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» IRI (ERET 7 x X 45%0)
Filter can be selected from: » Butterworth Low-pass (/X¥—7U—21—/3X)
» None » Butterworth High-pass (/3% —U— 2/ A /32)
» Butterworth Low-pass » Butterworth Band-pass (/3% —7 —Z/,3 K/3R)
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: EE; ‘t::lwoi‘tft Ea:igf_s s » Moving Average High-pass (B@) ) /N1 /X2)
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»  Moving Average Band-pass
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When Profilograph is selected as Comparison, California BV THN=F a7 ulI37Ial—agy
Profilograph simulation is used. DA ENES

To perform ride quality analysis, simply click the Analyze button on the analysis menu bar. Use the

Navigate button to view all results or proceed to Gtinding to perform the grinding simulation. IHTA = 2—"—lh D" "Analyze" R ¥ v %27 U v 7§25 & RO LHSHNEITSNET, AT
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Grinding Screen ez phors il
Filter Eutterworth High-gas (10000 ft
The Grinding Screen of SAM provides options for grinder selection and grinding strategy SEEE

management. The toolbar also includes a group of speed buttons for grinding simulation, managing
strategy, and selecting grinding locations.

SAM OAFEMIHE Tl MERFTORIC, MEINEOFIEATH 2 LT £, MlEIEEE D%
MIZ4T 5 7= D" Template", "Auto Grind", “Strategy". "Location" &\ 572 4 DD R H L3 —)Lr3—
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Smoothness A Grinding e

| Erabiet Start Datarce (ft) ”Mllﬂ} Corection | Head Heght (n} | Warning W["F
2 m 2,201.50 2,243.08 Forward 0.00 nfa 41.58 E
L 2,269.83 227842 Forward 0.00 nfa 858
¥ 2,2719.33 2,584.00 Forward 2.00 rfa 18,67
= 2,3%52.00 2,3%62.17 Forward 0.00 ra 10,47
L] 2aM2 2,300 Forward 0,00 nfa .08
L 23478 2,309.92 Forward 0.00 nfs .47 g
|

T mmswm:mi.muw|uwlwzwz..m:aawawswam:m:m:mcm4M4m
Destance (ft)

Grinder Selection and Settings
A simulated grinder can be selected from: 18-foot Wheelbase, 25-foot Wheelbase, and Custom.

Smoothness Assurance: Grinding povdtin Wy sz | e Gind o e Nowoats ]
[ | eratiod | stst itance (1) | Stop Dtance (1) | Dvection () [ Wrmng [ Le=
Geindor Ty 2 ® 2,201.50 2,243.08 Forward 0.00 rja (=]
Mancimum Grinding Depth (i) | i 2,269.83 2,278.42 Forward 0.00 nja
| il 2,279.33 2,294.00 Forward 0.00 nfa
tesdfostin || ® 235200 2,362.17 Forwerd 0.09 nfa
Whesbase (ft) 18.00 || ® 237492 2,354.00 Forward 0.00 nja -
Tandem Spread (ft) [ 249 ] ) R
Short Cutolf Wavelengeh () 0820 et Ground (1) [ 18]

If you select to create a custom gtinder, you ate able to edit all of the grinder inputs. Otherwise, you can
only edit the maximum grinding depth for warning reporting.

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

Head Position

Wheelbase

Tandem Spread

Short Wavelength Cutoff (used to simulate the tire filtering of the grinder)
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Tan‘dem Spn’sad Tandem Spread

Wheel Base

Head Position = Lf / Wheel Base

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

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

toolbar.
= sjeome t;“‘“‘",,....'ll e

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

Smoothness Assurance: Grinding

Ensbied ®] {ft) | Drection ) | Warmin,

The basic grinding pattern is one pass in the forward direction with zero head height (i.c., 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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Head Position = Lf / Wheel Base
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well as the Total Ground length are displayed. If 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.

==

u-ms-mn-m l—um nalyse .I:}g,

'M

¥
03] I ¥ T 112,67 Forward 0.00 nfa 1875

e ¥ 12533 13925 Forward 0.00.néa 1352

kgl L____os | @ 15667 166,59 Forusrd 003 nfa 952
Wheebsase (ft) | 1.00} | = s 19128 Porward 0,00 nia 17.00
Tardem Soread (1) | | | @ 19%6.58 0,08 Forward Q.00 ra 1250

’ 0 200 400 600 SO0 1,000 1,200 1,400 1,600 1,800 2,000 I200 &'W_?vt“n 2,000 3,000 W %0 3,600 3,000 4,000 4,200 4400 ‘,ﬂ.ﬂ'-‘l
Dastarce (Fft)

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.

