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On September 23,2005, a 199%MOWCoach Industries, Inc.,54-passenger motatcoach, 
operated by Global Limo Inc. (Global), of Phm, Texas, was traveling nofihbound on 
Intestate 45 (1-45) near Wilmer. T~XW.'The rn~noorhM mute fmm Bellairc to Ddlw 
Texas, as part of the evacuation in antioiption of IIurricanc Eta,w a s  canying 44 assisted living 
facility rcsidcnts sad nursing stdtThe trip had begun h u t  3:00 p.m. on Sepmbcr 22. Yiftacn 
horn later, about 6:00 a.m.on the fol10win;gday, a motorist noticed that the right-rear t h  hub 
was glowing red and alerted the rnotorcotlch driver, who stopped in the left mc lane and then 
pmwcded to the right shoulder of 1-45 near milapost 269.5. The driver and nursing sultrexittb 
the motorcoach and abed flames msnating from tho fight-tear wbccl well. As they initiated 
an emation of tho molorcoach, with asvistmct h m  passersby, hcavy smoke and f b  quicWy 
engulfed the entirc vehicle. 'l'wenty-three passengers were fatally injured. Ofthe 21 passengm 
who escaped, 2 were seriously injured and 19 received minor injuries; the motorcoach driver also 
received minor injuries. 

The Natiorral TmsporWion Safety Boslrd determined that the probaMc cam of the 
accident was imficicnt lutnicsaion in the right-6i& tttg axle whecl bearing assembly of the 
motorcoach, resulting in i n c m d  tern^^ and .~ubaequcfntfailed wheel bearings, which led 
to ignition of the tire and the catastrophic fire. Global Limo Im. had f~iltdto conduct proper 
vehicle maintenance, to do pretrip inspections and to complete posttrip driver vehiole inspection 
repoite, thoreby allowing the inaufficiont wbtcl M a g  lubrication to go undetected. 
Contributing to tho accident the Feberal Motor Carrier Safety Administration's 'inoffcctivc 
compliance review system, which fosulted in inadequate safety oversi@t of pmsenga motor 
c m k s .  Contributing to the mpid propo,alion and severity of the fire and subseqwnt loss of life 
was the lack of motomch fire-mt&t construction rnatcrials adjacent to the whcol well. Also 
contributing to the wetity of  tbe accident was the limited ability of passengas with special 
needs to evacuate the motorc&. 

' For more information, oat v ?/HA .National 'J'rlursportr#ion 
&lily Bead. M-ch Fire im *irrg-m New IYilmwa Tga,~ ~ Q M I I L I  Rita%%%,
,Vvylucnh'tc 24. $003,H i @ h y  A ~ i & n t tR e v  N'I'SWl.IAR-0719 1 (Wrrb&(w,, DC: NTSD, 2007). 
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Thc director of risk manag~mantfor Sunrise Serrior Living Services, Inc., stated in a 
Safety Board interview that mplbyecs of the Bri~htonaardens mior assisted living center 
placed medical oxygen cylindcra both inside the passenger compattment and inside the luggage 
b y  during prtssengcr loading of tbe motorcoach. Initially, two cylinders were hooked up to nasal 
canulas and used to provide medical oxygen to two pas~engeainside the motorcoach. Fineen 
cylinders, contained in mctal racks, w m  placed in the l u m  bay in the l o w  portion of the 
coach, along with passenger whcclcMrs. During tho trip, tRe oxygen within the cylinders in the 
passengar computmcnt was depleted, and the nuniing staff requested that the driver pull over to 
retrieve additional cylindm fbm the luw8e bay. 

To avoid dangmus rupture ar explosion, a pressure relief devict in oxygen cylinders, 
such es a burst di.&, is designed to mtwte when the internal pressure in tho cylindor rcachos 
3,024-3,360 pounds per square inch gage @sig). As designed, when a fully prwsurizcd cylinder 
i s  batedto 2600-3 15' Fahrenheit (F'), its internal pretuure ex& the actuation pmsure (3,025-
3,360 pig) of tho burst disk, and a controlled release of oxygen occurs to prevent cylinder 
rupture. 1Rcpmtadvcs of aluminum cylinder m a n u f w ~o t a t d  to Safety Board 
investigators that, though aluminum melts at 1,020a-12060 F, the exposure of the cylimtcrs to 
temporaturn well below thc melting -0 will weaken the aluminum. A fully pressurized 
aluminum cylinder witbout a butst disk will maintain its integrity for only minutes at 
tornpmatwcs above 6006 F h u s c  of the increasedpresure levels acting on the now heated md 
savcturally w d c d  aluninm cyliiot. 

