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Rolling Straightedge (RSE)

This analysis simulates the rolling straightedge (RSE) measurement from profiles collected using inertial
profilers. Tt can determine the vertical deviation between the center of the straightedge and the profile for

every increment in the profile data.

Profile Selection

Any number of profiles may be selected. The section for each profile may be selected.
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Rolling Straightedge

Straightedge Length (ft) ‘ 104 ﬂ[l ‘ File Prof le Sechon Filter B
i e Profile ¥ LElev: erworth Low-pass (1.97 ft

Deviation Threshold (in) | 0100 Nore

A different wavelength filter can be specified for each file by clicking the hypetlink for each input field. A
pop-up dialog box would appeat to allow you to select filter settings.

Filter Type I ¥ Butterworth Low-pass.

Nane
S e, mj] v Butterworth Low-pass

| ¥ Moving Average Low-pass

The following filters are available:

» None
#  Butterworth Low-pass
P Moving Average Low-pass
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Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template,
however the template would set the wavelength filter for each profile.

Straightedge Length: This is the baselength of the simulated straightedge.

Deviation Threshold: This is the threshold values to determine out of spec areas.

Rolling Straightedge

Length (ft) 10.00/ |

e —

Outputs

The outputs include:
P Surface Deviation Chart (the ranges within the thresholds are shaded)
P Defective Segments Table (ie., hot-spots or out-of-spec areas and maximum surface
deviations)
An example of a surface deviation chart:

Profile [Profie: LElev | « Y
StartDistance (ff) | StopDistance (ft) | Surface Deviation (in) s 1
3,645.10 3,645.40 0.10
4,200.60 4,209.90 012
4,234.50 4,238.70 oas| 01
4,234.10 4,338,90 014 g
4,773.70 4,775,90 -0.10 E 0.0
&
8
2
A0
0.2+ 1
0 SO0 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500
Distance (Ft)
—— Profile: LElev
4 »
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HAELI T oY T4
» KHRAZRT 777 (BEOFEMITZRCR>THES)
» REXHZTRTER Ry PARy FERIBITY 7 LR LR

KifilwAE2 7 7 O
Profile Frofle: LElev W &R
StartDmtance (ft)  StopDetance (ft) | Surface Devistion (n) 02
3,645.10 1,645.40 0.10
4,201 60 4,201.90 0.12
42350 4,238.70 o4
434,10 4,330.50 [ NL]
4,770 47759 010
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A zoomed-in view of the above example:

ProVAL A—H'—H4a K / @

Profile Profile: LElev

StartDistance (ft) | StopDistance (ft}  Surface Deviation (in)
264500 3,645.40 ¥
4,201.60 4,203.90
4,234.50 4,238.70
4,794.10° 4,338.90
477570 4,775.90
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Smoothness Assurance Module (SAM)

The Smoothness Assurance Module can be used to produce ride quality reports and optimize grinding
strategies by analyzing measurements from profiles collected using inertial profilers. Tt can determine the
out-of-spec locations and recommend must-grind locations. Tt also provides very flexible user-defined
grinding strategies. A comprehensive report can then be generated to include ride quality reports before and
after grinding.

Three types of ride quality (RQ) analyses can be performed: Short Continuous, Long Continuous, and
Fixed-interval. This module is divided into four sections: Inputs, Ride Quality Analysis, Grinding, and
Grinding Analysis. The comparison analysis shows a chatt side-by-side with the other analyses. The
comparison chart can be synchronized with the continuous charts, so that zooming and scrolling take place
simultaneously in both chatts.

Smoothness Assurance i Amatyze -y | v Navigate v
T | t=  rofile | section | Apply 250mm Filter

Ride Quality Index (iRt ]| | Profile [¥) LElev] Fult - =
T S T [C] RElev: )

Analysis Segment Length Threshold Histogram

) (ft) (in/mi) ol

Short Continuous. 25 90 Histogram

Long Continuous 528 50| Histogram

Fixed Interval 528 50

Comparan

Type |Profile -

Straightedge Length (ft) | 10.0¢

Filter Butterworth High-pass (10000 ft)
Profile Selection

The number of profiles required varies depending on the Ride Quality Tndex selected. TRT requires one
profile. Other indices (HRI, MRI, and RN) require selection of a file that has both the Left and Right
profiles marked. The section must be specified for the file or profile. You may also select whether or not to
apply a 250mm Filter to the profile.

Smoothness Assurance |
File ection | Apply 250mm Fiter |

Profile [i ull - @

Ride Quality Index IR -

Page 103

FLAZERBITSIES 1)V (SAM)

Wl SEMRT 2E V2 — M E, RO ODHFERE BT w7y A TEEH L AES T
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Short Continuous (%£[X[H]). Long Continuous (5 [PXfH) K U Fixed-interval (—iEX[H) D, 3 FEFHD
Fe v (RQ) T A FEMS 22 LN TEET, ZOEY 2—/ME, Inputs (AJJ). Ride Quality
Analysis (G0 DHUENT) . Grinding (YIH1) KO Grinding Analysis (GIHIENT) D4 o>DE s 29
W BET, HEMITIZ, R0 DHIRIT E WA TY T T AROR L £, Wik s T I3k S T
TERMIT A LN TEET, DD, A=V T A7 u—)VEl D7 T 7 TRIFHTEZ Y
£,

|
| Smoothness Assurance o Anabze —— v
N i< | #:cse | secton | Apply Ziomm e
Ride Index T .| Profile ¥ LEleviFull - ¥

Gy | J == .
Anabyn Segment Length Theeshold | Histogram

L] L)

Shert Continuout 5 90 Histogram
Long Continuous 53 50 Hstogtam
Fued Irtercal ¥ | 50

Type Profile -
Fier Butternmeth High:paia 10000 fil
787 741 VW OBR

VHEOT 17 7 A VUL BRSNS DHFFEIC Lo TRV EF, IRIIE, 1 DO r 7 71
NEVEE LET, ofE HRI ON—7 7 —F 7 3 A58 . MRI (447 Bl 1 TALE O IR O
SEEIE) BRONRN (T A RF =) 3ERWTOTa 7 7 A )V~—20 %FfoTWNDHT 7 A LDk
REMTELELET, TOHEE, 77400707 7 A0 EWTRT HZH0ENHY £9°, 250mm
Filter #7117 7 A WA T 2 _RENE I NEBRIRT HZ & HTEET,

Smoothness Assurance | Anatyze
File  Profile Section  Apply 250mm Filter

Ride Tl mi .| | Prefile (¥ LEley | Full - V.

o, 2 ; —T -
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You need to determine whether the Apply 250mm Filter should be applied depending on whether the
profile has been previously smoothed or filtered using the 250mm moving average filter. If in doubt,
contact your profiler manufacturers.

Tnput Templates are available for this analysis. Changing the selected profiles would not affect the template.
The inputs include: Tnputs (for ride quality analyses) and Grinding (for gtinding simulation). The latter is
optional, and the “after-grinding” results would be included in all result screens for comparison if
petformed.

Ride Quality Inputs and Analysis

The Ride Quality inputs include:

» Ride Quality Index: Select from: IRI, HRI, MRI, and RN. This input determines if you
need to select a file and profile, or just a file. See the above Profile Selection section for

details.
Smoothness Assurance | analyee T NG -
I Y e | prcfil | Section | Apply 250mm Fitee
. — | | Profile @Leley Full - "
I | [IRElev ul
Analysis Segment Length
| i il
Short Cantinuous MRL
Lang Continuaus. il |
Fixed Interval 5
Type Profile <
Straightedge Length ()
Filter Butterworth High-pass (100,00 ft)

> Segment length: Different values can be specified for the three Ride Quality analyses.
Normally, a shorter segment or baselength would be used for the Short Continuous analysis
(e.g., 25-ft for finding localized roughness) while a longer one would be used for the Long
Continuous analysis (e.g. 528-ft for ride quality report).

