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Thi s  paper des cribes the results of  a 'study aimed at exam1m.ng the field 
performance of modern laminated windscreens in car accidents . lt cons iders 
the nature of the head impacts with glass and the inj uries sustained as a 
resu l t .  l t  also cons iders a number of  other effects that have an influence 
on the impact performance of windscreens , such as pre-fracture , gasket 
separation and the pos i tion of initial contact . Cons ideration has been given 
to the insens itivity o f  the AIS for scaling minor and moderate soft tissue 
inj uries . A Tissue Damage Scale has been deve loped to describe and scale the 
inj uries to a f iner degree than the AIS .  

THE STUDY 

In the 1950 1 s  and early 1960 ' s  l aminated windscreens were produced with a 
0 . 38nnn plastic interlayer.  High energy contacts allowed penetration of  the 
head through the interlayer whi ch resul ted in deep and disfiguring lacerations . 
In 1966  the 0 . 76mm HPR interlayer was introduced . This had the effect of 
reducing the frequency of  head penetration and the s everi ty of  head and face 
lacerations to a level that rarely exceeeds AIS 1 (Ref 1 ) . In an attempt to 
reduce laceration frequency and s everi ty further , Triplex Safety Glas s Co , 
Limited introduced a windscreen in 1976 called Ten Twenty (Ref 2 ) . Thi s  i s  
a l i ghtweight laminated winds creen , both p l ies of  which are thermally 
toughened , the inner p ly to a s igni f icantly high level . The toughening is  
�es i gned to  encourage crack pr�pagation and thus smaller glass particles in 
the area of head contact . In laboratory tests using the Triplex Laceration 
Index (Ref 3) , as a measure of the severity of laceration , the Ten Twenty 
windscreen shows a s ignificant reduction in the amount of  damage to s imulated 
skin t issue over �onventional laminated windscreens . 

The results  presented in this paper attempt to describe the inj uries produced 
by actual head contacts by examining the perf ormance o f  the two types of 
windscreen in real accidents . 

THE SAHPLE 

The f i tt ing of  Ten Twenty windscreens occurs in only some 1 . 6% of cars and 
thus head contacts with s uch glass are a fairly rare occurrence in the U .K .  
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For this reason i t  was necessary to  col lect data on a national level in order 
to cornpile suff icient cases for an analysis to be rnade , Co-operation was given 
by the British Insurance As sociation and a nurnber of large Police Authorities 
to assist in gaining access to the vehicles involved in accidents . 

Tab le 1 details the source of each accident investigat�d and the pol ice 
classification of the inj ury severi ty .  

Tab le 1 

Ten Twenty Conventional 

Press 4 1 
Pol ice 1 1  2 2  
Insurance Cornpanies 1 1  1 

Classificati6� of A�cident 
. . . . 

Severity using the Police Definition 

Daroage only 5 5 
S light 1 4  12  
Serious 6 7 
Fatal 1 0 

We were concerned that the different sources of  cases would introduce sorne 
bias into the two samp les . For examp l e  po lice reported accidents rnay contain 
a greater proportion of injury cases than those collis ions which are reported 
to insurance companies . The data in Table 1 ,  however , su�gests that this is 
not a demons trable effec t .  

DATA COLLECTION 

Detailed measurements were taken of the crash daroage in order to  estimate the 
' equivalent test speed ' (Ref 4 ) , and the r.esul tant effect on the occupant ' s  
head to windscreen velocity . Photographs were t aken o f  the axterior and 
interior of  the vehicle and any cornponents that may have had an influence on 
the occupan t ' s  traj ectory. The windscreen was s tudied in detail to  ascertain 
the primary cause of fracture and the amount of daraage caused by occupant 
contact . Only ' clean '  head contacts were cons idered , where the inj uries 
could be as signed specifically to  the glas s .  

