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USING THE IPAT TOOL

The lowa Pavement Analysis Techniques (IPAT) tool is a Microsoft Excel, macro, and Visual
Basic for Applications (VBA)-based automation tool that is comprised of a navigation panel
(main tool) and sub-tools. Depending on the version of the operating system, various security
warning messages may appear, or the tool may appear in a different font when the tool is first
run. The system requirements to run this tool are Excel 2016 and VBA.

Document Scope

This user guide describes a systematic procedure on how to use the IPAT tool that helps local
agencies and engineers in their decision-making process by estimating various pavement
performance and pavement remaining service life (RSL) under different pavement management
levels of service.

Interface of Main Tool
Select Predictive Model Types

The main tool provides users with selections for predictive model types, pavement type, and
pavement performance indicators. The main page of the main tool gives users two options to
select predictive model types, statistics-based model and artificial intelligence (Al)-based
models, as shown in Figure 1.

Predictive Model Types

Sebctmd |tvpel ofedrx pavement performance and to estimate pavement
ice ife (RSL) for project and network level systems

\

" Statistics-based Model  © Artificial Intelligence-based Models
-
f

approaches can be used for both

4@;, IOWA STATE {
5T "..m.,,...,.e- UNIVERSITY

Disclamer: This tool s for demonstration purposes on.

Figure 1. Predictive model type selection (main) page of IPAT main tool

Note that the authors recommend the statistics-based model to predict pavement performance
and RSL at the project level and Al-based models at the network level, although both approaches
can be used for both pavement management levels.



Select Pavement Type

Figure 2 shows the interface of the selection page for pavement type for both statistics- and Al-
based approaches.

IPAT Tool - Al-basex

Pavement Type
Select pavement type to predict pavement performance

. .Ac | |acover3pce] | PCC Overlay
. (Asphalt) (Composite) | | (Composite)

< Back to Select Predictive Model

Figure 2. Pavement type selection page of IPAT main tool

The pavement types include jointed plain concrete pavement (JPCP), asphalt concrete (AC), AC
over JPCP, and portland cement concrete (PCC) overlay.

Select Pavement Performance Indicator

Figure 3 shows sample pages of the statistics-based models for selecting pavement performance
indicator for (a) JPCP, (b) AC, (c) AC over JPCP, and (d) PCC overlay.



‘ IPAT Tool - Statistics-based Model - JPCP X

e

" Towa Pavem

Pavement

O _IRI and/or PCI

< Back to Select Pavement Type

IPAT Tool - Statistics-based Model - AC X

" Towa Pavement Al—a—ﬁ'sl
3 S -

Pavement Performance Indicator

I@ Select
O _IRI and/or PCI

< Back to Select Pavement Type



Pavement Performance Indicator

< Back to Select Pavement Type

< Back to Select Pavement Type

(d) PCC overlay

Figure 3. Pavement performance indicator selection page for statistics-based models for
various pavement types

The performance indicators for the statistics-based models are the international roughness index
(IRI) and pavement condition index (PCI). Figure 4 shows sample pages of the Al-based models

for selecting pavement performance indicator for (a) JPCP, (b) AC, (c) AC over JPCP, and (d)
PCC overlay.



IPAT Tool - Al-based Model - JPCP X
s
R e

Pavement Performance Indicator

O _Transverse Cracki

O Transverse Cracking
_Longitudinal Cracking

_—

< Back to Select Pavement Type

(b) AC



O Transverse Cracking
O Longitudinal Cracking

Pavement Performance Indicator

IG) Select
O IRI

< Back to Select Pavement Type

(d) PCC overlay

Figure 4. Pavement performance indicator selection page for Al-based models for various
pavement types

The performance indicators for Al-based models vary for each pavement type. For JPCP, they
are IRI and transverse cracking; for AC and AC over JPCP, they are IRI, rutting, transverse and
longitudinal cracking; for PCC overlay, it is IRI. Selecting any pavement performance indicator
at each pavement type navigates the user to different questions to check the availability of the
required data to launch the sub-tools.



