| 2y RA i/ A22dyyali BRSTR Aw2 |
eZ2ZYDdyYyidm

— —
G'__p- A Y
B N |
Lincol '
-

By

232YAy3d ¢SOKy2f238 ¢N}YyAFSNI/ SydsH
' VAGSNEAGE 2F 2e2YAy3Is [FN}IYASS 2@82Y
omrcreHoeTU HOXdzg e 2 dSRdz



mailto:wyt2c@uwyo.edu




TABLE OF CONTENTS

TABLE OF CONTENTS ..ottt emme et nnnanne s 1
LIST OF FIGURES ...ttt sttt smme e 2
LIST OF TABLES ...ttt e ettt e menab e e e e nbeee s 3
APPENDIX ...ttt ettt ettt enet e e e nrn e e nannne 4.
LIST OF ABBREVIATION S....oiiiiiiiiiiii it ieemii ettt eee et 5
1 INTRODUCTION ..oiiiiiiiiieiiitie ettt ettt emmea e e et e e s anbe e e e e s meneeeeeeanes 7
2 BACKGROUND ....ooiiiiiiiiiiiiie ettt smme bbb e e e nnbe e e e e snnnsseeeeenes 11
2.1 Road SegmentatiQn.............ccoevuiiiimiireeeeeeeeeii e e e 11

2.2  Pavement Condition Parameters.............oocvviiiiieenee e 11
2.2.1 RUt DEPtNS (RD)...cceeiiiiiiiiiiiiieeeeee e 11

2.2.2 International Roughness Index (IRI)............ooooiiiiiimmmnniiciiieie 11

2.2.3 Pavement Condition INdeX (PCL).........cccuuuiimmmiiiiiieeeiiiiieeeeeeeeeeeee e 11

2.2.4 Pavement Serviceability Indexes (PSI)........cccccuuviimiiiiimeeiiiiiiiiieeeee, 12

3 WESTERN PART OF THE STATE COUNTY DATA .. 13
3.1 Statewide County Paved ROAAS...........ceuviiiiiiiiieeeiiiiieieeeeeeee e 13

3.2  Pavement Condition ASSESSMENLS. ......ccuuiiiieiiiiiiiite e eeee s 14
3.3.1 RUt DEPLNS (RD)..ceeiiiiiiiieeieiiie e e 14

3.3.2 International Roughness Index (IR1).........ccvviiiiiiiiiccs 17

3.3.3 Pavement Condition Index (PCI)..........ooooiiiiiiiee i 20

3.3.4 Pavement Serviceability Indexes (PSI)........oooviiiiiiiii 24

4 SUMMARY ettt ettt et e e e e b aear e e e e aa e e anees 27
REFERENGCES.......cootiiiiiitii ettt et ettt e e e ettt e e s s b e e emme s nee e e e annneeeaa 28



LIST OF FIGURES

Figure 1: Western Part of the State Monitored in the Summer of 2017..................ovveeee... 9
Figure 2: Pavement Management System Data Included in this Repatt................coocee.... 9
Figure 3: Rut Depth in 2014, 2015 aNd 201 7u.......cuuuureiiiniieeeeiiiiiiieas e e e e e eneeeaaa e 15
Figure 4: Rut Depth Conditions of the Western Part of the State in.2017....................... 16
Figure 5: Roughness (IRI) in 2014, 2015, and 201 7............uuuuuiiiiicceeeeeeeiiiieaee e e e e eeeeneas 18
Figure 6: Roughness (IRI) of the Western Part of the State in 2017................ccoveeeeennnn. 19
Figure 7: Comparison of PCls between 2015 and 2017 for Western Side of the. State..20
Figure 8: PClin 2014, 2015, @nd 2017......ouuiiiiiiiiiiiee s eeeee e e 22
Figure 9: Pavement Condition Index (PCI) of the Western Part of the State in.2017......23
Figure 10: PSIin 2014, 2015, and 2007........cooooveiiieiiiiicmme et ern s 25

Figure 11: Pavement Serviceability Index (PSI) of the Western Part of the State in.20126
Figure 12: Project DeliVerables...........coooiiiiiiiiee et e 27



Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:

LIST OF TABLE S

Data ColleCtion iN PreViOUS Y aAIS.......uuuuiiiiaaieeeeceeetiiiiinaea s e e e e e e e eaeeeeineesaaeeeeaeeeaes 7
Sample of Comprehensive Database..............ccoovvviieeeei e, 10

Summary of Statewide and Western Part of the State County Paved .Roads...13

Rut Depth in Statewide versus Western Part in 2014, 2015 and.2017.............. 14
Roughness (IRI) in Statewide versus Western Part in 2014, 2015, and.2017..17
PCI in Statewide versus Western Part in 2014, 2015, and .2017..........cccccceee.. 21
PSIin Statewide versus Western Part in 2014, 2015, and.2Q17...........ccccceveeee. 24



