgHGV athe same impact speed and
angle.

Currently the minimum containment requirement for barriers to be installed on the 8RN
roads with a speed limit of 50mph or more N2 (Highways England, 2006)his class of
barrier, whichis designed and tested to contain a 1,500kg ¢éathe most common along

the SRN. Due to the mechanisms explained above, any vehicle with a mass over 1,500kg
cannot be expected to be contained by this class of barriEng. higher the vehiclenass,

the higher the risk of barrier breach becomes.

3.2.3 Height ofCentreof Gravity

Vehicle CoG height is an important parameter for barrier desigaxplained in sectioB.1],
and it can have a significant effeah the impact performancef a barrier For nost steel
barriers, the beam height is desigd to be level with or close enough to the CoG height of
vehicles which theystemis designed to contairlhis was previously illustrated kgure5.

As vehicle CoG gets higher, the risk of rollover during an impact with a barrier increases. This
is due to the introduction of overturning moments on the vehicle, as illustratdeignre9.

The problem gets worse as the height difference between the vehicle CoG and the barrier
beam height increasedhis is specifically a problem for vehicle segments such as SUVs and
MPVs, where the height of CoG is often considerably higher thacsatsaused in full scale
impact tests.

Figure9 ¢ lllustration of the efect of highcentre of gravity on the impact behaviour of a
steel barrier

3.0 14 PPR15



—
Safer VergesDevelopnent of Solutions; Effects of the Change dfehicle Fleet on VRS Performance I I2I_

The effect of CoG height on barrier performance have recently been demonstratedgthrou

a programme offull scale impact tests carried out at the Swedish National Road and
Transport Research Institute, V{Wenall, 2014) The test prgramme included two SUV
impacts:one with standard Swedish-taeam barrier at 550mm beam height and another
with the sameW-beam system installed at 650mm beam heiglhtshould be noted that
standardW-beam height used in Sweden (550mm) is lower than the one adopted in the UK
(610mm).Both tests were carried out with TB32 impact ddions, i.e. target impact speed

of 110km/h and impact angle of 20°. The vehicle usethése tests was a Volvo 229G, one

of the most common models of SUVs seen in Sweden.

The first test (witha 550mm beam height) resulted in clear failure, as the vishatimbed

over the barrier with ease, as shown kigure10, and continued straighthrough with

considerable speedThis barrier designhowever, has previously performesuccessfully
when testedwith the standardEN1317 1,500kg saloon carfThis suggesta considerable
difference in performance caused by difference in vehicle type

Iagéé courtesy of M

Figurel0¢ Scenesfrom the SUV impact test carried out at VTI with standard Swedish
w-beambarrier (550mm beam height

In the second SUV test carried out at VTI, the beam height oMtheeam barrier was
increased by 100mm to 650mm. The result of this test was better, as the barrier managed to
contain and redirect the vehicle. However, the vehicle cameryingly close to overturning
after the contact with the barrier, as shown figurell. The screenshots presented in
Figure 11 clearly demonstrates the effect ad high CoG and the resulting overturning
moments acting on the vehicle. It can be seen that this idime with the mechanism
previously depicted irFigure9. Considering that the averagh-beam height in the UK is
610nmm, i.e. between 550mm and56mm used in the first and second SUV impact tests
carried out at VTI respectivelit,is difficult to guess the exact result ah SUV impadiest
with a standard UK wbeam. However, it is clear thaa high CoG and the resultimisk of
overturning would be a major concern.
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.

Imageé courtesy of V1

Figurell ¢ Example @the effect of high vehicle CoGn impact behaviour of av-bean
barrier (650mm beam height

3.24 Vehicle Stiffnes#& Structural Geometry

During a vehiclkto-barrier collision some of the impact energyis absorbed through
deformation of the barrier and somef it is absorbedhrough deformation of the vehicle
(and some through other mechanismsjehicle stiffness plays an importanvle here
because a stiffer vehicless expected to suffer less deformatidhan aless stiffone and
therefore it is expected t@bsorb less of the impact energyhen this is the casenore of

the impact energy isbsorbed throughdeformation of the barrier rather than that of the
vehicle.Depending on the impact conditions, this extra energy exerted on the barrier can
cause adverse effects, including larger deflections and &aating of the system beyond its
capacity; causintpilure of the system.