Fdaral ~ o su matgrids (HM) regulations On pte~urerelief Jevices are designed for 
the transportation of f i l l  cylinders. The rcgukions qu ire  that a pressure relier device prevent 
the Mure of  a fully pre%suri;x.&dcylinder in a fin?; ~ O W Y ~ V W ,they do not consider cylindm that 
are partially p r e e .  Ria to 1981, this mission was not a problem because 41specification 
cylinders ptnnitted for the ttan!?ytoftrrtionof comp=sed gac were manufactured of steel, which 
is not as m i t i v e  as duminum to material strength low when exposed to heat. In 1981, the HM 
regulations w m  amended to permit aluminum cylinders for use in transporting camp~~sscti 
gases. Bcaum of tho potential loss of material strength, the Safety Board is c o n c c d  that an 
aluminum cylinder might rupture at an internal piesure well below the actuation presswe of the 
burst disk. 

The Safety Board's analysis indicated that, though the bmt disk on a bwcd, fully 
premurized cylinder uctuates as deeigncd bef'orc failure of the cylinder (that is, before the 
aluminum weakens and loses integrity), apartially pmsazed heated cylinder can fail before the 
bunt disk wtuates. Sptcifically, when a cylbd= containing loss than 78 percent of its full 
c m  (1,570psig at r m  temperature) is hcatold to a tcmpaaWe oxcecding 400" F, it will 
saucaz#ally fgil befm its i n t d  prewulf rerstuatcs the burst disk Thus, partially pesnubd 
aluminum cylinders exposed to heal ate more likely to rupture before thc intcmal pmssute is 
high enough to actuate the burst disk. When the aluminum wcalcens and thc cylindur loses 
integrity (thecylindw wall fails), though the intenrd p m is not h i oaough to actuate the 
burst disk, it causes the cylinder to fail, m h d n g  the oxygen and causing the fiqqncntcd piaxe 
of the oylinder to become hamdous projectiles. 

During this wcident investigation, t b  alurnirsm cylinders retrieved from the 
motorcoach w m  found with intact valves, even though two cylinders displayed evidence of 



molting, a d  one had hcturcd and bursl Upon examination of the burst disks for these three 
cylinders, the Safczty Boavd determined that two cylinders failed before the burst disks actuated. 
Such failures would havo mpidly rekatt latg:t quantities of oxygen into the fuc and may have 
propolled portions of  the cylinders some distance from the point of origin. In hct, the intense 
burst of fuo shown in a still photograph from video footage of the rnototcoach fire was likely 
c a d  by the failure of one of them two cylindcrs. Emergency respanderrc and passsrsby 
M b c d these bwstsof frrc as "explosions." 

Tha Safoty Board considered what tffcct, if any, the vating and failure of thosercyliicrs 
had on the attempted rescue of passmgm remaining in the motorcoach. According to the Safety 
Board's study, the first cylinder failure, which likely csuscd a burst of fire, would aot have 
occurred until the temperature of the cylinder wss at least 4000 F.First tespondms and pamrsby 
who were attemptin8 to t o p s e n ~ c mreported ceasing thclr efforts just Before, or just as, 
thwebursts began tooccur. 

By the time t h ~tempmtw levels were high enough to ceruso the two aluminum 
cylinders to rdl, the heat from the fire in thc rear of the motorcoach provontod rescuers from 
&e)y reaching thopassengers seated there. Further, heavy, black smoke from the fire inside the 
motarcoa~hwras rcponcd to havo been overwhelming within only a fewminutes of thepassenger 
evacuation ancl prevented rescue attempts beyond the An1 few rows of seats. The Safety B o d  
concludes that the smoke end hat  f~mthe flro p ~ e n t e drescuers from safely proceeding
f m b  into the motorcoach within minutes of bit arrival an scene and that the aluminum 
cylinders failed, =leasing oxygen to the fjrt, sftCr s ~ c ~ t s s f Wresew attempts were no 1-a 
powiblc. 

