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Installation Instructions (1)

Step 1: Download the Runway EXxit Design setup file from:

https://atsl-software-downloads.s3.amazonaws.com/
redim/V3.0.0/redim.exe

Step 2: Run the program setup

f? REDIM Setup X

Welcome to the REDIM Setup
Wizard

The S pW d I] stall REDIM on your computer. Click
Nex ontinue or "Cancel” to exntth Se tup\llzard

Air Transportation Systems Laboratory
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Installation Instructions (2)

%) REDIM Setup -

Select Installation Folder g
This is the folder where REDIM will be installed. L o‘

Step 3: Select installation folder:

To install in this folder, dick Next”. To install to a different folder, enter it below or dick
"Browse™.

Folder:
v:\Program Files\REDIM\3.0.0\ v Browse...

Step 4: Proceed with the installation

%) REDIM Setup

< Back Cancel

Ready to Install
The Setup Wizard is ready to begin the REDIM installation

Click "Install” to begin the installation. If you want to review or change any of your
installation settings, dlick "Back™. Click "Cancel” to exit the wizard.

Air Transportation Systems Laboratory
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A

Installation Instructions (3)

User Account Control hrd
Warni ng message » | Do you want to allow this app from an E

Installation bar

| unknown publisher to make changes to your |
device?
redim (2).exe

Publisher: Unknown
File origin: Hard drive on this computer

%) REDIM Setup

Installing REDIM

Status: Extracting files from archive
P . |

Please wait while the Setup Wizard installs REDIM. This may take several minutes.

Show more details

Yes No

L

Air Transportation Systems Laboratory
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Installation Instructions (4

Completing the REDIM Setup
Wizard

Click the "Finish™ button to exit the Setup Wizard.

Completing installation message

Installation completed
W o =

< Back Cancel

»* u o Cut x 1 7 New item ~ \ﬂ open - Hselectan
W Copy path <D £ | Easy access v Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename New Properties
access [] Paste shortcut ¢4 to = folder = History £ Invert selection
Clipboard Organize New Open Select
<€- v > ThisPC > Local Disk (C:) > Program Files > REDIM > 3.00 > v O T . I f' I . t I I d
& Downloads » & Name Date modified Type Size yp I Ca I eS I n S a e
(] Documents * data 1/29/202011:03PM  File folder 1 m t
Desktop * 2] MWArray.dil 8 Application extension I n yo u r CO p u e r
&= Pictures * L] Newtonsoft.Json.dll 4 Application extension
Final report 9 REDIM Application
Gimhae2_NewCase Lj REDIM_Read_Aircraft_List_vers Application extension 46 KB
REDIM Final Test lj REDIM_Read_Distributions_vb.dll Application extension 49 KB
|%] REDIM_Read_Exit_Assignment_Tables_vb.dll agplication extension
REDIM Folder ~ . . : i
|2] REDIM_Read_Landing_Distances_And_Times_vb... Application extere
[ This PC [] REDIM_Read_ROT_And_Turnoff_Tables_vb.dIl Application extension Y . .
3 30 Objects (5 REDIM_ReadRunway_xit Locations il Application extension 7K Ru nway E X|t De Si g N M Od el
I Desktop J REDIM_Runway_Design_vb.dll lication extension
. % REDIM_Runway_Evaluation_vb.dII Application extension 0K A A
 ocumens P —- : Application
|%] REDIM_Runway_lmprovement_vb.dll Application extension
‘ Downloads j Sentry.dll Application extension <
2 15 Seniry.FiatformAbsiraciions.dii fication exiension
D Music [] Sentry.Protocol.dll Application extension
& Pictures & System.Collections.Immutable.dIl Application extension 296 KB
2 Local Disk (C:) 2] ZedGraph.dil Application extension 289KB

ation Systems Laboratory
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Using the Runway Exit Design Model
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General Information About the Model

Exit Design 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

b5 REDIM - [REDIM]

ol File Window Help

VIRGINIA
TECH

REDIM

Version 3.0.0

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
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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 Traf 4 Design a New Runway 1 Aircraft Database
Move ® Open Project... & ;":Imf Edit Database ¥ m‘:::fg:;;?;;xzy 2 Evaluate an Existing Runway - Runway Occupancy Times (39.4 s - Std Dev: 84
+)- Evalu. =)
Size i b Close Proejct B ) — Create New Folder. 3 Evaluate an Existing Runway - Runway Exit Aircraft Assignment (7200FTRun)
= Minimize Bxit [#- Evaluate_test1 4 Evaluate an Existing Runway - Total Distance for MD80 (7200FTRun) - Table
i ¥ (= TestMD80_7200ft : PUFAINZ) TPOF DY (%) "
O Vaximize » I » I » I Start Evaluation ] L]
» 10.2 10.7 54
X Close Ctrl+F4 [ O e ] 3.259 00 [ 0.0 ' 00
[=)- 7200FTRun 3l284 00 00 00
Runway Settings - : :
Nest ;. Ol <FA ' Furwey Et Locsiions 3309 ‘ 00 00 00
—| .. Runway Occupancy Tir 3334 | 0.0 0.0 0.0
=l REDIM - FAA AC Runs - [Evaluate an Existing Runway - Runway Occupancy Times (34.7 s - Std Dev: 6.6 s) (4000ftRunway_AAC_A_RA_exits) - Table]
o5 File Aircraft Database Window Help
#)- Design a New Runway Show: Times To PC Turnoff Times | Runway Occupancy Times
(- Improve an Existing Runway )
= Evaluate an Existing Runway Runway Occupancy Time
& (;Ar:gl: gew Folder... (4000ft Runway_AA(
- uns
. Start Evaluation... Aircraft Name el e2 e3 e4 e5 eb e7 e8 e9 €
.. Delete Folder 4 15.1s 17.2s 20.1s 23.0s 25.6s 28.0s | 30.5s | 331 | 35.6s
- 4000ft Runway_AAC_A_30deg BE35 17.3s 20.5s 23.0s 25.7s 28.1s 30.5s 333 35.8s
=) 4000ft Runway_AAC_A_RA_exits BE36 16.7s 18.6s 21.4s 24.0s 26.4s 28.9s 31.5 33.9s 36.4s
- Runway Settings L 'BESS 18.4s 22.8s 24.0s | 26.4s | 28.2s | 30.0s
- Runway Exit Locations C152 21.3s 25.2s 28.5s 31.8s 35.0s 38.5s 42.0s
(- Runway Occupancy Times C172 21.6s 25.2s 28.6s 31.8s | 35.1s | 38.5s | 42.1s
Tables c177 19.9s 22 249 27.6s 30.2s 327 353 379
Plots | c18 19.2 225 2475 275 30.1s | 327 | 35.3 | 38.0s
- Runway Exit Aircraft Assignment C206 18.3s 219 247 274s 30.0s 325 35.1s 377
- Landing Components Distributions c208 16.3s 19.9s 22 25.1s 277 3025 328 353 382
- Landing Distances and Times [ 19.4s 215 247s 275 9% | 325 | 31 | 378
g‘:‘l‘dzugﬁz » coLd 18.25 205 2338 26.1s 287 312 336 355
DA40 19.5 219 24,65 2725 29.8s 32.3s 34.9s 37.7s
[+- 4000ft_Runway_AAC_A_USMix_RA 1 1 t
fi- 4000ft_Run_AAC_A_USMix_30deg M20P 18.7s 21.8s 24.3s 26.9s 29.5s 315 345 37.3s
- 3000f Runway_AAC_A_RA_exits P28A 18.3s 21.2s 24.0s 26.6s 29.1s 31.6s 342 36.9s
- 3000 _Run_AAC_A_USMix_30deg P32R 19.6s 22 24.8s 27.4s 30.0s 323 35.1s 377
1. AAC C Runs TBM7 20.7s 22.1s 24.3s 26.2s 28.5s 30.4s 32.6s 35.1s

Air Transportation
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REDIM 3 Aircraft Database

* The model contains data for 298 aircraft
» 134 turbofan aircraft
« 105 piston aircraft
« 59 turboprop aircraft

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 I Al rcraft
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)
&
b R i > Grumman American AAT Piston | A 148 5.14 378 5.87
[ AAC_B_Runs AAS Grumman American AAS 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 5.1 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 Beechcraft 23 Musketeer Piston | A 1.89 7.12 5.02 82
BE24 Beechcraft 24 Siema 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
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Pull-down Menus in the Runway Exit Design Model

kS REDIM - [REDIM]

adl| File | Window Help Creates new projects
New Project... Opens existipg projects
Open Project... Closes a project

Close Project

Exit

pc) REDIM - FAA AC Runs - [REDIM]

@5' File | Aircraft Database | Window Help

— Shows the aircraft database of the model

i S Allows adding or editing aircraft into the database
[‘f" lénprlo:te Edit Database 9 9

+- Evalu - -

= REDIM - FAA AC Runs - [Evaluate an Existing Runway - Runway Occupancy Times (33.7 s - Std Dev: 4.4 s) (2500ftRunway_AAC_A_30deg_exits) - Table]
a-! File  Aircraft Database | Window | Help

Shows active windows with results
- Design a New Runway 1 REDIM

@

: ITprgveatanhlExist?gldRunway 2 Evaluate an Existing Runway - Settings Overview (2500ftRunway_AAC_A_30deg_exits)

:  Create New Folder...

B- Evaluate an Existing Runway 3 Evaluate an Existing Runway - Runway Occupancy Times (33.7 s - Std Dev: 4.4 5) (2500ftRunway_AAC_A_30deg_exits) - Table
- Create New Folder... |

Air Transportation Systems Laboratory
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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 |
(e [ables (S(SAVS
(- 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 Eeid
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



[ VirginiaTech

Invent the Future M
Navigation/Project Panel Hierarchy

a5 REDIM - FAA AC Runs

File  Aircraft Database =~ Window Help

- Design a New Runway Design a new runway
(=) Improve an Existing Runw

i ‘- Create New Folder... \

9"E§?EZ‘;:"N§’;5§23,§%{_"“"’Y\ 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 ] . . )

(- ADOORRurway_AAC_A_RA exts Scenarios inside project folder
(- 4000ft_Runway_AAC_A_USMix_RA

- 4000ft_Run_AAC_A_USMix_30deq <"

Briniens Ef;t“{i;fm\ Scenario settings
i Tables \ . :
‘. Plots

=- Runw:ty Exit Aircraft Assignment Ru nway eXIt |OCatIOnS

Tables \
i Plots

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

[=- Landing Distances and Times

N
- Tables \ Runway exit assignment (tables and plots)
i 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)

- [F)--[F)

+

Air Transportation Systems Laboratory
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Summary of Optimization Case Study

. (=) Analysis Info
Design a new runway - Date: 2/23/2020
. . . - Time: 7:03:44 PM
Wlth 5 Optl ma”y Iocated Model Version: Version 3.0 - BETA Release - Date : 02/14/2020
: : . i Unit System: Imperial
right angle exits  Dobug Mode: 0
. . . . i Runway Fallback Mode: AAC
Eight aircratft in fleet . Bt Falback Mode: AAC
. =)- Selected Aircraft
mixX - BE33- Beechcraft F33 Bonanza - 10%
. i~ BES5 - Beechcraft 55 Baron - 10%
Sea Ievel ISA . (421 - Cessna 421 Golde Eagle - 10%
y: . i~ TBM3 - Daher-Socata TBM 940 - 10%
conditions - B350 - Beechcraft King Air 350 - 20%
.~ CL60 - Bombardier Challenger 600 - 20%
10% wet and 90% d ry -~ A320- Airbus A320 - 10%
yn . - B738 - Boeing 737-800 - 10%
pavement conditions 5 Analysis Constraints
Lo . i~ Number Of New Exits: 5
800 feet minimum - New Ext Type: 90°
. =)~ Environmental Data
d IStanCe between Aimport Elevation: 0 feet
. - Airport Temperature: 53°F
ru nway eXItS - Runway Length: 10000 feet
-~ Runway Width: 148 feet
Minimum Exit Separation: 801 feet
- Wet Conditions: 10%

Air Transportation Systems Laboratory
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Optimization Case Study

B§ REDIM - FAA AC Runs
File  Aircraft Database  Window Help
&)~ Design a New Runway
:  i.Create New Folder...

B Improve an Existing Runway
. - Create New Folder...

Step 1 - Create a new folder (project)

Design New Runway - Create New Folder

B- Eyaluate an Existing Runway New folder name: |OptimizationExample
.- Create New Folder...
B AAC A Runs Create Folder Cancel

Start Evaluation...
Nelets Enldar

as! REDIM - FAA AC Runs
File  Aircraft Database @ Window Help

&- D.esign a New Runway

Step 2 - Define the runway parameters in the newly
e Opcation S created runway scenario (OptimizationExample)

Start Design...
“ Delete Case Folder

Air Transportation Systems Laboratory
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Optimization Case Study (2)

o/

File  Aircraft Database

Window  Help

- Design a New Runway
. Create New Folder...
=8 OptimizationExample
. Start Design...
‘... Delete Case Folder
- Improve an Existing Runway
‘... Create New Folder...
- Evaluate an Existing Runway
.. Create New Folder...
=- AAC A Runs
Start Evaluation...

i Delete Folder
- 2500ft Runway_AAC_A_30deg_exits
@ 2500ftRunway_AAC_A_RA_exits

@ 2500ft Runway_AAC_A_RA_exits_dry
- 3000ft Runway_AAC_A_RA_exits

- 3000ft_Run_AAC_A_USMix_30deg
@ 4000ft Runway_AAC_A_30deg

EJ 4000ftRunway_AAC_A_RA_exits

- 4000ft_Runway_AAC_A_USMix_RA
- 4000ft_Run_AAC_A_USMix_30deg
- Runway Settings

- Runway Exit Locations

(=~ Runway Occupancy Times
- Tables
.- Plots
(=) Runway Exit Aircraft Assignment
- Tables
‘‘‘‘‘ Plots

Step 3 - Enter the runway

general information

Design a New Runway - Step 1 - General Information

Step 1: General Information

Units
O Metric @ Imperial

Runway Information

Name: |NewRunway_22
Length: 3048 meters. feet
Width: 45 meters. feet

feet.

