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Project Outcomes

Landing Events Database containing 12 million landing records
from ASDE-X data (all landings at 37 US airport during 2015 and
20106)

Stand-alone product (client software)

Development of tabular and graphical data on runway exit
utilization at 37 airports

Updated Runway Exit Design Tool (REDIM 3 model)

Windows-based computer model for evaluating the best location
of runway exits (stand-alone software)

Considers observed aircraft landing performance and runway
exit probabilities

Air Transportation Systems Laboratory 3
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Runway EXxit Design Tool
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Runway Exit Design Tool (REDIM 3 model)

B5 REDIM - [REDIM]
o 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

The Runway Exit Design Tool can be
downloaded at:

https://www.atsl.cee.vt.edu/products/redim.html
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REDIM is a computer model developed to locate and design high-speed runway exits at airports. The model uses
kinematic equations to characterize the aircraft landing dynamics and a polynomial-time dynamic programming algorithm
to find the optimal locations of the high-speed exits. The objective of the optimization algorithm is to minimize the weighted
average runway occupancy time (ROT) of an aircraft mix selected by the user. A database of aircraft characteristics for four
terminal Aircraft Approach Categories (AAC) has been included in the model to facilitate its use in a large variety of airport
environments and conditions. The database file relieves the user's data-input burden, specially when the aircraft mix
consists of many different types of aircraft. The program is developed to be used as a design and a planning instrument by
engineers. Hence, considerable effort has been devoted to user interface such as menu system, interactive data editing,
and graphical and tabular outputs.

Download REDIM 3

« REDIM 3.0.1 - Windows Installer
« User Manual

D load Landina E Datab

« Landing Events Database 1.2.2 - Windows Installer
« User Manual

Download REDIM 2

« REDIM2.1




3 VirginiaTech

Invent the Future

Runway Exit Design Tool Objectives

Predict runway occupancy times at any airport given a
fleet mix , runway length, runway exits and airport
environmental conditions

Help airport designers locate new runway exits to reduce
runway occupancy time

Minimum Radar
Separation = 3.0 nm

Runway with ROT > 50 seconds
All right angle runway exits

Minimum Radar
I — ] NSNS |

Runway with ROT < 50 seconds
Two high-speed runway exits

Air Transportation Systems Laboratory 6
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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

= Stand-alone Windows

Runway Exit Aircraft Assignment
(Runway8)

e application
== =~ Requires ~1.8 Gb of hard

disk space

New runway clustering
Improvements to landing
roll profile calculations

(((((((

e —— Model predicts the weighted average
............. - ........ : Runway OCCUpanCy Tlme (ROT)

Landings (%)
a2 o o

Air Transportation Systems Laboratory
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Runway Exit Design Tool Outputs

Analysis Purpose Outputs Produced
Aircraft Mix Provides an overview of aircraft fleet mix Percent of aircraft types simulated in the analysis
Runway Occupancy Provides three values of runway occupancy 1.Average ROT (in seconds) by runway exit and aircraft (table format)
Ll time measured at two locations: 2.Average ROT (in seconds) by runway exit and aircraft (graphical
1.Fuselage out format)
2.At hold bar 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 | 1. Percent of individual aircraft assigned to each runway exit
each exit
2

. Individual ROT by aircraft and runway exit

Aircraft Landing Provides individual landing event information | 1. Landing roll distributions (CDF and PDF) by runway condition (wet
Performance (REDIM uses a Monte Carlo Simulation or dry) in table format
L8 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

c) Extra roll distance and time

d) Turnoff distance and time

Air Transportation Systems Laboratory 8
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REDIM 3 Aircraft Database

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

a5 REDIM - FAA AC Runs - [Aircraft Database)
a;) File Aircraft Database Window Help