Medica l  informatibn on the inj uries sustained by the accident victims was 
gathered with the help of a medical team based at the Birmingham Accident 
Hospital . In selected cases further details  of inj uries were obtained by 
sending a questionnaire direct ly to the victims . 

THE DATA 

Tables 2 and 3 summariee the data collected on 2 6  Ten Twenty and 2 4  conven
t ional l aminate cases , fo� which full engineering and medical information 
is available for frontal collisions involving s imple ' clean' head s tr ikes on 
the windscreen. 
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Table 2 . TEN TWENTY CASES 

Case Equivalent Windscreen t Occupant t Frame Pre- Driver Site of 
No . Tes t  Damage Injury Separation Frac ture or Contact 

Speed (Kph) Category Category F . S . P .  on J-Iead 

1 32 - 40 4 4 No Yes D 2 

4 32 - 40 5 4 Yes No D 2 

5 40 - 48 4 5 No Yes p 2 / 3 / 9 / 7  

6 16 - 24 2 2 No No p 8 

7 32 - 40 3 3 No No D 8 

12 32 - 40 1 2 No No D 10 

15 32 - 40 5 5 No Yes D 1 /2 / 3/ 5 / 7  

1 7  24  - 32 4 4 No Yes D 1 

23 32 - 40 4 5 No;' Yes D 1 /2 /6 

24  8 - 16 3 3 / 7  No No D 8 

25 48 - 5 6  4 5 No Yes D 1 

30 16 - 24  1 3 No No D 2 

32 16 - 24 2 3 /8  No No p 2 

3 3  3 2 - 40 4 5 / 7 No No D 2 
35 32 - 40 4 6 No Yes D 1 

36 40 - 4 8  4 6 Yes „, Yes p 2 / 3 / 9 / 7  

37  2 4  - 32 2 3 No No D 5 / 9 / 6  

40 16 - 24  2 3 No No D 8 

41 40 - 4 8  2 3 No No D 2 

45 32 - 40 4 3 No Yes D 2 

5 2  32 - 40 2 5 No No D 8 

54  24  - 32 2 3 No No D 8 

55 40 - 48 2 3 No No D 2 

6 8  1 6  - 2 4  2 2 No No p 10 

81 32 - 40 4 4 No No D 2 

85 16 - 24  2 2 Yes No D 10 

·;'( Rubber Gasket Hounting 

t see text for definition of  scale 
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Table 3 . .  CONVENTIONAL LAMINATE CASES 

Case Equivalent Windscreent Occupantt Frame Pre- Driver Site of 
No .  Test Damage Injury Separation Fracture or Gontact 

Speed (Kph) Category Category F . S  . P . on llead 

2 7  16 - 2 4  3 2 Yes No p 8 

2 8  2 4  - 32 2 4 No Yes p 8 

29 40 - 4 8  4 6 Yes No p 2/4/6  

29 40 - 4 8  3 4 Yes No D 2 

38 40 - 48 4 5 Yes No D 1 /2/3/7  

42 24 - 32 2 3 1 No No D 9 

46 24 - 32 2 3 1 No No D 1 
47  24  - 32 4 4 No No D 2/9/6  

49 16 - 24  4 5 No No p 2/9  

50 24 - 32 4 2 /7  No No D 10 

5 3  24  - 32 4 4 Yes No p 1 

5 6  1 6  - 24 2 4 No No p 2 

5 7  16 - 24  3 4 Yes No D 2 

60 32 - 40 4 5 Yes Yes D 8 

62 16 - 24 4 5 Yes No D 2 /5/6  

63  16 - 2 4  2 3 No No D 8 

70 32 - 40 4 4 Yes No D 2 

70 32 - 40 4 6 Yes No p 1/2/4/5/7  

71 16 - 24  4 5 No No D 2 

71 16 - 2 4  4 4 No No p 2 

73 16 - 24 4 3 No No p 1 

75 16 - 24  4 6 Yes Yes D 1 /2/5/7  

90 32 - 40 4 4 Yes No D 2 

90 32 - 40 4 6 No Yes p 2/3/9/7  

t see  text for definition of scale 
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CRASH SEVERITY 

Tab le 4 and Graph 1 show the d i s tribut ions for the two groups of cases by 
crash s everi t y .  No s i gn i f i cant d i fference i s  measureable between these two 
groups . There i s  a sugges t ion that the Ten Twenty group i s  somewhat more 
severe in terms of the equivalent test  speed . The mean speed for the Ten 
Twenty group was 36 k . p . h .  and for the convent ional group i t  was 29  k . p . h .  

