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optimaily use the airplane decelerative devices. Also contributing to the accident was the
lack of effective crew coordination during the approach. Contributing to the severity of
the accident was the poor frictional quality of the last 1,500 feet of the runway and the
obstruction presented by a concrete eulvert located 318 feet beyond the departure end of
the runway.
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EXECUTIVE SUMMARY

On October 25, 1986, Piedmont Airlines flight 467, a Boeing 737-222, N752N,
was a regularly scheduled flight operating under 14 CFR 121 from Newark International
Airport to Myrtle Beaeh, South Caroling, with an en route stop at Charlotte Douglas
International Airpor:z, Charlotte, North Carolina. There were 114 passengers and 5
erewmembers on board. The flight was routine until its arrival into the Charlotte area,
where instrument meteorological eonditions prevailed. At 2004:17, the flight was cleared
for the instrument landing system approach {ILS) to runway 36R. The airplene touched
down at 2007:19 and sbout 2007:43 it departed the runway. The airplane struck the
localizer antenns. array lovated about 300 feet from the departure end of the runway,
struck a eoncreze culvert located 18 feet beyvond the localizer, and continued through a
chain liuk fenes. It cam# to rest upon the edge of railroad tracks located 440 feet from
the departure end of the runway. The airplane was destroyed, 3 passengers sustained
serious injuries, and 3 crewmembers and 28 passengers sustained minor injuries in the
eceident.

The safety issues in this accident concern flighterew nonadherence to
operating procedures. The evidence indicates that the airplane was not eonfigurad for a
landing, es re-dired, upon crossing the final approach fix. Rather, the final flap setting
was attained about 500 feet above ground level. In addition, several issues relating to
postaceident survivsbility were identified. These include removing obstacles located
bevond the runway safety ares, and serving aleohol to intoxicated passengers.

The National Transportation Safety Board determines that the probable cause
of the acecident was the captain's failure to stabilize the approach and his failure to
discontinue the approach to a landing that was conducted at an excessive speed beyond
the normal touchdown point on a wet runway. Contributing to the accident was the
cantain’s failure to optimally use the airplane decelerative devices. Alsc contributing to
the sceident was the lsek of effective crew coordination during the approach.
Contributing to the severity of the accident was the poor frictional quality of the last
*,500 feet of the runway and the obstruction presented by a conerete culvert located
318 feet beyend the departure end of the runway.

As g result of its investigation, the Safety Board issued a recommendation to
the Federal Aviation Administration {FAA) to require airport managers, at the earliest
opportunity, to repair or remove cbstacles, such as concrete culverts, that - -e adjacent to
airport operating areas. The Safety Board also issued recommendations (o the FAA urging
it to issue operstions bulletins to principal operations inspectors of air carriers operating
aireraft with flight attendants informing them of the need to cease providing alechol to
passengers who are in, or appear that they are sboul to be in, an intoxicated state; and to
require g snc—time inspection of flight attendant seat pan roller assemblies. In addition
two recommendations concerning the measurement of runway f{rietion were issued to the
FAA.

Two recommendations to the American Association of Airport Executives and
the Airport Operators Council International, Inc., requested their memberships to repair
or remove obstacles adjacent to airport operating areas, to identify deficient runways
conditions, to use approved friction measuring devices to measure drv runway coefficients
of friection, and to correet runwav conditions that do not meet the FAA-recommended
criteria.
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFET ACCIDENT REPORT
Adopted: September 1, 1987
PIEDMONT AIRLINES FLIGHT 467
BOEING 737-222, N752N

CHARLOTTE DOJGLAS INTERNATIONAL AIRPORT
GCTORBER 25, 1286

1. FACTUAL INFORMATION

1.1 History of the Fhight

On October 25, 1986, Piedmont Airlines flight 467 (PI 467), a Boeing 737-222,
N752N, was a regulerly scheduled flight operating under 14 Code of Federal Regulations
(CFR) 121 from Newark International Airport (EWR) to Myrtle Beach, South Carolina,
with an en route stop at Charlotte Douglas International Airport (CLT), Charlotte, North
Carolina. There wera 114 passengers, 2 flighterew members, and 3 flight attendants on
bogrd.

The flighterew arrived at Newark about 1500 following a "deadhead” {light
from their base at Baltimore-Washington International Airport. Each met with friends at
EWR until it was time to report for the flight. 1/. Theyv prepared for their preflight
activities about 1 hour before the scheduled departure time of 1870 and noted nothing
unusuel about the airplane. The route of flight, following the departure from Newark, was
direct to Kenton, then via airwav J14 to Greensboro and into CLT via the LEEON4
arrival. The en route altitude was 31,000 feet above mean sea level (msh.

The flight, which was 1 hour 23 minute in duration, was reported to be routine
until its arrival into the Charlotte srea. At 1853:06 PI 467 contacted Charlotte approech
control and was told to expect an instrument landing system (ILS) approach to runway
36R. ‘*ceording to the flighterew, before reaching 6,000 feet the first officer received
the eurrent CLT automatic terminsl information service (ATIS) information and the
captain performed the prespproach briefing.

ATIS information Juliet, which was current when Pl 467 inilisllv contacted
Charlotte approach control, indicated that at 1850 the ceiling at Charlotte was 500 feet
overcast, visibility was 1/2 mile with rain and fog, the temperature was 80°F, the dew
noint was 59°F, the wind was from 100° at 6 knots, and the altimeter was 30.04 inHg.
Runwayv 5/23 was out of service and simultaneous ILS approaches were being condueted to
runwevs 36R snd 36L. At 2001:18, the Charlotte final controller transmitted to all
aireraft inbound to CLT, including Pl 487, the following local weather information:
"measured ceiling 400 overcast, visibility 2, light rain and fog, temperature and dew point
remain the same, wind 030 at 8, altimeter 30.01." (See appendix B.)

At 2001:02, the Charlotte final controller directed Pl 467 to flv a heading of
195” "for a close in base leg.” PI1467 acknowledged. Forty-three seconds later, P1 467 was
directed to descend to 2,400 feet mean sea level (msih

1/ All times herein are eastern davlight, based on the 24-hour clock, unless otherwise
specified.
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At 2002:42, the CLT {inal controller infurmed Piedment flight 309, which was
shead of PI 457 in the sequence to runway 36%K, that there was a right-to-left wind of 20
to 25 knots on the fingl approsch course. According to the cockpit voice recorder (CVR).
PI 467 receivad this information, although neither crewmember commented on the winds
or diseussed possitle changes needed ‘o the conduct of the aspproach. At 2003:33, the
Chariotte final coitroller directed PI 487 to turn to 290° Radar data from the CLT
terminal radar approach control indicates that PI 467 had descended to 2,400 feet as it
began this turn. {See appendix C.)

At 2064:17, the CLT final controller infermed PI 467 that it was 3 miles
southeast of HAYOTU, the final approach fix for the ILS epproach to runway 36R. {(See
figure 1.) He directed the flight to continue its turn until reaching 330° and to maintain
2,400 feet until it was established on the localizer. He then cleared Pl 467 for the ILS
approach to runway 36R. PI 487 acknowledged the clearance at 2004:26.

At 3005:01, the first officer said, "Standard eallouts,” while simultaneously the
eaptain said, "Sear down, it's going to be tight.” The first officer did nct acknowledge the
gear down ccmmand and the gear was not lowered until 2005:40. PI 467 contacted
Charlotte tower at 2005:36, and was told that the surface wind was 100° at 4 knots and
that it was cleared to land. At that time, the flaps were set to 5% At 2005:54, the
captain called for "flaps 19" and tien called for the next two flap settings of 15 and 25.

At 2066:22, the captain commented to the first officer, "Yeah-George didn't
do me any favors there,” and two seconds later he edded, "we'll get beck on it in 8
second.” After the accident, the captain said that he was referring to the autcpilot, to
whinh pilots often refer with the eolloguialism "George.” He added that he prefers to use
the autopilot on an ILS approach, but or PI 457 he could not establish autopil t control of
the airplane.

At 2006:37, the [irst officer said:

"T'm going to start seme lights for vou now on the ah recalls been
checked the speed brake is meanual—landing gear is down and three
green, and flzps—to go.”

The captain calied for the finail setting of flaps 30 simultaneous with the {irst
officer’s saving "o go.” It could not be determined if the captain verbally responded to
the first officer's callout that the speed brake wsas in manusal. The first officer called 100
{feet above minimums at 2007:03 and, at the same time, the ground proximity warning
system {GPWS) slerted "Glideslepe.”™ The f{irst cofficer calied “at minimums™ at 2007:09
ang, at the same time, the GPWS glerted "Whoop whoop pull up.” The sound of t~uchdown
was recorded at 2607:19 and, 5 seconds later, the first officer said, "Good show.™

The captain stated after the accident that he knew that the turn to the final
approach course, which the controller gave to P1 467 when he clearecd it {or the approach,
was "a little late in coming,” but that he believed that such Tclose in™ turns were common
at Cherlotte. Moreover, he said he was aware that there was " .. a hell of a tailwind.”
Sinece the winds at 6,000 feet msi were "significantly different,” from the winds on the
ground, he said that he planned the approach from "... the standpoint of a possible
windshear.” He said that he added 20 knots of airspeed, the maximum sllowable under
Piedmont procedures, to the Vref speed of 131 knots. He added that, although the
airspeed fluctuated gs much as 10 knots during the approach, the approach wss “stable” as

- a Peafs
well 83 Tsafs.
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The first officer confirined that, although Piedmont procedures require that
the airplane be cor®zured for landing at the final approach fix, "it f;oes without saying
that this wasn't the way it was done . .." on P1467. (Sec appendix D.)

A~cording to witnesses, PI 467 touched down at a point over 3,000 feet frcm
the approsch end of the runway. One witness, a ramp service agent, placed the
touchdown across a light from a prominent sign on the airport at a point about 3,100 feet
from the threshold. The local controller stated that the touchdown occurred near the D3
intersection on the runway, also about 3,000 feet from the approach end.

The captain tolé Safety Board investigators that following touchdown:

"I had my hands on the throttles. There's a detent. I cracked the thrust
reversers to the detent tc open them. As I did that, the speed brake had
not deplcyed autcmatically. I manually deployed the speed brake, went
directly back to the thrust reversers, and...l did pot get full
reverse . .. Iapplicd the brakes immediately afier T deploved the speed
brake ... And when the wheel brakes were applied, there was no
sensation of stconing, not a sensation of antiskid, a cycle, there was
nothing. And [ was still trying to pull full reverse... Ididn't get full
reverse ... {and) without full reverse, I lost high air speeds where
theyre most effective and that's where ! lost most of my stopping
{eapability).”

The captain also stated that after landing, he pushed the control column
forward, aithough he did not indicate the extent of the pressure applied. The captain
added that, since it appeared to him that the antiskid system was not opersting properly,
he released the brakes in order to get wheel spin up, which would then sctivate the
antiskid systemn. He was aware that Piedmont procedures required that steady pressure be
applied to the brakes in order for the antiskid system: to be effective. He stated that
nevertheless: " released the brakes after what I thought was an adequate time and
reapplied the brakes, and any pumping situation might have been my nervousness on the
brake pedals... ™

After touchdown, the sairplane continued its rollout and, av 2007:43 the first
officer sald, "We're gonna get the lights on the overrun.” Two seconds later, the airplane
struek the Joeslizer antenna arrsy for runway 36R, located sbout 300 feet from the
departure end of the runway; struck a conerete culvert used for dralnage, located 18 feet
from the lpealizer; and continued through a chain link fence. It traveled asbout 440 fee?
beyond the departure end of runway 36R and came to rest upon the edge of the Norfolk
Southern Railroad tracks, which were perpendicular to the runway. {See figures 2 and 3.}

The accident occurred during darkness at 35°12°37" north latitude and 805637
west longitude.

The f{light =attendants initiated an emergency evacuation immadiately.
Damage to the {forward electronies equipment compartment, sustained during the impact
sequence, made the public address system inoperable. As a result, no communication was
sossible from the flighterew regerding evacuaiion. Flight attendants shouted evacuation
instructions {o the passengers. The flight attendants described *he evscuation as orderly.
Passengers exited the airplane within 1 1/2 minutes.

Passengers and flight attendants generally described the flight as routine until
touchdown. Seversl passengers stated that they believed the airplane landed "fast,™ and
then accelerated slightly. Most did not reeall sensing deceleration; however, seversl
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Figure 2.—Concrete culvert area .nd rear view df airplane.

Figure 3.—Lef. side of airplane nose against ralicoad track.
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passengers reporied that some time after touchdcwn they heard engine sounds
characicristie of reverse thrust. Thev then felt what one passenger described as a
“terrifie” bump, {ollowed by several strong bumps, after which the airplane came to a
stop. None of the passengers who were seated over the wings and who were looking out
during the epproach and landing ohserved wing structure movement charaeteristic of
ground spo.ler deplovment.

The flight attendants’ descriptions of the aceident were similar to those of the
passengers. Thay sense’ no deceleration until the bumps were felt. They delieved that
maximum reverse thrust was employed as the airplane left the runway.

1.2 Injuries to Persons

Izjuries Crew Passengers Others Total

Fatal 0 0 0 Y

Serious g 3 0 3

Minor 3 28 a 31

None 2 83 8 85

Total 5 1145 D 119
3.3 Damage to Aireraft

The airplane was destroved by the accident. "ts value was placed at $5
million. "
1.4 Other Damage

The localizer antenna array located beyvond the departure end of runway 36R
was desiroved.

1.5 Personnel information

ihe flighterew consisted of a ceptain, a first officer, and three flight
atiendants. All were properly certificated and met the roguirements for a flight
conducted under 14 CFR 1Z1. th pilots had been off duty at least 3 davs before the
aceident, and each deseribed himself as well-rested. {See mppendix E.}

Before jeining Piedmont on May 1, 1980, the captain had {lown with the U.S.
Air Foree, becoming an aireraft commander on the C-141 transport. He flew the YS-11
anc B-737 as a first officer with Piedmont. In,April 1984, he upgraded to captain on the
F-28, and in September 1985, he t-ansitioned to captain on the B-777. At the time of the
accicent, he haed accrued about 10,007 total flight hours, about 2,500 of which were in the
B-737 with sbout 500 hours of those as ~aptain.

Before joining Piedmont on June 21, 1984, the first officer had served as a
Tirst officer in Feirchild Metroliner and C—402 airplanes in scheduled 14 CFR 135
commuter type operations, as well as {irst officer in DC-6, DC-7, and CE-500 sirplanes.
He had {lown as a second officer with Piedmont on the B-727 for ghout 13 months before
he upgraded 1o the positicn of {irst officer on the B-737 in August 1985. He had acerued
about 4,100 flight hours a&* the time of the aceident, including about 500 hours in the
$-737.

Both the caplain and the first officer stated thet before the aceident each had
fiewn Into Charlotte, 8 major hub for the airline, on "numerous” occasions.




1.8 Aireraft Information

1.6.1 General Airplane Information

The airplane, serial No. 19073, a Roeing 737-222, was manufactured on
November 11, 1968, by the Boeing Commercial Airplane Company. It was operated by
United Airlines from that time until June 1973. It was placed into service and
continuously operated by Piedmont since July 31, 1973. (See appendix F.)

The takeoff weight of the girplane was 103,812 pounds and its center of
gravity {CG) was 21 percent mean serodvnamie chord {(MAT). Both wzre within
acceptable limits throughout the flight. The estimated landing weight of the airplane was
85,112 peunds and the CG was about 20 percent MAC. The maximum sallowable landing
weight for 2 B-737 landing on runway 36R at CLT, under wet or slippery conditions, was
98,000 peunds.

The airplane’s meintenance records were reviewed for the period from
January 1, 1386 to October 15, 1985. The last service check wss complzated on the day of
the secident, and an A check was completed on October 22, 1986. A diserepancy
ccneerning excessive stiffness in the thrust reverser levers was recorded on
October 2, 1986; it was corrected by lubricating the thrust reverser cables and control
mechanism.

1.6.2 Airplane Systems

The Beeing 737-222 is equipped with several logie systems designed to prevent
deployment of engine thrust reversers and ground spoilers in flight, touchdown with wheel
brakes applied, and wheel skid during braking. The logic systems receive data that
indicate that the airplane is on the ground when the strut is compressed 5 inches or more,
or the: it is in the air when the strut is within 1/2 inch of full extension. This signal is
supplied from an air/ground safety sensor which is mounted in the right meain landing gear
wheel well. It is sctivated by & push/pull cable connected to the oleo strut which also
actuates a hydraulic system interconnect valve in the ground spoiler system. At a strut
compression between 1 1/2 inches and 3 iiches, the hydraulic sysiem interconnect valive
provides hvdraulic pressure to the ground spoiler actuators.

To deplov the thrust reverser deflectors, the landing gear selector must be in
the "Gear Down™ position. In additicn, the right main gesr strut must be compressed at
ieast 5 inches and at least une engine must be operating. If these conditions are met, the
appropriate movement of the reverse thrust levers on the throttle will result in
deployment of thrust reverser deflectors. An interlock is also provided which prevents
movement of the thrust levers beyond idle reverse until full deployment of the deflectors
is achieved.

Rapid deplovment of the ground spoilers following touchdcwn is eritieal since
they "spoil® or ::duce up to 70 percent of the lift generated bv the wings, as well as
inerease drag. The loss of lift transfers airplane weight to the wheels, which compresses
the struts and permits brake and antiskid system cperation on the inboard wheels.

On the Boeing 737, the spoilers are composed of eight spoiler panels, four on
each wing. (See figure 4.) The outboard and inboard panels on each wing can only be
activated on the grourd to & maximum deflection of 40° and 60° up, respectively. The
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two center panels of each wing alse ean be used in flight as speed brakes where the panels
can be deflected to a maximum of 40% These panels are used also in conjunction with the
ailerons, when the airplane is airborne, for lateral econtrol.

The spoilers can be deploved automatieallv or manually after landing. With
the speed brake lever in the "Armed" position before touchdown, the ground spoilers will
deploy automatically if an antiskid switch is on and if a combination of two left wheels,
two right wheels, or both inboard or outboard wheels are rotating approximately 60 knots
and both thrust levers are at idle. With these conditions ms?, an eiectric actuator will
drive the speed brake lever to the UP position. The ground spoilers will then deplov when
the right main gear strut is compressed between 1 1/2 and 3 inches. The Boeing
Commercial Airplane Company determined that a load of about 5,250 and 9,125 pounds on
the right main gear strut is needed to compress the strut 1 1/2 and 3 inches, respectively.

- llots can manually deploy the spoilers following touchdown by moving the
speed brake lever aft to the "Up" position. When that oceurs, flight spoilers will extend in
proportion to the lever position and ground spoilers will extend, provided the right main
gear strut has been compressed between 1 1/2 and 3 inches. The speed brake lever
electric actuator, which powers the speed brake lever, will follow the lever when the
“armed” detent is passed, with the power levers at or near idle and a speed of 60 knots or
more is achieved on any combination of two main gear wheels. The spoilers on the B-737
retract when the lever is moved io the "Down™ detent at any time. However, N752N was
modified in accordance with & Boeing service bulletin which prevented the speed brake
lever actuator from being driven to the "Down” detent until either power lever is
advanced beyond idle or the No. 3 Speed Brake Test Switeh is moved to the "Test"
position.

“he antiskid svstem automatically modulates hydraulie pressure to the
individual wheel brakes of the two right and two left main gear wheels to prevent wheel
skidding and thereby, increases effectiveness on wet or slippery runways, when skidding
potential is increased. The antiskid system also provides touchdown protection to the
inboard wheels by preventing breke application at touchdown. Thus, brake actuation can
only occur after right main gear strut compression occurs, signaling ground contact hy the
air/ground safety sensor. For maximum effectiveness of the sntiskid system, the pilot
must apply constant pressure on the brake pedals. (See appendix D.)

The system provides locked wheel protection after landing to each wheel. It is
disermed at wheel speeds below 12 mph and rearmed and applied to ! oth wheels of each
pair of main gear wheels (outboard-to-outboard and inboard-to-inboard) when either
peired wheel spins up to at least 30 mph. In this mode, if rotation speed on one paired
wheel drops below 10 mph while the other is above 30 mph, brake pressure on the slower
wheel will be completely released.

The antiskid system receives wheel speed signals from sensors on esch wheel.
It measures and compares these signals and provides an slectrical signal toc brake control
valves on each wheel brake to modulate hydraulic pressure to the brakes. This portion of
the antiskid system remains effective for each main gear wheel so long as a wheel
rotation-speed signal of more than 12 mph is sensed by the speed sensor in that wheel. A
rapid (approximately 0.45 second or less) 8 mph decrease in wheel rotation-speed will
cause the antiskid control to provide a signal to the brake control valve of that wheel
This will release the applied brake pressure which will remain released until the speed
sensor output again increases and the signal is terminated. At the same iime, the skid
detector also provides a signal to the modulator, which causes a limiting signal to the



-10-

brake contrel valve, which reduces the applied brake pressure to below the pressure whieh
caused the initial wheel skid. This limit signal then slowly decreases, which increases
braking pressure until another skid cceurs, at which time the evele is repesated.

Release of brake pedal pressure also results in release of the antiskid features,
which will be reactivated only when brake pressure is reapplied. Since the svstem
requires time to match the wheel speeds, releasing and reapplying the brakes will prolong
the time ~equired for the antiskid to increase braking effectiveness. The time required
for the antiskid system to function varies according to the amount of ground friction. On
& runway with a low coefficient of frietion of 0.10, the antiskid will sctivate in
0.4 second. By contrast, on g runway with a coefficient of friction of 0.50, 4.5 seconds
will be needed to regctivate the antiskid system,.

The GPWS will alert when one of the following conditions is met: excessive
rate of descent below 2,450 feet sbove ground level (agl), excessive closure rate with
terrain below 1,800 feet agl, altitude loss after takeoff before reaching 700 fest ggl,
insuffieient terrain clearance and not in a landing configuration below 500 feet agl, and
excessive deviation below the glideslope below 1,000 feet agl.

1.7 Meteorclorical Information

The following surfasce observations were made by the Naticnal Weather
Service (NWS) at its facility located about 4,100 feet north of the approach end of runway
36R at CLT.

1850-Record: Measured ceiling—500 feet overcast; visibility—1/2
mile; moderate rain, fog; temperature—60° F; dewpoint—59° F;
wind—60° at 10 knots; altimeter setting—30.03 inHg.

2002-8pecial: Veasured ceiling—400 feet overeast; visibilitv—32
miles; light rain, fog; wind—060° at 8 knots; altimeter setting—
30.03 inHg; ceiling ragged.

2011-Local: Measured ceiling—400 feet overcast; visibility—2
miles; light rain, fog; wind—0%0° at 8 knots; temperature and
dewpoint—60° F; altimeter setting—30.03 inHg; ceiling ragged;
aircraft mishap.

On October 2§, 1987, the NWS messured 0.67 inch of reinfall at CLT between
0745 end 1945. An additional 0.8 inch of rain fell between 1945 and 2015, as recorded by
airport rain gauges. The NWS tipping rain gauge measured 0.02 inch of rei! between 2008
and 2008. Federal Meteorological Handbook No. 1 classifies an hourly rainfall rate of less
than 0.1 inch ss light. Similarly, a rainfall rate of between 0.11 and 0.3 is classified as
moderate and a rate over 0.3 inch per hour is classified as heavy.