APPENDIX

,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,
///////////////////
//////////////
,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,
/////////////

,,,,,,,,,,,

31
65
69
80
91

. 122

153

. 184



LIST OF ABBREVIATIONS

The following tabledescribes the various abbreviations antbrayms used throughout the
report
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GPS Global Positioning System

IRI International Roughness Index

PCI Pavement Condition Index

PMS Pavement Management System

PSI Pavement Serviceability Index

STIC State Transportation Innovation Council
WCCA Wyoming County Commissioner Association
WYDOT Wyoming Department of Transportation
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1 INTRODUCTION

In 2014, theWyoming County Commissioner Association (WCCWAJyoming Department of
Transportation (WYDOT) and the State Transportation Innovation Council (Stfiported

funding a project to develop a comprehensive databadeadeement Management System

(PMS) ofcounty paved roads. Assresult a comprehensive feft was conducted by the

Wyoming Technology Transfer Center (WX/LTAP) to collect roadway inventory data,
pavement condition data and roadway thickeeshe pavement condition data includes: Rut
Depths, International Roughness Index (IRI), Pavemendi@on Index (PCI) and Pavement
Serviceability Index (PSI)n 2014, the pavement condition data and roadway thickness were
collected byWYT2/LTAP center on the 2,444 miles of county paved roads. Based on this data, a
comprehensive database was completetraports summarizing the overall pavement condition
were preparedlhe database and reports contained in a hard drive were mailed to each county

and WYDOTin May 2015. The database was also published in ArcGIS online hosted by
WYT2/LTAP center. To contine this effortpavement condition dataill be collectedevery

year for half of the stat@.he data collection information in previous years can be seen in Table

1.
Table 1: Data Collection in Previous Years.
Data Counties Covered Collected Pavement] Completion
Collection Condition Year
Year Parameters
2014 All 23 counties in Wyoming Pavement thickness| May, 2015
Rut Depth, IRI, PCI,
and PSI
2015 Western part of the StatBig Horn, Rut Depth, IRI, PCI,| September,
Fremont, Hot Springs, Lincoln, Park, and PSI 2016
Sublette Sweetwater, Teton, Uinta, and
WashakieCounties
2016 Eastern part of the Statatbany, Rut Depth, IRI, PCI, | May, 2017
Campbell, Carbon, Converse, Crook, and PSI
Goshen, Johnson, Laramie, Natrona,
Niobrara, Platte, Sheridan and Weston
counties
2017 Western part of the StatBig Horn, Rut Depth, IRI, PCI,| May, 2018
Fremont, Hot Springs, Lincoln, Park, and PSI




Sublette, Sweetwater, Teton, Uinta, and
WashakieCounties

In 2017, the pavement condition data wablected on the western part of the state (1,185 miles)
which includes: Big Horn, Fremont, Hot Springs, Lincoln, Park, Sublette, Sweetwater, Teton,
Uinta, and Washakie (Figure 1).

Pathway Services, Inahich collected the data in 2014, 2015 and 2@béected the
data for 207 as well. The data collected in 2017 is shown in Figure 2. In 2017, pavement
thickness was not collected since it was collected in 2014. The 2017 data was collected with
Pathway 3D Data Acquisition System and it wasvidedto the WYT2/LTAP center early in
2018. The new 3D Data Acquisition System uses fast, fn@golution 3D camera that captures
both a highresolution images and transverse profiles of the road surface. The transverse profiles
consist of thousands of points acrdss fane. In addition to this, the new technology included an
imaging and crack detection tool to assess the Pavement Condition Index (PCI) automatically.
Table 2 is a sample of the developed comprehensive database which includes the 2014, 2015 and
2017 paement condition data.

Overall, the findings of this project are summarized in three main elements: reports for
each individual county, a statewide report, and a comprehensive database published in ArcGIS
hosted on th&VYT?LTAP centerwebsite. This repogummarizes pavement conditions of 2017
in western part of the State includiBgy Horn, Fremont, Hot Springs, Lincoln, Park, Sublette,
Sweetwater, Teton, Uinta, and WashaR®unties In addition, this report compares the
pavement conditions among 2014180and 2017. The comprehensive database is also
published online on th&/YT2/LTAP centerwebsite.
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Figure 1: Wedern Part of the StateMonitored in the Summer of 2017

Inventory and Segmentation, Updated in 2017
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>| Pavement Condition Index

Raw data on Website

Figure 2: Pavement Management System Data Included in this Report



Table 2: Sample of Comprehensive Database.

