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LLanding on a Slippery Runway

Agenda
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Landing Distance Data

Boeing provides two distinct and different data seis:

Certified Data Advisory Data

* Purpose ST EUIPOSE

—Provide landing distance as —Previdelanding distance
reguired by regulations capability ier diferent
inwWay; conditions;and
8 reking configurations

* Requirements SLEgUIrEMEnts
— FAR Parts 25 and 121 | £ —FARN21 and JAROPS 1.

— Determine landing distance
for making operational
decisions

Copyright © 2006 the Boeing Company



Landing Distance Data Y
CERTIFIED Data Method 2 Reverse s

Reference
e Dry runway Runway
« Max manual braking I
* No reverse thrust !
50 ft — X Stop I
S ' DEMONSTRATED
dFIare_> <-dTr_aﬁs dStop : CAPABILITY
dDEMO :
|
1
Stop !
S \ CERTIFIED
dpevo . FAR Dry
doeno X 1.67 ;
:
Stop ;
R CERTIFIED
dpemo > FAR Wet/slippery
dpevo X 1.67
doeno X 1.67 x 1.15
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Landing Distance Data
ADVISORY Data Method

Reference

e Dry runway Runway — FAR wet/slippery
I

* Max manual braking
» With reverse thrust Stop

N

|
. T—e—: | ADVISORY
<+—1000~— I“RGVGI’SG-’ : Dry runway
dDEMO :
—— ! |
. ——— 1 Good braking
| 1 *30-40% margin
|
|
—= |
¥i/—? ¥ .. Medium braking
I i ! *0-5% margin
e
|
I

Poor braking
* -20-25%

*Values dependant on airplane model
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Landing
Distance Data

ADVISORY Data
QRH Page

AL

AL

roc 1V NLD

roi 170

rois

v'r

AL

detent reverse thrust
Actual (unfactored) distances are shown

Includes distance from 50 ft. above the threshold (1000 ft of air distance)

Reference distance is for sea level, standard day, VREF 40 approach speed and 2 engine l\

JAR operators advisory data in
QRH include 1.15 factor

N

Copyright © 2006 the Boeing Company

i1 ADJ
PER
10000 | PER Tal
_ BRAKING  [1000 LR oy EHEAD TAIL DOWN| UP | ABV | BLW | KTS | 1 |NO
CONFIGURATION| o GHT IBELOW! SEa |WINDWIND HILL HILL| ISA | ISA ég(E)F\g% REVREV
105000 [LEVEL
LB
MAX MANUAL [ 2510 [270/-140] 50 [-90 [ 320 | 30 [-20] 30 | -30 [ 200 [ 40 [120
MAX AUTO 2610 |250/-160] 60 | -90 [ 350 | 20 [-10| 40 [ -30 | 240 | 20 | 40
AUTOBRAKES 3| 3140 [370/-230 90 |-140| 540 | 30 [-30| 50 | -50 | 360 | 30 | 60
AUTOBRAKES 2| 4460  [560/-450] 130 |-230 | 820 | 40 [-40| 80 | -80 | 520 [ 10 | 60
AUTOBRAKES 1| 5100 [560/-450] 170 [-280 [1000| 150 [-140] 90 | -80 | 460 [390 490
SO\ | -40 | 280 [160 |570
50 \| -40 [ 280 [160 |570
60 N\-50 [ 400 [ 40 [230
80 [ N80 [ 470 [ 70 [ 70
90 | -% | 440 [490]640
Medium Reported Braking Action \
MAX MANUAL [ 4470 [390/-340] 130 |-240 ] 900 | 190 [-140] 70\] -60 |\340 |410[1770
MAX AUTO 4470 |390/-340] 130 | -240 ] 900 | 190 |-140| 70 W\ -60 | N0 [410 1770
AUTOBRAKES 3| 4540 [400/-340] 130 | -240 | 910 | 160 [-110] 70 | \JO | 43X [340 [1700
AUTOBRAKES 2| 5250  [480/-440] 150 |-270 | 1010] 140 |-140] 80 | -8 [ 440\ [200 |1100
AUTOBRAKES 1| 5580 [550/-490] 180 | -300 | 1080 210 [-170] 90 | -90N] 430 {540 [1300
Poor Reported Braking Action \ \
MAX MANUAL [ 5580 [530/-470] 170 [-350 [1370] 410 [-270] 80 [ -80 | 3% [81N4900
MAX AUTO 5580 [530/-470] 170 | -350 [ 1370 | 410 [-270] 80 | -80 | 390N | 810 \900
AUTOBRAKES 3| 5580 [530/-460] 170 | -350 [ 1370 410 [-260] 80 | -80 | 400 \810 [4%Q0
AUTOBRAKES 2| 5900 [560/-500] 180 | -360 | 1420 370 [-260] 90 | -90 | 430 [NQ0 455§
AUTOBRAKES 1] 6070 600/-540] 190 | -370 [ 1450 410 [-290] 90 | 90 | 430 [ 80§ 14530\