The CLT wind gust recorder measured the wind veloeity at 8 knots at 1835,
2008, and 2010. The maximum wind velaeity, 12 knots, was recorded at 1957.

Piedmont flight 365, a Boeing 737-3u0 equipped with an inertial reference
system 2/, landed on runway 36L about 2610. The captain of the flight informed Safety
Board investigators that he had noted the wind was 222° st 38 Knots over the

2/ A system using ring laser gyros and an internal computer, which, with other systems,
providas precise, real-time navigational information, as well as infermation on wind
direction and speed.
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outer marker. He stated that while descending to 500 feet agl the wind direction had
changed to 200° 180° and 130°% At 500 feet agl, the wind was 090°at 12 knots.

The NWS3S-CLT terminal forecast in effect at the time of the accid;ent
indicated a ceiling of 600 feet overcast; visibility—1 mile; light rain, fog; wind—080° at
8 knots; occasional ceiling 300 feet overcast; visibility—1/2 mile; light rain; fog.

To obtain an estimate of the winds that PI 467 encountered while on final
approach, the Safetv Board compared air speed data from the airplane with ground speed
data from the CLT air traffic control radar. The results indicate that when at 2,400 feet
msl, the flight encountered an sgpproximate 30-knot tailwind at HAYOU, the final
approach fix. There was almost no longitudinal wind as the flight desecended thr. :7h
1,900 feet msl. PI 467 encountered a 10-knot tailwind as it descended from 1,500 feet rns:
to 1,400 feet msl. From 1,300 feet msl to touchdown, the longitudinal wind was about
Zero.

At 1857:17, a pilot of a Boeing 727 that had just landed on runwav 38R
reported to the ground controller that his antiskid had just eveled twice. The controller,
who was not a pilot, did not understand the meaning of the report and did not
communiecate the information to other controllers or pilots. The Airman's Information
Manual advises pilots, when making braking action reports to air traffic control, to
characterize the quality of the braking sction as good, fair, poor, or nil. Federal Aviation
Administration (FAA) air traffic control procedures require controllers to brosdesst that
"braking action advisories are in efiect” when they receive a report that braking action is
either poor or nil

1.8 Aids to Navigation

Runway 36R at CLT is served by an ILS system. (See figure 1.) All navigation
aids used in the ILS approach, exeept for the localizer, were found to be operational after
the accident. An FAA flight check of the glide slope following the accident indicated
that the glide slope was operating within preseribed tolerances. The loeglizer could not
be flight checked since it was destroyed in the accident; however, no problems with the
localizer were reported by the flighterews who landed on the runway before PI 457.

1.8 Communications

There were no known communications difficulties at the time of the accident.

1.10 Aerodrome Information

Charlotte Douglas International Airport is located 4.3 miles west of the eity of
Charlotte, North Carolina. The airport elevation is 749 feet msl. It oconsists of three
runways, 36R/18L, 36L/18R, and 5/23, all of which are hard surfaced. ILS appreach aids
were available to runways 3, 18R, 36L, and 36R. In addition, distance measuring
equipment (DME) was available for the ILS approsch tc runway 36R. Runway 5/23 was
7,501 x 150 feet, runway 26L/18R was 10,000 x 150 feet, and runway 36R/18L was 7,845 x
150 feet. Runway 18L had a displaced landing threshold located 635 fest south of the
approach end of the runway. Runway 36R/18L was grooved and equipped with & medium
intensity approach light system with runway alignment indicator lights (VMALSR) and
centerline lighting. The runway was partly reconstructed in 1983 to strengthen it for an
expected increase in jet transpert traffie. This included sdding lavers of asphaltie
concrete to the runway and grooving its entire length. (See Section 1.16.1, Runway
Condition, for additional information.}
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The airport was a fully certificatizl aitport under the provisions of 14 CFR 138
and an Index C, erash, fire, and rescue {CFR) Fac11;tv. 3/ The FAA inspected the airport
in July 1986. Mo diserepancies regarding the eondition of runway 36R were reported.

1.i1 Flicht Becorders

The sireraft was equipped with a Fairchild digital flignt recorder (DFR), model
F800, serial No. 194; and a Fairehild cockpit voice recorder (CVR), model A-100, serial
No. 5(202. Following the sccident, both recorders were retrieved from the aireraft and
read oul. The DFR, which digitally records sirspeed, heading. vertical acceleration,
altitudr and mierophone actustion, was read oul at the manufacturer’s facility. The CVR
was read out at the Safety Board's laboratory in its Washington headguarters.

The vertical acceleration trace on the DFR showed & constant 1.2 G reading
when the airplane was in level flight where there would be no discernable vertieal
acceleration. For airplane performance evaluations, 0.2 G was subtracted from the
recorded value.

An examination of DFR altitude and airspeed data indicated that the values
were not consistent with other known information about the flight, as well as data
predicted from B-T37-222 operating information for this flight and flights that preceded
it. For example, the airport touchdown zone elevation indieated on the DFR was
1,116 feet, over 470 feet higher than the known elevation.

To determine the source of the error, the Safety Board performed & variety of
checks of the recorder and its own independent pitot-static system. Potential error
sources were ruled out except for the effects of moisture in the portion of the pitot-static
system that had been damaged in the accident.

The Safety Board then applied corrections to the airspeed data by apelying the
known static pressure value that existed during the landing roll. The corrected airspeed
values were consistent with known values obtained from flighterew statements and
information on the CVR transeript. Similarly; & correction was esplied to airspeed data
obtained during the airborne portion of the flight. The static pressure corrections were
based on & comparison of altitude data obteined from the DFR with known saltitude
information from the CLT gir traffic control radar.

1.12 Wreckage and Impact Information

The airplane wreckage was confined to the ares between the localizer antenns
array, located north of the departure ond of runway 36R, and the railroad tracks. Most
of the damage to the airplane occurred to its underside, resulting mostly from contact
with the conerete culvert located baeyond the runway. (See figures 5 and 6.)

The lower forwsard fuselage, from the nose aft to about 5 feet behind the
forward exit, was destroyed. The remainder of the lower fuselage, aft to the wing root

3/ 14 CFR 139.49 requires, for scheduled air carrier service with aireraft between 127
and 160 feet long, that at a minimum, the following eguipment be maintained at the
airport: one lightweight vehicle n"'wdmg at least 500 pounds of dry chemical
extinguishing agents or 450 pounds of dry chemical and 50 gallons of water for agqueous
film- fo; ming foam (AFFF) production, and two self-propelled fire extinguishing vehicles.
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treiling edges, suffered decreasing degrees of damage. The keel beam was fraetured aft
of the wing center, and there was compression buckling of the fuselage skin forward of
the aft exit. The empennage was undamaged.

There was minor impact damage to both wings. The lesding and trailing edge
evices of both wings, whieh also showed minor damage, were configured similarly; the
ading edge slats were extended and the flaps were extended 30°. The spoiler panels on
oth wings were retracted.

Y [#1

[

The three landing gear assemblies were separated from the fuselage. The left
main gear assembly was displaced aft of the wheel well and the trunnion sttachments had
been pulled from their fittings. The nose gear asszwbly and most of its support structure
came 1o rest beneath the airplane near the forward baggage compartment. The right
main gesr was displsced aft and outboard.

The wear indicators on all four brake assemblies sppeared noringl. There was
extensive separation of hydraulic lines in the right and left main landing gear well areas.
The anti-skid system was removed from the aireraft and examined at the manufacturer's
facility. No preexisting damage was noted.

The four main landing gear tires were H40 x 14.5-19 tires manufactured by the
Goodyear Aerospace Corporation. The Nos. 1 and 2 tires were new when installed and the
Necs. 2 and 4 tires had been recapped. Examination of the tires revealed that the Nos. 1,
2, and 3 tires had deflated; the pressure in the No. 4 tire was 164 psi. The tread depth on
all tires was about equal at 10/32-inch.

Small areas of reverted rubber 4/ were found on the four main gear tires. The
area on the left outboard tire was eliiptica! in shape and measured 4 x 7 inches. A4
semiecircular area on the left inboard tire measured about & x 3 inches. The right inboard
tire contained a teardrop-shaped reverted rubber area, which measured 10 inches and
3 1/2 inches in the widest and narrowest points, respectively. The area on the right
outboard tire was eliiptieally shapad and measured 6 x 10 inches.

Examination of the surface of runway 36R revealed pieces of reverted rubber
ebout 2,20C feet from the threshold. These pieces were tested for comparison with the
material in the No. 2 tire and found to be not similar. The surface of about the last
200 feet of the runway contained several intermittent, white streaks that were
spproximately equal to the width of PI467's main gear tires. About the last 100 feet of
the runway contained four distinctive white streaks that were aligned with the deoressions
in the overrun made by PI 467'% four main gcar tires.

The extensive damage to the lower forward fuselage of the aireraft precluded
an accurate assessment of the integrity of the flight contrecl cables. However, the
positions of coekpit conirols matched the contrel surface positions on the wing and tail
surfaces. The elevator and aileron trim tab settings were in the neutral positions. The
spcilers were in the stowed or retracted positions. The spoiler handle which could be
moved slightly, was in the down or stowed detent. The horizontal stabilizer was turned 6°
nose up.

4/ Reverted rubber is indicative of the absence of wheel rotation on a wet surface. Asa
result, friction heat between the tire and the runway surface generates steam. The steam
pressure lifts the tire off the runway surface while the heat causes the rubber to "revert”
to its original state. (See appendix G.)
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The thrust reversers of both engines were fully deployed. The forward mount
of the No. 1 engine was attached; however, the aft mount was broken. A substantial
smount of grass and weeds had been ingested into the engine. In addition, several fan
blades were twisted and curled opposite the direction of rotation. The last stages of the
turbine appeare.’ undamaged.

The No. 2 engine was separated from its mounts and was found resting about
3 feet outboard of its rormally installed position. A substantial amount of dirt, rocks, and
grass had been ingested into the engine. The fan and compressor were damaged but there
was no gross blade distortion. The inlet guide vanes exhibited moderaie damage; however,
the last stages of the turbine appeared intact.

1.13 Medical and Pathological Information

Thirty-three passengers, the 2 flighterew members, and 2 of the 3 flight
attendants were examined at local hospitals following the saccident. Two of these
passenge.ss and one of the flight attendants did not sustain injuries. Of the 28 passengers
who received minor injuries, 27 were treated for contusions to the head and contusions
and sprains of the upper and lower extremities; all 27 were treated and released the same
day. One passenger, a 77-year-old female, suffered a back sprain and remained in the
hospital for 5 days. According to the hospital, she was admitted for observation primarily
because of her advanced age, not because of ner injuries. The flighterew and one flight
attendant were treated for minor sprains and were released the same day, following
treatment.

Three passengers who received serious injuries were admitted to a loeal
hospital. Two ci the passengers suffered compression f{ractures of vertebrae and
remained in the hospital 2 days after the acecident. One passenger was treated for
aggravation of a previous spinal injury and was released the next day. Two of the minor
injuries were evacuation-related.

Eighty-one passengers and 1 flight attendant were not examined and were
considered to have been uninjured.

.14 Fire
No fire erupted es a result of the accideni. A small amount of fuel {lowed to

the ground from the [uel line to the separated No. 2 engine. However, the fuel collected
in a puddle of water which had accumulated from the day's rainfall.

1.15 Survival Aspects

Most of the damage to the interior of the airplane resulted from floor damage
in the front of the airplane rearward to spproximately 11 feet aft of the forward entry
docr. The front row, triple-passenger seat on the right side was completely detached
from the floor. The corresponding seat on the left side and both triple-passenger seats in
the second row were partially detached. Seat tracks in the forward part of the cabin were
deformed as much as 11° from the floor damage. The fittings that attach the forward
flight attsndant's seat to the seat pan failed, and as a result, the seat was able tc be
rotated to the floor. The seat {ittings were examined at the Safety Board's retallurgical
laboratory in Washington. The examination revealed that the fittings contaised faticue
areas that penetrated about .07 inch, representing about 5 percent of the cross-sectionsa?
areas. The remaining portions of the fractures evhibited typical! bendine overstress
characteristies. The remainder of the cabin was relatively undamaged.
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According to passengers and the flight attendants the evacuation was orderly
and completed in about 1 1/2 minutes. The cabin emergeney lighting functioned properly.
The flight attendants recognized that an evacuation would be necessary. They notified
the flighterew by the bell evacuation signal that they were initiating an evacuation. The
three flight attendants remained st their assigned exits. The right rear exit was not used
in the evacuation since the flight attendants had observed most of the passengers exiting
through the front. However, the remaining three exits were used in the evacuation.

Passengers seated =djacent to the two overwing exits opened them and exited
the airpiane. One elderly passenger needed assisiance in eveeusting the airplane. The
flight attendants said that the evscuation might have been accomplished in less than
I 1/2 minutes had this passenger noti required assistance. Several passengerr commented
that 1wo passengers who appearsd to he intoxicated required additional efforts over what
was generally required in the evacuation. They had slept through the accident and were
sieeping through the evacuation when some passengers physically shook them to wake
them up. The flightcrew exited the airplane through the cockpit windows.

The CLT ground controller initiated the emergency response when he noted
that the airplane would most likely be unable to stop on the runway. Nine airport
firei zhters in four vehicles responded to the emergencv. At 2009:48, the captain on the
lead T”FR vehicle, who also noted that the airplane probably would be unable to stop,
initiated a preplanned, mutual assistance response by informing the Charlotte Fire
Department {CFD) dispatcher of the accident. The CFD dispateher, asecording 1o the
mutual assistance plan, informed fire, police, ambulance, hospitals, and fire department
personnel from the city of Charlotte and surrounding Mecklenburg County, of the
accident. An additional 10 rescue units, ineluding 7 pieces of firefighting equipment, s
mobile command post, 1 reseue unit, and 1 foam applicator were dispatehed lo the site.
Aqueous film-forming foam was applizd aimost immediateiy after the arrival of the foam
applicztor.

Tne CFD dispateher was unaware of the number >f people on board Pl 467 and
was uncure of the proper number of ambulances to dispateh to the site. Three ambulances
were dirpatched immediately and arrived at the site within 15 minutes of the accident. A
fourth, which was dispatched 42 minutes after the accident, arrived on scene 15 minutes
later. Additionsally, several rescue and transport units, which werzs sent to the site from
neighboring loealities, provided cn-scene treatment and hospital transport to the injured.

The WNorfolk Southern Railway System, which owned the tracks near runway
J6R/18L, informed the Safety Board that 14 freight and 2 passenger trains operated daily
on the tracks. Although they were not on the notification iist used in the mutual
assistance plan, 7 minvtes after the accident an airport firefighter asked the CFD
dispatcher to inform the railroad of the accident. One minute later, the rzilrcad was
notified and asked to keep the tracks clear of trains until the evacuation was completed.
They immediately complied with the request.

1.16 Tests and Researeh

On the nights of October 28 and 29, a variety of assessments were made of the
overall quality of runway 36R/I8L. These included examining the runwey surfmce for
deviations f.om acceptable standards, flooding segments to measure standing water
depths, and assessing runway frietion using two independent measuring devices. (See
appendix H.)
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1.16.2 Runway Condition

At the request of the Safetv Boeard, the FAA provided a survey team to
evaluate the physical characteristics of runway 36R/18L and to conduct measurements of
runway surface friction under dry and wet conditicits. The evaluation and measurements~
were conducted over a 2-night period, beginning on October 28, 1986.

According to the survey team, the pavement of the first one-third of runway
36R was within FAA-recommended standards exeept for heavy deposits of rubber in the
touchdown zone. The last two-thirds of the runway exhibited va-iances from the
recommended transverse slope of 1.5 percent; the slopes ranged from 0.5 to 1.05 percent.
There were longitudinal depressions about 12 1/2 feet on either side of the runway
centerline for nearly the full length of the runway. The depressions were 1/8- to 3/8-inch
deep and were 10 to 40 inches wide. The transverse grooves in the depressions were fiiled
with asphalt. Water was sprayed over threc portions of the runwav and allowed to
stabilize. The measured depths of the pooled water on the longitudinal depressions ranged
from 0.09 to 0.18 inch and the widths ranged from 12 to 18 inches. The depths of the
runway surface texture ranged from 0.0039 to 0.0095 inch. The recommended depth is
0.025 inech. The last 1,940 feet of runway 38R had three ungrooved asphslt patches near
or straddling the runway centerline which totalled 487 feet of runway length. There were
no significant rubber deposits in the touchdown zone of runway 18L.

Examiuation of the runway after a heavy rain disclosed the aceumulation of
water in the longitudinal depressions. Alsc, due to shallow transverse slopes in the last
1,000 feet, the water tended 1o spread from the depressicns toward the center of the
runway, particularly in the last 500 feet.

1.16.2 Runway Friction

Two independent devices were used to mesasure runway frietion, the Mark IV
Mu Meter and the M6800 Runway Friction Tester. Both were operated 12 1/2 and 30 feet
of each side of the runway centerline, beginning 268 feet north of the runway threshold
and ending 284 feet south of the runway departure end. The tests were conducted at
speeds of 40 and 60 mph, using the self-contained water svstems of each device to wet the
surface and a separate water tanker to flood selected runway portions. in addition, the
Mu Meter measured friction on dry pavement.

The measurements from each device indicated that the major pcrtion of the
runway met FAA standards for adequate friction. The Mu values 5/ averaged from 38 to
78. However, there were two runway areas where the Mu values were lower and the
friction unacceptable: the runway touchdown area where rubber deposits raduced the
pavement friction quality and the final 1,500 feet of the runway. The lower Mu values
were attributed to a lack of grooving in some arzas and the flat transverse slopes.

5/ Runwey friction is expressed as a value of Mu, ranging from 0 to 100, or low to high
friction. AC 150/5320-12A states: "When the averaged Mu velue on the wet runway
pavement surface is iess than &0 but above 40 for a distance of 500 feet, and the adjacent
500 feet segments are above 50, no corrective action is required.” Thus, values above 50
indicate aeceptable friction.
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The Charlotte Airport Authority was made aware of the runwsy 38R variance
from recommended standards. It reported the deficiencies to the FAA which issue a
Notice to Airmen (NOTAM) describing the deficiencies in the runway. The Airport
Authority also hired contractors to repair the runway deficiencies. The repairs were
scheduled to be completed in October 1987.

1.17 Cther Information

1.17.1 Piedmont Procedures

According to Piedmont's B-737 Operations manual, the aireraft's airspeed and
flaps are to be set at the following points slong the "normal™ ILS pattern: on initial entry,
airspeed at 21¢ knots; on base, flaps at position 1 and airspeed at 190 knots; before the
turn to final, flaps at position 5 and airspeed at 170 knots; and after intercepting the
Iocalizer, landing geur lowered, flaps at position 15 and airspeed at 150. Just befcre
passing the locator at the outer marker (LOM) 8/ or final approach fix (HAYOU in the ILS
approach to runway 36R), the final flap setting of position 30 or 48 is selected and the
airspeed of about 140 knots is established. {See appendix D.)

Piedmont's manager of Boeing flight training said that he did not believe,
insofar as the »ormal ILS pattern was portrayed, that every approech was to be flown as
portirayed in the operations manuai. "There are,” he stated, "just with an ATC instruction
to hold 180 knots to the outer marker; [ examples which] if we were to hold every pilot to
this, we would have to not accept hoid instruetions of those kinds.”

The principal operations inspector (P0OI) assigned to Piedmont stated that the
FAA considers adherence to the aireraft configuration and airspeeds depieted in
appendix D to be scceptable performance in flving ILS spproaches in training settings.
"Line flying," he added, ™. .. Imayl possibly [bel modified ss required by ATC or
whatever variable may ccme into play, but we'll rest then upon the pilot's good judgment
to carry the approach out or not earry the approach out.”

The POI stated that, had he been riding on the cockpit observer's seat on
P1 467, despite the fact that FAA inspectors normally would be hesitant to speak up "until
safety becomes a direct factor,” he would have "strongly suggested that the pilot consider
& missed approach long before this epproach was completed” due, he said, to "the airspeed
and the glideslope maintenance.” He added that, in his opinion, the apprcach {lown bv
P11 467 was not a steble approach.

The operations manual, also states that: "The recommended approsch speed
wind correction is 1/2 the steady headwind component plus all of the gust value, based on
tower reported winds. The meximum wind correction should not normallv exceed 20
knots. In all cases, the gust correction should be maintained to touchdown while the
steady wind correction should be bied off as the aireraft approaches touchdown.” (See
appendix D.)

Piiots not flying the sirplane, the first officer on PI 467, are required by the
operations manual to use standard call outs, "ineluding any significant deviation aspecially
when less than 500 fee! agbove field elevation. Call out significant deviations from
programmed airspeed, descent rate and instrument indications.” These include:

€&/ The LOM is comparable to the final approach fix in the ILS runway 36R spproach to
CLT.



Airspeed below Vref or 10 knots above intended approach speed.
1f rate of descent exceeds 80u FPM (feet per minute).

Localizer displaced more than 1/3 dot. Glideslope displacement
greater than 1 dot.

During instrument approaches in instrument meteorological conditions, piiots
are required to perform a missed approach when one of the following conditions is met:

A radio or flight instrument failure occurs below 500 feet agl

The localizer and/or the glide slope show full deflection, below
=00 feet agl when conducting an ILS approach.

When there is a significant disagreement among the instrument
readings.

The POI said that, "While nowhere in (the operations manusl) does it say
specifically that the captain, assuming he's flying the approach, will name an airspeed and
then verbally say to the first officer, 'This is the w~get speed and Vref is 130 knots. I
will fly this approach at 120 knots,’ it does not detail that here. I guess my assumption
has been through the years. .. that that was implied. However, it is not spelled out per
se.”

During the final approach, Piedmont procedures require the pilot flying to arm
the speedbrake and check that the speedbrake armed (green) light is illuminated. The
pilot not flying is then required to check the recall system or system annunciater panel,

On a wet or slippery runwav, the operations manual directs pilots to aim for a
touchdown 1,300 feet from the spproach end of the runway. After touchdown, the pilot
flying is required to: “cheeck that the speedbrakes deploy immediately after main gear
touchdown, if they do not deplov automatically they are to be deployed manuaily;
immediately lower the nose...immediately select reverse thrust, {and)...smoothly
apply moderate-to-firm, steady breaking (sie) until a safe stop is =ssured.”

The operations manual edvises that ground spoiler depioyment is critical since
the ground spoilers will spoil or eliminate about 70 percent of the lift above the wings.
Further, the manueal states: "Do not modulate the brake pedals during brake application,
but keep a steadily increasing pressure applied allowing the antiskid system to funetion at
its optimum.™

Piedmont distributes to all flighterew members, on a bimeonthly basis, the
publication "Operations Update,” which, while not required reading, was described by g
Piedmont official as the most popular airline publication among Piedmont flighterews and
therefore, widely read bv them. It contains information about the company ard general
opergtional and <pecific information on each aireraft type in its fleet. Five months
before the accident, the April/May 1986 issue contained information on a previous runway
overrun accident. (See appendix G.) The article cites three factors that contributed to
the accident, including s touchdown considerably beyond the runway threshold and an
airspeed that was excessive for conditions. The article states that the combination of
factors "reculted in the sceident.”




in addition, the artiele discusses hydroplaning and lists procedures to minimize
the possibility of hydroplaning. The article advised that the "striet adherence to
established operating procedures relative to approach and landing ... are important
courses to follow."