The effecs of using ol@r designs oWehicle for ENL317 impact tests, instead of modern
ones have been widely discussednmact test standarccommittee circles by test houses,
road authorities and barrier manufacturers. Thereaistrong suspiciorthat testing with
older vehicles (specifily pre 2000 designs3kews the recorded barrier performance
parametersto look better than they would have with a modern vehicl@is is supported by
records of historic ENL317 tests, where significant deformations dfiet test vehicle
including theA-pillar and the passenger comparent were common, whereas these are
rather uncommonwith modern vehicleswhich are designed for modern crashworthiness
criteria.

The differencean stiffnessis especially large between vehicles which were designed before
around 2000 and those which were designed after. This is mainly becamseda2000, the

front and side impact Eupean Directives were introduced@gw UN Regulation84 and 95
respectively. The Directives were introducemler a period from 1998 to 2003h&y were
mandatory for all new types of vehicles frorf ®ct 1998 andor all new vehicles from*®i

Oct 2003 Furthermore in 1997, the European New Car Assessment Programme (Euro NCAP)
was launchedBoth the frontal impact Directive and Euro NCAP use an Offset Deformable
Barrier (ODB)i Sa i G2 | adaSaa GKS OFNRa ONIaKg2NUKAYS
performed at a higher speed for Euro NCAP (64 tknristead of56 km/h). Hybrid Il
dummies and a few structural measures are used to assess the protection offered to the
driver and front seat passenger, as illustratedrigure 12.
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, 64 km-h-1

- ~

Hybrid 111
50" male

Hybrid 11
50t male

Figure 12 - Offset Deformable Barrier (ODB) test configuration for Euro NCAP and frontal
impact Directive(NBtest speed for frontal impact Directivés 56 km/h)

For side impact, both the side impact Directive and Euro NCAP use ite \Dadformable
Barrier (MDB) test, in which the MDB, representing a car, is impacted into the side of the
vehicle being tested at 50 km/h, as illustrated in Figure 13. The Euro SID 2 dummy is used to
assess the protection offered to the driver.

~

EuroSID 2
50t male

Figurel3- Mobile Deformable Barrier (MDB) test configuration for Euro NCAP and side
impact Directive

3.0 17 PPR15



—
Safer VergesDevelopnent of Solutions; Effects of the Change dfehicle Fleet on VRS Performance I IQI_

The introduction of the Directives and Euro NCAP around the year 2000 drove a substantial
improvement in crashworthiness performance @frg at this time. This is illustrated by the
improvement in the Euro NCAP rating between cars such as the Rover 100 and the Renault
Megane shown in Figure 14.

Q\‘ MT'NG:\:)L‘ T OCCUPANT
| = h) &
‘l‘\ﬁ/«/\ \
N ) \\ PEDESTRIAN
o
Frontal impact driver Side impact driver

A ADULY OCCUPANT
—

\

\

\ PEDESTRIAN
I \E'V + %

Side impact driver

Frontal impact driver

Figurel4 - Comparison of Rover 100 (Top) and Renault Megane (BottBompo NCAP
assessments in 1997 and 2002, respectively

The improvement in crashworthiness protection was achieved using a combinatietterf b
structuresand improved restraint systems. The improvement in the structural performance

was achieved mainly bynprovements in the Bodin-White (BiW)structure, as shown in

Figurel5. In particular these includedstrengthening of the occupant compartment with

high strength grade steels andfinhing of the frontend structures, for example the main
longitudinalcomponen&t = G2 Sy addz2NB (KIFI{d GKS AYLI O Sy SNI
front-end without significant intrusion to the occupant compartment. However, it should be

noted that approxinately the first 100 Y 2 ¥ ONMza K 2¢hd rénfaiSed okt 8D &  F NJ
enable protectio of pedestrians in an impact.

Figurel5 - Car Bodyin-White structure
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