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AB�'TRACT 

This paper examines the special requirements o f  racing drivers ' 
helme ts  and kinematics related to cockpi t  surrounds including 
restraint sys tems as part o f  the overall crash pro tect ion system .  
Tracks ide f'urniture and " ride down" arrest er devices currently 
in use will be dis cus sed and an indication of the direc tion of 
ruture developments proposed,  Reference will also be made to 
acc ident statis t i c s  for the 1 976 Grand Prix season . 

INTRODUCTION 

In certain specif'ic area s , and in particular , wi th regard to 
safe ty helme t design it is now nec essary to consider the 
dire c t ion o f  developments  to cater for the unusual requirements 
of the racing driver , who by defini tion ,  operates in a high 
hazard environment .  

Virtually no research has been done collating information which 
should be readily availabl e from the closely controlled area of 
mo tor racing sport . In particular , the re has been little 
analysi s  or the reasons for , or the cause of , mo tor racing 
accident s ,  This i s  largely because both drivers and team 
managers are some t ime s reluc tant to give accurate information .  
Struc tural failure on a racing car ,  espec ially if' i t 
precipitated an accident , i s  unlikely to be promulgated.  
Conversely , driver · error i s  some times  put down t.o structural 
failure . 

There i s  now evidenc e to suggest that motor racing requires a 
driver ' s  safe�y helme t that differs in certain cri tical areas 
from the helmet requirements of a mo tor cyc l i s t ' s .  

Head Protection 

One basic rule in preventing head injury is to minimize the 
amount o f  energy transmi tted ,  

Defle c tion - use a hard smo o th surface on the helmet to  direct  
the missile and head away from each o ther and to prevent 
pene tra tion of sharp points or missiles through the helmet to 
the head . ( 1  ) *  

* Numbers in parenthesis  indicate references a t  end o f  Paper. 



I t  is therefore advisable that there be no unusual changes in the 
radius of the o u t e r  shell that may prevent efrec t ive deflec t ion . 
Failure o f  the impact ing force to b e  defl e c t ed because i t  s trikes 
a ridge on the helmet c an re sult in violent ro t a t ion of the head 
and l ead to a c l o s ed head inj ury ( concussion ) . 

A t  v i o l en t  impact to the head various mechanical even t s  are 
produced resul t ing in brain damage . Such events are : 
·ac c e l erations and deformations o:f the skull o r  movemen t s  at 
the cran i o - s p inal junc t i on with pre s s ure changes and displacement 
of the intracranial cont ents . ( 2 ) 
The helmet shell should therefore b e  free of pro t rusions o r  ridges 
so that the smo o thest c ircular shape p o s sible cons i s tent with 
ergonomic requirements is achieved . 

Ergonomics 

Com:fort is b e s t  def'ined as lack ot· d i s c omt·ort . Dis c o mfor t ing 
fac t o rs in a pro t e c t ive head piece c an be the common s t re s ses 
e . g .  mechani c al pres sure , pneuma t i c  pres sure , t emperature 
extreme s , n o i s e , vibra t i o n ,  visual problems ( incident and 
refl e c t ed l ight ) , and ac c e l era t i ons ( linea r ,  angular , and 
compound ) . Mo s t  o f  these paramet ers have. been e s tabl ishe d .  
The mo s t  c ommon s o urces o f  disc omfo r t  wi11 be contac t pre s sures 
in exc e s s  of O . J  p . s . i .  fo l l owed by t emperature in exc e s s  of 84 ° F 
and annoyanc e s  such as mo i s ture , n o i s e , e t c . 

Helmet Sizing 

The b a s i c  helmet will acc ommodate 5 th through the 9 9 th perc ent ile 
head s i ze by the use ot'  a maximum of eight different s i ze d  uni ts 
de signed to t'i t in one of two helme t she l l s  of dif't'erent s i z e . ( .) ) 
I t  i s  impera t ive that tbe helmet f i t s  c o rre c t l y _ wi thout extra 
padding o:t' the l ow densi ty i .  e .  so:f't type of foam . An exc e e s  
o f  s o f t  padding can deform qu ickly and exc es sively under impact 
and a l l o w  the helme t to come o ft' . 

Hardware such a s  e arphone mo t o rs and a l s o  l it'e support tubing 
and n o z z l e s  should be excluded from inside of the helme t shell 
t o  minimi z e  the area ot· the head whic h  is no t in c o n t a c t  wi th 
the helme t s i z ing sys t em and to prevent vibra t ion and the 
s e condary mis si l e  effect of inner c omponen t� Any pro t ruberence 
inside the helmet of hard material even when we l l  c overed by 
shock at tenuating materials would be likely to cause secondary 
mi s � i l e  impact injurie s .  

Kinema t i c s  

N . B .  When using the medical a i r  lit·e support s y s tem i t  i s  
important that the lit·e supp o r t  tube from the a i r  b o t tl e  to the 
helmet can be all owed plenty of ' s lack ' .  Saf e t y  b e l t  harne s s  is 



designed to s tretch in an accident and a suffici ent loop of  free 
play tube should be allowed to cater for this . 

The exhau s t  vents for the medical air sys tem should be as 
adjacent to the no se and the mouth as possible . 

