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ABSTRACT .-

Acc i dents i n vo l v i ng two-whee l ed veh i c l e s  represent the second most f re
quent cause of h i ghways fata l i t i es , and th i s  r i ses the major  pro b l em of the 
protect i on of d r i vers of th i s  type of veh i c l e .  

The most repre sentat i ve con f i g u rat i on s  of automobi l e-two-whee l ed veh i c l e  
co l l i s i ons  w ith rega rd to the frequency of the i r  occu rrence and the i r  grav i ty 
have been i n vest i g ated on the bas i s  of acc i dento l og i c a l  data gathered on s i te ; 
cert a i n  of these con f i gurat i on s  were se l ected for l a bor�tory s i mu l at i on s . 
About one score of car-moped crashes were s i mu l ated w i t h  i n strumented dummies , 
amid cond i t i on s  that du p l i c ated as accu rate l y  a s  pos s i b l e  those of the rea l 
wor l d  acc i dents , and cove r i ng the ma j o r i ty of the most f requent l y  occu r r i n g  
conf i g u rat i on s . 

The f i nd i ngs o vera l l  e n a b l ed def i n i t i on of the k i nemat i c s  of two-whee l ed 
veh i c l e  r i ders i n  re l at i on w ith  the acce l e romet r i c  measurements reg i stered 
du r i ng i mpac t ;  they a l so enab l ed p i n po i n t i ng of the veh i c l e  areas l i ke l y  to b� · 
struck by the head depend i ng on the conf i gurat i on ,  and made i t  pos s i b l e  to 
draft protec t i ve meas u res w ith  rega rd both to the r i ders and to the obstac l e s  
encountered . I n  part i cu l a r ,  the typo l ogy o f  the two-whee l ed-veh i c l e  r i ders 1 
head i moacts aga i nst  the f ront parts of cars  emerged as be i n g  not bas i c a l l y  
d i ffer ent from that o f  the pedestr i an s 1 head i mpacts , a n d  a n y  i mprovements i n  
tt1 i s  car  surface a rea a i m i ng at pedest r i an protect i on wou l d  probab l y  be s at i s 
factory for the protect i on of two-whee l ed-veh i c l e  r i ders . The so l u t i on s  shou l d  
be con s i dered i n  terms o f  cost versus effect i veness , but w i thout o ve r l oo k i ng 
the f act that the wea r i ng of a proper he l met const i tutes the i n i t i a l  p r i o r i t y , 
as i t  i s  a l so brought out i n  the present i n vest i g at i on . 

I NTRODUC T I ON . -

To date , the techn i c a l  progre ss ac h i eved i n  the area of h i ghway safety 
has  essent i a l l y  concerned the protec t i on of i nd i v i du a l s  who a re i n s i de veh i 
c l es . Today , the reduct i on i n  the n umbers of acc ident v i ct i ms , a l l  acc i dent 
causes taken together , po i nts  up the re l at i ve l y  l a rge numbers of v i ct i ms who 
are exter ior  to veh i c l e s . In Eu rope , for examp l e ,  o ver 50 % of the h i ghway 
fata l i t i es i n vo l ve i nd i v i du a l s  who a re e xte r i or to veh i c l es ( pedestr i an s , two
whee l ed - veh i c l e  r i ders ) .  In  France , for 1 97 9 ,  acc i dents i n vo l v i ng two-whee l ed 
veh i c les  repre sented the second most i mportant cause of h i ghway f at a l i t i e s ,  
w i th 2 , 940 k i l l ed ( i  . e . 2 4  % of the fata l c a s u a l t i es ) and 1 06 , 000 i n j u red ( i .  
e .  32 % of the tot a l  i nj u red ) (  1 ) * .  The pro b l em r i sed by the protect i o n  of such 
users i s  hence very acute . A ! a rge number of i n vest i g at i on s  a re nece s s a ry for 
the pu rpose of impro v i ng the i r  protect i on , bec ause the prob l ems l i nked to 

( 1 ) * Numbers between parentheses des i gn ate references at the end of paper . 
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the i r  i mpact k i nemat i c s  a re more c omp lex  than for pedest r i an s . Spec i f i c a l l y ,  
the speed of two - whee l ed veh i c l e s i s  often far  f rom neg l i g i b l e  a s  compared 
wlth that of c ars , and , s i mu l taneou s l y ,  the i mpact cond i t i on s  are e xtreme ly  
va r i ed . I n  add i t i on , two-whee l ed veh i c l e s  consti tute a heterogeneous array of 
veh i c l es : we c annot a pr i o r i  compare the acc idents that i n vo l ve a fast , heavy 
motorcyc l e  and a l i ghtwe i ght , re l at i ve l y  s l ow-mov ! ng  b i c yc l e .  These remarks are 
a l so grounds  for th i n k i ng that the mathemat i c a l  mode l i zat i on of th i s  type of 
crash i s  no  easy matter . These a re the reasons for wh i c h  we performed exper i 
menta l c o l l i s i on s  and , i n  v i ew of th i s  d i vers ity of S i tu at i on s ,  we sel ected 
co l l i s i on s  c orrespond i ng to the pro b l em that seems to be more acute and the 
most eas i l y s o l vab l e  at the present t i me ,  i . e . acc i dents i n vo l v i ng autocyc les  
and , more spec i f i c a l l y ,  moped -tou r 1 n g  c a r  crashes . For the purpose of th i s  i n 
vest i g at i on , the most representat i ve con f i gu rat i on s  - at the l e ve l s  both of 
frequency of occu rrence and of gra v i ty - were sel ected f rom the acc idento l og i 
c a l  data . Twenty-two c rashes were thus  s i mu l ated , and h a ve been wri tten u p  i n  
the present paper . 

I - CHARAC T E R I S T I CS OF CAR- TWO-WH E E L E D- V E H I C L E  CRASHES . -

I n  France , acc tdents i n vo l v i ng two-whee l ed veh i c l e s  a re the second most 
i mportant cause  of h i ghway fata l i t i es , represent i ng 24 % of the fata l casu a l 
t i es . For the year 1 980 ,  i t  can  be  esti mated that the number of  two -whee l ed 
veh i c l es was a round 23 m i l l i on s ,  whereas the fou r-whee led veh i c l es represented 
some 20 m i l l i o n s  veh i c l e s  ( 2 ) . These f i g ures underscore the i mportance of the 
number of two-whee l ed veh i c l e s . 

Autocyc l e s  a re i n v o l ved i n  n e a r l y  60 % of the acc i dents that occur w ith 
two-whee l ed veh i c l e s , and of a l l  the acc i dents i n vo l v i ng motor i z 2d two-whee l ed 
veh i c l e s ,  82 % were co l l i s i on s  w i th pas senger cars . Autocyc l es hence const i tu 
t e  the veh i c l e  c ategory that i s  by far  the most e xten s i ve l y  represented i n  
two-whee l ed - veh i c l e  acc i dents . 

An a l y s i s  of the res u l t s of acc i dento l og i c a l  i n vest i g at i o n s  y i e l d s  accu
rate data c oncern i ng the c i rcumstances of the acc idents . The f i n d i ng s  presen 
ted are t� ose of the Peugeot S . A . / Ren d u l t  acc i dento l og i c a l  i n vest i gat i ons . 