#)- Design a New Runway Aircraft Design Group (ADG): | -
[+ Improve an Existing Runway
& Evaluate an Existing Runway ADG | Aircraft
: :i’:gt: gj::dde““ PR P Engine Aircraft Aircraft Approach Nose Gear to Nose Gear Wing Tip Full Length
: AACC Runs Type Design Group Category Main Gear (m) to Tail (m) Radius (m) (m)
R oo > Grumman American AAT Piston | A 148 5.14 378 587
+- AAC_B_Runs AAS Grumman American AAS Piston | A 1.66 5.65 492 6.71
G- Indvidual_Ack_Runs ACT1 Rockwell Commander 112 Piston | A 215 665 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 343 891 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 7.7
BE35 Beechcraft V35 Bonanza Piston | A 22 7.87 5.76 86
BE36 Beechcraft 36 Bonanza Piston | A 247 763 5.18 8.1
BE40 Beechcraft 400 Hawker Jet | B 5.88 13.39 6.86 148
BE50 Beechcraft 50 Twin Bonanza Piston | A 1.14 8.18 71 96
BE55 Beechcraft 55 Baron Piston | B 22 7.87 5.76 86

Air Transportation Systems Laboratory
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REDIM 3 Menu Structure

o) REDIM - REDIM Final Test - [Aircraft Datatl  @5! REDIM - REDIM Final Test - [Aircraft Datat| 85 REDIM - REDIM Final Test - [Aircraft Datak| 8 REDIM - REDIM Final Test - [Evaluate an Existing Runway - Total Distance for MD80 (7200FTRun) - Table]
sy File Aircraft Database Window o' | File | Aircraft Database Window s File | Aircraft Database | Window oy File Aircraft Database | Window | Help
[l ® Restore Aircral| * New Project... I #- Design Show Database Ic—raf @ Design a Neva.unway 1 Aircraft Database
Move 2 Open Project... f g:?.f Edit Database : g::;:ea:n?:::g?::::y 2 Evaluate an Existing Runway - Runway Occupancy Times (39.4 s - Std Dev: 84
Size g — B Close Proejct S : — B Create New Folder. 3 Evaluate an Existing Runway - Runway Exit Aircraft Assignment (7200FTRun)
- Minimize E [#- Evaluate_test1 4 Evaluate an Existing Runway - Total Distance for MD80 (7200FTRun) - Table
2 L Exit (= TestMD80_7200f — ) [POF Az TPOF DY T gy
g e a > | a s Dsh— ' o0 10.7 54
Delete Folder . : t - -
X Close Ctrl+F4 [=)- 7200FTRun 3,259 0.0 0.0 0.0
3284 0.0 0.0 0.0
Runway Settings - !
Sext £ R +ED Furwey B Localions | 338 | 0.0 o0 o0
— ). Runway Occupancy Tir 3334 ‘ 0.0 0.0 0.0
o) REDIM - FAA AC Runs
File  Aircraft Database  Window  Help
: F::rf\',‘:aﬁe;;;’;wsznway 22 Evaluate an Existing Runway - Runway Occupancy Times (5645 - Std Dev: 10.15) R... [ = | & |[mm]
(- Evaluate an Existing Runway Show: Times To PC  Turnoff Times I Runway Occupancy Times I
- Create New Folder... - .
& AAC AR Runway Occupancy Times (56.4 s - Std Dev: 10.1 s)
[#- AAC C Runs (Runway13_myAiport)
= A B s 2000 Aircraft Name El E2 E3 E4 E5
- AAC_B_Runs > A 4325 53.25 59.25 68.4s
[#- Individual_Acft_Runs A333 517s 6125 65.0 7138
e B738 022 5265 8%  |671s
B748 47.3s 58.2s 66.9s 75.3s
i Delete Folder
& Runway13_myAiport B773 | 45.6s | 54.2s 63.1s 70.8s |
. Runway Seftings BE30 28.9s | 56.6s [ 62.2s 74.8s
- Runway Exit Locations BES58 31.0s | 60.6s [ 62.6s
- C206 37.0s [ 78.9s | 89.6s |
C510 29.4s | 59.7s | 66.1s 73.6s 85.1s |
C56X 52.8s 60.2s 68.4s
(- Runway Exit Aircraft Ass CL60 50.4s 57.1s 66.1s 75.1s
[#- Landing Components Die CRJ7 447s 53.8s 61.5s 72.1s
[#- Landing Distances and ~ E145 45.0s 52 8s 61.7s 68.5s
- Edit Runway LJ60 48.7s 54.5s 61.7s
- Delete Runway SR22 335 7355 77.8s 90.9s
(= Runway19_DCA
i Start Evaluation...
i Delete Case Folder
#-R 19
ok Save Table Close
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Sample Screens of Runway Exit Design Tool

