
r 
_ _ _ _ _ _  

N
AD—A05 6 032 FEDERAL AVIATIO N ADMINISTRATION WASHINGTON 0 C FLIGHT—ETC FIG 1/2

~,JET TRANSPORT REJECTED TAKEOFFS • (U)
FED 77 0 S OSTROWSXI

UNCLASSIFTFI) *cc—iSO—77 2 Nt-

_ _  _ _ _  

!!
END

~A1E
____________ F PL UtO

8 —78
OOC

H



~~“~~~~~ry ~~~~~~~~~~~~~~~ ~~~~~
- — _____________ 

-

•

AF~~16O-77-2

FOR FURTHER IRAN

JET TRANSPORT R&JECTED TAKEDFFS

DAVID W. OSTROWSKILI~~

H

c,~ ~~~~

C...)
~~~~ O~ —1 w  DDU FEB~JARY 1977U... 

FINAL REPORT

;~~~ q~~~~~

• UDocument is ova, loble to the public through the
Notiona l Technical Informo flon Service,

Springf e ld, Virg inia 22161.

Prepared for

U.S. DEPARTMEN T OF TRAN SPORTATION
FEDERAL AVIATION ADMINISTRATION

Flight Standards Service
Washington, D.C. 20591 —

I ’

~~ P ) ~~~~~~~~~ ~~~~~ —~

~ -

- - -~~~~~~~~~~~~ - 
-

~~~~
—— — -—-  __________ - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r
T.chnfcol R.port Docu m,ntot io~ Pag.

.po ,t No. 2 C.o.,,nm.rr, A c c . s s on No . 3. R.c ,pr. ns s Cat alog No.