1.17.2 Aijreraft Performance

The Safety Board compared parameters of the approach and touchdown of
P1467 with corresponding parameters of three preceding flights and one s osequent flight
into CLT. In addition, several performance characteristies of PI 467 during its entry into
the CLT airspace and subsequent touchdown and rollout on runway 36R were examined.

The flights that preceded PI 467 to runway 36R, the type of airplane, the
estimated maximum weights, and landing times, are presented below:

Estimated Maximum Approximate

PI Flight Ne. Airplane Weight (Ibs) Landing Time
73 B727-200 156,000 1856
105 B727-200 124,500 2000
379 B737-300 114,000 2002
309 B737-200 98,000 2005

Radar data obtained from CLT air traffic control indicate that the
groundspeeds of these flights at the final approach fix and at 500 feet agl, respectively,
were: PI 73, 191 and 145 knots; P1 105, 156 and 141 knots; PI1579, 179 and 141 knots; PI
308, 181 and 158 knots; and Pl 467, 214 and 170 knots. At those ground speeds Pl 467
would have required & descent rate of 1,135 ft./min. to intercept the glide slope at
HAYGOU. To maintain the glide slope at 500 feet agl, PI 467 would have needed a descent
rate of about 906G ft./min. Recorded radar data indicated that PI 467 averaged a descent
rate of 990 ft./min. during the 16 seconds before touchdown. The Piedmont recommended
descent rates, at those points in the approach, were 750 ft./min. and 720 ft./min.,
respectively.

The Safety Board examined the DFRs of PI 579 and PI 105 to determine the

distances required by those aircrait {ollowing touchdown to stop on runway 36R. PI 5738
stopped in 3,450 feet and PI 105 stopped in 2,895 feet.

Following the accident, the Safety Board attempted to replicate the lsnding
and rollout of Pl 4687 using a Phase II, Boeing 737, simulator at Piedmont’s training nenter
in Winston-Salem, North Carclina. The environmental conditions and airplane weight,
speeds, configuration, and touchdown point on the runway were matched to known
variables corresponding to PI 467. Runway friction was set at wet-ice. The obtained
stopping distance approximated that of PI 467 when full wheel braking was applied and
reverse thrust was used, but without the ground spoilers deployed. With ground spoiler
deployment the stopping distance was within the available runway whether brakes only or
reverse thrust only, was used.

The Boeing Commereial Airplane Company calculated the stopping distanece
eapebilities of a Boeing 737 on a wet, grooved runway with the weight, configuration, and
speeds similar to those experienced by PI 467. The caleuleted stopping distances were
2,200 feet with spoilers deployed and reverse thrust and 3,480 feet with reverse thrust but
without any spoilers deployed. The calculations included &~ approximate 3-second delay
in developing reverse thrust from thrust reverser lever activation.
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The Boeing Company also provided data on the weight applied on the mein
landing gear struts of a b-737-200, under similar conditions to those of PI 4867, as a
funetion of air speed, with 30° of trailing edge flaps extended, the CG at 18.57 percent
MAC, and the elevators in a neutral (hands off) position. These duta showed that without
spoiler extension, the load on the main gear struts at 147 knots was zero because the 1ift
generaied is approximately equal to that of the airplane's weight. The weight on both
main gear struts increases to about 6,000 pounds at 140 knots, to 16,000 pounds at
130 knots, and to 25,000 pounds at 120 knots. When the control eolumn is pushed forward
1o a one-half full nose down elevator position, the loads on both main geer struts decrease
to about 2,000, 14,000, and 22,500 pounds at 140, 139, and 120 knots, respectively., In
addition, a load of about 18,250 pounds is needed on normally serviced main landing gear
struts to compress them 3 inches.

Due to the corrections that were applied to the DFR, gs well as the lack of
complete precision in measuring airspeed, the derived airspeeds eontain an approximate
5-knot error. That is, the actual airspeed could be as much as 5 knots higher or 5 knots
lower than the derived airspeed. The examination of the DFR indicates that the derived
airspeed of PI467 was about 214 knots when it was cleared for tne approach. (See
figure 7.} The airspeed was about 194 knots erossing HAYOU. When Pl 467 crossed the
threshold, the sirspeed was about 165 knots, and at touchdown, it was about 147 knots.
The airspeed was about 72 knots when the airplane departed the runway.

The groundspeed of the airplane during the 24-second period that it was on the
runway was examined, assuming a zero longitudinal wind component, to determine its
ground roll and touchdown peint. By integrating the airspeed history between the times of
touchdown and departure, a ground roll of 4,595 feet was obtained before PI 4587 departed
the runweay. Subtracting this distaace from the runway length of 7,845 feet results in a
distance of 3,250 feet, the distance from the approach end of runway 36R upon where PI
467 most likely touched dewn. This also corresponds to the approximate touchdown point
deseribed by witnesses.

1.17.3 Airport Certifieation

To qualify for an airpert operating certifieate, an airport must, gecording to
i4 CFR 138.45, demonstrate that there are no "potentially hazardous ruts, depressions,
humps, or other surface variations,” on each safety area of the airport. In addition,
14 CFR 139.45{(3) requires that there be an extended runway safetv area, along the
extended runway centerline, that begins 200 feet from the end of the "usable runwav™ and
extends "outward in conformance with FAA criteria in effect at the time of construction
of the runway.” Further, 14 CFR 139.83(a) requires the operator of a certified airport to
act promptly to prevent ponding on any runway pavement surface srea that was due to
inadequate drainage.

1.17.4 Research on Antiskid System Performance

In 1879 the National Aeronguties and Space Administration (NASA) econducted
tests of an aireraft veloeity-rate-controlled, pressure-biss-modulated antiskid svstem, a
type similar to that with which PI{467 was equipped. 7/ In this system, in which

Velocity-Rate-Controlled, Pressure-Bias-Modulated Svstem,” NASA Technicai Note TN
D-8332, Stubbs, Sandy M., and Tanner, John A., NASA Langlev Research Center, Hampton
Roads, Virginia, December 1978.

7/ "Behavior of Aireraft Anti-skid Braking Systems on Dry and Wet Runway Surfaces—A
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deceleratirn was compared to & preset veloeity rate threshold of about 30 radian/sec2
(50 ft/sec?), if the braking effort resulted in a wheel deceleration greater than ‘the
threshold value, a skid signal (d.c. voltage) was transmitted to the antiskid control valve
to reduce brake pressure to a low value, possibly zero. The antiskid system needed about
40 milliseconds to react to a whee! spindown. When the wheel recovered from the skid,
the skid signal voltage was recuced as a funection 2f the magnitude, duration, an¢ number
of preceding skids. In addition, tne rate of reapplication of brake pressure was modulated
as a function of the sam:e parameters.

The results indicated that at a speed of 98 knots, rotational speed was reduced
to about zcro in about 0.2 second when the airplane transitioned from a dry pavement to a
flooded one. Further, brake pressure was released almcst completely by the antiskid
system and the coefficient of friction was reduced from about 0.5 to 0.35. Following
brake pressure release, wheel rotational speed fluctuated and was reduced to near zaro
for several seconds when the test was terminated due to limitations in “ne test facility.

FAA-sponsored tests 8/ in 1973 with ¢« Iockheed L-1311 and a B-737
demonstrated that rotationsal spinup of the main geer wheels eould require & much as
2 seconds following & normel landing at Vref on a wet (0.01 to 0.03 inch water),
ungrocved, conerete runway. Further, the tests showed that if the wheel brakes were
spplied when the wheel speed was low relative to the speed of the airplane, the whee’
speed would remair low and and would not reach synchronous speed with the airpane for
more than 25 seconds. The delay was attributed to the skid control logie eireuit's
assumption of the relatively low reference speeds at the time the brakes were first
applied. Conseqguently, low wheel spin up sccelerations (low frietion between tire and
pavement) foliowing brake release during each braking evele combined with the low
reference speed, prevented wheel spin up from reachinz svnchronous speed until the
airpisne had slowed sufficiently to cause higher wheel spin up aceelerations (increased
friction between tire and pavement).

Other NASA tests 8/ in 1971 with a B-T27 demonstrated that wheel lockup can
occur on a smooth concrete runway, covered with 0.049 inch of water. The wheel lockup
resulted in reverted rubber hydroplaning with effective braking friction coefficlient
ranging from about 0.05 at 70 knots to 9.093 at 115 knots.

1.17.5 Cockpit Resource Manacement

Piedmont Airlines did not provide, nor was 't required to provide, training to
its crewmembers in crew coordination or cockpit resource management. However, sbout
2 years before the accident, the airline ceased offering to its captains & 1- *~ 2-day
program in behavioral principles that was part of their upgrade treining. Since it was not
required iraining, there was no record available to indieste whether the captein had
participated in the program. )

8/ "™Concorde Landing Reguirement Evaluation Tests,” Peport No. FAA-FS-169-74-2,
U.S. Department of Transportation, FAA, Washington, D.C., August 1974, '
8/ Preliminary Test Resuits of the Joint FAA-USAF~-NASA Runway Research Program,
Part I-Tracking Measurements of Several Runways Under Wet and Drv Conditions with s
Boeing 727, a Diagonal-Braked Vehicle, and a Mu-}Meter,” NASA TM X-73808, 1877,
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2. ANALYSIS
2.1 General

The flightcrew and the Flight attendant= were properly certificated and were
qualified to perform their duties in accordance with applicable Federal aviation
regulations. There was no evidence that the performance of the flightecrew was adversely
afiected by behavioral or physiologicat factors. Piedmont Airlines carried out the
maintenance on NT52N in accordance wits FAA approved regulations. Although on

ctober 2, 1985, the thru.® reverser levers were reported to be difficult to operate, there
were no further reports of difficulty foliowing lubrication of the thrust reverser cables
and controls. Instrument meteorslogical eonditions prevailed, clong with a slignt tail wind
shearing to calm winds from the outer marker to the runway, but there was no evidence
that metecrological factors precluded the ability of PI 487 to land safely.

There was alse no evidence of preexisting damage to the airplane structure,
systems, or powerpiants. In addition, there was no indication, based on an examination of
the aiz‘pi&ne systems, that Defore the accident the airplane's airSorne and ground-based
performance was compromised. Although postimpact demage precluded funetional tests
of the eirplane braking and antiskid systems, the Safety Board examined components of
the antiskid system: all were found free of preexisting defects. Therefore, the Safety
Board concludes that the airworthiness of the airplane was not a factor in the seeident.

The investization examined the quality of the air traffic control services that
CLT approach control and the CLT tower provided to PI 467. The results indicate that air
traffic control services for the flight were carriad out in accordance with FAA eir traffie
control practices #~4 procedures. CLT approaczh turned the { hgnt onto its fingl approach
course within an acceptable distance from the final approsch fix when PI 467 was 3 miles
soisth of HAYOU. Further, the controller informed the flight that the base leg would be
"elose in,” and the flighterew gcknowledged the clearance. Therefore, the Safety Board
conciudes that air traffic control services for the flijht did not contribute to the
aeeident.

Rather, the evidence indicates that a combination of operational and runway
environmental factors contributed to the accident. These include excessive approach and
landing speeds for the prevailing conditions, nonadherenr> to required girspeeds and
airplane configurations during the sapproach, touchdown over 2,200 feet beyond the
approach end of the runway, lack of timely ground spoiler depluyment following
touchdown, and hydroplaning which reduced the airplane braking capability. The Safety
Board believes that each factor, individually, may nnt have caused the accident; however,
in combination, they led to the inability of the flighterew to stop the airplane on the
TUNWAY.

Therefore, the Safety Board focused on the setions of the eaptain and the first
officer to determine how their operation of the flight contributed to the accident, ané on
the runwey environmental conditions to determine their effects on the airplane stopping
capability.

Since the flight v:as, by all secounts, routine until it arrived in the Charlotte
area, the Safety Board began i's analysis of the aceident sequence from that point in the
flight. In addition, the Safety Board examined factors effecting the survivability of the
aceident to determine whal messures, if any, could have been taken to reduce the
severity of the aceident.




2.2 The Approach

The Safety Board believes that after P1487 entered the Charlotte approach
contral airspace, the flighterew failed to follow certain required company procedures and
did not monitor critical flight parameters. As a result, there was a diminution in the
margin of safety which led direetly to the failure of the captain to land within the proper
areg of the runway at a proper airspeed and then perform the procedures necessarv to
stop on the availgble runway.

Before PI 467 crossed the final approach fix, HAYOU, at 2005:31, the captain
did not reduce the airspeed to a value appropriate for the approach, nor did he configure
the airplane as required ner did the first officer call this to the attention of the captain.
Piedmont procedures specified that before crossing the LOM the final landing flap setting
should have been selected and the airspeed should have been reduced to a level
sppropriate for that flap setting. On this flight, the final flap setting was 30° and the
finrl approach airspeed or Vref was 131 knots. The CVR indicates that the final flap
setting was not accomplished until the airplane was on the glide slope, well inside the
final approach fix. Further, the first officer did not lower the gear until 2005:39, and the
captain did not select the final 30° flap setting until 2006:48, when the airplane was less
than 1 mile from the runway threshold and 2 seconds before the first officer made the
500 feet {agl) esil. Moreover, the airspeed was not reduced to 131 knots until after
landing. Thus, the approach of PI467 was carried out in a manner well outside the
parameters established in Piedmont's procedures.

The Safety Board believes that because the airplane was not configured for the
landing until 500 feet above touchdown, the captain was "behind” the airplane. That is, he
was setting flaps, lowering the landing gear, and iryving to reduce the airspeed after the
flight was descending on the glide slope and well inside the final approach fix, Hsad the
captain slowed the airplane and configured it as required before reaching HAYOU, he
could have stabilized the approsch and controlled the airspeed with the needed precision.
Instesd, the girplane crassed HAYOU at 194 KIAS, erossed the threshold sbout 165 KIAS,
and touched down about 147 KIAS, considerably higher than the Vref speed of 131 KIAS,
over 3,200 feet from the runway threshold and over 2,000 feet beyond the company
recommanded touchdown point. Under these circumstances, the margin of safetv was
reduced considerably, that is, the eaptain's ability to stop the airplane on the remaining
runwav depended on his ability to optimally use the airplane decelerative devices, with no
margin for error allowed in the use of those devices.

Despite the capiain's assertions that he added 20 knots to Vref because of his
concern for a wind shear condition, the Safety Board believes that, if correet, he {ailed to
properly interpret and apply guidance provided on the subject in the company operations
manual. (See appendix D.} From thet guidance, with surface wind reports, the lack of
significant convective aectivity, and his knowledge of the tailwind on the approach, the
captain should have known that the existing wind shear involved that of a tail wind
shearing to a light crosswind or no wind. Under these conditions, significant speed
additions are not needed and may compound sirplane controllability because this type of
wind shear tends to increase indicated airspeed during descent, through the reducing
tailwind shear. Moreover, the four Piedmon?® flights that landed during the approximate
11-minute period before PI 467's landing, flew through similar wind conditions without any
significant speed additions and without any reported difficulties in stopping. Finally, the
operations manual stated that "if the airplane is below 500 feet AL and the approach
becomes unstable, a go-srouny! should be initiated immediatelv." The Safetv Board
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believes that given the unstable condition of the captain's approach below 500 feet above
the runway, he should have promptly adhered to ccompany guidance and should have
executed & missed approach.

Moreover, the evidence indicates that the eaptain and the first officer were
aware that the approach was unstable, vet they continued the eppreach instead of
executing a go-around. The cantain knew that the turn to the {inal approach course was
going to be close to HAYOU and he accepted it. He was aware that the likelihood of
encountering a tailwind on final approach was high. Further, he received several
indications that the approach was not procedurally correct. At 2005:02, he told the first
officer, "it's going to be tight,” presumably in reference to configuring the airplane
properly and capturing the glide slope and localizer. At Z0065:22, when he told the first
officer that "Gecrge didn't do me any favors there,” he recognized that the autopilot was
not capturing the glide slope. This was most likely caused by the excessive descent rate
whick exceeded the autopilot capabilities to maintain the glide slope path, due to the high
air speed and substantial taiiwind.

Moreaover, the first officer informed the captain at 2008:37 that the
speedbrake lever was in manusl, i.e., down detent, contrary to Piedmont's requirement
that the speed brake lever be armed before landing. The captain's response to that eall is
unciear on the CVR. Thus, it could not be determined whether he armed the speed brake
lever. However, the failure of the ground spoilers to deploy immediately after landing
suggests that they were not armed.

The GPWS alerted twice thereafter, further indicating that the approach was
unsteble and not in accordance with company procedures. Since the runway was in sight
when the f{irst GPWS alert sounded, and since the first officer called minimums when the
second alert sounded, the captain probably recognized that terrain clearance was
adequate and, as a result, he believed that he could safely ignore the glert. However, the
Safety Board believes that the GPWS was alerting, not because of inadequate terrain
clearance, but because of an excessive descent rate close to the ground. Because the
girspeed was considersbly higher than required at that point and because the airplane had
only just been configured for the landing, the captain should have recognized that the
approach was nol stabilized gt the appropriate airspeed, descent rate, and power setting,
and consequently, that the margin of safety for landing on a wetl runwayv had been reduced
io an unscceplably low level.

Because 5 months before the saccident Piedmont's flighterew publication,
"Operations Update,” had discussed the role of proper sirspeed management and proper
touchdown point to avoid a runway overrun, the Safety Board believes that the captain
and the first officer should have been acutely aware that proper airspeed msanagement
was eriticel.  Nonetheless, there is no evidence that such airspeed management was
present. Rather, the evidence indicates that the airspeed throughout the approach was
excessive {or the exisling runwayv conditions. As a result, the captain’s failure to stabilize
the approach compromised his ability to stop the airplane on the runway. Therefore, the
Ssfety Board concludes it was the major faclor in establishing the conditicns for the
aceident.

2.3 Landing and Roliout

The evidence indicates that, despite the unstabilized nature of the approach
gnd the touchdown that was at a point considerably beyond the recommended touchdown
peint, on 8 runway thet contained areas of standing water, the airplane could have been
stopped on the remaining runway had the captain made optimal use of the airplane
decelerstive devices, i.e., spcilers, thrust reversers, brakes and antiskid system.
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However, the evidence suggests that, despite repeated guidance in the Piedmont
operations marual on the need to arm spoilers and, if not armed, deploy them upon
touchdown before the other decelerative devices, the spoilers were not armed and were
not deployed. This can be readily accounted for by the rushed nature with which the
approach was conducted and the extenti to which required procedures were not followed,
both on the approach and upon touchdown, as well as by witness statements and supportive
evidence from the Pledmont B-737 simulator. However, the captain stated that he did
arm the speedbrakes before landing but that they friled to deploy automatically. As a
result, the Stiety Board closely examined the airplane performance following touchdown
on runway 36R to determine the consequences to its performance following speedbrake
arming, given the envircnmental! and airplene conditions at the time.

The captain stated that immediately following touchdown, he attempted to
deploy the thrust reversers, without success. He seid that he then moved the speed brake
lever to the "Up" position to manually depioy the spoilers, and then immediately applied
the wheel brakes. After the sirplane left the runway, according to the captain, he
configured it for an evacuation, in compliance with emergency procedures, by retracting
the spoilers and by moving the speed brake lever to the "Down" detent.

After the accident, the speed brake lever was found in the "Down” detent and
the speed brake lever sectuator was found in the retracied position. However, the
evidence suggested by the porition of the cockpil controls as to whether the spoilers had
deployed is Inconclusive for several reasons. Damage to the underside of the airplane
precluded a determination of the amount of right mein gear strut compression needed to
operate the air/ground safeily sensor switches and to open the ground spoiler interlock
valve. Consequently, the rigging tolerance of 1 1/2 inch plus 1 1/2 inch minus 0 inch for
the interlock valve, and the rigging tolerance of § inches for the air/ground safety sensor
could not be verified, and it could not be coneclusivelv determined as to whether the
spoilers functicned as designed.

The damage to the airplane underside alse prevented a determinstion of
possible actions of the speed brake electric sctuaior eleetrical cireuits. Ordinarily, once
extended, the actuator will not retrset simply by moving the speed brake lever to the
"Down™ detent. The thrust levers in the forward thrust regime must also be advanced.
However, if & wheel rotational speed of 60 knots or more was never achieved on any
combination of two meain gear wheels throughout the landing roll, the spoilers would not
have autcmatically depleved and the actuator, sutomaticallv extended. In addition,
during the crash seqguence, an action in the actuatoer’s electirical eircuits could have caused
the gcluater ic reiract. Thus, the retracied position of the getustor was inconelusive as
to its relationship o spoiler deployment.

Since it is likely that & wheel rotational speed of 60 knots or more on anyv
combination of two main gear wheels was obtained at some point during the landing roll,
the possibility that the speed brake lever was never moved from the "Down™ detent was
examined to determine the effect on the airplane stopping performance.

According to data suppliad by Boeing, on a wet, grooved runwav without
spoiler extension, the airplane could have been stopped in about 3,500 feet provided fuil
reverse thrust was obtained within 3 seconds of touchdown. However, significant reverse
thrust was not obtained until about 12 seconds after touchdown when the airplane had
slowed 1o sbeout 11Z KIAS, 2t which time less than 1,300 feet of runway remained. {See
figure 8.} Consequently, although the friction:l gualities of the last 1,500 fest of
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runway 36R were substandard, the lack of any spoiler extension could account for the
delay in obtaining reverse thrust, the airplane poor stopping performance with the last
1,900 feet of runway, and its departure from the runway at a speed in excess of 70 KIAS.

Nevertheless, although the lack of spoiler extension alone could account for
the captain's inability to stop the airplane on the runway, given the runway condition and
the fact that the touchdown was at a point located over 3,260 feet from the runway
threshold, the Safety Board examined other faectors which also could have adversely
affected the airplane stopping capability. These factors relate to the performance of the
airplane deceleration devices during a high speed landing and to the evidence of reverted
rubber hydroplaning.

As shown in figure 9, the almost simultaneous sounds of nose whee! contact,
with an ineprease in the G-trace te about 1.43 G, indicate that the airplane nose wheel and
the wheels of one or beth mein gear struts contacted the runway almost simuitaneously.
The main gear contact was followed by about 3 seconds of oscillation in vertical
acceleration, at slightly less than 1.0 G. Thus, {-~ilowing touchdown, very iittle of the
airplane weight transferred to the main gear struts. This situation would have been
exacerbated by the captain's stated application of forward pressure on the control eolumn
following touchdown, in order tc hold the nose wheel on the runway. Boeing Company
data indicate that at an increased airspeed of 15 knots above Vref, the lift generated by
P1467, while in & 3-point ground attitude was approximately equal to the airplane weight.
Thus, there would have been little or no weight on the main gear wheels following initial
touchdown, a condition which could have been maintained for 4 to 6 seconds with forward
displacement of the control column. Since the airplane touched down in heavy rain on &
runway that had been exposed to over 2/3 inch of rain during the day, it is possible that
initially there would have been insufficient friction between the tires and the runway to
obtain a wheel speed of 60 knots or more (the speed required by combination of any two
wheels o cause automatic spoiler deployment and automeatie movement of the speed
brake lever sctuator to the “Up" position). Further, the lack of any significant weight on
the main gear struts would have prevented the strut compression needed to close the
air/ground safety sensor switches which would have precluded the immediate selection of
reverse thrust. This condition would be ccnsistent with the captain's stated difficulty in
deploving reverse thrust.

