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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHlNGTON, D X .  20594 

AVIATION ACCIDEhT REPORT 

Adopted: May 30,1284 

FLYING TIGERS, INC., 
FLIGHT 2468, 

CHAMBERS FIELD 

OCTOBER 25,1983 

MCDOWNEL DOUGLAS DC8-63,, 

NAVAL aW Sl'AllON NORFOLK, 

SYNOPSIS 

DC8-53, N797FT, was operating as a ferry flight under 14 CFR Part 91 from John F. 
On October 25, 1983, Flying Tigers, Inc.., Flight 2468, a McDonnell Douglas 

Kennedy International Airport (JFK), New York, to Chambers Field, Naval Air Station 
WAS) Norfolk, Virginia. A flightcrew of three and two company employees were onboard. 
L'pon arrival a t  NAS Norfolk, Flight 2468 was to convert to a military charter flight under 
14 CFR Part 121 to transport cargo to Keflavik, Iceland. 

The weather a t  Chambers Field was, in part, 200 feet scattered, ceiling 

Large portions of runway I D  were flooded with standing water 1/2 to 3/4 inch deep. The 
600 feet overcast, visibility 1 mile, moderate rain showers and fog, wind 3604 20 knots. 

) runway condition was not assessed by airport or air traffic personnel, and consequently, 
was not reported to the flightcrew of Fiight 2468. 

aboxt 15 knots above the proper reference speed to compensate for a pilot report of the 
The captain flew the ground controlled approach (GCA) instrument approach 

existence of windshear near the runway threshold. The airplane crossed the threshold of 
runway 10  about 10 knots above rcference speed m d  landed between 3,100 and 3,800 feet 
beyond the runway threshold. Runway 10 w a s  8,068 feet long. The flightcrew was unable 
to stop the airplane on the runway. At  0909, the airplane went off the side of the  runway 
and slid into a swamp at the end of the runway. There were no injuries to the five 
occupants. 

of this  accident was the flightcrew's mismanagement of the airplane's airspeed, resulting 
The National Transportation Safety Board determines that the probable cause 

in an excessively long landing on a wet, partially flooded runway; mismanagement of 
thrust reversers; and hydroplaning. Contributing to this accident wm the failure of 
airport management to identify, asses, and disseminate hazardous runway conditions 
warnings and the failure of air traffic controllers to inform the flightcrew that there was 
standing water on the runway. 
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1. FACTUAL INPORMATION 

1.1 History of the Flight 

KenneJy Internations1 Airport (JFK) for a ferry flight of a DC8-63 airplane to Chambers 
A t  0730 I/ on October 25, 1983, the flightcrew repcrted for duty at John F. 

Field, Naval Air Station !NASI, Norfolk, Virginia. The airplane w a s  being operated by the 

officers. Two company employees slso were flying with the flight, 
Flying Tigers Line, Inc. The flightcrew consisted of the captain and t h e  first and second 

"rew. 

The captain and the first officer examined the dispatch package and t h e  
weather forecast for the arrival at NAS Norfolk. Tine captain recalled tnai  the 0900 
forecast, in part, was 500-foot ceilings, visibility 5 miles with light rain . nd fog. The 
forecast wind was 20' at 10 knots. There were no NOTAXS, ,2/ but the dispatch package 
indicated that  runway 28 r ? a s  t h s  preferred runway for landing: and that i t  was wet. The 

dispaych package he would not have attempted a landing since the crosswind limitation for 
captein stated that if a report of poor or nil braking conditions had been included in the  

landing with those braking conditions was 10 knots. The dispatch package also iniicated 
:hat the maximum allowable gross weight for landing was 275,000 pounds. The captain 
checked the expected tailwind component and noted tha t  he co-dti accept a tailwind of 4 
to  6 knots based on the anticipated landing weight of about 252,000 pounds. 

The second officer performed the  predeparture walk-around of the  airplane. 
He checked and noted that  the tire pressures were in the proper range. He said the ?read 

questionable. The second officer consulted a maintenance representative who said that  ( condition of seven of the  tires was "excellent" but the serviceability of one t ire was 

the  tire met the tread serviceability criteria of Fiying Tigers, he. The second officer 

for the flight. 
then inspected the condition of the  brakes and the accumulators. .W were satisfactory 

114,192 pounds of fuel on board. The fuel loaded was sufficient for a scheduled continuing 
Before departure, the  airplane WE refueled so that there WBS about 

flight to Iceland since the airplane would not be refueled at Chambers Field. 

plan. The captain flew the first leg to  NAS Norfolk. He stated that the  .en route portion 
A t  0815, the airplane departed JFK on an instrument flight raies (IFR: flight 

of the flight was uneventful. 

(ARTCC) to  the  East Feeder. radar controller at t h e  Norfolk International Airport 
Flight 2468 w a s  transferred by Washington Air Route Traffic Control Center 

Terminal Radar Approach Control Facility (TRACON) after  the Washington AK'I'CC 
controller cleared Flight 2468 to descend from FL 310 3i to  10,000 feet. The East Feeder 
controller advised Flight 2468 that the weather at Chambers Field was 200 feet scattered, 
measured ceiling was 500 feet  overcast, visibility was 5 miles, light rain showers, fog. 
wind was 20" at  13 knots, and the altimeter w a s  29.81 inches. The controiler ak.0 advised 
?he flightcrew that, although Chambers Fieid w a s  not reporting gusts, Norfolk 
International .4irport, which was located 5 m i l s  away, was experiencing gusts up to  
19 knots. 

1/ All times herein a re  easclern daylight, based on the 24-hour clock un!ess otherwise 
Tndicated. 
- 2/ Notice to Airmen. 
3; A ievel of constant atmospheric pressure related to  a reference datum of 29.92 inches 
gf mercury. Fsch level is s tated in three dig:ts that represent hundreds of feet. 
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Chambers Field was broadcasting Automati? Terminal Information Service 
(ATIS) Delta at the time of Flight 2468's arrival. However, the flight could not receive 
t h e  ATIS because i t  was broadcast only on ultra-high frequency (UHF) and Flight 2468 was 
equipped only with very high frequency radios (VHF). In any event, no information was 
available to the flightcrew from the controller or the ATIS concerning the  runway surface 
condition since no braking reports had been made to the tower controllers. 

The East Feeder controller advisec! Flight 2468 that the  precision approach 
radar (PAR) procedure w a s  in u s e  to runway 10 at Chambers Field. Runway 10 was 
8,068 feet  long. Flight 2468 was vectored to the we:! of the airport and descended to 
5,000 feet. The flight then w a s  handed off to the Norfolk TRACON Arrival One 
controller who cleared the flight to descend further to  2,000 feet. The Arrival One 
controller then made d radar handoff t o  the Cham )ers Field ASR - 4/ feeder controller. 

provided vectors to  position Flight 2468 on the final approach course. Meanwhile, the  
The ASR feeder controller cleared :he flight to descend to 1,500 fee t  and 

flightcrew completed the before-landing chec:..list. A t  0904:58, when the airplane was 

approach course, the ASR feeder controller released control of Flight 2468 t o  the  
about 8 miies west of Chambers Field and 1 mile south of the centerline of the final 

GCA 5 /  final controller. The final controller turned the  airplane to  a heading of 75q and 
at  0955:16, said "Twenty four sixty eight, expect a heavy wind shear two to one miles 
from touchdown, had a hea\y one-forty-me report i t  when coming in last." 

When the flightcrew received t h e  windshear pilot report, the captain 
instructed t h e  first officer to monitor the No. 2 inertial navigation system (INS) for the  

drift angle. He stated that in addition to monitoring t h e  windshear possibility, he added 
ground speed-true air speed differential. The captain used the No. 1 INS t o  monitor the 

speed of 15? knots. 
10 knots to his "bug"?/ speed to  compensate for a windshear and he used an approach 

At 090548, the  airplane was ? miles from touchdown. slightly above the glide 
path and right of t h e  cente? of course. A t  0906:15, the first officer noted that  the 
headwind was "thirty knots on the nose.:' A t  0905:30, the airplane was 5 miles from 
touchdown and the wind at Chambers Field was given as 333" at 20 knots. The airplane 
was flown slightly above the glide path until just before decision height. A t  090?:12, full 
flaps were extended. At  0907:38, the drift angle was IZo right drift, and the headwind 

airplane was 2 miles from touchdown. A t  0907:49, the first officer annrifnced that  he had 
component had decreased to  15 knots "on the nose." At 0907:17, the controller said the 

runway 10 i r i  sight. At G908:04, t he  headwind component was 15 knots apd the  drift was 

controller said "slightly above glidepath, one mile from touchdown, wind check 
12O to the right. A: 0908:ll. the captain announced "everything complete." The 

360 degrees a t  18, you are on course: turn left  two degrees." A t  0908:20, the first officer 
said the' ;:.2 indicated air speed was 154 knots and the headwind was "five knots--winds 
should be gone by now." A t  0908:26, the controller said "decision height, you are on 
glidepath, on course.': At 0908:31, the first officer said "OK no wind:' and the  second 
officer said "hundred feet." 

- 4/ Airport surveillance radar which provides azimuth and range information at  lower 
altitudes of flight within about 30 miles of the airport. 
5 /  Ground Controlled .4pproach. 

Ti41 knots) and add 5 knots for a bug speed. Wind additives are applied tc t h e  bug speed in 
6 j  Flying Tigers procedure for approach speed was to determine the  reference speed 

accordance with company procedures. 
b -  
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The second officer stated that the true air speed on the INS was 157 knots and Q 
the ground speed was 161 knots as the airplane approached the runwrv threshold. Just  
before touchdown, the true air  speed (TAS) was 160 knots and the groulrci speed was 
161 knots. The first officer recalled that  the ground speed at  the threshold was 161 knots, 
and that there were a few knots of tailwind. The captain said that  with a wind o f  360°at 
20 knots, he expeclted a very slight tailwind at touchdown. 

At 09(18:34, the controller said, Irjust passed over the landing threshold, you are 
on course." At 0908:36, the  second officer said "Fifty feet." 

The captain said that the GCA had been conducted weil by the controller and 
that the airplane was in a proper position at decision heigh? to complete a normal landing. 

the rain, which he described as not being heavy enough to use rain removal on the  
He had no probfem seeing the runway once the airplane broke out of the overcast, despite 

windshield. 

The captain said that he would have accepted a threshold crossing speed of 
147 to 157 knots. A s  the airpiane crossed the threshold, the captain reduced thrust to get 
below the glideslope, with the intention to 'plant the airplane firmly on the first 

touched down in the proper attitude. He said t h a t  t he  le f t  main landing gear made 
1,000 fee t  of tile runway." He said that  the  flare was normal and that the airplane 

contact with t h e  runway very softly; however, the airplane skipped back into the air. 
According to ,;he captain, the airplane did not bounce, and the skip into the air was 
"measured not in fee t  but in inches." 

The first officer believed that the approach was normal and tha t  t he  airplane 

bounce. After the spoilers deployed, he heard the second officer call out that  ':he reverse 
touched down firmly on the first 1,500 fee t  of the runway. He did not recall a skip or a 

lights were ill:Jminated. 

except that  the airplane may have floated slightly. The touchdown was firm, with the lef t  
The second officer believed t h e  approach, flare, and touchdown were normal, 

wing low. He said that  there was no skip or bounce. 

A t  0908:44, someone in the cockpit said "Ooh." A t  0908:46, the first officer 
said "Get i t  down," and a t  0908:47, the captain said 'Yet i t  sink." 

?'he captain said the airplsne touched down again on the runway within the 

shortly by the nose gear. He said that  a f t e r  touchdown the spoilers deployed and he 
first 3,000 feet  of the runway, with the main landing gears making firm contact followed 

reversed the thrust and immediately applied the brakes. The captain stated, however, in 
stopping the airplane, the brakes were ineffective and i t  appeared to accelerate. The 
captain considered a go-around from the runway at  that point, but rejected i t  because the 
spoilers were deployed, the  engines were in  reverse thrust, and the runway remaining was 
rapidly becoming too short to reconfigure the airplane. 

At 0908:48, the first officer said "Four thousand left." He stated that he made 
this call with reference t o  t h e  4,000-foot marker on the right side of the  runway. He saw 
the marker through the windshield at the 1 or 1:30 o'clock position from his seat. The 
first officer stated that  he began to be concerned with the ability to  stop the airplane 
when he se.w the 4,000-foot marker. 
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At 0908:49, the  second officer said "spoilers extend." One second later, the 
first officer said "You got three thousand feet left." The captain recalled that  he had 
applied full brakes ye t  the  airplane was not slowing down. 

reference to the indication #at the engines were in reverse. He looked outside before he 
A t  090855, the second officer said "Flashings on one, two, and three" in 

s a w  the light which indjcated that t he  No. 4 engine was in reverse. At  090856, the 
cockpit voice recorder (CVR) recorded the sounds of the engines going into reverse. 

seat recalled the normal deceleration effect  of reverse thrust. 
However, neither the second officer nor a company mechanic who was sitting on the  jump 

A t  0908:57 and 0909:02, the capta;.l told the  first officer to get on the  brakes 
with him. The first officer complied, and tho second officer noted that  the  first officer's 
seat leaned backward as he pushed heavily against the brake pedals. 