[ i R i

skl (1) | Stop 0 acteny L jiario [useolh i)
= %) ST Pormied 0.00 nfa )
w 106,50 135.30 Formerd 0.00 jn .80
= 150.60 167.30 Formard 0.00 nja 16.50
w 188,00 00.30 Formard 0.00 njs .10
L] 0.4 .30 Formard 0.00 njs A
= 2.3 25030 Formord 0.00 nja oo
W w0 278,30 Formaed 0.00 nja 550
W 40710 4.087.00 Formard 0.00 nja 050

Total Ground (ft) 13|

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.
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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 grinder's wheelbase, grinding cannot occur at the very beginning or end of the profile, so
those segments should be ignored.

It is recommended to provide profile that extends beyond the project range, with extra lengths at the
beginning and end in order to properly “sit” the grinder.

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

yYvy

Enabled (Yes/No)

Start Distance

Stop Distance

Direction; Selection from:

Forward
Forward, Forward
Forward, Reverse
Reverse

Reverse, Forward
Reverse, Reverse

Smoothness Assurance: Grinding hd b Gond o o Nevigale
Erabled | Start Dutarce (ft) | Stop Oistance (t) | Dwection _ Head Hexght () | Warring | Length (ft)
G Ty Custom e 0z wfFe. +| 000 nja ne
1 % 2o I oo .75

Mot Grinding Depth ) 0% = L RO Forard s
- v 1.3 ELE T dmatrpniod T 1T 1392
Haad Postion | ) ¥ 15667 16658 |poverse. 0.00 nfa w5
Wheekase (It) 8.0} ¥ 1S 15125 Poverse, Forward | 000 s 17.00
Tarders Spenad (ft) 2.49] ¥ 196.58 2op.0n (Reverse Reverse | g g 12.50
Shert Cutoff Wavelergth (Tt) 08200 Totel Ground (ft) m
»>

»

Head Height (distance between the grinding head and the pavement surface at the starting
location)

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

Length
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Head Height

ERNCEL MERERICHIE S S MBI RIS OV TR
RLTWEEA,
The above diagram does not include an additional support

wheel to reflect grinder dimensions during grinding
operation.
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You can use the Strategy dropdown button to select One Grind (i.c. grind the entire length), Automatic
(if the Auto Grind has been performed), or a New strategy. Changes to the grinder type and grinder

ftwaton W b Anatrre—y e Gring: ‘bm !‘

1240 S 4000 Forward 0.00 nja saran

| Toos G ) i s

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

Anew strategy will be created using the cument
inputs. Enter the name of the new strategy.
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WBEHE), "New"Z®IRTE E5, s 5 A 7@ EDEE T " Auto Grind"IZ KM SN ET,
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A new strategy wil be created Lsing the cunent
Inputs. Enter the rame of the new strategy.
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New and existing strategies can be Applied to the current display, Renamed, and Deleted.
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To perform 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 Gtinding Depth. Use the Navigate button to view all
results, including Before Grinding and After Grinding results.
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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 chatt

»  Map showing locations above the threshold, indicating hot spots or failed ateas. 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 compatison chart:

| smoothness 2 Short Conti wen
. Saey] -1 ]
Srart Distarce (Fe) | Shop Distance (ft) | IR1 (nfm) a
> 17250 im0 100.35
Fea i W .4
ko] B340 14217
nLw 2030 .37
419550 4.205.30 .00
A.208.80 4,210.00 .
421500 4,256,590 1738
432420 4,371.00 19227
4,70 4,050 2rAS
4, 51040 4,818.50 0502
Start Dutanca (ft) | Stop Detance (ft) | IRI {nf)
> 2220 mzm e
A20m 424150 |
wwsm agman s
470040 4,700.00 X
e e S s T e e o S EE S
a 500 1,000 1,500 2,000 Z.mm:lﬂw;,m 4000 4500 5000 5500 6000
o Grindng Edter Grindrg
‘ b
Long Continuous Report

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

P Defective segments table

»  Continuous ride index chart and comparison chart

P Map showing locations above the threshold, indicating hot spots or failed areas. Mouse over
cach hot spot to show information including the start/stop distance and the tide index value.
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An example without a comparison chart: Shat Cutarce () StcpCatance (1) | (41 iy
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—EXRRTER