Minumum Exit Separation: 244 meters.

Airport Information
Elevation: 0 meters.

degrees Celsius.

Temperature: 15

Wet Conditions: 0%

10%

We suggest using 10% wet and 90%
dry for design purposes for most airports

Cancel

<- Previous

Air Transportation Systems Laboratory
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Optimization Case Study (3

ngféi"—?-—»-jfg; -.A .- a 0 3 -
File  Aircraft Database = Window Help Y= - a a
& Desgr;aat:l;v;:t;:r;::’ Design a New Runway - Step 2 - Define Aircraft Mix for New Runway -
[=- Optimization Example 2 - .
. Start Design... Step 2: Define Aircraft Mix for New Runway
.. Delete Case Folder = =
: - Aircraft Aircraft - A
= isti Aircraft > g Aircraft
=) In?pmve an Existing Runway D Aircraft Name Design Approach Mix (%)
. - Create New Folder... Group Category
=) Evaluate an Existing Runway AA1 Grumman American AA1 | A
- Create New Folder... -
£ AAC A Runs AAS Grumman American AAS I A
. - Start Evaluation... AC11 Rockwell Commander 112 I A
Delete Folder AC50 Aero Commander 500 I A
(- 2500ftRunway_AAC_A_30deg_exits
- 2500ft Runway_AAC_A_RA_exits ACS0 Turbo Commander 630 I B
@-- 2500ftRunway_AAC_A_RA_exits_dry AEST Piper Aerostar I B
(- 3000ftRunway_AAC_A_RA_exits s
@” 3000ft_Run_AAC_A_USMix_ 30deg BE10 Beechcraft B100 King Air | B
@.. 4000/t Runway_AAC_A_30deg BE33 Beechcraft F33 Bonanza | A 10
(- 4000ft Runway_AAC_A_RA_exits BE35 Beechcraft V35 Bonanza I A
(- 4000ft_Runway_AAC_A_USMix_RA
£)- 4000k _Run_AAC_A_USMix_30deg BE36 Beechcraft 36 Bonanza I A
- Runway Settings BE40 Beechcraft 400 Hawker | B
i~ Runway Exit Locations BESS Beechcraft 55 Baron | B 10
[=)- Runway Occupancy Times
.. Tables BES58 Beechcraft 58 Baron I B
- Plots BESD Beechcraft 60 Duke | :
- Fexmway Bt Mecak fedgresent BE99 Beechcraft 99 Airiner | £
i Tables
‘... Plots BL17 Bellanca Viking I A v
[=)- Landing Components Distributions
. Tables Total aircraft mix allocated: 100% Cancel <- Previous Next ->

Air Transportation Systems Laboratory
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Optimization Case Study (4)

ng REDIM - F R

File  Aircraft Database @ Window  Help

[=)- Design a New Runway
. .Create New Folder...
=8 OptimizationExample

. Start Design...

. Delete Case Folder s .
EI Improve an Existing Runway Runway Contraints Step 5 - Define the ru nway

J o Number of New Exits: 5 constraints and the number
[=)- Evaluate an Existing Runway .
- Create New Folder... Exit Type: 90° of new ru nway exits
=)- AAC A Runs
- Start Evaluation... Custom Exit Definition
i Delete Folder
- 2500ftRunway_AAC_A_30deg_exits Ji€ 0 :
- 2500ft Runway_AAC_A_RA_exits o , £ a5 = 0 ters. |0
- 2500ft Runway_AAC_A_RA_exits_dry
- 3000ftRunway_AAC_A_RA_exits ?ath Length f t of 0 te 0
- 3000ft_Run_AAC_A_USMix_30deg ture to Holdba
- 4000ft Runway_AAC_A_30deg
-4000ftRunway_AAC_A_RA_exits

Design a New Runway - Step 3 - Runway Constraints

Step 3: Runway Constraints

Cancel <- Previous Next ->

g
|
) 20
| =
=3
=
I
P
)IE
|

I>
-
w)
=
)Ii
20
1=

REDIM

All the required inputs are collected. Are you ready to run the
analysis now 7

Air Transportation Systems Laboratory
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Optimization Case Study (5): Review the Results

(=~ Design a New Runway
: E----Create New Folder...
=) OptimizationExample
. Start Design... ‘
. Delete Case Folder | Bxit | Exit Status Exit Type Location (ft)
=) NewRunway_22 ’ | Open 90° 3,773 |
. Runway Settings Exit 2 | Open 90° 4593 |
- Runway Exit Locations _’ Exit 3 Open 0 5413 |
- Runway Occupancy Times Ext4 |  Open 90° 6.398 |
El Runway Exit Aircraft Assignment Exit 5 Open 90° 7.546 |
&) Landing Components Distributions Exit 6 Open 90° 10,000 J
T Landing Distances and Times
Edit Runway
.. Delete Runway

* Model suggested runway exit locations
* Runway exit locations are the distance from the runway threshold to
the point of curvature of the runway exit

Air Transportation Systems Laboratory
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A

Optimization Case Study (6): Runway Occupancy Times Table

[=)- Design a New Runway
- Create New Folder...
(- OptimizationExample
.. Start Design...
. Delete Case Folder
- NewRunway_22
- Runway Settings
- Runway Exit Locations
=)~ Runway Occupancy Times
.. Tables

+)- Runway Exit Aircraft Assignment
- Landing Components Distributions
- Landing Distances and Times
- Edit Runway
- Delete Runway
[=J- Improve an Existing Runway
. i.Create New Folder...
(- Evaluate an Existing Runway
.. Create New Folder...

a5’ Design a New Runway - Runway Occupancy Times (49.7 s - Std Dev: 9.6 s) (NewRunway_22) - Table E]@
Show: Times To PC Turnoff Times ] Runway Occupancy Times |
Runway Occupancy Times (49.7 s - Std Dev: 9.6 s)
(NewRunway_22)
Aircraft Name Exit 1 Exit 2 Exit 3 Exit 4 Exit 5 Exit 6
» A320 4445 50.9s 59.7s 83.4s
B350 40.0s 46.1s 52.6s 61.1s 7158
B738 41.6s 48.8s 56.3s 79.3s
BE33 40.7s 46.2s 53.4s 64.2s 79.2s 102.3s
BE55 37.6s 433 49.7s 56.5s 67.0s 94.7s
c421 435 48.8s 55.5s 63.9 75.4s 102.8s
CL60 36.0s 42.0s 47.6s 55.3s 64.4s 89.9%
TBMS 426s 48.3s 56.1s 66.9s 75.9 110.2s |

B-ACARuns Save Table Close
Start Evaluation...
... Delete Folder

Table can be saved in comma delimited format |

« Runway occupancy times predicted by the model in tabular form
« ROT time starts when the aircraft crosses the threshold and ends at
the point where the aircraft fuselage is out of the runway plane.

Air Transportation Systems Laboratory



L VirginiaTech

Invent the Future

Optimization Case Study (7). Runway Occupancy Time Plot

File  Aircraft Database ~ Window Help

- Design a New Runway a5’ Design a New Runway - Runway Occupancy Times (49.7 s - Std Dev: 9.6 s) (NewRunway_22) - Table || eE) [&I
é ((Z)r:ﬁa;?z:::‘é:::;; Show: Times To PC Turnoff Times | Runway Occupancy Times |
sk Eesige. Runway Occupancy Times (49.7 s - Std Dev: 9.6 s)
- Delete Case Folder
(=) NewRunway_22 (NewRunway_22)
- Runway Settings
- Runway Exit Locations 150 | I I ' ' ' i [ A320
(=)- Runway Occupancy Times - - = B350
i Tables 120 r 1 = B738
'»-Plotsﬁ B N UL SR ST S R SRS SIE SN S S ST S SCNES SRS SN S S ST S U SERES S S S ERER S NS SERE S SO S SRR a —= BE33
(- Runway Exit Aircraft Assignment [ ] —= BE55
(#- Landing Components Distributions L ] == C421
- Landing Distances and Times 00 e ] H — CL60
Edit Runway r g ——= TBM9
- Delete Runway
- Improve an Bxisting Runway 80 o B

i -Create New Folder...
(=) Evaluate an Existing Runway
- Create New Folder...
= AAC A Runs
- Start Evaluation...
- Delete Folder
|- 2500t Runway_AAC_A_30deg_exits

- 2500ft Runway_AAC_A_RA_exits

- 2500ft Runway_AAC_A_RA_exits_dry

¢ 3000ft Runway_AAC_A_RA_exits

- 3000ft_Run_AAC_A_USMix_30deg

- 4000ft Runway_AAC_A_30deg

+|- 4000ftRunway_AAC_A_RA_exits

+- 4000ft_Runway_AAC_A_USMix_RA

il i N Exit 1 Exit 2 Exit 3 Exit 4 Exit 5 Exit 6
unway Settings

- Runway Exit Locations Exit

[=)- Runway Occupancy Times

- Tables

(=) Runway Exit Aircraft Assignment

Runway Occupancy Time (s)
]

« Runway occupancy times predicted by the model in graphical form
« ROT time is to the point where the aircraft fuselage is out of the
runway plane.

Air Transportation Systems Laboratory
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Optimization Case Study (8): Runway Exit Assignment Table

File  Aircraft Database = Window Help

[=)- Design a New Runway
‘... Create New Folder... a2 Design a New Runway - Runway Exit Aircraft Assignment (NewRunway_22) - Table E]@
[)- OptimizationExample . . -
- Start Design... Runway Exit Aircraft Assignment
Delete Case Folder (NewRunway_22)
=- NewR 2
- ;??er'nnxaayyg e Aircraft Name | Exit 1 Exit 2 Exit 3 Exit 4 Exit 5 Exit 6 | Aircraft Mix
. Runway Exit Locations ’ A320 46% 45.8% 39.7% 9.9% 9.9%
é" Runway Occupancy Times B350 40.9% 423% 14.4% 2.2% 0.1% 20.1%
. i.Tables B738 4.2% 38.3% 44 6% 13.0% 10.0%
. Plots BE33 476% 31.5% 13.0% 5.8% 1.4% 0.7% 10.1%
E1~ R_unway Exit Aircraft Assignment BES5 9.7% 31.9% 36.0% 18.0% 39% 0.5% 9.9%
Tables ﬁ Cc421 35.8% 35.5% 20.6% 6.8% 0.9% 0.3% 9.9%
. Plots CL60 0.9% 16.1% 42.1% 335% 7.0% 0.3% 20.2%
- Landing Components Distributions TBMS 47.5% 31.9% 13.6% 4.2% 17% 1.1% 9.9%
@-v Landing Distances and Times Exit Mix 22 4% 24 8% 20.6% 19.0% 10.6% 2.6%
- Edit Runway
‘. Delete Runway
l’Eﬂ I|'(1prove an Existing Runway o Close
. Create New Folder...
[=)- Evaluate an Existing Runway

Table can be saved in comma delimited format

« Runway assignments are reported in percent of the individual aircraft
using each exit

» The aircraft mix simulated (in percent) is shown in the last column of
the table

« The runway exit mix using each exit is shown in the last row of the
table (in percent)

Air Transportation Systems Laboratory
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Optimization Case Study (9): Runway Exit Assignment Plot

File  Aircraft Database =~ Window Help

(=)~ Design a New Runway o] " N A
‘.. Create New Folder... o5 Design a New Runway - Runway Exit Aircraft Assignment (NewRunway_22) - Table E]@

() OptimizationExample . . .
Start Design.. Runway Exit Aircraft Assignment
Delete Case Folder (NewRunway_22)
= NewRunway_22
Runway Settings 30
Runway Exit Locations
Runway Occupancy Times
Tables

Plots 7224 J
Runway Exit Aircraft Assignment T 1
Tables
HMsI--------I'> 1 ]
&) Landing Components Distributions 20 .| NEEN.........] UL.........[ e e
- Landing Distances and Times T
Edit Runway
Delete Runway
[=)- Improve an Existing Runway
.. Create New Folder...
[=- Evaluate an Existing Runway
i Create New Folder...
- AAC A Runs
Start Evaluation...
Delete Folder
(- 2500ftRunway_AAC_A_30deg_exits
[+ 2500ftRunway_AAC_A_RA_exits
[+ 2500ftRunway_AAC_A_RA_exits_dry
[+ 3000ftRunway_AAC_A_RA_exits
[+- 3000ft_Run_AAC_A_USMix_30deg
[+ 4000ftRunway_AAC_A_30deg
[
[

A320
B350
B738
BE33
BES5
Ca21

CL60
TBM9

m

UUUUNUNA

15 1., ... | e ]

Landings (%)

|- 4000ft Runway_AAC_A_RA_exits
|- 4000ft_Runway_AAC_A_USMix_RA
(- 4000f_Run_AAC_A_USMix_30deg
i Runway Settings
i~ Runway Exit Locations
(=~ Runway Occupancy Times

- Tables

- Plots

Exit 3 Exit 4 Exit 5 Exit 6
Exit

Close

Runway assignments are reported in stacked column format

Air Transportation Systems Laboratory
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Optimization Case Study (10): Landing Distribution Tables

