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Abstract 

Literature on bus safety was surveyed with emphasis on seat design, 
seat standards and injury mechanisms together with a study of 
accident statistics. Existing standards were investigated and the 
local manufacturing industry surveyed. Accidents were attended and 
studied with particular emphasis on seat and seat anchorage damage. 
A testing program was carried out on a representative sample of 
seats currently in use in Australia to determine seat back force 
deflection characteristics, energy absorbing properties and 
anchorage strengths. Inter-alia it was conluded unlikely that any 
of the seats tested would have satisfied all of the requirements 
of the current overseas bus seat standards. 
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Glossary of T m  

Displacement transducer - an electrical device for =swing 
FemUr - thigh bne of the h m  body. 
Kinetic eneqy 

bad cell - an electrical, s-train w e d ,  device 

linear mtion. 

- energy due to a m s  m m v b g  at 
velocity v. (K.E. = U 2  mv 1. 2 

for measuring force. 

W e s t y  panel 

Newton (NI 

Ramping 

S.W.G. 
Stiffness 

- a screen placed in front of the legs 
of frontal seated passengers. 

- unit of force in the S.I. system of 
units (1 lbf = 4.448 NI. 
for*ard sliding of the passenger over 
the collapsed seat-back of the seat in front. 

- a measure of thichess - Standad Wire Gauge, 
- the mtio of the force applied to a structure 

to its resultant deflection. 

- 

Thorax - part of the body between the neck and 

LNF, UNC 

awcmEn enclosed by the backbne, ribs 
and sternum. 

- Screw thread rypes : Unified National 
Fine, Unified National Coarse. 

Work hardening - a process where €orce increases With 
Work softening - a process where force deaedses with 

deformation. 

Web 

def-tion. - a thin, often triangular plate, welded 
between two intersecting structmd rcemkl's 
for stiffening purposes. 

0 - symbol for diameter. 
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LITERATWE REVLEFJ ON BUS SAFZTl 

1.1 I”RODUCTI0N 

The first approach mde in acquiring Literature on the topic 
of bus safety, with special regard to the internal fittings of buses 
and their injury camtion, was to run a conputeris4 data base 
search. 
Cocmntation (IRRD) and Literat- Analysis System - Office 3f Road 
Safety (LASORS). 

The two databases searched were; Internatioml bad Research 

From several searches, a total of 234 citations were listed, 
dltbugh s a  articles were listed mre than once. 
hipfiance of the literature was deternlined mainly from a consideration 
of the mntents and the date of the article. 
abstMct of the article was particularly relevant to this project, 
Literature not available in English was discarded due to the 
associated problem of translatian. TLe search of the articles, 
papers, standards and books c o m c e d  and continued thmmut the 
duration of the project. 
was not obtained. 

The relative 

Further, unless the 

Unfortunately, sore of the literature 

An additional s o m e  of references was extracted from 
the bibliogMphies of the literature examined. These are listed 
at the back of *is report. 

Both indusw and govemntdl deparbrwts assisted is 
accessing articles that were difficult to obtain. 

The particular Litemture which was sought, fell under the 
follcwhg eight headings: 
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Innovations in bus design. 
Tests of bus seats. 
Development of bus safety seats. 
CMsh barrier bus research. 
H m  impact tol-ces as related to bus collisions 
In-depth bus accident reprts. 
Bus accident statistics. 
Bus seat and anchorage standards. 

m y  of tkse topics are discussed in later chapters of ' 

this report. 
injury-pmdu&g nechanisms inmlved in bus accidents and bus and 
bus-seat design innovations will be discussed. 

Consequently, for the nnjor part of this chapter, 

It was scon established that the nuber of useful articles 
was limited and was predominantly either &rim or bglish in 
origin. The m u n t  of useful informtim concerning bus safety 
in Australia was negligble and the value of accident statistics 
relating to buses m s  very limited. Furthermre, the type of 
accident injury infomtion necessary to smcessfully analyse 
bus accident injury causation was not readily available in 
AUStralid. 

1.2 INJURY PROIWCING MECHANISFE INVOLVED IN BUS ACCIKEVE 

Clearly, due to the large mass and conseqmt inertia of 
buses relative to the mjority of r m d  vehicles, buses inwlved 
in collisims with other vehicles are unlikely to experience 
high levels of deceleration. 
of an accident between a bus and a car, the car and its Occupants, 
were subjected to higher declerations than the bus and its 
occupants. 

Thus it was found that h the event 

Furthemore, Siegel et all found that in the event of such 
an accident the likelihood of a fatality is mre likely to involve 
one of the car occupants. "his M however, was found m t  to 
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be true for casualties. 
whereby the chance of injury is me likely within the bus than 
within the car. 
the lack of proper energy absorbing design of t k  interior of 
buses1. 

It h3s already been stated that if a bus collides with a 
lighter object, such as a car, the bus will not undergo as 
mpid a deceleration as the car. Hcwever, this is not the 
caSe if the bus impacts an object of similar mass. 
the proportion of heavy whicles in the total road-user 
population is mwh less than the pmprtion of lighter vehicles, 
such as cars. Thus, the chance of a collision between a bus and 
another heavy vehicle is mch sdler than a collision between 
a car and a bus. 

Indeed the reverse seem to be the case, 

This observation has been Said to be due to 

Fortunately, 

It is important to recognize the five mjor categories of bus 
allisions and their relative severity. herally, the mst 
a m n  type of h p c t  is a "frontal" collision which m y  not 
involve another vehicle. 
inpact at the front of the vehicle ,where the direction of 
deceleration is essentiallj towards the rear of the bus. 
end" collisions usually inwlve another vehicle running into 
the rear of the bus, causing the bus to be accelerated. 
collision which is characterized by lateral acceleration is a 
"side impact", typical of the type of accidents which occur 
at intersections. when the amtact of the bus is 
described as a "glancing blow to the side", the collision is 
comnly hewn as a "side-swipe". The fifth collision type, 
the "roll-over", is quite different from the others and requires 
a considerable m u n t  of thought when contemplating the mans 
of minimizing injury severity. This is due to the difficulty 
associated with passenger retention. 
the five mllision types will be considered in relatim to the 
type and severity of injury whid, can occur in each particular 

This enwnpsses any collision involving 

 rea^ 

A 

In the follawing sections, 
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type of accident. 
collisions, there are a large nwber of accidents here 
the bus is not inwlved in contacting another object althO@ 
passenger injuries do c c ~ .  
of injuries will also be discussed. 

Apart frvm injuries resulting from 

These cases and their pattern 

1.2.1 The Head-on Collision 

Bus accident data was ccllected for the State of Victoria 
dwing the c o m e  of this project. It was presented in a 
way that mde classification of accidents into specific 
categories s w h  as '%ead-cn" very difficult to achieve. 
h v e r ,  on inspection of police accident report f o m ,  
it was observed that a mjor proportion of all bus accidents 
were of a head-on variety. 
has been docmted in pdst studies. 
a12 fond that 53% of a sample of bus accidents could be 
categorized as frontal impacts. 
presented by J0hnson3 who found that out of a sample of 
391 bus accidents 73% were simple enough to be classified 
under a single type. 
collision with a vehicle or stationary object. 
16.5% were classified as a frontal impact into the rear 
of another vehicle. 
accidents  we^ head-on collisions. 
this high percentage of head- accidents, a lot of work, 
mstly in the United States and SOIIE in England has gone 
into studying the ~~~chanisns of injuy of such collisions. 
Wiegel et all noted that a large percentage of all severe 
injuries in bus collisims were to the head 
Furthenmre, the following corrarrents were mde: 
principal cause of both facial and head injuries due to the 
possibility 

Furthemre, this observation 
Indeed, Stansifer et 

Similar findings were 

Of this group, 73% inwlved a head-cm 
A further 

Thus again, over hdlf of the classifiable 
As a consequence of 

"Seats are the 
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of frontal collision involvement, as wll as the obvious 
potential for contact due to height similarities between 
seat backs and certain passengers. It appears that even 
the limited 'padded' seats of a charter bus offer an 
injury-reduction potential". 

Because of the high percentage of head-on collisions and 
the role that the seats play in injury causation, a 
considerable amount of mrk to develop safe bus seats has 
been undertaken by such research groups as AMF Advanced 
Systems laboratories, Virginia Polytechnic Institute 
Industry CenCre and Leyland Vehicles Human Factors Group. 
The basic concept used is to employ the seats as a 
passive passenger retainer and thus prevent the passengers 
being catapulted through the bus with the possibility of 
being ejected, which results in a much greater injury risk'. 
Furthermre, the seat not only serves 
passenger within a specified region desimted as the survival 
space, but seeks to do so in such a m e r  as to minimize 

injury. 
energy of the passenger in a controlled m e r  so that peak 
deceleration of the head and thorax and peak loads in the 
femur are kept within acceptable h m m  tolerances. It is 
hprtant, as shown by Mans et a14, tkt m v m t  of the 
passenger as a whole, should be controlled, but also the 
relative mvemnts of various parts of the body should be 
limited. This finding has been found to be beneficial, in 
both retaining the passenger and minimising the severity of 
injuries both by fdms et al and Wojcik et d5. 

to contain the 

Thus the seat is designed to absorb the kinetic 

There are m y  factors which influence the retention properties 
of d bus seat, all of which are mentioned at a later stage in 
this report. However, for the m m t ,  it is sufficient 
mzcdy to list these fxtors: 
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1) 
2) 

Strong seat anchorages to ensure seat retention. 
Provision for knee penetration to minimize femur 
forces and to prevent the pivoting of the upper 
body and consequent high head impact lmds. 
Adequate seat back height to prevent Mmping and 
unacceptable head vet. 
Suitable seat-back stiffness to allw passenger 
retention without either 

3) 

4) 
a) premature seat collapse or 
b) excessive body forces. 

5) Adequate energy absorbvlg padding in the bee and 
head protection zones to prevent unduly high localized 
forces. 
Suitable seat back angle to enlaance the retention 
capabilities of the seat. 

6) 

In order to study head-on collisions, sinuitated dynamic sl.ed 
tests have been carried out using instruwnted nnnikh 
and high speed cinematogmphy 3 4. In sure cases, real buses 
have ken used in the tests instead of a test sled. These 
barrier tests allow precise study of injury causation and 
body m v e n t s  resulting f m  a collision. Most of these 
tests m carried out using an impact velocity of 30 W h  and 
an average decelemtion of about 10 G. 
decelemtions af up to 106 G have been m s m d .  
of such an impact is of a potentially fatal magnitude. 
seat standxds are worded so as not to be “desip restrictive” 
and are airraed at achieving adequate seat strength, rigid 
anchorages and passenger restraint, and minimum injq causing 
potential. 
and anchorages are not stipulated,but factors relating to 
the inpct of a test d v l  are precisely detailed. 
such as the limits of body m v m t ,  maXirmrm bdy forces and 

In the tests, head 
The severity 

Bus 

This means that hardware and design of the seat 

Panmeters 



accelemtions are defined and specified. 
that use dynamic test simulation also allow for the option 
of seat evaluation by static fome/deflection tests. 
mre mprehensive of these tests inv0P;e dG.21 lc.iding, 
in order to allow for both knee and head impact on the 
hck of the seat. Fome/deflection limits are defined for 
both forward and rearward facing seats. A f m e r  test is 
m t k s  incorporated into the standard and concerns the 
testing of energy absorbing paddmg in the hee and head 
protection zones. 
that the passenger survival space is maintained. 

The standards 

The 

All these tests rely upn the asswnption 

Another topic of concan is the strength of the bus body 
with respect to passenger protection and this has generated 
a considemble degree of mterest. 
in-depth studies have been carried out by delegates of the 
Economic Ccrrwission for Europe (ECE) and Arnericm and English 
research bodies. 

A nmker of detailed, 

The problem of maintaining passenger survival space is mst 
critical in the roll-over accident case and appears to be 
difficult to achieve in serious accidents. 
impact tests, similar to the one shown in a film of a 
Leyland iiational bus showed very little passenger -nt 
intrusion. Furthemre, the driver’s cab was 50 munted 
that it displaced backwardc,retaning both its integrity 
and the &iver’s survival space. 
head-on collision between two buses on a curved section of 
road in the Latrobe Valley region in 1977. 
one bus fxrm the mist rail to the cant Mil peeled off and 
was pushed through the second bus. 
had the wall section pushed through the front of the vehicle 
and finally finished protruding out of the rear window, was 
empty. The bus that had its side section peeled off, however, 
contained 49 passengers, four of whcrm died and 20were injured. 
The fatalities resulted from the breakdown of their 

Head-m barrier 
* 

This ccqxres with a partial 

The e n t h  side of 

Fortunately, the bus that 

* “Perfomce and Handling - National Bus“, 
LDaned to the authors by the Lqland Motor, Corporation of 

Australia, Ltd. 
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swvival space and had nothing to do with the safety 
perfomce of the seats. 

1.2.2 Rear-end Collisions 

This type of accident, usually involves a car and hence 
the deceleration of the bus is small relative to that 
of the car. Furthemre, the bus is usually stationary 
or else m v h g  tcwards or away from a bus stop at a low 
speed. Indeed, the nature of transit buses is such that 
due to the high n m k r  of stop/starts at bus stops, they 
are prone to this form of collision. 
loading on seat frms and passengers in this type of 
collision is completely different to those genemted by 
a head-on collision. 
studied and considered in its own right. 
collisions usually involve slaer irqact velocities and 
milder acceleration levels. In the standards for seats 
and their anchorages, a dynanic reconstruction of such an 
accident typically involves an *act ve1ocit.j of 1 5 W h  a d  
an average acceleration of 10 G for 40 rn as opposed to 12 C- 
for 85 ms for a front-on collision. 
the passenger is distributed over his back and does not 
involve any point loads. There is a high possibility of 
whiplash 
provide a distinct neck bending location. In a study 
by Severy et a16, it was found that when a car, travelling 
at 60 mph rear ended a stationary bus, the resultant peak 
accelemtion of the bus at 45 ms after inpact was 10 5 as 
opposed to the car’s peak deceleration of 18 G at the s a w  
time. 
m m t s  were mde: 

“Lcii back seat mAts with a seat back height less than 

Obviously, the 

Thus such an h p c t  needs to be 
Rear-end 

The load applied to 

with lm back seats, especially padded ones, which 

In the conclusion of this study, the follming 

28 in., greatly increased the chances of injuries during 
scFlml bus acu&nts. Seats mst comnly encountered 
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in school buses have seat back heights mnginz fmm 18 
to 20 inches. 
sqport except for very youi~ schuol c?ildren and leave 
the pssengei- in an e:&ren?l!i vuherable condition when 
the vehicle is rem er.6ed". 

These lm back units provide no hezd 

Furthemre, it was observed that there was a oonsiderable 
m u n t  of passenger rebound which often resulted in head 
impact on the back of the seat in front of -strained 
?assengers. 

In the case of a rearward facing seat in a rea-end 
collision, the type of body mvemnt and points of bdy 
contact az-? essentially the same as a head-on collision. 
Injury severity of passengeers in rearward facing seats 
is however, less serious than forward facing passengers 
involved in a head-on collision, due to the l m r  impact 
velou'c] and deceleraticn levels sustained. 
facing seats are sometimes located in the wheelarch area 
of the bus, such that two seats are positioned back to 
back so t5atthe wheelarch does not restrict leg m m .  
In such a case, the problem associated with this configur- 
ation is that the passengers in the rearward facing seats 
have m seat hacl: infront of them to act as a restmint in 
the event of an accident. Furthemre, in the event of a 
head-on collision, these passengers are expsed to higher 
chances of injm-; from impact f m  the forward facing 
passengers who my be sitting opwsite. The reverse is 
true for the fomard facing passengers in the case of a 
rear-end collision, that is they are exposed to impact witk 
the  mad facing passengers. 

R e m a d  

. . .  Side facing seats, which are sowtimes used to rm?u~u. ze 

the restriction of floor space musedby the vheel arches, 
cause the saw 
do in head-on allisions. 
that the injwies sustained tend to he less severe in 
rear-end accicknts due to the mllder natm. of the mllision. 

problems in Pear end accidents as they 
Again, the situation exists 
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As with head-on collisions, intrusion into the passenger 
-nt tends not to be a problem with -end 
mllisions. 
rear seats have been displaced forward, although it is 
usually found that the impacting vehicle under-rides the 
bus. 
bus d q e  and subsequent intrusion that %ringes upon 
the passengers survival space. 
however, which is comnsnly a car, is usully subject to 
severe damage to the passenger cab area. 

However, there have been cases where the 

In such an event, there is nomlly very little 

The meting vehicle 

1.2.3 Side swipe Collision 

W s  form of 
in terns of deceleration levels of all the collision types 
to which buses are subject. 
collisions involves the breakdcwn of the passenger survival 
space due to intrusion of the bus side wall structm. 
Fortunately, in the event of a collision with 
height of the passenger comparbnent is sufficiently high 
to mintdin the passengers above the m c t  zone. With 
transit buses however, there is a trend for lower floor 
heights in order to facilitate ease of egress and &*g. 
Tne effect of this design change is to lower the passenger 
carp&mmt to the extent where the intrusion of smvival 
space is possible when the collision involves a car. 
an article by Hartley’a new style transit bus is E.Eviewed. 
It fed- a floor height of only 432 m. 
In another article a prototype tmnsit bus by Neoplan is 
reviewed. 
only 300 m and is achieved by incorporating low profile 
tyres and kneeling air bag suspension. Buses with low floor 
heights a w  much sought after by transit bus proprietors due 
to the reduction in bus stop t h s  which reduce transit 
trip t h s .  
in the weight of the vehicle due to the necessity of 
strengthening the side wall structu~ to ?revent passenger 
Cconparhre nt penetration. 

collision is generally the least severe 

The mjor concern of such 

a car, the 

In 

W s  vehicle has a bzardm . g flmr height of 

The disadvantage of the trend is an increase 

In the article by Hartley 
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concerning the new General :lotors bus, the weight of the 
vel?icle is 454 kg heavier than +he conventional model. 
Tnis added wei@,t affects such paMneters as fuel economy, 
tyre wear, br&ing distance and bmke raterid life. In 
a report by Shank? 
single type of accident and accounted for 465 of all 
acucknts. 
Victorian accident statistical data was not suitable for 
categorizing into head-on, m e n d ,  side met, side 
swipe and roll over type classifications. Even though 
there are 93 classifications allm&le within the 
accident type coding system for Victorian accidents, the 
categories are difficult if not ixpssible, to split up 
into the five areas of fmntal, rear-end, side inpact, 
side-swipe and roll-over accidents. 

; side+ swipe accidents were the largest 

Unfortunately, it was again found that the 

1.2.4 Side lmpact Collisions 

Unlike a side-swipe collision, a side impact accident 
involves relatively high levels of deceleration as it 
involves a perpendicular *act rather than a glancing 
one. 
impact, the chances of deformtion of the passenger 
compartment is much 
accidents. Furthemre, since mst of the seats in buses 
are located transversely across the bus, the passenger's 
are subject to lateral loadings. The h m m  body is mre 
prone to sustain injury when loaded 

Because of the relatively high energy dissipated on 

higher than it is for sideswipe 

laterally in a seated 
The problems associated with side impact 

collisions are nmrous, however they stem back to three 
--as : 

1) ?he possibility of relatively high lateral accelerations. 
2) The increased e q m s m  to injury that a seated passenger 

has when subject to lateral forces. 
The difficulty in restrainin!: passenzeers from sliding 3) 



12 

out of their seats. 
The possibility of vehicle intrusion into the 
passenger compartment, especially with low floored 
transit buses. 

4) 

Windm passengers are likely either to forcibly mntact the 
windm/wall structure or slide a m s s  the seat and ram the 
aisle side passengers into the m rest, if one exkts. 
there is no ann rest, then there is a high probability of 
passengers king thrown out of their seats either into 
the aisle or a m s s  the aisle onto the adjacent 
its occupants. 
that seats subject to lateral decelerations should IE 
individually contoured and be covered with a non-slip 
mterial. 
be desigiaed to m e z e  the chances of res*hg the 
passengers. 

If 

seat and 
In a paper by Mateyba l1 it was suggested 

In addition, adequately padded m s t s  should 

In one section 
of a bus into a rigid pole is investigated. 
of the bus body design is such that sufficient penetration 
of the passenger ccnpdrmwnt is allowed 
controlled absorbtion of the inpact energy. 
of the bus structm hmever, has to be consistent with 
mintdining structwal integrity of the vehicle. 
distortion res)dts i? the fraexe of the f r m  and panels 
leaving sharp jagged pieces of metal which markedly increases 
the risk of mre severe injuries. 
the “rookie-cutter” effect. In their tests, they used 
energy absorbing pads in an attempt to minimize injury 
severity. Haever, it was found that the m u n t  of padding 
required to protect 611 the bvs passengers was unreasonable 
when an impact velocity of 48 jafh was considered. 
only mginal occupant protection could satisfactorally 

of a report by A h  et a14 the side inpact 
The criteria 

to facilitate a 
?his defomtion 

Excessive 

Adarrs et a14 call this 

Indeed 
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be provided by 142 rn of padding under an impact of 
16 ldh. 

Unlike head-on and rem end collisions, which expses a11 
the passengers tc an equal risk of injury,side +ct 
does not. 
impact, the ,greater the charices of injq. ;lojcik's5 
paper conclu6es from the results of a side inpact bus 
test that the close spacing,68h, of the seats in conjunction 
with adequately desiped aisle restraining arn rests, appears 
to be sufficiezt to contab pssengers within their seats. 

The closer a passenger is tG the pint of 

Obviousl:I, passengers sitting in rearward f a c k  seats 
are subjected to similar mvement and kdy decelemtions 
and loadings 3s are forward facing passengers in a side 
impact collision. Adams et a14 does mntion that apart 
from the windows, window f m s  and arm rests, body h p c t  
is made with the tops of the seat backs. Tnus there is a 
case for the adequate padding of seat backs, particularly 
along the top rail, in order to absorb the m e r w  of 
inpact and to distribute the contact load. 