AFS-16~~-77-2_ j 
_________  ______________  ______________  __________( 4. T n .  ~~~ ~~ b, tI , o r ’ Dot.

~~~~~ _ _

6 Perlo r ,,~~ng Orgon ~ z o t , on CodeJet Transport Rejected Takeoffs 
— 

AFs-16o
- --~~~.. . .~~~~~~~~~~ . ...~~~~ 8 P er rrn,ng Orgo n oan ort R.pOrt No

( — ~~~ Da~~~~W. Ostrowski .j ________ ____ __________ __________________________
P.if0,rr r~g O rgon.zar on Nom. ~nd A d d r e s s  ID W o rk Un~ n No ( I RA IS )

Flight Standards Service 
____________________________

Federal Aviation Administration” ~~ ~Co n ’ rac t  or Gra nt  No.

~00 Independence Avenue, S.W. ________________________
Washington, D.C. 20591 

_________________ 
Ik~~~~~~~~~~~~ t~eetd-.v ,r6~ C~~ e~~ d

12 Spons o r ,.9 Ag. n cy Nqrn~ ond Add re s s

Final

J 4 . ~~~~~~~~~~~~~~~~~~~~ ,~ 1
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ‘I ,  I ~~~IS Supp ler.r.ntary Not es  ~~:1

iJ 
~ .

16. Ab , t r ac t

Jet transport airplane rejected takeoffs (RrO’s) at heavy weights and high
speeds and RTO accidents/incidents involving tires, wheels, and brakes have
prompted an assessment of RTO test procedures and the system by which RTO
accountability is achieved for day—to—day operations. It is concluded that
3 to 4% of air carrier accidents, fatalities, and aircraft losses can be
attributed to tire/wheel/brake related RTO’s. Tire failures and the lack of
accountability for the increased accelerate—stop distance required on wet/
slippery runways are significant factors . Recommendations are made for reducing
the incidence of tire failures and accounting for the increased accelerate—stop
distance necessitated by wet/slippery runways.
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PR~~ACE

This report present s an analysis of tire/wheel/brake related rejected
takeoff accidents and test procedures. Recommendations are made for
reducing the incidence of tire failures and accounting for the increased
accelerate—stop distance necessitated by wet/slippery runways.
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j . INT I~JUJCTION

The trend among jet transport aircraft towa rd heavier takeoff
weights and higher takeoff speeds has tended to aggravate an
alr eady critical situation, the rejected takeoff. Although
inherent hazards in the rejected takeoff (RID) have been somewhat
allev iated by improvements in braking systems, extended runwa y
lengths , and, in the case of wet runways, by runway grooving,
th e takeoff ener~~’ levels generated by modern jet transport
airp l anes continue to make the rejected takeoff a critical
ope ration . Thi; along with a number of RiD accident s arid
inciden ts , has prompted the FAA to review the present procedures
by which RID’s are tested arid the system by which RiD account—
ability is achieved for day—to-day operations.

OBJ~ETIVE

The objective of this effort  is to review RID test procedures
and RiD accident/incident data and to develop improved procedures
if’ warranted . This effort involving RiD’s is a portion of an
overall action to assess aircraf t tire, wheel , arid brake failures
and recommend action to minimize their causes.

DISOJSSION

. RiD Perspective
It is appropriate to begin with putting the rejected takeoff
in perspective relative to jet transport operations. In
rejecting a takeoff , for whatever reason, the operation
then becomes similiar to a landing after touchdown in that
all effort is devoted to bringing the aircraft to a safe
stop on the remaining runway. For this reason RID’s can
best be put in proper perspective by comparison with landings.
Al though similar to a landing with regard to the mechanics
involved after touchdown and much less frequent in occurronct ,
the RID generally is more critical than the landing in terms
of bringing the airplane to a safe stop. This is due to the
following factors:

(i) RID’s usually occur at higher airplane gross weights.
(2 ?  RiD’s often occur at higher speeds.(
~

) By the time a problem is recognized, the decision made
to abo:~t the takeoff , arid abort action is initiated,
there is usually much less runway available in which to
bring the airplane to a safe stop.

I
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( 4 )  Most t t r e  failures (an estimated 75%) occur during
takeoff with relatively few in landing . Tire failure
can, in fact, cause the takeoff to be rejected and
can initia te a series of events which significantly
reduce the stopping capability of the airplane at a
t une when it is most needed. This will be explored
in more depth later in the analysis.

(5) Regulations governing jet transport rejected takeoff:;
do not contain the additional safety factors required
for landings . For landings on dry surfaces, FAR 121,1’” re’ p~~i t’ e :
that jet transports be capable of stopping oii 60% of
the available effective runway. For wet runway
landings the available runway length must he’ 11’~~ of
the dry landing distance. For takeoffs on dry runway:;,
FAR 25.11 ~ requires the greater of t he’ actual  d i s t an c e ’
needed to a height of 35 feet with an engine out at V
or 115% of the actual distance needed to a height of’
~c feet with all engines operating. Unlike landings,
no additional safety margins are included in the
regulations for takeoffs on wet runways.

One policy tends to alleviate the cr i ti ca l  nature of RiD’s.
The USe’ of reverse thrust is usually not. permitted in RI~)
t esting and is not includ ed in the airplane fligh t manu al
ac celerate—stop data used for planning takeoffs. Thus if
a takeoff must be aborted, additional deceleration
capabil ity (in the form of reverse thrust) is usually
available to provide some margin of safety. In order to
keep the comparison of RiD’s and land ings in perspect .ivt ,
it should be noted that reverse thrust is not used in
landing tests nor included in the flight manual landing
data either.

t .  RID Accident/Incidentj4~aintenance Report Analysis
In analyzing R’1’O’s, data were accumulated f rom severa.l
sources including National Transportation Safety ft’sard
Acciden t Reports, FAA accident , incident and maint enance
report.~ and United K ingdom Civi l  Aeronautics Authority
accident reports. During this analysis 171 RID’ s resu lt ing
in accidents , incide nt s , or subsequent repair from 1~ n~
through mid—1 9,’tr were assessed . Although , some earl ier and
foreign records were not readily available , t his anal ysis
represent s a reasonabl y tho~~ugh assessment of t h e  signif icant
jet t ransport RiD accident s and incident s w i t h  regard t o
f l i ght test trig procedures and criteria.

- _— - _ . --.--____-——.
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c. Tire/Wheel/Brake Involvement
Of the 171 RID’s analyzed, 149 had some tire , wheel ,
or brake involvement , i.e., failures or malfunctions
in these areas caused or were a contributing factor
in initiating the RIO.

d. Tire Involvement
Of the 149 cases of tire , wheel, or brake involvement,
tire failures were by far the major cause or factor in
RID’s accounting for 124 of these cases. This significant
proportion of tire failures warrants special attention.
Tires are an especially critical element in jet transport
RiD’s as will be discussed later.

I

e. ~4et/Slippery Runway Involvement
Not all the RID data analyzed contained indications as
to runway conditions; however, some concept of the degree
of wet/slippery runway involvement can be gained from the
fact that wet or slippery runway conditions existed in 8
of the 29 RID accidents/incidents assessed from National
Transportation Safety Board data sources for 1964 through
1974. More significant, however, is the fact that wet or
slippery runways were involved in 3 of the 8 RID accidents
which resulted in fatalities or total destruction of the
aircraft. Three of these eight RID accidents can be omitted
from any discussion concerning tire, wheel, or brake
involvement, so that 3 out of the 5 RID accidents with t,ire,
wheel, or brake involvement and fatalities or aircraft
destruction also involved wet or slippery runways. These
RID accidents will be summarized later in this discussion.

f. WetJSlippery Runway RID Certification and Operation
In certifying transport aircraft for the rejected takeoff
condition , several actual RID’ s are performed up to the
maximum braking ener~ r to which the airplane is to be
certified. The usual procedure followed is to accelerate
the airplane to Vi,or the test speed, cut the critical
engine to simulate an engine failure, apply brakes, reduce
the power on the remaining engines to idle, and extend
spoilers. The airplane must be brought to a safe stop
on the runway. Small fires are permissible provided they
are confined to tires, wheels, and brakes, would not result
in progressive engulfment of the aircraft during passenger/
crew evacuation, and do not require suppression for five
minutes after the stop. Reverse thrust is not used in

0
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certification tests or accounted for in the Airp lane Fl i g h t
Manual stopping distance charts in order to provide a margin
of safety for operations . Should it then become necessar y
to reic ct ~e takeoff , reverse thrus t would normally be used.
RiD certi f ication tests and most airplane fligh t manual
stopping distance charts are based on dry runway stopping
distances only. Time delays are included in ;t opp ing d i st a n c e ’
chart :~ in airplane ilight m~inuals to account . for recogn~t ice ;
of fai l  ~res and pilot reaction time .

g. Major RID Accidents:

As noted previously, of the 171 RiD accidents/incidents
studied in this analysi s, eight resulted in fatalities or
total destruction of the aircraft. These are especially
significant and warrant further amplification.

(i) Three of these eight, although classified as RiD’s, are
not pertinent to this tire/wheel/brake analysis and can
be eliminated from this discussion because they involved
improper procedures or failures in which no reasonable
amount of improved 1~ O capability could have prevented
the accident. For information they are:

AIRCRAFT DATE PLACE R1~&ARKS