A t  0909:06, the CVR recorded the sound of decreasing engine power. Both the 
captain and the first  officer s tated that the  brakes had been applied fully, but tha t  they 

airpiane. Additionally, both pilots s tated that  they did not feel  the antiskid cycle. 
were totally ineffective, and that  they never had control of the forward velocity of the 

As the  airplane passed the 2,000-foot marker, the airplane drifted to the right 
side of the runway as the nose ':weather cocked" to the left. All three landing gears went 
off the right side of the runway. The first officer said the airplane slowed down slightly 
as i t  went through the mud. However, as the airplane drifted to the right, i t  movec? 
toward a car stopped on the road at  the end of the runway. The captain steered the ) airplane left toward the runway. A t  0909:21, the power to the  CVR was interrupted. 

that  the airplane touched down at  the No. 1 arresting gear and bounced 50 to 100 fee t  into 
The local controller, who was located in the tower cab (see figure 1): stated 

the air and finally touched down a second time abeam of the tower, or just before 
reaching the tower. .An off-duty ground control trainee saw the aPplane touch down by 
the No. 1 arresting gear, bounce about 50 feet,  and touch down a second time abeam of 

aware about a tendency for the runway to flood under certain meteorological conditions. 
the tower just before midfield. Neither the  local controller or any other controllers was 

A flight data controller who first  saw the airplane at midfield said the airplane 
was "going very fast." Both the flight data controller and the local controller said that 
they did not hear the sound of reverse thrust. The flight data controller recalled seeing 

aviation safety officer, a Naval aviator, was driving to work and saw a DC8 touch down on 
water spray emanating from the airplane as i t  went down the runway. The airfield 

runway 10 ''just east of the southwest taxiway centerline" which was between the  
intersection of the two runways and a point Jbeam of the tower. 

Three firemen were located at the "hot spot" located about 1.200 fee t  east of 
$he intersection of the two runways. They said that they saw the airplane touchdown 
abeam of the tower, that they heard the engines in reverse thrust as the airplane passed 
their position, and that they saw spray from behind the airplane. The lieutenant in charge 
of the crash-fire-rescue (CFR) truck ordered the vehicle to respond while the airplane 
was still moving down the runway because he believed the airplane would not be able t o  
stop on the runway. 
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A motorist had stopped his car on the road a t  the end of runway 10. He estimated 
tinat when he first saw Flight 2468, i t  was 400 to  600 feet from the end of the runway, 

runway. According to the  motorist, water was "flying up under the wings," an6 :;is 
EIe said that he realized that the airplane would not be able to stop on the remaining 

airplane appeared to be "unstable in that the wings were slowly dipping somewhat from 
side to side." The motorist said that when the airplane turned right, it  was pointed 
directly at his car and he saw mud and grass coming up from beneath the right wing. He 
said the airplane appeared to be sliding the entire time. He also said that as the  airplane 
moved closer to his car, he saw "that the wheels of the aircraft appeared to be locked and 
that the  aircraft still appeared to be sliding.'' The motorist said that when he put his car 
into reverse gear and moved away from the airplane, the airplane left the runway, crossed 
the road in front of him with the right wing passing over the  hood of his car. He 
estimated that  the airplane was traveling a t  35 miles per hour as i t  crossed the  road. (See 
appendix E.) 

About 0909, the airplane :eft the confines of the airfield on a heading of about 90° 
while tracking about 100'. It crossed the airport boundary road, went through a chain link 

gear to the south and stopped on a heading of 155". The airplane came to rest 8,375 feet 
fence, and came to rest in a swamp. The airplane then pivoted on the right main landing 

from the displaced threshold of runway 10. The tail of t he  airplane was 77 feet beyond 
the airport boundary road. There were no injuries to the three flightcrew members or the 
two compaiy employees on the airplane. 

i and 76" 17' W longitude. 
The accident occurred during the hours of daylight a t  coordinates 3 6 O  56' N latitude 

A Boeing 727 departed on runway 10  a t  0835. The captain said that he did not 
encounter any control difficulties. He reported that the wind was from the north at 15 to 
20 kno:s but that there was no windshear. 

A U.S. Air Force C141B landed on runway 10 at  0840. The captain said that he had 
no problems with the weather, although the winds were 360" with gusts to 18 knots. The 
rair, was moderate. The airplane touched down in the first 1,000 feet of the  runway and 
completed the landing and rollout with no problems. He did ilot experience hydroplaning or 
di?ectional control problems. The captain saw Flight 2468 during the final stage of the 
rollout on runway 10. He stated that there was a "visible plume of water being thrown up 
by the main ge-r.l' 

portiors of the ramp and taxiways were flooded with puddles, some 4 inches deep. The 
A Xavy C-12 Beechcraft departed on runway 10 at 0844. The pilot said that 

rain was heavy and the winds were 030' a t  20 knots. During the takeoff roll, the airplane 
drified to the right side of the runway and began to hydroplane. The pilot said that he 
maintained directional control with differential power and rudder and made an uneventful 
takeoff. Iiowever, he made no pilot report to the controller. 

1.2 IiIjuries to Persons 

Injuries Crew Passengers Other 

Fatal 0 0 0 0 
Serious 0 0 0 0 
Xinor 0 0 0 0 
None 3 2 0 - 5 

2 0 5 

- - - Total - 

Total x - - 
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1.3 Damage to Aircraft 

Field. 

1.3 Other Damage 

The airplane was damaged substantially, but was later repaired at Chambers 

A lar&e section of chain link fence was destroyed. 

1.5 Personnel information 

The flightcrew was qualified for t h e  flight and had received the  required 
training. (See appendix B.) 

1.6 Aircraft Information 

The airplane, a Mcilonnell Pouglas DC8-63, N797FT, was operated by the  
Flying Tiger Line, Inc. I t  had been maintained in accordance with applicable regulations, 
and its maximum allowable takeoff gross weight was 287?800 pounds. The actual takeoff  
gross weight at JFK was 263,628 pounds. The center  of gravity was within t he  acceptable 
range. 

Before being refueled at JFK with 84,192 pounds (12,566 U.S. gallons) of jet 
fuel, 30,000 pounds of je t  fuel were onboard the  plane. When the plane departed JFK, 
114,192 pounds of fuel were onboard the airplane, although the final fuel loading sheet 
listed the  total  fue! a s  111,500 pounds. Based on the fuel burn off from takeoff until 
arr ival  at Chambers Field, the gross landing weight was 250,828 pounds. 

The airplane was powered by four P r a t t  and Whitney model JT3D-7 engines. A 
review of the inspection records for tkr engines, tires, wheels, brakes, and antiskid 
systems, and the airplane's logbook did not reveal any significant maintenance 
deficiencies. 

1.7 Meteorological Information 

foilowing terminal  forecas ts  for Norfolk International Airport: 
The National Weather Service Forecast Office, Washington, D.C.. prepared the 

Valid: 0600, October 25, 1983 t o  0600, October 26, 1983 
( transmit ted 0540) 
Ceiling--500 feet broken; visibiiity 3 miles in light rain; light drizzle and 
fog ;  wind--030 degrees 10 knots; occasionally 500 fee t  sca t tered ,  ceiling 
1,500 feet broken. After 1400: ceiling 1,500 fee t  broken, occasionaLIy 
ceiling 600 f e e t  broken, visibility 2 miles in light rain, light drizzle, and 
fog. 

Amendment 1 (transmit ted 0755) 
Valid: October 25, 0800 to October 26, 0600 
Ceilinz--500 fee t  broken; visibility 2 miles in light rain, and fog: 
wind--050 degrees 14 knots; occasionally 500 feet sca t tered ,  ceiling 

ceiling 600 feet broken: visibility 2 miles in light rain, light drizzle, and 
1,500 f e e t  broken. After  1800: ceiling--l.500 feet broken, occasionally 

fog. 
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b There were no AIRME'Ps or SIGMET's 71 valid for Virginia at the time of the 
accident. 

- 

Chambers Field, NAS, Norfolk were as follows: 
The surface weather observations before and after the time of the accident at 

Time--0855, type--record special; clouds-200 feet scattered, ceiling 

showers 
measured 600 feet overcast; visiWity--I mile; weather-moderate rain 

wind--020 degrees, 19 knots; altimeter-29.88 inches; remarks-peak 
ana fog; temperature--5S0 F; dewpoint--57O F; 

wind 010 degrees, 27 knots a t  0837, wet runway. 

Time--0913, type--special; ceiling--estimated 200 feet broken, 600 feet 
overcast; visibility--1 1 / 2  mile; weather-moderate rain showers and 
fog; temperature--58'F; dew point--57O F; wind--020 degrees, 18 knots; 
altimeter-29.88 inches; remarks--peak wind 010 degrees, 27 knots at 
0913, aircraft mishap. 

The surface weather observation before the time of the accident a t  Norfolk 
International Airport was as follows: 

800 feet overcast; visibility--1 1/8 miles; weather-hea-Vy rain and fog; 
Time--0850, type--record special; ceiling--measured 4OG feet broke& 

altimeter--29.87 inches. 
temperature--S9' F; dewpoint--56' F; wind--030 degrees, 16 knots; 

The National Weather Service recorded the following hourly rainfall amounts 
at  the Norfolk International Airport for October 25, 1983: 

Hour Ending 
A t  

0200 

0400 
0300 

0500 
0600 
0700 
0800 
0900 
1000 

Rainfall 
Amount (inches) 

trace 
0.04 
0.i4 
0.27 
0.05 
0.03 
0.36 
0.30 
0.31 

The manual measurement of the rainfall a t  NAS Norfolk for the  period 0200 
through 0800 was 2.91 inches of rain. An additional .19 inch was recorded between 0800 
until just after the time of the accident. 

b aircraft having limited capability. 
7 /  AIRMET - Airman's Meteorological Information - inflight weather advisories for 

SIG51ET - significant meteorclogi~al hformation - inflight weather advisory concerning 
weather signfieant to the safety of all aircraft. 
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1.8 A i d s :  to Navigation 

The precision approach radar to  runway 10 provides the pilot with a 3 O  

glideslope and a threshold crossing height of 37 feet above the runway. The glideslope 
intersects the runway 710 feet beyond the displaced threshold. 

1.9 - Communications 

There were no known communications problems. 

1-10 - Aerodrome Information 

Facilities.--Chambers Field, NAS NorfoW is located a t  an elevation of i6 feet 
mean sea l G ? m . l . ) .  The landing surfaces consist of t w 3  runways: runway ;0/28, 
which is oriented 98S0 magnetic, and runway 01/19. Runway 01/19 is 4,300 feet Img by 
250 feet wide. Runway LO is 8,068 feet long beyond a 300-foot displaced threshold and 
200 feet wide. In the summer of 1981, runway 10 was resurfaced with an asphalt concrete 
bituminous overlay. The runway is not grooved, except for a 500-foot extension an the 

drain off as it falls, and i t  is equipped with high intensity runway lights, runway centerline 
west end which is grooved concrete. I t  is crowned a t  the centerline to allow water to 

lights, an approach light system with seqt-nced flashing lights in ILS Category I1 
Configuration (ALSF-E), and a visual approach slope indicator (VASI). The approach light 
system, runway edge, and centerline lights, the rotating beacon, and the VAS1 were on 
when Flight 2468 conducted the  GCA. There was no record of the intensity setting. 
However, the tower supervisor said that she believed they were a t  step 3. T!?e air traffic 
control tower and all ATC facilities are operated by the  US. Navy. I 

A.irport Management.--The Air Operations Officer, who is the equivalent to 

of the airport. The activities of the fire department. the transient line crew, the ATC 
the manager of a civilian airport, is responsible for the day-to-day operation and safety 

facility, the flight operations section, and other airport elements are coordinated by the 
Air Operations Officer. An Airfield Operations Duty (ACID) Officer is on duty %&hour a 
day. The duty is rotated on a duty roster basis among a pool of officers assigned to the 

qualified as airport operations officers, unlike civilian airports which have fuli time 
Naval Air St.ation. AODs are not necessarily experienced in airport operations and are not 

opera:ions officers to manage the airfield. An aviation safety officer :s assigned to t he  

airfield activities. 
airfieid on e fclfl-time basis and is responsible to promote the safety of all aviction 

Subpart E ctf 14  CFR Part 139 although certification under Subpart B is not required for 
Airport Certification.--Chambers Field is certificated for operations under 

operations similar to Flight 2468, which are considered by the Federal Aviation Admin- 
istration (FAA) to be military charter operations. Under an agreemellt between the F.4A 
and the Department of Defense !>OD) before 14 CFR Part 139 was implemented for 
military airports in 1973, an ins?ection of the airport was not Conducted by the FAA to 
determine if the airport was properly and adequately equipped to conduct scheduled or 
unscheduled air carrier operations under 14 CFR Part 139. The FAA airpor? inspection is 
waived because military airport operations were determined to be conducted under 
requirements which equaled or exceeded those required under 14 CFR Part 139. 

that the applicant for nn airport operating certificate "show that it has appropriate 
Title 14 CFR 139.69, Airport Condition Assessment and Reporting, requires 

procedures for identifying, assessing, and disseminating information to air carrier users of 
its airport coneerning conditions on and in the vicinity of the airport that affect, or may 
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affect, the  safe  operations of aircraft." The section includes t h e  requirement t h a t  
airports  establish a procedure to de tec t  the  presence and depth of snow, ice, or water on 
runways or taxiways. 

