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ABSTRACT

     A study was undertaken to assess the benefits in reduced societal Harm if manufacturers met the
ECE frontal offset crash test at a 64km/h crash test speed, typically adopted in consumer tests.
Using the same method as in a previous study, estimates of likely injury reductions from
compliance with the 64km/h test were derived and then converted into likely annual Harm savings
and Harm saved per vehicle. On the basis of evidence available, the total benefit likely to accrue if
all cars complied with the 64km/h crash test would be somewhere between A$404 million and
A$520 million annually assuming a 100% fleet compliance. The break-even cost per car across its
lifetime would be on average somewhere between A$404 and A$651. The additional benefit above
the mandated ADR 73/00 requirement would be of the order of an additional 24% to 36% Harm
reduction in frontal crashes. No data were available on any likely disbenefit resulting from
designing for the higher crash test and further research is warranted to confirm this. These savings
are conservative, based on more recent injury costs published by the Bureau of Transport
Economics, Canberra, Australia.
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INTRODUCTION

     New Australian Design Rule ADR 73/00 came into force in Australia in 2000 and requires
vehicle manufacturers and importers of passenger cars to comply with a dynamic frontal offset
crash test procedure.  This standard is based on a new European offset test procedure ECE Reg
94/01 which calls on manufacturers not to exceed a set of Hybrid III dummy injury criteria for a
40% frontal offset crash test into a deformable barrier at 56km/h.  Fig 1 shows the crash test set up
for ADR 73/00.

     The New Car Assessment Programs in Australia and Europe, as well as those carried out by the
Insurance Institute for Highway Safety (IIHS) in the USA, routinely carry out offset crash tests of
new passenger cars using the European offset test procedure, but at a higher 64km/h test speed.
These independent tests are carried out to provide information to the general public on the safety
performance of new vehicles to help consumers choose safe cars.  A 15% higher test speed than is
regulated by governments has been adopted by these organisations to provide a more severe test of
vehicle crash performance and because the higher test speed more clearly discriminates occupant
protection performance between the vehicles.

     In 1996, the Monash University Accident Research Centre conducted an analysis for the Land
Transport Division of the Department of Transport and Regional Services (formerly the Federal
Office of Road Safety) of the likely benefits in reduced Harm with the introduction of ADR 73/00
(Fildes, Digges, Dyte & Seyer, 1996).  It was reported that compliance with the European test at 56
km/h would yield additional annual Harm benefits for Australia of between $297 million and $418
million, depending on the level of airbag sales of new passenger cars when the standard was
introduced. This equates to a unit Harm benefit per car, assuming a 15-year vehicle life and a 5%
discount rate, of between $334 and $471. These benefits also assume that vehicles also have to
comply with the current dynamic full frontal standard ADR 69.



Fig 1 - Crash test layout for the ECE Reg. 94/01 deformable offset crash test

     In addition to calculating the benefits at the 56 km/h-test speed, estimates of the likely benefits
of the offset test procedure were made if the test speed was raised to 60 km/h.  However, this
higher test speed was not ultimately adopted in Australia in the interests of harmonisation with
European regulations.  In recent years, the New Car Assessment Program in Australia (ANCAP)
introduced a dynamic offset crash test in their program of assessing the relative performance of
new makes and models of passenger cars sold in Australia.  This crash test essentially adopts the
same crash and injury criteria in ADR 73/00 but at an increased crash speed of 64km/h.

     This paper estimates the likely benefits to Australian consumers of a vehicle meeting this more
stringent crash test requirement and whether there are likely to be any disbenefits in increased
Harm to a vehicle from complying with this requirement.

HARM REDUCTION METHOD

     The Harm Reduction method has been described in detail previously in earlier papers and
reports. The concept of "Harm" was first developed in the US and applied to National Crash
Severity Study (NCSS) database by the National Highway Traffic Safety Administration as a
means of determining countermeasure benefits for road safety programs (Malliaris, Hitchcock &
Hedlund 1982; Malliaris, Hitchcock & Hansen 1985; Malliaris & Digges 1987).  In its original
form, it was not suitable for immediate application to these data as it lacked an Australian cost
basis.  Moreover, it had never quite been used previously for itemising injury reductions by body
regions as was envisaged here.  Thus, the development and use of Harm in earlier studies (eg;
Monash University Accident Research Centre 1992; Fildes et al, 1996) as well as the current study
represent a significant international advancement in the ability to assess injury mitigation of vehicle
countermeasures.

Harm & Injury Mitigation

     Harm is a metric for quantifying injury costs from road trauma. It is a function of the number of
injuries sustained, expressed in terms of community costs.  The Harm method adopted here
comprised the systematic approach outlined in detail in Monash University Accident Research
Centre (1992).  This approach is more suited for use in computing likely benefits of
countermeasures where there are no global estimates of the likely improvements but where there
are results reported on the expected specific body region injury reductions. Many publications on
the likely effectiveness of new regulations, for instance, show specific test results for particular



body region and contact source benefits.  The method allows a picture of the expected overall
benefit to be pieced together from a series of individual body region and seating position estimates.
A computer spreadsheet was developed for making the detailed Harm calculations by body region,
similar to that used in the previous study for DOTRS (Fildes et al, 1996).

