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I n  W e s tern Germany about 1 4  % o f  pas senger transport o n  the 
roads i s  accounted for b y  buse s . I n  compar i s o n  to the acc ident 
s t a t i s t i c s  of a l l  road veh i c l e s ,  b u s e s  and coaches rate a s  
veh i c l e s  w i th the most upgraded internal s a fety . Neverth e l e s s  
t h e  s t a t i s t i c s  a l so t e s t i f y  that the e l de r l y  a n d  c h i ldren f igure 
s ig n i f i c a n t l y  a s  the v i c t ims o f  bus accident s . It is because of 
the i r  spec i a l  v u l n e r ab i l ity , that further e f forts for the 
deve lopment o f  the internal s a f  ety of b u s e s  and coaches are 
required and seem to be pos s ib l e . 

INTRODUCTION 

H e ad-on c o l l i s io n s  are the most frequent type o f  bus c o l l i s i on 
w i th a total perce ntage o f  about 5 0 - 6 0  % .  I n  more than h a l f  o f  
a l l  a c c idents w i th b u se s , the opponent i s  a pass enger car , which 
gen e r a l l y  s u f f e r s  worse damage and h igher p a s s e nger loads / 1 / .  
For the bus p a s s enge r s , seated a t  a h e i ght o f  about 1 . 2  m above 
the tra f f ic p l ane , there i s  o n l y  a low r i s k  o f  being i n j ured in 
s u c h  a n  impact . But whenever severe bus acc idents w i th fata l i t i e s  
occur , there a r e  a lways repeated pub l i c  demands f o r  s a fety b e l t s  
i n  bus e s , too / 2 / .  Quite apart from t h e  cons truct ional prob l ems 
l i nked w i th the i n s t a l l at i on of three-point s a fety be l t s  i n  
b u s e s ,  i t  i s  que s t ionab l e , whether they would even b e  acc epted 
by the pas senge r s . There fore the s ub j e c t  of comprehen s ive 
s t u d i e s  h a s  been how to improve the restraining e f  fect o f  the 
s e a t  s y stem i n  order to add to the p a s s e nger ' s  s a fety / 3 , · 4 / .  
TESTING METHOD 

I n  a s imulated h e ad-on bus col l i s i o n  we conduct�d a number o f  
s le d  t e s t s  o n  the TUV Rhe i n l and c r a s h  te s t  f ac i l ity . A f loor 
e l emen t  of a c e r t a i n  type of bus which was reconstructed on the 
o r i g i n a l  s c a l e  was secure l y  mounted on the s l ed vehic l e . Two or 
even three double s e a t  benches were po s i t i oned on it one b e h i nd 
the other at a determined longitud i n a l  d i s ta nce . They were 
anchored to the f loor e lement according to the manufacturer ' s  
i n s tructions . Our intere s t  was cent red o n  the seat i n  front 
wh i le the rear " s l av e  s e a t "  was occupied b y  5 0  perc e n t i l e  
anthropome t r i c  male t e s t  dumm i e s  or c h i ld dummie s ,  6 y e a r s  o l d . 
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At a speed of 2 4  km/h the complete test rack was frontally 
impacted with a 5 re spectively 10  g decelerat ion by means o f  a 
spec ial dece leration device , figure 1 .  The dummy loads were 
measured by 3-dimens ional accelerometers pos i t ioned in the 
centre of the head , in the ehest and in the pelvis , and by two 
dynamometers in the femurs . On the backrest o f  the seat in front 
we measured the dynamic and static de formation and the disp lace
ment caused by the body impact from behind . Furthermore the 
impact was f i lmed with high-speed cameras for eva luating the 
kinematic behaviour of the dummies . 

l, 
1 

--- - -

· - · - · · ·  

F igure 1 :  Sled te s t  veh icle with two bus seat rows mounted on 
a floor element , schemat ical l y .  

RESULTS 

LONG ITUDINAL DISTANCE BETWEEN SEAT ROWS 

German-manu factured coaches have mostly seat rows with variable 
longitudinal d i stance . The mount ing frame of the seats i s  
anchored to two longitudinally-directed rai l s  along the inner 
s ide wal l  and the aisle edge by clamping elements . In the first 
stage , studies were carried out to determine how the distance 
between the seat rows could influence the movement and the 
strain of the passenger coll iding with the reverse s ide of the 
backres t  in front . In principa l ,  corresponding to the s l ack o f  a 
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restraint system , the row d i stance was varied in stages of 1 0 0  mm 
within the range of 7 0 0 - 1 0 0 0  mm . I n  1 8  sled tests with adu lt and 
child dummies the dece lerat ion pulse was settled at 5 g for a 
time duration of 9 0  ms . 

In particular the head loads of the child dummy as we l l  as its 
head traj ectories reveal that the inj ury risk s teadily decreases 
with increas ing di stance to the next seat in front , figures 2 ,  3 .  

