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Runway EXxit Design Tool and Landing Events
Database Seminar

Tentative Agenda
1:00 to 1:10 PM Introduction (Kent Duffy and Lauren)

1:10 to 2:10 PM Explanations of Landing Events Database
and Runway Exit design Model

New features of the Runway Exit Model and LED

2:10 to 2:30 PM Questions and answers
2:30 to 3:00 User feedback section

Air Transportation Systems Laboratory
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Invent the Future

Project Phases and Model Development

1 * Process Airport Surface Equipment data (37 airports and data
for years 2015 and 2016)

» Develop a Windows-based version of the Runway Exit
Optimization Model developed in 1994

» Created Landing Event Database accessible through a
computer client program

* Process Airport Surface Equipment data (43 airports and years
2017-2020)

» Improve the Runway Exit Optimization Model developed in
Phase 1 (pilot motivational practice, updates to aircraft
database)

« Load the new airport data into the Landing Event Database
(ASSC data for years 2017-2020)

Air Transportation Systems Laboratory
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Phase 1 Project Outcomes

Landing Events Database archives 11.8 million landing records
from ASDE-X data (all landing operations at 37 U.S. airports during
2015 and 2016)

Stand-alone product (client software)

Tabular and graphical data on runway exit utilization at 37 U.S.

airports

Updated Runway Exit Design Tool (REDIM 3 model)
Windows-based computer model to estimate the best location of
runway exits (stand-alone software)
Uses individual aircraft Kernel distributions collected in the
Landing Events Database to model landing performance

Developed guidance for updated to Table 4-13 in AC 150/5300-13A,
Airport Design

Air Transportation Systems Laboratory
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Task 3: REDIM Model Updates/Improvements

Version 3.09 - released on January 27, 2021

Fixed custom exit geometries parameters not saved
properly in "Runway Evaluation” mode.

Version 3.0.8 - released on January 7, 2021

Added runway occupancy time based on aircraft
clearing the holdbar

Added ability to save and load aircraft mix
Added ability to export all the raw data
Improvements to memory management

Air Transportation Systems Laboratory
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A

Site to Obtain the Landing Events Database

IIIIIIIIIIIII

Q:? 2; ’ AIRTRANSPORTATION SYSTEMS LABORATORY MENU =  SEARCH Q

Air Transportation Systems Laboratory / Products / Runway Exit Design Interactive Model V3 (REDIM-V3)

and Runway EXxit Design Model

https://atsl.cee.vt.edu/products/runway-exit-

design-interactive-model--redim-.html

Download REDIM 3

= REDIM 3.0.9 - Windows Installer
= User Group

= User Manual

= FAQs

= Change Log

Download Landing Events Database

= Landing Events Database 1.2.4 - Windows Installer

= User Manual

Download REDIM 2

= REDIM 21

Detailed Documentation for REDIM 3

= Aircraft Database

= Runway Clusters

= Exit Clusters (Plots)

= Distributions:
= Threshold Crossing Speeds: Aircraft - AAC
= Nose Gear Down Distances: Aircraft - AAC
= Nominal Decelerations: Aircraft - AAC

= Point Of Curvature (PC) Speeds: Aircraft - AAC

Air Transportation Systems Laboratory
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Landing Events Database
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Landing Events Database Updates/Improvements

Version 1.2.3 - released on February 10, 2021
Version 1.2.4 - released on April 15, 2021
Allow queries by date ranges in the RawData viewer

This should facilitate the runway auditing process
Investigations

Additional features added to the “Statistics” section
Reports can now be done by runway and exit

Provides quick synopsis of operations by runway and
runway exit

Air Transportation Systems Laboratory
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Landing Event Database Tool Version 1.2.4
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Landing Event Database Tool Version 1.2.4
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Landing Events Database : Data Collection

ASDE-X data
11.8 million landings (12 TB data)
Years 2015 and 2016

Runway exit geometry information for
3,385 runway exits at 292 runways (top 37
airports)

One and 5-minute weather data for all 37 el
airports

Video data to validate the aircraft
touchdown location algorithms

I3 VirginiaTech

/

Runway exit

polygons at EWR
airport
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Phase 2 Runway Auditing Effort

Completed updates to all runways and runway exits at 37
airports in the landing events database (see table below)

Adding six new airports to the database: 39 runway ends
and 349 runway exits

No. Audited No. Geometry Changes Required No. Geometry Changes Updated
Runways 320 24 24

| Exits | 3567 244 244
Snapshot
— No. No. Geometry Changes Completed
Runways 39 39
Exits 349 123
Airport ID No. Runway Geoms. | No. Exit Geoms. Runway Geom. Status Exit Geom. Status
ANC 6 55 v v
MCI 6 55 v v
MSY 4 24 v (13 of 24 Complete)
PDX 6 52 v x
PIT 8 80 v x
CVG 8 83 v x

Air Transportation Systems Laboratory
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Validation of Landing Parameters using
Video Data Collected at 3 Airports
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A

Landing Event Database Tool (1)

Analysis
Aircraft Mix

Purpose

Provides an overview of aircraft fleet mix in
the form of a pie chart with the top 10 aircraft
in the fleet mix presented.

Metrics and Ready-Made Query Options

By runway

By runway exit

Runway Occupancy

Provides three values of runway occupancy

1.Average ROT (in seconds) by runway, runway exit and aircraft

LG RIS EDl e 2.Median ROT (in seconds) by runway, runway exit and aircraft
SR EEL 3.Probability Density Function (PDF) of ROT (dim) by runway, runway
2.Fuselage out exit and aircraft
3.At hold bar 4.Cumulative density function of ROT by runway, runway exit and
aircraft
5.Runway exit utilization (percentage) by runway exit and aircraft
Speed Provides information about five aircraft 1.Average ROT (in seconds) by runway, runway exit and aircraft

ground speeds at different locations of the
landing profile:

1. Threshold
2.Nose gear down
3.Point of curvature
4. Runway edge
5.Hold bar

2.Median ROT (in seconds) by runway, runway exit and aircraft

3.Probability Density Function (PDF) of ROT (dim) by runway, runway
exit and aircraft

4.Cumulative density function of ROT by runway, runway exit and
aircraft

5.Detailed speed profiles as a function of distance by aircraft, runway
and runway exit

6.Detailed speed profiles as a function of time by aircraft, runway and
runway exit

Nose Gear Location

Provides estimates of nose gear distance. The
nose gear distance is estimated in the landing
algorithm to initiate the nominal deceleration.

1.Nose gear distance from runway landing threshold by runway, aircraft
and runway exit

2.Probability Density Function (PDF) of nose gear distance (feet or
meters) by runway, runway exit and aircraft

3.Cumulative density function of nose gear distance (feet or meters) by
runway, runway exit and aircraft

Air Transportation Systems Laboratory
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A

Landing Event Database Tool (2)

Analysis Purpose Metrics and Ready-Made Query Options

Deceleration Provides two values of aircraft deceleration on | Average deceleration (in m/s2) by runway, runway exit and aircraft
by Median deceleration (in m/s2) by runway, runway exit and aircraft
it Probability Density Function (PDF) of deceleration (in m/s2) by
Nominal location to point of curvature runway, runway exit and aircraft (both average and median values
(Nominal to PC) can be plotted)

Cumulative density function of aircraft deceleration (in m/s2) by
runway, runway exit and aircraft (both average and median values
can be plotted)

Raw Data Provides detailed information (in a table) on 30 key parameters defining the landing profile of each landing
30 key parameters for every landing contained operation. Parameters include: flight ID, aircraft type, runway,
in the Landing Events Database. runway exit use, time of operation, nose gear touchdown distance
) . . and time, nominal deceleration, deceleration from nominal point to
Provides graphical information of every . . . -
o PC, exit speed, and airport wind conditions.
landing in the database.
Provides a graphical depiction of individual 2SEC GRS Wil G el
landings in a Microsoft NAVTEQ map layer Speed-time profile of each landing event
(Sl o, Acceleration-time profile of each landing event

Acceleration-distance profile of each landing event

Processed numerical data with speed, acceleration, distance and time
for individual landings.