Some consideration should be given to an effec tive neck 
pro t e c ti on devic e  to l imit the amount of movement within 
-tolerabl e range of 600 left and righ t , 60° forwards , 800 
rearwards of the head during emergency s ituations to prevent 
1·1ailing ot· the head and dis tortion of  the neck. (4) The neck 
c arri e s  all the vital conne c tions between the head and the body.  
Any flailing or violent movement of  the head can produce sharp 
bending at the atlanto-o c c ipital joint with pos sible injury to 
the spinal cord and brain s tem . t:ompres sion ot· the neck can 
cause c irculatory dis turbances and s timulation ot· the cardio­
vascular depres sor mechanisms as well as cerebrospinal shock. 
Furthermore , any violent unres trained movement ot· the head can 
cause dire c t  injury to the skull from impact  with portions of 
the cockpi t  interior .  The proximity ot' the cockpit struc ture 
and in particular the roll-over bar and supporting stays should 
theret·ore be covered ei ther in a minimum ot· 2 5  mm and pret'erably 
JO mm or high density polystyrene of 60 grams per l itre or similar 
shock attenuating material such as polyurathane of similar shock 
absorbing propert ies { soft foam is ineffe�tive ) .  N . B .  These 
materials should be covered in fire res i s t ing material because 
of the <langer of toxic gase s when exposed to flame . Head res ts 
should be designed so as to progressively collapse under a 
lineal load of 1 50 ft . lbs . No protrusions such as hol t  heads , 
tube enct s , or bracke t s  should be found on the roll-over bar 
structure where these could impact the drive'rs helmeted head 
in the even t ot· an ac c iden t • 

H�LMET RETENTION 

Strap Fixing: 

The strap fixing locating hangers (or anchors ) in the helmet 
should be located behind the vert ical axies of the head , i . e .  
as  far back as pos sible wi thout causing discomt·ort . 

The breaking s t rength or· the helmet re tention system should be 
in excess  o!' the current standards requirement s . ( Snell JOO lbs , 
B S . �495 JOO lbs . ) .  If a frangible system of helmet re t en t i o n  is 
incorporated this should have a design failure load of not less  
than 375  lbs . ( i . e .  in exc e s s  o!' the current s tandards re q u i re ­

ment s ) . A practical l evel or adequate strength f'or the chin 
stra:p would be Goo pounds . This t•igure is wi thin the manuI ac tur­
ine capabili ty and there is  now evidence to suggest tha t :1elme ts  
wi t h  a retention f'ixing o f  less  than 600 .lbs . can be  torn u 1'f' 
early in the accident without causing injury but leaving �he 
head unpro tec ted and vulnerable to injury whil s t  the acc ident 
is still  in progress . 



Several al t ernative or supplementary methods of helme t retention 
have been proposed , e . g .  shoulder harness , neck collar or 
affixing the helmet retent ion mechanism to the car bodywork .  
At  present none o f  these have o:ft'ered any substant ial improvement . 
N . B .  In a racing car movement or the head should not be 
restricted or inter:fered with since balancing mechanisms ( semi­
circular canals ) mus t be allowed to operate at the opt imum to 
ensure good balance and contro l  o:f the veh i c l e .  

Fire-Asphyxiation rrom Toxic Gas 

All helmets currently available use roamed material s . Foam is  
a three dimensional struc ture cons i s t ing ot· :foam s trands and air . 
�xposed :freely t o  air i t  wil l  burn rapidly producing thick , dark 
smoke and i t  will usually reach its  maximum smoke density  very 
quickly . Toxic ga ses such as Carbon Monoxide , Hydrochloric 
Acid gas and Hydrogen Cyanide , together wi th I socynates , are 
released·, dependent on the type o:f :foam . ( 5 ) 
Many helmets  use P . V . C .  which when heat ed to temperatures 
between 200°c and j00°c breaks down and in combination with 
atmospheric moi s ture produc es a white  mist 01· Hydrochloric acid . 
This can have a corro sive and irrit ant effec t .  

In consideration o:f the above :fac t s  i t  would therefore be 
advisable that the helme ts be flameproo:fed so as to prevent 
those  materials that are exposed to :fl ame in the event o:f :fire 
catching fj re or smouldering . It  should also be noted tha t 
certain material s  such as rayon - although perhaps meeting the 
:flameproo:f requiremen t s  have very poor scu:f:f res istanc e wi th 
the result  that in use this is quickly worn into hol es allowing 
the :foam materials in the helmet to become expos ed .  

Nylon used in nearly all helme t s  :for mo to rcyclists  has the 
adverse qual i ty o:f· mel ting at compara t ively low . temperatures and 
c an cause considerable 'nuisanc e trauma ' which can delay the 
heal ing o:f bums . 

The shock absorbing materials in helme ts when exposed to :flame 
give o:f:t' extremely toxic gases .  Fire is  rarely a hazard in 
mo to rcyc ling and most helmet s t andards are essent i al l y  for 
mo torcyc l is t s .  There is  no doubt that mo tor racing is  now 
presenting problems o:f  different nature to hitherto and it 
may well be that provision wil l  have to be made to cater :for 
fireproo:fing in racing drivers ' sa:fety helme t s . 

Material s used in the manu:fac ture o:f both the helmet and the 
� should there:fore be considered carefully be:fore the ir 
inclusion.  This may cause a con:fli c t  o:f design considera t ions . 
For example , c e rtain material s used in the de:formable struc ture 
or racing cars has exc ellent shock attenuation propert ies but 
gives o t·:f highly toxic gases when exposed to :flame . 

• -.,_ # .; L , 
_,,. . 



Finally when considering :flameproot'ed ma terials i t should b e  
checked t o  d e t ermine no t only the sel:f ext ingu i shing properties 
but al so whether mat erial s cont inue t o  carbonise when expo sed 
to cont inuous :flame . Several o :f  the ma terials used in mo tor 
racing sa:fe ty c l o thing exhibit this und e s irable capaci ty .  ( Mo s t  
:fire-proo:fing t e s t s  a s sume the materi als will b e  quickly moved 
:from the source o:f :fl ame ) i .  e .  s e l t' ext ingui shing . 