Figure 5 and Figure 6 show sample interfaces for the checking process of the required data to
predict IRI before launching the sub-tool for the AC pavement type using statistics- and Al-
based models, respectively.

Figure 5. Required data check to launch sub-tool for IRI for statistics-based model for AC
pavement type



Figure 6. Required data check to launch sub-tool for IRI for Al-based model for AC
pavement type

A detailed process for each pavement performance indicator and pavement type is indicated as a
flowchart in Figure 7 through Figure 15.



IPAT Tool

Al-based
Predictive Model

Statistics-based
Predictive Model

Overlay
(Composite)

IRl and/or PCI

Yes

No Data requirements:

- IRI or PCI (at least 2 years)
- Construction year

- Data collection year

Yes

Enterinput
data

Figure 7. Flowchart of IPAT tool using statistics-based models for all pavement types



IPAT Tool

Statistics-based Al-based
Predictive Model Predictive Model

IpCP
(Rigid)

Transverse Transverse Longitudinal
Cracking Cracking Cracking

Transverse Longitudinal
Cracking Cracking

Figure 8. Flowchart of IPAT tool using Al-based models for all pavement types
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Statistics-based
Predictive Model

Al-based
Predictive Model

Transverse
Cracking

ta requireme
tive

Data requirements:
- Rutting da

Enterinput Enterinput

Enter input

Figure 9. Flowchart of IPAT tool using Al-based IRI model for JPCP
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No Yes

Al-based
Predictive Model

Statistics-based
Predictive Model

Yes No No No

JpCP
(Composite)

No Yes

Transverse
Cracking

uirements:
Consecutive previous 2-year TCRACK
Construction yea
Data coll

Launch
sub-tcol

Enterinput

Enterinput

data

o Yes No

Yes N
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Figure 10. Flowchart of IPAT tool using Al-based TCRACK model for JPCP
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Statistics-based
Predictive Model

Yes

! /T
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(Composite)

Overlay
(Composite)

Transverse

Data requirements:
- Rutting data

- Transverse cracking data

Launch
sub-tool

Enterinput

Enterinput

Cracking

Longitudinal
Cracking

Figure 11. Flowchart of IPAT tool using Al-based IRI model for AC
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Al-based
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0
JPCP
(Composite)

Transverse Longitudinal
Cracking Cracking

irements:

Launch
sub-tool

Enterinput
data

Enterinput

Yes No Yes No
Yes Yes

Figure 12. Flowchart of IPAT tool using Al-based RUT model for AC
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Statistics-based
Predictive Model

Al-based
Predictive Model

(Composite)

Transverse Longitudinal
Cracking Cracking

ta requiremern

Data collection year
Pavement Thickn

Launch
sub-tool

Enterinput
data

Enterinput

Yes No Yes No
Yes Yes

Figure 13. Flowchart of IPAT tool using Al-based TCRACK model for AC
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No Yes

Al-based
Predictive Model

Statistics-based
Predictive Model

JPCP
(Composite

Longitudinal Longitudinal
Cracking Cracking

ta requirement:

Consecutive pr year LCRACK
onstruction y

D 1

Enterinput Enterinput

Yes No Yes No
Yes Yes

Figure 14. Flowchart of IPAT tool using Al-based LCRACK model for AC
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IPAT Tool

No Yes

Al-based
Predictive Model

Statistics-based
Predictive Model

No No No Yes

pPCC
Overlay
(Composite)

JPCP
(Rigid)

Yes

Data requirem
- Consecutivi rous 2-year IRI

Enterinput
data

Figure 15. Flowchart of IPAT tool using Al-based IRI model for PCC overlay
Interface of Sub-Tools
Enter Inputs

The IPAT sub-tools for each pavement performance indicator and pavement type are launched
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by clicking the launch tool in the IPAT main tool. The sub-tool interfaces, which were developed
based on the Excel format that includes macros, have the option of statistics- and Al-based
models, developed by using the lowa Department of Transportation’s (DOT’s) Pavement
Management Information System (PMIS) database (e.g., PMIS model) and improved by using
data from a database from counties (e.g., county model), and are shown in Figure 16-Figure 37.