350 acc i dents occurr i ng between a two-whee l ed veh i c l e  and a pas senger 
car  were ana l yzed . In 2 out of 3 c o l l i s i ons , the two-whee l ed veh i c l e  c ame i n  
contact w ith  the f ront part of the c a r ;  th i s  i s  the most d angerous conf igura
t i on , s i nce  it  i nc l udes a l l the  fata l casua l t i es i n  t h i s  samp l e . Co l l i s i on s  
i n vo l v i ng the rear part of the c a r  were o f  the l east frequent occu rrence 
( a bout 1 9  %) . Seven ma i n  types of conf igurat i ons  were used for c l a s s i fy i ng the 
crashes ; they are d i v i ded i nto two ma i n  groups , as  fo l l ows : 

- co l l i s i on s  w i thout escape : these a re c a ses i n  wh i c h  the v ar i at i on i n  
ve l oc i ty of the two-whee l ed veh i c l e  occurs p r i nc i pa l l y  ag a i n st the c a r ;  the 
r i s k  of head - ag a i n st-car  i mpact i s  extreme l y  h i gh in these c ases ( 46 % of the 
co l l i s i ons ) .  

- c o l l i s i ons  w i th esc ape : the v i c t i m  i s  thrown off the veh i c l e  w i thout 
the occu rrence of d i rect head i mpact ; th i s  represents a con s i dera b l e  reduct i on 
i n  r i s k , s i nce head i n j ur i e s  a re by far  the most frequent and most ser i ous  i n  
th i s  type of r i ders ( 26 % of the c o l l i s i ons ) .  
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A n umber of these acc i dents sho u l d  be con s i dered separate l y  from the 
others , i n  v i ew of the very l i mited ro l e  that the c a r  p l ays in them : these a re 
s ide-swi pe co l l i s i on s ,  wh i c h  are an extreme c a se o f  esc a pe , occu rr ing  i n  the 
form of the two-whee l ed veh i c l e ' s  s l i d i ng ag a i n st the c a r ,  w i thout the occur
rence of any maj or energy exch ange , but c a u s i n g  the autocyc l e ' s  r i der to be 
knocked out to the g round ( 24 % of the c o l l i s i ons ) ( Fi g . 1 ) .  The number of 
acc i dents i n vo l v i n g  two -whee led veh i c l e r i ders  be i n g  knocked to the ground 
accounts for 4 % of th i s  type of two-whee l ed veh i c l e  c a r  acc i dent . 

The d i vers i ty of the conf i g u rat ions  1f the c o l l i s i ons between c ars and 
two-whee l ed veh i c l e s  and the v a r i o u s  k i nemat i c s  en s u i ng theref rom j u st i fy the 
exper imenta l s i mu l at i on of a l arge numbe r of co l l i s i on s . 

I I  - THE EXPERIMENTAL COLL I S I ONS . -

Purpose - Expe r i ment a l  car/two-whee l ed - veh i c l e  c o l l i s i ons a re a major  
source of data on the f o l l owi ng : 

- the poss i b l e  k i nemat i c s  of a two-whee l ed - veh i c l e  r ider  d u r i ng occur
rence of c o l l i s i on s ; 

- the a s soc i ated l eve l s  of acce l erat i on recorded for the sundry body 
area s . 

In add i t i on , they enab le  the f o l l ow i n g : 

- i n vest i g at i on of the he l met ' s  ro l e  and of the l eve l  of protect i on 
afforded thereby , p l us , i n  l i a i son w i th the f i n d i n g s  of the b i omechan i c a l  
exper imentat i on , def i n i t i on of the requ i rement s  to be met by a we l l -de s i gned 
he l met that wou l d  pro v i d e  sat i sfactory protect i on i n  the major i ty of the acc i 
dents . 

- Invest i g at i on of protect i ve measures that are e i ther s pec i f i c  or a re 
shared w ith other u ser c ategor ies , i n  the l i ght of a data base t h at en a b l e s  
gaug i ng o f  the pos s i b l e  i nf  l uence that cou l d  be e xerted on the two-whee l ed-ve
h i c l e  r i der ' s  k i nemat i c s  by the i ntroduct i on of  i mproved safety feature s  onto 
e i ther the two-whee l ed veh i c l e s  or the c a r s . 

- Supp l y i ng of reference data to acc i dento l og i sts for e v a l u a t i n g  the ve
l o c i t ies  occurr i ng i n  acc i dents in the v a r i ou s  conf i gurat ion s . 

Test ing  cond i t i on s  - In  the maj o r i ty of the s i mu l at ions  performed , the 
car used was a standard des i gn Ren a u l t  5 ,  wh i c h  i s  a veh i c l e  w i d e l y  d r i ven i n  
France . The cho i ce o f  th i s  s i ng l e  mode l o f  c a r  w a s  mot i v ated by concern with 
prec l ud i ng a w i der s c atter of resu l t s  and w ith  h a v i n g  f a i r l y  homogeneou s  f i n 
d i ng s  for purposes of compa r i son . Howeve r ,  two tests were performed with  a ve
h i c l e of a d i st i nct l y  d i fferent prof i l e ( tests  1 342- 1 and 1 342- 2 ) . At the i n s 
tant of occu rrence o f  i mpact , the c a r  began  brak i ng w ith a dece l erat i on of 0 . 5  
to 0 . 7  g .  For a g i ven conf i g urat ion , seve r a l  c o l l i s i on s were st aged at d i ffe
rent s peeds , to en a b l e  max i mum ad j ustment of the ve l oc i ty cou p l e s  l i sted i n  
the acc i dento l og i c a l  d at a . The a utocyc l e s  u sed were represent at i ve of those 
most w ide ly  found in  traff i c . In most of the tests , the two-whee l ed veh i c l e  
was prope l l ed by a s l ed , thereby recreat i n g  the trave l preced i n g  the c r as h ;  
short l y  before i mpact , the two-whee l ed veh i c l e  was re l e a sed f rom the s l ed and 
a l l owed to ro l l  a l ong the ground . 

The two-whee l ed veh i c l e  d r i ver was an ad u l t  50th-percent i l e  dummy w i th a 
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Hybrid  I I  head . I n  one c a s e ,  wh ich  was the du p l i cat i on of a rea l -wo r l d  acc i 
dent , the 1 1d r i ver 1 1  was a human subject ( MS 7 7 ) . Test No . 850- 1 was a l so a S i 
mu l at i on of t h i s  s ame acc ident , but performed with a dummy . In  c erta i n  test s , 
the two-whee l ed - veh i c l e  d r i ver  was f i tted with a he l met . 

The dummy was stand ard l y  equ i pped w ith acce l e romete rs i n st a l l ed i n  the 
head , thorax and pe l v i s  and , de pend i ng on the test , in one l owe r l i mb j u s t  
above t h e  knee , o n  t h e  s i de of the c ar ' s  front f ace . 

Severa l h i gh - s peed c ameras ( 300 to 1 , 000 shots per second ) f i l med the 
crash  scene s .  After the test s , mea s u rements were made of the stopping  d i stan
ces  of  the veh i c l e s  and  the dummy , and  impact po i nt s  were recorded , a s  we l l  a s  
the crush  of both veh i c l e s . 

For each test , a det a i l ed report was drafted ; t h i s  report i n c l uded the 
fo l l owing : 

- testing  cond i t i on s , 
- summary of the pattern of deve l opment of imp act and of the pr inc i pa l  

f i nd ing s  ( c hron o l ogy of the i mpact ) ,  
- det a i l ed l ayout w ith measurements of the p r i nc i pa l  d i men s i on a l  i n d i c a -

t i on s , 
- acc e l erat i on s  pert� i n i ng to the v a r i ou s  body areas , 
- trajecto r i e s  and i mpact ve l o c i t i e s  of the  head i n  re l at i on to the 

veh i c l e  and the g round . 

In every case , ma in  emphas i s  was p l aced on a n a l y s i s  of the head - i mpact 
character i st i c s  as  concerned both the k i nemat i c s  and the i mpact severity . 