> Threshold: Different values can be specified for the three Ride Quality analyses. A good
example of combination of baselengths and threshold is as follows:

Smoothness Assurance | Anshze i Vit -
I [ Fite | Profite | Section | Apply 250mm Fifter ]
Ride Quality Index ] |Pefie by Fu - ¥
) - | FIRElev A
Analysis SegmentLength | Threshold  Histogram
) (in/mi)
Short Continuous 25 90 Histogram
Long Continuous 528 50 Histogram
Fixed Interval 528 50

» Histogram: A default histogram would be provided for the continuous analyses. A dialog
box would pop up when clicking the Histogram hyperlink input.
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S EHATRENE D WS D LENDH Y 9, RS, 77 o DA =T —IZBWED
HTLEEN,

ANT T L—ME, ZOfFHICRIATEES, BRLIZT e 77 A VEEREL T, 77 b—
MIEBIIH Y EHA, AFNILTOMEY T, AN GEY LHARNT) KOYIEI (812 = L—
vay), Ul alb—vaidA Ty a T, FTE NS HIE, after-grinding (GIHIE) " D
FERIE, RO 72D TR T O REHR CLA T O (SRS ET,

WY Db AN R U R

F O OHIFEHT O ATNTLL T D@ Y T
» Ride Quality Index (V. LMiFEH) : IR (EEET 732 2454%) . HRI ONx—7H—F 7R R
820 . MRl (ZEAHEREITAE O IRI OFEHE) KRN (T4 Ko 3—) 23R L
TLEE W, BRENTZFT DHFERICK Y, 7y A reT a7y A0, FIEHIZT 7
ANERIRT DVENHDENE I DERLMNCLET, Bl Liio7a 7y A kL7
varERTIEEN,

Smoothness Assurance b Analre ‘ . -
T i« retic | Section Apphy 30mm Fiber
i Qinity I = <1 | Profile ¥ LBy Full - v
e | £

Aralyn Segerraet Length

) ]
hent Contimscus B MR
Lang Contimuens gL
Faned Interval sa 2
Type Profde .
Straightedge Length 1) |
Filter Bustermenth Hgh-pasa (100.00 )

» Segmentlength (X[ : 3 FRE O O LHMNTICK LT, TRENRR - EEFET
DT ENTEET, EH L EOCKBENEREENT (B RIS 72 A& 7o
57D 25 74— ) IZflibh s 77 EER XY BWIKEDEXEf#T (213580
DHIFE RO =00 528 7 ¢ — b)) IZflibhvEd,

» Threshold (BEfif) : 3 FEEDFE Y LHIfRITICX LT, ThENRigo/-flEiEET D2 &
MNTExET, WER LBEEOHAGEORWEIX, LLTO@EY T,

Smoothness Assurance p Analyze o
Fie|profie | Sacben | Apply Zomm ik
Ride = Profile ¥/ LElev Full - ¥

Quabty Index | Rler .
Anaby Segment Length Threshold Histogram

(f) (/i)

Shont Continuout F.d 90 Hitogram
Long Continuous 518 S0 Histogram
Fined Interval 528 0

» Histogram (E A h 7' J L) : 774/ b« A T A%, Short Continuous analysis (X
MIf#HT) % OY Long Continuous analysis (5 [XEIfEHT) oK M L THE S TWE
T, [Histogram] A /RX—=V 7 %7 Vo IV FTHEERANTTLADEAT O TRy 7 A8
nEJT,
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Lower Bound (injmi)
Upper Bound (injmi) 120,00
Class Interval {infmi) \ 10.00

The Compatison inputs include:

»  Comparison Analysis: Select from: None, Profilograph (a California type of Profilograph is
assumed), Profile, and Rolling Straightedge

Smoothness Assurance Anatyze ] Navigate -
Ride Quality File | Prafile | Section | Apply 250mm Filter
Ride Quality Index Rl .|| Profile &I LElev Full ~ w
“|RElev il
Analysis Segment Length Threshold  Histogram
(ft) (in/mi)
Short Continuous 25 90 Histogram
Long Continuous 528 50 Histogram
Fixed Interval 528 50
Type }Pmﬁle .
] [None
StoaightedgeLenath ()| o/ lograph simutation
Filter ; Profile
| Rolling Straightedge

Straightedge baselengths: If Rolling Straightedge is selected, straightedge baselengths
need to be an input.

e Fol oot
BA——
Filter None

Filter: If the comparison selection is other than None, you can click the filter hyperlink
to access the Wavelength Filter dialog box.

Filter Type None -

None
% Butterworth Low-pass
Butterworth High-pass

% Butterworth Band-pass

¥ Moving Average Low-pass

¥ Moving Average High-pass
¥ Moving Average Band-pass
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Lower Bound (i) [ p.oo)
Upper Bound (inji) [ 0m)
Class Interval (injmi) “10.00]

FEREATNFLL T i ) T
» Comparison Analysis (FLif#HT) : None (72 L). Profilograph simulation (7w >7 412"
7 BV TAN=TELTOTaT 0T 7BAVGND)) . Profile (FRT 7 AN),
Rolling Straightedge (m— VU 7' XA bL— by ) NHERL T ZE Y,

|
| Smoothness Assurance p Ansyze o -
Picke Quality File | Profile Section | Apply 250mm Filter
Rode l‘l Profile | Lidey Full - ¥
Quality Index ! REle .
Anahyye Segment Length Theeshold  Hatogram
L] {an/emi)
Shert Continueus 2 80 Histegram
Leng Continucut 528 50 Histogram
Fued Interval 54 E]
Type Profide i
Susightedge Length ()| 1"
Profilegraph Simulation
Filter
Rollng Straightedge

Straightedge baselengths (HEMAHERE X) : n—V VAL — bz o VBN LI
Lt BEERLERSEZANTILERD Y £,

Filter (7 4 /L %) : LLIFENT OFEEEAS [Nonel LISAOHEIX, WE T A NEEZAT
TRy I ANBIRSZ ENTEET,

Fiter Type | None -

| ¥ Butterworth Band-pass
T Moving Average Love-pass
¥ Moving Average High-pass
l ¥ Moving Average Band-pass
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Filter can be selected from:

None

A

Butterworth Low-pass
Butterworth High-pass
Butterworth Band-pass
Moving Average Low-pass
Moving Average High-pass
Moving Average Band-pass

yYYYYVYY

When Profilograph is selected as Compatison, California
Profilograph simulation is used.

To petform ride quality analysis, simply click the Analyze button on the analysis menu bar. Use the
Navigate button to view all results or proceed to Grinding to petform the grinding simulation.

Smoothness Assurance Analyze Grnd
T Fie | Prafile | Section | Apply 250mm Fier
® Grindi
Ride Quality Index ﬁﬁl “_ Profile | LElev Full :-.! rinding
— I RElev F "

Analysis Segment Length | Threshold | Histogram : Shost Continuous

#) (in/mi) Long Continuous
Short Continucus » 90 Histogram Pt
Leng Cantinuous 528 50 Histogrem -
Fixed Wterval 528 0 Short Continuous Histogram

Long Continuous Histogram

Comparizon

Type |Prufil= - ‘

Straightedge Length (ft) I 1000

Filter Buttenvorth High-pass (10000 1)
Grinding Screen

The Grinding Screen of SAM provides options for grinder selection and grinding strategy
management. The toolbar also includes a group of speed buttons for grinding simulation, managing
strategy, and selecting grinding locations.
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UFo7 42 RFIATEET,

» None (72L)
IRI ([EBEEZ 721 2640
Butterworth Low-pass (/34 — U —2Z 1—/{X)
Butterworth High-pass (/X% — 7 —2Z/ A /XX)
Butterworth Band-pass (/X% —1U —Z /3 K/3R)
Moving Average Low-pass (B #h -5 m— /<X 2)
Moving Average High-pass (B8} %)/ ~A /3 R)
Moving Average Band-pass (F&#) %)/ R/8X)

Yy vy YyYVYVYyVvYyey

W s 77T a4 n s T 7 ERIRLIZSHEICIE,
N Tx=T T unlT7 7 Ial—y g
A S NET,

fRHT A = 2 — X —|ZH D [Analyze] R ¥ v % 7 U v 7§25 & T LHIRITAEITES R ET,
[Navigate] R ¥ L% 7 U v 7§ % LG RDHERTE, S BIC[Grinding]Z 27 V v 7 3% L GIHI>
Salb—varPETINET,

Smoothness Assurance . S — I

Fle | Profde | Section | Apply 250mm Fites [ e
Ride Quality Ind ™ .| | Profile ¥ LElev Full - v Grinding
¥ REwev : Continuous