Ven t il a tion (C o o l ing) 

Temperature , as we ll a s  pres sure , i s  a maj o r  :fac tor in:fluencing 
c o m:fort . To maintain a com:fo rtable t emperature with the helme t ,  
s o me means o :f  thermal contro l must be provide d .  In a pass ive 
s y s t e m ,  vent i l a t i o n  improve s as more head sur:face is expo sed 
t o  the a i r .  SUch a c ondi t i on dire c t l y  c on:fl i c t s  with impac t  
pro t e c t ion in which ext ensive pad s ys t ems are required to 
d i s tribute l o ads . 

Considerable research has been done and s y s t ems produced that 
p a s s  c o o l ed l iquid thro ugh a seri e s  o:f small plas t i c  tubes wh ich 
are placed again s t  areas ot' the body to e:ffec t  good c o o l ing . 
However these relatively are dir:ficul t t o  :f i t  easily into a 
s ingle s e a t er c ar and al so require a power source t o  be operated . 

Dynamic c o o l ing by u t i l i zing the :forward mo t i on o:f the vehic l e  
should there:fore b e  cons i dere d .  

The environs 01· a racing car cockpi t c an reach extremely high 
t emperatures in c e r t a in c l imates wi th subsequent d e t erioration 
in the per:fonnanc e o:f the driver c aused by �eat exhaus t ion 
( dehydra t i on ) . �inc e mo s t  helme t s  are des igned :fo r use by 

mo torcyc l i s t s  whe re the problem o:f c o o l ing is no t d i :f:ficul t 
to s o l ve considerat ion should be given to ven t i l a t ion o :f  the 
racing driver ' s  helme t .  

Vent i l a t i on (Air reguiremen t s ) 

A driver requi res a minimum o :f  60 l i tres per minute . An average 
person in a s i t ting po s i t ion with l ow mental and phy s i c al ac t ivity 
breathes at the r a t e  or ( 500 c c ) t l i t re/breath at 1 6  breath/ 
minu t e . This gives a respira t o ry rate o:f 8 l i tres/minu te . 
However , a i r  requirement i s  d i r e c t l y  re l a t ed t o  heart ra te . A 
person o pera ting in a high hazard environment would normally 
expec t an incre ase in heart rate as a resul t o :f  s ympa the t i c  
re sponse o :f  the body ( Tagga.rd e t . al . ) . A shortage ot· oxygen 
c an caus e d i z zyne s s  and/ o r  nausea and rel a t ed deteriora t i o.ri 
in pe r:fo rmance . Any a i r  ven t �  to ensure an adequ a t e  supply ot· 
a ir to breath mus t  be :fl amepro o t'ed . 

Vi s o r  m i s t ing on Inner Surt'ace 

�xp e l led breath c arr i e s  a high mo i s ture c ont ent be a ted t o  body 
t emperature . T h e  mo i s ture wi l l  be pre c i p i t a t ed and :form o n  the 



inside or  the visor to cause "rogging" or mis t ing with resul tan L 
loss of vision. Some me thod should therefore be provided to 
ensure good visibility througb the viso r .  

One method i s  to fit a solid state electrical ly heated el ement 
to the visor and this has proved eft'ect i  ve . However a source 
o.t· elec trical power is nec essary . The al ternative is to coat 
the visor with a sui table hydroscopic material . However the side 
efrect  or this me thod is to render the visor very brittle wi th 
extremely poor impac t propertie s .  I t  should b e  noted that visors 
so coated tend to break into l ong slivers ( l ike glass ) which 
could be most dangerous because oI  the proximi ty o t· the visor 
to the eyes . Some smears or spray-on coatings are efrective 
t·or short periods . 

A third method is to enable the wearer 01· the helmet to breathe 
outside the helme t .  This c ould be achieved by a mask and series 
of tube s .  However enormous ergonomic al problerns present 
themselves because or the great variance in chin , mouth and 
nose size s .  Also i t  should be remembered when designing such 
a sys tem that some provision to accommodate the Lit·e SUpport 
System mus t  be achieved . 

Weight and C entre of Gravity 

The mass  eentre of the helmet should co incide with the lateral 
c . G .  01· the head to prevent lopsidect sensory motor ef.t·ec t s .  
The centre or gravity o f  the helmet needs t o  be low . This i s  
because a motor cyclist  when cornering cancel s out the 
centrifugal ef':rec t to a large degree by leaning over.  In a 
racing car the driver is more vertical and the roll couple 
et·t·ec t ot· a high centre 01· gravi ty above the centre 01· gravi ty 
or the heact produc es very high loads on the neck . The weight 
of the helme t  is directly related. 

The general mot ion 01· tbe heact-helme t mass  can be represented by 
a ro tation about an instantaneous axis plus a translational 
veloci ty.  l.JYnamic considerations (principle o f  conservation 
of energy and momentum) point out the need . for  a minimum helmet 
mas s .  In addition , minimization ot· the resultant moment around 
the mass centre ( pendulum eft'ect ) neces si  tates low centre ot· 
gravity for the helmet . ( 6 )  
Visual Periphery Cons iderations 

�ome considerat ion should be given to the need for the driver 
to be able to see f'ully all ins truments and also the seat bel t  
t'ixing whi l s t  the helmet is being worn . 

In the event of f'ire wllich requires the ac tivat ion ot· controls 
it  is imperative that these are within view of  the driver even 
when the car is inverted . Too small an opening in the helmet 
may result in difficul ty for the driver in locating importan t  



l i f'e saving swi t ches or inab i l i ty to unf'a s ten the seat b e l t . 

