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Research and rneasures for improved road safety have been conce n t r a t ed l a rge
ly on the users  o f  motor ized roadvehic les and espec i a l l y  p r ivate car users 
a l l  a r ound t he wor l d .  I n  a l at e r  s t age speci a l  a t t e n t i o n  rase for peGe
s t r i a n s . In 1 98 1  a nd 1 9 8 2  the E E VC-working group 7 "Pede s t r i an I nj u r y  
Accidents" was p reparing i t s  repo r t . At  t h a t  t im e  the Dutch de l eg a t i on 
suggested that  attent ion should be g i ven t o  b i c y c l e-ca r accidents because 
i n  the Netherlands t h i s  t ype o f  accident happened more frequen t l y  than the 
pedest r i a n-car acciden t s . 
I n  1 982 t he EEVC accepted to  set up a new working g r oup that  wou l d  deal  
w i t h  b i c y c l e  accidents and as  far  as  poss i b l e ,  a l so l ight powe r ed two
wheel e r  accident s . T h e  Dutch memb e rs o f  E E VC were  i n v i ted to  p repare a 
d iscus s i on paper for t h i s  g roup . T h e  intent i o n  o f  t h i s  working g r oup , des
c r i bed i n  the paper was ag reed by EEVC and the g r oup was set u p .  T h i s  
i nt ent ion focussed o n :  number o f  acciden t s , integrated s a f e t y  aproach , and 
international  coördin a t i on . F rom the d i scussion paper the fo l l owing e x t racts  
can be c i t e d :  

Concernino the number o f  accidents : 
" Compared t o  o t h e r  E uropean countr ies the r e l a t i v e  propo r t. i on o f  b i c y c l e  
casua l t ies i n  the Netherl ands i s  conside r a b l y  h igher , thoL1gh the abso l u t e  
numbe rs o f  t hose k i l l ed a n d  t hose i n j u r e d  a s  reported f r u m  t h e  d i f ferent 
E u ropean coun t ri e s  also seem q u i te high.  T hey indicate t h s t  p roper 
measures i n  t h i s  field  may save t housands o f  l i ves and i n j u r e d ,  while  
reduc i ng t he seve r i t y  of  i n j u ri es" . 
( No t e :  we found that the number o f  k i l l ed c y c l i s t s  per 1 00 . 000 bicycles  

i s  not much h igher i n  the Nether lands t han i n  v a r i ous o t he r  
countr i e s ;  s e e  t a b l es 8 a n d  9 o f  t h e  WGB-repor t ) . 

Concern inci an I nt�· a l  S a  fety Arproa c h :  
"Same conc lusions with  regard t o  changes o f  the ca r ,  d rawn from s t u d i e s  o f  
pedes t rian-car acciden t s , may be useful  for the h i cycle-car s i tua t i on t o o ; 
o t hers may be i n d i f ferent  but  some may be contrary t o  the b icycle cane . 
F o r  a n  i nteg r a l  approach t o  car  s a fe t y ,  changes made ( o r  to  be marl e )  f o r  
the bene f i t  o f  o n e  g roup o f  r o a d  u s e r s  h a v e  to  be careful l y  checked 
against knowledge about the character istics  o f  other  groups . 
T h i s  can be i l lustrated by - e . � .  - bumperhe i g t h , for wh icl 1  a SAE recom
mendat i on exists , as  wel l as nn l JN/ECE-Regu l a t i on . F rom research an  l a t e r a l  
car  c o l l isions a recommendatinn For a lower bump e r h e i g t h  m a y  f o l low . 
F rom pedest r ian accident research f o l l ows considerable  doubt wether the SAE 
recommend a t i on is  an advan ta�e fo r pedestrians . Cons i d e r i ng two-wheeler 
accidents the e f fects a re even less p redictab l e  a s  yet" . 

* ) ��VC : �urorean �x�er imen t a l  V e h i c l e s  Comrn i t tee . 
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r o n c e r n i n� i n t e r nat io n a l  c o ö r d i n a t ion : 
' ' l t  seems t h a t  t he s t udy o f  c a r - b i c y c l e  acc iden t s  u l t i m a t e l y  may con t r i b u t e  
a n r e a t  d e a l  t o  imp rovement o f  t ra f f i c  s a fe t y .  
T he r e  i s  a need f o r  accident da t a ;  t h e r e  a l so seems t o  be a need f o r  mo r e  
e x r e r i m en t a l a n d  huma n - t o l e r a nc e  da t a ,  as we l l  a s  fo r b e t t e r  t oo l s  t o  
g a t h e r  t h o s e  d a t a .  I n v e s t i q a t i ons o n  c r ash p ro t e c t i on for t wo-whee l e r s  a r e  
s t a r t i n q  i n  s e v e r a l  coun t r j es .  Research o n  c r ash p ro te c t i on for pedesl r i ans 
has s t a r t e d  m o r e  t h a n  ten y e n r s  a l) o ,  w h i c h  was f o l l owed some y e a r s  l a t e r  
b y  i n t e r n a t i o n a l  coörd1na t i on . Now i t  seems t o  b e  t h e  r i g h t  moment for 
s i m i l a r  ac t i on s  conce r n i n9 b i c yc l i s t s ,  w h i l e  coö r d i n a t i o n  is poss i b l e  f r om 
a n  e a r l i e r  s t aqe" . 

As a r es u J t  t h e  E E VC qave t h e  w o r k i n g  g r oup t h e  fol l ow i n g  
T e rms o f  R e ferenc e :  

- R e v iew t h e  ava i l a b l e  a c c i dent d a ta conce r n i n g  f a t al accident s a nd 
i n j u r i es t o  b i cyc l i s t s  o f  d i f fe r e n t  ages , i n vo l ved i n  r oad acc iden t s  i n  
E u rope a n d  t o  e x a m i n e  t he a cc i de n t  data o f  l i gh t -powered t wo-whee l e rs . 