IR,

[par

Predicted IRI |

- I | I ] i i Age Predicted PCl
|Project Name \COUNAME |PROJECT_NO]BPEU ‘EPRJ Icomvn DATAYR (infmite) %) s (in/mile) %)
|
|
| Calculate Future IRI Calculate Future PCI
|
View IRl Model View PCI Model

|
| Calculate RSL Based on IRI Calculate RSL Based on PCI

RESET

Threshold Limit for IRI (in/mile)
Design Life
Present Year

Threshold Limit for PCI (%)
Design Life
Present Year

Coeff. Of Determination (R:')

Figure 16. Sub-tool to predict IRI using statistics-based model
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Accumulated |PCC Thickness|IRl; ; IRy Age IRE,
AADTs (in.} (in/mile) |(in/mile) |(vears) {in/mile)

Project Name COUNAME (PROJECT_NO CONYR DATAYR

Calculate Future IRI

View IRl Model

Calculate Future RSL

Threshold Limit for IRI (in/mile)
Design Life

Present Year

Traffic Increment per year (%)

Figure 17. Sub-tool to predict IRI using Al-based IRI approach 1 county model for JPCPs
(launch tool 1 in main tool)

TCRACK,  |IRI,; IRl Age IRY,

Project Name COUNAME |PROJECT_NO CONYR DATAYR 2 : x % i 3 :
(count/mile) |(in/mile) (in/mile) (years) (in/mile)

Calculate Future IRI

View IRl Model

Calculate Future RSL

Threshold Limit for IRI (in/mile)
Design Life
Present Year

Figure 18. Sub-tool to predict IRI using Al-based IRI approach 2 county model for JPCPs
(launch tool 2 in main tool)
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CONYR

Calculate Future IRI

View IRI Model

Calculate Future RSL

Threshold Limit for IRI (infmile)

Design Life
Present Year

Traffic Increment per year () _

Figure 19. Sub-tool to predict IRI using Al-based IRI approach 1 PMIS model for JPCPs
(launch tool 3 in main tool)

iProjea Name COUNAME  |PROJECT_NO |BPR EPRJ coNVR  |DATAYR |TCRACK R o il
‘ (% Slab Cracked)| (in/mile) |(in/mile) (years) (in/mile)

Calculate Future IRI

View IRl Model

Calculate Future RSL

Threshold Limit for IRI (in/mile)
Design Life
Present Year

Figure 20. Sub-tool to predict IRI using Al-based IRI approach 2 PMIS model for JPCPs
(launch tool 4 in main tool)
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DATAYR d PCC Thick TCRACK; 2 TCRACK; 1 Age TCRACK;
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View TCRACK Model

Calculate Future RSL

Threshold Limit for TCRACK (% slab cracked)

Threshold Limit for TCRACK (count/mile) 0
Design Life
Present Year
Traffic Increment per year (%) 1
RESET

Figure 21. Sub-tool to predict TCRACK using Al-based county model for JPCPs
(launch tool 1 in main tool)

Project Name COUNAME |PROJECT_NO CONYR  |DATAYR |Accumulated ESALs | CC IMekness| TCRACK;z 1EHRCKG, fee
(in) (% Slab Cracked)| (% Slab Cracked)| (vears)

Calculate Future TCRACK

View TCRACK Model

Calculate Future RSL

Threshold Limit for TCRACK (% Slab Cracked)|
Design Life
Present Year

Traffic Increment per year (%) -

Figure 22. Sub-tool to predict TCRACK using Al-based PMIS model for JPCPs
(launch tool 2 in main tool)
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Calculate Future IRI

