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FOREWORD

This report of the proceedings of the Sixth Intemational
Technical Conference on Experimental Safety Vehicles was
prepaled by the National Highway Traffic Safety Administra-
tion, U.S. Department of Transportation.

We wish to thank the authors and all those responsible for
the excellence of the material submitted, which aided
matcrially in the preparation of this report.

For clarity and because of some translation difficr:lties, a
certain amor.urt of editing was necessary. Apologies are,
therefore, offered where the transcription is not exact.
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lntroduction of the Secretary

HOWARD DUGOFF
Associate Administrator for Research
and I fcvelopment
Natiortal Highway Traffic Safety Administration and
Clrairman of Lhe Confcrcncc

Ladies and gentlemen, may I, on behalf of
the National Highway Traffic Safety Adminis-
tration, welcome you all to Washington, D.C.

We hope that your stay will be a most
pleasant one.

I will perform as your C'hairman for this
Sixth International Technical Conference on
Experimental Safety Vehicles, atrd as my first
official function, I havc the great pleasure and
indeed the honor of introducing our keynote
speaker to officially open the conference.

May I present the Honorable William T.
Coleman, Jr., the United Statcs Secretary of
Transportation. Secretary Coleman-

Keynote Address

SECRETARY WILLIAM T. COLEMAN, J R.
Department of Transportation
United States

I am pleased to keynote this Sixth Inter-
national Conference, on Experimental Safety
Vehicles. It is a particular pleasure for me to
welcome our guests from the nine nations
that, along with the United States, are partici-
pating in this joint effort to Jrroduce motor
vehicles designed fr.rr the maximum safety of
their passengers.

It is appropriate that we begin this 4day
confetence in the auditorium of our State
Department. We think of a nation's foreigrr
policy as being concerned almost exclusively
with national security and threats to world
peace, and these proved, indeed, to be the
prevailing issues of last Wednesday's television
debate.

But as I heard Secretary Kissinger point
out, when I had occasion to be on a ptogram
with him in Philadelphia recently, two of the
permanent goals of American foreign policy
are the strengthening of relations with our
international friends. and the attainment of a

safer, more progressive world. Certainly the
alliance of nations represented here and the
purposes of this conference serve those objec-
tives.

The automobile is the preferred means of
personal transportation in all the industrial-
ized nations of the world, unsurpassed for
comfort, convenience, and all-round utility.
For many years we have paid a heavy price-
unnecessarily high, we are finding-for the
privilege of enjoying the motor vehicle's
advantages. While we have waged economic,
scientific, technological, and legislative war
against other forces that damage our environ-
ment or endanger our lives, we have heated
the car with tolerance and equanimity-
fearful that efforts to correct its faults might
cost us some of its benefits.

That time is past. This confederation of
concerned nations was founded 6 years ago in
common dedication to the principle that a
safer car can be a better cat, and in the
gtowing universal acceptance of passenger
safety as not only a valid but a basic criterion
of automotive design.
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But our concern and our efforts go further.
The motor vehicle has become a major cause
of air pollution, a source of urban congestion,
and a heavy consumer of sca-rce encrgT
resorilces. The number of motor vehicles in
worldwide use now exceeds 300 million. ln
the next 15 years. in our country alone, we
expect to add about 36 million more vehicles,
most of them private automobiles, to the 140
million now on our streets and highways.

This proliferation of motor vehicles, not
only in the United States but throughout the
world, underlines the necessity and the ur-
gency of the business that brings us together.

Unless the automobile is transformed-
unless it is made more fuel efficient. less
deadly, and more socially acceptableits fu-
trrre, and the extent of our dependence on it
for our mobility, may indeed be in jeopardy.

Fortunately, that transformation is already
underway. Today's cars pollute less and are
equipped with more safety features than their
predecessors of a few years ago. Current
models deliver better mileage than the 1975
models, which were significantly better than
the 1974 models.

Hydrocarbon and carbon monoxide emis-
sions have heen reduced by approximately 80
percent in the 10 model years since emission
controls were required by the Clean Air Act.

The prospects for further reductions in air
pollution caused by automobiles are cxcel-
lent, but in moving toward the desired nation-
al standard for nitrogen oxide emissions some
caution is in order. In transportation, as in
other areas. we sometimes encounter a con-
flict of good intentions. Modifying the inter-
nal combustion engine to meet emission
restrictions, for exampleo resulted in an
1l-percent reduction in fuel economy---a loss
that our industry's designers and engineers
have been trying to recover. Clean air is
something we all want, but with the era of
cheap and plentiful energy now behind Lls we
must pumue our environmental goals in tan-
dem with our energy conservation and fuel-
efficiency objectives.

On that subject, the report issued last
month by the Motor Vehicle Task Force of
President Ford's Energy Resourcels Council
indicated that the introduction of lighter
weight, more efficient automobiles would

more than offset the historical increase rn
automobile fuel consumption.

By the 1990's such changes could lead to a
net reduction of up to 1.3 million barrels of
oil per day as compared to 1975, even though
automobile use is projected to gXow hy nearly
50 perccnt in that time period.

The report pointed out, however, that such
fuel savings might not be attainable without
some trade-offs in carrying capacity or accel-
eration and some compromise in terms of
acceptable levels of exhaust emissions and
occupant protection.

One of the functions of this assembly,
through its member nations and their tech-
nical resourcefulness, is to prove that report
wrongto demonstrate that good mileage,
low emissions, and passenger safety can co-
exist in an automobile acceptable to the
public's taste and responsive to their motoring
needs.

When the U.S. Department of Transporta-
tion first began investigating the feasibility of
a safe vehicle (one that would protect occu-
pants from death or serious injury in acci-
dents up to 50 miles an hour) the products
that emerged were designed to insure the
survival of their passengers, but only at heavy
penalties in comfort and economy. Moreover,
the weight of the experimental cars tested
raised questions about the fate of anyone in a
conventional car unfortunate enough to col-
lide with them. Thanks to the technical
expertise represented here today, we believe
we have learned to design cars that are not
aggressive in a collision, and that afford added
protection for pedestrians as well as passen-
gers.

That eventual solution, of course, and the
route we are taking in this worldwide Auto
Safety Development Program, is to further
expand our integrated systems approach to
safety, and to devise a motor vehicle that
combines energy efficiency, operating econ-
omy, and environmental acceptability with
occupant safety. We refer to this as our SBE
concept.

This approach has led to the two advanced
state-of-the-art research safety vehicles devel-
oped over the past 16 months, mockups of
which were unveiled at the Sheraton Hotel
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earlier today and will be on display as a part
of this conference.

These vehicles are being developed by the
Calspan Corporation, of Buffalo, and Minicars
Incorporated, of Goleta, Califomia, to meet
ttre Department of Transportation (DOT)
design specifications combining low weight
and good fucl economy with occupant protec-
tion up to 50 miles per hour in frontal
crashes.

While the mockups on display at the hotel
represent the tangible results of our research,
and the construction and subsequent testing
of the vehicles will show how well they
performo our research program is perhaps
equally valuable for its less visible contribu-
tions to the cause of motoring safety.

For example, as a part of our Research
$afety Vehicle program we Eue gaining a
better assessment of the full costs of present-
day traffic accidents. We are projecting trends
of automobile use and growth, along with
accident frequencies and severities, to 1985.
We are conducting cost/benefit analyses of
safety features, examining advanced en gineer-
ing models of automobile structures and
testraint systems, and evaluating the practical-
ity of various design innovations for greater
safety, economy, and damage resistance.

Perhaps most significantly, we are leaming
together, pooling resources, sharing and ex-
changing knowledge. We have leamed a gteat
deal in recent years from our European and
Japanese friends about the fuel economy and
urban utility of the small car. I am confident
that the same skills that made the small car
more popular can contribute much toward
making it increasingly safer.

We are gaining, too, from a growing public
comprehension that safety on the highways is
a public as well as a personal responsibility.
Ten years ago, when our National Highway
Traffic Safeff Administration was established
as an agency exclusively devoted to the cause
of motoring safety, people were driving them-
selves to death by the tens of thousands. In
1966, 53 000 persons lost their lives in motor
vehicle accidents, a rate equivalent to 5.7
fatalities per 100 million miles traveled.

As a result of government tegulations and
the industry's response, the safer cars since

produced have substantially reduced deaths
and injuries.

In addition to the protective benefits safer
cars have brought, the 55-milc per hour speed
limit, introduced nationwide for fuel-
consetvation purposes, has had a significant
and welcome effect on highway fatalitjes. In
the 2 full years the lower speed limit has been
posted, the motor vehicle death toll has
dropped t7 percent. We estimate that at least
half of the I 000 lives saved in each of the
past 2 years can be attributed to the lower,
more uniform speed. Today's rate of 3.5
deaths per 100 million miles, therefore, means
that from the inception of the Highway
Safety Program in 1966 until the present time
our combined efforts and progxams have
yielded a 40percent reduction in the fatality
rate in the United States.

These achievements suggest that the high-
way does not have to be a place of sudden
and violent death. We do not have to accept a
particular highway death toll as inevitable, or
any fatality rate as "acceptable." We must
continue to treat death and injury on the
highway as we would any other national
affliction-through aggressive reseatch into
the best means of prevention ald coruective
treatment of the causes.

The best long-term prospects for increased
safety of the vehicle itself lie with the work of
this international coalition and the contribu-
tions of those involved. Most of the "easy"

steps in vehicle safety have already been
taken. Such things a.s radar brakes and
stronger but lighter materials are still some
years distant.

For the short term, the best prospects for
ggeater pa$senger protection would seem to
depend on the public's willingness to use
overt or inert restraint systems. Experience
indicates that today's three-point safety belts
would be highly effective-if more people
would use them. It is our estimate that the
annual death toll in the United States could
be reduced by 13 000 if 80 percent of the
drivers and passengers would wear their belts
faithfully.

As you may know, I am now considering
what action to take with regard to future
motor vehicle occupant crash protection pol-
icy. One altemative is to seek Federal or State
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laws that would make the wearing of safety
belts mzurdatory, as other countries already
have done. I can, as another altemative,
require passive restraint systems on all new
CAIS.

In weighing these alternatives and other
options open to me, I am faced with the
resllonsill i l ity not only of dealing with such
complex matters as technical feasibility, sys-
tem reliability, and safety benefits and costs,
but I must also judge the public acceptability
for each action. For while there is greater
agrccment today that highway safety errtails
public as well as individual responsibility,
there can bc no doubt that there are limits to
public acceptance of govemment actions to
increase individual safety.

I will, however, ma-lie my decision on this
matter and announce my recommendations
before the end of the year. In the meantime, I
strongly urge the continued efforts of all the

partners in this international safety con-
sortium to seek out those technical. attitudi-
nal, and motivational forces which will en-
hance the safety of our motor vehicles, of
those who operate them, and of all those who
ride in them. I also encourage yow active
participation as we work together on new
initiatives to integrate safety, efficiency, and
social acceptability into the total vehicle
system.

This venture is indeed worthy of inter-
national cooperation and the combined re-
sources of govemment and industry. I look
forward to the status reports on experimental
safety vehicle progress, and hope that our
current accomplishments prove to be but a
prelude to still greater gains in motoring
safety.

I welcome you to this conference and wish
you much success.
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Status Report on Experimental
Safety Veh icle Development
Programme

J .  W .  F U R N E S S
Director/Ch ie i  Mechanical  Engineer
Dcrrartment of Environment.  TRRL
Unitcd Kingdom

At the Fifth Experimental Safety Vehicle
(ESV) Conference in 1974, the importance of
low capital costs, economies of operation, and
availability of energy rcsources, as well as
vehicle safety and environmental matters, was
rightly emphasised. The demand for relatively
lightweight, low-cost vehicles that have low
fuel consumption and low exhaust emissions
was stressed not only for developing counhies
but for major European and North American
markets as well.

The British Govemment's car safety pro-
gramme hegan with the development of com-
ponent systems that would tre suitable for
early incorporation in production cars. The
programme followed many years of research
work and took account of the need not to
rrnduly increase the weight of vehicles and,
hence, costs. It deliberately chose vehicles in
the 860-1 3OO'kilogram (1 900-2 800-lb)
weight range having engines of 1 000-1 800-cc
capacity. Vehicles of these sizes are in com-
mon use throughout Europe and many other
parts of the world. Such vehicles have a
relatively low fuel consumption that is usually
well within the proposed Amcrican target of
30 milgal. The British programme has not
c o n c e r n e d  i t s e l f  w i t h  c a r s  i n  t h e
I 360-1 8O0-kilogram (3 000-4 000-lb) cate-
gory-

The British programme of work since the
last ESV conference in 1974 has therefore
continued primarily on safety matters. Papers

to be presented at this eonference indicate
our latest studies. It will be noted that car
occupant safety in side impacts and the need
to design the ftonts of cars to minimise
injuries to pedestrians in the event of impact
have been given prominence. In mzury coun-
tries of the world the number of pedestrians
injured demands that urgent attention be
given to both the above subjects. We believe
that the front bumper should be below the
current American legal requirements atrd at a
height compatible with the height of car door
sills; this would lead to front end designs in
which impact injuries to pedestrians would be
minimised and the severity of itrjuries to
occupants of cars involved in sidt: impacts
would be lessened without the need for heavy
reinforcement of car doors.

Accident investigations continue to play an
important part in the British progTamme.
Data are being collected and analysed, and
efforts are being made to get more representa-
tive samples from different parts of the
country. There is a gcneral concensus that
changes to the design of the steering and
braking systems of European-type cars would
play virtually no part in reducing accidents.
Automatic levelling of headlights and im-
proved performance from dipped headlights
could possihly reduce dazzle and help driver
convenience and comfort and may tend to
reduce nighttime accidents. The number of
injuries to car occupartts irrvolved in acc:idents
in Britain has decreased in the past 2 years.

The use of seatbelts in cars has increased
during recent years, and this has encouraged
the developmcnt of better and more com-
fortable seatbelts. These belts are mostly of
thc three-point lap-and-diagonal type
equipped with emergency locking retractors.
No developments towards the fitting of air-
bags as possible restraint systems are contem-
plated. At the last conference we referred to a
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new type of windscreen glass known as
'oTriplex Ten Twenty," which has been devel-
oped with the intention of minimising the
lacerative effects to car occupants caused by
Iaminated screens if broken in accidents. This
type of windscreen is now offered as standard
equiprnent on at least one type of British
vehicle. The "run flat" concept of tyrc and
wheel equipment was referred to in our
presentation at the last conference. This
development was intended to abolish the need
for a spare wheel and tyre to be carried on
each vehicle and to provide greater luggage
space and less weight. The "run flat" tyre
equiprnent is advantageous in minimising loss-
of-control accidents in the event of a sudden
ptrncture and is considered worthy of further
attention. Run flat tyres, although expensive,
are currently being offered as optional equip-
ment on at least four different types of
British vehicles.

Close collaboration between British and
other European govemments continues under
the auspices of the European Experimental
Vehicles Commission (EEVC). Work is about
to commence on improved procedures for
im pact testin g utilisin g performance standards
that can be related to available biomechanical
data and real-life accidents. The merits of
angled or overlapping frontal impacts will be
considered, as will the merits of utilising the
British Occupant Protection Assessment Test
(OPAT) and Transport Road Researc:h Lab-
oratory (TRRL) dummies for legislative test
work. So far, this latter equipment has been
used very satisfactorily for side impact tests.

The British car safety program has shown
that worthwhile improvements in safety and
convenience to car occupants are feasible

without the need to significantly inerease
vehicle weight or costs and without lowering
envitonmental standards. Demands for addi-
tional material arrd energy resources can be
minimised or avoided if the demands for
improved safety are kept at reasonable levels.
The benefits or disbenefits of any safety
feature cannot be effectively demonstrated
until significant numbers of vehicles made to
the new standards are in existence on the
roads. Some vehicle manufacturers are already
voluntarily meeting somc of the levels of
safety performance advocated in the E$V
conferences, but legally agreed requirements
are necessary in order to embrace all vehicles.

The United Kingdom is more concemed
ahout getting realistic standards that relate to
the real-life accident situation than to the
achievement of technological breakthroughs.
For instance, an important feature of impact
testing for occupant protection is the ques-
tion of the appropriate test speed and the
selection of realistic human tolerance limits
that together determine the safety perform-
ance. We believe the time has now come to
attempt to agree on worldwide regulatory
standards for vehicle safety. It is suggested
that this might best be achieved through the
auspices of the United Nations Economic
Commission for Eurotrre (IfCE) Organisation.
All the major vehicle-producing countries of
the world participate in this forum. The
United Kingdom's first priority in such work
would be to establish safety requirements for
the front ends of cars to minimise pedestrian
injuries and reduce the severity of injuries to
car occupants in side impacts. As stated
earlier, positioning the front bumpers where
they would align with the heigh[s of door sills
seems to merit urgent consideration.

Government Status Report

DOTT. AUGUSTO SI RIGNANO
Director General  for Motor izat ion
Ministry of Transport  and Civi l  Aviat ion
Italv

Before proceeding with a brief review
the developments in experiments and

search recordad in ltaly for the Experimental
Safety Vehicle (ESV) prop;ram, it would,
perhaps, be advisable to recall, as an invisible
yet consistent tie, the prospects envisaged by
our delcgation at previous ESV conferences.

It was then stated that the early ESV
project, though quite schematic, had eamed

of
re-
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unquestionable merits for being a determinant
stimulus in implementing safety studies and
for giving life to a highly appreciablc form of
fruitful cooperation on a-n international level.
It was also pointed out that the hypothesis of
a constructionally safer vehicle would not
necessarily provide the complete, final answer
to the complex problem of effectively guaran-
teeing globally safer vehicular traffic. This, of
course, implied the extension of investigations
to other numerous and important fields.

Other views underlined on those occasions
were the close relationship between the ve'
hicle and its environment. No effort was to be
spared in insuring an increasingly narower
margin of disturbance that the vehicle, espe-
cially when inationally used, often cause$
through certain objectionable inherent mani-
festations such as noise or other polluting
emissions.

Also stressed at that time was the existing
interdependence between the study and the
test plan prepared for the ESV program and
the need for putting into practice the results
obtained, once they could be suitably adapted
to volume production requirements' It was
then said, and factual confirmation is now at
hand, that scoring such targets would be a
task left to the intemational organizations
involved. such as the Economic Commission
for Europe (ECE), United Nations Organisa-
tion (UNO), and European Economic Com-
munity (EEC) agencies, whose terms of refer-
ence no doubt include the issuance of
updated technical standards- The circum-
stances that came about and the subsequent
developments confirm the zubstantial re-
spondence of such basic views and their
doubtless effectiveness.

The significance of the aspects considered
above imposes a deeper discussion. Before
going into this, however, I will now briefly
outlinc the results of the experiments and
research work conducted by our national
industriee and the Ministry of Transport,
either directly or through specialized agencies.

With regard to active safety, phase I of the
life-sized model wind tunnel test progtam has
been concluded. The program was aimed at
dctermining the behaviour of vehicles with
different body configurations when exposed
to sidewind gusts. The target set for this task

was the evaluation of the effeets of this
dangerous, perturbing factor on vehicle direc-
tional stability. Representative vehicle be-
haviour parameters were identified and meas'
ured. Road tests, furbher wind tunnel work,
and the use of a suitable mathematical model
will allow integration of the study.

Some information was released at the
London ESV Conferetlce on the advanced
stage of the research and test work then being
conducted on a stop light system featuring
single intensity level and a variable illumi-
nated surface area. This system, though non-
dazzling at night, would be capalrle of provid-
ing an effective and safe daylight signal whose
progressive lighting feature would be directly
proportional to vehicle deceleration' One
prototype device, installed on a series-
produced car, was shown during an ECE

meeting held in Rome in the fall of 1974. It is
our intention to further investigate the matter
and to determine the practical application of
such a device.

During earlier conferences, reports were
made on the investigations by Istituto Speri-

mentaie Auto Motori (ISAM) on the effects
of vehicle vibrations on the humarr body.
These investigations were sponsored by the
Mirristry of Transport. A summary report was
recently forwarded to all the European Ex-
perimental Vehicles Commissiotr (EEVC)

member countries and agencies (EEC) attend'
ing the committee meetings as observers.

Regarding research work on passive safet5l,
the Ministry of Transport, in cooperation
with Fiat, began work on the possibilities
offered by an energy-absorbing, sliding scat.
The technical specifications were illustrated in
London, 7974.ISAM is now continuing those
studies ancl is also engaged in the clesigr and
constnrction of a seat incorporating special
physiological and safety featurcs. Because this
research effort is still in a preliminary stage, it
is not yet possible to release any details,
except that its primary final aims are:

. A strucfirre that will allow for maximum
comfort and correct limb position' even as
a function of the reaction time needed in
emergencies ( active safety )

. A structure that, in case of collision, will
effectively restrain the occupant in the



EXPERIMENTAL SAFETY VEHICLES

original position while at the same time
absorb the largest possible amount of iner-
tial energy released in the impact (passive
safety)

With regard to the research work canied
out by the industries on their own, I must
mention that Alfa Romeo has further imple-
mented its investigation of the behavioural
performance, in front-end offset collisions
against barriers, of some car types character-
ized by different mass, structure design, and
crush rates, though still falling under the
specification packages typical of European
cars. During this research, the consequences
to occupants were the object of a comprchen-
sive analysis; also considered were the more
suitable enargT systems as well as the absorb-
in g active /passive restraint systems ( protective
safety).

A study was also made of the effect of
crosswind on vehicles. To this end. the actual
behaviour of the driver-car system and the
definition of a mathematical model that
generalizes the experimental results were
taken into account, The study covers driving
on a straight course, cornering, and overtak-
ing. The major car dynamic parameters are
evaluated in relation to the differcnt driving
modes and driver's ability. The results ob-
tained so far appear to provide appreciable
indicativc data to insure concrete vehicle
improvement with regard to preventive safety.
Fiat is carrying on the study on vehicle
compatihility in the event of collisions, with
due consideration being given to different
vehicle $ize, mass, and shape. The purpose of
the investigation is also to highlight the
damage liability of a struck vehicle and the
aggressiveness of the striking vehicle. It
should, however, be pointed out that a
reliable evaluation of such charac:teristics re-
quires more sophisticated collision tests than
those presently carried out. On this problem,
Fiat has heen developing a systematic analysis
aimed, among other things, at correctly iden-
tifying the exact terms of the problem and
the best evaluation methods.

At any rate, as far as progtess achieved by
the Italian industry in the specific area of
research is concemed, morc ample and in-
depth information will he provided with the
papers to be presented on Wednesday, Octo-

ber 13---and during the concunent seminars.
In this connection, in the course of the
Biomechanics Seminar, a study will be prc-
sented whose $cope is to assess the human
tolerance data obtained from experience in
sporting activities. Having exhausted this re-
view, I think it is desirable to resume the
considerations f ormulated earlier.

It has been stated that it is impossible to
deny the influence that the ESV and Research
Safety Vehicle (RSV) programs have had in
the field of automotive safety.

Even those less concemed with the events
in the automotive world cannot fail to realize
the slow, almost unnoticed but at the same
time growing consciousness regarding auto-
motive safety problems among the users and
manufacturers. Even advertising by motor
companies repeatedly highlights those active
and passive safety requirements that the
public expects to find in marketed vehicles.
As proof that 7 years of study and research
have not been in vain, we can now see with
satisfaction that the vehicles presently rolling
off the assembly lines generally incorporated
a great number of construction improve-
ments.

Conversely, there is no doubt that this
specific lheme cannot be completely ex-
hausted by simply assuming that the vehicle
structure embodies the ma:rimum safety po-
tential offered by engineering advances. It has
often been said that many factors must agTee
to reach a desired goal. This has been recog-
nized by the members of the Committee of
the Challenges of Modern Society (CCMS)
program who have examined other important
elements, such as pedestrian safety, accident
analysis, and actions taken after an accident.
In our opinion, it is from this general stand-
point, of which the environment represents
the major element, that the problem must be
considered. Quite evidently, the advantages of
saf'er mobility must not be offset by greater
cxhaust emissions, which would further de-
teriorate the environment.

By now we know that along with the
violent deaths caused by many vehicle acci-
dents there is a slow death from the deep
disturbance of the environment caused by
traffic pollution. It is for this reason that Italy
promptly joined the ESV program, and was
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ready to underwrite the multilateral agree'
ment on polluting emissions that was later to
include research on noise pollution. (It should
be mentioned that the energy crisis has added
arrother undesired element that has rendered
the safety problem more complex i:rasmuch
as it involves implications and repercussions
that cannot always be dealt with along the
same line.)

The philosophy behind the safe vehicle
program has therefore broadened its bounda-
ries and shifted the ideal acceptance index
toward a type of vehicle whose performatrce
meets many diversified and new requirements.
Of these, the safety requirement is the most
irnportant.

It has already been pointed out that cur'
tent auto production is taking advantage of
.the results obtained from the ESV and RSV
programs. Some new models have incorpor-
ated structural solutions that, as research has
shown, improve passive safety. Even more
worthy of note is the influence exerted by
such investigations in the past few years on
national and intemational engineering regula-
tions.

The ECE and several EEC directives have
approved a number of international regula-
tions. A high percentage of them are bascd on
well-known concepts that, after having been
tailored to the yearly output requirements of
millions of vehicles, materialized thanks to
the ESV and RSV programs.

The main target of the informative prin-
ciple of the regulations is to keep pace with
the technical evolution in safety without
disregarding the likely economic con'
sequelrceli.

Among the EEC directives included in our
own regulations, some concelTl active safety
(steering wheels, rear view mirrors, braking
systems, and so forth), while others cover pro-
tective safety (fuel tanks, interior and exterior
fitting, doors, protection from impact against
steering wheel, seat anchorage systems, and
safetybelt attachment hardware). Other regu-
lations relate to environmental protection and
establish limits for noise levels, emissions, and
radio disturtrances caused by spark-ignited
engines. Domestic legislation shortly will in-
clude requirements on safctybelt certification
and their manclatory installation, tire certifi-

caticln, headrests, and occupant compartment
strength in case of front, side, and rear'end
collision and rollover.

At this point, I must emphasize onee again
that these sample and updated technical rules
covering the vehicle ancl other relevatrt safety
devices would not have reached their present
Ievels without the responsible and illuminat'
ing awareness that the ESV and RSV pro-
gram$ were able to infuse both at govemment
and auto-manufacturer levels. As a compari"
son, competitive racing-by pushing technical
efforts towards extreme solutions-has stimu-
Iated auto manufacturers to provide a driving
force in solving safety problems, particularly
in regard to active safety, car handling, tire
road holding, brake efficiency, and strearn-
lining.

The Italian Govemment firmly intends to
continue to seek solutions to the problem of
safety-in its broadest meaning-by complet-
ing the programs involved. This commitment,
however, does not prevent us from formulat-
ing some side considerations. The work done
after the London Conference and the work
already in prog;ress will remain significant
provided the problem of safety is faced
actively and dealt with suitably. This trend
was already recognized at the Kyoto ESV
Conference. We had reservations about the
concrete possibility of pursuing, reasonably
and conveniently, the goals originally estab-
lished for the program.

This viewpoint was subsequently shared by
the U.S. Secretary of Transportation, Claude
S. Brinegar, in his introductory statement at
the London ESV Conference; he said "Some

of our early ESV work was perhaps too
narrowly focused and too rigidly conceived.
We learned valuable knowledge from this
work, but we also leamed that we must avoid
the impracbical."

Dr. Gene G. Mannella expressed similar
views during the Intemational Congress of
Automotive Safety, held in San Francisco in
19?5, when he discussed the Safety, Environ-
ment, Energy, Economy (S3E) concept. In his
acldress he pointed out that a consistent
approach to the problems of safety should
hinge on:
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1. Identification of the more qualifying
problems, based on the statistical analy-
sis of accidents

2. Simulation by laboratory tests
3. Design, development, and experimenta-

tion of modifications to current con-
struction criteria. based on test results

4. Evaluation of benefits obtainable
through the adoption of relevant stand-
ards

With regard to point 1, it should be realized
that no generalized, uniform system exists for
the acquisition and conect interpretation of
the data obtained from accident analysis;
tJrerefore, the exchange of information be-
tween countries and the various agencies
dealing with the analysis appears to be dif-
ficult to accomplish.

An important pilot study by CCMS on road
accident analysis has never found any practi-
cal application, in spite of the work done to
arrivc at a satisfactory, systematic approach
to the problem. In our view, tJ-ris pilot study
deserves to be reconsidered.

Furthermore, it should be noted that. on
the serious and important problem of the
accidenLs involving pedestrians, remarkable
trncertainties exist regarding what can actually
be done for pedestrian protection. From the
bibliography on this subject it still appears to
be debatable whether a pedestrian would
suffer more severe injuries from impact
against a vehicle or against the ground.

It should also be noted that, while detailed
and specific information on biomechanics is
available, a basic approach and the formula-
tion of clear guidance principles are lacking.
Tolerance levels are still being discussed and
their basic parameters and classes of subjects
have yet to be defined.

As far as point 2 is concerned, legitimate
questions have been raised regarding the
representativeness of the frontal collision test
(against a rigid, perpendicular barrier) versus
actual accidents on the road. Also the reliabil-
ity of the oblique ba"nier test is still being
debated. On the other hand, the frontal,
lateral, and pedestrian collision tests reveal
the fundamental need of basing the tests on
compatibility criteria. Unfortunately, this
mattcr is still in the initial stage.

