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— http://www.airporttech.tc.faa.gov/pavement/25rough.agsge

ProFAA

The FAA’'s computer program for computing pavement
elevation profile roughness indexes

Straightedge Index, Boeing Bump Index, IRI, Profilograph
Index, and BandPass Filter

Dynamic Coefficient of Nose Strut Force and Main Strut
Force, CG, and CP for B-727, B-747, DC-9, and DC-10

MakeSplineFit

— File Format Conversion Program
_ “*.tXt” N u*.prou

Free Download
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Current File Conversion Program
(for “*.pro”)

= il = y = o - -\.:'F |
S aiaHe Splnme i o iale ,_J \__j hﬂ

Fead File ‘ E =it ‘
lnput S ample Ouput Sample Scale lnput to
Spacing. fest Spacing. fecst Inches
| 0022021 | D.022021 | 1.0
File Mame |
Firzt Line |

T he input file iz ASCH Format with one elewation point numerical walue per
line az a decimal. E ach walue can hawve any number of characters. The first
line in the file iz dizcarded. The autput file 1= binary foronat wvaith the elewation
point numerical values given sequentially as single precizion floating point
numbers [four bptes eachl].
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New File Conversion Program
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New File Conversion Program

« Multiple file format conversions
— ".erd”, "*.ppf’, “*.pro”, and "*.txt”
» Text box to select a profile channel

* Instant profile plots to confirm the conversion
before analysis




Indexes from Straightedge Type
Measurements

(Regular) Straightedge Index
Rolling Straightedge Index
Boeing Bump Index
Profilograph Index




Straightedge Index

Crver the Full Length ) .
Maximum between the Support Points

,ig:enter Straightedge

Profile
-------- Upper Convex Hull

« Maximum Deviation Over the Full Length
« Maximum Deviation between the Support Points
* An Unique Feature of ProFAA

RA

 INTERNATIDNAL, INC.




Straightedge Index Specs

FAA ICAO USACE
Length (AC) 16-foot 9.8-foot 12-foot
Full or Between Full Full Between
Length (PCC) 16-foot 9.8-foot 12-foot
Full or Between Full Full Full
UFGS-02749
Reference AC150/5370-10 ICAO Annex 14 UFGS-02753

UFGS-02751N




Straightedge Simulation

« Optional selections for measuring methods (Full length or
Between) and straightedge length (5 to 250 feet)

« Straightedge places at every data points and average of the
maximum deviation at each point becomes straightedge
Index




[ @ Profile and Roughness Indexes - C:\Documents and Settings\songitDesktop\ExampleZ.pro E] @ |

- 19.979 ZProfile EXAMPLE 2.inch
Operations
Fead File
TN T T T T T T R Y A Y N R N Y T A A I B O B A O |||||||||||||||||||||||||||||/I/|‘|
000 4.143
I/ Out
-36.279 Hundreds of Feet
Undo Zoam Z00m
1.0941 Straightedge.inch,Edgelength = 162t
Undo MewlLen Mew Length
PRI T T A N T T N A 0 A T T T A A A A T VIR A A SR AN AA AN VO A I O A A MO O
000 10413
Run Sim
0o Hundreds of Feet
Save Profile

E=zit

[~ SmoothEnds [ mebric

¥ Runway Save Indexes
19.740

Indexes

f+ Sysdhtgdoe

i 1128 7 he 169 \] | w 3876
’.. -’0

"~ Boeing Bump
I— 19.529 Hundreds of Feet

IR [144 car)

(" CA Profilograph

i~ Bandpasz Filter

—

Straightedge Plot. Deviation = 0.106inch

ShowB ars

Automatically Frocess All

Finished Straightedge | %= 3.835.78ft % =0412inch |Delx=0.00.inch| Dely =-0.072inch | Current = Straightedge




@ Profile and Roughness Indexes - C:\Documents and Settings\songitDesktop\ExampleZ.pro

S[E[x]

Operations 19.979

Fead File

ZProfile EXAMPLE 2 inch

000

I/ Out

Undo Zoam

Z00m ‘

Hundreds of Feet

4143

Undo MewlLen Mew Length

Straightedge.inch,Edgelength = 162t

0000
Run Sim

0000
Save Profile

oWy

, I
A B _I*JI'-L_!
an?®

104.139

E=zit

[~ SmoothEnds [ mebric

¥ Runway Save Indexes

19.740
Indexes

f+ Sysdhtgdoe

Straightedge Plot. Deviation = 0.104inch

0798 =
L]
L 4
’Q an?®
"~ Boeing Bump

——

[38.189

19.529

VA L/

Hundreds of Feet

38.676

IR [144 car)
(" CA Profilograph

e

i~ Bandpasz Filter

—

ShowB ars

Automatically Frocess All

Finished Straightedge | =10454.07ft |% =0.817inch

Delx = 0.00.inch | Dely = 0.026inch | Current = Straightedge




Rolling Straightedge

» Recording wheel is located at the center of straightedge
* A couple of “rolling” wheels are placed at both ends
« Straightedge travels on pavement surface




