FAARFIELD 2.1 Hands-On Training

Introduction to FAARFIELD 2.1
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FAARFIELD 2.1 Organization
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FAAS R3 D — FAA Structural Analysis in 3D

* Visual Basic.NET library.

 Replaces obsolete NIKE3D Fortran
program.

« Managed Code - compatible with
Microsoft .NET memory management
services.

 Improves performance. Old code was
subject to memory conflicts and
crashing.

* Freely distributable code.

« Continued updates to improve speed &
efficiency.



Navigating FAARFIELD 2.1

TOOLBAR

{©) FAARFIELD 2.02 (Build 03/31/2021)
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FAARFIELD 2.1 — Toolbar

User-Defined Batch Job
Job & Section Tools Aircraft Tools Tools

@ FAARFIELD 2.0.3 (Build 04/30/2021)
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FAARFIELD 2.1 — Explorer Navigation

© FAARFIELD 2.0.2 (Build 03/31/2021)
i Q@ New oo [J0pen Joo (B New Section [l Save 1ob

 FAARFIELD 2.1 supports multiple jobs reerres p—
open at the same time.

« Use the Explorer to navigate between R e

2 2
5 =z
s £
E
g =
- 8

Section Rep: Mate
. . CDF Graph |l
. P-401

PCR Report —
JODS, an ISplay. —
“ |- R
PCR Grapl S5

Fe 5010

— Sections T
— Section Reports

— PCR Reports/Graphs
— 5010 Reports

— Summary Reports (high-level run
information on selected sections in a job) S

ImExplorer | YoAircraft  @@Material «




FAARFIELD 2.1 — Options
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FAARFIELD 2.1 — Pavement Section Area

@ FAARFIELD 2.0.2 (Build 03/31/2021)
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FAARFIELD 2.1 — Traffic Table (dockable)

Aircraft SelectionTools

Stored Aircraft Mix:  ExampleMix1 - Save Aircraft Mix to File Clear All Aircraft from List Remove Selected Aircraft from Section Delete Aircraft Mix File I

Airol N Gross Taxi Annual Annual Total CDF CDF Max P/C Rat Tire Pressure  Percent GW Dual Tire Tandem Tire Tire Contact Tire Contact Tire Contact
rplane fiame Weight (Ibs) Departures Growth (%) Departures Contributions for Airplane yCiatio (psi) on Gear Spacing (in.) Spacing (in.) Width (in)) Length (in)  Area (in.*2)

B737-900 174700 3000 0 60000 0.02 0.04 1.34 204 0.475 34.0 0.0 12.7 20.4 203.4

A321-200 opt 207014 2500 0 50000 0.98 0.98 1.31 212 0.475 365 0.0 134 215 226.0

EMB-195 STD 107916 4500 0 90000 0 0 1.36 147 0.475 34.0 0.0 115 184 166.4

CRJ700 72500 3500 0 70000 0 0 1.53 142 0.95 0.0 0.0 99 15.8 1221

4 / T

Selected Aircraft Data 7~




Aircraft Selection

Aircraft library has been completely reorganized and updated for FAARFIELD 2.1!

B FAARFIELD 20.0.h Beta 09/25/2020
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FAARFIELD 2.1 — Aircraft Library

FAARFIELD Aircraft Group

FAARFIELD Aircraft Group
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New User-Defined Aircraft Mode

Create, edit and save user-defined aircraft within the program.