In addition, if between the time the captain stated that he attempted first to
deploy reverse thrust and then manually deployed the spoilers, or immediately thereafter,
he had applied wheel brakes, wheel braking could have begun before the outboard main
gear wheels reached synchronous speed with the airplane due to the lack of significant
weight on the main gear wheels.

As demonstrated in FAA-sponsored research with a Lockheed L-1011 and a
Boeing 737, achieving a main gear wheel spin up that is synchronous with the airplane can
take as long as 2 seconds, following a normal landing at Vref on a smooth, wet runway.
Consequently, even with satisfactory transverse grooving in the area of the runway where
P1 467 touched down, the combination of heavy rain and minimal wheel loading could have
delayed wheel spin up extensively.

During the 6 seconds after touchdown, the sirplane slowed from about
147 knots to about 135 knots, a deceleration of sbout 2 ft/sec?. Since the brakes on the
inboard wheels would not have been available immediately due to locked wheel protection,
the performance of PI467 in the first 6 seconds after touchdown suggests that the
outboard wheels may have locked up within 3 to 4 seconds after touchdown, most likely
due to the captain's application of wheel brakes before synchronous speed was achieved.
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During that 6-second period, the sirplane rolled about 1,400 feet. As the NWASA research
with pressure-bias-modulated antiskid systems demonstrated, on an ungrooved, wet
runway, brake application before synchronous speed is reached ean result in a locked
wheel condition. This can prolong the time required for the wheels to reach syachronous
speed by as much as 25 seeonds. Under locked wheel conditions, the effective braking
cocfficients are less than 0.05, at speeds over 70 knots.

At 2007:24, the airplane began a rapid deceleration compared to a previous
6-second period of slight acceleration. Its airspeed decreased about 20 knots from 135 to
115 seconds, for a deceleration rate of about 8.% {t/see2. Since significant reverse thrust
was not generated until about 2007:31, during the 4-second period from 2007:24 to
2007:28, sufficient weight was probably transferred to the main struts, apparently oy
extension of the flight spoilers, to aliow the air/ground safety sensor to sense ground
cperation. This would have permittad deplovment of the thrust reverser deflectors and
the application of the inboard wheel brakes as well as deployment of the ground spciler
panels. However, by the time significant reverse thrust was generated, as evidenced by
the engine sounds recorded on the CVR, less than 1,900 feet of runway remained.

Since the last 1,500 feet of runway 36R contained a ecrown that was
insufficient to promote adequate drainage, collapsed and uneven transverse grooving, and
less than recommended frietion gqualities, the 1,900 feet of runway remaining was
insufficient to stop the airplane from a speed of 112 KIAS, even witn gll decelerative
devices operating. The actual performance of PI 487 during the last 12 seconds indicates
that ecomparatively little deceleration (3.33 ft/sec2) was obtained. The amirplane left the
runway at a speed of abut 72 KIAS.

It is also spparent from the skid marks on the last 100 feet of runway 36R and
from the condition of the four main gear tires that the airplane experienced reverted
rubber hydroplaning before it left the runway. To achieve reverted rubber hydroplaning,
wheel/tire rotational speed must be reduced essentially to zero so that the tires skid along
the runway surface. Since there was no evidence of preexisting defects in the antiskid
braking system, wheel/tire rotational speed could be reduced by one of two ways; either
by disengaging the antiskid system or by having the rotational speed alreadv reduced to
zero before rubber reversion took place. Since there was no indication that the captain
disengaged the anliskid svstem, the Safety Board believes that wheel/tire rotationsl speed
was reduced essentially to zero by a combination of dvnamie and viseous hydroplaning
that preceded the reverted rubber hydroplaning. Further, the evidence indicates that the
poor frictional qualities of the last 1,500 feet of runway 36R and the pooled water on the
runway surface contributed to the dynamic and viscous hydroplaning.

In summary, given the many variables that affected PI467's stopping
performance on runway 36K, the Safety Board could not determine conelusively whether
or not the spoilers were extended following touchdown. However, irrespective of whether
the spoilers were ex‘ended, the excessive speed of the airplane as it entered thie last
1,500 feet of runway led to the hydroplaning that precluced effective braking action.
Consequently, the Safety Board concludes that the accident was directly related to the
manner in which the captain flew the approach and executed the landing.

2.4 Crew Coordination

The Safety Board believes thet, while the decision to continue the approach
belonged to the eaptain only, the first officer participated in the decision-making process
in the information he provided the captain. The first officer recited the landing cheeklist
and stated that the speed brakes were in the manual mode of operation. He glso ealled
out the approach lights when thev became visible.
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The first officer's statement about the speed urake lever being in manual,
contained the clear implication that it was not armed as required. This was, the Safety
Board believes, a subile reminder to the captain that the required approach and landing
procedures were not being adhered to. At the same time, the first officer did not point
out fo the captain that the airplane wss still not configured for landing when it was well
inside the final approach fix, and he did not call out to the captain that the airspeed was
excessive throughout the approach. Therefore, the Safetv Board ceneludes that the first
officer's lack of assertiveness in providing the captain with needed information and the
captain’s failure to respond to the "subtle" caliout of the speed brakes in manual are
indicative of deficient erew coordination, also known as cockpit resource management,
and that this deficiency contributed to the accident.

The Safety Board is aware of the difficulty that first officers face in
attempting to provide captains with needed information at eritieal points in a flight, when
such attempts could be distracting. More important, perhaps, is the difficuity thev may
face when attempting to influence the pilot-in-command to reconsider and possibly alter
a decision. Thus, it would have been very difficult, once inside the f{inal approach fix, for
the first officer to suggest to the captain that the approach was not stabilized and, as a
result, they should go around. Such a suggestion could, if presented inappropriately,
distract the captain and could potentially endanger the safety of flight.

As a result of its investigation of an airplane accident involving a Leckheed
Electra L-188C in Reno, Nevada, on January 21, 1985, 10/ the Safety Board recommended
that the FAA:

A-86-19

Provide to all operators, guidance on topics and training in cockpit
resource management so that operators can provide such training
to their flightcrew members, until such time as the FAA's formal
study of the topic is eompleted.

On December 15, 1986, the FAA informed the Safety Board that its study on
cockpit resource management was expected to be completed in November 1987. As a
result, the Safety Board has classified Safety Recommendation A-86-19 as "Cpen—
Accepilable Action” until it can review the results of the study. Until that time, the
Safety Board reiterates Safety Recommendation A-86-19 and urges the FAA to provide
guidance on cockpit resource management to all operators. It is hoped that operators will
then implement such courses and provide training in the topi2 to all flighterew members.

2.5 Runnway Condition

Tne Safety Board believes that two factors increased the severity of the
acecident: the lack of adequate runway friction in the final 1,500 feet of the runwayv and
the location of the conerete culvert 18 feet beyond the localizer antenna arrayv, which was
itself, leeated 300 feet beyond the departure end of the runway.

The lack of acceptable friction in portions of the runway increased the
severity of the accident because the airplane departed the runway at a higher speed than
it probably would have had there been adequate grooving and drainasge in the departure
end of the runway. The evidence indizates that PI 487 experienced hyuroplaning before it

10/ Aireraft Accident Report—"Galaxy Airlines, Inc., Lockheed Electra L-188C, N5532,
Reno, Nevada, January 21, 1985" (NTSB/AAR-86/01).




@

-33-

departed the runway, as indicated by the reverted rubber marks found on the four main
landing gear tires and the "steam clean” marks found on the departure end of the runway.
Although runway friction was, according to FAA-recommended standards, not aceeptable
only near its departure end, the Safety 3oard eoncludes that the runway condition was not
a primary cause of the acecident because of the excessive speed of the airplane as it
entered the last 1,500 feet of the runway; but the poor friction did contribute to the
severity of the accident.

Although the Safety Board concludes that the condition of runwayv 18L/36R did
not contribute to the cause of the acecident, the evidence indicates that the runway did
not meet the maintenance standards recommended in FAA Advisory Circular
(AC) 150/5320-12A, dated July 11, 1986. The circular alsc indicates that the Charlotte
Airport Authority did not comply with 14 CFR 139.83 regarding the prevention of ponding
on runway pavement aress. The Safety Board believes that as part of the FAA annual
certifieation inspection of airports, such defects should be identified and corrected.

Currently, airports that are certificated under 14 CFR Part 139 are
responsible for their own "self-inspection” program thet, among cther things, reqguires
them to ensure that the airport pavement surface is adequately maintained. The
Charlotte Alrport Operations Manual (ACM) was examined subsequent to the aceident. It
stated that "the runways have been designed to provide 1 1/2 percent crown . .. all of the
runways are grooved full length and width to facilitate runoff.” Becsuse of the
deficiencies that were found in the condition of runwav 38R (i.e., it did not have
1 1/2 percent erown in over half the length, the grooving was substantially eollapsed in
the last 1,500 feet, there were ruts (which were conducive to ponding) for almost the
entire length, and the measured friction over the last 1,500 feet was substandard), the
Safety Board believes that the airport operator failed to maintain the runway surface to
standards specified in the AOM or to the criteria recommended in AC 156/5320-12A.

Subsequent to the Worid Airways DC-10 ovorrun at  Boston-Logan
International Airport on Januaryv 23, 1382, 11/ the Safetv Board recommended that the
FAA:

A-52-153

Use a mechanical frietion measuring device to measure the drv
runway coefficient of frietion during annusl certification
inscections at full certificate airports and require that & Notice to
Airmen {NOTAM) be issued when the coefficient of frietion falls
below the minimum value reflected in Advisory Cireular
150/53320-12, Chapter 2.

A-82-154

Require that full certificate airports have a plan for periodic
inspection of dry runwav surface condition which includes friction
measuring operations by airport personnel or by contracted
services and which addresses the training and qualifieation of
operators, calibration and maintenance of the equipment, and
procedures for the use of the friction measuring equipment.

11/ Aijreraft Accident Report--"World Airways, Ine., Flight 30H, MeDonnell Dougias
DC-10-30, Boston-Logan International Airport, Boston, Massachusetts, January 23, 19827
(NTSB-AAR-82-13).
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On January 14, 1987, the FAA responded to these safety recommendations
stating that "...the FAA does not believe that measuring dry runway coefficient of
friction during eertification inspections would be cost-effeetive nor would any signifieant
safety improvement result” and indieated that no frirther action was contemplated.

In light of the frictional deficiencies that were found on portions of
runway 26R at Charlotte Airport, the Safety Board believes that the concepts at issue in
Safety Recommendations A-82-153 and -~154 stiil have considerable merit. However,
because the recent response indicates that FAA does not intend to take further action on
these recommendations and because the Safety Board is issuing new safety
recommendations eoncerning these issues, Safety Recommendations 4 22-153 and -154
nave been classified as "Closed—Unsacceptable/Superseded.”

Despite the FAA's position with regard to annusl measurements of runway
friction, the Safety Bcard also believes that the detericrated condition of runwayv 36R at
Charlotte Airport is indicative of failures on the part of the airport operator and the FAA
inspectors to identify and correct other runway conditions that could adversely affect the
safety of air carrier operations during inclement weather eonditions. Further, the Safety
Board believes thal the recently revised AC 150/5320~12A should serve as a basis for an
aggressive runwey inspection and maintenance program.

2.6 Survival Aspects

After it left the runway, the sairplane struck and broke >ff the localizer
antenna array from its frangible moorings. However, about 18 feet bevond the antenna
was a eonerate culvert which caused almost all the demage to the airplane and injuries to
those who were injured. The Safety Board believes that the presence of the concrete
culvert ereated a more destructive and severe aceident than what it otherwise would have
been without the culvert.

The Safety Board expressed its conaern sbout runway safety areas following a
Texas International Airlines DC-§ aeccident at the Stapleton international Airport,
Denver, Colorado on November 185, 1876. The airplane overran the runway during =
rejected takeoff. Subsequent to the accident, the Safety Board recommended thet the
FAA:

A-77-16

Amend 14 CFR 139.45 to require, after a reasonable date, that
extended runway safety area criteria be applied retroactively to all
certificated airports. Al those airports whieh cannot meet the full
eriterig, the extended runway safety area shauld be as close to the
full 1,000-foot length as possible.

The FAA's mitial response, dated July 11, 1977, stated that this
recommendation would place an economie burden on airport operators. They did propose,
however, an amendment to 14 CFE Part 139 that would require extended safety areas
eoncurrently with construction of new airports, runways, and major runwayv extensions at
existing airports. On Oectober 23, 1885, the FAA published Notice of Proposed
Rulemaking (NPRM) No. 85-22, "Revision of Airport Certification Rules,” published at 50
FR 43094. In its response to the NPRM, the Safety Boerd supported the proposed section
139.307, "Safety Ares,” which would require that safety areas conform to the criteria in
effect at the time of an expansion of a runway, or at the time of certification. While the
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Safety Board continued to stress that criteria for runway safety areas should be made
mandatory at all certificated sairperts regurdless of the date of construetion, it was
sensitive to the practiesl and economie diffieulties of implementing suzh e reguirement.

Bacause the final disposition of the NPRM is not certain, the Safety Board has
maintained Safety Recommendation A-77-16 as "Open—Accepteable Action.” However, as
a result of the extensive elapsed time sinece the Safety Board issued this reecmmendation,
and the lack of completed action by the FAA, the Safety Board has changed its
classification to "Open—Unacceptable Action,” and urges the FAA to complete the
rulemaking process as soon as possible.

In lieu of regulatery guidance concerning extended runway safety areas,
Advisory Cireular (AC) 150/5335-4, Change 2 to Airport Design Standards—Airports
Served by Air Carriers™ emphasizes the need for establishment of extended runway safety
areas. The AL states that “for existing runways . .. extended runway safety zones should
be provided wherever physically feasible and economically possible ... " The AC states
that the extended runway safetv area is a rectangular area centered on the extended
runway cenierline. Ii begins at the end of the runway safety area and extends 800 feet to
& noint 1,000 fect from the runway end. Its width is the same as the runway safety ares.
It further stipulates that "the extended runway safety area should be cleared and free of
struetures, chiects, sbrupt surface icregularities, ditches, soft spots, and ponding areas.
All obiects, which, because of their funection, must be maintained within the extended
runway safety area, should be constructed with frangibly mounted supporting structures of
minimum practical heights.”

With respect to the extended runway safety area at the departure end of
runway 35R at Charlotte Airport, the Safety Board takes a eritical view of the loeation of
a concrete culvert on the extended runwayv centerline 318 feet bevond the runwav end. In
faet, this culvert was allowed to exist 18 feet behind a locealizer antenna that was made
frangible at considersble expense.

The Safety Board reiterates its position that, unless physically impossible or
economically impossible, the extended runway safety area should be maintained beyond
the end of the runway. In the case of Charlotte Airport, although it would be impractical
16 move the railroad tracis leceted approximatelr 450 feet bevond the end of runway
38R, the concrete culvert probebly ccuid have been placed out of the extended runway
safely area or could have been covered at liitle expense. Therefore, the Safetv Board
believes that the FAA should require sirport managers to repgir and/or remove, at the
earliest opportunity, obstacles, such as concrete culverts, that sre adiacent to airport
areas.

The Safety Board is concerned that, due to the preexisting fatigue cracks, the
forward flight attendant’s seat could have failed had the eracks continued te be
andetected under normal use losds. in sddition to the tvpe of high loads produced in this
accident. This could pose a danger fo flight altendants snd, as a result, threaten the
abitity of f{light attendanis to assist in an emergency. As a resuit, the Safety Toard
believes that the FAA should issue an airworthiness directive {or a one-time inspection of
the seat pan roller assembiv of this tvpe of seat (Trans Aero Industries, part No. 90833)
for evidence of fatigue eracks.

The investigation revealed several deficiencies in the CFR response to the
emergency. [he limited number of smbulances, onlv three, that was dispatehed to the
geeident site, was not a factor in the survivability of this aecident because of the limited
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number of injuries that were sustained. However, had there been more injuries, this could
have adversely affected the survivability. Moreover, the ambulance dispatcher's leck of
knowledge of the number of people on board PI 467 is a further indication of this
deficiency. In addition, the lack of immediate communication about the accident to the
Norfolk Southern Railroad and the nzed to hait rail traffic also indicates a deficiency in
the emergenay responsa.

The investigation slso revealed that a potential hazard to the evacuation
existed because of reports of passengers who were considered to be intoxicated. It is
clear that intoxicated passengers can pose a danger to themselves and cthers on an
aircraft at all times, particularly in an emergencv. As a result of its investigation into
the sceident involving an Embrser EMB-110P1 in  Alpens, Michigan. on
Mareh 13, 1986, 12/ the Safety Board recommended that the FAA:

A-87-14

issue an Operations Bulletin to Principal Operations Inspectors of
carriers operating under 14 CFR Part 135 informing them of the
need to improve passenger screening to prevent intoxiecated
passengers from boarding airerafi.

On June 2, 1987, the FAA informed the Safety Board that an Air Carrier
Operations Bulletin (ACOB) was being developed which would address the issue of
intoxicated passengers. The Safety Board has therefore classified Safety
Recommendation A-87-14 as "Open—Aecceplable Action,” pending its review of the
ACORB,

tHowever, this aceident demonstrates that operators of aircraft operating with
flight atlendants on board alse must be vigilant to the polential dangers presented by
intoxiested passengers. In an emergency where there is a need for passenrers to exit the
girplane quickly, such passengers can hamper a rapic evacuation. Thev also can become
unruly and interfere with the duties of flighterew members, therebv creating an
emergency situation. Although the investigation was unable to determine -whether the
particular passengers were served aleohol while on board PI 467, the Safetv Board believes
that all flight attendanis mast be wigilant in preventing passengers from being given
additional alechol to the point where theyv resch intoxieation. Therefore, the Safety
Board urges the FAA to issue an operaticns bulletin to prineipal operations inspectors of
air carriers operating aireraft with flight attendants mforming them of the need {o cease
providing salcohol to passengers who are in, or appear that they sre about to be in, an
mtoxiveted state.

3. CONCLUSIONS

3.1 Findings

1. The [lighterew and the {lignt attendants were properily ceriificated and
gualified {or the {light.

2.  The airplane wes properly maintained for the flight.

12/ Aireraft AcciGent Report—"Simmons Airlines Flight 1748, Embraer Bandeirante,
EMB-110P1, Near Alpena, Michigan, March 13, 1888" (NTSB/XAR-87/02).
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Air traffic control services provided to this flight were in accordance
vith sceeptable procedures.

Weerther Taciors did not contribute to the mecident.

There was no evidence of prooxisting de age to the airplzne structure,
svstems, or powerplants that eculd have tributed o the accident.

The airplane was not configured for landing until just before touchdown,
contrary to Piedmont operating procedures.

The GPWS glert just before touchdown indicated an excessive rate of
descent.

The approach was flown contrary to Piedmont operating proceduras.

The captsin should heve elected to <iscontinue the approach because it
was not earried out in secordence with Piedmont operating p'-ocedd
and becszuse the sirplane was not confizured for landing until fust before
touchdown.

Crew coordinglion wsas defieient due to the {irst ¢ficer’s failure 10 cgll
the ceptain's attention to aspeets of the gpproach thet were not in
geeordence with Piedmont operating procedures,

The airplane touched down over 3,200 feet from the gpproach end of the
runwayv, at an sirspead that was excessive {or the prevailing runway
arface conditions.

The spoilers were nol deploved ‘mmediately after touchdown which
slverseiv affected the airplane st ;,\hg serformance.

The captain probeblv g.plied wheel brakes prematurely after cuchdown

which mas have resuiiied in z,h-e loss of bhrake ef
outboerd wheels

The conerete cuivert loegicd bevend the departure endd ol the runway
eaused most of the damage 1o the sirplene.

The friction on runwsay 35?{ wrs generally sceepiladle: however, in the
Isst 1,500 feel, it was unacvcepiable gnd this contributed 10 th2 severity
of the goeident.

The 31*’9.&?*& hvdreplaned during the mibstantisl portions of the last
1,585 feet of roil on runwey 6 .

The evacusiion was 27fertive and completed within 1 ' 72 minutes.

?“1@ emcrgencey response (o the soeident was delteient in the limited

mber of ambulances dighatehed to the site.

Two passengers were reporied 1o have heen inforliesled at the time of
the acciden?, snd they reould have adversely aflected the evacustion.
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3.2 Probable Cause

The Naticnal Transportation Safety Board determines that the probable cause
of the acecident was the captain's failure to stabilize the approach and his failure to
discontinue the approseh to a landing that was conducted at an cxcessive speed beyond
the normal touchdown point on a wet runway. Contributing f{c the accident was th2
captain's failure to optimally use the airplane decelerative devices. Also contributing to
the accident was the lack of effective crew coordinslion during the =approseh.
Contributing to the severity of ‘he accident was the poor {rictional guality of the last
1,500 feet of the runway and the obstruction presented by a concrete culvert loeated
318 feet beyond the departure end of the runway.

4. RECOMMENDATIONS

As & resuit of its investigation, the Safety Board made the following
recommendations:

—to the Federal Aviation Administration:

Require airport mansgers {¢ repair areas and/or remove obstaecles, such
as concrete culverts, that are adjacent to airport operating areas. Such
repairs should be performed at the earliest opportunity. (Class 1l
Pricrity Action) (A-87-107)

Issue an cperations bulletin to principal operations inspectors of ailr
earriers operating aireraft with flight attendants informing them of the
need to cease providing alcohol to passengers who are in, or appear that
they are about to be in, an intoxieated stite. (Class II, Priority Action)
{A-87-108)

issue an girworthiness directive {or a one-time inspection of the seat pan
roller assembly of the flight atiendant seat, Trans Aero Industries, part
No. 80835, for evidence of fatigue eracks. (Class I, Priority Action
{A-87-109)

%

During annual inspections of full certificate airports, emphasize the
identification of deficient runway «conditions and use approved
friction—measuring devices to measure the dry runway coefficients of
friction; encourage the airport operator to correet (or provide
appropriate nolice 1o users) runway conditions that do not meet the
esriteria recommended in Advisory Circular 150/5320-12A. (Class I,
Priority Action) (A-87-110)

During annual inspections of full certificate airports, verify that airport
operations manuals eaddress runway pavemen! inspection and
maintenance coriteris as recommended in  Advisory ‘Vireular {AQC)
156/5320-12A, and that sirport operators are taking actions needed,
ineluding appropriate measurements of dry runwsy coefficients of
friction with approved devices, to maintain runways to the coriteria
recommended in  AC 154/5320-12A. {Class I, Priority Action)
{A-87-111)
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—to the American Association of Airport Executives and the Airport
Operators Counecil Internationai, Ine.:

Inform its membership of the cirecumstances of the aireraft asceident at
Charlotte Douglas International Airport on October 25, 1986, and request
its membership to repair areas and/or remove obstacles, such as
concrete culverts, that are adjacent to airport operating areas. Such
repairs should be performed at the earliest opportunitv. {(Class I,
Pricrity Action) (A-87-112)

Inform :ts membership of the cirecumstances of the aireraft accident at
Charlotte Dougias International Airport on October 25, 19886, and regquest
its membership to identify deficient runway conditicns, to use approved
fricticn-measuring devices to measure the dry runway coefficients of
friction and to correct {or provide appropriate notice ‘o users) runway
conditions that do not meet the criteria recommended in Advisory
Cireular 150/5320-12A. {(Class il, Priority Action) (A-87-113)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/  JIM BURNETT
Chairman

/ef  PATRICIA A. GOLDMVAN
Viece Chairman

/s/  JOHN K, LAUBER
Member

/s/ JOSEPH T. NALL
Member

/s/  JAMES L. {GLSTAD
Member

September 1, 1987
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5. APPENDIXES
APPENDIX A
INVESTIGATION ARD HEARING

i. Investigation

The National Transportation Safety Toard was notified of the accident about

2030 eastern davlight time on October 25, 1886. An investigative team was dispatched

from its Washingion headquarters to the scene the following morning. Investigative

grcups were established for operations, air traffic control, 'neteorologv girworthiness,

<:wrvival factors. human performance, maintenance records, cockpAt voice recorder, and

ﬁ:gﬁt data recorder. In addition, specialists in aireraft perforinance, sound spectral
examination, and engineering applications participated in the investigation.

