
by the police, ambulance and fire brigade and often confused 
with the n m h r  of bus passengers, injured people and interested 
onlookers. 

Contacts were established so that in the event of an 
accident hmlvhg bus passenger hjmy or seat deform&, 
we were to be notified. 
such as the Police Accident INvestigatim Squad, Ambulane 
and the State F3nergency Service were contacted, as were bus 
proprktors and bus bdy builders, mst of wbm perform 
repair mrk on wed buses. 

Official emergency organizations 

The request for notification of a bus &dent was 
primarily d i n e d  to Vicbria, but requests - rade to 
state autbrities in New South Wales and South A u s w .  
Ihe decision to limit the inspection of crashed buses was 
based on toth geograptical and financial considerations. 

Wing the c o m e  of the investigation we were only able 
to inspect ho bus accidents at first hmd. 
T w t a  Coaster Mini-bus, has inmlved in an accident on 
Sunday 3rd August 1980 on the Eildm-Warburbn bad, mrth 
of Big River Camp at approxinntely 6.35 p. The second, a 
Schaol Bus, ELS involved in an accident on -the 
26th April 1981 on fkmymns Creek Road, CorrroMjdLe. 

The first, a 

of 

Although #e iLformation gained frcan inspecting the buses 
was interesting , it could not be r e w e d  as statistically 
useful. Rgourse was therefore made to the f W  stdy 
of ixs accident case histories. 

5.2.1 I n M d i c m  

In ordw to understand the types of bus accidents and the 
degree of W g e  that buses sustain to both their s . t r u C w  
body m k  and internal fittings, it was decided to study 
indepth the accident reports together with post-crash vehicle 
inspection reports. 
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The documentation held by the TRB often includes the 
police reports and listings of those injured and somet- 
their position in the vehicle. Staterrwts from witnesses, 
passengers and the driver and phtographs of the scene 
and dorreter reading h m t h e  bus inmlved are also sorret- included. 
Correspondence between the bus porprietor and the TRB 
notifying the TRB of the occurrence of any form of incident 
is held in the files. 
TRB files w s  oonducted back 1973 when possible, and 
were checked with the RDSTA data. A newspaper clipping 
file maintained in the "Age" Library was another s o m e  
of basic bus accident data. 

A study of bus accidents on the 

Case studies presented by the Traffic Pccident Research 
Unit (TR4U) and the University of Adelaide RDad Accident 
Research Unit ( M U )  wepe also examined along with police 
traffic accident report f o m .  

5.2.2 Cornrents on the Bus Accident Case Studies 

As a result of studying bus accident case histories, 
several pints -se concerning the accidents reviewed. 

where accidents involving the bus ruolning off the road 
and rolling over is concerned, there was both considerable 
bus body m e ,  particularly to the section &ve the 
h e r  level of the window accmrrp3nied by a high proportion 
of passenger casualties. 

T h e  was a snnll pmprtion of accidents caused by a 
mchanid fail.=. 

Even in apparently severe accidents, there was a 
swprisingly mall nuher of bus passengers seriously 
injured. 

There have been several bus accidents which involved 
the penebxtion of the bus body to the extent that 
the passenger survival space bas infringed. 
accidents the injury rate and 

In such 
severity were high. 



Bus seat andmrage failure has caunxd in accidents 
in tte past, causing the passengers and the seat to 
be mstrained. 

On the basis of the one accident examined it would 
appear from the damage observed both in tezns 
of defonration and fnacture, that seats in &-buses 
m y  be less crashmrthy than wnventicml amibuses, 
although further investigation would be me&d to 
&inn this. 

Axidents which inmlve the impact of the bus with a 
mck, generdlly result in high severity and risk injuries. 

It wuld appear that the mst OMmDn "on-path" accident 
m s  the frontal collision while negotiating a bend or 
m e r .  Such as accident usually involved casualties 
on the part of the bus passengers. 

A large ndxr of accidents OcCwTed &en the bus was 
empty or very nearly empty. 
on his was back to the dept. 

Typically, the driver was 

?he indicence of fires onboard buses appeared to be 
significant, a l ~ u g h  the resultmt injury rate was 

very low- 

If the bus impacted a car, the risk of serious injury 
has verymuch higher in the car than it ws in the 
bus. Altkugh there would appear to be mre justi- 
fication in concluding that the bus passengers are 
mre likely to sustain mirm injuries thm the car 
occupants. 

The types of injuries sustained in bus accidents were 
largely lacerations, b-es to the head, face and 
extremities in the category of minor injuries, however, 
with the n-ore severe injuries, head injuries and skull 
fractures were predcrmiMn t. 
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13) Only accidents involving a collision were recorded 
so any indication of transit bus passenger falls 
involved in non-collision accidents was not available. 

5.3 CONCLUSION 

As a result of inspectingtwo buses that were in~lved in an accident 
and by studying accident reports and pst-crash inspection 
r'eprts, it has ken possible to grasp an understanding of the 
conditions which lead to injury causation in the event of a 
bus collision. In the less severe category of accidents where 
the bus will typically be involved in an impact with a car and 
rerrain on its &eels on the road the injuries sustained by the 
bus passengers are generally minor. 
in bruises caused by contact either with the seat and other 
internal 
once the passenger has been dislodged from his seat. The top of 
the seat back (particularly low back seats) has been shown to be 
an object within the vehicle which is often contacted in the 
event of an accident. 
sign of contact with the top 
easily a g e d  regions of the face such as the m s e  and teeth, 
are 
seat back. 
backs for lm backed seat backs in Victmia by the TRB, must 
reduce the likelihood of passenger injury due to the distribution 
of the e t  lacd, ass* of course, that proper deisgn 
methods aM3 energy abosrbing mterials of sufficient thichess 
have been used. Rigid bars, which are still ccmmn throughout 
Aust?alia on the tops of seat backs, provide an object which in 
mw severe accidents, has in the past, more Wely been the 
cause of skull and facial boon pactme. 
injuries resulting from bus accidents have largely been due to 
head injuries and of people killed on board a bus, there has been 
a high incidence of head injuries. 
accidents, the passenger survival space is destmyed due to 
collapse of the roof structu~ as a result of roll-xer or an 

Such accidents often result 

fittings of the bus or with the floor of the vehicle 

Evidence of blood is often the characteristic 
of the seat back. Futhemme, the 

likely to sGtain impacts with the often inadequately protected 
The mdatury intxduction of pdded "roll-top" seat 

The rmre serhus 

Often in these rrnre serious 
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impacting vehicle penetration. Lacerations are amther m m u n  
form of unjlay sustame ' d by bus passengers in the even of an 
accident. Internal items such as non-recessed window latches 
and saloon lights m e  probably the cause of such injuries. The 
practise of l-ting ashtrays on % rear of seat backs has led 
to passenger i n j q  due to bth their sharp or tight radius 
co~sers or the tendency fcr the plastic items to fracture, 
leaving sharp ragged edgps. .AI the event of m serious 
collisions where m f  collapse occurs, the separation of 
hterndl panels needs to be guarded against, as such a situation 
may be particularly dangerous and highly Wcely to cause severe 
laceration. 
impacting the seats, flan-, the driver's protection barrier and the 
fare-box. 
either partial or total passenger ejection is likely and such 
an event is potentially dangemus. 

It needs to be noted, in conclusion, that the pvision for 
Studying bus accidents injuries in detail is. extremely difficult 
with the existing accident report procedure and it is only when 
in-depth case studies are perfcmwd that sufficient detail is 
provided to dllcw a IIEdningful investigation inb injury 
causation to be mdertaken. 

Standee passengers are particularly vulneMble to 

In the event of a bus roll-over, the OccuPence of 



MFWMTION OF TESTS MF. PSSESSING EE ST?EbIGTR OF 
SEATS AND SEAT ANCXORAGES 

6.1 INTRODUCTION 

Throughout the litem- reviewed in this project, there 
has been a distinct lack of docwtation of:- 

1) The strength, stiffness and crashworthiness of existing 
Australian mde bus seats. 

2) The strength, stiffness and crashmrthiness required for 
bus seats operating under Australian conditions. 

It was therefore concluded that the tests perforred during 
this project should aim to establish certain ci-aracteristics of 
bus seats that are being used in buses on Australian roads. 
are a large nmb% of different bus seats available and it was 
thought inpractical to consider testing every different make. 
Instead a representative sample of seats was sought. 
considered important to investigate were: 

There 

The parameters 

1) The energy absorbing characteristics of the seat. 

2) The mximum force sustained by a seat during the collapse mode. 

3) The elastic and plastic stiffnesses. 

At the s m  tink?, it was clearly necessay to establish the 
During crashworthhess of different types of anchomge aystem. 

an W c t ,  it is essential that the anchorage stays intact, and 
prevents the seat frwn roving. 

It was therefore decided that the test be a relatively sbple 
static deflection test, using an hydraulic ram to apply a forwards 
directed force to the top Mil of the back of the spat in order to 
load the structure in a similar m e r  to that achieved in a head 
on collision. 
seated behind the seat who, on tpe occupence of a front end impact, 
would collide with the back structm of the seat in front. It was 
considered Wrtant to retain as much as was practical of the bus 
wall, flwr and subfram in the test jig so as to be able to test 

That is to sirmilate the f o e  of one or two occupants 



the seat and seat anchorage system in a realistic rmnner. 

There was a need to keep the equipm?nt needed for mnitoring 
and reeosrding the force and deflection of the seat as s$le as 
possible. This was because the tests were being carried out at 
an existing test jig awned by Ansair. 
with several skilled trandem was IIB& available to the authors 
at no mst. 

1) 

This testhg rig, together 

Making use of the &air facilities a t :  

Saving in both t k  and m e y ,  

2) a need for the mlitoring and recording equipnent to be 
able to be quickly and easily installed and m v e d  in the 
event of the jig being needed for &her tests, 

3) a need for the test e q u i m t  to be rmintenance free 
and relatively robust as the tests were carried out in a 
factory envirmrment. 

S e d  decisions were m d e  regarding the mthod of testing 
so as to extract the mst useful data possible. 

6.2.1 The Method of bad Application 

A single hych-raulic m was used in conjunction with a loading 
bar which was attached via a load cell to the ram. 
bar fitted over the top of each seat back was pivotted so as 
to be free to allow for any skewing which m y  occm in the 
seat during the loading sequence. 
were tested in the mtrhred state to allow for:- 

The loading 

All the seats investigated 

(1) 

(2) 

the ability to observe the type and location of failure, 

a positive mans of applying the load to the top of the 
seat back in such a way as to minimize the possibility 
of slippage, 

a reduction in the cost of purchasing. (3) 

Having the pint of application of load at 
each seat ll~ans that the bending mMlWt applied about the flwr 
anchomges would be a fmction of seat g-try in each test, 

the top rail of 
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the imprtant paMmeter being of course 
top rail from the flmr anchorages or the point of failure 
of the seat back. 

the distance of the 

This however, is not critical, as it is a relatively easy 
task to cconpute the effective bending m m t ,  once the geomstry 
of the seat is ham. 
to calculate the bending m m n t  about the point of failme 
(usually the base of the seat back). 

It is indeed mre msaningful to be able 

A logical alternative to laading the seats would be to use a 
pressure form on the back of the seat and a hy&aulic nun 
fixed at a given height above the flmr for all seats and 
adjusted so that the ram mved horizontally all the t k .  
?his would simulate chest loading in an accident situation. 
Hcwever, it was considered that this Ethod would not give 
a true accident simulation since both hee and head regions 
also contribute to the loading of the seat. When a seat is 
loaded during the decelemtion process involved in a head-on 
accident, the mtes of loading for the t h e  =pions, head, 
chest and hee are different due to the m v m t  of the passenger 
which is predictable, but complicated. 
Ethod of determining data on seat characteristics in an 
accident situation is 
d i n s  and high speed cbemtography. 
form on the back of the seat in a static test neither, 

'bus, the only supe 

by dynmic testing With fully instrunmted 
Using a pressure 

1) fully tests the entire seat as any point of the seat 
above the 
and not contributing to the overall energy absorbing 
characteristics of the seat, 

pint of load application would be unstressed 

nor 2) d e s  the process of dete- the bending r m m t  
about the pint of failure of the seat any easier, as 
the resultant bending lraxnent would be difficult 
to ascertain and inaccmte, 

nor 3) gives a fair representation of the accident situation. 



6.2.2 FLoowWL,L TEST BED RECONSTRUCTION 

In the early stages of the planning of the test program, it 
was asidered important that the testing m e t M  should be as 
realistic as possible. 
test jigs were constructed, each one being effectively a 
mxtule frvm a bus or coach and employing the saw sized 
s-kwtunal m m k m  and the same m t M  of construction. 
the wall floor, floor bearings and chassis rails - identical 
to tbt which u d d  be found in the buses mufactwed by the 
three m m e s  that constructed the test beds; Ansair, Dmho 
and Denning. h e  to industrial disputation 611 the tests 
wnducted for this ~ p r t  were carried out on one test bed, 
furtknmre f& tests had to be dropped f m  the testing 
PET-. 