Table 4 .  

E .T . S .  Ten Twenty Conventional 
Kph N % N % 

8 - 16 1 3 . 8  0 0 
1 6 - 2 4  6 2 3 . 1  9 3 7 . 5  
2 4  - 32 3 1 1 . 5  6 25 
32  - 40 11 4� . 3  5 20 . 8  
40 - 4 8  4 15 . 4  4 1 6 . 7  
48 - 56 1 3 . 8  0 0 

Total 2 6 99 . 9  2 4  100 .0 

WINDSCREEN DAHAGE 1 .  Defini t ion 

The amount o f  damage to the windscreen as a result of a head contact has been 
tabulated using one o f  the fol lowing general descriptions : 

Graph 1 

(/) Q) (/) rd u 
� 0 

0 z 

12  

10 

8 

6 

4 

2 

1 .  Head contact but no fracture o f  e ither ply 
2 .  Outer ply only fractured 
3 .  Both p l i es fractured but no apparent interlayer bulge 
4 .  Interlayer s tretch w i th resul tant bulge 
5 .  Interlay�r bulp,e and tearing o f  interlayer 
6 .  Severe damage 

II Ten Twenty 

[] Conventional 
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Table 5 shows the frequency of the different types of windscreen damage for 
the two glass types . These data s uggest that a lower proportion of Ten 
Twenty cases have fractures of the inner ply .  

Table 5 

Windscreen Damage Ten Twenty Conventional 
N % N % 

No fracture ( 1 )  2 7 . 7  0 0 
Outer only ( 2 )  10 3 8 . 5  5 20 . 8  
Both plies (3)  2 7 . 7  3 12 . 5  
Bulge (4 )  10 38 . 5  16 66 . 7  
Interlayer ( 5 )  2 7 . 7  0 0 

Total 1 26 100 . l  24  100 . 0  

Also a smaller proportion of  Ten Twenty case s  resulted i n  a bulge i n  the 
interlayer even though the Ten Twenty sample had a higher crash severity . This 
is i l lustrated in Graphs 2 and 3 ,  wheie it appears that Ten Twenty not only 
requires a higher speed to cause fracture of the inner ply but the onset of 
a discernible bulge also requires a higher speed . 

Because of the skewed nature of the crash s everity distr ibution it  therefore 
fol lows that Ten Twenty may well  exhibit fewer cases where inner p ly fracture 
occurs in comparison to conventional laminates , and also significant bulging 
o f  the interlayer should occur less frequently . 

Graph 2 
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A c lose examination of the impacted area of  a darnaged windscreen will reveal 
separation of the individual glass fragrnen ts allowing shelf edges to be forrned 
and exposed . These shelf edges we bel ieve are a rnaj or contributor towards the 
removal of skin , and hence they control the s everity of lacerations . They are 
only produced when the windscreen deforrns enough to produce a bulge . 

