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ABSTRACT . -

The ana lys i s  of acc i dents i n vol v ing  two-whee l ed motori zed veh i c l e s 
revea l s  the h i g h  inc idence of f ractu r i n g  of he l met shel l s .  
The severity of i n j u r i e s  i nc reases bec ause of the fo l l ow i ng two phenomena  

The l ass of  the  he l met dur ing  the  occu rrence of  co l l i s i on and the very 
poor d i st r i but ion of i mpact forces aga inst  the shock-absorbent mater i a l . 

The occurrence of f ractures i s  c l ose l y  dependant upon the two fo l l owing  
f actors : 

The type of mate r i a l  of the she l l  and the v i o l ence of co l l i s i ons . 

The present i n vest i gat i on therefore a i ms p r i mar i l y  to def i ne a perfor
mance c r i terion in accordance with rea l -wor ld  co l l i s i on s . Th i s  c r i te r i on cou l d  
be req u i red for future cert i f i cat ion tests and shou l d  enab lt  ehe se l ec t i on 
of the most eff i c i ent mater i a l s .  

DESC R I P T I ON OF THE SAMP L E . -

The samp l e  of acc i rlents was con sti tuted thanks to j o i nt f i n anc ing  
pro v ided by the French  M i n i stry of  Transport and The Peugeot / Ren a u l t  As soc i a
t i on . lt  i n c l uded co l l i s i ons  wh ich  occu rred i n  the Par i s  area dur ing  the 
1 979- 1 98 1  per iod . 

The 1 1 1  v i ct i ms were wea r i n g  he lmets des i gned i n  accordance with  
French standard NF S 72  302 . 

The samp l e  i n c l uded 26 moped r i ders and 85 motorcyc l i sts . The cases  
stud i ed ma i n l y concerned se vere c rashes : the  fata l i ty rate here was  for  
moped r i ders from four t i mes  and  for  motorcyc l i sts  more than s i x  t i mes  
greater than  what i s  found at  the  nat i o n a l  l e ve l . Each f i l e  i n c l udes : 

- Med i c a l  data concern i n g  the v i ct i ms , 

- An obj ect i ve descr i pt i on of the data for each co l l i s i on : marks of b ra k i ng 
on the road , characte r i st i c s and deformation of obstac l c ( s )  struck .  etc . . .  

- A c arefu l  exami nat ion  of the he l met : after d i smant l i n g ,  each deformat ion 
( c rac k ,  etc . . .  )wa s  measureü and photog raµns wer E  taken . 
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RESULTS . -

1 - OCCURRENCE O F  HELM ET-SHELL FRACTU R I NG was observed i n  3 2  % ( 35/ 1 1 1 )  of 

cases ( 25 % i n  the cases i n vo l v i ng moped r i ders and 33 % i n  those i n vo l v i ng 
motocyc l i sts ) .  Two ma i n  rea son s can  expl a i n  trese proport i on s . The f i rst of 
these reasons i s  the great seve r i ty of the crashes an a l ysed . The second 
reason i s  that a l l  the he lmet she l l fractures  observed were taken i nto con s i 
derat i on i nc l ud i ng those wh i c h , p r i nc i pa l l y  because of the i r  sma l l ness , might 
be thought to h ave no i n f l uence on the tota l  head i n j ur ies  sustai ned . Howe ve r ,  
some k i nd s  o f  deteri orat i on were n ot taken i nto account . Th i s  was t rue i n  the 
cases of de l aminat i on of the f i bre-base mater i a l s  whenever there had been �o 
rupture i n  the cont i n u i ty of the �ater i a l . S N I V tLY  ( 1 } * l i sts a proport i on 
of up  to 50 % of f ractu r i ng ; CESAR I et a l  ( 2 } *  note major she l l  f ractures 
in 9 % of cases . Such d i fferences are espec i a l l y to be ascri bed to the 
rart i c u l a r  def i n i t i on cf the t 1e i met sh� l l  fractur1ng  wh ich  i s  used by 
d i fferent teams . I n  any case , such f ractures are cert a i n l y  of rrajor importan
ce . 