Parties to the investigation were the FAA, Piedment Airlines, the Boeing
Commercial Airplane Company, Charlotte Douglas International Airport, the Association
of Flight Attendants, the Transport Workers Union, and the Airline Pilots Associgtion.

2. Public Hearing

There was no public hesring. A deposition of the flighterew was conducted in
Winston-Salem, North Carolina on February 5, 1987. A deposition of the FAA pri“cipa;
operations inspector assigned to the airline was conducted on March 18, 1987, also in
Winston-Salem,
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APPENDIX B

COCKPIT YVOICE RECGRDER TRANSCRIPT

TRANSCRIPT OF A FAIRCHILD A-100 COCKPIT VOIZE RECORDER S/N 50202
REMOVED FROM THE PIEDMONT BOEING 737-200 KHICH WAS INVOLVED IR AN
ACCIDENT AT CHARLOTTE, NORTH CARDLINA, ON DCTOBER 25, 1986

LEQEND
CaM Cockpit area microphone voice or sound source
RDO Radio transmission from accident aircraft
-1 yoice {dentified as Czptain
-2 ¥oice {dentified as First Officer
-3 Yoice fdentified as Flight Engineer
-2 ¥oice unidentified
ATIS Avr Traffic Information Service
APP Charlotte Approach
TR Charlotte Tower
121 ground Proximi_y Warniag Systen
xxx Gther airgraf:
UNK {Inknown
* Unintelligible word
§ Konpertinent word
g txpletive deleteg
b 4 Break in continuily
{3 Questionable text
{({ 1 Editorial insertion
D Pause

ROTE: A1l times are expressed in eastern standard time,
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FLIGHTPATHS OF AIRCRAFT IMMEDIATELY PRECEDING
AND FOLLOWING PI 4§67
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SELECTED PROCEDURES FROM PIEDMONT'S B-737 OPERATIONS MANUAL

FLIGHT OPERATIONS TRAINING MANUAL
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DESCENT-APPROACH

DESCENT PROCERURES {Contd}

Prior tc and Curing the fing! epproach the {oliowing tacks are accomplished,
ir the relative sequence given, to properly tonfigure the airplane for landing.

PILOT FLYING PILOT NOT FLYING

Call for flap extension on the {lap/ Positon flap lever as directed.
speed schedule in gecordsnce with Moniter flap extensjon and
the landing spproach requirements, leacing edge device operation.
Execute standard callouts.

(Prior 1o crossing the fxx outbound of entering downwinc cross—check all flight
and navigalion instrurents, observe all warning {lags retracted and el radios
tuned to torreel frequencies. Complete the approach briefing.

Call "Gear Town” in accordance with Pogidon landing geer iever
the lapding approach reguirements. DOWN, Observe iights for
Check landing gear down and locked. proper landing gear extensioh
and ANTI-SKID INOP lights
extinguished. Autc Breke as
: required.

¥

{Arm spredbrahe Bnd chech green Check Tecall system.
Light Huminated.

ICell for "Landirg Checklist Cown to Read Landing Checklst cown to
{FLAPS. FLAPS,

{Cail for ispding fiep posilion, Position flap lever as direcied
and “Corplcle the Lending Theok- ant complete the Lending
HI& Checklixt and siste "LANDING
: Checklist sompiele.”

Check flap peosibior snrdicRLION i Windshiei¢ wipers anc lending
an? lanting flep position and green Lights as required.
LE FLAPS EXT lght illuminetied,

1

«The recommended epprosch speed wind correction 15 172 the stealy headwind
comporent pius all of the gust vaiue, based on tower repwied winds. The
maximur wind cotrection should no! norioglly exceed 24 KRols. i al Cadés,
the gust correction shauid be mantaineC te tguchdown whie the steady winc
correclion ShouiC De DIeC oif as the AITCrelt approaches ioec¢hdowrn.

~1t is reacognizec that the actwel wind encountered on the spproech may vary
frofm tha! reported by the tower due to ferrain or cimmabic phenomenon.
However, unless achial conditions Are known, im,, reporied wind shears or
xnewn lerraf induced turbulence aress, 1t can be conudered reasonable for
convenience of operation end 1o avord adcitionsl cockpit worklosc to acus:
the &pproach speec by the 7172 steady wind plus gust” values as reporied by
the Tower. Hesdwind ccorrections are made {or any sieacy wind in the
forward 350° erc + 80C on esch suie Of the runway heacding.

+When the winc is reparted calm or Ight and variable, #and no wind shear
axists, Y¢ef » 5 knots B the recommended sirgpeed oo linal, bieeding off the
5 inets as the gircralt gpproaches touchdown. —

Sonpeed D eCoess - 52
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LANDING

LANDING TECHNIQUIS

Fian Extension

Vsiv! flars as speed brakes is not recommended.

The foliowing procedures and maneuvering speeds are used for extending
flaps:

FLAP EXTENSION/
MANEUVERING SPEED

HOSIAL MANEJYES SMT F AP EKTENSION SFEEDS
FL AR WMANE LV ERING WANE v TR 34
POSTION ) BELOW 117000 L5 { ABGVE 117.00C 18 | FLAR
< 23 20 3
1 G FOC 5
5 1 180 AT TRY Y
1w Rl -5 h3ad 13-
3 THFWSET 160, VREF 2853542
2% 4D 155 ICAS
T WRES yigr -
4T YRET VREF -—

The only procecures curreniy i use whie Flaep 16 during mpproach are jor
the One Znogine Inppersiive non-precsion epproech (VWORNDEL Rl
raneuvering eepstiity S avaiisble down ok speed of 180 knots has been
selented 1C provide & more Cesirable mich atltude curing e AQDIGAch.

intual peltern entry: 8% D10 knols seleol fiaps 1.

Al IFD Wnots. select fass 3.

EeCuce gpers 1o 370 mnols.
iower iangirg gesr passing sbear of end of runwey. Select [iaps 15,

ey jendihg with Tlaps 13 and VYrel 15 is greater than 15¢ knots, mainimn
the rypher speed with flaps 19 whie Mmaeuvering.

AT 37 xnets. sejeet fape 25,
AT 140, select landing fap.
Completes LANDING checiini.
Crosswind

Tre cred, sxeslip, o & colmhination of boll are sccepled methods for
correcting Tof = orosswind Cureng spprosch and lsnding.  Regardless of which
metho? w used, there s suificiesn! rudder and silevon control sveilsdle to

exelute Crosawlnd andings.

Sud i eT T et S 4t
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LANDING

_o2PLIFIED LANDING CHECKLIST

The "Landing Checkbst down 1o TLAPS" should be called for by the flying
pilot after lambng gemr hes been extended,

RECAY vricve svvrretcrasstamrasencarrrsrrarnnsanssnsaisnseesss CHECKED
Pressirg and releasing either sysied annuncistor panel will recall eny
existing abnormel system condition by iluminating the system
annunciatior light.

Speed Brokes ....... ameetesesesmert et enaran ARMED, GREEN LIGET

Check speed brake lever in armer! position and check green SPEED
BRaAXKLE ARMED bhght iDuminated.

GeES semsrean ares sreesesenisesrtaenss B T vveeera. DOWN, 3 GREEN

Check geer lever down, 3 gear indwato [ghts green and ANTISKID
INOF lightis) extinguished.

Cali for iending flap position and "Canipiele the lending checklist™.

FLAPE i it iica i taataasa e - .+ GREEX LIGHT
Check faps lever and mdxatar 87 fleps ____ and the green LE TLAPS
EXT light iBummnseted.

LANDING Chechllst L. iiiiiiistaiiiinns seeasaaen +». COMPLETE

Non-flving plel wili stele "Tha Landing Checklist is complete’.

EXGINE FAILURE ON FiNal APFRCACE

Loss of ar engine on Ninal epproach with the airplane in the 2Z-engine landing
configuretion is AN extremelv remote possipiitv. Howsaver, shoull this
siluation arise, there ¥ & possibiuly the! the mirplane wowld not be able to
mantarn @ notmal ghde siope with landing {laps under the montl adverse
comitions of hiRt headwinds &nd climb performance limted gross weights,
The following 5 therefore griven as 8 guide to the pilon

Upen recogrution of engine feilure, imMmediatsly prepare fof go-around.
increase thrusi on the operalive ergine, retract {iaps 1¢ position 15, anc
sccelerate 1o bug +1S knets, whicl it @1 Jeast eGual o ¥re! for flaps ib.
The decw:ion on whether 1o go-ssounc oF continue ihe spproach is besed op
the Capien's judgment. depending mainly on airpialie positon st emgne
feilure recogriuon and wesiher condilons.

1 the decis’or 1o go-arownd iz made, rolpte i go-eround atlitude and
reIrAcI geRr e posive Tate o] Climb With gesr up and speed 8! bug +%
iqiots, subsequert procedure wii be the same as o engine failure after Vi
oo 2 fizps 15 tmheo!f.

17 the decsion to continue the approach s made, {cliow the l-engine
incperklive lanCing procedurss. adiust power lo maintan giide siope and
acceierete 10 bug -1 kKnots until just prisf to touchdown. In the event of &
goaround, Tmnias dug <18 and continue g wild normal l-engine moparative
goaround.

"

Al tauchdown use narTal siophurt techRmgoe.

Rt - Py MOOELE" e D050 "
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pe>cavTION:

LANDING ROLL

After touchdown and during landing rall,
accomplished curing npormal deceleration.

3-95 JUL 26-85 NORMAL PROCEDURES SXEELTSTIETIT T
8 - 7 3 7 O P E R A T I © N 5§ m A N U a 1
LARDING

PROCEDURE

the Tollowing procedures are

PILOT FLYIRG

FILOT NOT FLYIRG

Thrust Levers -~ IDLE

Autcpiot ~ DISENGAGE ard contral
airpiane manugllv.

maticaliv.
PMS muigthrottie must be disen-
geged orior o 50" AGL.

==
& Autcthrottle disengeges suto-
=

Ensure autcthrottle disengaged.

Check Speed Brake Lever
{Ground Spoilerst - FULL U?

Lk ke

Cheok Spesd Breke Lever -
- FULL UP

If autobrakes are used and the
DISARNM.INDOP Igpht iluminates -
BR,LEEZ MANTALLY

Reverse Thrust - INITIATE
Witheu! delgy raise beth

reverse thrust ievers tco the
interiock, then ¢ reverse

thrust detent No. 2. Modulsle
reverse thrus? a5 Tequired

and gvor! exceeding engine

Imis. Conditions permitiing,
15mit reverse thrust %o 1.4 EPR{®E
for passenger comfori.

2

Monitor REVERSER UNLOCRED
Ights for normal indxsation.

Erng:ne Instuments - Monit ¢
Advse Laplar of any emgine

dimiy belng eppecached, exceeded
Gor any othar abanrmal:ties,

By approx. 68 xnts, gradually
reduCe reverse ihmust s¢ &S 10
be at no more than IDLE reverse
when tesching 1axi speed.

Call out "8C Knots™.

At sppfox. DArmal TR Speec,
islowly move the revese thrust
lievers 10 the full down p=itiom.

[ S

Call ot 80 Knotws™.

ﬁieiease auizbrakes by applying i

a Lght pedal Joarce.

PRP——

WARNING: AFTEE REVERSL TERUST

LANDING MUST BE MADE.

DOORS FROM CONTACTING

MAS BEEN INTTIATED, A FULL $TOYP

LOWERING OF THE NOREL SPOULD RE INITIATED BEFCRD
ACTUATING REVERSEI THRUST 70 PREVENT THI

EVERSER
THE RUNWAY,

Lot = U h Mopes haege

APPENDIX D
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ADYVERSE WEATHER
BOT NEATHER OPERATION {Contid

Brake Codling

Flight crews should be aware of [rake temperature buildup vhen operating a
serios of short flight sectars snd sttempt to maintain ¢ocl beakes by
sdditional infhghl ccoling pric to esch landing to prevent ground delays
resuiting from overhested brakes end possible loss of mein wheel Zuse plugs
&1 enroute siops. A series of short fDght sectors withoyt sdditional jn-flight
brake cocling can Cause excamive brake temperstures as the energy absorbed
bty the brakes frog esch ledding 15 sccumaulative.

Fxtending the gear a few pumutes early in the sporoach wil peovide

mifficient coslizg for & landing with cool tires and brekes. In Thght eoding

time can be determined{rom the "Rrake Cooling Schedule” in the Perfommancs
ton of the Operstions Manual.

Ciose sdberence to recommended lunding rollovt procedures will ensure
funimur Seake temperzture tuildup.

LANDING O WET OR SLIPPERY RUNWAYS

Opersie the aivplane during the spprotth in & wiy that will mininmize
stopping requiremants aflter touchdown without running the risk of landirg
shori.

Plar: for & touchdown 1,000 feet {roc: the approech end of the usable
nway. While 1t s imporiant not to lend long, it is more important not to
ianc shott of the runway.

Ma:ntain close contral over approach Heeds and Daintan spesd reccinmended
for the msung coxibons. The recommanded wind sdditives {172 stesdy
wind phus full gust 30 & maximuen of 20 knots) provide adequate safety
margins for botk the approsch anc the landing roll.

Contal glide sicpe psth 10 accomplish ccehdown on the runway at 1,000
{eet frar the spproach end of the iunway. The airplane shouid De flown
famly oelo the ruawsy »t The Limisg point even if specd i3 excemsive. If an
urmatisiactory spprosch is Likely 1o cause tauchdown lar down the munway, g0
arounc anc make 2 second approach. Once the auplane has been landed and
the sioppigy effort begun, atliempling & goaround 8 not recomtended.

i the wing anli=ce system is iraperslive and large ice formationt redain on
wing leadigy edges or lesding edge Tapr, 19 inots may be added (at pilots
dscretion) 1o the refarence speeC o mpintain normal handhing charsClersiics.

Cromswing

D erceswand conc:ione, the eramswind orab angle shoeuld be maiatsined to
towehCown: on rary sippery runways. Allowing the sirplape to fouchiowm
withaui removing the orab angie will reduce drift toward the downwind sk
of the renmay on wet of icy funways. Auto spoilers and sulc-Orakes (¥
wsialied) wii opsrate soone when all marn gear uch down siulisneously.
thes establidung man gear crab #1201 sooner and reducing piot workioad.

BUOTrT Iy MDCESE™ SOROE 30"
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ADYERSE WEATHER
LANDING ON WET OR SLIPPERY RUNWAYS {Contd)

Mawal Eopike Stopping

Without auto-braking, immediately after nosz gesr teiehdown, apply brakes
smoothly snd syms.etrically with moderateto{irT pedal pressure anc hoid
until & safe stop 5 assured. Do not cycle the hrake pedals. The brakes anc
thrust reversers should be applied tegether. Lue to the 3 to £ seconds delay
befcre buildup of full effective reverse thrus. bra.ses wiil normally be
operating befare ceverse thrust.

The anti-sk.d syster will stop the pirplene for =l runway condiuons in a
shorier dstance thas is possible with ¢ither ant-ski¢ OFF or brake pedal
moguiation. The snti~gkic svstem adapis pilot-epplhied brake pressure 1o
runwey comgiticns by sensing an impending skid condition ang adjusting the
brake pressure to each individual wheel for meximum Ueaking effcet. ®When
brakes sre applied on s sippery runway, severai skid cycles may nccur belore
the anli-skid system establishes the rght amount of braks pressure for the
ekl effective braang.

If the pilot modulstes the brake pedals, the anti-skid system is forced lo
reacjust the brake presgure to reestablish optynum braking. During Uus
readjustent time, braking efficiency and runway are lost,

Dus ¢ the low available bralarg ce—effizient of fricon on extremely
si:ppery runwavys al high speeds, the piol is confrofited with s rather gradus’
incresss 1n deceieration and may interprel the iack of an abrupt semsalior of
deceleration &5 a total snti-skic fedure. Ei natural response might do to
pump the brakes o Trn the anti-skic OFF. Either gction wil degrade
brakig effecliveness.

Aveid large, sbhrupt steering and rudder pedal inputs the! may lead io
overcontrol ARG skidding. Rudder control s relalively wfective Gown ic §0-
40 xnoty. Maintmn directional controi and wings leves w18 appropriate
contral inputs. The oplimus note wheel slearitd argie varces wilh rufway
condition a&nd eirplant 1peed and s about i 11 I Cegrees for @ very siipspery
runway. Keep {orwsrd pressure on U CoLITO! COWGmE 10 amprove nose wheel
steering effectiveness.

Reverse Throsst anc Crosswinc

The teverse thruz! ade foice ardd a orosswind can cavse the awplsne fo drift
1¢ the downwind side i the runway i e airpline 5 aliowed to wenther-
vene 1nto the wind., As the audiane starts (o westhervane intc the wind,
“he reverse throst side Jorce component adds to the ocrosswing componernt and
¢rifts ihe airpiane to the downwing aide of the runwey., Main gear ure
caTering {orces avatable 1o counleract ths deift will bz recuced whern Uwe
ntiehd system is operaling al maxunum braking effecuveness for exsung
eonditions. To evrrect back ic the centerline, reduces reverse Lhnxt ic
reverse iCle and relcase the brekes. Thi wil mimmaxe the reverse (hrust
sxce force companeni without the requitement to go through & full reverser
scusling cyvoie, and proviie the iolal luoe cofnening forces for realgnment
wih the munway cenlerine. Use mudder, steering anc Cifferential Draking. as
re uired 1o prevent ovarcorreciing past ithe runway centerline, When
reesiesihnhed on the TUnwsy eenterlne, reAnply steady Drajes gndd revarse
thrust as requoed 10 stop ihe airplane.

Fubh O e Saete y
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2a-24-18 APE 1885 SUPFLEMINTARY FROCEDUSES LIELIIvIyy .

8 -7 3717 O P ER AT ONGS M A N U B 1
ADVERSE WEATHER

LANDING ON WET OR SLIPPERY RUNWAYS  (Comt’e’

The followinc chart sumitharizes *he recommended procedure for ianding the 737 on wel
OT GAIPPETY TURWays

! PHAST

RECOMMENDED PROCEDURE REMARKE

1. Fiy finad approxch with the aarplane
posilioned on the glide path, runway
ceateritne and al the speed recom-
mendad for existing condilions.

; I mmstal.ed. arm autodrake sVRlem by

-~ selecting > MED/ P

L]
: 1
¢ Apoproach :
H i
! !
N i

(C]
e e e v T = AR - i - o e A g i o e

i T Arm speedtrakes.

: 4 Do not be misled by the reialive hearing :

; of the runway due 1o Crab angie wher X

! breakang ot of the overdast.

{ 5. Consider a go-around if zero drmn

i condilions cannet be estahlished pruer

H to flare.

F.are i e aet Doat or aziow drifl o buds op i

during flare. :

P2 Use crad fc redoce bank 2agle and i

H jatera! control required and to umprove !

N casabiily i crosswind on sLippeTy

! TURW 348 N

Toondown <L Atcomplsh 4 lirm touchdown. as nrar ;A {irm touchdowy w;ll

: cPnir e as possibie. amprove wheel spunup on

, SELPDOTY rUDWEYS.

T2 Getthe whesls on 1hs TURWAY AT APProXi- zDecclera‘.mh o the run-

i mate,y 1,000 Teet from the approach end pway 15 abownt thres Limes
gfthe runway  The zrplane should v Pgreater than in the air,
fown Hrmly anlo the rureay al the Lming e aot allow the arpiane
posel even if the spepd if BROISSIVE ‘o Doat in the aor (0

;bieed off speed

i3 ¥ 2 thwohdwn far down the runaa~ s ‘

: 1iKE.y, ZuainideT 4 KO- RTOUND !

1 CThesk tnal the speadbirares depicy immedi- L the speedbrake jever

' ately alter marn gear whudhdown Pfazls o Luate auloe

imaticay . immediateiny
Jacluate 1t Atanezlls.
;Epeadhr akes release

3 jtems . lapproximately 0% of
wung i

- ihe LOSE wheels and SDecreases LfI| inIreases

voath ught ferw g ITRALD FeaT (030INE, IMDIIVEes

) pressute. Jwheel spenup and direcliona

i Detandility.  Arrodynam:g

: L braking s Telatively

Lineliective,
3 jmmedialelv select reverse thrust, ;Re\'e.-se Wruel 16 the mos

'
celfhinient means of decelera.
ftron 2t hugh speed

4 Waithout asic b oaxing. anmediatels ;
after gear ouladown, SDOOLRLY appiy H
moderate-tomfirm, steadh Ddreaking
Wil « BASE BIOp If assured

D¢ act oveie brake pedals

i
3. The actobTaae s¥siem wil! begin :
: fymmetrical braking alter whee’
i spir up.  Either pilot can disarm the t )
z system and take over manual braking ; :
H al any IIME DY aAppiving nOormal pedal * :
: ! BT AkIAE ;

T A S e



~70- APPENDIX D

ITFELTITIIFF PILOT TRAINING ALG 1382 £-u3
B -7 3 7 O P E B A T 1 O N S M A N U A L

LOW LEVEL

WIND SHEAR
LOW LEVEL WIND SHEAR METEGROLOGY
(FAA AT OO-50A;
Thunderntorms
Wind shear is best described =c a
change Y. wind direction and/cr speed The winds arcund 3 thundersiora are
in 2 very ziert distéance {n the atmos- compiex Figure 1., Wing shear can
phere. Under certaip corditicns, the found or 277 <tdes f 2 thundersiomm
atmesphere s capable of producing ceil and in the downdraft directly un-
some dramatic shears very close io the der tre £&37  The wind shyft Tine ov
greund: for example, wind direction gust fronl issofialed wiln tnundere
changes of 1BC degrees and speed shorms fan prefews ine 40tnad s1aTWm
changes of 30 knots or more within 200 by i nautrcal mytes o more. (onse-
feet of the ground have been observed. zuently. ¥f & Thusgerstosm s nesr an
EL Ras bedn $aid that wind canndt af- zirpers of snterfed taven®f or land-
fect an 2ircraft onge it is flying ex- ing, low fevel wind shear halards may
capt for drift and groundspeed. How- BaisT
ever stydies nave shown that this is
not true 1f the wing changes faster Frond
than the airgraft mase can de acceiers
ated or decelerated. The mints can be significantly differc
ent tn otne TwC 21r M35es which meel (o
The most prominent meteorological farr & f-ont WRLi2 the drrection of
phendmend that cause significant jow tha minds &L6:¢ anG helow 2 froni fan
teve’ wind shear protless gre thunder- be aicu-ztely determined, #x151°na pro-
stores and certain fromva’ systems at Legumes 40 NG DTOYIge prefise., current
ar near the airspors. meassreme~ly uf the neignt of the Tront
2ucee the airpett. The foliowing is a
metnesd for o dsterminiag the approzimale
s ght of the wind Shear g3s0C12ted
woin a frort,

~,

AMYIL,
\x
THUMDERSTORM !
i
i

MAX RADAS
ECHO INTENSITY

GLISY FAONT

i mb s o v = 4apr ey

Fgure 1
THUNDERSTORM HAZARD ZONES

Spafen e Dn Mop R Sop e e
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Fronss (Cont) Ses Breere Fronty.