File  Aircraft Database  Window Help
=) Design a New R
esg;; e ;:N :zz::’“ ol Design a New Runway - Total Distance for A320 (NewRunway_22) - Table IE]@
= OptimizationExample Choose Aircraft: A320 v | Metric Distance v Landing Component: Total v
i~ Start Design... .
.. Delete Case Folder Total Distance for A320
=) NewRunway_22 (NewRunway_22)
- Runway Settings =
- Runway Ext Locations ST PDFAI(Z)  PDFDy(m) | 'Op)® COFAI(x) |COFDy(n) | PO "
P £ Soomency s y 5,682 46 49 11 46 49 1.1
- P;t :s 5,707 0.0 0.0 0.0 46 49 1.1
5732 0.0 0.0 0.0 46 49 1.1
4R _ : :
by “”;”:t’)’]ei"“ Rrcraft Assignment 5.757 00 00 00 46 49 11
. Plots 5782 0.0 0.0 0.0 46 49 1.1
[=)- Landing Components Distributions 5.807 00 0.0 0.0 46 49 1.1
. Tables _> 5822 0.0 0.0 00 46 49 11
‘.. Plots 5,857 0.0 0.0 0.0 46 49 1.1
@#- Landing Distances and Times 5.882 0.0 0.0 0.0 46 49 1.1
. Edit Runway 5,907 0.0 0.0 0.0 46 49 1.1
Delete Runway 5932 0.0 0.0 0.0 46 49 1.1
[=)- Improve an Existing Runway 5.957 0.0 0.0 0.0 46 49 11
. ~Create New Folder... 5982 0.0 0.0 0.0 46 49 1.1
= Eyaluate an Existing Runway 6.007 00 00 0.0 46 49 11
|~ Creste New Folder... 6.032 0.0 0.0 0.0 46 49 1.1
E-AMCARuns 6.057 0.0 0.0 0.0 46 49 11
: g‘f";E"F""IT"°“--- 6.082 0.0 0.0 0.0 46 49 11
- elete rolaer
7 . . . 4) 4) .
[+ 2500ft Runway_AAC_A_30deg_exits 2]22 g g g g g g 1 2 1 g 1 }
- 2500ftRunway_AAC_A_RA_exits T i T T T 35 5
- 2500ftRunway_AAC_A_RA_exits_dry 127 : : : : : :
[+ 3000ft Runway_AAC_A_RA_exits 6'183 0.0 0.0 0.0 46 49 1.1
i~ 3000ft_Run_AAC_A_USMix_30deg 6.207 ad n 4o 25 i L
[#)- 4000ftRunway_AAC_A_30deg 6.232 0.0 0.0 0.0 46 49 11
(- 4000ftRunway_AAC_A_RA_exits 6.257 0.0 0.0 0.0 46 49 11
- 4000ft_Runway_AAC_A_USMix_RA 6282 00 00 00 46 49 11 hd
(=) 4000ft_Run_AAC_A_USMix_30deg I I I Save Table Close
Landing distance for =  Probability density
individual landings of function for Airbus A320
Airbus A320 simulated by the model
simulated by the model (dry and wet pavements)

Air Transportation Systems Laborato
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Optimization Case Study (11): Landing Distribution Plots

File  Aircraft Database =~ Window Help

(=)~ Design a New Runway

‘.. Create New Folder.. a' Design a New Runway - Total Distance for A320 (NewRunway_22) - Table E@
[=)- OptimizationExample Choose Aircraft: A320 v Metric Distance ~ Landing Component: Total ~ PDF
Start Design... .
- Delete Case Folder Total Distance for A320 A
(= NewRunway_22 (NewRunway_22)
- Runway Settings 1 0 0
i . gunway gxﬂ Location; :: T T T T ] T T T T | T T T T | T T T T | T T T T | T T T A" CO[‘IdItIOﬂS
= Runway Occupancy Times I ..
‘.. Tables 00 1 —— Dry Condl_tl_ons
- Plots T et e —___ Wet Conditions
(=) Runway Exit Aircraft Assignment I
- Tables 80 T )
i Plots T : ] : : ;
(=)~ Landing Components Distributions —+ . : . : . e
- Tables 70 I e S S Cumulative probability
‘.- Plots ﬁ I : : : : : : :
- Landing Distances and Times = o 1 5 5 : 5 density function for Airbus
- Edit Runway °\ B R R R EER e P IR R .
Delete Rumay g 1 ; ; : ; A320 simulated by the
=) Improve an Existing Runway o)) I (
I it o 2 50 Fo el — SOTROE—— v model (dry and wet
=) Evaluate an Existing Runway T T : : : : )
-~ Create New Folder.. S 40 T pavements
[=I- AAC A Runs | + " ]
- Start Evaluation... I ]
- Delete Folder 30 T e 3
- 2500ft Runway_AAC_A_30deg_exits T ]
- 2500ft Runway_AAC_A_RA_exits 4 ]
- 2500ft Runway_AAC_A_RA_exits_dry 20 ]
- 3000ft Runway_AAC_A_RA_exits T ]
- 3000ft_Run_AAC_A_USMix_30deg T : : : : : ]
C].AOD%Runway_AAC_A_3Meg 10 _“_ AAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAA .................. AAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAA _-
+- 4000ft Runway_AAC_A_RA_exits 1 B : : : :
- 4000ft_Runway_AAC_A_USMix_RA 1 : B i i ;
=)- 4000ft_Run_AAC_A_USMix_30deg 0 +—t +— l| +—+ —t— —t— T —t— —t—t—+— —t+— +—t

- Runway Settings 5 6 7 8 9 10 11

- Runway Exit Locations
\; H:unway Occupancy Times Di Stance (ft) (1 OA 3)
i -Tables
. Plots
(=)~ Runway Exit Aircraft Assignment
i i-Tables

L. Plats

Air Transportation Systems Laboratory
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Optimization Case Study (12): Landing Distribution Plots

File  Aircraft Database ~Window Help

[=- Design a New Runway

L VirginiaTech

Invent the Future

i Create New Folder... a5 Design a New Runway - Braking Distance for A320 (NewRunway_22) - Table E@
= Optimization Example Choose Aircraft: A320 v Metric Distance  ~ Landing Component: PDF -CDF
i Start Design... - - = H
- Delete Case Folder Braklng Dista Bkin
=~ NewRunway_22 (NewRunw! Extra Roll
- Runway Settings 100 Turnoff A
Runway Exit Locations o — T T T T T T T T T T T T T T Total 7 —
(=) Runway Occupancy Times E . : : : g” andg'ltqns
i Tables I : : == : ] —— Dry Conditions
i e S N SO AN DI 7 PPN S P S T P e O DO PP - k=
~ Plots %0 : : 2y : § —— Wet Conditions
[=- Runway Exit Aircraft Assignment i : : : : : 1
-~ Tables 80 I S ORUPRY ST - e ]
i Plots T 1
(=)~ Landing Components Distributions r . : : :
- Tables 4 ¢ K S A ARSI 20/ SURCIII (ORRRYRIRY AU PR F et e e e et ]
‘.. Plots -------4.', T : : : : -
(#- Landing Distances and Times e . : H HEH
~ Edt Rurway 60 I : {0 xR .1 Cumulative probability

Delete Runway
[=)- Improve an Existing Runway
‘- Create New Folder...

(- Evaluate an Existing Runway

density function of braking
: : distances for Airbus A320

‘:‘ ir:gt:gZ:SFolder.., 40 __ ....................... S|mUIated by the mOdel

o 30 £ e, g e, | (dry and wet pavements)

50 I

Landings (%)

- 2500t Runway_AAC_A_30deg_exits

[
[+ 2500ftRunway_AAC_A_RA_exits 2 0
(- 2500ftRunway_AAC_A_RA _exits_dry
(- 3000ftRunway_AAC_A_RA_exits
(- 3000ft_Run_AAC_A_USMix_30deg 10
[+- 4000ftRunway_AAC_A_30deg
(- 4000ftRunway_AAC_A_RA_exits T
(- 4000ft_Runway_AAC_A_USMix_RA 0 F+——r—
(=)~ 4000ft_Run_AAC_A_USMix_30deg

- Runway Settings 1000 2000

T 1
3000 4000
i~ Runway Exit Locations Distance (ft)

=) Runway Occupancy Times
. i-Tables
. Plots Close
(=) Runway Exit Aircraft Assignment
‘. Tahleg

Air Transportation Systems Laboratory
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Optimization Case Study (13): Landing Distances and Times

File  Aircraft Database =~ Window Help
[=)- Design a New Runway 6
‘... Create New Folder... a2 Design a New Runway - Landing Distances for A320 (NewRunway_22) - Table E]@
=) OptimizationExample Choose Aircraft: A320 - Times | Speeds & Decelerations
i Start Design... = .
- Delete Case Folder Landing Distances for A320
=- New:unwaygift_ (NewRunway_22)
- Runway ings
. ) —re Braking Extra Roll Tumoff Total A
- Runway Exit Locations Landing Wet . Air Distance = - = .
- Exit Distance Distance Distance Distance
(=) Runway Occupancy Times Number Conditions (ft) () () () ()
- Tables > 1 Exit 5 3134 2487 1,925 257 7.803
L Plots N _ 2 Yes Exit 4 2,602 2530 1,266 257 6,658
e Bt Arcrait Assigrment 3 Exit 4 2703 2,461 1234 259 6,656
g 4 Ext 5 2434 3127 1986 257 7.803
(= Landing Components Distributions 5 Yes Exrt 5 2.875 3.328 1;343 259 7.808
. Tables 6 Exit 3 2,589 2,033 792 257 5671
- Plots 7 Exit 4 2,386 2499 1.013 259 6.657
&- Landing Distances and Times 8 Exit 5 2,966 2539 2,042 259 7.805
.. Tables ] Exit 4 2.280 2533 1,584 259 6.657
.. Plots 10 Exit 4 2,299 2527 1572 258 6,655
- Edit Runway 11 Exit 6 2412 4,062 3527 265 10.265
- Delete Runway 12 Exit 4 2594 2772 1,032 258 6,655
(=) Improve an Existing Runway 13 Exit 3 2,635 1.922 856 257 5.670
- Create New Folder... 14 Exit 5 2,361 3114 2,071 259 7.805
=)+ Evaluate an Bxisting Runway 15 Exit 4 2,588 2398 1412 257 6.654
;~Create New Folder... 16 Exit 6 3,086 3.585 3.329 267 10.267
B-AACARuns 17 Exit 4 2.321 2.741 1.335 261 6.659
g‘j;E‘f'l‘;a‘"’”--- 18 Extt 4 2,620 2528 1250 257 6,654
- Delete Folder ; 7 7
H _ 19 Exit 4 2170 2549 1679 259 6,656
- 2500ftRunway_AAC_A_30deg_exits 20 Extt 4 26% 2682 1,020 257 6,655
- 2500 Runway_AAC_A_RA_exts 21 Exit 5 2,866 2,815 1,865 258 7,804
[+ 2500ft Runway_AAC_A_RA_exits_dry 't : : . —
- 3000 Runway_AAC_A_RA_exits ff E"" f fli’g f Ki ll‘:l fi’z ‘623 v
- 3000ft_Run_AAC_A_USMix_30deg
(- 4000ft Runway_AAC_A_30deg > Average 2,653 2,936 1,577 259 I7.42
[+ 4000ftRunway_AAC_A_RA_exits Save Tabi a
[+- 4000ft_Runway_AAC_A_USMix_RA ave Table ose
(=)- 4000ft_Run_AAC_A_USMix_30deg 1

Total landing distance simulated for Airbus A320
(dry and wet pavements - see second column)
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Optimization Case Study (14): Landing Distances and Times

File  Aircraft Database ~Window Help
¢ Desgff;;?;ﬁj;gzz:ﬂ“ o' Design a New Runway - Landing Speeds & Decelerations for A320 (NewRunway_22) - Table E@@
[=]- OptimizationExample Choose Aircraft: A320 ~ Distances Times
Start Design... - "
Dtcle Cose Foicr Landing Speeds Decelerations for A320
=- NewRunway_22 (NewRunway_22)
Runway Settings Threshold A
} :unway CE;th Location; Landing Wet = Crossing Touchdown Nominal Speed at De(N:I';vr::on Deoeler«iign to De::l:?(l:on Touchdown Deceleration to
= ura?:l;esccupancy imes Number Conditions O(Spr:;teg) wSpeesd) MSpeesd) PC (knots) (m/s~2) PC (m/s"2) (m/s™2) Coeffsg ei;. d = PC Coefficient
Plots » 1 Exit 5 128 122 70 21 173 -1.00 034 0.95 0.58
[=)- Runway Exit Aircraft Assignment 2 Yes Exit 4 128 122 70 32 -1.71 -1.32 034 0.95 0.77
-Tables 3 Exit 4 131 125 70 2 -1.89 142 034 0.95 0.75
Plots 4 Exit 5 137 130 70 2 167 0.97 034 0.95 058
- Landing Components Distributions 5 Yes Exit 5 135 128 70 19 -151 147 034 0.95 057
Tables 6 Exit 3 128 122 70 20 211 248 034 0.95 117
ol 7 Bxt 4 128 122 70 2 a7 167 03 055 057
& Landing Distances and Times 8 Ext 5 129 123 70 2 A7 093 034 0.5 054
:I"o':':s ﬁ Exit 4 131 124 70 25 1.80 117 034 0.95 0.65
Edt Runway 10 Exit 4 136 129 70 21 204 123 0.34 0.95 0.60
Delete Runway 1 Exit 6 136 129 70 2% 1.26 052 034 0.95 041
- Improve an Existing Runway 12 Exit 4 125 119 70 2 145 164 034 0.95 113
Create New Folder.. 13 Exit 3 124 17 70 21 -2.00 2.25 0.34 0.95 112
- Evaluate an Existing Runway 14 Exit 5 136 130 70 25 -1.66 0.90 034 0.95 0.54
Create New Folder... 15 Exit 4 132 126 70 24 197 134 034 0.95 0.68
- AAC A Runs 16 Exit 6 135 128 70 28 139 054 034 0.95 0.39
Start Evaluation... 17 Exit 4 129 123 70 34 -1.60 1.21 034 0.95 0.75
Delete Folder 18 Exit 4 137 130 70 2 -2.05 152 0.34 0.95 0.74
- 2500/t Runway_AAC_A_30deg_exits 19 Exit 4 131 124 70 18 -1.79 -1.19 034 0.95 0.66
+- 2500ftRunway_AAC_A_RA_exits 20 Exit 4 130 124 70 2 -1.68 172 034 0.95 1.02
(#)- 2500ftRunway_AAC_A_RA_exits_dry 21 Exit 5 128 122 70 21 154 -1.04 034 0.95 068
F#)- 3000t Runway_AAC_A_RA_exits 2 Exit 3 133 126 70 15 2.24 178 034 0.95 0.79
- 3000R_Fun_AAC_A_USMix_30deg 23 Ext 4 129 123 70 23 200 110 34 035 055
- 4000 Funway_AAC_A_30deg 2 Ext4 130 124 70 23 1.88 132 034 0.5 0.70
@ :gg&R;z:z;A:fEA;R&ms ” 25 Exit 6 137 120 70 30 .46 051 034 095 035
4000 Run, AAC. A USMix 30deq 2% it 4 137 130 70 28 -1.99 -1.83 034 0.95 0.2 v
- Runway Settings » Average 134 127 70 24 1.72 133 034 0.95 0.77
Runway Exit Locations
[=)- Runway Occupancy Times I * Close
Tables