View IRl Model

Calculate Future RSL

Threshold Limit for IRI (in/mile)
Design Life

Present Year
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Figure 23. Sub-tool to predict IRI using Al-based IRI approach 1 county model for AC
(launch tool 1 in main tool)
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Calculate Future IRI

View IRl Model

Calculate Future RSL

Threshold Limit for IRI (in/mile)
Design Life
Present Year

Figure 24. Sub-tool to predict IRI using Al-based IRI approach 2 PMIS model for AC
(launch tool 2 in main tool)
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Thickness (in.) |(in/mile) |(in/mile)

Age

(years)
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Calculate Future IRI

View IRI Model

Calculate Future RSL

Threshold Limit for IRI (in/mile)

Design Life
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Figure 25. Sub-tool to predict IRI using Al-based IRI approach 1 PMIS model for AC
(launch tool 3 in main tool)
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Calculate Future RUT

Calculate Future RSL

View RUT Model

Threshold Limit for RUT (in)

Design Life

Present Year

Traffic Increment per year (%)

Figure 26. Sub-tool to predict RUT using Al-based county model for AC
(launch tool 1 in main tool)
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Calculate Future RUT

View RUT Model

Calculate Future RSL
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Design Life

Present Year
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Figure 27. Sub-tool to predict RUT using Al-based PMIS model for AC
(launch tool 2 in main tool)
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RESET

Figure 28. Sub-tool to predict TCRACK using Al-based county model for AC
(launch tool 1 in main tool)
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|Project Name COUNAME |PROJECT_NO |BPRJ EPRJ CONYR DATAYR Accumulated ESALs

HMA TCRACK;, |[TCRACK:; |Age
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View TCRACK Model
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Design Life (years)
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RESET

Figure 29. Sub-tool to predict TCRACK using Al-based PMIS model for AC

(launch tool 2 in main tool)
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View LCRACK Model
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RESET

Figure 30. Sub-tool to predict LCRACK using Al-based county model for AC

(launch tool 1 in main tool)
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RESET

Figure 31. Sub-tool to predict LCRACK using Al-based PMIS model for AC
(launch tool 2 in main tool)
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Figure 32. Sub-tool to predict IRI using Al-based IRI approach 1 PMIS model for AC over
JPCP (launch tool 1 in main tool)
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Figure 33. Sub-tool to predict IRI using Al-based IRI approach 2 PMIS model for AC over
JPCP (launch tool 2 in main tool)
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Figure 34. Sub-tool to predict RUT using Al-based PMIS model for AC over JPCP
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Figure 35. Sub-tool to predict TCRACK using Al-based PMIS model for AC over JPCP
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Figure 36. Sub-tool to predict LCRACK using Al-based PMIS model for AC over JPCP
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Figure 37. Sub-tool to predict IRI using Al-based county model for PCC overlay

Within all sub-tool interfaces, the yellow cells indicate titles for inputs and outputs, light blue
cells indicate that users should enter inputs, green cells indicate predicted outputs, and gray
boxes indicate buttons that users should click based on their selections. The user is required to
enter and/or edit data for only light blue cells and is not allowed to change yellow and green
cells.

The common input parameters for all sub-tools are listed below. The user has the option to enter
this road information in the IPAT main tool that will be automatically transferred to the IPAT
sub-tools. In the case of not entering the road information in the main tool, the user may enter
and/or edit it in sub-tool. The input parameters are as follows:

Project Name: Descriptions for the road, e.g., street name
COUNAME: County name

PROJECT_NO: Number (ID) of the project

BPRJ: Beginning of the project

EPRJ: Ending of the project

CONYR: Year of the construction or reconstruction

The following parameters are the required inputs and the predicted outputs in IPAT sub-tools:

e DATAYR: Year of data collection

e Accumulated AADT: Accumulated annual average daily traffic data that are calculated by
adding up current year AADT and previous year AADT

e Accumulated ESAL: Accumulated equivalent single axle load data that are calculated by
adding up current year ESAL and previous year ESAL

e Age: Pavement age calculated by subtracting CONYR from DATAYR, in years

e PCC Thickness (in.): Portland cement concrete slab thickness, inch

e HMA Thickness (in.): Hot-mix asphalt concrete slab thickness, inch
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Overlay Thickness (in.): Portland cement concrete overlay thickness, inch