As regards point 3, the possibility of a
correct evaluation of protective effectiveness
lacks an essential element, namely, the avail-
ability of a suitable dummy. The difficulty
lies in establishing the characteristics ol a
dummy that would permit the measurement
of unknown tolerance levels for the different
unknown parameters and yet be representa-
tive of human behaviour.

Finally, in regard to point 4, it must be
stressed that the research accomplished to
date, particularly with regard to test methods,
does not allow for sound evaluations of the
effectiveness of future reguiations. This is
especially true as our knowledge increases and
previous assumptions are reeva-luated, as also
evidenced at the 1975 San Francisco Confer-
ence.

It should be clear that, although mention
was made of some deficiencies in the setting
up and development of the research program
on safety, this should not detract from the
merits of the program, inasmuch as the
applied research it encouraged and aided
considered every possible safety-related detail.

The data and valuable indications yielded
by this effort were not shelved. Through
practical application they have already ex-
erted a positive influence on some major
aspects of mass production and are considered
a sound guideline for rulemaking. The work
done so far is not flawless, but the unveiling
of truth requires relentless, patient, and tena-
cious effort, particularly in the progressive
field of science.

In conclusion, this conference should be
the starting point for the formulation of a
vehicle safety work program thal would be
viable for the cars of the 1980's and later, and
reasonably compatible with current possibili-
ties and especially with present difficulties.
We think that some themes, though still
within the boundaries of an organic and
realistic development of the RSV program,
deserve particular attention and should be
treated preferentially. Among these, for in-
stance, the problem of compatibility and
biomechanics (although not yet clearly de-
fined) must be included today in the larger
scheme envisaged in the comprehensive S3E
concept. It is in this direction that the future
efforts of the RSV program should be aimed.

10
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It seems that events have led us to the end
of a cycle that, on the whole, was full of
initiatives and intuitions and yielded good
results. Another cycle has started in which the
safety problem has taken on a position and
size that go beyond the initial objective,
focused essentially on the vehicle as if it were
separate from its sunounclings.

A short pause and some meditation would
seem desirable as they would permit a careful
and necessarily critical evaluation of past
work; new targets could be set aimed at
attaining more accessible goals. These would
perhaps be less ambitious than the ones

initially set; nevertheless they would meet the
primary requirement of making available to
man vehicles that are safe and not aggfessive,
reasonably priced, not damaging to the envi-
ronment, and reasonably economical to
operate. Any further research and develop-
ment efforts should be responsibly backed.
The present recession demonstrated-in spite
of hasty and pessimistic predictions-that the
automobile is far from being doomed, and
that its instrumental role in societal progress
and welfare goes beyond individual mobility.
Hence, it must be rightly judged as irreplace-
able and mwt not be condemned.

Status Report

MICHEL FRYBOURG
Directeur
Organisme I'National de Securite
Rouriere (orusEn;

International cooperation in the field of
highway safety includes many aspects. Its
dynamism stems from the importance of the
stakes involved and the broad circulation
given to information on re$earch results.

Public financing has made it possible not
only to get university and govemment labora-
tories to work on this subject, hut also to
strengthen the research teams in industry in
return for the publication of their results.

The Experimental Safety Vehicle (ESV)
conferences allow for a review of research
work conducted in the field of vehicle tech-
nology, with special attention to passenger
protcction.

In France, research topics are chosen after
broad discussion and periodic calls for ideas,
after which research contracts are drawn up,
with shared financing whenever the contract-
ing party is a business enterprise. A scientific
committee assesses the proposals and evalu-
ates the research results. These research activi-
ties are organized on the basis of priorities set
by public officials, and are designated in
France by the expression "proEJrammed the-
matic actions," It is called "thematic" be-
cause the objectives for research or themes are
set by the funding administratoro and "pro-

gammed" because the operation fits into a
several-year pro61ram which guarantees the
continuity of efforts leading to the objective
being sought.

The otrjective in this case is to contribute
to improving the safety performance of ve-
hicles on the road. This implies, first of all,
that such performance can be assessed objec-
tively, and then that the additional cost for
improvements can be bome economically
without penalizing the car marrufacturers who
would include them in their products.

That is why we, in France, have always
thought that an effective research policy
would necessarily rely on three converging
activities;

r An in-depth analysis of real accident data
to he able to objectively assess the vehicle
performance levels; this is the field of
accideutoloS' and biomechalics

r A systematic study of possible tech-
nological improvements in vehicles, dealing
with both structtue and restraint devices, a.s
well as other safety equipment

r Traffic regulations that would gradually
integrate the results acquired so that road
users could benefit without delay from the
progless achieved and treat manufacturers
equally for competitive purposes

All time lags or discrepancies in the per-
formance levels sought for can only result in
waste or, even more serious, in the loss of
credibility for this Wpe of operation try
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public officials. It would be all the more
regrettable irrasmuch as the so-callecl !lSV
program elicited a great deal of international
hope at the outset, as witnessed by the
international consensus of opinion it led to.

It is indeed hard to see why one would seek
to modify vehicle stmctures in ways that
would not correspond to the most frequently
encountered accident characteristics.

It is equally hard to see why one would
strive to establish rules whose validity would
not lre supported by research in progress, or
why one woulcl l.rostpone the possibility for
the car manufacrturers to make those vehicle
modifications whose value had been proved.

To illustrate this staternent while remaining
in the field of rcseatch, we shall provide
details on three operations connected to each
of these activities-accident analysis, techno-
logical llrogress, and regulation support.

A photogtaphic library has been called
upon to complete the facilities available for
accident analysis. It seemed to be the swiftest
way to determine the violence of impact in
real accidents.

The first priority in technological progress
was oriented towards the improvement of
vehicle structure for the protection of occu-
pants in the event of frontal impact, and was
based on the analysis of the behaviour of
structures absorbing energy in an impact.

FinaIIy, the design, construction, and test-
ing of synthesis vehicles make it possible to
back up regulation-making activities by
demonstrating that it is feasible to make
modest-sized vehicles, under acceptable
economic conditions, that satisfy rules of the
type suggested by the European Experimental
Vehicles Committee (EEVC). France agrees
with the work of the EEVC, and in July 1975
proposed that the Ewopean Economic Com-
munity (EEC), using this work, draw up as
soon as possible the vehicle secondary safety
regulations to be applied starting in the
1980's.

To complete this status report, the other
research work in progress will be refered to
briefly; whereas fuller details are provided in
the biannual reports we publish as part of the
cooperation agreement.

T H E  P H O T O G R A P H I C  L I B R A R Y
O P E R A T I O N

Knowing the nature and violence of the
impacts to which vehicles and occupants are
subjected during road accidetrts is a top
priority ohjective lor safety officials iu charge
of drafting vehicle regulations. The impact
tests chosen for approval pu4)oses must
actually bc sufficiently representative of real
impacts and must cover a suflicient fraction
of the cases involved f'or thc safety of
occupants to be assured under acceptable
conditions.

Several approaches are possible to gather
this information. Oue consists of using a
"black box," an accident recorder that would
be fitted onto a large number of vehiclcs,
which coulcl then be recovered and analyzed
a-fter an accident. Another apptoach is to
establish what, in France, is called a photo-
graphic lihrary of controlled impacts. This
library is made available to specialized investi-
gators lvho are part of teams devoted to
in-depth studies of a sample of highway
accidents.

The first approach is technically feasible
even though it requires major perfections, but
it appears, a priori, to be more expensive than
the second oue and requires thal a consider-
able amount of time be spent in fielcl observa-
tions. The second approach, a-lbeit less accu-
rate, has the advantage that it can be
establistred progressively and at much less
cost. More precisely, the photographic library
allows a trained observer to note vehicle
damage after a real accident by referring to a
series of photographs showing damages caused
by impacts against standard obstacles at
known speeds for the same vehicle brand.

The standard obstacles used for the
moment include walls, poles, or movakrle
barriers struck in a limited number of configu-
rations. When the vehicle has strtrck an
undistortallle obstacle in the real accident
whose violence is to tre cletermined, examina-
tion of the photographs in the library makes
it possible to know directly by intcrpolation
or extrapolation what was the speecl at the
moment of impact as well as the permanent
deformation of the vehicle. From that. the
two main parameters for the impact felt by

L2
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the occupants-the ehange of velocity and the
average deceleration-can be easily deduced.

When a vehicle strikes an obstacle that
can distort in a real accident. the estimation
of these parameters necessitates having a
relatively low amount of energy dissipated
after the impact and knowing the amount of
deflection of both participants in the impact.
When a collision involves two vehicles, use of
the photographic library makes it possible to
know, for each vehicle, the equivalent speed
for an impact against a stiff fixed obstacle
with the same deflection as that observed in
the field. Knowing the mass of the two
vehicles and the closing rate of their centers
of gravity after deflection makes it possitrle to
go from this equivalent speed to the real
speeds involved at the moment of impact, and
hence to determine the change in velocity and
the average deceleration for each vehicle.

This theoretical procedure has l:een tried
out on a dozen real accident cascs examined
by five separate teams. The outcome shows
that the method is satisfactory in its applica-
tion to front-front or front-rear impacts. On
the othcr hand, for side impacts, it appears
that the reference impacts with movable
barriers do not provide sufficiently realistic
deflection data to be used at the present time.
Consequcntly, the decision was made to set
up a photographic library for frontal impacts
and to look for new ways to handle side
impacts.

PROTECTION OF OCCUPANTS IN THE
E V E N T  O F  F R O N T A L  I M P A C T

The Structures

Research work has first of all dealt with the
assessment of the behaviour of quite different
existing stmctures during induced accidents
by varying the impact conditions; that is, the
type of obstacle, the incidence, and the
velocity. Along with these studies, theoretical
and experimental research has been carried
out on the behaviow of materials and ele-
mentary structurcs at high deflection spccds.

The results of these studies have made it
possill le to move on to the next step, which is
the most important one, involving the protec-

tion of oceupants. Theoretical work has been
done dealing with the relationship during an
accident between the behaviour of the struc-
ture and the means of restraint

The conclusion is that it is possible to build
the front-end of private motor cars that can
provide a satisfactory measure of protection
for impact conditions that are representative
of the largest number of real accidents, while
keeping within acceptable price and weight
increase ranges.

The Mcans of Restraint

This research has dealt with the theoretical
analysis of the parameters that determine the
effectiveness of various means of restraint.
particularly seatbelts, such as the timc lag
between the beginning of a collision and
restraint action. the stress increase law. and
the way this stress is applied.

Technological progress has essentially em-
phasized seatbelts and paclding materials. This
progress is allied to that achieved in struc-
tures, and the potential for futther improve-
ment of seatbelts cnables one to expect that
this means of restraint may prove yel more
effective under impact conditions more severe
than those used by the EEVC.

lmpact Speed and Angle

In France we think we have acquired a
good understanding of frontal impact, so the
test conditions that we recommend in support
of vehicle regulations, especially the impact
speed and angle for frontal impacts, are not
determined try technolo gical limitations.

If they are less strict than the specifications
for ESV, it is not because we do not know
how to go about it but rather becau$e we are
looking for the right level of representivity of
accidents and the best cost/effectiveness ratio.

T H E  N E E D  F O R  A  S Y N T H E S I S  V E H I C L E

Private research with experimental vehicles
has already been carried out-there is the
V.S.S. Peugeot and the B.R.V. Renault. The
latter has been tested in America within the

13
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framework of the bilateral agreements. The
results of these tests will be given during the
seminar on vehicle structure; however, none
of the test requirements complied with the
guidelines set forth by the EEVC. They were
conducted as feasibility studies of the highest
possible performance levels without any con-
cern for rulemaking. The vehicles are there-
fore heavy and expensive, and consequently
have a debatable cost/efficiency ratio. In
addition, the vehicle performance levels were
not connected to the statistical weight of each
risk, espeqially for rear impact, aRd the ve,
hicles were built to fit into the middle or
upper weight category.

The French will, therefore, try to make
sure that all the quantitative performance
objectives for secondary safety indicated by
the EEVC in London in 1974 are achievable
in their synthesis vehicle despite cost increases
arrd performance losses in the other fields
(noise, pollution, fuel consumption, acceler-
ation, road adherence, and so forth) that are
relatively acceptable.

Two contracting parties have been chosen:
one is working on the strict objectives of the
EEVC while the other is using somewhat
higher goals. This will make it possible to set
figures for the differences in the weight, price,
and evolution of the automobile as a product
and as a function of the performances of-
fered.

This type of progtam is worthwhile only if
it seems to demonstrate the value of regula-
tion proposals that are socially effective and
economically justified.

The analysis work is not yet finished. Some
progress has been achieved, but further re-
search must be carried out. The problem is a
complex one since many parameters are in-
volved. A method identical to that for frontal
impact is being used.

Work is currently at the following stages
of development:

. Structurer It is likely that structures will
have to be reinforced, but at the present
time nobody knows with sufficient accu-
racy just where (floor or door) or for what
performance level.

o Protection of vehicle occupants: It is
certain that padding will be rcquired to

limit occupant acceleration, but it would
be premature to take a stand as to the
performance level required for the compro-
mise that would be desirable between the
resistance of the structure and the padding
dimensions.

Protect ion of Vehicle Occupants in Urban
lmpacts

A study underway is examining the protec-
tion of occupants in urban impacts by using
passive protection devices that would offer a
valid alternative in city traffic to wearing
safety belts. In view of the lesser severity of
such impacts, the wise use of packing and
inside refinements should provide notable
improvements. Protection is provided by:

The floorboard, which will be adjusted in
packing, form, and inside finishing to pro-
tect the lower limbs
A deflectable windshield, which resists
jagged breaking and absorbs enerry for
head restraint

r A protection deviee built into the car shell
for the rear passengers

One solution demonstrating this device was
fitted onto a vehicle that may now be viewed
in Washington, and it would be acceptable for
speeds still higher than those reached in urban
impacts.

Vehicle Aggressiveness: Pedestrians and Chil-
dren

Research has been conducted on difficult
topics such as the protection of struck pedes-
trians, the compatibility amongst vehicles,
a:rd the protection of child vehicle occupants.
On this last point, the work has resulted in a
proposal for a control test method, a French
quality label of a new type, and in the design
of a safety seat for children under 4 years of
age.

The programmed thematic action entitled
Vehicle Safety has progressively been ex-
tended to the problems of trucks and then to
two-wheeled vehicles. which we shall not
mention here.

To conclude this status report, the follow-
ing remarks may be made;
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t The reseatch approach being used appean
to be fruitful and the results are numerous
and promising.
International cooperation and the publica-
tion of results meet with the objectives that
were set at the beginning of this program:
encouraging emulation to help the com-
munity of motorists rather than competi.
tion based on commercial arguments with-
out scientific bases. To be sure, automobile
manufacturers do not have the means to set
up separately the data base required to

acquaint them with real aceident cireum-
stances and human tolerance levels.

I But the promising results achieved will
yield a final concrete form only if policies
and rules adjust rapidly to take account of
the knowledge acquired.

The indispensable dialectic between action
and thought gives action the support that puts
it at the service of the general welfare, and
gives thought the outlet that supplies it with
meaning.

built according to these specifications was
presented, as you all know, during the last
conference in London.

In our opinion, what has been aecom-
plished so far may be summarized as follows:

While the prototypes have impressively
demonstrated the technical possibilities of
accident protection, there is, on tlre other
hand, general agreement that this conception
goes beyond commercial boundaries and, in
the end, exceeds national economic possibil-
ities. The term "Experimental Safety Ve-
hicle" is valid because the real gain of the
major program lies not in the construction of
prototypes but in the results of exhaustive
experiments carried out with great effort. A
gteat many extremely valuable findings were
and still arc treing perceivably or impercrepta-
bly incorporatecl in the design work of motor
car manufacturers as weli as into the work of
administrative bodies. On the other hanci. the
gaps of irnowlerlge have hecome apparent; we
know the areas in which crucially important
fundamentals are stiil Iacking and where
intense research must be carried out. But this
complex of problems has also gained two new
dirnensions: the question of the use of raw
materials and energy in view of the world
energy market and the worldwide endeavor
towards the maintenance of a livable environ-
ment. We therefore consider the project of
the Research Safety Vehic:le (RSV), which
was initiated quite some time ago, to be the
consistent continuation of the ESV idea. In

Status Report of the FederalRepublic of Germany

H.  PROF.  DR.  HEINRICH H.  PRAXENTHALER
Prcsidcnt
Federal Highway Research Institute
Fecleral  RcpuLrl ic of  Germany

I have the honour to present to you, on
behalf of the Federal Republic of Germany,
the status report of the Govemment.

By way of introduction let me point out to
you that, in the Federal Republic of Ger-
hily, a pronounced consciousness of safety
in autotrrotive engineering develotrlecl rather
early. It originated both from the industry's
ftrlly realising its responsibility and from the
system of statutory uniform technical inspec-
tion of motor vehicles that had already lreen
introduced in the early stages of rnass motor-
ing. [n the late sixtics, when technology in the
United States was urged to consiclerably
improve car safety-we still look with aclmira-
tion upon thal, uncompromising course of
action despite all resistance and altiu.:ks-the
obvious thing for the Federal Republic to do
was also to respond to that appeal and early
on take an active part in the development of
safety vehicles. The results of these efforts
have [rcc-"n described and discussed in cletail at
the previous Exirerimental Safety Vehicle
(ESV) conferences.

On the basis of the experienee gained,
specifications were drawn up in the course of
continuing development, and lesser require-
ments, particularly regarding impact speeds,
were formulated. The second ESV generation
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the first phase of this project, which ended in
1975, a German contribution was Jrrovicled. It
is with great expectation that we are now
looking forward to the outcome of the second
phase of this project, tr) be presented at this
conference,

In connection with the ESV activities, the
German l-ederal Government has again and
again emphasized that, in its opinion, the
appalling accident rate cannot be reduced
without a well-balanccd package of countcr-
measures in the art:as of engineering, educa-
tion, and enforcement. Along thesc lines, in
1973 the Federal Govemment presented its
comprehensive traffic safety programme,
which summarises the numerous and manifold.
efforts madc to improve highway traffic
safety. Based on the relatively favourable
trend in accidents during the past 3 years-the
number of fatalities fell from 19 193 in 1970
to 14 849 in 1975-the Federal Government
finds the encouragement to pursue this course
of action with determination.

Therefore, may I ask you to bear with me
while I briefly report on recent measures and
activities in thc field of traffic safcty in our
country.

Apart from the wide range of emphasised
activities in the field of traffic education and
traffic information, the following measures,
provisions, and regulations should be men-
tioned:

r Since January 1, 1976, every front seat
occupant has been obliged, by law, to use
seatbelts. In taking this measure, the Fed-
eral Government fully recognised the glob-
ally acknowledged fact that seatbelts pro-
vide effective accident protection. A major
topic in the discussions that preceded this
decision was whel,her a requirement to use
the belt would be consistent with constitu-
tionally guaranteed personal freedom. One
weighty point in favor of statutory obliga-
tion was the fact that in case of accident,
the belt would serve not only for self-
protection but also for the protection of
other road users* However, not using the
belt is not punishable try law in l,he Federal
Republic. The reason for this regulation is
mainly that older passenger vehicles at
present do not have to be equipped with
belts; furtherrnore, there is also a general

principle guiding us in ouf endeavours
toward achieving traffic safety, which al-
lows as much latitude as possible without
threatening or imposing penalities so that
the citizen may develop the grcatcst possi-
ble sense of responsibility.

Present belt-use rates (related to vehicles
equipped with belts) are; about 75 percent
for motorways (Autohahn), about 60 per-
cent for rural highways, and 40 percent for
urban areas. Continuing efforl,s are aimed
especially at increasing these belt-use rates
and technically improving the seatbelt
systems; in this respect, the emphasis is on
correct functioning and c:omfortable han-
dling.
As the result of a large-scale experiment
lasting over 3 years, a speed limit of
100 km/h was introduced on January 1,
1976. for all roads with less than two
traffic lanes in each clirection. The resull,s
indicate that there had been an apparent
relationship between the speed Iimit and
the decline in accidents without detecting
any major deterioration in the levcl of
service.
In March I974, a general 1i3O-km/h recom-
mended speed limit on motorways was
introduced by regulation. In conjunction
with this, a large-scale experiment on se.
lected sections of motorways is now being
carricd out to study the effects of a strict
130-km/h speed limit. The comprehensive
research concept is to examine the differ-
ences between a recommended speed limit
and a strict speed limit in terms of acci-
dents and traffic flow. The results are
expected to he available in 1977. They
ought to provide a decisionmaking aid as to
whether or not a general maximum motor-
way speed limit should he introduced.

Effective as of January 1, 1976, the follow-
ing provisions have come into force:

- obligation to use the turn signal at the
end of an overtaking maneuver

- obligation to use the hazard waming
signal for school buses when children are
alighting or boarding

- prohibition against children under 12
years of age on the front seats of passen-
ger motor vehicles

t
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- the gradual equipping of all passenger
motor vehicles registeretl after April 1,
1970, with seatbelts

- obligation for motorcyclists and passen-
gers to wear protective hclmcts

Finally, we should also mention that the
Federal Govemment, in a comprehensive
study, is looking into the question of whether
a general obligation to install headrests on the
front seats of passenger motor vehicles should
be provicled by law. According to the results
obtained so far, there is no controversy about
the protective effect of headrests; on the
other hand, headrests of current design do
show, at Ieast in a number of present-day
motor vehicle types, various disadvantages.
Consequcntly, an otrligation to irrstall them is
not bcing considered for the time being.

As to the rr-rost suitable type of glass for
windscreens, laminated safety glass is being
compared with tempercd safety glass. So far it
appears that-especially in view of thc obliga-
tion to use seatbelts-neither of the two types
of windscreens show such crucial disadvan-
tages that installing them would have to be
banned.

Related to the objectives of the RSV
project are efforts made by the Federal
Government to reduce the environmental
impact produced by motor vehicle traffic. By
1980, the pollution emissions by motor ve-
hicles with Otto (controlled ignition) engines
is to be reduced to one-tenth of the 1969
mean values; diesel engine measure$ are also
to be initiated. 'lhe following specific steps
are being implemented or planned;

r Reduction of eunently applicable emission
limit values for carbon monoxide (CO) and
unburned hydrocarbon (HC)

r Introduction of nitrogen oxide (NO_ )
Iimits

. Limitation of evaporation losses from the
fuel systems of controlled ignition engincs

r Limitation of the lead content in sasoline
to 0.15 g lead per liter. (This limit became
law as of January 1, 1976, and it has
decreased the emission of lead substan,
tially.)

r Limitation of gaseous pollutant emission
(CO, HC, and NO" ) as well as particulate
mass emission (soot) in diesel engines

Intemational harmonisation of measuring
a:rd testing methods is heing aimed at. No
lesser importance is attachcd to emission
controls for vehicles already in circulation
than to limiting the emissions of prototypes
and new vehicles. For this purpose, suitable
control methods are to be devised.

In the field of vehicle noise, the Federal
Govemment is having research programmes
carried out to study whether the motor
vehicle emission values determined according
to the European Community measuring tech-
nique are directly related to the noise emis-
sion generated in city operation. Part of this
programme is also to ascertain the present
state-of-the-art. Pertinent legal measures appli-
cable to new measuring and evaluating meth-
ods, introduction of no-entry areas for noisy
motor vehicles, and so forth, cannot be taken
until thesc studies are completed.

It has been possible to strongly intensify
traffic safety research in the Federal Republic
in recent years. The Federal Highway Re-
search Institute (Bundesanstalt fur Strassen-
wesen), upon a request made by the German
parliament, was appointed the central agency
for road accident research. It has since been
considerably enlarged for that purpose. The
central agency's primary task is the coordina-
tion of the numerous rescar{:h activities. It
arranges for research projects to be carried
out by universities and other research institu-
tions on the hasis of a framework plan. In
areas of special importance it carrics out
research of its own and, in particular, it
centrally evaluates the results of accident
researr:h. It is directly attached to the Federal
Ministry of Transport ild, consequently,
works in closc contact with the appropriate
departments of the Federal Govemment as
well as performing certain international duties
on its own behall'. For instance, it represents
the Federal Republic of Germany in the
working groups of the European Experi-
mental Vehic:les Committee (EEVC).

The idcas and experiences of the German
Traffic Safety Clouncil, to which institutes
and experts from all sectors involved with the
haffic safety belong, are being incorporated
into the planning framework for research. The
special research e-fforts made hy German
industry are described in the status report of
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the industry. Out of the great number of

bodies that carry out accident research in the
Federal Republic, the Germatr motor vehicle

insurers (united in the HUK association)

should be mentioned in particular. They have

continued and even extended their accident

research activities. Up to now, with approxi-

mately 50 000 passenger vehicle accidents
with injuries to occupants, this research repre-

sents one of the most comprehcnsive studies

in the world. Through an ac(:eleration of

collection and evaluation, more than 15 000
accidents of the years 1974-75 have already
been evaluated by engineers so that tlleir

results are available. The main objective of a

reality-oriented analysis of accidents must be

to reduce to a minimum the time delay

between the actual event and representative
results; this is where the HUK association sees
a major focus of its work and wiII, irr future

activities, further reduce that prohlem.
In addition to the above-mentioned re-

search, the German insurance companies have

carried out, and to a large exteut completed,

studies of accidents between passenger cars

and heavy vehicles as well as motorcycle

accidents. Characteristic features of accidents

involving bicycles have been examined as well'

Also, a study of 30 000 pedestrian accidents
from the years 19?5-76 has been launched;

for the first time, it will combine automotive
engineering aspects, injury cdteria, psy cholog-
ical aspects of poor traffic behaviour, and

road-building measures. The HUK associa-
tion's accident reseatch efforts will from now
on cover not only, as in the past, safety issues
of passenger vehicles but, in addition, the

safety risks of all groups of traffic partici-
pants, providing better evaluation based on

concrete results.
Among important general priority targets

of research in the field of accident llrevention
arrd mitigation of the consequences of acci-
d,ents. we should now mention the following
with respect to the motor vehicle sector:

r Influenee of the operational factorg: com-
fort, sight, lighting, and identification

I Influence of driving characteristics such as
acceleration, braking capacity, and lateral
stability, especially in critical borderline
situations

r Analysis of the driver's behaviour inter-
acting with road and vehicle

r Determination of coefficients for the inten-
sity of collisions

r Improvement of accident simu]ation
methods

r Injury and protection criteria, especially
concernin g restraint equiPment

. Continuing development of uniform test
dummies

r Problems of vehicle compatibility, such as
endeavouring toward more or less equal
probability of survival for all vehicle occu-
pants involved in an accident

r Protection for pedestrians
r Cost/effectiveness calculation for safety

measures

Of equal standing with accident research is
the search for new technologies. The prob-
lems of motor vehicle traffic--afety risk,
envitonmental impact, energy needs or depen-
dence on oil, and land requirements-although
they cannot be solved once and for all by
continuing technological development, can be
mitigated perceptably.

Consequently, the Federal Government is

supporting the further technological develop-
ment of the total system of motor vehicle and
road traffic as a public responsibility' This
promotion by the State is to help ensure that
solutions may be achieved which would not
otherwise become available, at least not in
sufficient detail or in reasonable time. Specifi'
cally, this includes;

r Systematic studies of the fundamentals of
new technological approaches to motor
vehicles

r I)evelopment of technical alternatives of
individual components and subsystems as

well as evaluation in the framework of total
traffic

I Laboratory specimens and demonstration
modcls of promising variants (such as pro-
pulsion sYstems)

. The study and testing of system com-
ponents in prototypes under realistic oper'
ating conditions

The main areas of current development are:

o Propulsion sYstems
r Fuels and other sources of energy
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r Vehicle, equipment, and safety technol-
ogies
In r:onnet:tion with the complex problem,

"New Technologies for Safcty in Highway
Traffic," comprehensive stock-taking hirs oc-
curred in recent month.s, with the participa-
tion of s(:ience iurcl industry, to provicle
starting points for future research and tech-
nology.

Status Report of the European
Experimental Veh icles Comm it tee

H.  TAYLOR
Chairnt.rn
Europcan Experimental Vehicles Committee

It is a great honour for me to speak as
Chairman of the European Experinrental Ve-
hicles Committee (EEVC) and to do so in this
historic city in the bicentennial year of the
Unitcd $tates.

It has only been 4 years since the Experi-
mental Safety Vehicle (ESV) Conference rvas
last held in the United States, but there have
been many major developments in that tirne.
Considerable progress has been made in find-
ing solutions to the technical problems that
confront us, but the progress made has by no
means been limited to individual technical
activities. Substantial progress has hreen made
in pooling the knowledge developed in various
countries and in collaborating in selected
research fields. Techniques have been devel-
oped in Europe for achieving a consensus of
research views by several countries without
prejudicing the freedom of any of them to
negotiate nationally when it comes to ques-
tions of harmonisation of standarcls or of
intemational le gislation.

I am very happy to report that the growing
European activity expressed through the
EEVC has met with encouragement and a
warm response from the Llnited States De-
partment of Transportation. I would like, on
behalf of the committee, to express our
appreciation for the consideration that has
been given to our views in the international
programme piloted by the United States.

The EEVC was formed in 1970 as a
committee of govemment representatives and

Underlying the eontinr.ring efforts on the
part of Government and industry is the
(jomrnon beliel' that future protllems cannot
be solved properly except by harmonisirrg, in
a nreaningful way, the components of traffic
safety, environmental protection, alld the
saving of encrgy and raw materials. This is the
right step for the future.

has therefore existed throughout the period
of the dcvelopment of experimental safety
vehicles. The Governments of France, the
Federal Republic of Germany, Italy, Nether-
lands, Sweden, and the United Kingdom are
represented on the EEVC, and representatives
from the Commission of the European Com-
munities attend as observers. The committee
maintains liaison between European national
research and development activities to in-
crease safety and abate nclise and pollution; it
also provides a forum for clarifying views on
the various technical options and on the
response that should be made to various
intemational initiatives.

