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The e f fectivenes s  of safety belts has been demonstrated 
in numerous papers , f i r s t ly in the '' c la s s ic a l "  inves t i gation of 
Bohlin ( 1 ) , recently e . g .  by Danner ( 2 ) . Bohlin shows an average 
reduction of inj ury frequency of 4 8 % ,  see Fig . 1 .  Danner found 
about the same average inj ury reduc tion . For severe head in
j uries he found even a 7 5 %  reduct ion , in contrary for cervica l  
spine inj uries a n  increase o f  2 1 % .  Bohlin ' s  inj uries are related 
to a l l  impact type s , Danne r ' s  only to f rontal impacts . A change 
and reduction of injuries has a l s o  been s tated on the basis of a 
c omparison o f  1 0 0 frontal c o l l i s ions with and without belt usage 
( 3 ) , see Fig . 2 .  

The aim o f  this paper i s  to d i s c u s s  f actors af f ecting 
the seat belt per formance in frontal c o l l i s ions , the most frequent 
and severe col l i s i on type . In-depth analyzed acc idents are in
vestigated with respect to the observed mis functions of the belt 
system . Mis functions , probably a f fecting the be lt e f f ic i ency , 
may be caused by the c ons truc tion o f  belts , the handling o f  belts , 
or by reasons induced from " outside " .  This c l a s s i fication enab les 
furthermore to d i s tingui s h  between unavoidable and avoidable 
" be lt-spe c i f i c " injuries ( 4 ,  5 ) , whereby it is out of d i sc u s sion 
that the s e  inj uries are mostly on lower or at least equ a l  AIS 
level than the inj uries o f  non-belted occupants in comparab le 
acc ident s . The corresponding probab i l i ty was given by Beier (6 ) 
in the order o f  9 9 % .  

THE STRUCTURE OF THE SAMPLE 

Our s ample c onsi s ts of a l together 2 5 5  belted occupants . 
The accidents were inves ti gated f rom 1 9 7 2  up to now on the scene 
by multidisciplinary team s *  in Berlin and in Hannover and its 
environ s . Criterion f o r  the inclus ion o f  an accident i s  that at 
least one occupant of the car - b e l ted or not - is i n j u red . 

The d i s tribution of the involved be lted occupants to the 
impact direc tions is g iven in F i g . 3 :  

* Research programs are sponsored by the 
Bundesanstalt für S traßenwe sen ( BAST )  , Köln 
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frontal impact 
s ide impact 
rear impact 
rol lover , top , roof 
other 

1 6 0 occupants 
6 0  occupants 
1 7  occupants 
1 2  occupants 

6 occupants 
255 occupants 

For describing the acc ident seve rity and the represen
tativeness of the frontal col l i s ions in Fig . 4 1 1 5 out of the 
1 6 0 occupants , the accumulative frequency of the velocity dv is 
shown and compared with results of Hartemann et al ( 7 )  and o f  
Wa lz ( 8 , 9 ) . The 5 0 %  value i s  3 2  km/h . Fig . 5 demonstrates the 
scatter of the inj ury seve rity versus fl v . At the same speed 
change o f  1 2  m/s equivalent to 4 3  km/h extreme cases could be ob
s erved , fatal as we l l  as lower inj ury seve rity . 

Thi s  paper deals only with the 1 4 8 injured three point 
belted occupants of f rontally impacted cars . Dropping the AIS 0 
and AIS 1 inj ured occupants , only 3 8  occupants remain . They were 
divided into two groups ,  occupants wearing 3 -point- s tatic-be lts 
and 3 - point- automatic-be lts ( ELR , emergency locking retractor) 
respectively ( see Fig . 3 ) : 