2 - GRA v I I Y  AND TYPE  OF HEAD I NJ UR I E$ 

Among other t h i ng s ,  the she l l  1 s  ro l e  con s i sts of d i st r i but ing  impact 
energy o ver as wide an area of the shoc k - absortent materi a l  as  po s s i b l e . 
Bes i des  th i s  i t  must a l so act a s  a res i stance to penetrat ion of the obstac le  
i nto the  he l met . The fractures were observed in  8 cases  out  of  1 0  at a po in t  
very c l ose to that of he l met i mpact ( f i gu re 1 )  

TOP 
.C S FRACTURES 

6% % 

FRONTO- FAC ! AL AREA 
IMPACl S F RACTURES 

41  % 36% 

POSTER I OR A R EA 
I MPAL i �  FRACTUR 

22% 1 9% 

LA T E  RAL A R E A  
IMPACTS FRACTURES 

3 1 %  36% 

Fiqure 1 Di s t r i bu t i on ( in  x, )  of s i tes o f  i mDClCt anct ', i Les u r  
f lP .1 f:, · 1 , ,  

* The numbe r between brackets refers to the reference at the end of the paper . 
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I n  cases  where f ractures occu r ,  the he l met has  c l ear ly  not been a b l e  to 
p l ay e i t her of the ro les  j u s t  ment i oned : the very poor d i st r i bu t i on of 
i mpact energy i n v o l ves h i gh and l oc a l i zed stresses ag a i n st the head . 

Thu s , the f ractu res  of he l met she l l s  were more often re l ated to severe 
head i n j ur ies  : 38 % ( 1 2/ 3 2 )  of A I S �3 . When he l met she l l s  were n ot fractured 
on l y  2 1  % ( 1 5/ 7 3 )  of A I S �3 i n j u r i es were observed ( Ta b l e  I ) . 

Head A I S  He 1 met she 1 1  He i met she l l  
fractured non-f ractured 

0 7 32  
1 5 1 2  
2 8 1 4  
3 2 4 
4 2 1 

5/6  8 1 0  

Tot a l  32  7 3  

( He ad A I S  unknown 3 3 )  

Tab l e  I Gra v i ty of head i n j u r i e s  accord i ng t o  occurrence or non-occurrence 
-----

of she l l fractures . 

The eff i c i ency of the she l l  he lmet bec ame obvious  when we not i ced t he 
type of head i n j u r i e s  that were or were not combi ned w ith  f ractures of t he 
shel l .  When such  fractu res  took p l ace , the r i s k  of a fracture of the sku l l  
occurr ing  was three t i mes  greater than when t here was no f racture of the 
she l l  : the assoc i at i on between s he l l  f ractu re and sku l l  f racture was 
observed i n  47  % ( 1 5/ 3 2 )  of the cases , whereas when there was non-occurrence 
of she l l fracture , the proport i on of bone i n j u r i es was on l y  1 5  % ( 1 1 / 7 3 ) . 
( Ta b l e  I I ) . 

Type of i n j u r i e s  

Un i n j ured o r  mi nor 
( A I S  � 1 )  

Bra i n  on l y  

Bra i n  and sku l l  

Sku 1 1  on ly 

Tot a l  

( Head A I S  unknown 

he l met she l l  
fractured 

1 2  

5 

1 4  

32 

3 

he l met she l l  
non-f ractu red 

42 

20 

8 

3 

7 3  

3 )  

Tab l e  I I  Type of head i n j u r i e s  accord i ng to occurrence or non-occurrence 
of she l l  fractures 
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3 - FRACTU R I NG OF HELMET SHE L LS AND LOSS OF HELMETS 

Loss of he l mets occurred ir. 1 5  % of the co l l i s i on s . One-th i rd of these 
l asses were caused by techn o l og i c a l  f a i l ure of the he l met . Al l the retent i on 
systems curren t l y  used are d i rect l y  f i xed on the he l met s h e l l .  When he lmet 
f ractures cccu r ,  the g r i p  of the he l met on the head can be seen not to have 
been sat isfactory and we not i ce he l met s be i ng l ost i n  sp ite of the fact than 
the retent i on system rema i n s  und amaged . rle l met l asses were in th ree cases 
on l y  attri but a b l e  to the fragmentat ion of the she l l . I n  three other cases 
a she l l  fracture contri buted , among other causes , to the l o s s  of the he lmet . 
As suming  that the protect i on afforded by the he l met was s uff i c i ent , non-cccur
rence of h e l met l o s s , a loss attri buta b l e  to she l l fractu r i n g , wou l d  qu i te 
probably have made i t  pos s i b l e  to prevent the death of one of the e i ghteen 
fata l i t i e s  i n  the s u rvey . lhere was a c l ose l i n k  between the r i sk of he l met 
l o s s  and the s i ze of the she l l  fracture ( ta b l e  I I I )  : a l l such f ractures 
in cases of he l met l o s s  were 25 cen t i metr'es or more in l ength ( photograph N° 1 ) .  