Seats that face the aisle offer no m?ans of passenger 
restraint and dllm the passenger to be catapulted across 
the vehicle in the event of a side hpact. 
movemnt is not o&] conducive to injury of the passengers 
orisinally located b these longitudinally orientated seats, 
but is potentially dangerous as the urcontrolled iTtpcting 
h d y  can have a considerable m u n t  of energy and deliver a 
severe blow. Furthemre, not so mcb. in side inpacts , but 
in head on collisions there is a distinct tendency for 
mstrained passengers to co% to rest at the front of the 
vehicle and in the step well. This has theeffect of 
making evacuation difficult esp5dip/ if the mrestz'hed 

This unrestrained 
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passengers are unconscious and those to be evacuated are 
injured. 
Dassengers tend to make the task of post impact evacuation 
much mre difficult. This observation has been mde by 
several authors and the problem of passenger evacuation 
has been a matter of wncern to rmny legklative bodies. 
project titled "A study of post-crash bus evacuation problems" 
by Purswell'2 involved a series of trial evacuations and 
noted that the t k  required to empty an upright vehicle 
is critically dependent on maintaining the effectiveness of 
the clearway. 
by the n m k r  of available exi ts, the tine required to 
establish the effective edt, the illumination level and 
the orientation of the vehicle. 
evacuation times dere recorded for the bus on its side 
and in darkness. In addition, this test configuration 
was mre prune to causing injuries as a result of the 
evacuation. It has been noted5 that the use of seat belts 
in buses could hinder the evacuation of the vehicle, 
although they would be beneficial in restmining passengers 
in their seats during an impact. 

In the event of any form of collision, urnstrained 

A 

Furthemre, the evacuation time was affected 

Considerably longer 

1.2.5 Roll-over Acciknt 

It is widely rewgnized that the roll over condition of 
bus accidents is the mst difficult in which to prevent 
injwy. Passenger containmnt b e m s  extrerrely 
difficult if not inpssible. 
of cab collapse is distinct and rangps in severity from 
slight to catastrophic, depending on the strength of the 
bus body and the urcunstances of the mll-ovw. Accidents 
of this nature tend to involve a single vehicle and occur 
in non-urban areas and often involve mountainous terrain. 

FmthermoE, the possibi1it)i 
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In the report by Adam et a?? the follcwing is said abut 
roll-over accidents: 

"The roU+vei- collision d e  is regarded as the mst 
-lex of all impact mdes, essentially fmn the stand- 
point of understanding the interactions of the occupants 
with the vehicle interior and the mechanics cf injay 
productim.. " 

"In this program, the technical effort adckssing this 
accident mde was limited to the identification of key 
areas of bus interior mst likely to be contacted during 
mll-over and the &sign of these interior surfaces to 
provide sow level of protection for these irpacts." 

In a later section of the report headed interior surfaces, 
the types of collision are split into categories from 
minor to mjor. 
mjor and often involve either full or partial ejection 
through collision openings and through windows or windorJ 
openings. 
s w h  accidents with regard to bodily contact: 

Roll-over accidents are classified as 

The follrmhg were found to be of concern in 

- seats - rmdesty panels 
- stanchions 
- interior crash padding 
- driver's CO- t cmpnents 
- side window 

It is desirable to reach t5e objective of preventing 
injurious semndxy impacts of the occupants within the 
bus during a collision without serious1:g compromkin~ 
other interior design considerations such as psenger 
comfort, aesthetic sppeal, resistance to vandalism, 
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production costs etc. 

An in-depth description of the 
m m d  the seat back to protect against knee, head and 
torso hipacts is given including such things as padding 
size, thichess and density. 

necessary padding required 

Wdesty panels and stanchions are typically rigid non- 
yielding objects conduciw to harsh concentrated impact 
bading. The * structm~ concentrates on being 
both practical as a n o m 1  passenger assist and efficient 
in controllirg the occupants trajectasy during a collision. 
The mdesty panel functions as a load disiributor, distri- 
buting the inpact loads of the occupant to the floor (via 
the mdesty panel franks) and to the roof structu~ (via 
a fledole stanchion). The stanchion consists of an aircraft 
quality high-tensile wire rope surrounded by a flexible 
plastic protective layer (Neoprene with suitable stiffness) 
and contained within a Kydex (a PVC acrylic blend) surface 
cover. 
pads, similar to those fitted to the seat backs. The 
energy absorbtion characteristics of these pads are 
designed to cope with a wide rnnge of occupant sizes. 

The mdesty pnel is fitted with torso and knee 

The interior crash padding consists of protective ceiling 
and wall surfaces where contact by an occupant d e  a 
severe collision is likely to ocm. 
carprise of a thin Kydex cover backed up by a plastic 
foam. 
the forces of impact that would be -sed on an occupant 
when they strike the roof during a roll-over. 
skin, a Kydex B&t,fonning the ceiling cover functions 
as a tension membrane during inpact, thus providing a 
"trampoline" effect. Underneath this skin is a layer of 
flexible plastic foam to reduce the "hard" spots created 
by the roof bclw structure. 
withstanding an impact velocity Of35 M h  at a 
deceleration level with a mxhm design defomtion of 

The padding mdules 

The ceiling pad is specifically designed to attenmte 

The inner 

Such a system is capable of 
survivable 
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ccanponent 
of the 
padding 

100 m. Tie side wall padding consists of three 
subsystem : paddinr of vertical structure I.lembers 
body, padding of horizontal structural nembers and 
of the windcm frarrp.s. 
primwily desiped to fmction as a kteral Estraint 
for seated occ?lpants ir~ side impacts. 
the driver's conpartrwt which m liLrely to cause injwy 
' e n  -ct of mstrained occupants dwing a serious roll- 
over can be predominantly classified as harsh pmtrudiry 
hardware. 
into this categor,J. 

R e  windaw f r m  ;ad?- is 

The ccqmnents of 

The door actuating lever and contml knobs fall 

These are sore of the lengths that are king taken to protect 
bus occupants from injury in the event of a serious collision 
such as a roll-mer. 
ensure passenger restmint. 
resear& has gone into the benefits ofseat belts in 
buses and concluded that seat belts shoiitr! not be fitted 
to buses with low back seats, 
roll-over case is the condition in which an active restmint 
system i7 the form of a seat 
;-Imver, it has been established by seveml testing ~r0gram.s'' ' 
that the use of la? tye seat 
an increase in injury severity due to the whipping effect 
of the u p x  bcd:~. Of c o m e ,  this results from the la& 
of an m w r  anchorage pint for a sash belt to restrain 
the upper boa!. In Wojcik's rcprt5 , it was fcund that 
substantialY,' less severe hea6 W c t  (44 G versus 67 G) 
could be achieved without the use of lap style seat 
if a suitable designed hi$-back seat was used. Furthemre, 
it has been fomd by Ursell 
bus passenger ppulation would use seat belts voluntarily in 
buses. If transit buses are considered, the use of seat 
belts (if they were pimvided) is considered to be dLnnst 
zem due to the slmrt nature of transit trips a d  the high 
percentqe of passenTers m y h g  objects, which rrakes seat 

It is of p m u n t  iqmrtance to 
Yet even though considerable 

it would appear that the 

belt would be of benefit. 

belts in buses can lead to 

belts 

tkt less than 74 of the adlilt 
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belt opemtim difficult. 
belts in buses has been considered by many authors, all of 
whom CCXIE to a similar finding as Stansifd and his 
c m t s  on the matter were: 

The cost effectiveness of seat 

1) None of the seat belt options considered (7 in all, 
ranging fmm lap and sash belts for all occupants to 
be fitted to all buses, new and old, through to lap 
belts in the fmnt 8 seating positions of new buses) 
derrrmstrated a favourable benefit/cost ratio at 
anticipated voluntary passenger use rates. 

The passenger w,e mtes which would be necessary to 
achieve a break-even benefit/cost ratio varies f m  
47% to 80% depending on the type of system and the 
degree to which it is inpl-ted. 

2) 

3) Voluntary passenger use of seat belts will not 
exceed approbtely 17.6% and can be expected to 
average approximtely 10.93. (u.S. data) 

Furthemre, the reamnmdations of the Romberg report m: 

1) Requirenwts for passenger seat belts in intercity 
buses, as considered in #e stansifer pmject, are 
not recomnded. 

Optimization of the energy absorbing qualities of 
present seat configurations is rea-ded. 
seat design has m y  desirable features which need 
only slight mdification to mximize restraint vahe 
and minimize injury pl7oducing potential. 

An energy absorbing barrier in front of the f k t  seat 
units on both sides of the bus is remmnded. This 
type of barrier could contribute significantly to 

2) 
Present 

3) 
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reducing ejections of passengerj through the front 
windad. This device would also protect the driver 
from injuq from passengers or flying luegae. 

Similar findings are tabled in Ursell’s reprt13, hcwever, 
the aspect of the hi& incidence of acts of vandalism, 
particularly in tMnsit buses vas ccmwnted upon. It was 
noted that if the retractor was j-d by “chewing <gun or 
p p r  ”rappers” and experience has sham that this does 
OCCUT, +he belt would lie on the floor and becorn soiled 
and unsuitable for use. 
The pssibility of tripping over a seat belt whose retractor 
had been vandalised is high and could lead to civil law 
suits. 
cut off the belts and the heavy buckle end usddas a weapn. 
After discussions with nmrous bus manufactllpers and 
proprietors in Australia, it is dear to the 
indeed there is a vandalism problem onboard buses and it 
is not necessarily caused by the s&ml c h i l h  age gwup. 

Ccnsequently no-me would use it. 

Experience has shown Vat hives have ken used to 

authors that 

The all important aspect of passenger survival space is 
seriously threatened in roll-over accidents, and has been 
the area of considerable debate and research in hrica, 
England and Europe generdly. 

In a study by the Structural &sip Group of the Cranfield 
Institute of Technology, several severe roll-over accidents 
were examined1’! It was found that collapse of the roof and 
w d l  structm sowtires resulted in a reduction of passenger 
survival space to the exterLt that the defomd m f  line 
corresponded with the waist rail (bottom of the windm 
f m s )  of the vekicle. Accidents of this nature are 
likely to cause severe injuries no mtter how well designed 
the seat is. In conclusion of the report by Niles et a1 
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the following connwnt was made: 

"There is considerable evidence to shm that if passengers 
can be retained inside the vehicle, fatalities m unlikely 
even if the roof (or luggage mck) touches the high seat 
backs provided in mst tomine cxxches. 
sections of typical British m u f a c t m  have confimd 
that considerable re-design will be necessary to met 
"any reasonable" diagonal loading requirements" . 

Tests on structural 

The Cranfield Structmal Groq have been studying the 
crashworthiness of buses and p&icularly roll-over cases 
in an intensive m e r .  Papers have ken published by 
members of the group concerning the bending collapse of 
rectangular section tube in relation to the bus mll-over 
problem, bus roll-over simulation and investigations into 
the behaviour of hinges produced by bending and collapse 
of vehicle structd components. In their studies, the 
use of extensive finite elemnt prognvrs have been employed 
to iiwestigate the complicated structural problem of 
vehicle crashworthiness . 

In a paper entitled "Autopsy of 
Bus Accident" 15, the investigation of a bus accident which 
resulted in the vehicle landing on its roof is outlined. 
lbenty-nine of the fifty-one passengers died. In the opening 
panagraph of the report, the authors noted that the passengers 
who remined in their seats during the roll and -ct, or 
those who were thrown into the space between the seat backs 
and the m f ,  suffered severe crushing injuries from the 
collapse of the roof (Fig.l.1 and 1.2). nose, however, 
who 
the seats were sowwhat protected as mst of the seats 
b e d  attached to the floor and did not collapse. The 
corrbination of forward and downward *act forces applied 
to the roof resulted in the folding of the window pillars 
at the waist rail (bottom of the windows). "nose passengers 
who we= still sitting in their seats or who had been thrmm 
between the seats and the roof were subjected to 

Crushing blows. 

a Disaster: The Martinez 

were thnxn out of their seats into the spaces between 

severe 
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In the report the following cmnment was &: 

"when the bus rolls over, the structural support in the 
m f  is typically unable to support the weight of the 
chassis and undercarriage and the roof mllapses." 

The complete collapse of the m f  structure in this case 
created a major problem with respect to the extrication 
of the victims. There was no exit in the sides or bottom 
of the bus and the m f  had mllapsed to the base of the 
windows preventing any access to the bus interior. Tnus 
there was no route to m v e  the injured passengers. Cutting 
torches could not be used due to the fire hazard: the 
fuel tanks of the bus had mp-d and fuel flooded the 
area. 
was m v e d  fram the wreckage. Access to the interior of 
the bus was achieved by lifting the vehicle by two rmbile 
cranes. 
been completely detached upon +act, on the ground. It 
was later discovered that 10 of the fatalities were possibly 
preventable if medical treatment had been adninistered 
earlier. 
loss of blood, while the remaining six suffered chest 
tram. 
design were three fold: 

1) Protection against roof collapse. 
2) Passenger restraint. 
3) 

A period of I+ hours elapsed before the first victim 

The bus was lifted, leaving the roof which had 

Essentially four of this ten died frcm excessive 

Tne recomen&tiom of the report regarding bus 

hrgency access to the passenger mp.artmmt. 

Perhaps the mst potentially dangerous aspect of a roll- 
over accident is the threat of occupant ejection. 
study by Stansifer * it was reported that 53% of all ejected 
passengerj were thrown out during a vehicle roll-over 
accident. 
side windows or openings caused by the impact. 

In a 

Sixty-two percent of the ejectees went through 
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Y a y  accident cases could be cited frmn overseas accident 
investigations showing the severity of roll-over accidents 
w d  the incidence of occupant ejection or prtial ejection. 
Hmever, the authcrs feel that it will he sufficient to 
cmmnt on two local accident cases, both of which involved 
coach style vehicles. 

The first accident occurred on an alpine rpad in the 
Victorian Alps and inmlved the vehicle rolling several 
times dcwn a steep muntain side. 
killed; hcwever the passenger corparment of the vehicle 
was damaged to such an extent that the bus was winched 
back onto the road in two parts. 
against a large tree which had broken the chassis of the 
vehicle. bst of the 22 injured were reprted as being 
ejected through openings in the passenger cmparlmmt as 
the vehicle rolled. 

Fortunately, no-one was 

The bus had cow to rest 

The second accident case 
and involved the vehicle &ng off the road into soft 
earth; the bus fell on its side and slid to a M t .  m e  two 
school girls who were killed in this accident were partially 
ejected out the side windows in cantact with the ground. 

happened in Hay in New South Wales 

The factor leading to injuries in these two cases of bus roll- 
over is the break& of the passenger survival space in 
conjunction with occupant ejection. 

Certain case stwiies performed ky the Traffic 
Accident Research Unit (TfC3.J) in b1ew South 
vduable information concerning bus accidents. 
involved a head-n collisior. between a bus and a serni- 
trailer. 
the ~ a r  half of the roof b e m  detached at the right 
hand side and the rear half of 
out. 
bus occ,xpants sitting tw& the rear of the vehicle but 
situated on opposite si&s were killed. 

r,,lales also gives 
One case 

The bus rolled onto its roof which collapsed; 

the right side was torn 
Almst all of the bus seats collapsed. ?tro of the 
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The occupant sirting on the side of the 
side wall had been ripped away, died as a result of the 
following injuries: tramtic amputation of right leg, 
compound fracture of right leg, multiple rib fractures, 
lacemtions of right lung, multiple -verse fractures 
of skull, laceration of brain, neck fracture at fifth 
cervical vertebrae. It is reasonable to deduce that it 
was the bre&.dmn of sikval space in conjunction with 
partial ejection which caused the severit.] of this 
passenger's injuries. The other occupant who received 
fatal injuries was located on the left side of the bus 
and sustained the following injuries; dtiple injuries to 
head, thorax and limbs fracture of six right-side ribs, 
lacemtion of right lung and the detachment of the right 
p h n a r y  blood supply. The cause of these injuries was 
mlmown. 
predominantly with injuries to the head. 
passengers were treated for lacerations and bruises but were 
not ahitted. 
slight injuries even though the original impact of the 
semi-trailer was on the front right hand side. 
seem by investigation of such accidents, that the major 
cause of serious i n j q  was due to defomtion of the 
passenger conpxtmnt which interfered with the occupant 
s d v a l  space and the lack of passenger restraint which 
allowed partial or full ejection. 
factors could be drastically reduced by the redesign of the 
bus body structure and the internal fittings, especially 
the seats. 

bus where the 

Twelve other occupants were acbnitted to hospital, 
A further twelve 

The driver of the bus sustained relatively 

It can be 

The significance of these 

1.2.6 

Transit buses are readily identifiable by having:- 

1) 
2) 

Special Conditions Applying to Transit Buses 

low backed seats for ease of egress and booar?ing, 
substantidly higher numfjer of passenger assist 
devices than mst buses used for other finctions, 
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3) 
4) lord flcor height, which mans substantially ,mater 

wheel arch intrusion into the passenger ooqartwnt. 
TG combat this, 2 reorientaticn of the seating pattern 
is often re?&d. 
is to assist in rapid and safe passenger egress. Sow- 
t k s  hmiever, espscizlly in rear engined vehicies, a 
&?mhck of a low flmr height is the necessity h- 
steps i~ the floor in cder to allow sufficient room 
for the engine and mechanical riming gear. 
alternative tc a stepped floor is the introduction of 
Mmped floors and often a combination of both steps 
and ramps are employed. 

the c o m n  use of secondary rear doors which 
to unusual seat layouts. 

a seating orientation planned to allow for a high 
percentage of standees. 
subject to peak hour loads,wfiere there are high 
percentages of standees. 

a fare box accessable to the driver, 

?he purpose of the low floor heiat 

An 

5) can lead 

6) 
These bmes are usually 

The characteristic transit ride is d i k e  other forms of 
bus travel in that:- 

1) 
2) 
3) 

the speeds are generally low, 
the rides of passen2ei-s are often short, 
there ax a great n m k r  of stop/starts &e to both 
passengers embarking and diserrbarking an2 traffic 
oongestion, 
passengers on transit buses are often carryin% packages 
or bags of som description which sl0r.s dam passenger 
mven3-lt. 

4) 

These distinctive qualities of urban bus usage result irL 
a prticdar injury pattern chamcteristic 
of transit buses. Studies in Americz conducted by the 
Sooz Allen Applied Pesemh InstitKte agree with the 
findings established by sirrilar studies in England and 

17 
perfomd hy the Leyland 
Furthermore, the accident statistics gathered durhy: this 

16 

Vehicles Humm Factors Group. 
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project on the injuries sustained by passengers travelling 
on M e l b m e  Metropolitan m a y s  bard Vehicles show 
the s m  trend as the earlier studies. The mjor finding 
is that there is an e x t m l y  high piwprtion of injuries 
which are caused by non-collision incidents. 
of these injuries is generally slight, the injuries them- 
selves being largely due to falls within the vehicle. 

If we consider the report by Mateyka" which investigates the 
nationwide trends in tramit injwies in the United States, 
the following m m t s  are mde about the accident scenario 
(Fig. 1.3). 

The severity 

Bus Motion at Time of Acc't. Passenger LDcation 

- 56% decelerating - 39% forward of first cross seat 
- 21% n o m 1  operation - 16% accelerating - 25% behind rear door 
- 7%tuming 

- 32% first m s s  seat to rear door 

Passenger at time of Acc't. 

- 46% standing 
- 30% sitting - 17% walking 
- 7%ul-hm 
Passewer Use of Assist Devices 

- 28% yes - 72% no 

Which Device Used? 

- 34% stanchion 
- 51% seat handle 
- 5% overhead bar 
How Injured? 

- 61% fell to floor 
- 178 hit seat - 12% hit stanchion - 9% hit farebox 
- 35 hit driver partition 

Was Passexer '?amy ing Object? 

- 54% yes 
- 46% no 

Idhat Clas Object Being Carried? 

- 47% package - 33% purse - 14% umbrella 
- 68 child 
Sex of Injured Passenger 

- 82% femdle - 18% mle 
Age Group of Injured Passenger 

-188 OVW 65 
-53% ovw 50 
-478 mder 50 

Fig. 1.3 onboard Accidents 



The ir1juries t b t  xeE sustained '#;ere not as a resdt of a 
severe crash, as mi@t be t:,3iccll of intercity Wses, bxt 
rather m e  kn.;olvirl,- falls within the bim. A iv,joi-::/ of 
the accicknts (615) c , c c m d  while the bus was ,deceleratiny 
and involved 7JssenZeers who i i e ~  standinp, or walkb.?, (E5";). 
In mst cases, passenger assists vere rat being used (72%). 
This perha?s can be explained by the fact that a majorit.? 
of passengers we= carrying objects (545) or were located 
ir, areas of the transit bus that dil not provide adequate 
passenger assists. For ermrple, 3% of the injured 
passengers were standing in the 1m;e open area just to 
the rear of the bus driver and foorvard of the first cross 
(fcrcrd facing) seat." 

(1 

"here are -hm particdarly interesting results thzt can be 
observed iri these accident statistics that are worthy of 
r.ot2. 

years of age (53%) and secondly, the victim was likely 
to be f m l e  (82%). 

F&t,the accident victin was typiczlly over 50 

In another reprt, Booz, Ulen Applied F.esearch16, h e  
authors note after a subsequent h m  factor obsematior. 
of 664 bus pssengers, (fig. 1.41, that -sit bus 
riders>;? Tms skewed tcwds older people. 
up only 513 c,f the bus ri6ers observed and thus apxar 
to be over-re7e?resented as onboard accident victims. The 
authors further note that there is no ob;ious explanation 
for this observation, however, they did &:e the following 
suyF,esti@rs as pssible e;cFlanations: 

1) 

Females mde 

The pmpensie), gf krales who c m y  packqes, pwses 
or need to lx attendine children. 
';"ne unstable quality of fenale fcot.mrz. 
The 5ecliniie ?h_h:isical stEP.@tl? and fragilin of 
elderly fades. 
Sccial factors relate6 to tl-,e pater prcjpensiql 
of wo,mn to achit :cm $cisiczl injury than mn. 

2) 
3) 

Lo 

. 
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Fj.g.l.4 W g M p h i c  characteristics of 664 transit 
bus passengers observed in arterial route 
service in five cities. 