The corre sponding values for the adult dummy show a minimum 
strain at a row distance of 8 0 0  mm and begin to increase again 
at greater di stances , figures 4 ,  5 .  It was not until  the move
ment of the dummy and the impacted backres t  was ana lyzed that 
the s ignificantiy higher loads at narrow and wide seat row 
distances could be interpreted correctly . 

The pr imary knee impact of the dummy initiates vibration of 
the non-occupied backrest in front . At the same time , the 
femoral impact causes the durnrny to bend at the trunk . The 
severity of the head impact is determined by the counter
movements of the durnrny ' s  head and the upper edge of the back
res t .  At the lower and higher seat row di stances the dummy ' s  
head hits the oscill ating backrest a lmest in the d irection of 
its p lane . In th is constel lation the rigidity of the s tructure 
produces high head loads . However , at the medium seat row 
d i s tance the head meets the upper edge of the backrest , whereby 
the head movement is angled tendenc ially more from behind . Thus 
the s igni ficantly lower head loads can be explained by the 
energy- absorbing capacity , which is higher when the backre st is 
bent than when it i s  loaded in its plane d irect ion . 

The evaluation of these tests shows that , at the present state 
of deve lopment , pas senger protect ion of both chi ldren and 
adults can be realized best with a seat row distance of 8 0 0 -
8 5 0  mm . The intended incorporation of the pas senger seat as a 
component of internal sa fety exceeds the original funct ion of 
seats by far . The suitability of this part of the vehicle 
results from its large shape , its close contact with the passen
ger and its anchorage to the vehicle body . The aptitude of the 
seat as an element of pas senger safety is mainly determined by 
its energy-absorbing capacity and its deve loped de formation 
characteristic concerning the body impact .  
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F igure 4 :  Traj ectories of adult dummy movements at 7 0 0  mm 
seat row d i s tance ( left )  and at 9 0 0  mm at a 5 g 
dece lerat ion . 
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Figure 5 :  Resulting head decelera tion of adult dummy a s  
a function o f  the seat row di stance a t  a 5 g 
dece leration . 
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F igure 6 :  Failure of the wall-s ided anchorage e lements 
after a 1 0  g dece leration tes t .  

F igure 7 :  Seat anchorage e lement at the s ide wa ll ( left)  
and the aisle s ide , schematically . 
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DEFORMABILITY OF SEATS AND DUMMY LOADS 

I n  a further se� ies of crash tests with bus and coach seats we 
kept the optimi z ed seat row distance constant when s imulating a 
1 0  g dece leration of a frontal impact .  F irst it must be stated 
that the original anchorage of the seat to the vehicle body d id 
not withstand the impact and broke loose , f igure 6 .  

I n  the case of longitudinal ly-ad j ustable seat rows in coaches 
the anchorage e lements , such as c l ips or clamps with pres sure 
screws , work on a frictional re s i s tance bas i s , figure 7 .  In a 
s imulated 1 0  g deceleration they cannot withstand the combined 
forces of the seat mass and the pas senger impacting from the 
rear . The failure of the anchorage e lements under the s imu lated 
acc ident s trains i s  e ither due to the ir des ign or due to the 
presence of previous damages which we dis covered even in new 
vehicle s ,  figure 8 .  

" '  

F igure 8 :  Previously deformed pres sure screws of seat 
anchorage clamps in a new vehicle . 
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The serial break-o f f  o f  seat rows was also detected in real
l i fe coach accidents . I n  one case a double decker vehicle 

overturned on a motorway and came to a s tandstill  without any 
longitudinal collision . Alone the e f forts made by the victims o f  
this acc ident to escape from the bus caused about 3 0  % of a l l  
seats to break off the ir anchorages and e f fectively block the 
way to the exits . In princ ipal the serial fai lure of seat 
anchorages hinders res cue work and decreases the e f  f ic iency of 
emergency help a fter a bus acc ident . 

As can be seen from a comparison o f  f igures 9 and 1 0 , the 
breaking loose of seats in the crash test cons iderably reduce s  
the s train of the individual impacting dummy . However , i f  
several rows of seats breake loose , additional strain and 
compress ion arise for the other pas sengers s itting ahead . 
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Figure 9 :  D iagrams o f  adult dummy loads at non-di splaced seat 
position in a s imulated 10 g deceleration impact . 
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Figure 1 0 : D iagrams of adult dummy loads at partially loosened 
anchorage and one-s ided d i splacement of 5 0 0  mm in a 
s imulated 1 0  g deceleration impact .  

B e fore a more thorough examination of the anchorage strength 
was carried out , the test seats were add itionally reinforced and 
secured against s l ipping forward by other constructional e le
ments . 