     The first step in the process was to develop National Harm patterns for Australia.  These
estimates form the basis of the potential savings of injury costs from new occupant protection
countermeasures aimed at reducing or preventing injury. This process was described fully in CR
100 (Monash University Accident Research Centre 1992) and will not be repeated here.  However,
a summary is provided to outline how this was achieved (those requiring more detail are referred to
the original publication).   It draws heavily on the excellent work undertaken by Max Cameron and
his co-workers at MUARC in the original study.

Occupant casualties and injuries

     Unfortunately, no comprehensive Australia-wide database of injuries and their causes was
available for this analysis, thus it was necessary to construct one. Three data sources were available
for constructing the Australia-wide casualty database.  First, details of those killed in Australia are
collected by the Federal Office of Road Safety’s "Fatal File" of which the 1988 database was most
relevant.  Second, MUARC's "Crashed Vehicle File" described in the previous Chapter contained a
random sample of 500 crashes where at least one occupant was either hospitalised or killed in
Victoria between 1989 and 1992, containing comprehensive details on crash characteristics,
injuries and cause of injury.  Third, the Transport Accident Commission in Victoria maintain a
detailed injury and crash database on all casualties in Victoria which involve injury costs of A$317
(1987) or more.

     Merging these three databases and adjusting the numbers to suit national averages between 1988
and 1990 produced annual Australia-wide estimates.  In total, the database comprised 1,612 killed,
17,134 hospitalised and 58,448 medically treated (not admitted to hospital) occupants or 77,194
total casualties involving an estimated 284,540 injuries at a rate of 3.7 injuries per occupant
casualty.  This was taken to represent a single year of occupant casualties in Australia.

Cost of Injury in Australia

     Estimates of the cost of injury by AIS in Australia were published by the Bureau of Transport
Economics for 1985 $A (Steadman & Bryan, 1988).  However, these figures do not breakdown
injury costs by body region, essential for estimating the Harm reductions associated with offset
frontal crash improvement.  For this, it was necessary to use the average cost of each specific injury
based on a matrix of average injury costs in the USA developed by Miller, Pindus, Leon &
Douglass (1990) and explained in detail in Monash University Accident Research Centre (1992).
These figures were then converted into Australian average injury costs in A$(1991). The estimated
total injury cost to car occupants during 1988-90 was calculated to be $3142.6 million per annum
in 1991 prices.  The re-scaled average injury costs per level of injury severity are given in Table 1.

     It would have been preferable to have recent injury patterns and costs available for this analysis,
given the sizeable reductions that have occurred in the road toll between 1991 and now, along with
more recent estimates of the cost of injury.  However, this was not possible within the time frame
and budgetary constraints of the project.  Moreover, it was important to ensure equity between
these costs and those published earlier in Fildes et al (1996).  It was possible though to update these
costs for the effects of inflation between 1996 and 2000.  Nevertheless, it must be stressed that the
community costs of injury are based on human capital costs derived in the late 1980s, which have
been updated substantially by the Bureau of Transport Economics in Australia recently. Thus, these
Harm reductions computed here are therefore very conservative estimates based on today’s values.



Table 1 - Total injury cost ("Harm") to occupants of cars and car derivatives in all types of impact

(1991 $A millions, average per annum during 1988-90)

INJURY SEVERITY

BODY Minor Moderate Serious Severe Critical Maximum TOTAL

REGION (AIS = 1) (AIS = 2) (AIS =3) (AIS = 4) (AIS = 5) (AIS = 6)

External 0.0 4.3 0.2 0.0 0.5 6.2 11.2

Head 12.8 116.6 217.2 290.4 524.9 49.4 1211.2

Face 99.4 80.3 29.9 2.8 0.0 0.0 213.1

Neck 20.1 14.1 25.7 0.6 16.3 2.6 79.5

Chest 33.6 63.7 139.3 99.4 47.5 68.0 451.4

Abdomen-Pelvis 36.4 64.8 89.7 21.2 23.3 2.0 237.4

Spine 3.8 23.4 30.9 3.5 42.8 18.3 122.7

Upper Extremity 64.4 147.4 85.0 0.0 0.0 0.0 296.7

Lower Extremity 64.4 188.6 265.4 0.6 0.2 0.0 519.3

TOTAL 334.9 703.2 883.3 418.4 655.6 146.4 3142.6

No. Occupants Sustaining Injury 77194

Baseline Harm Matrices

    The total Harm in Table 1 was subsequently broken down into a series of Harm matrices by
seating position, restraint use and impact direction by using the same procedures for subsets of the
injury and occupant casualty data.  These tables provided the baseline injury-cost data for
establishing the potential Harm savings of compliance with the frontal offset impact regulation at
the 64km/h crash test speed.