Reference distance is for sea level, standard day,

detent reverse thrust.
Actual (unfactored) distances are shown.
Includes distance from 50 ft above threshold (1000 ft of air distance).

no wind or slope, VREF40 approach speed and 2 engi



Reverse Thrust Application Sequence

As Applied Ir

Touchdown

Transition

Actuzal tirme dependant on engine/airfrarme

Copyright © 2006 the Boeing Company

In QRrl Advisory Daiia

=
v
®

v

Applicaiion

Reaverser
spINuUp to At 60 knots decrease
selecied |evel to reverse idle

-

lzvel — mau or deter
depending on mode|

Selactad revarse thrust
I3



Landing Distance Data
ADVISORY Data—QRH Page

> Provides adjusirnenis for several variaoles

LANDING DISTANCE AND ADJUSTMENTS (FT)

REF WT | ALT | WIND ADJ |SLOPE ADJ| TEMP ADJ | VREF ﬁ%l"}{t{ﬁfﬁ
DIST | ADJ | ADJ |PER 10KTS| PER 1% PER 10°F | ADJ | '\5;
PER
10000 | PER PER 10

105000 LB| LB [1000FT

BRAKING 00 LB THEAD| TAIL DOWN| UP | ABV | BLW | KTS | 1 |[NO
ICONFIGURATION|EANDING ABOVEIABOVEG W wiND| HILL HILL| ISA | ISA |ABOVE[REVREV
105000 |LEVEL
LB
MAX MANUAL | 2510 1270-140 50 | 90 | 320 | 30 |20 | 30 | 30 | 200 |40 120
MAX AUTO 2610 12501601 60 | 90 | 350 | 20 |-10] 40 | 30 | 240 | 20 | 40

AUTOBRAKES 3 3140  |370/-230, 90 -140 | 540 30 | -30 50 -50 360 30 | 60

AUTOBRAKES 2 4460  [560/-450, 130 | -230 | 820 40 | -40 80 -80 520 10 | 60

AUTOBRAKES 1 5100  |560/-450; 170 | -280 | 1000 | 150 [-140| 90 -80 460 | 390 490
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Landing With Autobrakes Selected

— Brares applied
)

clecelaratlon lav el

> Deceleration |s affected by ir

—

ree factors:
— Aerodynarnic drag

— Wreel grares — dependant on rurway
friction availaole

— Heversea inrust

Copyright © 2006 the Boeing Company



Maximum Deceleration
Manual Versus Autobrakes

Breauing
Applied

Mlzue Manual

Auiobrake lax

Auiobrakea 2

Copyright © 2006 the Boeing Company

Brakes

Brakes Reverse Thrust

Deceleration level
Reverse Thrust

achieved
Neosa; Distance based on
Target autobrake decel rate
Brak Reverse Thrust
Less More

= Deaceleratior)



Maximum Deceleration Available from Brakes

Runway condition \ o.q.
Braking action o d on ¢ ej

e padals

o2
@
@
@®

. Good Antisidd limited

Braxirg
Concdlitions

Antiskic lirnitec
Med Antiskid lirnitad
Poor Antiskid lirnitad
Worse

More

-
®
(O]
(&)

Deceleration Availavle frorm Brakes
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Brauing
Applied