( Oe f j n i nq " l  i q h t - powered two-whee l e r "  i s  a t a s k  o f  t h e  g r oup ) . 

- M a k e  recommenda t i ons inc ludinq p r i o r i t ies f o r  a c t ion on t he veh i c l e  t o  
r e d u c e  t h e  seve r i t y o f  such a c c iden t s  a n d  i n j u r i e s .  Recommen d a t i ons may 
i nc l ude e . q .  d i r e c t  measures t o  c h an!Je bicyc les , mopeds and c a r s , as we l l  
a s  spec i f i ed p r opo s a l s  f o r  r e sea r c h . 

- A t t ent i on w i l l  be q i ven t o  poss i b l e  i n f l uences o f  c e r t a i n  p r oposed 
measu res on t he sa fe t y  o f  b i c yc l i s t s ;  changes t o  the car should be 
c o n s i d e red w i t h  r espect t o  t he bene f i t  of non-occupant r oad u s e r s  ( s ee 
a l so WG 7 ' s  r ep o r t ) .  

T he w o r k i nf] l) r o up h e l d  fo u r  meet. i nC]S t o  d i scuss t h e  me t ho d  o f  work , t h e  
q l oba l con t e n t  o f  t h e r epo r t  a n d  - l a t e r - v a r i ous d r a f t s . I n  M a y  1 984 , t h e  
r e � o r t  was p resented t o  E E V C  a t  i t ' s  meeting i n  C r owthorne ( U K ) , where 
i t  W A S  8CC8f)ted . 
D u r i n q  the F i r s t  mee t i nq o f  t h e  w o r k i n g  q ro u p ,  i t  was dec i ded t o  d e a l  
a l so w i t h t h e  l i qht- nowe red two-wheel e r s ,  because i n  some p a r t i c i p a t i ng 
c o un t r i e s t h e  numbe r o f  l i !] h t- powe r e d  t wo-wh ee l e r  cas u a l t i e s i s  h i g h e r  
t h a n  t h a t  o f  t h e  h i cyc l i s t s ,  a nd because i t  w a s  t he g r oup ' s  o p i n i on t ha t  
t h e r e  wr� re q r e a t  s im i l a r i t i es be tween the two c a t eg o r ies o f  r o a d  u s e r s . 
T h e � r oup was awa re o f  t h e  d i f fi c u l t ies t h a t  c o u l d  r i se because o f  
d i f fe r ences i n  d e f i n i t i on s  o f  l i ght-powered two-whee l e rs i n  t h e  coun
t r i es . T h e re fo r e  the g roup decided t o  i nc lude a l i s t o f  requi rements 
( i n c lud inq de f i n i t ions ) f o r  l i q h t- powered two-whee l e rs - a s  used in t h i s  
r e po r t  - for t he d i f fe r e n t  coun t r i es ( see t ab l e  3 o f  the r e po r t ) . 
D u r i n g  t h e  F i r s t  mee t ing t h e  g r oup a l so dec ided t o  d e a l  w i th a c c i de n t  
a v o i d a nce aspects r e l a t e d  to v e h i c les . 
T he a i m  o f  a c c i de n t  a v o i d a nce i s  obv ious and many e f fo r t s  have a l ready 
been made by imp r o v i n q  t he cons t r u c t i o n  o f  passenger cars and heavy 
goods veh i c l es ( b r a k e s ,  t i res e tc . )  and b y  changes i n  i n f r as t r uc t u r e  
( e . g .  b i c y c l e  l a n es ) . 
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Howeve r ,  t he r e  i s  cons ide rable scope For i mp ro v i n g  the l ig h t i n g  devices 
and r e t r o- r e F l ectors F i t ted t o  many bicyc les and for imrroving the b r a k i ng 
p e r formance in t he wet , espec i a l l y o F  r i m  brakes . 
l t  was deci ded that  o n l y  spec i f ic t wo-wheel e r ,  c a r  and heavy goods vehic l e  
aspects i n  r e l a t i o n  t o  two-whee l e r  acc iden t s  w i l l  b e  descr ibed i n  t h i s  
repo r t .  

l t  i s  n o t  r ea l is t ic t o  expect - on a s h o r t  term  - measures o r  s o l u t ions 
that  w i l l  p revent 8Ccidents From happening at  a l l .  Same e l usive  e l ements 
w i l l  a lways rema i n .  T h i s  is the ma i n  reason F o r  i njury preven t i on . 
T h e  a i m  o f  i n j u r y  preven t ion i s  e i ther t o  p re v e n t  inj u r i es o r  t o  m in im i z e  
i n j u r y  sev e r i t y  by i n F l ue n z i ng t he k i nemat i cs o F  the v ic t i m-and by m i n i m i 
z ing l oads to  t h e  s t ruck body p a r t s , e . g .  by  r educ i ng t he r e l a ti ve 
impact speeds between v i c t im and s t r uck objec t s  a n d  hy a v o i d i n g  dangerous 
shapes and s t i FFnesses . 