The test ing  cond i t i ons  are l i sted i n  Tab l e  1 ,  by types of conf iguration . 
, ; V 1 "  i s  the ve loc i ty of the car ; 1 1 V 21 1 i s  the ve loc ity of the two-whee l ed veh i 
c l e ;  1 1 a 1 1 i s  the off - cente r i ng between the a x i s  of the car ( or of the centra l 
pi l l ar ,  for s i de i mp acts ) and the d i rect i on of the two-whee l ed veh i c l e ;  and Ol 
ind i c ates the ang l e  formed by the d i rect i on s  of the two veh i c l e s  ( 3 ) .  

I I I  - THE F I ND I NGS . -

I n vest i g at i on of acc ident seve r i ty i mp l ies  e v a l u at i on of the i n j u r i e s  
o r ,  i n  the c a s e  o f  test co l l i s i on s  performed with dummi es , e v a l u at i on of the 
i n j u ry r i s k  an the ba s i s  of the measu rements found for the dummy in re l at i on 
to the k i nemat i c s  of the i mpact . 

Invest i gat ion  was carr ied an by type s of conf i gurat i on s , and , s i nce 
protec t i on of the head i s  a major prob l em for acc idents i n v o l v i n g  two-whee l ed 
veh i c l e s , th i s  matter w i l l  be dea l t  with  l ater-on . 

For each  confi gurat i on ,  we made sure that the impact patterns  ( brak i ng 
d i stances ,  proj ect i on d i stance s ,  etc . . .  ) a s  we l l  as  th� veh i c l e 1 s  deformat ion 
patterns were comp a r a b l e  to those found in  the rea l -wo r l d  acc idents that had 
occurred in these s ame configurat i on s .  

Fronto-front n l  c o l l i s i on s - Se ven s i mu l at i ons were performed for fronto
f rontal colli s i on s :  for two of them , the traj ector i e s  were coaxi a l , wh i l e for 
the other f i ve ,  they were obl ique , w i th the two-whee l ed veh i c l e  str i k i ng the 
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Tab l e  1 - Test cond i t ions  for the 22 two-whee ler/car col l i s i ons . 

ex o 
--

90° 

90° 

90° 

90° 

90° 

90° 

90° 

90° 

30° 

30° 

60° 

60° 

60° 

oo 
oo 

oo 
oo 
oo 
oo 

60° 

oo 

oo 

He l met 
no 
no 
no 
no 
no 

yes 
yes 
yes 

no 
no 

yes 
yes 
yes  

no  
no  

yes 
yes 
yes 
yes 

yes 

yes 

yes 

1 6 1  



„"--- -'f ) 
·� _ _  ij Q .  

WITHOUT ESCAPE 

��-.„ 
.. c=J . 
. = ... · 

WITH ESCAPE SIDE-SWIPE 

Figure 1 - C l as s i f i c at i on of the car-two-whee ler  col l i s i on conf i gurat i ons . 
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c ar ' s  front end with a cert a i n  i nc i dence ang l e  ( 30° or 60° ) . Th i s  type of c o l 
l i s i on accounts for over 3 5  % of the rea l -wor ld  crashes  between cars  and two
whee led veh i c l es and , in t h i s  res pect , it i s  u sefu l to have an e xper i mental  
reference  for t h i s  type of  cras h . If  the s peed of approach i s  a parameter 
suff i c i ent to express the v i o l ence of the contact between the car  and the two
whee l ed veh i c l e ,  the dummy 1 s  u l terior k i nemat i c s  depends part l y  on the ve l oc i 
t i es of the two mobi les : a c o l l i s i on occurr i ng at 5 0  km/h x 0 km/h i s  not 
str i c t l y  the eq u i va l ent of a col l i s i on occurring at 25 x 25 km/h as concern s 
pro j ect i on onto the ground . 

The d ummy 1 s  k i nemat i c s  were corre l ated with  the phy s i c a l  measurements 
assoc i ated w ith the impact . These k i nemat i c s  are l i sted in  F i gure 2,  and Tab l e  
2 s ummar i zes  the measurement f i nd i ngs  for these seven tests . 

Tab l e  2 - Me asurement resu lts  for i mpact ag a i n st the car i n  fronte-fronta l  
co l l i s i ons . 

Test Res u  1 tant Head i mpact t ma x .  � max . � max . 
No . ve l oc i ty v e l oc i ty V I /V R  head thorax pe l v i s  

( km/h ) ( km/h ) ( g )  ( g )  ( g )  

842- 3 1 8  75 22 35 
859- 3 50 26 0 . 52 58 29 87 
859- 1 no head i mpact 
859-2 44 20 0 . 4 1  50 1 9  38 
859- 4 42 1 8  0 . 43 1 5  43 
859- 5 39 1 8  O . S 1  50 24 5 

1 1 8/- 2 32  24  0 . 75 40 48 70 

S ince  the g round impacts in these s i mu l at i on s  induced the occu rrence on
ly of head i mpacts , wi thout the occu rrence of pe l v i c  or thorac ic  impact s ,  
ground i mpact wi l l  be anal yzed in  re l at i on with the ro le  of he 1 met . 

One c o l l i s i on c au sed d i rect impact of the thorax and pe l v i s  onto the 
car hood , and i n vo l ved re l at i ve l y  low l e ve l s  of acc e l erat ion ( � thorax = 22 g 
and o pel v i s  = 35 g ) . The acc idento l og i c a l  f i nd i ngs conf i rm t h i s  point . The 
pel v i s  and thorax seem to emerge as body areas that are not e s pec i a l ly e xposed 
to d anger i n  c ar· /two-whee l ed - veh i c l e  co l l i s i on s  of t h i s  type . The s i tuat i on i s  
q u i te d i fferent as concern s the head . I n  one s i ng l e  case , the head esc aped , 
but head i mpacts were observed i n  the other s i x  co l l i s i on s ,  most frequent l y  
ag a i n st the w indsh i e l d . Tab l e  2 shows the corre l at i on between the head ' s  im
pact v e l oc i ty and the re l at i ve c l o s i ng speed of the two veh i c l es , depend i ng on 
the autocyc l e ' s  d i rect i on , in rel at i on to the a x i s  of the veh i c l e* .  

The head ' s  impact ve l o c i ty was about one-h a l f  the approach s peed of the 
two veh i c l es . Th i s  reduced head ve l oc i ty can probab l y  be accounted for by the 
dummy ' s  be i ng thrust into s peed by the c ar . As suming that the beh a v i o r  of a 

( * )  For obl i que co i l i s i on s  the re l at i ve c l os ing  speed i s  c a l cu l ated as the sum 
of the norms ot the project i on s  of s µeed vectors for the car and the two
whee l ed veh i c l e . 
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human body was accu rate l y  s i mu l ated by the dummy , two remarks a re i n  o rde r ,  a s  
fo l l ows : 

- i n  th i s  conf igurat i on , e ven an acc ident occurring  at h i g h  speed c o u l d  
produce a n  on ly  moderate l y  v i o l ent head impact . 

- However , an a l ys i s  of the rea l -wor l d  acc idents s howed that t h i s  type 
of acc ident i s  genera l l y ser iou s ; t h i s  can be accounted for by the d i vers i ty of 
shapes of cars  and of struck areas , accord ing  to t h i s  d i vers i ty . 