To this end, three different chassis 

Thus, 

6.2.3 Seat Ancbmges 

The remaining link necessary to emplete the test bed was 
the metbd of attaching t k  -ts to the floor. Again, for 
r e a m s  of wishing to test the entire system as realistidy 
as possible, t k  seat nnnufachxers or coachbuilders =re 
asked to supply the necessary hxdwre that would n o a y  
k used for seat retention. 
variety of seats, but also a -le of retaining m t M s  
bth for the floor and ELL muntings. 

The tests covered not only a 

6.3 TEST DESCNPTION 

6.3.1 Test Prepration 

The following is a list of tasks that were f o d  before 
each test 

1) The seat was attached in the usual m t b d  used for that 
prticular seat. Attabnt to the floor m s  such that 
r n u t h  ram travel was achieved. 
seat often meant the m v d  of existing tapping plates 
used in previous tests and the rraodification of the test 
bed to accept the necessary tapping or backing plates 

Proper anchorage of the 



for bth the flax and wall munting positions of the 
new seat. This task sometimes meant m v a l  of the 
d e n  floor to allow access to the test bed frame. 

2) Positioning of the hydraulic rn acmss the width of the 
seat to ensure that the centreline of the ram coincided 
with the centreline of t k  seat and that the height of 
the ram was such that the ram m i n e d  substantially 
brizontal during the entire tests. 
of the snall m u n t  of inclination and declination that 
occwreams carried out and yielded n n x h  errors of 
less t h  1% on effective brizontal rn force in the 
course of any one test. 

An error analysis 

3) Check the force and deflection measuring equipent bth 
electrically and mechanically and note the necessary 
voltage levels. 

6.3.2 Test Description 

The tests needed ism people; bth in the preparation and 
testing stages. 

While a test was in pmgress, one person controlled the 
hybulic vdves regulating the pressure fed to the ram, 
and the other mnitored the plotting of the force/deflection 
chwacteristics, observed t k  m e t M  of failure of the 
seat and checked the voltage readings of the output from 
the force and deflection equipmt. 

The test c m n c e d  with the placanent of the loading bar on 
the top of the seat kck and the -wing of a line on the force/ 
deflection plot indicating the position of the ram at the 
corncement of the test. 
zero load. 
on the lines dram on the X-Y plotter. 

hther liie w s  drawn indicating 
The Comsponding voltage readings were recorded 

One of the four hydrdulic taps were closed and the compression/ 
tension lever was eased towards the compression setting. The 



rate of load increase was dictated by a combination of 
which the fow taps were closed and the psition of the 
ccmpcession/tension lever. 
kept as slow as pssible, consistent with an approximately 
mnstant velocity deformtion of the seat until yield 
cc-d where upn if the rate of def-tim was too great, 
the pressure applied to the ram lr~ts reduced. 
of the test, pMtographs ww?e taken sbwing the seat in its 
i.uulefonr& position, its maximum defomtion stage an3 its 
final state after the load had been m v e d  and the residual 
elastic deformation or s p h g  back h d  been allowed to occur. 

T k  rate of load imrease GBS 

Ixrring the course 

In addition, photographs were taken of specific regions of 
the seat in which k d  contributed to failure or deformation. 

Once the test was ccsrrpleted, the ram m s  monitored in Loth 
its maximum and minirmrm displacement positions and cdlitration 
check marks here drawn on the force(defle3ion plot along with 
noted voltage readings. 
after each test. Notes were taken on the m e t M  of fajlure, 
the state of anchorages, &fmn~ and se3t back, the m m t  
of sk-ss and any observations noted during the test. 
photographs wme taken of the state of the floor ancbrages. 

A check on zero load was carried out 

Depending on the t w  of failure and the form taken by the 
force/deflection ChaMCteristiCs of the seat, a decision was 
rmde to retest the seat. 
the test bed and repositioning it closer to the m, thus 
effectively increasing the rraximUm deflection pssible. 
can be seen in the ensuing fo-deflection w e s  wkre the 
seats were unlmded and reloaded in their new psition. 

This involved remsving the seat from 

This 

In mst cases the seat wndd reload to a pint very close 
to the previous unloading point, e.g. Test No. 1. The 
subsequent forcedeflection curve wuld then be a continuation 
of the previous c m e .  
reloading lad little effect on the resultant chwacteristic 

Thus the effect of unloading and 



curve for that seat and in particular the calculation for 
energy absorbd. 

In a few cases reloading did not bring the curve back to 
its previous unloading point, e.g. Test. No. 10. 
probably due to additional structurdl defomtions and 
changes taking place during the unlding phase. 
after s~ne further defomtion had taken place the cupve did 
start to follow the probable emplated ch+racteristic. 
Under such circmtances the calculated total energy 
absorkd probably underesthtes the correct f i w  by 

This was 

Howver 

(not greater thm) 10%. 

If a seat was subject to an additional test, the methxl of 
testing was identical to the initial test. 
tested, new securing bolts and additional Mm were used 
in case of the possibility of test damge. 
subject to a second test, the securing bolts were reused fram 
the first test. 

For each seat 

If a test was 

6.4 AF’PAFNIJS 

6.4.1 Test Jig 

The test jig consisted of an open base frame, constructed 
from RSJ and C section steel lengths. 
the structwe were; 

The main requirements of 

1) that it be rigid, 

2) that it possess the facility to attach loading devices. 
In this case it was a single hydraulic ram in any 
psition to apply a load in any direction, 

that it h v e  the facility to rigidly attach to it the 
test article. 

3) 

The last objective m s  made possible by using test beds, 
&ch will be described later. 



The test jig also included the hydraulic loading system, 
consisting of several hydmulic rams (during these tests 
only one was employed) t k  p q  and control panel. 

6.4.2 Test Bed 

Three test beds here made, each one representing the floor/ 
structure used by three different cmchbdders; 

An&, Denning and Dmirc 
lrss securrd rigidly onto the test jig. 

The test bed used for the tests 

6.4.3 Hydraulic Ram 

The ram used to load the seat was a Vickers 2” 0 18“ s m k e  
hydraulic m, with t k  facility of feeding the ram with 
13000 kpa pres-. 
as output fraw the 

This is equivalent to a 26,688 N load 

This consists of three annpnents; 

1) 

2) 

3) 

a 22,240 N Interface t e n s i d ~ s s b n  load cell, 

a Gedge systems pws~ supply amplifier, 

and one channel of the X-Y plotter. 

The load cell m s  -wed into the seat end of the ram and 
excited by a regulated 1OV Ix: pwer supply. 
emitted a 4 mV/v sigrial which was fed back to the p e r  
supply/amplifier and amplified to give a 1OV reading on full 
load. 
the X-Y plotter, the scale of which was changeable. 
changes wsre fomd to be necessary and the load scale m s  
set on 50 mVlcm. 
1115.9 N. 

The load 

The amplified signal m s  then fed to one channel of 
No scale 

Thus 100 mn of plot cas equivalent to 



In addition a switching device was mranged so that the 
following voltages could be displayed on a digital volt meter. 

1) Excitation voltage ( nomindlly 10V). 

2) 

3) 

4) Displacement signal. 

Unamplified load signal 0 - 40 mV. 
Amplified load signal 0 - 1OV. 

6.4.5 Displacenaent Pbnitoring Equipmt 

It was considered tht for the accuracy needed in these 
tests, it was not financially justified in hying a linea 
displacement transducer. 
munted to the test jig, and on the end of its shaft a md.1 
sprocket .vas fixed, a length of light weight chin then ran 
over the spnxket. One end of the chain was attached as close 
as prwtical to the centreline of the ram (i.e. the centreline 
of t k  seat) while the other end was weighted. 
it m s  arranged so that the chain between the helipt 
on the jig and effectively the seat, ran parallel to the 
centreline of the mm. 
frwn the power supply. 
panel of the power supply allowing switching to the digital 
volt meter, but alcays retaining continuity with the m i n i n g  
channel of the X-Y plotter. 
was 500 mV/cm, thus giving 100 mn of plot corresponding to 
288.5 mn of ram displacement. 

Instead, a 10 turn helipot was 

In this m e r ,  
fixed 

The klipot was p o m d  with 1OV Ix: 
The output was then fed to the facia 

Tne scale set on the X-Y plotter 

6.4.6 X-Y Plotter 

The X-Y Plotter, a Wad&, plotted on to A3 size paper. 
There vas no need to mrry &ut the possibility of going 
k p n d  the allowable deflectior. rage set on the Y channel 
as the mximUm travel of the hydraulic ran was hown. 
Consequently, the scale on the plotter was set so that the 
m i m U m  movement of the m could be recorded on the A3 size 
paper. 
the limits of mvernent of the plotting arm in the X direction 
load channel prharily because, prior to testing, there 

T h m  m s  l-pwever, a pssibility of o v e r s h t k  
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se& to te a great variety & forces obtained in 
pvious bus seat tests. 

13 20000 N 
production seats. 
ldas achieved f m n  an experirrrentdL seat. 
decided as to what scale setting to use. 
was too insensitive, then the plot could not be sensihly 
read. 
then the pen wxild run the limits of mverrwt of the pen 
We decided to cfpose a sensitive scale with the intention 
of chmging scales during the test should the need arise. 

PBak loads from 2900 $3 to 

In one case, a & force of 25,500 I?3 
wa-e qwted as being achieved during tests of 

Thus we wa-e 
If the setting 

Alternatively, if the d e  setting was too sensitive, 

The load scale of the plotter was set on 5GmV/cm, allowing 
a maximum force of abut 4448N (100 lbf) before a change 
in scale was requbd. 
carried on in this project required a change of scale. 

Fortunately, m o f  the tests 

6.5 LIST AND DESCRIFTIckJ OF THE SEATS AND AN(X0FAGES TESTED 

6.5.1 Intrcduction 

A total of 12 seats tested. These ircluded reclining 
and non-reclinhg coach seats, charter bus seats and route 
h s  OF schml bus seats. Selections -.made froan the 
following mmufacturers: 

Sa+: reclining and non reclining coach, charter, mild and 
stainless steel route bus seats. 

Pressed Metal brpxation (Sydney): route bus seat. 
An&: reclining and non-reclining coach (with and withut 
semi cantilevered leg). 

ming : reclining coach 
&Cornell: Reclining and m n  reclining coach, charter a d  
mute bus seat. 

Drmirao: reclining coach 

As a result of discussions with bus seat mufacturers and 
coach builders it EIS decided that this range of seats m s  



not ody a fair representation of tbse presently king used 
in the coachbuilding indus-try in Australia at the present 
m m t ,  h t  also represented the mjority of seats king 
fitted. 
mre seat designs, yet in general they are all similar to 
tbse that have been incorporated into this testing program. 

There are m y  mre manufacturers of seats and m y  

A variety of seat ancbrage systems cere also tested. 
of these systems are currently not permitted in Victoria 
under the TRB h s  seat mcbrage guidelines. 
of fastening c m  be catergorized as follows: 

Sorrse 

The methods 

6.5.2 Floor Mountings 

1) A tapping plate running the length of the bus is welded 
to the floor bearers. 
'$' x 2" h r  or angle is in place, there are various 
ways of fastening a seat to it, viz:- 
(i) 

Once the plate, which is usally 

The plate is &filed and tapped & a 3 6  " bolt or 
equivalent is used with a spring msher. 

5 
The plate is again drilled and tapped and a 5 5 "  
UNC bolt is used with a spring basher, but a lock 
nut is used as well. This method is recamended 
when thinner backing plates are used. 

(ii) 

(iii) The plate is drilled and a '%'I self tapping screw 
is used. 

2) A backing plate usually 14" 
length of the bus is welded to the flaw ka-ers. 
plate is drilled and 5.rStt UNC bolts are usxi in conjunction 
with spring washers and nuts. 

2" bar or angle running the 
This 

3) Individual backing plates that are not welded to the 
buses body or chassis are used for each seat. These 
plates are drilled and 5/16 It UNC blts, spring mshers 
and nuts are used. This method is not widely used. 

Note: Both retric and %pwial sizes are used in describiq 
the tests due to the different systems used by each 
mufacturer. 



4) ~acking plates of size 2%~' x I%V~ and % 11 thick e 
positioned for each floor muntirg blt, agah usually 
5'1611 UNC and s p h g  msl-e~?s and nuts are used. 

5) k backing plate is used. Instead a UNC blt is 
usad a d  under the W e n  floor a "T"-nut is used. 
This device has a d-ter of 19 mn and has three 
pngs, which GJhen the blt is done up, are dram 
up into the underside of the wooden flcor. 

By far, the mst c m n  metkd of floor a n c w e  is that 
set out in section 1 &ve, which mstly uses a &.illed 
and tapped hole witbut a locking nut. 
tw3 floor fasteners per seat. 

There are mrrrdlly 

6.5.3 Wall Mountings 

1) A tapping plate, usually bar or angle is welded to 
the WdLl structural members and runs t k  length of the 
bus. This tapping plate is often integrated into an 
inner will. skin, which either runs f%an the floor to 
the height of the tapping plate or from the flcor to the 
haist rail. 

There are t w  mrm3nly used meth3ds of fastening the 
seat to the tapping plate. 

a) Drill and tap the tapping plate and use 516'' UNC 
blt with a spring m s k r  . 

b) kill the tapping plate and use self tapping screws. 

In the n o m  loading of a seat fastened by this mthod, 
the blts are iii shear. 