R .  H i s t o ry o F  b i cyc l e and l i�h t -powe red two-wheel e r  

B i cyc l e  

T he ques t i on whether the F i r s t  h icyc le was des i gned by the F renchman De 
Si v r ac o r  by the Ce rm a n  K e s s l e r  in + 1 7 90 i s  i r r e l evant  s ince C . G ibbs-:Sm i t h  
p u b l isherl i n  1 970 the book " T he i n vent i on s  o F  L P-onardo d a  V in c i ", w i t h  
t h P.  F i rs t  drawinq ö F  a b icycle  made by  L eonardo d a  V in c i  o r  one o F  h i s  
pup i l s i n  + 1 450 . 
l h i s  h ic ycle was a l reaciy chain d r i ve n ,  con t ra r y  t o  t h e  bicyc l es made by 
De S i vrac 8nd Kessler that  had t o  be pushed Forwa rd .  
T he Fi rst b icyc les d r iven by means o F  peda l s  had Frontwheel d r ive . T o  
reacl i a h iCJher sreed t he F r ontwheel  was enlarged , even t o  such an e x t en t  
t h a t  i t  hecame danqerous when d r i ve r s  Fell  o FF .  T he r e Fo r e  t h e  F i r s t  
" S a fe t y  h i c yc l e "  was des iqned b y  H . J .  L avJS On in  1 874 . l t  h a d  a Front-and 
r e a rwheel oF equa l diameter  and t he r ea rwheel was cha i n  d r i v e n .  
T he f i r s t  p ract i ca l r:i roduc t i on mac h i n e ,  t h e  " R o v e r  S a Fet y " , was made i n  
1 8 85 by John S t a r ley . When l a t e r  ( 1 88 0 )  equiped w i t h  pneumat i c  t i res , 
i nvented hy the l r i sh v e t e r inary  John Dunlop , the s a Fe t y  b icyc l e  caused 
a b ic y c le hoom i n  E u rore a nd America . T he sa Fety b i c y c l e  had a d e s i gn 
s im i l a r t o  t h e  p res e n t one , t hough i t  l acked the s e a t t ube as a p a r t  o F  the 
Frame s t r u c t u re . 
R icyc l e  use in  some coun t r ies hecame enormous , and w i l l  proba b l y  g row 
even mure due to r L s inq e r ie rtJ Y  p r  ices , increas i n g  srare t ime and heal  t h  
c a r e .  A t  L h i s  moment a l o t  o F  a l terna t i v e  b i c y c l e  designs a n d  p r o t o ty pes 
a r e  p r oduced . T hey have in common t ha t  the hicyc l i s t i s  l y i ng backwards 
and Ln some desi�ns r.e ( o r she ) is p ro t ec t ed aga i n s t  weather con d i t i ons . 

L jqht -powe red t w o-whee l e r .  
T he F i r s t  powe red two-whee l e r  was const ructed by W o l fmü l l e r  and H i ldebrandt 
i n  1 094 . l t  seems that  t he F i rs t  a t tempt t o  cons t r uc t  a l i gh t ( ? )  
powe l'Cd two-whee le r d a t es From 1 92 0 ;  i t  i s  named t h e  " B r i ggs and S tratton" . 
( 1 894- 1 92 0 :  A ma t t e r  o F  De f in i t i on? ) . 
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f i g  • .  1 :  Bicycle designed by Leonardo Da Vin ci .  

f i g .  2 :  Bicycle wi th enlarged fron t-wheel . 
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fig. 3 :  Rover "Sa fety Bicycle" . 

Fig . 4  First patented , seri ally produced motorcycle by 

Hildebrandt and Wolfmüller ; München ,  1 894 . 
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T h e  enqine wAs connected d i rect ly to a wheel next  t o  the rear wheel . 
I n  l at e r  years  the en� i ne could be found a l most anywhere o n  t he two-whee l e r ,  
but nowadays t he engine i s  n o rma l l y  p l aced under i n  the Frame , be tween 
f ront and r e a r  wheel , d r i v inq t h e  rear whee l . 

C .  Contents o f  t h e  r e o o r t  o f  WCB 

1 .  I mpo r t ance o f  the prob l em .  

I n  v a r i ous E E V C -member coun t r ies i t  was concl uded that  over t he l a s t  
decade a l o t  o f  a t tent i on was p a i d  t o  t h e  p r o l ems r e l a ted t o  a c c i den t s  
w i t h  c a r s  a n d  t hose peop l e  us ing t h em ; i n  recent years a t te n t i on 
shi f t ed t o  o t he r  t r a f f i c  p a r t i c ipants and espec i a l l y  to  pedest r ians 
for mainly  two r easons :  
- a t  p resent they a re largely  unprotected and t h e re fore vulnerable  i n  

t oday ' s  very complex t r a f fic  scen e ;  
- s t a t i s t ics show t h a t  pede s t r ians  actua l ly form a l a rge group o r  

casua l t ies . 
C on s id e r ing t he work a l ready done for those g roups i n  many coun t r i e s  
t h e  pub l i c ,  P a r l iamen t , researchers  a n d  autho r i t ies became awa r e  o f  
the g r owing impo r t ance o f  t r a f f i c  sa fety problems for the use rs o f  
two-whee l ers , r e l a t i v e ly spea k i ng but  t o  some extent  a l so i n  abso lute  
t erms . 
T h e  accident  s t a t i s t ics as descr ibed i n  chapte r  I indicate  t h e  fol J owing 
figures for b i cy c l i sts and moped r i de rs ( stud i ed t oge t h e r  because t h e i r  
pos i t i o n  i n  t r a f fic  i n  many ways i s  comparab l e ) : 
- i n  some coun t ri es t h i s  g r oup i s  t he second l a rgest a ft e r  c a r  users  

i n  t e rm s  o f  k i l led and sever l y  i n j u red , i n  o t he r  coun t r ies i t  
r anks t h i r d  a ft e r  c a r  users and pedes t r i a n s ;  

- t he p e r c e n t age o f  k i l led ( l ight-powe red ) two-whee l e r use r s  r a nges 
f r om 6 , 7 ( Un ited K i nadom ) t o  28 , 4% ( T he Nethe r l ands ) ,  w i t h  an 
average v a l u e  o f  1 5 , 8% for the par t i c i pa t inq coun t r i es ( fo r  pede
s t i ans : rougl y  2 2% - 1 979 ) . 