oS! REDIM - REDIM Final Test

File  Aircraft Database

Window

[=)- Design @ New Runway
-Create New Folder...
[#- 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

Tables
Plots

Tables
Plots

Tables
Plots

Edit Runway
Delete Runway
- TestMD80_7200ft
- TestMD80_S000¢
- TestMD80_medRunway
(- TestMD82_7000ft
Start Evaluation...
Delete Folder
[#- 7000ft_md82

E-E-E

=1~ Runway Occupancy Ti|

- Runway Exit Aircraft Ass|

- Landing Components Dig

@)~ Landing Distances and |

Window

Help

Help
P —— ) _— . - B IEEES
Runway Exit Aircraft Assignment
(Runway8)
Aircraft Name E1l E2 E3 E4 ES5 | Unassigned | Aircraft Mix 55! REDIM - REDIM Final Test
4 B738 11.9% 75.2% 13.0% 40.1% File Aircraft Database
BE36 14.1% 64.6% 17.8% 3.0% 04% 30.0% = Desian = New Rurma
ES0P 0.4% 19.4% 61.6% 16.9% 17% 30.0% L Conste fiew: Foldes
Exit Mix 43% 25.2% 286% 36.1% 5.8% 0.0% - MyOptimalRunay
[#- NewRun2
(- Test1_shotRunway
- [=- Improve an Existing Runway
ROTESIOatEanE -

Show: Times To PC Turnoff Times | Runway Occupancy Times

‘ Create New

Total Distance for B738

Folder...

[#- Improve Runway22

o5 Evaluate an Existing Runway - Runway Exit Locations (Runway8) - Table

=8 N ==

Runway Exit Locations

(Runway8)
Exit Exit Status Exit Type Location (ft)
» Open 90’ 2500
E2 Open 90° 3,999
E3 Open 30° (with 1,500 ft circular arc) 5499
E4 Open 90° 7.500
E5 Open 90° 9,800

Save Table

Close

(Runway8)

- [=)- Evaluate an Existing Runway
Runway Occupancy Times (57.1 s - Std Dev: 11.6 s) Create New Folder...
(Runway8) [#- Evaluate_test1
Aircraft Name | E1 E2 B3 E4 5 = MyRunnayEval2
4 453 57.1s 75.85 S:;SVF&OI;Z‘:O" :
BE36 335 51.5 72.1s 87.0s 114.5s - Runway8
ES0P 28.7s 427s 59.1s 73.2s 94.2s Runway Seftings
a5’ Evaluate an Existing Runway - Total Distance for B738 (Runway8) - Table 55! REDIM - REDIM Final Test
Choose Aircraft: B738 ~ Metric Distance  ~ Landing Component: Total Yy | (2 GIemiiEEis Uik P

[=)- Design a New Runway
Create New Folder...
(- MyOptimalRunway
(- NewRun2

Landings (%)

Distance (ft) (1073)