+ ®ing shear oTL.Ts wiiM a2 Coid fromt The presence of large bodies of waten
just a¥ter the front passes the 3ir- can greate local asrflows dug 10 tne
port and for a shoril periog Theve- cifferpnies in temperaliure Delweer ihe
afrer. If tme Trent is movirg 30 Tand and water. L£hanges in wing vel-
knots or more, the frontal surface ity ang £iTestipn can oclur in relge
wil® usuadily be 5,207 fget ancve the Ttvely short distamces in Ihe viotnity
atrpgrt atout thres nouTs after ine of 2yeroets satuated nedr large lakes,
fronte? passige. fENS 3T DLgans.

= Witk 2 wa Tront, the mOST o tie Mouste Weers
cal perigd s Mefrre tne feart Zasses
the asrport MarT friet shers may These weather phesImer: 0°ten Ireate
ex:8T Delom 5 000 feer for approa- Tow Tevel wing S$heam at 2TTDOUIS Lnal
imately svx hours Tne nrortem Tra dowmmtny of oche wave,  RYgaraamtis
Ceases Lo fast &ter The froat stand. =3 lesitoular TATSLY cUouds wi-
DEYILY the aceToCL Jata DT 2277y gepiot the presende °f mounlatn
2rowtag sheae TrIrlsles thaloTme #2vEh, AT Lhey are ¢l InET snesr
FaeLnt (T rhegm tmowleem feDois ot 7.8 be rrliCipates.

TR ogreaver thae 1mAl foLng e D07
frorts,

ot he ganalte If s2¥ely

srrersaties oF ow

ERREA-E S5 TR
a to gerest, dredill,
EnD el tevere wtnd thegr IonITlion:
$8yvera wnl SR T 8T ke W TR

e
R s
.t omammtng. DT e De detecteld Ly ire
e
=

SHIOMS are pIseTel o7

Temarger 3% ar oneer

& £7L 07 The DoSETDT
U2 oSr UM 204U
argac

Bopowd b wote e Sa e g0
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= Chest tne surface wedlher crarts for
froniel activnty. Deterwine The sur.
face temberatyre differgnce imne-
diately hrross the Tront and the Soees
at whith the front 1y moving, A ID°
F {5 or greater temperalture dif-
ferertval, ancd or a Trontal speed of
3 rois or move, s an indxcation
of ihe Dossrhle ervstence oF signifio
cart low Tevel wind shear.

Es yware of pilgtl =eporis (PIRITRY gF
wind thees. Pact I oof the Rireco's lr-
forwation Mamua® recomeends that sile%e
TencrT Aty wingd shear sac~wnter o A'r
Tratfsr [omtral. This reporl shoult e
e sheCt? g termy and taCiude the 1035
Gatn oY ai-spesd due 10 ThE shepr ane
ihe 3L rtders) 3t which L wAt Bn-
courtered.  Tar pxisgle.  "Denver fow-
er, Jessna 123 ealourtersd wing thear,
Poss of TT krots 3% 400 fest 0 Ths
3ICe rescT TS exioemely importani s
that the 100 ofF 1re neat avenTane e
ERusnCs Tan delermoas the fafsle oF
Traniivins the same iocation Repctisd
shedm that causes airspeed iosses 1
exness oFf 15 to 20 amdty shouid be
avirlad.  Feoavird shoarts ESigCisier

W IR A thondartione shis il 2350 o
a¥3ided Sue o the speed which jome
3LOTES WOve gIf0ts the grounsd T
LISIM MOvemen? 2% CIuLie one pirco.fy
T ensinler an alrspeed increyse whic®
w2y JUoeds harwless whers The ne:l air-
CrgFe an enIDONIST A Severe §Pryiless

Assuime Ihel severe wind shear g | T
ret when the followming comdifiony #wst

e Zombiratlioe:
BEeA vETTRTEONAS T aTAE e@ Tl ly

s
srg divestigr v g relalvwely shorl
.
t

& -
aY B T

. TerZanis B RSt Front ol 2 Tlowe-
i dust on TR 3 eport v e

o Surfage temparaiors tropxopty of 00T

O N S M A N U

LOW LEVEL
WRD SHEAR

e Dew pont spreal of 40°F or more
* ¥iraa iprecipriation tmat favlsy from
Thr Bases 0F mig 31T lude Commsiul
Clonds but vaporaies before R
ing the grownd..

Exarine the aporiach o~ T2eec’f dres
wiTn Tre ATTolane’s TAlET 3T Lo deter-
wine 17 trundemilorw (#1705 408 ik the
wirTincte nf the girpoet £ Seperiove
o aRDToalm showlg act be fow through
pr ognder a thuntersicrs 1eil

LEe the jrrplang cnilrumerts I getac?
Y SRRy

= Filoty Flyreg arroianes eutpDed with
tne—tiz ngwcGATION Syilew (X5
$hom "2 CoepaTe T RT2T IT Yhe Sn
1eia anpThalh sltitase St TV
ADoer SoInE wet AR wiin the
rencrief TuPmay 3LTTREIF windl 10 sef
1% Tmere i5 @ wend Lhedm 3o iyatioe
Detwees the pirriane 3nd NE rumcdy

* JF Arpeat aoitetiy doms patsl o ADTH
The SurtECe Srraslioe Lo Selermonie
the Tacgtton oY e froanl wtth ore.
Epect To Ihe RoReTi. T tMw atee
pTane w7 traversd Ime Fronl, 1B
e IR Sertaie wiad Siepllion ard
Lpeed wilh The weng CYTeniioe and
L1oees above (he “ront 1o delermToe
the polestial wind shesr Suring
CUWtOUT B ARSI M

Tiwyeg 277D aves #0LTOTAD wilR
=#22% Fl TrRSSLDERD
The pirviTare’t grogmis
siranesd An, Tazig
CrAnQer 17 The rRI20NOrRRD DeTwesr
BUTLDRES AN JrentTADeAS ranresenls
2 owAet gReas Lo GDECATTTU Ndae
FSoDIeE Ihe pencadture 0F w0t a1 e
s tReie prelegt fo W e BT Tw g

CRa 8 =T et R e b
AEDERE The wor gt 4 T{EssL Sl
Tv SLLTCRIIANS T g tfacs meptacet
sompoment Fropr Phe Tous g cipest o
E P ¥ T
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DETECTING WiND SHEAR {CONT]

* Pilcls fiying #rrRTanes whoh &0 0T
Bave INS or groundspesd resdlyls
shoeld ricoely 1IoT thEtr AiT-
piane 5 performance when el fheaT
ig susperied, Whner the rate OF de-
scenl O 2% 1S aporoash £-ffers
from the rowingl vaiues for he 3ir-
crafi, the Drist sAGIZ Dewave oF
2 Deraulral wind sheaw LiLualios.

S nce rale OF desIent on the giVIE
sizpr in grresily velzlsd o Proeti-
Toeel, R Mt SESTett Talte waolf Y-
Sizate 2 Siromg teilwind, conwatselx,
 tow desienl vEte Jesclsy 3 SITDAT
SEININE The pOws™ mealel 1T WY
The $033e 3ispe 275 WD De IUF-
Forgrt Cram 23DI2T, MO-FRELT SONDC-
TioTE. 15T DowmT TN TeTwe W'l
b peedes Th omprriprir the gl.le
S$iope whee 3 12t Tend TS DrEEET
e pOwer 13 newdad foe g siveng
Seadeend fS-eormpdl o foroe piiciluge
Y5O ST AT uO-latt gt R
It BTN Lae WD D omuIMer TTar
oz’ Ty B ogood ndinator o 2
$ITONG DeRIeIRY A ¥TLE weid. S
CHSHT ey the aITIvRSly pppreacs
FATImRTers - raie oF Spiieml, Diwer,
ANC DIIC™ P lode - The TTIDT Iae
obtavn k el for Ihe wind B %
TEXTLE NG, B oo pepre T7 Uhe
windITreET Ivom Begle Apedal T kear
e EoCRIureT nemdle Jentecsl 0o
YISRT T meine wrihogn o vmgratm
f W Tmelty laeatng we sl
Srewslpm sy seTSINLN & TUE 1T
TPeT phase: o N aTieTalt wnlt
IME TENCTTAD So-TRlE wengin poUelen
ol TenT (T UD UM praneeye
o sherar Defore Thr pheecewwt X

L 8 R i N

Jtrtize the low Lave! Wind Shepr Systee
LLw3ESY 2t airpovis where 1§ dvast-
&2la. LIwSAS zoosists of five Or wmix

- OmEteTS proasd the peripher; of the
2IT0TE, w0 IIR Bave thetr Teadduls
BuTIMATICAL Ny Compzred will Ihe Tenter
e’z anepopter. I 3 Wit wenlior
ditfampmerp oF 1% unpts o WOTE EXI3IS
Selwerer the cemisr Tisls aneoomeler and
3y per pheral gnssometer, e {Due-
w7 let ane 29t Emow the winds from
Mt Coustions. The prizt Ihen m2y
A5SLCT The pOleniiyY for wing eperr.
Ar graye 3T 3 osEvere wind shert wll
S tme SoTowimgr Tlenter faelg wird
s 230 gdegress 2T 7 oracisl wind 2t the
aoetr ey of Rurses 35 i 130 gegrees
a1 A wmets T 3 this gase, 3 st
dpTaettas om varway 35 owould e Taktng
2FF wmroogm Amcesztoag L3twtad condi-
Tior ThaY whoOT res.Ti o is sigeifizan:
Ionies oF pisitess amd, consecianila,

2

AIRPLENT PERFISIANCE N WIND SHEAR

The T Towd e cmfovetias provides 2
TR Y Fom LmdpeIEETTY TR ODETE-
Tomat proiedoves weloreedel i LMS

LYTILIET

TE Dy ITTLET.ETIRT MEY YEILIL I o
B ITOAIT whe s mt ] RTers v et lemed
TTo%e TD e SRS 2Yiee DOweT aIisl-
TATLS e SEES @TTeaSy mRESE LD IDeev-
sate i oy, Tegeees O oand P oTLs-
ATELE TR SN EUT RS wRes DOwWST NS XD

R T ik T
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e TATHIND __TAILWIND
OR CALH

<
b EAILURE TQ

RESTABILIZE POWER
/ AFTLR IMiTIAL
ADDATION

—-'"" -
A5, AND PIYCH DECAEASE — ™
BNK RATE IMCREASES

INSUFFICIENT
INTTIAL POWER yi RLnmAY ;
ADDITION {
i
Figure 2,

HEADWIND SHMEARING TO TAINLWINDG O8 CALM

TRILWIND

HEADYIND
OR CALM

AL AND PITTH WICREASE

b / TINY RATE DECREASES

EMEGEFICIENT
/,, NITIAL POWES
L WEAICTHON

B TR

&
& R
-
/ \ 7

FAILURE TO RESTARILIIE \
ROWER AETER . ~ . :
INTIAL REDUCTION i RUNWA :
i
:
J

Fugere 3

TAILWINDG SHEARING TO HEADWIND QR JALM

7T 37 O ¢ E 2 A T I O N & MoaA M U A 1
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Power Compensation {Cont)

plied or reduzec to compensate for the
chunge i 2%rcrafl perforrance cavsed
by wing¢ shear.

« {orsider an © craft flying 3 2° QLS
on a stadil ¢ appreacn st 140 knots
ingicated atrspeed {JAS® with a
2D-knot headwind.  ASsume TRy The
arrgrafs ancoyniery g nstantaneQus
wind shear where tre I0ocnpgt hegdwind
shears away Compietely. Al phst
inttant, seversi thangs will appen,
the arrgoeed will degp frae 120 30
IS0 ARCIE, TAD NOSe w

The atez-efl Wit
and lpw 17 & TpOwe
The pilotl may the~ puttd
to @ POl oeven bogher
the shea= sr 2~ 299071 io recapiluTe
the gToge slop This will aggravetle
the acrgneel §1.3%100 fverl

Further Lmit the

tre
30 to decp delow the gl
.
3
.

ire ey orgmd Lame
elapses 41 The righes Dover selting
For thg mAgimer 12 rppleniit the
power geficiency T the arrerafl
reacmes Ing Groun DefoTe tRe Dower
ded . eriy 1% Lorrsltled, tre land-
iny writ o De shorl, $Tow, and nard
Howe,er, *f therg "4 suféiivger im

3]

W OmEGEte LR DUoDer airspess and
shige siape before reazeteg i
FUTLmIL LTeT Ine Tdgen'e vewerse
3

5

<

¢

TesTL

Fo ol

%

o

-

a0

the

e LT E o, 08

1
ang fast arIomaa ot e
T PME sed 3D P Futedy
wre 2

C N S

* Wnen po aporoach n & faiiwind condi-
tior that shears into & calm wind or
headwing, the rgverse of the previous
statamerts is true, Inilially, the
IS &ng pitch will increase and the
the aircra®t will baiioon above tThe
giide 3lope. Powsr shouird initially
be reduced to correct this condition
ar thae gpproach mey be high and fast
w-ih & danger of overshooting. How-
ever, afier the initial power reduc-
tior is made and the airgraft is
back gr speed snd glide siope, the
THounle reverse” sgain comes into
#iey.  An approcriate power ingresse
wi'i be necessary Lo regtabiirze in
the headwnd,  1F this powsr incredse
i5 70t accorptished prompiiy, & high
sire rate can develor ang the lang-
ing may de ihort and hard {(Figuwe 3}
The doubie reverse problem arises
prim-tiy o gdowndra¥t oang frontal
passage shears. Other shears may
require a consistant correriion
theoLgnout The Shesr.

Tae zlags1z thgadersnert “downburst
2t 1% accigent 1 iviustrated e Fug-
ure 4 Therg 15 2 strong downdra®t
1 the cestes oF the 23l There is
ofien npavy Fain In this vertical
flow oF 257 As the vertical air
flow nesrs She ground 1% turng $0
desrees and becomes 2 sirong “arizon-
tal wine, Flowing radiaily outward
from tne lerter. Fouint A or fugure

4 veprpopnls an 2TAOrATY wmich ras
ncT ertered the CellTs fiow fred
Tre aargca®l is On speed and on
g ige s¥ooe. Ay Boirt B othe gire
crafl amgauntens an tngreasing heac-
® ey (iS5 &rTspesd ACTRASES, and
Tt 3yt loons above tRe glide slope.
Hepvy ratr my BDegin ymortly, A
Popiny U the “momery 0¥ Leutht

sTiLre.  [F the £-igt doed 40t

LTl spoepriate tRe Stiuation, R
W ETtampl 0 vegdtn the gide
strne ang e #ales: 27 USDRed My
rel.ling 20wem ard iSRRG LNE BOse
Come Trnen e the ihart gpar of

1ime Letwepn Pornis

s
]
L+ 1

»

Toant I the

Saop T By poe e Saaaoner i

PIEDITIONY
M AN U AL




PIELDTIFTON7y

76—

PMLOT TRAINING

AUG 1382

APPENDIX D

7 3 7

Neadwing Cedses, ¥ SYTONG Cowndre®l
is entered and a ta.iwing begins
ircressing.  The sogines spodl down,
the airspeed drops below V.. and
tre sink rate becomes exceblive. #
wissed approach initiated Yrom this
contition may nat be Successful,

Note th2t a dissed sporcech initiated
5% Paint £ {or saoner) would probabliy
be successful since the atrgraft is
Tast and high gt thais point Kote
a'se that the 2ilot of an aircrafy
eguipped with & groundspesd wouid

see the tellta¥e gigns of a down-
purst cell sho-ily &fter Point B;
1.8, rapgigly ncreasing sirspeed
wiln gac-edsing groundipesd.

Angs of Artack n § Downdrefy

-~

Sowncrafts of falting air in & thunger-
Fromr Sometivds czllied 8 Tdtwmbursti”)
Nare gatned aiieatian irn the las? faw

ryears dud o thelir rofe ir wing shedr
wher an atrpiane flies into

acrgerts,
& I2wnldrafti, the retative wind shiffs

C P E & A Y

i1 O N ¢ M A N U

LOWw LEYEL
WiND SHEAR

which te turm gecresses 13¥1. ang the
airpiane ttarts to sisg rapidiy  In
eroes (0 regain the amgls oFf atrack
recessaty 0 SUDDOTL the weight of the
arrplans, tine Biz¢h attituce muit be
signifizanty iacressed. Sucn & pilch
artitude may seew uncowforiubiy high
to & pilet. However. ¥ normal piten
attitude will result o 5 vontinued
sink rate.  The wisg produces 1370
bazad on atgle of atliagk - nct sirch
atirtude  Lagtion shoyid be obse-ved
whee 2 5110t has teavesseq & Sow-
draft and has Ditched uposuffigrentiy
to ston the sink rate.  If that oilct
does not lower tne ngse of the 3ir-
plare auickly when ~1 ext5 the gown-
graft, the angle oF attack wril begoms
100 targe and may PErosch the 5ialt
angie of atlack. For these reasons,

& flignt girecicr whroh senses angle
of attack w3l Se preferpsie too s
fFlight drrector wnig™ 2atls fur & frxac
STigk gitrtude fn s Jowndratl womw-
2epr, pver pn angle of 1ttaci hased
filight director may Secoms inefleciive

LF - e - P
S0 A% 1% Come Cows from Above The NOrie PN REE AR drhilravy SR op Lol
zon Tt decresses angle 0f atlack rand il which f5 sei lo fow (with
resiart 1o the dJowncrafrl,
7 —
;
; ;
! :
‘ i
H ¥
; i
j

Forw 4
DOWNDBAFT SHMEAR

oot e JMDGEIES Saouim sen
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Np fzlowing tadrlie shows [NE 31t
Tudt soaversapr fanehiitiy £f trad-

Clenty Performance -

in the taxep®f and lard ag gom '1§<..'¢- Ing 12 or 2% et of somed foroal-
tiors, jel Tramiports slamd best Trtede 3% ¥5™idus Iniltal speeds
Speed mear Ve end ":"' {*e!'me Ingependert o> 1% Ra3s, the Capa-
S;"!"!N: wrin a""""‘ SDi-. RS eIl Ive~ britiy 3% ine girvira¥rt to o fraze 2ir-
Ty Retracting geas gnt e w: ol spess o gllitlgde talreates 2t i
ever Tyrihor 1EOmQyR I ’11: f2 Ak~ Irittal SDEMC IRITeAsEs.
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airplane‘s climd performance at these Addng Speed tor Wind Sheer

lower speeds tnan to push the nuse over
end visk ground contact. Flight direc-
tors whicn attewmpt to saintain 2 given
spesd {soch as ¥z v+ 10, etc.} w131
retomatically call far trading alti

for airspeed i7 the airplane is below
the proper yirspeed. Cases have Sesn
cbs#rves in sisciators where foilowing
such 2 Fiight Sirector will result in
the pilot fiying the airplane into the
groand, It i1 the pilot ~ not the
fiight director - who shouls decive ¥
trading altitude for spesd is desir-
i

Trafing Spsed oo Alitudy

Corvarsely, 2 piiot Caught in low lavel
wind thadr may oull the nose up &nd
trase speed for 2iti-de; ie., trade
finetic srergy for potential .

1€ the speed 1 above ¥ or Yooy ges
spplicablie’. then this trade miy we™}
be desirable. If at or balow ¥7 or
'q—:f. such 3 trade should be atiempiss
omi:y in pxireme circumstances. In &o-
ing 50, the piiSt is achiexing & ter-
porary incrmaie in ¢iimb performanc:.
After B hds tracded rwey 17 the 2°r-
tpeed he desired to trade, he will then
e lefl withr 3 pereument decrease in
climt pepriormance.  In addition, 1f
ground contact iy 2t4ll dnewital e a*.
e The Trade. Lheve BBy bhe 6l 11rSDesd
margin lefs with whicn to Tlsre in or-
dar o softer the impaci. Wino shear
siagiations have shown, howerr-, thet
1= many cases trasing prrspeer for 2'-
Titude {down & ¥} prevenlsd an alcl-
dert, whe-ert wairlatming ¥ . resuited
ir. groged imparst o

Toe possibility of having to trade
speed Yor altitude in wind chear omkes
T #ltractive o carry 3 groat dexl of
eXtrE spesd. However, on landing, If
the airspeed margin i3 not used up in
the shedr and the a‘rpiane touche. down
% an extessive speed, the pirplane may
not be able to stop on the avdilable
rumely. it is gencrally agreed that if
& speed margin in excess of 20 knots
2nove ¥oos SDDRITL 10 De TRQuired, the
aptrcach shoulsd not be &Ttempled OF
sontinged,

Ditfcaltize of Flying N Vo,

A previcus paTagTEDh sLated that in
sim:lations, wind shear “goctdenis”™
had been prevented by trading speed
for altitude 417 the wiy down 24
¥eg- There are giffigyities <iso-
cJites witn fiying st or rew Voo
which 3heyia be recognired. These
include:

= The piint ofter Goes NOL know Yog.

o The stickshater mpchenice aay be =®iy-
calitrated {e3pec aliy on older atr-
cratr).

* The downdraft wvelocity say vary,
which reauires & change in plich
attitude %0 wold speed.

*« 1e 53 harg to fly & precise 3irtdeed
in turbulence, whick fs oFten 8530~
ciazed wiih wind shear.

* Turtulience TIQhT admupiily decreass
the rircpesd from Voo 10 ¥,

o Pilaty Bges migtoricsily Mal 121%e
tegiring -n mAintaining Tiight at or
near Wyg.

b R e L



APPENDIX D -79-

PIEDITTEIT

§-52 AUG 1382 PILOT YRAINING

B-7 37 © ? E 2 AT I ONS M ANDUAL
LOW LEVEL
WIND SHEAR

PROCEDURES FOR COPING WITH WIND
SHEAR

The most important elasents for the
flight crew in coping with & wind shear
enviromment are the crew’s awareness of
an impending wind shear emcounter and
the crew’'s decision to avoid an en-
tounter or 10 ismedistely respond if am
encounter oTCurs.

Taisoff

1f wing shear is expecied on tTakeoff,
the PIRIPS snd weather should be eval-
uated to determine if the phenOmena Can
be safely traversed within the capabil-
ity of the airplane. This is & judg-
oent on the parr of the pils? based or
many faglors. wind shear 5 not some-
thing to be avoided at all cosis, but
rather 10 be assessed and aveaided if
severg.  Some rules of thymb for coping
with wing Shear on Laeec®? f0)iow:

= A Inlreasing headwind Or degraas-
ing tariwing wril cause an increase
ir yndrcatec 2irspeed. ¥ the wing
shear s grezl enocgh, the atrorafy
will ierzually piteh op due to the
increase *n lift. The piigt should
nat {rim the airaiane aT the nital
rig™ 2ot attitude. After en-
ountering the shear, if the wind
rema Nt Consianl, aircraft ground-
speed witl graduaily decrezse ang in-
Figated Frrspeed will return O %S
gergimal value. This sityation would
noratiy le2d to increased 2ircrafy
performanig o 11 $Rh0UId nol Cavic @
prodlem € the piIDt s aware OF how
this shapr affects the anireraft

* The worsh $tluation on depariyre
OCTU™S when Lthe atrcraft encounters
4 Taprsiy racressing tasiwind, de-
Credst g ReadmenI, and Or Sowesrafi,
Taeing o7 under these girgumsianies
w0sTT TEIT 0 3 SeCrRALes perfarm-

-

ance condition. An increasing tail-
wind or decreasing headwind, when
encountered, wiil cause & decrease
in indicated ajrspead. The aircra“:
will iritially sitch down due to the
decreassd 1ift ir proportion Lo the
sirspeed 1035, After sncountering
the shear, 5¥ the wind ramains con-
stant, aircraft groundspesd will
gradually intrease and indizated
2irspead will return €0 w13 original
value.