727 3/21/68 ~~icago Improper flap sett ing,
warning horn sounded,
t akeoff roll was cont in’:ed
but abo rt ed after l i f to f f , —

aircraft collided w i t h
ditches  and was dest royed.

CV-.880 6/24/69 Moses Lake , Simul ated engine failure’
Washington during initial climb,

delayed corrective act i. ’n ,
failed t o maint ain ~c eY ~
and crashed. 3 fatal ities ,
2 ser ious injuries , aircr:ifk
destroyed.

I
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AIRCRAFT DATE PLACE REMARKS

DC-8 10/16/69 Stockton , False ground spoiler
California position indication,

takeoff aborted, collided
with dirt bank, aircraft
destroyed .

(2) TIre/Wheel/Brake Related RID Accident s Involving Fatalities
of Total Aircraft Destruction:

AIRCRAFT DATE PLACE REMARKS

707 11/23/64 Rome Engine failure , takeoff
aborted below Vi, reverse
thrust selected but #2
reverser f ailure per-
mitted asymmetrical
thrust , ran off end
of wet runway, struck
pavement roller and
burned , 50 fatalities, —

17 serious injuries,
aircraft destroyed.

707 11/6/67 Erlanger, Crew heard loud noise
Kentucky when passing another

aircraft m ired in mud
near the runway, sus-
pected collision with - -

other aircraft and
aborted takeoff beyond
Vl, aircraft ran off

• end of runway, broke
apart , caught fire and
was destroyed , one

• passenger died 4 days
later.

a
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AIRCRAFT DATE PLACE REM ARKS

DC—8 11/27/70 Anchorage , Attempted takeoff on
Alaska ice covered runway in

freezing drizzle. Poor
acceleration as a resul t
of failure of all ma in
wheels to rotate went
undetected by crew
until after Vl wa s
attained , aircraft
was rotated but did
not become airborne
and went off  end of
runway at high speed,
broke apa rt, and was
destroyed by fire,
47 fatalities, 49 seri~
injuries. The cause of
the wheel lockup was
undetermined.

747 6/ 11/ 75 Bombay, 392 passengers and crew
India on board , blown tires

on takeoff , wheel fire,
rejected tak eoff ,
application of foam
hindered by exhaust.
from running engines,
passengers and crew
evacuated, aircraft
destroyed by fire.

DC-lO 11/12/75 Jamaica, N.Y. Birds ingested and
(JFK Int’l.) fire developed in No. ~

engine during takeoff ,
takeoff rejected well
below Vi on wet runway,
tires blew, reverse
thrust on 2 engines
used , aircraft ran
off end of runway and
was destroyed by fire.
Passengers and crew
evacuated.

01
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h. Analysis of  Maj or  RID Accidents:

These five ma~ cr Tire/Wheel/Brake related RTO accidents contain
severa l  of the fac tor s  commonly found in RID accidents , i .e. ,blown
t i res w L t h  r e su l t an t  loss ci’ braking capability, wet or slippery
r ; r ; w a ~’s , and ~ina v a i l ah i l  ity  of full  reverse thrust.

(1) N~ e Fail.;res :

I res played a s ignif icant  role in the accidents of the
• a t  R~m~ av arid the DC-b at JFK International . In the

a cc id ent , t’Iown t i r ~ s caused the takeoff  to be rejected . This

• 
ac c i d en t  also i l lust rates  another hazard involving ~cst RID f i res :
tLi t of getting enough foam on the fire in a timely fashion and
keeping it suppressed . In this case, proper application of fca~
was hampered by the fact  that  the engines were not shut down ,
and i t  can be argued that the airplane migh t have been saved if
pr ‘pe r pre ’edures were followed. On the other hand, it can also
~—e ar~~:ed tha t t h e  entire unfor tunate  series of events  would not
have occurr e d  had the  tires not failed . Fire suppression was a
s n i f i c a n t  factor in the loss of the DC— lU at JFK International .
Ther e are indications that the f i re  was suppressed in i t ia l ly ,  but
d~.e to the large amount of burning fuel in the area , the foam
s. ;pp l y ran oat  and the fire flared up again , destroying the aircraft .
It can he argued that the destruction of this a i rcraf t  could have
~~en t ’revented had suff ic ient  foam been available;  however , both
this and the ~~mhay case are real situations faced by the airlines
in daily operations . The important point in the DC—lO accident
wi th respect to tires is that the blown tires contributed to
reduced braking capability which permitted the airplane to run off
the end of the runway. In this particular case there apparently
was no significant damage due to leaving th e runway, but such
is not always the case as illustrated by the ‘07 accident at
arlanger, Kentucky, and the DC— 8 accident at Anchorage, Alaska ,in
wh ich the airc raft broke apart in rough terra in af ter leav ing
t he runway . The DC-S was also difficult for fire and rescue
crows to  reach , another inherent danger in RiD accidents in which
the  a i rcraf t  leaves the runway.

(J~) Wet ’Sflppery Runways:

dt  the major RIO accidents, wet or slippery runways were significant
factors in the destruction of the 707 at Rome, the DC-$ at
Anchorage , and the DC—1O at JFK International. It is especially
s ign i f ican t  to note that both the 707 and DC-.l0 aborted the
takeoff he low Vl in accordance with current criteria , yet the

lIp~
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wet condit ions permitted both aircraft to skid o f f
of the runway . In the case of the ~C—~ at Anch~-r~we,
coef f ic ien t  of fr ict ion on the ice—covered runway w a.  s -

as to permit the aircraft  to travel most of the lera h f
10,900 f t .  runway with locked wheels before it l e c a ’- ~’ ~:

- :

t: the crew that a problem existed . This is an e ’x rer~ ’ ~~~~~~~ :
cf how ~r ak in g  ac~ ion can be reduced o al~ st n~”~ h : ’  ~~.

( !~) Unavai labi l i ty  of Full Reverse Thrust:

The “07 accident at Rome and the DC - 10 accident at I~~.
International are examples of the unavailability of f:~~
reverse thrust which can occur daring an RID. The r~ .

of reverse thrust  in the ‘
~~7 was d-ie to a rn chanical :~

in a reverser , and an engine failure . The reduced re’:~
thrust  in the DC—10 was a result of an engine fail’,r’~,
the major causes of RID’s and , theref ore , a significan
consideration in assessing RiD’s.

i. RID Accident Comparison and Significance

(1) In assessing the significance of Tire/Wheel/Drake rela’ed ~~~~
‘

accidents in relation to  t h e  tot-al U.s. air carrier a~’,’
f rom all causes, the follow ing data ha s been co:~ip i l t ’d
NT$D and FAA sources :

TABLE 1 — AIR CARRI ER ACCID~~T DATA
1964 TH ROUGH 1975

TIRE/WH EEL ./ B~,AxF
ALL CAU SES RELATED RID’ s

ACCID~~TS 719

FATALITIES 29~1
AIRCRAFT DESTROYED 120

Thus, apprwdmately 3 to !~% of recent- air carrier acc id” .
fatalities, and aircraft losses can be attribut ed t o t i r ’
wheel/brake related RID’s. Significantly, RID acc ident
of’ this nature can probably be drastically reduced by —ca
proposed later in this analysis.

p
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(2)  To date , fatal RID accidents have occurred on 8-707 and
DC—8 aircraft . The increased passenger capacity on current
wide—body transports makes the potential for loss of lives
in a fatal accident much more significant than some of the
earlier jets. For example , in the 8-747 RID accident at
Bombay, 392 passengers and crew were on board . All were
successfully evacuated before the airplane was destroyed by
fire. Report s indicate that flames reached the upper deck
lounge while the flight crew was in process of doing the
emergency checklist . As the last crewmember exited using

• ar emergency descent device , the right main fuel tank exploded,
engulfing the airplane in a huge fireball. Although the
evacuation was successful in this case, it’s not difficul t to
envision the potential for more serious results with slightly
different circumstances.

( 3)  In addition to fewer fatalities, an improvement in the RID
safety record would precipitate considerable monetary savings.
The exact magnitude of this is difficult to assess. Complete
data is lacking, but some concept of the financial aspects can
be gained f rom just the NTSB data utilized in this analysis.
In 29 air carrier F~ O accidents/incidents, 6 aircraft were
destroyed , 9 aircraft sustained substantial damage, and most
of the others sustained at least minor damage. When the
costs which can accrue in RTO accidents (e.g. ,tire, wheel ,
or brake replacement , structural repair , fire damage , FOD
damage to engines, total aircraft destruction, medical costs,
closed runways, loss of revenue , lawsuits, etc.)  are considered,
the amounts can be significant.

j. RID Test Procedures:

In accordance with the stated objective of this study, and based on 
. 

-

available accident and test data, an assessment of RIO test , 
-

procedures is presented below. The results of this assessment
have been incorporated in a proposed revision to the RID test
procedures in FAA Order gllO.g , Engineering Flight Test Guide for
Transpo rt Category Airplanes. The proposed revision is presently

• being staffed and reviewed. The primary benefit of this proposed
revision will be to record and to standardize the RID test procedures
among the various FAA regions. It does not propose any drastic
changes to the RID test procedures at this time. There are,
however, changes necessary as a result of this study. These changes
must first be made in other regulatory mediums before being included
in the RID test procedures. If wet/slippery runway RID accountability
or other changes are subsequently required , appropriate revisions
will be incorporated at a later date.

0
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The major RID test procedures of interest in this stud y are :

(1) I!~~
The question of whether or not an air c ra f t. should Lit ’ taxi ed
wi th periodic stops to pro—heat brakes and t I eec pr ior  t o
performing an RID test is one charact eri zed by -i lack it ’ t e:;t
da ta. Certainly, in actual operations it  i:; usual for cotta’
hea t buildup to occur in tires and wheel s pr i ’r t o  t : i h , ’i i f  C ,
al though the degree may be quite variable , ~l.’penit i ng on
conditions. However , there have been ace ident s in which
prolonged taxi was a factor. An ext reme cast ’ is that . ot ’ a
