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On March 1 ,  1978, a Continental Air l ines  DC-10 crashed o f f  the end 
of runway 6R a t  Los Angeles International Airport a f t e r  two tires suddenly 
blew out on the l e f t  main gear a t  an airspeed s l igh t ly  below V ' l .  Although 
the crew promptly rejected the takeoff before V1 was at ta ined and used 
a l l  of the avai lable  deceleration devices, the a i r c r a f t  overran the end 
of the wet, grooved 10,285-foot runway a t  68 knots. 

of shortcon;ings i n  the c e r t i f i c a t i o n  o f  a i r c r a f t  and in the t ra in ing  of 
aircrews t o  e f fec t ive ly  accomplish rejected takeoffs under the most 
c r i t i c a l  conditions of speed, weight ,  runway condition, and the reasons 
f o r  i n i t i a t i n g  rejected takeoffs. 

defines the c e r t i f i c a t i o n  requirements f o r  normal and rejected takeoffs 
(RTO). The associated takeoff speeds and accelerate-stop distances are 
predicated on recognition of an engine f a i l u r e  a t  Vi on a smooth, dry, 
and hard-surfaced runway. These requirements do not address the accident 
conditions of f a i l ed  t i r e s  and wet runway surfaces ,  each of which may 
add a considerable stopping dis tance increment t o  t h a t  presently required 
t o  be demonstrated during ce r t i f i ca t ion .  

14 CFR 121 provides an operational sa fe ty  stopping margin f o r  landings 
on wet runways. 
w i t h i n  60 percent o f  the e f f ec t ive  runway length. 
used fo r  t h i s  calculat ion i s  increased by 15 percent fo r  wet or  s l ippery  
conditions. In e f f e c t ,  Par t  121 es tab l i shes  a wet runway length t h a t  i s  
more than twice the dis tance demonstrated f o r  stopping the a i r c r a f t  
during dry runway c e r t i f i c a t i o n  tests.  
provides f o r  corrections t o  takeoff weights, dis tances ,  and f l igh tpa ths  

The Safety Board believes t h a t  this accident i l l u s t r a t e s  a number 

1 4  C F R  25, "Airworthiness Standards: Transport Category Airplanes," 

In cont ras t  t o  the d r y  runway RTO c e r t i f i c a t i o n  stopping requirement, 

A landing a i r c r a f t  i s  required t o  s top on a dry runway 
The runway l e n g t h  

However, even t h o u g h  Par t  121 
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required by density a l t i t u d e ,  wind ,and  runway slope d u r i n g  normal and 
rejected takeoffs,  i t  does not s imi la r ly  require  correct ions f o r  the 
added stopping dis tance required by re jected takeoffs  i n i t i a t e d  by 
engine o r  t i r e  f a l l u r e s  on wet or s l ippery runways. 

were caused by some f a i i u r e  or malfunction of tires, wheels and brakes. 
These data show t h a t  the engine f a i l u r e s  have not been the-dominant  
cause for  some time. The stopping dis tance required f o r  the a i r c r a f t  
w i 1 7  increase s ign i f i can t ly  a s  a r e s u l t  o f  t i r e ,  wheel, o r  brake f a i l u r e  
wherein the a b i l i t y  t o  develop o r  transmit braking torque t o  the runway 
surface i s  reduced. Thus ,  although 87 percent of RTO's a r e  a r e s u l t  of 
such f a i l u r e s ,  no consideration i s  g i v e n  t o  their e f f e c t  on stopping 
dis tance.  The FAA repor t  c i t e s  wet or s l ippery  runway involvement i n  
three major RTO accidents z/ between 1964 and 1975. The FAA report  
recommends tha t  "The increased accelerate-srop dis tance required on 
wet/sl ippery runways be taken in to  account in takeoff calculat ions and 
the necessary changes t o  a i rp lane  f l i g h t  manuals, procedures, and  regu- 
l a t ions  be incorporared t o  accommodate t h i s . "  The Safety Board has 
detetmined t h a t  no FHA act ions had been taken before the Continental 
accident concerning this recommendation. 