Rolling Straightedge Simulation

« CA profilograph simulation function in ProFAA was modified
* Twelve supporting wheels are replaced by two

* 10-foot straightedge length and 0.7-foot recording wheel
diameter




Rolling Straightedge in ProFAA

o — o
le »l
| (107 \
Top View
Recorder
Q (}/ Recording wheel Q
| 0.7' X
" (10) |
| Side View |

RO = (Y€, (x~d,))~ P, (x~d,)




Straightedge and Rolling Straightedge

.29 Straightedge.inch Edgelength = 10.0ft

0.000 l—uﬁ{a

.00 Hundreds 'of Feet

2.6590 Rolling Straightedge, inch, Edgelength=10_0ft

jﬂ ll ) H.l YU FLOAT N lﬂi&_'h_ul. Ju._.ll“.. dﬂ.uru ‘wluiﬂ.. VL aﬂa‘l i ,ﬁ.l,.i.‘rmﬂl

000 YT | ¥ ¥

23110 Hundreds of Feet

« Rolling Straightedge
— Measurement Point: Center of the Straightedge by Recording Wheel
— Two Supporting Wheels at Both Ends

e Ny




Rolling Straightedge Simulation Comparisons

ProFAA ProVAL

0.2 0.2
0.25 0.25
0.3 0.3

Distance, foot Distance, foot




Rolling Straightedge Simulation Comparisons
(Cont’d)

800

RSE Elevation, inch

Distance, foot




Boeing Bump Index

Defined in terms of bump height versus wavelength for
individual disturbances

Construct a straightedge between two points on the elevation
profile of a runway and to compare the ratio: (measured
bump height) / (limit of acceptable bump height)

Currently, Straightedge length is variable from 1 m to 60 m

Draft Advisory Circular 150/5380-9: “Guidelines and
Procedures for Measuring Airfield Pavement Roughness”
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Boeing Bump Index Computation

Step 1: compute the bump height and bump length

Step 2: compute the limit of acceptable bump height (lower
limit criteria curve)

Step 3: compute the ratio (measured bump height) / (limit of
acceptable bump height)

Step 4: take the largest of all values computed in step 3
(Boeing Bump Index) for the selected sample point

Step 5: Repeat steps 1 through 4 for all sample points in the
profile




Boeing Bump Index Computation

Step 1: compute the bump height and bump length

Step 2: compute the limit of acceptable bump height (lower
limit criteria curve)

Step 3: compute the ratio (measured bump height) / (limit of
acceptable bump height)

Step 4: take the largest of all values computed in step 3
(Boeing Bump Index) for the selected sample point

Step 5: Repeat steps 1 through 4 for all sample points in the
profile




Step 1.
Bump Length (L) & Bump Height (H)

Straightedge Length |

P\I‘;ﬁ

Profile : L

Straightedge Length




Boeing Bump Index Computation

Step 1: compute the bump height and bump length

Step 2: compute the limit of acceptable bump height (lower
limit criteria curve)

Step 3: compute the ratio (measured bump height) / (limit of
acceptable bump height)

Step 4: take the largest of all values computed in step 3
(Boeing Bump Index) for the selected sample point

Step 5: Repeat steps 1 through 4 for all sample points in the
profile




Step 2:
Acceptable Bump Height (HRr)

20
Unacceptable
15 1
— Excessive
€
L
o
T
_‘f_j, 10 1
:GE) Acceptable
o
e |eps
5
m
5 ]
0 . . . . . .
0 10 20 30 40 50 60 70

Bump Length, L (m)
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Boeing Bump Index Computation

Step 1: compute the bump height and bump length

Step 2: compute the limit of acceptable bump height (lower
limit criteria curve)

Step 3: compute the ratio (measured bump height) / (limit of
acceptable bump height)

Step 4: take the largest of all values computed in step 3
(Boeing Bump Index) for the selected sample point

Step 5: Repeat steps 1 through 4 for all sample points in the
profile




Profile and Roughness Indexes - C:\Documents and Settings\songi\Desktop\Examplel.pro