Anshyin Segment Length Thweshold | Histogram oo

(1] /i) Long Continuous
Shert Continuous i 90 Histogtam Finsd Inberval
Long Continuous > ] 50 Hutogram
Fined Interval 518 w0 Shert Continuous Hestogram

Long Continueus Histogram

Type [Profite ]
Strsghtedge Lengeh (1 [
Fiter Eusternonh High-gess (100.00 1)

SIME

SAM D BRI Tid, BIHIEFT OB, CIHIFEDEBE AT 5 2 LN CTE £, DIHIEREZ 2=
HIIZAT 9 72D D[ Template], [Auto Grind], [Strategy]. [Location] & UNo724 DDHRYZ L3 —/Ls3—
ICERRENET,
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Rt ROy
"tbm l'-ﬂ
u- Adirie  Sew Wt Tty E-"/ zunl- o - m Bgte Gored ’a‘-cr I.--
Smoothness Assurance: Grinding EEP—— - ——" ‘! _
‘- ‘ - = —_— Erbind Sk Dmtance (%3 Shon Detarea (] Deachen | faad Meignt (0] Wameg | LanghOt)
| Smoothness Assurance: Grinding o adation ey o Analyan & Gind ) G Ty o sl ® 2 2,000 Fornard 005l AL
Grinder [ i 2 1) | Stop Distanca () Direction | Hoad Helght (n) | Werning | Length () - Wesdtam G g Decth Wl o0 e 2omam B0 s am
Grinder Type custom 2,243.08 Forward 0.00 nfa a8 5 — ¥ 2o e el o nis el
o T 2,278.42 Forward 0,00 ris 858 i L el v xR0 2,20217 Puwerd 000 s 80
A 2,254.00 Forward 000 s 1467 ‘Whecbam 7t) o0 Fl P T 2,540 Forsard 0 e i
[peensiidea 2,362.17 Forward 0.00 ffs 1047 Torbon el 1) 2] v 2ANTE 2,099 Fornard 000 nis s =t
| Wheelbase (ft) 2,384.00 Forward 0,00 nfa 9,08 Short CALtIT Wandangh (1) om0l Youl " r Tl
Tandem Spread (ft) A 2,389.92 Forviard 0.00 nfa 517 < - E— - -
* Short Cuteff Wavelength (f) 0820 Tobal Ground (ft) It L S L
Q-0 WEB |
a| 0.3
= ] i i | i | iII g A
| 01
D g
i Lt I e A AV W
éu,u f f \ ! i 0. 1 | ]
01 | s § oz
I I“ “ ! Um0 D L0 L0 LD L0 L 20 LI 20 L0 L8010 AX0 30 360 300 4 0 bam
0.2 - e
o 200 400 800 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600 3,800 4,000 4,200 4,400 @E
I Distarce () d
| | ‘ .
:‘ — — . — » |
LIEIE AT DERERE
Gr{nder Sel€0tlon and Settings HIHI> 2 = L— 3 1 18-foot Wheelbase, 25-foot Wheelbase, 57 A % A0 3 Flij b &R T 97,
A simulated grinder can be selected from: 18-foot Wheelbase, 25-foot Wheelbase, and Custom.
Smoothness Assurance: Grinding e | [ Ty T e —
e: Grindi vaidation — WY |- Andivze Navigate ) —_— — — — .
Smeness fssurance: Grnding o = o i e (T | |5 o 0 | 0o 8 Ot gt Vo .5
| Enabled | Start Distance (F) | Stop Distance (1) | Direction | Head Height (in) | Warning | Le | Gindr Ty Custom -2 B 2,201.50 24308 Forward 0.00 a @
Grindsr Typs > ™ 2,201.50 2,243,08 Forward 0,00 nja | & 2, 2853 Z,Z70 42 Forwxrd 0.00 nfa
‘ o 2,269.83 2,278.42 Forward 0.00 nfa e ey DRt B0 oot Whisbiat | > =
‘ Maximum Grinding Depth (in) | - ot ki : | ¥ 2amx 229400 Farward 0.00 rda
g ‘ g 2.279.33 2,294.00 Forward 0,00 nfa Head Psition Srfot bheskase v 232w 2,262,107 Farssrd 0.00 s
Head Position | z 2 .
i i 5 2,352.00 2,362,17 Forward 0.00 nfa Whabas () s00] | w 23m92 23400 Forward 0.00 nja |
Whesibase (1 [ : ‘ X ! _ -
: 5] z,374.92 2,384.00 Forward 0.0 nfa . Tk Sread — [P 5 ] -
Tandem Spread (ft) 249/ | 4 | I ] » : : o
Srent Ol Wevelengh (7t ¢ ﬁ‘-o| Tote Groand ity 418
St Gt Wisioknth ) m‘ Totd Ground ()

I ) . . . . . AL BEFRLTGEE. TRTOURIANEE 2T £,

you select to create a custom gtinder, you are able to edit all of the grinder inputs. Otherwise, you can

only edit the maximum grinding depth for warning reporting. —H T, BENRTTLESTEAITRY , RUIEIRS 0PN TEET,

Max Grinding Depth (e RUIHIES) (BfEIXEE N THE O H)

Head Position (-~ R{7i#E)

Wheelbase (751 L_—2R)

Tandem Spread (% 7 A )

Short Wavelength Cutoff GEWiEE) (XA Y74V Z VU FIZL D0 I 2L — 3
> DB

Max Grinding Depth (a threshold value for warning report only)

Tead Position

Wheelbase

Tandem Spread

Short Wavelength Cutoff (used to simulate the tire filtering of the grinder)

YYYYY
yvYywvvwvey
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L

|
T Spnlsad Tandem! Spread

Tande

Head Position = Lf / Wheel Base

The above diagram does not include an additional support
wheel to reflect grinder dimensions during grinding
opetation.

Grinding Strategy
Management of the grinding locations can be performed using the Auto Grind and Strategy buttons in the
toolbar.

The Auto Grind would allow ProVAL to recommend locations for grinding based on the grinder settings
and assumed basic grinding pattern.

- One Grind
Smoothness Assurance: Grinding | ol |
[ Tnabled | Stat Distance (R0 | top Dstance () | Decton | Hesd Heght ) | Warnid,—_ e

The basic grinding pattern is one pass in the forward direction with zero head height (i.e., flushing
grinding head with the pavement surface) at the start. The grinding location information is tabulated
and in a chart where shaded areas indicate grinding locations. The lengths for all grinding locations as
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Tancem Spr:ad Tandem Spread

71 Wheel Base

Head Position = Lf / Wheel Base

LRI, BIHIERE T A A BT D 72 A B
TSN TWERA,

LIEI %
BIHINL i OFBRIZ 1LY — LS — @[Auto Grind] 7R % > L [Strategy] R % V&AL E 7,

U'U‘B’i'f‘ n % ==

&uﬂlhh‘bﬂ Mv-|][)0

Auto Grind T3, SIHIBEORIE & AN LGN 57— 2 A0 U CHIHINLIE 2@ E L £,

N | i si0ven () Sk ovcn (4 Orecton s gt ]| 9T

B TR OIS S — o CIREAT NS L Coim S 2t L E ¥, (Bl & 2 U HIBR A fir
EARIEL TV D) UIRILEOTFRAEE ORTIZFZR S, 7'vy MICURIEN RS E
T REHIERTOFERR LORIER S E RSN E T,
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well as the Total Ground length are displayed. Tf a route is defined, grinding locations are shaded
orange on the map. Mouse over a location to show the start/stop distance.

The resulting strategy would be saved as Automatic under the Strategy selection.

Is@nghsumnm:anding . vakgaton W e Analyzs E- Grind Q-

TR
LES LR
| Rl

Il Al

200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 z,auu 3,000 3,200 3,400 3,600 3,800 4,000 4,200 4,400 4,600
Distance {ft)

4 »

| Enabled | Strt Distance (Ft) | Stop Distance (ft)  Direction | Hsad Helght (in) | Warring | Length {ft) -
Grinder Type Custom |l ® 025 45.17 Forward 0.00 nfa 9z
Masdmun:Grinding Depth () [ om |- ] 782 112,67 Forward 0.00 nfa B/75
> | il 12533 139.25 Forward 0.00 nfa 13.92
= ]j‘ | cil 156,67 166.58 Forward 0.00 nfa ‘9.9
Wheelbase {ft) 18.00 | 3} 174,25 191.25 Forward 0,00 nfa 17.00
b
Tandem Spread () | = 196,581 209,08 Forward 0,00 nfa 12,50 L
T R [ W
ewd-0BA
a
0.4

You can click the Locations dropdown and select the Enable All Locations or Disable All Locations to
quickly select and de-select all grinding locations.