Graph 3 
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WINDSCREEN DAMAGE 2 .  Pre-fracture 

II T en Twen ty 

0 Conventional 

Particular ernphas is  was placed on locating and def ining the ori gin of fracture 
of both plies of the laminate and particularly the inner cornponent of Ten 
Twenty windscreens . The occurreQce of fracture prior to head contact with 
Ten Twenty laminates rnay we ll be s ignif icant in reducing the s tress of the 
inner glass and in turn reducing the possibility of fine fragrnentation . Pre
fracture i s  irnportant with conventional laminates where crack surfaces and 
shelves are produced whi ch lie  across the direct ion of the head t raj ectory . 
Pre-fracture may we l l  reduce the penetration res i s tance of  windscreens , and i t  
would s eem important that future experimental irnpact s tudies should include 
: i re- t'rartured samples . 
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Table 6 . details the o ccurrence of pre-fracture for the cases examined .  These 
cases show that pre-fracture occurs more than twice as frequently with Ten 
Twenty than with conventional windscreen s .  This is  because the bonnet latch 
on the Rover ,  the predominant car model to occur in the Ten Twenty s ample , is 
located centrally at the rear of the bonnet which by design is forward-hiµged .  
In an impact the bonnet latch i s  easily displaced into the base of the wind
s creen and this occurs prior to any occupant head contact occurring . Other 
des igns of bonnet are less susceptible to displacement into the p l ane of the 
windscreen . The consequence of this des ign may well be  to diminish the 
effectiveness of the windscreen under real-world crash conditions . 

Table 6 .  

Inner P ly Condition � 
Ten Twenty Convent ional 

N % N % 1 

Pre-fracture 10 38 4 1 7  

N o  pre-fracture 1 6  6 2  20 �3 

Total 26 100 2 4  100 

WINDSCREEN DAMAGE 3 .  Frame separation 

Windscreen frame s eparation was recorded if the degree and position of the 
s eparation ocourred in an area where i t  would p lay a s ignificant role in the 
performance of the windscreen during a head impact . l t  should be  noted that 
all  the conventional laminates but only three of the Ten Twenty cases were 
glazed us ing a rubber gasket , the remaining Ten Twenty cases were adhes ively 
glazed . The incidence of frame separation is s hown in Table 7 .  

Table 7 .  

Ten Twenty Conventional 
N % N % 

Separation 3 12 12 50 

No relevant separation 2 3  88 12 50 
\ 

Total 26 100 2 4  100 

Clearly the separation o f  the Ten Twenty mount ing occurs much less  f�equently 
than with the conventional windscreens . l t  is  wo�th recalling the work o f  
Corne l l  Laboratory (Ref 5 ) , which noted that a s ignificant  amount of the 
benefit  obtained from HPR . interlayer ,  in comparison to the old 0 . 38mm inter
layer type was lost if an adhesive bond was used in comparison to a gasket 
mounting .  
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THE HEAD CONTACTS 1 .  Occupant posi tion 

Table 8 detai ls the occupant pos i tion for the two types of windscreen . 

Table 8 .  

Occupant posi tion 

Driver 

Front seat pass enger 

Total 

THE HEAD CONTACTS 2 .  S i te on winds creen 

Ten 
N 

21  

5 

26 

Twenty Convent ional 
% N % 

81 14  5 8 . 3  

19  10 4 1 .  7 

100 24  100 . o  

The initial  point of  con tact on  a windscreen can usually be located by 
evidence of a grease mark . lt i s  interest ing to note that the first  point 
of contact does no t always coincide with the origin of fracture of one of 
the pl ies . 

Table 9 gives a summary o f  the horizontal zone in which the head contact 
occurred . 

Table 9 .  

Ten Twenty Conventional 
Driver N . S . F .  Driver N . S . F .  

N % N % N % N % 

Upper third 15 76 4 80 12 86 8 80 

Middle third 5 2 4  1 20 2 14 2 20 

Lower third 0 0 0 0 0 0 0 0 

Total 2 1  100 5 100 1 4  100 10 100 

lt i s  c lear that over three-quarters of all head contacts occur in  the upper 
third of the windscreen regar dless of car typ e .  None ocour in the lower third . 