PCI (%): Pavement condition index, 0-100 %

Predicted PCI (%): PCI predicted by statistics-based model, in percentage

IRl (in./mi): International roughness index two years ago, inch per mile

IRIi-1 (in./mi): International roughness index one year ago, inch per mile

IRI; (in./mi): International roughness index at current year, inch per mile

Predicted IRI (in./mi): IRI predicted by statistics-based model, inch per mile

RUT,-2 (in.): Rutting depth two years ago, inch

RUTi.1 (in.): Rutting depth one year ago, inch

RUT,; (in.): Rutting depth at current year, inch

TCRACK:i2 (count/mi): Number of transverse cracks/mile two years ago, count per mile
TCRACK:.1 (count/mi): Number of transverse cracks/mile one year ago, count per mile
TCRACK; (count/mi): Number of transverse cracks/mile at current year, count per mile
TCRACK:.2 (% slab cracked): Transverse cracking two years ago, percent of slab cracked
TCRACK:.1 (% slab cracked): Transverse cracking one year ago, percent of slab cracked
TCRACK; (% slab cracked): Transverse cracking at current year, percent of slab cracked
TCRACKi (ft/mi): Transverse cracking two years ago, foot per mile

TCRACKi.1 (ft/mi): Transverse cracking one year ago, foot per mile

TCRACK; (ft/mi): Transverse cracking at current year, foot per mile

LCRACK:; (ft/mi): Longitudinal cracking two years ago, foot per mile

LCRACK:.1 (ft/mi): Longitudinal cracking one year ago, foot per mile

LCRACK; (ft/mi): Longitudinal cracking at current year, foot per mile

Joint spacing (ft): Distance between transverse joints on concrete pavements, foot
Threshold Limit for PCI (%): Threshold PCI value representing pavement in poor condition,
inch per mile (e.g., 40%)

Threshold Limit for IR (in./mi): Threshold IRI value representing pavement in poor
condition, inch per mile (e.g., 170 in./mi)

Threshold Limit for RUT (in.): Threshold RUT value representing pavement in poor
condition, inch

Threshold Limit for TCRACK (% slab cracked) for JPCP: Threshold TCRACK value
representing pavement in poor condition, in percentage

Threshold Limit for TCRACK (count/mi) for JPCP: Threshold TCRACK value representing
pavement in poor condition, count per mile, calculated using the following equation: (% slab
cracked/100) x (10 ft of lane width/2 ft of crack width) x (5,280 ft/mi) x (1/10 ft of lane
width)

Threshold Limit for TCRACK (% cracking) for AC and AC over JPCP: Threshold TCRACK
value representing pavement in poor condition, in percentage

Threshold Limit for TCRACK (ft/mi) for AC and AC over JPCP: Threshold TCRACK value
representing pavement in poor condition, foot per mile, calculated using the following
equation: (% cracking area/100) x (10 ft of lane width/2 ft of crack width) x (5,280 ft/mi)
Threshold Limit for LCRACK (% cracking) for AC and AC over JPCP: Threshold LCRACK
value representing pavement in poor condition, in percentage
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e Threshold Limit for LCRACK (ft/mi) for AC and AC over JPCP: Threshold LCRACK value
representing pavement in poor condition, foot per mile, calculated using the following
equation: (% cracking area/100) x (10 ft of lane width/2 ft of crack width) x (5,280 ft/mi)

e Design Life: Design life of pavement (e.g., 40 years)

e Present Year: Current year (e.g., 2010)