Visual C ons idera t i on s  

Helme t concepts are based o n  the principal that all s i z e  sys t ems 
would use the pup i l s  o r  the eyes as the s tart i ng point . Sizing 
and o th e r  helmet design details were oriented to provide at 
least the minimum f'ield ot'  vis ion ot·  +950 lat erally and 1 5° 
above the horizontal . 

Vi s o rs 

The visor should b e  opt ically t·ree ot· di s t o rt i on and ot·  sut"t" ic ient 
thickne s s  to prevent pene trat ion of' m i s s i l e s  such as s t on e s / debris 
which may impac t the t·ace shield at high speed . I t  i s  
recommended theret·ore tha t a minimum o r  2 .  5 mm o f' polycarbona t e  
b e  the requi rements f'or v i s o r s  s in c e  th i s  tbi cknes s no t only 
o f'f'ers the degree of' saf'e t y  required f'or miss il e  impac t but has 
al so b e en f'ound to perf'orm b e t t er during manu:fac ture in prevent ing 
d i s t o r t i o n .  Also t h i s  is the minimum thickne s s  des irabl e f'rom 
a f'ire hazard po int of' view . Tests have shown that less than 
this tbickn.e s s  of' polycarbona t e , unl e s s  gold plated ( vacuum 
s plut ter method ) on·  the inner surf'ace to ref'l e c t  heat is unab le 
t o  wi ths tand the heat of' petrol f'ire 8oo o c t o  1 0000c f'o r  the 90 
s econds of' the l it'e support sys tem , in exc e s s  ot· 2 .  5 mm c au s e s  
s ome ret'ra c t ion probl ems . 

TABL.1;!; I COMPARI::JON OF PROPERTI.l;!;S O.t<" AV.HYLI<,.; AND POLYCARBONATE 

PROPERTY 

'ENSILE ( PSI ) 

.1!,:LONGATION ( P�R CENT ) 

MO DULU ::S OF ELA5'TICITY ( P::>I ) 

·oMPR.r,::;SIVE STH.lf;NGTH ( P::SI ) 

FLEX.URAL STHENGTH ( P::SI ) 

IMP At;T STRJ!.;NUTH 

( IZOD) FT-LB/ IN OF NOT�H 

HNi.SS ( ROt;K WEiLL ) 

SPECIFIC GRAVITY 

LIGHT TRAN�MI SSION 

REFRACTIVE INDEX 

ACRYLI C 

1 0 , 500 

5 

450 , 000 

1 8 ,  000 

., 6 , ooo . 

o . 4  

M9J 

1 • 1 9 

93 

1 . 4 9 

POLYCARBONAT.l!: 

9000 t o  1 0 , 500 

60 t o  1 00 

340 , 000 

1 2 , 500 

1 J , 500 

1 2 t o  1 (, 
M7� 
1 . 20 

65 to  ; 5  
1 .  5 8 6  

Unde s i rab l e  f'ac t o r s  are tha t polyc a rbona t c  h a s  l ow s c ra t ch 

re s is t anc e and ere a t  C f'l re mus t be t aken t o  ens ure a r�asonable 
l �f'e f'or the v i s or . ' '  Hip-of'f'" visors are provided wi th some 
helme t s  and where used pro p e rl y  c an  ex t end the lif'e o f'  the 



visor a s  well  as being nec es sary to ensure good vis ion during 
a rac e .  Dark or smoked visors tend to change certain colours 
and obscure them completely , also oil on the surface o f  the 
road can be obscured . It is recommended that dark visors be 
polarized al thouah it would no t be c o s t  e ffec tive or prac tical 
.to attempt to produce 2 . 5  mm polari zed visor.  A supplement ary 
visor o f  polarized material will sufrice . 

Polycarbonate is at tacked by Ilydrocarbons which act as a solven-: . 
A dramatic degradation in tbe impac t  s t rength ot' polycarbona te 
is caused when allowed contact with Hydrocarbons . 

F lg. 1 

Figure 1 

Rlf'-ofl" Vlsot!S (') 
f'Ol>.RISl!O VISOR 

R.M.\e-Plt>OF llENß 
2·S"- lElCAN 9ol.\'CJIR�11! lllSOR 
. OP1\0flN- DE-!Ma" �&lt' 

'l'YPICAL HELMET US.l!:D IN MOTOR RACING 

ff"l-l--flC1\.a5Ne .-.auAToR 
r'<!l!ll"---�DOfl™llC. llff.Pl.C 

An example of the type of safety helme t now used by racing drivers . 
Introduced 3 years ago the helme t has proved i t s  efricacy in 
numerous acc idents ,  however , the emphasi s in tbe des ign , whi l s t  
s t ill mee ting the highest  mandatory s tandards , is  on primary 
sat'e ty .  The pres surized medical air bottle is automat ically 
discharged and air is expelled at a rate of no t less  than 1 0 . 5  
li tre s per minute for a minimum ot' 60 seconds . The helmet is 
l ined wi th t'ireproot· material ,  in the event of fire a unique chin 
glove ensures flames do not enter the helme t .  The 2 . 5  mm poly­
c arbonate visor is fi t ted with s ix fireproof  airvents and 
provision is made for an elec trical ly heated demisting element . 



R�STRAINT SYSTEMS 

Res traint sys t ems used in mo tor racing are based on mi l i t ary 
a i rc raft s ix point fixing re s t raint des igns rather than the 
l ap/di agonal syst ems used in normal road going c ars . 

The requi remen t o t" a go od harne s s  s y s t em for rac ing drivers is 
that i t  i s  des igned t o  prevent the wearer moving freely in an 
ac c ident and coming into c o n t ac t  wi th the c ockpit s t ruc t ure 
of the c ar ,  t o  reduce the po ssibility o f  s econd ary impac t  
injuri e s  t o  the drive r ,  and t o  prevent e j e c t io n .  