Statistics Summarizes the landing statistics processed by | Total landing records
e Valid records

Number of records with missing parameters

Number of records with unreasonable parameters

Records with no associated runway

Go-around records

Air Transportation Systems Laboratory
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Landing Database Raw Data Viewer
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Landing Database Raw Data Viewer
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Landing Database Raw Data Viewer (2)
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A

Landing Events Database Date Range Query

In Raw Data Viewer

- Allow queries by date ranges In

the RawData viewer
- Facilitates the runway auditing

process investigations queries

Date range control
for landing operations

o Landing Events Database - [ATL Raw Data]

ol

=-ATL Runway ~ Exit - Aircraft  + Arrival ~ Valid Flights 1/ 1/2015 @~ | Query Export
L Aircraft Mix

-+ Runway Occupant \ January 2015 »
. Speed Sun Mon Tue Wed Thu Fri Sat
. i~ Nose Gear Down | T 2 3
| L Doceleraion A
.~ RawData 11 12 13 14 15 16 17
. " Statistics 18 19 20 21 22 23 24
- BDL 25 26 27 28 29 30 31
- BOS 1 2 3 4 5 6 7
- BWI [ Today: 1/26/2021
&-CLE

&-CLT

- DCA

- DEN

- DFW
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A

Three Definitions of Runway Occupancy Time
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Distribution of Runway Occupancy Times
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Ground Speed Distribution Over Runway Threshold

CDF of Speed for BOS - 04R - A320
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Runway Occupancy Time Tables

Step 4
Plot (query) ==

85! Landing Events Database
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Step 1 Runway: 08L ~ | ROT Type: Query
need

Distribution ~ Table

( / Fuselage Out ROT for ATL - 08L

Runway

- Nose Gear Down Location

H Deceleration
Occupancy Time Raw Data Arcraft A A6l A62 Bl B3 BI5 B B/ CL CR DL DR  Aveage A
- Statisti T T
P 1000 114.25
0s | 6225|618  |445s ' ' 476s | 527s '
3l 30% | 3337 |533%  |03% | | | | |20% 8.1% 617s
6255 |606s 3
A3 . : .
4557|3417 _ .
/e se mz T mn &R 0n Cells in table show:
.0% 2% 3% 1.2% 0% .0% 14.9% !
P— 819 S4ds 4875 |703s  |693s | 4065 1 ) Average runway
0.0% 01%  |834% [31%  |01% 50% .
A3 83.0s 573s |538s |478s |694s |757s 39.8s occu pancy tlme
0.1% 01%  |03%  [813% |142z |04% | 30% ;
. 5625|7835  |721s
55 Be by runway exit at
. HO 540s  |750s  |80.8s 4845
A3 811%  |163% [11% | Py the selected
PP 56.35 791 o 4985
67102 (137 | 1.3% ru nway

Select ROT Table A346 ey 3325

1) ROT to runway edge x50 Percent of

e f aircraft using

2) ROT to clear runway ACS0 h it
3) ROT to hold bar ACo5 | each runway exi

- MSP k] ?2;%‘::; ;2;3; %;gﬁ,o 697

‘L: 238 ikl e ‘ ?gigf,; s00% |47

L‘ ic; ki 7 ‘ 67 ‘ R 48.1s

& SAN ATT2 , , . 7 745‘3165,; . i yd 465

& sen B150 0dr 516 55 7

o B350 2% | A i 503

o 8712 |5on oiv s |ogr |oor | |3 02 oer |46

s 000 51.1s

8733 oir  |sson |0dr . Ve loir |ewr |46

7% gh %o i lose losr | sir Yy 527

B735 gggs/ ﬁjgf,, gggs 49.1s

Air Transportation Systems Laboratory
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Aircraft Velocity Profiles : Airbus A319 at DCA Runway 19

a-' DCA - Speed Analysis L= & @

Runway: Eﬂ Exit: v Dimension: Distance > Query
By Arcraft  Distributiof | Profiles
T Speed Profiles for DCA - 19 - A319

Select velocity profiles |5 e S S L —

| Landing Events
150 _________________________ ......................... ....................... Database _

Ground Speed (knots)

e s e L L L I B B L
2000 3000 4000 5000 6000 7000 8000

Distance From Runway Threshold (ft)

————+—
1000
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ORD Airport Runway 9L (Two Usable EXxits)

v

-

5T] T S -
= " Q\ »

’

3

-

: "'"*%Q é\, . 'W
L At runway exit holdbar o B —Q , ;

_ 50th percentile ROT is 56 seconds &SN B 0

95th percentile ROT is 71 seconds

Relatively high ROT value due to few runway exits

CDF of ROT for ORD - 09L Aircraft Mix for ORD - 09L
[ ROTTORWY Edge —— Fuselage OutROT _—— ROT To Holdbar - B [ E145
e - — — - — — — — ‘ ‘ (B739}— teasxj = = B738
I : : : : A320}— WL . mmm E170
] < et = CRJ7
] — CRJ2
| == \ =&
] \_—[Other] = E45X
. \ = A319
- . m E135
2 60 o _: = Other
;’ [CRI7} 4‘
g ........... ]
2 ............................................................................................................... _E
[ET70} {E145]
S o ,,,,,,,,,,,,,,,,, ERNERt .................. o & i
0 A Landing Events
30 40 50 60 70 80 90
Runway Occupancy Time (s) Data base
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ORD Airport Runway 27L (Flve Usable EXxits)

& At runway eX|t holdbar
50th percentile ROT is 49 seconds
95th percentile ROT is 64 seconds

[—— ROT To RWY Edge —— Fuselage OutROT —— ROT To Holdbar 1 [mm E145 |
O = . — [CRIZ}— —As19] | . m B738
2 : : a . : - i L | A— m E170

[B7%5] — CRJ7

90 X ... TR e Al S STPTOTTT. = LAy
g : : f : : . /1 A320
oo AN 4% FORRTUIT. e e s s o s s s = m B739
80 3 : : : : : 1 A0} . =1 CRJ2
I : : : : : 1 / {Other e A319
70 3o o f S e R e : et
1 : : : : : 1 \ m A321
/I ST oo 37 ATR RR. P X \ o Gt
-+ : ; : : : e [ ‘ '
'/;;,4:1'.
Wi /

50 __ ............... ................ ................. .................. ................. _ [CRIT}- -“
40 Fof e S S e ieins " oo sanasneess E
30 &) ................ ................. .................. .................. ................. E

Arrivals (%)

20 _:_ ............... ................ ................. .................. .................. ................. _f W’ iy

10 -- -------------- S .................. _________________ _ i § .
0 3 T | NN SN L Landing Events
30 40 50 60 70 80 90
Runway Occupancy Time (s) Data base
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Landing Event Database Quick User Guide

RS

Runway Use and Landing Events Database
(version 1.2.2): Quick User Guide

IZ VirginiaTech

13 VirginiaTech

Invent the Future

Landing Database Quick User Guide
document available at:
https://www.atsl.cee.vt.edu/products/

redim.html

N. Hinze, N. Mirmohammadsadeghi, M. Bollempalli, A. Izadi, M: Rimjha, and A. Trani
Air Transportation Systems Laboratory
Virginia Tech
January 15, 2020

A
Ability Density

“Landing Data Viewer

e Rt FanOs %
| _., - z Step 3
icbar | o Perform a Query
Air Transportation Systems Laboratory nunway =2 - e~ — - = Y T T
€Xil and aircralt - -5 e L 0 ¥, on ) Seme e > St e
SRR S 5 “ - =
2.Nose gear down 1 Cumulative density function of ROT by runway, ramway exit and - = u

3.Point of curvature aircraft

1.Runway edge

5.Hold bar

S Detailed speed profiles as a function of distance by awrcraft, nmway
and runway exit

6.Detailed speed profiles as a function of time by aircraft, nunway and

Density Function (PDF)

Table shows all the
records found for

- Eal the runway selected

Nose Gear Location

0

Provides estimates of nose gear distance. The
nose gear distance is estimated in the landing
algonthm to initiate the nominal deceleration

Air Transportation Systems Laboratory

runway exit

1. Nose gear distance from mnway landing threshold by nmway, amrcraft
and rnway exit

2 Probability Density Function (PDF) of nose gear distance (feet or
meters) by munway, ninway exit and aircraft

3. Cumnlative density function of nose gear distance (feet or meters) by
runway, runway exit and aircraft

: Density Function (CDF)

30

40 50 60 70
Runway Occupancy Time (s)

»-a

Table sws ‘

each distribution

numerical values of

(can also filter by
aircraft and by
runway exit)

Exit location at

%= point of curvature

Air Transportation Systems Laboratory

Air Transportation Systems Laboratory

Air Transportation Systems Laboratory
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Runway EXxit Design Tool
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A

Updated Runway EXxit Design Tool (REDIM 3 Model)

<! REDIM - [REDIM]
ol File Window Help

VIRGINIA
TECH

REDIM
Version 3.0.9

Virginia Tech - Air Transportation Systems Lab

Dr. Antonio Trani (Team Leader) Mani Bhargava Reddy Bollempalli
Nicolas Hinze (Team Co-Leader) Mihir Rimjha
Navid Mirmohammadsadeghi Arman |zadi

FAA - Project Sponsors

Kent Duffy FAA Airports Planning and Environmental Division (APP-400)
Lauren Vitagliano ~ FAA William J. Hughes Technical Center

Data contained in this dataset is being released for interim evaluation by industry stakeholders and is subject to change as the REDIM
update is finalized.

No warranties: To the extent permitted by applicable law, neither Virginia Tech, nor any person, either expressly or implicitly, warrants
any aspect of this software or program, including any output or results of this software or program, unless agreed to in writing. This
software and program is being provided ‘as is’, without any warranty of any type or nature, either express or implied, including, but not
limited to, the implied wamranties of merchantability and fitness for a particular purpose, and any warranty that this software or program is
free from defects.

Disclaimer: In no event shall Virginia Tech, or any person be liable for any loss, expense or damage, of any type or nature arising out of
the use of, or inability to use this software or program, including, but notlimited to, claims, suits or causes of action involving alleged
infingement of copyrights, patents, trademarks, trade secrets, or unfair competition.