Meaue Manual

Auiobrake Max

Auiobrakea 2

Copyright © 2006 the Boeing Company

Meaue Brawding Available

| Dry

Brakes

Reverse Thrust

Brakes

Reverse Thrust

Deceleration level

Target _
achieved
Reverse Thrust Distance based on

autobrake decel rate

| @ass . Viore
—S535 Deceleraiion More



Brauing
Applied

Meaue Manual

Auiobrake Max

Auiobrakea 2

Copyright © 2006 the Boeing Company

Mau Braking Availaol

Reverse Thrust

Reverse Thrust

-
@
(O]
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Autobrakes Versus Manual Brakes

> Marnual Brares

— Dry runway: Reversers are addii]

— Slippery runway: Reversers are addiive
> AUtoDraes

— Dry runway: Reversers NOT additive

— Slippery runway: Reversers may ne additive

> Landing Distance Advisory Daia includes reversers
for Manual and Autonrares

U)
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Landing Distance Data
Summary

> Certified Data S=t
— NO reversers

— Faciored dat

-

— Required for dispaich

> Advisory Data Set

Licled

g8

— Reversers inc
— Unfaciored data

— Operaiors add margin appropriaie to their operaior
— Used for rmawing operaiional decisions

claial

°> )

(D
L'/ )
(D

\[

4B,

different with a different purpose

Q)

S}
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LLanding on a Slippery Runway

Agenda
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Runway Condition Reporting

Funwey condition Is typically provided inree ways

°» PIREP's (pilot reporis) — braking aciion — good, fair,
rmediurn, poor, nil

° Description of runway condition

(13
Qs
0
o

— Srnow, wet, sl

111, standing water, sand ir
cornpact snow eic,

» Reported friction vased on Grournd Friction
Veriicle Report

— 30 or 0.30 =eic,

Copyright © 2006 the Boeing Company



Evaluate the Information

> Flignt crew needs o evaluate all the inforrnatiorn
avalilaple to thern

— Tirme of report
— Changing conditions
— Wind conditions
° Inforration rney e conflicting
— For exarmgple:

— Brawing aciiorn s good, runway descrigiion
IS slush covered

r

— Measured friction is 40, praxing actorn poor

Copyright © 2006 the Boeing Company



Slush/Standing Water/Snow Report

o FAA AC 15) 5200-30A addraesseas the conditlons tnat tne frictior
s snould oe conducted,

—"13p. Conditions Not Acceptaole for Conduct of Friction
surveys on Frozen Contaminaied Surfaces, Tne daia
optained frorn friction surveys are not considered reliaole if
concducied under ine following conditions:

nitnereis more tnan .04 incn (L mrn) of weaier on ine
or

|
L/" TN
=
L2
-

=

D

-
Y
—
o
(@)
g8

I
Y TN
N
N—
=
\

nen ine degpins of dry snow and/or wet snow/slusr
«ceed ine limits in tne note above.” (preseniad pelow)

(

cl that friction surveys will pe
cdry snow does not exceed 1

of wet snow/slusn does not

s long as ine depihn ¢

—"3a....... It is generally accepie
l 0in of

incn (2.5 crr J), slan/or rne clepir)
1L/
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Slush/Standing Water/Snow Report

. A decelerometer snould not pe used in log
or slusn, as it can give rmisleading friction valu
friction measuring devices can also give misle
friction) values uncder cerialin cornpinzaiions of
contarninearnis e nd air/pavernent iernperaidre.”
(ICAO Annex 14, Att, A-6, 6.8)

Copyright © 2006 the Boeing Company
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LLanding Performance Data Available
to Crews (Boeing OM—Section PI)

3

Soeing performarice daia is provided for piloi
lecision rnawing

mU

> Information puolisned as a funcion of Reporied
Braudng Actior
— Good — Wet runway, JAR defined cornpact snow
— Mediurn — lce, not meliing
— Poor — Wet meliing ice
0
=13

— For landing, Boeing recornmencds the use of ine
data lapeled poor for slusn/standing water due
to the possioility of nydroplaning

Copyright © 2006 the Boeing Company



Airplane Performance Terminology

Pavernert Airplane
Betier Braking Boeing QRH

Tests Data
{

Alirplane
Braking
Coefficient

calculation of
advisory data

Worse Brauwing = All airplanes for FAA cert
FAQTIT271737-200/ADVI747-100 for CAA cert