Runway Surface.--A group consisting of the  Aviation Safety Officer,  a Naval 
Aviator, and two enlisted air traff ic controllers conducted en  inspection of t h e  en t i r e  
runway within 15 minutes after the accident. The consensus of the  group was t h a t  the  
runway was wet with numerous patches of standing water est imated t o  b e  1/2 IO 3/4 inch 
deep. The Aviation Safety Officer said tha t  "approximately 1/2-inch to 3/4-inch of water 

north side was prevented by a strong wind even though the  runway is graded. This 
was on the  center  and south side of runway 10 in the last 3,000 feet.  Water run off to the  

situation is routine at Chambers Field and causes water to pool ra ther  than drain even 
long a f t e r  rain has stopped." He also noted tha t  there were no rubber skid marks 
anywhere along t he  track of t he  main landing gear. The driver of t h e  CFR truck s t a t ed  
that there was so much water on the runway as he drove the vehicle onto the runway that 
he was concerned about losing control of t he  firetzuck. 

there  is  a standing water problem on runway 10/28. The winds prevent water  runoff from 
The Air Operations Officer said tha t  whenever there are strong north winds, 

the crown, ffhile some water is blown over the  crown to the south edge of the  runway. He 
also s ta ted  that the  runway is ins?ected daily for rubber deposits and tha t  t h e  NAS 
Norfolk Civil Engineering Office is notified to  analyze and clean the runway if rubber 
contaminants a r e  reported. 

Runwav Friction Testing.--Friction tests at Chambers Field are conducted by 
t he  Naval Facilities Engineering Command, NAS Norfolk once every 3 years uniess 
inspections by airport personnel and pilot reports indicate e deterioration in surface 

on .2 inch of water on the runway. 
conditions. The most recent friction test was  concluded in June 1983 using a Mu-meter 

A report entitled, "Runway Friction Measurement and Airfield Condition 

guidance for the  interpretation of mu-values: 
Survey," contained t he  results of the survey. Table I, ex t rac ted  from the  report ,  provides 

Table l.--Mu-!Meter friction interpretation. 

Nu-Velues Anticipated Braking Response Eydroplanin? Potential 

0 - 0.25 Unacceptable 

0.25 - 0.41 Marginal 

Very High probability 
for hydroolming 

Potential for hydroplaning 

under certain conditions 
exists for some a i rcraf t  

0.42 - 0.50 Fair Transitional 

GRErlTER than Good 
5.50 

No h7droplaning problems 
eXDeCted. 
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The conclusions of the friction test were, in pari: 

The grooved portion of the runway on the west end povided good 
drainage and little reduction in surface friction. 

Xajor pondink; exists on the pavement at  the intersection of 
runway 1-19. A test a t  t ha t  location resulted in a -38 coefficient 
of friction a t  inundation "indicating a marginal braking response 
and potential for hydroplaning dilring inclement weather." 

Fifteen minutes after inundation, the area a t  the intersection of 
the two runways had a coefficient of friction of .54. 

The remaining friction measurements indicated good braking 
response ar..: I.'t?e to no potential of hydroplaning. 

The airport managerent makes runway condition reports (RCR) when the 
temperature is 34' or less and there is visible moisture. A James Brake Decelerameter is 

accident, and no information on runway conditions was available to be transmitted to  
used to determine RCR information. No RCR information was gathered before the 

Flight 2468. 

There is no procedure ii; the airport operations manual which assigns 
responsibility to monitor the runway surfaces for water depth. A general surveillance of 

airport operations manual states that "These impcztions are conducted to ?rovide safe 
the runway surfaces is conducted by the fire and res'cae division twice each day. The 

aircraft operations. Foreign Object Damage (FDDf holes or any other discrepancies will 
be recorded and reported by the assistant fire chief directly to iiie Airfield Operations 
Duty Officer for dissemination and closure of a runway or taxiway if required." Personnel 
assigned ro the transient line crew are on duty 24-hour: a day, and as part of their duties 
can be used to check runway surface conditions. The Air Operations Officer stated that 
runway inspections for water depth, snow, ice or other contaminants are made a t  t h e  
request of pilots or i f  air traffic controllers observe runway contaminants. 

aware of the rain and t h E t  they s a w  water spray from the wheels of landing and departing 
Tht controllers in the tower a t  the time of the accident stated that they were 

airplanes. However, they did not request a measurement of runway water depth, nor did 
the loco1 controile? relay any information concerning runway conditions to the GCA 
feeder or f i n d  controller. 

Yo pi:ot braking action reports were received by controllers a t  Chambers 
Field, nor were any requested ~f pilots by the controllers. 

Chambers Field. ?'he fire lieutenant in chargo of the vehicle ordered an immediate 
Crash-Fire-Rescue.--A CFX vehicle is on standby for all aviation activities a t  

response as the airplane vent pest his iocation which was just east of the intersection of 
the two runways. He also ordere'.l a full CFR response as he drove down the runway and 
saw that the airplane had crashed. So fire or rescue scti;rities were conducted a t  the  
accident site scene. 
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1.11 Flight Recorders 

No. S137A, cockpit wice  recorder. The CVR had recorded only 15 minutes 44 seconds 
The airplane was equipped with a Sundstrand modei AV557-B, serial 

rather that the required 30 minutes because of a defect in the tape. A s m d i  hole was 

caused the  tape to reverse each 7 minutes 52 seconds. Normally a clear t k  -eader at the  
found in the tape which allowed enough light to trigger the end of the tape sensor and 

1 5  minute point in the tape triggers t h e  reverse cycle. A transcript of the last 6 minutes 
was prepared. 

The airplane also was equipped with a Sundstrand FA-542 flight data recorder 
(FDR)l serial No. 3596. The FDR was removed from the airplane and taken to the Safety 

record. (See appendix D.) The FDR recorded airspeed, altitude, heading, and vertical 
Board's FDR laboratory in Washington. D.C., for examination and readout of the flight 

acceleration data. The final 4 minutes 32 seconds of the recording were examined during 
the accident investigation to analyze the airplane's landing fllghtpath. 

The flight recorder was undamaged and intact. There was no evidence of 
recorder malfunction or recording abnorma3ties. 

1.12 Wre-kage and Impact Information 

There were no indications on t h e  ruEway of any marks of heavv braking. 

the runway, starting about 6,000 feet from the threshold of the runway. (See .qmendiu E.) 
Faint, but clear indications of t h e  track of the left and right main gears were evident on 

The tracks could be seen as light! double tire tracks. The trscks left the wnway 
centel-line a t  approximately the 6,000-foot point ar,d went off the right side of the rmwhy 

gear extended 29 feet from the right ec.x of the runway before turning toward the 
1 9  feet beyond the landing threshcld of r.mway 28. Tb? tracks of the right main landing 

runway. Both main landing gears remained off the runway, b G t  were within a few feet of 
t h e  right edge of the runway until the airplane crossed the road. 

The fuselage of the airplane sustained significant structural damage in the 
area of the nose. The radome and the associated radar components separated from the 
fuseiage. The cabin compressor access doors aft of the forward bulkhead were damaged. 
A 12-inch slice was found in the left side of the f x e ! y e  below the cabin floor a t  fuselags 
station (FS) 357 and compression wrinkies were found on the underside of the fuselage a t  
FS 1440. 

The right wing %stained minor impact damage. The left wing sustained 
structura: damage just af t  of the leading edge where the No. 1 pylon forward attachment 
point was located. 

The right and left wing trailing edge flaps were in the ful ly extended position. 
The right wing inboard flap assembly was partially separated from the wing a:<achment 
structure. The left wing inboard flap assembly was damaged by ground imp?ct. 

The Zlight and ground spoilers on both wings were extended. The spoiler 
system accumulator indicated 1.7'75 pounds of pressure. All thrust reversers were in the 
stowed position. 
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The No. 1 engine pylon assembly forward pyion-to-wing atzachment s t rx tu re  
had failed and the  pylon-to-wisg aft axtachnent strlwture had faileG partiai!y. The ,?y!cn 
and engine assembly had rotated in xhe inboard direction. Tke ??!on-to-wing eft 
attachment was detached completely by maintenance personnel 5efore t h e  airplane was 
removed from the eccident site. 

The No. 2 engine pylon assembly evidenced a partiei failure of both the 

assexbly had rotated in zhe inboard direction. 
forward pylon-to-wing and af t  ?ylon-to-wing @ltSChZ?eRt struciure. The 3yloa and engine 

The Nos. 3 and 1 engine pylon assembiies remained intact and attached to ?he 

sustained interna; damege. 
wing structure. AX fow engines ingested water. mud. end brush from the swamp and 

The two main ianding gear assembiies incured only ninor izpect dr.rcage. 

light assemblies were damaged. 
The nose gear was not damaged. although the forward and aft gee: doors and the: Landing 

All eight tires on the m i n  landiag gears and the th-o case xheel  riyes 
remained on the wheeis and were infiated. There were no :la: .spcl?s OR an:; :!:e$ 0: 
indicarions of a maximum energy siop. The ?;os. I and 5 t!?es (the Cron? and ;ea- ou:zi<e 
tires) on the left main lending gear assen'3lv receive2 so-e C ~ I S  ;~n< .xoqes. :ET :::e 
treads on al l  right ?ires were satisfactor?.. 

.I, 

Direct visual refiding tire ?resure seges w e x  ins;,?!!ed or. t he  -ail? gear W ~ C L ? !  

sire assembIies. The tire pressures were read !I days Bite: !::e ecciden?. 

Tire - Position 
Prexw-e 

:, ibc! 
.I__ 

~ 

left iron: outside i 88 
left front inside i 90 

right front outside 
left aft outside 

i 7 @  
1 %  

right oft inside 
left af t  inside I59  

right Eft outside 
i 85 
200 

right front inside : 90 
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B The mefhanicai movement of the krake con~ro! valve ioce?ed IC t'ie rigir gear ael! w.%s 
checked by Zepressing the brake pedals In t?e coc:q;?. The controi valve operetioils we-e 
noxa!. 

essemS!ies indiceled that &out Y O  percent of the vrea- cepasility :ermined on eacb Srp'te 
Exeminatior, of rhe f o ~ r  k f t  msir, gear and the fotir iighi rrain gear >rake 2ise 

uni i. 

1.13 Medical  and Pa'Lhologicrl kforrnation 
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The following equation was used to calculate the landing eir run distance from 
rhe 5G-foot height above the runway to touchdown: 

Sa = 1.688 I Vapp + V.t.d. A t a i r  
F 

I 2 1 
Where: 

sa = Air run distance (feet) 
Yapp = Approach ground speed-iFDR indicated airspeed plus 3.5 k1.3ts) 
\‘t.d. = touchdown ground speed-(FDR indicated airspeed plus 3.5 knots! 

tair = Air time from 50 feat to twtchdowr. ir. intervals 
1.688 = Knots to feet per second ronversion factor 

recorder of Flight 2468 progressing from the 50-foot point io :he tcuchdown point - e 
Table I! contains the time. airspeed, and time intervals recorded by the flight dzta 

13-secocd inlerual. Groundspeeds in the tahles weye celculated by edding 3.5 knots t o  
?ecordeC airspeed vakies. The 3.5-knot additive was the difference between the iNS 
groundspees and INS TAS recelled by the Sightcrew. and the repcrted wind at :he airport. 

Table II.--Landing air w n  distance. 