Smoothness Assurance: Grinding [ | — - | | Disable All Locations

| o | {f) | Stop Dstance () | ircton | Head Heght () | waming | Length () | w
Grinder Type 16-foot Wheehase -]z ¥ 83.70 97.80 Forward 0.00 nfa 9,10
o ’—w[ 1) | 106.50 135.30 Forward 0.00 nja 28.80
: I ® 150,60 167.10 Forward 0.00 nfa 1,50
tiead Position o | | W 188,00 200.10 Forward 0.00 nja 1210
- l w 0940 228.20 Forward | 0.00 nfa 18,80
v =3, 251.30 Formard 0.00 nja 14.00
Tandem Spread (f) 1] 7260 278.10 Forward 0.00 nja 5.5
Short Cutoff Wavelength () ’——u.!i\ = | 4,076.10 4,087.00 Forward 0.00 nja 10.90

Tots!Ground ()

Spot grinding locations can be displayed as orange-coded segments on the map. Mouse over each
grinding spot to show information include the start and stop distances.

Page 109

ProVAL A—H—HA K / &

SR BRI D EGIEIERT A oA L o TR ENGIEIE AT B — Y v A @4 & OlHI
T OMA A &R R OMEER T R S E T,
YIS R E DRI SN ET,
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o e fcwton 1l = 1035 17 Forrd 000 s Ha
v Dt i S - % 1287 Parward 000 nls -
¥ 150 1255 Farsad Qoo nis 1aw
D @ 1m0y 166,59 Porverd 000 nis war
Whanbam (t) v 17438 WL Forward B00 nis .m
Tonvken Sy 0ad 1) L ] # 165 0900 Forvard 003 nls 128
Shart Cui ol Uhasbargti (it [ [ T, [ bl
e S 1
[
[1E]
oz
gﬂ.l
(1]
8
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vz
°.3
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[=Fitn]

[Locatlon] DI NE T A ==2—)5 [Enable All Location)] 7> [Disable All Locations) %3R4~ %
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| L 15060 #7100 Fowmed a0 niy &5
| L 158 00 0O Fowrd 200 np o9
| w PR 24X Forserd a00 nia e
L4 orae ML Forward LELR L]
L rzae I 1 Purmard 488 nia ax
L] 40000 4087.00 Formard 200 nis mnw
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If grinding occurs at the beginning or end of a profile, there may be a sharp change in the raw profile.
Because of the grindet's wheelbase, grinding cannot occur at the very beginning ot end of the profile, so

those segments should be ighoted.

Tt is recommended to provide profile that extends beyond the project range, with extra lengths at the

beginning and end in order to propetly “sit” the grinder.

Grinding location tables include the following information that can be edited:

Enabled (Yes/No)

Start Distance

Stop Distance

Direction; Selection from:

YYVYY

Forward
Forward, Forward
Forward, Reverse
Reverse

Reverse, Forward
Reverse, Reverse

Smoothness Assurance: Grinding

Grinder Type [costom ]
Masdimem Gr (in) [ oa
o —
inesbose 1) [ ool
Tandsm Spread (ft) | 249

Short Cutoff Wavelength () [

P Head Height (distance between the grinding head and the pavement sutface at the starting

location)

P Warning (e.g. deep grinding or when the grinding depth exceeds the user-defined maximum

grinding depth)
b Length

Page 110

| Ensbled | Start Distarce (ft) | Stop Distance (ft) D
]

&

< 9 ®«EE

0.820] Ttal Ground (ft)

- Snilyde

10.28 4517 Far.., -
7392 112.6: ord
ppes 129,75 | Foward, Forward
Forward, Reverse
156,67 166,58 |povarse
174,25 191,25 |Reverse, Forward
196,58 209,08 [Reverse, Reverse
I—7)

[T

0.00 nfa
0.00 nfa
0.00 nfa
0.00 nfa
0.00 nfa
0.00 nfa

lon | Head Height (n) | Warning  Length (ft)

34.92
8|75
13.92

992
17.00
12,50

=
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T E B ARALIE RS T AL CUIHI 24T 5 12iE, FHIlT — 2 OREREENRBLEITR DB H Y
EJ, UHIT2HRA NR—ADHEE L, 707 7 A VOIER, ERESD TIHMEEIFTS 2 &R T
TEHA,

WIEZ2 G2 AT O 7 OIS FHEEH O MR L VTN D, KEZ B2 2 E CFMlYT 52 L afiEL
£

LUF O AT rTREZ2H A & LT, UIHIE T — 7 MR shvE T,

v

P (Al

»  BAGAALIE

> AETHE

» 5 (PR HER)
FH5 A
FH A, FHIT
FHUS ), KR
SR I7 1)
SRS, FHI 1)
2 2y N 2 )

Smoothness Assurance: Grinding e W . e
o | Enatiel | st Dane ()| a0 Erﬂ.r-e-,'l_-”k_'.ln:_u Wead A e (1) Waren  Lengfiif)
Grndee Typs ] L ¥ s 6.7 Fur - QM ma n

— v sz nz.er _ o wa nm
Mo G o gDapth () X =

- ¥ usn 1915 :_:::: :::': A e 1.
it o v eer 0.5 | g vepse o0 e 38
Wheskese (Tt} nm ¥ 1S 10105 [ Reverse. Porward.. 0L00 s 1.0
Tarden Spenad Uy 2 ¥ 19658 T ki dtntindt 1 1Y 1250
ot Cutat Windengh (M) 0.H0) tery Grpd (M) E

» Head Height (~» R@E &) (BRAAALE TOUIHIE S & &SR & o o Bk
»  Warning (%) GRTE 200010, BIHES N2 — P —REEEZ B2 -G IR RIND)
» Length (R&)
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Head Height

ERICIE, GIHIMERE T O E A RS 2 T2 D OB

iIFi SN TWEEA,
The above diagram does not include an additional support
wheel to reflect grinder dimensions duting grinding
operation.
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You can use the Strategy dropdown button to select One Grind (i.e. grind the entire length), Automatic
(if the Auto Grind has been performed), or a New strategy. Changes to the grinder type and gtinder
settings would lead to changes in the Auto Grind strategy.

o ] o o

[ Erabled | stars Distarce () | Sop Dsance (%) | Dvechon | Head et n) | Warning | Length ) |
Grinder Type 18-foot Wheelbase || Edl ™ 12.50 5,486.60 Forward 0.00 njs 5474.10
R —

Head Positon
wineelbsse (f)
(Faoern saeat ()
[ omx
[0
- - BB

Elevation (in)

0 500 1.000 1500 2,000 2,500 3000 3500 4,000 4500 5,000
Distance (ft)

—— Profile_LE|

You can select New to start a new strategy based on cutrent displayed grinding information. A dialog box
would allow the user to name this new strategy.

A new strategy will be created using the cument
inputs. Enter the name of the new strategy.
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[Strategy] > K22 7' % v /5 [One Grind (£2REIH|D%4E) ], [Automatic (Auto Grind 73 F21(F
ENTVEHA) ] [New] ZBIRTE &, EIHIZ A 7OREDLHEIL Auto Grind (TS E

Yk
L Sustegy W<atees

i L e L ] — |

Endtien | St Outance (7 SupCatans (1) Chectan | acachaght e} wameg Langeh [T |
L T ns 543460 Forvard AL06 nix S

Flrwation (nl

FROGINZAT 5 B E121E [New] ZBIRL T EESW, XA T RT Ry 7 ZARIET D7 7 A0
HBEANITLET,

A new strategy wil be craated using the cument
InpuEs. Enter the rame of the new strategy’
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New and exlstmg strategles can be Applied to the current dmplay, Renamed, and Deleted.

Wy 8 ‘

One Gnnd
Automatic
MyGiind

09,40 238.20 Forward 0.00 nja 18:80
z[7.30 251.30 Forward 0.00 nja 14,00
272,60 278.10 Forward 0.00 nja 5.50
303,00 353.70 Fooward 0.00 s 50,70 -

[

| Tandem Spread (ft)
| short Cutoff Wavelength (1)

To petform grinding simulation, simply click the Grind button on the analysis menu bar. Deep
Grinding Warning may be issued in the grinding information table if any of the grinding locations
has exceeded the user-defined Maximum Grinding Depth. Use the Navigate button to view all
results, including Before Grinding and After Grinding results.