The Runway Exit Design Tool can be
downloaded at:

https://atsl.cee.vt.edu/products/runway-exit-

design-interactive-model--redim-.html

Download REDIM 3

REDIM 3.0.9 - Windows Installer

= User Group
= User Manual
= FAQs

= Change Log

Download Landing Events Database

= Landing Events Database 1.2.4 - Windows Installer

= User Manual

Download REDIM 2

= REDIM 21

Detailed Documentation for REDIM 3

» Aircraft Database

* Runway Clusters

= Exit Clusters (Plots)

= Distributions:
= Threshold Crossing Speeds: Aircraft - AAC
= Nose Gear Down Distances: Aircraft - AAC

= Nominal Decelerations: Aircraft - AAC

Point Of Curvature (PC) Speeds: Aircraft - AAC

Air Transportation Systems Laboratory
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General Information About the Model

- Model has three analysis modules:
a) Evaluation of an existing runway
b) Improvements to an existing runway
c) Design optimal locations for a new runway

Model uses Monte Carlo Simulation to
predict aircraft landing roll performance

[=le@=]

Stand-alone Windows
o application
Requires ~1.8 Gb of hard

wwwwwww

e I disk space
New runway clustering
Improvements to landing
roll profile calculations

Landings (%)

|

Distance (ft) (10°3)

Close.

Air Transportation Systems Laboratory
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Runway Exit Design Model (a Computer Tool)

Runway Exit Locations

o Dwwgn & New Rurmary =
9 grove an Exstng Furmay =7 Bk it - Runway ions (PHL2TL_HS1_$100) - Table ol

a n d G e O m etry ¢ jieither i Runway Exit Locations

Baseine_PHLI PHLZA_HS1_5100)

Seant Evahamon
Deiete Eoider Exit Ext Status Bt Type Location #t)
PHLINL_MST_8100 PN o 0 2310
Purway Setngs s7 Open 30" iwth 1500 crcur arc) 33%0
Purway Bt Locatons $5 Cosed % 3%
& Purwiry Occupancy Tee Y Opens 0 4400
¥ Purway Ext Arceolt o ss Open User Defined 45
& Landng Components D NewHS1 Opens 30" fwith 1 2008 crevder ac) 5098
# Landn Ditances and ) Cosed % 5719
Edt Aunwry 1 Open 30 pwth 1,300 crovser arc) 5073
Ovloce Rurimay z Open % 7.1%
PSRN0 s Open EY 3409
i PHL2R, s1 Open 0 3308
a5l REDIM - PHL27L_9_25_2019 - [Evaluate an Existing Runway - Settings Overview (PHL27L_HS1_5100)]
o File Aircraft Database Window Help
[#- Design a New Runway
[#- Improve an Existing Runway
(- Evaluate an Existing Runway
Create New Folder...
- Baseline_PHL27L @- Analysis Info
Start Evaluation &) Selected Arcraft
Dakie Fades CRJ2 - Bombardier CRJ 200 - 23.5%
z z CRJ7 - Bombardier CRJ 700 - 1.2%
- PHL27L_HS1_5100
Overall Aircraft Mix for PHL i 145 - Embraer 145 - 4.1%
= CRJ2 i e e E55P - Embraer 55 Phenom 300 - 06%
B752} 8737 me DHBA & Runway Occupancy Tim AS19: febus D192 4%
5 > = A321 Tables A320 - Airbus A320 - 6.2%
E170 Plots A321 - Airbus A321-11.2%
A320 > &- Runway Extt Arcraft Ass B737 - Boeing 737-700 - 3.8%
€756 m= E190 - Landing Companerts D 8738 - Bocing 737:800 - 34%
A319 £ Landing Distances and B739 - Boeing 737-900 - 1%
m— E145 Edt Runway CRJ9 - Bombardier CRJ 900 - 1.6%
A e B752 Dokt Fhani DH8C - DeHavilland Canada Dash8-300 - 11.4%
mm B737 - PHL27L HS1 5200 E170 - Embraer 170- 9.5%
W Other PHLZTL E190 - Embraer 190 -6%
- MD88 - McDonnell Douglas MD-88 - 1.5%
PHLZ7L_H51_5100)
E170
Aircraft Name 1] 57 S6 Y [ s8 NewHS1 [ s9 s11 | z A
» 312 3685 3965 413 479 56.95
CRJ7 3% 373 399 4155 4845 5765
E145 336s 37.1s 8% 407 4715 55.65
E55P 3825 4508 477 4925 56.1s 65.25
A319 3105 381s 413 443 513 58.85
p— A320 [ [ 3675 403 [ 422 49.0s 56.4s | |
A321 3565 3925 407 4715 52385
8737 = .65 57.1s.
R f B B738 53.0s
A Runway Occupancy Table
ircraft Fleet Mix nw n
DHeC 3465 60.3s
E170 21s : 4915 56.1s
E190 [ 3255 [ ] [ I 493 55.65
MD88 3565 407s 399 4605 5345
MD90 [ [ 354s 39.0s [ 397 4575 5275
B752 3525 4118 445 4585 52.55 60.8s
8763 3905 432 4425 50.8 5755
MD11 3625 423 4308 4945 539
A3 40385 4665 4655 5365 58.85
A333 4725 4615 53.1s 571s
B772 [ [ 46.4 [ 4545 537 588 v
< >

Save Table Close

Air Transportation Systems Laboratory
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A

Runway Exit Design Tool Outputs

Analysis
Aircraft Mix

Purpose
Provides an overview of aircraft fleet mix

QOutputs Produced

Percent of aircraft types simulated in the analysis

Runway Occupancy
Time

Provides three values of runway occupancy
time measured at two locations:

1.Fuselage out
2.At hold bar

1.Average ROT (in seconds) by runway exit and aircraft (table format)

2.Average ROT (in seconds) by runway exit and aircraft (graphical
format)

3. Weighted average ROT for the complete aircraft mix using the
runway

4. Standard deviation of ROT for the complete fleet mix

5. Individual landing roll times for every aircraft simulated by the
model (~50,000 landings per aircraft)

Runway Exit Utilization

Provides information about aircraft assigned to
each exit

1. Percent of individual aircraft assigned to each runway exit

2. Individual ROT by aircraft and runway exit

Aircraft Landing
Performance

Provides individual landing event information
(REDIM uses a Monte Carlo Simulation
Process)

1. Landing roll distributions (CDF and PDF) by runway condition (wet
or dry) in table format

2. Landing roll distributions (CDF and PDF) by runway condition (wet
or dry) in graphical form

3. Landing roll distances and times by aircraft and runway pavement
condition (wet or dry)

a) Air distance and air time (time to nose gear touchdown)
b) Nominal braking distance and time

¢) Extra roll distance and time

d) Turnoff distance and time

Air Transportation Systems Laboratory
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Differences with Previous Runway Exit Model

Item Older Model (REDIM 2.1) New Model (REDIM 3)

Wind information Single wind speed and direction Landing observations are effected by local wind conditions
Airports have complex wind patterns Landing events database has wind speed and direction for each landing

REDIM 3 designs for average wind conditions included in the landing
speed distributions collected at 37 ASDE-X airports

Runway gradient Ten values of local gradients along the runway Runways designed for commercial operations have limited gradients by
regulation (0.8% in first quarter of runway and a maximum of
1.5%)

The correction factor for such runways is very small

Model will calculate the average gradient and
apply a very small correction factor

We plan to investigate this issue in the future

Pavement conditions | 50/50 wet dry default condition 10/90 default condition in new model
Wet pavement conditions reduce nominal Rainfall data collected at selected airports provided the basis for the
deceleration new default

Wet pavement conditions reduce nominal deceleration
Safety factor Turnoff safety factor (user defined) The new model is based on extensive runway and runway exit data

Observed runway exit speeds in the new model make the use of a
safety factor in the turning maneuver unnecessary

Aircraft fleet 5 aircraft modeled directly (Douglas DC9-30, 298 aircraft modeled
McDonnell Douglas MD-80, Boeing 727-200,
Boeing 737-300 and Boeing 757-200)

70+ aircraft modeled indirectly based on landing
distance parameters adjusted for airport elevation

Aircraft performance adjusted for airport elevation and temperature

Landing roll distributions use Kernel Density Functions (KDE) for
individual aircraft (functions of runway length and runway exit

types)

Model defaults to Aircraft Approach Group (AAC) category if a Kernel
distribution does not exists for the aircraft in question

Aircraft performance adjusted for airport elevation
and temperature

Model assumed all landing roll distributions to be
normally distributed truncated to 2.5 sigma

Air Transportation Systems Laboratory
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REDIM 3 Aircraft Database

 The model contains data for 298 aircraft
* 134 turbofan aircraft
* 105 piston aircraft

* 59 turboprop aircraft New aircraft identified in

Phase 2 dataset (see next page)

5! REDIM - FAA AC Runs - [Aircraft Database]
ot File Aircraft Database Window Help