The impact s train measured on the dummy for the ehest , the 
pe lvis and the femur forces were uncritical and far below the 
biomechanical thresholds . However , the head strain level reached 
peak values of up to 1 5 0  g ,  f igure 1 0 . Even the resulting head 
loa�s at the 3 mi l l i second exposure t ime reached values of up to 
65 - 1 2  g .  The unfavourable s train mechanics  of the head , as 
de scribed above , can be related to the induced testing decelera
tion by an amp l i f ic at ion factor of about 6 . 5 .  For the other 
strain values thi s  factor only amounts to about 2 . 5 .  
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The de formation behaviour of the loaded backre sts was mea sured 
for dynamic and permanent angle change s caused by the dummy 
impact from behind . Measurements were taken on the l e ft and 
right-hand s ides of the upper edge of the backre s t .  

T�e dynamic de formation of the backrest amounts to up to 
3 4  - 2 °  whi le the permanent+angle change of the backrest 
reaches a mean value of 15 - 2 ° .  Thus the deceleration path 
at the upper edge of the backre st is between 1 4 0  and 1 8 5  mm 
over which the movement energy of the dummy ' s  upper thorax i s  
trans formed into the deformation energy of the seatback frame
work . Structural de formation of that was only recorded at the 
ad j us tment device and at the knee impact area , but not at the 
upper backrest frame or at its upper edge . 

In the sense of an effective pas senger retention , the break
ing loose of the seat anchorage as described above repre sents 
unacceptable mal functioning of this sa fety component . However , 
the rel atively low dummy loads in the test with part ial  fai lure 
of the anchorage system prove the high potential of reduc ible 
strains if the forward movement of the passenger can be increas
ed within defined l imits of space . 

Peak Values of Dummy Loads Peak Values 
of Backrest 

Test He ad Chest Pelvis Femur Force De formation 
No . a HIC a a F l F a r r r r 

( g) ( - )  ( g )  ( g )  ( kN )  ( kN )  

K l *  1 1 7  1 9 6  2 3  2 8  3 , 3  3 , 1  

K 2  1 5 4  3 4 2  2 1  4 9  3 , 8  3 , 6  

K 3  1 0 7  2 0 6  2 4  2 3  2 , 6  2 , 6  

K 4 * *  2 9  5 9  1 5  3 2  2 , 9  2 , 6  

K5  1 3 9  2 2 4  2 6  2 1  2 , 5  2 , 6  

K6 9 6  2 1 4  3 4  2 0  3 , 3  2 , 6  

1 1 2  - 1 2  2 6  2 , 5  3 , 3  
K l 6 * * *  

1 2 5  - 1 5  3 1  3 , 2  3 , 2  

Figure 1 1 :  Table of evaluated dummy loads and backres t  
de formations in s imulated 1 0  g deceleration 
impacts . 
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With respect to the future deve lopment of seats as an advanced 
e lement of a restraint system , the results measured indicate 
that the actual deformabil i ty and energy-absorbing capaci ty of 
seat backrests is too low . The head impact towards the upper 
edge of the backres t  doe s not cause any permanent de formation 
there , but it produces high head load s . By means of a de fined , 
but l imited increase in the bending de formation characteristic 
of the backre s t ,  the kinematics of the head can be favourably 
influenced and the total s train on the dummy can be reduced . 

Based on the measurement results of tests with partially 
fail ing seat anchorages a reduction of about 20  % - 3 0  % of the 
resulting head load can be estimated for advanced inj ury-prevent
ing seat systems . 

As basic values for necessary and adequate backre st deforma
tion in such a standardized impact by a 5 0  percentile 
anthropometric test dummy , i t  i s  sugge sted that the permanent 
backrest angle change should reach at least 2 0 ° but should not 
exceed 3 0 °  a s  compared to teh des igned upright backrest angle . 
In addition the upper edge of the backrests should either have 
a def ined energy-absorbing capacity according to EEC 7 4 / 6 0  
respect ively ECE-Regulation 25 , or they should be des igned 
with a minimum height of 6 3 5  mm above the seat re ference point , 
s imilar to the spec ified d imensions of aircraft type seats . 
After a l l  h igh seat backrests can pos s ibly contribute towards 
mainta ining the ind ividual survival space when a veh icle has 
overturned in an acc ident . 

CONCLUS IONS 

By th i s  invest igation i t  could be demonstrated that the 
original funct ion of bus seats can be developed as a restra int 
sys tem for in jury prevention in bus accidents . An advanced seat 
system can provide a minimum of inj ury risk by its energy
absorb ing characteristic and by maintaining the survival room 
for the individual occupant . 

But there are s t i l l  problems in the acc ident related r igid ity 
of the seat anchorage and in a def ined energy-absorbing capac
i ty of the seatback in front . By means of improved seat systems 
the high standard of verif ied internal sa fety of buse s  can 
s t i l l  be developed with spec ial respect to the vulnerabil ity 
of e lderly people and chi ldren who are more dependent on buses 
than others . 
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