2) A seat rail running the length of the bus and acting as 
a ledge to which the seat can be fastened. 
often an integral part of an inner 
either siretching between floor and seat rail height or 
between flwr and mist rail. In either case, the inner 
skin and the chair rail are often made from 18 gauge 
sheet steel. The seat is then clamped to this chair 
rail by normally two 'f6 " UNC bolts with spring 
washers and nuts. 

This is 
skin system, again 

3) An extrded alLrininium section running the length of the 
bus, &ich allows "T" nuts to slide along and be 
psitioned wherever a seat is placed. 
is secured to the wall so that the centr?eline of the 
bolts fastening the seats, are either horizontal or 
vertical. 
extrusion is secured to the \?all by bolts after drilling 
and tapping into a backjng plate or self tapping screws. 
If the centreline of t k  blt 
a seat rail. is used and is essentially identical to a seat 
rail used to fasten seat directly except it now has the 
exkrusion fastened to it and the seats are fastened to the 
extrusion. 

This extrusion 

If the blts centreline is horizontal, the 

fastening the seat is vertical, 

6.6 TEST RESULTS 

GTI ccsnpletion of each test, notes on the metkd of failure 
and prticular areas of deformation wae taken and filed with 
f orceldeflect ion plots corresponding. 

At a later date, the data in the form of the X-Y plot has 
analysed and forceldeflection coordinates wae read and fed 
onto cquter storage tape. Tnis b.llowed rapid calculatiori 
of t k  initial elastic stiffness of the seat and the energy 
absorbed by the seat at given defomtions. 
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In some cases, the raw data required either interpshtion and 
extmplation in order to achieve a m e  picture of the seats 
chaMcteristics. 
-bations in the plot which - scslletims found after 
the seats - d d e d  and then reloaded. In saw cases, 
a secondary loading was deemed unnecessary as either the 
seat had failed by fracture and could m longer Withstand 
load or had failed by beniing & was mrk softenhg in such 
a predictable m e r  that reliable extraplation was clearly 
pennissihle . 

The interp3lation has necessary to -th 

In sane of the tests, the lhear elastic Mnge m s  difficult 
to establish as can be seen and consequently, frcxn the 
fme/deflection c m e 6  the pint of yield is open to - 
cwnjecture. 
and the force axd deflection at &ch yield occured was noted. 
The definition of yield for this exercise is the pint at which 
tlae plot beoaraes mn-linear. 

For each test, an elastic stiffness m s  calculated 

6.6.1 Result m d  oaarments on mde of failures for each seat. 

1) Test No. 1 
peak load - 1705 N 
Total energy absorbed = 1272 Mn. 
Elastic stiffness - 14289 N/m. 
Essentially elastic/plastic defomtbn, with essentially 
constant collapse load after initial yield. 
Yield occurred at approx. 90 mn def. under a load of 1300N. 
Max. def. was 605 m. 

Failure of this seat resulted from the tending of 
mnpnents governing the pivoting of the tm seat 
squabs (Phato 6.2). 
each seat back is cimped at the base of tlae squab to allow 
wlding of a bush which form the piwting axis of the 

The e x t d  vertical seat squab tube of 



seat b3cks. 
bush and acted as a lever for the spring/piston device 
used to control seat back angle. 
that bent w s  this lever section of the squab tube. 
The knding took place at the pint where the cr-d and 
non-crimped tube met, just dmve the pivoting bush. 
other ccsnponent that underwent bending b ~ s  the bracket 
used to attach the seat squabs on bth external sides of the 
seat to t k  seat sub fram (&to 6.1). The crimped section 
of qual tubing which acted as a lever for the reclining 
mch3nisn is also used as a psitive stop for seat back 
menent. 
tube comes up against a plate welded to the seat sub frame. 
As a result of the bending of bth the anchorage bracket for 
the seat sq- and the crimped tube at the base of t k  
seat backs, t k  crhpxl tube slipped past the reclhhg 
stopping plate, (Photo 6.2). Thus t k  load m s  1x3 longer 
taken by the stopping plate and was transferred thugh the 
cr- tube to t k  spring/piston reclining device situated 
underneath the seat cushions near the external edges of bth 
cushions. 

The squab tubing extended downward below the 

One of the men&rs 

The 

% seat back pivots forward until the crimped 
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Fig. 6.1 
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?he ultimate failure of the seats took place when shafts 
frmn both spring/pkton reclining devices f m c t m d  
su-y @bto 6.3). 
these pistons had a threaded end which is s a w e d  into 
a shackle mmted at the end of the crimped seat squab 
tube. The frachrres o c c m d  at the end of each of these 
shafts where the h a d e d  section cc~m~nces Photo 6.4). 
Once the fnactures had occurred both seat bach were free 
to pivot forward unrestrained. 
frachmzd sirmltaneously, there was IID skewing of the 
seat. 

The shaft, which m s  thro- 

Since both shafts 

There was no apparent anchorage distortion. 

photograph 6.1 
Seat prior to Test No. 1 



Photogrnph 6.2 
Seat back pivot. Note 
the bending of the plate 
on the left and the 
crhped tubing (part of 
the seat back) on the 
right which combined to 
render the positive stop 
(battom centre) ineffective 

Photograph 6.3. 
Ultimate failure. Note 
the bending inwards of 
the m i n  side plate of 
the seat cushion in the 
region of the seat back 
pivoting bolt. The two 
adjustable reclining 
mchanism can be seen 
hanging from the front of 
the seat cushion frarre, 
failure of the shaft 
resulted in the springs 
falling to the flmr. 
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photogmph 6.4. 'Ihe point of failure can be seen at 
the threaded end of the piston shaft. Note, also the 
bending of the side plate of the -hion framiTlg in the 
region of the seat back pivot. 

II)TestNo. 2 
Peak W - 1905 N 
Total bergy hs&d 1562 N 
Elastic Stiffness 21269 N/m 
Essentially elastic/plastic defomtion, followed by 

Yield occurred at approx. 60 rmn deflection under a 
lwd of 1300 N. 
Max. def. was 765 mn. 

m softening. 

The mde of failure of this seat was by bending of the 
four vertical seat back tubes (Photo 6.7). 
which bending occurred wa6 at the upper end of the 
stiffening insert tube (Photo 6.0) , which is added to 
strengthen the bend in the lower s e v t  of these tubes. 
Anchorages remained sound, although the rear seat leg 
lifted and bent the floor attachment plate Photo 6.9). 
There was 110 noticeable skewness. 

The pint at 
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Fig. 6.2 

RlOtop.3ph 6.5 
Seat prior tu Test No. 2. 
Note the non-conthuous 
floor munting plates at 
the ends of the legs 
(mmpare to photo 6.1). 



photograph 6.6 
Test No. 2 in p r o p  
Note the already obv 
lifting of the rear 
mmting plate. 

SS 

LiOl 

flc 

photcgraph 6.7. 
Maxirmrm deflection E 
in Test No. 2. Note 
localized bending, i. 
pivot at the base of 
seat back. 

!act 
the 
e. 
the 
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F’hotopph 6.6. 
The localized bending can 
d w l y  be seen just above 
the upper edge of the 
inserted strengthening 
tube. 

F’hotogMph 6.9. 
attachrent plate is obvious, although there was no 
sign of inninent fail-. 

The lifting of the rear seat leg 
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IU) Test No. 3 
Peak h d  - 1851 N 
Total Eh- Absorbed 1506 Mn 
Elastic Stiffness 18020 N/m 
Essentially elastic/plastic deformation followed by 
Krk softening. 
Yield occurred at approx. 90 mn deformation under a 
bad of 1700 N. 
Max. def. 757 mn. 
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Fin. 6.3. 
Failure of this seat was due to localized bending of 
the four vertical seat back f m  tube members at the 
base of the seat backs, inmdiately above the end of 
the stiffening tube inserts as in Test No. 2 (Rot0 
6. U). 
seat sub-f- or seat anchorages. 
apparent skmess. 

There was no noticeable damage to either the 
Nor was there any 



Photograph 6.10. 
Prior to Test No. 3. 
Note that the seat legs 
are positioned between the 
two seating positions and 
thus the aisle side seat 
is cantilevered. Also 
note the thick (5 m) 
continuous floor attachmnt 
plate welded between the 
seat legs. 

F’hotogmph E.11. 
Identid failure mde and 
position to that exhibited 
in Test No. 2 (photos 6.7 
and 6.81, i.e. bending of 
the four seat back tubes 
just above the upper edge 
of the inserted strengthen- 
ing tube. Note that there 
is no distortion of the 
flmr anchorage plate in 
contrast to photo 6.9. 



This seat was the sam as the seat tested in Test No. 2, 
except for the repsitionkg of the leg6 and was used 
to mnfh Test No. 2 results and to investigxte the 
possible effects of altering the seat sub fmm. 

N) Test No. 4. 
Paak Lwd - 1750 N 
Total Energy Absorbed 1581 h 
Elastic Stiffness 14591 N/m 
Essentially elastic/plastic deformation yield occurred 
at approx. 80 w def m t i o n  un&r a load of 1200 N. 
Max. def. 715 mn. 
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Fig. 6.4. 



Photograph 6.12. 
Prior to test No.4. 
Note that the seat I 
are munted to the E 
M g  between the 
seating positions, t 
aisle side seat is 
cant ilevered . 

.egs 
;ub 
two 
3e 

Failure of this seat was initidlly due to localized defmtion at 
the base of the seat back where the fraw tube had been 
e d  to receive the bush for the piwt pin of the 
reclining seat back (photo 6.12). 
deflected inwards, causing the seat squab f m  to miss its 
stop. 
entire force was taken in the shaft of the reclining 
Cylinder fmcturedat the Ureaded end of the 
cylinder shaft (photo 6.13). 
to either the seat sub fiarr~ or the anchorages, nor was IAere 
any apparent skewness of the seat during testing, although 
upon unloading the inboard seat back was 25mn aft of the out- 
board seat back. 

This seat is identical to the one tested in Test No.1, except 
for the msdification to the seat legs, which cantilever for 
the aisle side seating psition. 
the results of Test No. 1 and to investigate the effect of 

?he crimped tube 

Once the seat squab stop was rendered useless, the 

There was no noticeable -e 

This test was used to confirm 



sub franre d-anges (refer photo's 6.24 and 6.4 for nudes 
of failure). 

PhotoEPlaph 6.13. U l t h  
failure of the seat 
resulted from fracture 1 

the shafts in the two 
reclining devices, seen 
dangling ficrm the frmt 
of the seat cushion 
frandng. 

VI Test No. 5 
Peak bad - 2938 N 
Total Energy Absorbed 1183 Rn 
Elastic Stiffness 2U98 N/m 
Yield oc-d at approx. 70mndefomntbn m&r a 
load of 1500 N. 
Max. def. 400 mn. 



3588 

3000 

2588 

20a0 

3500 

1000 

sB8 

0 

8 
B 
8 
LL 

T 

Fig. 6.5. 

photograph 6.14. 
Prior to Test No. 5. 
Note the absence Of 
seat back imxd and 
pocketing channels 1 
to retain it. 

the 
the 
sed 



Most mute bus seats use plywccd boards, usually +"thick, 
for the basis of both seat back and cushion. 
cmgmally thought that the absence of these boards 
frcw the test seats would have veq little effect on 
the test results, as it was considered that the backing 
boards would not alter the strength of the seat f m s  
significantly. 
of "pdceting'' the seat back bead was such that the 
timber was not held rigidly but instead, was slotted 
in between two stainless steel channels. 'hus the 
board contributed no strength to the fmre a6 it was 
not rigidly attached down the sides of seat back. 

It was 
. .  

With this particular seat, the m t b d  

'Ihe seat f d e d  by buckling at a point on the two seat 
back tubes between the two attachmnt points of the 
board (photo 6.15). It is considered that if the kard 
had been in place, it would not have influenced either 
the position or type of failure, not wuld it have 
altered the load at which buckling occurred. 
as the tubes buckled and the distance between the two 
back board locating channels decreased, the timber 

However, 

PhotogMph 6.15. 

buckling and that- fall between the retaining 
channels for the seat back board. 

Note the height of the points of 



168 

It is questionable whether there would have been 
sufficient freeplay between the board and the 
locating channels to allow the buckling of the tubes 
to mtinue to the pint where the seat no longer 
was useful as a passenger retainer in the event of 
an accident. It is conceivable that the board m y  
fracture, with the amsequence of leaving a splintered 
timber edge and a possible s o m  of injury. Alternatively, 
since the upper channel was held in place by two pop 
rivets, it is possible that the top section of the 
seat back could b e m  dislodged. 
injury inflicting mequences were two fold. 
the seat back tubes could probably be left p r o m  and 
unprotected and seanay, the upper section of the 
seat may have acted as potentially damging projectile. 

In this event the 
Firstly, 

?here was no apparent reason why the inboard seat back 
tube buckled earlier than the outboard one, nor was 
there any explanation as to why buckling occurred 
at different positions on the t m  seat back &s. 
On the inboard tube, the height above the flmr of 
the buckle was 470 mn, while on the outboard one, it 
was 545 mn. 
tube, at the point of failure was larger than for the 
outboard one. 
location of buckling, different angular deflection 
and a slight twisting of the seat sub m, mainly 
due to asymrretmcal seat an&mges resulting in the 
o u t b m  side of the seat being stiffened by the wall 
mmtings, resulted in a substantial degree of skewness 
on completion of the test. 
relaxed and 75 mn of elastic defomtion had been 
recovered, there was a skewness of 8.5' with the 
aisle side of the seat back loading the wall side 
(photo 6.16). 