%) Design a New Runway Aircraft Design Group (ADG): | -
(- Improve an Existing Runway ;
- Evaluate an Existing Runway ADG | Aircraft
i Create New Folder...
G- AAC A Runs Aircraft ID Aircraft N Engine Aircraft Aircraft Approach Nose Gear to Nose Gear Wing Tip Full Length
‘* AAGCR Type Design Group Category Main Gear (m) to Tail (m) Radius (m) (m)
+
A DR > Grumman American AAT Piston | A 148 5.14 378 5.87
(- AAC_B_Runs AA5 Grumman American AA5S Piston | A 1.66 565 492 6.71
- Individual_Acft_Runs ACT1 Rockwell Commander 112 Piston | A 215 6.65 5 763
AC50 Aero Commander 500 Piston | A 427 10.95 749 1.2
ACS0 Turbo Commander 650 Turboprop | B 51 12.89 7.16 135
AEST Piper Aerostar Piston | B 343 8.91 52 106
B36T Beechcraft Bonanza 36 Piston | A 319 6.99 5.89 85
BE10 Beechcraft B100 King Air Turboprop | B 443 1167 7.02 122
BE23 Beecheraft 23 Musketeer Piston | A 1.89 7.12 5.02 82
BE24 Beechcraft 24 Siera Piston | A 1.96 6.85 5.04 79
BE33 Beechcraft F33 Bonanza Piston | A 224 7.19 517 77
BE35 Beechcraft V35 Bonanza Piston | A 22 7.87 5.76 86
BE36 Beechcraft 36 Bonanza Piston | A 247 763 518 81
BE40 Beechcraft 400 Hawker Jet | B 5.88 13.39 6.86 148
BES50 Beechcraft 50 Twin Bonanza Piston | A 1.14 8.18 71 96
BE55 Beecheraft 55 Baron Piston | B 22 7.87 5.76 86

Air Transportation Systems Laboratory 35
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Expanding REDIM 3 Aircraft Database

* New airport data (2017-2020) at 43 ASSC airports has operational data on new
aircraft

AACA Piper Cherokee Arrow

AACB Pilatus PC-24 Cessna Citation Longitude
Cirrus Vision SF50 Cessna Citation Bravo
Piper Seneca PA34 Cessna Citation M2
Lockheed C-130 Hercules Dassault Falcon 8X
Bombardier Global Express 7500
AACC Airbus A319 neo Embraer 175-E2
Airbus A320 neo Embraer 190-E2
Airbus A321 neo Embraer 195-E2
Boeing 737-7 Max Gulfstream G500
Embraer 195 Gulfstream G600
AACD Boeing 737-8 Max Airbus A330-800
Boeing 737-9 Max Airbus A330-900
Boeing 777-8 Airbus A350-1000
Boeing 777-9
Boeing 787-10

Air Transportation Systems Laboratory



L VirginiaTech

Invent the Future

REDIM 3 Menu Structure

@) REDIM - REDIM Final Test - [Aircraft Datat| 85 REDIM - REDIM Final Test - [Aircraft Datak| 85! REDIM - REDIM Final Test - [Aircraft Datak| 85 REDIM - REDIM Final Test - [Evaluate an Existing Runway - Total Distance for MD80 (7200FTRun) - Table]
o5 File Aircraft Database Window o | File | Aircraft Database Window o File | Aircraft Database | Window sl File Aircraft Database | Window | Help
I & Restore Aircrall + New Project... Aircrafl - Design Show Database rm #)- Design a New Runway 1 Aircraft Database
Move ) - +)- Improve - #)- Improve an Existing Runway = - 3
Viove Open Project... Edit Database ) 2 Evaluate an Existing Runway - Runway Occupancy Times (39.4 s - Std Dev: 84
y % +- Evaluat =- Evaluate an Existing Runway o o .
Size Close Proejct — Create New Folder 3 Evaluate an Existing Runway - Runway Exit Aircraft Assignment (7200FTRun)
- Minimize . [#- Evaluate_test1 4 Evaluate an Existing Runway - Total Distance for MD80 (7200FTRun) - Table
L Exit (= TestMD80_7200f : [POF ANz TPOF DY (=) T gy
] Viaximize » l » I » I Start Evaluation {ft) (%)
o » 10.2 10.7 54
X Close Ctrl+F4 & 7200FTRun 3,259 ‘ 0.0 0.0 0.0
3,284 0.0 0.0 0.0
Runway Settings C !
Nest ;. Ol <FA Furwey Et Locsiions 3309 | 00 00 00
- Runway Occupancy Tim 3334 | 0.0 0.0 0.0
85 REDIM - FAA AC Runs
File  Aircraft Database Window Help
[#- Design a New Runway O | L. ‘R T vy 101 &=
i i i Ellis Rl 5 Evaluate an Existing Runway - Runway Occupancy Times (36.4 s - Std Dev: 10.1 5) (R... E]@
(- Evaluate an Existing Runway Show: Times To PC Turnoff Times | Runway Occupancy Times l
- Create New Folder... - .
i ARC A Runs Runway Occupancy Times (56.4 s - Std Dev: 10.1 s)
(- AAC C Runs (Runway13_myAirport)
- AAC D Runs 3000 Aircraft Name El [ B2 [ B3 [ E4 [E5
E}"f"?fa—f‘“”s o > 432 5325 59.25 68.4s
i EM_| e A3 | sl | el | 650s 713
A B738 | | a3 | s26s | 583 [67.1s
B748 47.3s 58.2s 66.9s 75.3s
i Delete Folder - =
- Runway13_myAimort B773 45.6s 54.2s 63.1s 0.8s
- Runway Settings BE30 | 28.9s [ 56.6s | 62.2s | 74.8s
- Runway Exit Locations BES8 ! 31.0s ! 60.6s ! 62.6
- Runway Occupancy Tim C206 37.0s 78.9s 89.6s
.. Tables C510 29.4s 59.7s 66.1s 73.6s 85.1s
... Plots C56X | | 52.8s | 60.2s | 68.4s |
(- Runway Exit Aircraft Ass CL60 | | 50.4s | 57.1s | 66.1s |75.1s
(- Landing Components Di CRJ7 447s 53.8s 61.9s 72.1s
(- Landing Distances and ~ E145 45.0s 52.8s 61.7s 68.5
- Edit Runway LJ60 | [ 48.7s | 54.5s | 61.7s [
 Delete Runway SR22 335 735 77.8s 90.9s |
(- Runway19_DCA )
i Start Evaluation...
i Delete Case Folder
#-R 19
SRy Save Table Close

A ansportatio e aborato
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Sample Screens of Runway EXxit Design Tool

o) REDIM - REDIM Final Test

File  Aircraft Database ~Window Help
=) Design a New Runway = ~ ~ - ~ - - ] (T (|
Create New Folder. o s . (= =]=]
MyOptimalRunway . . -
- NewRun2 Runway Exit Aircraft Assignment
(- Test1_shortRunway (Runway8)
(=) Improve an Existing Runway — = = 5! REDIM - REDIM Final Test
Create New Folder. ficcaitiNxso El E2 = E4 E5 [ Unassigned | Arcrat Mix = inal Te:
[ ImproveRunway22 4 B733 11.9% 75.2% 13.0% File  Aircraft Database ~Window Help
(- Evaluate an Existing Runway BE36 14.1% 17 3.0% 04% =) i — = -
Create New Folder... ES0P 0.4% 616% 16.9% 17% & Desg;;:mf‘;m:{ o5/ Evaluate an Existing Runway - Runway Exit Locations (Runway8) - Table (=8 =R )
[#- Evaluate_test1 Exit Mix 43% 28.6% 36.1% 5.8% 0.0% - MyO . .
- ptimalRunway
£ MyRunwayEval2 & NewRun2 Runway Exit Locations
Start Evaluation... - Test1_shotRunway (Runway8)
h Delete Folder - [=- Improve an Existing Runway Exit Exit Status Exit Type Location (ft)
&= Runway8 _ % E E =t ‘ Create New Folder. > Open 90° 2,500
Runway Settings Show: Times To PC Tumnoff Times | Runway Occupancy Times (+)- ImproveRunway22 E2 Open 90° 3.999
" Fuway E Locations - - Byaluate an Bxisting Runway £3 Open 30° (with 1,500t circular arc) 5499
- Runway Occupancy Tir Runway Occupancy Times (57.1 s - Std Dev: 11.6 s) Create New Folder... . o o =500
] pen .
';;aol:;es (Runway8) ® Eviuate_tzsﬂlz £5 Open % 9.800
= 8 !
- Runway Exit Aircraft Ass Aircraft Name El E2 E3 E4 E5 bl ol
Tables 4 B738 4535 57.1s 75.8s Delete Folder
Plots BE35 335 515 72.1s 87.0s 1145 - Runway8 Sl Close
[=)- Landing Components Dig| ES0P 28.7s 42.7s 59.1s 73.2s 94.2s Runway Settings
Tables
Plots

Edit Runway

Delete Runway
TestMD80_7200ft
TestMD80_S000ft
TestMD80_medRunway
TestMD82_7000ft
Start Evaluation
Delete Folder
7000ft_md82

&

-

&

[#)- Landing Distances and 7|

- Evaluate an Existing Runway - Total Distance for B738 (Runway8) - Table
Choose Aircraft: B738

~ Metric Distance  ~ Landing Component: Total

Total Distance for B738

(Runway8)

95" REDIM - REDIM Final Test

File  Aircraft Database ~ Window  Help

Landings (%)

Distance (ft) (1043)