Smoothness Assurance: Grinding e e | e
| Enabled  Start Distance () Stop Dustance (it) | Divection | Head Height | Warning Lergth () | Boue

inder Tvoe [18-foot Wheelbase il @ 11,00 5340 Forverd 0.00 /s 2.4 | Grindng
| = 70 .60 Famieed 0,00 T3 Si09sE St ortinin
‘ ] | kil 16,50 13530 Forvierd 0,00 nfa 285 Loy Continusus
Head Position ) Ll 150,60 167.10 Forvieed .00 nja 165 ]
Ll 168,00 200.10 Forveerd 000 nja 12.10001
e le | w0 T ) e shatn:
Tander Spread (ft) [ 1 = 297,30 25130 Forward 0,00 rfa 1 | | Long Continuous Hete:
| | = 27260 278.10 Fomerd 0.0 n/a 55
‘Short Cutoff Wavelenoth (Ft) [T - b
TokalGrinded {ft) —

Distance () 41190570 Elewvation (in} 0.4773

Elevation (in)

— Profie - LBy
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FHLT 7 A NVBETFET 7 A VDFR, LHEE, HIbRZBIRTEET,
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Smoothness Assurance: Grinding ---'1"""‘"[»*4-_
| —
Orutiel St Dterw () ShopOwteres (4] Drectan wed g gn) W i Aovty
Grrow Twoe Y ea—— il = "un 9780 et .00 rie Fea. ]
e L ;e .30 "oraert 23 e B Detene.
S e v 1598 2.9 Forwart 000 W 1030
L timbe [ [ v e 2000 Feeeri 200 2w
r v mo 1320 e am men
S 08 o art .
' . - me 181 W Carwad Ao we -
Farber Sorwas 4] l E) v me .30 Forwant 900 rvw 550
[ e S I agm v LR 1M twreerd 2.3 ~e mm
Towd Ground 170 -

fEHT A =2 —N—=O[Grind| R X > %7 ) v 755 & HHlv I 2 b—a U EFITLET, BIHIL
BN — P —FRE LT e KOIEIR S &8 2 5 & GIHE#H T — 7 ViZ [Deep Grinding Warning] 73
FRINFET, [Navigate] R ¥ > %27 U v 73 5&, YEIRI%ROMENZRSNET,

Sevoctness Assurance: Geinding i L — |

Fabied | Sort Dstance )| Sop Distares )| Deaction | Mool Moght | Wormng  Lrg?h )

e T | 1itact whesyie -jfy = 1w 243 Pormard am ne i v | Gndng
— v mn W Pornard 00 e ) | Shant Corerans b,
Lyl s L |- X 1Y Poned O ne =mp Lemg Cortmonn
el Pt asn L me 187,10 Peemerd a8 s ne T Finnd
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Trvden penad (X1 148 ¥ m.n =10 Formand 0o ne " Loag Contmans bt
e o A n u
2 Y i w T TR Ponand o e s k
f— [ ==
. &R Crstarem (122 4119 920 Ohevatnan Jrix 0 4773
13 3
B

e
=

A Aty

\f [
I ! ] j m "\
as !
h =.|
i
e | L1 \ i
h-ﬂ IO M A0 WD 1000 1T0 L0 LA LN 2, N0 2200 168 LA00 2500 10 30N LA 1A 3NN 400 4 200 40 4400 4000 5,000 1200 3 400 5 60
Orsbomr (W)
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Short Continuous Report

The Short Continuous roughness report (normally indicates localized roughness) includes the following for
before and after grinding:

P Defective segments table

» Continuous ride index chart and comparison chart

»  Map showing locations above the threshold, indicating hot spots or failed areas. Mouse over
each hot spot to show information including the start/stop distance and the ride index value.

An example of a continuous report without a comparison chart:

Smoothness Assurance: Short Continuous dats W
— Sasl L
Start Distance (ft) _Stop Distance (7)) | IRI (/) 3
> 7250 17810 10035 5
22490 2050 %A1 -
258.20 390 1427 1o
as w957 s
4,195.90 420550 9408
4,208.80 421000 9091 Loy
4,215.00 a6 17382 1
432420 43700 19227 e
477620 480150 12245 1
4,810.60 ‘481200 105.08 12 i
10
100
Ew
Aftar Grirdng . | 80
Start Distance (ft) | Stop Clstanca (7)) | IRL (njm) 7
> 28510 o uest P
4,230.00 424150 9703 &
4,323.70 43300 11Les @
4,783.60 4766.80  94.89 =
o
1
ol
0 S0 1,000 1500 200D 2S00 3000 3500 4000 4500 5000 S50 600
Distance ()
4 b

Long Continuous Report

The Long Continuous roughness report (normally indicates general ride quality) includes the following for
before and after grinding:

> Defective segments table

»  Continuous ride index chart and comparison chart

> Map showing locations above the threshold, indicating hot spots or failed areas. Mouse over
each hot spot to show information including the start/stop distance and the ride index value.
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T v — MELE LS ot o4

PR g L P — s =
An example without a compatison chart: a0 KD
Shwt Cmtace (M) Shopmtance (M) (R (ryvd
Smoothness Assurance: Long Continuous (FTETTIE=D [ S p— S— > A0 ne R -
BaR mm e =mm = .
- L] 5 ’ 3 ) i |
Stat Distance (ft) | Stop Distance (Fr) | IRE(nfm) | nn oty :‘[ ." Ll 1
> 264.00 e sus & AL A & \ 1
373,00 s i) 50,01 8 1 AL e @ | \
P P = 15D 460540 ERED S f‘. 1
3,874.80 3,908.80 80.52 62 £ 1 i\
3,942.20 4,501.50 66,67 60 £ | l m
4,545.50 460540 5360 = ok | "
56 = ? -
£l £n | / ' i
= | 4
:; "\ 4 M -'« |
— o A AT
= Shart Db (45 op Cwbarcs (1) 1 (v | ) J* hi
=L < 1 '\ I
g i |
o i s |
2 . |
‘Stark Distance (Ft) | Stop Distance (ft) | IRI (n/mi) g
I BEL / W0 - !
48 L 5 /
= = P
34 = (o [
32 =
30 o - LD LMO LU 2,50 1000 1500 400 40 10M 18w 40m
mtwres ()
28
26
] 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 65,500 6,000 _
nee
[ « »

—ERMEHER

Fixed Interval Report . .
(—IZZ < OREBE DRI o> TWD) —ERE DT 7 3 AFHTCIL, GIHIRT#O TiioEE 2
FHrRLET,
» —ERBORY OHIT—T L
b Fixed interval ride index report table > TERHORY LT T L & BT v — b
B Fixed interval ride index chart and comparison chart > EXEOF Y DHIFE O E R
P Fixed interval ride index map I AR Z o TF ¥ — MEIRET =T NORRDEY 2 74

The Fixed Interval roughness report (normally for most agencies’ lot report) includes the following for
before and after grinding:

Toggle between the Chart, Table, and Map views using the buttons.
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ESnwoﬁnmA&surance:FmaalntewaI jo Ansiyre o v Grind

(e SR

70
80
Es0
£40

- 0 200 400 0 800 1000 1200 1400 1600 1800 2000 2200 400 2600 2500 3,000 3.200 1400 3600 3,800 4 000 4 200 4,400 4.600

10

0
0 200 400 600 800 1000 1,200 1400 1600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3200 3,400 3.600 3,800 4.000 4,200 4,400 4.600