LIKELY INJURY REDUCTIONS

     It is difficult to conduct analyses such as these without comprehensive real-world crash
experience data on which to judge the injury savings.  Some limited test and dummy (injury) data
were available from consumer crash tests previously undertaken in Europe, the USA and Australia
on which to base the likely injury reduction figures.  These data were examined, along with
previous estimates in Fildes et al (1996), to arrive at the expected savings. A more detailed
description of the basis for these assumptions is outlined in the full report of the study by Fildes,
Digges, Les and Tingvall (2001).

Universal Benefit

     An assumption based on the previous analysis of the benefits for the European offset test
procedure at 56 km/h was that the safety improvements would provide a universal benefit over the
range of crash severities to which it is applicable. For the 56 km/h test, a 10% reduction in Harm
was assumed and for the 60 km/h test, a 15% reduction.  The basis for these assumptions is
discussed in more detail in the earlier report.

     The basis for this was the opinion of the expert panel.  They argued that in an offset test, the
crash energy must be absorbed by engaging only part of the front structure, thus the structural
deformation is more complex and intrusion into the passenger compartment is more difficult to
control, compared with a full frontal test. Consequently, they felt that the offset test procedure
would be expected to lead to designs better able to distribute energy more evenly across the
vehicle's front structure.

     For the 64km/h offset test, the crash energy will be approximately 30% higher than at 56 km/h.
To absorb this additional energy without occupant compartment intrusion, manufacturers will have
to design the frontal structure to absorb the energy more efficiently. For efficiently designed
structures, it may be necessary to lengthen the front of the vehicle or increase its stiffness. Increases
in stiffness may be detrimental to vehicle compatibility.



     The NASS/CDS database for the years 1988-1998 was used to show the relationship between
crash severity and injury probability.  This US database provides a nationally representative sample
of about 95,000 crash involved car occupants, and 190,000 incurred injuries.  The relationships
between injury probability and crash severity are shown in Figure 2, based on published data by
Malliaris, Digges & DeBlois (1997).  These data are for restrained occupants in frontal crashes.
The average age of the exposed occupants is assumed to be 30 years old.  Figure 2 also shows the
percent Harm vs. delta-V relationship, based on unpublished data.  In case of the Harm
relationship, the crash severity was adjusted to account for the higher values of delta-V observed in
crash tests, compared with calculated values in NASS/CDS.

     The Harm vs. Delta-V relationship in Figure 2 shows that 69% of the frontal crash Harm occurs
at crash severities below 64km/hr.  It is assumed that a frontal-offset test at 64km/hr would address
this fraction of the Harm.  The 64km/h test would address approximately 25% more of the Harm
than the 56km/h test and 12% more than the 60km/h test.

NASS Frontal Crashes, Belted Occupants
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Fig 2 - Harm distribution by crash severity for several injury severity outcomes

(from Malliaris, Digges, & DeBlois, 1997).

Increased Airbag Usage

     Data presented in the earlier analysis (Fildes et al, 1996) showed that approximately 43% of
new passenger cars sold during 1995 in Australia were fitted with at least a driver’s side airbag as
standard equipment.  The frequency of airbags has increased substantially as standard equipment
where, today, estimates place airbag sales are likely to be around 70% of new car sales (CR 165,
Fildes et al, 1996). The original expert group were in complete agreement that frontal offset testing
will ensure 100% fitment of airbags. This was essentially due to the additional head injury criteria
of 80g (in addition to HIC in the current standard).  Thus, it is legitimate to assume a 30%
additional injury reduction benefit from the airbag brought about by the 64km/h offset test.

Countermeasure Benefits

     In assessing the benefits of the European frontal offset crash test at 64km/h, it was important to
locate relevant data on which to base the likely fleet improvements expected to result from the
introduction of the crash test.  The only data available for this analysis were the results of 27
passenger cars, crash tested recently at the Transport Research Laboratories in the United Kingdom
for EuroNCAP, up until 1999 (McDonough, 1999).  These results were presented as the various
dummy measure scores observed in the test, as well as an overall score for each body region, based
on criteria established by EuroNCAP as poor to excellent performance.  Thus, for each model,
body region scores were presented in terms of safety performance where 0=poor and 4=excellent
outcome for each dummy test measure.  These data provided the basis of the expected crash test
performance of each make and model in a 64km/h frontal offset test and hence, could be
interpreted as the scope for improved occupant protection, following the introduction of a 64km/h
crash test.  Two further assumptions had to be made about these data for use in this analysis.



1. Any score of 2 or less (marginal to poor) was equivalent to an undesirable performance level or
“fail” and would be the potential injury mitigation available from the countermeasure benefits,
following the widespread introduction of the 64km/h test.