: |
Runway exit used by Nominal deceleration rate for each simulated Airbus

each simulated A320 landing (dry and wet pavements - see second
landing
column)

Air Transportation Systems Laboratory
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Optimization Case Study (15): Landing Distances and Times (Plots)

File  Aircraft Database =~ Window Help

[=)- Design a New Runway

O Nac: ) ; . )
Create New Folder... a5 Design a New Runway - Total Distances and Times (NewRunway_22) - Table E]@

[=)- Optimization Example Select a Landing Component: Air Braking Extra Roll Turnoff
- Start Design... . .
- Delete Case Folder Total Distances and Times
=)+ NewRunway_22 (NewRunway_22)
Runway Settings
Runway Exit Locations 1 40 L e e L S B ER B S R B S AL : BE33
[=- Runway Occupancy Times T 1
- Tables 1 5 : : : : : - 1| 2=
‘... Plots T : : : : : : Do 1 . C421

(=" Rvunway Exit Aircraft Assignmem 1 20 Il ................ ................ ................ ................ ................ ................ L. : ........... -] . TBM9
I ; ; @ @ @ 5 » ‘ B350

(- Landing Components Distributions + i g CL60

- Tables 100 ..o e TP e L o ; ........... 4 A320

i Plots -+ : . . . . . : 4

(=) Landing Distances and Times 1 ¥ Do ] . B738
i Tables ) . : : : :
- Plots

- Edit Runway

- Delete Runway

= Improve an Existing Runway

- Create New Folder...

(=)- Evaluate an Existing Runway
Create New Folder... : : : : i

[=)- AAC A Runs T S i

- Start Evaluation... T . . . : : : :

- Delete Folder 40 B .............. .......... - JRPR, .......... ! ..... ................ ................ ................ ............... —

[+ 2500ft Runway_AAC_A_30deg_exits T . : : : : : : 1

[+ 2500t Runway_AAC_A_RA_exits

(- 2500ft Runway_AAC_A_RA_exits_dry T \ : : : : : : 1
- 3000ft Runway_AAC_A_RA_exits 20 +.. o R R R R PRy S R P PR PRPTRS ettt s s P P, P .

|

Total Time'(s)

o muts e
1

g0 1 T S, o

oo 1. . SRS B S T T S ]

[+

¢ 3000ft_Run_AAC_A_USMix_30deg
- 4000/t Runway_AAC_A_30deg
4000ftRunway_AAC_A_RA_exits
4000 _Runway_AAC_A_USMix_RA 0
- 4000ft_Run_AAC_A_USMix_30deg
- Runway Settings 3 4 5 6 7 8 9 1 0 1 1
i-- Runway Exit Locations )
=)~ Runway Occupancy Times ‘ Total Distance (ft) (10A3)
. - Tables
e Plots

mmaeard  Total distance traveled to Distances reported are not exactly the same because
' point where aircraft exits the larger aircraft travel longer distance to exit the plane of =
plane of the runway the runway

Air Transportation Systems Laboratory
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Optimization Case Study (16): Time to Touchdown (Air Times)

File  Aircraft Database ~Window Help

[=- Design a New Runway [
- Create New Folder... a-' Design a New Runway - Air Distances and Times (NewRunway_22) - Table E@

=1+ OptimizationExample Select a Landing Component: Braking ExtraRoll Turnoff Total
i Start Design...
.. Delete Case Folder Air Distances and Times
=)- NewRunway_22 (NewRunway_22)
- Runway Settings
Runway Exit Locations — — — — — — — —
= Runway Occupancy Times 30 1 I I I I I I I N BE33
- Tables t z : : : : : : - BES55
Plots 4 i : : : : : : 4
&)- Runway Exkt Arcraft Assignment i ; ; ; ; ; : ; ] - C421
Tables 25 ... I T e I e I e u . TBMS
- Plots : : . , . o pee o+ .
T : X : " S S : 1 B350

- Landing Components Distributions 1 : i : : : : 4
Tables ] R ] X : RIS : CL60
- Plots A320
B738

- Landing Distances and Times
- Tables
.. P|msﬁ
Edit Runway
- Delete Runway
[=)- Improve an Existing Runway
i Create New Folder...
() Evaluate an Existing Runway
i Create New Folder...
= AAC A Runs
- Start Evaluation...
Delete Folder
- 2500ft Runway_AAC_A_30deg_exits
[+ 2500ftRunway_AAC_A_RA_exits
- 2500ft Runway_AAC_A_RA_exits_dry
- 3000ft Runway_AAC_A_RA_exits
- 3000ft_Run_AAC_A_USMix_30deg
- 4000ft Runway_AAC_A_30deg
)
)
)

Air Time (s)

- 4000ftRunway_AAC_A_RA_exits _ B
4000ft_Runway_AAC_A_USMix_RA 1 : : 5 : : : : |
4000ft_Run_AAC_A_USMix_30deg Ik : : : : : : : ]
-~ Runway Settings 0 M R T R RS E T AR R
- Runway Ext Locatons 1
B RH";”:;;°°“°3“°Y Times 0 500 1000 1500 2000 2500 3000 3500 4000

- Plots Air Distance (ft)

& Runway Exit Aircraft Assignment

- Tables
H Plots

[=)- Landing Components Distributions . . .
e Times reported are the estimated times to touchdown |

for individual aircraft ]

Air Transportation
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Optimization Case Study (17): Runway Turnoff Times

File  Aircraft Database =~ Window Help

(=)- Design a New Runway
.. Create New Folder...
[=)- Optimization Example
- Start Design...
- Delete Case Folder
= NewRunway_22
Runway Settings

a5’ Design a New Runway - Turnoff Distances and Times (NewRunway_22) - Table

Select a Landing Component: Air Braking Extra Roll Total

Turnoff Distances and Times
(NewRunway_22)

= R =5

Runway Exit Locations

[=)- Runway Occupancy Times

i Tables

i Plots

[=)- Runway Exit Aircraft Assignment
i Tables

i Plots

[=- Landing Components Distributions
. Tables

. Plots

[=)- Landing Distances and Times

i Tables

‘- Plots H
Edit Runway

- Delete Runway
(=) Improve an Existing Runway

‘. Create New Folder...
() Evaluate an Existing Runway

- Create New Folder...

(- AAC A Runs

- Start Evaluation...
- Delete Folder
(- 2500ft Runway_AAC_A_30deg_exits
[+ 2500ft Runway_AAC_A_RA_exits
[+ 2500ft Runway_AAC_A_RA_exits_dry
[+ 3000ftRunway_AAC_A_RA_exits
[+ 3000ft_Run_AAC_A_USMix_30deg
[
[
[
[

(- 4000t Runway_AAC_A_30deg
[+ 4000ft Runway_AAC_A_RA_exits
[+~ 4000ft_Runway_AAC_A_USMix_RA
- 4000ft_Run_AAC_A_USMix_30deg
Runway Settings
Runway Exit Locations
[=1- Runway Occupancy Times
i Tables
i Plots
[=)- Runway Exit Aircraft Assignment
i Tables
. Plots
[=)- Landing Components Distributions
i Tables

Turnoff Time (s)

14

12

10

Py |
1

P
I

i
4
.hx
8

H
i

st

i

fiikaine. -
lgga

i
i
£

¥t 1

220 240
Turnoff Distance (ft)

Times reported are the estimated times from the

runway exit point of curvature to the point where the
fuselage of the aircraft exits the plane of the runway

BE33
BE55
C421
TBM9
B350
CL60
A320
B738

Close
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Summary of Improvement Case Study

- Improve an existing 9,000 ft. runway by adding 2 optimally
located acute angle exits (30 deg., 1500 ft radius)

- Five existing runway exits (all 90 deg., right angle exits)
- Sea level ISA conditions

* 10% wet and 90% dry pavement conditions

- 800 feet minimum distance between runway exits

Runway Exit Name Location of Point of Curvature Runway Exit Type
(ft)

2500 90 deg

9000 90 deg.

Air Transportation Systems Laboratory
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Summary of Improvement Case Study

T [+ Analysis Info
* Improve an existing £)- Selected Arcraft
: . - BE33- Beechcraft F33 Bonanza - 5%
runway by addmg 2 . . BE55 - Beechcraft 55 Baron - 5%
optimally located acute | [Ca25-Comna 525 Gationde - 0%
: -Cinus SR-2Z- 10%
angle exits (30 deg., - BE30- Beechcraft B300 King Air - 5%
I : i CL60 - Bombardier Challenger 600 - 5%
1 500 ft I’adIUS) E145 - Embraer 145 - 10%
. : : . A320- Aibus A320 - 20%
Elgven aircraft in fleet e
mix . - B744- Boeing 747-400 - 5%
‘e : .. B773 - Boeing 777-300 - 5%
- Sea level ISA conditions - Analysis Constraints
. i Number Of New Exits: 2
¢ 1 O% Wet and 90% dry New Exit Type: 30° (with 1,500 ft circular arc)
T . i New Exit Locations: Between E2 & E4
pavement conditions 5 Environmental Data
. H : i Aiport Elevation: 0 feet
800 feet minimum Aiport Temperature: 59°F
distance between - Runway Length: 8999 feet
. ¢ i Runway Width: 148 feet
ru nway eXItS . i Minimum Exit Separation: 801 feet
. .. Wet Conditions: 10%
f- Existing Exits

Air Transportation Systems Laboratory
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Improvement Case Study

File  Aircraft Database  Window Help

[#- Design a New Runway

=) Improve an Existing Runway
.. Create New Folder...

- Evaluate an Existing Runway

[ —

Design New Runway - Create New Folder

New folder name: IRU"W3Y33|

Create Folder

File  Aircraft Database  Window

Help

[+ Design a New Runway
El Improve an Existing Runway
= Runway33
Start Improvement ...
: ... Delete Case Folder
- Evaluate an Existing Runway

Air Transportation Systems Laboratory

created runway scenario

Cancel

Step 2 - Define the runway parameters in the newly
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Improvement Case Study (2)

File  Aircraft Database  Window Help

- Design a New Runway
&) Improve an Existing Runway
- Create New Folder...

Improve an Existing Runway - Step 1 - General Information

Step 1: General Information

= Runway33

: - Start Improvement... .

: ‘... Delete Case Folder Units

(- Evaluate an Existing Runway O Metric @ Imperial

Runway Information

Name: |Runway33_improvement
Step 3 - Enter the runway | [ETSSFE R fest
general |nf0rmat|on Width: 45 meters. feet.

Minumum Exit Separation: 244 meters. feet

Airport Information

Elevation: 0 meters. feet.