Fronto- l atera l  co l l i s i on s  - I n  fronto - l atera l co l l i s i on s , the c ar 1 s  
f ront stri kes the s i de of the two-whee led veh i c l e ;  the i mpacts are off-cente
red to vary ing  e xtents i n  rel ation to the c ar 1 s  med i an ax i s ,  w ith the i mpact 
k i nemat i c s , of course , be inq  i n f l uenced thereby . In t h i s  ser ies , we i nc l uded 
an obl ique rear col l i s i on ( test 1 1 87- 1 ) ,  i n vo l v i ng a two-whee l ed veh i c l e  and 
a car mov i ng in the same d i rect i on ; the dummy 1 s  k i nemat i c s  c l os e l y  resemb led 
those found in sheer ly  f ronto - l ateral  i mpacts . The d ummy 1 s  k i nemat i c s  v a r i ed 
w idely  depen d i ng on the test , e ven when the i n i t i a l  cond i t i on s  were c l os e l y  
s i mi l ar . The factors that i n f l uenced the k i nemat i c s  were qu ite numerous , i n 
c l ud i ng the speed s o f  the two veh i c l e s ,  pattern o f  off-cente r i ng o f  the i mpact, 
and , in the s i mu l at i on s ,  the not i ncon s i derabl e effect of the i nterpo s i t i on 
of the dummy 1 s  arm , an effect wh ic l·1 i s  d i f f i c u l t  to a s sess  i n  rea l -wor l d  acc i 
dents and wh ich  sure l y  does n ot have the s ame con sequences . 

F igure 3 and Tab l e  3 show the re l at i on between the dummy 1 s  k i nemat i c s  
and the phys i c a l  me asurements found for the impacts o f  the various  body areas 
aga inst  the veh i c l e . 

Tab l  e 3 - Me asu rement resu l t s  for i mpact ag a i n st the car  i n  f ronto- l ateral  
co l l i s ions . 

Test Resu 1 tant Head i mpact �max . Omax . Oma x .  
No . ve loc i ty ve l o c i ty V I / V R  head thorax pel v i s  

( km/h ) ( km/h ) ( g )  ( g )  ( g )  

752- 1 28 27 ""1 1 55 28 40 
842- 1 30 no d i rect i mpact 43 32 40 
842- 2 30 i nterpos it ion 1 40 60 70 

of the e l bow 
850- 1 43 30 0 . 7  90 45 1 1 5  

1 342- 1 30 29 rv1 65 2 1  
1 342- 2 40 2 1  0 . 52 82 26 80 

1 1 88 32 50 1 . 6 1 1 7 44 84 
MS 77 42 42 1 255* 5 5  68 
1 1 87- 1 24 no  i mpact 

* occ i p ita l  transducer on l y  

Out o f  the n i ne tests performed , on l y  three i nduced ehest i mpacts ag a i n 
st the veh i c l e  and on l y  one o f  these can be qua l i f i ed as rather v i o lent : (!' 
max i mum = 55 g .  An a l ys i s  of the rea l -wor l d  acc idents con f i rms the l o w  f requen
cy of ocCl !rrence of t h i s  type of impact in f ronto- l ate ra l  col l i s i on s  - on l y  
two cases out of t h i rty-one . As concern s the pe l v i s ,  h i gh but short -durat i on 
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Test 850-1 

, 40 kph 

Test 1 3 4 2 - 2  

' 
3 2  kph 

3 2  ;-:p:1 
-+-....+---„ 

Test 1 1 88 

t.30 kph 

Test 1 3 4 2 - 1  

MS 7 7  

1 7  kp 
.-

T e .s  ·: 
1 1 8 7 - 1  

F igure 3 - Ki nemat i c s  o f  t h e  dummy i n  re l at i on w ith t h e  car  f o r  f ronte- l ateral  
co l l i s i o n s . 
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acce lerat i on s  were found i n  four cases , but the O 3 ms d i d  not exceed 50 g ;  i t  
shou l d  be n oted that a threshold  of to lerance proposed for the pe l v i s ,  i n  terms 
of acce lerat i on ,  i s  90/ 1 00 g dur ing  3 ms ( 4 ) .  

The v a l ues  obta i ned are hence compat i b l e  w ith the non-occurrence of pe l 
v i c  i n j u ry .  I n  the rea l - wor ld  of acc i dents , there occu rred no pe l v i c  fracture 
as the res u l t  uf the pel v i s  str i k i ng the car  for t h i s  type of conf i g u rat i on . 

The acce l erat i on va l ues for the l ower l i mbs were h i gh whenever there was 
occu rrence of d i rect impact of the bumper ag a i nst the leg  ( f rom 1 30 to 1 70 g 
at th igh  l e ve l ) .  S i n ce these v a l ues  are not c l ea r l y  re l ated to the r i sk of 
occu rrence of i n j ury to the lower l i mbs of acc ident v i c t ims i n  th i s  type of 
experiment , these v a l ues  can neverthe l e s s  serve as i n d i c ators of v i o l ence . 
However , tr:ere i s  reason to be l i eve that at these i mpact speed s ,  fractures of 
the l ower 1 i mbs cuu l d  t1ave occurred , as  i s  observed i n  rea l -wor l d  acc i dents , 
and as were observed i n  tests at ve l o c i t i e s  on and after 1 7  and 24 km/h ( 5 ) . 

Exami n a t i on of Tab l e  3 shows that , u n l i ke the s i tuat i on w ith  fronto
fronta l  co l l i s i on s , there seems not to be any s i mp le  re l at i on between the c l o
s i ng s peed of the two veh i c les  and the impact ve l oc i ty of the head . The c ar 1 s  
speed i s  not the on l y  parameter to be taken into con s i derat i on , s i n ce the two
whee l ed veh i c l e  ve l oc i ty has  a d i rect i n c idence on the occu rrence  of head im
pact . A s i n g l e  co l l i s i on resu l ted in  an  esc ape . In  a l l  the other c a ses , there 
was the occurrence e i ther of a head i mpact , e i ther of an i nterpo s i t i on of the 
arm , thereby art i f i c i a l l y prevent i ng such an i mpact . For the two c o l l i s i ons  
reproduced w ith the other veh i c l e ,  there was  no fundamenta l  d i fference in  k i ne
mat i c s  except i n  the  occurrence of  f l atter head trajector ies , s i nce t h i s  veh i 
c l e  had a l ower ,  more p l u n g i n g  prof i l e  than the Renau l t  5 .  Two s a l i ent poi nts 
are noteworthy as regards k i nemat i c s : 

- the i n f l uence of the d i fference i n  i mpact v e l oc i t i e s  seems to be but 
s l ight ; when the car  i s  mov i ng at 40 km/h , the head 1 s  traj ectory i s  on l y  s l i gh� 
ly f l atter than at 30 km/h . 

- the i n f l uence of the i n i t i a l  off -cente r i ng on the head 1 s  u l ter ior  k i ne
mat i cs seems to  be preponderant . 

As concerns the i n f l uence of the off-cente r i ng , i t  wou l d  be u sefu l to es 
tabl i sh a compari son w ith  the  acc idento l o g i c a l  observat i on s  i n  o rder to  eva
l uate whether t h i s  parameter has  the same importance i n  the rea l -wor l d  acc i 
dents . 

Latero-front a l  co l l i s i on s  - Fou r  l atero-fron t a l  co l l i s i on s  were perfor
med , i n  wh i c h  the autocycle i mpacted the s i de of the c a r ;  i n  three cases , the 

two-whee led veh i c l e  and the car were actuated , w ith  the two -whee l ed veh i c l e  
i mpact i n g  the c a r  o n  more-or- l ess the l atter 1 s  front part . 

The d i agrams of the k i nemat i c s  are s hown i n  Fi gure 4 ,  and the measurement 
f i n d i n g s  are l i sted i n  Tab l e  4 .  