Chapt e r  I g i ves a deta i l ed desc r ip t ion o f  those and o t h e r  f ig u res : 
number s  o f  i n j u r e d ,  o f  vehic l es i n  use e tc . ;  i t  r e l a t e s  t hos figures 
to  i n d i c a t e  some reasons for t h e  v a r i ance between coun t r ies ( numbe rs 
o f  casu a l t ies p e r  1 00 . 000 veh i c l es and p e r  1 00 . 000 i nhab i t a n t s  i n  
v a r i ou s  age g r o ups ) .  Work  i s  p r esented t o  indicate the impor t ant 
i n f luence on poss i b l e  c o n c l usions of d i f ferences i n  d e f i n i t ions and 
r e q u i remen ts ( d i f fe r ences in accident  reg i st ra t i o n  systems and t he 
r e l a ted p r ob l em o f  " un d e r repor t ing" ; d i f fe r ences i n  techn i c a l i t i es 
o f  t h e  veh i c l es ) . A sepe r a t e  parag raph desc r i bes t h e  impor t ance o f  
econom i c  assessment o f these accidents and remedi a l  measures , and 
some p r ob l ems r el ated t o  t he avai l ab l e  met hods . 

I I .  Desc r ipt ion o f  b i cyc l e  a n d  moped acciden t s . 

Chapter  I I  g i ves d e t a i l s  on t y p i c a l  types o f  accide n t s ; " a c c i dents 
t y pe " ,  " c o l l i s i on type"  a nd "manoeuv r e  type"  a re d e f i ned and re l a t e d  
( in-de p t h )  s tudies a r e  c i ted , i n d i c a t i n g  a t  t he same t ime a v a i l a b l e  
k nowl edge o n  r e su l t ing i n j u r ies a n d  sreed a t  i mpac t .  
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A l l  m a t e r i a l  a v a i l ab l e  shows t h a t  cars  most f r equen t l y  a re the 
c o l l i s i ons p a rtners ( 50 to  90% ) ; there is  no s ingle  c a t egory  o f  road 
users r a n k i nQ second : i t  ranges f r om o ther two-whee l e r s  to  heavy 
goods vehic les , dependi ng an v a r i ous fac t o r s . 
S i n g l e  v e h i c l e  moped accidents occur so f r equen t l y  t h a t  t hey deserve 
spec i a l  a t te n t i on .  
l t  i s  shown that  the fr equency o f  a n  acci dent t ype i s  not  t he only  
r e l e v a n t  p aramet e r ;  some i n d i c a t ion o f  the s e r i ousness is  
considered important  too :  a d e f i n i t i on of  " l etha l it y "  i s  suggested , 
i n d i c a t ing i t ' s  i n fl uence an p r i o r i t ies . T h i s  approach g i ves more 
"we i gh t "  t o  col l i s i ons w i t h  HGV ' s .  
By  des c r i bi n g  col l i s ion t ypes and t o  some e x t e n t  manoe u v r e  types , i t  
i s  shown wh ich p a r t s  o f  t h e  vehic l es a re mos t l y  i n v o l ve d ;  some 
simi l a r i t y  e x i st s  w i t h  pedes t r ian acciden t s , b u t  a d d i t i o n a l l y  the s i des 
o f  cars and t he s i des a nd rea r-end o f  HGV ' s  a re invo lved  ( espec i a l l y  
i n  c r ashes w i t h  mopeds ) ,  as  we l l  as  some p a r t s  o f  the two-whee l e r .  
T he k i nemat ics o f  a r id e r  d u r ing a col l i s ion i s  i n d i c ated a s  one o f  
t he i mp o r t ant  fact ors ; due t o  the r ange o f  accident  and c o l l i s ion 
t ypes for t wo-wheelers , a much w i de r  v a r iety o f  k i nema t ics is seen 
for r ide r s  when comp a red w i th pedes t r ia n s ;  espec i a l l y  the p r esence 
o f  the t wo-whe e l e r  and i t s  own speed contri b ut e .  
As t o  injur ies , l it e r a t u re g i ves a v a r i e t y  o f  d i s t r ib u t i ons ; most  
s t ud ies are  hard to  comp a re , f o r  r easons indicated i n  the repo r t , 
b u t  some concl usions and tendenc i e s  a r e  noted . T he s t u d i e s  a v a i l a b l e  
indicate  � h a t  the f requenc i e s  o f  i n j u r ies f o r  v a r ious body-pa r t s  
depend an t h e  injury  sever i t y  l e v e l  conside red and a n  t h e  t ype o f  
two-wheel e r .  
Most s t ud i es conclude that the head has the h i ghest f r equency 
( espec i a l l y  when cons i d e r i n g  mor e  severe inju r i e s ;  for b i cyc l i sts the 
frequency is even higher  than for moped r ider s ) ;  a rms and l eg s  come 
in second and t h i r d  pl aces . 
T h e  i njury sca l ing problem assoc i a t e d  w i t h  long- t erm i rnp a i rment ,  as 
men t i oned in t h e  EEVC-report  an pedes t r i an acciden t s , seems to be 
r e levant  for some two-wheeler  acc ident types too . 
T he r e l a t ive speed a t  i mpac t  i s  conside red to  b e  a v e r y  impor t ant 
facto r . T he l im it e d  number o f  s t udies i n d i c a t i n g  veh i c l e  speeds show 
h igher v a l ues t han for pedes t r i an acc ident s : 5 0 t h  percen t i le speed 
between 1 0  and 50  km/h , 9 0 t h  perce n t i l e  between 37 a n  72 km/h . 

I I I. I njury i n fluencinq pa rameters . 

C o n t r a r y  t o  t h e  s i t u a t i on f o r  car  acc icient s ,  very  l i t t l e  i s  known 
about  t hese parameters for t wo-wheel e r  acciden t s .  So o n l y  a s h o r t  
descr i p t i on i s  g i ven , mainly  o f  a theo r e t ical  and i n f e r r e n t i a l  
n a t u r e  a n d  b ased a n  gener a l  knowl edge from stud ies o f  v a r ious accident 
types , i n di c a t i n g  the p robab l y  most important fact o r s  for each o f  t h e  
co l l i s i on t ypes which seemed important  from chap t e r  I I .  

I V . Research m e thods and resu l t s .  