727 (at Port-land , Maine on ~/ l o ./ 7’)  whi ch tax i ed along the
runway in an attempt to clear fog for t a k e o f f .  The prolotiged
taxi produced a wheel f ire which an t’n t au t - ju l y damaged the
aircraft. . In view of the fact. t h a t  sent ’ degree o C heat in
tires/wheel/brakes can be expected in normal t a x i  opera t ion s ,
the procedure used by some applicant .u in Lowing an a i rp lane
to the takeoff point and allowing t i res , wh e e l s , and brakes
to cool before performing an HiD demonot -rati on is unreal lot . Ic
and should not he permitted . A taxi distance of 0 miles
with five stops immediatel y prior t o  the RID demonstrat ion
appears realistic and is proposed as a new RID t e s t  procedure.

(.1 Worn Tires and Brakes

Test-s have shown some degradation in stopp ing distance wit h
partially wo rn t i res .  However , t h e  amount ol’ degradation is
not significant. enough to warr ant . conducting RID tests w i t h
part ia l ly  worn t i r e s  and/or brakes , provided t h e  current-
pd icy of not . accounting for reverse thrust- is  cotit I iuit’d
The ener~~ absorpt ion capabil i t  y of brakes can be expected
to decline gradually as the surface  cont  act  mat erial  is
worn away ; however , there are no avai lat .l c dat a t o  show t .hat .
this present.s a significant. problem wit-h current- wear l i m i t  s
and practices. kny loss in brak ing c a p a b i l i t y  during opera-
tions due to par~is11y worn t i r e s  or brakes t cnd~ to t’e
offset by the conservatism b u i l t  i n t o curr ent pr ocedures by
not permitting use of reverse thrust  in RID t t ’z ; t  s and A i r c r a f t
Fl ight Manual data hut. using reverse thrust. in actu a l  operat ions .
Condu ct ing RiD test s with worn t . i res cr  brakes would a t  s~’ p t’ t ’s, ’nt
some probl ems in expense and achieving a ~onois t cut based i ni’ fo r
data measurement . . Conducting t e s t  w i t h  new t I rca and I raki ’s
lend s itself more readil y to achieving a c~~n si  at  cut besot in ,-
and repeatable result-s. If  subsequent anal yn i s  Id I c a t  c. t h u t
it is necessary to account speci f ica l l y for the effect  a t ’ worn
tires and brakes in RiD t,est .s, I t .  may t ’’ bet t er t Ocikiuci t he

0
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tests with new equi~xnent and then apply a conservative
factor to the data for the aircraft flight manual. It is
riot proposed, at this time, to account specifically for worn
tires or brakes during RID tests. The increase in stopping
distance due to wet or slippery runways is a much more
significant factor to consider.

(3) Failed Tires

(a) As previously noted , of the 171 RID’s analyzed in this
study, 149 had some tire, wheel, or brake involvement.
Of these, the 124 tire failures were by far the most
significant cause or factor in the RID’s. Once a tire
failure occurs , the RID becomes especially critical because
the additional load carrying capability or safety margin
usually associated with most aircraft systems is not present
in aircraft tires. Failure of a tire in an aircraft
loaded at or near maximum gross weight shifts the load on
the remaining tires and often results in failure of one or
more remaining tires. This in turn applies even more load
to the remaining tires, precipitating a progressively
worsening situation. The situation is further aggravated
due to design features of some modern anti—skid systems.
The locked wheel protection feature of some anti—skid
systems will relieve braking to paired wheels on one side of
the aircraft if there is a significant loss of braking on
the other side. Thus, a failed tire can result in a

- 
- 

greater loss of braking capability than just that
associated with the failed tire, and, in an RID situation,

- 
- at a time when it is most needed. The high percentage

of tire failures in RID accidents, the lack of significant
safety margin in tire load carrying capability, and the
progressive loss of braking capability associated with
tire failures in RID’s make tires an especially critical
item warranting special attention.

(b) In considering what action to take relative to the tire
failure situation, the possibility of accounting for tire
failures during RID testing was considered. Although the
maximum energy s often result in tire failures, there
is some question as to the feasibility of accounting for
failed tires during all RIO testing. Even if it were
feasible to account for failed tires and apply this data
to the accelerate—stop chart s in airplane flight manuals,
this would unduly penalize payloads during day-to—day
operations. It would certainly be more meaningful and
positive to correct the basic cause of the problem than to

____ ~~~~~~~~~~~~~~ 
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accommodat e it by changing testing criteria and
penai I -~~ ing operations. It. is therefore recommend ed
that action be initiated tio significantly reduce the
incidence ci’ tire failures during takeoffs or reject ed
t.akeo ffs . This may entail improvements i t t  maintenance ,
qual it-y cont-rol , operat ing i ctidurca , or tire at-rengt.h
and des I gn standard s, or a combitiat ion ct’ t h e se  • The

~iuest-ton of whether or not Increased t I re’ st t’engt h Woul d
permit - unaccept abl e loads In t he 1 mtdi t tg  gear or ip~~ rt lug
stru cture of cx ist - lug airplanes is cut ’ whi ch will protiab I y
require additional analysi a or t e a t .  lug . The exact nu t  a r ’
of the cure for t I r e  failures is beyond t he scapi’ o t’ t h i  a

assessment ; the need and priorit y for achieving a s i p ’~~e I f i t ’a!1t

improvement is  noiiet t icl  eas impo rt -ant and urgent. .

(4) Reverse Thrust. Crt’d it.

FAR .‘‘~ . 
lOt), Accel crat e ~t op P i st-aiict ’, st ates that nt ’aus i t  he t’

th an wheel brakes may lit’ used t o d et - e m u  it ’ ace el e rat e at a

di stance i f’ that means

(a) is safe’ and red iable;

h ) is used so that.  con s is t  et it resti I t  a can be ‘‘xp ec t ed
under normal operating cond i t  ions ; and

( A is such that except- ional skill  is  not re~ pi I red
to cont rol t h e  airplane.

The practice has been not t o  pe nul t reverse thru st -  credit
In determining aect ’ l cr ate - stop  d istat ices because p r est ’ nt
sys tems have not t’ull y met- the above erit cr1 a and reverse
thrust provides the only safety ma r~ n for an engi tie - out HlV ~.
This practice also t ends to offset. any loss i.n brak i ng
efficiency due to partially worn t ires and brakes or Cal led
tires. Current procedures assoc iated wit -h reduced thrust.
t .akeo f fs , while st-i Ii w i t h  i t t  current. PItA ci’ I ten a, t end t c
reduce the available safety margin iii aced crat e-- at op d.i at atice.
Also, some operators ot ’ wide— body jet t ra nsport s have di  sceu t i ect  ed
or removed part. of the thrust, reversing system ott these iii re raft
further reducing the st opp ing  capability. All of I host’ cotis
t. ions constitute more than ample j u st -il ’t cat ion for continti 1 tig
the current practice ct ’ not- penult .t .1 ng reverse thrust. credi t
in determining accelerat e—st-op distance. If t ’everse th ru st
credit is allowed at a lat er date , t’ui I account at ’i l i L y  should
he made In fl ight manual data and proct ’dtz rca for items not
currently includ ed , such as wo rn t ires and brakes , I’ail t ’d t I ri ’ ,
average airl  Inc pi lot react-ion t imes , and wet/ slippery runWay s .

S 
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L) i’ ost RID Procedures

Analysis of ~l’O accidents has not shown a need for revising
the present Post—RID Procedures. Present procedures in FAA
Ord er ~tllO. R , Engineering Flight Test Gu ide for Transport
Category Airpl anes , state that following maximum energy
R iD’ s, fires on or around the landing gear are acceptable if
the f i res can be allowed to ~irn for five minutes before
extinguishers are required to maintain the safety of the
airplane. The RID is truly an emergency situation and
considering the amount . of energy which must be absorbed by
t h e  brakes in r i  m aximum energy RiD, there is no practical
way t o  avoid generating temperatures capable of providing
an ignition source for tires, grease, hydraulic fluid, etc
The primary concern then becomes one of avoiding a fire which ‘lcan jeopardize safety during evacuation of passengers and crew.
In this regard , the present criter~~n is considered acceptable.

( 0 )  Wet ~ Sl ij ’pery Run way RiD Testing

RID testing during airworthiness certificat ion is usually
accomplished on dry runways only, as there is presently no
stated requirement for wet or slippery runway testing.
Stopping distance on wet runways can be measured during
certification, hut in order to be meaningful during actual
operations , the data must be related to runway conditions at
the time of each takeoff at a specific airport. The stopping
dis tance for wet runway RiD’ s varies widely under wet conditions
depending on the type of runway material, surface texture ,
degree of contamination by rubber deposits, and water depth.
Fortunately, an accurate and relatively inexpensive method has
been developed to account for this. This method will be
discussed in more detail later in the report.

Wet runway stopping distance data is available for some jet .
transport airplanes. It may be necessary to conduct tests
on additional airplanes in order to account for most jet
t ransport types currently in service.

k. WetJslippery Runway Accountability

Probably the moat important consideration arising from this RIO
analysis is the need to provide an adequate level of safety in
the event- f an RID on a wet or slippery runway. At present this
i s  nei ther reottired nor addressed in the FAR’s. The only safety
margins are’ t h -  i ’ resulting from the policy of not permitting
reverse t h r u st  d u r i n g  RiD certification and any wet/slippery
runway c r i t  e ria  tha t  manufacturers or operators may have provided
ot’ their Own initiative. These are shown by accident data and
artal yal 5 t a L e  i n~tl pl ate .