2. That these essentially European performance scores would be indicative of similar performance
scores among the Australian fleet, given that many of these cars are currently sold in Australia.

The original assumptions related to countermeasure benefits published in Fildes et al (1996) were
revisited in the light of more recent evidence and these savings are discussed below.

Additional Chest Benefits - The European offset procedure specifies a 50mm maximum
deflection, a V*C<1.0m/sec and reduced steering column movements to 80mm vertical and 100mm
rearward. It was argued in Fildes, et al (1996) that this would reduce chest injuries essentially from
contacts with the steering column and belt. Moreover, these benefits would be expected to accrue
predominantly from small to medium cars.  To meet these criteria, it was also argued that a 30%
additional margin would be required when crash testing during vehicle design.  The resulting
vehicle performance was assumed to be 35mm chest deflection, and V*C less than 0.7m/sec.  For
steering wheel displacement, the design was constrained to 70mm rearward and 56mm upward.

     The European 64km/h crash test data showed that 13 of the 27 vehicles (48%) “failed” the chest
load criteria using TRL criteria and that 17 vehicles (63%) had unacceptable steering wheel
displacements.  For the chest load failures, the benefits were assumed to be relevant for all crashes
up to 64km/h or 85% of the Harm for the reasons outlined in section 3.4.1.

     From real-world frontal offset crash analyses undertaken in (Fildes et al, 1996), it was shown
that steering wheel contacts only occurred at crash speeds above 40km/h.  Thus, the benefits of
reduced steering wheel displacements, therefore, were assumed to be relevant for only 56% of this
Harm, from data presented in CR100 (MUARC, 1992).

     Benefit:  A chest benefit relevance of 0.41 (85% x 48%) was assumed for all chest Harm,
excluding Harm from contact with the steering wheel.  For this Harm, the relevance was 0.35 (56%
x 63%).  For both chest benefits, an AIS 2 shift in the Harm distribution was assumed following the
application of suitable countermeasures.

Pelvic & Thigh Injuries - The allowable femur load in the offset standard included a 9kN
maximum peak load with 7.9kN for 10msec and above. In CR165 (Fildes et al, 1996), it was
revealed that manufacturers would need to design for 5.4kN to meet this new requirement.

     From the TRL findings, 11 of the 27 passenger cars (41%) were judged not to have performed
satisfactorily by their criteria.  Given that these benefits would accrue at all crash severities up to
64km/h, it was further considered that improvements to meet these test criteria would apply to the
full 85% of the applicable pelvic and thigh Harm.

     Benefit:  A relevance of 0.35 (41% x 85%) will apply for all severity levels of pelvic and thigh
Harm for compliance with a 64km/h crash test.  An AIS 2 shift will apply to the Harm distribution
as a result of the application of suitable injury countermeasures.

Knee Injuries - The frontal offset test has an A-P maximum tibia displacement of 15mm (assume a
design criteria of 10mm for manufacturers).  It was assumed that this criterion would provide a
benefit for all knee Harm below the impact test speed.

     The TRL report found that 20 of the 27 vehicles or 74% of the fleet had an unacceptable knee
injury performance by their criteria.  Based on the CR100 (Monash University Accident Research
Centre, 1992) Harm distribution, this was judged to be relevant for 85% of the knee Harm
observed.

     Benefit: A relevance figure of 0.63 (74% x 85%) would apply to all knee Harm for a 64km/h
test at all AIS levels with an AIS 2 injury shift.

Lower Leg - The applicable Tibia Index (TI) criterion specifies a maximum TI = 1.3.  The TRL
report only reported a TI score for 13 cars where 6 (46%) had sub-standard performance levels.
Again, it is expected that benefits from the application of suitable countermeasures to ensure 100%
compliance would apply to 85% of the applicable Harm.



     Benefit:  On this basis, the relevance figure for lower leg improvements would be 0.39 (46% x
85%) at all injury severities with an AIS 2 injury shift.

Ankle & Foot Benefits - The 64km/h offset test calls for an 8kN compressive force requirement as
part of its lower leg injury criterion (6kN design requirement).  TRL results showed that 21 of the
27 cars tested (or 78%) failed the test criterion. On this basis, it is likely that most manufacturers
would respond to these figures by providing additional reductions in moment (My) below these
figures.

     In Fildes et al (1996), it was argued that Mercedes-Benz had gained a 27% reduction in ankle
and foot injuries as a result of structural and padding improvements.  On the basis that half of the
benefit would be gained from structural improvement (already included in the universal benefit),
the extra benefits of padding countermeasures to ensure compliance with these criteria would be
expected to reap a 15% benefit in applicable Harm.

     Benefit:  A relevance figure of 0.12 (78% x 15%) for all AIS levels with an AIS 1 shift at
56km/h and a relevance of 0.15 for all AIS levels with an AIS 1 shift at 60km/h.