Fixed Interval Report
(2 < OFEF B > T D) —EXMO T 7 3 AT TIE, MIERTR O FRROEA &

The Fixed Interval roughness report (normally for most agencies’ lot report) includes the following for FRLET. .

before and after grinding: » EXBEOREDLHT—T L
»  Fixed intetval ride index report table » EXBORY LDHT —T L LR T v — b
»  Fixed interval tide index chart and comparison chart » —EXEOR D DHFEE O EK

»  Fixed interval ride index map

YW RZARY o TF ¥ — bFRET =T NVOFROE) Y IEZ 14
Toggle between the Chart, Table, and Map views using the buttons.
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Smeothness Assurance: Fixed Interval Anshyze Gind f [m_Hige W]

= Chan § Tabie |y B2

0
70
&0
F50
Za
R
0
10

]

0 200 400 600 500 1000 1200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,300 3,000 3,200 3,400 1,600 3,500 4,000 4,200 4,400 4,500

Distance ()
The table data includes the following for each interval: location, length, IR, and number of defective
segments in the interval (based on Short Continuous specifications).

-] cul’c Ra
Start Stop Length Mo Ganding No Grnding Alter Gendng Aftes Grmding
Distance () [Dutanceiy | Wnmi Defect Count ) Defect Count
00 S0 52800 400 [] s El
52800 105600 1] 16 (] s (]
105600 158400 S0 225 0 2 (]
L3840 21120 52800 s 0 s (]
21200 254000 528100 E) 0 157 ]
26000 118600 52800 480 6 s ]
316800 1600 5200 L £} ELH 1
360600 400 52800 56 1 1882 ]
4z 45225 1842 a4 0 s (]
The map includes information for each interval, displayed when hovering over a section.
Smoothness Assurance: Fixed Interval Senshze it | e Mavigate vy

& Chant T Table @, @ Locabiors ~ Map = Export » | Location: -02.446700 32528642
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Short Continuous Histogram Results

The results for the histogram of the Short Continuous roughness reports include:

»  Percent of Pavement Out-of-Spec
P> Histogram tables
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»  Histogram charts

A view of the histograms of short continuous reports for before and after grinding:
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Long Continuous Histogram Results

The results for the histogram of the Long Continuous roughness repotts include:

»  Percent of Pavement Out-of-Spec
P Histogram tables
»  Histogram charts
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Analysis with a Comparison Chart

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

Step 1. In the Inputs screen, select a desired comparison 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
compare the roughness plot with the filtered profile plot side-by-side.)

Smoothness Assurance: Inputs o dnabyre o | B [m— -
_-’é}_‘i&;'ﬁ;"ﬁﬁ;ﬁﬁ" T —

Fide Quably lndex m | m?ﬁ;;ln Full - ¥
T RElev 4]
Anatysis Seqment Length | Theeshold  Histogram |
L) i
Short Continuaus. F-3 90 Histoguam
Leng Continuou ST 0 Hetcgum
Fced Interval 53 0

Step 2. Click the Analyze button and Navigate to the Grinding screen. Rerun the Auto Grind by clicking
the Auto Grind in the toolbar. Then, click the Grind button to petform grinding simulation.
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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.
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The chatt control for the compatison charts includes a button with two-way arrows to turn on and off of
the synchronized viewing for both chatts.
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Step 4. Navigate to Long Continuous to view the long continuous roughness report vs. filtered profile plot.
You may zoom in to examine detailed comparison.
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Step 5. Navigate to Fixed Interval to view the fixed interval roughness report 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.
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Step 6. Navigate to Short Continuous Histogram to view the histogram of the short continuous roughness
report.

Smoothness Assurance: Short Continuous Histogram
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Step 7. Navigate to Long Continuous Histogram to view the histogram of the long continuous roughness

repott.

Smoothness Assurance: Long Continuous Histogram
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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.