Figure 1 illustrates the posit ions of the head contacts and the linear 
dimensions of any re lative head to glass movement which occurred . No di ff
erences were found in the locat ions of  the head contacts f or the two glass 
types and they are plotted together on Figure 1 .  Not all of the cases 
i l lustrated by l inear travel on the glass represent fracture .  lt i s  pos sible 
to have a s liding act ion of  the head down an unbroken windscreen . 
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THE INJURIES 1 .  Definition 

Mos t  inj uries sustained as a result of contact with a modern laminated wind
screen are of relatively low severity when assessed on any threat to life 
scale , very few exceeding AIS 1 .  It was thought necess ary therefore to 
formulate a ' laceration scal e '  based on experience gained with ear lier s tudies 
of head/windscreen contac t s .  The fol lowing Tissue Damage Scale has been 
used throughout the analys is : 

1 .  Inj ury not known 
2 .  No injury reported 
3 .  ' Bump ' or bruising (no tissue damage) 
4 .  Minor abrasions ( tissue damage but no measureable 
5 .  Lacerations (no s titches ) cut s )  
6 .  Lacerations (with sti tches) 
7 .  Concus sion (with a period o f  uncons ciousness)  
8 .  Fatal (where prime cause of death can be attributed 

to the windscreen) . 

Clearly there are two dimensions to this S·cale , laceration and brain inj ury . 
Thus an individual can be rated twice . The frequenc ies o f  these various 
class es of inj ury are given in Tab le 10 , for the two glass types , and are 
shown graphically in Graph 4 .  

Tab le  10 

Ten Twenty Conventional 
N % N % 

1 .  Inj ury not known 0 0 0 0 

2 .  No inj uries reported 4 li . 4  2 8 . 3  

3 .  ' Bump ' or bruis ing 10 3 8 . 5  4 1 6 . 7 

4 .  Minor abrasions 4 15 . 4  9 3 7 . 5  

5 .  Lacerations (no sti tches ) 6 2 3 . 1  5 20 . 8  

6 .  Lacerations (with s t itches) 2 7 . 7  4 16 . 7  

7 .  Concussion � 7 . 7  � 4 . 2  

8 .  Fatal 3 . 8  0 

Total 2 6  100 . 1  2 4  100 . 0  
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Graph 4 
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THE INJURIES 2 .  Location o f  Inj ury 

- Ten Twenty 

D Conventiona l 

( 5 )  ( 6 )  ( 7 )  (8 )  

Inj ury Scale 

The anatomical locat ion of the inj uries o� the head and face is  outlined 
in Table 1 1 .  These data show that there are no significant diffe�ences 
between the two glass types . It is interesting that three quarters of the 
inj uries occur at the level of the eyebrows or above . This is  in marked 
contrast to experimental work (Ref 6) which indicates a high frequency of 
laceration to the nose and the chin in dummy tes t s .  These resul ts suggest 
that an occupant ' s  traj ectory in actual accidents may wel l  be different from 
dummy kinematics . The reconstruction of real world traj ectories i s  an 
important area fo� future research . No maj or differences were detected in 
the data between drivers and pas sengers for the location o f  laceration s .  

THE INJURIES 3 .  Severity 

Tab le 10 outlines the severity of the inj uries according to the Tis sue 
Damage Scal e .  No very marked di fferences are apparent although there is  
a suggestion that conventional windscreens cause more abrasive type inj ury 
than does Ten Twenty . 

· 

If ,however ,  the inj uries ane examined in relation to crash severity , and i f  
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Tab le 1 1 .  INJURY SITE ON HEAD 

Category Description Ten Twenty Conventional 
N % N % 

1 Above hairline 5 20 7 22 . 6  

2 Between ha irline and eyebrows 1 3  5 2  14 45 . 2  

3 Eyebrows 3 12 2 6 . 4  

4 Around eyes (not inc l . eyebrows ) 0 2 6 . 4  

5 Below eyes 1 4 3 9 . 7  
6 Multiple (2 inJ ury sites)  rn ill I 
7 Multiple ( 3+ injury sites)  

8 Precise site of injury N/K 

9 Nose 3 12 3 9 . 7  
10 No reported head . inj ury . 0 � 

Total 2 5  100 31 100 . 0  

Inj uries occurring at eyebrows or- .above 2 1  84% 23 74 . 2% 
.. 