~~~~~~~~~
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(1) Accidents (such as the previously mentIoned “0’ at Rome
on 11/23/64 and the DC-b at JFK International on
have documented that a takeoff can be aborted well below Vi
in acco rdance with approved criteria and procedures and yet
the airplane can run off the end of  a wet or slippery runway .
If sufficient clearway exists C r stopping the aircraft, t L i :
can resu.lt in nothing more than a:; unpleasant incident . [lit ,
if the airplane leaves the runway it; an area of rough terrain
or obstacles which can induce’ at  ructura]. failure and 5uLae~iui ’m’ it
1’ire, the results can be disastrous. At t imes, coeff ic ients
at ’ iriction on wet/ sli ppery runways ‘am: b~ so low as to provide
almost no stopping capab ility should it  ti ’ rmecessar~’ to re ed
a takeoff. The DG—~ accident at Anchorage , Alaska on ii ~~

“ ‘‘0
illustrates these ext remely low runway friction conditions a:;
d- ’es the case of the ‘ ‘:4 . ’ at Ammch ~ rage on i~ ’/ L ~ / ’.’5 in which t h e -
airpl ane was stopped with brakes applied, but . blown o f f  th e ’
t :ixiway and down an nt at ;kme: t by wind s, aust . a in ing sula t - a ’ :t  a I
damage.