@ tew 1ot [JOpen tob (B NewSection [ Sove Job (B save s sove an X Close sob | Stosed AvcrattMox & Creme B gy Drielp wvReser X it |

Aircraft X | Design Options r 3 ox
FAARFIELD Aircraft Group User Defined Ge 2 | | caleulate HMA COF: No >
Select Aircraft | B767 ER Growth (UDA) v 250 (nches)
Gross Taxi Weight (Ibs) Automatic flexble T
413000 200 base design:
uglas
Other C " ut file: L -
ther Co a 005 o Output file: ‘o
General Aviation
Military
N 0924 100 Units: US Customary  ~
Non-A
Tire Pressure (ps) | 200 - Allow Flexible
. Computation for Thick  Yes -
"B ] " Overlays on PEC
1 - 50 S0 100 IS0 200 . 250
" Set as Program || Reset Default to
50 Default
Tires. Evaluation Points 100
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150 Change Pavement Graphics
FAARFIELD Aircraft Library
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200
I 250
Delete Tire Delete Eval. Point Update Gear Image Update User Defined Aircraft
Traffic v 3
Stored Aircraft Mo - Save Aircraft A Clear All Aireraft from List om Section =

Tn— Annual Annual Total COF A — - Dual Spacing  Tandem Tire Tire Contact ont.
Depar Departures for Airplane (psi) i) Spacing (in} Width () Length (ir
[} 0 0 200 00 9
0 0 234 780
o 0 ] 222 )
[} [} 0 0 218 669
[ ) 0 218 00
[] [] 0 0 204 00 204 B

Notes




User-Defined Aircraft Mode

 FAARFIELD treats UDA just like other library
aircraft, except they have (UDA) appended to the
aircraft name.

« UDA data are stored in files in:
C:\Users\[user]\Documents\My FAARFIELD\User
Defined Aircraft

 UDA data are also saved to the job file — useful if a
job is sent to another user.



FAARFIELD 2.1 — User Defined Aircraft
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Subgrade
Select As The Des Delete Selected Layer
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FAARFIELD 2.1 — User Defined Aircraft Mode

{8 FAARFIELD 2.0.18 (Build 05/26/2022) a

- x
¢ @ tew oo (J0pen sob @) iewsection [l seve sos [ seve 2 smve A X Close o | User Defines avcratt & cremte B | Sotch Rum Seiection [Zsetect an [Clpeseiect an | [5) onvease scecs @D rieip et X st |
¥

Enter a name for the new UDA g

: T s vt st "1 2. Enter the gross weight (Ibs.)
. 3. Enter percent gross weight on the
- main gear as a decimal value (e.g.,
0.95)
casrcnenion [3 4. Enter the percent gross weight on the

main gear for PCR calculations as a
decimal value.

5. Enter the tire pressure (psi)

Delete Tire Delete Eval. Point Update Gear Image Save New User Defined Aircraft




User-Defined Aircraft Mode

FAARFIELD 2.0.13 (Build 05/26/2022)

‘ @ tewlob [J0pentob (E)New Section [ save Job [ save 4 Define the tire coordinates.

—_— ]

Define the evaluation points. These are used

E
=

£ Section . . i i i .
; USerDemﬁmmmm «  X-coordinate is lateral. for layered elastic analysis computations
¥ . . ] . . .
NewvserDefined aiste | L y_coordinate is longitudinal (in Must have at least one evaluation point.
£ eross TRt 145000 direction of travel) « Typically, under the wheel, at the gear
— Percent Gross Weight -
z an Whele Main Gaar 055 * Only enter coordinates for one set of CG, and evenly spaced between.
€ Pep mecent e [oss wheels (left or right, doesn’t matter). + Again, only enter coordinates for one set
e Pressure sy [ 200 They will be reflected on the centerline. of points (left or right, doesn’t matter).
Gear Orientation | // | |
// 50 100 150 200 250
Y 4 50
. /- -
Tires e Evaluation Points 100
X Coord. (in.) YCDc@.ﬁHJ X Coord. (in) Y Coord. (in)
183 0o -103.1 00 N
878 0.0 -100.0 0.0 0
-97.0 0.0
-93.9 0.0 -200
-90.9 0.0
T =
Delete Tire Delete Eval. Point Update Gear Image Save New User Defined Aircraft




User-Defined Aircraft Mode

| (@) FAARFIELD 2.03 (Build O4/30/2021)

* New UDA will appear in your 9 e e B B G X i o
: _;
External Library group. | oo [
+ Identified by the suffix (UDA) e
« Can be used in designs the "
same as internal library

aircraft.