I n  these four s i mu l at i on s ,  we observed no v i o l ent i mpact of the thorax i n  
terms of acce lerat i on ; t h i s  fact was due t o  the off-cente r i ng of the i mpacts i n  
re l at i on to the B- p i l l ar of the c a r ,  s i nce i n  the re a l -wor ld  acc idents , we had 
noted severa l cases of A I S ) 2 .  
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Tab l e  4 - Measu rement resu l t s  for impacts aga i n s t  t h e  car  
c o l l i s i on s . 

Test Res u  1 tant 
No . ve loc i ty 

( km/h ) 

1 1 86- 1 33 
1 1 86-2  32 . 5  
1 1 86- 3 3 2 . 5  
1 1 90 32 

T e s ::. 1 1 8 6 - 1  

T e s t  J.. 1 8 6 - 3  

3 2  kph 

Head impact 
ve l oc i ty V I /VR  

( km/h ) 

no  i 11 1pact 
no impact 

30 0 . 9  
1 8  0 . 56 

.... 
3 2 }',i:· h 

-·----1 ·  � IL. ' 1 
' 

1 i! 
--- · -- -

Omax . 0 milx . 
head thorax 

( g )  ( g )  

42 
1 90 3 1  
85 1 8  

T e s t  1 1 86 - 2  

'1'e s t  1 1 90 

i n  l atero-f ront a l  

'lfmax . 
pel v i s  

( g )  

92 
62 
30 

\ 

3 2  kph _L _ _  

0 kph 

F i gure 4 - Ki nema t i c s  of the dummy i n  re l at i on with the car  for l atero-fronta l  
c o l l i s i ons . 
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There was no occu rrence of pe l v i c  impact aga inst  the c a r ,  and th i s  i s  i n  
good agreement w ith the acc idento l og i ca l  i n vest i gat ion . 

The grav ity of the head ' s  i mpact aga i n st the car  depends on the k i n ema
t i c s ; in  two cases , an escape was observed . I n  a t h i rd case ( test 1 1 90 ) w i th 
the car  stopped , we found the occurrence of a he l meted head ' s  impact ag a i n st 
the s i de d r i p-ra i l  at a s peed of 1 8  km/h , resu l t i ng i n  a l ow H I C  ( 230 ) ; the 
he lmet , whose fronta l part was subj ected to impact l oad i n g ,  d i d  i t s  job proper
l y . In test 1 1 86- 3 ,  in wh ich  the impact was skewed in a forward d i rect i on , i t  
was n o  l anger the head that struck ttie car ; rather , t h e  w ind s h i e l d-frame corner 
of the car , with the l atter mov i n g  at 8 . 3  m/s , h i t  the dummy ' s  temp l e  be l ow 
the area protected by the he l met , i n f l  i ct i ng a h i gh H l C :  1 82 1 . In  th i s  l atter 
case , impact v i o l ence was due to the ve l oc i ty of the str i k i ng car , where as  i n  
the pre v i ou s  case  i t  was due or l y  to the s peed of the two-whee l ed veh i c l e  pr ior  
to  impact . T h l s remark l e ad s u s  to  break down the l atero-front a l  co l l i s i ons  i n  
wh ich  head impacts occur i nto two d i st i nc s  groups , s i nce the  grav i ty of  the 
i n j u r i e s  sustai ned in these two groups i s  d i fferent in terms of the type of 
head impact that they cause . 

Other types of co l l i s i ons  - Two add i t i o n a l  s i mu l at i ons  were performed 
with a v i ew to ascert a i n 1 ng the k i nemat i c s  of two-whee l ed - veh i c l e  dr i vers i n  
more con f igurat i on s . In the f ront a l  c o l l i s i on i n vo l v i ng the crash  of a two
whee l ed veh i c l e  aga i n s t the rear of a car  ( test 1 274 ) ,  on l y  the head struck the 
veh i c l e  at h i gh s peed - 29 km/h - the same range of s peed as the approach 
s peed . The impact of the he l meted head occu rred aga i n st the u pper rear c ro s s 
member and , desp ite the apparent r i g i d i ty of the area struck , the res u l t i n g  
acce l e rat ion  and H I C  were low ; th i s  was d u e  t o  the combi ned effect o f  three 
factors , i . e . the he l met ' s  act i on i n  the front a l  are a ,  the crush i ng of the 
car area struck , and the thru st i ng i nto s peed by the car , wh i c h  i nduced a 
s peed vari ation of l e s s  than 29 km/h for the dummy ' s  head . The k i nemat i c s  and 
the measu rement f i n d i n g s  are g i ven in F igure 5 .  

T e s t  1 2 7 4  V kr11 6 max 

He ad 29 80 

Thorax 38 

Pelvis 30 

HIC 

156 

F igure 5 - Ki nemat i c s  of the dummy i n  re l at i on w ith the c a r  for rear-fronta l 
co l l i s i on s . 

A crash  i n vo l v ing an autocyc l e  that had been struck i n  the rear by the 
front part of a car was a l so du p l i cated ( test 1 002 ) . The k i nemat i c s  of the 
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i mpact i s  s hown i n  F igure 6 .  The he l meted head struck the car  ag a i n st the 
upper j o i nt of the w indsh i e l d . The head 1 s  impact ve l o c i ty was extreme l y  h i g h  
( 50 km/h ) ,  but its  acce l e rat i on was l o w ,  because there was actua l l y no d i rect 
impact of the head ag a i n st the roof ; the e xten s i ve crush  of the roof and of 
the l am i n ated w ind s h i e l d  were due to the thrust of the body v i a  the i ntermed i a
ry of the shou l ders . The l ac k  of measurements re l ated with the protect i on of 
the neck does not e n a b l e  prej udg i ng of pos s i b l e  i n j ur i e s  at th i s  l e ve l ; never
the l e s s  such an i mpact speed i s  l i ke l y  to produce severe i n j u r ies , wh i c h  can 
not be detected with the neck of the dummy u sed . 

Test 1002 

1-ead 

V kph Ö max HIC 

53 43 70 

lhorax 44 
--- Pel vis 28 

Fi gure 6 - Ki nemat i c s  of the dummy i n  re l at ion with  the car  for front a l - rear 
c o l l i s i ons . 

I V  - ANALYS I S  OF  HEAD IMPACTS . -

I n  v i ew of the n ature o f  t he tests , for a more deta i l ed an a l y s i s  of 
head i mpact seve r i ty ,  i t  i s  necessary to d i st i ngu i s h  between i mpacts ag a i nst 
the car  and  i mpacts aga i n st the ground . In  fact , if  the ground consti tutes i n  
these expe r i mentat i on s  a homogeneous obstac l e ,  s i mi l ar to a noncru s h a b l e  p l a
ne , the s ame i s  n ot true of the c a r ,  con s iaering the d i vers ity of the st iff 
nesses and s hapes o f  the areas  struck . 

The f i n d i n g s  for these impacts are l i sted i n  Tab l e  5 .  

Impacts aga i nst the g round - I n vest ig at i on of  head-ag a i n st-the-ground 
impacts i s  del i c ate , i n  part i cular for the eva l u a t i on of ve l o c i t i es . In  fact , 
before the performing  of a test , i t  was not a l ways pos s i b l e  to accu rate l y  an 
t i c i pate the l oc a l i zat i on of the head 1 s  i mpact ag a i n st the ground ; consequent
l y ,  in cert a i n  cases , the i mpacts occurred i n  a d i m l y- l i t  space and often at 
the l i m it  of the camera scope . As a res u l t ,  measurement of head - ag a i n st -the
ground impact ve l oc i t i es cou l d  be fraught with error and shou l d  be con s i dered 
in a c r i t i c a l  way . More , the l ater a l  sti ffnesses  of both thorax and shou l der 
of the dummy makes that l ater a l  fa l l s  of a human be i ng c an not be prope r l y  
s i mu l ated . 