( 2 )  rests (References I , ., ~ 4 )  have e::tablished that t h e  ate~ p i ~;e~
distance ol ’ jet transport airc raft. is significantly greater
on wet , ungrooved runways than or ;  dry runways. These tests
have also shown that the wet s topp ing distance varies widely
depending on local runway characteristics and conditions such
as the type of runway material, surfac e text ure, degree of ’
contamin ation by ru bber deposits , and water depth on th e
runway. It thus becomes necessary in order to accurately
account for stopping distance in wet runway RID’ s to account.
for existing local conditions, just as local winds and runway
slope are taken into consideration on each jet transport
takeoff. A convenient means ci ’ expressing the difference
in aircra f t stopping dis tance on w et and d ry runways is t h e
Stopping Distance Ratio (SDR) which is simply a ratio of t h e  - :
airplanes measured wet-to--dry runway stopping distance.
SDR values for some representative runways in the Ii. ~~~. h av e ’
been measured and the data are presented in Reference 4 , and
included in Appendix A to this report .  These data show
clearly the widely varying nature of  the SDR at various locations.
Values approaching 5 have been recorded wi th  an average of
app roximately 2 for those measured . Figure 1 present s a
comparison of accelerate—stop distances between airc raft fligh t
manual (AF!’i) data and wet runways with SDR’ a ot’ 2 and 4. ?Jt :ct:
the  flight manual data is for a specific airplane , the  same
general relat ion ship shown here applies for all jet t ransport
airplanes.