Asphalt / B 2014 2015 2017
Begin End . Concrete a.se
County RID Primary Name . Thickness
MP MP Thickness (inch) Rut IRl PCl PSI Rut IRl PCl PSI Rut IRl PClI PSI
(Inch)
Park ML7776B O 1.94 Old Highway 292 4.01 5.60 0.16 108 87 2.37 0.14 110 89 2.42 0.175 92 82 2.48
Park ML7776B 194  2.85 Old Highway 292  4.06 7.20 0.16 100 87 250 0.15 106 85  2.35 0.18 110 81 213
Park ML7776B 2.85 3.47 Old Highway 292 3.82 4.70 0.16 83 87 2.81 0.16 82 86 2.79 0.22 73 84 2.83
Park ML7776B 3.47 413 Old Highway 292  4.31 5.50 016 98 86 251 015 95 91 272 0.175 85 81 258
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2 BACKGROUND
2.1 Road Segmentation

A primary taskn any PMSis to create a list of roadway segmethizt have uniform

performance conditions along their lengths. When maintenance records are limited and
inconsistent among different counties, roadways can be segmented based on the perceived usage
levels, changes in surface type, and major intersectibesanraffic either diverts or converges

with a roadLocations of the road segments are established with global positioning system (GPS)
technology and stored in a geographic information system (GIS) datab&ssegmentation

was performed bWY T?/LTAP staff and Pathwd/Services

2.2 Pavement Condition Parameters

The Pathwayservice® automated data collection vanaesptes at normal highway speeds to
collect fourtypes of information for eaatoad:automated rutting data expressed in inches
(RUT); Internatonal Foughnessndex (IRI); video log®f the pavement and roadside; and 3D
images.

2.2.1 Rut Depths (RD)

The rut depth is a measure of permanent deformation of pavement. WYDOT identifies any roads
with rutting greater than 0.3 inches as potentially hazarfidustington, et al. 2013)n 2017,

the rut depth data were collected more precisely compared to previous years (2014 and 2015).
Since 2017, the full depth transverse profile is measured many times every inch along the
roadway.In previous years, only one transverse profile was measured every five feet.

2.2.2 International Roughness Index (IRI)

ThelRI is the roughness index commonly used for representing ride quRliig. represented
as units of slope (in/mi)'he thresholds used/i§Huntington, et al. 2013pr defining condition
based on the IRI are as follows:

Excellent: Less than 70 in./mi

Good: 70- 100 in./mi

Fair: 101- 130 in./mi

Poor: 131- 170 in./mi

Very Poor: Greater than 170 in./mi

2.2.3 Pavement Condition Index (PCI)

PCIl was developed by the United States Army Corps of Engineers rdrggm@ and 100
guantifying the condition of a roadway based on surface distregsee 100 represesithe best
possible condition and O represetite worst possible conditionA pavement condition index

11



(PCI) for eachasgment is generated by usitig video logs from cameras facing the pavement
surface. For each segment, several sections are saonphelwhole segment can be considered
to measure thdistressedn previous years (2014 and 201, operatoconducted the distress
evaluation usingpecialized softwarén 2017, a new 3D Data Acquisition System was adopted
in Wyoming to identify and measure the distresses automatically using imagicpakd
detection technologyfFrom these distress measurements, the PCl is calculated.

The primary uses of PClI include identifying immediate maintenance and rehabilitation
needs, monitoring pavement condition over time, develop a network preventivenaacge
strategy, develop road maintenance budgets, and evaluate pavement materials and designs.
Huntington et al(2013)used thehresholds for defining pavement condition based on the PCI
Conditionsare divided into tree categories:

Good:Greater than 85
Fair: 70- 85

Poor:Less than 70

2.2.4 Pavement Serviceability Indexes (PSI)

PSI provides a single number on a scale from 0 to 5 that evatheteserall condition of the
pavement fromthetav el i ng p u b [The éollowingreguatisnpseuset! byw\eyDOT to
calculate the PSI of the state highway system

l
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Where:
1 IRl is the International Roughness Index (inches/mile)
1 RUT is the mean Rudepth (inches)
1 PClis the Pavement Condition Index (based on ASIBv33)

The following rating scale is used in this project to describe the condition of roads with a
particular PSI value:

Greater than 3.5 Excellent Condition

3.017 3.5 - Good Condition
2.5171 3.0 - Fair Condition
2.01 2.5 - Poor Condition

Less than 2.0

Very Poor Condition

12



3 WESTERN PART OF THE STATE COUNTY DATA

Data from multiple sources such as GIS layer of county paved roads, traffic counts, pavement
condition, and road tbkness were summarized fatewidecountyroadsin this reportAppendix

1 provides the list of the roadway segmeriig each countyn the western part of the statgth
pavement conditions (Rut Depth, IRI, PCI and PSI) and pavement thicknesses @splase
thickness)This chapter describes the overall conditionwestern part of the stateunty paved

roads.

3.1 StatewideCounty Paved Roads

As shown in Table, there are 1171 roadway segments in westegoart of the state with 1,85
miles Summary by each county can be seen in AppendBoRntypaved roadand segmentsy
each countganalsobe seerin Appendix 3andAppendix4 respectively.