©
s
o
-

[#)- 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 Di
Tables
Plots
[#)- Landing Distances and |
Edit Runway
Delete Runway
- TestMD80_7200ft
(- TestMD80_9000ft
- TestMD80_medRunway
=) TestMD82_7000ft
Start Evaluation...
Delete Folder
(- 7000ft_md82

a7/ Evaluate an Existing Runway - Runway Occupancy Times (57.1s - Std Dev: 11.6 5) (Runway8) - Table

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

Runway Occupancy Time (s)

(Runway8)
L T T —m= BE36
= E50P
7
120 o ] = GIE

100

Exit

ES

Air Transportation

Systems Laboratory
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Interface and Panels in the Runway Exit Design Model

b=’ REDIM - FAA AC Runs
File  Aircraft Database ~Window Help
(- Design a New Runway Sl Evaluate an Exicting Runway - Runway Occupancy Times s - Std Dev: 4.4 5) (2500ftRunway_AAC_A_30deg_exits) - Table [ = |[ =0 [52]
[=)- Improve an Existing Runway =S — e e S =
i...Create New Folder... Show: Times To PC Tumnoff Times | Runway Occupancy Times
=) Evaluate an Existing R . .
e 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 ed4 e5 eb e7
|~ Delete Folder » BE33 2138 247s 2745 303 3325 36.0s
= 250‘;‘““”“’55—5“‘3—"\—30"' BE35 214s 2465 277 30,65 3 36.25
H“”Way E:;""L‘?sat BE36 212 241s 2665 297s 325 3565
R i ted c152 253 2856 317 47 21
T i 12 54 285 IR :
c177 2125 2468 275 308 I b I th I t
Plots
Runway Bt Arcraft Ass c1s2 2125 243 2758 3055 a eS WI re eva n
5 Landing Components D c206 175 210s 2455 27.1s 303s
{3 Landing Distances and - c208 18,65 217 2465 2745 30.1s d I It
Edit Runway c210 18.0s 204s 2445 27.0s 30.1s l I I e reS U S
Delete Runway coL4 20.1s 246s 2665 2955
- 2500t Runway_AAC_A_RA DA40 216s 238 27.1s 303s
(&1 2500t Runway_AAC_A_RA_ M20P 18.1s 2125 237 267s 296s
- 3000t Runway_AAC_A_RA_ P28A 18.4s 2158 2445 276s 3055 336s 369
- 3000ft_Run_AAC_A_USMix, P32R 18.0s 210s 235 26.4s 290 319 425
[#- 4000ft Runway_AAC_A_30d,
- 4000kRunway_AAC_A_RA || | ' Evaluate an Existing Runway - Runway Occupancy Times (33.7 s - Std Dev: 4.4 5) (2500ftRunway_AAC_A _30deg_exits) - Table |- || & | (3w

&-E

o MR o e [t Oscipny T
4000ft_Run_AAC_A_USMix 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 3000ft (2500ftRunway_AAC_A_30deg_exits)

Navigation and B %
project panel with

3]

BE36
C152
C172
c1r7
Cc182
C206
C208
C210
COoL4
DA40
M20P
P28A
P32R

S
o

information and
results

w
o

UNNNORRO0UNIN

Runway Occupancy Time (s)

-
o

Plots of relevant
model results

Air Transportation Systems Laboratory
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Navigation/Project Panel Hierarchy

! REDIM - FAA AC Runs
File  Aircraft Database  Window Help :
- Design a New Runway < Design a new runway
- Irnprove an Existing Runw.
i Create New Folder... a\
-J- Evaluate an Existing Runw 1 T
o ey —_ Improve an existing runway
E;}AACARuns
- Start Evaluation... j i
gl _ Evaluate an existing runway
2500t Ry AAC__deg. o0

- 2500t Runway_AAC_A_RA_exits

- 2500t Runway_AAC_A_RA_exits_dry
-- 3000ft Runway_AAC_A_RA_exits

- 3000ft_Run_AAC_A_USMix_30deg

~ 4000ftRunway_AAC_A_30deg : . . ]
(- 4DD0RRurway_AAC_A_RA exts Scenarios inside project folder
[+- 4000ft_Runway_AAC_A_USMix_RA