The role of bus seats in transit bus passenger accicknts 
is such that although 30% of the accident victims were 
seated, only 174, hit the seat during the accident. 'Ihus, 
while the grabrail at the top of the seat back is 
dangerous, the removal of this hazard alone would not 
paiily affect the overall statistics. 
mjoriQ (51%) of the accident victims who were using 
passenger assists at the t h  of the accident were 
attempting to use the seat back grab-rail. Additional 
onboard observations of transit bus passengers perfomd 
by Booz Allen Research indicated that the seat back grab 
rails were generally too lcw and porly designed for use 
of stmdee pssengers. Surveys have shown that given the 
option, transit bus passengers will use vertical stanchions 
at a height of 40-50 inches above the 
to ,ill other passenger assists, such as seatback grab rails 
or overhead rails or straps. 
m m n t  that 
statistics that rapid deceleration of the 
evei-,t which trigeE 
a survey of ten typical bus routes was 
*am to the &iver an accelemter was attached to the 
bus wall approhtely in the middle of the vehicle. 

Furthemre, a 

floor in preference 

The h z  Allen Researchers 
it is very clear f m  onboard accident 

vehicle is the 
mst onboard accidents. Subsequently, 

perfomd such that 
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6?E typical stcps were recoxied, with the mean deceleration 
king 0.18 6. 
were measur'ed on 9% of all stops. 
rates were less than 0.1 g, and no lateral mcelerations 
or roll rates were -myd. 

Fwtkemcm, peak deceleration of 0.3 g 
?.Tied acceler&ion 

PS 3 result of the onboard accident statistics and the 
subsequent surveys of typical transit passenger behaviour, 
a series of tests were formulated to measure the safety 
inherent in the interior design of t h e  prototype transit 
buses. 
which is split into bgo categories; 
and findings specifially relating to seats, vertical 
stanchions and the front entrance area. 

Listed below a~ the finclings of the test p m p n  
general cmclsions 

A. General findings: 

The ability of the passer-qers to avoid an accident is 
primwily related to reflexability mther than strength. 

It is only when the vehicle has inadequzte assists or 
improper>] designed assists that the passenger's grip 
shength Secas an important hwnn factor A m t e r .  

Measures of response tire, balance and the ability to 
grab a mving object are 
characteristics 
accidents. 

The act of carrying a pc@e substantially increases 
the injury risk. 

In the situation where the Yassenger is usin,: a 
passenger assist at the omet of decderaticn, a 
vertical or near vertical stanchion is effective in 
amiding an accident. 

The overhead assists are extrtwe 15' effective in 
amiding zcudents as lons as they an? being used 
befoE decderat?.cn kgins, but it is difficult to 
locate such an assist once rapid deceleration has 
m n c e d .  

better and mre relevant 
in relation to avoidance of onboard 

http://decderat?.cn
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7) Getting into or out of seats or tuminz to the pear 
are not very hazardous. 

Tunhg towards the front or walking towards the front 
is in general, 
However, mving rearward and grabbing for, but missing 
a passenger assist is a potential accident situation. 

Findings Related to Seats, Vertical Stanchions and 
the Front Entrance Area. 

8) 
mpe dangerous than m v h g  rearward. 

B. 

1) All seats should be fitted with passenger assists 
which provide the walking occupant with a nearly 
vertical bar to gab. The height of this bar should 
be above the shoulder of a typical seatsd passenger, 
so that it is always available even in a c m & d  
vehicle, photograph 1.1. 

Photograph 1.1 
A new transit bus interior. 
Note the large n&r of 
stanchions and the integration 
of stop buttons into the 
stanchions. These stop 
buttons help to keep seated 
passengers in their seat until 
the vehicle has stopped. The 
two stanchions shown on the 
far left near the entrmce 
to the vehicle also have 
elevated stop buttons for 
stadee passengeers. IJote 
also the prominent pb rails 
near the entrance area and 
the moll top seat backs. 
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It was 
such that ??)e centre section was enclosed, were 
ezrt-1:. V r  in preventing accidents involving 
falls c.rLboJl,.i the hs. 

T;e reccmnded staLYered vertical stmdiicn s p c L ~ , ~  
is rot ,crater thim X", in this '.+; 2 ymssenger can 
walk ?a..! A e  aisle ani alwa:is have a .Tip 
least or!e stmchlcm. 

I? a prtisn of tfie b1:s is clem for mre than 4 feet 
don; thf len,=th of the aisle i;.it:nout my Fssenger 
assists, then it was 
either en? of this ;ci.! ccidd he dangerous. Thw it 
is not the presence of stjr.cfLions which presents +he 
risk of inji~,~, but Ether the present?. of too fei 
stmchicns, ?articularl:i zt the frmt of the bus which 
creates 2 dangemls situaticn. 

The pi-actise of pad?in< any pimtrusion, including 
stanchions uith thkk 3r.ldinz xith suitable ei-iert: 
absoAing dmracterlstics is reccrmnded. 

'Ihe D?eser.ce of an unpmtected fare box, which is 
often constmcted frov. hea\:,: steel is rotentiall:; 
very dar.,~eimlis. It :.ES also observed that the area 
of the entrance steps m L d  front landing is a high- 
hazard level arw. Ikc ,dr<*er's harrier ar,d front 
stanc'lions xere also regarde? as potential impact 

thaT seat back asscsts which were desigerl 

on at 

found tht the stanchions at 

a-eas . 
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4) @manic aspects of passenger tmvel in buses. 

5) Retractable first step to aid entry and e ~ t  for 
transit buses. 

Of mjor interest to this study is the "bus passenger 
accident study", however, the remining areas are 611 
related to injury causation. 
the analysis of 2045 bus accidents gathered from 30 British 
bus proprietors who collectively am s m  30,000 public 
service vehicles. 

The accident survey included 

If we focus upon overall composition of the accidents, with 
respect to who was injmd, Table 1.1 shows that the 
mjority (65% of those injured) were psengers of the bus. 
Table 1.1 however, also shows that only 8% of all injuries 
inwlved the passenger being injured in a collision. Thus 
88% of the bus occupant population who sustained an injury 
received it as a result of a non-collision incident. 
Tabie 1.2 gives a mre detailed break- of details of 
the buses m w n t  at the tine of impact and the n b r  
of resultant casualties. 

TA$= 1.1 Accidents Reported - Overall Composition 

] 65% 

6% 

Passenger injury accidents - no collision 57 
- callision 8 

Driver or conductor injury accidents 
Pedestrian injury accidents 19% 
Motor or pedal-cyclist injury accidents 3% 
Other perso~l injury accidentsGrairiy udassified) 8% 
Collisions with extensive PSV h g e  only 7% 
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TAEE 1.2 Passecger Casualties and Bus Action at *,e Tine of the Accident 

?us Action In collisions 

n 

3 
10 
21 
le 
101. 
32 
18 

- 
5 
- 
6 

214 

% 

Passenger Casualties 

In mrgency action 

n 

- - 
51 
46 
223 
63 
27 

2 
E 
4 
21 
440 

In falls etc 

n - 
30 2 
12 
216 
37 
100 
Ye 
20 

:q 
12 
13 
23 
871 

U. 

Tatd 

n 

306 
22 
288 
101 

421 
1.9 3 
71 

31 
nl_l 
L 2  

17 
50 

1525 
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A. cruising 

stop 

bus stop 

ing a bus stop 

B. Stationary at a bus 

C. Moving off from a 

D. Slowing down approach- 

E. bving off in traffic 
F. Slowing down for 

traffic reasons 
G. lSnham bus action 
H. Stopping (the final 

I. Stopping (the final 
m v m t )  at bus stop 

mvement) for traffic 
reasons 

J. Stationary in traffic 
K. Reversing or other 

i-Mnceuvpes 

Bus ACTION 
Fig. 1.5 

W r 
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It is interestii-,F: t.2 note the his\ pmFrtion of injuries 
r&.ich 0cc~m-d as ?. result of the ixsswger f d L y  (57?,). 
Indeed, this accc,mted for 23% of all Fassenyer injuries, 
$-ick is tke 1Lyest prqortion of inju:; cmsatic>n a? is 
signif;mt>: GEttr-r thjn the TeiTenzase sf pssenp:.Er 
%j.mies caused ki 3 
another way, of a:: the passengers injurad, 86% occlured 
as a result of ncn-collision ircidents anc! of these, 6E1, 
were not due to ;ny form of emrgerq action. 
of all the injwies cased due to fdlin?, 35% occurred 
while the bus was statiomry at a bus stop. 
can be seen in Fig. 1.5. Tne Ela.ti;relv i-:igh pmpfiim 
of collisions a d  mrgencJ’ action situstions which caused 
casualties vhile the vehicle i.iss cruis%g c m  also be zeen 
in this fie-. It is interestiqz that mre than twice 
the n m h r  c,f casualties mused by fdlz o c c m d  while 
the vehicle 
slowing d0.n for a bus stop. 
1ocatic.n of hi;* injury ptential anc ?E: of all bus sto? 
injwies occurred when the vehkle stationw;. 
Furthemre, of the bus stop accidents, 755 resulted in 
contact :.:ith 
It was found t>,& of boardino_ .zcicleJents, 70% resulted LI 
the psse;.ger falling onto +fie f y m n d .  %e kyland p 2 ~  

sugest thct this could be due To: 

collicion (11;;). To look at it in 

F w t h e m E  

This ObsemaTion 

‘.gas m v i n ~  awa:: from a hus st-op rather ti-n 
ELLS s:ox ‘dimselves J ~ F  3 

the g m m d  or in the entra-ice platform area. 
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Photograph 1.2 

A CCBrmon feature of m d e m  
transit buses is the large 
secondary rear cborway. 
Note the low floor height 
and step rises and the 
centml grak rail. 

Photograph 1.3 

This is another en1 
a transit bus, but 
comparison to photc 
the larger step rj 
the congestion of t 

m c e  to 
note in 
)graph 1.2, 
lses and 
%e =a. 
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Photopph 1.4 

Although t'ris vehicle 
under construction 
incorporates a wide rear 
doorway and a low floor 
and first step, note the 
angled third step. Such 
a design could be mrlducive 
to ? passenger loosing his 
footing in an acceleratkng 
vehicle 

If we ncw consider the accidents which o c c m d  while the 
vehicle was in m t i m  (79% of 611 injuries) 82?, of then 
resulted from non-collision incidents. Of these non- 
collision accidents, the mjority (56%) of the casualties 
:,"ere due to falls, while the k n d e r  were as a i-esult 
of avoiding collision situations. 
38% occurred while the bus was accelerating awq f m  a 
bus stc.p, 
decelerating for a bus stop. Nearly half (462) of all 
casualties due to mllision zvoidmce o c c m d  while the 
vehicle :.as cruisini;. Furthermre, these irljuries accomt 
for half of The total casualties which o c c m d  xhile the 
bus was cruiskn:: as agah can be been by inspection of Table 1.2 and 
Fig. 1.5. If we a g b  consider the injuries which occurred 
while the bus was roving and r.ier'e caused 
a rcsult of d7 emergency action, 
665 of all t k  injuries tc, bus occupants. 
causes for this hipb percentage, as sew. k.v the Leyland 
<pep m: 

Of this type of fall, 

while 1E2 were as a result of the vehicle 

by falls or as 
we find that they make up 

Tne possible 
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1) the floor &sip, 
2) the acceleration level, 
3) the stanchion layout. 

The arguwnt for these reasons is 
which occurred during either vei-icle 
accelemtion m investigated. 
injuries involving vehicle acceleration, 23% 
the gangway and 83% of these were caused to passengers m v h g  
to their seat. 
deceleration for a bus stop, 37% of the injuries happened 
in the platform area, while 24% occurred in the gangway. 
In both cases, the injuries were 
upon people either mving towards the door of the bus to 
alight or were waiting near the cloor ready to alight. 

strengthened if casualties 
deceleration or 

It is found that of the 
occurred in 

1;Ihile with injmies which involved vehicle 

predonkantly inflicted 

An inprtant finding which resulted from the accident 
statistical study is the seemingly disproportionately 
high population of elderly femdes who injure themselves 
in non-collision sitmtions as s h m  in Table 1.3. Indeed 
72% of those injured are females, which 
would be expected mnsi&ring 
The population of bus passengers who sustained an injury 
in a non-collision incident can be seen in Fig.l.6 and 
the skewing of the elderly femdle group is 
elderly seem to find boarding hazardous, as 57% of those 
injured executing this function were over 60 years of 
age. 
first step was carried out as part of the Leyland group's 
research. Accidents involving the acceleration of the 
bus were considered as an 
grow who suggested that 
or a combination of the follajing factors: 

is greater than 
the femdle ridership figures. 

obvious. 'Ihe 

The design and developnwt of a lowering retractable 

area of concern by the Leyland 
the cause could be- due to one 
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- Acceleration capabilities of the vehicle is too high. 
- Poor geechange qualities. 
- Inadequate floor design. 
- Poor stanchion layout. 
- 
- 

Poor con-trol of the vehicle by the driver. 
Reduced capability of scm~ passengers. 

TABLE 1.3 Estktes Age and Accident Type 

Estimated Age 

Under 60 yrs 60 yrs and over 

Collisiun casualties 276 83 
Non-collision casualties 842 6 34 

CHI S Q W -  46.9 sig.atp< 0.001 (with df.1) 

?he report by the Leyland Vehicle H m  Factor Group goes 
far beyond looking at accident statistics and investigates 
m y  facets of -sit bus operation as mtioned earlier. 
Decisions were mde on the handrail design, clearance and 
surface finish as a result of a testing progmm 
incorporating 60 elderly subjects and a mck-up bus door 
and entrance. The configuration, shape and size of the 
han&&l were investigated with the view of achieving 
m u m  bodily support to maintain stability. 

me SVU@ into current accelemtion levels onboard -it 
buses involved a total of 40 hours of recording data with 
960 events (categorized into gear-changes, deceleration 
into bus stop, stops , power starts etc.). It comprised 
4 &vex driving over 28 mutes. The finding of this study 
was that the acceleration levels ranged from -.36 G tot0.44G 
and the linits of jerk (rate of change of acceleration) 
varied f m  -1.75 G/s to t1.81 G/s. While lateral acceler- 
a t i m  were found to m g e  from -.41 G to t.35 C, lateral 
jefi was limited to The threshold -.88 G/s to t.88 G/s. 
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fi-s of f c , ~  ani zft and lateral acceler?.tic.n for 
forward facinz passer.;eE-= c m  ke considered to be .11 i; 
to .I4 G a d  .23 r; to .:5 C res;rcti;rel::. It '..;as fomd 
that gear chanSes pK,dlxe< a 1-e r?xizzi- of ,listUrFinng 
events with 12.15 5 accelemtior1 le;'els 
of -0.7 G/s tc +0.5 'G/s which mised 
In addition, deceleration intc bus stop and a jerky 
final sto? ?roduced a large n d r  cf events. Power 
starts 
values. 

jerk levels 
-,asseng.en rezction. 

xere fomd to ?rodcce sow of -the hiphest jerk 

The section investigating &,manic aspects of psenger 
trawd in huses involved various ganm7a;; step hei$ts, 
angles of -6 floor and dffermt seat loczticns king 
tested by subjects rjhile t5e vehicle u,derwent various 
moeuvres such as gear changes, braking and 
l!easmxnts of the load applied to stanchions were 
recorded as were acceleration levels. 
these trials here as follows: 

sweivinp,. 

The findings of 

1) Passengers can 'p-epare' themselves for acceleraticn 
evmts and adopt pstural changes that minimise 
disturbance. 

2) The high force recordings m d  disconfort ratings 
resulted f m  the passergers not being pre9are6 for 
the vehicle m o e w m .  

Alms? 70% of hdy Tweiat was reacted through the 
stanchions with f3re and aft acco-lerztions exceehz 
0.15 G when going d a m  2' 0'1 4' r+s. 
was rated by the sk'ject as uncomfortable. For 
steeper ramps and similar vehicle deceleration,foms 
of Fate- thz 80; of ;Or",: rieiht were recorded. 
The trial subjects used :.IPE young and fit. There are 
serious kqlications for the elderly when these 
levels are E ~ L ~ L E ~  tc rraintain 

3) 

This condition 

4) 
effmt 

ar~ upri,@tr pxtUrP_. 
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5) Subjective ratings show a better correlation with 
the force applied to the stanchion than the overall 
acceleration level of the vehicle. 

the fjnal area of investigation of this report, the 
introduction of a retractable first step was studied. 
Amngst the findings for this design change were tht 
when the elderly subjects evaluate the new lower 
retMctable step, they found that it significantly 
increased the ease of enm. 
m s  not as clear, although s a w  considered it to be an 
improvement. 
observed as problem developed with the relatively higher 
second step. 
safety devices, the re-ctable step protruding from the 
bus represented a mre serious hazard than the convent-1 

The benefit to fit subjects 

The need for Uniformity h step rises was 

The report noted that even with the designed 

am. 
1.3 INNOVATIONS IN BUS AND B E  SEAT DESIGN 

Over the past ten years, there has been a considerable 
m u n t  of mrk carried out to determine the crashworthiness 
of various types of buses and ooaches. 
of this research has been fed essentially into two apeas: 
the seat and body f- and the panelling. The objective 
of this work is to increase the crashworthiness of the 
vehicle and the minimization of passenger injuty. 

'he protection of the passengers tMvelling in a bus is 
obviously related to the strength of the body in which 
they are bxvelling and the ability of that shell to 
resist penetration of W c t  objects into the passenger 
survival space. 
panelling of the vehicle does not sepaMte because such 
an occUITencea lead to extwnely dangerous panel edges. 
To combat this, the number of internal and external panels 
have been reduced and the mth& of joining refined 

The mjor *&is 

Ftrthenmre, it is important that the 

18 . 
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It xoull appar that the arpa of bus travel xhicli ha; 
un6ergone the greatest de,Fe of cF..mge lately is in the 
tratsit application in .%wr,ica, where there has been an extremely 
b.tensive develc,pmt Drn:gm of their yellow schml buses. 
The schml 5 s  project has ken ?,aset cn a single objective: 
that of passer?ger safet:. This 1 1 s  ken m m n t e d  cn 
earlier in this chapter. 
hses howevsr, h2.s been m~ inrnl.Jed a d  is essentially 
concerned with hpmving the practicality of the design. 
9.e schml bus stud:: mr.centrate5 m the intericr of the 
vehicle, ;Jb.ile the transit buL developmnt incorpoiwtes 
not cnl:~ the interior but also the bcd'j' and chassis 
s t r u c m  , toget?er with factors ??,at irifluence runq3-g 
costs. 
research m d  developrxnt has k e n  ?,one on the top-end 
classification of omibuses; i.e. the lonz dstznce, 
intercity, 1 ~ : :  mach. Yet, t>ess vehicles are TOE 
pmne 
roll-o.ers, i.rb.ich resdt ir m f  colla~se. 
aspct rjhicb. is 3 h s t  c?,ara-acterirtic of a lm-:~ CCZG~ 
is the f o m d  an:led :,:indoid pillars. 
strrmc;theninZ cf tFe :dindx ir-ues mi? in particvla- tlie 
structural jcicts at the k s e  ,of :;inch? ?illan can be 
increased 5,. the intro?uction rJf tkis co~cey~t. 
of the inmased strerah cnmes fror, the triar,+aticn of 

the wincim area, ilsualp.! riear the fmxt cf the veticle. 

The developnt work on transit 

Considering recent trends, seemingly little 

to accider:ts ir:mi\,inZ hi,cL: +ct veloci?-ies and 
One desi,g 

Longitvdhal 

'Iliis ksis 



There kas been a m k e d  tendancy in 
omnibuses for the mufactmrs to naintain and increase 
the glazing area, usually at the expense of a reduction 
in size and strength of the upper bus hdy. 

all forms of 

Although the school bus research has focused upon the 
developmnt of an energy-absorbing safety seat, a considemble 
m u n t  of effort has gone into identifyir.g and redesigning 
injmy-inflicting components of the vehicle's interior. 
:Jindow latches have been recessed, side impact e n e p  
absorbing pads on the walls have been incorporated for 
each seating positim and further force-distributhg padding 
has been used to cover structml mukers in 
roof. 
have been redesigned, such as the entMnce stairwell and 
driver protection hrrier. The problem of post accident 
passenger evacuation was investigated and 
hatches, mrgency side doors and m v a b l e  or openable 
wincbws was recomnded. 

the wall and 
Particularly dangerous areas of the vehicle interior 

the use of roof 

TMnsit bus design innovations include mtters which result 
in the vehicle king mre efficient in its function of 
transporting people over relatively short distances and 
consistent with this mre appealing to the public and 
thus enticing an increased clientele. The reduction in 
floor height together with the intrcduction of wide door- 
ways with low step heights is a suitable exmple which 
dentmstmtes the benefit to both proprietor and passenger. 
The lcw floor heights and fewer steps or smller rises 
reduces the stop t h s  req-d to load passengers which 
is desirable to both passengers and proprietors alike. 
Low profile 
tw3 mthods used to reduce floor heights. As mtioned 
earlier, the intrcduction of low floors has resulted in 
the possibility of 
caprtmnt by impacting vehicles. Thus the side wall 
sections have been strengthened to minimize the chances 

types and "heeling" air bed suspension are 

intrusion into the passenger's 
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of such an o o 3 m e .  :?.s 2 wsult of this k..creased 
strength, it war; found b:; the mufactureE that 
car.tilever-ed seats codd k Tun!: fmm the side walls. 
'his aspect of the new jieneratisn of transit '.zwes is 
wntiozec' by I.:atej4:a"ani: his c m n t c  are iis fo1:oris : 

"Catil.;verin: elLrrhates t:-e s?zt le:, cn the aisle side 
and thus wsuces trippin,? hazards. 
seat legs 1s alsc 
cleariahilifV, e~f the bus. rirhe USE cf cantilevered seats 
reqlires mijor stmctwal CF,m.ges tn the entiz vel!icle 
ard adds xiFJt, sin= scat fittachwnt rails must be 
added tc. the sidewdl of the ~LS. This  additional^ 
structure in the Sus wz11 is yet another safety feature 
since it Irui<des resistancf to sidewail Fnetration 
hpacthE adtombiles at passcr,ger hip height. This 
extra protection k'as considere? to be essential for 
Transbus (a $2E Fillion transit h s  development project 
funded &7 the U.S. kpt. of Transportations !hss 
Transpcrtatior, A&inistraticn) since the new low flocr 
designs resdt in a passenger 
above t9.e road sueface zs ccnpja-ed to 4% feet on 
current trasit buses". ;-'ateyka dynamically tested the 
three cantilevered seats fitted to the *e trambus 
prototypes developed by i'.. :.I kqeral, Rohn Industries ai-4 
Gneral Ilotorc, 
seating). Tne '-Pason for ca~;kn, out this test p m p m  

'ms due to suspicions that cantiieT:ered seats wculd perfsim 
prly in a se'.'eE collisLor. sitmtton, rescLting in the 
seat collapsing intc. the sidewzll. Such a situzticn nigyt 
trap and 
altwnately launch aisle PassenpeLs Ijar~erousl; into the 
aisle. 
eiii.ibited excellent ;ass.-nZer ccntaiment , coqareI: to 
a stjndrz- trarsit tluz seat vhizk, also tested. Tne 
stancanf seat's rm-r axhorazes f.3ile.d :,i?ich resulted 

%mination of bus 
a mjor step tw&s iqmn,ing the 

jy 

hip height of Lmut 3 feet 

(whose seats ';;ere desised by American 

crush the passer,ze:.s seatd at ttte :./in&.,- and 

It :.:x fcm,3 hmJ?r, i-T,,t 311 three seats 
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in the seat actually m v h g  may from the impacting 
d d e s ,  and thus failed to satisfactorily restrain them. 
The wnclusions, d r m  by Mateyka on ccsnpletion of the 
10 G dynanic test p r o p  were:- 

Passenger containmmt 
obtained with cantilevered seats. 

in severe bus m a s k s  can be 

Structural c~oss+rembers near the top of the seat 
back used to munt cantilevered seats to the wall 
must be heavily padded or smaller persons will be 
expsed to severe head inpact hazards. 