Air Transpo

(=) Design a New Runway
Create New Folder...
J- MyOptimalRunway
- NewRun2
- Test1_shortRunway
- Improve an Existing Runway
Create New Folder.
(- ImproveRunway22
(=) Evaluate an Existing Runway
Create New Folder.
- Evaluate_test1
£ MyRunwayEval2
Start Evaluation
Delete Folder
(=) Runway8
Runway Settings
Runway Exit Locations
&)+ Runway Occupancy Tim
Tables
Plots
&= Runway Exit Aircraft Ass
Tables
Plots
&- Landing Components D
Tables
Plots
- Landing Distances and
Edit Runway
Delete Runway
- TestMD80_7200ft
(- TestMD80_S000ft
(- TestMD80_medRunway
- TestMD82_7000ft
Start Evaluation
Delete Folder
- 7000f_md82

a2 Evaluate an Existing Runway - Runway Occupancy Times (57.1s - Std Dev: 11.6'5) (Runway®) - Table

Show: Times ToPC Turnoff Times
Runway Occupancy Times (57.1 s - Std Dev: 11.6 s)

Runway Occupancy Time (s)

Exit

(Runway8)

440 T T —= BE36
o E50P
C—m B738

120 - .
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Interface and Panels in the Runway Exit Design Model

2! REDIM - FAA AC Runs

File  Aircraft Database ~ Window Help

- Design a New Runway W Evaluate an Basting Runway - Runway Occupancy Times (33,75 - Std De 5) (2500ftR 3 eg_exits) - Table [ = |[E ][]
=)- Improve an Existing Runway

Create New Folder. Show: Times To PC Turnoff Times | Runway Occupancy Times

= Fighse on Besne ey Runway Occupancy Times (33.7 s - Std Dev: 4.4 s)

[=- AAC A Runs (2500ftRunway_AAC_A_30deg_exits)
Start Evaluation... Aircraft Name el e2 e3 e4 e5 e6 e7
+ Delete Folder > BE33 218 247 274 303 332 36.0s
= zsogmunwag_A_Ac_AﬁDd- BE35 2145 2465 277 3065 333 36.2s
R“"“’a' Ef;""l_gsat BE36 2125 241 2665 27 325 3565
unway cations - 2 1a
& Runway Occupancy Tim c152 2535 2865 317
Tables c172 2545 285 317 .
c177 212 265 275 08 b I
(e [ables eleva
(- Runway Ext Arcraft Ass c182 2125 243s 275 305 WI r V n
{#- Landing Components Dif C206 175 21.0s 2455 27.1s 30.3
- Landing Distances and 7 c208 18.6s 217 2465 274s 30.1s d I | t
Edit Runway c210 18.0s 2048 24.4s 27.0s 30.1s m O e re S u S
Delete Runway coL4 20.1s 2465 26.6s 2955
- 2500t Runway_AAC_A_RA | DA40 216s 238s 27.1s 30.3 .4s 36.7s
J- 2500t Runway_AAC_A_RA | M20P 18.1s 2125 237s 26.7s 29.6s 325 35.85
J- 3000ftRunway_AAC_A_RA | P28A 18.4s 21.5 2445 276s 30.5 336s 36.9
(- 3000f_Run_AAC_A_USMix| P32R 18.0s 21.0s 235 26.4s 29.0s 31.9 4.2
J- 4000ft Runway_AAC_A_30d)
J- 4000ft Runway_AAC_A_RA | 9/ Evaluate an Existing Runway - Runway Occupancy Times (33.7 s - Std Dev: 4.4 5) (2500ftRunway_AAC_A_30deg_exits) - Table EI
: :m:gﬁ:ﬁ::zéﬁagﬁ: Show: Times To PC Turnoff Times | Runway Occupancy Times

&

AAC C Runs Runway Occupancy Times (33.7 s - Std Dev: 4.4 s)
[#- AAC D Runs 9000ft (2500ftRunway_AAC_A_30deg_exits)

Navigation and e s
project panel with Eed
information and

BE33
BE35
BE36
C152
C172
c177
Cc182
C206
C208
C210
coL4
DA40
M20P
P28A
P32R

results

UNRIONnooouaN

Runway Occupancy Time (s)

Plots of relevant

model results

Exit

Close

Air Transportation Systems Laboratory
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Navigation/Project Panel Hierarchy

a5 REDIM - FAA AC Runs
File  Aircraft Database =~ Window Help

% Design 2 New Runway < Design a new runway

=)+ Improve an Existing Runw.

. “-Create New Folder... \

- Evaluate an Existing Runw. it

© Bkt Sy —_ Improve an existing runway

&+ AAC A Runs
i Start Evaluation...

- Delete Folder Evaluate an existing runway

38 2500t Runway_AAC_A_30deg_exits

(- 2500ftRunway_AAC_A_RA_exits

[+~ 2500ft Runway_AAC_A_RA_exits_dry d

.. 3000ftRunway_AAC_A_RA_exits P rOJ e Ct fO I d e r

- 3000ft_Run_AAC_A_USMix_30deg
-- 4000ftRunway_AAC_A_30deq

- 4000ft Runway_AAC_A_RA_exits

- 4000ft_Runway_AAC_A_USMix_RA

Scenarios inside project folder
- 4000/ _Run_AAC_A_USMix_30deg <]
- Tables \ ) !

Tables \
i Plots

& Landing Componerts Disrbutons Runway occupancy times (tables and plots)

[=- Landing Distances and Times

N
 Tabls \ Runway exit assignment (tables and plots)

- Edit Runway

- Delete Runway Aircraft landing distributions (tables and plots)

t-- AAC C Runs
t- AAC D Runs S000ft

ihe Aircraft landing distances and times (tables and plots)

Air Transportation Systems Laboratory 40
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Runway Exit Model Landing Roll Profile Phases Modeled

Main Gear
Touchdown Time

180 pir i
Air T :
rime Nose Geal Blue dots are actual landing
" Touchdown Time roll'data points
f—ﬁ—j ———————————————————————— Threshold Crossing Speed
155 Fundamental aircraft
e i Nose Gear Down Speed kinematic equations
$ud 1 Nominal Deceleration link the |anding roll
7 profiles (just like in
0
< Decision Speed the old REDIM 21)
-O 1 ! s | RS
3 \\ Pl Adjusted Deceleration
0 i kS
7 ek N ITpL 4 .
2 _k Tty Exit Speed
1o} i A\ { 2iTATIT (Speed at Point of
60 [ 08 REd R fe/rees D8y Curvature)
TS _ Speed at Fuselage
\| ’a;k‘ Out Point
40+ ! e
------------------------------- f-"---‘t%'f THITITORL T i
____________________________________ SRR S AL AR IR A aypont :
20 g ze° CiiAi L]
< Runway Occupancy Time' =+ © .0 :f:itadesiiiiiidl] 2
0 | | | | 1 RN ] |
0 10 20 30 40 50 60 70 80
Time (s)

Air Transportation Systems Laboratory
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Runway Clusters in REDIM 3

Runway Length (ft) Number Of Runways
Cluster # Min Max
14 2555 2890 4
19 3796 4385 10
3 4588 4894 8
11 4989 5515 16
17 5709 6019 6
10 6486 6570 6
7 6806 7236 26
16 7479 7607 12
1 7657 7849 10
9 7946 8197 18
8375 8710 30
13 8907 9032 28
8 9190 9503 22
20 9691 10038
6 10277 10768 R
18 10950 11145 U nway clusters
15 11377 11553 influence the
4 11863 12293 landing roll behavior
12962 13436 - 10
12 16020 16020 2
Total 292

Air Transportation Systems Laboratory
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A

Model Uses Individual Aircraft Data

Airbus A320 Data
for all runway clusters

#17 - Mean: -2.57 m/s®

#10 - Mean: -2.53 m/s®

#7 - Mean: -2.24 m/s°®

#11 - Mean: -2.72 m/s°®

-3 -2
Nominal Decel (m/s®)

#16 - Mean: -1.92 m/s°®

1 1
w 05 L 05 — ‘, w1
2 ) 5 [ | | 8 |
0 0 _ L 0 L
-4 -3 -2 - -3 2 - -4 -3 -2
Nominal Decel (m/s Nominal Decel (m/s®) Nominal Decel (m/s®) Nominal Decel (m/s®)
#1 - Mean: -2.07 m/s® #9 - Mean: -2.11 m/s* 5 #3 - Mean: -1.88 m/s® #13 - Mean: -1.87 m/s®
\ w \ w1 \ w1
l‘l E 0.5 \ E \ E
\ / \ 0 \ 0 \
4 -3 2 - -3 2 -4 -3 -2
Nominal Decel (m/s ) Nominal Decel (m/s®) Nominal Decel (m/s®) Nominal Decel (m/s®)
#8 - Mean: -1.84 m/s°® ) #20 - Mean: -1.75 m/s® ) #6 - Mean: -1.91 m/s°® #18 - Mean: -1.67 m/s°®
\ w1 w1 \ w1
a a o
o a \ o
0 0 0
3 -2 -4 -3 -2 - -3 2 -4 -3 2

Nominal Decel (m/s%)

#15 - Mean: -1.68 m/s®

-3 -2
Nominal Decel (m/s®)

Nominal Decel (m/s®)

#4 - Mean: -1.75 m/s*

Nominal Decel (m/s®)
#2 - Mean: -1.58 m/s®

2 2
w1 w1
o a / \
a \ a / \
- 0 /. \
-4 -3 2 - - 3 2

Nominal Decel (m/s®)