The EEVC has no executive or legislative
function and it is not aligned with any other
intemationat body; however, it does have the
full support of participating govemments and
their industries. It is thus able to draw on the
best available expertise in many fields and this
includes appropriate inputs from administra-
tors and legislators in addition to scientific
and technical experts.

In order to tackle, in detail, subjects of
particular importance, specialised working
groups of the EEVC have been set up to deal
with:

Data sourees
Human tolerance and road-user protection
Order of priority and major requirements
for safer vehicles
Cost/benefit and cost/effectiveness tech-
nrques

These groups have well-defined terms of
reference and reporting deadlines and the
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groups are terminated when their stated tasks
have bcen completed.

A major EEVC report, entitled The Future
for Car Safety in Europe, was presented to
the Fifth ESV Confetence in 1974 and two
further reports are being presented loday.
One of them is concerned with biomechanics
and the other with "the use of cost/effective-
ness and cost/benefit studies for the selection
of vehicle safety measures."

Two important factors in international
relations have emcrgcd from these EEVC
activities. First, because the committee is not
directly aligned with regulation activities, all
the government and industry participants felt
themselves l'ree to contribute fully to the
work; and second, the reports, while not
being acceptable to all the participants in
every detail,.do represent stepping stones in
international understanding. It has thus
proved possitrle to move forward from estab-
lished positions to reach further understand-
ings as more information becomes available;
furthermore, the process of carrying out this
work often seryes to clarify research needs.
Our paper to this conference on biomechanics
illushates these points.

A devcloping aspect of the committee's
work is proE5ress towards outlining and assttss-
ing the available options and quantifying the
costs and benefits of various courses of

Report of a Working Group on

action. Surprisingly, views as to whether a
given safcty measure is worthwhile can vary
markedly between different countries even
when the effects of it on accidents are agreed
upon, and this can have considerable signifi-
cance when it comes to harmonising standards
intcrnationally.

Our paper to this conference on the use of
cost/effectiveness ancl cost/benefit studies is
possibly the first attcmpt to comparc, in
detail, practices in different countrics in
relation to car safety measures.

In trddition to i,he activities presented
today, the EEVC has in progress working
grolll ls under the chairmanship of Dr. Pocci of
Italy. This working group is charged with
advising on suitable impact test proccdures
that could form a basis for assessment of car
safety in Europe for the 1980's, using the
EEVC Report of 1974 as a foundation. To
round off the EEVC status report we have
two brief presentations of the EEVC reports
that I have already mentioned. The first, on
biomechanics, wilI be presented by M.
Halpern-Herla of France, and this will be
followed by a summary of the rcport on the
use of cost/effectiveness and cost/benefit
studies for the selection of vehicle safety
measures given by Professor Friedel of the
Federal Repuhlic of Germany.

Biomechanics (EEVC)

Presenred by MARC HALPERN-HERLA
Director
Organisme Nat ional  de Secur i td  Rout i i re  (ONSER)

T E R M S  O F  R E F E R E N C E  O N  T H E  G R O U P

In June !974, the European Experimental
Vehicle Committee (EEVC) took the initia-
tive in sending in a report, entitled ?/te
Future for Car Safety in Europe, whose aim
was to put forth common views about ve-
hicles to be produced in the early 1980's. The
EEVC especially recommends judging new
kinds of vehicles, in a limited number of
impact tests, on the seriousness of injuries

received by occupants-or people outside the
vehicle involved in the accident.

In order to do this, having criteria of
human tolerance levels and their transJrosition
in measurements applicable to dummies is
indispensable. The EEVC has gathered the
data already established, or still subject to
caution, in the annex written by the acl hoc
working group (known as working group 3).
This report discussed (with good reason) the
difficulty in bcing very accurate because of
the problem complexity and insufficient
knowledge in certain areas. Nevertheless, ac-
ceptable human tolerance levels must be
determined, at least temporarily, to carry the
EEVC's recommendations into effcct.

20



SECTIoN 2 :  GoVERNMENT STATUS REPORTS

This is why the ad hoc group has been
a,sked to propose a set of criteria applicable to
controlled collision tests for use by the EEVC
in order to judge secondary vehicle safety and
the cquivalent mea$urements applicable to
dummies. The group should also state how
equivalent loads on one dummy should be
deducecl from loads measured on another.

It should propose, if possible, what dummy
should be produced for test purposes in the
1980's. If there is not a sufficient consensus.
the group should present elements for a
dossier, so that representatives of qualified
administrations can decide on a common
viewpoint orr this subject. The ad hoc group
will begin by studying the situation in which
front-seat occupants (simulated by dummies)
wear seatbelts, while the vehicle undergoes
impact tests as defined by the EEVC. The
$oup will possibly study the case of unre-
strained front-seat occupants in Iow-speed
accidents. The EEVC working group 3's re-
view of current research in biomechanics will
be completed, if necessaly, esJrecially in the
field of accidents involving child occupants
and pedestrians. Recommendations will be
made, if possible, ahout research needs in this
field. The group might consult experts from
national or private scientific organizations and
from different branches of the car industrv.

WORKING APPROACH

Protect ion of Restrained Car Occupants

The basic information was drawn from the
data of accident statistics. For every main
body location, the frequency of injr-rries as
well as their severity were taken into account.
For both frontal and side impact configSura-
tions, it was then possible to classify injuries
as "very importantrt' t ' important," and t'not

important. "

For each injury, the following aspects have
been studied: type of loading, relevant param-
eter, possible measurement on dummies, and
tolerance level whcn known. Then. when
possible, a requirement level wa$ recom-
mended.

In some cages, the group proposed easily
adoptable design recommendations and re-

search needs were pointed out. To establish
recommended requirement levels, it was nec-
essary to investigate the possibility of measur-
ing the parameters relevant to the tolerance
levels on standard dummies and the validity
of such measurements. Current dummies were
reviewed and their main failures discussed.
Tolerance levels were examincd for the possi-
bility of measuring them on these dummies.
Sometimes, the group judged measurement$
possible; at other times, the group had to
point out the need for improvements in the
design of future dummies. In these cases,
tecommendations could not be established.

Protection of Nonrestrained Car Occupants

While waiting for the evaluation of the first
effects of the recent comJrulsory use of
seatbelts in some countries, the group could
not reach a full agreement orr the need to
protect unrestraincd occupants. Nevertheless,
the problem was exarnined and the need to
protect nonrestrained occupants was con-
sidered.

Review of the Pedestr ian Problem

Essentially the group had to estimate the
importance of the pedestrian injury problem.
Using accident statistics, the injuries were
assessed by their frequency according to
age (adults and children) and for two ranks of
severity (AIS > 3 and AIS <3). In addition,
data from experimental studies, research in
progress, and the results of studies on vehicle
technology were reviewed.

CONCLUSIONS OF THE GROUP REGARD-
r N G  T N I U R Y  C R | T E R T A  A N D  R E C O M -
M E N D E D  R E Q U I R E M E N T  L E V E L S

The text is, for the main part, the rcsult of
an agreement between the different national
delegations. The group recognized the fact
that knowledge of the biomechanics of im-
pact is still scarce, particularly regarding the
distribution of injury tolerance levels among
the car occupant population. This depends on
many factors, including age, sex, and size.
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Most of the group, however, believe that the
recommended levels put forward are the best
available at present. In accidents where they
are not exceeded, it is expected that many of
the adult car occupants involved would escape
serious injury. Thus a very significant advance
in car safcty should be achievcd try desigrring
to these protection levels.

However, the Italian delegation did not
fully agree and made some suggestions. They
joined in the statement that the most ad-
vanced tolerance levels indicated represent a
synthesis of the present knowledge. They
nevertheless consider the belief optimistic
that such levels, if applied to vehicle design,
might signify a significant advance in car
safety. On the confuary, Italy believes a design
trend based on tolerance levels not suffi-
ciently corroborated by the experimental
rescarch and therefore susceptible of being
corrected, or even based on parameters that
might be varied in the future, will eventually
result in a certain cost burden without a
compensation in terms of improved and cer-
tain passenger protection levels.

Nonsymmetr ical  Frontal  I  mpactr

Although the group agxeed on general
principles for occupant protection, it was
sometimcs difficult to reach full agreement on
the numerical values of certain relevant
patameters. Therefore, in some cases, altema-
tive values are indicated.

In order to prevent injuries caused by
localiaed high pressures, the group recom-
mended that protrusions with an area of less
than the small impactors thal have bcetr used
in experimental works (that is, 1 inz or
approximately 6.5 cmz ) should not be placed
or created where they could be contacted by
restrained occupants.

Injuries to the Head. This type of injury
was considered to be very important by the
$oup.

Brain Injury. The parameter to be mea-
sured is linear acceleration as a function of
time.

l The tolerance levels for nonsymmetrical frontal
impacl would also apply to symmetrica-l frontal impact.

If there is head contact. a value of the head
injury criterion (HIC) 1 000 or 80 gravity (g)
for mote than 3 ms should be considered as a
tolerance level until further data become
available and, when both values are combined,
whichever is exceeded first is recommended as
the requirement level for the resultant acceler-
ation.

The group felt that, if there is no head
contact, with present safetybelt restraint,
accident data indicate there is no need for a
requirement level; in particular, a HIC value
above 1 000 should not be considered as
dangerous.

Skull Fracture. Although the relevant
parameter that is not yet measurable is
contact force or contact pressure, the group
felt that, if the preceding requirement regard-
ing automobile protrusions is fulfilled, the
recommended requirement level for brain
injury might possibly prevent skull fractures.

Fuce Fracture. As force measurement are
not yet possible with the dummies currently
available, the group was unable to recommend
any requirement level to guard against face
fracture in an in-vehicle test.

In case of head contact, the usefulness of a
subsidiary test with a head form was dis-
cussed, but somc members of the group were
of the opinion that such a subsidiary test
should not be recommended now because
further research is needed in this area.

Facial Laceration. The group felt unable to
recommend any method for the assessment of
facial lacerations.

Injuries to the Neck. The group felt that
injury to the neck by direct impact is very
rare and did not consider a tequirement level
necessary. The group felt that other types of
injuries were more important.

They were unable to recommend any re-
quirement limit for flexion of the neck and
felt that a survey of accident statistics and
experimental research are needed to deter-
mine whether flexion is a more important
cause of injury than extension.

For extension of the neck in frontal im-
pact, the group did not think a requirement is
needed at present.

Injuries to the Clavicle. This type of injury
was considered to be not important by the
group.
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Injuries to the Thorax. The group felt that
injuries to the thora.-r were very important.

They decided that the parameter that
should be measured in tests of this kind is
chest deflection. This would lte measured as
displacement of the stemum relative to the
spine. The tolerance level suggested in this
type of loading would be 45 mm of deflec-
tion, and this value could be used a$ a
requirement level provided the dummy has
the same force-deflection characteristics as a
person. If not, the level of 45 mm will have to
be transformed into corresponding levels for
other types of dummies.

If it is not possible to measure chest
deflection in the near future, then, as an
interim measure, acceleration levels exceeded
for at least 3 ms could be used. The recom-
mended levels will have to be different for
dummies with different load-deflection char-
acteristics.

Different accelcration values. either as com-
ponents or as resultants, were proposed by
the different delegations as indicated in
appendix 1.

The steering wheel impact could be meas-
ured as force using a load cell and force
distribution, but the $oup could not agree on
any recommended level.

The Soup felt that protection against
thoracic fracture at a given severity of impact
wor.rld, at least with present belt systems of
restraint, protect against most cases of intra-
thoracic injuries. Therefore bhe group did not
propose any requirement limit.

Injuries to the Spine. The group was unable
to recommend any particular requirement
level. lt would like to advise car manufac-
turers and the ar.rthorities that this type of
injury could probably tre avoidcd to a great
extent by securing loads in the rear of the
vehicle, using seatbelts for rear-seat passengers,
and also by strengthening the bachrest of the
front seats.

Injuries to the Abdomen. The group con-
sidered injuries to the abdomen to be very
important.

For injuries caused by loading from the lap
portion of the restraint system, the group
proposed that the requirement be that the lap
part of the seatbelt shall be below the iliac
crests in a normal sitting position and shall

not slide up off the iliac crests during the
loading phase of the impact. The means to do
this for current dummies need to be devel-
oped.

Injuries to the upper abdomen might be
caused by loading from the shoulder strap of
the restraint system. The group felt that this
type of loading could be avoided if the
specifications for thorax protection were re-
spected, and proposed that the position of the
arrchorage points of the seatbelts be carefully
studied.

Injuries to the Knee, Femur, f,nd Hip. The
group agreed that injuries to this part of the
body were very important.

A fracture to the fernur may be caused by
the bending component of loads and posterior
dislocation of the hip joint by the compres-
sive component of loads in the femur.

It is possible to measure compressive force,
but the tolerance levels quoted in the litera-
ture vary considerably, probably owing to the
exact loading direction. However, the major-
ity of the group agteed that the requirenrcnt
level of 4 kItJ for each femur should be used as
long as it is not quite clear that the loadings
will take place in a straight anterior-posterior
direction. The German delegation, however,
proposed a value of 7.6 kI.{.

The group did not recommend any require-
ment level for bending loads.

Injuries to the Lower Leg and Foot. The
group considered these injuries to be not
important. However, the group would recom-
mend the requirement that no trapping of the
feet occurs.

Lateral lmpact

The group discussed the test situation and
the problem of sitle impacts very carcfully
and found that very little is known about
these accident situations.

The group agreed that for most injuries,
measuring the force on a standard dummy
would appear to be the best method of
assessment if it is practical, This is not
possible at present. There was no agreement
concerning the validity of other methods such
as the use of a special side-impact dummy, the
measurement of vehicle intrusion. or the
measurement of dummv accelerations.
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As a solution, most of the group hoped
that it woulcl be possible to clevelop a
practical universal dummy for front and side
impacts, but some members thought that a
more practical solution might be the use of
two types of special dummies.

As for frontal impact, the gxoup recom-
mends that protrusions with an tuea of less
than the small impactors which have been
used in experimental works (that is, 1 in? or
approximately 6.5 cm? ) should neither he
placed nor created where they could be
contracted by restrained occultants.

Injuries to the Head. The #oup considered
this type of injury very important.

Brain Injury. Thc parameter of interest
would lle linear acceleration as a function of
time.

The HIC value has not been scientifically
founded for side impacts. Until further re-
search has been carried out, the Sroup pro-
poses the following as a requirement: if head
contact occurs, a HIC level of not more than
1 000 and a resultant acceleration of 80
gfavity for not more than 3 ms should be
considercd as a tolerance level.

Skull Fracture- Apart from the general
design recommendation conceming small pro-
trusions, the group could not propose any
other requirement until force measurements
are possible.

Face Fracture. This type of injury was
considered not important in side impacts.

Injuries to the Neck. The $oup found
injuries to the neck to be important.

Because of the lack of valid tolerance levels
available in the literature, the ggoup does not
recommend any requirement level.

Injuries to the Clavicle. The group felt that
injuries to the clavicle were not important.

Injuries to the Thorax. The group felt that
injuries to the thoran were very important.

They could not agree on any specific
tolerance level to he used here and could not
recommencl any requirement level.

Concerning the injuries of intrathoracic
organs, the group felt that if some require-
ments to prevent thoracic fraeture could be
recommended and respected, there was little
chance of an intrathoracic injury prohlem,
but the accident situation should be moni-
tored.

lnjuries to the Hip and Pelvis. The group
felt that ir:rjuries to these organs werc impor-
tant. The group was not able to reach an
agreement on requirement levels for force,
acceleration, and intrusion.

Injuries to the Abdomen. The gloup con-
siderrcd injuries to the abdomen very impr-rr-
tant.

They felt that the recommendations for hip
and pelvic injuries should also takc care of
injuries to intra-abdominal organs as long as
the recommendation to monitor the position
of the lap portion of the restraint system is
carried out.

Injuries to the Femur. The group consid-
ered injuries to the femur important; how-
ever, they could not agree on any requirement
level.

General Remarks

These conclusions show that in many cases
it was not possible to recommend any require-
ment level, and it appears that there is a great
need of research. Irrdeed. research is wautcd
in the followirrg ficlds:

r Investigation on human tolerance for a
bettcr understanding of the relevarrt param-
eters and criteria, and of the tolerance
levels of these criteria (particularly for head
injury tolerance and side impact tolerance)

r Rescarch to determine methods of measur-
ing force and its distribution, thora-x cleflec-
tion, belt strap displacements, and so forth,
and improvements of dummies to make
these measurings more mcaningful

C O N C L U S I O N S  O F  T H E  G R O U P  R E G A R D -
I N G  D U M M I E S

At present, eunent dummies are only
approximate substitutes for the human being,
particularly in their dynamic behaviour. A
number of problems occnr when using stand-
ard dummies to assess injury criteria.

To obtain valid data from tests, a very
careful calibration of the clummy according to
the tolerarrce data is needed.

Measurements with test dummies are usu-
ally associated with a great dea-l of scatter in

z4



S E C T I o N  2 :  G o V E R N M E N T  S T A T U S  R E P O R T S

the results. A statistical approaeh would seem
to be the best mcthod to reduce the scatter,
but it would destroy too many cars for
fr.rll-scale approval testing. Therefore it might
be desirable to use another method, yrerhaps
simuJating the actual car impact deceleration
pulse on a dynirmic sled or using requirement
limits that take into account both the ex-
pected value and the expected scatter, or
requiring the mzurufacturer to take into ac-
count his expected scatter when designing to
the requirement limits as he does now.

No existing dummy allows the measure-
ment of all the parameters the group thinks
ncces$ary. Some parameters, however, are
now mea$urable, and the group recommends
the measurements of ;

r Linear acceleration at the centre of gravity
of the head in three separate axes

r lhorax acceleration on the spine in three
separate axes, approximately at the centre
of gravity of the parts of the dummy above
the pelvis (such as the head and neck, the
upper limbs, and the torso)

r The fcmur compressive load

Other parameters that the group felt should
be measured were:

Femur bending moment
Chest deflection
Lap strap displacement
More generally, measurement of forces and
their distribution, especially (but not only)
for lateral impacts

The measnrements of some of the preced-
ing pararneters imply an improvement of the
dummies. Improvement of their dynamic be-
haviour for a realistic estimate of some injury
potentials is necessary; this is particularly
desirable for neck injury assessment.

Is it preferable to use a single dummy for
all the crash configurations, or to have differ-
ent dummies for frontal impact and for side
impact? The group cottld not agree on an
answer to this question. The two possibilities
involve both advantages and drawbacks.

The group discussed the question of dum-
my size and recommended the use ttf the
5Oth-perr:errtile dummy, but pointed out the
need to consider the problem of other sizes.

R E V I E W  O F  T H E  U N R E S T R A I N E D  C A R
OCCUPANT PROBLEM

Even with a compulsory wearing of seat-
belts in all European countries in a few years'
time, it can be assumed that unrestrained
occupants will still represent a proportion of
seriously injured car occupants (refusal to
wear the belt and exemptions to the legisla-
tion). Thus, protection for unrestrained occu-
pants needs to be considered. Because several
European countries are just in the initial
phase of introducing compulsory seatbelt
wearing, it is too early to reach firm conclu-
sions on this point.

If they are adopted, protective measures
for nonrestrained occupants may need to be
at a lower level of protection and should not
lessen the protection afforded for restrained
occupants.

R E V I E W  O F  T H E  P E D E S T R I A N  S A F E T Y
P R O B L E M

The present synthesis was developed using
data from each national delegation and from
the analysis of American, Australian, and
Japanese reports of studies in this field.

Accident Statistics

Pedestrian accidents are an important prob-
lem of traffic safety, especially in urban areas,
although the injury severity is much higher in
rural areas, probahly because of higher speeds
of impact. The frequency of pedestrian acci-
dents is especially high for children and
elderly people, but the severity is greater for
adults.

Head injuries are both frequent and severe.
Injuries to the Iower limbs are also frequent
but not so severe. Thoracic injuries are less
numerous but tend to be more severe than
those to the lower limbs.

Injuries result either from the first impact
on the vehicle or from the subsequent impact
on the ground.

Data from Experimental Studies

From experimental works, it appears that
many parameters, such as posture, impact

I
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speed, preerash and postcrash braking, cil
shape and struck area, havc an influence on
peclestrian kinematics. Thus, the results from
studies performed in different conditions are
not easily comparable.

Mathematical modelling is a new approach
that seems to conot:lorate some experimental
data.

Current and Future Studies

Whereas accident statistics will be devel-
oped, especially to gain knowledge of injury
mechanisms, experimental studies are needed
to determine the effects on children of the
protective measures proposed for adult pedes-
trians.

With better knowledge of the real accident
situation, it will be possible to study measures
intended to lessen the severity of vehicle-
pedestrian collisions using mathematical mod-
elling techniques.

Results of Studies on Vehicle Technology

These studies deat with both the vehicle
shapes and the materials used to reduce the
severity of the pedestrian impact on the
vehicle and the development of devices in-
tended for avoiding pedestrian impact with
the gxound.

From present knowledge, it appears that
little protection can be given in high speed
impacts.

A P P E N D I X  l .  I N J U R Y  C R I T E R I A  F O R

RESTRAI  N ED CAR OCCUPANTS

Background

Seope. The scope of this document is to

Srve relevant injury criteria for restrained
adult front-seat car occupants in nonsymmet-
rical frontal and side impact test procedures
proposed by working group 2 of the EEVC.
The criteria and recommended requirement
levels proposed for nonsymmetrical frontal
impact would also apply to symmetrical
frontal impact.

Such injury criteria should preferably be
given in terms technically applicabie to the
design of motor cars. Where such criteria are
not generally accepted at present, the author'
ities, as well as the car manufacturers, should
he advised ahout tretrds in t--urrcut research
and possible areas where future studies may
produce new and better knowledge.

In order to aruive at relevant parameters to
be measured and limiting values to be usecl as
requirement levels in approval tests, it was
necessary for the group to take into account
the present state of knowlcdge regarding the
kinematics of accidents, human impact toler-
ance, and humart suhstitr.rtes used iu similar
types of tests. The group has recognised the
fact that the knowledge in these fielcls is yet
rather scarce. and that this is the case for side
impacts in particular.

Kinematics of Aceidents. Most of the re-
search and development work on the kine-
matics of accidents has so far been relatcd to
the symmetrical frontal impact situation,
which is considered more easily dealt with in
studies of real accidenfs. as well as in simula-
tion experiments. Although the kinematics of
car occupants-unrestrailed as well as uncler
ttre influence of a number of different re-
straint systems-is fairly well known in
symmetrical frontal impacts, this knowledge
is not casily transferued to the more complex
nonsymmetrical front or nonorthogonal side
impact situations. The group has considered,
however. that the kinematics of restrained
front-seat occupants in the proposed nonsym-
metrical frontal impact will differ very little
from that resulting from a symmetrical fron-
tal impact during the main part of the impact
sequencc.

Human Tolerance. Present knowledge of
the tolerance of the human body indicates an
age variation where the skeleton and the
connective tissues of young adult males have
higher breaking strength than those of chil-
dren, females, and elderly people. As children
are not taken into account in this document,
the tolerance of the musculoskeletarl system
can here be considered as decreasing with age

[1] . Accident studies indicrate a very remarka-
ble decrease in the breaking strength of the
female skeleton above 50 years of age. There
are. however. also some indications in the
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literature that the toleranee for sonle very
specific types of irrjury may well increase as a
fuuction of age. As an example of this, the
tolerance against rultture of veins bridging the
gap hetrveen the inside of the cranial vault
and the brain can be mentioned [2].

In accidents represented by the test situa'
tions prescribed, the population at risk would
probably not be the same in different types of
cars or in diffcrent countries. This means that
requirement levels should take into proper
account the most vulnerable adult occupants
in cars. These problems are to some extent
taken care of if requirement levels are derived
from representative samples of accident data
from several countries. As only a very limited
number of studies have been carried out on
the kinematics and tolerance of the human
body in side impacts, the knowledge about
injury criteria in this situation is very scarce.

Test Dummies. The standard test dummies
currently used in experimental impacts have
been designcd to remain unchangcd during a
large numher of tests. This implies that the
structure docs not fail in the same manner as
it would in a living human body under the
same conditions. 'I'he kinematics of these
dummies are, for this reason, not necessarily
the same as those of human beings, and this is
particularly the case in later phases of com-
plex impact situations. These dummies also
have-for obvious reasons-be'en designed and
used mainly in frontal impacts and there is
hardly any information about their feasibility
for use in sicle impacts.

Interpretation of Results. Measurements of
head and chest accelerations as well as of
femur loads-for which test dummies have
been used-are usually associated with a great
deal of scatter in the results. This would make
either a statistical approacho of some alterna-
tive method to reduce the scatter, desirable. A
statistical approach could imply the use of
several cars for full-scale approval testing. This
would probably not be practical in economic
terms. One possibility is to require a limit that
takes into account both the expected va,lue
and the expected $catter, or to require the
manufacturer to take into account his ex-
pected scatter when designing to the require-
ment limits as he does now. Another possibil-
ity would be to reduce as much as possible

the degtees of freedom of the system under-
going approval testing. The current normal
procedure, in research and devciopment work
a-s well as in approval tests for restraints, is to
simulate the actual car impact deceleration
pulse on a trolley or sled where pararneters of
furterest can be recorded more easily. It
therefore seems possible as an alternative to
limit the number of parameters to be meas-
ured in the full-scale car impact to what is
necessary as a basis for further component
testing. The expericnce from this field indi-
cates. however. that there would still be a
number of problems to overcome in order to
obtain repeatable results from this kind of
testing. 'I'he influence and hence the impor-
Lance of minor variations in different param-
eters is yet not fully understood.

The group has recognized these difficulties
in the test situations prescribed and reached
the conclusion that it would be misleading
not to point out very strongly the great
uncertainty in many of its recommendations,
and that the results of further investigations
irr a few years may lead to a desire to change
several requirement Jevels and even some of
the parameters to be measured. The gxoup has
felt great pressure to reach an agreement on as
marry points as possiblc and-where this has
not been possible-to indicate the reasons for
the various opinions. Most of the Eroup,
however, believes that the levels put forward
are the best available at the present time. In
accidents where they are not exceeded, it is
expected that many of the adult car occu-
pants involved would escape serious injury.
Thus a very significant advance in car safety
should be achieved by designing to these
protection levels.

The Italian delegation joins in the state-
ment that the most advanced tolerance levels
indicated represent a synthesis of the present
knowledge. It nevertheless considers the belief
optimistic that such levels, if applied to
vehicle design, mtght indicate a significant
advance in car safety. On the contrary, Italy
believes a design trend based on tolerance
levels not sufficiently cottoborated by experi-
mental research and therefore susceptible to
correction, or even based on parameters that
might be varied in the future, will eventually
result in a certain cost burden without a
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compensation in terms of improved and cer-
tain passenger protection levels.

lnjury Cri ter ia and Recommended Require-
ment Levels

Nonsymmetrical Frontal Impact
The Test Situation. The test car is supposed

to decelerate mainly in a frontal direction and
any rotation in the horizontal plane is sup-
posed to begin at a relatively late phase of the
car frontal linear deceleration sequence. Re-
strained front-seat dummies will decelerate
under forward displacement relative to the
ground. The relative displacement between
the dummies and the car will clepend mainly
upon the characteristics of the car ald the
restraint system. "Normal" slack in current
3-point inertia reel belts will probably delay
the linear deceleration of the dummies to-
wards the end of the car Iinear deceleration
sequence when a possible rotation begins. The
relative displacement between the dummies
arrd the car wilI therefore probably take place
at a smail angle with the longitudinal a"xis of
the car and bhis angle may increase as a
function of time. Any rebound of the dum-
mies may therefore not bring them back to
the center of the seat.

Injuries to tlte Head. This type of injury
was considered very important by the group.

Brain Injury: The brain will be subjected to
inertia-l loading during the forward decelera-
tion of the body, but in cument restraint
systems this does not seem dangerous unless
the head impacts against car interior strnc-
tures. It is therefore important that a possible
head impact can be detected.

Linear acceleration of the center of gravity
of the head is the parameter to bc measured.
It should be measured in three dircctions and
each of these should be recorded as a function
of time. Human tolerance levels for this type
of loading are supposed to vary with ampli-
tude and duration of the center of gravity
deceleration. However, peaks shorter than 3
ms are not supposed to he of significance in
this situation.

It is considered that any head deceleration
below 80 g and within the time duration
applicable here does not cause brain injury.
However. some studies indicate that pulstls of

long duration even below this value may be
hazardous and, in order to take this into
consideration, the head injr"rry criterion (HIC)
has been developed and a value of 1 000 [3.|
is, at present, the most widely applied as a
tolerance limit, although higher values have
been recorded in situations where no injury is
supposed to have occurred, such as in forward
deceleration with no head contact. The group
has considered this situation and recommcnds
that any head contact be recorded very
carefully. If there is contact, a value of HIC
1 000 or 80 g for more than 3 ms should be
considered as a tolerance level until
further data become available. When both
values are combined, whichcver is exceeded
first is recommended as the requirement level
for the resultant acceleration. The group felt
that if there is no head contact, with prescnt
safetybelt restraint, accident data indicate
there is no need for a requirement level; in
particular, a HIC value above 1 000 should
not be considered as dangerous.