S dD‘m"“l‘gh — KEXHOT—7 ik, EREAFRCIE SO KN O E, R, IRL, REEFTOMENFR

SNET,
The table data includes the following for each interval: location, length, IRI, and number of defective
segments in the interval (based on Short Continuous specifications). = fhlm B3
§ San 20w Length Voo Groariberg No Grndirg After Gitvaling Arrer Gendng
B chanf (T Table | B B 5 Blatance (0 Oistancs B L) Fljn/mi Defect Count Bl inni) Deteat Count
‘? Start Stop Length | No Grinding | No Grinding After Grinding After Grinding I o S o et - el =
| Distance () Distance (ft) () | IR (/i) Defect Count IRI in/mi) Defect Count I 7800 1m0 200 o 0 16 o
000 52800 5200 5400 G s 2 Leere Lsam 3200 = ° =3 [}
52800 1,056.00 52800 3116 0 3116 0 1,584 00 231108 sms0 B4 ® 2 0
10500 1,584.00 5200 225 0 3225 0 211200 264000 51800 *2 0 ) 0
158400 211200 52800 3254 0 254 0 264000 116900 53800 w0 6 ug 1
211200 264000 52800 623 0 as 0 316800 2,608 00 o0 T 5 nH ]
25400, 315800 2500 420 6 4152 2 360600 4240 p 11 s@ H ng (]
e Hatyit A Lpoiss 2 i o Lm0 Lm0 £ am o am o
369600 422400 52800 1568 1 #82 0
422400 458325 35842 187 0 ng7 0
: HIENC L, BEICERR STV DK XEOFRNF RS ET,
The map includes information for each interval, displayed when hovering over a section.
Smoothness Assurance: Fixed Interval i [ i | e i |

Smoothness Assurance: Fixed Interval =
5% Chart [T Table [ETMap]| € @, Locations = Map » Export = | Location: 92446700 32528642
[ Segmant pased
[ Sequnent foedt

5 Crart ] Table gu.lp.' 6 B, Locstions = Map » Export = | Location 00485700 32 528642

—

Start Start Distance (ft): 2111.98
Stop Stop Distance (ft) 2,639.97
No Grinding IRl (in/mi}: 42.29

After Grinding IRI (in/mi): 24.79

| Apr Gronding R Dn/e 2479

0,05 ml s

Mg dota © Oppriepesiion, Thes Copupy.of Meposst

Short Continuous Histogram Results BERER IS LRI

The tesults for the histogram of the Short Continuous roughness reports include: BRXWT 732 AEOE A T AT, UTFORENERENET
P Percent of Pavement Out-of-Spec > B ZE Lo T O EIS
B Histogram tables » LRNSTAF—T
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»  Histogram chatts

A view of the histograms of short continuous teports for before and after grinding:

Long Continuous Histogram Results

The tesults for the histogram of the Long Continuous roughness reports include:

B Percent of Pavement Out-of-Spec
P Histogram tables
P Histogram charts

Page 117

Smoothness Assurance: Short Continuous Histogram ™y s
Total % Out of Spec (o Grinding) P
Total % Out of Spec (Grinded) [ 1o i
Max IR (nfm) | Min IR (injnd) | No Grindg (%) | Grreled (%) i
w 120,00 143 .00 120
120.00 110.00 0.42 0.26
110.00 100.00 043 0.z2 asi
100.00 90.00 101 053
%000 80.00 1% 0.5
#0.00 .00 2.5 17
70.00 50.00 381 37
0.00 50.00 5.65 187
50,00 a0.00 17 1263
40.00 30.00 3140 30.28
0
o =l =L == 0 10 20 £ 0 0 &0 70 o0
2000 10.00 sz 658 N Grinding (%)
10.00 0,00 6.0 0.3
(] -
140
120°
w00
Ew
£
£ &
ol
]
q
q 10 ES 30 w 50 60 w %0
After Grinding (%)

100

ProVAL —H—# 4 K / &

» EANSTAFy— |

BIEIAT# O XR#T & X 27 F Lofl

S th A #: Short Conti Histog: - T |
Tean s O of o i GameGh e L0
Totad % g of Spoc (lerdnd) 10t -
Vow BIonks] MLl W g (%) et i) 5
- ;.00 143 am (F]
180 nam oz 0
Ham 1m0 nio oz -
100,00 LT 10 ] oy
CT ma . om) £
- nm $1 i) EW
mm mm am Lm 3 |
000 0 1103 ¥
000 000 1.7% 124) =B
000 0 n 0%
e i = 0 0 ) » - ] @ ™ #0 P 10
wie 1 e Hoddng
10,00 0% (X%
&R
1o
I
« P w ™ o w 18
At s (%1

REMEZ 7T 7 LRIK

FEXMTZ 7 XA O A N7 T A THE, UTOMENFERINES

v HKZE Ld o it oRIA
» LERANTTLAT—TI
» EXNTTAFY— b
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BIHIRT#R O RXEMT & A - 27T Lof)

S th A e: Long Conti Histog - - - —T
% .
A view of the histograms of long continuous reports for before and after grinding: ST T Y]
4 A " T Totak . 00t of Spac (ended) 000 .
Smoott e: Long C ; gaiion — | |jodne d ’ = - . ” . . N .
P Bldriw] | e vd  NoGrdng(R) Gvded
Total % Out of Spec (o Grindng) : - 1 nm am =]
Total % Out of Spec (Grinded) | 000 Lmm e nee [T
, nom Jon.ce nto o et
Max IRL(nfmi)  Min IR (nfmi) | Mo Grindng (%) | Grinded (%) : : .
= 12000 0.00 0.0 120 Lecmad b ase aml =
120,00 110.00 0.00 .00 wm oo nm a] £ ;
10,00 100,00 0.00 0.00 o n® mw LT am| E®
- nm e ury am
100,00 s0.00 0.00 20| Fa -
90.00 80,00 0.00 ool = - ;e ao X
80.00 70,00 0.00 00| E 4 :J—U N e ] 20 =
70,00 60.00 .77 0.00 a8 «Qam 000 P, RS
a
oo . . o ot e L] w m =n « = L ™ L] L 1
s0.00 40,00 24.30 2543 2 =nm Y P Grving %)
40,00 20.00. 3596 49.92 m L am
[ =
= = i Lol 0 10 El n 0 50 & n & an 100 R
20,00 10,00 000 .00 NG Grinding (44)
10.00 0.00 0.00 .00 L
(] - s
140 w0
120 =
» ™
00 5
E®
F 80
E «©
2w
»
40
a
20 L] 1 o n @ L ] ™ L] o 1|
Adtar Grradng (%)
0
After Grinding (%)
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Analysis with a Comparison Chart

The above illustrated SAM analysis results are without any compatison chatts. We show an analysis
example with the compatison chart below:

Step 1. In the Inputs screen, select a desired compatison type and associated input settings. (E.g. select
Profile and Moving Average High-Pass filter with a cutoff wavelength at 150 ft. This way you can view and
compate the roughness plot with the filteted profile plot side-by-side.)

| Smoothness Assurance: Inputs fratyze o oG] o Hiavigme |
e | ke Profile | Secton | Apely 250mm Fiker | ]
oy s E
T ] RElev (]
Analysis | Segment Length Threshold | Histogram
| () (in/mi)
Short Continuous > % Histogram
| Long Continuous 3 50 Histogram
| Fined Interval 528 50
| Type [Prafile ]
Straightedge Length (F) 100
Filter Moving Averyge High-pass (150,00 ft)

Step 2. Click the Analyze button and Navigate to the Grinding screen. Rerun the Auto Gtind by clicking
the Auto Grind in the toolbar. Then, click the Grind button to perform grinding simulation.

| Smoothness Assurance: Grinding

| Andle | | Grind of e Nevigae wﬂ
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e || = 19658 20908 Fovard 000 n/a 1250 |
sk Speesd = e 2 e
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s U-LBBRS
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0 200 400 600 800 1,000132001,4001,6001,5002,000 22002400 2,6002,800 3,0003,200 3,400 3,600 3,800 4,000 4,200 4,400-4,600 4,800 5,000
Distance {f) -
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Step 3. Navigate to Short Continuous to view the short continuous roughness report vs. filtered profile plot.

You may zoom in to examine detailed comparison.