frontal impact ,  AIS > 2 :  
3 -point-automatic-beTt 
3 -point- s tatic-belt 

BELT MISFUNCTION TYPES 

2 2  occupants 
1 6  occupants 
38 occupants 

The extreme scatte r  of Fig . 5 shows that the f i gure o f  j v i s  insu f f ic ient to demons t rate " car re lated collis ion severe
ty" . The type of c rash pulse ( high or low dece leration leve l ) , 
spec i fic collision conditions ( e . g .  intru s ion , overload ) , and 
spec i f i c  condi t ions o f  the occupants ( e . g .  s i z e  and age ) inf lu
ences the OAIS at the same �v . Furthermore , scatters o f  OAIS 
are primarily related to the way of seat b e l t  e f fectivene s s  in 
s ingle case s . High or low b e l t  e ff e ctivene s s  can be c aused by a 
poor seat b e l t  des ign as well as through wrang belt handl ing by 
the use r .  

Parame ters , negativ e ly inf luencing the e f fectivenes s  o f  
the belt system , can b e  called "Mis func t i ons o f  Belt Systems " .  
The following c la s s i fication seems to be poss ible : 

1 • Des ign mis functions ( see Fig . 6 )  

b e l t  geometry ( e . g .  lap be l t  angle ) 
belt characte r i s t i c s  ( e . g .  b e l t  brok e )  
length o f  the buckle part 
f i lm spool ef fect 
s t i f  fne s s  o f  seating 
mounting of the seat 
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characte r i s t i c s  o f  the dashboard in the knee contact 
area 

2 .  

3 . 

intrus ion of the s tee ring column 

Handl ing mis functions ( see Fig . 7 )  

seating posi tion forward* * 
belt s lack in the lap or shoulder belt* * 
position of the lap or shoulder belt* * 
inc lination o f  the back rest 

Induced mis functions ( see Fig . 8 )  

veloc ity leve l 
intru s ion 
ove rload 
tear out o f  anchor points 
mis location be fore impact 
f i re 

Thi s  clas s i f  i cation o f  m i s func tions enab les us to analyze 
avoidable and unavoidable ones ; furthe rmore , it c lari fies pos s i 
b i lities f o r  preventive measures . Inj uries caused by des ign mis
functions can normally be prevented by the manufacture r .  I n j uries 
due to handling mis functions c an be avoided through information 
and education of the occupants . I n j uries caused by induced rnis
function s  are norma l ly not avoidab le . 

The combination o f  mis functions results in typical 
rnotion sequences as 

exce s s ive forward movement 
subrnarining 
exc e s s ive forward movement o f  the upper torso 
impac ting agai n s t  the belt- loops with exc e s s ive 
re lative ve loc i ty 

a l l  these producing typ i c a l  inj ury patte rns o f  belt spec i f i c  in
j uries ( 4) . 

MISFUNCTIONS OF AUTOMATIC AND STATIC THREE POINT BELTS 

In 1 9 7 5  Mackay ' s  results ( 1 1 ,  1 2 ) were : " intrusion in 
the cornpartment i s  the most occuring comprornis ing factor to belt 
pe rformance '' and " incorrectly pos i tioned belts represent a parti
cular threat to the abdominal are a " .  Behrens e t  al ( 1 3 )  and Suren 
et al ( 1 4) found at the s arne Veh i c le Deformation Index ( VD I )  a 
s igni f icantly h igher OAIS leve l in case o f  mis functions . 

Our new results for the s e l e c ted 3 8  cases with OAIS > 2 
are shown f or the 

drive r ,  three point automativ be lt 
drive r ,  three point s tatic b e l t  
passenge r ,  three p o i n t  autornatic b e l t  
passenge r ,  three point s tatic be lt 

in 
in 
in 
in 

Fig . 9 
F i g .  1 0 
Fig . 1 1  
Fig . 1 1  
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Overall , 9 4  mis functions we re observed for the 3 8  occupants 
spreading up into 

2 2  constructive mis func tions 
3 3  hand ling mi s functions 
3 6  induced mis func tions 

3 age caused mis func tions 

In the average , two mis func tions per pas senger and case occure d .  
The fol lowing most important mis func tions have been analyze d :  

intru s i on 
Llv to high 

s lack o f  shoulder belt 
s lack o f  lap be l t  
dashboard EA characte r i s t i c s  
pos ition lap b e l t  

( 1 8  out 0 f 3 8 )  
( 1 5 out 0 f 3 8 )  
( 1 3  out of 3 8 )  
( 1 1 out 0 f 3 8 )  
( 1 1  out o f  3 8 )  
( 5 out o f  3 8 )  

The lower dashboard repre sents a f requent cause o f  in-
j ur ies , espec ia l ly for the automatic-be lted drive r .  The few 
cases " po s i tion lap belt" have a l l  been very severe ( A I S  5 or 6 ) . 