e Traffic Increment per Year (%): Traffic increment assumption per year to calculate future
accumulated traffic data and then to predict future performance, in percentage (e.g., 1%)

e Coefficient Of Determination (R?): Calculated coefficient of determination value (R?) based
on comparison of IRIli and Predicted IRI, 0 to 1 indicating high accuracy in results

e Calculate Future IRI (or PCI, RUT, TCRACK, LCRACK): Button to click to predict future
pavement performance indicator

e View IRI (or PCI, RUT, TCRACK, LCRACK) Model: Button to click to view deterioration
curve in time by plotting pavement performance indicator versus age

e Calculate RSL Based on IRI (or PCI, RUT, TCRACK, LCRACK): Button to click to
calculate RSL based on pavement performance indicator and the following parameters if
asked:

o Threshold Limit for IRI (or PCI, RUT, TCRACK, LCRACK)
o Design Life
o Present Year
e Reset: Button to click to reset the analysis and clean the spreadsheet for the next analysis

Predict Pavement Performance

IPAT sub-tools predict pavement performance indicators based on the entered input data,
indicate them in numeric value, and plot them in a graph. All green cells indicate the pavement
performance predictions. The deterioration model is plotted based on a comparison of the entered
field condition and distress data and predicted ones by clicking the View IRI (or PCI, RUT,
TCRACK, LCRACK) Model button in the IPAT sub-tool sheets; sample empty graphs are
shown in Figure 38. The Go Back button at the top right corner of the graphs should be clicked
to return to the input and output sheet.
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Figure 38. Sample deterioration model graphs (without data) when clicking various view
options in IPAT sub-tools

Predict Pavement RSL

IPAT sub-tools predict RSL of pavement sections based on current and future predicted
performance indicators. The RSL cannot be estimated without entering inputs and having
pavement performance predictions. Clicking the Calculate Future RSL button estimates the RSL
of a pavement section based on the following:

e Predicted pavement performance indicator (IRI, PCI, RUT, TCRACK, or LCRACK)
e Threshold limit for IRI (or PCI, RUT, TCRACK, or LCRACK)

e Design life

e Present year

Based on different scenarios with predicted performance and entered threshold values, a large
green cell appears under the Calculate Future RSL button. The number seen at the top of the
green cell is the RSL year of pavement (e.g., 10 years) and the text seen under the number
describes the RSL (e.g., RSL is calculated based on design life). Figure 39 indicates a variety of
sample RSL results based on the predicted and given information. Note that these results are for
illustration purposes; thus, RSL numbers may not represent real values.
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Calculate Future RSL

30

IRl predictions do not reach the
threshold limit!
Thus, RSL (at the last entered
year) calculated based on the
design life!

(m)
Figure 39. Sample RSL results when clicking the Calculate Future RSL button in sub-tools

The RSL results that might be obtained based on various scenarios are as follows:

e RSL could not be calculated. Please enter more information: If the user does not enter any
threshold limit, design life, and present year data, RSL cannot be calculated (Figure 39a).

e IRl predictions do not reach the threshold limit! Thus, RSL could not be calculated.
Please enter more information!: If the user enters only threshold limit and the performance
predictions never reach the threshold limit, RSL cannot be calculated, and the user needs to
enter more data such as design life (Figure 39b).

o Please enter smaller ‘present year’ value!: If the user enters all data and the age calculated
at the entered present year is larger than the entered design life, RSL cannot be calculated,
and the user needs to enter a smaller value for the present year (Figure 39c¢).

e Entered IRI already exceeded threshold limit!: When the user enters threshold limit for
pavement condition and distress data that are smaller than the current pavement condition
and distress data, pavement performance already exceeds the threshold limit (Figure 39d).

e Entered age already exceeded design service lifel: When the user enters a design life that is
smaller than the current pavement age, the pavement age already exceeds the design life
(Figure 39e).