In o rder t o  d i s t ribute the accel era t i on l o ad the maximum 
prac t i c al area should be provided by the harne s s  webbing which 
should dis tribute the l o ad to the s t rong part s o f  the body , 
i . e .  the pelvis and ehe s t , but should no t have hardware si t ed 
over the bony prominences o f  the body . Lo c a t ion should ensure 
re t en t ion of the user und er violent mul ti-dire c t ional forc e s  
ac t ing singly o r  c oncurren t ly . The h arne s s  should no t fail o r  
the u s e r  fail t o  b e  re t a ined by the harne s s  up t o  the level o f  
human t o l eranc e .  The seat o r  i t s  c omponent therefore should 
no t c o l l apse under reversal impacts thereby a l lowing the harne ss 
to become slack . 

A i rc raft spec i f i c a t i on s  c a ll for a minimal s t rength requirement 
01 JO G in the fo rward and backward and 1 5  G in the sideways and 
upwards dire c t i ons . ( 7 )  The harne s s  should provide fo r energy 
abs o rp t i on in the ma t e ri n l s  o f  i t s  c ons truc t i on so tha t the 
a c c e l e ra t ion appl ied t o  the u s er will be minimi s e d .  ( 8 )  The 
anc hor points mus t  be engineered t o  ensure e

.
r1· e c t ive :fixing o f  

t h e  harne s s  und er s ta t i c  and c rash cond i t i ons . 

The harness should be easy to f i t  and rel ea s e , o f  s imple des ign 
with no complex rout ing and impo s s i b l e  to :fi t or use inc o rre c t l y .  
Tbe harne s s  should - inc o rporate a pa ir o :t· over- the- shoulder s t rap s ,  
and lap s t rap and a negative g s t rap . The lap s t raps should be 
placed so tha t und er impa c t  the s t raps remain over the an t e rior 
supe r i o r  spines of the pelvis for tran smis � ion o:f ac c e l e ra t ion 
forc e s .  The · shoulder s t raps should b e  l o c a t ed to prevent an 
exc e s s  o:f lateral movemen t .  The negat ive g s t rap should ari se 
vert i c ally :from a point on the c entre o:f the s e a t  so that when 
f i t t e d  for opera t i onal use i t  ach ieve s a snug com:fortable fi t .  

The qui c k  re lease fi t t ing should be des igned so tha t all 
re s t ra ining s t raps o:t· the harne s s  can be relea s ed from a single 
f'i t t ing . All s t raps should :fall :free wi thout need to untangle 
l o o p s . Road debris ( e . g .  sand/dus t ) should n o t  a:ft' e c t  the rel ease 
mechani sm , nor should :fire . 

The p o s i tion of the harne s s  buckle i s  low down in the cen t re of 
the chas s i s  ' tub ' and should be one o:f the l a s t  things t o  su:ft'er 
damage in a cra sh .  Howeve r ,  very inflammable s t eering whe e l s  
and s e a t s  and res t ri c t ed c oc kp i t  widths c rea t e  immense probl ems 
o:f rescue in the event o:f fire . 
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seat D e l t Harn e s s  (Ou t s id e  A s s i s t an c e ) 
S t and ard i s a t ion o r· re l e a s e  me thod fo r s e a t  harne s s  should b e  
c o ns i d e re d .  �eh marshal l s '  po s t  should b e  supp l i ed w i t h  a 
l arge pair o r  surgi c a l  sc i s so r s  for e f' fi c i ent c u t t ing o f  the 
s e a t  b e l t  webbina should this b e  n e c e s s a ry t o  fre e a drive r .  

Same me thod o f  r e l e a s ing the s e a t  b e l t s  b y  a person o ther th�.n 
the driver should b e  c o n s i d e r ed . In the even t  01· the s t ruc ture 
0 1' the c ar b e ing de 1'o rmed o r  the usual buckle b e ing o b s t ruc t e d  
a separa t e  me thod 0 1· relea s ing the d r i v e r  b y  a marshal l should 
b e  a c h i eved . One method would be re l e a s e  pins t o  the fixed ends 
of the b e l t  where they l o c a t e o n  the c ar ' s  s t ru c t ure . 

Drivers ' Su i t  L i f t ing L o ops 

Driver l i f t ing l o op s  should be c ompl e t e l y  around t h e  t o rso o f  
the driver and s e c ure enough t o  l i f t  t h e  t o t a l w e i gh t  o I  the 
heavi e s t  d r i ve r .  

TRA1.,;KSIDE ARR E;STEH �Y::>TEHS 

Th e i d e a l  b a rrier sbould pre s e n t  a smo o t h  sur1·ac e to the veh i c l e  
t o  reduce forward dec e l e ra t i o n  and t o  prevent the v eh i c l e  hooking 
up , c a t c h i ng or snagging o� the barr ie r .  I f  part 0 1· the v eh i c l e 
ge t s  hooked onto the b a rr i e r  i t  may s p i n  round and r o l l  over 
s i deways i n  the gene r a l  direc t i on in whi c h  i t  was t rave l l i n g .  
The b a r r i e r  mus t  a l s o  be unit'ormly s t iff' , i . e .  the re mus t b e  no 
s o ft spo t s  into whi c h  a vehi c l e  c an b e  d r i ven to fo rm a packe t . 
When th i s  h a ppens the d e c e l era t i o n  of' a vehi.cle c an  be ext reme l y  
v i o l ent. (� C o n t inuo u s  c o nc re t e  w a l l s  w i th a pre c ed ing 6 f'o o t  wide 
s and f' i l l ed bed are now be ing t e s t e d  and are showing promi s e .  