Temperature: 15 degrees Celsius. degrees Fahrenheit
Wet Conditions: 0% ' 100%.
10%

We suggest using 10% wet and 90%

dry for design purposes for most airports

Cancel <- Previous Next ->

Air Transportation Systems Laboratory
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Improvement Case Study (3)

- Design a New Runway Improve an Existing Runway - Step 2 - Define Aircraft Mix for New Runway
(=)~ Improve an Existing Runway
¢ i-Create New Folder... . - -
5 Runmay33 Step 2: Define Aircraft Mix for New Runway
- Start Improvement... - Aircraft Aircraft - >
Delete Case Folder Al‘%ﬂt Aircraft Name Design Approach Aulu(dtz)
=R Runway33_improvement Group Category x
- Runway Settings AT72 Aeropatiale ATR-72-200 1l B
| R e ATT3 Aeropatiale ATR-72-300 I B
(#)- Runway Occupancy Times
‘E] Runway Ex't A"'craﬁ Ass|gnment AT75 I%ropatlale ATR'72'500 “l B
i) Landing Components Distributions AT76 Aeropatiale ATR-72-600 I B
(- Landing Distances and Times :
- Edit Runway B712 Boeing 717-200 11 C
‘. Delete Runway B722 Boeing 727-200 1l C
B734 Boeing 737-400 1 C
B735 Boeing 737-500 1l C
B736 Boeing 737-600 11 C
- B737 Boeing 737-700 M C
Step 4 - Define the =
. ft ﬂ t . th t ” B738 Boeing 737-800 1l D 20
alrcra eet mix at wi B739 Boeing 737-500 Il D
use the runway CRJ9 Bombardier CRJ 900 i C
' DCS1 Douglas DC-3-10 11 C
DCS3 Douglas DC-3-30 1 C %
Total aircraft mix allocated: 100% Cancel <- Previous Next ->

Air Transportation Systems Laboratory
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Improvement Case Study (4)

o

ot File  Aircraft Database Window  Help

(#- Design a New Runway “
= Improve an Existing Runway Improve an Existing Runway - Step 3 - Runway Constraints
Create New Folder...
= Runway33 . -
- Star Improvement... Step 3: Runway Constraints
N gelae F;';"jr . Exit Name | Exit Point Of Curvature Location (ft) Exit Type Open
(= Runway33_improveme -
- Runway Settings % 2500 20 -
- Runway Exit Locations E2 4501 90" v O
[ Runway Occupancy Times X
(- Runway Exit Aircraft Assignment E3 6001 90 v O
Ei-- Landing Components Distributions E4 7500 90° o 0
[#)- Landing Distances and Times
- Edit Runway ES 8999 90° v
- Delete Runway vl 0O
s Stcp 5 - Define the .
i > P Step 6 - Close the runway |
Egw existing runway exits that you want to close
i configuration to improve the runway '
- Individual_Ackt_Runs occupancy time |
[+~ Runway13_evaluation
0
0 0 Save
0 0
d
Cancel <- Previous Next -> |'

Air Transportation Systems Laboratory



A

[ VirginiaTech

Invent the Future

Improvement Case Study (5)

File  Aircraft Database = Window Help

(- Design a New Runway
El-- Improve an Existing Runway
. i Create New Folder...

Improve an Existing Runway - Step 4 - New Exits Specifications

& Runway33 Step 4: New EXits Specifications
Start Improvement... )
- Delete Case Folder Runway Contraints

[+ Evaluate an Existing Runway it e 2
Step 6 - Define the new Exit Type: 30° (with 1,500 ft circular arc)  ~
runway exit parameters Exit Locations: From: |E2 v| To: |E4 v

0
2500 90 deg. 0 0
0 0

<- Previous Next ->

Desired range for new

optimal exits

Air Transportation Systems Laboratory
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Improvement Case Study (6): Review the Results

[#- Design a New Runway
E|~ Improve an Existing Runway
. i-Create New Folder...

=- Runway33

.. Start Improvement... Exit Exit Status Exit Type Location (ft)
Delete Case Folder ’ Open 30° 2,500
=) Runway33_improvement E2 Closed 50 4,501
Runway Settings New Exit 1 Open 30° (with 1,500 ft circular arc) 5823
'i"' Runway Occupancy Times New Exit 2 Open 30° (with 1,500 ft circular arc) 6.808
El-- Runway Exit Aircraft Assignment E4 Closed 90° 7.500
|§|~ Landing Components Distributions ES Open 90° 8999
[#)- Landing Distances and Times
. Edit Runway
.. Delete Runway

» Model suggested locations for two new acute angle runway exits are
5,823 ft. and 6,808 ft.

» Runway exit locations are the distance from the runway threshold to
the point of curvature of the runway exit

Air Transportation Systems Laboratory
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Improvement Case Study (7): Runway Occupancy Times Table

&~ Design a New Runway fa) A ) . . . = =)
- Improve an Existing Runway a5 Improve an Existing Runway - Runway Occupancy Times (59 s - Std Dewv: 13.1 5) (Runway33_improvement) - Table E@
- Create New Folder... Show: Times To PC Turnoff Times I Runway Occupancy Times I
- Runway33 - .
- Start Improvement... Runway Occupancy Times (59 s - Std Dev: 13.1 s)
- Delete Case Folder (Runway33_improvement)
- Fnway33 mprovement Aircraft Name El E2 New Exit 1 E3 New Exit 2 E4 E5
|y e v A320 49.25 56.5 74 8
- Runway Exit Locations - = : —
\;\ Runway Occupancy Times : ;ii : ;: ;: ;g?z
. L Tabl : : '
PIZtses B773 49.3s 56.4s 77.5s
E\'- Runway Exit Aircraft Assignment BE30 29.6s 62.65 63.4s
@-- Landing Components Distributions BE33 3275 3?‘65 %25 108.6s
(- Landing Distances and Times BESS 32.1s 67.9s 77.6s
.. Edit Runway C525 61.5s 64.9s 82.9s
.. Delete Runway CL60 55.4s 59.1s 82.9s
[+- Evaluate an Existing Runway E145 49.3s 54 6s 75.2s
SR22 33.8s 81.4s 84.0s 105.4s
_Sav Table Close

Table can be saved in comma delimited format |

« Runway occupancy times predicted by the model in tabular form
« ROT time starts when the aircraft crosses the threshold and ends at
the point where the aircraft fuselage is out of the runway plane.

Air Transportation Systems Laboratory
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Improvement Case Study (8): Runway Occupancy Time Plot

[#- Design a New Runway

& Improve an Existing Runway a2 Improve an Existing Runway - Runway Occupancy Times (59 s - Std Dev: 13.1 5) (Runway33_improvement) - Table E]@
Create New Folder... Show: Times To PC Turnoff Times I Runway Occupancy Times l
=) Runway33 -
- Start Improvement... Runway Occupancy Times (59 s - Std Dev: 13.1 s)
i Delete Case Folder (Runway33_improvement)
=) Runway33_improvement
- Runway Settings 120 T T T T —m A320
- Runway Exit Locations T —m B738
=)+ Runway Occupancy Times i M ~ C—m B744
”;::':s 100 o | o B773
(- Runway Exit Aircraft Assignment T _ : — gggg
[#- Landing Components Distributions = 1 BES5
- Landing Distances and Times 80 4. il | TR YIEE!
Edit Runway - G} I —= C525
- Delete Runway 7 1 = CL60
[#- Evaluate an Existing Runway 1 B N | ——/ E145
B0 e Ale- 4 A | = SR22

Runway Occupancy Time (s)

20 Lo

E1 E2 New Exit 1 E3 New Exit 2 E4 E5
Exit

Close

« Runway occupancy times predicted by the model in graphical form
« ROT time starts when the aircraft crosses the threshold and ends at
the point where the aircraft fuselage is out of the runway plane.

Air Transportation Systems Laboratory
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Improvement Case Study (9): Runway Exit Assignment Table

[#- Design a New Runway

& Improve an Existing Runway a5 Improve an Existing Runway - Runway Exit Aircraft Assignment (Runway33_improvement) - Table E@
New Folder... . . .
g g:::;y; = Runway Exit Aircraft Assignment
Start Improvement... (Runway33_improvement)
iy gj’::;g;;ﬁ;g:j’eme N Aircraft Name | E1 E2 New Exit 1 E3 New Exit 2 E4 E5 | Arcraft Mix
. Runway Settings J A2 47.5% 46.8% 56% | 205%
y g B .
- Runway Exit Locations B738 438% 50.1% 61% | 199%
=)~ Runway Occupancy Times B744 20.4% 59.1% 20.5% 51%
‘. Tables B773 276% 57.8% 146%|  49%
‘... Plots BE30 1.3% 98.3% 0.4% 5.0%
(=) Runway Exit Aircraft Assignment BE33 NT7% 67.5% 0.6% 0.2% 5.0%
i Tables ﬁ BES5 1.4% 98.6% 0.1% 5.2%
- Plots C525 92.8% 6.0% 12% | 98%
(- Landing Components Distributions CL6D 91.3% 8.4% 0.3% 5.0%
[+ Landing Distances and Times E145 77.1% 20.9% 20% 96%
-~ Edit Runway SR22 6.9% 92.5% 0.5% 0.0% [ 100%
s Ry Exit Mix 24% 0.0% 64.6% 0.0% 28.5% 0.0% 4.5%
[#- Evaluate an Existing Runway
|

Table can be saved in comma delimited format

« Runway assignments are reported in percent of the individual aircraft
using each exit

» The aircraft mix simulated (in percent) is shown in the last column of
the table

* The runway exit mix using each exit is shown in the last row of the
table (in percent)

Air Transportation Systems Laboratory
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Improvement Case Study (10): Runway EXxit Assignment Plot

[#- Design a New Runway
[=J- Improve an Existing Runway

i]

(B )

a5’ Improve an Existing Runway - Runway Exit Aircraft Assignment (Runway33_improvement) - Table

i Create New Folder... . . .
&- Runway33 Runway Exit Aircraft Assignment
- Start Improvement.. (Runway33_improvement)
- Delete Case Folder 30
(- Runway33_improvement T T l T T ! = A320
-- Runway Settings —m B738
Runway Exit Locations 0 ] —m B744
(=~ Runway Occupancy Times 3 1 —a B773
.. Tables T ] =3 BE30
- Plots B0 I l .................................................................... ] —= BE33
(=~ Runway Exit Aircraft Assignment T ] ——= BE55
i Tables T ] —3 C525
.. Plots ﬁ@- L L L ] C—= CL60
@) Landing Components Distributions e ] j —3 E145
[#)- Landing Distances and Times g T —m SR22
- Edit Runway c . L R T o | T T e O L SR ]
- Delete Runway T
[#- Evaluate an Existing Runway %
B30 L i
20 I
10 oo
0 F— ! | , | 1

E1 E2 New Exit 1 E3 New Exit 2 E4 E5
Exit

Close

Runway assignments are reported in stacked column format

Air Transportation Systems Laboratory
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Improvement Case Study (11): Landing Distribution Tables

File  Aircraft Database = Window Help
#- Design a New R
E Ew?:g\?eaane;i stiLrjwr;wF?znway 5/ Improve an Existing Runway - Total Distance for B738 (Runway33_improvement) - Table E]@
- Create New Folder... Choose Aircraft: |B738 |v| Metric Distance v Landing Component: I |v|
=~ Runway33 .
.. Start Improvemert.. Total Distance for B738
- Delete Case Folder (Runway33_improvement)
(=~ Runway33_improvement =
S — o) D\ G [ Py ) o COFAI(%) | COFDy(m | PO 8
[ Sy E A ccetons » 6.512 438 465 18.1 438 465 18.1
g R.”“;"agl Sccapancy Nwes 6537 00 00 00 438 465 1.1
P;t:s 6.562 0.0 0.0 0.0 4338 465 18.1
vvvv 6.587 0.0 0.0 0.0 438 46.5 18.1
=R it Aircraft Assignment :
- ”";":;: It ftcymen 6612 00 00 0.0 438 465 18.1
' Plots 6.637 0.0 0.0 0.0 4338 465 181
(=)~ Landing Components Distributions 6.662 0.0 0.0 0.0 438 46.5 18.1
‘. Tables _’ 6.687 0.0 0.0 0.0 4338 465 18.1
. Plots 6.712 0.0 0.0 0.0 438 465 18.1
[+ Landing Distances and Times 6.737 0.0 0.0 0.0 438 465 18.1
- Edit Runway 6.762 0.0 0.0 0.0 438 46.5 18.1
- Delete Runway 6,787 0.0 0.0 0.0 438 465 18.1
[+ Evaluate an Existing Runway 6.812 0.0 0.0 0.0 438 465 18.1
6.837 0.0 0.0 0.0 438 46.5 18.1
6.862 0.0 0.0 0.0 438 46.5 18.1
6.887 0.0 0.0 0.0 438 46.5 18.1
6.912 0.0 0.0 0.0 438 46.5 18.1
6.937 0.0 0.0 0.0 438 46.5 18.1
6.962 0.0 0.0 0.0 438 46.5 18.1
6.987 0.0 0.0 0.0 438 46.5 18.1
7.012 0.0 0.0 0.0 438 46.5 18.1
7.037 0.0 0.0 0.0 438 46.5 18.1
7,062 0.0 0.0 0.0 438 46.5 18.1
7037 L 00 - i | 465 18.1
i ; L 00 Probability densit | 465 18.1
-ancing distatioe for —— function fgr Boeiny 737-800 - -
|nd|V|dua| |andlngS Of . g Save Table Close
Boeing 737-800 simulated by the model
simulated by the model (dry and wet pavements)

Air Transportation Systems Laboratory
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Improvement Case Study (12): Landing Distribution Plots

File  Aircraft Database = Window Help

[#- Design a New Runway

&)~ Improve an Existing Runway a5’ Improve an Existing Runway - Total Distance for B738 (Runway33_improvement) - Table EI@
- Create New Folder... Choose Aircraft: I |v| Metric Distance  ~ Landing Component: Total ~ PDF
=~ Runway33

- Delete Case Folder
(=~ Runway33_improvement

- Start Improvement... Total Distance for B738 ?