-- .—~~~ - -~~~~~~~~ -- 
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FI(VRE 1 - ACCELERATE - STOP DISTANCE COMPARISON

V1 165 KT.

747—100 AFM, DRY ACCEL STOP 1
( BAL. FLD LE~4GTh)

SDR 2, wFr 
— 

ACCEL 

‘ 

~ STOP

SDR 4, W~~ ACCEL ~~~~~~

0 2 4 6  ~ ib 12 14 16 le ~0 2 2  ~
‘4

JT9D — 3A Engines

W = 680,000 Lb. (Max ¶~.O. GR. WT . =

710,000 Lbs.)

Hp~= 
2000 ft.

OA T = 9 0 ° F

GRAD = +1%

Headwind = 10 kt.
10° Flaps

A/S Operative

A/c Pack On

I



In actual operations , the stop portion of the~e totaldistances could be reduced by the use of reverse thrust
(to approximately 50 — 70% of the values shown), i f ful l
reverse thrust and braking are available. However, data
shows that  full  stopping capability is not available In
many RID’s due to worn or blown t ires, malfunc t ions, etc.
Even it ’ reverse thrust is considered , the wide disparity
between the only data presented in the airc ra ft 11 ight manual
and what could occur in wet runway RID’ s is readily apparent.
Keeping in mind this comparison, it can easil y be seen how
aircraft can skid off the end of a wet runway, yet be well
with in  the accelerate—stop criteria in the  t’iight manual.