Eheqg absorbing gmbrail/mashpads on transit bus 
seats can 
head impact severity but sharp corneps must be 
amided . 

be &?signed so as to substantially reduce 

Retention of the passengers within the seat 
mmpartrrwt and control of the trajectory of seat 
back impact and rebound 
the seat back is designed to allow substantial 
hee penetration. 

is greatly enhanced if 

Overly rigid seat backs in the hee area can result 
in high femur loads and potentially unacceptable 
dumy rebound characteristics. 

Furthemre, although it is 
high backed bus seats have a greater potential for 
restraining passengers in such a way as to minimize 
injq causation, Matekya c o m t s  that such a seat 
would "significantly reduce transit bus capacity and 
could present safety hazards in tern of safe passenger 
mobility within the bus". 

oclmrronly rewpized that 
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The Virginia Polytechnic Institute seat erploys a rigid 
seat back/cushion configuration with crvshable tube 
segmnts in the four floor munted legs. The stiffness 
c m s  achieved during the developnmt of this seat 
indicates that such a design could be satisfactoq in 
res tminhg bus passengers and absorbing their forward 
energy in the event of a head-on Collision. 
such devices are subject to vandalism and in the view of 
the authors, prone to thmge upon tampering. 

Howewr, 

The AMF seat is ccsnplicated both in design and mufactwe, 
yet it achiews the a-le results of retaining 
passengers with the application,of amptable loads and 
deceleration levels. The seat's cmpnents m i s t  of 
1 inch square hot rolled steel tubing of .065 inches 
thichess into which is inserted (in mst places) a 
0.75 inch diawter round cold dmwn steel tubing with a 
wall thickness of 0.12 inches. 
achieves the bending characteristics r e q h d .  
there are no less than twelve sections of the seat f?aw 
which are designed to plastically deform and in such a 
way as to protect the passenger. 
system consists of a chest and head inipact pads. 
chest pad is ccqmsed of Rapm Foam (urea-fomldehyde) 
which has a density of approhtely 1.7 pounds per 
cubic foot, a crush strength of appro-tely 6 pounds 
per sq- inch and -is five inches thick. The head 
impact pad, which lies m s s  the top of the chest pad 
surrounding the top umss bar is a 3 inch thick layer 
of Ethafoam 225 (a fire-retardant formulation of ply- 
ethylene foam) which protects the head from excessive 
load concentration. 
HlOlO steel, in the form of a rectangular sheet attached 
to the seat structure so that the top and bottom edges 
are fixed and the sides are free. 
of uniform and syrmstricdl defomtion is,of course, 

Such a configuration 
Furthenmrx, 

In addition, the padding 
The 

A hee liner of 0.018 inch thick 

This seat for purposes 
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structurally symetrical and has four flcor anchora&e 
pints and no imll anchorages. 
integral part of the overall seat deflection concept 
and assists 
out of the seat into the aisle. 

The arm rest is an 

in retabin2 occupants fmm being displaced 

Other recent design innovations 
mdular body conshvction which makes for relatively easy 
construction of different lergth bus bodies. These 
&des usuallg include one piece bow framing which 
increases the lateral strength of the passenger amprbwn . t  
and therefore increases the crashworthbess of the vehicle 
in the event of a roll-over. Another feature which 
influences the crashworthiness of ornibuses and in 
particular transit buses predominantly because of their 
low operating speeds, is 
absorbing bumper 
factorily withstand a 10 W h  impact. 

Various ~ a n s  of reducing vehicle weight are becoming 
me c m n  as the running cost of fuel increases. To 
this end a larger composition of alminiun alloys is 
being used. 
lklbourne wb is already constructing alminium bus 
bodies. 
flcorbg has been introduced into vehicles24 toTether 
with non-class (either acrylic or plycarbonate) winda.~~,~! 
This glazing has the advantage of being approxbately 50% 
lignter than conventional materials, although at the 
expnse of being 509 dearer. P.n added advantage of this 
form of glazing is its resistance to vandalismand it is 
reported to be bullet proof. 

to ornibuses include 

the intmdudion of energy 
which m designed to satis- 

Indeed there is a bus bo&j builder in 

In Pmrica aluminium honepmb sandwich construction 

There is a p i n g  awareness bth in hverrmrlt bodies 
and transit bus proprietors and mufactmrs that in our 
pEsent social/econonic environment 
need for Fublic usage of 7utlic service vehicles. Yet 

there is a .pater 
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in an age wkre the private car is designed for d o r t  
and ease of operation, the incentive for mass public 
use of public transit system is not favourable. 
then? has been a change in attitude and in order to 
increase bus usage, the rmnufacturers have taken steps 
to raise the level of comfort in cn1mibuses9. Design 
changes in individual seat Width, knee raxn, luggage 
spce, floor height and step height are SOIIE of the 
intend aspects together with an hprovenrent in aesthetics 
of the interior of the vehicle to entice passenger usage. 
The d o r t  rating for a trip has been markedly inproved 
with 
hnditioners, stereos, effective audio insulation 
and air bag suspension which eliminates the harsh bmpy 
ride which used to be chaMcteristic of trwsit buses. 
An article written by ToreyZ describes an innovation for 
transit =hides 
back bus seat into a leaning post for standee passengers. 
The advantage of such 
carrying capacity of the vehicle and is 
the standard of comfort of the standees. 
howeveq consider that such a design wuld 
loading and introduoe additional problerrs associated 
with passenger disbking. The aspect of passenger 
containrrwt 
as the support offered to the standee is at upper thigh 
level. 
was opposing the direction in which the standee was 
facing, the possibility of severe back injury is high, 
especially considering the additional loading of other 
standee passenger and the lack of suitable passenger 
assists. 

Thus 

the intrcduztion of efficient yet silent heaters/ 

which allows the conversion of a lm 

a device is that it increases the 
cl-d to *rove 
The authors, 
promte Over- 

and injury causation is extremely dubious 

If the decelemtion of the vehicle upon impact 
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BUS ACCIDENT STATISTICS 

A search for bus accident statistics was initiated 
early in the project and it was San established that 
ideal data for this study did not exist. The possibility 
of gathering data f m  s e v d  soupces and then collating 
the infomtion to achieve the objective of this section was 
considered and w x k  conanenced along these Lines. 
to bring together data concerning the nwlber of accidents 
occuring each year with infonmtion giving: 
accident, mad and fight conditions, speed, t k ,  day and 
mnth and the number of vehicles involved etc. along with 
hjmy data; the types and severity of the injuries. 
it was hoped to investigate the correlation between the type 
of accident and the classification of seating arrangemnts with 
the types, severity and cause of the injuries. 

The aim was 

the type of 

Fbthmre, 

The investigation of specific types of bus operation, such 
as -transit networks seemed important, as it soon becans apparent 
that different types of buses genanted wnsidenably different 
injury patterns. To this end, data was so& frwn the Melbourne 
Metropolitan TMmJays Board (MIB). -In particular, we wished to 
investigate the incident of passengers fdlling in the bus, 
either as a result of a driver moeuvpe or due to a collision. 

Both the PNIB and the b a d  Safety and M f i c  Authority 
(ROSTA) provided details for every accident on their files. 
Other bodies and authorities were contacted and infonmtion was 
quested. 
presented in a collated fomt. 
the pruject: 
I n s m c e  and the Wansprt Regulation B& (TRB). 
undertakes inspections of buses, both on a regular 

accident prevention basis and after an accident, in order to 
establish the cause of the accident. Permission w% reueved 
to study the TRB's accident files. 

In s e  cases, the data was forthoming and was 
The following bodies also assisted 

'he Australian Bureau of Statistics (ABSI State 
?he TRB 



'Ihe majm bus proprietors in bUxxxne were contacted 
with the view of discussing their accident records. 
COapeMtive, k v e r  these were generally the aqanies 
with excellent accident records and could pvi& us with very 
little meful aocident figures. 
proved helpful. 
minor injuries were not recorded. 
caused by a driver nnroeuvpe or a passenger tripping on a step ar 
d.rair, or 105kg his balance, rather than frcan a collision. 

bst were 

Discussions with these ampmies 

These injuries were usually 
It became appazPnt that a substantial n d x r  of 

Permission was also gmnted by the Victorian Police Depart- 
m t  to study 
to &ather rmre infonmtion r e a  those injured in the accident 
and the hospitds where tbse caRcerned were m t e d .  

TMffic Accident Report (forms 5 1 W ,  in order 

The Pbtor Accidents %nrd of Victoria was contacted, however data was 
only available for 1980 and unsuit3ble for this pmject. 
ation on bus accidents cas sought from South A u s w ,  but no 
useful data was received. 
(TARU) in New South Wales cooperated in allcwing access to their 
accident files. 

Inform 

The M f i c  Accident Research Unit 

As a result of investigating the list of accidents 
rewrded by the Victorkm police and pmcessed by FOSTA, 
it has been possible to draw the follming conclusions: 

1) It is evident that the number of acci6ent.s involving 
buses was snnll ( 1%) relative to the total nunher 
of mad accidents which o c c m d  in Victoria during 
1975 to 1980. 

2) Untilthe findl year of data (1980) the accident 
growth mte of bus accidents was greater than the OMP- 
all growth rate of road accidents. 

3) &sed on the 1975 and 1976 data, apprm-tely 60% 
of the people involved in a bus accident sustained 
ro injq. 



4) The likelihood of injury in an accident involving a 
bus is as follows: 

a) 0.04 fatdlities/bus accident (injury severity 1) 
b) 0.35 serious injuries/bus accident (injury severity 2) 
c) 0.65 minor injuriedbus accident (injuy severity 3). 

5) There are certain types of bus accidents which are mre 
likely to cause serious injury: 

a) Pedestrians 
b) Cyclists 
c) WJ.btorcyclists. 

6) Where the bus impacts a v&icle there is a higher chance 
of serious injury if the collision occws at an inter- 
section and the impacting vehicles are bxvelling along 
diffemt streets. 
has the highest OccUPrence of injuries of all the mjor 
accident categories. 

M m r e ,  this type of accident 

7) Nearly 90% of all mid-block bus accidents are -end 
adlisims. 

8) Accidents involving cornering are likely to result in 
a relatively high percentage of mre serious injuries. 
67% of cornering accidents are described as a frontal 
mllision. 

9) Of the "off-path" accidents, 44.4% involve a mid- 
block fmntdl collision. 
accident is likely to cause a relatively high percentage 
of injuries, their severity of apprently s h e d  towards 
minor injuries . 

Although tFLis category of 

10) Accidents involving a bus passenger falling in or 
from the vehicle rrnke up 16% of 611 recorded bus 
accidents. 
tend not to have a high percentage of seious injuries. 

Injuries caused by this type of incident 
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There has been a steady grcwth in the indimce of 
passengers falling in or fmm a bus over the past 
six years. 

52% of dL1 accidents inmlving a bus also involved a 
car or station wagon. 

26.5% of all bus acCidents did not involve another 
vehicle. 
was significantly higher than accidents involving cars 
or station wagons. 

’Ihe injury severity of such an accident 

It would appear that the collision of a bus with amther 
bus results in severe injuries. 

The -test nmkr of bus accidents occw between 
8 am and 9 am and 3 p and 5 pm. 

Selected histognurs of the FSSTA data are shsm in Figurs 
2.1 to 2.4. 

2.3 M.M.T.B. IWA - AN INVESTIGATION JNK TRANSIT B E  
ACCIDENTS. 

2.3.1 In-troductim. 

With respect to the &&me Me-h.opolitan Tramaays Board 
(WEB) it was interesting to observe the incidence of passenger 
falls within the vehicle, which resulted in an hjq, but were 
due to a non-collision sitmtion. Fortunately, the MITE3 keep 
an accurate record of all their accidents and employ a class- 
ification system which is quite suitable for investigating 
non-allision passenger falls. 
recorded resulting in an injury was gathered for the years from 
1975 through until 1980. The data was studied, analysed and 
is s m i s e d  in Figute 2.5. 

Case studies of every incident 



M.M.T.~. eus ACCIDENT DATA 
CLASSIFIED BY ACCIDENT TYPE 

NUWBER OF ACCIDENTS 

CALploERYENz 
Fig. 2.5 Smm-ary of Bus Accident Data 



60 

TABLE 2.1 M.M.T.B. Accident and Injury Figures. 

Year b.of Am. No.of Injuries No.of Injuries 
per Accident 

1975 14 3 149 1.04 
1976 115 116 1.01 
1977 104 104 1 
1978 145 147 1.01 
19 79 148 151 1.02 
1980 155 159 1.03 
Total 810 826 AV. 1.02 

It can be seen by inspection of Table 2.1 
there has been a steady increase in the n b r  of transit 
bus accidents in Melbourne. 
an increase in the nmher of injuries sustained in these 
accidents. 
seldom involve the injury of mre than one person per 
accident. 
there were .between 157 and 248 accidents on the M T A  
files per year (and not all of these resulted in an injury), 
the MNIB accident data files recorded between 104 and 155 
accidents per year which caused injuries. 
that the !-"E have a large bus fleet, it would seem question- 
able as to whether in any one year the MI'E contributes up 
to 90% of the State's total of bus accidents which includes 
s&ml buses, charter buses, intercity cmches and other 
transit buses throughout the state. Indeed, Table 2.2 
shows the n h r  of passenger vehicles licences issued at 
30th June 1979 and 1980 by the TIiB and the figures indicate 
that the WIT operate less than 7% of the State's conmmidl 
bus fleet. However a comparison of total distance travelled 
would perhaps help to clarify this apparent anomly. 