Case He l met Severest Fi rst Seccnd He ad Length of the f ractu -t\o l o s s  impact i mpact impact A I S  re of the she l l ( in cm) 

46 1 - 1  After 1 st Fi rst Wa 1 1  4 '  1 0  and 25 cm 
i mpact 

486 After 1 st Fi rst car roof Ground 6 40 cm 
i mpact side rail 

609 After 1 s t  Second Lamp Edge of 6 40 cm 
impact post S i dewa l k  

Tab l e  I I I  - Characte r i s t i cs of co l l i s i on s  with  occurrence of he l met l o s s  
att r i but a b l e  t o  fragmentation o f  t h e  shel l .  

4 - HELMET  SHELL  FRACTU RES AND D I ST R I B U T I ON OF IMPACT ENERGY 

Some of the shock- absorbent mater i a l s  used for he l mets s t i l l  
s howed a trace of the stress  u ndergone dur ing  i mpact . Th i s  was true for 
po l ystyrene , the recovery of e l ast i c ity of wh i c h  was on l y  part i a l . The 
cru s h i ng wh ich  was e ven l y  spread over a wide area of th i s  shock- absorbent 
mater i a l  gave e v idence of good beh a v i our  of the he l met she l l .  In some cases 
where f ractures occu r ,  we observed i rregu l a r  stresses of t h i s  shock-absorbent 
mater i a l  . Th i s  phenomenon i n vo l ved an i ncreas i n g  of the stresses  aga i n st the 
head . Thus , as  we have seen above , an i ncrease of i n j ury sever i ty .  In the 
case of 1 1  out of the 21 he l mets l i ned with  po ly styrene shock-a bsorbent 
mater i a l , an i rregu l ar res i d u a l  crush i ng was found j ust underneath the s he l l  
f racture l i ne . Th i s  i rregu l a r c r u s h i n g  of the shock -absorbent mater i a l  and 
fracture of the she l l  occurred dur ing  the s ame impact for 1 0  out of the 1 1  
cases ment i oned above . 
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The occurrence of i rregu l ar c ru s h i ng of the shock- absorbent mate r i a l  i s  
l i nked to the s i ze of the she l l fractures : i rregu l ar cru sh i ng was observed 
in one-th i rd ( 2/ 6 )  of c a ses w i th sma l l fracture s  of the s h e l l .  Th i s  proport i on 
rase to three quarters ( 9/ 1 2 ) of the c a ses  w ith  fractures l anger than 1 0  
cent i me',res ( Ta b l e  I V ) . 

Fracture 
Length ( i n cm ) 

Under 5 

6 to 1 0  

1 1  to 1 5  

1 6  to 20 

21 to 25 

> 25 

Absorbent mate r i a l  

W i thout re s i d u a l  
crush  

2 

( * )  

W i th crush  
regu l ar 

With  crush  
i rregu l ar 

2 

5 

1 

3 

( * )  I n  th i s  c ase ,fractu r i ng occ urred at some d i stance from the s i te 
of i mpact . 

Tab l e  I V  : S i ze s  of she l l  fractures and i nterac t i on between s he l l s  
and shoc k -absorbent mater i a l . 

5 - HELMET SHELL  FRACTU RES AND I NFLUENCE  OF THE MATE R I A L  

The materials  used for manufact u r i ng h e l met she l l s  are c l a s s i f ied  
i nto two groups a s  fo l  l ow : 

- Thermo p l a st i c s  i nc l ud i ng ma i n l y  the A . B . S .  ( ac ry l on i t r i l e  butad i e ne 
styrene ) and the polyc arbonate s . 

- Durop l ast i c s . The durop l a st i c s  are strat i f i ed mater i a l  made from 
a base of res i n s  and g l a s s  or Kev l a r  f i bres . 

He l met she l l fractu r i n g  was observed tc a d i fferent extent depend i n g  
a n  t h e  type o f  mater i a l  u sed ( t a b l e  V ) .  Howe ver , i n  o u r  op i n i on , t he comµar i 
son between mater i a l s  must be made i n  accordance w i th the rea l  i n j u ry r i s k  
i nvo l ved a s  a re s u l t  of d i fferent fracture s i zes . 