INJURY- INDUCING PARTS OF THE INTERIOR COMPARTMENT DURING 
THREE POINT AUTOMATIC AND THREE POTNT STATIC BELT USAGE 

In the c l a s s i cal inve s tigation of Volvo ( 1 )  and a 
nowadays s tudy of Saab ( 1 5 ) the inj ury inducing parts of the 
interior compartment in a l l  c o l l i s i on type s are evaluated . I t  i s  
obvious that the importance o f  the s tee ring column i s  reduced and 
that the windshield has alme s t  no more i n f luence ( see F i g . 1 ) . 

Saab ( 1 5 ) stated that in many cases the belt sys tem it
s e l f  repre sents the limit o f  protection , in mos t  cases however 
the contact to parts of the interior compartme n t .  This result 
was also stated by Mackay et al ( 1 2 ) . Inj ury inducing parts and 
points of the compartment for the belted 1 4 8 f ront passengers are 
shown in F i g s . 1 2  - 1 5 .  For the driver with automatic belt as 
we ll as with s tatic be lt ( see Figs . 1 2  and 1 3 )  the s teering 
system, the lower dashboard , and the belt i t s e l f  are the dominant 
inj ury caus ing parts . The driver with s tatic b e l t  s u f f e rs 
espec i ally in the impact to the s teering system rnore f requent and 
rnore severe i n j urie s .  This i s  supposed to be due to more be lt 
s lack and more forward displacement o f  the drive r .  For the f ront 
pas senger ( see Figs . 1 4  and 1 5 )  the belt i t s e l f  is dominant in 
severe injurie s , e specia lly if the s tatic b e l t  is used . 

UNAVOIDABLE AND AVOIDABLE INJURIES 

Some 4 0 %  of the s u f fered inj uries of b e l ted occupants are caused 
by " Induced Mi s functions " and the re fore seem to be unavoidable 
even with nowadays be l t  systems . Some 6 0 %  of the inj uries are 
caused by " Constructive and Handling Mis function s "  and the re fore 
seem to be avoidable to a great extent by a better des i gn and 
better handling of belt s y s terns . Spec i a l  attention has to be paid 
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to the lower dashboard , to the s tee ring systern and to the belt 
type . 

With s tatic belts the share o f  principa lly avoidable 
injuries drops to 5 0 % .  Due to rnore s lack and the state of art 
being a few years behind static belts are worse cornpared to 
autornatic belts . 

CONCLUSIONS 

1 • 

2 • 

3 . 

4 . 

5 • 

6 . 

7 • 

8 . 

The e f f ic i ency o f  b e l t  systerns i s  a f fected by rnis
f unctions which can be c la s s i f  ied into -
des ign , hand l ing , and induced rnis functions . 

For inj ured occupants with an OAI S  > 2 leve l nearly a l l  
mi s functions appear ; the distribution is -
c ons tructive mis func tions about 4 0 %  
handl ing mi s f unctions about 5 0 %  
induced mis func tions about 4 0 %  

Unavoidable are at least 4 0 %  o f  the inj uries , avoidable 
are at maximum 6 0 %  of the inj urie s . 

The most important m i s f unctions are intru s ion , velocity , 
b e l t  s lack , dashboard EA-characte r i s t ic s , lap be lt 
p o s i t ion . 

The s tatic be l t  behaves much wor s e  cornpared to the 
automatic be lt . 