Sand Fil led P l a s t i c  P o s t : Arre s t e r  Fo r e s t  

Some c on s i d e ra t ion should b e  given t o  t h e  u s e  o r  s erried rows o t  
p l a s t i c  pos t s .  U s e  ot· t h e  s t andard drain pipe s e c t i o n  pl a s t i c  
p ipe should b e  inve s t i g a t ed . The s e  c o u l d  be p l a c e d  on c o rners 
a t  an acute a:ngle t o  the d i re c t i on 01· a t ravel 01· an e rrant car 
s e t  in rows wi t h  pro gre s s iv e  spac ing s o  tha t a gre a t er den s i t y  
i s  achi eved through the pro j e c t ed l in e a r  d i re c t io n  o f  t rave l . 
Th e s e  po s t s  should be f i l l e d  w i th s and . The l ine immed i a t e l y  
i n  c o n t a c t  wi t h  t h e  o u t  o f' cont ro l veh i c l e  would b e  f' i l l e d  only 
t o  a smal l amount w i th f i l l ing progre s s i v e l y  inc re a s ed through 
t o  the gre a t er d en s i t y  of' po s t s the f'ur t h e r  into t h e  " arre s t er 
f'o res t "  an errant veb i c l e  might trave l .  

F i re R e t arden t P l a s t i c  sbould b e  u s e d , o r  an a l t e rna t i v e  f i repro o r  
m a t e r i a l  c ons ide red . Some advan t ag e s  of' the " arre s t e r  f'o re s t " 
princ i p l e  i s  tha t l t  i s  l e s s  s u s c ep t i b l e  to a t tack from 
d i sadvantageous angl e s ,  c an b e  quickl y and e a s i l y  repl a c e d , 
only the area o f  fo r e s t  d i re c t l y  i mp a c t e d  i s  damaged , ma t e rial s 
are readi l y  ava i l ab l e , i t  i s  durab l e  and eas i l y  ma i n t a in e d . 
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(A l s o  i t  c o ul d  pro ve more er1· e c t ive in preven t ing injury t o  mo t o r  
c yc l e  r a c e  riders who , o t· c o urs e ,  u s e  t h e  same t racks . ) 
W e m  Tyre � a rc a s s  B a rr i e r  

The p ri n c i p l e  i s  b eing used exten s i v e l y  i n  N o r t h  Ame r i c a . The 
m a t e r i a l s  are read i l y  ava i l ab l e , e a s i ly ins t al le d  and durab l e . 
Howeve r , the s y s t em i s  a e s t h e t i c a l l y  unpl e a s ing and some 
c o n s i d er a t ion s h o u l d  be given t o  the c onsequenc e s  or :f i re . 

t.;a t eh Fenc ing 

In t he p as t  there s e ems t o  have been l i t t l e  und ers t anding 01· 
the m e c h an i c s  ot· c a t c h  t'enc ing . F o r  p o s t s  to have been sawn 
in h a l :f  at the b a s e  shows a to tal l a c k  01· und e r s t anding o:f the 
princ i p l e . \�a t  s l o w s  the errant v e h i c l e  down i s  the chopping 
and de s t ruc t ion o :f  the po s t s . The w i re ne t t ing c a t c h  :fenc i ng 
i s  t h e re t o  eff e c t  a gre a t e r  c a t chme n t  are a .  I f  t h e  pos t s  are 
removed they mu s t  be rep l a c ed w i t h  s om e t h in g  t h a t  will require 
the s ame amount o:f energy to d e s t r o y .  Qui t e  obviously i:f the 
p o s t s  are cut h a l :f-way through they need only be hal:f the diame t e r .  

N . B .  The c a t c h  :f e nc i ng should no t b e  n a i l e d  o r  s tapl ed t o  the pos t .  
A me thod o :f  t ying o r  b inding shoul d b e  u se d .  

I d e al l y  t h e s e  s y s tems should b e  u t i l i ze d  on a run-ot·:r a r e a  t h a t  
h a s  t h e  s a me c o e:ff i c ient ot :fric t ion a s  the t ra c k  sur:fa c e . We t 
grass has very low c o e f:f icient or t·ric t i o n .  The use of' very wide 
tyres wi t h  l a rge c o n t a c t  area and h i gh hys t e r e s i s  qual i t i e s  
ensure s t h a t  an errant veh i c l e  c an s l ow quickly provided the 
s u rrace h a s  a go o d  :fri c t i on c o e ffi c i e n t . 

So 1· t Arre s t e r  B e d s  

Seme c o ns id e r a t i o n . s hould b e  �iven to s o f t  a r re s t e r  b e d s  ( LYTAG ) . 
Howev e r , i t  should be no t ed tha t tbe d i s turbed aggrega t e  ( Lyt ag ) ( 1 0 ) 
w i l l  b e  thrown o n t o  t h e  t rack sur:fa c e  during an arre s t e r  inc i d ent 
and this would c o n s t i tu t e  a ha zard t o  :fo l l owing vehi c l e s , Such 
a r re s t e r  b e d �  should t he re:fore b e  p l ac ed ohly i n  a r e a s  where o t her 
m e t h o d s  o:f s l owing d o wn a car a re n o t  v i a b l e  o r  at sut'f'i c i ent 
d i s t an c e  from the t r a c k  to ensure a hazard t o  o the r cars i s  no t 
c a u s e d . Al s o , a v eh i c l e  such � s  a rac ing c a r  :f i t t ed w i th w i d e  
s e c t i o n  tyre s and 01· c ompara t i v e l y  l o w  we i gh t  may no t be s l owed 
a s  e :ft'ec t iv e l y  a s  a normal rond veh i c l e .  