e RSL (at present year) calculated based on the pavement performance: When the user enters
all data or only threshold limit and present year, RSL is calculated based on the entered
present year if the performance predictions reach the threshold limit within the design life
(Figure 39f).

e RSL (at the last entered year) calculated based on the pavement performance: When the
user enters a threshold limit but not the present year, RSL is calculated based on the last
entered year in the DATAYR column if the performance predictions reach the threshold limit
within the design life (Figure 39g).

e RSL (at present year) calculated based on the design life: When the user enters all data or
only design life and present year, RSL is calculated based on the entered present year if the
pavement age exceeds the design life earlier than the age that the performance predictions
reach the threshold limit (Figure 39h).
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RSL (at the last entered year) calculated based on the design life: When the user enters
design life but not present year, RSL is calculated based on the last entered year in the
DATAYR column if the pavement age exceeds the design life earlier than the age that the
performance predictions reach the threshold limit (Figure 39i).

RSL (at present year) calculated based on the design life and the pavement performance:
When the user enters all data, RSL is calculated based on the entered present year if the
pavement age exceeds the design life and the performance predictions reach the threshold
limit at the same time (Figure 39j).

RSL (at the last entered year) calculated based on the design life and the pavement
performance: When the user enters all data but not present year, RSL is calculated based on
the last entered year in the DATAYR column if the pavement age exceeds the design life and
the performance predictions reach the threshold limit at the same time (Figure 39k).

IRI predictions do not reach the threshold limit! Thus, RSL (at present year) calculated
based on the design life!: When the user enters all data, RSL is calculated based on the
entered present year if the pavement age exceeds the design life and the performance
predictions never reach the threshold limit within the design life (Figure 391).

IRI predictions do not reach the threshold limit! Thus, RSL (at the last entered year)
calculated based on the design life!: When the user enters all data but not present year, RSL
is calculated based on the last entered year in the DATAYR column if the pavement age
exceeds the design life and the performance predictions never reach the threshold limit
within the design life (Figure 39m).
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ILLUSTRATIVE EXAMPLES: PAVEMENT ANALYSIS USING THE IPAT TOOL

Examples of predicting IRl and RSL for each JPCP and AC pavement type using both statistics-
based and Al-based models are examined in the following sections.

JPCP Case: Statistics-Based Model
Select Predictive Model Type

The statistics-based model was selected as shown in Figure 40.

Select maded type 1o predict pavemernt performance asd Lo estmate gavement
remareg servee e (RS1) For project and network level systems

TOdets 3t (eiarmraiod T e verd 1 3o pavorest jerriene o)
! a0 Artbon Iteligenes (AD) Do models for nebvert -sevel BE0uGH both
cur«nm o e wsed fiw It poverrest ranpurrest keevds

A
<@, & 10WASIATE --,

FyA  mmmn UNIVERSITY

Duchirser: Tha tael & %or demoretntion purposel only.

Figure 40. Select predictive model type: statistics-based model
Select Pavement Type

JPCP (concrete) pavement type was selected as shown in Figure 41.
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(Asphalt) i (Composite)

| < Back to Select Predctwe Model

Figure 41. Select pavement type: JPCP (concrete)

Select Pavement Performance Indicator

IRI, as a pavement performance indicator, was selected, questions are answered (Figure 42) and
required road information is entered (Figure 43). Then, the launch tool button is clicked to
launch the sub-tool.

IPAT Tool - Statistics-based Model - AC X ‘
vement Afaly

Pavement Performance Indicator

s the following data avallable?

B IR or PCI data (at least 2 years)
] Year of the construction
Year of the data collection

“ Yes “ No

< Back to Select Pavement Type

Figure 42. Select pavement performance indicator and prepare data: IRI (statistics-based
model)
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Figure 43. Enter required data information

Enter Inputs
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IRI and/or PCI =

LAUNCH TOOL

: county JPCP (statistics-based model)

The entered data information in the IPAT main tool were transferred into the IPAT sub-tool as

shown in Figure 44.
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Figure 44. Transfer data information into IPAT sub-tool: JPCP (statistics-based model)
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The columns of DATAYR and IRI;i were filled based on available data as shown in Figure 45.