(Runway33_improvement)

- Runway Settings 100 L e B B . B LA B S s A All Conditions
- Runway Exit Locations T : : - - - - ] : -
&+ Runway Oceupancy Times 90 L........... e [RTEE SUSETY (FTeE NPTy \E/)VryCondl_tl_ons
" Tables —— Wet Conditions
- Plots T : : : : : : :
= Runway Exd Amraﬁ Assignmem 80 _--_ ........... ............ ........... cessesssssss ............ ............. ........... ...........
- Tables 1 : : : : : :
- Plots 70 1. ORI R ST SOPR S :

[z Landing Components Distributions

- Tables 1 : : : : : Cumulative probability

f 60 _‘_ AAAAAAAAAAA AAAAAAAAAAAA AAAAAAAAAAA AAAAAAAAAAAA ............. denSity function for Boeing

50 f...... S SUUUUINY O SR S 737-800 simulated by the
! ' ' ' | ‘ model (dry and wet

_ , : : : pavements)
o J S S T PP SR W—— BE—-

[#- Landing Distances and Times
- Edit Runway

- Delete Runway

- Evaluate an Existing Runway

Landings (%)

40 oo s e ST ST SR

20 oo e ] S S S

10 o S— E— S S— AUV S

0 1 ——+—+ } —+—+— { —+—+— ' +—+—+— ' —+—+— ' 1t ' ——+—t
6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0
Distance (ft) (1023)

Close

Air Transportation Systems Laboratory
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Improvement Case Study (13): Landing Distances and Times

File  Aircraft Database ~Window Help
#)- Design a New Runway a2 Improve an Existing Runway - Landing Distances for A320 (Runway33_improvement) - Table [ij[ﬂjﬁl
. IT?E::;:::?:;(,ZTW&V Choose Aircraft: A320 - Times | Speeds & Decelerations
- Runway33 Landing Distances for A320
i~ Start Improvement...
- Delete Case Folder (Runway33_improvemert)
(=) Runway33_improvement — Braki Extra Roll Tumoff Total A
Ru:wa; S’:ttings La\d' ’ Ing e Wiet" — Exit A Dl(fs:)ance Dista:i Distance Distance Distance
- Runway Exit Locations (ft) (ft) (ft) (ft)
&) Runway Occupancy Times 4 1 New Exit 2 2,831 2,944 1,033 676 7.483
‘.. Tables 2 New Exit 2 2,781 2,901 1,125 672 7.480
‘... Plots 3 New Exit 1 2,209 2,750 865 672 6.496
=)~ Runway Exit Aircraft Assignment - New Exit 2 2,978 3133 696 674 7.482
i Tables 5 New Exit 1 2,195 3.016 613 674 6.498
‘.. Plots 6 New Exit 2 2,659 2,689 1,459 675 7482
(=)~ Landing Components Distributions 7 New Exit 1 1,911 3,001 912 673 6.496
- Tables 8 New Exit 2 2,564 3.467 776 674 7.482
- Plots 9 E5 2,306 3722 2972 258 9.257
&~ Landing Distances and Times 10 New Exit 1 2.186 2.792 845 673 6.496
- Tables 1 New Exit 2 2.223 3,038 1547 672 7.480
B Edn F;Zt:way 12 New Exit 2 2,860 2913 1,035 674 7.481
13 New Exit 2 2318 3476 1,014 672 7479
- Delete Runway : - -
- Evaluate an Existing Runway 14 New Exit 1 2,109 2575 1,139 673 6.496
15 New Exit 1 1,997 2,241 1,585 674 6.497
16 New Exit 2 2,862 2,699 1,247 673 7.481
17 New Exit 1 2,585 2372 866 671 6.495
18 New Exit 2 2,875 3,057 876 673 A?ABO ”
( in AMo...F..an o 0N a nlc n7a ~r T ADa »
» Average 2,489 2,770 1,204 650 7114
Close

Total landing distance simulated for Boeing 737-800
(dry and wet pavements - see second column)

Air Transportation Systems Laboratory
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Improvement Case Study (14): Speeds and Deceleration

File Aircraft Database Window  Help S peed an d
[#)- Design a New Runway a— .
(- Improve an Existing Runway a Improve an Existing Runway - Landing Speeds & Decelerations for B738 (R y33_imp ) - Table d ece I e ratlo n ta b
Create New Folder... Choose Aircraft: ||ZJE2 Ivl Distances Times || Speeds & Deceleration |
= Runway33 = .
Start Improvement... Landing Speeds Decelerations for B738
Delete Case Folder (Runway33_improvement)
[=- Runway33_improvement 3
Runway Settings Landi G sk Touchdown Nominal S i Nominal Decelerati Deceleration = Touchdown Decel = ”
Runway Exit Locations Nomber e Exit Seeeil Speed Speed PC (knotas) Deceleration | ~“pc mgfz‘)m after PC Speed PC Coctficien
£ Runway Occupancy Times (knots) (knots) (knots) (m/s"2) (m/s"2) Coefficient
Tables » 1 E5 151 143 70 2 192 067 031 0.95 035
Pts _ 2 Yes New Exit 2 148 141 70 36 207 177 063 0.95 0.86
(- Runway Exit Aircraft Assignment 3 New Exit 1 144 137 70 37 234 126 063 0.95 054
Tables 4 New Exit 1 151 144 70 2 262 .42 063 0.95 0.54
| P'°‘5c e 5 New Exit 1 154 147 70 39 -2.40 207 063 0.95 0.86
& L”"ﬂ”; omponents Distrbutions 6 Yes New Exit 2 146 139 70 ) 187 114 063 0.5 0561
Pfo{:S 7 Yes E5 142 135 70 28 170 063 031 0.95 0.37
haye 8 New Exit 1 148 141 70 36 -269 155 063 0.95 058
[=- Landing Distances and Times = =
Tables 9 New Exit 2 141 134 70 38 212 118 063 0.95 055
Plots 10 New Exit 2 148 141 70 35 -2.00 123 063 0.95 062
Edt Runway 11 New Exit 2 147 139 70 3 229 163 063 0.95 071
Delete Runway 12 New Exit 2 154 146 70 20 -2.02 -2.06 063 0.95 1.02
- Evaluate an Existing Runway 13 E5 149 141 70 19 -1.91 0.74 031 0.95 039
14 Yes E5 153 145 70 2 -1.66 -0.94 031 0.95 057
15 New Exit 1 142 135 70 43 244 127 063 0.95 052
16 New Exit 1 141 134 70 8 244 -1.06 063 0.95 043
17 New Exit 1 141 134 70 47 206 153 063 0.95 074
18 New Exit 1 145 138 70 48 -266 0.98 063 0.95 037
19 New Exit 2 146 139 70 41 229 097 063 0.95 042
20 New Exit 1 152 144 70 43 -2.68 155 063 0.95 058
21 New Exit 2 150 142 70 2 -2.08 175 063 0.95 0.84
2 New Exit 2 155 147 70 51 235 143 063 0.95 061
2 New Exit 2 155 148 70 44 233 110 063 0.95 047
24 New Exit 2 146 139 70 33 -2.06 223 063 0.95 1.08
25 New Exit 2 154 147 70 36 248 113 063 0.95 045
< >
» Average 4 147 140 70 8 -2.25 -1.48 061 0.95 066
I * Save Table Close
e

column)
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Improvement Case Study (15): Landing Distances and Times (Plots)

File  Aircraft Database = Window Help

[#- Design a New Runway
H Improve an Existing Runway a5 Improve an Existing Runway - Total Distances and Times (Runway33_improvement) - Table E] = @
- Create New Folder... Select a Landing Component: Air Braking Extra Roll Turnoff
= Runway33 = =
- Start Improvement... Total Distances and Times
- Delete Case Folder (Runway33_improvement)
=) Runway33_improvement
. Runway Settlngs 1 40 LSS U L D DU T B N N LN S DAL D B D AN I DL LN TN R L N O A I A SN R B BE33
- Runway Exit Locations T . BE55
=)- Runway Occupancy Times T 1 C525
- Tables T e T, e e PR e e R S S, _ ’
Pt 120 5 z | | 5 s RS | | | 1 | - SR2
&= Runway Exit Arcraft Assignment i e BE30
- Tables 1 5 z : | : : : z = : : o0
i Plots 100 B T I 2% e S s e e me S & e e e ST RO SERERERRRNS Fiee & i ¢ n b o o T n e $ieate s mae - E145
=8 L‘_anellinEIComponerrls Distributions + : : : : : : : ; : : : 1 . A320
i~ lables I 1 : : : : : : : : =y B738
- Plots 2 T : : : : : : c : D B744
& Landing Distances and Times o 80 L ........ s S R e Rl e B ol _ s
i Tables E | ) : : : : : T o P i
. Plots ﬁ" ] : : : : 3 : : | : . :
- Edt Runmay T 60 L. i, i S SR AUURUUUEIN | TR | AU ORURPUTE St UOPRP PO ]
- Delete Runway ° 1 : : : : : :  : | : :
[#)- Evaluate an Existing Runway - : : : : : : : : : :
7. (R NS SRR SURURE: J: S O U O & TSP . AU SR SO i
20 L. RO e . TR ORI ORI SRR DRI R ST L i
0+ . } -t i : : i
0 1 3 - 5 6 7 8 9 10 11
Total Distance (ft) (1073)
/ —ew—

Total distance traveled to Distances reported are not exactly the same because &

point where aircraft exits the larger aircraft travel longer distance to exit the plane of
plane of the runway the runway

Air Transportation Systems Laboratory
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Improvement Case Study (16): Landing Braking Times

File  Aircraft Database =~ Window Help

[#- Design a New Runway
(=~ Improve an Existing Runway
‘.. Create New Folder...
- Runway33
‘.. Start Improvement...
i Delete Case Folder
(= Runway33_improvement

o5/ Improve an Existing Runway - Braking Distances and Times (Runway33_improvement) - Table

Select a Landing Component:  Air Extra Roll Turnoff Total

Braking Distances and Times

(Runway33_improvement)

E=N ol ==

- Runway Settings 70 T J T T T T T L T BE33
- Runway Exit Locations : : : BE55
= Rﬁunway Occupancy Times I C525
----- Tables 60 e e
..... Plots + SR22
(= Runway Exit Aircraft Assignment 1 . : : BE30
.. Tables + CL60
‘. Plots 50 R ARSRIEELIIREIEREES o .................. - E145
- Landing Components Distributions a A320
..... Tables ;.. B738
----- Pl PP
=] Landi:;sDistances and Times § Ll T 1 Br44
1 i Tables L . : : B773
i o)) : : :
E---vPIotsﬁ c : : :
- Edit Runway = P : :
- Delete Runway E Lot o
(- Evaluate an Existing Runway o S
—t—t } t t { —
3000 4000 5000 6000

Braking Distance (ft)

Close

Braking times reported are the estimated times in the
braking phase of the landing

Air Transportation Systems Laboratory
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Improvement Case Study (17): Runway Turnoff Times

File  Aircraft Database =~ Window Help
(#- Desi New Ri
‘; I;:rlgc:ane;i stiLr:rIgWF:anay a5/ Improve an Existing Runway - Turnoff Distances and Times (Runway33_improvement) - Table E][i:&]
i Create New Folder... Select a Landing Component: Air Braking Extra Roll Total
=~ Runway33 = -
... Start Improvement... Turnoff Distances and Times
i Delete Case Folder (Runway33_improvement)
(= Runway33_improvement
- Runway Settings e e B B B L L B S B .~ BE33
- Runway Exit Locations + X : : K : : : : 1 . BES5
& Runway Occupancy Times I : : : : f : : : ] .
i.. Tables 30 4+ L P PR PR e e 23222
i Plots T J : K : : : : : ] :
=) Runway Exit Aircraft Assignment T 1 gEgg
i Tables + : : : p : : . : 1
W 25 o R b L R PR (ERRRREE Gt 2 RECE £145
- Landing Components Distributions < 1 : : : : : " : : : E . A320
..... Tables :; I : : : : ] ) : : J + B738
..... Plots £ 20 __3‘ Ten b e o B744
[=)- Landing Distances and Times — T : : ; ; ; } : 3 : 1 B773
= ] : :
i~ Tables - 1 : : : :
----- Plotsﬁ S 15 T : : : :
. Edit Runway 2 T RREEERRRRSEIERS CERRFISEERERIEELERS: < 1f {RRRFLRCRRRREE SETRISLERERRRETE SRRREEREY
- Delete Runway 3
[#- Evaluate an Existing Runway = : : : :
0 it R R
: . D :
. 3. . .
: il
5 Lo e B e ]
: &
0 R e e S S S e I S e S e S e S S e S B
0 100 200 300 400 500 600 700 800 900
Turnoff Distance (ft)
L

Times reported are the estimated times from the
runway exit point of curvature to the point where the
fuselage of the aircraft exits the plane of the runway

Air Transportation Systems Laboratory
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Summary of Evaluation Case Study

- Evaluate an existing 9,000 ft. runway with mixed runway
exits as shown in the table

* Five existing runway exits
- Sea level ISA conditions
- 10% wet and 90% dry pavement conditions

Runway Exit Name Location of Point of Curvature Runway Exit Type
(ft)

7800 90 deg.

Air Transportation Systems Laboratory
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Summary of Evaluation Case Study

. L. @- Analysis Info
Evaluation an existing &)- Selected Airraft
. h . i~ BE33 - Beechcraft F33 Bonanza - 5%
runway with 5 runway - BESS5- Beechcraft 55 Baron - 5%
i . (525 - Cessna 525 CitationJet - 10%
exits .~ SR22-Cimus SR-22- 10%
: . : i BE30 - Beechcraft B300 King Air - 5%

E | even al rcraft In ﬂ eet CL60 - Bombardier Challenger 600 - 5%

I . - E145- Embraer 145- 10%
Mix .. A320 - Airbus A320 - 20%

. . B738- Boeing 737-800 - 20%
Sea level ISA B744 - Boeing 747-400 - 5%

Cond |t|0nS . %..B773- Boeing 777-300 - 5%

El Analysis Constraints

10% Wet and 90% dry Number Of New Exits: 2

o ¢ e New Exit Type: 30° (with 1,500 ft circular arc)
pavement Cond |t|onS - New Exit Locations: Between E2 & E4
=)~ Environmental Data
. i Aiport Elevation: 0 feet
- Airport Temperature: 59°F
- Runway Length: 8999 feet
- Runway Width: 148 feet
- Minimum Exit Separation: 801 feet
. % Wet Conditions: 10%
- Existing Exits

Air Transportation Systems Laboratory
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Evaluation Case Study

Step 1 - Create a new folder (project)

File  Aircraft Database = Window Help

%J Fe—. New.R!.mway Design New Runway - Create New Folder
[#- Improve an Existing Runway

= E;?gi:t:nNE:sgzaszay New folder name: |Runway13_evaluation|
&)~ AAC A Runs
- AAC C Runs
T AAC D Runs S000ft

Create Folder

Cancel

File  Aircraft Database @ Window Help

- Design a New Runway
-Improve an Existing Runway
- Evaluate an Existing Runway
Create New Folder...
- AAC A Runs
&) AAC C Runs
- AAC D Runs 9000ft
&) AAC_B_Runs
&) Individual_Acft_Runs
= Runway13_evaluation

5 : Step 2 - Define the runway parameters in the newly
Eronimmyis created runway scenario
----- elete Case Folder

-8

Air Transportation Systems Laboratory
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Evaluation Case Study (2)

LS

File  Aircraft Database = Window Help

[#- Design a New Runway
El-- Improve an Existing Runway
- Evaluate an Existing Runway
. Create New Folder...
- AAC A Runs
- AAC C Runs
&)- AAC D Runs 9000ft
E|~ AAC_B_Runs
E|~ Individual_Acft_Runs
- Runway13_evaluation
.. Start Evaluation...
.. Delete Case Folder

Step 3 - Enter the runway

general information

Evaluate an Existing Runway - Step 1 - General Information

Step 1: General Information

Units
O Metric @ Imperial

Runway Information

Name: |Runway13_myAirport
Length: 2743 meters. feet
Width: 45 meters. feet

Airport Information

Elevation: 0 meters. D feet.