that since 1977 

Correspondingly, there has been 

Indeed, it is note-worthy that these accidents 

It is an interesting pint to note that while 

mile it is true 



TABLE 2.2 The PI- of Passenger Vehicle Licences 
Issued at 30 June 1979 and 1980. 

~~~~ 

Passenger Licences - Bus 1980 1979 

MO Metrqolitan Route 
Pkkurne and Metropalitan 
Tranways E?Card 
Victorian Railways 

MC Metropolitan Charter 

U0 UrMRoute 

Bdllarat 

Bendip 
Geelong 

CO Countrybute 
CC CountqCharter 

Victorian Railways - Country 
TS Schcol 
TO Touring 
TF Temporary Licences 
SV Special Vehicle 

Passenger Licences - Taxi E €JkW 

986 

282 
12 
275 

41 
36 
79 

472 
4 
4 

1657 
118 
5 

196 

4167 

- 

993 

278 
12 
264 

40 

36 
81 

454 
Nil 
4 

1614 
121 
6 

184 

4087 

__ 

On exmhatim of Figure 2.5, the accident pattern 
appears quite consistent fmm year to year with the 
possible exception of the data recorded for 1977. 
1977, the proportion of accidents categorized as falls in the 
bus caused by braking decreased, while the incidence of 
accidents categorized as boarding, alighting and falls in 
the bus resulting from neither braking or a collisiorl 
increased. On average, there were r n ~  than tG7ice the 
n m h r  of 'alighting' accidents as compared to accidents 

During 
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classified as 'boarding'. An average taken over the eix 
years s b a  that 44% of alJ. accidents were classified as 
a fall 5n the bus caused by bmlcing. 
y e w  variation in the proportion of these accidents is between 
30% and 52% of the totdl accident count per year. 
general, there were very few falls frcQl the bus due to any 

caused by a collision, wfiile only 60 required uedical treat- 
m t .  

Indeed, the year by 

In 

reason. FlReSmE, there were surprisingly few accidents 

Fram the 810 accidents PeCoTded over 6 years, only one 
fatality wa6 E&ta-ed. 

If data relating to the n m k r  of injuries caused by 
w i t  buses are examined, it can be aeen that m t  
(appmx. 98%) of the injuries occurped on board the bus. 
'Ihe injury severity sustained by victims of .tMnsit bus 
accidents was generally m t  severe, indeed only 17% of those 
injured rquizxl an ambulance. 

In calcluding this chapter WtLiCh has investigated the 
available bus accident statistics in Victoria, a n m k r  of 

amibus accidents . .  general comnents can be made FerbXmg to 
even though the sample of accidents pr y e m  was relatively 
small and the method of which the data is available h w  not 
ideal for this study. 

First, ampthg bus accidents and the nurrhr of 
consquat injuries with the total n m k r  of road accidents 
in Victoria indicates that the bus is a safe rmde of road 
transprtaticil. 

Sewndly, there are certain types of accidents which seem 
likely to result in mre severe and numrous injuries. 
serious accident am loosely be divided into two groups: 

The mre 
thDse 

the injured party is not a bus pllssenger such as in bus 
collisions with bicyclists, mtorcyclists and pedestrians and 



those accidents where the injured party is a bus passenger such 
as in the case of bus roll overj. Ths mst co- type of bus 
accident, and one of the mst dangerous with respect to injury 
severity, occurs at an intersection where the impacting vehicles 
are travelling (at right a e s  to each 0 t h ~ )  along the inter- 
secting carriageways. kcidents at intersections where the 
vehicles inmlved are tmvelling along the saw carriageway 
is the second mst mrmDn category of accident, although the 
resultant injury severity is not as high as the above mtioned 
accident type. 
h a high incidence of casdties occurs when the bus is 
cornering. 
collision is probably due to the mjority (67%) of these 
accidents being frontal. impacts. 

Another category of bus accident which results 

The high injury severity sustained in this type of 

ThbxUy, an interesting feature ewlves with respect to 
non-collisioq accidents which result in bus passenger injuries. 
There is a very high proportion of -it bus injuries 
resulting f m  bus passenger fdlling. 
reworded were as a result of the bus braking in a non-emergency 
situation, which resulted in the injured passenger falling in 
the vehicle. 
period from 1977 to 1980, only 6% of all ME bus accidents  res^ 
in an injury due to a collision. 

45% of all accidents 

On the other hand, on average over a six year 

Other areas of interest involve 
the high incidence of injury resulting from passenger boardin g 
and alighting. 
bus accident is genendly not high. 

The injury severity sustained in this type of 

te 



It became evident in the early stages of this project that 
on secondary bus safety and m~ specifically bus seats and 

seat anchmges was being done by governmental and private 
research bdies in America, various parts of Europe, the United 
Kingdom and South Africa. The purpose of the forego- research 
was essentially to establish the dem1-1~3~ put upon seats and their 
anchmges both in &y to day routire OpeMtions and in the event 
of an accident. 
U.K. is nct as heavily biased tmards seats as it is in either 
E m p  or the U.S. The U.K. is hmever, a mmkr of the 
€bmcxnic Ccunnission for E m p  and is actively involved in an 
ongoing investigation into safety provisions on mtor coaches and 
buses. This d t t e e  called the "Group of Rapportem on Safety 
Provisim on btor &aches and Buses" (GRSA) con- itself 
with all aspects of bus safety; h v e r ,  they are presently 
mncentmtirg on two aspects. 
structum of public service vehicles and secandly the smngth of 
seats and seat mmtkgs. The aim of the group is to establish a 
Standad and a testing procedure which is satisfactory for Empe 
generally. 
attempt to establish the r e q U i m t s  necessary for bus seats and a 
cost effective method of testing and regulating seats and their 
anchorages. 
upon the work that has been done in their respective countries and 
present an argment on behalf of the countqr's govermnent, for seat 
requhmmts and test mthods. 
generate further investigatov work which is delegated to a particular 
country to perform and reprt back at the next meting of the group. 
The mtings, Tesearch and presentation of draft regulations 
the "UNIFORM PROVISIONS CONCEFNCNG THE APPROVAL OF VEHICLES WITR REGARD 
TU ?HE SI"m OF COACH SEATS AND ?HEIR ANCHOF&E", have been an 
ongoing project covering a n&r of years. 

It would seem that the wrk being perfonred in the 

F h t  the strength of the super- 

There have been lengthy and nummus m t k s  in an 

The &up of Rapporteurs on this working party call 

Furthemre, this p u p  of experts 

concerning 
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The hricans have likewise been simhrly concerned about 
the secondary safety aspects of buses. The .American g o v e m t  
has antmeted work out to a n d r  of research institutions in 
order to *rove the mderstanw of crash dynmics and injury 
severiQ and its causation in bus accidents. 
ktor Vehicle Safe*] Standards (EMVSS) :Jcs. 220, 221 and 222 cover 
Schcol bus Follover pmtection,School bus body joint strength 
and School bus seating and CMsh protection respectively. 
Centre for the Envimmnt and fkn Inc., were contracted by the 
U.S. JhT to present Evaluation Methodologies of nine Federal 
f'btor Vehicle Safety Standards20 and one of their reports was 
titled "Final Design and Implementation Plan for Evaluating the 
Effectiveness of nWSS 220, 221 and 222". 

hrican Federal 

The 

There is also EMVSS 207, Seating System which applies to 
passenger cars, dtipurpose passenger vehicles, trucks and 
buses. 

The research and Standards mentioned so far largely 
concern the strength requirements and perfomce of the seats 
and their surmmding structure. There are hmever, two other 
groups of regulations governing seats in buses and they are: 

1) The physical dimensions of the seats, which encompass 
such areas as seat back height, padding depth, 
cushion width and longitudind spacing of seats. 

2) The mthcd of seat attactunent and the 
specifications of the hardware necess-] to facilitate 
this function. 

The Californian Kighwaypstrol have a set of regulations 
pertaining to the anchorage of bus seats as does the Victorh 
Transport Regulation Board ("I?&). Ineeed the TRB have recently 
introduced an"Cmin.bus 
which categorizes coaches and buses bto five groups, ranging 
from a utility bus to a heavy duty 1- coach. 
ifications depend on such features as, seats, windcws, doors, 

Star Rating olarter Classification", 

The class- 
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interior appin-brwts (Mdio/tape recorder, airwmditicming, 
heating, l w g e  Mcks and bins) and the genwal type and 
cmstrwtim of the camlibus. 

bst of the standads are written so as to enccqass 
all categories of seats used in various types of ormibuses 
f m m  reclining hi& backed coach seats to mute bus seats. 

3.2 MPJOR FACMRS IPIFLUENCING ?HE SUITABILITY OF EXISTING 
Bus SEAT AND ANCHORAGE S'lWXMB FOR A U T W U A N  CONDI7TONs. 

?here are five rmin considerations that could hvlueslce the 
suitability of overseas standards to the A w e  bus requirwents 
and they are: 

CCNSIDERATION c0MIEm-s 

RDad usage - the relative 
proporticm of buses in the 
total vehicle fleet and the 
nuher of kilmtres travelled. 

Accident Statistice - the type 
and severity of bus accidents 
and the speeds at which they 
OCCW. 

The design concepts in Aust., 
necessaxy to cope with 
prevailing weather and road 
conditions. 

The size of the Australian 
mach building industry. 

The tvpe of seats used in 
AUStrdlid. 

Cost hefit - lhe inportance 
of mW31 in 
Australia. 

Cost Benefit - Flax Speed - Energy Absorption - Injury Severity 
Axle h d s  - Decelemtion levels - Injury Severity 

The ability of the industry to 
absorb the cat of a testing 
and testing facility. 

The mvemmt of passengers in 
the event of an accident. 
cost to the industry to be able 
to existing designs to 
comply with overseas standards. 

The 



3.2.1 b a d  Usage 

The relative proportion of the various types of vehicles 
on AusWdlian roads will no doubt influence the types and 
severity of bus accidents that occm. 
affect the injury pattern and severity of bus accident victims 
and therefore influence the design laad criteria that would 
be required for any form of bus seat and anchomge standad. 
It m y  be that the pattern of general m a d  usage, the types 
of vehicles used, the speed limits -sed and the variety 
and condition of mad characteristics encountered is corprable 
enough between the E, Europe and AustreXa so as not to 
&astically affect the suitability of their standards, concerning 
seat and ancfaorage strength applying to Am-, however the 
differences m y  be irrelevant. 

This in turn will 

when considering the cost benefit of any mdifications to 
bus design in order to improve their crashworthiness it is 
clearly necessary to bear in mind the significance of bus 
m v e l  in AusWalia and its importance in the overall 
transportation system. 

3.2.2. Accident Statistics 

Even though the docwentation of aocident statistics 
specifially relating to buses in AustraJia is p r  and the 
studies overseas tend to relate to a particular typ of bus 
rather than the overall situation of bus accidents, it muld 
appear that the trends in America and E-pe are mnsistent with 
those indicated in the analysis of bus accidents in Australia*. 
Even though there are considerable differences between the Australian 
bus accident data compared to studies carried out in the U.S. and 
the U.K. it is Lmlikely that these differences would result in 
the use of either U.S. or European bus seat and anchorage 
standards being ansidered unsuitable for Australian conditions. 
Verification of this assqtion is not possible at this pint 
of time. 

* Refer (3.2. 
passenger req-ts Bus collision causation and injuty 
patterns. 

An investigation into aspects of bus design and 
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3.2.3 The Design Concepts in Australia Necessary to Cope 
with the Weather and Road Conditions. 

The rough m d  conditions in parts of outback Australia 
through which long distance luxury aches are driven 
take a heavy toll on suspension and running gear. 
consequence, these coaches have to be built stmnger, which 
entails mre weight. 
than those for Canada and E m p e  and as a consequence, the 
buses are generally lighter. Yet they need to be stronger 
in order to cope with the poorer quality roads. 
of the vehicle affects the deceleration of the bus in a 
collision and therefore the forces likely to be applied to 
the seats. 
lazy axle so that the weight of the bus is distributed over 
three axles rather than two. Nevertheless, for all other types 
of buses in Australia which use the mre conventional t m  
axle configuration, peak CMsh decelerations could be higher 
than those measured in either the U.S. or Europe due to the 
Australian buses being lighter. This aspect will influence 
the suitability of both the U.S. and European Stvldards 
applying to Australia. 
typical values of peak deceleration experienced by Australian 
made buses involved in specified collisions. 

As a 

The Australian axle loads are lower 

?he w e a t  

To CMnbat this problem, coach builders use a 

It would be necessary to ascertain 

3.2.4 The Size of the Australian Coach Building Industry 

Due to the relatively small n e r  of a%hlxilders in 
Australia and the fact that mst of these are organised for 
very low production, the cost of elaborate tests necessary 
to verify seat strength specification Standards would mder- 
mine the srmller businesses. 
being the only mthod of satisfactordlly determining seat 
and body f o m s  and head decelerations 
of I X ~ U ~ ~ I I ~  large production of the one style of seat so 
as to aver the initial cost 
alternatively, the cost of hiring such a facility. 

Therefore, dynamic tests although 

have the limitation 

of the testing facility or 
Static 



tests are very much cheaper to perfom.largely due to 
reduction in masuring equipment and the lack of need 
for a deceleration device. 
owters and force transducers necessary to measupe head 
and chest decelerations and femur loads, together with 
the mchinery required to recordthis data is forr&iably 
expensive. 
facility was utilised, the cost of setting up and perfo-g 
the test is still substantial. 
ation and load levels is only one aspect of a dynamic test. 
It is also necessary to accmately ascertain the velocity 
of W c t  and to be able to control and bow relatively 
accurately the deceleration profile of the sled, this is 
somtimes quite difficult to achieve, especially at higher 
decelerations. 
generally used to record the body movent of the manikins 
in order to establish pints of body contact and to establish 
whether both head and bee remain within designated 
protection regions. 

Clanikins, asscciated acceler- 

Indeed, even if an existing dyna5c sled 

The recording of acceler- 

High speed cinemphotographjj is also 

Som of the overseas dynamic tests developed for bus seats 
and anchorages could well be unsuitable for Australia due 
to the considerable cost of performing such tests. It is 
worth notine; that there does exist a particular type of 
dynamic test facility which is specifically designed for 
low cost testing. 
and uses gravity as its energy s o m .  

The cost of establishing and performing static force - 
deflection tests should not prove to be a major financial 
concern to even relatively smll manufacturers. 

This rig works on a pendulum principle 

3.2.5 The Style of Seat Design Ehployed in .iiustralian 
Coach Building. 

Static force/deflection tests rely uron n w m u s  assmptions 
in order to relate the true dyn&~c accident situation to 
the siniplified controlled static test. 
assptions are two in particular that could change with 

Pmng these 
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changes in seat spacing and seating geanzt~~. lhey m:- 

1) the velocity at which the passenger would make contact 
with the seat in the real situation. 
distance between the seats, the greater the time lapse 
before the passenger lmdergcles deceleration. Hcwever, 
this time span allm a greater speed differential to 
be established between the passenger and the seat 
back due to the deceleration of the vehicle of impact. 
Thus, the greater the distance between seats, the v t e r  
the ndative contact velocity and hence the greater body 
deceleration and jerk. 

The greater the 

2) the points of body contact on the seat back in a 
collision that are assumed for static tests will 
depending on the spacing and design of the seats. The 
advantage of dyrmnic testing is that ducing the impact 
phase, the body forces and points of body contact on the 
seat back are clearly evident and the inflmce of both 
seat spacing and seat design can be easily seen. 

The seat spacing ccmnmly used in Austmlia is similar 
to that employed in the U.K., U.S. and Europe, so it 
is mlikely that this factor will influence the suitability 
of h m  bus seat and anchomge Standards c o m n  to these 
mmtries would be *lmted for Australian conditions. 
Due to the effect of seat characteristics on kcdy rmtion 
during a collision, it would appear that overseas static 
test standards may be unsuitable for Australian use, inso- 
far as static tests do not wholly represent an actudl 
dynamic collision. 
use of different load Witudes and points of load 
application can result in quite different seat force - 
deflection characteristics, inappropriate to the testing 
rrethods employed in this investigation. 

The reason for this being that the 



2400 

2000 

1000 

This standard relies upon a static force - deflection test 
to establish their stiffness both when the of bus seats in eder 

seat is loaded in a fonmrd and rearward direction. 

The criteria fer forward seat performance is that the 
stiffness curve must fit within a specified window as shown in 
Fig. 3.1. 

To avoid misrepresentationof the US standard, details are given in 
the units as written in the Standard. Appmxirrate conversions are 
1 inch = 25.4 m, 1 p m d  = 454g and 1 Ibf = 4.45 N. 

(E in., 2400 lbs) 

Seat back force - deflection 
curve shall not enter shaded 
area. 

2 6 8 1Q 12 14 
Ceflection (inches) 

Fig. 3.1 
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There z m  two loading bars employed in the test; viz: an 
upper and a l m r  bar. The test requiring the characteristics 
to fit within the above force/deflection window concerns only 
those characteristics determined by 
Pbximun deflection is m t  to exceed 14". 
lower loading bar is specified. 

the upper loading bar. 
A dud upper and 

All specified loads are calculated in accordme with the 
width of the seat. 

The anchorage requirements are such &t the seat shall 
not separate ~K#II the vehicle at any attacfrment point and 
m a t s  shdll not seprate at any attachnrent pint. 

seat 

The locaticm of the two loading bars are:- 

1) Upper - 16" above the seat reference pint, 
2) h e r  

reference pint. 
- between 4" above and 4" below the seat 

An earlim &&acteristic used is shown in Fig. 3.2. 

I Force &flectian Curve 
m y  not enter shaded area \ 

I 

2 4 6 8 10 12 14 

Deflection (inches) 

Fig. 3.2 
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An energy absorbtion figure of 4000 W in-lbf within 14" 
deflection is specified for the forward direction and 2800 W 
within 8" deflection for the rearward direction. (W is the 
width of the seat in inches). The dudl loading is such that 

1) a load of 700 '$1 9hf is applied to the lower loading 
bar. 

2) This load is reduced to 350 W Lbf. 
3) An additional load is applied to the seat thrum the 

upper loading bar until 4000 \d R.bf of work has been 
done. 

A tims of no less than 5 seconds or greater than 30 seconds 
is specified for obtaining the m x h m ~  lads. 

The standard specifies the dimensions of the loading bars. 

The minimum distance between any part of the seat being 
tested is stipulated to be 4". 

The force/deflection windowof Fig3ldces not apply to the 
rearward perfammce of the seat. 
2200 lbf is specified together with a &m deflection of 8". 
Furthemow, the load bar position for this test is to be 13.5" 
above the seat reference pint. 

Instead, a rraXirmrm load of 

Tnis standard also involves a dynamic head form test, which 
inmlves the impacting of a head form on to the head protection 
zone at a velocity of 22 ft/s. 
protection zone are specified. 
based upon the Xead Injury Criteria HIC which is calculated 
according to the follming equation. 

Both the head form and head 
?he criteria for this test is 

r 
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The resultant acoeleration at the centre of gMvity of the 
head form (a. masured in g) has to be such that the above 
ineqdity is true, i.e. HIC < 1000. 

tl and t2 are any ~ W J  points of time d-g the test. 
Furthenmre, the standard p s  on to stipulate the head form 
force distribution, such that at an impact velocity of 22 ft/s 
the energy necessary to deflect the impact material shdll not be 
less than 40 in lbf before the fdoe level on the head fonn 
exads 150 lbf. Furthemre, when any contactable surface 
within such a zone is w e d  by the head form frcan any direction 
at 5 ft/s, the contact area on the head form s w f m  shall be 
not less than 3 sq.in. 

?here is an additional dynamic hee f m  test which is 
carried out on an are designated as the leg protection zone 
(that portion of the seat back bm&d by the upper 1 s t  of 
12" above and the l m r  ~t of 4" below the seat reference 
point). Wen the bee form (which is specified in the standard) 
is impacted on the leg protection zone at 16 ft/s, the resultant 
forces shall not exceed 600 lb and the contact area shall not be 
less than 3 sq.in. 

There is also a section relating to seat cushion retention 
and it is specified that there shall be no separation of the 
cushion from the seat at any of the attachment pints when 
subjected to an upard force of five times the seat cushion 
weight. 

In the hrican publications, there appear to be three 
different forceldeflection envelopes that have been connected 
with this standard at various tires. One of the plots has a 
non fixed force scale, which is determined by the Width of the 
seat, while the remaining plots use a fixed scale. 



A later chamcteristic isshown in Fig. 3.3 

2409 \ \ 
- - 

\ \ \ \ \ \ \ \ [  

Seat back force - Deflection curve 
shall not enter shaded arras 

0 L. 

r I I I I I 
2 4 6 s 10 12 11: 

Deflection (inches) 

Fig. 3.3 

The mst recent and current characteristic in use is that 
shown in Fig. 3.1. 

3.4 EXKWCIs FROPI TE PFCPOXD PEQUIPJ3lErrS FOR TIE SWBJGTI 
OF COACH SCAT’S KJD TEI3 AKHOWES I!i PUPLIC SERVICE 
WUCLES As QUOTZD FROM M & i  ET AL’. 

These requimnts cater for both static and dynamic 
testinz. 
sufficient. 

?he provision is given that either test will be 
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Failure of the seat stnxtwe muting bmckets or 
pedestals shall be permissible provided the dmnies are 
contained and the areas of failure are not Liable to inflict 
serious injury. 

It appears that the dynamic test uses a nm- 
instrumnted &in. The requiixmmts for this test 
are such that under a 10 g de=lemtion fram 20 nph., the 
seats shall contain the 
to the rear. 

d d e s  positioned kdiately 

The anchorage of the seats to the platform shall be 
as fitted during no& production. Failure of the seat 
structure mmting bmckets or pedestals shall be permissible 
provided 
are not Liable to inflict serious 

the d d e s  are contained and the ZEas of failure 
injury. 

The spacing of the seats is required to be 24” (610 mn) 
between the back of the test seat and the front of the squab 
of the slave seat and the h e s  of the d u m y  are to be in 
contact with the back of the test seat. 

The static test uses a single loading bar which loads 
the seat in the forward direction. The seat has to 
withstand a load exerted throw the loading bar equivalent 
to 20 tims the weight of the seat. 

3.5 EXCERPTS FROM TITLE 13. CALIFORNIA APIlXISTRATTVE MDE 

These regulations entitled btor Carrier Safety are 

for trucks 
pupil activity buses. 

and buses with the exception of school and schcol 



There is virtually no infomtion relative to seating 
with the exception of S1270. 
to the bus &river's seat, while section b) concerns 
passenger seats. It would appear that the only regulation 
concening passenger seating is that "jmp seats and seats 
in aisles shall not be permitted in any bus". 
of a copy of Title 13 of the Californian fighay Pahol 
Regulations, it was found that unlike the btor Carrier Safety 
Booklet, it caters for all types of buses. Again, the W e  is 
non-specific about the strength of the seat. However, with 

Section a) refers specifically 
bus 

On inspection 

to F m  Labour Vehicle passenger seats, the Code states 
that "the seat f m s  and backs shall be rigidly constructed 
and mintained 
displacement of any cmpnent in 
Furtheme, the bus seat shall be secured to the vehicle by 
bolts at least 
or better. 
J 429. 
least h" thick and lh" in diameter or better. 
and nuts or self-locking nuts are to be used to secure the bolts. 
No less than four fasteners shall be used to secure each one to 
three passenger seat and at least six fasteners shall secure 
each four to six passenger seat. 
vehicle design precludes the use of bolts, nuts and washers, an 
alternative secmwrent method may be used only if its strength 
equals or exceeds the fasteners specified in this Code. 
later section of the Code which refers to flmrs, it would 