Neck Injury Benefits - The offset standard specifies 3 neck injury criteria for tension, shear and
extension movement, based on figures reported by Mertz (1991).  TRL test results showed that 4 of
the 27 cars tested had unsatisfactory neck injury criteria.  The Harm distribution for the neck in
CR100 showed that 90% of the Harm occurred at speeds up to 64km/h.

     Benefit:  A relevance of 0.14 is assumed for all AIS levels with an AIS 1 injury shift.

Front Left Passenger Benefits - It was previously assumed in CR165 (Fildes et al, 1996) that
while the standard was primarily aimed at improving occupant protection for drivers (it is a 40%
offset on the driver’s side only), there would nevertheless be some additional benefit to be gained
to front left passengers from the universal benefit from improved structural integrity and
compatibility.  In addition, some additional benefit would be expected to the chest and abdomen
(from seatbelt and dashboard) and lower limbs assuming that counter-measures would apply
equally to all front seat occupants.

     Benefit:  Again, it seems reasonable to assume that the benefits outlined for the body regions
stipulated apply to front occupant Harm, rather than just drivers.

     From this analysis, nine assumptions were developed related to a universal benefit, an increase
in airbag usage attributed to the frontal offset requirement as well as individual savings in body
region injuries and their severity. These assumptions are outlined in Table 2 below.

Table 2 - The nine critical assumptions used in the 64km/h benefit analysis

No. Assumption

1 A universal benefit would accrue from a general crashworthiness design improvement
(15% reduction for 69% of the frontal Harm).

2 There would be an added benefit from 100% fitment of a driver airbag, which would be
accelerated by mandating the offset test.

3 There would be fewer chest injuries from more stringent criteria, mainly for small to
medium sized car occupants.

4 Fewer pelvic/thigh injuries from more stringent femur load and time-dependent criteria.

5 New knee criteria would lead to fewer knee injuries for all crashes up to the test speed.

6 Fewer tibia and fibula fractures from inclusion of Tibia Index.

7 Fewer ankle-foot injuries from structural improvement to the floor and toe-pan areas.

8 A reduction in neck injuries by including a neck injury criterion.

9 Equal effectiveness would apply to occupants in all front-seating positions.



INJURY DISBENEFITS

     Manufacturers have argued that by focussing on higher test speeds, the NCAP test program
encourages stiffer vehicles that may not provide optimum protection at lower test speeds. To test
the effects of increased stiffness across the Australian fleet, stiffness values of Australian vehicles
that performed well and badly on the ANCAP offset crash tests were obtained for crash tests
conducted at 64km/h in Australia.  Test data were available on approximately 20 vehicles sold in
Australia that had been tested against ANCAP test criteria. Force-deflection curves were plotted
from in-vehicle measures where the peak force and peak deflection was extracted from the curves.
These values are shown in Table 3.

Table 3 - Stiffness analysis of ANCAP cars crash tested in frontal offset at 64km/h.

DETAILS OF Right-hand B-pillar measures

TEST VEHICLE Crash test
number

Peak Force
(N)

Peak Deflection
(mm)

Time to peak
force (msec)

1997-Toyota Prado 7019 988.8 1552 63

1997-KIA Sportage 7018 727.1 1461 63

1997-Ford Falcon 7029 725.6 1618 78

1996-Mitsubishi Magda 6041 603 1512 80

1996-Honda Accord 6039 589.5 1626 90

1997-Toyota Camry 7027 562.7 1500 88

1996-Hyundai Lantra 6033 549.2 1546 77

1995-Ford Mondeo 5043 518 1424 81

1997-Toyota RAV4 7033 510 1527 77

1996-Honda Civic 6032 486.1 1634 88

1995-Toyota Camry 5044 447.7 1682 86

1996-Mitsubishi Mirage 6036 394.3 1497 73

1996-Nissan Pulsar 6031 393.8 1500 78

1996-Ford Laser 7008 363 1448 72

1996-Nissan Micra 6042 348.3 1778 67

1996-Holden Barina 6034 331.8 1432 68

1996-Daihatsu Charade 6045 319.7 1581 82

1995-Daewoo Cielo 5045 252.7 2178 70

1997-Holden Commodore 7028 - - -

1996-Toyota Starlet 6035 - - -

Vehicles shaded are those that performed better in the ANCAP 64km/h test in Table 3.2. Data on the two cars
listed at the bottom of the table was subsequently found to be faulty and hence, not included in this analysis.

     In general terms, vehicles that exhibit high peak forces and/or short times to reaching peak force
are generally considered stiffer vehicles than their lower value counterparts.  Overall, these results
do not show any strong evidence of more stiff vehicles as a result of the 64km/h offset test.  Indeed,
many of the vehicles that were considered to have performed adequately in the 64km/h offset test
were really relatively soft (eg; 1996 Honda Accord had a peak force of 590N after 90msecs and a
peak deflection of 1626mm).  Many of these cars would have been designed prior to the
introduction of the 64km/h ANCAP offset test.  It would be interesting, therefore, to continue to
monitor these findings in the coming years as models come onto the market that may well have
been influenced by the 64km/h test.