'Ihe angular deflection of the inboard 

?he culmiraation of the different 

Once the load had been 
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There was rn anchmge failure altku@ the wall munting 
bnacket, which is part of the seat and the means of 
attaching the seat to the wall had been distorted 
(%'CO 6.17). 
of the seat had mved down, while the rear had mved 
up. 

The defomtion was such that the frwnt 

There was also a slight a m m t  of distortion in the 
floor anchmge plate, which is the m s  of attaching 
the seat legs to the floor (photo 6.18). 
legs had angled forward slightly a6 the plate had 
distorted, giving rise to the skewness of the sub 
franre. 
behind the f m t  leg. 

The seat 

The lifting of the plate was uore noticeable 

photograph 6.16. 
The obvious skewing of 
the seat back can be 
seen. In the event of an 
accident, it is probabl 
that such a situation 
would not assist the ta 
of passenger retention. 



Photograph 6.17. 
Post test inspection shms 
the distortion of the 
wall attachrent bracket 
although there was 110 
s i p  of failure. 

Photograph 6.18. 
attachmnt plate caused by the angling of the seat 
legs about their bases. 

Slight defomtion of the flcor 



photograph 6.19. 
The IMximum defi 
achieved in Test 

IV) Test No. 6. 
Peak Load - 2235 N 
Total Fmergj Absorkd 1465 Nm 
Elastic Stiffness 13849 N/m 
Essentially elastic deformation then after yield 
the stmctu-e exhibited wa& hzdenmg . mtil final 
failure. 
Yield occurred at approx. 80 mn def. under a load 
of 1100 N. 
Max. def. 652 m. 

ectio, 
No. ! 
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F’ri 
)h 6.20. 
Test No. 6. 



As the seat was lcaded the hitial type of failure and 
a p p m h t e  locaticm of failm were ickntid to test 
No. 5. That is, bwklbg of the seat back tubing, 
except on this occasion it took place s u m h t  hi-, 
viz: 690 m above the f l m  and the pint of failure 
was at the s m  height for both tubes. 
fitted with the wxden backing boards for both cushion 
and squab. 
bard was slightly different. Instead of having two 
channel sections that the bard sat in, the lower 
edge of the wood bas fastened to a piece of flat bar 
mmhg -ss the seat while the upper edge was held 
by a channel. On loading of the seat, there 
was a secondary mde of failure. This occurred at a 
deflection of 540 mn and resulted in a dramtic drop 
of load fmm the peak load of 2235 N to 1780 N in a 
distance of 10 inn. 
tubes, which had akeady buckled, bent at the base of 
the seat. 
section of tube on the inboard side of the seat. 
This tube underwent considerable bending before a 
crack developed on the mderside of the tube, which 
because of the bending was subject to tensile forces. 
The CMCk propagated quickly as indicated by the rate 
at which the load drvpped off. 
fracture along the frame rrPmber was appmximtely 
in the middle of the section of the tube (photo 6.21). 

This seat was 

The mthcd of attachrent of the seat back 

The condition of the seat back 

Tne secondary failure occurred in this 

Ihe psition of the 

Interestingly, the wall anchorage bracket stiffened 
the equivalent tube member on the outboard side of the 
seat. Thus there ms only slight distortion of this 
nmkm and m sign of fracture. However, there was 
quite consideMble distortion of the wall anchorage 
bracket itself. 
as for test No. 5, a twisting of the bracket so that 
the front of the seat had been 1-d while the rear 
had been raised (refer Photo 6.17). 

The distortion being of the sane kind 



This assymstrical secondary fail- had inhoduced a 
slight degree of skewness so that the inboJld side of 
the seat was leadhg the outboard side. There was no 
apparent anchorage distortion. 
backing board had lifted may from the f m  at the rear 
where it had been secured by one self tapping s c m  
(one of three holding the cushion to the frm). 

The wooden seat cushion 

VIC) Test No. 7. 
Peak Load - 1531 14 
Total energy absorbed 733 Nm 
Elastic stiffness 21269 N/m 
Essentially elastic defomtion follcwed by wrk softening. 
Yield occurred at approx. 40 mm def. under a load of 850 N. 
Max. def. 468 nun. 



Fig. 6.7. 

6.22. 
?St No. I. 
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Failure of the seat was due to buckling of the four 
seat back tuks at the base of the seat saA& CPhoto 
6.23). An inspection was carried out after the test 
to ascertain whether a stiffening insert tube had 
been used in the tube &rs at the base of the 
seat back. The tubes were sectioned and it was 
discovered that the insert tubes were missing. 

There was no anchorage failure. although there was 
a slight twisting of the wall tapping plate. 
was no a p y t  skewness of the seat. 

This seat was not repositioned and retested because it 
was apparent frcrn the form of the forcddeflection plot 
that the seat had failed and m y  further e n e m  absorbing 
characteristics were minirral and could be deduced from 
extrapolation of the force/deflection curve. 

There 

Photograph 6.2 3. 
The e x t m l y  localized 
buckling at the centre 
of bent tubing. No 
strengthening insert 
tube was found in this 
region of the f m .  



W ) T e s t  No. 8. 
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Peak b4 - U17 N 
Total energy absorbed 711, Nm 
Elastic stiffness 16025 N/m 
Essentially elastic d e f m t i o n  followed by work 

Yield occurred at appmx. 40 mn. def. m&r a load 
of 640 N. 
Max. def. 660 w. 

softening. 

8 I 
iif 

I 
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Fig. 6.8. 

A seat back bard was fitted to this seat in the same 
m e r  as it would in production. It seerred possible 
that this bwrd could alter the strength of the seat, 
largely due to the rrethcd in which it is fastened to 
the seat f m .  



Photograph 6.24. 
Frior to Test No. 8. 
Note both the stiffening 
plate and bracket at the 
base of the seat back. 
Note also the sawhat 
thin, 2 mn non-continuous 
floor attachrent plates at 
the base of each leg. 

As it turned out, it was mlikely that the wooden back 
affected the test results at all. 

The seat f ~ l e d  under a very 1cw load (1117N) in a 
buckling rmde at the base of the seat back (Photo 6.25). 
In an attempt to stiffen this section of the seat, the 
mufacturer had included a bracing bar on the inboard 
side of the seat and a bracing plate on the outboard 
side. 
with the seat tubing. 

There was no apparent anchorage distortion or skewness of 
the seat observable after the test. 

This seat was inspected to ascertain if a stiffening 
insert tube had been used. 

These stiffening &em buckled shdtaneously 

No such tube was present. 



IX) Test No. 9. 
Peak Lwd - 2057 N 
Total energy absorbed 488 Nm 
Elastic stiffness 17586 N/m 
Yield o c m d  at approx. 90 mn def. under a load of 
1600 N. 
Max. def. 459 mn. 

T 3588 

Fig. 6.9. 

Upon loading this seat, the aisle side seat back deformd 
noticeably mre than t k  wall side seat squab B’loto 6.27). 
The seat squabs on this seat were pinned at their base in 
the s m  m e r  as a reclining seat, hmver they were 
fixed by a pin which fits into a bush welded to the seat 
squab tube next to the arm rests. This pin is welded to 
a plate which is bolted to the ann rest on both the wall 
and aisle sides of the seat (Fhoto 6.28 and 6.29). 



Photograph E.25. 
Plaxirmn deflection achieved 
in Test No. 8. Note the 
locdlized buckling of the 
seat fram tubing and the 
buckling of the stiffening 
bracket. No stiffening insert 
tuk was used in the region 
of buckling of the f r m .  

Photograph 6.26. 
Prior to Test No. 9. Mote 
the raised pedestal leg designec 
for a ramped bus floor. 
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photograph 6.27. 
Noticeable skewness of 
two seat squabs which 
eventually led to the 
loading bar slipping off 
the seat back. 

photograph 6.28. 
The location of the seat 
back restmining pins and 
W a  bushes can be seer 
just below the upper edge 
the cast arm rest. The ba 
of the seat cushim f m  
nmter which locates the 
two c e n w  seat back tub 
is detectable. 



Photograph 6.29. The psiticm of the pins and bushes 
that restrein the seat back f m  pivoting m visible 
in the far left and right edges of the photograph. 
Note the twisting of the seat on the left. 

Part of the weld retaining this bush on the aisle side 
seat squab fractured, all+ the seat back to deform 
forward. 
caused by the assyrretrical failure, the loading bar slipped 
off the seat. 
examination of the seat undertaken. 
then replaced and the seat reloaded. 
seat squab defomd forward and in so doing, reduced the 
d e p e  of skewness. 
failed at the saw place and in the s m  mde as the aisle 
side seat. In both cases, the fmctme of the weld and 
the steel tu3ing to which thebhes m welded wre located 
to the rear of the bush where the tube member was in 
tensim (MO 6.30). The bar running a m s s  the seat 
at the rear of the seat cushion had welded to it the 
piwt munts for the seat squabs. 

As a result of the high degree of skewness 

'Ihe loading m was retracted and a close 
The lcadirg bar was 
The Window side 

The seat squab on the win& side 

The bar as a result 



of loading the seat bowed forwards and in so doing, 
caused the seat squabs to pimt and displace may 
fmm the centreline of the seat. 

There was no defomtion of the seat anchomges. The 
maximm skewness measmd during the test was 11' and 
was in such a direction that it caused the aisle side 
seat squab to lead the wall side squab. 

Photogmph 6.30. 
Tne localized failure of 
the seat back tubes at 
their point of restraint 
ftan pivoting. positioned 
at the rem top m e r  
of the arm rest can be 
seen. 

X) Test No, 10 
Peak kd - 3418 N 
Total energy absorbed 2110 Mn 
Elastic stiffness 15828 N/m 
After yield had oocurred work hankrun ' g took place 
until failure. 
Yield occurred at approx. 90 m def. under a load of 
1500 N 
Max. def. 784 nun. 
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Fig. 6.10. 

Near the base of the seat squabs, but above their 
probable plvot points, was located a square mss- 
sectional tube which ran a m s s  each seat squab. The 
spring and wire suspension used in the seat back was 
attached to this tube as was a lever which was mnnected 
to one end of the piston/spring reclining device. The 
other end of the infinitely adjustable cylinder was 
bolted to the front cross &er of the seat cushion. 
As the seat was loaded, the square cross-sectional tube 
at the base of the seat squabs acted as a torsion bar 
and underwent twisting. 
the weld holding the lever to the tube undergoing 
torshndl displacmnt, fractured and the load dropped 
off. 

At a displacerent of 400 m 

There was no a p w n t  anchorage failure, although there 
was a slight m u n t  of distortion of the floor anchorage 
plate h q t o  6.31). 
lifted away f m m  the floor just in front of the rear 
anchorage bolt. 

This stainless steei plate had 
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XI) Test No. 11. 
Peak Load - 2302 N 
Total energy absorbed 1685 Nm 
Elastic stiffness 21493 :.Urn 
The Linear elastic range was smdl after which work 
hardening took place until fail- occurred. 

Yield occurred at approx. 40 m def. under a load of 80'1 N. 
h x .  def. 631) nun. 

Fig. 6.11. 

Failure occurred at the base of the seat squabs in the 
four vertical seat back tubes. 
buckling about 170 mn above the bottom of the seat 
backs. This coincided with the upper edge of the 
stiffenir,g insert tuhe placed inside the lower portion 
of the seat back. 

The  de of failure was 



There was no noticeable skewness of the seat on cranpletion 
of the test. 

The anchorage system used for the legs of this seat used 
two 2+" x I+'' x 1/ 8'' thick backing plates; one for each 

anchorage bolt. These plates were noticeably defomd 
on ren-oval and inspectim after mnpleticm of the test. 
Since this system did not rely upon a plate which was 
welded to the bus b@y, it was not sqrising to observe 
a substantial lifting of the wooden flm around the 
rear anchomge bolt (Photo 6.33). 
bed was secured to the floor b-r in the s a w  way in 
which it is done in mst buses and the spacing of the 
self tapping screws was consistent with that found in 
m t  buses. 
fasteners took place. 

The floor on the test 

No failure of the floor or any of its 

XIIITest No. 12 
Peak Load - 1454 N 
Total energy absorbed 201 Nm 
Elastic stiffness ll431 N/in 
Yield occurred at approx. 90 mn def. m&r a load of 
1030 N. 
Max. def. 183 mn. 

Fail- of this seat occurred in the &vice used to control 
the angle of the reclining seat squabs. 
in the shaft of this device resultedinthe squabs being 
unrestmined and free to collapse forward Photo 6.35). 
The shaft in which the fracture took place was hollm 
with an activating rod thmugh it (Photos 6.36 and 6.37). 
The location of the failure coincided with the first pitch 
of the shafts threaded end, which is norndly screwed into 
a shackle located at the continuation of the seat squab 
tubing which in turn, acted as a lever since it extended 
below the pivot pint of the s q e .  It was the irhard 
or aisle side squab that collapsed, M w r ,  there seem 
no logical reason why this one should have failed earlier 
than the wall side squab. 