B 0508:36.5 
0908:38.3 

ti308:4;.3 
0908:40.1 

09C8:41.9 
0908:43.6 
0908:44.; 
0908:4’;.1 
0908:43.5 

0003:40:1 
0003:11:9 
G003:43:7 
0003:44:9 
0003:45:4 
0003:47:2 
0003:48:3 
0003:50:7 
0003:53:: 

1.8 
1.8 
1.2 
0.5 
1.e 
1.1 
2.4 
2.4 

Yote: The I..%Ss %ere obtained from the FDR. Generally. the 1.4s seen in the cockpit 
and recorded on the FDK foil is e few knots below actual I.AS due to ground 
effect. Because of ster.dard day. sea level conditions, i t  is not necessary t o  
convert IAS to true airspeed. T.’;e air run distance was calcu!eted by 
de:erzining and summing the distances covered duri;?,r ?he smaller time 
intervels. The air run distance was determined to be 3.17s feet. 

added to the a!: run distance of 3,178 feet 2alcu:ated from the 50-foot height above: the 
if the increased air run distance of 544 feet (due to height above 50 fee:) is 

threshold. the touchdown poin? could have been as far as 3,722 feet beyond the 61s:placed 
threshold of runwe! 10. Ground wi:nesses placed the finai toschdown point between the 
air :raffic control tow: (3 .143 feet) and the intersection of the two runways (3.894 feet). 

disrttnce. determined curing airp!ane certification, is :he total horizontal distance 
Required Runway Length Based on Actual CondiZions.-The dry runway Landing 

necessary to land and stop completely, without use of reverse thrust, from a point 50 feet 
abcve the intersection of ?he obstruction clearenec plane and the T I , ~ ~ w R ~ .  This distance is 
the &rived s u m  of t h e  ectuai air run distance and the stopping sqment .  The distance 
represents the minimum 1endi:;n distance ?ossiSle for dry surfeces w h ~ n  the airplane is 
operated 81 or near its n les imum caaabilities end l imits .  To obtain F.A.4-spprov& 
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operationai !=:ding f ie '3  1e.ngths for dry surfaces, the actual  air and stopping segments 
obtained during certification tests are increased by 67 percent t o  adjus? for t h e  
operetio!!ai requirements of i-l CFR Part 121.195. 

?able XI indicates the  demonstrated minimum dry landing distances: the dry 
runway required !@::ding field iengths, wnich inciude a 67-percent safe ty  factor: and t h e  
wet runway :ecuirec'iaoding field lengfhs. The speeds are computed based on Flying 
Tigers Operating Manuel for various approach reference speeds. The reference speed of 

hcndred fifty seven and one hundred sixty-onc knots a re  the high end of the speed range 
it1 knots was the proper Vref for Flight 2468: 146 was Vrei' plus 5 knots "bug" speed. One 

which were recalled by the Cightcreu: as the TAS snd groundspeed at the threshold. 

, I  

Table IR..--Runway iengths. 

1.17 Additional Information 

1.17.1 Dispatch 05 Flight 2468 

The data for the dispatch ?ackage for Flight  2468 was ?repared by H flying 
Tige-s Flight Pianner. a !icensed dispaicher. The fligh: ?lanner determined the ? e x : m u ~  
e:lowab!e !anding weight for runways i 0  and 2S and concluded that t h t x  forecar-: weathe: 
conditions would fevor runway 10. However. the :light piamer misrc!.ken& refcrencec 
funway 28 as the appropriate runway. and inco-recti? iisted ?he rnaxizun i*nc'.ing 1ve;ght 
for runway 28-we: a s  275.1100 pounds. The correet ??exirnum landing w,?ight for runway 
28-wet. under IFR conditions. was 2410,298 pounds for a zero win<: conditi<,r.. 

landing runway a s  runway IO-we? based on the forecest surface wines. Since t h e  iureces: 
The correct informarlon in t h e  dispatch psckage shouid n f v 2  indicated t h e  

ivesther was for !FR conditions, the  maximum landing weigh? fo? a %era wind comaonen: 

subtracted for each knot of tail  *n.ir.d. The reported wind of 35O0 a i  ! 8  knots p-oCuced a 
was 265,844 pounds. The airpor? performance manual shows *bs: 4,770 powds must  be 

for runway 10 was 256.304 pounds rather tha?. 275.000 pounds. HS stated on the dir-parch 
tailwind component of 2 knots, so the maximum allowable landing :veigR: of Fligi.: 2468 

package. 

weight for landing on the release flight plan "provides B sesis for t h e  f!i$hlrretv to 
The F!ying Tigers Operation Manual ststc-5 ihn i  the m a x i m u n  ailowr.b!e q o s s  

cross-check the flight plan against conditions which a re  anticipa?ed by the Flighterew a t  
the time the f j igh t  reiease is executed." 

measures to eliminate rhe confusion that  the Director, F!igh: Planning en.! Opere:ion!; 
As a result of the accident investigation. Flying Tigers too;; the foliowing 

Anaiysis. said had developed with regard to t h e  teknoff and landing data on !he flight 
plans: 
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B 

I. 17.2 

:he Fiying 

Flight Operations Bulletin 883-22 included a description of the 
intended purpose of the data. Slthcugh :he bulletin was dated 
November 18, 1983, it was actually written and placed into t he  
publication process either in late September or early Sctober  in 
order to be ?rin:ed and distributed by t h e  November date. 

A Tewrite of the same information was inehded in the  January 
issue of thc company's pubkat ion .  "Tiger Pride." 

The S a n e  rewrite will appear in the company3 publication .'Flight 
Operations Qurrterly Review. 

The contents of Flight Operetiors Bxulletin =S:-22 have been 
included in Flight Qperations X a n u d  Revision 2380.  dated 
DeceTber 1. 1983 (d i s t r ih ted  on January 3; 1281). 

The subject is beii?g presented to and discusse.i ,&ith e ~ c h  ~ o n ~ t a n y  
pilo: 615 he :ekes reqcired recurren: :ruining. 
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early t o  reduce to a safe  taxi speed. 
When landing on a short, w e t  or icy runway, apply fuli pedal pressure 

* * *  

Landing Data Card.--The landing data card for :he accident flight was not 
re:rieved from the  airplane. A duplicate landing da ta  card for the  flight was prepared by 
Flying Tiger's supewisory flight personnel. (See table IV.) 

'Table 1V.-Landing da ta  for FIighr 2468. 

Actual !andi?g weight 
Xianeuvering speed Cor 

Yaneuvering speed tor 

Apprcach 35" flaps 
2 3  deg.-ees flaps 

Reference 50" i iaps 
Bug 
Go around EPR 
Clirsb EPR 

oo flaps 

252,OO pounds 

204 kn (1.5 Vs) 

173 kn (1.3 Vs! 
139 kn (1.4 VS) 
I41 kn (i.3 Vsj 
i 4 6 k n  I 

1.83 
1.69 

Regional DirecTor. also e DC-8 check caDtain. s lated tha t  the reference meed for :he 
Interview with F!yi;lg Tigers Regions: Director-Fiiwh: ODerations East.--The 

. 
app-osc!? was 141 knots with e 5-knot addicive. An additive of 10 knots for the windshear 

additives should have Seen removed. Flight 3468's airspeed should heve Seen approaching 
report :vas prorer. However. a s  the eirplane appruacb.ed t i e  runway th-eshold, all 

croswind conponen; ior R DC-8 wes 1 0  knots i f  there is x report of poor or nil braking. 
t he  reference speed of 141 knos  a t  ?he 50-foot point. He s ta ted  tha t  the  maximum 

!+e a:so s1a:ed that  Flying Tigers teaches pilots to anticipate hydroplaxing 
cocZi!icx *hen landing on a we? rilnway. The airplane should be landed firmly with no 
a t x s i p t  to n e k e  R smocth lending. Hc said that,  in any case, a pilot should avoid any 
E m ?  since :he air?lme decelerates inore quickly on the  runway. 

The Xcgiona! Director s tated that runway 10 *as shorter than most runways 
us& 3~ r i y i x  Tigers. He said. however, t h a t  he did not consider i t  a Short runway, and 
the: i i  did not r epesen t  LI pmblem for DC-8 landhgs. 

1.17.3 Wheel Brake-Antiskid and Spoiler Systems 

- 

ew:i main Imd ing  gcer wheel arc ectueTed by pressure from t h e  mein hydraulic system 
\<ice1 Brake-.kntiskid Systems.--The hydraulically-operated disc brakes in  

through a power brek? contro! wive.  The control valve is operated Sy the  rudder pedals 
through a ca3!e s:;s:em. The antiskid system is e fully automatic  pressure mcdukt ing  
wheel  amking s?'slcni which is caritrolled by individual wheel speed transducers, a n  
antiski(: con:ro! box. ~ n d  individllal antiskid control valves for each main wheel brake. 
[ h e  rntiskid function doe?. not operate u-til the main wheels  of tke airplane spin up to 
aDwt  80 k::o?s. For efiicien: antiskid operation or 6 Wet r!!nway, a firm touchdown 
shoulc be ma& ic exsure p:o:npt wheel  spin up. 

- 
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When armed. the  antiskid system (1) prevents locked whee!s at touchdown and 
during rollout. (2) initiates automatic deployment of the ground spoiiers when specfic 
pairs or all a f t  main whee!s spin up past about 83 knots at touchdown, and (3)  monitors 
wheel speeds to sense impending individual wheelskids and modulaZes the brake pressure 
to keep the wheels at the  skid threshol%. 

The main gear wheelspeed transducers monitor individual wheel speeds which 
are transmitted to the  antiskid control box. When the antiskid control box senses a wheel 

antiskid hydraulic control valve to  decrease brake pressure from the associated wheel 
deceleration that  requires antiskid con:ro!, the control box Gperates the corresponding 

brake. 

~. 
The ground spoiler control box is powered from the antiskid control box. 

*bee: rotation signah from the ai, wheel tracsducers provide grcund spoiier actuation 
from the  entiskid syst.em. 

each wing. The purpose of the spoilers is to assist lowspeed iatera! in-flight control and 
Spoiler System.--The spoilers consist of five. hinged surfaces on the top of 

to spoil l i f t  during the landing rollout. All ten spoiiers act es ground saoilers a f t e r  
landing. 

oast 80 knots of certain Combinations of two of the  a:; m a n  lxnding gear wheels after 
iz'ith rhe spoiler control iever armed. el! spoilers wi!! extend fully upon spin up 

iouchdown if the  antiskid system is armed. Should main wheels rote:ion faii to  actuate 
the spoilers. they will be extended by compression of the 1iose gear oleo. A Slue light will 
illuminate when the  ground spoilers are not fully retracted. 

1.17.4 - Timely Information of Airport Conditions 

condition advisories necessarv for an airp!ane's safe operation in t i m e  for :he information 
Airport traffic controliers in  ?he  terminal area are required to issue airport 

to be useful to t h e  pilot. 9 i  This. requiremcn't inc!udes informatiori concerning braking 
conditions as affected by &e, snow, s!ush. or water. and factual information reported Sy 
ai?port management concerning the cor.di:ion of the runway. The controller is ;.equired t o  
furnish to all airplanes the quality of braking action reports as received from piiots or the 
airport management. 

A-82-156 following an airplane accident involving poor runway conditions. IO! The Safety 
On December 23, 1962, the Safety Goarb issued safety recommendation 

3oard recommended that  the Federal Aviation .4dministration: 
- 

Amend a i r  t raff ic control procedures to reqi1ii.e that  controllers make 
frequent requests for pilot braking action reports which incpdde 
assessment of braking action along the length of the  runway whenever 
weather conditions are conducive to deteriorating braking condi:ions and 
that the requests be made weli before the  pilot lantis. 

- 10/  Aircraft Accident Report--"World Airways. Inc., Flight 30H. Kil3W.4 .  4lcDonneli 
Douglas DC-1030, Boston-Lozan International .AirDort. Boston. Vassachusetts. .Innmrw 23- 

c 
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1 In response to this recommendation, on May 18, 1983, the FAA amended 
Handbook 7110.65C, Air Traffic Controlt to require controllers to request b r a k i s  action 
reports from pilots when weather conditions are conducive to deteriorating or rapidly 
changing runway braking action. As a result of this response, the Safety Board classified 
the recommendation as ”Closed-Acceptable Action.” 

The requirements of FAA Handbook 7110.65C are applicable to U. S. Navy air 
traffic controllex. 

1.1?.5 Hydroplaning 

The Flying Tigers Operations Manual states, in part: 

Aircraft Hydroplaning on Wet Rwways 

A film of water on runways can seriously affect aircraft ground 

the depth of the water increase: the water layer builds up and increases 
controllabiiity and braking efficiency. If the speed of the aircraft and 

resistence to displacement, resulting in the formation of a wedge of 
water beneath the tire. The vertical component of this resistance 
progressively l i f t s  the tire, decreasing the area in contact with the 
runway until, with certain aircraft configwations and depths, the tire is 

hydroplaniw on a film of water. In this condition, the tires no longer 
compltely out of contact with the runway surface a”?d starts 

contribute to direc?ionai control and Seeking action is nil. 