Temperature: 15 degrees Celsius. 59 degrees Fahrenheit

Wet Conditions: 0% ' 100%.

* 10%

We suggest using 10% wet and 90%

dry for design purposes for most airports

Cancel <- Previous Next ->

Air Transportation Systems Laboratory
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Evaluation Case Study (3)

File  Aircraft Database = Window  Help

- Design a New Runway Evaluate an Existing Runway - Step 2 - Define Aircraft Mix for New Runway
(- Improve an Existing Runway
it ey Step 2: Define Aircraft Mix for New Runway
3- = =
poiet Mot e | | A | A “
E|~ AAC D Runs S000ft Group Category
- AAC_B_Runs C550 Cessna 550 Citation |l I B
E: QS;T:;I{:GQS:;; C560 Cessna 560 Citation Ultra Il B
... Start Evaluation... C56X Cessna 560X Citation Excel Il B 5
- Delete Case Folder C650 Cessna 650 Citation Il I B
C680 Cessna 680 Sovereign Il B
C750 Cessna 750 Citation X Il B
CL30 Bombardier Challenger 300 Il B
CL35 Bombardier Challenger 350 Il B
CLe0 Bombardier Challenger 600 Il B 5
. CRJ2 Bombardier CRJ 200 Il C
Step 4 n Defl ne the CRJ7 Bombardier CRJ 700 Il C 10
aircraft fleet mix that will D328 Domier 328 I c
use the ru nway E120 Embraer 110 Brasilia [ B
E135 Embraer 135 Il C
E145 Embraer 145 Il C 5
E35L Embraer 135 Long Range Il C v
Total aircraft mix allocated: 100% Cancel <- Previous Next ->

Air Transportation Systems Laboratory
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Evaluation Case Study (4)

File  Aircraft Database = Window  Help

|- Design a New Runway
- Improve an Existing Runway
|- Evaluate an Existing Runway

-

Evaluate an Existing Runway - Step 3 - Runway Constraints

|-

[

- Create New Folder... Step 3: Runway Constraints
:2 m é 23:: Exit Name | Exit Point Of Curvature Location (ft) Exit Type Open
i AAC D Runs 90008 E1 2500 190° v|
- AAC_B_Runs E2 5300 130" (with 1,500 f circular arc) |~ |
[#- Individual_Acft_Runs
- Runway13_evaluation E3 6500 ‘30“ (with 1,500 ft circular arc) v~ ‘
i Start Evaluation... . x
‘... Delete Case Folder E4 7800 ‘90 ‘
= 9000 90" v|
% ‘ v ‘ ]
Step 5 - Define the
existing runway
configuration R —
0
L L Save
0 0
Cancel <- Previous Next ->
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Evaluation Case Study (5): Review the Results

File  Aircraft Database  Window Help

[#- Design a New Runway

~ Improve an Existing Runway

(- Evaluate an Existing Runway . .
- Create New Folder... Runway Exit Locations
(- AAC A Runs (Runway 13_myAirport)

- AAC C Runs Exit | Exit Status Exit Type Location (fit)
[ AAC D Runs 9000ft "
. g > Open 90 2,500
e _:7 S e E2 Open 30° (with 1,500 ft circular arc) 5.299
[#)- Individual_Acft_Runs : ;
: . E3 Open 30° (with 1,500 ft circular arc) 6.499
[=)- Runway13_evaluation

E4 Open 90° 7.799

Start Evaluation... s
- Delete Case Folder ES Open 90 8.999

- Runway 13_myAirport
- Runway Settings
[ SaveTable { I Close

- Runway Exit Locations

=)~ Runway Occupancy Times

- Tables

- Plots

[=)- Runway Exit Aircraft Assignment
- Tables

- Plots

[=)- Landing Components Distributions
- Tables

- Plots

[=)- Landing Distances and Times

- Tables

- Plots

- Edit Runway

- Delete Runway

Air Transportation Systems Laboratory
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Evaluation Case Study (6): Runway Occupancy Times Table

File  Aircraft Database ~ Window Help
&~ Design a New Runway a2 Evaluate an Existing Runway - Runway Occupancy Times (56.4 s - Std Dev: 10.1 5) (Runw...| = || &) |[m3m]
[#- Improve an Existing Runway
- Evaluate an Existing Runway Show: Times To PC Turnoff Times | Runway Occupancy Times I
- Create New Folder... - .
. AAC A Runs Runway Occupancy Times (56.4 s - Std Dev: 10.1 s)
- AAC C Runs (Runway 13_myAimport)
- AAC D Runs S000f Aircraft Name El E2 E3 E4 E5
&~ AAC_B_Runs » 43.2s 53.25 59.25 68.4s
k- Individual_Aclt_Funs A333 51.7s 61.2s 65.0s 713s
=5 R:unway13_evaluation B738 4326 52 6s 58.9 67 1s
Py B743 47.3s 58.25 66.95 7535
=8 Run;ray13_mSyAirport :gg 28,55 ;2: Z;Z 3’2&13: e
- Runway Settings - - - .
- Runway Exit Locations BES8 31.0s 60.6s 62.6s
=+ Runway Occupancy Times 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 Assignment CLe0 50.4s 57.1s 66.1s 75.1s
- Tables CRJ7 447s 53.8s 61.9s 72.1s
- Plots E145 45.0s 52.8s 61.7s 68.5s
=) Landing Components Distributions LJ60 48.7s 54 5 61.7s
- Tables SR22 33.5s 73.5s 77.8s 90.9s
- Plots
[=)- Landing Distances and Times Close
- Tables
- Plots

Table can be saved in comma delimited format \

« Runway occupancy times predicted by the model in tabular form
* ROT time starts when the aircraft crosses the threshold and ends at
the point where the aircraft fuselage is out of the runway plane.

Air Transportation Systems Laboratory
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Evaluation Case Study (7): Runway Occupancy Time Plot

File  Aircraft Database =~ Window Help

: E]e:g:eaaﬁegiz::;w;x iy o' Evaluate an Existing Runway - Runway Occupancy Times (56.4 s - Std Dev: 10.1 s) (Runway13_myAirport) - Table E@
=) Evaluate an Existing Runway Show: Times To PC Turnoff Times | Runway Occupancy Times |
i Create New Folder... .
5 AAC A Runs Runway Occupancy Times (56.4 s - Std Dev: 10.1 s)
@» AAC C Runs (Runway13_myAirport)
\i\v AAC D Runs S000ft 110 : : : :
(- AAC_B_Runs F 1 [(C—=m A321
(- Individual_Acft_Runs 100 C ] | A333
B Rt askeic T 1 |=m 8738
i Start Evaluation... 90 C _ ] |C—=m B748
Delcte Case Fokder - T S S S G e T 1 |= B3
- Runway13_myAiport — g0 + B ] |—= BE30
- Runway Settings £ o T 1 i e | A ] |c—= BE58
- Runway Exit Locations = 70 o _ ] |(C—3 C206
&~ Runway Occupancy Times - E 2R N I I R I N B N 11 A G 7 |C—== C510
- Tables e 6o £ oA oA e D T e ] |=—= C36X
uﬂmﬁ 3 E { |—=a CL60
=) Runway Exit Aircraft Assignment =1 50 r 1 | CRJ7
- Tables 3 oo e T I R I A 3 |=m E145
i Plots (o] r 1 (= LJ6O
=) Landing Components Distributions % 40 E 2R b | F F WU E R R R ERRE R R R RREIE(FF (- E —3 SR22
i Tables r ]
P E 30 = oomlks AR R A A A At - 7
Plots 5 t ]
[=)- Landing Distances and Times (14 r 1
. Tables 200 D O A E
.- Plots - ]
- Edit Runway 10 Eannna N N F FEEEEEEER R f P REEEERELEEREE P RRERE R RBE P RREEEE RE P REEIE (R (D EEEEE 3
- Delete Runway 0 E . ]
1
E5

« Runway occupancy times predicted by the model in graphical form
« ROT time starts when the aircraft crosses the threshold and ends at
the point where the aircraft fuselage is out of the runway plane.

Air Transportation Systems Laboratory
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Evaluation Case Study (8): Runway Exit Assignment Table

File  Aircraft Database = Window Help

-
E: I[:ne:rf\?eaaﬁe;iz;?}:z’nway a5’ Evaluate an Existing Runway - Runway Exit Aircraft Assignment (Runway13_myAirport) - Table [i”ﬂ]&]
=) Evaluate an Existing Runway . . .
. Create New Folder... Runway Exit Aircraft Assignment
E‘” AAC A Runs (Runway13_myAimport)
(+- AAC C Runs
- AAC D Runs S000f Aircraft Name E1l E2 E3 E4 E5 | Aircraft Mix
- AAC B Runs b 5.2% 61.3% 31.5% 20%|  103%
- Individual_Acft_Runs A333 4.2% 64.6% 30.4% 0.8% 5.1%
&- Runway13_evaluation B738 12.7% 72.9% 14.3% 02%| 149%
. Start Evasation... B748 23% 55.27% 38.3% 42|  49%
- Delete Case Folder B773 49% 67.2% 26.4% 15%|  5.1%
=- Runway13_myAirport BE30 2.2% 95.9% 1.8% 0.1% 10.0%
- Runway Settings BE58 34% 96.3% 0.3% 5.0%
- Runway Exit Locations C206 28.6% 71.2% 0.2% 5.2%
\3- Runway Occupancy Times C510 0.1% 71.0% 22 6% 46% 1.7% 49%
- Tables C56X 78.8% 19.7% 15% 5.0%
Plots CL60 75.4% 23.2% 1.3% 0.1% 5.0%
\%\v- Runway Exit Aircraft Assignment CRJ7 24 97, 56.8% 81% 0.2% 9.7%
' ;::t":s E145 53.5% 41.0% 49% 03%  5.1%
i ' s LJ60 69.47% 27.3% 3.3% 49%
- L‘f’f"#;ghf:mp°"ems P SR22 6.3% 515% 16% 0.2% 5.1%
i Plots Exit Mix 2.2% 46.4% 39.0% 1.7% 0.7%
=)- Landing Distances and Times
. - Tables
. L. Plots I Save Table | Close
. Edit Runway
.. Delete Runway

» Runway assignments are reported in percent of the individual aircraft using
each exit
» The aircraft mix simulated (in percent) is shown in the last column of the table

Air Transportation Systems Laboratory
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[#- Design a New Runway

=) Improve an Existing Runway - Improve an Existing Runway - Runway Exit Aircraft Assignment (Runway33_improvement) - Table E@
- Create New Folder... . . .
& Runway33 Runway Exit Aircraft Assignment
- Start Improvement... (Runway33_improvement)
i Delete Case Folder 80
=)~ Runway33_improvement T T J T T l — A320
-- Runway Settings —m B738
- Runway Exit Locations —— B744
(=~ Runway Occupancy Times —a B773
i Tables (— BE30
‘... Plots —=a BE33
(=) Runway Exit Aircraft Assignment — BESS
i Tables —=3 C525
- Plts _’@ = CL60
(#)- Landing Components Distributions e —== E145
[#)- Landing Distances and Times g —— SR22
- Edit Runway E=
- Delete Runway T
[#- Evaluate an Existing Runway %
-

E1 E2 New Exit 1 E3 New Exit 2 E4 E5
Exit

Close

Runway assignments are reported in stacked column format

Air Transportation Systems Laboratory
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Evaluation Case Study (10): Landing Distribution Tables