A g l obal p r esentat i on o f  v a r i ous r esea rch p r i nc i p l e s  i s  g i ven , i n d i 
c a t i n g  the advant ages and rl isadvantages and espec i a l ly i n d i c a t ing the 
usefulness o f  comb i n i ng two or more methods . 
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T h e f o l l o w i n q  d i v i s i on i s  made : 

a .  a c c i d e n t  s t u d i e s 
- a c c i d e n t  s t a t i s t i c s  ( p o l i c e  d a t a  l e v e l )  
- i n t e rm e d i a t e  ( h o sp i t a l / i n s u r ance da t a )  
- i n - d e p t h  s t u d i e s  

b .  e x p e r imen t a l  r e s e a r c h  me t hods 
- f u l l - s c a l e  t es ts 
- c o mpon e n t  ( o r  b o d y  s eQme n t )  t e s t s  
- ma therna t i c a l  mode ls 

U n t i l  recen t l y  l i t t l e  resea r c h  w o r k  was done s p ec i f i c a l l y  r e l a t i n q  t o  
b y c i c l es and mopeds ( a nd t h e n  m a i n l y  a c c i d e n t  s t a t i s t ic s ) . W h a t  h a s  b e e n  
d o n e  -and c a n  be u s ed t o  s o m e  e x t e n t  h e r  t oo- was u s u a l l y  d i r e c t ed 
a t  p edes t r i a n s  o r  m o t o rcy c l i s t s ;  neve r t he l ess a few b i c yc l e - r e l a t ed 
s t u d i e s are c i t e d  ( ac c i de n t - s t ud i e s  o f  v a r i o u s  leves as w e l l  a s  
d e v e l opment w o r k  o n  m a t hemat i c a l  mode l s ,  t o g e t h e r  w i t h  t he n e c e s s a r y  
re l a t ed f u l l - s c a  l e  a n d  c o m p o n e n t  t es t s ) . 

V .  C u r r e n t  know l edoe on human t o l e rances . 

T h e  a c c i den t - s i t u a t i o n  f o r  tw o-whee l e r s  i s  d i f fe r en t  f r o m  t h e  s i t u a t i on 
f o r  o th e r  g r oups o f  r o a d - u s e r s ,  a s  me n t i o n e d  before . 
T h i s  Fact m a y  i n f l uence t y p i c a l  i n j u r y  i n fluenc i n g  p a r am e t e r s  ( k i ne
ma t ic s ; l o a d i n g  p l ac e , d i r e c t i on and l e v e l )  a n d  t h e re fo r e  one 0 o u l d  h a v e  
t o  l ook f o r  t y p icE1 l c y c l i s t  a n d  moped r id e r  i n fo rma t i o n  regard i n g  
human t o l e r ances . O n l y  v e r y  few s t u d i e s  h a v e  b e e n  p e r fo rmed espec i a l l y  
f o r  c y c l i s t s  a n d  moped r i de r s  ( and t han m a i n l y  r el a t e d  t o  h e l m e t s  and 
head t o l e r a n c e ) ;  for o t h e r  e l em e n t s  one h a s  t o  r e l y  on w o r k  f o r  
p e d e s t r i ans , mo t o rc y c l i s t s  a n d  c a r  u s e r s .  
F o r  v a r i ous b o d y - p a r t s  p a r a m e t e r s  and t o l e rance v a l ues a r e  g i v e n ,  f o r  
some o f  t h e m  t h e  r e l e v a n c e  f o r  two-whee l e r  u s e r s  h a s  t o  be s t u d i ed 
f u r t h e r .  

V I .  I nju r y  pr e v en t i on m e a su r e s . 

S t a r t i n Q  from t h e  b a s i c  ph i l os op h y  o f  t h e  i n t e g r a l  a p p r o a c h  o f  a s a fe 
v e h i c l e  ( i n t egra t i on o f  r e q u i rements f o r  t h e  bene f i t  o f  v a r i ou s  g r oups 
o f  road u s e rs ) , t h r ee a s p ec t s  were s e p a r a t ed :  
1 .  p r oposa l s  f o r  t he b e ne f i t  o f  two-whe e l e r  u s e r s , 
2 .  c onsequences o f  t he s e  p r o p o s a l s  f o r  o t h e r  r o a d  u s e r s , 
3 .  c onsequences o f  r e q u i reme n t s  for t h e  bene f i t  o f  o t h e r  r o a d  u s e r s  

on t w o - w he e l e r  u s e r s . 

V I . 1 .  As resea r c h  w o r k  i n  t h i s  a r e a  s t a r t ed m o r e  o r  l e s s  rece n t l y , 
a v a i l a b i l i t y  o f  l i t e r a t ur e  i s  l im i t ed , espec i a l l y  rega r d i n g  c o nc r e t e  
p r oposa l s .  
B a s e d  o n  i n fo r m a t i o n  f r om e a r l i e r  c h a p t e r s ,  w o r k  c o n c en t r a t e d  o n  t h e  
c a r ,  t h e  h e a v y  g o o d s  v eh i c l e ,  t h e  two-whe e l e r  a n d  i t ' s  r i de r .  
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Reoardino cars , as  f o r  the p edest r ian - t o  - c a r  accidents ,  i n t er e s t  
i s

-
focus�ed a n  the s hape a n d  s t i f fn ess o f  fron t a l  p a r t s . Same d i f ferences 

may e x i s t : the genera l ly somewhat h igher - s e a t i ng - pos i t ion and a 
d i f ference i n  t he popu l a t i on ( l ess younger c h i l dren invo lved ) may cause 
a d i f ferent i n f l uence o f  v a r i ous car-components on t he k i nema t i c s  and 
loading of the human body i n  a crash ; for two-whe e l e r  users the wind
s h i e ld and t he h igher  p a r t s  o f  i t ' s  f rame become i mpo r t an t  too .  
Regarding heavy goods v e h i c l es two approaches e x i s t : 
- improvement o f  shape and s t i f fness would be bene f i c i a l  a t  the 

vehic le- fron t ,  just  as for c a r s ;  
- f o r  the HGV-sides a n d  - rear , concrete  propos a l s  are i n d i c a ted regar

d ing under r un-p rotec t ion dev ices and imp roved rear-v iew m i r ro r  systems 
and requi rements ( accident  a v o idance ) . 