Copyright © 2006 the Boeing Company



Runway Terminology

Runway Paverment
ICAO Annex 14
107

Betier Braking

0.87

W

Friction
0.47

Med

0.27

0.0~ Worse Braking

Copyright © 2006 the Boeing Company

Fair

FAA terminology -

Not related directly to
Runway friction by any
FAA publication



Margin

> Advisory data for FAA operators s unfaciored

> Operators add margin specific to ineir operatons

— Advisory daia supplied to JAROPS 1 cusiorner
includes 1.15 factor

> Boeing does not provide specific meargins

> Margins vary oy operator

Copyright © 2006 the Boeing Company



Landing \ BOEING

737 NG Flight Crew Training Manual

Slippery Runway Landing Performance

When landing on slippery runways contaminated with ice, snow, slush or standing
water, the reported braking action must be considered. Advisory information for
reported braking actions of good, medium and poor 1s contained in the PI section
ofthe QRH. The performance level associated with good 1s representative of a wet
runway. The performance level associated with poor 1s representative of a wet ice
covered runway. Also provided in the QRH are stopping distances for the various
autobrake settings and for non-normal configurations. Pilots should use extreme
caution to ensure adequate runway length 1s available when poor braking action 1s
reported.

Pilots should keep in mind slippery/contaminated runway advisory information 1s
based on an assumption of uniform conditions over the entire runway. This means
a uniform depth for slush/standing water for a contaminated runway or a fixed
braking coefficient for a slippery runway. The data cannot cover all possible
slippery/contaminated runway combinations and does not consider factors such as
rubber deposits or heavily painted surfaces near the end of most runways. With
these caveats 1n mind, it 1s up to the airline to determine operating policies based
on the training and operating experience of their flight crews.

Copyright © 2006 The Boeing Company 2006.25



Landing Distance Data
Examples of Margin Versus Braking Conditions

Conditions: 737-800 145,000 | (65300 1), Vet 5
Flaps 40, sea level, sid.day, no wind, meu man. orares

Margin to baseline (feet)

Good Medium Poor
AFM FAR Wet - baseline 6130 6130 6130 6130
QRH Advisory - unfactored 2990 1780 200 X
QRH Advisory - + 500 feet 2490 1280 X X
QRH Advisory * 1.15 2510 1130 X X
QRH Advisory * 1.15 + 200m 1860 470 X X
NTSB rec. — no rev. in calc. 2980 1450 X X

Copyright © 2006 the Boeing Company



Landing Distance Data
Examples of Margin Versus Braking Conditions

Conditions: 737-800 145,000 | (65300 1), Vet 5
Flaps 30, seza lzvel, sid.day, no wind, meux rarl. brakes

Margin to baseline (feet)

Good Medium Poor
9000 ft (2745m) of runway 8000 8000 8000 8000
QRH Advisory - unfactored 4700 3460 1780 X*
QRH Advisory - + 500 feet 4200 2960 1280 X
QRH Advisory * 1.15 4210 2770 840 X
QRH Advisory * 1.15 + 200m 4050 2120 190 X
NTSB rec. — no rev. in calc. 4690 3120 570 X

“Flaps 40 410 ft margin

Copyright © 2006 the Boeing Company



Landing Distance Data
Examples of Margin Versus Braking Conditions

Conditions: 737-800 145
Flaps 30, se

000 |o (85800 kg), Vet 5
a level, sid.day, no wind, rmeu rman. orarkes

Margin to baseline (feet)

Good Medium Poor

10000 ft (3050m) of runway 10000 10000 10000 10000
QRH Advisory - unfactored 6700 5460 3780 1020
QRH Advisory - + 500 feet 6200 4960 3280 520
QRH Advisory * 1.15 6210 4770 2840 700
QRH Advisory * 1.15 + 200m 6050 4120 2190 50
NTSB rec. — no rev. in calc. 6690 5120 2570 X*

Copyright © 2006 the Boeing Company
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Variability in Touchdown Point

(Rl data pased on 1000 fi. toucricdowr point (747 1200 fi.)

Approzch tyoe is a consideraiion wnen considering
toucncdown point at a specific alrport

Ve Examples: 2 par VASI

and 3 bar VAS]
Vet

1000 ft.
800 fi.