Insurance Institute for Highway Safety (IIHS) Tests

     Adrian Lund and colleagues at the IIHS conducted a series of comparative crash tests looking at
the relative effects of geometry, mass and vehicle structure (Lund 1999) as shown in Figures 3 to 8
below.
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Fig 3 - Acceleration by displacement of CG:

1996 Toyota Previa and 1998 Toyota Sienna
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Fig 4 - Acceleration by displacement of CG:

1997 and 2000 Cadillac Seville
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Fig 5 – Acceleration by displacement of CG: 1996

and 1999 Honda Odyssey
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Fig 6 - Acceleration by displacement of CG: 1995 and

1999 Mitsubishi Galant
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Fig 7 - Acceleration by displacement of CG: 1995

Saab 900 and 1999 Saab 9-3
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 Fig 8 - 1993 Ford Taurus and 1995 Ford Contour

NCAP force-displacement: Force from load cell

barrier, displacement from vehicle acceleration

     Their results showed that increased mass and increased ride height of the striking vehicle
increased both the deformation of the struck vehicle and the struck vehicle drivers’ injury risk.
However, increased stiffness produced inconsistent results, increasing extent of struck vehicle
deformation but not always increasing dummy injury measures.  Even large changes in striking
vehicle stiffness were apparently mitigated by minor changes in vehicle geometry.  They concluded
that the geometric location of stiff elements in the fronts of vehicles, and how that affected the



intrusion profile in the struck vehicle was more important than overall vehicle stiffness in side
impact compatibility.

     On the basis of these findings, it was not possible to estimate any disbenefit from the higher test
speed and, therefore, no adjustments were included in the calculations.  This does not mean that
there are no disbenefits from the 64km/h frontal offset test, but rather no data exists currently to
confirm the presence of these.  More research is warranted here when it is possible to assess how
vehicle designs might be influenced by this higher crash speed.

HARM BENEFITS

     It was assumed that meeting a 64km/h frontal offset crash test requirement would require a
substantial re-engineering of a passenger car.  On this basis, considerable benefits could be
expected involving both structural improvements and the addition of new countermeasures.
Moreover, it would be expected that all compliant cars would provide at least a driver airbag.

     In calculating the final benefit, therefore, it was important that the order in which these
assumptions would apply to existing Australian Harm patterns was maintained to ensure that
double counting does not apply.  As the structural improvement would apply independent of any
added countermeasure, this benefit would be applied first, followed by the airbag benefit.  The
extra benefit from the body region countermeasures would then be applied to the Harm that is left.

i.e., Universal benefit ➨ airbag benefit ➨ countermeasure benefit.

     The benefits of the 64km/h crash test requirement were calculated for both the annual Harm
saved assuming all vehicles in the fleet were compliant as well as the unit Harm benefits per car
across its lifetime.  In computing unit Harm benefits, 5% and 7% discount rates were employed for
either a 15 or a 25-year fleet life.

Annual Harm Benefits

     Individual body region by injury severity Harm savings were computed and summed to provide
the total annual Harm savings expected for a vehicle complying with the 64km/h frontal offset
crash test. The annual Harm reduction amount that would accrue was estimated to be between
A$404 million and A$520 million (in A$1996 values) depending on the level of airbag sales in new
vehicles as shown in Table 4.  This represents an additional annual Harm saving of 5% over that
estimated at 56km/h.  Allowing for recent increases in inflation (2.6% from 1996 to 1999), this
equates to an annual saving of A$415 million to A$534 million in more recent prices.  Naturally,
the full benefits would only apply when all vehicles in the fleet comply with this requirement.

Table 4 - Summary of Harm reductions for the various outcomes dependent upon

driver airbag fitment rates achieved

PERCENT 56km/h TEST SPEED 64km/h TEST SPEED

DRIVER AIRBAGS ANNUAL % FRONT ANNUAL % FRONT

IN NEW CARS HARM TRAUMA HARM TRAUMA

70% $418m 21% $520m 26%

80% $377m 19% $481m 24%

90% $337m 17% $443m 22%

100% $297m 15% $404m 20%

   NB:  Prices expressed are in A$1996 values

     As noted earlier, this assumes no disbenefit would occur that would negate some of these
savings.  It is important to stress that while there was no evidence found to suggest that the higher
test speed would influence design such to induce more injuries at other test speeds, this needs to be
tested more rigorously when suitable data become available.



     It should be noted that the most conservative estimate was for a 20% reduction in frontal Harm
attributed directly to this requirement, which assumes no benefit from increased frontal airbag
sales.  Moreover, it does not allow for increases in the cost of injury, recently published figures by
the Bureau of Transport Economics (2000).