A sudden fracture 



3500 

3000 

2588 

2000 

1580 

1080 

500 

0 . . . . .  

TEST1 2 DEREMIDN 0 

Fig. 6.12. 

Photograph 6.33. 
%ximm deflection reached in 
Test No. 11. Note the localized 
bending of the seat back tubes 
just above the upper edge on 
the stiffening insert tubes. 
The forward angle of the 
pedestal leg is noticeable in 
the photograph (compare to 
photo 6.32) although the 
subsequent lifting of the 
floor is not. 



Photogmph 6.34 
Prior to Test No. 12. 
NOte the position of 
the reclining adjusa 
mechanism under the SE 
cushion. 

Photograph 6.35. 
Failure of the reclini 
mchanism of the aisle 
side seat resulted in 
the rompletion of the 
test. Note the lack c 
plastic defomtion of 
the non-failed seat bi 



Rmtograph 6.36. 
The hollow shaft of 
the reclining adjustmni 
piston shows the 
location of failure. 

Photograph 6.37. The activating rod which fits into 
the hollow shaft of the reclinkg adj’lstmert rwchwisx 
is shown pmtruhg fmm the threaded end of the 

fractured shaft. 



There was no apparent skewness of the seat on canrpletion 
of the test. Although there was no failure of the floor 
anchorages there was a noticeable lifting of the floor 
while the seat was loaded and after the test the 
backhg plates were renuved and found to be bent. 

~ 

Tatal 
Seat Energy Energy Energy Seat Type Max MaX Elastic Yield 
No. AbSOr. Absor. Absor. Force Jkf. Stiff. Def. LC 

355.6mn (Nm) at def. (N) (m) (N/m) (mn) 0 
(Nm) 600(h) 

1 

4 
10 
12 
2 

3 
9 
ll 
I 

591 

650 
1015 
201: 
833 

836 
465 
854 
614 

1272 

1506 
2llo 
201 
1905 
1562 

1506 
488 
16 85 
( 861) ** 
733 

1270 

1314 
1653 
201t 
1357 

1320 
488+ 

ax** 
16 84 

Reclin'g 
axch 

It 

I1 

It 

Fixed 
back 
coach 

It 

11 

11 

charter 

1705 

1750 
3418 
1454 
1905 

1851 
2057 
2302 
15 31 

605 14289 

715 21269' 
784 15828 
183 11431* 
765 21269 

757 18620* 
459 17586 
630 21499 
(774)*21269 
46 8 

90 

80 
90 
90 
60 

90 
90 
40 
40 

12 
15 
10 
13 

17 
16 
80 
a5 

5 1098 (1343)** 1343+ Route 2938 (510)+*21198 70 15 
ll8 3 400 

2235 652 13849 80 11 
1117 660 16026 40 648 

I 1  6 704 1465 1414 
8 46 7 714 690 I1 

Nonlinear section of plot ignored in the early stages of the 
test. 
Plot was extraplated to achieve maXirmrm deflection. ** 

* * absorbtion is the same for the three deflections due 
to seat failure at 183 mn. 
Fmergy absorbed at seat deflection of 600 mn to equal 
the maximUm eneqy absorbed due to failure of the seat 
before reaching a deflection of 600 mn. 

t 
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6.7 COMKENTS ON RESULTS 

6.7.1 Classification by Seat TyFe 

I) bng distance reclining coach seats. 
These seats a~ the nost expensive and sophistkatel 
seats of all those that were tested. There were four 
such seats tested (TJo. 1, 4, 10 and 12) and they covered 
a wide Mnge of characteristics. 
(3418M) and energy absorption (2110Xm) were obtained in 
test No.10, yet test 110.12 displayed the worst energy 
absorption (2OlNni) and the second lmest peak load 
(1454N). 

The mzhm force 

All the tests with the exception of No.10 failed by sudden 
fracture of the locking device used to control the reclining 
rrechanism of the seat backs. 
failure of the seat in test No.12 was because the m d  in 
the adjusting pistan was hollow, to allmi the releasing 
rod to nm through it ard threaded on the outer surface. 
Thus the tensile strength of the piston rod would clearly 
be greatly reduced due to the significant reduction in the 
m s s  sectional area of mterial and associated stress 
concentration effects. 

The probable reason for the 

These infinitely adjustable piston/spring devices do not 
have a positive locking mechanism. 
upon either friction or the seal of a gas piston. 
all reclining coach seats are nominally tested in their 
upribt psition, which n o d l y  mans at the end of the 
travel of the seat rani, these tests did not set out to 
investigate the locking capabilities used in these devices. 
Indeed 
as a dash-pt develops a force pmprtional to velocity 
and will unnecessarily complicate the results and diminish 
their validit.] if included as part of the structural 
system. 
with the seat reclined that the piston mechanism 

Instead, they rely 
As 

a static test such as this, a component acting 

It is conceivable in the event of an accident, 



could provide a favourable energy absorbing profile. 
The passenger would have a greater chance of being 
retained by the reclined seat due to the closer 
proximity of the seat back and the inclined angle of 
the squab which would tend to prevent Mmping over 
the seat front. Careful consideraticin would need 
to be taken in the construction and trimning of the 
top of any reclining seat squab, as it is ptentially - dmgemus due to its increased stiffness 
and the reduction of contact area initially presented 
to the bpcting rear passenger. 
is caused by the effective reduction in the nrmnt arm 
of the seat back about the pivoting point, due to its 
inclination. 
potentially higher due to the reduction in the mntact 
area of a result of this latter situation. 

The increased stiffness 

?he peak head and throat loading are 

In the event of an accident.with the seats in their 
upright position, the possibility exists of the seat 
backs mllapsing forward and offering no resistance 
to the forward motion of the passengers. 
OCCUT, it would be an extrarely dangeruus situation 
likely to result in the bulk of the passengers being 
flung to the front of the coach and possibly exiting 
through the front windscreen. Even though the tests 
carried out were static tests and lmding was applied 
to the top of each, the results are not very satisfactory. 
In the case of test N0.10, which achieved a peak load 
of 1454 N, this would approximately equate to an 
equivalent 1.24 G (12.12 d s 2 )  deceleration, if two 
60 kg passengers were sitting in the seat bekind and 
were projected into the seat back upon mllision. 
Wttedly, the load application in these tests is 
at the upper extremity of the seat back which is 
probably not where the seat would actually be loaded 
in the event of an accident. 

Should this 

Hmever, the centre 



of force applied to a seat back in the event of an 
accident will be near the top of the seat squab, 
particularly once the hees have hit the seat back 
tending to cause the pdssenger to mve upwards and 
+act the chest area on the top of the seat. 
is difficult to predict the effect of dynamic loading 
such as would be the case in an accident where the 
elastic/plastic chracteristics could alter the 
perfomce of the seat insofar as the actual decel- 
eration levels of impacting passengers is concerned. 

It 

As mtioned, the seat tested in test No. 12, &splayed 
a peak load of 1454 N which was the lowest peak force 
in this category of tests. 
which exhibited the highest peak load (3418 N), this 
amunts to an approximate deceleration of 2.9 G 
(28.48 m/s2). In mst of the hwican and European 
studies into bus safety, a man deceleration of 5 G 
and a peak deceleration of 10 G is considered appropriate 
for the deceleration characteristics of the bus in the 
event of a head on accident. 
mside?x a constant deceleration of 12 G from 30 rrph 
to be a representative reconstruction of a head on 
bus accident. 
four reclining coach seats refrained intact, although 
the lifting of the floor during test No. 12 reinforced 
our opinion of the uncertainty of non-secured backing 
plates. Indeed, the fact that the floor backing plates 
bent and the floor noticeably lifted under such a s d l  
~ a k  load of 1454 PI, leads us TO qeculate as to the 
perfomce of '2$" x I$" x % backing plates fer 
individual anchorage bolts when subjected to higher 
loads. 
then failure of the flcor m y  have event7iall;J taker, 
place. 
anchorages could conceivably result in the disengagement 
of the seat itself or perhaps the pivoting of the seat 
about its wall anchorage in forward mtion, in either 

If we consider test I$o.lO, 

Indeed, Adam et a14 

The anchorages used in the test of the 

1 ,I 

We consider that if the seat had been stronger, 

In swh an event, the fail= of the floor 



case, the passengers would mst certainly be mstrained 
and projected towards the h t  of the coach. 

?his situation has been substantiated by a n h r  of 
bus accident studies and test CMsh investigations 
carried out in the U.S. 
Romberg2 
in a sample of accidents studied were ejected from 
the bus. Of all the passengers that were ejected, 
38% went through the front windscreen. 
an hwstigation by Rmge, Siege1 and N&ml found 
that the ejection of a passenger will always result in 
a greater injurj risk with the predcmLinant area of 
serious injuc-y being inflicted to the head. 

One study by Stansifer and 
quoted 3% of the 1935 bus occupants involved 

Furthemre, 

The general use of scare form of suspension for both 
the squab and cushion section in this type of seat 
we consider to be preferable in a crash situation. 
The benefit in having a soft-centred,energy absorbing 
cushion which when impacted by the knees will deform 
is significant, especidly when the dltemative, 
a rigid piece of 5" thick pl-d is considered. 

JI) Non reclining coach seats 

These seats are sawtimes v q  similar to the reclining 
coach seats and major ccwpanents such as the seat 
squabs, cushion and legs are c o ~ l l ~ ~ n  to both. 'Ihe 
squabs in these seats are retained on their pivots, 
howeer, instead of a lever arm and piston attaded 
to the lmer part of the squab, a shple pin attached 
to the arm rest and slotted into the seat squab tubing 
is used to locate and hold the seat back. This pin is 
welded to a plate which is bolted to the die-cast arm 
rest. 

The other style of non-reclining CDaCh seat is one 
that is mre closely related to a charter seat. 
seat squabs and cushion sections of the chair are not 
components that ape bolted together. 

The 

Instead, similar 



to a charter seat, the side tubes of the cushion section 
bend at the rear of the cushion to form the f m  tubing 
for the squabs. 
have individually contoured seat squabs and both 
cushion and squab have either rubber or spring 
suspensions. 

A mjor consideration affecting the crashworthiness 
of these seats is the fact that they have four seat 
squab tubes which are either rigidly connected to the 
seat sub-fram or are the extensions of the sub f m  
itself. 
for example, a route bus seat which has two seat back 
tubes, one up either side of the chair. 
tubes used in both mute and non-reclining coach seats 
are generally of the same size darneter and wall 
thichess, 
a function of the length and wall thickness and d k t e r  
of the stiffning insert tube, if one is used. 
of this insert tube is at the base of the seat back, 
where the rmh tubing f m  is bent to form both seat 
cushion and squab. 
results obtained frcm the three seats of this style 
that were tested (Iblo's. 2, 3, 4, 11). The mxhun 
loads exerted on the seats in test No's. 2, 3 and 11 
respectively were 1905 N, 1851 N and 2303 Id. 
f o m s  ape higher than the d m  forces reached 
by three of the four reclining coach seats tested, 
theone exception, being test NO. 10, where a squab 
fraw tube acted as a torsion bar. 

Unlike mst charter seats, these seats 

This it would seem, should be stronger than 

Since the 

the strength of the seat backs should be 

The location 

?his is consistent with the 

These 

The seat tested in test No. 9 , ~ s  a non-reclink 
coach seat, which used reclining coach cushion and 
squabs as described earlier in this section. 
had been a mdification made to the seat squab tubes 
to allow a 
backs. 

There 

locating pin to be slotted into the seat 
This mdification required the drilling of a 



1 

hole through the rectangular cross-sectional seat squab 
tubing to allcw the fitting of a bush which was welded 
into place. 
load of 2057 N, the energy absorkd was the second 
lowest of all the seats tested, 488 Nm. 
tubing (32m x 12.7nun x 1.6m-n) increased the strength 
of the seat squabs over those using round tubing (1" 0) 
due to the effective increase in second m m m t  of 
inertia. 
effect of inserting the seat squab locating bush, 
resulted in failure and auick reduction in the effective 

While this seat reached a mderate maximum 

The rectanguLar 

However, it would seem that the weakening 

s m g t h  of ~e m. 
a rapid fall-off of load and hence a smdll m m t  of 
en- absorbed (488 Mn) mmpared to the three other 
fixed back coach seats (1562, 1506 and 1685 Mn for 
test No's. 2, 3 and ll). This argument was reinforced 
when the energy absorbtion fixtures for the reclining 
coach seats were compared. The effect of the bush 
can be seen if we compare results for test No's. 9 
and 10 (fixed back and reclining cmch seat respectively) 
%e seat squabs used in these two tests were identical. 
%e energyabsorption figures ape such that the weakened 
squabs on the fixed back seat managed to absorb only 
488 Nm, while the reclining seat reached the figure of 
2110 h. Furthemre, the reclining seat surpassed 
the mdximum - force exerted on the fixed back seat by 
1361 Ii (reclining 3418 N, fixed back 2057 NI. 
weakening effect of the holding pin bush into the 
seat s q d  of the fixed back seat apparently was 
substantial. 