ProVAL —H—# 4 K / &

27 w7 3. [Navigate] R % 7> 5 [Short Continuous] %8R4~ 5 & | FXM DT 7 x AfifMriEs & 7
A NBRBEHEDOT 0T 7 A NPRFERSNET, WEMREA—LL, MLk TEET,

‘Smoothness Assurance: Short Continuous
(T -~ - .- | B 9

| start Stop L

| Distance (ft) Distance (ft) (infmi)
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| 883 w15 1n%
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| 348392 35942 1833
| 360017 364525 21633
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|

| stant | s10p I I
| Distance (ft) Distance () (in/mi)
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| 23692 BI42 033
| 5525 %833 9455
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| 362683 362182 024
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| 398200 39417 10729
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m »

The chart control for the comparison charts includes a button with two-way atrows to turn on and off of

the synchronized viewing for both charts.
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A7 w7 4. [Navigate]’R % > 7> [Long Continuous] % IR 2 & RRM DT 7 x AMERERE 7 1
NBREBOT 0T 7 A NPERINET, WERBRE A —L L, FFME i cE 7,

ProVAL User’s Guide / Analyses
Step 4. Navigate to Long Continuous to view the long continuous roughness teport vs. filtered profile plot. lmm A Long Continuous S ——T e
*» i -LaRs
sy | " -

Start Soap

You may zoom in to examine detailed comparison.
i : =
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m ma san
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Step 5. Navigate to Fixed Interval to view the fixed interval roughness teport vs. filtered profile plot. You
can not zoom in for this case due to the nature of the plots. Use the buttons to toggle between the chart
and the table data.

Smoothness Assurance: Fixed Interval
Drebe | @ B 3

400 600 200 1,000 1,200 1400°1,600 1800 2,000 22002400 2,600 2800 3000 3200 3400 3,600 3,800 4,000 4,200 4,400 4,600
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eERs
s
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g
3 00
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0.5
0 200 400 600 800 1,000,200 14001600 1,800 2000 2,200 2,400 2,600 2,800 3,000'3 200 3,400 3,600 3,800 4,000 4,200 4,400°4,600 4,800 5,000
Distance ift)
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Step 6. Navigate to Short Continuous Histogram to view the histogtam of the short continuous roughness
report.

Smoothness Assurance: Short Continuous Histogram [ i | Giind
Total % Out of Spec (Mo Grinding) b ER S
Total % Out of Spec (After Grinding) I 219
MaxIRl |MinIRl | No Grinding | After Grinding
| Grvmi | Gin/mi) | (%) e
® 12000 197 003
12000 11000 091 045
11000 10000 166 o £
10000 9000 143 0 2
%000 8000 25 107
800 7000 491 189
7000 6000 £/l 381
600 5000 611 604
5000 4000 1611 1412 40 50 50 70 80 % 100
000 3000 3283 a1 Oceumences - No Grinding (%)
3000 2000 2641 0o P o
2000 1000 251 617 h
10.00 000 000 007/
140
120
100
Fa
E
z
a0
20
o
0 10 20 30 40 50 60 70 80 90 100
Occurences - Atter Grinding (%)
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Step 7. Navigate to Long Continuous Histogram to view the histogram of the long continuous roughness

thOtL

gmeothness Assurance: Long Continuous Histogram

[

Occurrences - No Grinding (%)

80

90

Tatal % Dut of Spec (No Grinding) [ nolk B S
Total % Out of Spec {After Grinding) i 0.00]
| MaxIR [ Min®1 | NoGrinding | After Grinding
| Gr/mi) | Gr/mi) | (3%) |8
o« 12000 000 0.00
12000 11000 000 0
11000 10000 090 w £
100.00 9000 000 0.00 ;
2000 8000 000 000
2000 7000 233 000
T0.00 60.00 1083 0.00
6000 5000 1654 000
5000 4000 1613 3115
4000 3000 5129 6580
3000 2000 289 e R
2000 1000 000 0.00
00 o000 000 000
140
120
100
T a0
E
z 60
40
20
0
(] 10 20 30

60
Oecurrences - After Grinding (%)

70

B0

100

Analysis by Excluding Leave-outs

If Leave-out sections are defined, the SAM analysis will exclude results within the leave-outs sections.
The behaviors are similar to that for the Ride Quality analysis module.

The grinding locations and profile plots within leave-outs will also be excluded.
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Smoothness Assurance: Grinding

T

[ Enabled _ Start Distance (7t) | Stop Distance (ft) | Orection | Head Feight (n) | Waming | Lengih (i) E
Grider Tyve [l 10,25 45.17 Forward 0.00 nfs a2 =
e ) i .8 112,67 Forward 0.00 nfs .75

= 125,31 138.25 Forward 0.00 nfs 1332

s W 156,67 166:58 Forward 0.00 nfa 592
Wheelbase {ft) | = 174.25 19125 Forward 0.00 nfs. 17.00.
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The toughness plots and profiles within the leave-outs will be excluded in the short continuous

repott.
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Optimal WIM Site Locator (OWL)

The Optimal Weigh-In-Motion Site Locator (OWI) module can be used to determine qualified locations
for Weight-Tn-Motion (WIM) sites from profiles collected using inertial profilers per the AASHTO MP 14
“Standard Specification for Smoothness of Pavement in Weigh-in-Motion (WIM) Systems”. Tt also
provides optional but very flexible user-defined grinding strategies. A comprehensive report can then be
generated to include WIM index reports before and after grinding.

The WIM etror index thresholds are adopted from the AASHTO MP14-
11 Standard Specification for Smoothness of Pavement in Weigh-in-
Motion (WIM) Systems:

Type I: lower threshold is 1.339 m/km, upper threshold is 2.700 m/km.
Type 11 lower threshold is 1.861 m/km, upper threshold is 3.752 m/km.

This module is divided into three sections: Inputs, Grinding, and Results.

Profile Selection

The OWL analysis requires one profile of a file. The section must be specified for the file ot profile.

IR

Optimal WIM Locator: Inputs

Site Type

|
Andysul |

B Typel

O Type It

¥ leftglevaton Ful -
P rp— 7] Right Blevation
¥ Show Comparison

Comparison Filter
Done:

Input Templates ate available for this analysis. Changing the selected profiles would not affect the template.
The Grinding simulation is optional, and the “after-grinding” results would be included in all result screens
for comparison if performed.
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Optimal WIM Locator: Inputs
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WIM Index Inputs and Analysis

Optimal WIM Locator: Inputs i
Ste Type Fie Profile Sectien
=" 02MO3700 [ Left Elewation
B Twpel

1 Right Elevvation
OTypett 02MO3700 - BWHP V] Left Elevation Full =
[91Use B Fiker 1 Right. Elevation
¥ hows Comparizon
Comparison Filter
tione:

The inputs include:

>

>

Site Type: Select from: Type T and Type II. This input would determine what WIM index
threshold values be used as per the AASHTO MP14 specification.

Tite Bridging Filter: User can choose whether to apply tite-bridging filter to the profile
prior to WIM index analysis. Tf the Tire-bridging filter option is not selected, a default
moving average filter will be applied with a cutoff baselength of 250 mm.

Show Compatison chart: Uset can choose whether to show compatison profile chart. Tf
s0, user can select a filter type and associated cutoff wavelength inputs to apply on the
compatison profile.

Compatison Filter can be selected from:

» None
P> Butterworth Low-pass
»  Butterworth High-pass
P Butterworth Band-pass
P Moving Average Low-pass
» Moving Average High-pass
> Moving Average Band-pass
Wavelength Filter
Filter Type None
MNone
% Butterworth Low-pass
' Butterworth High-pass
¥ Moving Avetage Low-pass
¥ Woving Average High-pass
¥ Moving Average Band-pass
Grinding Inputs

The Grinding Tnputs work in the same manner as the one in the Smoothness Assurance Module

(SAM).