No belt f a i led because o f  tearing , e . g .  at run- through- , 
buckle- o r  anchor-plates as wel l  as on seat f rame contact 
points . 

In 3 out o f  2 5 5  cases the car burned . 

For the driver , the c ontact with parts o f  the interior 
c ompartment i s  respon s i b le for the protect i on l irni t ,  for 
the passenger the belt i t s e l f .  

* *  The b e l t  s lack and the posi tion o f  the belt are measured in the 
case 9 a r  d i rectly af ter the c o l l is ion by means o f  a special 
manikin ( 1 6 ) . 
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Volvo 1967 Saab 1975 2 8 000 Accidents 856 Possengers Saab 99 
Driver 

Repoir Cost t: 6 300 DM Repoar Cost t: 2 500 DM 
AIS l - 6  AIS l - 6 AIS 2-6 

with lwithout Reductaon with without Reductaon with �ithout Reductaon 
Cor Element 

Be lt 1 Seit [ .,. ) Belt Bett [ .,. ) Belt Bell [ .,. )  
Steerang Columne @ '  (15) 35 ® 6 : 46 8 1 87 

1 9  7 6 1  8 - 1 
(96) 9 - �OQ) Windscreen -

Doshboord Bottom 1 4  6 1 53 ® 1 
1 3 69 6 45 I I  

Doshboord Top 4 1 1 75 1 
Roof. Roof Frame 7 1 ® 6 1 3 57 8 4 46 Sunscreen 1 
Bock M1rror 6 3 52 2 ' 85 1 . : QOI) 1 . ! 

� 

A - P11lor 3 1 67 2 1 2 1 32 4 1 1 1 7 1  
Door. Side Door, @ ! 

5 3 46 1 1  1 10 1 9 9 44 
B - Pi llor ' 
Belts . . - 1 @ 1 - 1 1 @ i  -
others 19 15 23 48 26 45 42 23 45 
l: 100 1 52 4 8  100 71 29 100 55 45 
Number of lnjuries 

1 

1 1018 I 5,7 101 69 29 16 
per 100 Possengers i 

7704 14 ILM 
lnJury Cousang Cor Elements TU-Berlin Appel / Gotzen 

Fig . 

Driver Driver Possenger Possenger 

� with Seit lwitho Belt �ith Bett witho. Belt 

Heod 1 5  @ 1 5  (34) 
Neck, Cerv Spine 1 2  5 17 6 

� -............ Arm. Shoulder 1 6  22 1 7  2 3  
Thorax (23) 1 4  (21) 6 

1 1 Abdomen 3 4 4 2 
Hip - - - -
Legs (29) (23) (23) ® 
others 3 1 3 1 
[ 100 100 100 100 

.... .... Multipl. lnjuraes 1,5 2,8 1,9 2,9 
�ce: Dissertation Langwieder 1975 

ILM 7704 17 
TU - Berlin lnjury Pattern. Frontal Impact. Cer Possengers 

Appel/Gotzen Fig . 2 
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OA I S  

0 
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2 
3 
l. 

5 
6 

L 

ILM 

T U - Berl in 

:; E 

Front Si de Rear 

3 P.  Autom 3 P  Slot Diag Slot. st rucks1de offs1de 

41 10 2 6 1 2  5 
3 5  24 5 4 14  8 
1 4  8 2 8 3 1 

3 1 - 2 - 1 
1 1 - 3 1 -

1 1 - - - -

3 5 - 5 2 2 
9 8  50 g 2 8  3 2  1 7  

lnjury Severity of Belted Occupants 1n 

Differen t Impact Oirect1ons 

UFO H,  B 
( 115 belted Passergers 1 

3 2s 1--�-+-�_.,,..+----+-�-+--1---r-�-t-�--1 

o ,__�...._�_._..___._.._�...__.���--�__. 