(
~

) Of’ the corrections made in computing j et  transport t a k e o f f
distances in daily operations, one’ of ’ the most significant-
is not included . No allowance is made in the’ airplane
flight~ manual to account for th e extra stopping distanc e
required for RTO ’s on wet runways. The correct-Ion for w et
ru nways can be as much or more than other correc t ions rou t in i e l y
made , as shown in Table 2 . The wind and runway slope
corrections in the table are the range of values for takeoff
from the 747—100 flight manu al . The corr ect ion for wet runway
is the additional wet stopping distance for an SDR of ’ 2 from
the example in Figure 1. Although this specifi c example
applies to the 747, the same general relationship ex i s t s for
all jet transport airplanes.

TABLE 2 - RU NWAY LENGTh CORRECTIONS
747-100 JT9D—~ , All E~igines, Flaps 10 & 20°

CONDITIONS CORRECTION ( F t . )

10 kt. headwind 2~O to c”~
20 kt . headwind cOO t ~ i .\‘~Cm

10 kt. tailw’ind ~OO t o  l~k ’~0

runway slope ~~~ ioo t o  “~o
runway slope +2 ’~ X k)  t a

runway slope — 1% t,0 t o Ii ‘~O

runway slope —2% ~ ‘~O t o ~~~
correction for wet runway,

SDR 2 , no reverse thrust 1
( Cond itions as on Figure 1) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(4) If the need is recognized to account for wet runways ‘in
takeoff (accelerate—stop) calculations, a viable and relatively
inexpensive method exists for doing this. It is essentially the
same as that proposed (Reference 1) for wet runway landings,
and therefo re has the added advantage of commonality. This
method , in fact, is essentially that in use by Alaskan Airlines
for wet/slippery runway landings. In this method, wet runway
tests would be required for jet transports to establish basic
reference data for use in the airplane flight manual. Takeoff
data would be provided in the manual for a useable range of SDR’s.
The SDR at each air carrier runway can be conveniently determined
by measurement with a DBV (Diagonal—Braked Vehicle), an
automobile modified for accurate speed and distance measurement
and braking on two diagonal wheels instead of all four. Periodic
runway calibrations with the P1W would be required to account for
changing conditions. Rain ~ iages would be used to determine and
account for water depth on the runway. It would not be necessary
to measure SDR’s each time it rained, provided valid calibrations
are available, but measurements may be required for changing
snow or ice conditiona. With this approach an 5DB for existing
conditions could be computed and in conjunction with flight
manual data, corrections to airplane weight or V1 could be
mad e to account for wet/slippery runways along with local winds,
temperature, altitude, slope, etc. This method would not
penalize operations on dry runways and would account for
improvements such as runway grooving as they are made, yet
would provide an adequate safety margin for RID’ s on wet/slippery
runways. It would, in fact , provide a much needed incentive for
runway grooving, which has been shown (References 1, 2, &3) to
offer significant improvement in wet runway stopping distance.

CONCLUSIONS:

a. The trend among jet transport aircraft toward heavier takeoff weights
and higher takeoff speeds, as well as a number of serious RID
accidents involving tires, wheels, or brakes , have highlighted the
critical nature of RID’s and prompted this analysis.

b. Of the 171 jet transport RID’s analyzed, 149 had some tire, wheel,
• or brake involvement, i.e. failures or malfunctions in these areas

caused or were a contributing factor in initiating the RID. Of
these, tire failures were by far the major cause or factor accounting

• for 124 of these cases. The fact that most tire failures occur
during takeoff underscores the critical role of tires during the RIO.

I-
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c. Wet or slippery runways are a significant factor in RID accidents.
Three of the five RTO accident s with fatalities or total aircraft
destruction also involved wet or slippery runways.

d. Approximately 3 to 4% of air carrier accidents, fatalities, and
aircraft losses can be attributed to tire/wheel/brake related
RIO’s. This includes 21 accidents, 98 fatalities, and 5 aircraft
losses in an eleven year period . RTO accident s, fatalities, and
aircraft losses of this nature can probably be drastically reduced
by applying wet/slippery runway accountability and tire improvem ents.

e. The increased accelerate—stop distance necessitated by wet or slippery
runways is not accounted fo r in current regulations or airp lane flig ht
manuals, allowing potential for further serious accidents.

f. In everyday jet transport operations, corrections to takeoff
calculations are made for local conditions such as wind, runway
slope, etc., yet these can be less significant than a correction
for a wet/slippery runway which is needed but not currently
required by applicable rules.

g. A viable, relatively inexpensive method for including wet/slippery
runway accountability in takeoff has been developed, is compatible
with the proposal for wet/slippery landing accountability, and
would not penalize operations on dry runways or runways in which
friction improvements, such as grooving, are incorporated.

5. RECOMMENDATIONS

It is recommended that:

a. Action be taken to significantly reduce the incidence of tire
failures during takeoffs and rejected takeoffs . This may entail - -

improvements in maintenance, quality control, operating procedures,
tire strength or design standards, or a combination of these.

b. The increased accelerate—stop distance required on wet/slippery
runways be taken into account in takeoff calculations and the
necessary changes to airplane flight manuals, procedures, and
regulations be incorporated to accommodate this.

I
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