There are three types of hgdropla2icg: 

1 

Oynamic Hydroplaning 

This occurs when there is standirg water on :he runway surface. 
Water about 1 1 0  of an inch deep acts to lift the tire off the 
runwey a:s explained above. 

Viscous Hydroplaning 

This type is due to ?he viscous properties of water. In this Fegwd. 
a thin filn of fluid not more than 1/1000 of 9.n inch in depth caznot 
be penetrated by the tire and the tire rolls on tcp of the f i lm.  This 

requires a smooth or smooth-acting surface. 
can occur at a much lower speed than Dynamic Hydropkning but  

Reverted Rubber - Hydroplaning 

rubber and wet runway surface. The reverted (curjed back) rubber 
Tfis phenomenon requires a prolonged locked wheel skid, revertec! 

acts as a seal between the tire and the rdnway and delays water 
exit from the tire footprint area. The water heats and is converted 
to steam; the stesm supports the tire off the pavement. 
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From data  adopted during hydroplaning tests, the minimum Djinamic 
Hydroplaning speed of a t i re  has been determined t o  be approximately 
3.0 times the square root of the t ire pressure in pounds per square inch. 
For the DC-8-63F and B747 the hydroplaning speed is 120-130 knots. 
The calculated speed referred to above is for the start of Dynamic 
Hydroplaning. During a landing roll, once hydroplaning has started,  it 
may persist to a significantly slower speed depending upon the conditions 
encountered. 

Therefore, i t  m u s t  be emphasized that when landing on a wet runway, 
close adherence to established operating procedures is essential with 
regard to  touchdown point, speed control, and the use of spoilers, wheel 
brakes, and reverse thrdst. 

The following was excerpted from Flying Tigers Flight Operations Bslletin 
83-19, issued nctober  2,1983: 

Landing 

Landing on wet or icy runways requires much greater stopping distances. 
Stush or water crea tes  potential hydroplaning problems. The tremendous 
forces of splashing water or slush can cause flap or other .damage. Water 
and slush can also freeze actuating mechanisms rendering the l t em 
inoperative. Loose snow on runways can obscure visibility when blown 
forward during reversing. 

action and directional control poblems.  Taxi-in af ter  landing is often 
Beware of petchy surface canditions that can cause uneven braking 

a i rcra i t  (with a now-lower gross weight) will have a tendency to  taxi 
trickier than going out for takeoff. With ?he Same idle thrust, your 

faster. 

1.18 New Investigative '?"echniques 

None. 
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2. ANALYSIS 

2.1 m e  Flightcrew 

The flightcrew was properly certificated and qualified in accordance with 
existing regulations; there was no evidence that medical or physiological factors a f fec ted  
their performance. They had received the required rest period before beginning the 
flight. 

2.2 The Aircraft 

The airplane was properly Certificated, quipped,  and maintained in 
accordance with existing regulations and approved procedures. There was no history of 

airplane to  land and stop normally on the runway. The postaccident investigation revealed 
deficiencies with any component or system which would have affected She ability of the 

t h a t  the main landing gear tires, with the  exception of the  No. 7 tire, were in excellent 
condition and should have aliou;ed a normal, effective b r a k i q  process. The No. 7 t i re  
exhibited more tread wear than the  others. However, all t reads were present on the  tire, 
and there were no flat spots or other deficiencies which would have affected airplane 
braking. 

The antiskid system functiened properly for seven of the tires. The logic 

during the  postaccident examination. A failed logic wheelboard would disable antiskid 
WheelSOnrd from the antiskid contro! box for the  No. 1 tire was found to be inoperative 

controls from the  No. 1 tire which would probably result in a locked t ire situation upon 

1 blown t ire had i t  existed during t h e  previous landing a t  JFX. Therefore, t he  Safety Board 
the appEcation of brakes at landing speed. This discrepancy probably would have caused a 

concludes that the logic wheelboard failed after Flight 2468 departed JFK. Moreover, the  
Safety Soard concludes that  the antiskid system operated properly during t he  larding and 
tnat the logic wheelboard failed as a result of it being submerged in the swamp for 11 
days a f t e r  the acciderit and before the airplane was removed. The Safety Board based this 
conclusion on the flightcrew's recollection that there were no malfunctions with the brake 
and antiskid systems and the absewe of indicators'of antiskid malfunctions in the  cockpit. 

2.3 %%e Aceident 

The investigacion revealed that the instrunent  approach and the  landing were 
conducted in  weather characterized by a low ceiling, reduced visibiiity, rain, and strong 
winds. However, rain, which resulted in the flooding of parts  of the runway, and the 
crosswind and tailwind components were the  only significaqt meteorological factors. 

The CVR transcript and the  flightcrew accounts indicate that the prelanding 
preparations were conducted in accordance with Flying Tigers procedures. In addition to 
properly configuring the  airplane for landing, the captain instructed the first off icer  to 
use the No. 2 P I S  to monitor the  winds for indications of windshear. The FDR information 
and the  s tatements  of the GCA air  t raff ic controller established that the airplane was 
flown a t  or slightly above the 3'glide slope throughout the  approach, and that  the airplane 
was in the cosrect position t o  complete the  ianding as it crossed the displaced threshold. 

The investigation showed, however, that  Flight 2468's indicated airspeed was 

1 landed as much as 3,800 feet  beyond the displaced threshold. The long touchdown 
10 knots shove the reference speed at the displaced threshold, and tha t  the airplane 

followed an extended air run a s  the  airspeed was dissipated, with the result t h a t  as little 
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as 4,268 to  4,968 feet of runway remained on which to stop t h e  airplane. The 4 
investiga':ion also indicated that, although all the decelerative devices were used, the 
flightcrew was unable to stop the airplane before it overran the runway. 

The ineffectiveness of wheel braking was attributed to the flooded runway 

existed at the airport for at least 27 minutes before the accident but were not 
,conditions and the manner in which the airplane was landed. The runway conditions had 

transmitted to t h e  flightcrew or to the final GCA controller. 

accident: 
The Safety Board considered three factors significant to the cause of the 

o The airport procedures to monitor and assess rucway surface 
conditions, including the role of air traffic control in t h e  
development and transmission of runway surface data; 

o The captain's management of the approach and Ianding airspeeds, 
and his emphasis on planning for a windshear problem to t h e  
exclusion of planning for a wet runway landing; and 

o The ef fec t  of hydroplaning on the flightcrew's e i for ts  to stop the  
airplane. 

Airport Procedures to Monitor and Assess Runway Conditions 

Runwai. Condition.--The Xorfolk area had recorded constant rain conditions ( 
for S hours before the accident, and moderate rainfall during the hour immediately 
preceding :he accident. A s  a result, significant portions of runwey 10/28 were flooded 

some taxiways existed well before Flight 2468 first contacted the ASR fc-der controller 
with water depths of 1/2  to  3i4 inch. The general flooding conditions on the runway and 

st Chambers Field and were confirmed by the Navy (2-12 Beechcraft pilot who departed 
runway i o  at  0844. The presence of standing water on runway 10 was further confirmed 
by witnesses observations of water spraying from the landing gear of Flight 2468, and 
from runway observations made by Navy officials immediately af ter  the accident. 
Consequently, the Safety Board concludes tha t  significant portions of runway 10 were 
covered by standing water which was 3 / 4  inch deep in some places particularly the  last  
half of zhe runway. Further, the standing water conditions had existed for at least 
2 5  minutes before the  accident occurred. 

Conditions.--The airport management, in the person of the Air Operations Gificer or t he  
Airport Xanagenent  Role in Assessing and Reporting Runway 

designated AOD, had the  responsibility to monitor runway surface-concitions and to insure 
tha t  runway surface condition reports were available to  air traffic controllers and pilots. 
CFR personnel and the transient line crew were availabie to conduct runway inspections 

piiots. Censequsntly, there was no organizational or staffing reaso? to  preclude the close 
a t  the request of the Air Operations Officer, the AOD, the air  t raff ic controllers, or 

contitlnns. However, the investigation indicated that there were no clear procedures in  
monitoring of runway surface conditions during periods of changing meteorological 

e f fec t  to establish and conduct a program which would monitor and detect  deteriorating 
runway conditions. The only reference to an inspection program was the FOD inspection 
conducted by CFR personnel, and these inspectiom were made a t  set times. Any other  
inspections to assess and monitor runway conditions depended on requests by the  Air 
Gperations Officer, t h e  AOD, or air t raff ic controllers. However, the Air Operaticns 
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I Officer indicated tha t  t h e  initiative to  conduct additional runway inspectiors came i rom 
pilot requests through air  traffic controllers, or as a result of observations of t he  tower 
controllers. Because AODs are  not necessarily experienced in airport matters, AODs 
would not necessarily kncw when to initiate a request for a runway inspection based on 
changing or existing meteorological conditions. Consequently, without a jpecific 
procedure to  govern a runway assessment and monito-ing program, there is no guidance to 
insure tha t  the airport personnel conducted an aggressive ef for t  to  de tec t  runway 
contaminants and transmit the data to  controllers and pilots. 

should have made the  need for an  active program t o  a s s e s  runway conditions in inclement 
Even before the October 25, 1983 accident, two factors were present which 

weather obvious to  airport management. The first factor  was the documented history of 

of friction which were recorded when the runway was flooded. The Air Operations 
runway flooding under certain meteorological conditions and the resulting low coefficients 

flooding problems when moderate rain coincided with strong northerly winds. 
Officer and the safety officer acknowledged they were aware t ha t  runway 10/28 had 

Additionally, a survey of the runway, compieted 4 months befwe the accident, reported 
"major ponding "problems" with a low coefficient of friction when the runway was 

during inclement weether." The accident investigation revealed that ,  in fact, the ruiiway 
inundated. This produced "a marginal braking response and a potential for hydroplaning 

did flood as predicted by the survey. However, no measures existed to (1) identify and 
correlatc incipient weather conditions to  possible runway flooding cenditions, and (2) to 
a ler t  zppropriate personnel to begin monitoring the runway for deteriorating conditions. 
Additionally, there was no published notice which could have warned pilots of the  
tendency of the runway to flood under certain weather conditions. Finally, t h e  controllers 
should have been informed by the  airport management of the tendency of the runway to 
flood unier certain conditions and, therefore, shou!d have been ready t o  increase their 
surveillance of the runway conditions when there was the possibility tha t  the  runway 
might be flooded. The Safety Board believes that the airport management's failure to 
make provision for monitoring runway conditions in inclement weather contributed t o  this  
accident. 

The second factor was the frequent we of Chambers Field by 
"heavy" l l i t r anspor t  category US. Air Force airplanes as well as commercial airplanes. 

to  the Safety Board tha t  formal procedures to  develop and transmit data on runway 
The s ingz rna in  runway configuration, coupled with its modest 8,068 feet length, indicates 

conditions to the  pilot are needed to  maintain safe  operations during inclement weather. 

landed or taken off ere best able to  asses runway and taxiway conditions, the  tower 
Role of Air Traffic Controllers.--Although flightcrews that have recently 

developing as the result of the weather conditions. Piiots are the most direct  source of 
controllers must take the initiative to  determine i f  adverse runway conditions exist or are 

runway surface information. However, visual assessmenls by controllers are as important 
as pilot reports s i xe  visual assessment of deteriorating conditions should promote 
controller requests to airfield menagement for a runway inspection and requests to pilots 
for  braking aciion reports. Additionally. controllers should pass their observations of 
hazardous runway Conditions to  arriving and departing pilots. 

l l i  Aircraft capable of takeoff weights of 300,000 pounds or more whether or not they 
are operating at this weight during a particular phase of flight. 



2 

-28- 

The Safety Board believes that  when runway conditions are deteriorating 
during continuing precipation tower contnl lcrs  should take the  initiative to  request 
braking action reports if they a re  not voluntc’ered by pilots. As a result of Safety 
Recommendation A-82-156, controllers now are required to  request braking action reports 
when deteriorating weather conditions affect the runway sur:’ace. Since only one airplane 
landed at Chambers Field during the hour before Elight 2465, there was no opportunity for 
the controllers to obtain a current braking report. However, the flooded runway and 
taxiway conditions should have been evident to the  controllers despite the lack of pilot 
braking reports. The controllers did have the  opportunity to  request taxiway and runway 

amount of water that was standing on the runway and taxiways produced a visible spray as 
condition reports from departing airplanes. The Safety Board b e l i e v s  tha t  when the 

should have been alerted to  the flooding conditions at the airfield if the actual  presence 
the Navy C12 departed at 0844 and the Boeing 727 departed a t  0835, tower controllers 

of large puddles on the runway and taxiways had not done so. Consequentlv, the Safety 
Board concludes that the  air  t raff ic controllers did not exercise special care to monitor 
runway conditions during a time when weather conditions were conducive to  deteriorating 
braking conditions. The controller’s failure to  inform the flightcrew of Flight 2468 that 
there was significant standing water on the runway resulted in a critical gap in the  
information the ceptain needed to make decisirms about the approach and landing. The 

conjecture, aIthough he stated that he would no; have Ianded had the runway braking 
manner in which the captain would have used this information about standing water is only 

Conditions been “pocr“ or “nil.“ Consequently, the  Safety Board concludes that the  

been known by the controllers through informal observation and greater  initiative, and 
flightcrew of Flight 2468 lacked essential information, that the information should have 

that the l a t t e r 3  failure to provide the information to  the f ightcrew of Flight 2468 
contributed t o  the  accident. 