Page 124

ProVAL 21— —H4 K / H#

AT v 7 1 A=a2—0@ [Navigate] — [Long Continuous HistogramJ %3R4 2% &, EXED

T 7 XAMERBROE A T T ARFRENET,

;Sfmd'meu Assurance: Long Continuous Histogram

Totsl % Cut of Spas (Ho Gemding) | .
Total % Out of Spec (Aker Ganding L 000
M Bl | MnBl  Holondng Al Gondeg
{nera) wmi) %) v']
® 12000 o0 000
1mE 1080 000 o
1000 10000 000 0.0 E.
e W0 000 o =
T T o0 ne
LT T FEY o0
nm 000 1083 0
@M 200 1554 ]
0m 2000 813 nis
Y1) HE-] @0
nm 2000 = 10
[0 00 bl 000
we 0w 000 o0
i

]

40 50 1] 70 w 20 100
Occumrences - Afwr Gringing %)

RANREMERA L 2R

FRAMKI ZRET 2 L. SAM AT EITRAC, MRXMOFERNERS S 41 E T, Ride Quality 4347E
Y a— L L FEROBE L 2D £,

FRAMEGIXHINIZ & % Grinding Wi OALEFHR & 70 7 7 A L bR S ET,

Page 124




ProVAL User’s Guide / Analyses
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The roughness plots and profiles within the leave-outs will be excluded in the short continuous
report.
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The roughness plots and profiles within the leave-outs will be excluded in the long continuous report.
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The profiles within the leave-outs will be excluded in the fixed interval report. The Length column in
the table shows the actual length used for tide index computation by excluding the leave-out sections.
The segments would advance until one reaches the start of a leave-out location and this specific
segment may contain less than a full interval. After passing the end of a leave-out, the segments would
re-start advancing with the fixed interval again. It would repeat the above process once encountering
other leave-outs. Roughness indexes will be reported within each segment (full fixed interval or
partial interval) and the actual lengths for all segments are also reported. Leave-out areas are not
plotted in the bar chart.
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Optimal WIM Site Locator (OWL)

The Optimal Weigh-In-Motion Site Locator (OWL) module can be used to determine qualified locations
for Weight-In-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”. It also
provides optional but very flexible uset-defined grinding strategies. A comprehensive repott can then be
generated to include WIM index reports before and after grinding.

The WIM error index thresholds ate 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 IT 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 specnﬁed for the file or profile.
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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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WIM Index Inputs and Analysis

Optimal WIM Locator: Inputs - e—trass __w|
Sita Tyoe Fia Prahis Saction
© T QIMOFT0 Left Devation
Liad Bught Elevstaon
O Typa 11 O2MOIT00 - EWAP W Laft Elevation Pl =
= == s Bt
¥ St Compartion
Comguarson Fiter
tors
The inputs include:

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

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

» Show Comparison chart: User can choose whether to show comparison profile chart. If
so, uset can select a filter type and associated cutoff wavelength inputs to apply on the
compatison profile.

Comparison Filter can be selected from:

» None
» Butterworth Low-pass
» Butterworth High-pass
P Butterworth Band-pass
> Moving Average Low-pass
»  Moving Average High-pass
> Moving Average Band-pass
Fiter Type | None -
Hone:
¥ Butterworth Low-pass
T Moving Average Low-pass
T Moving Average Hgh-pass |
L¥ Noveio fomem D pecs-__ |
Grinding Inputs

The Grinding Inputs 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 B LI F o K S lIcRrmahEd,
> WIM DN 2 b 2 7 b DOfE RS
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WIM Locator Report

The WIM Index report includes the following items:

» A table for qualified WIM site locations WEY T 2 b—3 3 v BT TOAEA T IIAIERTL O WIM SR S ET,
» A WIM index chart
- ol Lot
If grinding simulation is performed, the WIM Index repott would include repotts for before and after LRF =k fi)i?b bt
grinding. FRlE T v — b 23R L7V WIM FRATRS 5 & s is oo
Analysis without a Comparison Chart mi WIM Locator: Results e e | e [ e
An example of WIM index report without a compatison chart and grinding results: - S — jewi-ine ;
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An example of WIM index report without a comparison chart but with grinding results:
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Analysis with a Comparison Chart
An example of WIM index report with a comparison chart but without grinding results:

Optimal WIM Locator: Results
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An example of WIM index report with a comparison chart and (auto-grind) grinding results: This is a
powetful 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.
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Chapter
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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 Users’ Group: http:/ /www.rpug.org

The University of Michigan Transportation Research Institute (UMTRI) Road Roughness Home Page:
http:/ /www.umtriumich.edu/erd/roughness/index html
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ProVAL 4+ 7 1 > ¥ /L% 4 b : http//www.RoadProfile.com
SEHMAEOBIKIZE TS U = 7 A b www.SmoothPavements.com
Road Profile == —%"—+ - b : http://www.rpug.org
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