File  Aircraft Database = Window Help

[#- Design a New Runwa
g Impngve an Existing RL)J,nway a5’ Evaluate an Existing Runway - Total Distance for A321 (Runway13_myAirport) - Table E@
(=) Evaluate an Existing Runway Choose Aircraft: A321 v | Metric Distance  ~ Landing Component: Total v
- Create New Folder... .
- AAC A Runs Total Distance for A321
(- AAC C Runs (Runway13_myAirport)
(- AAC D Runs S000ft -
\j AAC_B_Runs Dlst(ﬂa'tce) PDE All (%) PDF Dry (%) PD::Z\)Vet CDF All (%) CDF Dry (%) CD::Zyet ~
w iy e v 5,997 5.2 56 1.0 52 56 10
e 6.022 0.0 0.0 00 52 56 10
i-- Start Evaluation... 6047 0.0 0.0 0.0 52 56 10
- Delete Case Folder : _’ : - . : : :
=) Runway13_myAirport 6.072 0.0 0.0 0.0 5.2 56 1.0
B e 6.097 0.0 0.0 0.0 52 56 10
- Runway Extt Locations 6.122 0.0 0.0 0.0 5.2 56 10
& Runway Occupancy Times 6.147 0.0 0.0 0.0 5.2 56 10
Tables 6,172 0.0 0.0 0.0 5.2 56 1.0
‘- Plots 6.197 0.0 0.0 0.0 52 56 1.0
(=) Runway Exit Aircraft Assignment 6,222 0.0 0.0 0.0 52 56 1.0
Tables 6,247 0.0 0.0 0.0 5.2 56 1.0
- Plots 6,272 0.0 0.0 0.0 5.2 56 1.0
=~ Lx_anding Components Distributions 6.297 0.0 00 0.0 5.2 56 1.0
-~ Tables _’ 6.322 0.0 0.0 0.0 5.2 56 1.0
i Plots 6,347 0.0 0.0 0.0 52 56 1.0
()~ Landing Distances and Times 6372 00 00 00 52 56 10
;'Iaot:les 6,397 0.0 0.0 0.0 5.2 5.6 1.0
PR il 6.422 0.0 0.0 0.0 5.2 56 10
Y 6.447 0.0 0.0 00 52 56 10
- Delete Runway —
6,472 0.0 0.0 0.0 5.2 56 1.0
6.497 0.0 0.0 0.0 5.2 56 1.0
6.522 ) 0.0 on o E=2 5 56 1.0
. . 0.0 ili i 56 1.0
Landing distance for T ]Ic:)mb-ab"']:[y cfnsﬂyA o I 10
individual landings of [ o0 unction for Airbus A3 s 10
. 0.0 56 1.0 v
Airbus A321 L simulated by the model |
simulated by the model (dry and wet pavements) Save Table Close

Air Transportation Systems Laboratory
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Evaluation Case Study (11): Landing Distribution Plots

File  Aircraft Database =~ Window Help

[#- Design a New Runway - . .
- Improve an Existing Runway a Evaluate an Existing Runway - Total Distance for A321 (Runway13_myAirport) - Table E@

(- Evaluate an Existing Runway Choose Aircraft: A321 v Metric Distance  ~ Landing Component: Total ~ PDF
- Create New Folder...

(3 AAC A Runs Total Distance for A321 *

(- AAC C Runs

(Runway13_myAirport)
(- AAC D Runs 9000ft 100
- AAC_B_Runs T T ! ¥ —— Al Conditions
e it fored 80 o é § 5 % —— Dry Conditions
ks ey __ ....................... ........................ ........................ ....................... ..................... Wet Conditions
i-- Delete Case Fold: : : : :
I iimtivindd " SRS N ST | PO S -
- Runway Settings I : : .
- Runway Exit Locations TO o AP b sl
&) Runway Occupancy Times I :
ey N - P . o s s S P . Cumulative probability
T e e B 50 Lo e B || density function for Airbus
‘- Plot = T : : : ; ;
= Landi:gSComponents Distributions g 40 T A32 1 |and I ngS SI m U Iated by
» o o o
vy > - i g : : the model (dry and wet
2 Léhsiri:tg)lzstancesandﬁmes 30 __ ........................ ....................... pavements)
.- Plots T n
Edit Runway 20 o cRRERCEERTE SRR EXCEL RS DR LR AR R RTE RS RN SEETEE R RS R ER PRI R R PR PR PR R PR EEREERRE PRSP CEERRLE .
Delete Runway T : : ]
[+ S e O PR PRI ]
0 — : | |
5 6 7 8 9 10

Distance (ft) (1073)

Close

Air Transportation Systems Laboratory
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Evaluation Case Study (12): Landing Distances and Times

File  Aircraft Database  Window Help
- Design a New_R.unway a5 Evaluate an Existing Runway - Landing Distances for A321 (Runway13_myAirport) - Table E@
- Improve an Existing Runway
- Evaluate an Existing Runway Choose Aircraft: A321 - Times | Speeds & Decelerations
I Rrpereenhimnty Landing Distances for A321
- AAC C Runs (Runway13_myAiport)
(- AAC D Runs S000ft i 3 I
(- AAC_B_Runs e e Exit -~ D‘;)a“"e i ety b =
(- Individual _Acft_Runs (ft) (ft) (ft) (ft)
& Runway13_evaluation » IR E4 2422 3912 1,464 282 8,081
‘.- Start Evaluation... 2 E3 3.105 2215 1179 689 7.188
Delete Case Folder 3 E4 2,804 3,262 1,732 282 8,080
=) Runway13_myAirport 4 E3 2,365 3122 1.013 638 7.187
-Runway Settings 5 E3 2,566 2,803 1,130 688 7.188
- Runway Exit Locations 6 E3 2452 3.276 772 691 7.190
& Runway Occupancy Times 7 E3 3036 2676 787 687 7.186
= ;ao‘t":s 8 E3 2443 3,052 1,004 689 7.188
9 E3 2,550 3.250 699 687 7.187
o R“";“aby] S fnsigamer 10 E4 2,689 3838 1272 281 8.080
Peray 11 E3 3,023 2.286 1190 638 7.188
[=- Landing Components Distributions 12 E4 3129 3.096 1.574 273 8.078
- Tables 13 E3 2,569 2,895 1,035 687 7.186
- Plots 14 E3 2,548 2,853 1.099 690 7.189
(=) Landing Distances and Times 15 E3 2,737 2,558 1.204 689 7.188
' Tables _’ 16 Yes E4 2532 4,054 1212 283 8.085
‘.- Plots 17 E3 2,19 2,843 1.455 687 7.187
- Edit Runway 18 E2 2438 2343 518 690 5.988
Delete Runway 19 E3 2,628 3.074 797 689 7.188
20 E3 2,628 2301 1571 687 A 7.186
21 E3 2712 2.486 1,302 691 7.190
22 E5 3,156 3.971 1.872 281 9,280
23 E3 2242 3230 1.028 691 7.190
24 E3 2.829 2,771 899 689 7.189 v
» Average 2,768 2919 1.209 552 7.448 |
Total landing distance simulated for Airbus A321 oo

(dry and wet pavements - see second column) —
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Evaluation Case Study (13): Speeds and Deceleration

File  Aircraft Database =~ Window Help S
o e New,Rinay u' Evaluate an Existing Runway - Landing Speeds & Decelerations for A321 (Runway13_myAirport)g Tabl peed a nd @
i)+ Improve an Existing Runway . . . ’—H d ecele I’atl on ta b
- Evaluate an Existing Runway Choose Aircraft: A321 v Distances Times |Speeds & Deceleration
| Ry Landing Speeds Decelerations for A321
(- AAC A Runs
- AAC C Runs (Runway13_myAiport)
(- AAC D Runs 9000ft -
- AAC_B_Runs Landing Wet Exit md Toud\dospw"wn Nomspeednal Speed at DeI:ZIn;::on
(- Individual_Acft_Runs Number Conditions Speed (knots) aia) PC (knots) (m/s"2)
=) Runway13_evaluation (knots)
Start Evaluation... 4 1 E4 151 144 70 24 -1.75
i Delete Case Folder 2 E3 139 132 70 45 -2.45
\;\ Runway13_myAirport 3 E4 141 134 70 29 -1.73
- Runway Settings 4 E3 151 143 70 27 217
- Runway Exit Locations 5 E3 150 142 70 29 -2.38
=) Runway Occupancy Times 6 E3 142 135 70 39 -1.76
- Tables 7 E3 147 140 70 38 -2.38
- Plots 8 E3 152 144 70 39 -2.26
[=)- Runway Exit Aircraft Assignment 9 E3 151 144 70 N 211
~ Tables 10 E4 152 144 70 7 -1.80
| o o 11 E3 145 138 70 38 268
[=)- Landing Components Distributions 12 E4 143 136 20 2 191
) II‘;":S 13 E3 144 137 70 42 206
[=- Landing Distances and Times L E3 149 141 70 35 230
. Tables 15 E3 137 131 70 36 -2.06
- Plots 16 Yes E4 147 140 70 29 -1.56
- Edit Runway 17 E3 141 134 70 29 -2.00
- Delete Runway 18 E2 145 138 70 36 -2.60
19 E3 144 137 70 29 -1.95
20 E3 138 131 70 3 233
21 E3 148 140 70 46 -2.59
- | E5 153 146 70 21 -1.78 v
Runway exit used by |
each simulated — 1| Approach speeds for each simulated Airbus A321
landing landing (dry and wet pavements - see second column)
i
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Evaluation Case Study (14): Landing Distances and Times (Plots)

File  Aircraft Database = Window Help

-@-E

- Design a New Runway

- Improve an Existing Runway

|- Evaluate an Existing Runway
.. Create New Folder...

o5 Evaluate an Existing Runway - Total Distances and Times (Runway13_myAirport) - Table
Select a Landing Component: Air Braking Extra Roll Turnoff

(=] & )

- AAC A Runs Total Distances and Times
E‘ -AAC C Runs (Runway13_myAirport)
(- AAC D Runs 9000ft
- AAC_B_Runs 120 T I R I R R I B R I I ==
%\ : IndlvxduaI_Acﬂ_Rur?s : : : : : ; : : . C206
2- R:unway13_evaIL_lat|on J : : : . X : : : i . C510
- Start Evaluation... : : : : 5 s : : : : : LJ60
... Delete Case Folder 100 - oviveeennn SPTTR ARRPPIE TERRPIE SRR TRPPI e b e TR -
i ) 1 : : : : : : : " : : i SR22
=~ Runway 13_myAirport e :
- Runway Settings Ci : T BE30
- Runway Exit Locations : : § 1 C56X
Rt RO b e A A s e R R A N §ipane X i i _ . CL60
- Tables E y X ] + CRJ7
----- Plots o . 4 -, z F z - E145
- Runway Exit Aircraft Assignment = T ] 2 s 1 + A321
Tables ; 60 SRR TR, SRR EEERERRERRRRR. IERRRRREE | | (EERRE EEERRRR . SRR EEERREE _ 5 B738
- Plots w 1 : : : : : | S . : : 1| - A
=)+ Landing Components Distributions ‘6’ 1 . B773
i Tables ~ : : : : : : : : A B748
. Plots A0 Lo ven U TSRO RRTIISRUTETUIEOIIT | SO e O T TS .
[=)- Landing Distances and Times :
- Tables :
‘.- Plots ﬁ T : :
. Edt Runway 20 i o R TR TR EPEEE PTRR |
- Delete Runway T : :
S A e B e
0 /

Total distance traveled to
point where aircraft exits the

plane of the runway

3 4 5 6 7 8 9 10 11
Total Distance (ft) (1043)

Distances reported are not exactly the same because
larger aircraft travel longer distance to exit the plane of =
the runway
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Evaluation Case Study (15): Runway Turnoff Times

File  Aircraft Database =~ Window Help
[#- Design a New Runwa
@” |mprgve an Existing Ranay - Evaluate an Existing Runway - Turnoff Distances and Times (Runway13_myAirport) - Table E]@
(=) Evaluate an Existing Runway Select a Landing Component: Air Braking Extra Roll Total
- Create New Folder... . .
- AAC A Runs Turnoff Distances and Times
@ -AAC C Runs (Runway13_myAirport)
(- AAC D Runs 9000ft
(- AAC_B_Runs 90— T T T T - BE5S
@ . ::diViduilSACﬂ]R::s I ] . C206
[=- Runway13_evaluation 1 : : : : : : : : ; 1 .
| Stast Evahaniion 35 F- feeeean Pl SERRPPRI. SRR e RRIPPRIY TERRRS B 2 C510
; X : : : X : : : J +  LJ60
i Delete Case Folder T : : : g : : : : : E
H - X : : : : : : : : : 1 SR22
=)- Runway13_myAimport + ; : : : : : : : : i BE30
... Runway Settings 30 L i JEDTE R RSOt RS e } 2 e .
- Runway Exit Locations T . 1 C56X
=+ Runway Occupancy Times ™y I : : : : : : g : : ] : CL60
5--Tables - 25 __ .......... L e EERRRRREE ey peeeeenn | SRR EERRREEE . . CRJ7
''''' Plts g : 5 : z O 5 z : - E145
- Runway Exit Aircraft Assignment = T Pyl } - ] « A321
Tables . 20 _“_‘, .......... AEEEEEE B R :....2. PN ST S, ettt ¥ SEEFERE [EEEEEEEE _-' . B738
''''' Plots “6 , : ; : : : ] : 1 ’ A333
=- L,_anding Components Distributions E T ] . B773
- Tables E 15 b SN T e % 1R N P e 3 R T - B748
Plts ! : 5 : z 5 : 5 5 : ]
(=)~ Landing Distances and Times T 1
- Tables 10+ Ry SR | SN SREOURIUEE || 7 N R SRS :
- Plots ﬁ T . : .
- Edit Runway I H {; ]
.- Delete Runway 5 Foo R L R TITITI- STy b .
0 | | | | it | s
0 100 200 300 400 500 600 700 800 900 1000
Turnoff Distance (ft)
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Known Issues with Small Aircraft

Small General Aviation (GA) aircraft behavior
Improvements are on-going at Virginia Tech

We plan to release version 3.1 in May addressing small
single engine aircraft behavior

If you need to simulate single-engine piston or turboprop
powered aircraft for your airport project we suggest using
the following aircraft:

Beechcraft Bonanza (BE306) - piston
Cessna Caravan (C208) - turboprop
Socata-Daher TBM 800 (TBM8) - turboprop

Air Transportation Systems Laboratory
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