When the pressace ¢f severe wind
shear it susiected for depa-ture,
the pitot shoy'd delay takeoff un-
ti] conditions are more favorahls,

1€ she pilot judges the takeof’ wing
snear conditioun to be safe for ge-
parture, he should select thre safesy
rumway availabie considering runway
Tength, wind directions, spees, and
iozation of storm areas or fronta)?
areas. He shouid execute & meximum
power takeot? using the minimom ac-
ceptabiz flap position. After ro-
tation, the pitot should maintain an
airpiane body angle which will re-
suiy in ap accelerdtion (o ¥z + 25,
This speed and takecf¥ flaps should

be held tharpugh 1,000 feel AGL.

Above 1,000 feet the rormal noise
ahatecent profite shouid be Flown.

¥ preflight pianning shows that the
airsiane 15 rumsway lenctr limatle, or
oottrgction clearance s a problem,
taning o°f onlo ever a light shear
u53Ing the ¥y + 75 procedurs should not
bz attempres. Tris 1% because too
mech of the thrust availiadle for c1wymp
is osed Tor acceleration, rmesyliting in
the V2 + 2% flight path falling below
the engire-oul Tloght path 2t ¥,

This would give nsuffigler: (ieararce
for an absiacle n Jlose proximity o
the ceparture end of the rumway.

Suppred Uy JPODr e ™ SaroeT i
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* If severe wind shear is encountered
on takeoff, the piiot should imme-
diately confirm that mezisum rated
thrus?t is applisd and frade the air-
speed above ¥ (f any) for an in-
creassd rate of climb.  Qepending
on the girplane's gross weight,
pitch attitudes of 15 to 22 degrees
are to be expected during this ener-
gy irade, especislly if a Adowndraft
i3 presant. A sudden decrease in
headwind will cause & Tous in air-
speed aqual o the amount of wind
shear, At this point, the pilet
should quickly evaluaze his air
piane’s performance in the shear.
He/she should sonitor airspeed and
vertical velocity to ensure that an
excessive rate of descent does not
deveizp. [If it becomes apparent
that an ynacceptable rate of de-
sgcent Cannot be pravented =t V7
speed or ground Contact appears ta
be certain at the current dascent
rate, the piiot should graduzity in-
crease the sirpiane’s pitch attitude
e temporarily trade airspeed for
climb caparility to prevent further
altivude Toss. The trade should be
terminated when stickshaker {5 en-
countared, The atrplane shouid be
neid in an attitude thar will main-
azr an airspeed just above the air-
speed where the stickshaxer was in-
ttiaily encountered. £ gererai rule
is Lo reduce Sitch attitude very
sirghtly when srickshaker 35 en-
countered  Further Ditsk reduziions
iR tne sheir tosld resull e 4 Yarge
descent rate. As the sirplaneg de.
parts the shear, the pilot shruld re-
duce the pitch attitude and establish
& normal chwsb.  in several regent
wing shesr accidents, the Xalional
Transporlation Safety Bcard [HTSE!
nas found that the full performance
capability of the airpiane was not
uses 5ilowing a severs wing shear
enCounter.  Port acligeni sludies

t

O N §

LOW LEVEL
WIND SHEAR

have shown thet, umder similar gir-
cumstances, had flight teckniques
of an mhorgency asture (Such as
those cutlinad above)} been used im-
mediately, the airplane couid have
remained airborne and the accident
Lyecrtad,

Approach to Landing

Considerations involved in flying an
approach and landing or go-arocund 2t
an airport where wind shear 15 &
factor gre similar to those discused
for takeoff.

s When wingd shear weather analysis,
PIREPS, or an analysis of 2irplane
performance indicates ihat a loss
of airsperd will be experiencad on
an approack, the pilot should ade
to the Yea¢ spexd &5 much airspeed
25 he expects to 165 up 10 @ max-
e 0f ¥eup + 20, 14 the expected
loss of airspeed exceeds 20 knots
the approach should not be 3ttempred
uniest the airplane %5 specially
instruneatsrd and the pilots are
specizily trained. The pllot should
flv 2 stabilized approsch on & mor-
ma: glidepath {using an efectronic
glideperh ang the qutopilot when
avaitable}. In the shear when air-
spaed Joss is encountered, & prompt
and wigorous appiication of thrust
is essential, keeping 1n mind that
i€ alrspeed han beer previcusiy adged
far the approdch, the thrusl apois-
cation shouid be dimed At preveniing
airspeed loss beliow Veas. AD egually
promp?t and vigoTous reéuctfoﬂ in
thrust is necessary once ine sheer
has baen traversed &nd normal iarget
speed end glidepath are reestaplished
ty prevent exceeding desired vaives.
Lariy recogriticon of the nesd for
thriust s essential.  Along with the
thryut additian 13 3 nesd T4~ & nose-

Ul volaligh Lo mirtmize delariyee be-

M AN U A L

Sonsr-ed B empessn Sanoe sor
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Aporoach 1o Landing {Cont) SUMMARY

‘om the glidepath. If the airplane
is below U0 feet AGL and the ao-
proach becomes unstadle, a go-around
shtuld be initiated immediately.
irspeed fiuctuations, sink rate.
and giide slope deviation should de
assessed as part of this decision.

A pilot's chences of safely nagotial-
ing wind shear are detter if he/she
remaing on instruments. Visyal ref-
erences through & rain-splatiered
windshield and reduced visibility
may be insdeguate to provide him/her
with ¢cyes that would ind:cate devie-
tign from the desired Flighipath.

At feast gne pilgl should, therzégre,
mainigin & cumtrnucus instirumen?t scan
until a safe Yanding 15 assured.
* Some autethrottle systoms may not
fectively respond 1o 2irspeed changes
in @ shear. Agcordingly, tne thrust
shesld be monitoead Closely f auto-
thrptties gre ysed. Pilots should be
aiert to overrige the autothrotiles
+f the response fo ingreased thrust
cormands 15 100 slow. Lonversely,
thryst Tevers should not be atiowed

¢ et toc Tow during the late gtazes
of an approach a5 thig will increase
the time needel to accelerate the
engines,

af.

¢ Sneuld a go-around de regutred
£T0T SNGuIT Tarirale A mIrmag”
2rgund procedume, gvaiuwdle the
formange ¢F Ny asrpliane tn o the
shea~, an? foilow the procedures oul-
Tingd n the taken®? sectron of ths
manual a5 appicabse

The
A~

g
per-

The following summarizes the critical
steps in coping with Tow Tevel wind
shear.

Ba Propaad

Use a1l Availadle forecasts and cur-
rert weather information to anticipdte
wind shear. RIsp, make your own 0b-
servations of thunderstorms, gust
fronts ang telitale indicators p¥ wingd
direction and velocity available to
pilnts.

Giv ng ond Reguestine PIREPS

Ziving arg requesting PIREPS o wind
shear are gsgential, Reguest them aad
report enything you encounter. PIREPS
shouls inciude:

* Location ¢f shear engounter.

o Lititude of shear encounter.

Airspead changes experienced, with
@ Clear statems~t of:

s Tha number of knots invoived;

« Whether it was a gain or ltoss of
airspeed.

= Type of aircrafy enmcountiering the

shear.

Avoig Krown Arpazs of Severe Shes

wWhen the weather and Dilet repo=is in-
gicate thal sevews wing ghear is Jike-
Ty, delay you+ takeoff or apdroagh.

L N B b
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Enow Your Ascrafs

——— Y

Moniter the afircraft's power and
fiight parameters to deiect the onsat
of a shear encounter. Know the per-
formance limits of your particular
aircraft so thet they can be called
upon in such an smergency situation.

O N S M A M U A1
LOW LEVEL
WIND SHEAR
Act Promptly

Do not alliow 2 high sink rate to de-
velop when atilsmpting to recapture a
giide slope or to maintain a given
2irspesd. Wher it asapears that &
shear gncounter will reselt n @ sub-
stantial rate of descent, promptliy ap-
oly full power &nd arrest the descent
with a noseup piich attitude.

GonptBd By ARODEAS S aderans

ENDIX D
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PERSONNEL INFORMATION

Richerd H. Givens-Csptain

The captain, 37, was emploved bv Piedmont Airlines on Mav 1, 198¢. He held
airline transport pilet certificate No. 21i3488¢ with CE-500, FX-28, and B-737 tvpe
ratings and an airplane multiengine land rating. His first class medicel certificate, dated
April 18, 1988, contained ne waivers or limitations.

At the time of the accident, the ceptain had acerued spproximatelv 10,000
total flight-hours, of which about 2,300 were accrued in the Boeing 737. In the previous
30 days, 30 days, and 24 hours, the captain had flown 174, 58.9 and 1.7 hours respectively.

Joel K. Horwich-First Officer

The {irst officer, 29, was emploved by Piedmont Airlines on June 21, 1884, He
neld airline transport pilot rating No. 223803898 with an airplane multiengine lend reting.
His first class medical certificate, dsted Jenuery 23, 1986, contained no waivers or
limitations.

At the time of the seceident, the first officer m=2d scerued about 4,107 total
flight -hours, of which about 500 were accrued in the Boeing 737. In the previous %¢ days,
30 davs, and 24 hours, the {irst officer had flown 148, 43.8 and 1.7 hours, respectivelv.
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AIRCRAFT INFORMATION

The airplane, a Boeing 737-222, United States Registry N752N, Serial No.
18073, was manufactured on November 4, 1968, and placed into service by United
Airlines. It was acquired by Piedmont Airlines on June 8, 1273, and placed into service on
July 31, 1973. The airframe had accrued 41,714.2 hours total time in 59,033 eveles at the
time of the aceident.

The airplane was powered by two Pratt & Whitney JT8D~-8A engines.

Engines No. 1 No. 2
Serial No. BE55883E Pg5501498B
Date Installed 7-15-86 5-19-88
Totlal Time 30,321 36,139
Total Cyeles 43,171 51,936

Time Since Overhaul 535 1,045




-85~

APPENDIX G

SELECTIONS FROM "OPERATIONS UPDATE"

A PIEDMONT AIRLINES FLIGHT OPERATIONS PUBLICATION »

Lo oo+ =y

S——




APPENDIX G -86-

from the desk of ... FRED D. WOMACK
Director, Flight Operations & Flying Safety

While speaking at an Eastern Airlines
Seminar, Robert J. Serling said, "Pride
is what the airlines have accomplished,
achieving miracles in the face of
agversity ... learning from mistakes ...
showing initiative in spite of outside
lethargy and indifference, and even
opposition.” Mr. Serling identified one
very important element in the safety
equation: learning from mistakes.

If one reviews an aircraft accident, he will find that the major
cause is often linked to several different contributing factors.
Let me give you an example. Some time ago, an accident cccurred
in which the crew landed the aircraft and ran off the end of the
runway. There were three contributing factors: (1) touchdown at
the 2,500 foot polint on the runway:; (2) use cf minimum reverse;
and {3) airspeed at touchdown 20 knots above "bug" spead.

If any one of these maneuvers had been executed properly, the
pilot would have been able to stay on the runway. But the
combination of all three resulted in an accident.

Even if one element of the systemt breaks down, as long as we
follow our prescribed safety procedures, the likelihocod of an
accident is lessened.

As you are aware, one ¢f our aircraft was recently directed to
the wrong airport for a visual approcach and landing. A safe
landing was made on the 3,755 foot iong runway- Even though a
mistake was macde, no accident occurred because the crew flew the
airplane in the proper appreach and landing profile. The combi-
nation for an accident was simply not there. If cne would apply
the concributing factors of the aforementioned accident, then we
surely would have experienced an aircraft exiting the end of the
runway and possible damage to equipment or injury to passengers
OF Crew.

I once witnessed a Jjudge explain to a pilct during a hearing,
"when I make a mistake, I can take an eraser and erase it. But
when an airline pilot makes a mistake, he carries a satchel of
responsibility." That, my friends, is the reason your job it so
important.

To paraphrase Mr. Serling, pride is what we are accomplishing,
day by day, flight by flight. We all take pride in learning, and
learning from mistakes, be they ours or somecne else's, is part
of the safety eguation.

® % A * &
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’/ HOT BRAKES AND TIRES

Good pilot techrigues can reduce total brake/landing costs by
over a million dollars a year, cut delays due to brake and tire
changes and add a measure of safety to the operation.

- Remember that spoilers and reverse thrust are most
effective at high speed, brakes are mosi effective at low
speed, and those first taxiway turnoffs are expensive.

- Engine shutdown procedures for taxi operations have been
instituted primarily for fuel conservation. However, one
of the important dy-products of these procedures is the
reduction of brake wear. Less braking is required when
engines are shutdown during taxi. Also, remember that
slow taxiing will reduce heat bhuildup.

’/ HYDROPLANING

Hydroplaning? =--- that's flying on water, right? That's cne
answer, but actually, there are threa types of hydroplaning
that can send you and your aircraft slipping and sliding down
the runway. They ar<: dynsmic, visccus, and reverted
rubber hydroplaning.

- M’M&%ﬂ’ laning: In 1958, NASA demonsirated on a

tire treadmi t a tire in an unbraked condition will
spin down to a complete stop on a flooded surface at some
critical ground speed. The spindown is the result of
dynamie fluid pressures in the tire-ground ccntact area.
If enough water iz present, the tire will completely Ilift
off the pavement surface. This is pretty serious busi-
ness, which can lead io icss of braking and steering
ability. If vou are mathematically inclined, you can even
find the speed at which your aircraft will hydroplane by
multiplying the square root of the tire pressure times
nine.

- Viscous Hydroplaning: In later studies, NASA showed
that when & surface was thoroughly saturated with water
and then the standing water ran off so thsi the surface
was only damb to the touch, traction couid be lost at
very low speeds. In this case, a thin {ilm of water acts
a3 a lubricating agent, pardcularly on smoocth runway
surfgces, and when mixed with rubber deposits and/or
: - dust. Many of our TUnways are relatively
N ;i 4o rough-textured; however, every time you land, you leave
T a little rubber in the texture. A momentary landing skid
can generate enough heat to melt a thin layver of each tire

that bonds to the surface.
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Reverted Rubber Hydroplaning: In the mid 1960's,
studies of low-speed skidding accidents on wet runways
demonstrated that weter could boil at the point of
tire/runway contact. This caused the rubber to revert *o
its natural latex state and provided a seal over the tire
grooves, which delayed water dispersal. The steam
produced by the boiling water &iso acts as a cushion
which prevents tire copiact with the runway. Light
colored streaks indicating a "steam-cleaning” effect can be
seen on runways after reverted rubber hydroplaning has
occurred.

Minimizing Hydroplaning Effects

S -

Strict adherence to established operating procedures
relative to approach and landing, followed by a "firm"
touchdown rather than a "grease job” are important
courses of action to follow.

Spoiler deployment, to get the aircraft weight on the
wheels right away, is impertant. This action helps to
prevent delayed wheel spinup. Monitor spoiler operation
if spoilers are deployed automatically. See that they are
extended immediately after the nose wheel touches the
pavement.

Don't hold the nosewheei off. Land it without delay.

Apply reverse smoothly and evenly to all engines. Use
the maximum recommended if conditions indicate the need.
If the aircraft begins to weathervane into a crosswind,
ease off on the reverse until the rudder becomes effec-
tive.

After nose wheel has contact the runway and eircraft is
tracking, increase reverse thrust. Appiy brakes smooth-
lv and symmetrically with moderate to firm steady pedal
pressure. If hydroplaning conditions develop, the use of
reversa thrust may be the most effective deceleration
means available to the rpilot. However, improper use of
reverse thrust on wet slippery runways can be critical to
directional control, especially during crosswind condi-
tions.

Avoid the use of nosewheel steering as long as possible.
It is wvirtually useless on & wet runway until the speed is
guite low. Often its use can create more probiems that it
corrects. Nose wheel tire pressures are lower than main
gear tire pressures cn most airplanes, and this allows the
nosewheel to hydropiane long after the main gear wheels
have stopped.
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Y somuany

- In summary, the key factor in hydroplaning is SPEED.
The water skier serves as a good example of total hydro-
pluning. Just as skis must reach 2 critical speed before
they are fuliy supported, the aircraft must do likewise to
effect total hydroplaning. It can be easily seen that with
no tire to runway contact, braking is reduced to practi~
cally zero levels. The loss in directional control may also
be appreciated if it is realized that when the wheels are
not in contact with ‘he runway, any unbalanced forces on
the aircraft--such aes crosswinds--may induce an
out-of-control situation.
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RUNWAY FRICTION MEASUREMENT

REPORT ON THE FRICTION SURVEY FOR RUNWAY 36R-1BL
CHARLOTTE/DOUGLAS INTERNATIONAL AIRPORT
CHARLOTTE, NORTH CARCLINA

PREPARED BY
THOMAS H. MORRCW, P.E.
CIVIL ENGINEER

OFFICE OF AIRPORT STANDARDS
ENGINEERING AND SPECIFICATIOKS DIVISION
WASHINGTON, 3.C.

NOVEMBER 14, 1985

CONGUCTEL BY THE FEDERAL AVIATION ADMINISTRATION
FOR THE NATIONAL TEANSPORTATION SAFETY BOARD
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1.0 BACKCROUND. On Saturday, Octcber 25, 1986, at spproximately 08:07 PM,
Piedvont Flight 467 skidded off the the end of Runway 3t Right at
Chsrlotte/Douglas International Airport, Charlotte, North Cerolina. The Boeing
737-200 aircraft ended nose down on sn emberniment at the end of the muwey,
with the nose of the aircraft resting on the ballast of the railrosd tracks.
Thirty-four of the 118 passengers and crew were injured. There were no
fatalities.

Yhe Nationsl Transportaticn Safety Bomrd (NTSB) requestsd the Federal Avistion
Administration {FAA) to conduct an investigation on the friction and drainage
characteristics ef the 3SR-18L runway pavement. On Tuesday, October 28, 1886,
tahe FAA Survey Team arrived at the Charlotte airport. #esbers of the tean
included, Hector Diautolo, Harry Jackson and Joe Walaconis, from the FAA
Technical Center, located near Atlantic City, New Jersey, Charles Blair from
the FAA Socuthern Region in Atlenta, Georgie and Thomas Morrow, from the
Washington Headquarters Office of Airports Standards.

seahers from NTSE and the FAA conducted a visual inspection of runway 36R en
Toesday afterncon. The results of this investigation is reporied in Paragraph
2.1. Friction surveys were conducted on Tuesday and Wednesdsy nights.
Physical messuremente of the rumway 36R pavement was conducted on Wednaeday
right. The results of these tests sre discussed in paragrsphs 2.0 #nd 5.0.

2.0 PAVEMENT EVALUATION. A visual inspection and measurement of the rumway
pevements physicel condition was conducted by the survey team. Messurements of
water depihs and dimensions of depressions, transverse slope, and texture
depths were taken. The following peragraphs briefly state the resuits of the
vigua! inspection and measurexents.

2.1 Visual Inspection of Runway 36E-18L. Ir 1883, Runwey 3ER-1BL wes
pertly reconstructed to strengthen the pavements ability to accepi en
snticipated increase in aircrzft loading. The reconstructed section begsn =t
station 18 + 25 and ended at siztion 38 + 25, ss weasured south from the 181
threshold. The wearing course was constructed of two 2-inch layers of P-4(]
asphaltic concrete. After completion of the reconstructad portion of the
runway, the remsining portions were overleid with two 1-1/2 inch layers of ™
401 saphaltic concrete. The entire runway wss transversely grooved 130 feat
wide for the full length. The grooves channels were constructed 174 inch wide,
174 inch deep, and were spaced every 2 inches, center to center. The length of
the runwsy is 7,845 feet, which includes the 645 foot displaced threshold. The
bklast pad at the 36R end is approximately SO feet long.

2.2 Construction Details of Runwav 36R-18L. The inspection started from
the 3BR end of the runway and proceeded down to the 1BL erd. Generslly, the
rumway pavement wasx within the FAA standardr for the first-third of the
rurwsy. However, the next two-thirds of the runway exhibited variences from
the design transverse slope, a depressed srea aiong the longitudinal
construction joints, displscement of the grooves in the construction joint
ares, in-the directicon of sircraft lending on runway 35R, and grooves filled
with liquid esphait.

Page 1
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The depressed arees wers located 12-1/2 feet either side of the runway
centerline and average approximately 30 inches in width end 8/8 inchez in
depth. The depressions were observed to be greater on the left side of the
rummy canterline. The depressed areas may have been cauvsed by improper
construction techniquea, such &s insdequate compaction or poor grade contrel,
or by low gtebility pavement due to an excess of ssphalt cemant in the
bituminous Bix. The sppearsnce of &sphalt in the groovez is also an indication
of excessive asphalt in the mix since the asphali will expand onto the surface
when the voids within the pavement sre filled duriag periods of sxtramely hot
weather. In addition, the transverse siope of the pavement contains
unduletions. This could be caused by poor rolling techniques or screed control
of the paving mschine. The undulsted surface causecd the grooves to vary in
depth. It is surmised tha: when the grooving machine traveled across the
pavewent trancversely, the higher part of the undulation received the full cut
of the groove, whearas, on the lower part of the undulation, the groove was cut
at a ahallow depth, somctimes just barely cutting the surface. There were no
visible areas of subgrade failure along the runway.

The rubber deposil ares slong the touchdown portion of rumway 35R
were clessified as medium deposits. Microtexture wes 3till evident when
rubbinyg the hand across the rubber coated pavement surface. It is estimated
that B0 % of the texture wss covered with rubber and therefore received an RE
code rating (reference 1= 150/5320-12A). This will be discussed later in
graater detail in paragraph 5.0. There were no significant rubber deposits on
the approach end of runway 18L.

2.3 Physical Measurewents Conducted on Rumwey 36R-18L. Seversl
measureaents were conducted on runway 35R-1BL. Measurements were taken at
severz]l designuted locations along the runway of water depth in depressions,
dimensions of the depressions, transverse slope of the pavemeant, snd texture
depth of the pavements surface.

2.3.1 Measurement of Water Depths in Depressions. The weier depth
peasurements were *aken in longitudinel depressions 12-1/2 feet left of the
runwey centerline. £11 locstions ure relative to the distence "to go" for a
landing by an sircraft op Runway 36R. The water tanker was used to spray water
over the 12-1/2 foot wide by 3060 foot long test section, left of the
centerline. A sufficient smount of water was uzed to accusulate water in the
depressed areas. A short period of time wes sllowed for the water to stabilize
in the Jepressad areas, after which time the water depih measurzseants were
obtrined. Afiter the messurements were taken, the friction messuring devices
weres run through the teat section at 40 miles per hour over the depressed
2reas. After completion of these tests, the same procedure was followed and
the friction sguipeent was run through the test section at 60 miies per hour.
The range of width of standing water in the depressed areas was observed to be
from 12 to 18 inches, once the water wes stabilized. The following table shows
the average water depth for each test zesction.
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LOCATION TEST RUN AT 40 MPH TEST RUN AT 60 MPH
(FEET) 1 WATER DEPTH (INCHES) WATER DEPTH (INCHES)
TEST SECTION A
100C TC 0720 0.12 0.18
TEST SECTICN B
3000 TO 2700 0.18 c.18
TEST SECTION C
4700 TO 4440 0.08 t.11

2.3.2 Dimensions of the Depressicns.

The diaensrions of the

longitudinal depressions renged from 10 teo 41 inches throughout the test
The following table summarizes tihe meacurements taken at
the designated locations on the runway.

sections evalunted.