» Use the editor to define non-
airplane vehicles (snow plows,
tugs, etc.) not in the internal
library.

FAARFIELD Aircraft Library




Editing an Existing UDA

uSection [} save sob [P save as [Qsave X Close Job | User Defined Averait &

Job Name: Workshop

Section Name: | Flexible Example

Pavement Layers

reate B gy

Batcnffun Seiection [[Zjsetect an [CJpeseectan

Thickness Design

| Include in summary report

Select “Edit” from the
UDA Tools

Pavement Type: New Flexible - P-401/P-403 HMA Surface
Material Thickness (in.) E (psi) CBR P-401/P-403 HMA Stabilized
P-401/P-403 HMA Surface 4.0
P-401/P-403 HMA Stabilized 5.0 P-209 Crushed Aggregate

-~ |P-203 Crushed Aggregate 263 >
Subgrade 7050 47

(T 5 x| [emma—— -
L T ey LT DL - S e B B e LT TRTERer] - S, S B vt x|

|

P

[

P

Select the aircraft you want to edit
from the drop-down list.

Select the aircraft you want to edit
from the drop-down list.




Four Functions in FAARFIELD 2.1

D) FAARFIELD 2.0.0 Beta 22 January 2020

i @ Newsob CJ0pen o @New Secton [Dsave 00 Bsave s [sove X Close sob | Stored ducraft M & Create B g |

P-401/P-403 HMA Surface

Thickness Design

T

 Life
Compaction/Life
PCR

P-401/P-403 HMA Stabilized

-->|P-209 Crushed Aggregate

Subgrade

Form 5010

Stored Aircraft Mix: | FlexExampleMix

THICKNESS DESIGN — Compute
required thickness per AC 150/5320-6.

LIFE — Compute structural life for a
given structure and traffic mix.

COMPACTION - Compute subgrade
compaction requirements per AC
150/5320-6 for a given structure and
traffic mix. (Applies to completed
designs.)

PCR — Compute Pavement
Classification Rating (PCR) for the
structure and traffic mix.



FAARFIELD 2.1 Help

Completely
rewritten from
FAARFIELD 1.42.

This is the first
resource you
should go to with
your questions on
FAARFIELD.

Contains examples.

148X Close job | User Defined Arcraft ¥ Creste B gz Batch R Seecvon [Zsetectau [Cloeserecean

@rer enrefl X ot

Run Status | Gear | Structure

ess Design

P-401/P 403 HVA SUTToce.

P-401/P-403 HMA Stabilized

209 Crushed| 3 FAARFIELD 20

7050 a7

ngtalation of FAARFIELD 20

@ Running the Program

@ Progam Interface

@ Job and Section Defintion and Cortral
@ Defining Pavement Structure

@ Defining Section Traffic Mix

Subgrade .
S @ Nodes of Operation

0 e B
D Hde  Back Options
Contents | index | Search |
: E ; g [2] Introduction to FAARFIELD

gn Laye

SR @ Program Output
> the top of the subgrade: 358 in. \\Z\\fi\‘fﬁ\\ﬁf\\fi @ Design Optons
AR @ APPENDIX A: Theoretical Approach fo|

SR
RN
SIIAAIA

[2) APPENDIX B: Cumuiative Damage Fac|
(2] APPENDIX C: Moduius Assignmert Prc|
@ APPENDIX D: Data Fies
@ APPENDIX E: Design Examples

Previous: Introduction to FAARFIELD ~ Current: Help File Organization Next: Installation of FAARFIELD 2.0

2 HELP FILE ORGANIZATION

To access the help file from the software, click Help on the upper left of the toolbar. The help file is also available in PDF format from the FAARFIELD
download page of the FAA website. The intent of this help file is to provide sufficient information for operating the program. selecting input data values, and
interpreting the output data This user mamual is not intended to provide a complete description of the design procedures and program structure. The manual
first describes the installation of FAARFIELD 2.0, then describes each of the program’s features in turn:

Running the Program

Program Interface

Job Definition and Control

Defining Pavement Structure

Defining Section Traffic

Modes of Operation

Program Output

Design Options

File names, directory names, menu items, typed commands, computer output, and names of buttons in the interface are shown in £ixed-width font
Additional information is provided in the following appendixes:
Theoretical Approach

Appendix B: Cumulative Damage Factor

Appendix C: Modutus Assignment Procedure for Aggregate Lavers
Appendix D: Data Files

Appendix E: Design Examples




“ Alex Beltyukov - RuSpotters Team, CC BY-SA 3.0 GFDL 1.2, via Wikimedia Commons

Review of Key Concepts in FAARFIELD

Mechanistic/Empirical Design; Pass-to-coverage; Cumulative Damage Factor (CDF)




Mechanistic-Empirical Design

structural g Model || Failure Model
(Statistical) (Empirical)

Model
(Mechanistic)




Key Concepts in FAARFIELD

« Layered Elastic Analysis

 Wander

 Pass/Coverage Ratio (P/C)

 Miner’s Rule (linear summation of damage)
« Cumulative Damage Factor (CDF)



Structural Models in FAARFIELD

« Both layered elastic (LEAF) and ’L‘
3D-FEM (FAASR3D) are used in .
FAARFIELD. FFHTITTFH

* Flexible pavement design |

— LEAF is used for all structural !
|
I

computations.
— For flexible, no advantage to using
3D-FEM.
 Rigid pavement design

— LEAF to generate a preliminary
thickness design.

— Final iterations are done using
FAASR3D.




Definitions

« Coverage = application of the maximum stress or strain at a
point on the pavement.

« Pass/Coverage Ratio = the number of aircraft passes resulting
in one coverage on a given strip.

« Wander = the width over which the centerline of the aircraft is
distributed 75% of the time.

- Effective Tire Width = the width of a horizontal surface
assumed to be affected by a tire load at a given depth.




P/C Ratio in FAARFIELD

« Assume the tire has a normal lateral
distribution with wander width = 1.78 m (70 in.).

— Equivalent to standard distribution o = 30.54 in.

+ The probability that, for a given pass, any part
of the effective tire width covers point P, is
defined as the coverage/pass ratio (C/P) for
point P.

« PIC is the reciprocal of C/P.

— PI/C is always greater than or equal to 1.0.
— When does P/C =1.0?

*  On a pavement strip of width w, P is the center
point of the strip, and we define P/C as applying
to the whole strip.

+ Depending on which layer is being evalu ;
the P/C ratio may vary with thickness!

Center of pavement strip
|
|
i

€——t—> PAVEMENT STRIP WIDTH w

surface

/ top of subgrade

subgrade

3 EFFECTIVE TIRE WID




Cumulative Damage Factor (CDF)

 Sums the damage contributed from each aircraft -
not from equivalent aircraft.
« CDF =X (n;/N,), where:
— n; = actual passes of individual aircraft i
— N, = allowable passes of individual aircraft i

« When CDF =1, design life is exhausted.
 In FAARFIELD:

— The gear location and wander are considered separately for
each aircraft in the total mix.

— CDF is calculated for each 25.4 cm (10 inch) wide strip over
a total 20.83 m (820 inch) width.

— Use Miner’s rule to sum damage for each strip.

* Important: Input the fleet mix, NOT equivalent
departures of design aircraft.