Regard i ng the two-whe e l e r  i tsel f v a r i ous p rotec t i on devi ces a r e  d i scussed 
both for  f r o n t a l  and l a t e r a l  c o l l i s i on s .  K nee-bar s ,  knee-pa ddings , 
e l im i n a tion o f  sharp protrusions  ( fi l l ercaps , handlebar expande r-pins 
e . g . ) ,  d ress-guards at  the r ea rwheel and c h i ldsea t s  a r e  ment ioned in  
t h i s  s ub-chap t e r , a l t hough i t  i s  n o t  c lear  for  a l l  t hose e l emen t s  
whether they can b e  appl i e d  to  t h e  l i ghter two-whe e l ers . 

Rega r d i ng t h e  r ider , var ious we l l -known poss i b i l i t i es are desc r i be d ,  such 
as s a fe t y  helmets and p ro t ec t ive c l o thing . 
A l t hough t hey are w i d e l y  accepted ( and helmets  even mandatory ) i n  many 
coun t r ies for mot orcy c l is t s , t h i s  is not the same for moped- r i d e r s  and 
cert a i n l y  not for cyc l is t s  ( the use of spec i a l  t ypes o f  cyc l is t-helmets  
has been i n t roduced i n  some coun t r ies neve r t h e l es s ) . Poss i b l e  e f fects  
are i n di ca t ed i n  t he t ex t .  

V I . 2 .  Consequences for o t h e r  road users.  
L i tt l e  i n fluence for  others i s  expected form the above p r opos a l s  regar
d ing cars . Underrun guards should not create any nega t i ve e f fects  for 
o t h e r  road user s .  Rear-v i ew m i r rors on heavy goods vehicles m i g h t  be 
dangerous for pedest r i a ns and b i cyc l i s t s  during over t a k i n g  manouevres , 
i f  n o t  properl y  desi gned . 
Same doubt i s  expressed a s  t o  whether knee-paddings may cause a r i d e r  
to  f l y  i n t o  a car's comp a r t me n t ; h e l m e t s  m a y  be dangerous for unprotected 
road use r s .  

V I . 3 .  Consequences o f  measures f o r  t h e  benef i t  o f  o ther road users . 
Bumpe rhe i g h t  i s  determi ned i n  e . g .  SAE- a n d  r C E -p r esc r i p t ion s , m a i n l y  
for t he car- to-car  s it u a t ion ; s e r i ous doub t s  a r e  expressed a n  t he ap
p r o p r i ateness of these v a l ues for pedes t r ians and two-whe e l e r  r ide r s .  
O t h e r  requi rement s , e . g .  f o r  car- t o-car  c rashes , a re n o t  expected t o  
have much e f fec t an two-whee l e r - r ide r s .  

V I I .  T e s tprocedures . 
T e s tp r ocedures , a 1m 1 n g  a t  ensuring conform i t y  o f  a v e h i c l e  o r  component 
w i t h  relevant  requi remen t s , a re g l obal l y  d i scussed . 
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V I I I .  Acc ident  preve n t i o� .  

l nj u r y  p r even tion  o r  m i n i m i z a t ion is  c l ea r l y  n o t  t h e  o n l y  a n d  possib l y  
n o t  the best way t o  p rotect  road use r s ;  accident  prevent ion wou l d  by far  
be p r e ferab l e , b u t  i t  is not  expec ted t o  be e f fect i ve enough foc many 
years to  come . 
T h e  chap t e r  desc r i bes vari ous e lemen ts o f· the vehic le-sys t em t h a t  may 
cause ( o r  con t r i b u t e  t o )  acc 1 denls  to  happe n .  
Research work i s  desc r i bed t o  improve t hese e l eme n t s :  a c t i ve l i ghting 
s y s t em s ,  r e f l ec t o r s , space r s ,  braking s y s tems , s t ab i l i t y  and manoeuvra
b i l i t y ;  a s  a spec i a l  aspcc t ,  the i n f l uence of t he s ta t e  of m a i nt enance 
is d i scusse d .  
Va r i ous p r oposa l s  a r e  desc r ibed ; i n  many c ases t hey might  b e  fea s i b l e  
f o r  many cou n t ri e s  because relevant t echnology h a s  a l r eady been i n t ro
duced in  some other  coun t r ies t oday . 

D .  P r i o r i t ies and recommendat ions 

1 .  l n t roduc t i o n .  
T h e  working g r oup has , based o n  t h e  d i scuss ions i n  t he group , poin ted 
out  r r ior i t i es for ac t i o n ,  gene ral recommend a t i o n s  and recommend a t ions 
for Future resea rch . 
One o f  the con c l u s i ons i s  that  i n j u r y  preven t i o n  r esearch for two
whee lcr  r iders qot even less a t tention than i n j u r y  preven t i on for 
pedes t r ians ( Wo r k i ng G roup 7 ) .  More a tt e n t i on i s  necessary , espec i a l l y  
s i nce the a c c ident p r ocess o f  t he two-whe e l e r  r ider i s  even more comp l ex 
than t h a t  o f  the pede s t r i a n  because o f  the con t r ib u t ion o f  t he t wo
whee l e r  i t se l f  to the i n j u r y  producing proces s . A l s o  the speed o f  t h e  
two-whee l e r  r ider a n d  h i s  pos i t i on in  t r a f f i c  s i tu a t ions l eads t o  
o t h e r  c o l l i s i on t ypes and speeds a t  impac t . 

2 .  P r i or i t ies for a c t ion . 