appear that the flmr can either be 14 gauge steel or 5-ply 

to ensure structural safety and resistance to 
the event of an accident. 

k" in diameter, uniformly spaced and of Grade 5 
Bolts have to met the requinwents of SA€ Standard 

Bolts shall be equipped with flat wtal washers at 
Lock washers 

The Code states that if the 

In a 

laminated wood. Since there is no mntion of tapping or 581 

backing plates and 1%" dimter washers are used then it would 
seem that these washers are used to distribute the attahnt 
loads to the floor and not to the bus body directly. 
1278 of the code entitled Fupil's Seats it is stipulated that 
the seats have to be munted a m s s  the bus 

In section 

and not len,gi.hwise. 



There is to be a 13 in wide seat spacing for each pupil and 
the spacing of the seats, between the front of the squab of 
each seat and the rear of the squab of the seat kdiately 
ahead is to be not less than 24 in., measured in a level plane 
parallel with the centreline of the bus. 
using /i6 
plate, to sec- the seat f m s  is provided as an alternative 
to the b'' diamter bolts and nuts. 

A pmvision for 
5 I t  h t e r  self-tapping screws with a 12 gauge backing 

The Cwe states that all Schml buses constructed after 
Jan 1 1973, shall k equipped with interior protective padding 
capable of minimizing injuries from inpacts as follows:- 

1) All expsed passenger seat Mils, except the m s t  
seats , shall be padded down to seat cushion level 
and the top rail of the driver's seat shall be padded 
unless separated from passenger seating by a padded 
restmining barrier. 

2) Stanchions shall be padded to within 3" of both 
the floor and ceiling. 

3) Guard rails shall be padded f m  the bus wall to the 
farthest support. 

3.6 ECONOMIC COMSSION FOR EXROPE 

Inland Transport Comnittee. 
Working Party on RDad Ransprt. 
Group of Experts on the Construction of Vehicles. 
Group of Rapportem on Safety Provisions on Motor 
Coaches and Buses (GRSA). 
Draft Regulation: Uniform provisions concerning the 
approval of public tMnsport vehicles with regard to 
the strength of seats and anchorages. 

The history of the developwnt of this draft regulation 
is lengthy and has involved a considerable mmt of mdification 
since its original oonception. 
dmft about as 
ir. the countries of origin of the rapprteurs. 

The various alterations to the 
a result of feedback from WO& carried out 



P m q ~ ~ o ~ i  the developrwnt of the chft the o?tion of 
either static or h m i c  tests lzas i-e%atedly k e n  !mitten 
into tFle regulation. 3 e  first ste? considered x: the G?S? 
involved the strenqk, of seats and their anchorazes. 
as a semi?dm,: ghjective the Tp-tentior. of passeryers in their 
position duriy iTzt was cor,sidcred. 

?en 

The *.mmic test in m e  Propsal did not require the use 
of a mikin, instead, the 
loczted 
%?en anchored by n o m 1  
which was de=elerated from 32 2 2 Iqh such that the deceleration 
equalled 6 G f 2 C- for a ninhm period of 105 x. This foni 
of dynanic test was thou$ not to bf as manbyful as one 
usin2 an instrmmtzd ri>d.in whic'i m s m d  ckcderation levels 
at the head and torso and force levels at the knees. 

seat wa; to >e loaded b.1 weights 
in sycified recicns of the seat back. The seat was 

production rzthods on to a ?latform 

Subseouently, a dynamic test was developed to test the 
capability of the seat and its ancFloraZes to retzb an ir,Vctii,y 
occupant fmn the seat imdiately khinri, when subjected to ?. 
decelemtion of 10 G f m n  32 eh. 
deceleration 

It involvec' a specified 
envelow for the test ?latforn as shown in Fi2.3.4. 

14-1 

Tirw (nillisemnds) 
:lote: The deceleration of the test platfom should 

remin within. the hatched *-a and peal-s must not 
k outside this ;ire& for mre than a total of 5 m.sec. 

Fig. 3.4 



If the seat was a reclining seat it was stipulated that for 
the test the seat squab had to be in its mst vertical position. 

The position of the rraukm was specified and the spacing . .  

of the 
dumy touched the back of the test seat. The perfomce 
Equinmznts of the dynmic test were as follms: 

seats was required to be such that the bees of the 

1) No part of the seat or the seat muntings shall b e m  
completely detached; (does not apply to loose cushians). 

must be retained by the seat under test 2) Themarulun . .  

so that no part of the dumy, except for the head, 
Limbs and neck m y  be forward of the mst forward 
part of the seat under test, when the test is completed. 

3) There shall be no sharp edges or other protrusions 
likely to cause injq. 

'he seat squab adjusmnt system shall not be 
required to be in full wo*ing o&r after the test. 

4) 

The static tests cater for both the strength of the seat 
and its anchorqes. One test routine which was suggested 
involved four possible vehicle mvemsnts - seating orientation 
confiprations :- 

1) Fomard I'acing seats with Lhe vehicle mving forwai'ds. 
i.e. a :orce a?plied to the back of the seat s q h  in 
the forward dimction. 

Rearward facinz seats with the vehicle m v h g  forwards 
i.e. a fore applied to the front of 
(the side nornd11y in 
back) in the forward direction. 

Forward facinu seat with the vehicle mvinz backwards. 
i.e. a force qplied to the front of tie seat squab 
(the si& nodl;i fl contact xith the ?a;se,i?er's 
-26;) i.i thri rem7;rd -'irection. 

2) 
the seat squab 

contact with Eie passenzer's 

3) 



.> . . I  

4) Reward facing seat with the vehicle mving 
backwards. i.e. a force applied to the back of the 
seat squab in the direction of the back of the bus. 

The mgnitude and point of application of the static loads 
are different in each of four tests outlined above. 

TEST 1: 
A f o m  of six times half the full seat weight plus 35 kg 
is applied to a loading bar positioned 500 nun above the 
R pint of the seat and if this psiticm cannot be mt, 
then the loading bar shall be placed so that its upper 
edge is at the height of the seat back structure. 

Forward test of forward facing seats. 

TEST 2: 
A force of six t k s  half the full seat weight plw 
50 kg shall be applied to the centre of the shape 
repsenthg the back of the m&in (this shape is 
defined in the M t ) .  The fore is transmitted 
through the centre of the shape. i.e. 305 mn from pint 
R with the distance m s m d  along the reference line of 
the tnmk. 

Forward test of rearward facing seats. 

TEST 3: 
A force applied to the shape representing the shape 
of the back of the mikin, as in test 2, such that a 
bending m m n t  of 530 lbn is achieved at the H pint of 
the seat. 

Rearward test of forward f a c k  seats. 

TEST 4: 
A force applied through the loading bar, as in test 1, 
such that a bending m m n t  of 530 tlm is achieved at the 
H pint of the seat. 

Rem& test of rearward facing seats. 
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The nquirenmts of these static tests are as follows: 

'he seat shall rerrain firmly held at each anchorage 
point and the locking system s M l  nwain locked 
throughout the test. 

The adjusmt and displacement systems and -their 1- 
devices shall not hmver, be required to be in full 
working order after the tests. 

No s t r u m 1  part of the seat shall break or shm 
sharp 
to cause injuy. 

or pointed edges or other protrusions likely 

During the tests, the deflection of the seat back in 
a horizontal plane 400 inn above point R shall rot 
exceed 350 nun, relative to its original position before 
the test. 

Furthemre, the deflection of the front of the seat 
cushion in a horizontal plane must not exceed 150 nun 
relative to its wigha1 position before the test. 

Another static test mutine proposed, involved two tests. 
The first was designed to test the seat anchomges and involved lmdinp, 
the seat through an individual loading bar positioned 450 mn above 
the floor with a force of ten tirres the 
the nmkr of seating places plus 4.3 kN applied simultaneously 
to the centre of the back of each seating position and maintained 
for at least 5 seconds. 

seat weight divided by 

The second test was designed to test the strength of the 
seat structure and involved the application of a horizontal 
load of 98 N per passenger place sirmiltaneously applied centrally 
to the back of each seating position. 
back for the point of load application is not specified, although 
the draft stipulates that the load is to be increased until the 

"ne position up the seat 



work done on the seat back is eqml to or greater than 460 
Joules. Furthemre, the horizontal deflection of the seat 
back at the point of load application in the direction of the 
exerted load is not to exceed 350 m and the t k  to reach 
the mxkm WO& is not to exceed two minutes. In addition, 
the standard requiremnts of such a test are also stipulated, 
nari-ely : 

1) No part of the seat or seat muntings sfadll be- 
completely detached. 

2) Failure of the seat structure shall be permitted 
providing that the test requirments are met. 
shall be no sharp edges or other protrusions likely 
to cause injq. 

There 

3) m e  adjusbwnt and displacement system and their 
locking devices shall not, hcwever be required to 
be in full working order after the tests. 

A further set of specifications were dmwn up by the 
Hungarian Government for the purpose of ECE evaluation and 
discussion. 
ications mentioned earlier in this section and obviously the 
earlier m m n t s  and discussions between the members of the 
group of rapportem had influenced the Hmgarian proposdl . 
?here were, however, several unique pints to the Hungarian 
propsal. 
a dynamic test, a static test and a calculation method for 
three standard road accidents; Head on, rzar end and roll 
over. The aim of the dynamic tests was for the "Reproduction 
of a standard road accident". Throughout the M t  seats are 
to be tested in conjunction with seat belts and if hand holds 
are provided on the seat backs,loadings are to be added to 
mensate for standsee passengers. Seat orientation is taken 
into account in the dynamic tests and seats are tested h both 
the forward and rearward facing directions. 
a stiffness envelope that the force/deflection characteristics 

?his draft regulation was similar to the specif- 

Firstly, it mde provision for three types of tests; 

Secondly it defines 



for tk static test had to fall within. 
very similar in part to the &rim specification, although 
the Hungarian envelope involves a Ceiling load 11% m e r  
than tk American specification and does not stipulate any u h h m  
load req-t. ?he stiffness envelope is shawn h Fig.3.5. 

?his envelope is 

100 200 300 40 0 

Deflection (mn) 

Fig. 3.5 

This draft also defines the deceleration envelope of 
the dynamic test sled for both head-on and rear-end collision 
repmdm3iOn Fig.3.6. 

bead-on collision ---- rea-end cnllision 

1 

Fig. 3.6 



The requinmmts for the dynamic test of the forward 
facing seat in a head-on collision of 30 t 1 kph are: 

No structuml part of the seat shall have any 
hr=ture or sharp or pointed edge or corners 
liable to cause b d y  injury. 

seat anchorage bolts shall not fracture. 

For reclining seats, the blocking device in the 
end position shall be observed, although 
oonservation of opeMtion is not required. 

?he deformation in a horizontal plane 
longitudinally parallel with the axis of the bus 
and 400 mn above the "R" point must fall within 
the limit values of 150 mn and 350 nnn. 

tutning 

The forward defomtion of the front of the seat 
cushion must be less than 150 mn, when n-easured 
in the horizontal plane. 

. .  The deceleration msured in the mxdan 's head 
must not exceed 80 g f o r m  than 3 116. 

?he deceleration rrvasured in the manikin's thorax 
must not exceed 60 g for mre than 3 ms. 

The mximum force m s m d  in the manikin's f m  
must not exceed 7500 N. 
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For rearward facing seats conditions 1, 2 and 3 listed 
above apply and the horizontal defomtion of the seat back 400 mn 
above the 'RI point must be less than 200 mn. 

For the dynamic reconstruction of a rear end collision, the 
same r=quiremznts apply except the impact velocity is set at 
15 - + 1 kph. 

In both the head on and rear end collision reconstrzlctions, 
the impact force in the test which involve 

mrdans back (i.e. the seat is facing in the opposite direction 
to the mv-t of the test sled), the manikin s used are not 
instrmented . 

being taken on the 
. .  

Knee and head impact tests are specified with both knee and 
head f o m  being instnarented with accele-ters. 
of impact in both tests is 7 - + 0.25 ds. 
smface mughness and h d e s s  of the hpdct f o m  are specified. 
The h f t  stipulates both the knee and head impact zones. 
requirerents of these tests are: 

The veloCi~ 
The nnss, dirru?nsions, 

'he 

1) Head impact test: the measured decelemtion must 
not exceed 30 G for a period longer than 3 ns. 

2) Knee inpact test: the masured decelemtion must 
not exceed 30 G for a pried longer than 3 m. 

In this draft, there are two additional tests: the static 
rupture test and a head protection zone padding test, either of WfLich 
to date have not been cited in any other standard. 
tests 
are worded. 
padding test requires a plate of given dimnsions to be placed 
at the back of the top of the seat squab. 
this plate in a specified m e r ,  where upon the padding has to 
absorb a given mount of energy. 
the loading of the seat frme to be done in several ways, so that the 
mst adverse loading of the anchorages is achieved. 

Both of these 
difficult to understand due to the m e r  in which they 
However, it is understood that the head protection 

A force is applied to 

The static rupture test requires 



The section dealing with the verification of seat strength 
req-ts by calculation is not well defined. 
ations state that the calculations have to show that the 
requiremmts for the static and dynamic tests are met. It 
further states that the calculation techniques may only be 
used, when they take into consideration the following criteris: 

The specific- 

1) Plastic strain properties of the seat structure, 
anchorages and energy absorbing elemnts (if any). 

2) Kinetics of passenger mvemnts. 

Furthemre, the calculation techniques have to be capable 
of describing the process "correctly" and they have to be 
previously proven by experkt. 

3.7 STfiJDARDS COI.JCEFJflNG SEAT DIMEllSIONS AND SPACING 

3.7.1 Introduction 

Apart from strength requkmmts and the ability of a 
bus seat to be able to retain passengers in a mllision 
situation in a safe m e r ,  there is the need to ensure 
that the seats are of adequate size and properly spaced. 
Leaving aside the aspects of amfort, the dinensions and 
spacing of the seats can affect the way in which the seat 
performs in an accident situation. 
contact will in part depend on the dimensions of the seat. 
Similarly, the relative magnitudes of bcdj forces and 
decelerations will be altered by the physical size of the 
seat due to the seats influence on body phase m v m t  
mntrol. The spacing of the seats directly influences 
the velocity of impact of the passenger on the back of 
the seat. 
longer the interval of t k  between the collision of the 
vehicle and the W c t  of the passenger on the seat. 
Consequently, the greater the relative velout!] between 
the bus and the passenger due to the fxt that during the 

The pints of hxly 

m e  pater the spacing between the seats, the 
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tjn-e interval the bus has been decelerating while the 
passenger has not. 

3.7.2 

Fig.3.7 and Table 3.1 ere presented in a report by Lewig9 
and ampre the dinr?nsional regulations set dswn in 
regulation 36 of the Econcwic Cannission for Europe to 
the preferred seating dinwsions of a sample of bus 
passengers. 'ho hmdred elderly subjects were used 
as the sample of bus passengers. 

Gnmibus Seating Standards - Dim=nsiOns 

Fig. 3.7 

TABLE 3.1 

D-sion Body D h s i o n  Preferable Acc'ble ECE 36(md 
(mn) (m) 

M Seat clearanoe Buttock to h e  plus 720 6 80 680 
N Seat depth Buttocktopopliteal 400 380 350 

depth 420 430 400 
0 Seat height Popliteal height 432 400- 400- 

460 500 
P Seat to fwtsbxd 5tfiprcentile MAX 200 100-250 - 

popliteal hei@t 
s Back to back 95th percentile 700 600 600 

T Back to back 2xbuttock to knee 1460 1360 1300 
beeroom clear Buttock t o h e  

clearance Plus 
U Clearance of 680 - Sat depth 310 280 2 80 
front seat to 
front of bus 



The reason for using elderly subjects, same of whm were 
disabled, was as a result of an investigation by b k s  et all 
which showed that there was an extrecely b.i& proportion of 
bus passenger injuries sustained by the elderly f m l e  
pooulation. 
result of non-collision situations, i.e. either as a result 
of an emxrgency action, collision avoidance of a fall. See 
Figs. 3.8 and 3.9 

Furthemre, mst of these injuries were as a 

Females 

0 Males 
145 

Males age unreported 
Females age unreportd - 93 
Others 

0-9 10-19 20-29 30-39 40-39 50-59 60-69 70-79 
AGE GROUP 

Fig. 3.8 Peprted A2e of Passengeers Injured 
in :Ion-Collision or Ilon-en~rgency Stop 
Accidents. (Bmks et all) 
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CRUISING 
. . .. .., . f :  , , . . :  . 421 (28%) 

. . I .  

306 Im%) 

193113%) 

U Falls 
101 (7%) 

collisions 

50 13%) 
BUS ACTION 

'31 (2%) 
(THE FINAL MOMENT) AT BUSSTOP 

(THE FINAL MOMENT) FOR TRAFFIC REASONS 

22 (1%) 
IN TRAFFIC 

$17 (1%) 

REVERSING OR OTHER MANOEUVRES 

Fig. 3.9 Passenger Casualties by Bus Action 
and Accident Type. 
 rooks et aL) 
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Cushion 
Height 

r 

If Figs.3.7 and Table 3.1 are compared with Fig.3.10 and 
Table 3.2 which are the equivalent seat dimension standards 
set down by the TRB of Victoria, it can be seen that the 
-ions are very similar. Fwthemwre, the TRB 
regulations rrake particular note about seat spacing 
which is to be 660 mn and "msasured horizontally on the 
centreline of the seating position at the level of the 
highest point of the seat cushion on the seat centreline". 

P 

Fig.3.10 OrmLibus Seating Stanch?& Dimensions 

This figme of 660 mn can be directly ccsnpared to dinwsion 
M in Fig.3.7. 
marginally smller than the ECE's. 
particular note concerning cushion height, especially in 
respect to the effect of wheel arches. 
however, the height of the top of the seat cushion from the 
flmr is not to exceed 500 mn nor be less than 380 nun for 
smll omnibuses or 400 mn for large onmibuses. 
dinwsions are directly comparable to dirrension 0 in 
Fig.3.7. According to the bus passenger sample in Brooks 
et 61, the seat cushion height of 380 m is on the border 

It can be seen that the TRB dimension is 
The TRB makes a 

Essentially, 

These 
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of being unacceptable. 
similar, with the exception of the preferred minimUn 
distance be% 400 mn as opposed to the 350 mn minimm 
quoted in both the TRB and ECE specification. The bus 
passenger sample preferred a seat back height of 
between 432 mn and 457 mn for a transit type seat. 

The seat cushion depths are 

TABLE 3.2 

Cushion Cushion Cushion Back Back 
Width mickess Height ?hichess 
Ammin. Bmnmh. C m n h .  Drnnndn. Emmin. 

utility 800 350 - 420 - 
(400) 

Standard 810 380 100 5 30 40 
(400) 

Cormnrter 830 400 10 0 600 50 
(410) 75" 

coach 840 400 100 640 50 
(415) 90" 

L W  860 420 110 640 50 
Type (425) 90" 

L W  86 0 42 0 110 6 80 50 
Head Rest (425) 902 
Type 

( 1 For single seats * For seats without hard backed cushions, incorporating 
sore form of spring suspension. 
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A ccanpaMble seat in the range of seats stipulated in 
the Victorian regulations would be either the utility or 
standard seat which exhibit specified seat back heights 
of 420 mn and 530 mn respectively. The minimum seat 
back height quoted in the ECE draft regulation paper 
of 1974 was 650 mn. 
minirmrm seat back height allowable under the m ' s  
specifications of 420 m. In a study by Se- et a16 
where a series of head-on pear end and side impact bus 
allisions were performd using 39 fully i n smnted 
mikins and photographic units, the conclusion was 
reached that a seatback heiat of less than 28 inches 
(711.2mn) greatly increased the chances of injmy during 
schwl bus accidents. 
CCsmDnly encountered seat back height in s b l  buses 
ranged from 18 inches (457 mn) to 20 inches (508 mn). 

?his is cco?Sidedly mre than the 

Severy et al noted that the mst 

The seat dkmsions stipulated in the proposed requimts 
for the strength of coach seats and their anchorages in 
public service vehicles as quoted by kHu& et alX is as 
follm : 

1) The top of the seat when rrcasured on the centreline 
is to be at least 23" (584 mn) vertically above a 
point on the undepressed seat cushion and 2" (51m) 
forward of the squab trim line. 

2 )  The spacing of the seats is to be such that the 
distance between the front of the seat squab of one 
seat and the back of the seat squab of the seat 
kdiately in front of the first seat is 24" (610m). 

3.7.3 Conrents on Seat Dknsions and Spacing. 

It would appear that therr are two dimensions which are 
of prin-e iqmrtance with regard to the mashworthiness 
of bus seats and they are: 



94 

1) The height of the seat back. 

2) The distance between seats. 

Once dllaianczs have been made for the diffemnt methods 
of muring certain seat w t e r s  from one standwd to 
amther, it is smp5sing hcw similar mst of the 
dimensims are. 

kom the observatim of the authors, then appears to 
be a less definite mifonn idea of what the desired seat 
back height should be. fndeed, it would appear that 
this dhnsion in saw cases, has been omitted or given 
a seemingly low priority, yet it has been established as 
a mjor factor concerning passenger injury'. 

As far as passenger protection is concerned, the TRB 
has extended its specifications and in so doing, has 
hanned exposed bars above or behind the seat back except 
whem the bar form amer ?andgrips on ccmrmrter seats. 

3.8 OBSERVATIONS ON SZWMRSX SURVEYED 

3.8.1 Strengh of Seats and their Anchonages 

Most of the standanis that have been studied have the 
option of either static or dynamic testing. 
influencing factor concerning the adoption of any fonn 
of bus seat testhg program for Australia is the cost of 
such a program, especially where a dynamic test is 
conoerned, not only is t h e  the need for equipm?nt to 
simulate a collision, but in addition, there is the 
rq-d n~asuring and recording appaMtus which inclucks 
several specialized photopphic mits, force trmsducers , 
aoceleromters and several instmmnted nnnikins. 

A nnjor 

Such 
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I, 

a testing facility would be e-ive but nevertheless 
capable of reconstructing a life-like accident situation, 
with the capability of the crashworthiness of the seat 
and its anchorages. 
would be realistidly obtained without the need to make 
any assmptions other than the deceleration profile of 
the test sled. 

It would be possible to establish a mch siqler dynamic 
test which would rerely load the seat in a dynamic mde 
by mans of an minstmnted dumry. The result of the 
test muld be subject to the interpEtation by a qualified 
person of the damge to the dmny and the seat on completion 
of the test. 
would also be simpler and could be based on a pendulum 
&si@ as in Fig.3.11. 
rems of winching the load to the required height. 

Fm-themre, the injury severity 

The mckinery necessary for such a test-bed 

Such a device requires a simple 

Fig. 3.11 
~~ ~~ 
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The energy is canverted fran potential into kinetic 
energy upon release of the pendulum. 
form of the test bed depends upm the chaMcteristics 
of the object struck by the pendulum. 

and pbtogmphic or &mn- why an instmrmted nwrulun 
to@c equipmat could not be used to stdy the hjq 
type and severity inflicted during a collision situation. 

The deceleration 

There is no peason 
. .  

If a seat is fitted with a passenger assist device, 
either in the form of a handle m the back of the seat 
or a stanchion attached to the top of the seat hack, 
then it is quite likely that in the event of an accident, 
this will create an additional lcading on the seat. 
the w e  of a standee us+ a passenger assist, it is 
canceivable that up to 160% of a passengers body Weight 
could be transferred through the passenger assist to 
the seat -17. 'Ibis is an additim dynamic loading 
of a significant &tude WfLich has not been considered 
in any of the existing stan-, although a Hmgarian 
dmft prepared for the ECE did take it into accomt. 

In 

?he concept of dynan6c head f o m  inpact on a specified 
region of the seat back appears to be a simple m t h d  of 
testing, that particular area of the seat, especially as 
it is of pr- importance with regard to injury type and 
severity. 
high percentage (approxirrately one third of all injuries 
are to the head region4) in bus collisions. 
instead of a fully instrmmted manikin , an h s m t e d  
head form could be used to impact the seat back. 
it would require careful consideration as to the velocity 
direction and point of impact. 
regulation of this nature would need to define the 'head 
protection" zme carefully. 

It needs to be nmmkered that there is a 

Consequently, 

However, 

Furthemre, any future 



It needs to be restated that the f m e r  m v e d  from a 
fully ins-ted dynamic sled test, the mre rerrote 
the test is from a real collision situ3tion. As such, 
interpretation of the results is necessary in order to 