Inj uries occurring above eyebrows 1 8  72% 21  6 7  . 8% 

a divis ion is  made between those cases where some tissue damage occurred and 
those where· there was no ' tissue damage , then some trend is discernible as 
il lus trated in Graph 5 .  Those data suggest that tis sue damage is  occurring 
more frequently with conventional glass than with Ten Twenty and this is  
perhaps more marked in  low speed crashe s .  

I f  the cases are grouped into those be low 3 2  k . p . h .  and those above , then 
the trend i s  illustrated more c learly in Graph 6 .  These data are statis tica lly 
different (us ing the Fis her Exact Probability Test)  and they suggest that 
Ten Twenty may wel l  be generating less  ti ssue damage than does conventional 
glas s .  

I f  the frequency of tissue damage i s  related to windscreen damage (Graph 7)  
it appears that once a bulge develops there is  tissue damage , to some degree, 
in mos t  cases . 

From these data there i s  a suggestion. that the toughening of  the inner ply of 
Ten Twenty results in a windscreen. which is less  easily fractured than 
conventional ones . 
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Cons equent ly , the onset  of tissue damage with Ten Twenty appears to be de layed 
to a higher head-to-glass speed . Because of the skewed nature of collision 
s everi ties , in that there are many low speed impacts and fewer at higher 
speeds , it can be suggested that Ten Twenty i s  providing a benefit at the low 
end of the collision speed spectrum. 

THE INJURIES 4 .  Brain Injury 

In the Ten Twenty sample there were two cases where concussion occurred both 
at the AIS 2 leve l .  I n  the conventional sample there was one such cas e .  On 
the numbers available thi s absence of concus sion from windscreen contacts 
should be treated cautious ly but it appears tha t s ignificant brain injury 
from hi tting a laminated windscreen is not a problem in reality.  This brings 
into ques t ion the use of the HIC as a measure of the safety performance of 
a windscreen . Experimental work has shown that ' HI C '  values (measured on a 
headform) between 200 and 800 can be obtained . I f  f ield accident s tudies show 
that concuss ion is in reality of no consequence then the grading of the safety 
performance of windscreens in the laboratory ought to be done us ing 
laceration as a criterion rather than deceleration . 

There was one fatality in this s tudy . The f a taJ  spinal les ion was at the 
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Cl /C2 level in a 6 7  year old man who exhibited marked pre-exis ting o steo
arthritic degenerative changes in the vertebrae . The inner ply of the wind
screen was unbroken by his head contac t .  

CONCLUSIONS 

This paper has presented the results of a small scale investigation of  
laminated windscreen crash performance. �t  i llustrates perhaps some of  the 
reasons why it is important to monitor the actual performance in real accidents 
of all  s afety related items . For example the high frequency of pre-fracture 
of the Ten Twenty cases shows how an apparently unconnected piece of body 
desi gn may diminish the effectivenes s  of some o ther item. 

From this s tudy there is a suggestion that Ten Twenty fractures less  eas i ly 
than conventional laminates , and also the onset o f  bulging of  the interlayer 
occurs at a higher speed. Th�� in turn suggests  that soft t issue inj ur ies of  
the head are les s frequent as 'a ' consequence . 

The nature o f  the windscreen mounting i s ,}'·a factor which requires further 
study . This i s  direct ly relevant to legis lat ion which demands a high level 
of windscreen retention. The j ustification for such legis lation has not 
been estab lished and it may we ll be that adhesive bonding is diminishing the 
actual safety performance of laminated windscreens . 

With the adoption of  thinner inner p lies on convent ional laminated windscreens 
i t  will be of interest  to examine whether such a change will produce measureab le 
benefits  in real world collisions .  
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