Thu s , i f  some mate r i a l s  seemed to have a l ow re s i stance to fragmEntat i on 
the i r  des i gn i ncorporates a cert a i 1 1  r�s i stance to the exten s i on of the 
fracture . Th i s  was true for the f i � re base mate r i a l  ( du rop l a st i c s )  : on l y  
1 out of 6 fractu re s  was l anger thar 1  1 0  cent i metres . I n  decreas i ng order of 
performance , fo l l ow i ng f i t re base mater i a l  c ame po 1yc arbonates and then the 
A . B . S .  mater i a l . 
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Photog raph Ne 1 : 

A f racture of 42 cm i n  l ength was 
res pon s i b l e  of the l a s s  of t h i s  
he l met . A second obsta c l e  was struck 
by the unhe l meted head . Th i s  l atter 
i mpact i n vo l ved a fat a l  head i n j ury .  

. .... . 

Photog raph � 0  2 : 

We can  see a res idua l  crush i ng 
( arrow ) of the shock-absorbent 
mate r i a l  bene ath the i mpact po i nt . 

l 
. 
. 

Photog raph N° 2 : · 

On t h i s  shock- absorbent mate r i a l , 
made of po l y styrene , �e observe 
an i mpres s i on j u st underneath 
each cf the two s i des of the 
fracture of the she l l . We not i ce 
i rregu l ar crush ing  atout 2 to 4 
m1 l l i metres t h 1 c k . 
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W i th the A . B . S .  mater i a l , we observed that 50 % of the f racture s  were l anger 
than 1 0  cent i metres and 1 cut of 5 were i onger than 25 cen t i metres . 

Fracture l ength A . B . S .  Po l ycarbon ate 
( i n  cm )  

Under 1 1  1 1  3 

From 1 1  to 25 7 2 

Over 25 5 

Tot a l  2 3  6 

Al l cases  ( with  or 65 30 
wi thout s he l l fractures ) 

Tab l e  V Si zes of fractGres accord i ng to she l l  mater i a l s  

F i bres 

5 

6 

1 6  

Among the var iou s  factors that can degrade the beh a v i our  of mater i a l  
dur i ng  i mpact two stud ies  have n oted the factor cf a�e i ng ( 3  and 4 ) . Ou r 
samp l e ,  wh ich  was made up  of he l mets a l l  of wh i c h  were of recent manufacture 
- l e s s  than three years o l d  - d i d . not therefore l end i tse l f  to ana l y s i s  of 
th i s  phencrrenon . One of t hese stud ies  conducted by U . T . A . C .  ( 3 ) performed 
a l l the tests u sed for the stand ard des ign cert i f i cat i on i n  France upon a 
samp l e  of he l mets actu a l l y  i n  u se  amongst a group cf moped r i ders and 
motorcyc l i sts . After showing up  severa l cases of nonconform i ty duE on the 
one hand , to poor ma i ntenance by tne i r  owners and , on the other hand , to the 
frag i l i t v  of cert a i n  mater i a l s  due to the i n f l uence of age i ng . Concern 1 n q  the 
he l met she l l s ,  the ma i n  f i nd i ng s  werc: as f o l l ows 

- She l i f ractu r ing  was observed on l y  i n  the case of cne type of mate r i a l , 
n a rr e l y  A . B . S .  and ; accord i ng to test cond i t i on s  1 i n  the case of from 1 4  % to 
58 % of such he lmet she l l s . 

The age i n g  of th i s  A . B . S .  mate r i a l  was accompan ied by i ncreased frag i l i ty 
f rom 46 % to 6 1  % of f r actures  of the he l met she l l  accord i ng to the i r  
age ( 3- 6 years ) .  

Another study ( 4 ) measured the i nf l uence of the natu r a l  and art i f i c i a l  
age i ng of construct ion  �orkers ' s afety he l mets made c f  f i ve d i fferent 
mater i a l s  . Its author recommended a ma x i murr durat i on of use of two years i n  
the case of h i nh - o�rformi ng materi a l s .  A . 8 . 5 . ma ce r i a l  seemed a l i tt l e  better 
than f 1 bre base mater i a l  but such vari at i on i n  the resu l t s  i s ,  i n  our  
op 1 n i on , attr i butab le  to tne  s pec i f i c  tests cond i t i on s  used for each  study 
( temperature , hygrometry , and t he v i o l ence of shocks to wh i c h  he l mets  were 
subjected ) . 
Same compl ementary stud ies  are needed to corroborate the re l at i ve i n f  l uence 
of each age ing  f actor such a s  : 
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- fhe exposure to atmosphe r i c  agents 

- The i n he rent age i n g  proce s s  of mater i a l s  

A second cu rrent study i s  be i ng performed by a U . T .A . C .  team , on the 
bas i s  of tests performed upcn  h e l mets not recent l y  manufactu red and never 
warn . l"he ma i n  resu l t s , concern i ng s he l l mater i a l , are the same as  those 
in  the f i rst study men t i oned atove . 