correlate the 1aboMtor)l data to a real life accident 
situation. 'Ihus as the tests b e m  shpler and less 
expensive and easier to set-up and perform, they also 
becorn mre difficult to comprehensively plan. 
example, with the fully insmnted d i n  dynamic 
sled test, the only decision necessary is the initial 
sped of impact and the consequential deceleration profile. 
The results of such a test need relatively little inter- 
pretation and are ccsnplete as they give pints of bodily 
mtact, bodily mverrent in a real tire dorrrrin, bdy f m e s  
and decelerations which will lead to an injury severity 
score. 
manic inpact test, assqtions concerning where head 
Contact will OCCUT, and at what velocity and direction 
(both could well be difficult as a result of body "whipping"). 
Not only do these assqtions need to be made, but their 
validity is difficult to ascertain. 
m y  undergo plastic defonmtion due to bee penetration 
and thus the head impact zone could pssibly be in a 
completely different position. 
m y  be rebounding after the torso has elastically defomd 
it, and as this occurs, the head is flicked forward, 
producing an abnomlly high impact velocity involving an 
unusual force direction. 
factors resulting in invalid assurptims be- higher as 
the complexity of the +act and mvement of a human form 
on to the back of a seat back is truly un&rstmd. Thus, 
the step in test procedure fmm dynamic to static testing 
is again becaning mre m t e  from the accident situation. 

For 

If hcwewr, we consider the hst-mmmted head form 

For emnple, the seat 

In sore cases, the seat 

%e possibilities of OOmpXicating 



The mre cqrehensive static tests involve both a bee 
and head form loading and require that the force/deflection 
plot falls within a specified envelope. 
application of the loads and the form of envelope require 
exhausting evaluation. 
of the stiffness envelope determine in effect, the injuty 
inflicting potential of the seat. 
as to whether the hee form load is going to be sustained 
dwing the head form loading or allowed to relax, and if 
so, in what manner is required in order to standardize 
the test procedm. 

?he position of 

The values of force and deflection 

Furthemre, a decision 

Such a static test is superior to a single f o m  application 
test in evaluating the cMshworthiness of a bus seat, 
particularly if it induces specifications for seat back 
padding for the knee and head regions. 
of tests, hvolving a single loading bar positioned on 
the seat back at a specified height and either loaded to 
a limit load or displa-nt or until a quoted energy 
level had been reached, is satisfactory for conparison 
of seats and for dete-ing a seat's weakness and mode of 
failure. However, such a test is too far m v e d  from 
the accident situation to be of use in evaluating accurately 
the crashworthiness and injlny potential of a seat. In 
any fom of seat test, whether static or dynamic, there 
need to be several general conditions met, and they are: 

?he m s t  simple 

1) m t  a n  anchorage points are to be intact on mnpletion 
of the test. 

2) That there will be no failure of the seat that results 
in any sharp edges or protrusion likely to inflict 
injury. 



3) That all compnents of the seat remain intact and 
attached to the seat (with the possible exception 
of lmse soft cushions). 

It would appear that, for the mjor part, the existing 
standards specify the strength requirements for both the 
seat and its anchorages. This is to be c,mtrasted with 
the TRB's specifications which concern anchorages alone 
and specify:- 

I, 

At least 4 x 5/16 

kdy builders are encouraged to fit adequate seat 
munting rails in production. If bolts are tapped 
into these rails, the thichess should be consistent 
with the bolts for strength. 4 thick for m e  

thread and %6" thick for fine thread, or m w i c  equivalent. 

%ne manufacturers use 'r" thick Mils in which case 
a lock nut is required if the bolt is tapped through 
the rail or a nut and lock washer if a clearance 
hole is drilled in the rail. 

Where a suitable munting rail is not fitted or does 
not line up with 
requirerrent is for at least 5 0 m  x 50 mn x 3 mn plates 
or equivalent for each bolt. 

high tensile bolts, or =-h.ic equivalent. 

3 11 

the seat muntings, a minimm 

These regulations dictate to the manufacturers, what is 
required. 
specification m y  b e m  unsuitable. 
pedestal leg concept is extended then the 
bolts and the backing and tapping plates would need to 
bec0n-e larger 
de-ed,dw to the increased anchorages force as a 
result of the decreasing moment arm. With the type of 
legislation bwlved i.1 the ECE or hrican regulation 
such design changes are of little conseqmce as the test 
is being carried out on an entire seat and seat anchorage 
system. Nevertheless, if the TRB's specification did not 
exist the present n-ethods of seat anchorage would not be 

Hmver, due to changing seat design, these 
For example, if the 

size of the 

as the distance between the bolt holes 



standardized and the possibiiity of unsafe seat anchorages 
m y  exist. 
bus and the fact that the TRB's guidelines of bus seat 
anchorages have not been in existence for longer than 
this length of t k ,  there are buses in operation with 
seat anchorage system which m y  possibly fall a long 
way short of the present regulations. Sow of the 
anchorage rnethods used in N.S.W. show that specifications 
similar to the W ' s  may be necessary. 
admmt pints of all the standards studied, is that 
the test bed and the method of anchorage is to be 
identical to that used in production. 
specifiations ain~ to achieve this goal. 

Indeed, due to the no& service life of a 

One of the mst 

%us the F5's 

3.8.2 Seat dimensions and spacing 

The dirrwsions of a seat not only affect the quality and 
cwnfort of the ride but can influence the mshmrthiness 
of the seat, as can the spacing between the seats. 
iqcortant, however is the influence that seat orientation 
has on the safety aspects of the seat. 
accepted both in the aeronautical and autmtive industriesz7 
that greater passenger protection is potentially available 
in a rear facing seat than a forward facing seat in the 
event of forward impact. 
such that the mjor proportion of them involve frontal 
collisions as is evident on inspection of the road user 
mv-t coding of the bus accidents on the police redords. 
This observation has also been shown by J9hnson3, where a 
study of 391 bus accidents resulted in the following 
breakdown of collision accidents. 
facing the rear of the bus and unable to see where they 
xe going is not well accepted, as indicated in a survey 
by Brooks2B who tested the reaction of 200 elderly bus 
patrons and also in later work perfomd by the Transport 
and bad Research Laboratory (TPBL). 

More 

It is generally 

The nature of bus accidents is 

The mncept of passengers 



TABLE 3.3 Collision Accident BreakdaJn* 

Head on collision with vehicle or stationary 
object 108 27 
Offside sideswipe with vehicle or stationary 

Nearside sideswipe with vehicle or stationary 
object 7 14 
Front of bus into rear of other vehicle 56 12 
Front of other vehicle intc rear of bus 48 5 
Bus into side of other vehicle 18 2 
kont of other vehicle into side of bus 30 8 
mtiple CoUisions with vehicles or 

Unclassified 87 22 

No % 

object 18 5 

stationary objects 19 5 

-- 
391 100% 

* excluhg collisions with pedestrians or pedal cyclists 
Table 3.4 shows that the elderly population least preferred 
the rearward facing seat, while the overall sample of bus 
patmns ranked the rearward facing seat third. 

TABLE 3.4 

I.. Problem encountered with buses (all subjects) 
Getting into bus seats 508 mtioned it as a problem 
M o r t  of bus seats 33% mentioned it as a problem 
Getting out of bus seats 514 mentioned it as a problem 

2. Preferred seat height 432 mm - 457 mn 
3. Freferred footstool height 888 preferred 203mnfwtstool 

4. Seat type ccknparison 
to a 254 nun one. 

Rank preference 
1st 

Rear facing 2nd 
3rd 
4th 
5th 

rank prefer. Mnk prefer. 

Front facing 26.5 in (760 nun) spacing 

h n t  facing 2 4 h  (610mn) spacing 
S5de facing 8in (2OOmn) footstool 
Side facing loin (255m) footstool 

5. Seat position % rating All subjects Elderly 

Eomard facing 91 1 1 
Rearward facing 5 3 4 
Side facing at h t  
of bus 3 2 2 
Side facing at rear 
of bus 0 4 3 



It is also wrthwhile mmnenting, at this stage, on side 
facing seats, especially as they were ranked second on 
the priority list for both the elderly and overall bus 
population sample. In a paper by , it is noted 
that in cdlifornian Schcol Buses, side facing seats 
not permitted because "the h m  body has a min- impact 
tolerance to a sideways %act. 
capabilities of a side facing seat to retain passengers 
is distinctly less than in either a forward or a rearward 

Furthemre, the 

facing seat. 

?here is atendency to fit as m y  seats as possible into 
ccarrmercial. buses with the rationale possibly being the 
mre paying passengers the better. ?his, however, has 
the marked hazard of making entering and leavine, the seat 
difficult as it can lead to stmbling and tripping, 
particularly in the case of elderly passengers. In a 
paper by Brooks2*, it was found that 50% of the test 
population had difficulty getting into and out of their 
seats, because of the cMmped spacing between seats. 
In a paper written by it was observed that 
large seat spacing presented a problem to scane elderly 
passengers because they felt insecme, pr-ily due to 
the greater distance necessary to reach for the gr& rail 
on the seat in front. 
b z  m e n  Applied Researrh Institute16, it was established 
that getting into or out of bus seats is not very hazardous 
ccBnpared with m v h g  tcwards the front of the bus or mving 
to the rear of the bus and missing a passenger assist 
device. 

However, in a pre-d paper by the 

Nevertheless, there is a case on a passenger retention/ 
inpact basis for the minimization of seat spacing. 
the event of a collision, the impact velocity of the 
passenger on the hack of the seat in front of him is 
reduced as the distance between him and the seat decreases. 
This m y  not be the case in the event of the passengers 
upper body being shipped dmwards over a low backed- 
seat. 

In 

However, pruvided that the seat back is a suitably 



padded high back seat, then the ampacting of seats should 
result in the minimization of injury and an increase in 
passenger retention in the event of an accident. 

.Saw h s i o n s  such as cushion height, depth and thickness 
and seat width are minly concerned with passenger comfort, 
howewr, there are other seat dinwsions which an? not only 
d o r t  related, but have a significant role in the crash- 
worthiness of the seat. These dimensions pre dcmLinantly 
deal with the seat back and specifically relate to the 
height and angle of the seat squab. ?he point of contact 
on the head is quite dnastically altered by the height of 
the seat back. 
the upper forehead region down to the thoracic area. 
the event of an accident, it is CCrmDn for low back seats 
to produce a whipping effect of the upper body such that 
the head is brought dcwn upon the top of the seat back 
with considemble force. 
occur with hi& back seats because it is found that the 
back of the seat sqwb is mch closer to the passengers 
head and is at such a height that the head makes contact 
with the back of the upper section of the seat back. Thus 
with high back seats,the impact load is distributed over 
a mch geter surface area and therefore W z e s  the 
chance of bone fracture. 
angle influences the crashworthiness of the seat in two 
ways. Firstly, in a similar m e r  as described above, 
the nure reclined the seat is, the m exposed the top 
of the seat back is to head/thoracic %-pact upon collision. 

Indeed the contact point can m g e  f m  
In 

Such a condition is unlikely to 

The paMmter of seat squab 

'Ihe consequence of this increased expsure is a reduction 
in contact surface area, which leads to localized force 
application and on increase in the possibility of bone 
fra.ctme and hi& i n j q  severity. 
the seat squab is inclined tca far forwmd, the distance 

If on the other hand, 



between head and seat back is increased to such an extent 
that the tine delay between the collision of the bus and 
the impact of the head on the seat back is so great, that 
the velocity of heat h p c t  is greatly &creased, again 
increasing the risk of injury. The second way ir. which 
the seat s q d  angle c3n influence the injury potential 
of a high backed seat, is by rmximizing the retaining 
capacity of the passenger in a "survival space". ?he 
rrmns of achieving this conkinwnt is by striving to 
minimize the tim delay between contact of the knees and 
head with the sat back. The simultaneous or near 
simultaneous h p c t  of the h.ees, chest and heat effectively 
conhols the relative mtion of parts of the body and mkes 
subsequent bodily displa-t continuous with relatively 
low degrees of isolated body decelemtion. 

; , ;CONCLUSION 

There is one very important pint that needs 
to be stressed. 
test, t h e  is absolutely no need for specifying any seat 
b s i o n s ,  seat spacing or any anchorage specifications 
because if: 

. .  In a properly thought out dynamic/muukul 

has been adequately retained and a) Themrukm . .  

b) the head deceleration and hee/femur forces are 
within specified limits and 

c) the seat has rained securely anchored to the 
floor and 

d) none of the seat n"s have failed leaving sharp 
edges or protrusions likely to cause injury, 

then the seat/anclmrage system has worked satisfactorily. 
The only factor of concern is whether it will work with 
the sdme degree of satisfaction once it has been in 
o m t i o n  for ten to fifteen years. 
necessary to cope with this question are, skill, experience 
and the ability to derstand the demmds that are put 
upon semicing bus seats. 

The qualities 
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SURVEY OF B E  SEAT INWSTB 

The following lists the aims of visiting bus bodybuilders and 
seat mufacizw?ers. 

(a) To i n w u c e  the investigators and the project to the 
bus and coach building industry. 

(b) To survey the variety and quality of seats, presently 
being m m u f a m e d  and installed, taking into special 
account the S~TT@-I, rigidity and any potential injury 
inflicting aspects of design and hazardous dspects of its 
use in operation and in tlae event of various types of 
accidents. 

(c) To view and record the various mthods of seat anchorage 
to b-th flm, wall an3 apssenger assist stanchions. 

(d) To question leading designers as to the trends in bus 
seat mufactme and design. 

(e) To collect drawings of seats and their methods of 
anchorage together with samples of fasteners. 

(f) To listen to case studies related by senior engineers 
involving failure of seats and seat anchorages which 
have 0ccWTed due to accidents, vandalism and mmml 
-king operation. 

To listen to senior mulagement's views of State by State 
regulations of seat and seat ancharageS. 

(g) 

(h) To study the various mtkb of consmtion of buses 
and coaches, with particular reference to the overall 
strength and stiffness of the sW'uctwx, in particular, 
the walls/rcmf and floor. 

(i) To get an overview of the work that is being done in the 
testing and development of bus and coaches. 

(j) To obtain an idea of the requirements that a bus proprietor 
damn& from a bus and the reasons for these. 



(k) To impress upon the industry, that the work being 
undertaken is in the best interests of the industry. 
To ensure that they felt h e  to contact us on any 
aswct of bus and coach safety, 
contact us as smn as possible in the event of a 
serious accident. 

we requested them to 

4.2 CLASSIF'ICATION OF SEATS 

4.2.1 Consmction Methods. 

In Aust~alia, where the total wlurne of bus seats manufactured 
is smdl and the variety of seats quite substantial, the 
introduction of capital intensive processes in the construction 
of bus seats is financially unrealistic. 
mnfmctmrs tend to customize the seats of particular buses 
to the proprietors specifications, so that there is no true 
standard seat mufactured by that capmy. 
problem and keeps the manufacture of b m  seats highly labour 
intensive. There are no injection muldings or high degrees 
of automtion and there has only recently developed a trend 
towards fibreglass seat back components. 
mufacture is largely; 
either bending or light pressing 'bnirto  required dqe and 
then welding the components while held in a jig. 
are of a cmch style, they will have sprung cushions and backs, 
using either rubber straps clipped to the f r m  or coil spring; 
in conjunction with paper covered wire, otherwise the f b w s  
are likely to have m i n e  ply bard secured to them. These 
boards are then used as the basis for tr- up the seat, 
with a 
coach seats, the shaping and construction of trimning is mre 
elaborate, as sections of different density foarrs are glued 
together in order to give support where it Is required, yet 
mmining soft for long distance *vel. 

The rretliod of attachmmt of the plymod backing boards, used 
in schml and route bus seats is often by welding securing 
tabs to the seat f r m  and then fasteningtheboard to the 
tabs by self tappers. 

S m  bus seat 

This adds to the 

Thus the mthod of 
cutting lengths of steel tube to size, 

If the seats 

foam pad and a vinyl covering. In the trhrhg Of 
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Mxt of the school and mute bus seats use 1" 6 tubing. 
is mild steel, the tube wdll thickness is usually 16 SWG, and if 
it si stainless steel, the tube wall thickness is reduced to 81 SWG. 
Unfortmtely a combination of both metric and inperid mits is used 
in the industry. 

If it 

With coach seats, the seat cushion f r m  is often nnde from mild 
steel 1" square tubing with a jlall thickness of 16 SWG. 
rectangular tube is orientated so that the larger dimensim runs 
parallel with the longitudinal azis of the bus. The floor munthg 
plate, which is welded to the legs of the seat and is the mans of 
securing the seat to the floor and the w a Y  mmthg bracket, which 
is welded to the side of tlae seat and is the 
seat to #e wall of the bus, is nanmlly $rm thick mild steel and 
2nm thick if it is stainless steel. 

The 

of securing the 

4.2.3. Design Concepts in Australia 

(a) Variety of k g  Used. In the past, the legs that have been 
used to support the aisle side of the coach seats have 
been cast, (photo 4.1) with the feet being sepwated by 
a distance of h u t  300 mn with one bolt securing each 
foot to the floor. 
cast leg with a single pedestal fabricated f m  stainless 
steel sheet (Photo 4.2). The distmce between the 
securing bolts has been sigmificantly reduced frcnn the 
figure of 300 mn to &ut 180 mn. 
of this Wication are: reduction of cost; easier 
cleaning ard less ctnnce of passengers tripping over the 
legs; however, it also has the de*-tal effect of 
increasing the load on the anchzrage bolts thereby 
increasing the risk of anchorage failure. 

The current trerad is to replace this 

The beneficial effects 

In oontrast, -sit and route bus seats and seat legs 
have permined essentially unchanged. The legs consist 
of two vertical stainless steel tubes which are tethered 
together at thair base by a stainless steel plate, which 
is wAded to the legs and p v i d e s  the anckmge holes for 



F'hotcgmph 4.1. 
exhibits four bolt holes; 
the flmr and two to fasten to the seat f r m .  

An early bolt-on seat leg, which 
tm to attach the legs to 

Photograph 4.2. 
in mst coach seats. Note four widely spaced bolt holes 
to allow attachrrpnt to the seat f r m  and hopefully provide 
laterdl stiffness over the early tm bo17 system. 

A pedestal seat leg which is n m  c m n  



the bolts to sec- the 5eat to the floor (Photo.4.3). 
Occasionally, tabs are welded to the bottom of the steel 
tube legs, thus providing the m s  of fastening the seat 
to the 
between the two tube legs. 'here cheaper standard 
seats which use mild steel tubing in place of the 
stainless steel but apart f m  the material used, the 
ovaall gemtry and design is unchanged although it is 
c m m n  for a thicker walled tube to be used when mild 
steel is employed. 

floor, instead of using a section of flat bar 

(b) Variety of Seat F r m s .  Again it is necessary to 
discriminate between mach seats and route transit type 
bus seats. Coach seats, whether they ax reclining or not, 
have support cushion and squab f r m s  which arr often 
constructed from square or rectangular section tubing. 
Both cushion and squab frarres have some form of springing 
either by mans of Firelli rubber stMps of Rilrmflex 
with springs and paper covered w h  (photo 4.4). The 
cushion frame is bolted to the legs by four bolts, usually 
two at the front and two at the back. 
having two at either end is supposedly to build in latend 
rigidity which, when coupled to a suitable floor and wall 
rrounting system stiffens the side wall of the bus. In 
effect, the seat is being used as a stressing or bracing 
member in the lateral dirrction. In the past, seat legs 
only acmrrmPdated two bolts to effect the attacturent of 
the seat fram (photo.4.1). However, the developrent of 
seat legs has been such that the n h r  of fasteners 
attaching the legs to the f m  has increased to three and 
is m a m m n l y  four (Photo's 4.5, 4.6 E 4.2). In this way 
the lateral stiffness of the seat is believed to have 
been increased. Another important aspect to note is that 
the squab f-s, two to each seat cushion f?aw ape 
independently attached. 
the fixed angle of the seat back on non-reclining coach 
seats is to have both seat squabs pivoted at their bases, 
(Photo.4.7) in the saw m e r  as is accepted for reclining 
seats. However, instead of installing a recliningrrechanism 
a s+le pin bolted to the m rest (Photo.4.8) and slotted 
jnb a bk of* squab &ure lcdcs the seat back in place. 

The p w s e  of 

A mmrrpn mans of positioning 

. 



, i 

Photo& 4.3 A typical mute bus seat leg/frme 
amangemnt. 
attxhmnt tabs welded to the base of the feet, mther 
than a continuous strip &g between the legs. 

M i k e  this e-le scm seats have separate 

Photograph 4.4 A m e  
i n m t a l  seat back 
reclining coach seat. TI 
pivoting point of the s( 
back, together wiU~ the 
reclining mchanism is 
shown. 
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photograph 4.5. 
photo.4.1 which exhibits a wider base of attachment to the 
seat f- for the plnpose of providing lateral stiffness. 

A later seat leg from the one sham in 

photogmph 4.6. 
gmd example of the wick base bolting of the legs to the 
seat f m .  lke foot rest attachment point can be seen on 
the riat leg. 

A current cast ooach seat leg which is a 
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Photograph 4.7. A fixed back OM& seat which has pivoting 
seat backs that are locked into position by a pin bolted to 
the top of the m rest. Note also the foot rests and widely 
spaced bolt positions of the pedestal leg attachrent to the 
seat frame. 

photograph 4.8. 
photo.4.7. Both the position of the pivot point for the 
seat squab and the retaining pin can be seen. Note the 
single bolt holding the pin. 

This is the armrest fitted to the seat in 



lhis rrrethod mans that in the case of an accident, or 
if the seats are abused and the arm rests are w e d ,  
the s q d  m y  be free to collapse. 
appear to be particularly strong and is only secured to 
the arm rest by one bolt (Photo.4.8). 
lwse or broke, the squab would m t  likely collapse. 

bst coach seats have an optional tubular stainless steel 
foot-rest at the back of each seat for the confort of the 
passengers kdiately behind (photo.4.7). 
rests can be pivoted upwards so as to allm a mre amfor- 
table position for resting with the legs extended. 
the event of an accident however, such features may create 
possible hazards for the feet of passengers. 

%E of the coach seats being mufachred have a high 
density closed-cell foam covering the back of the head 
rest whose purpose is to absorb the kinetic energy of the 
impacting passenger frmn the seat behind and is aimed at 
mininizing the severity of injury in the event of an 
accident. 

The pin itself does not 

Again if the bolt cam 

These fmt- 

In 

If we now consider route bus seats , we will see that they 
a n  built and designed to be sinple, cheap and functional 
(which effectively means tough enough to take a considerable 
m u n t  of vandalism). 
circular closs section stainless steel, (Pkto. 4.9) although 
there are a nmher of mild steel f h m s  and in some instances, 
the &ination of mild steel and stainless steel is used 
8hoto.4.10). 
stainless steel is appealing as is the cost saving of mild 
steel. 
and consistent is the joint welding of the two types of 
steel, especially consickring the fact that s c m ~  of the 
locations where the two tubes are joined m y  be highly 
stressed? 
its seat tack grab-rdi.1 bar is nut alluded, although it 
is pemitted in other states. 
currently fitted to route buses in Victoria. 

They are normally constructed fkm 

In this latter Etiwd, the appearance of 

The question needs to be asked hmever, hcw successful 

In Victoria, the typical mute bus f r m  with 

A "roll-top" seat is 



F’hotogmph 4.9. A typical stainless steel mute bus seat. 

Photogmph 4.10. The joining of the sections of stainless 
steel and mild steel can be seen, as can the wall rmunting 
bracket which in this case uses three fasteners to secure 
it to the wall 