Cumulative Damage Factor (CDF)

Difference in Gear

A Location

Damage from Damage from
Airplane A Airplane B

CDF

! 254 cm (10 1n.) I I
< >




Cumulative Damage Factor (CDF)

<25 4 cm (10 in.)> Total Damage

Damage from
Airplane A

Damage from
Airplane B




Large Airplane Traffic Mix Gear Locations

\ \ \
I I = B-777-200
I I I I - B-747-400
I = A-330
I I - B-767-200
A-300-B2

I I - B-757
I I - B-727

= B-737-400
|l I| — D63

MD-90-30

=— DC-9-50
I I = DW 100,000
I I =— Regional Jet 700
II I = Regional Jet 200
I DW 45,000
DW 30,000
= SW 30,000

Runway Centerline .

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
Distance From Centerline (in)




FAARFIELD — CDF Graphical Display

= Cumulative CDF

= A380-800 WV000 Belly

= B777-300

= A380-800 WV000
B767-300 ER
Fokker-F-100
S5-30

= B737-300

CDF

Design based on
critical offset from
centerline.

Does not
necessarily agree
with track of “most
demanding” aircraft.



Failure Models in FAARFIELD

Flexible Subgrade Failure Model

0.0045

» This is the “empirical” part of
mechanistic-empirical. e
— Derived from full-scale traffic tests at :
NAPTF. -
— Relates strain or stress to allowable -
coverages (fatigue). -
—  Tied to CDF through P/C ratio. | e
* Flexible: Function of maximum
vertical strain at the tOp of the ZZ Rigid “First Crack” Failure Model
subgrade. o)
Rigid: Function of maximum a
horizontal stress in concrete slab. o
06 T T T

——Line enclosing 85% of Failures @ (CC8 Data Points + (CC2 Data Points




FAARFIELD 2.1 —
New Features and Links to FAA PAVEAIR

« Data Integration with FAA PAVEAIR ‘= rmerememoms T

Log in to PAVEAIR using PAVEAIR user credentials ‘ s st | e o || e

— Update to current library version (and eventually to e
current software version) online :

— Access user-owned PAVEAIR databases
—  Populate Job Information from PAVEAIR data
— Upload/download/store FAARFIELD job files under

appropriate PAVEAIR network/branch/section e
 More New Features e '
— Display critical design stresses for rigid slabs (and most ~ _ . 5

demanding aircraft for A-1 joint design).

—  Option to automatically perform reduced cross section
design (1% of traffic).




FAARFIELD User Sign-In

+ Select “User Information” tab at right

« Sign in using existing PAVEAIR account
login and password.

« Panel displays installed and currently
available versions of software and
aircraft library.

« If your aircraft library is out of date, you
have the opportunity to download the
latest version.

* In the future, you will be able to update
to a newer version of FAARFIELD, run
software patches and bug fixes, etc.

PAVEAIR Login

[N ey Py




FAARFIELD — PAVEAIR Access Screen

« Once signed in, you have access to all

user-owned databases in PAVEAIR. e _
- Navigate to Network/Branch/Section T
«  Four possible actions: :
— Upload Job — Uploads the current g e —
FAARFIELD job to the selected PAVEAIR H e 01

Network/Branch/Section

— Download Job — Downloads and opens the
selected job from the PAVEAIR list in
FAARFIELD

— Update Job — Overwrites the selected job

— Delete Job — Deletes the selected job from
the PAVEAIR database. (Does not delete
from FAARFIELD or the FAARFIELD job
file).




Data Organization

« The same FAARFIELD job can be PAVEAIR Side | FAARFIELD Side
uploaded to multiple locations in a DATABASE !
PAVEAIR database. [paragase] |
. i y 1
!‘n futL_lre v::rs_lons of FAARFIELD, NETWORK |
Sections” will be renamed to |
“Structures.” This is to avoid confusion y |
with sections as defined in APMS. BRANCH |
— |
* For the PAVEAIR user, structures can v |
t: SECTION A » JOB1
represent. |I
— Asphalt vs. concrete options, for use in
PAVEAIR LCCA tool SECTION B o8t
— Before/after overlay or replacement of |
section |
— Different possible traffic mixes : g
|

— Etc.




Thank Youl!
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