The group (in line with the car industry)
felt that therc was a great need for increased
research into brain injury mechanisms, toler-
ance levels, and assessment methods. Studies
on the effect of filters on measurements of
this kind are also needed.

Rotational acceleration of the head has in
some studies been considered to have a
deleterious influence on the brain, especially
in combination with linear impact accelera-
tions. Various figures have been suggested as
tolerance levels, for example, 1 800 rad/s?
[4], but the group felt that there was need
for further research to corrfirrn this value.
Some improvement of the necks of lhe
dummies will probably also be needed before
measurements of totational acceleration
would be meaningful irr standard tests. Con-
sequently, neil,her tolerance nor requirement
levels are suggested for this type of loading.

Skull Fracture: In the case of head contact
with interior car structures. localized force
against the cranial vault may result in a skull
fracture. Experimental studies indicate thal, a
force of more than 2.5 kN [5] over an area of
less than approximately 6.5 cm? may lead to
skull fracture. If the area is larger than this
limit, a force of more than 4 kN is required to
produce skeletal damage [6].

28



SECTloN 2 ;  GOVERNMENT STATUS REPoRTS

At present, eontact foree eannot be mea-
sured on the head of standard dummies. The
group felt that research and development is
needed to make such measurements possible
in the future. In the meantime, the group felt
urable to recommend definitive requirement
levels, hut would advise that interior details in
the head impact zone should have an area of
at least 6.5 cmt . If this requirement is
fulfilled. it was felt that the recommended
requirement level for hrain injury might possi-
bly prevent skull fractures, though the genu-
ine relevant parameter, not yet measurable, is
contact force or contact pressure.

Face Fracture; Fractures to facial bones
seem to occur in about 10 percent of the
seriously injured front-seat occupants and
thus in a much lower proportion of all
injury-producing accidents. However, the
Soup felt that this type of injury, if it is
accompanied by concussion, may occasionally
become a very serious complication when the
inhalation of Lrlood from the nasopharynx
and the consequent possibility of asphyxia
occurs. Current restraint systcms do not, seem
capable of prcvcnting all facial contacts with
the steering wheel. For these reasons, a
requirement is desirable but not easily real-
ised.

As foree fneaeunements are not yet possible
with present dummies, the group was unable
to recommencl any requirement Ievel for the
in-vehicle test. If the test indicated that head
contact occurred with the 5Oth-percentile
dummy, or was likely to occur with sizes of
occupants othet than the S0th percentile, a
subsidiary test with a head form might be
performed if the object struck was capable of
producing localized loading of the face. The
groull felt that in such a test, a tolerance level
of 0.? kN for small impactors [5] would
perhaps correspond to an acceleration of 15
gravity for 3 ms measured on a suitable head
form. Some memhers of the group were of
the opinion that such a sutrsidiary test should
not be recommended now because further
reseatch is needed in this area.

Facial Laceration; The group felt unable to
recommend any method for the assessment of
facial laceration but would recommend that
research be ca-mied out in this field. Investiga-
tions to determine the frequency of face

laceration, and that of eye injuries in particu-
lat, ate of great importance. If this should
appear to be a prohlem of grave dimension,
further development will also be needed on
possible test methods.

Injuries to the Neeh. The group felt that
injury by direct impact is very rare and clid
not considcr a requiremerlt level necessary.
The other types of injury (that is, fracture
and dislocation of the cervical spine and
spinal cord injury) were considered more
imltortant.

Possible types of loading are, in thc first
place, extension, flexion, rotation, lateral
flexion, and shear force. Possible parameters
wonld then be angular movemenLt of the head
where head anglcs vcrsus the torso line should
be mea-sured.

The group felt unable to recommend any
tolerance limits for flexion of the neck, and
felt that a survey of thc accident statistics and
experimental researtrh are needed to know if
flexion is a more important cause of injury
than extension. For extension of the neck,
the group agreed that 80 degrees of angular
movement oI' the head relative to the torso
could be considered as a tolerance level [7],
but did not think a requirement is needed in
frontal impacts.

Another possibility will be to determine
relative head-to-thora-x accclelration ilr three
directions and calculatc the load orr the neck.
However, the group felt that there were not
yet enough results from such calculations.
Other types of loading such as traction,
compression, and bending may be of impor-
tance for the devclopment of neck injury in
some situations, and tolerance levels of 1.6 to
2.2 kN of traction have been suggested in the
literature [8], but thc ggouJr wzrs unable to
give any recommendation at this stage. It felt
that improvement of thc dummy neck be-
haviour is necessary if such measurcments
should be considr:red.

Cluuicle. This type of injury was considcrcd
by the group to be not important, especially
compared with injuries to the thorax.

A claviclc fracture might result from bend-
ing c:aused by a shoulder strap. The param-
eters of importance here would be strap angle
and strap tension. It was shown in the United
Kingdom that, for an angle of 35 degrees, the
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limiting tension observed was 8 kN measured
on an OPAT dummy [9]; but these condi-
tions are not enough for the group to accept
tlrem. The group would advise, however, that
the upper anchorages of straps should be
placed to minimize the load on both the
clavicle and the spine without increasing the
risk of injury to the thorax.

Thorax. The group felt that injuries to the
thorax were very important.

Thoran fracture is considered to be caused
by either shoulder strap load or stcering wheel
impact or a combination of both. The group
considered that the parameter of interest
would be strap tension and this could be
measured by a load cell; the tolerance levels
would then be between 6 and I kN in most
current restraints [8]. However, the group
could not agree to recommend a level for this
type of loading at present.

Another parameter that the group recom-
mended be measured in tests of this kind is
chest deflection. This would be measured as
displacement of the stemum relative to the
spine. The tolerance level suggested in this
type of loading would be 45 mm of deflection
[9], and this value could be used a$ a
recommended level provided the dummy has
the same forcedeflection characteristics as
man. If not, the level of 45 mm will have to
be transformed into conesponding levels for
other types of dummies. To keep the error
resulting from such a ttansformation as slight
as possible, it is important that the chest
stiffness and damping of the dummy approx-
imate as closely as possible that of tJre human.

If it is not possible to measule chest
deflection in the near future, then, as an
interim measure, acceleration levels could be
used. The tecommended levels will have to be
different for dummies with different load-
defl ection characteristic s :

r The United Kingdom suggested that 35 g
for the OPAT dummy would probably
correspond to between 35 and 60 g meas-
ured in other dummies.

t France suggested the value of 50 g as
resultant acceleration for HYBRID II
dummy.

t Germany suggested 60 g resultant acceler-
ation.

I Sweden suggested 45 g in g* direction,
combined with 20 g in Sz direction.

r Italy and the Netherlands were unable to
support any flxed value.

These figures will have to be measured for a
duration of at least 3 ms.

The steering-wheel impact could be meas-
ured as force in a load cell, and tolerance
levels between 5 and 6.5 kN are mentioned in
the literature [L0]. The group felt that such
values are probably not sufficient and that it
would perhaps be necessary to measure the
force distribution. The group could not agree
on any recommended level here. It felt,
however, that improvement of the dummy to
allow measurements of force and pressure
would probably be needed in the future.

The loading of intemal thoracic organs
would be the result of inerbia, and parameters
to be measured would be spine acceleration in
three directions. The tolerance levels found in
the literature are very confusing, and the
group felt that this, to a large extent, depcnds
on the type of human substitute that has been
used for measdrements. The group felt that
protection against thoracic fracture at a given
severity of impact would, with present belt
systems of restraint at least, protect against
most cases of intrathoracic injuries. There-
fore, for this kind of injury, the group did not
propose any requirement limit. If, however,
the restraint systems are improved to reduce
the risk of rib fracture, intrathoracic injuries
may become relatively more important. For
these reasons, the Sroup recommends research
in this topic, particularly on the effect of the
S, component on the intrathoracic organs as
well as on the spine in car accidents.

Spine. The group has considered the ques-
tion of spirre injuries very carefully. This is
thought to be a type of injury that could be
caused by loading from the rear and, as the
group was unable to recommend any particu-
lar kind of measurement, it would like to
advise car manufacturers and the authorities
that this type of injury could probably be
avoided to a great extent by securing loads in
the rear of the vehicle, by using seatbelts for
rear-seat passengers, and also by strengthening
the backrest of the front seats. The group also
would like to propose research in the form of
a suwey of accidents to define the importance
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of this kind of injury and to study the injury
mechanisms. Experimental studies are also
needed for determining human tolerance
IeveIs.

Abclomen. The group considered injuries to

the abdomen to be very imPortant'
Injuries to the lower atrdomen are probably

caused by loading from the lap portion of the
restraint system. The parameter would be
deformation of the lower abdomen, and the
measurements should aim at detecting any
subnrarining tendency or contact with the
steering wheel. It was felt that human toler-
ance levels were always liable to be exceeded
if the lap portion of the restraint was moved
upwards onto the abdomen. The group there-
fore proposed that the requirement be that
the lap part of the belt shall be below the iliac
crests in the normal sitting position zurd shall
not slide up off the iliac crests during the
loading phase of the impact. The means to do
this for current dummies need to be devel-
oped. The $oup also recognized that the risk
of intra-abdominal injury increases if hard
components of the seatbelts can get in con-
tact with the soft abdominal wall and cause
rupfure of intra-abdominal viscera, and would
therefore recornmcnd that hard parts of the
restraint system such as buckles be positioned
in such a way that they could not get, into
contact with the abdominal wall. The group
also felt the need for research on the dynamic
behaviour of various dummies and their abil-
ity to disclose any tendency to submarining.

Injuries to the upper abdomen are probably
caused by loading frorn the shoulder strap of
the restraint system. The deformation of the
abdomen in general and consecutive to the
d-eflection of the lower ribs was considered as
a paramefer of interest. The group also felt
that this type of Ioading could be avoided if
the specifications for thorax protection were
respected, and would like to propose that the
position of the anchorage points of the
seatbelts be carefully studied-

Knee, Femur, and Hip. The gtoup agreed
that injuries to this part of the body were
very important,

One injury to this complex could be a
kneecap fracture. The group felt that the
prclhahility of the occturence of such frac-
tures could be decreased if protruding objects

with an area less than those of the small
impactors used in experimental works (that is,
1 inz or approximately 6.5 cm?; be avoided
in the knee impact zone. Fracture to the
femur and compressive components may
cause posterior hip dislocation.

Compressive force can be measured, but
the tolerance levels quoted in the literature
vary considerably. The United Kingdom dele-
gate mentioned that accident investigations
indicated that hip injuries could occur at
thigh compressive loads as low as 2 kN, but a
more realistic level would be 4 kN [10]. On
the other hand, experimental tests carried out
mainly on cadavers indicate tolerance levels
of 7 or even 10 kN if the thighs are in a
straight-ahead position at the time of the
impact. The majority of the group agreed that
a recommended level of 4 kN should be used
a.s long as it is not quite clear that the loadings
will take place in a straight anterior-posterior
direction. The German delegation, however,
would like a value of 7.6 kN [L1]. As an
additional item of information, it is reported
that the Swedish and French car industries let
their respective national working group 4
delegates know that they would prefer the
value of 7.6 kN.

Bending load is a more difficult measure-
ment and not yet in cunent use in standard
dummies. The group did not recommcnd any
requirement level for this type of loading.

Lower Leg and Foot. The group considered
injuries to the lower leg and foot not impor-
tant, and could not prescribe any measure-
ments or tolerance levels. However, the group
recommended a requirement of no trapping
for the feet, because it is necessary for an
injured accident victim to be extracted from
the car easily. The group also recommended
studies on the design of pedals.

Lateral lmpact

The Test Situation. The group discussed
the test situation and the problems of side
impacts very carefully, and found that very
little is known about this accident situation.
It is apparent that the intrusion of the side of
the car might at present be used as a
measurement of accident severity, but a re-
quirement of limitation of the intrusion in the
test situaticln would not necessarilv lead to
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less severe situations for the occupants. The
stiffening of the lateral structure of the
vehicle might lead to higher acceleration levels
of the struck car.

The group also agreed that ultimately one
might wish to aim at measuring forccs on a
standard dummy if this is practical. It is not
possible at present. Because the use of a
special side impact dummy was not accepted
by all, the only parameters now available with
which to assess injury potential were dummy
accelerations and vehicle intrusion.

The group, however, wor-rld like to warn
that the use of such parametcrs might result
in a misleading conclusion, and they strongly
urged that research be conducted into the
measurement of loads on dummies in side
impacts. At the same time, the acceptability
of the current side impact dummy should be
investigated. Most of the group hoped that it
would be possible to develop a practical
universal dummy for front and side impacts,
but some members supposed that a more
practical solution might be the use of two
types of special dummies.

The group agreed that, for side impact as
for frontal impact, the 5Oth-percentile dum-
mies were adequate for assessing occupant
protection, but attention needs to be given to
the problems likely to be raised by other
adult sizes.

Injuries to the Head
Brain Injury: The group considered this

typc of injury very imporbant.
The loading would be inertial with or

without head impact. The parameters of
interest would be acceleration and its dura-
tion, and the measurements should be linear
acceleration in three directions. The only
tolerance level referring to this situation in
the literature is the Mean Strain Cliterion of
0.0061 cm/cm [12],  whi le the HIC has no
scientific foundation for side impacts. In this
situation, however, the group would propose
a level of HIC 1 000 or 80 g for 3 ms as a
requirement if head contact occurs, until
further research has been carried out in this
area.

Skull Fracture: It was agreed that protnr-
sions with a surface area of less than the small
impactors that have been used in experi-
mental works (that is, 1 inz or approximately

6.5 cmz ) should neither be placed nor created
in the zones likely to be impacted by thc head
in the lateral impact situation. It is not yet
quite clear if this will protect the occupants
against skull fracture, but the group could not
propose any other rcquirement until force
measuremcnts are possible.

Face Fracture; This type of injury was
considered to be not important for side
impat:ts, but the group proposcd Lhat furilrer
research in this field be carried out.

Neclr. The group found injuries to the neck
to be important.

Thc type of injuries would be fracture,
dislocation, and spinal cord injuries, and the
type of loading would be side flexion, rota-
tion, flexion traction, compression, bending,
and shear force. The parameters to be meas-
ured would be angular movements to the
heacl, relative head accelerations, and forces.
As far as angular measurements are con-
cemed, the group would like to grve a
tolerance level of 60 degrees for pure sidc
flexion [13]. For all the other parameters,
there are no tolerance levels available in the
literature, and the group felt the need for
research to define the tolerance levels in order
to set up requirement levels and to improve
the dummy ner:k behaviour to allow angular
measurements. There[ore, at present, the
gloup does not recommend any requirement
level.

Clauicle. The group felt that injuries to the
clavicle were not important and could be
dealt with in connection with the thora:r.z

Thorax. The group felt that injuries to the
thorax were very imyrortant.

Thoracic fracture in side impacts can be
caused by fuansversal forcedeflection or
acceleration-and thc limitation of intrusion
could bc discussed, as mentioned earlier. The
group could not agree on any sllecific require-
ment level to be used here and would like to
point out ttre need for further research and
development studies.2':l

t The U.K. delegation proposed the use of a side
impact dummy on which a forcc of 6 kN al shoulder
level, 2 kN al, each of the four rib stations, and 5 hN total
at the hip and pelvic levels woukl be considered as injury
criteria,

3The Swedish delegation proposed 20 g, acceleration
as a requiremeni level.
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As far as the intrathoracic organs are
concemed, the gloup felt that if the require-
ment to prevent thorax fracture was re-
spected, there was little chance of an intra-
thoracic injury problem, but the accident
situation should be monitored. It is also
recalled that Zoborowski mentioned a L4-g
tolerance level for volunteers [14] .

Abdomeru. The group considered injuries to
the abdomen to be very important.

The side impact load trom the straps or
from the inhuding structures would cause
compression and shearing of the abdomen or
traRsverse force. Forces or accelerations can
be measured at the pelvic level. The group felt
that the recommendations for hip and pelvis
injuries should also guard against injuries to
the intra-abdominal organs as long as the
recommendation to monitor the position of
the lap portion of the restraint system is
carried out.

Hip and Peluis. The group felt that these
injuries are important.

The type of injury would be a fracture of
the pelvis or fracture-dislocation of the hip
urd the type of loading would be side impact
causing transversal load or acceleration. Meas-
urements shor-rld be made of forces on the
pelvis and hip joint if possiblea or maximum
resultant acceleration. The group could not
itigree on the use of a side impact dummy, but
strongly advocate research in this field to find
tolerance levels and to clarify the effects of
intrusion. Improvements of the dummy to
measure forces easily in this region are also
urgent. In the meantime, tJre group was not
able to reach agreement on recommended
levels for force, acceleration, or intrusion.

Femur. The group considered the injury to
the femr.u to be imporbant.

The type of injury woulcl he a fracture
caused by the side impact, and the parameter
should be bending load or trending moment.
This would require the use of force load cells,
and the folerance levels found in the literature
reached from 2 to 3.2 kN and 200 to 400

4The U.K. delegation proposed the use of a side-
impact dummy on which a force of 6 kN at shoulder
level ,  1 kN at  each of  the four r ib stat ions,  and 5 kN tota l
at the hip and pelvic levels would be corrsidered as injury
criteria.

Nm, respectively [15]. The group could not
agree on any recommended level here, but
would strongly suggest research in order to
measure force, and a $rr-vey of the accident
statistics is needed to establish a connection
between intrusion and femur injury.
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A P P E N D I X  2 .  D U M M I E S  A N D  R E L E V A N T
PARAMETERS FOR STANDARD TESTS

To transform the human toleranee levels
into recommended levels on the dummy, the
group had to examine the different existing
dummies and, if necessary, propose improve-
ments for the measurements of injury criteria
parameters.

General Remarks

Dummies are approximate substitutes for
human beings, and a number of shortcomings
can be demonstrated among the different
Wpcs. The main ones are thought to be lack
of reproduc:ihility, poor dynamic behaviour,
and poor reliability. Though some recent
dummies, especially the HYBRID II, seem to
be improved, they still leave something to be
desired. Their poor dynamic behaviour is
particularly marked at some anatomical loca-
tions such as the neck, thoran, and pelvis.
These deficiencies, though they have been
recognized and steps have been taken to

rectify them in new dummies (as, for in-
stance, the OPAT dummy), lead the group to
question the value of measurements at those
locations. In some cases, these deficiencies
may make a valid assessment of injury poten-
tial impossible.

The group points out that, assuming
dummy behaviour is good enough in other
respects to express human tolerance, the
strength required to enable the dummy to
remain unchanged during a large number of
tests make it difficult to obtain an accurate
representation of human behaviour (a com-
parison of the thorax force-deflection charac-
teristics of man and dummy can be cited as an
example). (It seems that this aspect has
received special attention in the design of the
new dummies. Nevertheless, a careful calibra-
tion of the dummy needs to be carried out in
order to transform the human values of
parameters into corresponding levels for the
dummy. Similarly, for reasons of reliability,
all the variable parts of the dummy (especially
the joints) have to be adjusted before each
test by a method defined according to the
response characteristics in connection with
the human tolerance data.

The dummy size is another problem dis-
cussed by the group. Indeed, 5Oth-percentile
dummies cannot take into account the protec-
tion of the whole population: The risk of
impact may be increased for the tallest people
and bad fitting of the seatbelt may be more
likely when the size increases or decreases
from the median one. Nevertheless, the
$oup recommends the use of the 50th-
percentile dummy, but points out the prob-
lem of protecting other sizes of occupants.

The parameters to be measured on the
dummy are, in fact, the chief problem. On the
one hand, most of the available human
tolerance data are foree levels required to
produce the bone fracture because they are
the easiest ones to be determined. On the
other hand, current standard dummies
(HYBRID II, for instance) were not designed
to measure forces at some locations of in-
terest with regard to tolerance data, but they
enable acceleration measurements. From a
general point of view, two ways a.re possible
to solve this question. Either force data may
be changed into acceleration levels and stand-
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ard dummies can be used, or force measure-
ments may be kept as rccommended levels.
This needs the use of special dummies. The
choice between these two options gave rise to
discussion in the group and no general agree'
ment could be reached for the moment. This
question will be examined more precisely
later in this paper with parameters to be
measured at every body location.

Analysis of the Different Parameters Accord-

ing to the Body Locations

The group has to classiff the different
possible parameters in terms of their utility
and feasibility of measurement on the dum-
my. So, it muet determine:

. Parameters of little or no interest
r Parameters that can be measured at presettt
. Parameters that it is desirable to mea$ure

on the dummy in the near future
r Interesting but less useful parameters that

could be measured later on

The main body locations were reviewed.
Head-Face and Neck. The head linear accel-

eration in three directions is regarded by the
group as measurable.

The head angular acceleration and the head
to thorax relative angular displacement were
taken as interesting. But the group thinks
that, although the neck of the dummies may
be good enough to estimate the injury poten-
tial at the head level, it is not so for the
injuries of the neck itself in frontal and lateral
impacts. It is proposed to adapt these meas-
urements as soon as possible for head injury
estimation purposes and to improve the neck
of the dummy for a later assessment of neck
injuries.

Head impact force and pressure are quite
desirable parameters to be used in an in-
vehicle test. But, the question is: What part of
the head-face will impact a structure of the
vehicle during the test; in other words, where
is the force to be measured? Therefore, where
is the load cell to be placed? The dummie$ are
not desigrred to measure force at the head-
face level. So, it is proposed that one look for
head contact or for its probability to occur
with other sizes of occupants during the

global test. Then, if head contact is deemed
possible, a separate test with a head form
could be performed and, knowing the mass of
the head, form an acceleration measurement
that could be used instead of a force measure-
ment. The number and conditions of these
tests would need to be carefully defined.

Neck force$ were not considered a measure-
ment of pressing necessity.

Clavicle. The problem of clavicle loads was
examined by the group. It did not use the
clavicle bending load as a parameter and
would prefer a geometric recommendation for
shoulder belt.

The clavicle compressive load could be an
index of the lateral impact severity and the
English delegate recommends its measurement
using a special side-impact dummy. But, as
there is no agrcement at present for the use of
such a dummy, the group felt the clavicle
compressive load measurement should be de-
layed.

Thorax. The thorax three-a:res acceleration
measured at the spine is deemed as a measura-
ble parameter.

The thora:r deflection measurement is not
yet possible on standard dummies, but the
majority of the group thinks it could he
achieved relatively easily. Therefore, though
the thorax deflection characteristics of most
standard dummies are not considered as very
realistic and the correlation with the humal is
not clearly defined, the group recommends
thoran deflection as a currently measurable
parameter. In the case of the OPAT dummy,
this measurement is considered by the English
delegate as realistic and is used in tests at
present.

Thorax anterior-posterior load was not
considered necessary if the load-deflection
relationship of the dummy is known.

The group thinks that thorax lateral load is
the most suitable parameter for thoracic
injuries resulting from side impacts. Except
on the special side-impact dummy, its mea-
surement is impossible. So, the group pro-
poses research in order to make this measure-
ment feasible as quickly as possible, if, in fact,
such measurement proves to be practical on
standard dummies. In the meantime, other
criteria such as acceleration or limitation of
vehicle lateral structure deformation might be
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used unless an agteement can be reached
conceming the use of a special side-impact
dummy.

For thorax loading, thorax surface pressure
is thought to he a convenient mcasurement.
The group rccommends considering the possi-
bility of using a contact pressure measure-
ment on standard dummies. In several coun-
tries, such a parameter is regarded as very
important to assess rib injurics under the
shoulcler strap. Further research is considered
necessary to find an adequate measurement
device.

Abdomen. From a general point of view,
abdominal injuries might be assessed by re-
cording parameters such as abdomen accelera-
tion, atrclomen applied force, abdomen con-
tact pressureo and abdomen wall displacement
on the <lummy; however, these extremely
difficult measurements are not yet possible on
standard dummies. The group suggests re-
search for the development of transducers,
particularly those enabling contact pressure
measurement and wall displacement estima-
tion at the abdomen level. Similarly, on the
Italian delegation's proposal, the group thinks
it would be intercsting to obtain information
about intemal prcssure during the impact;
such a measurement seems difficult, however,
and needs important changes in the dummy,
such as provision of liquid-filled sac at the
abdomen level, enabling a fluid pressure meas-
urement. Research is called for to investigate
the feasibility of this measurement in the
future on a dummy that must not be too
sophisticated and that must be easy to use for
standard tests.

If the restraint system includes a lap strap,
an abdominal injury can be induced by the
displacement of this lap strap before or during
the crash. The group recommends that means
should be developed for detecting inconect
positions of the lap strap before and during
the impact to guard against submarining. The
term "submarining" is used to describe a
relative movement hetween the lap portion of
the restraint system and the pelvic pirrt of the
occupant resulting in a displacement of the
lap portion from the iliac crests up onto the
abdomen, indicating a risk for abdominal
injuries during the loading cycle of the re-

straint system. In this connection it has been
noted that under the same crash configura-
tion, some dummies show a submarinirrg
behaviour while others do not. The first are
standing dummies (as SIERRA 292-850); the
second, seldom submarining, are sitting dum-
mies (as ALDERSON VIP 50 A) whose pelvic
mobility has been modified in order to get an
easier control and consequently a better
reproducibility of the sitting position before
the test. This aspect is of g;reat importance
because the upward displacement of the lap
strap during the submarining depends on the
pelvis' ability to rotate. The group thinks
sitting clummies are not completely realistic
substitutes for the human in the submarining
problem, and consequently recommcnd$ re-
search to improve thcir behaviour. However,
pending this improvement, the group con-
siders these dummies suitable for use in crash
tests,

Pelvis. The group considered pelvic lateral
load measurement to be a very realistic and
desirable measurement but, as for the clavicle
and the thorax, they require a special side-
impact dummy whose use is not generally
accepted,

Pelvic three-axes linear acceleration is usu-
ally measured but some delegates question its
validity as a good index of injury potential.

Femur. The group recommends the meas-
urement of femur compressive load. Femur-
bending load is also considered interesting,
but it cannot be measurcd at present because,
as yet, no practical technique has treen de-
vised.

Patella. Kneecap pressure was not deemed a
needed parameter by the group.

Spine. The group asked for research to
obtain a better knowledge of the tolerance of
the spine and to determine the relevant
parameters. Following this it may be neces-
sary to examine the possibility of measure-
ment on the dummies.

Problems RelaterJ to Side lmpacts

From study of the different parameters to
be mcasured on thc dummy, it appears that
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the main difficulty (which gave rise to dis-
ag:reement between the members of the
group) is the estimation of thc injury poten-
tial in the side-impact configuration. At pres-
ent, the only generally accepted methods of
assessing side impact protection are measure-
ments of acceleration on dummies and. in the
opinion of some delegates, the limitation of
intrusion. The group feels, however, that it
must wam that these parameters only give an
imprecise indication of the protection pro-
vided for thc occupant and might perhaps
lead to wrong conclusions. It would be better
to use force measurements on either a stand-
ard dummy or a specially developed side'
impact dummy. Work is being done on
developing such dummies at present, but the
results are not yet generally accepted. The
Italian delegate considered that even if such
dnmmies are used. intrusion limits should stil l
be specified. On the other hand, a special
side-impact dummy, along with its ability to
provide force measurements, should show a
dynamic behaviour good enough to enable
realistic measurements at other levels (the
head, for instance). Otherwise, it could not be
used instead of a standard dummy, but only
in addition to it.

In conclusion, assessing side impact protee-
tion gave rise to severa-l questions. First, are
special clummies needed for this purpose?
Some members want only one dummy for all
standatd tests. The others would wish for
only one clummy but, noting the difficulty of
making realistic assessmcnts of side imJlacts
with a standard dummy designed for frontal
impact, agree to the use of special dummies
for side impact. Second, what importance
should be given to the limitation of intrusion?
In some members' opinion, it is not a desira-
ble measure. For others, it would be a
makeshift solution to lle used instead of
another more desirable measurement. For
others, a limitation of intrusion, though it is
not an injury criterion, is a very realistic
indication of occupant protection in case of
side impact if associated with the measure-
ment of a parameter snch as force or accelera-
tion. Thus, for the particular problem of
side impact protection at the thoracic and
pelvic levels, no general agreement was
reached and the question remains open.

APPENDIX 3 .  PROTECTION FOR NON.
RESTRAINED CAR OCCUPANTS

The Need to Provide Protection for Nonre-
strained Occupants

When discussing protection for unre-
strained car occupants, we are considering
occuparrts of cars fitted with a form of
restraint system requiring action on the part
of the user to make it effective (active
restraint system).

Although the wearing of seatbelts is already
compulsory in many European countries and
may become so in all in a few yeats' time,
even with compulsory wea-ring, not everyone
involved in an accident will be wearing a
seatbelt. Apart from those who choose to
ignore the law, legislation is almost certain to
permit exemptions in some cases, such as
delivery drivers travelling at less than a speci-
fied speed, people of unusual build unable to
wear the belt safely, pregnant women during
the later stages of pregnancy, and people with
a morbid fear of restraint. Thus, it is likely
that we need to insure a certain Ievel of
protection, not only for seatbelt wearers but
also, as far as it is practical, for those who
cannot or will not wear seatbelts.

The Pract ical  Level of  Protect ion

In considerirrg protection for unrestrained
car occupants, we must insure that the provi-
sion of such a protection does not lessen the
protection afforded for restrained occupants.
In most cases, it should be possible to devise
means that enhance the protection for both
classes of occupants.