- 4000ft_Run_AAC_A_USMix_30deq <]

Project folder

sy Scenario settings
[=)- Runway Occupancy Tln:k
- Tables
B SR Runway exit locations
- Tables \
- Plots .
& Landng Conponerts Dutbusions Runway occupancy times (tables and plots)
- Tables
iy ™
B”*.T‘#Zﬁli“"’""e“"dT""“\ Runway exit assignment (tables and plots)
- Plots
- Edit Runway 5 . . . .
g e R Aircraft landing distributions (tables and plots)
[#- AAC D Runs S000ft
i Aircraft landing distances and times (tables and plots)

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

Main Gear
Touchdown Time

180 = Air Time
i Blue dots are actual landing

Nose Gear :
Touchdown Time roll data points

- ':'i'.' ________________________ Threshold Crossing Speed :
1 Fundamental aircraft

:-_ ___ _______________________________ Nose Gear Down Speed klnematlc equatIOnS
Lol |3 Nominal Deceleration ||nk the landing rO”
profiles (just like in

)
_\% Decision Speed the Old REDIM 2.1 )
E : .
o) N Adjusted Deceleration
a
9p]
g
S Exit Speed
(B (Speed at Point of
Curvature)

Speed at Fuselage
Out Point

S RO B T

Speed at Hold Bar

I -
[ R

Runway Occupancy Time' © @ tii it i iaap i oot dipietli

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
5 4588 4894 8
11 4989 5515 16
17 5709 6019 6
10 6486 6570 6
7 6306 7236 26
16 7479 7607 12
1 7657 7849 10
9 7946 8197 18
3 8375 8710 30
13 8907 9032 28
8 9190 9503 22
20 9691 10038
6 10277 10768 R
18 10950 11145 unway clusters
15 11377 11553 influence the
4 11863 12293 landing roll behavior
12962 13436 .
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®

[\

Nominal Decel (m/s%)
#1 - Mean: -2.07 m/s®

/2

Nominal Decel (m/s®)
#9 - Mean: -2.11 m/s®

\ S \
'<l w \
|I E 05 \
\ \
3 2
Nominal Decel (m/s ) Nominal Decel (m/s®)
#8 - Mean: -1.84 m/s°® #20 - Mean: -1.75 m/s®
w1
o
a
0
3 2 : -3 :
Nominal Decel (m/s%) Nominal Decel (m/s%)
#15 - Mean: -1.68 m/s® #4 - Mean: -1.75 m/s®
w1
a
a
2 -

-3 -2
Nominal Decel (m/s®)

-3
Nominal Decel (m/s®)

#7 - Mean: -2.24 m/s®

[

] L

-3 -2
Nominal Decel (m/s$)
#3 - Mean: -1.88 m/s®

i
\l
\\

Nominal Decel (m/s®)
#6 - Mean: -1.91 m/s®

/)

#11 - Mean: -2.72 m/s®

3 2 B
Nominal Decel (m/s®)
#16 - Mean: -1.92 m/s®

-4 -3 2 -
Nominal Decel (m/s®)
#13 - Mean: -1.87 m/s®

S
w1 \
o
o
0

-4 3 2 -
Nominal Decel (m/s®)
#18 - Mean: -1.67 m/s®

J

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

Nominal Decel (m/s®)

/M

-1

-4 -3 2 .
Nominal Decel (m/s%)