1 .  l he use o f  energy absorbi ng ma t e r i a ls i n  t h e  f r o n t  s t r u c t u re o f  the 
car  w i l l  be ben i f i c i a l  for t he two-whee l e r  r ider as  wel l as  for pede
s t r ians . The exact  l oc a t i ons on the car where t hese m a t e r i a l s  sho u l d  
b e  appl ied i s  not  d e c i d e d  t oday . Nevertheles s ,  prel i m i n a r y  res u l t s 
o f  exper imen t a l  frontal  c o l l i sions using  dummies indicate t h a t  impact 
l oca t i on of t he two-whee l e r  r i de r ' s  head an the c a r  is somewha t  
h i �h e r  t han i n  t h e  case w i t h  pedest r i an heads . 
Second p r io r i t y  shou l d  be g i ven t o  t he s ide o f  t he c a r  due t o  the 
r e l a t i ve l y  frequent occu r i ng s ide c o l l is ions w i t h  mopeds . 

2 .  T he use o f  we l l  d i mens ioned s i de unde r r un-guards on heavy goods 
veh i c l es w i l l  reduce the e f fect o f  t h e s e r i ous and r e l a t i ve numerous 
co l l i s ions of mopeds and bicyc l is t s  w i t h  t he s i de o f  hcavy goods 
v e h i c l es . The r i sk o f  get t ing run over by the whe e l s  w i l l a ls o  be 
reduced . 

3 .  Modern s t anda rds should be developed for  l ig h t i ng equ i pment , inc l ud ing 
r e f l ec t o rs , and b r a k i n� per formance ( espec i a l ly und e r  wet  condi t ions ) 
o f  b i cyc les . 
The i n t roduc t ion 
the b i cy c l e  w i l l  
l is i on w i t h  the 
c o l l i s i on 

o f  a h igh-standa rd r e t r o r e f l e c t o r  a t  the rear-end o f  
p robab l y  reduce t he e ffect o f  t he frontal  car  c o l 
rear-end o f  b i c yc l es , which  i s  a ser i ous t y p e  o f  
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A t  the s ides o f  b icyc l es , spoke re flectors a n d/o r r e fl e c t ing t i res 
a re recommende d .  

3 .  Gene r a l  recommenda t i ons .  

More  a t tent ion should he g i ven to  acc1dents  of  b icyc l es and  l ight
rowered two-whee l e r s ,  espec i a l l y  t o :  
- acc i dent r eg i s t r a t ion sys tems , e . g .  under r e p o r t i n g  o f  t hese acci den t s  

b y  p o l ice 
- s t anda r d i z a t i on of de f in i t i on s  for a bet t e r  comp a r i son of t he r e su l t s  

o f  n a t i o n a l  a c c i d e n t  s t a t is t i cs a n d  research p r oj e c t s  o f  t h e  d i f fe r e n t  
coun t r i e s .  ( Espec ia l l y  v a r i ous c l asses o f  l ight  powered two-whee l e rs ) . 

When i�t rodu c i ng a new lega l measure , a p roper b e Fore and a F t e r  
eva l uat ion s t udy i s  necessa r y .  
I n  v i ew o F  the d i f Ferences i n  the  p ropo r t i on o F  head i n j u r i e s  between 
( no t  he lmeted ) c yc l i s t s  a nd ( he l met wca r in g )  m o t o r iz ed two-wh e e l e r  
r id e r s ,  i t  seems p r e F e r a b l e  t h a t  c y c l 1 s t s  sha l l  wea r a ( spec i a l ly 
d e s ig ned ) helmet too . Padding o f  c e r t a i n  p a r t s  o F  t he c a r  m i g h t  have  a 
comparab l e  bene F i c i a l  r esul t ,  dorend i n q  on  whe t h e r  the car o r  t he 
� r ound i s  the lead i ng cause o F  i nj u r y .  T h i s  ques t i on has t o  be answered 
yet  by  resea rch . 
T h e  use o f  bet t e r  o r  addit ional  s ide m i rrors on heavy goods vn ! 1icles 
w i l l  g i ve bet t e r  o v e r v i ew t o  the t r uck d r i ve r . Even the present E E C  
d i rec t ive i s  n o t  s u F F ic ient ; a n  amendment cunce r n i ng the imp r oved 
requi red f i e ld o F  v i ew w i l l  enter i n t o  Force soon . 
R iders o f  bicyc les and mopeds should wear conspicuous c lcth i n g ;  
fo r day-t i me t he u s e  o F  a j a c k e t  o f  f l uorescent ma t e r i a l i s  recommended . 
Sma l le r  a reas o F  such mate r i a l  e . g .  on a rmbands o r  shoul derbands a r e  less 
e F Fe c t i ve . The b r ightes t mat e r i a l s  ( h i ghest l um i nance Fact o r )  should 
be used. Bands o F  r e f l ec t ive m a t e r i a l  appl ied to the j acket w i l l  h e l p  
o t he r  r oad users t o  r ecogn ise t h e  p r esence o f  a r i de r .  Space r s  a re 
usefu l l  and should be p romoted as a l ow cost s a Fe t y  accessor y . 
( r he last recommenda t ion i s  based on research and theo r e t i c a l  con s i dera
t i ons . l n  part  it  is  suppo r t ed by accident  s t udies ) .  

4 .  Recommenda t i ons F o r  F u t u re r eseac h .  