The protection provided for unrestrained
occupanh should not be at such a level that
the effort spent on providing the protection
could have been more effectively spent in
providing improved protection for restrained
occupa-rrts or pedestrians struck hy the car.

?he mcchanical strength of the human
body structure is not affected by the wearing
of a seatbelt so tolerance levels specified for
restrained occupants must also be applied to
unrestrained occupants. Not all these toler-
ance levels may be relevant and it may be
necessary to specify some new levels.
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Because we are dealing with cars equipped
with active restraint systems, the group cloes
not recommend an additional passive system
that would give the same level of protection
for unrestrained occupants. Therefore, if test-
ing is felt necessary, it should be designed to
represent impact conditions less severe tharr
those used for restrained occupants.

Suitable Test Methods

Current legislation requires the use of
conventional rig tests with simple-impact
forms to assess some of the protection af-
forded by vehicles for unrestrained occupants.
This type of test is reaclily reproducible and is
relatively inexpensive, but recent research
based on accident data [1] has indicated that
these tests may not be sufficiently representa-
tive for the conect evaluation of design
features intended for occupant protection.
This deficiency may exist because the test
form itself is not sufficiently representative of
the relevant part of the human body or
because its trajectory is not the same as that
which occurs in the accident situation. It has
been found, for example, that the stiffness
and position of knee paclding can have a
marked effect on the head trajectory of arr
unrestrained occupant. Because the trajectory
of the unrestrained occupant is more difficult
to predict than that of the restrained occu-
pant, and because modifications to the trajec-
tory can be a valuable source of injury
reduction for unrestrained occupants, it may
be difficult to use a conventional rig test for
solving this problem. There may be a stronger
case for in-vehicle dummy testing when assess-
ing the protective features provided for
unrestrained occupants. On the other hand,
in-vehicle testing includes many sources of
variation and is much more costly; therefore,
the group did not recommend any type of
testing for the moment.
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This paper contains the synthesis of EEVC
answers and some American, Australian, and
Japanese reports conceming pedestrian safety.
The reports listed as references do not allow
an exhaustive synthesis of the research con-
ducted in thcse countries to be made because
they only represent a part of the research
canied out in this field.

As the national delegation answers did not
indicate many figures, it appears difficult to
do an exhaustive synthesis conceming pedes-
trian accidents. (This can be seen in the first
item: "Accident Statistics. ")

So, some data of this synthesis have been
obtained from the report published by the
U.S. Department of Transportation concem-
ing pedestrian safety project (CCMS Report
No. 27 -  1974).

Accident Stat ist ics

From the delegation answers, it appears
that pedestrian accidents can be considered as
an important prohlcm of traffic safety. Table
1 points out the frequency of pedestrian
casualties t1-41.

The risk changes with age. It is high as soon
as a child reaches approximately five years of
age, and the risk stays high until 15 years. It
can be noticed that the risk is also high for
people around 65 years old [1,  2,  4-7].  But
although the frequency of child involvemcnt
in pedestrian accident is highcr, the severity
of thcse ac;cidents is lower than those involv-
ing adult pedestrians.

Types of Injuries. If we take into aceount
the frequency of injuries, it can be noticed
that the head is the body segment that is the
most frequently injured followed by the
lower l imbs and the chest l ! ,  4,7f .

If we take severity into account, head
injuries are followed by chest injuries [8].

Mechanisms of Injuries. Some accidents
studies point out that the second impact
of the pedestrian on the ground involves less
serious injuries than the first impact on the
car  [4 ,  8 ] .

Other studies are more cautious about the
determination of injury causation. It seems
that the severity of the injuries caused by the
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impact against the vehicle depends on the
stiffness of the struck area, and increases with
impact speed. The second phase of the acci-
dent is impact against the ground, and the
severity of this impact depends mainly on the
body area hitting the ground first, and the
velocity of this impact.

Data of Experimental  Studies

Most of these studies were carried out with
dummies, although some used cadavers. Many
experimenta-l studies conceruing pedestrian
safety are conducted in Europe, in the United
States, and in Japan f I ,  2,  4,8-12] .

From these, it appears that many param-
eters have an influence on pedestrian kine-
matics; posture, impact speed, precrash and
postcrash braking, car shape, and area struck.

These studies are carried out in different
conditions and it is difficult to compare their
results. However, it is clear that the severity
increases with the impact speed.

The pedestrian accident can be divided into
trvo main impacts: impact against the car and
impact with the ground.

The severity of the second impact can be
evaluated in different ways by the experi-
mental studies, but the severity of this second
impact remains high when the head hits the
ground first.

There are not many mathematical model-
ling studies of the impact of pedestrian and
vehicle. We can quote the study carried out

by the Japanese Automobile Manufacturers
Association (JAMA) [11], which u$es a
7-degrees-of-freedom model and finds results
that seem to square with experimental
studies.

Other studies are in progress in Europe and
in the United States.

Current and Future Studies

Indepth accident studies are being in-
creased in order to determine accuratcly the
most frequent and the most severe configura-
tions of pedestrian accidents. Moreover, some
will enable a distinction between injuries
caused by the vehicle from those caused by
the impact against the ground.

Experimental studies conducted in the past
referred essentially to adult pedestrians and
were often made with dummies designed to
represent vehicle occupants. Therefore, the
influence of protection measures proposed for
the adult are being studied on the child and
the dummies used will he more realistic.

With a better knowledge of real accident
conditions, it then will be possible to study,
using mathematical modelling, the influence
of some parameters (design or materials used
when designing the front part of the car) on
the severity of injuries.

Results of Studies on Vehicle Technology

$tudies dealing with the technolory of the
vehicle in order to reduce the severity of

Table 1. Frequencry of pedestrian casualties

Country
Type of casualty

France Germany I ta ly Sweden Eng land

Pedestrian fatalit ies as a percentage of
road traffic accident fatalit ies

Pedestrian injuries as a percentage of
road traffic accident injuries

Pedestrian injuries in urban centre (%)

Pedestrian fatalit ies in urban centre (%)

18.8

12.5

90

65

30

1 6

93

73

25 1g.ts

s.2

86

67

37.9

22.3

s4

8l

1 6

90

65
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pedestrian accidents are proceeding along two
lines.

1. Study of the shape and the materials
of the outer part of the vehicle , to determine
the kinematics of the struck pedestrian and to
reduce the violence of head impacts especially
on the bonnet, the windsc:reen, and the
pillars, and to locate the humller to avoid
knee impact and in this way minimize the
severity of lower limb injuries.

2. Study and development of means to
prevent or reduce the probability of the
second impact, of the pedestrian against the
ground, or to reduce the severity of
injuries rcsulting from this impact.

Everybody is aware of the risk run during
the impact against the ground, which can be
increased if the pedestrian is run over either
by thc striking vehicle or by another car.

Both approaches a-re complementary: The
first one protects during the first stage of the
accident (impact against vehicle), while the
aim of the second one is to prevent the
second stage (impact against the ground).
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studying the same vehicle safety features
resulted from differences itr basic cost/benefit
or cost/effectivene$s procedures, from dif-
ferent economic and other assumptions, or
from differences in costs ot accident situa-
tions. An example of the evaluation of head
restraints fitted to automobiles in two coun-
tries shows, in numerical form, how very
different results can be obtained and the
extent to which these arise from the various
courses already discussed. It seems likely that
teams will produce relative rankings for a
series of safety mcasure$ that may not greatly
differ, although the absolute levels may weII
be very different. The report concludes with
comments on the need to check the sensitiv-
ity of findings for small changes in assump-
tions, based on the fact that the benefits of
safety measures are far from independent of
each other and in the context of using these
procedures as aids in decision-making. A
bibliography of research papers is included,
giving fuller details of the various aspects of
this subiect.

The Use of Cost/Effectiveness and Cost/Benefit Studies for the
Selection of Vehicle Safety Measures (EEVC)

presen ted  by  PROFESSOR DOCTOR
B E R N A R D  F R I E D E L
Presid ent
Federal  Highway Research Inst i tu te (BAST)
Fede ra l  Repub l i c  o l  Gc rmany

ABSTRACT

This report of the European Experimental
Vehicles Committee presents the basis on
whir:h several European governments prepare
their estimates of the relative costs, benefits,
and effectiveness of vehicle safety measures.
Discussed in some detail are the theoretical
procedures adopted for cost/benefit and cost/
effectiveness calculations, and a nine-step
algorithm is given as an aid for using these
methods.

A major reason for preparing this report
was to show to what extent the diffcrent
conclusions reached by different Egoups
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INTRODUCTION

The European Experimental Vehicles Com-
mittee (EEVC) comprises members in govem-
ment senrice from most European motor-
manufacturing countries who are responsible
for research into road vehicle safety and other
vehicle features, such as noise, pollution, and
energy. As part of its task in the coordination
of research and development, EEVC re-
quested at its fifth meeting (June 1973) that a
report be prepared comparing national pro-
cedures and assumptions, for the economic
assessment of safety mea$ures in relation to
their savings in accidents and casualties. After
consideration of some early drafts, a paper
[1] was presented to EEVC. It was decided
that this paper should be rewritten and
expanded into the present report, which also
includes a discussion on the procedures for
cost/benefit and cost/effectiveness studies,
based on a paper by Marburger [2]. The aim
of the report is to show what methods are
used by some European countries for the
assessment of the costs and contributions
made by various measures for improving
vehicle safety and similar matters and as an
aid to decisionmaking for legislation. It also
discusses the relative importance of the dif-
ferent national accident situations and the
economic assumptions for these calculations
in the countries using them.

Participants in this work are listed in
appendix 1, and a list of paperri and books
used in the preparation of this study is given
in appendix 2.

PROCEDURES FOR THE
ANALYSES OF SAFETY
MOTOR VEHICLES

COST/BENEFIT
MEASURES IN

Discussion of the Bases for Cost/Benefit and
Cost/ Effectiveness Proced u res

Both cost/benefit and cost/effectiveness
studies are attempts to put on a quantitative
basis the ranking of the relative merits of
different projects that might l:e adopted by a
government or business organisation. They
both compare the costs of introducing and

keeping in operation a project with the
benefits that will accrue from its introduc-
tion. The most obvious difference hetween
cost/benefit and cost/effectiveness studies is
that although both use a monetary basis for
costs, the benefits in the former are expressed
in monetary terms hut in the latter they are
expressed in more direct terrns, such as
savings in casualties or accidents for vehicle
safety comparisons. Both are used mostly for
planning of public expenditure; however, the
procedures can also be used for matters such
as car safety, which deal largely with private
expenditure. The procedures for both cost/
benefit and cost/effectiveness studies are
described, even though in practice it seems
that only the former is cunently being used.

Cost/benefit analysis is an application of
the theory of resource allocation---a subject at
the heart of welfare economics. The aim of
the method is to indicate an optimal, or most
efficient, allocation of productive and other
resources in a nation's economy, given the
initial availability of resources, their distribu-
tion amongst individuals, and any constraints
upon their reallocation. At a theoretical level,
the ultimate aim is to ensure that the effi-
ciency of every monetary unit-be it invested
in the defence sector, or for road safety, or
whatever*is of equal value. In practice, how-
ever, the coordination of funds between
sectors competing for resources is ruled out,
and even within the sphere of transport
policy, there are constraints upon resource
allocation between areas such as safety and
pollution [3, 4]. Practical evaluation is there-
fore concerned with suboptimisation, or
"relative" efficiency [5]. When applied to
investment or policy decisions, the role of
cost/benefit analysis is to ensure that any
changes will represent an allocative improve-
ment- in terms of a movement towards an
optimal allocation of resources, and that the
solution chosen from the altematives pro-
duces the greatest improvement. In this one-
dimensional aim of efficient resource alloca-
tion, there is both strength and weakness-on
the one hand cost/benefit analysis cvades
certain practical considerations, such as in-
come distribution and sociopolitical con-
straints and considerations, yet on the other
hand it sets up an ideal that can serve as a
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point of orientation for pragmatic efficiency
analyses t3l. It is arguable that cost/ltenefit
analysis is concerned not only with the
efficient allocation of resources but also with
the distribution of these tesources, and of the
effects of their use among individuals in
society. This means a move to greater effi-
ciency does not necessarily result in an
increase in social welfare-if some gain and
some lose, the magnitudes of those costs and
benefits do not alone indicate whether the
changes are, on balance, regarded as bene-
ficial.

The ldea of Targets for the Benefits in

Cost/Bcnef i t  Analysis

Cost/benefit analysis must define the target
at which the project is aimed' This involves
the collecting of targets and their systematic
interlinking (final and intermediate targets).
The particular function of this step is to break
up complex targets into intermediate ones
that are both operationa-l and quantifiable. A
final target would be a reduction in car
occupant casualties; an intermediate target
might be a reduction in injuries of a specific
nature, such as injuries resulting from decel-
erative forces, or a reduction in the rate of
deceleration itself. FinaIIy, conflicts and re-
strictions of the targets (for example, institu-
tional, social, or financial ones) should be
pointed out.

In order to reach these targets there are a
number of technical safety measures or com-
binations of measures that must be described
and evaluated by working out the costs and
benefits of these mcasures,

Evaluat ion of Cost

The cost of a project comprises the costs of
those goods and services which are necessary
"to establish, maintain, and operate a pro-
ject"[6]. The costs of the unfavoutable
effects of the project should also be con'
sidered, possibly by including them as nega-
tive benefits. In principle, the opportunity
cost of the resources should be measured, that
is, their value in the best altemative use to
which they can be Put.

The degree of monopoly and the encroach'
ment upon the mechanism of the market by
government interference (such as taxation)
lead to a discrepancy between market prices
arrd the genuine costs to the nationirl econ-
omy? so that theY do not, as a rule, cor-
respond to the opportunity costs. Attempts
have been made to reassess market prices by
means of simulation experiments using inter-
nal or shadow prices [7'9], as well as by the
application of the willingness-to-pay concept.
For the time being, however, it is actually
necessary to rely on market prices t10].
Account ought to be taken of the differences
in the levels of indirect ta-xes applying to

different goods and services, and in some
countries when calculating costs, the average
Ievel of indirect taxation is substituted for the
actual ta-x applYing.

Evaluat ion of Benef i ts

"A project's benefits are all those positive
effects . . .which wete brought about by

staging the project, whoever may profit from
them."[3] Further differentiation in direct

[11] , indirect, and intangible benefits, as is
customary in the literature, can be disre'
gardecl in this study. The discussion about the
evaluation of these components of benefit has
been started over and over again on the basis
of the question of whether fatally injured
people can be evaluated in monetary terms.
The limitation to ecotromic facts results from
the realisation that logically it is only possible

to quantify the economic consequences of
fatal accidents [4] . On this basis the question
is therefore exclusively that of considering the
economic contribution a person would have
made had he not been killed in a traffic
accident. Some countries have adopted more
pragmatic approaches and some are discussed
in a private communication [ 11] -

Costs and benefits are quantified as far as is
possible, and valued in money terms so that
effects can be compared directly' When this is
not entirely possible, a comparison of valued
costs and benefits is incomplete, and account
must be taken in the final appraisal of those
factors that have been excluded' However, it
shoulcl be pointed out that the monetary
evaluation is not selected just because it
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facilitates using a one-dimensional standard of
value, but because of demonstrating

that in a national economy, organised on the principle
of competition, where the nation by means of
economic-based distribution measures achieves an
income distribution felt to be just, the price a
consumer is prepared to pay for an additional unit of
a commodity would really reflect the individual gain
felt by society and caused by the unit mentioned
above [12].

Cost/benefit analyses in monetary terms pro-
ceed from the assumption that the ones
aJfectecl by projects are the ones ablc to best
estimate the consequence of public measures
by their valuation of relative prices.

Discount ing

The long duration of the effectiveness of
the safety measures under discussion (the
determination of which in this case does not
cause any difficulties since it usually coincides
with the lifetime of the vehicle) emphasises
that costs and benefits occur at different
times. They must be made comllarable by
applying an adequate mode of discounting to
a certain date. The aim of this discounting is
to reflect time preference and transformation
possibilities. An appropriate discount rate is
not discussed at this point, nor is there any
argument about the method of discounting. It
is important, however, to point out the
necessity of discounting in cost/benefit analy-
sis [L3, 14]. Future costs and benefits are
usually deflated to discounted va-lues at the
base year (normally the year the safety
measure or vehicle is introduced). The use of
constant prices at hase-year levels for both
current costs and future costs and benefits
(with the future ones discounted to allow for
the preference for current rather than future
benefits) allows the effects of monetary infla-
tion to be ignored.

Cri ter ia for Decision

The volume of the evaluated and dis-
counted cost and benefit data must finally be
compared. Principally, the two criteria,
"present-value rule" and "cost/benefit ratio."
must be applied to determine whether bene-

E X P E R I M  E N T A L  S A F E T Y  V E H I C L E S

fits justify the costs incuned. Both methods
fit the needs of the critt:rion of exclusion-
positive cost/benefit difference and cost/
benefit ratio (that is, benefit over cost)
greater than one. In France, this cnterion is
being intensified by means of a minimum
requiremcnt as to the internal rate of inter-
est-a coefficient of scarcity of money which,
however, is not applied to vehicles. Where a
capital constraint is operative, ranking or
selection of a net present value of the ccist
ratio ensures a maximum return on the
limited resources availahle. Costs are paicl by
car purchasers, but benefits accrue to several
organisations and to many motorists. These
considerations may alter the studies related
either to government expenditure or to the
national economy.

In the choice between alternatives, doubt-
less only the quotient formula is appropriate.
However, if this method (perhaps through the
indivisibility of alternatives) results in the
adoption of a measure with a high quotient,
and the rejection of a measure with a lower
quotient but highcr absolute net benefit,
there are reasons justifying the application
instead of the criterion of differenccs [3, 7,
16]. Netto [16] suggested a sensible refine-
ment of the difference criterion: The econom-
ical alternatives should be ranked according to
increasing cost; then the cluotient of the
cost/benefit diffcrcnces between the later
alternative (B) and the previous, not ex-
cluded, alternative (A) has to be worked out.
In the case of a "marginal quotient" greater
than oneT (A) will be excluded. tsy this
method, the decision is made in favour of the
last project in the ranking table with a
"marginal quotient" greater than one.

A recent developmeni [17] is the method
of consistent test procedures, which success-
fully deals with the problem of deciding
which vehicle safety measures should be
adopted when there are several different
possibilities, each giving incremental benefits
in terms of safety for increments of cost. It is
particularly valuable when the performance of
each measure is a continuous function of cost,
for example, when deciding what test speed a
vehicle should be designed to withstand. As
the test speed is raised alrove that for the
basic design, the cost increases and so does
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the safety benefit. In the example of Lincke
and Langner of Volkswagenwerk [17] there
are possitrle structural and other design inr-
provements to better withstand front, side,
and rear impacts, and the method of consis.
tent test procedures enables an optimum
selection of improvements to be made for a
given total cost.

Sensit iv i ty Analyses

The margin of deviations from the choeen
values for many data, assumptions, assigned
values, and unqualtified effects that find
their way into cost/benefit analysis make it
advisable to confirm a cost/benefit analysis
with a sensitivity analysis on its findings. This
is an attempt to test the sensitivity of the
result in the light of certain changes of
parameters (such as the assumed effectiveness
of the measure, discount rates, or monetary
sums). Special interest should be given to
variables for which changes in possible values
can lead to changes in rank of the measures
being compared. Special weight should be
given to this extra test if narrow decisions are
to be made between choices (small cost/
benefit differences, cost/benefit quotient
approximately one).

P R O C E D U R E S  F O R  C O S T / E F F E C -
T I V E N E S S  A N A L Y S E S  O F  S A F E T Y
M E A S U R E S  I N  M O T O R  V E H I C L E S

Distinctive Features of Cost/Effectiveness
Ana lys is

Cost/effectiveness is not concerned with
aiming at the optimum efficiency of the
national economy or some small sector of it
but rather the comparison of the effectiveness
of measurcs, often expressed in nonmonetary
terms. There may be several different targets
of varying importance, and this fanning out of
the target system must be mentioned as the
essential distinction from cost/benefit analysis
[4,18]. As mentioned in the following
section, the effcctiveness of different targets
can be integrated into one measure by using a
subjective weighting factor for each measure.

Unless stated otherwise, plocedures for these
analyses are similar to those for a cost/benefit
analysis. The evaluation of costs in both
analyses is similar. In the study of primary
safety measures thab offer some probability of
preventing road accidents, the measure of
benefit is monetary in cost/benefit studies,
but in cost/effective ones the probability of
preventing accidents might be used as a scale
for the main target. Effectiverress could also
be expressed in terms of probable reductions
in either fatal or all casua-lties, which could be
restricted to car occupants if a car safety
featwe is being studied, or it might also
include savings for other road-user casualties.
These could be considered minor targets. One
procedure for grouping the results of studies
on one safety feature might be to weight the
benefits for difl'erent targets with factors
from zero to one and then add the results
t<-rgether. The selection of weightings must, to
some extent, be a subjective one carried out
by experts whose decisions would always be
exposed to the criticism that they did not
refl ect conditions correctly.

An important situation arises when assess-
ing vehicle safety mcasures, and that is the
competition for the same benefits (casualty
reductions) by mary safety features being
comparccl with each other. For example, the
effectiveness of an accident avoidance feature
would appear to be reduced if an occupant
protective feature were given priority and
deemed to save some of the casualties that
might otherwise have been allocated to the
accident avoidance feature. It is more conven-
ient to study these interactions of benefits in
cost/effective rather than cost/benefit analy-
ses, though the latter could be modified to d<r
so_

Evaluat ion of Benef i ts

The actual benefits are the same for all
safety features no matter which method of
analysis is adopted, but, contrary to cost/
benefit analysis, cost/effectivcnGs$ analysis
deliberately refrains from a monetary evalua-
tion of benefits. It measures the individual
intermediate benefits in physical units-
according to the intermediate targets-*and
takes them into account in this form.

4 5



E X P E R I M E N T A L  S A F E T Y  V E H I C L E S

Whether or not it really was "the expres-
sion of some sort of giving up because of
insurmountable difficulties in evaluation"

[19], in any case, it had been hoped that
considerable progYess in the development of
analysis procedures could be made after the
necessity for monetary evaluation had been
abandoned. Because a cost/effectiveness anal'
ysis attempts a comparison of total cost and
total benefit [20], there must be a common
agreement to limit the procedure to one
descriptive measure of all relevant effects of
the available alternatives [12], or there must
also be a cost/effectiveness analysis to add up
intermediate efficiencies that were differently
measured.

One procedure for this analysis is as fol-
lows, although other procedures are possible.
For every intermediate target a scale of points
from 1 to 10 is set up. This scale corresponds
to the degree of target achievement as fol-
Iows: 1 point means a degree of almost no
achievement (10 percent of target) and 10
points fully reaches the target (100 percent).
The contribution of each intermetliate target
to the total is subjectively determined using
any expertise available [21]. This is done by
giving a weighting factor for each inter-
mediate target, with the sum of these weights
being one. The overall effectiveness is then
given by the sum over all intermediate targets
of (point scored on intermediate target scale
X weighting for the intermediate target /10),
and this effectiveness is then expressed on a
scale between zero and one.

D iscount ing

Costs are discounted in analogy with the
cost/benefit analysis. There may tre difficul-
ties, however, in the chronological harmoniza-
tion of the physical intermediate efficiencies.
It is usually assumed that, after a certain
starting point, the intermediate efficiencies
will flow continuously; that is, the flow of
benefits is uniform per unit of time. Modifica-
tions to the discounting formrilae could be
made to allow for change. Additionally,
allowance should be made for the situation
when intermediate targets are achievecl at
different times from the full completion of
the benefits; for example, when the benefits
of the safety components do not cover the

same period as the life of the car. For the
time bcitrg, such modifications in discounting
are not usually attempted, though it would be
possible to discount partial benefits to present
worth provided they can be quantitatively
measured and, therefore, also be multiplied
by a discounting factor.

Cri ter ia of Dccision

Preselection of all possible measures, as can
be done in cost/benefit analyses, is not
possible because thcre is no absolute mcasure
of economic efficiency (positive cost/benefit
difference and/or cost/benefit ratio) t 191 '
The relative advantage of a measure in com-
parison to others catr be determined [22]
indepenclently of all other measures by the
traditional cost/benefit procedure- Preselec-
tion of "effective" measures through cost/
effectiveness analysis can be carried out by
means of a comparison by pairs [19]. Figure
1 shows that At, even though it is equally as
effecl;ivc as .A2, should be given preference
becausc of the lower costs it incurs. A3 is also
superior to Ar because it has higher cffective-
ness, although the costs for both measures a.re
the same. lt is then up to the cost/effective-
ness analysis to decide upon the advantage of
-A,1 or A3.

Decisions reached by means of subtraction,
as in cost/benefit analysis, cannot be made
because costs and bencfits have different
dimensions. Yet it is possible to consider the
ratio of the total efficiency of a measure Lo its
cost (efficierrcy ratio). It hecomes obvious
that this quotient is inadequate as the sole
criterion of selection, and needs supplement-

z

z
F

H
il

Figure 1. Preselection of effective measures.



SECTION 2 :  GOvERNMENT STATUS REPORTS

ing by minimum efficiencies and budget
restrictions [19] (cf. step I of the algorithm).
The problem of monetary and nonmonetary
evaluations of benefit components has not
been solved. In any case, combinations could
be proposed in such a form that monetary
benefits are defincd as inverse costs and then
subtractecl from the project costs while the
remaining total is compared with the elements
of costs that are not monetarily evaluated. In
this case, however, restrictions in ranking
must be otrseryecl. Besides, the possibilities of
transforming monetary target profits u'rto
degrees of target achievement and vice versa
[13,23] raise problems, but these have
already beerr checked out by practical profit-
ability arralyses. This, of course, only makes
sense if the relation between the points
themselves has not been deduced from the
relation between the monetary values.

Sensit iv i ty Analyses

Sensitivity tests of the results of cost/effec-
tiveness analyses for variations in critical
parameters are indispensable. This is because
of thc numerous subjective influences (scale
of target achievement, target weighting, and
target system).

S U G G E S T I O N  F O R  A  H A R M O N I Z E D  A L -
G O R I T H M  r N  C O S T / B E N E F I T  A N D  C O s r /
E F F E C T I V E N E S S  A N A L Y S I S  O F  S A F E T Y
M E A S U R E S  I N  M O T O R  V E H I C L E S

The relative merits of safety measures in
motor vehicles can be assessed in many ways,
differing from each other in details, but all
could be called cost/benefit or cost/effective-
ness procedures as described in the preceding
sections of this paper. Inevitably, each coun-
try in Europe adopts somewhat different
procedures from each other, in methodoiogy
as well as assurnption, and the accident data
are different. It happens that the procedures
used in the Federa-l Republic of Germany and
in Great Britain are remarkably similar,
though the former uses the methods more
precisely and requests by law that all pr.rblic
authorities follow them for appropriate

measures of eonsidehble financial impor-
tance. The algorithm now described is that
adopted by the Federal Republic. In France,
cost/benefit analysis is used in a generally
similar manner but a distinction is made
between a simplified cost/benefit method and
a more exact a priori method. The latter is
used to cover as comprehensively and exactly
as possible all relevant effects and costs, while
the simple method suffices to determine
extreme or limiting values. For example, given
a certain cost/benefit ratio, only the max-
imum permissible costs per vehicle are deter-
mined.

It is noteworthy that in government circles
only cost/benefit procedures are used, though
in research and industry cost/effectiveness
analyses are carried out as aids to decision-
making.

Algori thm in Nine Steps

Step 1: Definition of the Problem. The first
step consists of defining the task of the
cost/benefit study as exactly as possible. As
an example: A series of traffic safety
measures for cars (about 5-10 measures) is to
be selected according to their degree of
advantage for society as a whole and ranked
according to priority. In practice, there may
be a few altemative solutions, or even just one
feasible solution.

$tep 2: Approach to the Achievement of
the Target. In this case, the ultimate target is
the improvement of traffic safety-it is
defined as the decrease in the numbers of
fatalities, seriously and slightly injured, as
well as material clamage. This ultimate target
shall be achieved hy dividing the task into two
subtargets; improvement of primary (accident
avoidance) safety and secondary safety (road-
user protection). It might be appropriate to
propose a further subdivision of the subtar-
gets into the tasks of improvement of safety
inside the vehicle and outside the vehicle (this
applies to secondary safety only). The second
st€p also includes the definition of target
criteria (measwing unit and, as the case may
be, minimum effectiveness and target date).

Step 3; Factors Affecting Performance of
Measwes and Limitations To Be Accepted for
the Study. Within the field of vehicle safety it
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is necessary to identify the different safety
problems and possible altemative solutions.
Consideration must be given to the effects of
one safety measure on the potential of
another, and the extent to which different
mcasures compete, both within the fields of
car safety and road safety in general, and with
other areas of public concem.

Step 4: Preselection of Measures. Measures
from which only marginal target improve-
ments could be expected should be excluded
from the analysis right from the start' Similar'
ly, measurcs primarily intended for other
purposes and those whose specific contrihu-
tions may not readily be estimated may also
have to be excluded. This could lead to an
early shifting of weights in favour of passive

measures. Measurcs should be includecl whose
efficiencies have already been explored-
saf ety belts, interior padding, steering
column, driving mi.rror, door locks and han-
dles. windscreen. seats, and brakes, In France,
great emphasis is being placed on an a priori
limitation of measures regarding vehicle safety
features. For this purpose, a selection of the
main accident types and frequencies is made
and every LSth accident protocol will be
analysed with regard to the risk of being
involved in an accident depending on vehicle
pararneters. In addition, this investigation will
be sr.rpported by clinical tests of persons
having been involved in accidents. Using these
means, technical vehicle features have been
developed which promise to be highly effec-
tive. However, the final preselection by means
of the exclusion criterion will only he possible
after the costs and benefits have been deter-
mined.