Please refer to the SAM Grinding Screen for further details.
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WIM {28 D A7 & 887
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» Site Type GEATHER]) : A4 71, ZA TADOELLNEBIRL T E &N, 22T,

WIM $545 0 Bl AASHTO MP14 {14k % W 5 ke L £,

» TireBridging Filter (%A Y7V v 7 (V%) : WIM 5EIHT 24T D RllCZ A Y 7 U v
TANBIZR DT ANEY T E T a7 7 A VAT I B L T IE S, #4177
VoD TANZIZKDTANE Y o ZaERLIRWGE WIIRREDOBENTEE 7 L 233

WHENES, BEEE T L Z2DOH v M4 7 KT 250mm TY)

» Show Comparison chart (J}L#iF v — hDFKR) : 707 7 A LOEF ¥ — b2 £RTD
MERTEET, WT v — FaRRm T 2581037 4 V2 OREABRL, Wigkr e >

7TAMTEMNT DIy PATHEREZREL TIZEN,

T2 7 4 VX IZLL TN D OBIRE 72D £7,
» L

NRBE—=T =2 —NAT 4 )L H
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BB ANA RNRT 4 VR

BENEE R KRR T 4 L4
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Wavelength Filter

Flilker Type Horm
Nore:
T Bubterwcrth Low-pace
V Bubterwacrth Hgnepass
L worth Banc-pase
T Moving Average Low-pass
' Mouing Avarage High-pass |
¥ Moving Avsrage Dand-pass |

YMoOA R

Y1 D AVERIT T A S Z2 MR T HEY 22—/ (SAM) DA & REEICITWET,
Grinding [Ejif% % < 1230
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WIM Locator Report

The WIM Index report includes the following items:

P A table for qualified WIM site locations
» A WIM index chart

1f grinding simulation is performed, the WIM Index report would include reports for before and after
grinding,

Analysis without a Comparison Chart
An example of WIM index report without a comparison chart and grinding results:

Optimal WIM Locator: Results o Valdotion Wy foangvie o fo i e Novigals -
HoGrndng — e Q- BB
Start Distaree (ft) Stop Distance (1) =
> 21,951.43 22,126.00 300
| 22,187.51 Zz215 280
221818 225741 260
22,276:70 22,357.17 240
237280 248251 20
2251239 22,531,658 et
225867 22560.44 Em
22,594,110 22,677.60 160
22,678.78 22,8%.16 g L
| 22,008.58 zpzsal EIB ¥ ;\ F\
| 100
. W i
60
e
b
a
22,000 22,200 22,300 22,600 22,800 23,000
Distance (ft)

‘

An example of WIM index report without a comparison chart but with grinding results:

[_Opﬁmal WIM Locator: Results e i T
| N indive 4= = O [

arisence (. jSpoinatin. a

> 21,9143 22,126.00 300

22,167.51 22145 20

2,218.18 22,257.41 260

22,276.70 2,337.17 (5 240

2,572.80 22,982.31 220

22,512.39 2253168 200

22,548.67 22,560,441 glﬁﬂ

259411 22,677,680 EIW

22,678.70 zote .| =M

B0

Pt Gy E
100

T i A h
| |TetDstance(t)  StopDistence(t) |~ a0 W W \ \«
n 21,8143 22,126.00 & T \: r |
i 22,167.54 22,257.51 i ¥
| 22,276.70 232.92|= 20
| = e 22,600

2 2379 .2
2,372 2z4m.28] | 230 22,500 0
m 251108 2256064 Lirgee 6
s i
ez .08 2
ze % 226770 v | 4 »
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WIM R R

WIM F30I T O L 5 IcdREn£7,
> WIM OfLE & kD 5 T2 O DFERFE
» WIMEHOF v — b

YIHIY R 2 L= 3 Y &1T o COBEAICITEIRIRT%R O WIM B AR R ShvEd,

BT +— f EF o LGOI
PRI T v — b & 2R L7220y WIM FEHTRS S & BIHIRS R oo i)

Optimal WIM Locator: Results i i S | — e
fe=si-iine
st bigance o Dearee (k)
» 1,081 43 33, 1000 0
27,167.51 e =0
i) A 20 \
22030 =30 0
. L] ™ |
=E1239 mE6E L | ]
22,0047 5604 0 | | |
22,5901 ;mm ‘%“ﬁ I 1 1 L kS I
20,8787 zamisl| B i | | | r; ||
22,906.95 zoesl F R x ﬁ'_ [ ll il.l | \
L ) Tt T T
o |j'. ) r 1’\ '..'l;l| '. | I'll r‘ I'J | ]Iu [\ WA 0\
& L JLLS ¥ Wolh . (v B
of NV WA T M Mo
£
9 2,00 22,20 =280 " 22,600 22,e0m 2,000
e (1]
|
LT ¥ — N &2 3R L7220 WIM RIS S & GO o431
Optimal WIM Locator: Results pvortmiiie. | ot obotini, ok b g wy
R Y
FarDuaeeil)  JagCeencs £ - -
> wELD Zinm £
275 2221459 0
227830 Z3sral %0
2R A= B |
2o mam =0 |
=EE =y Q:m ! |
T T msmnasl M E0 {
=T TS =arrm iiﬂ' | | r'l
24107 2awas L EMO | Ii Wit
e Al U
Sart karcn (1) SapCieance ity & I il [
» ILELAD zinm : l‘. !." J 1 ‘Il FN \k]/ \‘i i Rﬁ“r
= m 22,2874 \ SN M b,
_.1::' J\!: ' ¥ \4 wl Y J N \.q\q‘ 1
ks = ; 'y Y
Zyass
Bk} = i .m0 Z2.4m 2500 nan o
ZSI. 22, 5HL4% Enatares ()
e I e |
s e /Il
asL B IEITM - . »
Page 130



ProVAL User’s Guide / Analyses

Analysis with a Comparison Chart
An example of WIM index report with a compatison chart but without grinding results:

Optimal WIM Locator: Results vakdation ] | ' Navigate W
-Gl BB N ' -
| St Distance {ft) Stop Destance (ft) = A

> 21,951.43 22,126:00

=250
22,187.51 zouss | E
22,218.18 22,757.41 S
Bamm wernl B - A A 7
E =
] w=8ill 5 g r'\N\f\z\\ﬂr \-\}W \-\,r‘I \»J\-J‘M VT W\\W\'\

22,512.99 22,531,68

254867 22,5044 Do mmn zwn  mem  mam  am | mew e | mmn  maa | Zan 2
22,590.11 2267780 ettty

257878 2289616 =
22,9095 204258 »

Elevation (in}
&

0.4
21,900 22000 22,00 22200 22,300 22400 2,500 22,600 Z2,700 22800 22,900 23,000
Distance (ft)

—— 024106700 - Lefit Elevation (o Grinding)

4 i ]»

An example of WIM index report with a compatison chart and (auto-grind) grinding results: This is a
powerful combination of charts to examine grinding effects on the WIM index report. Thetefore, an
adequate grinding strategy can be selected to obtain a desired location for a WIM site.

Optimal WIM Locator: Results

ew a0 BR
Il -
> 21,551.43: 22,126.00 -~
22,167.51 2480 250
zami8 zzs7a1 | E20
22,276.10 22,397.17 %;150 4 r{\
23728 2ama | = A r\ fi
‘251239 22,531.68 | H o ’w w \\QI\JN w WN\
2254867 22,550,414 | : 5
Z2SM AL it 201.9w 2000 22100 2200 2,300 22900 250 22,600 22700 22800 2290 25,000
22,678.78 22,896.16 Distance {ft)
22,906.95 22,4258 | ——NoGinding  —— After Grinding.
« »
P L
| [BatOiterce(t) |SopDistance) A} 5 =
> 21,951.43 22,128.00
22,167.84 22,25741 i
2227670 23219 z
i 22358 22,339.79 % 0.0
22,37248 zamaz S| &
2251108 22,5604 02
2257842 22,636.94 -
22,637.26 22,649.03 2,900 2000 22100 22200 2230 22000 | 2500 260 Z2700 w2600 | Z2W0 23,00
2265132 22,672.80 Distance (ft)
22,676.45 *22,760.,18, | — ] ding)  —— 02MD3700 - Left Elevation (After Grndng) |
22,769.00 2o & I» ke
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Optimal WIM Locator; Results perantan: | s e L TR |
[ - - - B
Sar Deance (%] @rp Detares () e -
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Fn A fue
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Optimal WIM Locator: Results e n wgae  w)
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e Caance 71 Sep Ditsres (1)
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2236951 nawm] ™ i [
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570 A3 = \ LRy
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Chapter

ProVAL 1—#—#4A F / B&EHER

Chapter

OTHER INFORMATION

Web Sites

The Official ProVAL website is: http:/ /www.RoadProfile.com.
The Smoothness Specification website is: http: / /www.SmoothPavements.com.
The Road Profile Usets” Group: http:/ /www.rpug.otg

The University of Michigan Transportation Research Institute (UMTRT) Road Roughness Home Page:
http:/ /www.umtriumich.edu/erd/roughness/index.html

B E1RH

2x7Y4 b

ProVAL 47 ¢ ¥ /L% A b : hitp://www.RoadProfile.com
SEHMEDO BRI T 5 ¥ = 7 A b : www.SmoothPavements.com
Road Profile =—%"—% 1 h : http://www.rpug.org

U U AERF(UMTRDIEE T 7 % AR — bri— O
http://www.umtri.umich.edu/erd/roughness/index.html
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