Great emph a s i s  i s  now p l a c e d  on c ircu i t  sa:fe ty in regard t o  t h e  
ra c in g  c ar d r iv e r .  I t  i s  :frequen t l y  o ve r l o oked t h a t  the same 
t ra c k s  a r e  u s ed by mo t o rc yc l e  riders and the two Sport s are n o t  
always c o mpa t i b l e  i n  re s p e c  t o :f  "ride down" s ys t ems . 

A typ i c a l  m o t o r  rac ing ac c i d en t  i s  sh cwn in F i gure 2 .  The hazard 
to the d r i ver o :f  supp o r t ing po s t  i n  c a tch :fenc ing i s  apparent -
al so t h e  po s t s  have qui t e  :frequen t l y  been launched into the 
spec t a t o r  areas c au s ing i n j u ry . 



schematic 

ROU. BAR 

WIRE SCORING 

FRONT VIEW 
Fig . 2 

Ro e l o t· Wund erinl .... Acc iden t 
t; i rc u i t : �andvo o t , N e the rlands 

PLAN VIEW 

ua t e : 1 6 th Nay , 1 9 75 . PRA<.;TI<.;l!i - No o th e r  veh i c l e  invo lved 
t;aus e :  P robable fai lure o r  the l e f t  :t'ron t wheel suspens i o n .  
A t  a speed 01· abou t 2 8 0  km/ !10ur o n  a f'a s t curving righ t hand 
c o rner the c a r went o u t  0 1· c c n t ro l , l c f' t  the c ircu i t  and wen t 
in t o  the c a t ch fenc ing. fhe c a t c h  f'enc ing suppo r t e d  by wooden 
po s t s  was a s ingl e layer fenc e 2 me t re s  a h e ad o:t' the ' w '  s e c t ion 
b a rri e r . Approxima t e l y  1 00 �eet of c a t ch fen c ing was t o rn up 
and during the d e s t ruc tion o f  the fenc e the driver w a s  imp P c t e d  
s everal t ime s by t h e  s upp o rt in g  po s t s . A s t ee l  t i e  wire which 
wa s s t re t c hed acro s s  the pos t fo r s t rengthening a l s o  c augh t on 
the helme t opening the v i s o r  s l igh t l y .  The drive r ' s  head wn s 
turrted s i d eways and j ammed b e t we en the rol lbar s t ruc t ure ancl the rP 
i s  evidence o r  s everal mas s ive impac t s  on the helme t . 

The drive r  survived w i th n broken c h e ek bone and was rac inc J weeks 
l a t e r .  
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ANALY SI S OF AC�I U�NTS FOR 1976 GRAND PRIX RAC.i:<J S  

NOT� : 89 inc i d en t s  caus ing the e l imina t ion o :f  a t  l e a s t  one car 
:from rac e , or s t o pp i ng during prac t i c e  :for re pairs . 
Wbere the t o t als do no t add up t o  89 , t h i s  i s  b e c a u s e  
o t '  ac c id ent s which c o u ld no t b e  c l a s s i t' i e d  :from the 
in:forma t i on ava i l ab l e . 

·1 . ACCIDENTS DU.!:!; TO DRIV�R ERROR 
(incluaing " o i l  on tra c k "  e t c . ) 

67 

2 .  ACUIUENTS DUE TO CAR 

�us p ens i on c o l lapsed 
Whe e l  l o s t  
�'n.gine s e i zed 
Brakes t'a i l e d  
Tyre punc tured 
b.'ngine cut out 
Thro t tl e  s t uck 
Drive sha:ft broken 
Fluid l e ak onto tyre 

6 
j 
� 
� 
2 
1 
1 
1 
1 

TC'TAL 1 9  
J .  HAßES AND AIR BOTTLES RUl\ O V.i:<JR 

l of each 

4 .  TOTAL OF ACUI DENTS ACCOUNTED FOR 

8 8  

5 .  UNKNOWN CAUS� 

1 

CONCLUSION 

6 .  LOCATION OF ACCID�NTS 

7 .  

Corner 67 
S t raight 4 
Start L ine 1 
Breaking Area 2 

TOTAL 74 
No t Known 1 5  
TYPE O F  BARRI�R IMPACTED/ 
EXTENT OF DAMAGJ!; 

C a t c h  F en c e  
Heavy 7 
Minor 1 �  

Guard Rai l 
Heavy 1 �  
Minor 7 

C ement Wal l 
Heavy 2 
Minor 2 

O l d  Tyres/Kerb 
Minor 2 

TOTAL 4 4  

No helme t s t andards a u t h o ri t y  i n  t h e  worl d . ha s  curre n t l y  a 
s p ec i r i c a t i o n· :for a mo t o r  racing driver ' s  h e l me t . There i s  now 
e v i d en c e  to sugge s t  the need to provide h e l me t  s tandards tha t w i l l  
c a t er :for t h e  s p e c i r i c  requiremen t s  o :f  t h e  mo t o r rac ing driver . 
In p a rt i cula r ,  w i t h  reeard to t h e  que s t i on o :f  ven t i l a t ion and 
:fi repro o :fing . Impro ved helme t r e t en t ion , v i s o r  pro t e c t i o n , 
aeroctynami c s  and weight d i s t r i b u t i on would a l s o  bene :f i t  the mo t o r  
c yc l i s t  t o  whom t h e  ma j o r i t y  o r  h e l me t s  are s o l d . Th i s  l a t t e r  fac t 
c aus e s  problems f'rom a manut'acture r ' s p o i n t  01' view when cons i d e r­
ing t h e  v i ab i l i t y  o r  producing rac ing drivers ' sa:fe t y  helme t s . 