Step 5: Recognition and Description of
Advantages and Disadvantages-Their Occur'
rence in Time, Regardless of Where They
Occur or Who Is Affected.

a. Disaduantages. In a profitability analysis
of safety measures for motor vehicleso thc
following types of costs should be taken into
consideration: the opportunity cost of the
resources used in the investment, service
repairs, and costs of operation, as well as the
cost because of pollution (for example, in-
creased exhaust gases because of higher fuel
consumption of safety vehicles whose weight

might be incteased). These may include in-
creased fuel consumption, journey-time
delays, and increased costs because of reduc-
tions in sales.

b. Aduantages. The benefits should exclu-
sively recognise the number of accidents that
will be avoided (primary measures) and the
rcduced consecluences of the accidcnts that
will not (secondary protective mcasures). Fur-
ther concrete achievements wiII he attempted
after the evaluation (cf. step 7).

Steps 6 and 7: Determination of the
Measuring Scale and Evaluation of the Advan-
tages and Disadvantages of Step 5. Thc types
of costs mentioned in step 5a will be monctar-
ily evaluated as a matter of course, at market
prices as a rule, and occasionally decreased by
the share of indirect tax. Despite all differ-
ences of opinion about the benefits, there
seems to be a possible consensus about the
monetary evaluation of the number of fatal-
ities and serious and slight injuries avoicled.
(In France, benefits are only ex;:ressed in
monetary terms.) The number of objections
may decrease considcrably once this pro-
cedure is properly interpreted. Unquantified
effects should be noted for consideration in
the overall assessment. The strength of the
evidence on which estimates are made, and
the nature of the explicit or implicit assump-
tions necessary, should be indicated.

Step 8: Discounting and Overall Assess-
ment of Measures. Benefits and costs in
monetary terms are comparecl by discountiug
to prascnt values. Where ranking of altema-
tives is required, the "present-value rule"
(working out differences) or the "cost/benefit

ratio" is applied as the ranking criterion.
Where noncompeting (in thc sctrse of being
direct alternatives) safety projects producing
net present values would more than exhaust
the available budget, some selection criterion
such as the net benefit (cost ratio or the
marginal-quotient rule of Netto) will be re-
quired in order to maximise the benefits.

If the costs are compared with the non-
monetary benefits, discounting may tte
neglected for the time being, but the target
date must be clearly emphasised. On the basis
of the quotient rule, the ranking criterion is
then that, if the effectiveness of a measure
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grows steadily with investments, the selection
of altematives is possible as follows:

The measure with the highest efficiency
ratio is applied until budget exhaustion, pro-
vided the projected minimum effectiveness is
achieved. If costs and effectiveness change
discontinuor-rsly due to the indivisibility of
the measures, these measures are then applied
in the order of decreasing efficiency coeffi-
cients. In some cases, discontinuous variation
in measures, caused by budgetary restrictions,
may lead to the following:

r A measure with the higher efficiency and
higher overall effectiveness is rejected in
favour of a Iess efficient measure, which,
however, stays within the budget.

r { less efficient measure, whose overall
effectivencss is higher, is rejected and a
measufe with higher efficiency but lower
overall effectiveness is used instead.

Any remaining budgetary funds are spent
according to the projected minimrrm effec-
tiveness.

Step 9: Sensitivity Test. For sensitivitSr
analyses in terms of money, it is recom-
mended that these cover estimated effectso
the assumptions made, the costs estimatedn
the parameters of "current value" and "dis-

count rater" and the "value attributed to the
economic loss caused by a person killed in a
traffic accident. "

The effet:t of the nonmonetary benefits on
the result must on all accounts be examined
by varying the wcighting of tlre targets, the
levels of possible target achievement, the
estimated effccts of the assumptions made,
and the estimated costs.

COMPARISON OF ECONOMIC AssUMP-
T I O N S  M A D E  F O R  E V A L U A T I O N
S T U D I E S

Basic Reasons for Differences Between
Find ings  f rom S imi la r  S tud ies

As stated in the introduction, the concem
of EEVC is that the reasons sltould be
understood for the differences that arise
between findings from economic appraisal
studies of vehicle safety carried out by the
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various eountries working together in EEVC.
This part of the present report attempts to
show why these differences occur even after
basic methodolory has been agreed to. It is a
new presentation, but includes some material
from reference [1] based on a questionnaire
that was circr-rlated to member countries
requesting information on a number of statis-
tics and economic variables used by them for
these evaluations.

Essentially, three types of differences were
revealed, with various implications. First,
there are the differences in methods adopted
that do not reflect basic differences in the
interests of the countrie$ c<lncemed. Where
there is a choice between alternative methods
and assumptions with no single solution, and
whete the conclusions reached in evaluations
depend upon the selections made, it is pos-
sible that solutions reached intlependently in
the various countries will yield different
results. This may be reflected in the balance
between advantages and disadvantages, or in
the ranking of alternatives. Where differences
of this sort are invnlved, the implication is
that the apparent difference in priorities
between countries may be spurious and that
some solution should be sought to yield a
common choice, and ranking, of safety
measures,

The second difference that arises results
from the use of different input information
by countries, and reflects real differences in
the relative interests of the members. For
example, the disr:ount rate chosen may differ
between countries because of different atti-
tudes to the discounting of the future.
(Although it could of course be simply a
difference in the choice of one from a number
of possible rates, as in the previous para-
Craph.) Similarly, the application of the
United Kingdom's method of deriving a value
of life would rasult in a higher value in the
Federal Republic, because of the higher level
of real eamings per capita in that country. In
the latter example, the implication is that it
would be reasonable to spend more per life
saved in Germany than in the United King-
dom. trecause more resourcas are available.
Such real divergence of interests or values will
give rise to some difference in the results of
studies. The resultant diffcrences in the indi
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cated absolute or relative advantages of alter-
native safety measures would then reflect a
real difference of priorities between the coun-
tries concemed. Again, the extent and impor-
tance of such differences can only be assessed
empirically.

The third type is similar to the second. The
accident situation will vary from country to
country, in terms of the number, severity,
type, and nature of accidents and injuries.
The relative importance of different accident
situations and safety solutions will vary, to a
degtee, between countries. Similarly, the
effectiveness of a particular measure, or the
best solution to a particular problem, will
vary. Again, it is an empirical question as to
how important such differences are.

In practice, of course, it will not always be
possible to identify the cause of differences
between countries. There may be a number of
factors involved, and there will be differences
because of our imperfcct knowledge. For
example, contradictions in the assumed effec-
tiveness of seatbelts between two countries
may reflect a true distinction in the effective-
ness of belts in the accident situations pre-
vailing in those countries, or it may reflect a
simple difference in the estimal,ion of what is
in fact the same degree of effectiveness. It is
only where there are major differences
between countries that it is important to
determine whether there is a real difference of
priorities or a spurious one.

D E T A I L E D  D I S C U S S I O N  O F  A S S U M P -
T I O N S  M A D E  I N  S T U D I E S

Differences Among Countries

It is not the intention of this paper to
compare in detail the methods of evaluation
chosen by the member countries, or to argue
that any particular method has outstanding
merit. While there are basic similarities in the
approaches to evaluation by member coun-
tries, there has been no attempt to synthesise
these to produce a single evaluation proce-
dure. It would not in any case be practicable
to do so in the context of the EEVC, since
the procedures adopted by different countries
are usually applied in other sectors of their

economies. In this section, differences in the
values assigned to variables are discussed in
the context of an outline of the common
elements in the appraisal methods of membet
countries. In the following section, the impli-
cation of such differences in practice is
considered by way of a comparison of some
vehicle safety evaluations canied out by three
of the membet countries.

The Base Date

Typically, we can assume that safety
devices or developments will give rise to costs
at the time of their being built into, or fitted
to, cars. The initial cost of such devices can
therefore generally be treated as being in-
curred either at a single point of time (or
sometimes a single time period) or as being
incurred continually from that base date tw
new cars are produced. The particular assump-
tions made wilI depend on the details of the
methods employed and on the nature of the
proposal being considered. The effects of new
measures, mainly accident savings or casualty
savings but sometimes other costs and bene-
fits, are then usuaily considered in terms of
this base date. Occasionally, some other base
date is chosen, but this will not influence the
results of the evaluation (that is, the relative
magnitudes of costs and benefits), although
the choice of l,he datc at which the measure is
implemented may well do so.

Deflating Future Costs and Benefits

Because the costs and benefits resulting
from a safcty measure will be spread over a
period of years, during which time the general
Ievel of prices will typically rise, it is usually
necessary to deflate thc value of future costs
and benefits and to indicate them all in tenns
of the costs prevailing at the base date (unless
there has been a change in the real value of
costs or benefits rather than the nurelv
monetary value).

D iscount ing

Having thus identified all costs and benefits
in commensurate terlns, those occurring in
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the years after the introduction of the
measure are normally discountcd according to
the rate of discount adopted by each country.
Essentially, the future is discounted for one
oI two reasons. First, there is the fact that
resources available today are worth more than
the same qr-rantity next year, irecause of the
transformation possibility-resources can be
invested to produce resources of a higher
value at a future date. Because o[ this, tuture
costs and benefits are worth less than similar
effects in the base year.

Second, there may be true time preference,
with society having a preference for resources
available today as opposed to those available
at a future date, irrespective of any transfor-
mation possibility. This preference may be
reflected in a rate of discount. In practice, it
may be difficult to isolate the time preference
ancl the transformation element in a country's
discount rate. Member countries do not have
a common basis to their discount rates.
Between countries there may be differences
both in transformation possibilities and in
time preference. In addition, the rate choscn
will in practice often depend upon estimates
of the rates of returrl on private investment,
which may differ among countries, or on
interest rates applying elsewhere in the respec-
tive economies. ln the casc of the United
Kingdom, for example, the discount rate is
based upon an estimate of the rate of retum
earned on arr average on (riskless) investments
in the private sector. The rate so derived may
or may not be appropriate, and there is no
teason why it should be similar to the rate
adopted in another country. It could be
argued that a discount rate for safety
rneasures should reflect public attitudes to
spending resources now for future safety
benefits, which may well imply lower dis-
count rates than commonly chosen for the
other reasons already discussed.

In practice, it is futile to attempt to
rationalise the discount rate adopted by indi_
vidual countries, or to attempt to understand
why they vary. What matters in practice is
how gEeat the differences in rates are and
what the implication is for the appraisal of
measures. Right or wrong, there is no option
but to assume that variations reflect real
differences in the interests of the respective

eoUntries. The diseount tz�te applied ean
therefore be taken as the required rate of
return on resources invested in vehicle safety,
generally irrespective of whether the costs are
met from public funds or are paid by private
individuals.

The higher the discount rate adopted, the
gxeater the relative importance attached to
irnmediate effects as opposed to long-term
effects. Where benefits (and costs) are ipread
evenly over a given period of years, the sum
of discounted benefits may be derived by
multiplying the lrenefits in a given year by the
discount factor, derived from the discount
rate, and the period of years concemed. The
higher the discount rate, the lower the dis-
count factor.

Table 1 shows the discount rates and
discount factors (assuming a 1O-year period)
for France, Germany, and the Unitecl King-
dom. The discount factor for Germany is l8
percent higher, with the implication that the
cost/benefit ratio would also be 18 percent
higher in this case. The result is that the
potential benefit from any safety measure,
where co$ts are followed by benefits, is higher
in Germany than in the other two countries.
Further, where there are alternative measures
with different time distributions of benefits
(and costs), the higher rates adopted by
France and the United Kingclom will favour
measures with early benefits, as opposed to
those with later benefits, more strongly than

Table 1. Discount rates and discount factors used in
governmertt stud ie5

aAssuming a l i fe span of  10 years.
bDiscorrr t  rate s ince 1g71.
cDiscounr rate from 1g6g to 1922. Source: W. Kentrret,

Die Verkehrssicherheit als Wirtschaftsliche planungsgrijsse,
Stresse und Autohahn, lZ 842.641,1g72. Atternative rates
suggested were ( 1 ) 6.5 percent in Arbeitsgruppe Wegekosten,'Bericht ijber die kosten der Wege des Etsenbahn-. St.assen-,
and Binnerschi f fsverkehrs in der Bundesrepubl ik  Deutscn-
land,' Schriftenreihe des Eundesminsters fijr Verkehr, Heft
34 and (2) 5 percent and / percent in Angeben des
Bundesminsterc filr Verk ehr.

dDiscount rate s ince lg6g.

Discount
Country rate 

u-lscount

$; 
factora

France b1o 6.g7
Germany "7 7.2o
United Kingdorn dlo 6,g7
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the lower rate adopted by Germany. Conse-
quently, the relative rating of alternatives will
diffler, and the overall ranking of alternatives
may differ among Germiury and France and
the United Kingdom.

The Time Span

The effects of a safety measure are assumed
to continue for a limited period of time. In
the case of vehicle safety, this is often
assumed to be the life of the car. Clearly, the
longer the period assumed, the greater the net
benefit, other things being equal. In the
situation where the life of the car is assumed
to be the relevant pcriod, the expected
lifetime of cars may be of significance where
it varies among countries. Table 2 shows
estimates of the average age of vehicles being
scrapped in 1972 in the six countries ques-
tioned. Consideraltle care would be needed in
comparing these average-age estimates. lt is
quite possible that the figures for each coun-
try are not strictly compatitilc, and they can
be taken only to illustrate the point that there
could be real differences in the value of
measures between countries because of dif-
ferences in vehicle life.

Table 2. Average age of cars scrapped in 1972

alncludes cars scrapped due to aecident damage,
DAverage life of station wagons is 8.9 years.

There are a number of other imporbant
considerations. The life of a car need not
necessarily represent a good guide to either
the distance it travels during its life or to the
expected accident involvement. Furihet, the
use of a car diminishes with age, and it would
be possible to allow for this when discounting
benefits to the base date, although in practice
this is not done. For a numher of reasons it is

likely that differences in estimates of the life
of vehicles would be poor indic:ators of real
differences among countries. However, differ-
ences in assumptions made about vehicle life
will have an effect upon conclusions, and
there is a case for arguing that where compar-
isons ate to be made between countries. a
common vehicle Iife should be assumed. The
choice of the assumed life will affect not the
ranking of projects within a country, but
rather the relative size of costs and benefits.

Expected Accident Involvement

The benefits to be derived from any safety
measure will depend upon the efficacy of the
measure in reducing accident involvement or
severity, or in reducing injury, and on the
expected accident involvement of the car in
question. A safety clcvelopment may be rele-
vant to c)nc or a number of accident situa-
tions, and may have a different effect in each.
The benefits to be derived per car will
therefore depend upon the average expected
accident involvement of the car concemed,
which will in turn depend upon the expected
accident future of the country concerned.

Because of diflerences in road networks.
traffic volumes and mixes, the characteristics
of roads and the environment through which
they pass, the size and performance of vehi-
cles, the safety measures in operation, driver
characteristics, and so on, no two countries
face the same accident scenario. either in total
or per car. The average expected accident
involvement for cach car will depend upon
the country in which it is to be used. Both the
expected number of accidents and the nature
of those accidents will vary, as will the
efficacy of any safety measure.

The advantage to be gaincd from any safcty
measure will therefore vary between coun-
tries. The relative advantage of diff'erent types
of safety measufe will similarly vary. These
are real diffcrences, with the implication that
it is quite possible that different accident
measures would be suitable for different
countries. Clcarly there are considerable
advantages in common safety measures, as
witnessed hy organisations such as the EEVC,
but it must be recognised that there will, on
occasion, be very real differences of interest

Country Years

France a1 0
Germany  I ' b  10
I ta ly  g
Netherlands I
Sweden 12
Uni ted Kingdom al l
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between countries, that may or may not be
suitably covered by a compromise solution.

In table 3, car-occupant casualties in the
member countries for 1973 are shown. There
are differences both in the number of acci-
dents pcr ca.r per annum, and in the nature of
those accidents. Safety measures will conse-
quently not have the same effect in each
country, and the relative efficacy of measures
will also vary. Consequently it is not possible
to indicate the likely cxtent of savings in each
country without specific reference to safety
measures. Further, the value of benefits will
depend upon the value attached to the costs
of those accidents in each country.

The Efficacy of Safety Measures

As has becn stated above, the benefits from
any safety measure will depend in part upon
the effectiveness of that measure irr reducing
accidents or injuries, and the effectiveness is
likely to vary among countrics in many
instances. Leaving aside any differences in the
pattern of accidents and injuries, which have
already been discussed, there will be real
differences in effectiveness because of the
nature of roads, vehicles, and drivers, and
because of variations in the structure and
effectiveness of other safety measures in the
countries concerned. Clearly the difference in
effectiveness will be much greater in some
instances than in others. and sometimes there
may be no significant difference at all. For
example, some countries require the wearing
of seatbelts, and this reduces the possible

Table 3. Car occupant casualties 1973

effectiveness of further safety measures when
compared with values for countries not re-
quiring them.

Again it is not possible to compare effec-
tiveness levels among countries since they will
vanr according to the measure, or sets of
measures, concerned. Nevertheless, any differ-
ences will affect both the absolute and the
relative attractiveness of measures. A further
complication in practice is that there will
usually be a diffcrerrce between the estimated
level of effectiveness and the true effective-
ness, with differences among countries, which
acts to distort the true difference in effective-
ness between countries (and also to distort
the tme relative attractiveness of rneasures of
each country). This is an unavoidable source
of error. The correct procedure would be to
estimate separate effectiveness rates for each
country as far as lrossihle, rather than to
assume a common level of effectiveness.

The Costs of Safetv Measures

As has been mentioned. this work is com-
monly concemed either with safety devices
fitted to new cars, or with safety require-
ments for vehicle design standards. In both
cases, costs are primarily incr-rrred at the time
of manufacture or sale, although in some
cases there will be subsequent costs because
of replacement or maintenance. In a few
instances, there will be a requirement for the
fitting of devices to existing vehicles. Where
this is so, the cost per unit may well differ
from that incurred with a new vehicle (and
the benefits will also probably be less, hecause

Casualties Number  o f
cars

Casualty rates
per mi l l ion carsCountry

Ki l led In jured 
( thousands)  

Ki l led In iured

France 7 92O 195 000 13 920 (19721
Federal Republic 7 820 300 000 I 5 704
Great  Br i ta in 3 050 167 000 13 492
I ta ly  4 560 140 000 14 800
Netherlands I 360 26 000 2 900 (19721
Sweden 630 15 000 2457
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of a shorter effective life and possibly to a
lower effectiveness level). From an economic
point of view, the decision to fit a device to
new and existing cars should he based upon
separate justifications, although the cost of
devices may depend upon whether one or
both categories are involved.

The cost of applying safety requirements
will be likely to vary to some extent between
cars- becausc of both the size variation and
other factors specific to individual makes of
cars. Because the car population varies be-
tween countries, unit costs may also vary.
Further, there may be real differences in the
costs for the same re$ources between coun-
tries, which will mean that the cost of safety
devices to the same standards may vary
between countries. There may be differences
that apply to all resources, as, for example,
where one country enjoys significant econo-
mies in scale because of a high volume of
production. There will also be real differences
in the relative costs of diffcrent goods be-
tween countries, reflecting differences in their
relative advantages. The consequence of this is
that unit costs may be higher in one country
than in another, thereby reducing the attrac-
tiveness of that measure in absolute (and
perhaps in relative) terms; or it may be that
the solution that is optimal to a specific
safety problem may differ between countries.
Once again, it is not possible to point to an
overall effect, since it will vary with the safety
requirement concemed.

As was discussed earlier. the method of
costing adopted is that of opportunity cost
pricing- The cost of any resource is said to be
equal to its value in its next best altemative
use, which in practice can usually be taken to
be shown by its market price. For vehicle
safety capital costs, the cost that is relevant is
the cost of manufacture per unit, plus a
margin for normal overheads, distribution
costs, and normal profits, plus the average
level of indirect taxation operative in the
country concemed. In practice, this will
usually equate with the retail cost of the
improvement, modified, if necessary, for taxa-
tion. It is not obvious how costs of a safety
measure may be estimated when the measure
is fitted to new cars as an optional extra with
an in(:remental price tag that reflects sales

rather than cost conditions. For example,
some care is required in the appraisal of new
measures to ensurc that all costs are identified
and included-the fitting of windscreen glass
involves both an initial cost and also a cost
associated with the replar:ement of hroken
screens. Care is also needed to ensure that the
cost included is a realistic long-term cost,
rather than a high cost associated with small-
scale production, or a low cost of the type
sometimes employed to sell a safety device
where subsequent replacement or mainte-
nance will be frequent and expensive.

Accident Costs

The principal benefit of safety measures is,
of course, the consequent reduction in the
number and severity of accidents and injuries.
To compare these savings with the costs of
the measures, values need to be assigned to
the benefits achieved. As has been discussed,
the number and nature of such accident and
casualty savings will vary from country to
country for a number of reasons. The value
attached to such savings will also vary among
countries.

In tables 4 and 5, the average costs assigned
to accidents of different severities-fatal,
serious, slight-injury, and damage-only acci-
dents---are shown for France, Germany, the
Netherlands, Sweden, and the United King-
dom. The values shown are in terms of the
home currcncy and in the years for which
values were provided.

It is difficrult to translate such values to a
common base, because of the limitations of
the official rates of exchange (a problem that
will be discussed later). In addition, there are
problems in converting to a single base yeir,
because of possil:le differential rates of
growth of such values since the dates for
which they were provided. Despite this, but
remembering its importance, a comparison of
values for France, the Federal Republic, and
the United Kingdom for 1975 is shown in
table 7 later in the paper, updated where
necessary according to respective inflation
ratcs. The values shown should be regarded as
very approximate, but they do provide an
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Table 4. Average co$ts per accident

aDirect  and indirect  costs.
DThe only indirect  costs are those because of  loss of  le isure t imB.
cThe source of  these f igures is  the Dutch Economic Inst i tute.  This is  not  a government inst i tut ion.
oDirect  costs onlv.
eTotal costs of all accidents divided by the number ot injury accidents.

Table 5. Average costss'b in Swedenc (1S72), and Francec and the United Kingdom (1S731, in different
currencies

aDirect  and indirect  costs.
bThe only indirect costs are tho$e becauEd of loss of leisure timc.
cDamage f igures not  avai lable.
oDi tg6l  costs only.
eTotal costs of all accidents divided bv the number of iniury Ecrid6nts.

Country Year Fata l Serious Sl igh t Damage Tota l

France (F)
Germany (DM)
Nether lands (F L)
Sweden (Kr)
United Kingdom (f,)

19734
1 96BD
1968c
1972d
1 9734
1 9684

386 000
340 000
63 S04

502 500
26 000
16 980

256 000
15 000 3 000

3 687 olo

150
90

50000

*zloo
1 600

83 000 1 600
I 900 350
1 230 220

Francs:
Franceo
Sweden (1972]td
Uni ted Kingdoma

D M :
F rancea
Sweden {1972)d
Uni ted Kingdoma

Lire:
Franceg
Sweden (19721d
United Kingdome

Gui lder :
F rancea
Sweden l1972ld
Uni ted Kingdoma

Kroner:
France8
Sweden (1972)d
United Kingdom8

Pounds;
F rancea
Sweden l1}72ld
Uni ted Kingdoma

386 000
532 900
283 400

231 000
338 400
1 70 000

s0 540 000
61 786 000
37 086 000

242 350
341 300
177 800

378 000
502 500
277 500

35 400
44 100
26 000

256 000
88 000 t 700
20700 3 800

15 360
55900 1 100
12 400 2 300

3 350 000
10 206 000 1s6 000
2 710 000 499 000

1 6  1 0 0
56 400 1 100
13 000 2400

?5 050
83 000 1 600
20 300 3 740

2 350
7 300 140
1 900 350

r ooo

980

zt+ ooo

r oso

I 600

150

50 000

e 25  100

30 000

e1 5 000

6 540 000

e3 281 000

31 400

E1 5 700

48 S00

e24 600

4 600

e2 300

Currency and country Fata l Serious Sl ight Damage Total
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interesting indication of the extent of the
differences in the values assigned.

The values shown reflect more than just the
differences in valuations. The costs per acci-
dent also reflect the nature of the accident
concemedr and differences in their average
severity and in their consequences. Evcn in
the case of fatal accidents there may be some
variation. because of small differences in the
number killed on average in each fatal acci-
dent, and in the number and severity of other
injuries to those involved. However, in this
case, the difference that results is likely to be
of little importance. Similarly, the nature of
all injury accidents and of damage-only acci-
dents will vary between c:ountries.

It is also important to note that the
division of nonfatal-injury accridents into
serious and slight accidents is not done on a
common basis, which negates the relevance of
any comparisons suggested by the figures.
Attention is thereforc better focused on fatal
accidents, though it should be remembered
that the value attachcd to fatal ac:cidents will
be dominated by the value attached to the
saving of life, perhaps the most contentious of
values.

The basis of the costs assigned to accidents
and casualties is not the same for each
country. Quitc different methods and assump-
tions are applied, but it is not the intention <lf
this paper to consider these differences in any
depth. 'fhe major difference does of course
come in the value attached to life itself and to
suffering, the other elements being more truly
costs that can be identified, quantified, and
more readily valued in monetary tcrms.

Leaving aside the values assigned to life and
similar elemcnts, the costs assigned will differ
between countries because of differcnces in
the nature of accidents and injuries, differ-
ences in the real resource costs associated
with such accidents, differences Lrecanse of
estimation errors, and differences in some of
the methodological assumptions made. Some
of these differences will reflect dissimilar rca-l
costs, and some will reflect the methods
adopted. The real differences in costs are
correctly reflected in the values assigned, but
it could be argued that, in the casc of the
other differerlces, there would be some advan-

tage in the adoption of common assumptions
and treatment of costs.

Some of the resource implications of death
and injury, such as the loss of productive
output, can be identified and valued. Society
is. however, concerned with more than these
resource savings where the saving of life and
the avoidance or reduction of injury are
concerned. It can be reasonahly argued that it
is impossible to put a value on life itself, but
there is a limit to thc rcsources that society is
willing and able to devote to the saving of life,
and this fact needs to be reflected in the
values chosen, which in tum lead to the
allocation o.[ resources to safety. We are
therefore concemed not so much with the
value of life. but with a measure of the value
of resources that each country is willing to
devote to the saving of life.

The difficulties of determining an appro-
priate value of this sort are immensc, and the
va-lues assigned at prcscnt tend to be ftrirly
tentative. In the case of lhe United Kingdom,
for example, the method adopted has been to
estimate the resource costs resulting from the
loss of a life on average and to rrdd to this a
national allowancc for society's willingness to
devote more resources to the saving of life
than are justified by the resource savings that
result. The value so derivecl is specified as a
minimum value only.

It is therefore to be expected that values
will vary among countries. For cxample, the
value of lost output per life will be greater in
Germiury than in the United Kingdom, be-
cause of the higher output per head. The
resource consequences of the loss of a life will
vary among countries. In addition, the willing-
ness of the country to devote re$ources to life
saving, or its ability to do so, will vary.
Finally, because of the difficulties in deter-
mining an appropriate value, if only a mini-
mum one, there will be differcnc:es between
countries only because of the choic:e of a
val.re made. Assigned casualty costs are shown
in tables 6, 6,4, and 68.

Whatever thc reasons for the differenee in
values that results, the application of such
values will result in rather different conclu-
sions in the safety evaluations for each coun-
try. The main effect, will be to alter the ratio
of costs to benefits for each prollosed



Country Year Fatal Serious Sl i sht Total

France (F)

Germany (DM)

United Kingdom (f,)

1 973
1 968
1 973b
1968b

320 000
310 000
23 000
14 960

448 000
11  400
1 300

810

al 600
1 800

40
2E

26 500

830
820

,-tt

I
d

'l:il
, !
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aAverase cost per serious and sl ight casualty 14 000 Fr (8 400 DM; 1 833 000 Lire; Fl B 79O;13 70O Kr; f1 300).
oAverage cost per casualty specific to a casuelty-loss of output, and medical. funeral. and indirect costs.

Table 6. Average cost per casualty

Table 64. Average costs per casualty in Germany and the United Kingdom (1968) in dif ferent currencies

€Au".age cost per serious ancJ sl ight casualty 14 ooo Fr (8 400 DM; 1 833 o00 Lire; Fl I  79o; l3 7oo Kr; f , l  3oo).
bAverage cost per casualty specif ic to a casualty- loss of output. and medical,  {uneral.  and indirect costs,

i
.,1
:i$
ri
I

measure rather than to alter the relative
merits of altematives.

Nonsafety Costs and Benefits

We have ahove been concemed pimarily
with costs and benefits in terms of safety.
However, many of the safety measures will
have nonsafety implications, and many of the
requirements made of manufacturers will
relate to nonsafety matters, such as pollution
control and fuel consumption. This paper is
concerned only with safety measures, though
the sarne principles of eva-lttation would apply
to other questions. Where safety measures
have nonsafety effects, these should be costed

and treatcd in the same way as safety effects,
where possible.