Fi gure 7 represents the H I C  va l ues  i n  terms of the ve l oc ity of the 
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Head Impact Against the Car Head l111>act Against the &'ound 
Test Velocity lmpacted Velocity Normal velocity 

No . Type HIC (kph) area Type H I C  ( kph ) (kph)  

752- 1 parietal 206 27 wlndscreen occlpltal 9 6 . 1  5 . 8 
842- 1 escape 428 no i mpact Jnterposltlon 1 70 39 .6  1 5 . 8  

of the arm 
842-2 no contact 743 interpo s i t i on arm under the 89 

of e l bow head 
850- 1 top of the 884 29 .5 tempered face 1 1 30 28.8 18 

head windscreen 
MS 77 parietal 1370 4 1 .8 upper cross- 899 

rnember 
1 342- 1 parietal 34 1 29 scuttle top of the 23 25 1 6  

helrnet 
1 342-2 parietal 1 55 2 1  wlndscreen parietal 3 1 7  29 25 
1 188 639 50 bannet - in- parietal 1650 25 22 

terpos ition of 
the arm 

859- 1 no d i rect impact occ i p ltal 99 
859-2 top of the 170 2 0  wl ndscreen parietal 57 32.4 9 

skul 1 
859-4 front 1 4  18 bannet top of the 21  12 .6  9 .4  

sku l l  
859-5 front 105 18 windscreen parietal 203 18 1 7 . 2  

1 187-2 front 1 1 3  24 windscreen 52 

1 186- 1 no impact occipital 484 31  18 
1 186-2 II II occipital 798 27 22 
1 186-3 right 1821 30 upper j oint of no impact 

temple windscreen 
frarne 

1 1 90 front 230 18 s i de-drop-rai 1 no i mpact 

842-3 frontal 129 18 lower cross- f ac i a l  427 1 9  1 2 . 6  
member 

859-3 frontal 230 26 1 aminated parietal 1 34 25 14 
windscreen 

1 187-1 ( 5 )  no head i mpact 1 1 3 ) no head impact 

1274 frontal 156 29 upper cross- the dummy 202 23 .5  20 
member of back fallson h i s  
window back 

1002 occipital 70 53" upper joint 
wi ndscreen 

of occ i p ital  33 

frarne 

Tab l e  5 - Cond i t i on s  of head i mpacts and correspon d i ng mea s u rement res u l t s  for 
head i mpacts aga i n st the car  and  ag a i nst  the ground . 

head 1 s  i mpact aga i n s t  the ground , for both he l meted and non
he l meted dummies . On the absc i s s a ,  there i s  a l so i n d i c ated the  equ i v a lent f a l 
l i ng  he i ght thnt i nduces the s ame i mpact ve l oc i t i e s , o n  the one h and i n  o rder 
to g auge the vert i c a l  s peed chrust i nduced by the i mpact aga i n s t  the veh i c l e  
and , on the other hand , i n  order to compare with  the f a l l he ight s  of the fake 
he l meted heads provi ded for by the e x i st i ng norms ( 1 . 83 m and 2 . 4  m ) . Th i s  f i 
gure perm i t s  the observat i on of two fact s ,  a s  fo l l ows : 

- i n  the samp l e  con s i dered , and w ith i n  the l i m i t s  of the accu racy of the 
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H I C  

RJ-0 w1 thout he l met 

1500 nc w i t h  he l met. 

1000 

500 

� d i rect i on of impact 

k)� 
� 'e impact ve l oc i ty ( m/s ) 

2 
0.1 o� 

4 5 6 ] 
1,5 2 2.5 

equ i v a l ent drop h e i g h t  ( m )  

F igure 7 - H I C  versus  head i mpact ve l o c i ty at  impact ag a i nst  the  ground . 

measurement s , there emerges a pos i t i ve effect of t he he l met . 

- Önce ag a i n ,  we f i nd  the i n f l uence e xerted on t he measured H I C  v a l ues  
by the  i mpacts occurr ing  aga i n s t  the edges of  the  he l met . For a stated impact 
ve l o c i ty , we n ote  an i n c reased H I C  when we move away f rom the top of the sku l l, 
the most vu l nerab l e  areas be i ng t hose l oc ated on the borderl i ne of the shock
absorbent mater i a l  in  t he tempora l  area . Th i s  con f i rms the f act that a re l i a
b le  he l met shou l d  have a h igh  i mpact m i t i gat i ng capac ity i n  the temporal  area . 
Laboratory tests performed w ith  dumm i es had y i e l ded the s ame conc l u s i on s : the 
"edge effect s "  must be reduced . 

More genera l l y ,  and u n l i ke the most severe car /pedes t r i an co l l i s i on s , 
the head -aga i n st -the-ground i mpacts were more severe i n  terms of H I C  than the 
head -aga i n st -the-car i mpact s , d e s p i te the moderate vert i c a l  ve l oc i t i e s . Th i s  
may pos s i b l y  have been due to the det r i men t a l  effect of t he ve loc i ty at wh i c h  
the d ummy s l id across t h e  g round surface . 

lt i s  s i g n i f i cant to note that a l though head-to -he l met re l at i ve move
ments  were f requen t l y  observed , the he l met fa sten i ng system never f a i l ed .  

Impact s ag a i nst  t he car  - I nterpretat i on of the f i nd i ng s  of the head 
ag a i n st-car  i mpacts h ad to take i nto account the d i vers ity of the areas 
struck . 

F igure 8 synthet i zes  the f i nd ings  recorded for head - ag a i n st-car  impact s . 
The a reas  i mpacted are i n d i c ated and corre l ated w i th t he i mpact cond t t i on s  
( ve l oc i ty of the head ) and t he con sequences thereof ( H J C ) . 

Bec a u se of the d i ff i c u l ty of eva l u at i ng the s t i ffness  of the areas 
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850- 1 
HIC = 004 
V = 8.2 m/s 

859-2 
HIC = 170 
V = 5.6 m/s 

MS 77 
HIC = 1370 
V = 1 1 .6 m/s 

1002 
HIC = 70 
V = 14.7 m/s 

--7 

842-3 
HIC = 129 
V = 5 fT1/S 

1 186-3 
HIC - =  1821 
V = 8.3 m/s 

859-4 
HIC = 14 

_v = _5 .IT,l/:..S 

1274 
HIC = 156 
V =  8 m/s 

1

1 19Q 
HIC = 230 
V =  5 m/s 

859-5 
HIC = 105 
V =  5 m/s 

1 187-2 
HIC = 1 13 
V := 6.7 m/s 

F igure 8 - Re l at i on between i mpacted areas , head i mpact ve l oc ity and severity 
( i n terms of H I C )  . 

. · .) 
struck , no c l ear corre l at i on emerges between these three parameters .  Howe ver , 
it  can  be noted that the w i nd s h i e l d  emerges a s  the l east d angerous  a rea  for 
the head ( even at the re l at i ve l y  high impact speed of 7 . 7  m/s ) .  Impacts 
aga i nst the hood a l so y i e l ded low H I C  va l ues ; the h ig hest H I C  va l ues  resu l ted 
from the two impacts ag a i n st the w i ndsh i e l d  frame . The effect of the he l met 
cannot be apprec i ated on the bas i s  of t h i s  s amp l e ,  s i nce the areas  i mpacted 
are not i dent i c a l  for the tests performed with and w ithout h e l mets . 