Nominal decelerations and their

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

-1.4 — . -2 ‘ . :
o Airbus A320 » Boeing 737-800
16!t o | Al Runway Cluster 4 s 1
' Runway Cluster 4 (Length 11,863-12,293 ft)
(Length 11,863-12,293 ft) .
— o < 2.2¢ |
@ 18 : e
£ o0 S E 5
O ’ o 23 s I
T -2 © s
o . o
c o c -2.4 B .
O O
© -2.2 1 "é
ko 8 25
o) . o)
) O s
] 24 Runway Cluster 7 1 3
5 (Length 6,806-7,236 ft) -2.67 Runway Cluster 7 I
o (Length 6,806-7,236 ft)
_2 6 T -2-7 o A
-2.8 * ' | ' 28— ' | '
4000 6000 8000 10000 12000 14000 4000 6000 8000 10000 12000 14000
Runway Length (ft) Runway Length (ft)

Air Transportation Systems Laboratory




3 VirginiaTech

Invent the Future g |

Runway Cluster Effect on Nose Gear Touchdown Locations
(Narrow Body Aircraft)

850 . 850 : : :
[0 Airbus A320| [ 2 Boeing 737-800)] N Trend line
Runway Cluster 4 00 | RN |
(Length A
s 11,863-12,293 ft)
E E7s0t
C C e
i} o
T © AT
3 8 700
= 750 = ; Runway Cluster 4
s s (Length 11,863-12,293 ft)
© T 650 K .
() O
3 3
(@] o
= 700 =
@ & 600 ]
) O :
(O] O N
0 a) ..
8 8 3
2 : = 950+ J Runway Cluster 7 1
650 3 Runway Cluster 7 : (Length 6,806-7,236 ft)
(Length 6,806-7,236 ft) ;
500 K
A
600 <Z. 1 1 1 1 450 : 1 1 1 1
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 |
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
Exit Point of .
Cﬁlrvlatzlrr; (OPC) Iél;(gi;th-Speed Runway : p
eJ_ i el S Rumway
Path Lengt

Air Transportation Systems Laboratory
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Runway Exit Clusters in REDIM 3

Angle (deg) m Path Length (ft) g:r:xt::sr Type of Runway
| w o] o [ | o Je| [ =

Cluster #

Intermediate angle, midsize path

Acute angle, long radius, long path
length
Acute angle, long radius, long path

20 30 1400 1800 1233 1684 63

20 35 1800 1800 1047 1224 95

[
[*]

7 50 76 150 590 426 696 55
length
55 53 150 600 494 708 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
53 53 500 1000 1130 1546 13 Acute angle, midsize radius, long path
length
Acute angle, long radius, midsize path
13 28 65 675 1400 584 872 66
length
5 30 52 1200 1503 761 1108 37 Acute angle, midsize radius, long path
length
_ 30 57 1800 1800 677 1043 96 Iﬁézlgtiangle, long radius, midsize path

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)
T S S

1800 1800

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

Exit

Acute angle, long radius,

ge midsize path length

Acute angle, long radius, long

20 30 1400 1800 63

=

path length
20 35 1800 1800 95 ,:;::ﬁeannggtlﬁ, long radius, long
B Cluster 6 B Cluster 18 Cluster 2
55 Shorter runway exit path lengths produce slower runway exits speeds
52.1
o L 20
-
8_ © 47.1
N 45 44.9 |
= 20
L>Ij O ®) 42.2
Y= C
> 0 x
© = 40 +— 38.7 | ]
=35
% ol 36.1
s 35 — — |
30 - : |
AAC A AAC B AAC C AAC D

Aircraft Approach Class

Air Transportation Systems Laboratory
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Monte Carlo Simulation in REDIM 3