6 - H ELMcT SHtLL  FRACTURtS AND V l OLENCE  CF COL L I S I ONS 

To est i mate the s u p p l ementary r i s k for the v i ct i m  att r i butab le  to 
fracture of the he i met she l l ,  it wou l d  be nece s s ary to compare the i n j u ry 
l e v e l  observed i n  two groups matchea i n  terms of propcrt i on of c o l l 1 s i on 
v i o l ence --wi t h  or w i thout s he l l  fractures . Th i s  method i s  the c l a s s i c  one 
u sed in car acc i dento l ogy to e v a l u ate the suppl ementary r i s k  re l ated to some 
a spect of a ca r ' s  structura l beh a v i our ( stee r i ng whe e l  rearward d i s p l acement , 
i ntru s i on , etc . . .  ) .  The s ame method i s  u sed to e v a l uate the eff i c i ency of 
protect i ve dev i ces such  as seat  be l t s . The photograph i c  l i brary of expe r i men 
t a l  car-crashes  g i ves references wh i c h  are needed for r i gorou s eva l uat i on 
of co l l i s i on s peeds . 

Concern i ng two-whee l e r s , the  i n n ume ra b l e  range of c o l l i s i on conf i gura
t i on s , l i n ked to the  l ack  of e xper i mental  references* i n  t h i s  f i e l d  prevents 
the adopt ing  of a s t r i ct a pproach to obta i n i ng knowl edge of c o l l i s i on s peeds 
between the two-whee l e r s  and the obstac l e s  they str i ke : the hEad i �pact 
s peed ag a in s t  the obstac l e  i s  d i fferent - rang i ng f rom 0 . 4  to 1 . 6  - of 
the c l os i ng s peed ( 5 ) . · 

V a r i ou s  a pproaches were proposed to remedy t h i s  d i f f i c u l ty . certa i n  
�ere based on the k i nemat i c s  of the v i ct i m  ( 6 ) : w ith  o r  wi thout esc ape 
aga i n s t  the obstac l e ,  s i d e - s w i pe , run over . . .  Same other a pproaches were 
ba sed on the k i nd of obstac l e s  struck ( 7 ) : veh i c l e s , trees , the ground , 
etc . Our c l a s s i f i cat i on takes  i nto account the . characte r i s t i c s  that are 
s pec i f i c  to the obstac l e ,  i .e . its geometry and i t s  est i mated st i ffne s s  
\ F i gure 2 ) . 

* The re s u l t s  of an expe r i ment a l  study ( 5 )  showed the l i m i t s  of the method : 
it  was not pos s i b l e  to e v a l u ate the c o l l i s i on s peed accord ing  to the f i n a l  
re l at i ve pos i t i on of the v i ct i m ,  the two-whee l veh i c l e  and the  car  struck 
for i n stance , the k i nemat i c s  of the v i c t i m  are d i fferent accord ing  to the 
occurrence or  non-occurrence of a rm i mpact ag a i n st the hood of the c a r . 
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" PLANE"  

80% of  i mpact-
8% of A I �  

--
� 

' 
' - , 

- - - - - -

,J 
//�� 

11 CORNER" 

1 5% of i mpact 
50% of A I S� 

OTHERS 

5% of  i mpact 
75% of A I S>--3 

� b 
~ 

T YRES 

OF V EH I C LES 

F igure 2 Frequency and sever i ty of head i n j u r i es 
accord ing  to types of obstac les  struck . 

( refererice 8 )  

The aggre s s i v i ty of the  obstac l e  was a l so ve r i f i ed w ith  res pect t o  the  
he l met s he l l s  : the  proport i on of she l l  fractures  was  twice  a s  h i gh  in  acc i 
dents i n vo l v i n g  i rr.pacts ag a i n st " CORNER" obstac l es as  they were i n  those  
ag a i n st " P LANE"  obstac l e s . As  far  a s  the mater i a l s  are  concerned , the i r  
beh a v i our  with  reg ard to  e i ther of these types of obstac l e s  showed a l e s ser  
impact res i stance in  the  c a re of  the  f i t re - base and  of  the A . B . S .  mate r i a l s  
( Ta b l e  V I ) . 