I n  the cu rrent state of progress , the data a s sembl ed are p r i mar i l y of 
obv i ou s  va l ue for determi n at i o n  of the ve l o c i t i e s  of head - ag a i n st-car  i mpac ts ; 
i n  the tests performed , these ve l oc i t i e s  were con s i stent l y  under 50 km/h , and · 

i n  most cases were 3 5  km/h , for both types of veh i c les . 

When the c ar ' s  front part wa s i nvo l ved ( f ronto-frontal and fronto - l ate
ral co l l i s i on s ) ,  the head ' s  i mpact ve l o c i ty was n ot a l ways l i n ked to the 
approach s peed . Bes ides , both the k i nemat i c s  and the ve l o c i t i es of the head 
in  the veh i c l e ' s  long itud i n a l  p l an e  may be compared to those y i e l ded by the 
s i mu l at i on s  of pedestr i an - ag a i n st-car i mpacts . There i s  hence reason to be
l i eve that the f i nd i ng s  for head - ag a i n st-veh i c l e  i mpacts y i e l ded i n  c o l l i s i ons  
i n vo l v i ng  pedestr i an s  are transferable  to  car-aga i n st-two whee led-veh i c l e  
col l i s i ori s a s  concerns the more or l e s s  aggre s s i ve c h aracter of the areas  most 
frequen t l y  struck ( 6 ) ( 7 ) . 

As concern s the other areas of the c a r ,  the prob lem i s  d i fferent : i n  
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most cases , impact v i o l ence i s  s o l e l y  a matter of the v e l oc ity of t he two
whee l ed veh i c l e  pr ior to impact , w ith  the speed of the c ar i nf l uenc i ng the 
occu rrence or nonoccu rrence of th i s  impact . 

In  conc l u s i on , one of the foremost f i nd i ngs of th i s  i n vest i gat ion of 
head - ag a i n st -car  i mpacts i s  that , i n  many cases , for the pu rpose of process i n g  
the i r  data , the types and ve l o c i t i es of these impacts c a n  be combi ned with  
those observed i n  the  s i mu l at i on s of  car-aga i n st - pedestr i an crashes . 

V - P ROTECT I V E  MEASURES . -

At t he con c l u s i on o f  such an i n vesti gat ion , i t  i s  i mportant t o  ant i c i pa 
t e  t h e  mea s u res  that might be devi sed f o r  t h e  protect i on o f  two-whee led-ve h i 
c l e  r i ders . 

Al though it  i s  not the purpose of th i s  paper to dea l  w ith  acc i dent pre
vent i on mea s u res , it  sti l l  a l l ows us to note - wi thout t ak i ng cost i nto 
account - the unden i ab l e  fact that the benef i t  wh ich  may be expected from im
proved pas s i ve s afety i s  a pr ior i  more l i m i ted than  the  benef i t  to be  g a i ned 
from such  measures as the creat ion of separate traff ic l anes for the two
whee l ed-veh i c l e  traff i c . 

As regards secondary s afety on l y ,  i n  terms of cost /effect i venes s , two 
k i nd s  of meas ures can  De d i s t i ng u i shed , i . e . those a imed at impro v i ng the 
safety of two-whee led-veh i c l e  r i ders and those that may a l so be benef i c i a l  to 
pedest r i an s . 

Equ i pment of two-whee led-veh i c l e  r id�rs - At present wr it i ng ,  the on l y  
compu l sory passive s afety equipment for two-whee l ed - veh i c l e  r i ders , i s  the 
he l met . lt  shou l d  be borne in  m ind that the head is  the body area most exposed 
to d amage , and that the wear i n g  of a h e l met i s  an essen t i a l  con d i t ion gover
n i ng the safety of two-whee l ed-veh i c l e  r i ders . To th i s  end , the f i nd i ngs y i e l 
ded by t he p resent i n vest i gat ion and ,  i n  part i cu l a r ,  knowl edge concern i ng head 
impact v e l oc i t i e s , can serve as reference data for draf t i ng h e l met s pec i f i ca 
t i ons f o r  these users . S i n c e  these ve loc i t ies  were i n  most cases moderate -
and were i n  a l l cases under 35 km/h - there i s  reason to be l i eve that w i th 
ident i c a l  performances , a h e l met for autocyc l e  r i de r  cou l d  be as a who l e  more 
eff i c i ent  than  a he l met for a motorcyc l i st , for whom impact v2 loc i t i es can be 
ext reme l y  h i g h . 

W ith  regard to other equ i pment , s pec i f i c a l l y  as concerns the l ower l i mbs ,  
few  i n vest igat ion s  have  been carr ied out . Protec t i on by means of  s hock-absor
bent mater i a l s  m i g ht be e xped i ent , bea r i n g  in m i nd , howe ve r ,  that prevent i on 
of f ractures can  i n vo l ve the use of a con s i derable vo l ume of mater i a l s ,  scar
cely  compat i b l e  w ith  the k i nd of use afforded by l i ght  two-whee l ed-veh i c l es . 

Equ i pment of two-whee l ed veh i c l es - No reference data are ava i l ab l e  
concernTng the effects of s afety eq uipment for two-whee led veh i c les . The TRRL 
has  carr ied o n  i n vest igat io 1 1  of equ i pment for motorcyc les , des igned to pro v i d e  
protect i on i n  t h e  event o f  t h e  occu rrence o f  fronta l impacts ( 8 ) . 

As concern s autocyc les , to the best of our know l edge noth i ng i s  ava i l a
b l e ,  and i t  i s  f a i r l y  a de l i cate matter to cons ider improvements des igned for 
such l i ght-structured- veh i c l e s . 
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An a l y s i s  of the e xper i menta l co l l i s i ons  reported on i n  th i s  paper s hows 
that autocyc l e s  p l ay a m inor  ro l e  i n  the dummy ' s  k i nemat i c s  after the i n i t i a l  
impact . I n  frontal  i mpacts ,  the cou p l i ng between the r i der and h i s  autocyc l e  
cou l d  br ing about d angerous i nterferences between the two-whee led veh i c l e  and 
the r ider ' s  abdomen : such occurrences  were observed i n  cert a i n  tests i n  wh i c h  
the autocyc l e ' s  traj ector i e s  were c l ose ly  para l l e l , but the absence o f  measure
ments i n  re l at ion  with an a bdom i n a l  protect ion  c r i te r i on ( penetrat i on , force ) 
prevents us from a s ses s i n g  the r i sk of i n j ury at t h i s  l eve l  i n  these tests ; 
howe ver , i t  does seem l i ke l y  that an acc ident v i c t i m  who was i n v o l ved i n  con
d i t ions  s i m i l ar to those of cert a i n  tests wou l d  have sustai ned a bdom i n a l  i n j u
r ies . 

I n  conc l u s ion , the eq u i pment for two-whee led veh i c l es  of whatever n ature 
wi l l  have to be tested so a s  to prove , on the one hand , that the ant i c i pated 
benef it  actu a l l y  exi sts and , on the other hand , that the r i sk of i n j u ry has  
not been tran sferred from one  body area to  anothe r ,  with no overa l l  bene f i t  to 
the acc i dent v i ct i m .  