In summary, the safety of operations on runways during inclement weather 
depends upon coordination between Eirport management, controllers, and pilots. Pilot 
braking action reports must be mace regularly, and other observations of deteriorating 
runway conditions must be transmitted to controllers; this information must  also be 
passed through controllers to  airport management so that intelligent decisions regarding 
runway inspection can be made by airport management. .%t the same time, fontrollers 
must  actively observe the airport to note deterioratipg conditions and report them to  the  
airport management for further assessment. Finally, airport management must maintain 
aggressive runway assessment programs to detec t  unsafe conditions as they develop. The 

area  of runway assessment. and coordination of information transmission amonz the 
October 25, 1983 wcident  again illustrates that significant shortcomings existed in t h e  

persons who must use runwa’y and airport information for operational decisions. The NAS 

deteriorating runway conditions, and the a i r  t raff ic controllers did not talce the  init iat ive 
Norfolk airport management failed to  develop and implement a program to detec t  

to inquire of pilots and airport personnel the s t a t e  of actual  braking and runway 
conditions. Additionally, pilots using the  runway before Flight 2468 landed did nct report 
standing water conditi0r.s on the runway or taxiway, which would have informed both the  
controllers and airport rnanagen ?nt of t he  flooded condition. 

- Captain’s Management of A y p x c h  and Landia Airspeeds 

maintain runways in an  acceptable condition and to report runway hezards throuEh 
Flightcrew Judzment and Performance.--Pilots expect airport personnel to 

NOTAM and air- traff ic control advisories when hazardousconditions develop. How?&, 
pilots also should be aware of the effects  of contaminated runway conditions on airplane 
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1 stopping performance. Consequently, pilots must expect some degradation of braking 

solely with the pilot, he must consider all factors as they relate to  the  particular 
when operating on a wet or contaminated runway. Since the final decision t o  land rests 

operation -- landing performance of the airplane, runway length, prevailing wind, pilot 
reports, and air t raff ic control advisories. The Safety Board explored all of these factors  
a s  they were known to the  flightcrew of Flight 2468 during preparations for the landing at 
Chambers Field. 

of Flight 2468 included incorrect information. The maximum zero-wind landing weight 
Dispatch of Flight 2468.--The dispatch package that  was given to  the captain 

should have been stated as 265,844 pounds for runway 10 rather than 275,000 pounds for 
runway 28. Upon arrival at Norfolk, the tailwind component of 2 knots would have 
reduced the maximum landing weight to  256,304 pounds (based on the reported winds of 
360° a t  18 knots which resulted in a 2-knot tailwind component). A report of actual  
landing conditions in the  dispatch package would not have changed the decision to begin 
the  flight, nor would it have required any different landing data at Chambers Field. 

with a slight tailwind component of up to 5 knots, a t  weights of up t o  275,000 pounds. 
However, the captain believed that  the airplane could be landed safely and legally, even 

assumed was  the maximum weight, probably created false confidence. The Safety Board 
Consequently, t h e  knowledge that  he was landing at 252,000 pounds, well below what  he 

believes that if the  captain had known that the maximum allowable gross landing weight 
was 256,304 pounds, he may have considered the landing at Chambers Field more difficult, 
and he may have analyzed the factors and events of the  approach and landing from a 
different perspective. 

The error in the dispatch package concerning the landing weight and the 
preferred runway WBS made by the dispatcher who handled the flight. The error was as 
simple as determining the correct  runway but then listing the  wrong runway number on 
the dispatch package. The error was discussed by Flying Tiger's management and 
measures we.re taken to preclude 8. recurrence. 

Notwithstapding errors by the dispatcher, there were two procedural 
redundancies which should have corrected the errors. The first redandancy was t h e  

not runway 28, and this fac t  shouid have been recognized by the  captain and corrected. 
captain's check of t h e  dispatch package. The forecast wind of 020° favored runway 10, 

noted the different maximum landing weight by confirmation of the  dispatch package 
Further, even if t h e  captain had not noted the incorrect runway selection, he should have 

data with t h e  airport performance chart for runway 28. However, the captain accepted 
the information in the dispatch package without cross-checking the accuracy of the da ta  
as requiTed by the  Flying Tigers Operations Manual. 

The second procedural opportunity was the preparation of the  landing data by 

appropriate reference speed for runway 10, based on the actual  landing weight of t h e  
the second officer before landing. The second officer correcTly determined the 

nirplane, and informed the  captain of the  reference speed in accordance with normal 
Flying Tigers procedures. However, the captain retained his originel misconception that  
the maximum a!lowable landing weight was 275,000 pounds, despite t h e  fact. t h a t  the  
s?cond officer had provided t he  prope: reference speed for  the airplane and rullway 
conditions. 

Conduct of the Approach.--The flightcrew prepared properly for the approach 1 and :anding in ecccrdance with applicable Flying Tigers procedures. The captain noted 
B t h e  pilot report for a "heavy windshear" near the  runway and thoroughly briefed the  
I 
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first officer on the use of available cockpit instruments to de tec t  and counteract t h e  
windshear. After the second officer had selected the  proper approach reference speed 
(Yref) - 141 knots - the captain added 10 knots to the  Dug speed of 146 knots &ref plus 
5 knotsf 20 compensate for the windshear. Consequently, the  correct F!ying Tigers 
procedures were followed when the approach w a s  begun et an indicated airspeed of 
157 knots even though the speed additives totaled 156 knots. 

the indicated airspeed? the headwind component, and the drif t  angle as displayed on the  
During the approach, the captain and Lhe first officer monitored continuously 

Ih'Ss. Consequently, :he captain was aware that  the headwind component was decreasing. 

headwind "five knots-should be gone by new." A i  tha t  point. the  indicated airspeed was 
This condition was confirmed a?  0908:20, when the first officer announced that the 

announced as 154 knots, and the airplane was approaching decision height. According to 
flying Tigers procedures, the initial airspeed of 157 knots should have been reduced at 
ihat  point so that  t h e  airplane would be a t  reference speed 141 knots at the threshold of 
the  runway. At tha t  point, the captain knew that  t h e  likelihood of 6 windshear was 

141 knots. The proper Vref should have Seen a cfiticzl milestone as t h e  airplane 
minimal, and that  his priority was to attain the proper threshold crossing speed of 

approached a point 200 to 300 feet above t h e  ground in the captain's decision io continue 
the IanZing or :o make e missed approech. F1yir.g Tigers procedures require the  
adjl istnent of the airspeed to i-ref a; this altitude and provide specific guidance to cross 
the threshoid a t  the proper "ref. 

.WditionalIy, :ne captain was awaiie of ?he w e t  runway, tha t  he needed 
7?000 fee t  of runway to complete ?he landing, end that  he would have a slight tailwind and 
2 strong crosswind d x i n g  the landing. The first and second officers recalled that  the  INS- 

about 160 knots. However. t h e  FDR data  indicates that  the i n d i c a t d  airspeed at  tine 
depicted groundspeed w a s  abou: 16: knots at the runway threshold, with a true airspeed of 

m w a y  threshold was about i j l  knots. The Ziffefence between the  FDR airspeeds and the  
observations of the flightcrew h attributed to t h e  impact of ground effect  on the MS. 
?;o?maI!y ground eiiect wili  lower the  1.4s from 1 to 4 knots. i t  is clear. in  any event that  

sufficient information was presented by the IXS and t h e  airspeed indicators to make t h e  
?he airplane wes being flown faster  t k n  specified by Flying Tigers procedurej. and that  

%g?nereh* aware of the deviations f?om procedures. Consequently, t h e  Sefety Board 

in  accordance with Flyins Tigers procedures. The Safety 9omd also concludes that the 
coneludes that  the captain failed to manage the  airspeed @win? the  instrument approach 

first officer failed to announce That the indicated airspeed isas a t  or above ?he maximum 
:!mi? of 15: knots a t  the runway threshold, and that ?he easptain nsd not decreased the 
indicated eirspeed significantly in ?he final 200 to 300 feet of altitude before touchdown. 
Tne fasjiure of the captain to observe the procedures governing airspeed management 
durin-g the approach and the failure of the  first officer to announce the  airspeed 
excursions xere contrary to good cockpit menagement technique ana approved company 
procedures. 

The Safe?y Board further conclodes ?ha? ?he principsi reason for ?he 

fiightcrew's preoccupation with a reported windshear r:ear the xnwev.  The captaints 
mismar.agement cf the airspeed during the irstrumez?: approach mRy have been t h e  

di;ec:jons to use both iXS for windshear de:ection, The : 9-knot approach .speed additive, 
and the conversations during the conduct of the approach aboii: the w,indshear and the  
decreasi.T headwind component all support th i s  conclusion. However, the  flightcrew> in 
rmli?!, was faced with two adverse situations-possibk windshear and landing with a 
:siiwind on a wet runway. Tne flightcrew focused on the  potential windsheer problem 
eirnosz to :,he exciusion of :he ionding prob!en. There probabiy were two reawns why this 
division of attention occurred. First, the flightcrew was warned specificeily of an earlier 
windshear, and Pad cozfigured the cockpit to  detect  and counter t ie  windshear. Hence, as 

1 
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1 t he  airplane approached the runway without indication of a severe windshear, t h e  
flightcrew became more confident in eliminating windshear as a significant problem. In a 
sense, t he  flightcrew concentrated on a single aspect of the to ta l  approach and landing. 

airspeed mismanagement, a second reason was the captain3 perception that he was well 
Although the Safety Board considers the aforementioned as the primary reason for 

below the  maximum allowable gross landing weight, so that the actual touchdown and 
stopping on the  runway should have presented no appreciable difficulties. Consequently, 
the important landing phase of the flight was minimized in the  planning and briefing phase 

rather  than the  approach and landing was incomplete cockpit management. 
of the instrument approach. The flightcrew’s focus on a single element of the  approach 

runway, they were aware that  it was raining and that  the runway was wet. Consequently, 
Although the flightcrew was not informed of the  standing water on the 

the  only conclusion the  captain could have made was that  he was landing on a wet runway 
with a strong crosswind and a slight tailwind. These fac ts  alone should have compeiled 
him to manage the  approach and touchdown airspeeds precisely to insure a landing at t h e  
proper place and at the  proper speed. If  the correct  airspeeds and the landing point could 
not be achieved, a missed approach should have been made due to  the  complications 
involving the runway length and surface conditions, coupled with the  crosswind and the  
tailwind components. The Safety Board concludes that the captain’s poor management of 
the  airspeed during rhe final portion of the  instrument approach ar,d his f a i h r e  to identify 

landing on e comparatively short runway. 
and address ail the  issues related to the landing led directly to t h e  excessively long 

L GCA controller, and the CYR transcripts show tha t  the approach profile was stabilized, 
Landing and 5 i l o u t  on the Runway.--”iie da ta  analysis, the statements  3f t h e  

I and tha t  the airplane crossed the threshold about the  proper height. However, the 
indicated airspeed was a? least 10 knots higher than i t  should have been when the  airplane 

thrust to fly the airplane below the  glideslope to  land the airplane as soon as possible. 
descended through the 50-foot point at The threshold. At tha t  poinr, the captain reduced 

and the airplane entered an extended float. The Safety Board believes t h a t  the  b o u w e  
However. the  airplane had excessive airspeed when the captain began the landing f lare 

reported by the tower controllers actually was the airplane rising anZ floating a f t e r  t he  
landing fia-e w a s  initiated. It is possible, as the captain believed, ;hat the initial 
touchdown was made on the lef t  main !anding gear. and tha t  the airplane skipped back 

extended float once past the threshcld, the Safety Board concludes tha t  The fine1 
into the  air. Nevertheless. regardies of whether the airplane  bounce^ or began an  

touchdown on rhe runway was between 3,100 and 3,800 f ee t  beyond :ne threshold. The 

Tigers procedures and the  r u ~ w a y - G C - 4 - ~ ~ i d e s ~ o ~  intercept pGint. The Ss ie ty  Board 
nominal touchdown point was about 1,000 feet past the rhreshol<. according to Flying 

Lased its conclusion regarding the  touchdcwn point on the abservations of ihe tower 
conrrollers and the airfield safety officer. Each witness was qualified in makin: accurate 

provides the basis for an accurate position determination. Additionally, t he  seroch;namic 
observations and had sufficiently different vie.n.ing a n g l ~ ~  so tha t  their close correlation 

study of the  airplane’s flight profiie supported the observations of the :t.itnesses. 