Unit Harm Benefits

     The annual Harm saved by manufacturers complying with these offset test procedures assumes
that all vehicles on the road instantaneously meet this standard.  In fact, of course, it can take many
years for this situation to arise as 15% of cars involved in crashes are more than 15 years old and
there are many vehicles aged 25 years or more still operating in this country.  In establishing
benefit-cost relationships, therefore, it is necessary to convert annual Harm saved (a community
benefit) into a saving spread across the life of an individual vehicle to compare this with the cost of
meeting this requirement.

     This is achieved by estimating the average risk of a vehicle being involved in a crash for each
year of its life and multiplying that risk by the annual Harm saved per crash for that time period.
The average Harm savings can then be summed across the life of the vehicle.  There are alternative
methods for making these estimates, each with their particular strengths and weaknesses and these
have been reviewed in Vulcan and Fildes (1998).  The unit Harm benefit (the average savings per
car across its lifetime) was calculated using 5% and 7% discount rate and 15 and 25 year fleet life,
specified by the Department of Finance (1991), and these findings are shown in Table 5.

Table 5 - Summary of Unit Harm reductions for the various outcomes dependent upon

discount rate, fleet life and driver airbag fitment rates

PERCENT 56km/h TEST SPEED 64km/h TEST SPEED

AIRBAGS 15yr FLEET 25yr FLEET 15yr FLEET 25yr FLEET

IN NEW CARS 5% 7% 5% 7% 5% 7% 5% 7%

70% $471 $417 $523 $454 $586 $519 $651 $565

80% $425 $376 $472 $410 $542 $480 $603 $523

90% $380 $336 $422 $366 $499 $442 $555 $482

100% $334 $296 $372 $322 $456 $404 $507 $440

     The unit Harm reduction per car at the higher 64km/h crash test speed is depending on what
fleet life period and discount rates are chosen. Table 6 shows that the unit Harm saved per car from
a vehicle complying with the 64km/h frontal offset requirement varies from $404 to $651 across
the life of the vehicle in A$1996 prices. Allowing for recent inflation, this equates to a unit Harm
saved of between A$404 to A$651per car in A$1999 values.  Again, these figures are likely to be
very conservative estimates based on recently released cost updates by the BTE in Australia.

DISCUSSION

     This study set out to estimate the annual and unit Harm benefits likely to accrue to Australia if
all vehicles complied with an offset frontal impact standard, similar to that currently specified by
ADR 73, but at a higher crash severity speed of 64km/h.  The 64km/h offset test is currently
undertaken as part of the New Car Assessment Program in Australia and Europe. The study
adopted the same Harm Reduction method and approach as an earlier analysis of benefits in a
frontal offset crash test, conducted for the Federal Office of Road Safety in Australia when
determining the need for introducing ADR73/00 (Fildes et al, 1996). The benefits were calculated
in much the same way for reasons of consistency.



The New Car Assessment Program

     The New Car Assessment Program in Australia and Europe, as well as a similar program
conducted by the Insurance Institute for Highway Safety (IIHS) in the USA, routinely carry out
offset crash tests of new passenger cars using the European offset test procedure, but at a higher
64km/h test speed.  These independent test are carried out to provide information to the general
public on the safety performance of new vehicles to help consumers choose safe cars.  A 15%
higher test speed that that regulated by governments has been adopted by these organisations to
provide a more severe test of vehicle crash performance.

     The 64km/h test procedure adopts exactly the same criteria specified in ADR73/00 only at the
higher crash severity.  The impact configuration calls for a 40% overlap using a deformable barrier
face on the driver’s side of the car at an impact speed of 64km/h. Two Hybrid III test dummies are
placed in the front outboard seating position and injury performance criteria are specified for the
head, neck, chest, upper and lower limbs. In addition, maximum intrusion criteria for the steering
wheel rearward and upward are also included.  It is commonly accepted that a 40% frontal offset
crash test requirement is a more severe test of a passenger car structure than other frontal crash
requirements.

Injury Reduction Assumptions

     In computing the benefits of a proposed new countermeasure, it is necessary to rely on scant test
data and expert panel assessments in estimating the likely injury reductions. The earlier study
provided a basis for many of the assumptions required. In addition, crash test data available from
NCAP in Europe and Australia enabled these to be adjusted for the higher impact speed.  A total of
9 revised assumptions were outlined as summarised in Table 2 earlier.

Disbenefits

     It is important to ensure that in introducing a new safety countermeasure, the benefits acquired
by the measure are not offset by any disbenefits.  Some manufacturers have argued that the higher
crash test speed associated with the 64km/h frontal offset crash test requirement leads to more
stiffer structures and hence are potentially harmful to other crash partners, especially in side impact
collisions.