Ag a i  n st 
I I  PLANE" 

Ag a i nst  
I I CORNER" 

Impact 

- wi  t h  fracture 
- with  and wi thout 

fracture 

- W i  t h  fractL:re 
- with and w i thout 

fracture 

A . B  . S . 
1 1  
46 

3 
7 

She l l s  mater i a l s  
Poiycar5on ate Fi bres 

2 3 
20 1 0  

1 
4 

Tab l e  V I  Inc idence of she l l  f ractures accord ing  t o  obstac l e  struck 
and s he l l  mater i a l . 
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PRCPOSA LS . -

l he an a l y s i s  af rea l -wa r l d  acc idents shawed that i t  i s  i mpartant to  
avaid  t t i e  accu rrence af  f racture ta the  he l met she l  1 .  

With  a v i ew ta prapa s i ng a future cert i f i cat i an test far he l met shel l s ,  
we prapase a c r i te r i an based an fracture d i men s i an s . 

Ta reduce the r i sk af l a s s  af he l met , a l l  he l mets w ith  f ractures l anger 
than 25 cent i metres wou l d  be rej ected . In l awe r i n g  th i s  thresha l d  ta 1 0  
cent imei res , we � 1 � n i f i c ant l y  reduce the r i sk af a paar d i stri but i an af 
impact E:i 1e('gy aver the shack-absarbent mater i a l . 

The study has  shawed that cert a i n  mater i a l s  u sed far manuf actur ing  
he l met she l l s  h a ve a paar res i stance ta  fragmentat i an . S i nce the  prapcrt ians  
af  the bas i c  campanents can  be  mad i f i ed ,  and  can sequen t l y  the i r  mechan i c a l  
beh a v i o u r ,  i t  seems more eff i c ient t o  def i ne rea l i st i c  test cond i t ions , 
rather than to prah i b i t  the use of cert a i n  mater i a l s .  I n  t h i s  l atter c ase 
we shau l d  r i sk end i ng up with  a res u l t  comp l ete l y  contrary ta our re a l  w i s h . 

We h a ve observed the i nf l uence cf some f actors i n  the occurrence of 
fracture of he l met s he l l s ,  but the re l at i ve i nf l uence of each of these 
factors i s  st i l l  not we l l  understood . That i s  a l so t rue of the energy 
d i s s i pat i on resu l t i ng fram a f racture of the she l l .  In our o p i n i an , these 
are i nterest ing  new f i e l d s  for future res€arch . 

CONCLUS I ONS . -

- The f ractu r i ng a f  he l met she l l s  was abserved i n ane t h i rd a f  the c a l l i s i an s . 

- The r i sk of severe or fata l i n j u ry was doub l ed when a fracture of the 
she l l  occurred : 38 % of head A I S  �3 with  f ractu re compared with  21 % 
of such i n j u r i e s  where n o  f racture was observed . 

- The eff i c i ency of the he l met s he l l was obv ious : t he r i sk af sk u l l  
f racture i s  three t i mes  greater \'Jlen fracture af the he l met she l l accurred . 

- Fractures of the he l met she l l  produced the two fo l l ow i ng mechan i sms : 

. Lo � s  of he l met , when fractures af the she l l are l anger t h an 25 cen t i me 
t res 

Poor d i st r i but i on of i mpact energy o ver the shock- absorbent mater i a l  
when f ractures are l anger than 1 0  cent i metres . 

- He l met s he l l  f ractu r i n g  was observed ta a d i fferent extent accord i ng ta 
the type of mate r i a l  u sed : the best performances were a bt a i ned by the 
f i � re - base mater i a l . The i r  des ign  prov i des good re s i stance ta the exten
s i on of the fractures . Lang  f ractures a re aften noti ced in the case af 
A . B . S .  mater i a l . 

- The i nf l uence of the v i o l ence of c o l l i s i on an the occu rrence of he l met 
she l l  f racture i s  obv i ou s  : more than 40 % of the she l l s  were f ractu red 
ag a i n st " CORNER" type obstac l e s  campared with  on l y  20 % for the " P LANE"  
type . 
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