Curren t l y  rac ing driver s e a t  b e l t s  a r e  propr i e t o ry un i t s  and in 
the main have proved e:ft' i c a c ious . Howeve r ,  r e tent ion harne s s  
s y s t em s  sbould b e  d e s i gned as a n  i n t egral par t o :f  the rac ing c a r  
w i th more emph a s i s  i n  ruture o n  po s t  a c c ident re l e a s e  0 1· the driver 
b earing in minct that the c a r  c 9 u ld be inve r t ed , on :f i re and the 
driver unc ons c ious . 



Regardl e s s  o r  t h e  eno rmous c o s t  o r  ins t a l l a t i o n , no t enough 
re s e a rc h  or s er i o u s  c o n s id e r a t i o n  has b e e n  given in the pa s t t o  
t h e  e:f:fe c t ivene s s  o t' t ra ck s ide arre s t e r  s y s tems , n o r  have t h e  
s id e  e :f:fe c t s  b e e n  :fu l l y  explo red b e :fo r e  ins t al l a t i on . The 
primary c ons idera t i on mus t be t h e  pro t e c t i o n  o:f spe c t a t o rs �nd 
no rac ing c i r cu i t  i s  i� i t s e l r " unsare " .  Provided t h a t the c a r  
and i t s  c ompo n e n t s  are properly d e s igne d , c on s t ru c t ed and 
ma in t a ined t o  e l imin a t e  fai lure , then the art o:f t he exerc i s e  
,i s f'o r t h e  d ri v e r  t o  e xp l o i  t the pert'o rmanc e  o:f t h e  c ar t u  the 
l imi t ot· hi s p e rs onal dri vinrr a b i l i t y w i th o u t  error . The dec-ree 
t o  whi c h  he is ab l e  t o  achieve this is the essence 01· t he sport . 
In o th er words t h e  c i rc u i t b e c o me s  a s  saf'e o r  un s a t'e a s  the drive r­
w i shes to make i t . � ve ry c o n s l d erable re spons i b i l i t y  iL the a r e P  
o t· primary S fl t· e t y  re s t s  i 11  t h e  d e s ign, manuf'a c ture and prep ar a t i on 
o r  t h e  r ac i n g  c a r  e nd i t s  p ro � r i e t o ry p ar t s . 
A:! enorrnous bene f"::„ t Wu L.. lc! 8. c r r-.. C' fro m  b e t t e r re po r t ed anc 

inve s t iga t e d  a c c i d e�: � � nr v rma t i u n  whi c h  c o u l d  be qui � e rc�� � l y  
a c h i eved :from thc c l� s ely c o n t ro l l ed nren o :f  mo t o r  spo r � .  

1 • G .  F' .  Lombard and S .  1: . Adv2r1 i ; lmpa c t pro t e c  t i o n  o f' tlH' :.< :-' ·! 
and neck. .\..i. r Force :..:n �lus t ry Two Whc e l  Mo t o r  Vehic :L.e Safe L y  
S em inar , 1 9 6 () . 

� .  C . F .  LombH rd ; :Lnv e s t i. "'a i.. .:. u :� ut' F ab r i c ri t i on and Im:[.Jac -:: .L · .ro t c: c t � v r.. 
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J .  S . H .  Advnn i , c . � .  Lo mb a rd . lnve s t i g fl t ion o :f Febri c a t i. c,n �;-.-1 
Impac t P ro t e r t i on u:f ::uma:: · :ead find X eck . A i r  Forc e ·: . � . 

P a � t ers on A i r  Forc e 3a s c , uhio , 4 5 4 J J . 

4 .  Am er i c an A s s0 c i a t i un f' o r  A u t omo t ive .:>ledi c ine ; 801 G r e e n  Bay 

Road - Lake D u Tf � l. l i � o i s  60044 . 

5 .  K . w .  Palmer and W .  Tayl. o r . Fire Ha zard o:f Pla s t i c s ;  
Charac t e ri s t ;. r s  o :f  Burniut; . D . O . E .  1 9 7 5 . 

0 . G . F .  Lombarrl 1 S . H .  „\<l"\ra ni ; In1pa c t P ro t e c t i on o t· t!1e H e ad a�„ 
�! eck . A i r  F o r c e  lndu s t .ry ':'wo - Wh e el Mo t o r  Veh i c l e  Saf'0 cy Seminar 
X o r t o n  A . F . ß . , Cali:fo rnia . 

7 .  A i r  Standard i z a t i o n  Agre emen t .  A SCt; Air S t andard , 6 1 / 2  1 9 7 5  L'l· • .  

8 .  G . N .  Mackay , .P . F .  Gl o yns , :r. H . �i .  Haye s , D . K .  Gri:ffi th s ,  
S . J . Ra t t enb ury ; Seri o u s  �rauma To Car O c cupan t s  �e a rin� Sea t 
B e l t s .  Dep t .  Tran spo r t a t i o n ,  Unive r s i t y  o :f B i rmingham \U . K . ) .  

9 • V • J • J e  h u an'� L . C . P e :'l r s o  n ; V eh i c 1 e I 111 p a c t Te s L f' o n t h e 
Tens ione d  B e am and O p en 3ox C r a sh Barri e rs . Trans po r t  and 
R o a d  R e s e a r c h  Labora t o ry , 1 9 72 . 

1 0 .  I . B .  Lak.e r ; T e s t s  to d e t ermine t h e  d e s ign o f'  Ro a d s i d e  Arre s t e:::­
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