Typical distributions for

~an Airbus A320 landing

80

#7 Mean: 133 kts
go'os /\ 5 ><10'3#7- Mean: 677 m
m —
9 2 / \
(1
0 ()
110 120 130 140 150 o
Approach Speed (kts) 0
7 400 600 800 1000
Ground Speed Touchdown Distance (m
(knots) A
#7 - Mean: -2.24 m/s°®
1 : :
Threshold 100 §0 ] ,/\ on a 7,100 ft runway
Crossing aie T h / ]".
Ground 140%¢ Air Time Ao J |
Speed 12 3 o - B 1 Exit Speed Distribution
‘ : ~ for Cluster 2 runway exit
S
gg:;Ge\ Nominal Decel (m/s”) - short path acute angle exit
100 N Nominal Deceleration
\ 04 #19 - Mean: 22
80 1= .
......... & .
Decision Speec?'\\ ............ w 0.05 ,"
60 Adjusted o |
wceleration ,,,,,,,,,,,,,, . J
40 D U 0 20 40 60
........ Speed at Fuselage Exit Speed (knots)
20 Runway Occupancy Time @~ _‘ Out Point
< >
‘ — > REDIM 2.1 assumed normally
10 20 30 40 50 60

Time (seconds)

distributed random variables
REDIM 3 uses actual distribution

from data collected

Air Transportation Systems Laboratory
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REDIM 3 Output (Tabular Form)

ign & New Runway Choose Aircraft: A320 ~ | Distances | Times | Speeds & Decelerations
rove an Existing Runway
luate an Existing Runway
- Create New Folder...
et Broki Extra Roll Tumoff Total
A Landi . ing a ot
ﬁ g 23:2 9000k Number Conelitons = A D'gf, Distance Distance Distance Distance
i (ft) (ft) (ft) (ft)
IA’;_C_—dB—FI*”::& o > 1 A 2447 2,154 1452 258 6311
' F’; i ”";5 - ;’_‘s 2 E-22 2,001 1,963 737 259 4961
i 3 E22 2,000 1825 877 257 4,958
Bl 4 A 2426 259 1,031 260 6313
i Ce ke 5 A 1,846 2234 1.973 258 6.311
© Runway19 6 Last 2504 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 1.713 259 6.312
=~ 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 11 A 2,191 2,153 1.709 258 6.311
[#- Runway Exit Aircraft Ass 12 A 2,159 2,010 1,884 259 6.312
(#- Landing Components Dig 13 A 2,247 1,894 1912 259 6.312
- Landing Distances and ~ 14 E-22 2,054 1,920 727 260 4,961
& Tables 15 Yes A 22%2 1.986 1835 259 6316
- Plots 16 :' A 2141 2,195 1717 260 6.313
~ Exlk vy 17 K FL 1,700 1.763 956 258 4,677
- Delete Runway 18 K] '
19 :' o' Evaluate an Existing Runway - Landing Speeds & Decelerations for A320 (Runway19) - Table E@
20 : Choose Aircraft: A320 ~ Distances Times
Landing Speeds Decelerations for A320
F (Runway19)
Landing events
Threshold _ . | A
b Touchdown Nominal Nominal . Decel » | Touchd:
. Landing Wd_ Exit Crossing Speed Speed Speed at Decelerati Decelerdlgn to after PC Speed
W|th a Wet ru nway T EOnCRIonS ) (knots) (knots) RELoED) /ey | PCm/s"2) m/s~2) | Coetficient
» 1 A 132 125 70 16 217 -1.38 0.34 0.95
2 £22 132 125 70 2 237 261 034 0.95
3 E22 129 122 70 2 -2.39 2.16 0.34 0.95
4 A 129 122 70 23 -1.69 -1.84 034 0.95
5 A 138 131 70 2 240 0.9 034 0.95
6 Last 141 134 70 21 .77 171 034 0.95
7 A 135 128 70 25 241 .17 034 0.95
H 8 A 130 123 70 24 191 -1.09 034 0.95
Eve ry I an d In g 9 E22 127 121 70 28 -2.80 313 0.34 0.95
. . 10 FL 131 124 70 2 277 268 0.34 0.95
SImMmu I ated N 1 A 134 127 70 18 229 116 034 0.5
: 12 A 128 122 70 17 2.14 -1.06 0.34 0.95
RE D | M 3 S 13 A 126 119 70 20 215 102 034 095
14 E22 140 133 70 24 291 258 034 0.95
re p 0 rt e d | n 15 Yes A 131 124 70 28 229 0.97 0.34 095
< >
t a b | es C Average 133 126 70 24 221 162 034 095 |
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Application of Runway Exit Design Tool to
Selected US Airports
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Application of the Runway Exit Design Tool to Four Airports