As a consequence, there was 

The - 

The anchorages used in the tests of the three non- 
reclining coach seats, d e d  intact although the 
rear leg of the seat in test No.? lifted away from 
the floor due to the bending of the flax anchorage 



plate, welded to the bottoms of each of the legs. 
The other two non-reclining coach seats showed no 
sign of flmr plate deformation due to the different 
design of the legs and the anchorage plates welded 
to them. Test 110. 9 used a pedestal leg with a 3 m 
thick stainless steel plate, while test !?o. 3 used a 
single 5 m thick plate connecting the bases of 
the two legs, while the configuration that defomd, 
used t m  plates, one on the end of each leg. 
would seem that the sbgle flmr anchomge plate is 
superior to the design incorporating a sepate tab 
on each leg. 

It 

I T )  Charter bus seats 

This type of seat possessed high back seats similar 
to the coach seats and had either a single seat back 
or two individual seat squabs. 
which use a suspended seat squab and cushion and 
mute bus Seats which use wooden backing boards, the 
manufacturers of charter bus seats often combine the 
two system. 
employed a wmden seat cushion board and d rubber 
suspension system for the seat back. 

One seat of this variety was tested (test No. 7). 
As a result of the obvious failure of the seat in test 
No. 7 and the subsequent work softening which tmk 
place, ~7e did not retest this seat to investigate its 
characteristics at pater deflections. 
considered that extmpolation of the force/deflection 
plot would represent its further behaviour reasonably 
accurately. Thus the predicted mxhm deflection 
of this seat at total collapse (i.e. zem force) would 
be 774 mn and the additional e n e w  absorption of the 
seat for this further displacerrent would be 128 Nm. 
The extrapolated energr absorbtion would therefore be 
861 Nm at a seat top deflection of 774 m. This seat 

hlike m c h  seats 

For example, the seat loaded in test No. 7 

It was 



managed a peak load of 1531 N, which was the third 
lowest of all the seats tested and its calculated 
energy absorbtion (861 Nm) was also the third lowest. 
The location of the failure and the lack of plastic 
&fonmtion anywhere else in the seat f m  indicated 
that there was possibly no stiffening insert tubes in 
the bases of the four seat squab tubes. 
the seat was sawn apart to inspect the internal 
construction of the lower seat squabs. 
was found that there were m insert tubes, which 
accomted for the relatively poor performance of 
this seat, both in tern of maximum forre obtained 
and the mount of energy absorbed. 
design feature of this seat was that it had four 
frank? tubes which &tennine the perfomce of the 
seat back. 
l m s t  result, while 861 Mn was the fourth lmest 
figure obtained for energy absorption. 

After testing, 

Indeed, it 

The redeeming 

Even so 1531 N mycimwn load was the third 

IV) Route bus seats 

This category of seat is (to the best of our kncwledge) 
the cheapest and the mst structurally simple of all 
the seats used in Australia. They employ a simple 
frame, with a lcw back and hard backed cushion and 
seat back. 
because the cushion sits above the level of the c~~~shion 
f m ,  the distance from the top to the base of the 
seat back is about the sam as the corresponding distance 
on the high back coach seats. 
the effective bending mnrmt, about the base of the 
seat back is approximtely the s a w  as the other seats. 

Although the back of the seat is l m  

Thus, at a given load, 

Three route bus seats were tested (test NO'S 5, 6 and 
8). The seat tested in test No. 5 was astainless steel 
seat using 1" 0 1.2 mn wdll thichess tubing. 
interesting combination of stainless and mild steel 
1" 0 tubing was used for seat No. 8, while test No. 6 
e&ed the properties of a mild steel fm again 

An 



using 1" 0 1.6 m wall thidaess tubing. 
interesting to note that the seat combining the 
non-mmsive properties of stainless steel and 
low cost of mild steel used two different wall 
thihesses, (1.2 m for stainless and 1.6 nun for 
mild steel). ?here were two welds in the seat frame 
wherr? the stainless and mild steel tubings were 
welded together. 

The rraxGrnrm force exerted on the stainless steel seat 
in test ?do. 5 reached 2938 N, the second highest 
figure obtained. 
buckling, had occurred, the lcad dropped off, so 
that the seat had totally collapsed at a deflection 
of 510 m and had absorbed 1343 Nm. 
abscnption figure was low when compared to the figmm 
of 2110 Nm obtained by seat No. 10 with a mximUm 
peak load of 3418 N. It was interesting to note that 
this seat, together with the all-mild steel mute bus 
seat failed in a similar m e r  which was only exhibited 
by these seats. 
occurring either at the base of the seat back or at 
the top of the insert tube, occurred some distance 
up the seat back (appro-tely '3 to LI way up the 
the seat back). Tne other mute bus seat tested, the 
stainless steel/mild steel hybrid achieved the lcwest 
peak load (1117 NI of all the seats tested and the 
second lowest energy absorption (714 Nm) . Unlike 
the seat (test No. 12) which exhibited the &est 
energy absorption fi'igure, this seat did not fail 
suddenly by fracture, but rather buckled at the base 
of the seat back. 
occurred, the load dropped off quickly. 
of the buckle -.d the relatively poor perfomce of 
this seat suggested that there was no insert tube to 
stiffen the seat backs. 
tubing was cut out to investigate the internal 

It was 

Haever, once failure due to 

This energy 

"he buckling failure, instead of 

Once the buckling failure had 
The location 

Mter the test, the seat 



construction of the lower seat back. 
found. 
&l stiffening webs on either side of the seat at 
the base of the seat back in an attempt to reinforce 
the bend in the tubes. As s h m  by the test results, 
these braces had little effect and once simultaneous 
buckling of the web and tube had occurred, were of 
little advantee. 
with what m y  be considered to be a possibly 
unsatisfactory floor anchomge device. bever, 
due to the very low failure load of this seat, the 
opportunity to investigate the holding capabilities 
of the fastener was m t  forthcoming. 

No insert was 
'Ihe manufacixrers of this seat had welded 

?his seat is used in amjunction 

6.7.2 Anchorages 

None of the anchomge systems tested failed. 
say in the m u m e  of investigating the force/deflecticm 
characteristics of the twelve seats tested, the variom 
&inations of tapping and backing plates, chair rails 
and fasteners held the seats in place. 
-&ate mmponent of the seat to which the ancbrage 
fastener was attached underwent defomtion. 
that bent were floor and wall anchorage plates. 
case of the wall mmting, the type of bracket that was mst 
roticeably subject to defomtion was the 
plate used in amjunction with tapping plates. 
the wider the plate, the greater the distance between the 
wall the the seat and the greater the defomtion possible 
under given loading conditions. 

?hat is to 

On occasions, the 

?he components 
In the 

shaped 
Obviously, 

With regard to floor anchomges, the plate through which 
the flmr fastener is placed was often bent following a 
test. Hmever, at no stage was there any sign of cracks 
or other form of failure which would develop into the 
subsequent disengagement of the seat. 
the floor plate assmd one of tvm variations: 

?he defomtim of 



1. Both seat legs angled fomard and the fimr 
plate(s) mnsequmtP;l Sent or; 

2. The entire seat attempted to pivot forward on 
the front floor muntlng, resulting in a lifting 
of the aft of the seat perhaps the compressing 
of the front flmi- mmti~y into the cmden flmr. 

The authGrs consider defornntion of the seat and anchorage 
brackets (attached to the chair) in the event of an 
accident, not detrhntal to the safety of the passerger, 
as long as the defomtion is plastic and is designed htc 
the s-tructure and does not lead to catastrophic failure. 
The problem exists that if the seat componerits plastically 
deform under ? :=ct loadings, then it is necessqr to knm hcw much 
further the component could deform before failure. 
series of tests, it was established that indeed it is the seat 
and not the anchorages that fail first. 

In this 

This raises an hprtant pint. Due to the vew light peal.. 
loads reached in s a  of the tests, the anchorages were not 
called upon to perforn and thus in effect, were not tested. 
This is born out by test No. 8 where it was expected that 
the floor anchorage m y  fail. 
or backing plate and relied upon a female fastener with a 
contact surface area with the floor equivalent to that of 
a one cent piece. 
lad load that the anchorage or the surmmdhg floor 
structw? did nct appear h g e d  in any way. 

The anchorage used no tapping 

However, the seat collapsed at such a 

The mst successful floor anchorage, in tern of lack of 
defomtion incorpomted the newly introduced pedestal leg. 
Again, hcwever, it should be questioned what the perfomce 
of such a desigr: would be if the seat backs were able to 



withstand greater loads. 
over the pedestal leg is that it effectively increases 
the chances of failure of the fastener, due to the 
significant reduction in the distance between the tsm 
fastener;. 
am and thus increasing the loads on the individual 
fasteners. 

The justification for concern 

This has the effect of rechchg the m m t  

6.7.3 The Implications of Peak Loads 

Investigating the nrudmum load which can be withstood 
by the seats befoE failure is useful for comparisons from 
test to test. 
accident situation, the passenger m y  be subject to loads that 
could be beyond the normal W c t  tolernnce of the human tcdy. 
Tnus serious injury or death could occur. 
accident loading situation is an extremely mmplex 
situation whereby the rrrovemnt of various parts of the 
bdy on impact with the seat determine h m  subsequent 
parts of the body will mve and thereby detennine to a 
degree the loads k p s e d  on those various parts of the body. 
The i n j q  severity sustained in an accident cannot, however, 
be directly related to peak loads. 
is dependent upon: 

If this load is too high then possibly in an 

Of cause, the 

Rather, the injury severity 

1) the direction of deceleration, 
2) the mgnitude of decelemtion, 
3) the duration of deceleration, 
4) 

5) 
the mte of onset of decelemtion, 
the type of deceleration (linear or angular) 

If the complicated nature of the mtion of the passenger 
relative to the seat in fmnt of him is disregarded, then 
the factor; influencing the correlation between foxe applied 
to the passenger and deceleration of the bus are the miss of 
the occupant being decelerated and the force/deflection 
characteristics of the seat in the direction of impact. 



LI 777 I 
I 

L%! LI ---- 

IN JURY I NDEX (vs) DECELERAT I ON 

INlURY lNDE)( 
16og 

PEAK OECELERATION (6) 
Fig. 6.13. 



F i m  6.13 presented by Severy et a13' sfrws the relation 
between peak head deceleration and an injury index. 
Injury indices above 1000 are regarded as severe to 
fatal. 
et a13 states that, with regard to the head, a decel- 
eration of mre than 80 g without adequate distribution 
of the impact force, will probably be fatal. 
suitably distributed load, peak decelerations in excess 
of 100 G m y  be tolerable. 
consider that blows to the face, involving decelemtions 
in excess of 30 G's will probably cause unmnciousness. 
This appears to be consistent with %very et al'~~~graph. 

In the sumnary report by Adans et a14 the following 
restraints were imposed as design criteria concerning 

F u r t h e m ,  it is worth noting that S&le 

With a 

S-le et a13 also 

injury in a 

1) Head: 

2) Thorax: 
(upper) 

3) Femr: 

fmntal bus accident. 

Resultant decelemtion not to exceed a Head 
Injury Criterion (HIC) of 1000" at the centre 
of gravity of the head. 

Resultant decelemtion not to exceed 60 G's 
except for intervals whose CWniLative dmtion 
is not mre than 3 milliseconds. 

Maximum axial force not to exceed 
1700 lbs (7562 N) for 50th percentile mdle adult 
1000 lbs (4448 N) for 5th percentile femdle adult 
600 Ibs 
child. 

(2669 N) for 50th percentile 6 year old 

If we ccolsider two passengers each having a m s s  of 60 kg 
then the peak deceleration of these people when seated in 
the seat used in test No. 10 haximm peak load of all the 
seats tested 3418 N), would be appmhtely 28.48 IE-~ 

(2.9 G) if their point of contact was to top of the seat 
back. 
to very low risk of injury due to the inpact. 

As can be seen by the above graph, this mounts 
Ccsnpare 

* The HIC is as an injury scale so defined that a score of1000 
is rated as severe to fatal HIC = (tl- tz) ['It2 a(t)dt]2.51 

t2- tl tl 
whwe, a(t) = resultant accrlwetim mgnitude of the centre of gravity 

01 head !i) z d  tl arid t2 are the two points in t h e  during the 
impact frc vk:ic?: IlIC is mximun rneasured in seconds. 



this to dynamic sled tests carried out by Adam et a14 
where peak head decelerations of 75 G's were obtained 
with a resultant HIC score of 300*. Another test after 
a seat back padding mdification had been mde achieved 
a peak head deceleration of 65 G's, which incurred a HIC 
smre of 250. 
operate on a f o d a  which incorporates such factors as 
the distribution of load, mte of acceleration onset 
(jerk) and duration together with the type of injmy 
sustained. 
head and upper thorax injuries in the seat tested in this 
project can probably be considemd as lm. 

It should be noted that the HIC scores 

Thus it can be seem that the risk of mjor 

Whether the femur loads would be acceptable in the seats 
tested in this project is mknm. However, it is worth 
noting that no rmjor defomtion occurred to any of the 
seats tested below the lcwer seat back area which is in the 
vicinity of the hee hpact region. 'Ihis means that in this 
region of the seats, the f m  is strong. Further- 
more, due to the lack of padding and the location of rigid 
seat f r m  mnkers preventing the hees from penetrmting 
the seat back, there is a possibility of !aee/fm injury. 

The question that needs to be answered in amjunction with 
the failure load analysis above is; will the seat restrain 
the passenger and prevent him from ramping over the seat 
once the seat has been imp cted? 