=& =]
_ 19.979 ZProfile EXAMPLE 2. inch
Operations
Read File
trv v v v v ven b v v b v v v v v e v 110 0 d |||||||||||||||||||||||||||||/|/|‘|
000 4.143
In / Out
-36.279 Hundreds of Feet
Unda Zoarm Z00m
1.0841 Straightedge.inch Edgelength = 162t
Undo MewLen Mew Length
TR T T AN N T TV A 0 B T T A A T A A A A A T VI AU A SR A MUAAN N0 AV I B A A A AN
000 104.13
Run Sim
000 Hundreds of Feet
Save Profile
8160 Boeing Bump Index
Exit h
TR T T T AN N T T T A 0 T T T A I 0 AU VY A A SV A MNAR | O A I B A A MO O
1] 104 14
LN
[~ SmoothEnds [ metric A
.Dooo ®aasn P4 Hundreds of Feet
¥ Runway Save Indexes
19.740 Straightedge Plot. Deviation = 0.106inch
Indexes
" Straightedge
1128 h8.169 \/ | \/\/" 38.676
f* Boeing Bump
19.529 f
1343 -“-----Il-llll-u‘nqui‘afiqlllIll........
19.968 A.ﬁoeing Bump Plot. Index = 0.105, H = -0.31in_L = 36.9ft, E = 173.9ft "
" IRl 144 car] a A . .
ENmmpy
] I 1
¢ CA Profiograph 36 24 R 41.462
18.9 Hunreds of Feet
i~ Bandpasz Filter
Boeing Bump Plot, Index = 0,105, H = -0.31in_L = 369 = 1/3.9k
ShowB ars

Automatically Proceszs All

Finished Boeing | >/ =97509%t |~ =0334

Delx=3.835.90ft | Delv' = 0.267 Current = Boeing Burnp Index




CA Profilograph Simulation

Previously, measured and simulated CA
profilograph profiles using ProFAA were
compared

Equation: R(x) = (X C,R.(x~d,) - P,(x~d,)
Pavement Type: IF_’lCC

Different Pavement Conditions
Correlation Coefficient: 0.9173 — 0.9570




Bump Template

The procedure for manually determining bump height from a
template and a Profilograph paper trace is defined in various
documents

ASTM E 1274-03, “Standard Test Method for Measuring
Roughness with a Profilograph,”

ACPA Publication TB-006.0-C, “Constructing Smooth
Concrete Pavements,” 1990, provides more detail on
manipulating and positioning the bump template

NCHRP Report 1-31, “Smoothness Specifications for
Pavements,” 1997




Bump Height and Width Specs for
Template

Bump
Agency
Height, inch (mm) Width, ft (m)
FAA 0.4 25
ASTM - 25
ACPA 0.4 25
FHWA Website 0.3/0.4 25 (7.5)
|daho 0.3 (8) 25 (8)
Indiana 0.3 (7.62) 25
lowa 0.5 25
Kansas 0.4 25
South Dakota 0.3 (8) 25 (8)
Texas 0.3 (7.62) 25 (7.62)
Saskatchewan, CA 0.315 (8) 24.9 (7.6)
Alberta, CA 0.315 (8) 24.6 (7.5)
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Profileana Hopghnessdnuexes S Gl IO s\ RoushnessiBrofilograpliResearchivEumplemplatebump Aerm plate WorKs o isond on e g ag it Ry LeT

nanlid |85l ropno;

Difetation: 31970 ZPmofile. REG LIGHT RwWY_EMAIL 111507, inch
Fead File
AT M M N i YOOV M A N Y Y Y M Y N Y A Ly
B Y
_000 Fa
In # Out
Zoom -3.0795 Hundreds of Feet
Unda Zoom —
[ Zoaom &l
Undo Mewlen Mew Length
Run Sim
Save Profile
Exit
[~ SmoothEnds [~ Metric Unit
¥ Runwayp Save Inderes
1760 CA Profilograph Bump Template, Index = 0 H = 0.34in. L = 10.6f. EL = 24_9it
Indexes |
" Shaightedge Tesxt File \\
r 24173 24 911
" Boeing Bump Text File
r - 3702 Hundreds of Feet
T et Fil
€ IRIM74 car T o609 CA Profilograph. in
[
B (o e e e | e
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_ h doo | = Il I | [ 7 lret
(~ Bandpass Filker Tent File
o
-4173 Hundreds of Feet
f»" Bump Template I
1.2292 CA Profilograph Bump Template
Arcraft Simulation ™
L .|||||||||||||||h|||||||||.|||||||||||||l||||||||||||
ShowB ars _poo ’ ‘ w ! l " In I ’ ﬁ?“?ﬁi‘
Rilili

Automnatically Frocess All

Flotting Bump Template Index | X =2,854.84ft % =3.72%inch |Delx=_2452.85f Dely =058 Current = CA Profilograph Bump Template




Thank You

* ProFAA & MakeSplineFit
— http://www.airporttech.tc.faa.qgov/pavement/25rough.asp

Injun Song
— Email: Injun_song@sra.com