In 1962, the British Civil Aviation A u t h o r i t y  (CAA) changed the 
British Civil  Airworthiness Requirements ( B C A R ) ,  counterpart  of Par t  25, 
to  account f o r  the increased accelerate-stop dis tance necessi ta ted by 
wet runways under engine-out conditions. The BCAR's def ine a wet runway 
reference surface t h a t  i s  used d u r i n g  landing and rejected takeoff 
c e r t i f i c a t i o n  t e s t ing .  
soaked surface w h i c h  t y p i f i e s  the condition of  runway 6R a t  the time of 
the Continental accident. 
runway standard,  although U.S. manufacturers have been testing under the 
BCAR wet requiremenrs i n  order t o  c e r t i f i c a t e  a i rplanes i n  foreign 
countr ies ,  
these tests and provided t o  foreign fl ightcrews. 
reduce the  d r y  runway Vi decision speeds so t h a t  an RTO i n i t i a t e d  a t  the 
lower wet V i  speed will  allow the a i r c r a f t  t o  stop on the wet runway as 
long as the actual surface condition i s  no worse than the reference 
surface.  The BCAR a l so  reduced the wet runway screen height requirement 

A 1977 FAA repor t  1 /  indicates  t h a t  87 percent of re jected takeoffs 

This standzrd represents an average wet, well- 

There i s  no FAA counterpart  t o  the BCAR wet 

The Vi data for  wet runway conditions a re  determined from 
The BCAR procedures 

- 1 /  

- 2/ 

J e t  Transport Rejected Takeoffs, Final Report, February 1977, 
F1 i g h t  Standards Services, FAA. 

Trans klorld Air l ines ,  Inc., 8-707, N769TW, Fumicino Airport ,  
Rome, I t a l y ,  November 23, 1964. 
Caoitoi Internat ional  Airwavs. Inc., DC-8-63F. N4909C, Anchoraw, - -  
Alaska, November 27, 1970. 
Overseas Naxional Airways, Inc. ,  Douglas DC-10-30, N1032F, John F. 
Kennedy Internat ional  Airport, Jamaica, New York, November 12, 
1975. 
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from 35 f e e t ,  the  current  FAA standard, t o  15 f e e t .  The BCAR,  however, 
retained the requirement f o r  the 35-foot screen height f o r  takeoffs  on 
dry runways. 
runway where the takeoff sa fe ty  airspeed (V2) i s  reached w i t h  a f a i l e d  
engine. 
be e s sen t i a l ly  the same as  the dry length and, for the DC-10 type a i r c r a f t ,  
imposes no weight penalty on  the operator.  
attempt t o  evaluate the adequacy o f  the CAA approach, b u t  we recognize 
t h a t  lower VI  speeds o r  lower takeoff weights, o r  both, f o r  wet runway 
conditions will  improve a i r c r a f t  stopping performance. 

Board learned t h a t  one UC-10 operator a t  Los Angeles has rout inely and 
voluntar i ly  accounted f o r  the added wet runway stopping dis tance f o r  
over 5 years b:/ reducing DC-10 V1 speeds and takeoff weights. The. 
reduction i n  weight i s  required because of the current  FAA 35-foot 
screen height standard. For the Continental accident case, the wet V1 
speed would have been 149 knots ,  7 knots lower than the dry V.1 speed 
(156 knots) ,  and the takeoff weight would have been reduced by a b o u t  
10,000 pounds. Under these conditions,  a successful takeoff by the 
Continental DC-10 may have been possible. The operator has a l so  applied 
wet runway correct ions f o r  Boeing 727/737 a i r c r a f t  d u r i n g  the l a s t  8 
years f o r  a l l  a i r p o r t s  t h a t  i t  serves. 

The Safety 3oard 's  invest igat ion o f  f l ightcrew t ra in ing  pract ices  
regarding RTO's revealed t h a t  most t ra in ing  i s  g.iven i n  simulators under 
u n r e a l i s t i c  conditions. 
i n i t i a t e d  a t  maximum takeoff weights and associated V1 speeds, and few 
simulators have the capacity t o  measure the p i l o t ' s  braking ef f ic iency .  
In the l a t t e r  respect ,  a simulation t e s t  conducted by NASA and Douglas 
Ai rc ra f t  Company demonstrated t h a t  a i r  c a r r i e r  p i l o t s  who were told t o  
apply maximum braking d u r i n g  simulated RTO's ac tua l ly  achieved t h i s  only 
60 percent of the time. 

t ra in ing  a re  se,t for th  in  Advisory Circular 121-16, Ai rcraf t  Simulator 
Evaluation and Approval. This c i r cu la r  contains accuracy c r i t e r i a  fo r  
takeoff performance cha rac t e r i s t i c s ,  b u t  i t  does n o t  contain deceleration 
c r i t e r i a  f o r  dry,  wet, o r  s l ippery runways. Additionally,  i t  does not 
provide .for the measurement o f  p i l o t  response times o r  the amount of 
braking e f f o r t  applied by p.i lots and achieved by the brakes t o  assess 
how well p i l o t s  a r e  attempting t o  stop a i r c r a f t  during high-energy RTO's 
on c r i t i c a l  1 ength runways. 