ILM 
T U - Berlin 

0 10 20 30 40 50 60 Av 70 

Cumulotrve Distribution Funct1on of l:J. V 

Frontal Impact 
78 01 07 

Appel/VuHon 

Top other 

3 1 

5 1. 
4 2 

- 2 
- -

- -

- -

1 2  g 

780401 

Vu-Han I Appel 

Fig . 3 

Fig . 4 
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Mistunction 
Case-Na 

2099 392 436 519 600 65S 676 676 724 7S1 7S6 766 602 668 690 941 942 
Bett Geometrv X 

„ Bett Characteristic > X ü Stittness Seal X 
:1 Mount1nq Seat X ! ... 
-.;; Dashboard Bottom X X X X X X X c 0 X X V Steer. Col. Intrusion 

Seatina Position X i l i 
Chest X X ! 1 ! X ! X Cl Belt Slack 1 

c Hip X X 1 :u ' 1 1 X 1 1 c Chest 1 1 1 c:I Belt Posit. 1 >---.c Hip 1 X 1 � 1 1 1 : 1 ' 

Overload 1 1 ' ; : X ! : 
-0 Intrusion ' X i X X X X ! X 1 X X ! X X X GI ' 
V X 1 X , X ' X ' X :1 t::.v \( X ' -0 1 1 X i -,--

--; x T  .S Rollover 1 : 1 ; 
age 1 ! 1 1 ; 1 : 1 
OAIS 2 2 2 6 5 3 2 4 6 2 2 2 2 2 3 2 2 
out ot 74 belted driver 

I LM M isfunct i ons ot Bett Systems 7804 05 
TU - Ber l in  Frontal Impact. 3- Point Autom. Bett. Driver OAIS ;:-..2 Vu-han I Appel 

Fig . 9 

Fig . 1 0 

Case - No. 
Misfunction 2061 1 229 I 294 348 I SOS S11 0:.72 5951 663 797 920 50 39 

Belt Geometry 1 1 1 i ' 
„ 1 � Belt Characteris1ic ' 
V 

Stiffness Seat 1 : 1 2 1 
-.;; MountinQ Seat X 1 1 X c 1 0 Dashboard Bottom X i i X j X V 1 1 1 i 

Steer. Col. Intrusion : X i : X ' 1 ' 1 

Seatina Posi!ion 1 1 1 1 i X ! 1 
m Chest X 1 1 ! X X X 1 i X .S Bett Slack 1 '6 Hip X 1 X ' X i X 1 X 1 X 
� Chest : X ! 1 

Belt Posit. 1 
Hip ' X ' X 1 1 

Overtoad ; 1 ' 
' 

al Intrusion ! X X : i X X )( 1 1 \ : V :1 6.v 1 1 X X 1 X X X ! -0 1 � .S Rollover 1 1 1 1 
age X 1 1 1 
OAIS 2 1 2 1 5 6 1 2 6 6 2 2 2 4 ' 
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TU - Ber l in  

3-Point Automat ie 

Misfunction Case-No. 
2600 66B 756 B59 933 

„ .� Belt Geometry i 
ü Belt Charactenst1c i :l ... 

Stittness Seat X 1 iii 
� Mounting Seat 

. 1 1 u 
Dashboard Bottom 
Seating Position 1 1 

C7I Chest X 1 l .5 Bett Stack 1 1 '6 Hip 1 i 8 Chest ; 1 i .s:. Bett Posit. H ie ! X 
Overtoad 1 'U 
Intrusion Q> 

� 6.v X 
Rollover 

aqe X 
OAIS 3 2 2 2 6 

out of 24 

Misfunctions of Belt Systems 

Frontal Impact. Passanger, 

71. betted driver (� 100 % )  

ILM 
TU-Berlin 

ln)Ury Cous1ng Car Elements. 780408 
Frontal Impact, Driver. 
3 - Point Atomatic Seit Vu·Han1A1111e1 

3-Point Static 

Case -No. 
2Q61 1 169 SOS 920 

1 

' 
X 

1 
X X 1 X 
X X X 

X 

X 
X 

X 
6 2 6 3 

out of 14 betted Passangers 

780407 
OAI S � 2 Vu-Han I Appet 

Fig . 1 1  

F i g . 1 2 
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