The Safety Board recognizes ?ke limits of the  foil-type FDR to 
determine absolute values of airspeed, a1:itiide. and heading. fur ther ,  the Board 
recognizes tha t  t he  50-foot call by the  secmd officer a t  0908:36 and t h e  0905:34 calf by 
the GCA controiler were not necessarily precise. TherefoFe, i: is not possible to 
determine whether or by how much th!! air run distance was estenaed due the approach 
profile relative to the threshold. Tiowever, ?he  compctation of air run distance from 
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0908:36, when the  second officer announced "50 feet," to 0908:48, when the  first officer 
said "four thousand left," involves a straight forward correlation and must be  regarded as 
accurate. The Board believes that  the  captain's remark at 0908:47 ("let i t  sink") was made 
just before touchdown while the  final tcuchdown and ground spoiler deployment occurred 
2 seconds later a t  OSOS:49, when the second officer said "spoilers extend." .4s a result, 
although the  airplane may have touched down briefly at the  1,000-foot point, the Safety 
Board believes that  the airplane lazded on runway 10 between 3,100 and 3,800 fee t  beyond 

t ouchdow was about 129  knots. 
the  runway threshold. Furthermwe, based on FDR indications, the indicated airspeed a t  

The airporr performance chart indicated that  the required Ianding field length 
was 7,000 feet for lending on runway 10 while i t  was wet. A t  146 knots E t  t h e  50-foot 
point ove? the threshold, the required landing field length was 8,260 feet. The required 
landing field lengths increase dramatically as the  indicated airspeed increases. As a 
result, if t h e  indicated speed and the tail wind equaled 157 knots, the landing field length 
required for a wet runway w2s 11,000 feet .  The consequences of additional airspeed over 
Vfef and/or additional altitude above the 50-foot threshold crossing altitude are discussed 
in the  F!ying Tigers manue!s. As a result. the captain. who knew he had about 1,000 fee t  
s f  "extra" runwsy if he was exactly a t  "ref for landing, should have been alarmed first by 
the extra eirs2eec a t  t h e  threshold and secondly by the  long touchdown on t h e  runway. 

Once :he airo!ane landed on the runway by 0908:47, a point just before the 
intersection of ruzways 13/25 and 0:/?9$ between 4,100 and 4,900 fee t  of runway was 
available in which to stop. This f a c t  was annouzced by the first officer immediately a f t e r  
the iina! touchdown when he called :'4,000 feet left." At tha t  point, t h e  ground spoilers 
had deployed and the captair, had applied ?he wheel brakes. The captain also s ta ted that  
he  irnn;ediztely epplied reverse rhrust on the  engines. However, the  CVF, recordings 
indicate that  the a i~ , i ane ' s  engines 3iC: not go into reverse thrust until 090855, and then 
for only aboct 10 seconds. I t  is likely that the initiai delay in applying revet= thrust 
resulted from a momentary hesitation by t h e  captain as he considered tk.e possibilii:~ of a 
go-around from ?he runway. The captain s ta ted  that  after the touchdown and the initial 
application of brakes, he knew the braking was totauv ineffective and t h t t  he briefly 
considered a go-around fro= the  runway. Assuming that  the captain was aware of the 
iong touchdown, the  brief consideration of a go-around a f t e r  t he  final touchdowl! KSZ 
almost mavoidable end explains the  hesitazion before the appiication of reverse thrust. 

the inc5cated airspeec! was excessive, or when t h e  airplane started a n  extended flare. 
However. the captain should have considered a missed approach et d x i s i o n  height when 

Once the  captain zceepted z iong touchdown, he should have been cornmitt-d to  either a 
maximum energy stopping effort,  or an immediate go-around from the  runway. 
Immediateiy af ter  touchdown, the  ground spoilers deployed and the engines had spooled 
down. The captain reaiized that  wheel braking was totally ineffective. A t  tha t  PC int, the  
prosoect of a go-ar3or.c: from t h e  x n w a y  was poor, especially since a decision to go- 
around from the runway had :o sccount for the time for the engines to  spool up. As a 

airplane. However, reve?se thrust 14'2s noc selected until 7 seconds a f t e r  landing. and tk;m 
result, the appiicarion of maximum reverge thrust was the only other means of slowing the  

only used for ebou? la seconds. Consequently, the  Safety Board befierres that a f t e r  
landing, the captain a i d  n 5 t  act in a timely menner to slow the velocity of t h e  airplane. 

The flightcrew was uneble to explain why or when the engines were brought 
out of reverse. However, it night  have occurred at the time the airplane s tar ted  off the 
right side of the runway and headed toward the  car a t  the  end of t h e  runway. The captain 
remembered the car and his ef for t  to s teer  the airplane back onto the runwe?. He may 
have inadvertently Srough: the engines out of reverse a! that  time as he a t tempted to 
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B control the direction of the  airplane. The latter action would be  cor&tent with t h e  

that if the aircraft  is permitted to weathervane into the  wind, the  use of reverse thrust  
Flying Tigers procedures, which states “on unusually slippery runways i t  should be  noted 

could accelerate skid toward the  downwind side of the runway. Under these conditions i t  

even return momentarily to forward thrust in order to regain good directioral control and 
may be necessary to reduce reverse thrust, use assymetrical reverse thrust, or possibly 

realign the  aircraft  with the  runway.!’ 

In summary, several factors of the accident resulted from poor pilot 
technique, mismanagement of the  cockpit procedures, and misjudgments of the  captain. 

runway was a matter  of mismanagement and poor judgment. The lack of airspeed 
The failure to  concurrently address the two problems of windshear and a landing on a wet 

judgment since proper airspeed management is necessary without regard to  t h e  
management in the  final stages of t h e  approach involved poor pilot technique and poor 

circumstances of a landing. Further, there were deficiencies in crew coordination in the  
approach. A t  decision height cnd thereafter, the  first officer did not advise the  captain 

extended float should have prompted execution of a missed approach in accordance with 
that  the airspeed was weil above Vref. The excessive airspeed at decision height and the  

Flying Tigers procedures. Finally, when the airplane landed well beyond the  normal 
1,000-fmt touchdown point, the captain should immediate:y have applied maximum 
reverse thrust to  slow the  airplane. 

t h e  runway if the landing had been mads 8: the 1,000-foot touchdown point at t h e  
The Safety Board believes that  the  airplane could have been stopped safely on 

touchdown speed of 129 knots. At least 2,000 feet  of additional runway would have been 
avaiiable, as well as a bet ter  opportunity to  utilize fully maximum reverse thrust and all 
other decelerative devices. Additionally, the  first part  of the runway wzs not flooded as 
badly as the middle ana final portions, so more effective braking was evaiiable. That i t  
was likely that  the full runway distance was a sufficient distence for ?he flightcrew to 
stop the sirplane is indicated by ?he fact :he airplane had slowed ?o en estineted 35 to 
50 knot a t  the time i t  l e f t  the runwey. 

D 

Hydroplaning 

hydroplaning. The evidence esrablishes tha t  lhe  airplane begen t o  hydroplane irnTediately 
The final elem..:nt in t h e  accident considered by ?he Boare was the role of 

after touchdown 01 the  runway. There were n3t any marks on the runway which indicated 
that  maximum braking occurred. If any of the main landing gear tires had been in contact  
w i t h  the surface of the  runway during the  landing roll, some sign cf braking would have 
been evident on :he runway surface and on the tires. Further, thc examination of t h e  
brakes and the  antiskid system showed no significant abnorrna!iiies. 

The flooding of the runway provided the coqditiors for dynamic hydroplaning. 
I t  is aikelp that  the landing and the speed of :he airplane created a si:uation where the  
wheels “skipped” across ?he surface of the  water a f t e r  lending. As in classical dynamic 
hydroplaning. the surface water could not escape from under wheels as t h e  airpiane moved 
down the runway. Each wheel pushed the water ahead of it, creeting A wedge of water in 
front of, and under, each wheel. A t  a certain speed,’the hydrodyrzrr,ic sressure in the  
wedge of water between the wheel a;id :he flooded runway surface exceeds ?he weight o f  
the airplane and total  dynamic hydroplaning speed is reached. A I  chat point, t h e  wedge of 
water penetrates t h e  wheel contact  area and the  tire foot prints are iifted off t h e  rmway  
surface. The tire friction capability is reduced to Zero since water does no? szpporr shear 

dynamic hydroplaning starts, i: is iikely to persist until the airpl.?ne reeches e speed which 
forces sufficient ro produce a significant coefficient of friction. Additioneily. once total 

is well below the  speed at which total  hydroplaning is initiated. 
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In addition to the physical indications of dpqamic hydroplaning and the  a 
presence of standing water  on the  runway, the  landing speed of 129 knots would have been 
compatible with a hydroplaning situation. I:, fact,  the theoretical spin up hydroplaning 
speed for the DC-8 is about 110 knots and t h e  total dynamic hyaroplanning during spin 
down would w c u r  at a speed or' about 128  knots. (See appendix F.) Therefore, the  landing 
speed '.vas sufficient to produce to ta l  dynamic hydroplaning at touchdown with delayed 
wheel spin ~ p .  Dynamic hydroplaning would have continued to decrease the braking 
coefiicien: as ?he airplane decelerated slow:y. 

groi2nd pee6  had slowed and faint "steam cleaning'' mar'ks were evident on the  runway. A 
After the airplane reached a point about 6,000 fee t  beyond the threshold, the 

set of whiie tracks was visible, emanating from each of the main landing gears. "Steam 

hydropIaning did not develop fui!y since the tires did not have rhe physical characteristics 
cleening" is characteristic of the onset of reverted rubber skidding. This phase of 

of 'reverted rubber skidding. However, as the airplane slowed, the friction between t h e  
t i re  and the runway generate6 heat  which turned the  water to steam that  cleaned the 
runway and !eft the white marks. It is like!? that reverted rubber skidding would have 
developed fc2y if the airplane >ad not drifted off the runway at :he 7,000-foot point. 

because (1: ?he physical evidence establishes that  hydroplaning occurred, 8 ~ 3  (2)  
Consequently, the  Safety Board concludes that hydroplanning was a factor in the  accident 

given the  point on the runway where the captain landed t h e  airplane, insufficient runway 
hydroplanirg significantly redu?ed the effectiveness of wheel braking to t h e  degree that, 

remained to stop the  airplane safely. 

%le airplane's speed probably was in exces of 50 knots as the airplane drifted 
off the runway a? the  7,000-foot point and nay have been 50 knots as the airplane crossed 
t h e  airport boundry road. One witness estimated the gromd speed as 35 mph. However, 

s;w~mp in the manner documented a t  the  accisent si?e indicates tha t  the airplane could 
:he mcmen?um required to pass through ihe chain link fence and to plow through the 

have been movi?g a t  35 to 50 knots as i t  crossed the airport road. 

landing, the SeTety Board does not believe that  hydrop!aning and therefore an accident 
iihile there is no question tha t  the airplane encountered hydroplaning af te r  

ivas inevitable because of the  runyway conditions, ?he meteorological conditions, and the 
dynamics of the airplane. Transport airplanes snd  flightcrews frequently operate on 
rumsays *$;here hydroplaning is expected or encountered without losing control of the  
airplanes. Specific flight trainin% is given pilots, and opeTationa1 procedures are 
es?abIisheC to address t h e  prrb1err.s of operations on contaminated runways. Flying 

provided specific procedures which governed airspeed management, !anding technique, use 
Tigers' operational guidance sdequately addressed the problems of hydroplaning and 

of &celerative devices, tlnd conservation of runway length. The Safety Roar6 believes 
t ha t  the probierns of hydropianing would have been minimized if the proper techniques 

should have been firm to allow wheel contact with the runway while wheel brakes and 
were fol!owred once tie decision was made to !and. The touchdown at  the  1,000-foot poin? 

reverse :hrust were applied. The additional runway would have allowed the captain t o  

provided greater  t ime for the proper and immediate use of maximum reverse thrust. The 
slow the airpiane by application of wheel brak2s in the first one-third of t h e  runway. and 

deceierative devices shosld have allowed the airplane to be stopped on the runway. When 

reverse thrust immediately, he reduced the capability of the airplane to perform under 
:he cap?nir: accepted a n  extended flare and !ong landing. and did not apply maximum 

the existing conditions. iiowever, the earlier mismanagement of the  approach and landing 

significnn:ly more hazardous to Flight 2468. 
eliminateb many of ?he options of :he flightcren and made the hydroplaning conditions 
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1 The Safety Board conducted an in-uepth lnvestigation of the airport- 
controller-flightcrew relationship in its investigation of a7 accident involving World 
Airways, Inc., Flight 30H, McDonneil Douglas DC-10-30CF, N113R'A, a t  Boston, 
Massachusetts, on January 23, 1982. 12/ The Board's report of that accident concluded 
that the actions and inactions of pilo%, controllers, and airport management contributed 
to the cause of the accident. The facts  of the  Flying Tigers accident are  similar to the 

controllers, and airport management which was no: developed, solicited, or communicated 
World Airways accident, since i t  is apparent that  information was available to pilots. 

among the persons who reqs red  the information. As a result of the  World Airways 
accident and t h e  Special lnvestigation Report on Le?ge Airplane Operations on 
Contaminared Runways, the  Safety Board forwarded 17 safety recommendations to the 
F.%A to address the  regulatory inadequacies and safety deficiencies a s o c i a t e d  with 
operations on contaminated runways. The FAA had taken positive actio? cn mary of the 
safety issues referenced in the recommendations. The Safety Board believes: however, 

involving contaminated runways found at civil airports. Therefore. the Safety Board 
that civil airplanes operating from military airgorts are  exposed to the same problems 

recommends that  the  Department of Defense consider the aoplicability of safety 
recommendations A-82-157 through -159 to military ai-ports from which civi l  airplanes 

applicabiIity of Safety Recommendations A-82-152 through -;K, and A-82-163 through 
operate. Yloreover, the Department. of Defense might n&h :o review the oossible 

-169 to  miIitary a i rcraf t  operations. 