Table 3: Summary of Statewideand WesternPart of the StateCounty PavedRoads

St at e|] WestRal

Tot al Lengtl 2,44 1, 18¢
Tot al Number 2,25 1, 17
Mi ni Berg meexrigt h 0.01 0. 02
Ma x i ndueng meenri gt h 308 25. 81
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3.2 Pavement Condition Assessments

3.3.1 Rut Depths(RD)

Table 4andFigure 3showtheaverage rut depth divided into two categories: greater than 0.3
inches and less than 0.3 incleshe western part of the state comparing 2@D45and 207.
Figure 4shows the rut depth dfie western part of the stateuntypaved rod segmers The
summaryof rut depth foreach countys summarizedh Appendix 5.

Table 4: Rut Depth in Statewide versus WesterrPart in 2014, 2015and 2017.

Western Side of the State
2014 2015 2017
More than 0.3 incheg 121 (10%) 104 (8% 28 (2%)
0.3 inches orles| 1,080 (88%) 1,106 (90% 1157 (98%
Missing 28 (2%) 18 (2%) 0 (0%)
Total| 1,229 (100%) 1,229 (100%) 1185 (100%
Statewide
2014
More than 0.3 inches 227 (9%)
0.3inchesorles| 2,122 (87%)
Missing 95 (4%)
Total| 2,444 (100%)

14
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Figure 3: Rut Depth in 2014 2015 and 2017
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Figure 4: Rut Depth Conditions of the Western Part of the Staten 2017.
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3.3.2

Table5 andFigure 5showthe roughness conditions (IRdj countyroads In 2017, 49 percent of
the countyroadswerein very poor conditionFigure 6showsthe roughness condition tife
western part of the stat€he simmary of IRI foreach countys summarizedh Appendix 6.

International Roughness Index (IRI)

Table 5: Roughness (IRl)in Statewide versus WesterrPart in 2014,2015 and 2017

Western Side of the State

2014 2015 2017
Excellent (Less than 7 77 (6%) 83 (7%) 147 (12%)
Good (70i 100) 103 (8%) 120 (10%) 101 (8%)
Fair (101 130) 95 (8%) 90 (7%) 88 (7%)
Poor (131 170) 192 (16%) 163 (13%) 261 (22%)
Very Poor (Greater than 17, 735 (60%) 755 (61%) 587 (49%)
Missing 28 (2%) 18 (2%) 0 (0%)
Total| 1229 (100%) 1229 (100%) 1185 (100%)

Statewide
2014

Excellent(Less than 70 121 (5%)
Good (70i 100) 346 (14%)
Fair (101 130) 248 (10%)
Poor (131 170) 386 (16%)
Very Poor (Greater than 17, 1248 (51%)
Missing 95 (4%)
Total | 2,444 (100%)
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Figure 5: Roughness (IRI)in 2014, 2015 and 2017
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Figure 6: RoughnesqIRI) of the Western Part of the Statan 2017.
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3.3.3 Pavement Condition Index (PCI)

Since the 2017 PCI data was calculated differently from previous years, the 2017 data were
compared to the 2015 data as showhigure 7. Figure 8hows that the average PCI decreased
from 88 (standard deviation 13) in 2015 to 85 (standard deviation 9) in 2017 feedtezn side

of Wyoming. The decrease of average PCI from 2015 to 2017 includes the two years of

pavement deteriation.

0 200 400 600 800 1000 1200
Segments

e 2017 PCI e 2015 PCI

Figure 7: Comparison of PCls between 208 and 2017for Western Side of the State.
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Table6 andFigure8 show thePClsummary of alcounty roadsFigure9 showsgraphicallythe
PCllevels ofthe western part dhe stateThe summary oPCI foreach countys summarizedh

Appendix 7.

Table 6: PCI in Statewide versus WesterrPart in 2014 2015 and 2017

Western Side of the State

2014 2015 2017
Less than 7 110 (9%) 107 (9% 196 (17%
70- 85 287 (23%) 219 (18% 588 (50%
Greater than 8 801 (65%) 881 (72% 401 (33%
Missing 32 (3%) 22 (2%) 0 (0%)
Total| 1229 (100%) 1229 (100%) 1185 (100%
Statewide
2014
Less than 7 479 (200)
70- 85 601 (2%%0)
Greaterthan 8  1,259(52%)
Missing 106 (%0)
Total| 2,444 (100%)

21




588
50%

Western side of the State = Western side of the State, Western side of the State,
2014 2015 2017

Statewide, 2014

B Lessthan 70 70- 85 B Greater than 85 B Missing

Figure 8: PCIl in 2014,2015 and 2017

22



Figure 9: Pavement Condition Index(PCI) of the Western Part of the Statan 2017.
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