Although in the event of an accident, the possible deceleration 
levels of the seats tested in this project would be low, the 
lack of adequate padding muld significantly boost the injury 
severity. 

6.7.4 Fnergy Absorption 

The failure of six of the seats caused by sudden fracture or 
bucklhg,resulted in the collapse of the seat with the effect 
that before full travel of the loading ram had been reached, 
the seat was no longer resisting forward m v m t .  
an event, once the load had fallen to zero, the energy 

In such 



absorbtion potential of these seats had also dropped to 
zero. 

Some of the seats tested and particularly the low back mute 
bus seats had angled forward so far that in the event of 
an accident, the ability of the seat back to prevent the 
passengers from Mmping over the top of the seat would 
.have had to be very low. For this reason, it was decided 
to investigate the energy absorbed by the seats after the 
seat tops had deflected forward by 600 mn. In the absence 
of any dynannic test evidence it was mnsidered that beyond 
this defomtion, it would be questionable whether the 
seats possess any passenger retentian value due to excessive 
inclination of the seat back and the lack of hee 
penetration area. 

As it can be seen by Fig.6.14, the drop in energy 
at a displamt of 600 mn for the seats that had not 
collapsed is relatively minor. 
rraXimrm total energy absorbed (e.g. in test No. 10 - 2110 Nm), 
the calculated initial speed of the bus on collision, such 
that the kinetic energy of two 60 kg passengers is totally 
dissipated in the seat is about 20 W h .  

Thus even if we take the 

If we regard 366 mn (14") to be the maximm deflection of the 
seat back allowable in order to achieve an effective passenger 
restmint', then the speed of the bus would be only 15 kn/h 

366 mn deflection,(this mmhun deflection is the design 
criteria used by 
bus seat). 
absorption (test No.12), it wuld be fomd that for the 
seat to have totally collapsed yet retain tm 60 kg 
passengers, the initial velocity of the bus impact 
would have been only 7 W h .  Of course, there are many 
assqtions mde h this elementary method of Correhting 
static test results to a dynamic m h  situation. M w  full 
scale dyMmic testing would have been preferred by the authors. 
Indeed previous proposals had been prepared to this effect but 
failed to reach approval. 

for the seat which displayed the mst energy at 

in the develownt of a safety 
If we study the seat which achieved the lowest 





The mst difficult factor pertaining to the perfonnance 
of bus seats to retain a passenger in an accident situation 
is the relative uovements of parts of the lxdy and the way 
in which they interact to influence the points of contact 
with the seat. The pints of contact of various parts of 
the kdy (predominantly knees, chest, neck and head) with 
the back of the seat and the consequent loads applied to 
the seat would influence the capabilities of the seat to 
retain the passenger. If a major pnsportion of the load 
was taken high on the seat back, f i c h  is mre likely to 
be the case with the low backed mute bus seats, the 
seat'scapability of absorbing the passenger's energy would 
be less than if the load was taken predormMn ' tly lcwer on 
the seat back. 
as the proportion of overall load distribution is l m d  
on the seat back, the greater the risk of injury as a result 
of increased effective stiffness of the lower seat back 
region in wnjmctim with a seat frarrre design which is 
not conducive to hee penetration. 

A pint that needs to be remembered is that 

Fig. 6.14 shms the correlation between energy absorbtion 
and peak load. 
representing a different en= absorbtion criteria eased 
on the m x b m  prnLssible seat back deflection. Energy 
absortsticm figures for seat back kflections of 366 mn, 
600 mn and the mainurn deflection ape plotted. 

6.7.5 The kplications of Static vs DyMmic Testing. 

The static load tests carried out during this project give the 
stiffness characteristics of the seat structure. 
of these tests are useful for the ccsnparison of peak loads, 
energy absorbtion, elastic stiffness and the general forre/ 
deflection m e  shape fmm seat to seat. Although these 
results give an indication of the perfonmnce of the seat 
in an accident situation which loads the seat in a dynamic 
mode, they do not give any indication of the injury potential 
the seat has upon the passenger. 

%e plots m displayed, each one 

The results 

It is possible however, 



uskg judgemnt and experience based on previous studies 
that have combined static and hstnmented dunmy dqnamic 
tests to speculate the nwvement and likely pints of 
contact of the passenger. 
ejpe and severifj oi injwj would iriJolve either spcific 
static tests using knee, torso and head form or preferably 
i n s m n t e d  dmmy, dynamic tests. 
the’ mvemnt of the passenger have to be made in the 
static tests using body forms. 
require further assmptions concerning load duration, m t e  
of load increase and the distribution of the load order 
to predict possible injuries and their severity. 
causation is depndent upon the mvemnt of the passenger 
which is governed by: 

To ascertain the possibility, 

Assumptions concerning 

Furthemre, these tests 

The injuq] 

Initial velocity of the bus on impact. 

The decelemtion profile of the bus (peak and dmtion 
of deceleration). 

The orientation of the seat (forward, side or reaward). 

The observations of the passenger- and his ability to 
foresee a collision situation. 

The distance through which a passenger has to mve 
before striking an object which will restrict his 
nution. 
by Adams’ et al “an overwhelming cause of injui-y in 
school bus collisions were the seats”. Furtherrmn?, 
passenger seats conTribute to over 90% on the injirries 
of minor and mderate accidents and 90% of all accidents 
were of a minor or mdemte severity. 

Fenetmtion of the sunrival space. 

According to an American investigation cited 
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The subsequent motion of the passenger upon an impact with 
the seat is dependent on: 

1) 

2) 

The mass of the passenger 

The varying stiffness of the seat with progressive 
defomtion. 

The height of the seat back. 

The geomtry of the seat. 

3) 

4) 

5) The phasing of bocty component mvements. The h- 
body in a real CMsh situation is mre like a 
ambination of smll m s e s  strung together rather 
than a rigid 1- w s .  Thus there is a tendency 
for a "whipping" of such parts as the head dwing 
a mllision. 
depends upon the bodily ccrmponents. 

As a result the mtion of the bocty 

Zhe factors which influence the type and severity of injury 
are: 

1) 'Ihe pzak deceleration. 

2) ?he direction of deceleration. 

3) The decelemtbn duration. 

4) 

5) 

6) 

?he level of jerk or the onset of deceleration. 

m e  distribution of the 'load. 

The body mtion phase control ("whipping"). 

6.8 SUMMARY OF STATIC TESTS CARRIED OUT ON BUS SEATS o?HER 
"AN THOSE PERFORFEE I"G THIS PRCJECT. 

Stiffness curyes were obtained fran previous tests carried 
out by International Harvester and Chysler on *e Australian - 
built bus seats. 
in Figures 6.15, 6.16 and 6.17. 
achieved in a similar m e r  to the method used in the tests 
conducted during this project. 

The stiffness m s  for these tests are presented 
The loading of the seats was 

Although the tests were perfomd 



in 1974, the design of the seats was essentially the s a  as the 
fixed back oMch seats that were tested in this investigation. 
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Fig. 6.17. 

Another static test was performed by Internatioml Harvester 
on an experimental seat designed by Hooff~~!ann~~ and the results 
of that test are tabled along with the other three test results. 
The force/deflection curves for the Hoffrmnn seat is shown in 
Figure 6.18 along with Table 6.1 s h a h g  the sunanary of the 
results. 

The force/deflectiOn c w e  for an &rim seat designed by 
AMF is presented in Figure 6.19 and was tabled in a rep& 
by-. 

A total of five anchorage tests were also carried out and the 
results of those tests are displayed in Table 6.1. 
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TABLE 6.1 Results of Tests on Other Seats 

Seat Max.force Energy absohtion Elastic Stiffness 
at 14" def. 

0 
Summary of the tef 

3502 results carried 01 

A 2300 N 825 Nm 
B 2904 1146 
C 3861 
D 25500 

1733 
4032 

by International 
85808 Harvester and C h r ~  I 899830* 

Test completed at a deflection of 10.5 cm. 
deflection of 16 an where the load diminshed to zem. 

Extrapolated to a 

No.10 3418 
No.5 2938 
No.8 1117 
N0.12 1454 

Sunrmary of maximum 1 and minimum figure 1015 15828 
1099 21198 
467 
201 

btained during 011 
test program. 16026 

11431 

AMF 16902 4405*Nm 525354 Mn 

Er The static deflection test carried out on this seat termbated 
at a deflection of 203 mn. 
and the associated difficulty in the mequent extrapolation 
of the oompliance curve, the energy akorbtion is calculated 
at a d u n  deflection of 203 mn. (Note all other energy 
figures in this table are calculated at a rraximUm deflection 
of 355.6 mn (14"). 

Due to lack of positive failure 

These results are consistent With the figwes obtained f m  the 
current program. 
ccnpmiscm of the results slightly as application of the load in 
the tests perfomd by both International HarYester and Chrysler 
was somewhat belcm the top of the seat back. Thus we would pred 
that this arrangerent ought to i n m e  the recorded peak loadinEc\ 
compared to the results obtained by the current test procedure. 

The difference in loading procedure affects the 

L 



Apart from the experkntal seat of Hof~S~nn~~which displayed 
a mucimUm load of q i t u d e  much higher than any of the other 
seats tested, the peak force and absorbtion figures of 
the 0th- seats are indeed very similar. The 
exper-tal seat achieved its peak load at a displacement 
of 76 rmn. 
the other seats, in fact, it was an order of magnitude 
higher. 

Hence, the seat was very much stiffer than an;. of 

If however these results are nCw ccmpared to a similar static 
deflection test carried out on an Amdcan safety bus seat 
manufactured by AMF, we find that the AMF seat has a m h  
force and elastic stiffness which is much greater than any 
of the other seats with the exception of the Hoffmann experimental 
seat. The AtP seat did absork slightly mre energy than the 
experktal seat. 
sled to determine its mashworthiness on the AMF seat and its 
ability to retain passengers, by absorbing their kinetic energy. 
The loads exerted on the instmmnted dunmy had to comply to 
the limits set down in the Notice of Proposed Rule W i n g  (NPpFs.1). 
Suffice to say 
enough to withstand the ISpRI.1 seat load deflection requirements. 
Hawever, the injury producing loads and decelemtions were 
measured on the dumy during the dynamic test, under a 12 G 
square wave decelemtion of duration of 210 milliseconds f m  
30 nph. 
their anchorages" and states that the majorit;. of c m t  
production seats failed under decelemtions of 6 G. 

For the purpose of comparison, Figure 6.20 shms the characteristics 
of the stmngest and weakest seats tested in this project along 
with the behaviour of the AM€ and Hoffmmn seats. 

Further tests were carried out on a dynamic 

at this stage, that the seat was not strong 

An ECE paper% c o m t s  on the "strength of seats and 



AMF test seat 
test no. 12 / 

Fie;. 6.20. 

As an extension of the static tests carried out by Internatiord 
-ester and Ctuysler, the deformd seats were reworked to 
appro-tely their original gecgnetry and braced. 
extending from the seat back top to the seat cushion f m  
front,achieved a stiffer structure which could then be loaded 
in order to test the seat anchrages. 

The bracing 

Table 6.2 shows the load at which anchorage failure occurred 
and the mode of failure. 

If we again attempt to predict how the dynamic crash situation 
relates to these static test results by assuring that the pint 
of load application is the s a  in both cases, then a peak load 
of 5800 N (continuously applied) will decelerate two 60 kg 
passengers at about 5 G. 
have been shown to involve an avemge deceleration of 5 G's with 
peaks of 10 - 12 G's. 
measured peak deceleration during a head-on collision between a 
truck and a bus both tmvellin& at 30 q h  of 21 G. 

Head-on bus accident decelerations 

Indeed in a study conducted by GIOjcik et a15 



TABLE 6.2 Fesults of Anchorage Tests 

Anchorage Type had of Failure Mode of Failure 

2 pde 5 16"bolts(wall) 
3 It 3 grade 5,8 bolts(floor) 25500 N (without ary No failure 

(Experhntal seat) failure ) 
sign of anchorage 

2 floor bolts 4060 N 
2 wall bolts 
2 large load distributing 
washers under the floor 

2 floor bolts 
2 wall bolts 
2 large load distributing 
washers under the flwr 

2 floor bolts 
2 wall bolts 
2 large load distributing 
washers under the floor 

2 floor bolts 
2 wall bolts 
2 large load distributing 
washers under the floor. 

5800 N 

5800 N 

4226 N 

The wall anchomge 
bolts pulled thruugh 
the sheetmetal wall 
member. 

I) The wall anchorage 
bolts pulled through 
the sheetwtal inner 
skin. 

II) The r e a  leg anchorage 
plate Ymugh xhich 
the bolt is placed 
tipped away from the 
leg. 
R e  rsar wall anchorage 
bolt pulling through 
the walls innerskin. 

Forward seat leg 
pushed through the 
f loor . 

6.9 CONCLUSION 

The authrs consider that the sample of seats tested this 

progmmwe~ a fair representation of seats being manufactured and 
fitted to Australian buses and coaches. 
after inspection of the failed seats and analysis of the test data 
that : - 

FwthemrP_, we conclude 



All the seats failed at relatively low lmds (belm 2500 N) 

None of the seats appear to ccarrply with any of the studied 
European and Amzrican seat strength standards*. 