     Evidence was reviewed from the ANCAP program, which failed to show any signs of
particularly stiff front structures in these crash test results.  However, it was noted that many of
these car designs preceded the 64km/h NCAP test and that they performed, at best, at only average
or marginal performance (see discussion on pages 10 and 11 of this report).  Furthermore, the
assumption that stiffer frontal structures would lead to greater injuries was questioned with the
results published by the Insurance Institute for Highway Safety (IIHS) in the USA.  They claimed
from a series of comparative crash tests that geometry and mass are likely to be more injurious in a
side impact crashes, not stiffness.  It has been argued that disbenefits can arise from the loads
imparted to occupants in a crash.  If for instance the restraint system is optimised for 64km/h, then
the vulnerable segment of the population will be injured more frequently at lower speeds from
stiffer seat belts. Hence, it is claimed that it is necessary to examine the risk functions for say chest
loads of between 30 and 50gs likely to affect the little old ladies in 30km/h crashes.  The
disbenefits from the greater frequency of these crashes then need to be balanced with the benefits at
higher speeds. Unfortunately, it was not possible to undertake such an analysis in this study.

    On the basis of the data presented here, it seems that there was little evidence of a likely injury
disbenefit from a 64km/h crash test requirement and hence no allowance was provided in this
analysis.  This is not to say that the 64km/h test requirement does not result in any injury disbenefit
to either the vehicle’s occupants or its partners in a crash, only that there is no evidence at this stage
to suggest it does. It would be worth monitoring this closely in the years ahead, both in the stiffness
levels of cars sold in Australia as their performance against the test improves and their
compatibility performance in the fleet.  In the event that any additional evidence becomes
available, it is possible to modify the benefits at a later date, in line with these findings.



Discussion of the Results

     In the earlier report, it was noted that the expert panel used in arriving at the likely injury
reductions at 56km/h and 60km/h, claimed that the benefits to be derived for Australia would come
from three sources: a universal structural improvement, an increase in the provision (and
subsequent benefits) of driver side airbags as a result of this requirement, and from specific
measures aimed at meeting the stringent new test criteria.  Using the assumptions agreed to by this
expert panel and modifying these in the light of recent 64km/h test results, the subsequent Harm
benefits appear to be sizeable in addition to ADR73.

     The most conservative estimate was for a 20% reduction in total frontal Harm and an additional
5% saving in community Harm over that which could be attributed to the ADR73/00 government
requirement. The break-even cost to achieve this benefit would be somewhere between A$404 and
A$651 per vehicle, which seems very reasonable indeed (industry estimates to achieve the offset
impact standard improvements in Fildes et al (1996), were A$100 per car).  The component of this
benefit that was attributed to the airbag alone varied from 24% to zero, depending on the level of
airbag sales. Most of the benefit, therefore, could be attributed to increased structure and other
countermeasure improvements resulting from this test requirement.

     The question of any disbenefit resulting from the 64km/h was not substantiated by evidence
available at this time and this was noted as one area that warrants further research.  It is possible to
amend the benefits computed here in the light of any additional data that becomes available which
demonstrate an increase in injury from compliance with the 64km/h test requirement.

     The assumptions and the basis for them are detailed in the associated report (Fildes, Digges, Les
and Tingvall, 2001) and were based on the existing body of test data, scant injury data,
biomechanics criteria, and expert opinion.  These were the best information available at the time on
which it was possible to estimate these benefits.  As new information becomes available, these
assumptions may be further refined and the benefits adjusted accordingly.

     The strength of the Harm Reduction method used here is that the basis for arriving at these
benefits is objective and transparent and subject to close scrutiny.  If one wishes to challenge any of
the assumptions, it is possible to re-calculate the benefits based on alternative outcomes.  Indeed,
the analysis performed here included a number of sensitivity tests on the basis of alternative crash
test speeds, airbag usage figures in Australia pre-standard, and varying discount factors and time
period over which the benefits are calculated.

CONCLUSION

     On the basis of the evidence presented here, the 64km/h crash tests seems to provide
considerable benefit to Australia in addition to that expected from ADR 73/00. The total benefit
likely to accrue if all cars were to comply with the 64km/h test would be somewhere between
A$404 million and A$520 million annually with 100% fleet compliance. The break-even cost per
car across its lifetime would be on average somewhere between A$404.00 and A$651.00. The
additional benefit above ADR 73/00 would be of the order of 24% to 36% in reduced Harm in
frontal crashes. No data was available on any likely disbenefit resulting from designing for the
higher crash test and further research is needed to confirm this assumption.

Caveat

     The Bureau of Transport Economics in Canberra recently revised their estimates of the costs of
injury in Australia based on more recent cost data available.  These costs are between two and three
times greater than those used in this report.  Unfortunately it was not possible to use these latest
costs in computing the benefits of a 64 km/h offset crash test in Australia as unit body region by
injury severity costs are unknown at this stage.  Hence, the benefits calculated here are very
conservative estimates of those resulting from this test requirement.
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