. IIVirginiaTech
Runway Exit Study PR 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
WirginizTech

Runway Exit Analysis of Boston Logan Airpo

IZ)VirginiaTech
Invent the Future

Runway Exit Analysis of Denver International Airport

@,:7

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

Air Transportation Systems Laboratory 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 it minimcg
Earliest PC of new high-speed runway exit ~ 4150 feet locate two
: : / high-speed
Furthest PC of new high-speed runway exit ~ 5273 feet A
E [ “:::ngé’;.:%: P m s« - : .o
L — . e SRy i —

DQQ
* 9

..........................................................................................................................................................................

P2 = 5273 feet P1 =4,150 feet

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
overlap

|
Cross-ov \\ Cross-over
' | ddwe y '. Taxiway
\ |
/N Y
. — . — Taxiw:
N Y T ( \ —
z ,‘! { ™~ \\Sﬁ «: [‘ \\\\ s7 o /S6
/ \\ \ i | \ / ) \\\»” (
» A —u -/ G.A»‘
d L 4
: o — . T o o O NP
60 ide Runway
Zulu s
7,135 feet New HS1
5,280 feet fi
3,000 fi
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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 Weighted Average

ROT reduction
~4 .4 seconds

ROT reduction
~4.2 seconds

50

49

Weighted Runway
Occupancy Time (s)

48.1
48
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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54% of Landings on Runway 27L Could Use the New High-
Speed Exit at 5,280 feet (20/80 wet/dry Design Scenario)

B New HS Exit (5280 feet) M High-Speed Exit Sierra 11 (6073 feet)

100
90 o | 2
80 '
70
60
50
40
30
20
10
0

Percent Aircraft Using Exit (%)

Aircraft Type

Air Transportation Systems Laboratory



[ VirginiaTech y
Invent the Future

Runway Exit Use with High-Speed Runway at PHL 27L

W Comblned use Sierra 11 and S9 ~ 72%

See Note / _

\\
S11
S10 S9 Runway 27L
2 = v Landing Direction . S7 5
b e ~ [ < 7~
\¢ B
L * e
C%« - . —_— 2 S L D 8 *-0-9 -0 -0 e N e S e T S e 2 QY' e o 9

Z at 7135 feet Basel I ne CO nfl g u ratlo nsn at 6073 feet S9 at 5720 feet S8 at 4865 feet Y at 4400 feet S7 at 3350 feet

7,000 feet 6,000 feet 5,000 feet 4,000 feet
i l | 1
7,500 feet 6,500 feet 5,500 feet 4,500 feet 3,500 feet

Yankee ~ 20%

et S11 ~18% New HS1 ~ 54% | Yankee 20% S7 ~3%

2 — = Taxiway

~——_ ( ST — \ 72<\ \ s

TSy . New HS1 Runway 27L sa s

\ S v Landing Direction 6

| o \‘f"', —— —
ST o e ¢ N <. I~ .~
——————————————————————————— A i o O PSP ———_ = P P S — - —_— X T 0=8>0.90 ¢-0-0-®------m—mmmmmm-
60 meter-wide Runway
Zulu
st s7
7,135 feet 6,073 feet New HS1 Y
5,280 feet 4,400 feet 3,350 feet
8,000 feet 7,000 feet 6,000 feet 5,000 feet 4,000 feet 3,000 feet

i | l I i | I | i | l
7,500 feet 6,500 feet 5,500 feet 4,500 feet 3,500 feet

Optimal High-Speed Exit at 5,280 feet
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Contact Information

For more information or questions about the tools
presented you can contact us:

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