P i l o t  t ra in ing  i n  actual RTO's requiring maximum energy stops i s  by 
necessity limited t o  discussion and simulation. in some cases ,  simulator 
t ra in ing  may provide a f a l s e  sense of securi ty  t o  the p i l o t  by r e f l ec t ing  
a i rp lane  performance in  excess of t h a t  ac tua l ly  ava i lab le  for  stopping 
on wet runways. 
used f o r  such t ra ining,  they should demonstrate the actual performance, 

The screen height is  the ver t ica l  dis tance above the 

This reduction i n  screen height allows the wet runway 1eng.th t o  

The Safety Board d i d  not 

Uuring the invest igat ion of the Continental accident,  the Safety 

For example, most simulated RTO's a r e  n o t  

The FAA acceptance standards f o r  a i r c r a f t  simulators used i n  p i l o t  

The Safety Board believes t h a t ,  where simulators a re  
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par t icu lar ly  where visual and acceleration cues a re  provided by the 
simulator. Furthermore, a l l  simulators should be equipped w i t h  s u f f i c i e n t  
instrumentation t o  enable ins t ruc tors  t o  evaluate the p i l o t ' s  performance 
i n  executing an RTO, par t icu lar ly  the response times i n  ac t iva t ing  
stopping devices, and the level of brake application t o  insure tha t  such 
performance i s  compatible w i t h  a mininum-distance stop. 

The RTO procedures i n  the Continental DC-10 f l i g h t  manual specif ied 
t h a t  brakes should be applied "as required" a f t e r  re tarding the throttles 
t o  id le .  Reverse thrust i s  t o  be applied "as required" following brake 
application. These procedures do not address an R l O  i n i t i a t e d  a t  o r  
near V i  speed and a t  maximum takeoff gross weights. In cont ras t  to  the 
Continental procedures, a Douglas DC-10 Newsletter issued i n  August 1977 
discussed the emergency nature of RTO's i n i t i a t e d  near Vi speed and 
recommended using maximum brake pedal def lect ion,  simultaneously select ing 
reverse thrust, and applying f u l l  reverse thrust as  soon as  possible. 

Accordingly, the National Transportation Safety Board recommends 
t h a t  the Federal Aviation Administration: 

Review and revise  the accelerate-stop c r i t e r i a  required t o  be 
demonstrated dur ing  a i r c r a f t  c e r t i f i c a t i o n  and used d u r i n g  operations 
t o  insure t h a t  they consider the e f f ec t s  of wet runway conditions 
and the most frequent and c r i t i c a l  causes of rejected takeoffs.  
(A-78-84) (Class I1 - Pr io r i ty  Action) 

Evaluate, w i t h  industry, the British CAA wet runway normal and 
rejected takeoff requirements f o r  appl icabi l i ty  as a U.S. standard. 
(A-78-85) 

Revise Advisory Circular 121-14 t o  provide guidance on (1 )  programming 
a i r c r a f t  simulators t o  account f o r  the degradation of a i r c r a f t  
deceleration performance on wet runways dur ing  landings and rejected 
takeoffs  and ( 2 )  i n s t a l l i ng  instrumentation t o  enable evaluation o f  
p i l o t  performance d u r i n g  RTO's on c r i t i c a l  l eng th  runways, par t icu lar ly  
the response times i n  act ivat ing s topp ing  devices and the level of 
brake application t o  insure t h a t  such performance is compatible 
with a minimum-distance stop. (A-78-86) (Class I1 - Pr ior i ty  
Action) 

(Class I1  - Pr io r i ty  Action) 

Insure t h a t  p i l o t  t ra ining programs include appropriate information 
regarding optimum rejected takeoff procedures a t  maximum weights, 
on wet and dry runways, and a t  speeds a t  or near V i ,  and f o r  rejected 
takeoffs which must be i n i t i a t e d  as a r e s u l t  of engine o r  t i r e  
f a i lu re s .  (A-78-87) (Class I1 - Priorl ' ty Action) 
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Encourage operators o f  turbine engine-powered a i r c r a f t  t o  include 
i n  f l ight  manuals the maximum use of a i r c r a f t  decelerat ion devices 
when a n  RTO is i n i t i a t e d  a t  o r  near decision speed (Vi) on wet o r  
dry runways o f  c r i t i c a l  length. (A-78-88) (Class  I1  - Pr io r i ty  
Action) 

Develop and publish an Advisory Circular,  o r  include i n  other 
appropriate documents avai lable  t o  a i r  c a r r i e r  and other  p i l o t s ,  
general accelerate-stop performance data f o r  RTO's  on wet runways 
necessitated by engine and t i r e  fa i lures .  Emphasize the need 
f o r  maximum braking procedures when an RTO i s  required a t  h i g h  
gross weights and speeds. (A-78-89) (Class I1 - Pr io r i ty  Action) 

KING, Chairman, DRIVER, Vice Chairman, McADAMS and HOGUE, Members 
concurred in the  above 