Nominal Decel (m/s®)

Nominal Decel (m/s®)

Aircraft nominal deceleration

distributions are different for every
runway cluster (i.e., runway length)

Air Transportation Systems Laboratory
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Runway Cluster Affects Landing Roll Profile
Mean Deceleration Rates for Narrow Body Aircraft

-2

"o Airbus A320

| = Boeing 737-800

o*
*
*
‘Q
*

S-a B Runway Cluster 4

Runway Cluster 4
(Length 11,863-12,293 ft)

N’-\ NA —2-2
P K9
g/ é A.’A
-oq-') -003 -23 i a Al’: a
(U (U :
o an N
c c -2.4
2 ke)
Rt o
o ©
K0} o9 -25 K
(D O 'A A
) R Cluster 7 5 ]
unway Cluster
) y o

(Length 6,806-7,236 ft) -2.6 | Runway Cluster 7

(Length 6,806-7,236 ft)

A

5 ~
-

o0 Oa
L4

-2.8 | | ‘ | -2.8 o~ ‘ ‘ ,
4000 6000 8000 10000 12000 14000 4000 6000 8000 10000 12000 14000
Runway Length (ft) Runway Length (ft)

Air Transportation Systems Laboratory
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Runway Cluster Effect on Nose Gear Touchdown Locations
(Narrow Body Aircraft)

850 . ' '
| 4 Boeing 737-800] A Trend line

850

o Airbus A320

Runway Cluster 4 I R
(Length 800 - A )
g 11,863-12,293 ft) 1 pa
750 | A
A K
A 0’0
A R
700 foe
07 Runway Cluster 4
3 (Length 11,863-12,293 ft)
650 Y .

700 r

D
o
o

Nose Gear Touchdown Location (m)
Nose Gear Touchdown Location (m)

()]
(43}
o

Runway Cluster 7

650 = Runway Cluster 7 (Length 6,806-7,236 ft)
(Length 6,806-7,236 ft) :
500 - N
A
600 i : : : 450 —+—— : : :
4000 6000 8000 10000 12000 14000 4000 6000 8000 10000 12000 14000
Runway Length (ft) Runway Length (ft)

Air Transportation Systems Laboratory
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Runway EXxit Clusters and Geometry

- Three parameters define the runway exit cluster:

- Radius o~ m——
ach runway exit cluster
* Path length to hold bar has a distinct aircraft

- Exit angle speed behavior
Radius

ROT to
Hold Bar

ROT to
fuselage out

ROT to runway
edge

Exit Point of

Curvature (PC) High-Speed Runway

Exit

< — :

Air Transportation Systems Laboratory
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Runway Exit Clusters in REDIM 3
e | wen | e B e

R I e N N s N

50 76 150 590 426 696 55 Intermediate angle, midsize path

7
length
25 53 150 600 494 208 59 Acute angle, modest radius, midsize
path length
30 70 400 900 966 1158 58 Intermediate angle, long path length
17 21 61 300 900 715 956 )8 Acute angle, midsize radius, long path
length
Acute angle, midsize radius, long path
23 53 500 1000 1130 1546 13 |
ength
Acute angle, long radius, midsize path
28 65 675 1400 584 872 66
length
Acute angle, midsize radius, long path
30 52 1200 1503 761 1108 37 |
ength
Acute angle, long radius, midsize path
30 57 1800 1800 677 1043 96
length
Acute angle, long radius, long path
20 30 1400 1800 1233 1684 63 |
ength
Acute angle, long radius, long path
20 35 1800 1800 1047 1224 958

Model uses 20 runway exit clusters to differentiate

runway exit characteristics

Air Transportation Systems Laboratory
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Effect of Runway Exit Cluster on Exit Speed

Angle (deg) Radius (ft) Path Length (ft) Number Of Exits Type of Runway

Acute angle, long radius,
midsize path length

20 30 1400 1800 1233 1684 63 Acute angle, long radius, long
path length

1800 1800 677 1043 96

B Cluster6 B Cluster 2
95 Shorter runway exit path Iengths produce slower runway exits speeds
52.1
()

35 O
O +
g3
w > o» 45
X O 715
W v &
> O X
o~ 40 +—
=35
c
S Qo
Y5 35 — .

30 +

AAC B AAC C

Aircraft Approach Class

Air Transportation Systems Laboratory
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Monte Carlo Simulation in REDIM 3

#7 - Mean: 133 kts

PDF (%)

=

/

S

0
110

120

130 140

150

Ground Speed
(knots) A

Approach Speed (kts)

5 ><10':#7- Mean: 677 m

Touchdown Distance (m

[T
o
[/
0
400 600 800 1 000

Typical distributions for

Threshold
Crossing
Ground

#7 - Mean: -2.24 m/s®

an Airbus A320 landing

160

.::";Air Time

140

Speed

[

on a 7,100 ft runway

Nos¢

P S
e Gea
Down \

-3
Nominal Decel (m/sS)

-2

Al Exit Speed Distribution
for Cluster 2 runway exit
- right angle runway exit

100

N

80

Decision

Speed\.\

60

N Adjusted
Nceleration

40

20

Runway Occupan

cy Time

Nominal-Deceleration————— 419 - Mean: 22
0.1
‘‘‘‘‘‘‘‘‘‘ g /
‘‘‘‘‘‘‘‘‘‘‘‘‘‘ @ 0.05 |
... a |
""""""""" o | \
............. 0 J \
~ 0 20 40 60 80
\.\ Speed at Fuselage Exit Speed (knots)
& OutPoint
>0
‘ > REDIM 2.1 assumed normally

1

0

20

30 40 50

Time (seconds)

60

distributed random variables

REDIM 3 uses actual distribution
from data collected

Air Transportation Systems Laboratory
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REDIM 3 Output (Tabular Form)

[ NeW Runway Choose Aircraft: A320 ~ | Distances | Times | Speeds & Decelerations
rove an Existing Runway
pluate an Existing Runway
Create New Folder...
Porviinm Braki Extra Roll Tumoff Total
AAC C Runs Landing Wet : Air Distance N e 4 .
| AAC D Runs S000K Number Conditions Exit t) Dstqia;oe l)st(;r;oe Dﬂ;r;oe Ddﬁr;ce
'IAZ_CEB-T“:; o » 1 A 2447 2,154 1.452 258 6,311
’ I;‘ i “31 o ::s 2 E22 2,001 1,963 737 259 4,961
o e 3 E22 2,000 1.825 877 257 4958
B . 4 A 2426 2,596 1,031 260 6.313
- Start Evaluation...
Deicte Fane Foldir 5 A 1846 2234 1973 258 6311
& Runway 19 5 Last 2,504 3216 1130 258 7.108
- Runway Settings 7 A 2.366 2,087 1,600 259 6.312
Runway Exit Locations 8 A 1,999 2341 1713 259 6312
(= Runway Occupancy Tim 9 E-22 2,624 1.506 572 259 4,960
. Tables 10 F_L 2,049 1,655 716 259 4678
i Plots 1 A 2191 2,153 1,709 258 6.311
[#- Runway Exit Aircraft Ass 12 A 2,159 2,010 1.884 259 6.312
- Landing Components Dis 13 A 2247 1,854 1912 259 6312 All output
&) Landing Distances and 14 E-22 2,054 1.920 727 260 4,961
; A 2232 1986 1835 259 6316 tables can be
| . ots
A 2,141 2,195 1.717 260 6.313
Edt Runway FL 1.700 1.763 956 258 4677 €eXpo rted as
- Delete Runway
a:/ Evaluate an Existing Runway - Landing Speeds & Decelerations for A320 (Runway19) - Table C O m m a S e p a rate d
Choose Aircraft: A320 ~ Distances Times F t f.l
Landing Speeds Decelerations for A320 ormat riies
d (Runway19)
Landing events _ -
= Touchdown Nominal Nominal - Deceleration J| Touchdown
. Landing Wa. Exit Crossing at Decelerati erdlgn to after PC
W|th a Wet ru nway Bkery jondtions “‘;S’;‘:;’) (knots) (knots) BC#nota) a2 | PC@sT2) m/s~2) Coefficient
» 1 A 132 125 70 16 217 -1.38 034 095
2 E22 132 125 70 2 237 -261 034 095
3 E22 129 122 70 23 239 216 034 095
4 A 129 12 70 2 169 184 034 095
5 A 138 131 70 2 240 0.6 034 095
6 Last 141 134 70 21 177 171 034 095
7 A 135 128 70 25 241 -1.17 0.34 0.95
1 8 A 130 123 70 24 -1.91 -1.09 0.34 0.95
Eve ry Ia n d I n g // 9 E-22 127 121 70 28 -2.80 -3.13 0.34 0.95
E = 10 FL 131 124 70 22 277 -2.68 0.34 0.95
Slmulated In n A 134 127 70 18 -2.29 -1.16 0.34 0.95
. 12 A 128 122 70 17 214 -1.06 034 095
RE D I M 3 IS 13 A 126 119 70 20 215 -1.02 034 095
14 E22 140 133 70 24 291 -258 034 095
H 15 Yes A 131 124 70 28 229 097 034 095
reported in - K
ta b | es > Average 133 126 70 24 221 -1.62 0. 0.95
Save Table Close