Anchorage failure did not occur in any of the tests. 

Three out of the four reclining coach seats tested failed 
by fracture of the reclining clamping device, which resulted 
in the sudden total collapse of the seat squabs with minimum 
energy absorbtion . 

Excluding the recl-g seats, the preddnant rrpde of 
failure was by buckling of the seat fraw tubing in the 
lower region of the seat back. 

The two seats which failed by buckling at very low loads 
(test No.7; 1531 N and test No.8; 1117 N) had no stiffening 
insert tube in the lower seat back region. 

Generally seat skewness was not m n  with the load applied 
centrally. 

'Ihere was very little wall structure defomtion and flwr 
m v m t  was only noticed hen the anchorage system employed 
did not include a tapping or backing plate secured to the bus 
body. In this case, mnsiderable lifling of the wooden floor 
was evident in the vicinity of the rear floor anchorage bolt. 

Floor anchorage backing plates with dinension 24" x 14" x '8" 
were found to bend during testing. 

There was no noticeable damge to any of the fasteners used 
in any of the tests. 

?< See Chapter 3 
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11) The defomtion characteristics and the energy absohtion 
figures appear to be inadequatetorest& passengers when 
a head-on collision involving an initial speed of 60kdh 
is studied using various simplifying assqtions concerning 
the loading of the seat necessary to appro-tely correlate 
static test results to a dynamic situation. 



EXAPIG.JATIOI< OF BUSES INVOLVED IIJ BUS ACCIDEIITS 

The pwpose of inspecting buses involved in an accident 
was to seek practical field data on the perfomce of bus 
seats as a result of passenger met. Furthemre, it was 
intended to inspect the buses, with the aim of establishing 
points of bodily contact and the cause and reason for injury. 
ll~us it was therefore inprtant to inspect buses which had 
either suffered saw form of seat deformation or damage or 
had been involved in an injury to a bus passenger. 
this f h e r ,  it s m d  possible for injuries to occur, without the 
bus having a collision. 
due to the rapid mceuvpe of a bus, such as when braking, 
accelerating or swerving. "his type of bus h j q  is particularly 
prevelant in route/transit buses, where the incidence of stopping/ 
starting m d  cornering, together with passenger mvemsnt into, 
out-of and within the bus is high. The types of injcies caused 
by non-collision incidents are typically low in severity and are 
Lwgely as a result of tripping. 
an accident are aimed at establishing the cause of the accident 
with little or no attention being given to the cause of the 
injuries. "his has been noticed even at the very few accidents 
attended. Perhaps the inspectors do note that a particular 
object on the bus is ptentially injq inflicting, however 
there is no established channel cf m i c a t i o n  open for 
reporting such an observation. 

Extending 

For example, injuries soretimes occur 

T10nm.l bus inspections after 

It was not considered imimrtant to inspect the bus at 
the site of the accident, especially as accident scenes 
were usually busy with the necessary functions being performed 



CONCLLpjIONS AND RECOMMENlbATIONS 

7.1 CONCLUSIONS 

h e  of the principal outcorres of this investigation has been 
the hialighting of the role of the bus seat during an accident 
situation. 
the seat should effectively retain the passenger thro@out 
the impact and allow deceleration to be achieved with a minimum 
a u n t  of damge to the body. 

It clearly emrges that in the event of an accident, 

In order to achieve this, not only must the seat remain 
firmly attached to the chassis of the bus, but its defomtim 
characteristics should be such that a rrrudrmrm m m t  of energy 
is absorbed at prescribed mxhnn peak loads. 

Past accident studies have indicated that this has not 
always been achieved with the result that passenger injury due 
to lack of retention or from the impact of unrestrained seats 
with otherwise uninjured occupants has occurred. 

In an effort to &se passenger protection, the design 
of bus seats and their anchowes has generated a considerable 
axount of work bath on the part of designers, legislators and researchers. 

h n g  these groups it is generdlly agreed that two mjor 
objectives need to be achieved in seat perfarname; 

1) in the event of a passenger impacting the seat in 
front, the seat should be capable of local defomtim 
in the knee-chest area to enable ''pxketthg" of the 
pssenger, so absorbing so1113 of his initial kinetic energy 
together with controlled deformtion of the seat back 
(without f r a c m )  to absorb the remainingkhetic energy 



and prevent the 
the seat. 

passenger rainpir,:: over the top af 

7) tFmuph careful design and 2lacemnt of structuM1 
rreabers and tl-le use of adequate enerm absorbing 
padding, the seat should be capable of distributing 
local impact forces to the head, thorax, chest and 
knee areas in such a way as to prevent serious 
in j my . 

The testing progran conducted dwing this project on a 
representative sarrple of bus seats c m n t i y  beins fitted to 
Australia buses, revealed that all of the seats either collapsed 
plastically or fractured at relatively low loads (less than 
3500 N applied horizontallj, and fonmrds to the top Mil of 
the seat back) an3 absorbed comspndingly la< levels of 
enerp in the process (less than 2200 %n). 

lone of these seats rjould have satisfies ail the require- 
ments on crashimrthiness, force-deflection ?rofiles snd energy 
absorbed at given deflections of the mjor Eumpean ,md 
hrican Bus Seat Stanckmls c m t l y  being developed and used. 

.4 lack of adea-uate e n e w  absorbing paddin;: in the region 
It shoul,;l of knee and headchest *act was comrily ohmserved. 

be noted however that while in Victoria it is nor.! mdatory 
for l a  back seats to incorporate a padded roll-top section 
over the expsed bar at the top cf the seat back, this is not 
necessarily the case in other States of i?.ustralia. 

In the c o m e  of the testine program, it was found that 
none of the anchorages failed. 
Srx3.ets and individual floor mmting plates were bent 
follakiz a test but at no stag was there any sign af cracks 
or other forms of failure which ceuld have develnped into 
subsequent disengazemmt of the seat. 

In sow cases, i ~ d l  mlmtint: 

Nevertheless, it should be noted that because of the 
relatively low collapse loads of the seat backs tested, the 
anchorages were probably never stressed to their full capdub]. 
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If seat back strwgths were to be increased, then a further 
investigation of seat ardmrages would be desireable. 

Of all the flwr numting techniques tested, it is conclhd 
on the basis of good engineering practice, that cmtinuous flwr 
munting plates (rails) welded to the bus chassis along its 
length, would provide the best anchorage basis for bus seats. 

Of particular importance was the failure mchusm ' of the 
long distance redlhhg coach seats. Four s w h  seats were tested 
and in all but m e  the failure mecharus . m was a sudden fEK!ture of 
locking device used to m-1 the reclining mchau 'sm of the seat 
backs. 
failure was because in the vicinity of the break the rod in the 
adjusting piston was hollow (to allw the releasing rod to pass 
throu& it) and fw?ther, was threaded on its outer surface. Thus, 
it is believed that the tensile strength of the piston rod had bee 
sig-ificantly reduced due to the redwtion cross-sectimd area 
of mterial and asscciated stress mcenmtion effects at the thr 
roots. 

In one case it s e m d  quite clear that the reason for the 

The restmint of passengers during a collision is essential 
if the n m h r  and severity of injuries sustainsd is to be kept to 
a minimam. On the evidence the literature, the fitting of lap 
type seat belts into buses appears to be neither cost-effective no 
efficient in reducing accident tram. 
fit lapsash belts because of the absence of a suitable abve shou 
nnmting pint for the sash. Haever, careful design of 
seats with adequate energy absorbing padding for bee and heat/che 
impact regions, a s t r w t d  design which allows penetmtion of th 
bees into the seat back with controlled overall seat hck deforma 
together with corrett seat back height, seat spacing and layout; t 
mcupant could probably be effectively restrained during an accide 

It muld be difficult to 

Nevertheless, even if a seat is fitted with the abve energy 
absorbing padding, the mllapse of such a seat would render these 
protective devices dnnst useless, insofar as the occupant could 
be free to be projected out of his seat. 
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Fwther to these concluions , The ,desw&;ility LIL. >.qx-~;ing 

the secondxy safety aspects of buses became evident. 
To achieve this the entire passenger comparbmmt has to be 
investigated. 
insufficient to withstand the loads created in the event of a 
rollever accident, then the fitting of pmperly designed 
safet.1 seats m y  not affect the injury rate or severity to 
any p a t  extent. 
Esults in the destruction and/or invasion of the passengers 

If the window pillars and roof structure a-2 

?he s a w  is true €or any situation which 

S W " < V a l  space. 

-~,,c, .. __ ..&. ,.,.* ~ i,i~" . 3,: :hs ser'ts :.eel3 :c ?E r~Arn?rl..! desi.pd- .~ 

Kdded and securely anchored but the bus structure needs to be 
caAble of remiring intact an.', resistant to penetration. 
addition to this the internal fittings and layout of the inIerior 
of the b w  can affect the injuries sustained. 
stanchions, ashtrays, fare-boxes and windad latches have all 
ken Inown to inflict injuries upon bus occupants during an 
accident. 

In 

For example, 

3th the transit bus accident statistics of the "E 
bus fleet  an^ overseas studies of tranzit bus accidents indicate 
that there is an injury causation problem unique to transit bus 
operation. 
by falls in the bus due to non-collision situati0r.s. 
appear that these ir,juries, xhich are Q!..pically la$ in severiq?, 
could be reduced by careful desip of passenger assists, seat 
backs, floor rampiy an@s and step size ar,d rise. 
incidence of passenger injuries has been fmmd in overseas 
studies to be partially due to the lack of driver education 
concerning smoth &ivhg. 
eration and je& combined with p00rly designed internal layouts 
and the gerleral nature of transit bus operation results in this 
p~blem. 
vehicle and are subst?Atiall;i localized to the area of the 
entrmce/exit steps and the r̂ ror.t platfcrm -a near the dri.;-er. 
?igid objects especially with sharp pmtr-ions or edges, an 
obvioEpyr e.xtctremely &inZenus and in rra'y cases tb.e redesip 
of the fare box is necessuy due to its prominence as an ohject 
#:a,)sir;F r '-i7'- .- ~. ~ :--:.. t.7;' <Cf 5$2.v'ew 1 . -  i.:r ~ ; - i  . 

There is a veer:: hi.& incidence of injuries caused 
It bmuld 

This high 

.4s a consequenze, levels of accel- 

iligh injury risk arras have keen established in the 

. .  . 



L@n studying AustrBliar bus accident case studies, 
Victorian bus accident statistics and overseas studies into 
bus accidents and passenger protection, the conclusion has 
been dram that the risk of injury to the passengers in a 
bus which rolls over is high. 
which Rsults in uncontmlled body m v m t  and passengers 
hipacting internal bus fittings (largely seats) and other 
passengers in m e  of the three mst csmc ~l~dlis of passenger 
injury in roll-over accidents. Another m m n  injury and one 
which probably results in the mst severe injuries, results fmm 
wither partial or full passager ejection through either 
windows or doors, or through openings in the passenger mrrpart- 
mnt caused by the h p c t  of the collision. The raahbg node 
of injury il the roll-over accident inwlves the collapse of 
the side wall/roOf structure and consequently a deterioration 
of the passengers' survivd space. 
Europe and America are considering &aft regulations concerning 
the strength of the upper bus lmdy so as to withstand bus roll- 
over. 
adequate strength of the window pillars and of the roof 
structm in the area of the cant rail is obtainable thmu& 
careful design. 

The lack of passenger retention 

Legislative bdies in 

It has been shown in oversear res-h projects, that 

From studying Victorian bus accident statistics and 
hdepth micient case studies, it is evident that buses are a 
safe mthd of tmmporting people, when mmpared to the 
injuries sustained in car accidents. 
for bus travel displaying such a safety record is the inherent 
inertia of buses and the fact that in a bus collision, the 
mst comnly impacted object is a car which has far less 
in&& than a bus and consequently, is subject to correspondingly 
higher deceleration levels. 
accidents appears to be dependent upon the physical ~ t w e  of 
the vehicle mther than the designed crashrthiness. 

The predominant reason 

Thus the injury record of bus 
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With respect tc the conclusions drawn in this project, it 
is recommended that the following investigations sbuld be corrmwced 
in order to study various problem areas associated with bus travel. 

1) RrTher static farce/deflection tests to be carrid 
out on the existing test jig. 
use reinforced Seats and muld investigeire the 
dtinEts Strf3gttl cf the seat dIlCfLrages. 

j&rrmnic hiis seat tests desiped t,z, investigate 
passenger retention and the loads sustained by 
a bus passenger in a head-on collision. 

These tests would 

2) 

3) Bus crashworthiness investigation. This work 
would attempt to establish the strength and 
resistance to defomtion of the bus bdy. There 
are two viable methods of such a study: 

(i Finite element computer program, 
(ii) Full scale testing of a section of bus 

b** 

4) kvelopmnt work on the requirements for !Jational 
Legislative guidelines on the strength of bus seats. 
their crashimrthiness, the strength cf anchorages 
and the energy absorbing characteristic of bus Seats, 
along the lines of the European and kericdn StJndardS, 
but taking into account prevailing Australian conditions. 

Further to this,consideration should be given to the 
introduction of National req-nts for the fitting 
of properly designed "roll-top" enery absorbing 
padding f.?r lcw-kicked bus seats. 

5) 
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