8 .  Rea l acc ident s t ud i e s .  
I n fo rm a t i o n  C J f  rea l acc .i. dent� i �; nr.r.ded t o  t:;et he t te r  i n s .i �ht  i n  
i n j u r y  i n f l ucnc i n r  f1l! r<i m P-t e r s  
The F i r s t  i mporant  quest i on i s :  W h a t  i s  t h e  l ea d i ng cause o F  i n j u ry , 
t a k i n �  i n to accoun t speed a t  impact and c o l l i si o n  t ype : the c a r , 
the  two-whecl e r  or  t he g ro• md? 
F o r  some co l l i s ion t ypes severe i n j u ries  occur m a i n l y  due to very  
hi�h  impact speeds reqard less o f  o t h e r  i n fl uences ( Fo r  i n s t ance 
ouls ide bui l t -up a reas ) . In t hose cases acc i de n t  a v o idance 
measures seem to be mo re s u i t ab le  than i n j u r y  reducins one s . 
The n e x t  imp o r t a n t  ques t i on i s :  What is  the i n F l uence o f  c a r  shape 
and car s t i f Fness on k i nema t i cs , on s h o r t  and l ang t e rm i n j u r y  
a n d  o n  i n j u r y  seve r i ty o f  t h e  two-wheeler r ide r .  A g a i n  t a k i ng i n t o  
account i mpact  speed and col l is i on t ype , and a lso human parameters 
such as  a�e , l engt h 2nd mass d i s t r i b u t i on s .  
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Whether accident a v o i dance o r  i n j u r y  p revent i on measures should be 
t aken , may be decicied w i t h  the help o f  cost -e f fec t i veness 
conside r a t i ons . 

b .  Human T o l e rance . 
F u rther  r esearch is needed on i n j u r y  p roduci n g  mec hanisms i n  order  
to  develop more p rec ise r anges o f  values o f  human t o l er ance c r i t e r i a  
a s  a funct ion o f  age , mass , height , impact speed ( v isco-el a s t i c  
beha v i ou r ) . Spec i a l  a t tent i o n  should b e  g i ven t o  t h e  in fluence o f  
t rans l a t i onal and r o t a t i onal accel e r a t i ons o f  t h e  head on head 
( br a i n )  injur y .  

c .  M a t hemat ical models . 
Comp u t e r  models should be f u r t her devel oped and v a l i dated . 
T h i s  val i da t ion should be based on real a c c i dent i n fo rma t i o n  
together  w i t h the r e s u l t s  o f  cadaver o r  dummy expe r ime n t s .  
T he development o f  a s imp le mat hema t ical  model , capable t o  
d e t e c t  t h e  k i nemat i c s  o f  t h e  r i der versus t h e  shape a n d  s t i f f
ness o f  t he car ,  could be useful for s t andard t e s t  p r ocedures 
in t he near  Future . 

d .  Dummies . 
T h e  dummies p resen t l y  a v a i lable for  pedes t r ian r esearch are n o l  
q u i t e  f i t . Fo r  two-whee l e r  r ider purposes t h i s  de f i c i t i s  analog . 
F u rt h e r  dev e l opmen t  i s  needed t o  obtain  dummies t ha t  g i ve more 
r e al i s t i c  represen t a tions of two-wheel e r  r ider s .  

Gene ra l .  

T h e  recommendt i ons o f  a ,  b ,  c and d above m u s t  be seen as 
complement a r y , so t hey s t rengthen each other . A t rend must be 
s e t  t o  use as  many t ools as  possible to  s o l ve t h i s  comp lex 
problem .  
T h i s  i s  an important a rgument f o r  i n t e rn a t i o n a l  coope r a t i on 
and co� r d i na t i on o f  t he r esearch a c t i v i t ies i n  t h e  v a r i ous 
coun t r i es . 
Due t o  t h e  Fact t ha t  two-whe e l e r  r iders col l i de w i t h  passenger 
c a r s  and hea v y  goods vehicles in  more d i f ferent  c o l l i si on t ypes 
than pedes t r ians do and due to t h e  d i f fe r ent p a r ts o f  t he body 
o f  t h e  two-whe e l e r  r i de r  t h a t  a r e  i mpacted in t he d i f ferent 
c o l l is i on t ypes , i n j u r y  p revent ion r esearch should be focused 
on the fo l l owing c o l l i s i on t ypes : 

F o r  t he passenge r c a r : 

- front  o f  c a r  t o  ( l e f t ) s i de o f  b i c yc le/moped 
- f r ont  o f  c a r  to r e a r  end o f  b i c y c l e  
- front  o f  c a r  t o  f r o n t  o f  moped 
- s i de o f  car to  front  o f  moped 
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F o r  the heavy goods veh i c l e : 

- front  o f  HGV t o  s ide bicyc le/moped 
- f r o n t  o f  HGV to  front bicyc le/moped 
- s ide o f  HGV to s ide o f  b icycle/front  o f  moped 
- s ide o f  HGV t o  f r o n t  o f  b icyc le/ s i de o f  moped 
S i ngle v e h i c l e  l ig ht-powered two�whe e l e r  r id e r  acciden t s .  
Research should be unde r t aken i n t o  l ang term  consequences 
of i n j u r ie s . Very  l i t t l e  i s  k nown a b o u t  these consequence s ,  
espec i a l l y  about  t he i r  severi t y .  T h i s  i s  considered a d e f i 
c i ency o f  e x i s t i n g  i n j u r y  s c a l i n g  s y st ems . 
When using humans o r  human subst i t utes  for t wo-wheel e r  r ider 
p rotec t i on r esea r c h ,  the choice should be such that they re
p resent the age o f  t he real acc ident v i c t ims e . g .  for cyc l i s t s  
5 - 2 5  years and o l d e r  t han 6 5 . 
F o r  l ight -powered two-whee l e r  r iders t h i s  age group i s :  
1 5 - 2 5  years . 
Research i s  needed for more r e l i a b l e  b icycle l ig h t i ng 
equipme n t . 
Opt imal i z a t i on o f  c rash he lmets should be undertaken : 
- L egal s t anda rds should be based an a p p r op r i a t e  b io-

mechan ical  c r i te r i a . 
- T he i n fl uence o f  the sur face o f  t h e  o u t e r  she l l  o f  the 

he lmet in  r e l a t ion to  r o t a t ional  a c ce l e ra t i on o f  t he b r a i n  
a n d  i t s  r e su l t ing injur ies shoul d  b e  s t udied . 

- Research should be unde r taken i n t o  t he p r oblem o f  l o si n g  
c r ash helmets d u r i n g  acc i dents , a l t hough suggest i on s  f o r  
imp rovement s  have b e e n  t a b l ed i n  t he r e levant  UN-ECE g roup 
o f  rappo r t e u r s . 
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