3. CONCLUSIONS 

1. The co3ponents and systems of the airplane fgnctioned properly. 
Postaccident inspection found a defec t  i11 the wheel logic board on t h e  
No. 1 wheel, which probably failed af ter  the  accident. 

2. The dispatch reiease for Flight 2465 incorrectly stared ?he maximum 
allowable gross ianding weight ana the  anticipated active runway. 

S. The captain failed to  d:scover the errcr  in the  dispatch reiease %cause 
he did not check the landing weight against the airport performance 
analysis chart. 

4. The captain's mis?eken be:ief rhat the iraximum allowable gross tanding 
weight for the  runwav was 275.000 pounds rather  than 255.304 pounds 
probab!y infsenced his management of the approech and kndiny.  

5 .  The airplane's landing weight on ru;?wey 10 was below the n,aximum 
allowable gross I E ~ C ~ E ~  w ~ i g i t  prw-ribed by the operator for that !eagth 
rufiwav. 

6. The before approach end landing briefing by the caprain K : ~ S  complete 
and thorough with t h e  exception of  his failure :o a d d r e s  :he runicey 
conditions for iending. 

,, 
i. The flightcrew concentrated on the possibi!ity of encountecing windshear 

but failed io con:;ider adequately the problems associaIed wi th  landing on 
a 8,06S-foot rtinway ". i th  a w e t  w - .rface end B slight ;nI!wind. 
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8. The captain did not reduce :he indicated air speed to the reference speed 
as the airplane approached deciqion height as required by the operator's 
procedures. 

9. The first officer did not advise the captaii. when the indicated airspeed 
was at  least reference speed plus 10 knots as tit? airplane spproaehed an 
altitude between 200 and 300 feet above the ranway. 

10. The captain was aware that the headwind had changed !o a slight 
tailwind, and thzt ao gusty surface wind conditions had been reportsd for 
Yne landisg on runway 10. 

11. The captain did not execute a missed approach when the airplane passed 
over the threshold a: an indicated airspeed about 7ir knots above Vref 
with a slight tailwind component. 

12. The cockpit management by the captain during the approach and landing 
was inadequate. 

13. The captain's failure to manage the approach airspeed produced a longer- 

3,800 feet beyond the threshold which left a maximum of 4,568 feet for 
than-normal float distance. The airplane landed between 3,100 and 

stopping. 

14. Wheel brakes and grotand spoilers were used immediately, but reverse 
tbrust was not evident until abo3t 7 seconds after landing. 

15. The flightcrew never had effective braking since tne airplane 
encountered total dynamic hydroplaning immediately after landing. 

16. Total dynamic hydroplaning was caused by the flooded runway conditions 
and the speed of the airplane on touchdown. 

17 .  The airplane transitioned from dynamic hydroplaning to the initial stages 
of reverted rubber skidding jus: before the airplane went off the runway 
a t  the 7,000-foot point. 

18. The fiightcrew was unahle to stop the airplane on the runway because of 
hydroplaning following an excessively long landing, and because reverse 
thrust was not used to the maximum degree possible. 

19. The program a t  Chambers Field to ronitor runwey conditions to detect 
the presence of standing water was inadequate. 

20. Most of the  runway frc ? just before the intersection of the two runways 
to the departure end of runway 10 was covered w i t h  standing water 1/2 
to 314 inch deep. 

21. The problem of standing water on runway 10/28 was known to airport 
management, as well as the fact it caused a reduciion in runway friction. 
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b 22. Air t r a f f i c  controllers should have observed the flooding conditions and 
reported tha t  information to  airport management and pilots- 

23. The lack of da ta  on the runway c0nditior.s resulted in a Critical gap  in 
the  information upon which the flightcrew bad to  base the:? decisions. 

3.2 Probable Cause 

of this accident was the flightcrew's mismanagement of the airplane's airspeed, resulting 
The National Transportation Safety Board determines tha t  the  probable cause 

in an excessively long landing on a wet, partially fooded runway; mismanagement of 

airport managernect t o  identify, cssess. and disser.1inet.e hazardous runIway conditions 
thrust reversers; and hydroplaning. Contributing to this accident was the failure of 

warnings an.d the  faiiLze of air Traffic controllers to ilform the  flightcrew that  there  was 
standing water OR the rdnway.  

4. RECOMMENEATIONS 

recommenod that the Depertme?; of 3efense: 
.b a resulz of its invesriga?ioc, i he  Ya:io?ai Transportation Safety Board 

Develop ai;i institute procedures to n e e t  ?:ne assessment and reporting 

aircraft  operate. (Ci:.s II, Priority .\etior;! (.f-81-&:) 
requirements 0,' 14 CFR 13'3.69 E t  r i l i t a ry  air?or?s f-om which civil 

Distribute to all military al;?orts from which civil aircraft  operate 
XationaI Transportation Safe'iy ?9ara Spcia l  Investigation Report. 
Large Airpiane Operations on Co?,tam!;: i ted Iiunivays (XiSB/SIR-S3/0?), 
and institute the actions :ecornnendeC 11 Se-fety Recoz?mendations 
.\-S2-157 and ,2-8?--!58 a t  ni1ita.y air?crts I"LT which civil aircraft  
operate. (Class 111. Longer-Teria Action) :;\-8?-f.2) 

BY THE NATIONAL TRANSPORTATION SAFETY RCARD 
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APPENDIX C 

AIRPLANE INFORMATION 

XlcDonnell Douglas DC8-63 N797FT .- 

The airplane. rnanufaacturer's serial No. 461XJ1 was manufactul:3 Mep 19, 
1970. The tctal flying time was 46,317 hours. The airp!ane nad flot;n 85 h o u s  since ?he 
lest major inspection. The sirplane was powered by four Pratt and IZ'hitnep JT39-7 
engines. 

Powerplants 

Engine No. 1 Engine No. 2 Engine No. 3 Engine No. 4 

Serial So. 671418 671159 671254 671102 
Datr  of Xznufecture 5-70 
Total Time [hours) 

3-69 
39.224 

4-69 
38,787 37,743 40,893 

Time since last 

3-69 

shop visit ihou:s) 8,203 5,2.71 5,417 5,768 

b 
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APPENDIX D 

FI.IGHT DATA RECORDER DATA 
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APPENDIX P 

RYDROPLANLNG TECHNICAL MEMORANDUM 

wFACTORS INFLUENCING AIRCRAFT GROUND HANDLING PERFORMANCE” 

Administration Technical memorandum by Thomas J. Yager, issued June 1983: 
The following are excerpts from a National Aeronautics and Space 

Tire Friction Performance 

Viscous and Dynamic Hydroplanins 

drainage problem is crea:ed at tire/pavement interfaces. The runway surface 
During aircraft  ground operations in wet weather, a water removal or 

water encountered by the moving aircraft  tires must be rapidly expelled from 
the tire/pavement contact area or the viscous and dynamic water pressures 
that build up with increasing ground speed will significantly reduce t ire 

friction-speed gradient curve is primarily a function of the  surface 
friction performance. Research studies have shown that :he slope of a tire 

macrotexture, and the magnitude of the friction at a given speed is related to 
the  sdrface microtexture. Hence, an  assessment of both surface micro- and 

performance to pavement texture. 
macrotesrure characteristics is necessary to fully relate tire friction 

The principal forms of these wet pavement t i re  friction losses are 
viscous and dynamic hydroplaning, and reverted rubber skidding. The speed 
regime, pavement and tire condition, and tire operating mode that  contribute 

alleviate their occurrence. Viscous hydroplaning or thin-film lubrication 
to loss in tire frlction are identified together with the  factors tha t  tend t o  

results from the inability of the tire to penetrare and disrupt t h e  very thin 
residual fluid film left on the pavement after the majority of the  trapped 
water has been displaced from t h e  tire footprint. In this case, the pressure 
buildup within the tire/pavement interface is due to  fluid viscous properties. 
Smooth tires operating cn wet smooth pavements are particularly susceptible 
?o th i s  type of tire hydroplaning. 

between tire and flooded pavement occurs as the square of vehicfe speed. 
During dynamic hydroplaning, a build,up of hydrodynamic pressure 

a wedge of water penetrates the tire contact mea and the tire footprint is 
When this hydrodynamic pressure exceeds the  tire-pavement bearing pressure, 

partiaily or totally detached from the pavement surface. Under total dynamic 
hydroplaning conditions. tire friction capability is reduced to  near zero 
because of the inabilitv of the  fluid to  support significant shear forces. I t  
should be noted that for many wet pavement aircraft  operations, reduced tire 

buildup resulting in combined viscous/dynamic hydroplaning. 
friction performanee may occur from both viscous and dynamic fluid p r e s u r e  

estabiishes the escape velocity of bulk water drainage from beneath the t i r e  
The contact pressure developed between tire tread and pavement 

footprifit. High pressure tires can expel surface water more readily from the  
footprint than low pressure tires. When t h e  aircraft  ground s p e d  equals or 
exceeds the  escape velocity of water drainage from the  footprint. choked 
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water flow occurs. The tire has now reached the  state of total dynamic 
hydroplaning. Test results indicate that the critizal aircraft  ground speeds 
required for this total hydroplaning condition t o  occur on flooded pavements 
with an unbraked tire are approximately: 

§pin-down (Rotating tire) speed, knots = 
and 

Spin-up (Nonrotating tire) speed, knots = 7.7 Infl. pressure, psi 7 
results illustrate the delay in tire spin-up following touchdown on a flooded 
For the nonrotating tire case (as 4t a aircraft touchdown), Langley track test 

surfaee until the  test carriage speed decreased to approximately 93 knots. I t  

rather than the high hydroplaning spin-down speed, represents the actual t i re  
is imgortant that  pilots be aware that  the iower hydroplaning spip-up speed, 

situation for aircraft  touchdown on flooded runways. 

Severted Rubber Skidding -- 

fo:. the  appearance of the tire tread skid patch af ter  a prolonged locked-wheel 
The third form of tire friction loss, reverted-rubber skidding, i s  named 

skid. I t  is believed that friction-generated heat within the skidding 
tire/pavement contact area is sufficient to pr&!ce steam and cause the t i re  
tread rubber to revert back to  i t s  uncured sate .  The soft  gwnmy reverted 

steam and water significantly reduce braking and cornering capability. This 
rubber forms a seal around the tire footprint periphery and the entrapped 

hypothesis would also explain t h e  distinctive (stearn c:e4ned) mark left on the  
pavement in the path. Evidence indicates tha? once started, reverted rubber 
skidding results in very low tire/pavement friction which p9rsists down lo verv 
low speeds. With t i re  operation in a nonrotating mode, the loss of Tire 
cornering capability ior directional control is possibly a greater problem. 
considering runway geometry, for pilots to overcome than the low braking 
performance. Providing snd maintaining runwtly surfaces wi th  high 
macretexture and good drainage characteristics is very important in  
alleviating t h e  occurrence of this aircraft  tire friction loss as well as those 
associated wi th  tire hydroplaning. 
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APPENDIX G 

AIRPORT PEWORMANCE CHARTS 
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