The Exchange Rate Problem

One of the difficulties involved in the
comparison of economic evaluations done in
different countrics is that of translating tlre
costs and benefits calculated in one country
into comparable values in tcrms of another
country's currency. The official rate of ex-
change between two countries is a less than
perfetlt indicator of the relative valr.re of the
two currencies. For comparison purposes, a
means of comparing the resourt:e cost of costs
and benefits in each country is needed rather

Francs:
Germany
United Kingdomb

D M :
Germany
Uni ted Kingdomb

Lire:
Germany
Uni ted Kingdomb

Gu i l de r :
Germany
United Kingdomb

Kroner:
Germany
Uni ted Kingdomb

Pounds:
Germany
United Kingdomb

385 000
117 400

31 0 000
142 900

48 400 000
22 319 000

281 000
129 600

401 000
185 000

32 400
14 S60

t4  100
s 600

11 400
7 740

1 780 000
1 208 000

10 300
7 000

14 800
10 000

1 200
8 1 0

2 200
300

1 800
240

280 000
37 000

1 600
220

2 300
3 1 0

, 190
25

6 160

4570

776 000

4 500

*oo

520

Currency and country Fatal Serior.rsa Slighta Total



E X P E R I M E N T A L  S A F E T Y  V E H I C L E S

aAverage cost per serious and sl ight casualty 14 000 Fr (B 4OO DM; 1 833 000 1;19; Fl B 790; 13 700 Kr; f ,1 300).
bAverage cost per casualty specif ic to a casualty- loss of output, and medical.  funeral.  and indirect costs.

Table 68. Average costs per casualty in France and the United Kingdom (19731 in dif ferent currencies

than their money value converted via the rate
of exchange. To a point, it would be possible
to make comparisons in these terms, but there
are limitations. A particular problem is that
there may be differcnt sets of relative Jrrices
in each country, so that there may be no
unique solution to the problem.

It is probably not worthwhile, in practice,
to attempt to devise a more appropriate rate
of exchange, although it is important to bear
the problem in mind when comparing values.
The major effect of any distortion in the
exchange rate will be to alter the magnitude
of both costs and henefits when Iooking at an
evaluation carried out by another country.
Thc exchange rate should not affect the ratio
of costs to tlenefits, or the ranking of alter-
native projects by that country. The pgeater
danger comes when information (such as the
cost of a particular safety device) from
another country is converted via the rate of

exchange and used in an evaluation by the
country concerned.

Summary

This section has discussed some of the
elements of economic evaluations in the field
of vehicle safcty, with some reference to the
differences in values and assumptions between
countries. Differences have heen identificd
that reflcct real differences in the suitability
of measures for different countries, as well as
differences that rcsult purely from the
assumptions and valucs chosen and that do
not reflect any diffr:rcnr:e of interest. In the
next section, comparison is made of the
differences that can result as a consequence of
these factors when several countries apply
their methods of appraisal to thc samc safety
prohlem. To do so, it has been necessary to
apply a rate of exchange, the limitations of
which should be bome in mind.

Francs:
France
United Kingdomb

D M :
France
United Kingdomb

Lire:
France
United Kingdomb

Gu i l de r :
Francd
Uni ted KingdomD

Kroner;
France
United Kingdomb

Pou nds:
France
United Kingdomb

320 000
251 000

192 000
1 50 000

41 879 000
32 807 000

201 000
1 57 000

313 000
246 000

29 400
23 000

448 000
14 200

428 800
I 500

a6 282 000
1 854 000

430 100
I 900

857 000
13 900

a4 400
t 300

440

260

sz ooo

270

o=o

40

I 050

5 400

1 184 000

u too

I 860

830

Currency and
country

Fatal Serious Slisht Total
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COMPARATIVE EXAMPLES OF SAFETY
EVALUATION

Basic Compari$on

To compare fully the methods of evalua-
tion employed by member countries and to
investigate the consequences of differcnces in
methods, assumptions, and values would be a
task beyond the scope of this paper. Differ-
ences could be cxpcr:ted hoth in the magni-
tude of estimated costs and benefits and in
the ranking of alternative measures. A large
number of examples ftom each country
would need to be compared before conclu-
sions could be reached on the significance of
the differences concerned. There ffe , at
present, too few examples available to EEVC
to permit such an exercise.

Instead, a far more limited exercise will be
undertaken. For three countries, Germany,
France, and the United Kingdom, the implica-
tions of different:es in the basic assumptions
are considered, looking at the effect on the
discounted value of benefits over the life of a
car, given that alt identical reduction in
casualties woukl have been effected in each

ease. There would then be further differences
because of differences in the particular situa-
tion being faced-the initial accident and
casualty situation, the effectivene$s of the
specified measure and the costs of measures
would each be specific to the countries
concemed and, while perhaps similar, they
would lre the same only by chance.

In table 7, the values applied by each of
these countries arc shown, and the discounted
values of the saving of one casualty of average
severity each year for 10 years are com;lared.
Benefits are assumcd to grow at a rate of B
percent a year in real terms in each case,
reflecting the increase in national wealth. For
the sake of comparison only, it is assumed
that in each case 3 pcrcent of the casualties
would be fatal. The values shown for France
are based upon 1974 values, up+ated, and are
not official figures. Because of the difficulties
of transforming values into values in terms of
the cnrrencies of other countries via exchange
rates, the resultant values shown should be
regarded as rough indicators only.

It will be noted that, while very similar
values are applicd by France and the United
Kingdom to the saving of life, the value

Table 7. A comparison of the value of casualty savings in 1975 values for France, Federai Republic of Germany
arrd the United Kingdom

Value Germany F ra nce Uni ted
Kingdom

Value  o f  a  l i fe  saved

The estimated cost of a casualty of average severity
(nonfatal )

The average value assigned to the saving of all casualties

Discount  rate appl ied (%)

The discounted value of one average casualty saved each
Year  (10  Yea rs )

DM 370 000
(685 000 F)
(f,62 000)

DM 6 000
(1 1 000 F)
(f1 000)

DM r6 900
(31 200 F)
(f2 800)

7

DM 136 000
(252 000 F)
(f,21 100)

418 000 F
(DM 226 000)
(f,38 000)

21 000 F
(DM 11 400)
(f,l 900)

33 000 F
(DM 18 000)
(f3 000)

r 0

234 000 F
(DM 127 000)
(f21 't00)

fl36 000
(400 000 F)
(DM 216 000)

{500
(5 600 F)
(DM 3 0001

f,l 600
( 1 7  8 0 0  F )
(DM S 600)

1 0

f11 200
(124 000 F)
(DM 67 000)

59
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applied by Germany is about 70 percent
higher. In pilt, this may be taken as a
reflection of the higher income per capita in
Germany and of the consequent ability to
devote more resources to the saving of a life.
This is not, however, the only factor, as is
shown by the fact that the French value is no
higher, despite having a higher income per
capita than the United Kingdom. Differcnces
in the methods adopted for determining
appropriate values are equally important. It is
particularly difficult to identify a definitive
method for valuing the saving of life. A priori
reasoning provides no guide to the relative
value attached to the saving of life by each
country; consequenUy, it is not possihle to
say how far observed differences and similari-
ties reflect the willingness (and ability) of
countries to devote resources to it. The
conscquence, however, is that where a safety
measure will yield benefits mainly in the form
of the saving of life, such a measure will
appear to be much more attractive in cost/
benefit terms in Germany, given an equal
saving of life.

Looking at the costs assigned to nonfatal
casualties, substantial variation is again
observed. It is particularly interesting to note
that the estimated cost is almost twice as high
for Francc as for Germany, a reversal of the
relative sizes of fatal-accident costs. In part,
this reflects differences in the severity of
injuries, but the major factor is differences in
methodology. Again, it cannot be assumed
that thc apparent difference in costs reflects
an equal real difference.

Taking both fatal and nonfatal casualties,
the significant difference is between Germany
and F rance on the one hand, and the United
Kingdom on the other. The problems of
interpretation apply equally here. The impor-
tant point is that such differences in values
can have a major effect on the relative
outcomes of cost/benefit appraisals in each of
the countries. Different conclusions may be
reached on the merits of proposals for no
reasons other than this.

Table 7 alsrr brings out the difference in
discounted values that results from the use of
different discount rates. Whereas the cost of
an average casualty is shown to be slightly
higher in France than in Germany, after

discounting casualty savings over 10 years, the
relative positions are reversed. It might be
noted" however. that at least in this case the
differences arising from discount rates are not
large.

Detai led Comparison of Value of Head Re-
strai nts

An example of how differences can affect
the conclusions reached in practical analyses,
and how sut:h differences can be compounded
by differences in the estimated savings in
physical terms, is shown in table B. lt com-
pares the potential values of fitting head
restraints to the front seats of all cars in the
Federal Republic of Ger-rnany and the United

Table 8, A comparative study of the mandatory fit-
t ing of head restraints to the front seats of
a l l  cars,  Federal  Republ ic  of  Germany arrd
the Uni ted Kingdom, 1975

Notes.-The possibility of savings to rear-seat passengers is
excluded but  was considered in sensi t iv i ty  test ing.

It is assumed that there are no maintenance or replace-
fient costs.

Al l  cars are assurned to be equipped in the f i rs t  year and
to have a 1O-year l i fe.

I tem Germany
United

Kingdom

Estimated efficacy of head
restra ints (% reduct ion
of  casual t ies)

Estimate of casualties saved:
Fatal
Ser ious
S l i sh t

Value of  savings in f i rs t  year

Discount rate (%)

Assumed annual  qrowth in
real  value of  benef i ts  (%)

Discounted value of  savings
over 1O years

Cost of restraints (per car)
Assumpt ion A

Assumpt ion B

Total costs for all cars;
Assumpt ion A

Assumpt ion B

Benefits as percent of costs:
Assumpt ion A
Assumpt ion B

50

1 5 1
1 356
6 029
DM 94.3m
( f ,15 .7m1
7

7
DM 943m
( 8 1 5 ? m )

DM 50
tf8)
DM 90
( {1s}

DM 1 OO3m
( {167m)

DM 1 SOGm
{f,3Ol m}

55

20
680
3 720
12.2m
(DM 13m)
1 0

3
f ,15 .3m
(DM 92m)

f,1 0
(DM 60)
t 1 4
(DM 841

t 1 3 0 m
(DM 78Om)
f,1 82m
(DM 1 090m1

1 2
s

94
52

60



SECTION 2r  GOVERNMENT STATUS REPORTS

Kingdom. This is perhaps rather an extreme
examplc of the sorts of differences that can
be found in preliminary analyses, and it
points to the need for further investigation. A
number of simplifications are necessary to aid
comparability, and values are shown in both
currcnr--ie$, converting via an estimated ex-
change rate, so the values shown should be
taken figuratively.

AJthough no case for the mandatory fitting
of head restraints could be made out on the
evidence assumed here (although at assumed
cost A in Germany there is a marginal
position), there are very large differences in
the ratios of costs to benefits, which are now
discussed briefly.

One of the factors already idcntified is the
difference in thc values applied by the two
countries. If the U.K.-casualty-cost values
were applied to the estimated casualty savings
in the Federal Republic, annual benefits in
that cor-rntry would have been only DM
49.9m.

The additional annual benefit identified in
the case of the Federal Republic, because of
the higher number of casualties that it is
estimated would be $aved, has a higher
proportion of fatal injuries. In pilt, this
reflects tlre higher risk of becoming an auto-
mobilc casualty irr Germaly, but the major
difference comes from thel estimatas of ilre
proportion of casualties that might be pre-
vented by the provision of head rcstraints.
Limitcd data arc available and it is nossible
that the Urrited Kindgom estimate toi ttris is
lorv, while thaf for the Fcderal Republic is
high.

The combined effect of a lower discount
rate and a higher assumed growth in the real
value of casualty savings resulted in the
estimate of discor.urted benefits over 10 years
being equal to 10 times the annual saving in
Germany but only 7 times the annual saving
in the United Kingdom. Differences in the
assumed costs of rcstrairrts produced further
differences in the ratios of costs to benefits,
but these were of secondary importance.

The imJrlications of these preliminary
studies were that any evaluation would
depend critically on estimates of the number
of casualties to be saved, and particularly on
the number of casualties suffering injuries in

situations where restraints might be effective.
Since reasonably reliable estimates of costs
are to be cxpected, the area of crucial
difference between the two countries (once
improved estimates of casualty savings have
been made) is the variations in the monetary
values assigned to casualty savings. Differ-
ences in the adopted discount rates, in the life
assumed for vehicles, and in the rate of
growth of the real value of savings are seen to
be of rather secondary importance irr practice,
although they clearly could be significant in
marginal analyses.

The rather limited comparisons suggest that
there are certain important areas on which
attention should be concentrated where inter-
national comparisons of safety altematives are
being considered. Clearly it is very important
that estimates of the situations in which a
measure may be effective, and of the likely
degree of effectivene$$, should be as well
based as possible, and where there arc appar-
ent differences between countries that cannot
be readily explained by national safety differ-
ettces, there is a case for further irrvestigation.
It has also been shown that differences in the
values assigned to casualty savings can have
major effects on the absolute and relative
merits of safety proposals. (Where accident
costs are being considered rather than casu-
alty costs, the differences between counbies
are not usually so marked. This reflects
differences in the assigning of identified costs
between individual casualties and irccidents.)
It might be argued that thcre is a case for
further research to identify the extcnt to
which the differences in the values used
represent true differences between countries
rather than the results of methoclological
assumptions and estimation difficulties.

S E N S I T I V I T Y .  I N T E R D E P E N D E N C E  O F
F I N D I N G S ,  A N D  O V E R A L L  A P P R A I S A L
P R O C E D U  R E S

Sensit iv i ty Test ing

We have discussed how the conclusions
reached in economic appraisals can vary con-
siderably with the values assumed; estimates
of the accidents that might be influenced, and
of the efficacy of safety measures; the choice
of assumptions about the life of vehicles or
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safety equipment, discount rates, and the rate
at which the real costs of casualties and
accidents grow;and the estimates made of the
costs of producing, maintaining, or replacing
safety equipment. It is generally recom-
mended that sensitivity testing be carried out
to test the extent to which appraisal conclu-
sions depend upon the particular estimates
made and the values assumed. There will
always be uncertainty about the applicability,
cost, effectiveness, and suitability of safety
measures, and altemative assumptions within
the likely range should be tested. Conclusions
that are largely independent of the assump-
tions made will clearly calry more weight
than those that depend critically upon partic-
uJar assumptions that may or may not hold.
In addition to testing the sensitivity of the
conclusions, such procedures help to identify
the critical areas that may justify additional
scrutiny. The vcrification of the crucial values
and assumptions will then confirm the conclu-
sions tentatively reached.

Standard values and assumptions adopted
for all safety measures, such as casualty values
and discount rates, may be taken as flxed in
many situations. It is necessary to bear in
mind any alternatives that might be adopted
in different circumstance$. and to consider
the sensitivity of the conclusions of studies to
ttre particular values in use. The acceptance or
rejection of some safety measures will depend
upon such values. It is therefore prudent to be
aware of the extent of the variation of values
that might be reasonable, and to note how
well established and accepted such values are.
For example, the values currently assigned to
the saving of life may be well established, and
commonly employed in evaluatiorrs. Clcarly
their use is necessary from the point of view
of the comparison of altematives, but in most
cascs the estimate of the value of life can be
regarded as only a minimum estimate of the
willingness of society to devote resources to
life-saving activities. The fact that savings so
valued may be less than the costs does not
automatically preclude the acceptance of the
measure involved.

The Interdependence of Safety Measures

It is important to remember that few safety
proposals are independent of past and future

safety measures. Past safety measures are, of
course, part of the safety scenario against
which safel,y proposals are considered, but
their impact and implications should be bome
in mind, especially in the case of recent
measures whose full effcct may not yet have
been felt. The main concem, however, is with
those measures, currently being introduced or
under consideration, which may be expected
to have an effect upon future accident situa-
tions. Some will interact with the measure
being considered to produce an effect not
equal to that of the two measures alone. For
example, the impact of belted and unbelted
passengers on windscreens differ, and this
alters the injuries sustained with different
types of windscreens.

In many cases, the justification of a safety
proposal may depend upon the acceptarrce or
rejection of another safety measure. Of prime
importance now is the question of the intro-
duction of the mandatory wearing of seat-
belts. The effectivencss of seatbelts is such
that if the wearing level increases substan-
tially, casualty savings are expected that will
leave fewer casualtics to be saved by other
means and may remove the justification for
other safety measures. This will apply equally
to direct substitutes, such as interior padding
whose benefits may be less for belted passen-
gers, and to quite independent measures, such
as antilock brakes. Each successivc measure,
whether or not it reduces the risk or l,he
consequences of accident involvement. will
tend to rt:duce the potential benefits from
further measures. (Similarly, other develop-
ments may tend to increase the incidence or
severity of accidents and thereby increase the
potential of safety measures.) The range of
possible measures and their consequences
should therefore be bome constantly in mind.

The difficulty is that many future measures
are uncertain. Some arc more likely than
others, some will have a larger effect than
others, and both of thesc factors will influ-
ence the weight attached to them. This points
to the necd .[or comprehensive planning, to
identify and evaluate those developments that
are likely to occur and to choose and order
measures that are likely to be suitable. This
may mean that on occasion a less attractive
measure in terms of its immediate effect mav
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be preferred because of a greater effect in a
later period. There may also arise an existing
commitment to a particular measure that will
remove the justification of another offering
greater benefits.

It is also important to bear in mind the
distribution of mcasrrres and their effects over
time. Where measures complement each
other, their sequence of introduction and
timing may influence their ability to further
improve the accident situation. When a selec-
tion of possible measures is being made at one
time for, say, a new design of car, the method
of consistent test procedures [17] enables an
optimum choicc to be made.

The Context of  Cost/Benef i t  and Cost/Effec-
t iveness Studies

The methods of appraisal considered in this
paper may constitute useful aids to decision-
making in the field of safety, but they cannot
provide complete solutions in themselves.
What they can do is to identify and quantify
as far as is possible the effects of accidents
and safety measures, pointing to the implica-
tions of proposals in physical and human
terms, and, to an extent, comparison of such
factors can be made in monetary terms. There
will always remain a number of factors that
cannot be takcn into account in such an
appraisal, matters that are uncertain or that
have political or social considerations not
reflected in the magnitude of costs and
benefits. Many things have to be taken as they
stand, such as technical, financial, and politi-
cal constraints on what can be done. Within
these constraints, cost/benefit and cost/effec-
tiveness studies can point to the implications
of alternatives. can evaluate them in absolute
and relative terms, can indicate those safety
measures that offer a net gain to society, arrd
can indicate a possible ordering.

Generally, there remain a number of con-
siderations to be taken into account that may
modify or reverse the conclusions reached in
the appraisal. The results of the economic
appraisals of safety proposals must therefore
he looked at in a wider context. First. there
are the effects that cannot be adecluately
evaluated, in whole or in part. These must be
considered in a social-political contexr ro

assess theit signficance, which is a task for the
decisionmaker. There may also be political or
social weightings attached to the costs and
benefits that are snmmed and compared in
the appraisals. The distribution of such costs
and benefits, in terms of who is affected, and
how greatly, is as important as the relative
size of such costs and benefits. In a safety
context this can be particularly important. A
cost/benefit appraisal may indicate certain
costs and slightly smaller benefits, but what if
the costs are small time delays spread amongst
some millions of motorists, and the benefits
are savings in injwy and death for a few
thousand. Such considerations can only be
dealt with in Lhe wider process of considering
safety proposals. Other considerations also
come into play-there may be intemational
commitments to certain standards, or pres-
sures on the domestic car manufacturing
industry arising from safet5z requirements in
other countries. There may be public atti-
tudes that result in pressure for or against
measures that arc not fullv reflected in safetv
appraisals.

Conclusions

It is hoped that the report will be of value
to countries using or intending to use cost/
benefit and cost/effectiveness studies as aids
to decisionmaking. Although much of the
detail in thc report emphasises the differences
that can easily arise, it is by careful attention
to detail that uscful results can be obtained.
The three factors which largely determine the
estimate of the balance between benefits and
costs are the estimates of the numbers of
people at risk in the situation being studied,
the proportion of these that might be protec-
ted by the safety measure, and the monetary
values placed on saving casualties. Compara-
tive studies of several safety measures in one
country are likely to be more accurate than
different studies for the same measure in a
number of countries. However, the report
indicales how the latter may be compared.

R E F E R E N C E S

1. EEVC document LL7l]-976l$ec. A com-

63



EXPE RI I \4ENTAL SAFETY VEHICLES

parison of economic benefits for cost
benefit studies.

2. Marburger, E.A. Proposition for harmon-
ized and methodic proceedings in the
cost/benefit and cost/effectiveness anal'
yses of safety measures in motor vehicles.
Cologne: Bundesantslt Fur Strafienwesen,
BAST, Germany.

3. Georgi, H. Cost/benefit analysis als Len-
kungsinstrument 6ffentlicher Ivestitionen
im Verkehr. Forschungcn aus dem Insti-
tut fiir Verkehrswissenschaft an der Uni-
versitdt Miinster, Band 17. Gottingen:
1970.

4. Atlerle, G. Konkurrierende gesellschafts-
p  o l i t i sch  e  Z  ie l  s  c tzun ge  n im V e  rh  ehrs -
bereich. in; Verkehrssicherheit - Schlag-
word ohne Inhalt? Sr:hriftenreihe des
Verbandes der Autornobilindustritt e.V.
(VDA)Nr. 13. Franfurt/Main: 1973.

5. Lipsey, R.G. arrd Lancastcr, R.K' A
general theory of second best. ln: Reuiew
of Economic Studies, 24, S.11ff.
1956/57 .

6. Eckstein, O. Investment criteria for eco-
nomic development and the theory of
intertemporal welfare economics, 71 S.
56 f f .  1957.

7. Feldstein, M.S. Opportunity cost calcula-
tions in cost/benefit analysis. In Public
Finance, Bd. 19, S. 71 f f .  1964.

8. Marglin, S. A. The opportunity cost of
public investment. Quarterly Journal of
Econamics. 77. S. 274 tf. 1963.

L Margolis, J. The economic evaluation of
fcderal water resource development; A
review article. ln The Amttrican Econom-
ic Reuiew, Bd. 49, S. 96 f f .  1959.

10. Eggeling, G. Die Nutzen-Kosten-Analyse -

theoretische Grundlagen und praktische
Anwendbarkeit - dargestellt an einem
StraBenbauprojekt, Giittingen : 1 969.

11. Mattsson, B. Comments on "value of
Iife" in road accident prevention. A
private communication to EEVC from B.
Mattsson, Universitetsfilialen, Fack 5-650
09 Karlstad. Sweden. Nov. 1975.

12. Amold, V. Methoden der Entschcidungs-
findun gbe istaatlichen Allokationsak-
tivitaten - ein laitischer Vergleich. In
Finanzarchiv, N.F., Bd. 33, H- 3,
Tubingen: 1975.

13. Marglin, S.A. Diskontsatz und iiffentliche
Investition, in: Nutzen-Kosten-Analyse
und Programmbudget (hrsg. Von Reck-
tenwald, H.C.).  Tirbingen: 1970, S. 143
ff.

14. Baumol, W.J. and Kane, E.J. The appro-
priate discount rate for govemment pro-
jects. In: An issue of public costs in
competitive transportation rate making.
Washington: 1966, S. 55 ff.

15. McKean, R.N. Efficietrcy in govemment
through systems analysis with emphasis
on water resources development. New
York; 1958.

16. Netto, R.P.L. Investitionsentscheidungen
- Wahlzwischen Alternativen in: Finan-
zierung und Entwicklung, 197L.

17. Lincke, W. and Langner, W. Cost-benefit
considerations for determining priorities
in safety standards. Volkswagcnwerk AG,
Postfach 3180. Wolfshurg 1, 1975.

18. Quade, E.S. Kostcn-Worksamkeits-Anal-
yse. In Nutzen-I{ttslen-Analyse urtd I4'o-
gramrnburlge"t (hrsg. von Recktenwald,
H.C.).  Ti ibingen; 1970.

19. Meyke, U. Cost-Effectiveness-Analysis als
Planungsinstrument - unter besonderer
Berucksichtingung von Infrastrukturin-
vesfitionen im Verkehr. Forschungen aus
dem Institut fiir Verkehrswissenschaft an
der Universitrit Miinster, Band 16, Gottin-
gen: 1973.

20. Fischer, L. Probleme der Nutzenarfassung
bei Kosten-Nutzen-Atralyse und Kosten-
Wirksamkeitsanalyscn in der Verkehrs-
planung, in: Zeitschrift fur Verkehr-
swisscnscrhaft, 44. .I9., S. 1 ff. L973.

?1. Willeke, R., Marhurger, E.A., and Herion,
E. Die Berr-icksichtigung von tlmwelibelH-
stigungen bei der Planung stadtischer
Verkehrsinvestitionen mit Hilfc von Kos-
ten-Nutzen-Analysenund Kosten-Wirk-
samkeitsanalysen, Gutachten im Auftrag
des Bundesministers fur Verkehr, Koln:
r974.

22. Sarrazir, T., Spreer, F., and 'fietzel, M.
Theorie und Realitf,t in der Cost-Benefit-
Analyse. In Zeitschrifl fur die g,ttsumte
Staaf.sroisse nsc:haft, I 30. Bd. L97 4.

23. Hesse. H.. Die Kostetrwirksamkeitsanal-
yse, in: Verwaltung und Forbildung =

il64 t|fi



Mr. M. Halpem-Herla

Mr. M. Y. Systermans

Prof. B. Friedel

Schriften der Bundesahademin fur offent-
liche Verwaltun, March 19?5.

24. Untersuchung iiber Verkehrswegeinvesti-
tionen in ausgewilhlten Korridoren der
Bundesrepuhlik Deutschland (= Bericht
der Projektgruppe "Korridoruntersuchun-

gen" im BMV), Teil I., Bonn - Bad
Godesberg: 1972.

APPENDTX 1 .  PARTICIPANTS IN THE
STUDY

This work was not carried out by a formal
Working Group of EEVC but was supervised
ftom time to time by the main committee,
whose members made many helpful com-
ments. One or two special meetings wete held
and from those attending the following made
written c on tributions.

Mr. J. C. Bluet Organisme National
de Sdcr.rrit6 Routidre
(ONSER), FYance

ONSEB, France

ONSER, France

Federal Highway Re-
s e a r c h  I n s t i t u t e
(BAST), Germany

BAST, GermanyDr. Marburger
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I  nd u st r ies
Bureau Min is t ry  of  In terr rat ic lnal  Trade and Industry

J apan

I am grateful for this opportunity to
present a progress report on the development
of Experimental Safety Vehicles (ESV's) in
Japan.

The development of Compact Experi-
mental Safety Vehicles in Japan was initiated
in 1970 under the U.S.-Japan memorandum

concerning a cooperative ESV development
project. For this project, three Japanese auto-
mobile manufacturers started to develop
ESV's. These manufacturers are Nissan Motor
Co.,  Toyota Motor Co.,  and Honda Motor Co.

In the autumn of 1973, the first ESV's
were delivered to the Japanese governmental
agency concerned with evaluational testing by
Nissan and Toyota. The tests were conducted
by the Japan Automobile Research Institute,
Inc. (JARI) in the spring of 1974.

The Japanese Govemment provided finan-
cial assistance to each of the manufacturers
for their research in this field. The amounts
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were 600 million yen for both Nissan and
Toyota's ESV projects.

All the results obtained from the develop-
ment and testing stages were reported at
previous Intemational ESV Conferences. It is
felt that these opportunities to exchange
information, not only intranationally but
most importantly on an international scale,
permitted the great leaps forward that E$V
development has experienced. These ex-
changes of technical feasibility and efficiency
study results have paved the way for further
developments, particularly in the field of
safety.

At this time, Japanese ESV projects have
attained their intermediate goal and are pres-
ently marking time until technological ad-
vances make it possible to realiza further
improvement. Therefore, immediate attention
should be given to the question of how to
develop future safety technology scientifi-
cally" Safety technology is a vital component
of all consumer-related development projects.
At present, the Japanese Govemment intends
to provide aid to those institutions which
undertake research in this field.

Now, I would like to speak about the new
project that is being conducted as a followup
to the now completed ESV project. Cur-
rently, attention in Japan has been focused on
the development of individual subsystems
with a sharp eye on safety. This is unlike the
ESV project that was concemed with the
production of a complete vehicle. For ex-
ample, one of the new technology develop-
ment themes for fiscal 19?6 is an anticrash
auto brake system employing a radar system.
We hope that the results of tlrese studies
combined with what we leamed from the

U.S. Status Report on ESV Programs

JOHN W.  SNOW
Administrator
National Highway Traffic Safety Administration :

U.S. Dcpartment of Transportat ion

It is a distinct pleasure to add to Secretary
Coleman's earlier welcome to you. Let me
just say that, on behalf of the National

ESV projects can be practically applied to
production vehicles.

In this regard, traffic accident statistics in
Japan these days have been significantly
decreasing in fatalities and body injuries. This
primarily results from the dedication of con-
cerncd organizations to reduce traffi<: acci-
dents. These organizations include the Minis-
try of Transport, the police agencies,
automobile manufacturers, and many other
agencies and individuals. As a direct result of
this effort, the accident rate was reduced by
3.6 percent from L974 to 7975. However,
there were still 10,792 persons killed and
622,467 persons injured in traffic accidents.

In view of this situation, general plans for
national traffic safety measures were pro-
posed at the National Traffic Safety Counter-
measures Committee meeting in March of this
year. This plan should not only ensure motor
vehicle safety but include overall traffic safety
programs, road maintenance, and the traffic
environment as a whole. Attention will also
be focused on the education of both motor-
ists and the general public, promoting safe
driving practices, and ensuring that traffic
nrles are strictly observed.