Laborato
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Application of Runway Exit Design Tool to
Selected US Airports

Air Transportation Systems Laboratory
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Application of the Runway Exit Design Tool to Four Airports

¢ 13/ VirginiaTech
Runway Exit Study e Runway Exit Study

High-Speed Runway Exits at PHL Runway 27L Charles B. Wheeler Downtown Airport (MKC)

N. Mirmohammadsadeghi, N. Hinze and A. Trani

November 7, 2019 A. Trani, N. Hinze and N. Mirmohammadsadeghi
November 15, 2019

St

Runway Exit Analysis of Denver International Airport

@,

N. Mirmohammadsadeghi, N. Hinze and A. Trani
November 15, 2019

Air Transportation Systems Laboratory 52
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Application of the Runway Exit Design Tool to PHL

Runway Exit Stud Scenario Location of New Wet/Dry Mix Remarks
y y
i - Optimal High- (%/%)
High-Speed Runway Exits at PHL Runway 27L Speed Exit (ft)
Baseline Not applicable 10/90 Open exits: U, S7,
Y, S9, S11, S12 and
S13
One High-Speed 5,190 10/90 Open exits: U, S7,
Runway Exit, 10/90 Y, NewHS1, S11,
S12 and S13
One High-Speed 5,280 20/80 Open exits: U, S7,
. Runway Exit, 20/80 Y, NewHS1, S11,
N. Mirmohammadsadeghi, N. Hinze and A. Trani S12 and S13
November 7, 2019
Air Transportation Systems Laboratory
. Opt|ma| location of a new High_Speed Runway exit An Optimally Located High-Speed Runway Exit at PHL Runway 27L Could Reduce
. " . the Weighted A R 0 Time by 4.4 to 4.2 Second
designed for 20/80% wet/dry pavement conditions is 5,280 © e fverage rHmEy Fectpaney Time by R4t 2. meeenes
i 53
feet (point of curvature) -
* Runway exit Sierra-9 is eliminated 52
- 793 feet - distance between new exit high-speed exit HS2 §% 51 B iitiad Avariot Waighed Aveago
and Sierra-11 Optimally located runway exitin yellow | S E 50 e ~4.2 seconds
@
S— Minimal pavement R o3 49
G overlap s % S
= S3 @
> "y @ g 5 5. =6 47
e B o . TR 46
i i Wi W™
715 ot e w1 e P-4 45
_— ——p - — - o . Base One HS Exit 5190 ft One HS Exit 5280 ft
o . —— s —_— HS1 ~ 5,190 feet HS1 ~ 5,280 feet

Air Transportation Systems Laboratory
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Airport Fleet Mix Used in the Analysis of Runway 27L

S 25.0

N

" Source: FAA Data (January 1,2018

c

o to August 30, 2019)

= 20.0

©

| -

)

o

O 150

(®)]

=

-8 : Medium Small

® 10.0 _ Business Business

y— Jets Jets

(@] . .

& 5.0 S R

&)

o 1 3

0.0 HE NS N
m > m > m 2> O W o O > 0 0O mMmZ O o2 0 2> 0o
= W =2 W= w g NN DY NN g NOgYNYaoaNgow NN
-PN\II\)LO—\LCﬂOOLOOOOCD(p(O(n_\OO@\IOOLAA\I
01—\OOOQ)\]I\)OONOO\IQJOOI__\OXI\)OO@OI\)\I
Aircraft Type

Air Transportation Systems Laboratory
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PHL Runway 27L

S7 located at 3,350 feet from threshold If 800 feet
S11 located at 6,073 feet from threshold & gl o
distance to
Earliest PC of new high-speed runway exit ~ 4150 feet locate two
Furthest PC of new high-speed runway exit ~ 5273 feet Z'ﬁths's'oeed
= —
fee S = e =
| . |

"a
e
* e
------------------------------------------------------------------------------------------------------------------------------

P2 = 5273 feet P1 =4,150 feet

Air Transportation Systems Laboratory
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Scenarios Studied with New PHL Fleet Mix

Scenario Location of New Wet/Dry Mix Remarks
Optimal High- (%/%)

Speed Exit (ft)

Baseline Not applicable 10/90 Open exits: U, S7,
Y, S9, S11, S12 and
S13

One High-Speed 5,190 10/90 Open exits: U, S7,

Runway Exit, 10/90 Y, NewHS1, S11,
S12 and S13

One High-Speed 5,280 20/80 Open exits: U, S7,

Runway Exit, 20/80 Y, NewHS1, S11,
S12 and S13

Optimal locations found using REDIM 3 dynamic programming algorithm
The backup slides contain probabilities of precipitation at PHL

Air Transportation Systems Laboratory
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Case: One New High-Speed Runway EXxit, 20/80
(wet/dry pavement design)

Optimal location of a new High-Speed Runway exit
designed for 20/80% wet/dry pavement conditions is 5,280
feet (point of curvature)

Runway exit Sierra-9 is eliminated

793 feet - distance between new exit high-speed exit HS2
and Sierra-11 Optimally located runway exit in yellow

— Minimal pavement e
| | |
“ ‘l‘ %r:is:;;ver ove rlap ’\ ‘\(‘ Cross-over
l\_ “ Taxiway

Air Transportation Systems Laboratory
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An Optimally Located High-Speed Runway Exit at PHL Runway 27L Could Reduce
the Weighted Average Runway Occupancy Time by 4.4 to 4.2 Seconds

53

52.3

52

51

Weighted Average \I/?Vgi_?htzd A;\_/erage
ROT reduction reduction
~4.2 seconds

50

~4 4 seconds

49
48.1

Weighted Runway
Occupancy Time (s)

48 47 .9
47
46
45 - -
Base One HS Exit 5190 ft One HS Exit 5280 ft
HS1 ~ 5,190 feet HS1 ~ 5,280 feet

PHL Fleet Mix (Jan/2018 to Aug/2019) provided by FAA

Air Transportation Systems Laboratory
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[Tl
Q@

Aircraft Using the New High-Speed EXxit at 5,280 feet could Save
3.5-4.7 seconds Compared to Using HS EXxit Sierra-11 (6073 ft)

B Existing HS Exit (6073 feet)

B New HS Exit (5280 feet)

o
©

(s)

N
(]

54 1% 54.0

awl] Aouednoo Aemuny abelany

Aircraft Type

>
—_
O
-
®©
|
o
O
®©
—
n
=
O}
-
n
=
7))
c
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Typical Use of the REDIM Model

4 ORD - Akpo

Arpont Exvation (1) 6721

Control Tows ®ves Mo

Furwiey Contgu aons (a7 gt )

Runway Capacity
Model

Air Transportation Systems Laborato

! REDIM - [REDIM]
5 REDIM - FAA AC Runs - (Evaluate an Existing Runway - Runway Occupancy Times (34.7 s - Std Dev: 6.6 1) (4000ftRurmway AAC_A_RA_eits) - Tabie]
@l File Window Help
6 File  Aircraft Database  Window  Help
@ Desgn a New Rurmway |[show: Times ToPC Tumott Times | Rumwey Occupancy Times
+i- Inprove an Exiting Runway —_ .
Evakate an Beating Purviay Runway Occupancy Timeg
S O Vi Y
ME ARra
St Eve " Nn!:ﬂﬂ—a el a?' e3 n‘ o5 dS °,7 n! o9
Delete Folder » Bh 172 2018 2l %6 280 0 tn AN Y
51 4000 Ruray_AKC_A_30deg BE3S 173 A% 20 &5n 2w ETrY 1% Y
- S000RRwey AL A RA exts BE3 wh 186 3 4
Funway Semngs BESS
Runway Ext Locations c1s2 REDIM
Runway Occupancy T c1m2 .
n;;ym spancy Times oz e . : . ~ Version 3.0.0
Plots [SE] 192 N . .
- Runway Ext Arcraft Assignment cxe 183 . Virginia Tech - Air Transportation Systems Lab
> Landn g Y ?1 ol cae 13 19% O CC u a n C I I I I l eS Dr. Antonio Trani (Team Leader) Mani Bhargava Reddy Bollempalli
Ly L2 a7 ] Nicolas Hinze (Team Co-Leader) Mihir Rimjha
Delete Rurmay L0i4 AL . Navid Mirmohammadsadeghi Arman Izadi
DA 195
- 8000 _Funwey AAC A USMix RA S ji
) 4000R_Run_AAC_A_USMx_Ydeg ::g: :f; E X I t U S e FAA - Project Sponsors
- J000RRwey_AAC_A_RA_exts P32R |;r Kent Duffy FAA Airports Planning and Environmental Division (APP-400)
% 3000R_Fun_AAC_A_USMx_30deg o 2(\: e Lauren Vitagliano ~ FAA William J. Hughes Technical Center
pa: 7 7

Fast-time Airport
Simulation Model

ORD -IMC
unway arrival-departure
capacity diagram : :
RAMS Fast-time Airport
% . - - S Simulation Model
) Departures per Hour i
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Challenges Ahead with Reduced In-Trail Separations

- Runway occupancy times may take an important role in runway throughput
]

L VirginiaTech

Invent the Future

— Airbus A320-200 Technical g

09l |— Boeing 737-800 In-trail 10% of time ROT could exceed |
' = girbus gigoz?)%o POES‘“°” in-trail separation