DISTANCE TO GO DISTANCR LEFT DISTANCE RYGHT WIDTH DEPTH
FROM THE 36R END |OF THE CENTERLINE 4 OF THE CENTERLINE | (INCHES) | (INCHES)
{FEET) (FEET) (FEET)
4700 TO 4400 12 — 24 5/16
BETWEEN D3 & D4 — 12 14 1/8
3000 12 -— 31 "3/8
— 12 37 1/4
2000 12 - 41 1/4
— i2 30 3/8
1000 12 —_— 38 3/8
— 12 36 1/4
200 FROM DEPARTURE 14 — 10 3/8
END OF PAVEMENT — 12 33 1/4
(MON GROOVED)
| —_—

DEPTH MEASUREMENTS TAKSN TG THE CLOSBST 1/16 INCH
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2.3.3 Trensverse Siops Messurements. Transverse slope Beasurements
were taken st the following locationg given in the table below.

PISLLNCE TO GO DISTANCE LEFT ! DISTANCE RIGHT | TRANSVERSE
FROM THE 3ER END OF THE CENTERLINE | OF THE CENTERLINE SLOPE
(FERT) (FEET) {FEET) {PRRCENY) -
4700 TO 4400 16 -— 1.10
BETWEEN I3 & D4 - 18 1.20
3000 16 — 0.80
- 16 0.75
2000 19 -— 0.65
- 10 0.50
1806 16 — 1.00
- 10 0.50
200 FROM DEPARTURE i2 - 2.75
END OF PAVEMENT - 06 1.05
{NON-GROOVED )}

2.3.4 Texturrs Derth Messurements. Texture depth messuramsenis were
taken at Lhe following iocations given in the table below. All seasuremants
were § inches in width, taken on non—grooved pavement, and the volume of grease
vied was ¢.50 cubic inches. The measurement taken gt the runway centerline
between the D3 and D4 gigns is lccated ir the rubber deposit portion of the

runway.

DISTANCE T0 GO TEXTURE
FROM THE 36R END LOCATION LENGTH DEPTH
{FEET) (INCHES) { INCHES)
4760 TO 4400 LEFT
RETWEEN D3 & D4 EDGE 13-3/4 0.0073
4700 TD 4400
BETWEEN 53 & 24 CENTERLINE 25-1/2 £.003%
290 “0M DEPARTURE 12 FEET
END OF PAVEMENT LEFT OF
{NCN GROQVED) CENTERLINE 10-1/2 0.0085
Page 4
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3.0 JESCRIPTION OF RQUIPMENT., The Mark IV Mu Meter was used to evaluste the
friotion properties of runway 36R. The tests werc conducted on Tvesday evening
and into Wednesdsy morning, October ZB &nd 29, i386. Another friction tester
wes aveilable to the investigating team, and on Fednesday evening into Thurcday
morning, October 238 snd 30, 1986, the MGB00 Bunway Friction Tester was used to
evelunte the runway friction properties. A brief descripiiom {or each testing
device 33 given in the following paragrephs.

3.1 Mark IV Mu Meter Trailer. The Mu Meter is a trailer that weighs 540
pounds snd measures side—force friction. %The trsiler consists of itwo friction
measuring wheels and s rear wheel that meassures the distance travelled. The
friction wmeasuring wheels when set in the test position (toed ouvt) spproximate
&n included sagle of 15 degrees and mr apparent slip ratic of i3.5 pervent.
When the treiler is towed by m vehicle over the pavemernt surfece in the toed-
out position, the friction measuring wheels tend to pull epert. This tendency
is resisted by an electronic load cell placed between the pivoted mesbersg which
are part of the frame upon which the friction memsuring wheels are mounted. A
vertical ioad of 171 pounds is generated by ballast via a shock absorber on
each friction measuring wheel. The friction measuring tires were smooth tread,
size 16 x § x 6 ply, RLZ stencil 100, inflated to & pressure of 10 pounds per
squars inch. The rear tire is a patterned tire, size 16 x 4 x 6 ply, RLE,
inflated at & pressure of 30 pounds per squrare inch. Twe pozzles are mounted
in front of each friction measuring wheei. They are designed to provide s 1 mm
{0.04 inches) water depth in front of each friction measuring tire. A 350
gallon tank is mounted on the tow vehicle to supply water to the self water
system. Pressures regulasting velves are used to control the flow rate for the
spe=ed used in the survey. The Mu Meter is equiped with a processcr unit which
provides a conbtinuous trace of friction values for each foot travelled in &
survey on & strip chart. The scale used was one inch equals 280 feet. Thne
computer provided friction averages for each 500 foot segment of the runway
length. Information concerning the friction survey and observations are
entered vis a keyboard., The friction surveys were conducted &t speeds of 40
and €0 miles per hour. The equipment was calibrated at the beginning of the
test program according to the manufscturers instructions.

3.2 MSBOD Runwsy Friction Tester Van. The Runway Friction Tester is &
ven with front wheel drive and a turbo engice. The friction messuring wheel
{5th wheel) in cocnnected to the rear axle by & gear drive maintaining a 13
percent slip retic. The test mode utilizes a {wo-sxis force transducer which
messures the drsg force snd vertical load. A verticel load of 300 pounds is
generetad on the friction wheel by weights mounted on a deuble shock absorber
spring sasembly. The friction messuring tire is smooth tread, size 36 x4 x &
ply, RLZ atencil 100, inflated to a pressure of 30 pounds per square inch. A
nozzle is located in fromt of the friction mesguring tire. The nozzle is
designed to provide e 1 mz (0.04 inches) of water depth in front of the
friction measuring tire. A 150 gsllon contaiper iz instelled in the resr of
the vaa to supply wster %o the self wailer syeten. The self water systen
ansures that the puxp revolutions per minute corresponds to the vehicle speed,
thus 8 constant water flow ver travelled distance is asintsinad, indepandent
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corrective action to elimipate this situstion™. In this cuse it msans that
there sre zsignificant rubber deposits to reduce the pevement microtexture and
therefore the rubber deposits should be removed. This peragraph spplies only
when mu values gre 50 or less. The frictionm value for scation 1,000 to 1,500
feet for the 40 miles per bour apeed is 51. The friction value for the smme
socation at the 60 wiles per hour speed is 33, located 12 feet right of the
catterline. The difference of 1B is greater then the ainimum 10. Tharefore,
this peragraph controls.

The friztion valuss for the remaining psrt of the rumway sre acceptable,
with the exception of the last 1,500 feet, 12 feet left and right of the
centerline. BHere, tie €0 miles per hour speed shows a drematic drop in
friction values when compared to the friction values cbtair~d at the 40 miles
pir bour speed. This is attributed partly to the vegrooved section in the
departure end plus the flat transverse slopes, inadequate groove depths, the
150 foot touchdown merker, and general oversll poor microtexture in thisz ares.
The last 1,500 feet of frictiop values are below the minimux 50. The sirport
eperator stould lock into the cause for this deterioration and take corrective
action.

5.2 Friction Measurenents Using the Water Tanker Procedure. Tables 5 and
5 as well as Figures H, I and J show the resulte of the water tanker method.
Section A, genersally was taken over the 150 foot touchdown marker, which
accounts for the :ow friction vaiues obtained in this section. Sections B and
C sre sbove the minimum acceptable value of 50. The drop in friction value
between speeds is within the minimum difference of 10. Therefore, the water
teanker show the seame results as those cbtained by the friction equipments self
watar aystes.

5.3 Friction Measurswents on Dry Runway Pavement Surface. Two test runs
were mpade 8t the zpeed of 40 miles per hour, 12 foot leit and r.Zht of the
centerline, starting from ihe tareshold of 356K north 268 feet and ending 284
feat south of the 1BL thresiold. Tuen average frictior value for the entire
length tested was S4 on the right side of the runway centerline and 96 on the
left side of the runway centerline. These sre expected averages for an asphalt
grooved runway. Table © and Figure X show the results of the survey.
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KEFORT ON TEE TRICTION SURVEY ¥OR WOMWAT 388181,

-G -

AIPENDIN H

CRARIOTTR /DOUGLAS INTEENAYIONAL AIRPORT, CHARLOTTE, RORTE CARDLINA

COXOUCTID BY THR FEDERAL AVISTION AMINISTRATION
FOR THE WATIONAL TRANSHORTATION SAFETY BOARD
ON OCTOBIE 2830, .988

TABIE 1 - PRICTION SURVEYS CONDUCTED AT 40 KIIES PEX SOUR USING i MART IV MU METER
WITE SELF ¥ATER SYSTEM OPERATING, STARTING 268 FIZT NORTE O THE TERESEOLD
OF FUMwWAY 2GR AND KNDING 2854 FIET SOUTE OF TEF TORRSROLD OF RUNWAT 1HL.

g PATE - OCTOBER f 2B % 28 28 29 i
{  rasTERN TDE ; ity e 5T L 0034 e |
- i 1 f 2 3 ? 4 f
§mrzwsrmmﬁasﬁﬂmos;‘unmsrcr 3 FTOIEFT oF § 17 FT LEFT oF
§ | CENTERLINE | CBNTERLDNE CENTERLINE |  CENTERLINE |
| BISTANCE FmOM 38 | TRICTION FALULS :
. . v . }
gwnrru.asaﬁrrf 72 73 § 75 B §
; BSOS FT T 1000 FY 3 53 | 25 o :
. 1000 FT Tc 1502 BT s 53 | & ; &8s :
i 1505 FT TC 2000 £T TT & z & m ;
i 2005 £ W 2890 T 75 E s : 75 e :
! 280z w3007 AT 55 | 78 78 i 79
{ 200C £ T 353,;— 77 4 8 § 73 ; 78 '
D330 T T 4000 FT T4 ™ : 78 78

; PO 4838 FT 3 z =8 a 75 ‘ s

{ €33 77 ™ 5000 T e i 6 : 75 ; ¥

| s05¢ 7T % sso0 1 7T 75 7 73

| 8500 ¥r o oz e 72 i = i 75 8

{ 6007 T T ES3C FT 72 4 s - .‘
[ ToTAL URCTE OF i : !
% ROWNAY STRVETES : 808 FT | 651§ FT 6918 P ; 8RSE FT

{ AVERACE M FALTY § : :
| POR TEE EUMMAY TE : o T8 5 %5 ‘
| avrRact serso poe ; | |

§ THE STRVEY f 40 wFE g 41 MFE ; L e & wrE g

CALITREATION DATY - 28 OCTOAIR 1986 47 J4:85. IRRC DNON # » E1%5, MC ENOE ¢ = 7S¢ 3Yy: Iow
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FEPORT OX TEE FRICTION SURVEY FOR NUMWAY 38R-18L,
CRARIOTTR/DOUGLAS TNTERNATIONAL AIRFORY. CRARLOTTE, WORTH CARGLIMA @
CONDUCTED BY TES FRDERAL AVIATION ADMINISTRATION
FOR THE MATIONAL TRAWSFORTATION BAYETY JOLRD
o8 OCTORED 28-30, 19686

TAELE 2 -~ FRICTION SURYVEYS CONDUCTED AT 60 MILES PIR ¥OUR USING A MARK. IV MU METER
WITHE SELF WATER SYSTEM OPERATING, BTARTING 268 TEIT KORTRE OF THR ITRRRSPEOLD
OF WUNWAY 3R ARD ENDING 284 FEET SOUTE OF TEE THRESHOLD OF WOWWAY 1BL.

DATE - OCTOBER 9 20 2% 23
EASTERN TDME 01:28 ad 02:1% am 02:20 M §2:42 M
WON WUMBER 1 2 3 4
TOCATION OF STRVEY | 30 FT RIGAT OF | 12 FT RIGET OF | 30 FT IFvT oOF | 12 #7 LEFT OF
CEXTERLINE CENTERLINE TYNTERLINE CEXNTERLINE
DISTACE FROM 6% YRICTION VALDES
0000 FT TO 0500 FT 75 a8 50 4“4
C50C FT TO 1630 FT &7 61 82 33 |
100G T 70 1800 FT &7 33 52 T
1565 FT TC 2000 F3 72 41 L 45 {
000 FT OO 2530 Y 0 88 &0 58
2508 T TO 3002 7T ) &0 59 £C
300C FT 10 3500 FT &7 & &2 &2
I TT T 4000 FT &5 &l 59 ss
400C FT 1O 4500 §T 56 53 61 60
mnmmrzé -3 S8 52 5]
£00C ¥T 7O 5300 §T | 70 ] 82 57 56
£50¢ FT YO 6000 FT sC g 52 s8 43 ,
600C 7T TO 6505 FT 57 & 57 “ ;
855 FT % L 55 3 51 7
TOTAL LENGTE OF |
ROWHAY STRVETES 7% T §708 T 584 T S8R T
AVERASS T FALTE :
TOR THE TLwAT & ; 52 &8 52
AVIREAGE SFis FOR
TEE SUNEY 5 WP 8 Wy & %5 80 MW

CALIRRATION DaTE - 28 CCTOARL ID96 AT 14:35. IERS INOR # = BIS, WO ENOB @ = 750 §Y: JOW
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EXFORT ON TEX FRICTION SURVIEY FOR BOMMLY 36R-1EL,
CEARLOTTR/DOUGLAS INTERNATIONAL ATRPORT, CHARLOTTE, BORTE CAROLINA

CONDUCIRD BY THE FEDERAL AVIATION ADMINISTRATION
FOR THE MATIONAI TRANSPORTATION SAFRTY BOARD
o OUTORER 2530, 1986

TARLE 3 ~ FRICTION SURVEYS CONDOUTED AT 40 MISES PEIR BOUR USING YHE RUMWAY YRICTION
TESTER WITE SELF WATER SYSTEM OPERATING, STARTING 268 FEET MORTE OF IHE TRRESHOLL
OF RUNGAY 35K AND ENDING 264 FRET 205N OF THE TERESHQLD OF RUNWAY 1831,

DATE - OCTORFS 30 i 5 30 30

EASTERN TDE 12:317 MM I 12:28 A 12:583 &M 01:03 aM

¥N NOGER 1 ; 2 3 s
LOCATION OF SCRVEY | 30 FT RIGCET OF © .. P> JI4HT OF 30 FT LEFT OF | 12 FT ILEFT OF

CENIRRLINE CENTERLINE CENTEELINE CENTERLIRE
DISTANCE TROM 3SR FRICTION ¥FALIES
{ 9000 #T 1o 0500 FT 78 68 { &7 58
050¢ FT T 1000 7T 7 5 72 53
1000 FT TC 2300 IT 5 s 76 4
1500 T TO 200C FY 74 a7 i) 2
2000 ¥7T 10 2500 FT 78 ¥ bz 57
2500 7T TC 2000 £T 71 | % 74 7
3005 FT Y0 3500 T 71 ; 3 72 70
mwmmn: T Z 71 T4 70
mnmmrrg ™ i 70 Y &3 /8
4500 ¥T YO 500C FT 7 20 74 55
5000 7T YO 5500 ¥Y 7% : &6 i & 55
500 T Te 6056 FT =~ &5 &7 L x]
BOO2 FT IO &S00 BT &4 7 E{] 72
Mﬁlﬁmﬁg 2 52 44 &0
AVERAGE ™ VALLE |
70K TR ROGGT 72 5 72 62
AYEEAST IPEEG FOR
™S SURVEY 6.1 WE 5.5 8 &£.1 w5 0.0 5
{
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¥EPORT ON TRE FRICTION SURVEY POR RUMWAY 36R-181%,
CHARLOTTE/DOUGLAS INILENATIONAL ATNFOTT, CRARLOTTE, NCRTE CANOLINA

COKDUCTED BY T2X PEDERAL AVIATION ADMINISTRATION
POR THE MATIORAL TRAMSPORTATION SAFETY BOAND
ON OCTOBER 28-30, i966

TARLE £ - FEICTION SURVEYS CONDUCTED AT 50 MILES PER EOUR USING THE MIAWAY FRICTION
TISTSR WITH SELF WATER SYSTEM OPREATING, 3TARTING 268 FEET KORTH OF YHE THRESHOLD
OF RUNWAY 3SR AND ENDING 284 FEET SOUTE OF THE TERESHOLD OF BUWWAY 18L.

DATE - OCTOBER 30 3c 30 30

ZASTERN TDME 01:33 AM 01:51 AM 02:15 M 02:25 aM

FUN OMRER 3 2 3 4
LOCATION OF SURVEY | 30 ¥T RIGET OF | 12 ¥T RIGHT OF | 30 FT 1EFT OF | 12 FT LEFT OF

CENTTOLINE CENTRRLINE CRNTERLINE CEXTERLINE

 DrSTaNE FRoe 36R i FRICTION VALUES ,
mﬁmascané 72 &9 74 62 :
é 3 FT 10 1000 FT | s 50 81 ) :
| 1630 FT TC 158C FT | s %2 73 48
! 1500 7 %0 2000 1= | 67 36 72 &8
I005 TT TO 2530 TT 58 52 75 47

2560 FT TO 3000 T ) &2 &5 70 54

3000 FT TO 380 T 64 3 &6 64
| 3800 FT TO 4500 FT | & 54 £ &2
m*ﬁmmcné 82 3 64 64
é&sasnmmr&i 82 82 & 62
| sooc £t o 8500 FT | 62 se 6t se
mwmmn? §T &8 60 56
;mocr*masmr- 57 s1 &4 &S
£5¢ 7T 70 7000 £T | - | @ & 58
AVIRAGE M VALIT |

FOR TSE STWWAY : 6 56 &8 58
ATERACT TFEED FOR ;

THE SURVEY |ose3wE | s.EwE 57.5 »E 57.8 R
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BEPORT ON TRE FRICTION SURVEY JOR RUWNAY 36R-18L,
CRARLOTTE/DOUGLAS INTERKATIONAL ATRPORT, CHARLOTIE, WORTH CAHOLINA

CORDUCTED BY THE TEDZRAL AVIATION ADMINISTRATION
FOR THZ :UTIONAL TRANSPORTATION SAFETY JOARD
ON OCTOMER 28-30, 1306

TABLE 7 ~ FRICTION FURVEYS COMDUSTRR AT 2C NILES PER BOUR
USING THE RUNWAY FRICTION TESITEE WITH SILF WilXR SYSTEM OPREATING,
STARTING 265 FERT NOTTH OF THEZ YTHRESHOLD OF PUMWAY 3SR AND ENDINS 284 FRET
SOUTH OF TR THRESRCLD OF KiAY 1EL.

DATE - OCTOBER 30 i
BASTZRN TDE 82:51 M
RUN NUMBER 1

IOCATION OF STRVEY | 1Z FT RIGHT OF
CENTERLINE

DISTANCE FROM 36% | FRICTION VALIRS

200C FT T0 0500 FT 78
0500 T T0 100G FT
1000 FT 10 150G FY
1500 FT TO 2000 Y
2000 FT IO 500 T
2560 FT 10 3000 FY

3 3 BB &I

3600 FT TO 3500 IT

3

3500 FT IC 4000 7T

R

400G FT 0 4500 T

|
”»

4500 ¥T T0 500G FT
5060 FT Y0 8500 FT
£500 7T TO 8000 FY
600G FI TO S50C P2
§500 ¥FT TC 70020 IT

2 2 8 3R

TOOG FT I0 7500 IT

AVERAGE MG TALUE
FOE TEE BUMNAY

i

AVERAGE EPEED TOR
THE FRVIY 20.2 wH

BOTE; BODSHANZSS THCOUWTERED IM TET TOUCEDOWN IONE OF FUNWAY 36T,
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REPORT ON TOR FRICTION SURVEY POR FUMMAY 3ER-1cL,
CHARIOTTR/DOUGLAS INTEBNATIONAL AYRPORT, CRARLOTTE, MORTE CAROLINA

CONDUCTED BY THR FEDERAL AVIATION ADMINISTRATION
FOR THE KATIONAL TRANSPORTATION SATEYY BOARD
ON OCTOBER 28-30, 1886

TABLE 8 - FRICTICN SURVEYS CONDUCTED ON RUN/AY 368 NORTE AY THE SFREDS
INDICATED, USING TRE RUNWAY FRICTION TESTER WITE SiLF WATER SYSTEM
OPERATING, STARTING AND ENDING AT TAE POSITION IKDICATED

DATE - OCTOBER 30 30
EASTERN TIME §3:32 M 03:35 A
FCN NUMBER 1 2

AVERAGE SPESD 30 mrE 50 MrE

LOCATION OF SURVEY 12 FT iEFT OF 12 ¥T 1EFT OF
CENTERLINE CENTERLINE

FRICTION VALUES MEASURED IN SECTION

PISTANE 1D Q0 FROM 45CC FT 70 3500 Y
RUNWAY 36R SECTION D

0000 FT TO LSOO FT 42 85
8500 FT TC 1000 FY 5 35
AVERAGE MU VALUE

FOR THE SECTION 48 45
AVERAGE SFRED 25.8 WFH El.8 WFE

3/
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FEPORT ON VEE FRICTION SURVIT FOR WUWWAY 30R-181,
CHARICTTE/DOUGLAS INTERNATIONAL ATRPORY, CHARIOTYER, MORTE CAROLINA g

CONGUCTED BY THE FIDERAL AVIATION ADMINISTRATION
FOR THE PATIONAL TRANSPORTATION BAFEYY BOARD
ON OCTOBXR 28-30, 1886

TiBIE 9 - DEY FRICYION SURVEYS CONDUCTED AT 40 MILE: PER IOTR
OSING TBZ MARK IV MU METER STARTING 265 FEET WORTE OF 13X THHESROLD
OF RIDWAY 36R AKD EXDING 284 FEET SOUTE OF TER TEERSHOWD OF RUMWAY 1BL.

TATE — OCTOBE 30 30
BASTXRN TDG 90:00 AM 2097 aM
BUN FUMRER 1 2

LOCATION GF SURVEY | 12 ¥T RIGHT OF | 12 FT L8FT OF

CENTERLINE CENTERLINE

DISTANCE FROM 36R FRICTION VALURS

0000 ¥T Y0 3500 P &7 96

0500 FT TO 1600 T % ®

1000 FT 70 1500 7T 51 ©

1560 FT TO 2000 TY %2 o)

2000 T 70 2500 7T o ®

2500 FT TO 3000 T 96 5

2600 FT 70 3500 T % % e

350C FT 10 4000 FT 95 o7

4000 T 7O 4300 FT 5 9 _

2500 FT 1O 5000 FT o 2

8000 71 10 5500 IT 9 %5

500 *T 10 6000 ¥T 3 o

8000 FT TO 6500 FT ® o

300 T 10 7000 PT %3 o5

7000 FT ¥0 T o 95

TOTAL IANGTH OF

KIWAY SURVEYRD 7206 784

AVERAGE U VALUE

FOR THR BIWWAY 94 9

AVERAGE SPERD P03

TR SURVEY 40.0 WH 41.0 wH
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