The rqturc of aluminum c y l i n h  caused by intcntal pmwm exceeding the stren~hof 
the cylinder wall poses a significant hazrvd to emergency tespondcfs and others. Aluminum 
cylindefg can be transported as cwgu in any mode of transpartation, and the presmco of 
aluminum cylinders containing any compt#leed gas may pose a significant hazard in 
trarrsportsrtonh. 

The Pipeline and H w d w  M d r r l s  Strfcty Administration rccomends limiting the 
n u m k  of cylindm to the extent practicable and limiting the total weight of cylinders to 99 
pou& pr vehicle;' however, chcK limitations may not be pmticable in an cmergmcy 
evacuation, such as in advance of a hunioarre. Should aluminum cylindm be an issue for 
e m q p c y  rwpondors in any made of  tmsportation,the safety of the vehicle occupantsend the 
responders is of the utmost priority. Tbe &&y B w d  c ~ ~ l u d e sthat the possibility of  stnrctural 
fsilure in putidly pnssurizcd aluminum cflinda~when expod to heat and fire, asoccurred on 
the accident mottmmach, poses a danger to the general public and emergency responders. 

'fho National Transportation Safety Board tkcbre makes tbc followtrg 
r~c0mmcrKlationsto the Pipeline and H m b u s  Materials WefyAdministration: 

J 

U.S. kprtrnont of ~nupmri~t~, S ~ R I ~  G.,-pipolins ~d n*ardou~M*~WS ~ h l n i m ,  
/W IAd Sqfa 7hmpwtgtimcafM e d i d  W n f i  Pb& and liuims (Washinen, DC:PHMSA,US@On ~ W & Z  
2005). 



Develop stan- for the &t tmsportation of partially prwsurizcd aluminum 
cylinders by, for example, requiring the addition of teanpom~actuatwipressure 
relief devices or tho reduction of r~idualjwmnvc to &e limits, to ensure that 
such cylbdm do not experiencewtwpmmwc tallwe when exposed to sfire. 
(1-07-1 ) 

Issue guidance to, at a minimum, the Fwtcml OKtor of Police, International 
Aawiation of Chiefs of Police, Inlematiod Amciation of Fire Chiefs, 
I n d o n a 1  Assacidon of Fire Fighters, National Assmiation of State EMS 
Of£icials, National Sheriffs' Association, and National Volmtcer Fine Comcil, 
describing the risk of oyarpras~mfailure of prutidly pressurized aluminum 
cylinders and the &cps tbt  &odd bc t0 p r o m  rmrpondcrs and the g c n d  
public fromsvehicle fire whGn aluminum cylindersarc present. (147-2) 

The Safety Board dsa issued safety recomndatiom to tho Fcdcd Motor M c r  
Safcty Administration, the National Highway T d c  Safety Administtation, the F r a t d  W r  
of Police, the International Association of Chiefs of Police, the International Association of Fire 
Chiefs, the International Assmiation of Fire Fighters, tho Natio~1lAssociation of Statc EMS 
OFiicialq the National ShcriKi' Associalion, the National Volunteer Fire Council, Motor Coach 
Industries, Inc., and other motoreoach manufmtmers, the United Molorcouch &miation, and 
tho hwtkan Bus Association. lnaddition, the Wety Board reiterated two recommendationsto 
the U.S.Department of TransjwWon. 

Please ~ f e ~to Sdety RecommmMim 1-07-1 and -2 in your rcply. If you need 
i&iit50nd information,you may call (202) 314-6177. 

Chiman ROSENKER, Vice Chairman SUMWALT, and Membcts 'IIEWMAN, 
HIGC3INS. and CHEALANDER concurred in the# r#:omendations. Member HERSMAN 
frled a conmnina statement, and Member FnOC)TNS filed a concurring and dissentingstatement, 
bath of which are W e d  to the Aaident Report. 

-7-By: Mark V.Rasenker 