= — Boein - rror
E o0s8h 2 .
&
S 0.7 .
E
T 0.6 In-trail 7
> Separation
s 05 2.0 nm o
o RECAT 2
0 04 .
o
=
© 0.3 -
=)
= Boeing 737-800 Boeing 737-800
8 s Lead Following N

0 B ol | | | | |
30 40 50 60 70 80 90 100 110 120

Runway Occupancy Time (s)

source of data:ASDE-X (37,383 Boeing 737-800 operations at 20 US airports)

Air Transportation Systems Laboratory
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New Features of Runway Exit Model

Pilot motivational practice
Expanded aircraft database (28-30 new aircraft)

Improved algorithms to predict runway exit use for small,
single-engine aircraft

Air Transportation Systems Laboratory
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Pilot Motivation Procedure

User provides a qualitative motivational factor (i.e., low, medium, or high)
Requires information on fleet and fraction of the fleet that has motivation
Default is always the existing procedure (no additional input)

Sy NOMinal profile s
1 P——
/
09 T
val / | Red = high motivation
Blue = medium motivation
0.7 - - . .
Green = low motivation
E 0.6 - —
©
L 05
8 . .
0.4 1 Deceleration rates are still
0.3+ 1 evaluated as a function
02} 1 of runway clusters
0.1
I /—’—ﬂ_’/ | 1
-4 -3.5 -3 -2.5 -2 -1.5 -1

Nominal Deceleration (m/s2)

Air Transportation Systems Laboratory
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Examples of Pilot Motivational Practice: Los Angeles Airport

104 — American @EXxit: AA
—— Delta @EXxit: AA
—— Southwest @Exit: AA
—— United @Exit: AA
—— Southwest @Exit: Y Boeing 737-800
0:8 Low Motivation
Deceleration bounds
-2.51t0 -1.5 m/s2
0.6
Boeing 737-800
= High motivation
O Deceleration bounds
-3.5 t0 -2.0 m/s2 Boeing 737-800
0.4 Moderately motivation
Deceleration bounds
-2.8 to -1.7 m/s2
0.2 1
0.0 4

-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5
Nominal Deceleration (m/s”2)

Air Transportation Systems Laboratory
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A

Small Aircraft Runway Exit Use Improvements

Goal is to improve the
runway exit use
prediction for small,
single engine aircraft

Current
recommendation in
using REDIM 3 to
model small single
engines piston
powered aircraft to
employ high
performance aircraft in
the database such as
Piper PA-34 and
Beechcraft Bonanza
A36

POH Deceleration Vs. Field Deceleration (C172@SNA BWI SDF LAS SLC)

Deceeration mis®

A T 100
20 0.5 o T 4000
a0 e 2000

= Alrport elevation it
Airpoet Temperature °C

S Allitads Ses leval
—8— AL 1000A
AL 20000
—E— AL 30C0R
il AL A000N
S ALS000R
—S— A1 S000N
~=— AL TO00R
G Al BNCON
P Cats

Deceleration rates for Cessna 172 landing operations

versus Pilot Operating Handbook data

Air Transportation Systems Laboratory
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New Features of the Landing Events Database

- 43 airports (versus 37 in version 1.2.4)

- Updated runway and exit clusters based on four years of
additional data

- 28 new additional aircraft including new generation
commercial aircraft (Airbus A320 neo class and Boeing
737-8 Max class)

- Others suggested by users

Air Transportation Systems Laboratory
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Updated Runway Database and Runway Exits

- More than 3500 runway exits have been audited
- Geometric design features identified and updated

B 0:\PC\Docurments\BOL\2015- 2020 A8 Ruys\2019-05-18 Post-exit change jpg  Raw
QUITEsc) SwaphD (inter key) SwapD#f iSpacebar) A B Difference  Nomal

Run'Way exit Victor ¥

Air Transportation Systems Laboratory
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Expanding REDIM 3 Aircraft Database

* New airport data (2017-2020) at 43 ASSC airports has operational data on new
aircraft

AACA Piper Cherokee Arrow

AACB Pilatus PC-24 Cessna Citation Longitude
Cirrus Vision SF50 Cessna Citation Bravo
Piper Seneca PA34 Cessna Citation M2
Lockheed C-130 Hercules Dassault Falcon 8X
Bombardier Global Express 7500
AACC Airbus A319 neo Embraer 175-E2
Airbus A320 neo Embraer 190-E2
Airbus A321 neo Embraer 195-E2
Boeing 737-7 Max Gulfstream G500
Embraer 195 Gulfstream G600
AACD Boeing 737-8 Max Airbus A330-800
Boeing 737-9 Max Airbus A330-900
Boeing 777-8 Airbus A350-1000
Boeing 777-9
Boeing 787-10

Air Transportation Systems Laboratory
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Runway Exit Design Guidance

Air Transportation Systems Laboratory
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FAA AC 150/5300-13 Runway Location Guidance

Table 4-9. Exit taxiway cumulative utilization percentages

WET RUNWAYS DRY RUNWAYS
DISTANCE
THRESHOLD RIGHT & ACUTE RIGHT ACUTE
ANGLED EXITS ANGLED EXITS ANGLED EXITS
TO EXIT
S T L H S T L H S T L H
0 ft (0 m) 0 0 0 0 0 0 0o o0 0 0 0 0
500 ft (152 m) 0 0 0 0 0 0 0 0 1 0 0 0
1000 ft (305 m) 4 0 0 0 6 0 0o o0 13 0 0 0
1500 ft (457 m) 23 0 0 0 39 0 0o o0 53| 0 0 0
2000 ft (610 m) 60 0 0 0 84 1 0o 0 90 1 0 0
2500 ft (762 m) 84 1 0 0 929 10 0o 0 929 10 0 0
3000 ft (914 m) 96 10 0 0| 100 39 0o o0 100 40 0 0
3500 ft (1067 m) 99 41 0 0] 100 81 2 0 100 82 9 0
4000 ft (1219 m) 100 80 1 0| 100 98 8 0 100 98 26 1 i w
4500 ft (1372 m) 100 97 4 o| 100 100 24 2| 100 100 51 1 wwrg}ﬂ]‘,a,;{éc,l{
5000 ft (1524 m) 100 100 12 0] 100 100 49 9 100 100 76:. 5
5500 ft (1676 m) 100 100 27 0] 100 100 75 24 100 100 92 8
6000 ft (1829 m) 100 100 48 10 100 100 92 71 100 100 98 O H H H
6500 & (1951 m) 100 100 71 35| 100 100 98 | 100 100 100 9 Runway EXxit Location Guidance for FAAAC
7000 ft (2134 m) 100 100 88 64| 100 100 100 98 100 100 100 10
7500 ft (2286 m) 100 100 97 84 100 100 100 100 100 100 100 10 1 50/5300'1 3b
8000 ft (2438 m) 100 100 100 93 100 100 100 100 100 100
8500 ft (2591 m) 100 100 100 99 100 100 100 100 100 100
9000 ft (2743 m) 100 100 100 100 100 100 100 100 100 100
Notes:
S - Small, single engine 12,500 Ibs (5670 kg) or less
T - Small, twin engine 12,500 Ibs (5670 kg) or less A. Trani, N. Hinze and N. Mirmohammadsadeghi
L-Large 12.500 Ibs (5670 kg) to 300.000 Ibs (136080 kg)
H - Heavy 300,000 Ibs March 3, 2021

Air Transportation Systems Laboratory
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For Typical Acute Angle Exit Locations, Increase Runway EXxit

Location by 150 feet for Every 1,000 ft Airfield Elevation Change

> Sea Level < 3,000 ft ® 6,000 ft
1.00

0.90

0.80
0.70

o e — — / ........ A e s s
/

0.50

o e / / ...... | / ....................... e —

Acute Angled Exits

0.20 : : e : : : s 90% Dry Pavement

0.10 10% Wet Pavement
5 : 5 5 : 5 9,000 foot Runway

Cumulative Density Function
of Aircraft Able to Exit

3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000

Location of Runway EXxit (feet)
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Increase Runway EXxit Location by 185 feet for Each 1,000 ft

Airfield Elevation

> Sea Level < 3,000 ft ® 6,000 ft
1.00

e Right-angle Exits
g Dry Pavement
B 59 deg. F.

WWOoRER 11,000 ft Runway
i AAC D Class

. Gl S/
A A R 3/; i

0.40

0.30 e e ] A B e e 00”0 of aircraft can exit at
AN S S B S S By ARy AN A s s e 0000 feet (sea level)
0.20 A AN % aanunusanweay 50% of aircraft can exit at
0.10 N Y A VAN R RN /150 feet at 6,000 feet

Cumulative Density Function
of Aircraft Able to Exit

3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500 10000 10500 11000

Location of Runway EXxit (feet)
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Contact Information and Web Site

® APY VST  GVE  SHOP v | Resourcesfor v

. FO r m O re i n fO rm ati O n O r N7/~ | amTRansporTaTion sysTEMS LABORATORY
presented you can contact
us:

- Toni Trani (vuela@vt.edu)
* Nick Hinze (nhinze@yvt.edu)

https://atsl.cee.vt.edu/products/runway-exit-
design-interactive-model--redim-.htmi

Air Transportation Systems Laboratory
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