In addition, studies will be conducted on
the causes of traffic accidents and all other
traffic-related matters. Thus, it is our purpose
to promote safety measures and counter-
measures that will be effective for the whole
haffic system.

In closing, I feel that we are all required to
make a great joint effort as well as an individ-
ual effort to develop and realize practical traf-
fic safety technology and to ensure that the
wide aspects of traffic safety be properly dis-
seminated throughout the industry and
societv.

Highway Traffic Safety Administration, I am
delighted that you are here.

This aftemoon, I will present a status
report of the United States' program on
integrated safety vehicles. But first, I want to
express my appreciation for the cooperation
we have received since the Fifth Experimental
Safety Vehicle (ESV) Conference in London,2
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years ago. This international program has
beerr a splendid example of nations cooperat-
ing with other nations to help resolve a
problem common to each-how to mahe
motor vehicle travel by our citizens as safe as
p()ssible.

Many of the papers to be presented later in
this conference will report on the beneficial
influence of the intemational research and
development reported during prior confer-
ences.

And I am especially pleased to note that a
number of safety features based on initial
evaluation of experimental safety vehicles
have been incorporated voluntarily in produc-
tion automobiles. I commend those com-
panies that have introduced the improve-
ments, and I encourage all murufacturers to
continue developing safety initiatives volun-
tarily.

We have moved forward, since the London
conference, in exchanging ideas and data
through the testing of experimental vehicles.
In particular, f want to thank the Govern-
ments of the United Kingdom and France,
along with their participating manufacturers,
for the opportunity to continue cooperative
testing of the British Leyland Marina and the
Renault Basic Research Vehicle.

Since its founding 10 years ago, the Na-
tional Highway Traffic Safety Administration
(NHTSA) has moved on a number of fronts to
reduce accidents on our Nation's highways
and the deaths and injuries resulting from
them. We have worked on improving the
safety characteristics of motor vehicles, the
ease and safe movement of traffic, and the
skill and awareness of our drivers. We have
had good success, working in cooperation
with State and local governments, industry,
and private organizations. For elrample, in
1966, our Nation faced a harsh reality:
55 000 persons lost their lives in traffic
accidents. Since then. we have achieved a
4O-percent reduction in the fatality rate-
formidable accomplishment, indeed.

This sizable loss reduction rate was gener-
ated by a number of important actions.
Certainly, vehicle modifications had much to
do with the improvement, particularly be-
tween 1966 and 1970. Then, as the United
States faced---as did other countries---a critical

energy problem, we moved to a national
55-mi/h speed limit law that, today, continues
to save lives and fuel.

We see the curve flattenirrg in terms of
vehicle modifications, simply because we can'
not expect the same safety benefits for the
costs of achieving them. The cost/benefit
ratio simply is not as high as it was in the
early years of our program. This suggests that
we must tum our attention to modifying the
behavior of the people who use our high'
ways-to win wider acceptance of observance
of our 55 mi/h law, of wearing seatbelts, and
of educating drivers not to drink before or
while driving.

We will also continue our search for safety

Eains in the vehicle itself, but it is clear that
we cannot expect the same quantum reduc-
tion in fatalities experienced in the past. This
is why I place major emphasis on U.S.
participation in, and continuation of, our
research and development work on, the inter-
national ESV program.

But there is another aspect of our work
that should benefit from the ESV program.
My agency now has a new role, in addition to
its overall motor vehicle regulatory func-
tion-we now have regulatory responsibility in
the area of automobile fuel economy. By
congtessional action, we are required to ad-
minister the average fuel economy standards
for passenger cars starting with the 1978
model year.

Under our law. automobile manufacturers
must meet an average fuel economy of 18
mi/gal in the 1978 model year, 19 mi/gal in
Ig7g, and steadily increasing ttt 27.5 mi/gal
for 1985 models. And this must be accom-
plished while giving due consideration to the
complex relationships between our national
goals in safety, energy consewation, environ-
mental protection, and economy of re-
sources-the so-called "SBE" concept.

Meeting these new responsibilities will re-
quire an expansion of our programs in sys-
tems analysis and integrated test vehicle devel-
opment. The U.S. Research Safety Vehicle
(RSV) program has helped in reducitrg vehicle
weight and in recognizing the interaction
between safety and other social goals.

There are four elements of our RSV pro-
gram that I will comment on today. The first
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is the RSV program itself, which was just
getting underway at the time of the London
conference. The second concems the status of
the intemational test program. The third
involves the status of our supporting research,
and the fourth deals with opportunities for
the future.

THE RSV PROGRAM

The system$ engineering approach to auto-
motive safety that was initiated by our
Department of Transportation is currently
being pursued in the RSV progiam. The goal
of the program is to provide insight into the
vehicle's interactions with other important
societal goals in the SBE concept.

For example, we want to demonstrate the
technical feasibility of integrating advanced
state-of-the-art automotive systems into a
vehicle that will provide improved safety
performance consonant with the other SBE
goals.

We want to evaluate improved automobile
safety performance with the projected total
foaffic system, with environmental protection
policies, with efficient energy utilization, and
with consumer considerations.

The RSV program, in addition, will enable
us to acquire engineering data to assist in the
development of motor vehicle safety stand-
ards for the mid-1980's. It will also permit us
to expand our research data base of total
systems performance in car-to-car collisions
relative to aggressiveness and in pedestrian/
cyclist accidents.

These goals supplement and expand the
broad overall goals of the ESV program to
validate advanced safety conccpts, to stimu-
late public awareness of improved safety, to
encourage international automotive industry
cooperation, and to accelerate the improve-
ment of production cars.

The RSV pro$am has four phases. Phase I,
which was completed in May 1975, involved
studies to define S3E-related problems, de-
velop 1985 projections, develop cost/benefit
methodolo gies, evaluate t: ounterm easures, and
propose specifications for the integrated test
vehicles to be designed in phase II.

Phase II is scheduled for completion in
November 1976. This phase involves two

contractors, Calspan and Minicars, who are
designing integrated test vehicles with ad-
vanced safety features that will be cost
beneficial in the 1985 time period. Phase II
includes analysis, design, subsystems fabrica-
tion, system integlation, and development
testing.

Phase III will include the final vehicle
design, systems development testing, and fab-
rication of the integrated test vehicles for
govemment testing. The phase will be 21
months in duration.

Phase IV, which will overlap the latter part
of phase III, will consist of the independent
test and evaluation by the Government of the
phase III vehicles.

The phase I results were reported at an
Internationirl Conference here in Washington
in May 1975, but I think it would be useful to
summarize our basic findings.

In spite of the increasing price of flrel, the
number of automobiles is expected to in-
crease over the long term. The increasing
number of drivers is the strongest influencing
factor in our projected increase in the auto-
mobile population. Accordingly, the number
of vehicle-miles traveied is projected to in-
crease over the long term. Higher fuel costs
and improved public transportation may slow
down the rate of increase but are not ex-
pected to reverse the trend.

There was general agreement in the trend
toward smaller cars but some disagreement in
ttre magnitude of the shift. The magnitude of
the shift is, of course, dependent on a number
of factors, including the consumer acceptance
of the small cars offered.

In order to further encourage public ac-
ceptance of lighter, more fuel-efficient auto-
mobiles, cost, producibility, marhetability,
and consumer considerations should be im-
portant parts of the RSV program.

In view of the increase in numbers of
lightweight cars expected on our highways by
1985, the less than 3 000-pound car is a
profitable area for integrated test vehicle
research. This research must balance SBE
goals, but must also insure that small car
buyers do not have to pay a penalty in safety
in order to gain fuel economy.

The general distribution of accidents is not
expected to change for the 1985 time period.
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However, the severity may be expected to
increase because of the larger number of small
cars interacting with larger cars in the 1985
vehicle mlx.

This phase was also useful in identifying
profitable areas for improved occupant pro-
tection and in better understanding the socie-
tal cost of accidents.

Phase II, now in progress, consists of
advanced engineering efforts by two con-
tractors{alspan, which has a major subcon-
tuact with Chrysler for design and fabrication
support, and Minicars, which has a number of
subcontractors including Monsanto, Budd,
and RCA.

The Caispan/Chrysler vehicle is a four-door,
five-passenger sedan with a front, transverse
engine. The engine is a 1 716 cc, top-of-76
technolo gy gasoline engine.

Maj or structural improvements incot-
porated in this vehicle include: zero damage
in a ?-mi/h frontal impact, pedestrian protec-
tion at 20 mi/h, occupant protection for a
40-mi/h side impact, and occupant protection
in 45- to 50-miih frontal barrier crashes
without creating excessive agEJressiveness to
occupants of other vehicles.

The Calspan/Chrysler approach involves the
modification of an existing vehicle-the Simca
L308. In designing modifications, the contrac-
tor is making extensive use of analytical tools
such as computer models for automobile
structures, restraint systems, occupants, and
pedestrians. These models are being validated
by subsystem and system tests.

The Minicars RSV is a two-door, four-
passenger sedan with a mid/rear transverse
engine. The vehicle weight goal is 1 920
pounds in production. The Minicars vehicle
involves a large number of innovative features
to improve safety, economy, and resistance to
damage.

Minicars is basing its safety goals on socie-
tal benefits derived from accident statistics.
The objective of the Minicars design is to
minimize injuries under those accident condi-
tions which cause the higher societal losses.
The design is oriented toward survival in
common real-world accidents.

In order to pursue the Minicars approach,
innovations are required in vehicle technol-
ogiy, cost/benefit methodology, and vehicle

testing. The resulting RSV is an all new
subcompact vehicle. Valiclation of the design
will provide an assessment of the cost and
benefit of innovative safet5r features and an
evaluation of future compliance test methods
for vehicle crashworthiness and compatibility.

The two RSV approaches complement each
other. Each provides a different but necessary
segment of vehicle technology.

Phases III and IV of the program will
provide a demonstration and evaluation of the
practicality and benefits associated with each
vehicle design. Such an evaluation is necessary,
both to assist decisionmakirrg on further
performance-oriented standards and as a basis
for technical interaction with the automotive
industry on producibility, economics, and
marketability, as well as on safety technologT.

INTE RNATIONAL COOPERATION

The second area of activity involves inter-
national cooperation. 'fhe basic intent of the
International ESV program has been to pro-
mote participation by govemments of major
automobile-producing nations in sponsoring
the development of complet€ integlated test
vehicles or ESV subsystems. The govemmen-
tal involvement and automobile industry par-
ticipation has lreen extensive, and I feel that
the prudence and viability of this approach
has been impressively demonstrated.

Since the irrception of this program, the
cause of automotive safety has received active
attention on an intemational basis. We should
be proud of our individual efforts and accom-
plishments. Perhaps mote significantly, we
should be proud of the solid spirit of inter-
national cooperation that has been estab-
lished. This spirit of cooperation has resulted
in extensive exchange of information both
directly between individual organizations and
in the international forums provided by the
five prior international ESV conferences. In
addition to the exchange of information, one
of the most visible aspects of this interna-
tional program has been the exchange of
ESV's.

This cooperative effort has been productive
and I would like to express the thanks of the
U.S. Government to the Govemments of the

, i

{
li

r{

{
rl

69



E X P E R I M E N T A L  s A F E T Y  V E H I C L E S

United Kingdom and France, and to Britistl
Leyland and Renault for providing vehicles
for our evaluation and testing.

RELATED RESEARCH

The third area I would like to comment on
involves research. During the last conference,
a number of areas were identified that require
further research : biomechanics. accident anal-
ysis and cost/benefit, uniform testing tech-
niques, pedestrian safety, accident avoidance,
crashworthy structures, and restrain ts.

I would like to summarize our major
accomplishments in each of these areas.

In biomechanics, evidence has been devel-
oped to show that maximum upper-belt force
with appropriate consideration of body
weight and age can be utilized as a measure of
human tolerance in a belt system. Continued
work may yield a dynamic belt system toler-
ance standard and compliance test methodol-
ogy in the near future. This work was made
possible through the contributions of French
and German research in biomechanics. A
paper will be presented on this subject in
seminar 4.

Studies conducted this year indicate that
certain measures of acceleration made on the
head during impact may indeed contain suffi-
cient information to predict closed head
injury during crashes.

A crash victim simulator computer model
has been improved to lower the operating
costs by a factor of 10 to 12 for many cases
of interest. In addition, the model has been
further validated and used in the design of the
RSV restraint and pedestrian protection sys-
tem.

In accident analysis and cost/benefit, a
nationwide data collection effort is now
underway to collect data on crash severitSr
and injury. The injury data will include details
needed to better estimate the societal cost of
injury.

The initiation of our National Accident
Sampling System will occur during fiscal year
1977. The first phases of the system have
been designed, and the procurement and
training of teams at 10 sites across the United
States will proceed in late 1977, Results will

be more timely than has been possible hereto-
fore and nationally representative with statis-
tical measures of confidence limits.

The RSV phase I program presented several
viable approaches to cost/benefit analysis.
Methodologies developed by Ford, Minicars,
and Volkswagen are providing the bases for
further advances in costibenefit analysis.

In the area of uniform testing techniques,
British Leyland and Renault integrated test
vehicles have been tested to conditions mutu-
ally appeed upon by representatives of partici-
pating countries. Future exchanges of this
type will further the cause of uniform testing
techniques.

The United States' evaluation of the
dummy developed by the British Transport
and Road Research Laboratory for side im-
pact testing was conducted to further provide
uniform comparison of data from participat-
ing laboratories.

On pedestrian safety, a repeatable test for
evaluating various pedestrian protection con-
cepts has been developed. Also, tentative
results of a pedestrian impact study indicate
that the injury attenuation performance of a
current RSV proposed front-end design may
increase the permissible impact velocity for a
given level of injury by as much as 5 to 10
mi/h.

Research on accident avoidance has in-
volved several activities. Two major driver-
vehicle programs have been completed gener-
ating the first NHTSA-sponsored research in
this field and new methods for analysis of the
driver-vehicle as a closed-loop control system.
A program is near completion that brings
together all relevant driver-vehicle test data,
both private and Govemment-sponsored,
within a common framework for analysis and
interpretation.

Automotive recorder researeh which will
develop an economical crash recorder to
provide real-life accident data has been initi-
ated. Collision avoidance radar research is
being conducted, with goals of avoiding and
mitigating crashes.

Electromagnetic interference/compatibility
research is continuing. This proglam is crln-
cerned with the safety aspects of malfunction-
ing electronics as their use in motor vehicles
increases.
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On erashworthy structurest an initial series
of crash tests to evaluate the frontal crashwor-
thiness of lightweight subcompact vehicles
(less than 2 000 pounds) has been completed.
Four different vehicles were tested at 40 mi/h
in barrier crash tests: selected car-to-car tests
were also conducted.

Controlled vehicle crash tests and analyses
are being performed to provide data to

Vehicfe Safety Research in Canada

ERIC R.  WELBOURNE
Department of Transport, Canada

INTRODUCTION

This status report is the first from Canada
to the Intemational Technical Confcrence on
Experimental Safety Vehicles (ESV). The
Govemmcnt of Canada, and more particularly
the Road Safety Branch of the Department of
Transport, has observed the development of
the ESV and Reseatch Safety Vehicle (RSV)
programmes with keen itrterest since their
inception. Canada, having no significant indig-
enous automotive design capability, did not
participate directly in the ESV programme;
nonetheless, a srnall progtramme of research in
vehicular safety has becn developing since
1971 in support of the Canada Motor Vehicle
Safety Standards. The somewhat broader
terms of reference for this sixth conference
appeared to offer an opportunity for a trrief
review of this programme.

Although Canada has not had any indepen-
dent automotive desigtr capability for some
years? the manufacture of automotive parts
and complete vehicles is a majrrr contributor
to Canada's total output and to her exports of
manufactured goods. The industry has be-
come increa-singly significant since the signing
of the Canada-U.S. Automotive Products
Agreement, commonly known as the Auto
Pact, in L965. That agreement permitted the
rationalisation of vehicle production for the
North American market to the mlttual advan-
tage of the two countries. It alsn, however,
brought to an end the: design and production
in Canada of vehicles specifically for the
Canadian market.

identify and quantify aggessiveness and to
assess agglessiveness of current vehicles.

Scale model crash-testing techniques have
been developed and applied to compatibility
studies of subcompact and full-size cars, and a
nonlinear finite element computer program
for analyzing automobile structures under
crash loadings has been developed.

It was against thi"s background that the U.S.
Senate passed the Traffic Safety Act of 1966,
which called for the development of U.S.
Federal Motor Vehicle Safety Standards
(FMVSS) to take effect some 2 years from
the date of the act. Discussions between the
Cirnadian Federal Government and the 10
provinces led to the conclusion that parallel
legislation and regulations were necessary in
Canada. The Motor Vehicle Safety Act was
finally passed by Parliarnent in L970.

The discussions between the Federal and
Provincial governments also produced consen-
sus on the need for the Federal Government
to "correlate, plan and support road safety
research in Canada." Accordingly, when the
Road Safety Branch was established it con-
tained two major operating divisions-one
with the responsibility of administering the
Motor Vehicle Safety Act and Regulations
and the other with the responsibility of
coordination, planning, and support of re-
search over the entire field of road safety.

The specific objective of the research activ-
ity has been defined as the development,
evaluation, and promotion of cost/effective
solutions to road-safety problems. Insofar as
the passenger automobile is concerned, it
would clearly have been impracticttl for us to
have attempted the development of radical
new design solutions to safety protrlems. Our
research efforts have been mainly directed to
the eva-luation, in a Canadian context, of
vehicular countermeasures originated else-
where. The projeck I shall now outline are
those which have been or are being supported
by the Road Safety Branch and relate directl5
to the passerrger automobile.
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C O L L I S I O N  A V O I D A N C E
As might be expected from the background

I have just described, the initial programme of
research in the crash-avoidance area consisted
essentially of small individual projects dealing
with rather limii,ed questions on particular
vehicle standards. For example, the Canada
Motor Vehicle Safety Standards have always
permitted the manufacturer to fit certain
Economic Commission for Europe (ECE)-
approved headlamps in licu of the usual North
American sealed-beam units. The initial deci-
sion to allow this option was made purely on
engineering judgment, without any quantita-
tive analysis of possible difficultics resultirrg
from the use of both types of vehicle lighting
on the road. A project to study the possible
safety problems was therefore undertaken at
our request by the National Research Council
of Canada. While it did not lead to quick and
conclusive results on the possible safety prob-
lems, the project has contributed significantly
to fundamental understanding of visual per-
ception at night and of the role of headlight-
ing in that process. A rather complete mathe-
matical model of the detection of objects in
the roadway has been developed on the basis
of extensive and detailed experimental meas-
urements. Interim results in the development
of the model have been reported in other
international meetings and its development is
now virtually complete-

Another ad hoc project relating to a spe-
cific standard concerned the cost/effective-
ness of improvements to the defogging and
defrosting systems of the pa$senger automo-
bile. Improvements were specified in terms of
performance or additional hardware, and an
attempt was made to quantify the potential
accident reductions and costs attributable to
each of several possible measufes. A modelling
approach was adoptcd that attempted to
include a range of climatic and other varia-
bles. This approach was only partly succe$s-
ful; however, the study did confirm the
conclusion of a brief in-house study of winter
accidents involving reduced vision, namely,
that the total number of recoverable accidents
was too small to justify any appreciable
addition to the cost of the vehicle. such as
would be involved in the mandatory installa-
tion of a rear-window defogging system.

The first major subject area to be consid-
ered in a more systematic way was motor
vehicle inspection. The Federal-Provincial dis-
cussions preceding the creation of the Depart-
ment of Transport's Road Safety Branch
showed clearly that most Provincial govern-
ments considered the implementation of an
effective programme of compulsory vehicle
inspection to be a matter of some priority.
They were, however, aware that approaches
differed widely between jurisdictions in North
America and elsewhere. As a result, a study of
motor vehicle inspection was initiated to
attempt to answer the various questions im-
plicit in the Provinces'interest.

A brief in-house review of the available
research on motor vehicle inspection systems
led to some quite definite conclusjons on
what one should do if one were intent on
improving the average mechanical condition
of vehicles in use. The use of frequent,
periodic inspections of objective measures of
vehicle-system performance or condition and
the maximum possible level of State control
over the operation of the system were clearly
indicated. Equally, however, the connection
between an effective motor vehicle inspection
system and a reduction in accidents involving
mechanical malfunctions had not been con-
vincingly demonstrated.

Following this study, consultants were re-
tained to review and document the cunent
status of motor vehicle inspection in Canacla
and to organize a seminar, at which a bal-
anced perspective of the available research
information was to be presented to the
hovinc:ial officials responsihle for motor vehi-
cle inspection. The general principle of a
national minimum standard for motor vehicle
inspection was to be introduced to the discus-
sions at the seminar to assess its feasibility
and acceptability. It quickly became clear at
the semirrar that motor vehicle inspection is a
subject on which convictions are strongly held
while objective data to support them are
scalce. It was finally concluded that there
were insufficient grounds for an effort in
Canada to introduce system$ and procedures
likely to be more uniformly effective. Had
there been a stronger consensus, the effort
might have been justifiable, but in the light of
the somewhat speculative nature of the safety
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benefits of mone effective inspection, it
clearly was not.

The conclusion of this exercise suggested
two further possihilities; first, to consider
what could be done within the scope of the
Motor Vehicle Safety $tandards to improve
the effectiveness of provincial inspections
and, second, to consider alternative methods
of attacking the problem of malfunction-
related accidents. Such altemative methods
were considered to includc lifctirnc perfor-
mance standards and on-board systern
monitoring.

A cr.rrsory review of design praetice in the
automotive industry suggested that there was
no consistent approach to design for inspec-
tion. Consultants were retained to review
current best practices and identify those
design features of safety-related systems
which facilitated inspection, made the judg'
ment of system condition morc objective, or
made the inspection more relevant to per-
formance on the road. Electronic systems
were specifically excludd, ffi was any require-
ment for special purpose inspection equip-
ment. It was also specified that the implied
cost of any proposed improvement should be
effectively zero, since the derived safety
benefits were likely to be rather smtrll.

The consultants identified some 16 features
or devices offering improved inspectability.
The majority related to the braking system
and included such items as integral wear
indicators for brake drums and discs and
provisions for direct visual inspection without
disassembly. The final report on this study is
being printed at the time of writing this status
report.

In considering possible altemative ap-
proaches to the reduction of malfunction-
related accidents, we decided not to study
lifetime performance standards in any detail,
being deterred both by the probable cost of
such standards and by the technical problems
of demonstrating compliance. We prefened
instead to initiate a review of the technical
feasibility and cost of on-board monitoring of
the vehicle system variables most critically
involved in malfunction+elated accidents.
From published information on malfunction-
related accidents, we identified the 20 most
critical variables. This list included such items

as tire pre$surE, left-right brake balance, and
occupant compartment catbor: monoxide
concentration. Our consultants then under-
took a study of the technical feasibility and
cost of monitoring each of the identified
variables and combining all the monitors into
an integrated system.

A general conclusion of the study was that
the feasibility and costs of the system were
primarily determined by the available sensors.
It wa$ considered simply impracticable to
monitor certain of the identified variables,
and, while cost/effectiveness was not an ex-
plicit factor in the study, the costs of moni-
toring ccrtain other variables appeared exces-
sive in relation to the probable ma:rimum
effectiveness. Ilowever) sensor technology is
apparently developing quite rapidly and it
seems probable that the cost/effectiveness of
such systems is likely to improve considerably
in time. The final report on this study is being
printed at the time of wnting this status
report. No further studies of countermeasures
for malfunction-related accidents are planned
for the present, but the subject is under
continuing review.

In the course of studies of particular
collision-avoidance countermeasures, and
especially in attempting to estimate the im-
pact of particular countermeasures on acci-
dent experience, the major importance of the
driver's behaviour, both before and after the
implementation of the countermeasure, has
become increasingly apparent to us. Not only
is the current utilization of systems eontribut-
ing to collision avoidance often surprisingly
low, but the driver's response to an "improve-

ment" in system performance is essentially
urrpredictable. A major objective of our re-
search over the next few years will be to
understand better how drivers use the safety
systems that are available to them and, more
importantly, how they respond to presumed
improvements in those systems. It appears
increasingly futile to us to pursue engineering
improvements in collision avoidance systems
whose benefits in practice are indeterminate
because of the adaptive behaviour of the
driver. The planned research will include both
accident investigations and experimentation
with instrumented vehicles in traffic.
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C R A S H W O R T H I N E S S

Limitations on available resources have
caused our research in this area to be quite
narrowly focused on occupant restraints. One
particular concem was the development of
some basis for assessing the impacts of alter-
native regulatory policies with regard to
passive-occupant protection. Accordingly, a
study was undertaken to develop cost/effec-
tiveness projections for various types of occu-
pant-protection systems in Canada.

Since there existed no representative Cana-
dian data on the distribution of impact
directio ns and severities for accident-involved
passenger automobiles, the objective of the
first phase of the project was to develop an
estimate of this distribution by an appropriate
sampling procedure. The Society of Automo-
tive Engineers (SAE) Collision Deformation
Classification (CDC) was used as the basic
descriptor of primary impact direction and
severity. Photographic and numerical data
reported by cooperating insurance company
adjusters were analyzed and combined to
generate the required distribution of impact
directions and severities. A sample of some
2 600 vehicles was analyzed and stratified by
season and by geographical region. The geo-
graphical regions were represented in the
sample in approximate proportion to the
annual regional totals of reportable accidents
involving passenger vehicles.

In the second phase of the study, baseline
estimates of the distribution of injury severity
for unrestrained vehicle occupants were made
from the distribution of impact directions and
severities using Automated Instrumentation
System AIS versus'CDC correlations derived
from the CPIR file at the Highway Safcty
Research Institute of the University of Michi-
gan. These haseline estimates were then com-
pared with projections for a population of
passenger-vehicle occupants variously re-
strained by lap and torso seatbelts and air
cushion restraint systems.

The validity and accuracy of the results of
this study were obviously influenced by a
number of factors. The small sample of
accident-involved vehicles considered pre-
cluded any precise estimation of the propor-
tion of high-severity collisions, which appears

to be the major determinant of the effective-
ness in preventing fatalities of either of the
two major types of restraint system. The
paucity of detailed data on the performance
of combined lap and torso belts and the even
worse situation for the air cushion system
were also particularly restrictive. It was not
possible to reach any precise conclusions on
the relative overall effectiveness of the two
major altemative restraint systems in the
Canaclian situation. However, when costs were
considered, it was concluded that a quite
moderate wearing rate for the lap and torso
seatbelt offered about the same cost/effective-
ness as the air bag.

Particular aspects of the work carried out
in this study have been reported at the 19th
Stapp Car Crash Conference and at a meeting
of the American Association for Automotive
Medicine. The final report on the study is
now being prepared for publication.

The principal advantage of passive occu-
pant restraints lies in their high utilization
rate in comparison with conventional seat-
belts. However, a number of governments
throughout the world, notably in Australia,
have achieved very high rates of seatbelt use
through legislation. During the course of the
project I have just described, similar legislative
action by at least one of the Canadian
ptovinces appeared imminent. A brief in-
house study was therefore undertaken to
examine the probable impact of such legisla.
tion in Canada. The study covered such
factors as the availability of the various types
of seatbelt systems in the current passenger
vehicle population, current voluntary rates of
seatbelt use, and estimated seatbelt effective-
ness. Seatbelt use under legislation varied
parametrically. Despite some significant dif-
ferences of detail between the Canadian and
Australian situations, the study suggested that
very similar proportional reductions in traffic
fatalities would be achieved for similar rates
of belt use.

The first Provincial seatbelt law was en-
acted by the Province of Ontario, about a
year later than had at first been expected, on
January 1, 1976. Interpretation of the results
has been rendered rather difficult by a simul-
taneous reduction of highway speed limits in
the Province and some fairly large changes in
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the statistics of all types of accidents. Marked
reductions in vehicle-occupant injuries and
fatalities followed the enactment of the law
but it may be some time before the contribu-
tions of the several factors involved can be
estimated with any confidence.

The final study that I shall mention is
intended to increase our knowledge of the
injury mechanisms experienced by passenger-
vehicle occupants who are fully restrained by
lap and torso belts. In the event that more
Provinces follow the example set by Ontario
arrd more recently by Quebec, it will become
particularly important to determine to what
extent further refinements can be made in the
detail design of the total interior occupant-
protection system to ma:cimiee the effective-
ness of the restraint system.

At the time the study was initiated, there
were relatively few detailed data available on
fully restrained occupants-perhaps 400 cases
on the CPIR file at the University of Michi-
gan. The great majority of these oecupants
either were uninjured or suffered only minor
injury. We therefore set out with the objective
of obtaining data on about 500 fully re-
strained occupzurts who had suffered injuries

to AIS 2 or greater. In fact, we have had
considerable difficulty in finding cases at the
rates projected before the study for a number
of reasons. Accident rates have tended to be
somewhat lower during the cunent year and,
in regions both with and without seatbelt-use
laws, there is evidence that seatbelt use in
accident-involved vehicles is appreciably less
frequent than in the overall vehicle popula-
tion. We hope to report on this study in more
detail at a later date.

CONCLUSION

This brief overview of recent research in
Canada has necessarily been restricted to
those projects which relate most directly to
the development of safer passenger automo-
biles. I would be very pleased to provide
additional information on any of the projects
I have outlined during the remainder of this
conference and to talk about some of our
plans and projecLs in related areas such as
accident-data collection and comrncrcial vehi-
cle safety.
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