1=
Q9

VASI glidepain
Main gear pain — no flare

Copyright © 2006 the Boeing Company



Autoland Touchdown Data

cistance frorn 50 ft to toucncdown Is less

— Based on flignt iesi
AS

U1
(D)
—

surning 3° glideslope

1000 fi,
1000 + X

1000 + £+ 3 g <2500 feet

A —average touchdown point frorm autoland testing.

)

30 —99.7% probability of touchdown prior to this distance

Copyright © 2006 the Boeing Company



LLanding on a Slippery Runway

Agenda
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Flying the Airplane

» Heference — Boeing Flignt
Crew Training Meanual

— Chapter 6§ — Landing
— Landing tecnniques

— Faciors affeciing
lzinding distance

— Slippery runway landing

g
\
]
N
N
A\
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Flying the Airplane

Faciors Affecting Landing Distance

> Approzacrl, Flare and Toucndowr)

— Fly tne airplane onto the runwsay
— On Glideslope, On Speed

— Do not allow ine airplane to float

— Do not exiend flare oy increasing piicn atiiiucle

— Do not atternpt to nold ine nose wneel off the runway
—L %elere ition on the runway s aporodireaiely 3 imes

grezier than in tne air (dry runway)

Copyright © 2006 the Boeing Company



Autoland Touchdown Data

autoland toucndown point nas beern
ne less than approximaiegly 2100 feet

7 series airplanes
0 l
/- 200 witn a2 nigh degree of progapility (greater than 99%)

clernonsirated to

Note: based on 3° glideslope and 1000 fooi from the threshold glideslope inierseciion.

Copyright © 2006 the Boeing Company



Flying the Airplane

> Transitior
— After main gear toucndowr -
roll procedure

Initiaiie landing

(g ~r ' r~ e
— Soeedbrares

\/IrurmrlH/ raise speedorake If iney do not

J
exiend autornaically

‘/

— Increase load on ine gear for orawe effeciy

ﬂ.‘
P
),
)

[

— Drag
— Fly the nose wneel on to tne runway srmooinly
— Use approgriaie auioorare or marnuzally apoly wneel
oraues smooml/

Copyright © 2006 the Boeing Company



Flying the Airplane

o Autornatic wneel prakes

— 3 or 4 snould e used for wet or slippery runways
— Irmnrnadiate Initlation of revearse tnrust at rmein
gear toucndowr
— Reduces prare pressure to minirmurn level

— Reduces siopping distance on slippery runways

Copyright © 2006 the Boeing Company



Flying the Airplane

(D
%)

o Vlanusal wrneel orak

— Immediaiely after toucndown apoply & consiant oraxe
pedal pressure

— Snort or slippery runways — use full orake pedal pressure
— Do not atternpt to rodulate, purng, or irmprove oraxing

—_—

c

E
®

0y any oiner special tecnr

— Do not release orawce gressure unill ine alrplane nas
neer red i EREVARS

L ~

—The aniiskid systern siops tne
concditions In a snort er d]stange £
aliner antskid off or orake rmoc 1]

Q) D‘
—-
@ 'D
: —
G
@)
Q
0
¢
O
qh
<
=.
_I
ny
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Flying the Airplane

— After main gear touchdown rapidly raise ine reverse
tnrust levers to the interlock position
Meudrnurn
Deient No. 2 rReverse
Thrust
Deient No. 1
Interlock
Stowed Reverse Tnrust

| aver

Copyright © 2006 the Boeing Company



Flying the Airplane

o P

tnrus

gy
(P

V

s

(D
L/ )

— After toucndown rapidly raise the reverse inrust levers
to the Interlock positior

— Apoply reverse inrust as required (lu to rnavdrnurn)

-

— Reverse inrust always reduces tne “orare only”
stopping distarce

— Haverse inrust Is rnost effective ai co(

@)

N s

“Tne importance of estaolishing ine desired reverse tnrust
in atmely manner on slippery runways carn not oe
overernpnasizecd.”

(Reference: Bﬁlru Flignt Crew Training Manuel, seciiorn
Or use of autormaeatilc wneel grakes for all ronrlmon;

/)
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