Improvements to passenger cars - When the front f ace of pas senger cars  i s  
i n vo l ved i n  the impacts (fronte-fronta l  or fronto - l ateral  conf i g urat i ons ) ,  a s  
i t  w a s  i n  over 65 % o f  the car-ag a i n st-two-whee l ed co l l i s i on s , i t  i s  reasona
b le  to fee l that any i mprovement to t h i s  part of the car  des i gned for the pro
tect i on of pedestr i an s  c annot f a i l  to be of benef it  to autocyc l e  r i ders , w i th 
the act i on of the he l met enhanc i ng the protect i ve effect here . On the other 
hand , the pos s i b l e  i mprovements to other areas ( rear , s ide ) cou l d  be a c h i e ved 
for the benef i t  of two-whee led-veh i c l e  r i ders on l y .  The pro b l em i s  more gene
ral  and does not concern the veh i c l e  a l on e ;  rather it concern s a l l  the obsta
c l e s  that · are l i ke ly  to be struck on the pub l i c  h i ghways . 

Th i s  l atter mot i ve c l early  shows that the protect i on of t wo-whee led-ve
h i c l e  r iders i n vo l ves pr imari l y  the wear ing  of an eff i c i en t  he l met , for i t  
seems unrea l i st i c  to reduce the aggress i v i ty of a l l  the obstac l e s  on the pu
b l i c  h i ghways , of whatever nature ( passenger car�commerc i a l  veh i c l e s , featu
res of the h ighway env i ronment , etc . )  

The protect ion  of the other body areas  seems more probl emat i c a l  and de-
1 i cate . Thus , any i tem of equ i pment des igned e i ther to cou p l e  the r i der and 
the two-whee l ed - veh i c l e  together or to reduce the v i o l ence of i mpacts aga i n st 
the l ower l i mbs w i l l  have to be subj ected to s pec i f i c , rea l -wor l d  s c a l e  i n ves
t i gations  that wi  1 1  test i t s  harmle s sness  and  eff  i c ac i ty . 

CONCLUS I ONS . -

22 e xper i ment a l  co l l i s i ons between c ars and autocyc l e s  were performed 
under cond i t i on s  that were of max i mum s i mi l ar ity to those of rea l -wo r l d  acc i 
dents and were representat i ve of the l atter to a max i mum exten t . The array of 
f i nd i ngs y i e l ded by t h i s  i n vest igat i on enab led i mproved def i n i t i on of the 
user ' s  k i nemat i c s  i n  re l at i on to the acc e l e romet r i c  measurements recorded 
dur ing  occu rrence of i mpact . 

- If  these c o l l i s i on s  are compared w ith car-aga i n st - pedestr i an c o l l i 
s i on s ,  we f i nd that add i t i on a l  degrees of l i berty are i ntroduced , thereby 
res u l t i ng i n  an e xtreme l y  w i de var iety both of the two-whee l ed - veh i c l e  d r i 
ver ' s k i nemat i c s  and o f  the a reas struck by t h i s  d r i ve r ;  v i rtua l l y a l l  area s  
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of the car  are l i ke l y  to be struck . 

- I t  was d i f f i c u l t  to i nterpret the head-ag a i n st-car  i mpacts because of 
the var i ety both of the areas struck and of the i mpact ve l oc i t i es ; the l atter 
are essen t i a l  data for opt i m i z ing  protect i on of the head i n  the occurrence of 
co l l i s i on s  between cars  and autocyc les . The ma i n  f i n d i ng s  are as fo l l ows : 

I n  the e vent of a centered or ob l i que f ronto-front a l  co l l i s i on , the head 1 s  
impact ve l oc i ty i s  about one-h a l f  the veh i c l e 1 s  c l os i ng speed , but there i s  
a h i gh r i sk of ·head - ag a i n st-car impact for th i s  type of co l l i s i on , and i t  
occurs agai nst car  areas that are a l so i n v o l ved i n  pedest r i an s 1 head i mpact s .  

I n  f ronto - l atera l co l l i s i ons , the head 1 s  i mpact ve loc ity var ies  between 0 . 5  
and 1 . 5 t i me s  the veh i c les 1 c l o s i ng s peed . 

For co l l i s i ons aga i n st the rear or the s i de of the c a r ,  when the head str i 
kes the c a r ,  the head 1 s  re l at i ve v e l oc i ty i s  about that of the a utocyc l e  
pr ior t o  i mpact . 

- The f actors favorab l e  to the autccyc l e  rider ' s  undergo ing  travel  w i 
thout head i mpact were ident i f i ed a s  fo l l vws : 

. When the a utc cyc l e  i s  struck on its  s i de ,  the ve l oc i ty of the autocyc l e  and 
its off-cente r t n g  in re l at i on to the c ar 1 s  a x i s  dur ing  occu rren ce uf co l l i 
s i on reduce the r i s k  of head i mpact . 

. When the autocyc l e  stri kes the s ide of the car , on l y  those i mpacts that are 
con s iderabl y  offset toward the f ront of the c a r ,  at speeds that are s i mi l ar 
for both the two-whee l ed veh i c l e  and the c a r ,  res u l t  i n  head i mpacts . 

-Al l the head - ag a i n st-ground i mpacts occurred at ve l oc i t i e s  whose vert i 
c a l  components were l ower than or equa l  to 20 km/h . The on set of v e l oc i ty of 
the autocyc l e  d r i ver because of the speed of the two-whee l ed veh i c l e  i s  revea
led more by the ex i stence of a strong hori zonta l  component of the head ' s  ve l o
c i ty at the moment of i mpact aga i n st the ground ( up to 20 km/h ) .  Th i s  i s  the 
reason for be l i e v i n g  that a proper l y  des i gned h e l met affords effectual  protec 
t ion aga i n st the sku l l  f ractures and bra i n  con c u s s i on s  that can ensue f rom 
fa l l s  ag a i nst  the ground in the c a ses  of the col l i s i ons reported on here . 

- ln genera l ,  the thorax and the pe l v i s  seemed to be re l at i ve l y  unendange
red , a fact that was conf 1 rmed by the l ow f requency of occurrence of i n j u r i e s  
to these body a reas  o f  the autocyc l e  r i ders i n  the rea l -wor l d  acc i dents . 

- The protect i ve measures  that can be en v i saged for autocyc l e  r i ders  may 
be c l a ssed i n  two c ategor ies , as f o l l ows : 

. effect i ve uti l i zat ion  of an eff i c i ent he l met for head protection , 

. i mprovement of the car  surface areas that are the most f requen t l y  struck , 
n ot i ng that the typol ogy of the head i mpacts occurring  aga i n st the front 
part of the car  i s  not fund ament a l l y  d i fferent f rom that of the head i mpacts 
of pedest r i an s . 

- The a n a l y s i s  of veh i c l e  crush  and of i mpact d i agrams y i e l ded by these 
test co l l i s i on s  can serve as reference data for the acc idento l og i sts . 
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At present wr i t i ng , t h i s  i n vest i g at i on const i tutes an experimenta l 
approach that y i e l d s  a f a i r l y  comprehen s i ve su rvey of car-aga i n st-autocyc l e  
co l l i s i on s ;  however , add i t i on a l  in vest igat i on wi l l  be necessary i f  we are to 
better perce i ve tre rea l i t i es of acc idents i n vo l v i n9 two-whee l ed veh i c l es . 

- Certa i n  h i gh l y  part i c u l a r  conf i gurat i ons cou l d  be a n a l yzed and the 
range of impact v i o l ence cou l d  be extended . 

- V i rtu a l l y ,  a l l  the tests were perforffied with the same car ; test i n g  
· with other cars wou l d  enab le  u s  to contro l and co�pl ete the f i nd i ng s . 

Un l i ke the car-ag a i nst-pedest r i an cc l l i s i on s ,  the approach to th i s  type 
of col l i s i on by means of a mathemat i c a l  mode l  seems n ot appea l i ng , i n  v i ew of 
the d i vers i ty of the conf igurat i on s , and espec i a l l y  i n  v i ew of the need for 
tr i d i men s i on a l  ana l ys i s .  
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