Effectively, this m s  that the grab bar has been 
covered and padded h as an attempt to prevent injuries, 
(hOto.4.11). 

(c) Seat Trimning. The trirruning of coach seats is fairly 
standardized with an individual contoured cushion and 
squab for each passenger. 
differing densities a~ used in order to develop firm and 
soft sections in both cushion and squab, thus giving both 
omfort and support. 
used, with large use of mterial COME. 
is being used and has the added advantage of being flm 
retardant. There has been an interest sham within the 
ma& industry to use both flame retardant f- and 
fabrics in the tr%g of seats. 

Often a variety of foam of 

A wide variety of coverings are 
Wool blend cloth 

Unlike coach seats, transit and mute bus seats have no 
form of spring or suspension system directly attached to 
the frarre, instead the t r e g  is built on pl-d which 
is then fastened to the f m .  
padding provided on the plywood is not very thick, 
particularly in the squab, (Photo.4.12). 
application, it is irrpxTantthat such seats a e  of robust 
construction, nevertheless, the barrier that a passenger 
faces in the event of an acudent,is not amduuve to the 
minimization of injury (Photo.4.13). 
at the top, there is the grabrail a m s s  the top of mst 
mute and transit bus seats (outside Victoria;5 then usually 
about 50 mn or so klcw there is a stainless steel channel 
securing a padded board which acts as the squab. 
these horizontal members are likely to be contacted by 
the headneck area of a prjmry schml child and mre 
likely to be contacted b:J the neck/chest area in the case 
of an adult. 
is potentially dangerous due to the tight-radius edges and 
the rigidity of the structure, increasing the chance of 
bone fracture. 

In scare instances, the 

Due to their 

For example, starting 

Both of 

In the case of the channel section, impact 



Photograph 4.U. An example 
of the roll-top seat. Note 
the increased height of the 
middle seat and the extra 
stiffening tube running 
between the legs. tabs, 
instead of one flat plate 
a~ welded to the seat legs 
to allow anchorage to the 
floor. 

photograph 4.12. A route 
bus seat e*iting a 
thinly padded seat back. 



?he backing board for the squab itself is a relatively 
hard, rigid mmter which could cause injury to the bee 
and f w  in a collision. Most coverings for mute bus 
seats are vinyl, although there are s a w  which have been 
t r k d  in a heavy duty ribbed material s X l a r  to 
industrial C a p t .  

Both the new buses for Brisbane and the recently built 
buses for the Sydney transit authority employ interesting 
features (photo.4.14). 
designed pedestal leg, roll top seats; stanchions attached 
to every seat d, enswing adequate and effective 
passenger assists, stop buttons on each stanchion; 
rearward facing seats; 
with adequate grab-rails. 

Foints of interest are a newly 

sore 
low step heights and wide doorways 

4.2.4 

A considerable m u n t  of work has been done in America, the 
U.K. and Europe, on safety seats which are energy absorbing 
and control the mvenwt of the passenger with particular 
enrphasis on protecting the head, neck, chest and bee regions. 
S a  fibreglass mulded seats have been produced overseas, 
however they have not been accepted into the hdus-hy in 
Aus-ia. This is due, perhaps, to the large tooling cat which 
is inherent in such a process. Wulded seats have the advantage 
of being robust and particularly resistant to acts of vandalism, 
haever, the capabilities for absorbing energy in a collision is 
questionable. 

Trend in Bus Seat Cesign. 

Proprietors appear to be very conscious of the mudmum number of 
passengers which can be fitted into a bus, and the thihess of 
the back of the seat is being investigated by s a w  mufactwers 
as a pssible means of reducing the space occupied by passenger 
and seat, and therefore mudmizing the n m k r  of seats on a bus. 

The use of retardant f- and fabrics in coach seats is 
becoming mre popular, particularly in the mre expensive long 
distance coaches. 
would have difficulty establishing justification for the use of 
flm retardant mterials on a cost-benefit consideration. 

In the cheaper route tvpe buses, the proprietor 



Photograph 4.13. A 
typical example of 
the back of a mute 
bus seat. 

Photograph 4.14. The new 
generation transit bus. 
Nate the large intrusion 
of the wheel arch into the 
passenger caprtmnt due 
to the low floor height. 
?he step seen in the photo 
m y  cause passenger falls 
while getting into or out of 
their seats. Note also the 
roll-top seat, smll but 
laterally bramd pedestal leg 
and the stop button inte- 
grated into the seat back 
attached stanchion. 



There appears to be an increase in the use of fibreglass 
seat backs for charter style bus seats. 
fibreglass seat backs are secured to the steel seat fmm 
in much the s m  m e r  as the mi- traditional plywad 
seat backs. 

?he advantages of fibreglass over plywood are: 

1) ?he 

"he mulded 

ability to easily muld into contours in two 
dirrensions. 

2) Strong, rigid yet consistent with light weight. 
3) Resists acts of vandalism. 
4) Enables the seat back to be thinner. 

As mtioned earlier, there is a trend away from cast seat 
legs for coach seats. Instead, a single pedestal leg is being 
used, constructed usually f m  2 nun thick stainless steel. 
'he mjor consequence of using this new leg is the reduction 
in the distance between the securing bolts f m  appro-tely 
300 mn to 180 mn. This has the effect of increasing the 
loads on the bolts. TRB accident case stdy reports shm 
that the cast legs occasionally suffer f m  a brittle 
type fmchm in the event of an accident. The new style 
of leg, hmever is mre susceptible to plastic defomation 
of the lower floor plate, thus it would be expected to 
&so?% rmre energy. 

'he reclining mxhanisrn employed in coach seats has also chmg~ 
At one t k  the system used an incremntal adjuster which 
relied upon a positive locking device usdly located in 
the arm rest (photo.4.15). The new mechanism (photo.4.16), 
however fit under the seat cushicm and ape nonmlly cable 
operated, infinitely adjustable and do not involve a 
positive lock. 
around a sliding rod or an equalized pressure piston/ 
cylinder arrangement. 

In America there has been a great deal of interest shcwn in 
the developmnt and impmverrent of %it buses. 
reaiized that a p a t  number of elderly pople (who mke up 
a substantial proportion of the transit bus population) 
found negotiating the entrance/exit of a bus difficult. 

Instead, they use either a clamping device 

It was 



photogre@ 4.15. 
recliningmchanism . 
back on the armrest and the bush welded into the seat 
squab tubing which allows the searing of the reclining 
me-. 

A typiml positive lodcing incremental 
Note pivoting point for the seat 

%tograph 4.16. An emnple of the new genemtion of 
infinitely adjustable piston type devices for control 
of seat squab angle. ?his particular item is cable 
operated and relies 
wound around the centml shaft for holding it in position. 

the clamping action of a spring 



As a result, a new bus design concept ewlved. It was 
considered 
rnaking the n h r  and height of the steps that needed to 
be negotiated, less of a problem. ZWLs however, intmduced 
another problem which had not been encountered before. In 
this new generation bus, the passengers were n m  sitting 
much closer to the ground and thus susceptible tu injwy 
due to side impact intrusion in the event of a collision. 
It was therefore decided to strengthen the side wall 
structure and a consequence of this increased s-trength was 
that it was now possible to hang the seats cantilever style 
f m  the site walls. 
cantilevered seats are: 

1) 
2) 
3) 

-*ant to l w r  the floor height, thus 

'Ihe advantages of having fully 

Ease of cleaning the floor. 
More room for passengers' bags. 
M v e s  the possibility of a passenger tripping 
over the seat leg. 

The disadvantages haever, are that in a crash situation, 
the force deflection chamcteristics of the seat are inherentl> 
non-symetriodl and as such less capable of safely retaining 
passengers dwing an accident. 
seats could undergo larger deflections than those possible 
for the wall side seat. 
of the wall side seat will be pater than that for the aisle 
side seat. 
seat to pimt forward around its anchorages on the wall as 
well as around the base of the seat back. 
seem possible that the seatsin a substantial froI.eal collision 
could swing forward, emptying the aisle side passengers 
into the aisle itself. 

4.3 CLASSIFICATION OF ANCHORAGES 

Obviously, the aisle side 

lkus the rate of change of force 

As a result, there will be a tendency for the 

It mula hcwever, 

4.3.1 Floor Wuntings 

a) Floor Construction. Wether the chassis of the bus is 
of a space fMme mnstruction or a mre conventional chassis 
Mil tvpe configmation, the floor is always wider than the 
smcture below. Thus, floor bearers an mmted on the 
chassis to support the floor. 
bus and coach construction, vary f m  builder to builder 

(PhOto.4.17 and 4.18). 

These, like so m y  facets of 
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phctograph 4.17. 
the stceight m i l  chassis by the use of pedestds (bottm 
right). 
with photo.4.18. 

A floor structure which is raised from 

Note the size and n d r  of floor bearers a m p r e d  

photogmph 4.18. The internal via of the structunl 
wall and floor rwnbers. 
floor bearers. 
the wall near the top of the inner skin. 

Note the size and number of 
The chair rail can be seen running along 



The wall structu~ is built up from the floor bearers and 
the flmr which is usually plywad between 12 and 16mn 
thick is often resin impregnated on the underside, and is 
fastened by mans of self tapping screws. 

The entire bus body is often clamped to the &asis. 
reason for this rethd of securing is mhm. 
less positive than ather available mthods such as welding. 
It was noted that in a number of bus accidents, the body 
had mved relative to the chassis and it seem difficult to 
see hckJ this behaviour would be beneficial in the event of a 
serious accident. 
design of bus body is essentially constant due to standardized 
wheel sizes and it is necessary to have adequate clearance 
between the tyres and the wheel d e s  to allm for suspension 
travel. Chassis Mil heights, hmver, from one M e  of chassis 
to another are not always the saw, therefore, machbuilders step 
the entire bus body on platforms at each clmping post, so 
as to &tab a constant flmr height. 
practice which could be mecessarily weakening the bond between 

the chassis and the k d y  of the bus (Photo.4.17). 

The 
It seem 

The height of the floor for a particular 

This would appear to be a 

b) Tapping Plates. The effectiveness of any fastener depends 
on the way k, which it is used and in this application the 
structure to which the bolt is screwed can drastically alter 
the mde of failure of the seat ancflorage, especially the 
floor muntings. For example a 16 UNF bolt may be screwed 
into a '16 
has a thread With a pitch of 1.06 m and therefore there are 
7.5 thread pitches in contact with the tapping plate. 
type of failure of the system described would mst probably 
be failure of the bolt in tension. 

5- " 3 threaded - 16 
tapping plate then %e type of failure mst likely to occur 
could be the pulling out of the bolt from the tapped hole, 
due to a shearing of the threads on either the bolt or the 
hole. 

5, '1 

5 1' thick mild steel tapping plate. A '1;' UNF bolt 

The 

If, however, a marse 
self tapping screw was rated with a 3 6  thick 

!4ith this system there would he only 2.25 thread 



pitches in contact with the tapping plate. 

Tapping plates a~ used extensively in the anchorage of 
bus seats, both for the flmr and d l  munthgs (refer 
photo's 4.21 E 4.22). 
is W e  between a tapping plate, which is either 
drilled and tapped, ready to receive a bolt (or is rrerely 
drilled for a self tapping screw) and a backing plate which 
is drilled and is used in mjunctim with a bolt and nut 
(i.e. is not threaded). 

At this stage, the distinction. 

Now, it is insufficient just to ensure adequate plate 
thihess and bolt strength to facilitate a safe ancbrage. 
For the case of the bus floor, the hcking plate has to be 
of a size large enough to prevent it fran being pulled 
tbugh the wooden floor. This depends s m w h t  on the 
~ t r u c t i o n  and thihess of the flmr and the method used 
to fasten it to the bus bocty. 
integrated mthod is to weld the backing plate onto the 
chassis. Thus lengths of tapping or backing plate are welded 
between the floor bearers, so that the anchorage forces are 
tmsmitted thmugh to the bus bocty. ?his consideMbly reduces 
the significance of floor strength on the anchorage system. 
In this way there is an effective fastening plate m i n g  the 
length of the bus. Apart frcm the advantage of increased 
strength and stmchual integrity, it is good engineerhg 
practice to transmit mjor loads directly from the seat to 
the chassis structure and so amid using the rather mre 
flexible and weaker floor structure as a mans of load 
bearing, it also reduces the t h  and labow necessary 
to fasten the seats into the bus. 
the backing plate is not secured to the bus body -two people 
are required, one under the bus holding the plate and placing 
the nuts and washers on the bolts, which are being pushed 
through the anchomge pint on the seat and through the flwr 
by the other worker. 'Ihe task of the person under the bus is 
often difficult, due to the presence of strzlctuml mmbers, 
such as floor bearers, obstructing vision, access ard somtimes 
preventing the plate from being positioned at all. 

A safer and TOE structurally 

In other mthods where 



In contrast with a tapping plate welded to the bus f m ,  
the securing of the seats is a one nnn operation. ?he 
tapping plate is drilled, tapped and the seats positioned 
and secmd from inside the bus in a quick and efficient 
operation. 

Individual backing plates positioned under the floor v q  in 
si- f m  2s'' x 1%" x b "  thick and cater for single bolts, 
to plates that are 18" long x 2" wide and %" thick, catering 
for t m  bolts. These two bolts cater for the flwr-anchoqe 
requirerents for a single seat. 

One particular bus mufactmr fastens seats without a y  
form of backing 
on to a 'r" UNA bolt u n k  the floor fPhOt0.4.19). 
which relies entirely on the strength of the wooden floor 
distributes the floor anchomge forces over a very -1 area 
(2.3 x 10m4 m2 for each T-nut) . 'Bere ape two T-nuts per seat. 
The area for each 'T'-nut is slightly smdler than the surface 
apea of the side of a one cent piece, 2.4 x 10-4 m2. As the bolt 
is done up, the 'T' nut is drmrn UPJards and in doing so 
punctu~s the underside of the -den floor with t+u-ee prongs 
which pint upwards fmm the IT' nut. These prongs, prevent the 
nut from t!mun ' g while the bolt is being done up. 

c) Fasteners hployed. As a result of the TRB guidelines 
in Victoria, the variety of fasteners used tu fasten the bus 
seats to the floor and wall anchorage points, is W l e r  
thm the range of fasteners used in other States. 

E m  thou@ the fasteners csed in buses and coaches registered 
in Victoria do not always m t  the TRB guidelines, the Ethod 
of fastening is controlled and inspection of the fasteners 
is carried out. 

Victorian Fasteners 

Flwr 

tapping plate, instead a 'T' nut is screwed 
?his ~thod, 

Wall - - 



Photograph 4.19. The 
underside of a wooden 
bus floor. The 'r" UNC 
bolt and 'T' nut fasten 
the seat to the floor 
of the vehicle. 

Other States' Fasteners. k" UNC bolts which are sorretks used 
in mnjunctim with IT' nuts ape used in states other than Victoria, 
and such fasteners do not comply with the existing TRB guidelines. 

In som cases, high tensile bolts are used. ?he fine threaded bolts 
generally have a greater strength in a tapping plate of a given 
thidaess than either a -e threaded bolt m a self tapping 
s- of the sam diarreter due to the increase in the n m h r  of 
thread pitches in contact with the tapping plate. 

4.3.2 Wall buntings 

a) Wall constrvction. There is a wide and interesting variety of 
coach designs, even though they often incorporate some fundmental 
structucal mmponents which are amnon thmu&out. 

Essentially, there are a n m h r  of major horizontal and 
vertical structd mmbers which make up the basic frawwark 
for the wall of the bus. Tnese rrembers are usually square or 
rectangular tubing, the size of which varies f m  one body- 
builder to the next. The floor bearers or outriggers spread 



a m s s  the width of the bus with a spacing of about 1 m and 
met the flmr rail. 
horizmtal members, which run the length of the bus. 
other horizontal rimhers are the waist rail, Cant rail and 
skirt rail. The skirt rail nms along the bottom of the bus 
wall and provides the foating for one of the two mjor types 
of vertical wall members, the side pillar, which extends up 
beyond the floor rail to the waist rail and forms the lower 
munting position for the win& frarres. 'Ihe other nnjor 
vertical wall member, which is often not vertical but is 
angled slightly especially in coach desigm, is the window 
pillow. 
mjor horizontal wall rrsember, the cant mil, on to which is 
munted the m f  fmm. This is built up on a sepaMte jig 
(Photo. 4.20). 

?he floor rail is one of the four mjor 
The 

At the top of the windcm pillar, rulls the remining 

Photograph 4.20. The construction of the roof structure. 



S m  bus builders only install vertical and horizontal wall 
mnbers, (sowths in conjunction With stressed skins), 
(photo.4.22) while others incorporate a large degree of 
cross bracing, triangulation and gussettbg iphoto.4.21). 
Apart from m e  company manufacturing dldnium bus bodies, 
the mteridl used for bus body construction is mild steel. 

On the side wall f m  an outer or external skin is either 
wel&d or rivetted. This skin is s m t k s  a stressed 
member designed to take shear stresses and is heated and 
stretched prior to fastening to the wall f?ank? (hoto.4.23). 
Sowtims stiffeners end stregthaing plates are attached 
to the f m  or the skin. 

In mst bus design there is usually s a  form of intern61 
skin, welded to the f m  so that it m s  the length of the 
bus and extends from the floor level either 611 the way up 
to the waist rail of part there-of. 
skin is the c m  of the seat wall munting. 

This internal wall 

Photopph 4.21. 
triangulation and bracing. Note the welds securing the inner 
skin which at the fold near the top fom the chair rail 
that the seats are fastened to. 

A section of bus wall showing the use of 



Photograph 4.22. Another 
section of bus wall. "his 
example employs an outer 
stressed skin (not shown) 
and an kmer skin with a 
wall tapping plate for 
fastening the seats. Note 
the sin@ki.ty of the desi€ 
compared to that shcwn in 
photo 4.21. 

Photograph 4.23. The outer 
stressed skin aslcept. Not 
the n m h r  of spot welds 
securing the panel which is 
one pie= section that runs 
the length of the bus. Note 
dlso the simglicity of the 
window pillar when mmpared 
with photo 4.24. 



b) Tapping Plates and chair Rails. If the seats use a chair 
rail, the internal wall skin could possibly consist of one, 
two, three or four components, as described below. 

A chair rail is a ledge which m s  the length of the passenger 
camparbnent and pmtruds into the bus (approximtely 4Omn 
and is about 2OOmnabove floor level) from the inner wall 
skin. On this ledge the seats rest and are secured usually by 
two %I W C  bolts. The rrrans of cons-truCting this ledge are: 

1) A single sheet of steel is bent so that it creates a 
lmer inner skin f m  the floor then the ledge, which 
is two thicknesses of the steel plate, is created by 
bending back the sheet upon itself and then it is 
continued on to form an qper he skin above the 
chair rail. 

T h  inner skins are hwlved, both of which are used 
to form the chair rail ledge which is therefore two 
thicknesses of steel thick. ?he two skins are spot 
welded together along the seat rail. 

Scmetks a backing plate is placed under the chair 
rail to add strength and guard against the pulling out 
of the secwing bolts. 

The saue consrnction as used in 2) except-t under the 
chair rail a length of angle iron or bar is welded, 
thus increasing the strength in the anchorage. 
addition, the seat is not directly bolted to this rail. 
Instead, an dlWLinium extrusion is bolted to the ledge 
and the extrusion allows tapped plates to slide along 
the length of the chair rail. 
through to the tapping plate which is held in the 'C' 
section e m i o n .  

2) 

3) 

In 

The seat is then bolted 



When a tapping plate system is utilized, a similar inner 
skin is used but it is backed by a piece of bar or angle 
iron, the e e s s  of which is typica~y V{ - Vdl and rwnge~ 
fnan a width of 6” chin to 1”. This tapping plate runs the 
length of the passenger ocanparbnent and is welded into place 
to the side pillars a d  aiaganal triangulation members if there 
are any. 

(c) Fastening Systerns. Where ch3ir Mils are concerned, the 
use of 5/16” W C  bolts togehter with spring washecs and nuts, 
is annm ahxt to the extent of being universal m u g b u t  
the industry. 
range of fasteners is mre varied. ?/I6l1 INC b ~ t s  are often 
used, and while %,I1 self tapping screws are suimtiues used, 
they are not mrmrm. 

However, in the case of tapping plates, the 

bst body builders use two wall munting fasteners per seat; 
however, three have been used on m s i o n s .  

4.4 cmcm10N 

4.4.1 Seats 

The range of seats inspected was considered to be a fair 
representation of bus seats king used in Austrdlia and 
enmnpassed mute and transit bus seats, charter seats, 
fixed back coach seats and redlining coach seats. 
prices of these seats range from app-tely $100. up 
to $350 untrirmaed. 

The 

On inspection, there - scme design aspects of the seats 
considered to be stmcturally undesirable in the event of 
an accident. Specifically these are:- 

1) & use of mn-positive locking devices on reclining 
seats. 

2) The Factice of welding stainless steel tubes to mild 
steel tubes of different wall-thickness at points of the 
seat fmw d c h  could be highly s m s e d .  



3) The use of light gauge mterials which muld cause 
the s-&uctme to be weak. 

4) The lack of protective, high density padding on the 
back of seats, micularly over structural f r m  
members on the top of the seat squabs. 

The use of a low energy absorbing mterial to fill in the 
central region of the seat squab, such as phywmd or 

5) 

fibreglass. 

6) The use of cast seat legs, which in the event of sudden 
loading m y  fail in a brittle m e r  and thus the 
subsequent possibility of the seat beoOming dislodged. 

4.4.2 Ancfiorages 

As mtioned previously, it is considered important that the 
seats rerain fastened to the bus body in the event of an 
accident. 
adequate, even after many years of service. 
would question the practice of not using suitable flow 
kicking structures of tapping plates that are cnntinmus 
and welded to the bus chassis. 

Tapping plates are apparently adequate only as long as 
the thichess of the plate is consistent with the tensils 
strength of the fastener and its thread pitch. 

Therefare, the anchrages need to be s-tructw?dlly 
To this end, we 

Thus, the use of self tapping s- is questionable unless 
the thichess of the tapping plate is three times the 
pitch of the self tapper (which typically have large pitches 
of the order of twice the pitch of a cmpwably sized UNF bit). 
lhis configueation of tapping plate thickmess sbuld ensure an 
euqality between the tensile strength of the bolt and the shear 
strength of the thread. 

It is considered that both wall tapping plates and chair rails 
a-e adequate, however care needs to be taken to ensue the 
use of appropriate metal thichesses for the internal wall 



sldn rmking up the chair rail. 
pzwvi.de both rigidity and strength to the ledge and its 
smroundjngs. The we of a length of angle or bar under 
the ledge is insufficient to ampensate for a thin inn= 
skin. 

“hichess is required to 

4.4.3 Bus Ecdy and Chassis 

On inspection of the bodies of various buses, especailly the 
flan? and wall. areas, there was f a d  to be a 
in the m u n t  of raterid used. It is por.bable that there m d d  
be a substmttidl range in the strength of these s - m .  
With regard to sewndary safety of bus passengers, it is clearly 
beneficial to have an overdesigned bxiy ad, due to its in-ed 
m s ,  it is both stmnger and mre difficult to decelemte 
quickly in the event of an accident, hence minimizing the f m e s  
of retardation of the passengers. However, there is a 
cosVbenefit kade+ff, as the heavier the bus, the nnre wstly 
it could be both to mufactme and to run. 
is also the problem of meting axle load regulations. 

difference 

Of course, there 

Ideally, the smcture of the bus should be optimized to 
achieve the lightest possible bodjr/chassis ccmbination consistent 
with adequate SIXW@-I to ensure the integrity of the passenger 
survival space in hte event of any type of accident and with 
sufficient strength and rigidity to wpe with no- openation. 

Finally, we feel inclined to quesiton the long standing practice 
of claping the body to the chassis as it does not appear to 
ensure a positive locking of the position of the body m y  ke able 
to rn on the chassis. 
of buses hmlved in accidents in A~5W.dlia~~. 

This has been observed on inspection 

http://pzwvi.de
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