Project Name PROJECT_NO | BRI

‘COUN;QME |EPIU |DON'|’R

DATAYR | ™h PO Age Prediftedlkl Predicted PCI
{in/mile) {in/mile} (22)

2013) 114.1822

116.0963

118.0104

121 3516
Calculate Future IRI 2017| 1246929
Calculate Future PCI R

‘Wirtz Ln Lea L94-1-2--73-S4N/A A

View IRI Model View PCl Model

Calculate RSL Based on IRI Calculate RSL Based on PCI

Threshold Limit far IR (in/mile) Coeff. OF Detarminatian [R') _—
Design Life
Present Year

Threshald Limit for PCI (%)
Design Life
Present Year

Figure 45. Enter input parameters: JPCP (statistics-based model)

Predict Pavement Performance

The Calculate Future IRI button was clicked, and future IRI was predicted (Figure 46).
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. IR POl Age Predicted | |Predicted PCI
Project Name COUNAME PROJECT_NO | BFRI 1EPR] CONYR DATAYR lin/mile) e el kT 4 ()
WirtzLn Lee L94-1-2--73-5{NjA [T 1595) 2013 1141822 18] 114.26]
2014] 1160963 1gI 115 23|
2015] 118.0104] 0) 118.23|
2016 121.3518] 71| 121.28]
Calculate Future IRI 2O47) 1246923 1d 124.70)
Calculate Future PCI LT EI ]
24 130.85|
2s| 13293
26| 134 53]
27| 135.22]
View IRl Model View PCl Model 28] e
29| 135.08|
0| 136.25|
31 136.37|
23] 135.43]
Calculate RSL Based on IRI Calculate RSL Based on PCI 33 135.47
a4| 135.49]
35] 135.531
35, 135.51|
37| 136.51]
38| 136.51]
39, 136.51]
20) 136.51
21| 136.51
ﬂ:l 13651/
43 136.51
44 136.51]
5 13651
[ 13651
A= 57 136,52
Threshald Limit for IR {in/mile) Coeff. Of Determination (77 1.000
Design Life

Present Year

Threshold Limit for PCI (3]
Design Life
Present Year

Figure 46. Calculate future IRI: JPCP (statistics-based model)

Then, the View IRI Model button was clicked, which shows the plotted deterioration curve based
on the field and predicted IRI data (Figure 47).

Go Back

300

250 L

200 |

150 +

IRI (in/mile)

100 L

--- IRI Prediction Curve Measured IRI Data

o :
0 5 10 15 20 25 30
Age (year)

Figure 47. IRl model view: JPCP (statistics-based model)
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Predict Pavement RSL

The threshold limit for IRI, design life, and present year parameters were defined, and then the
Calculate RSL Based on IRI button was clicked to predict future IRI. The RSL results and
descriptions appear under the Calculate RSL Based on IRI button when different scenarios were
applied as follows:

e All parameters (170 in./mi, 40 years, 2021) were defined (Figure 48)

B IRl POl Age Predicted IRI |Predicted PCI
Project Name COUNAME  [PROJECT_NO | BFRJ EFRJ CONYR DATAYR P
” _ (in/mile) |(%) (years) {in/ mile) 2}
wirtz Ln Lee L94-L-2--73-5{N/A [ 1995 2013| 1141822 18| 114.26]
2014| 116.0963 19| 115.88|
2015| 11830104 20| 118.23]
2016] 121.5516 21 1!1.2§I
Calculate Future IRI Calculate Future PCI 2017 1346929 22 124.70
2018| 1280341 23| 128.04|
24 13085
25 132.93|
26| 13433
27 13523
View IRl Model View PCl Model 28] 135.76
29| 136.08|
30) 156.26
31 136.37|
EH| 136.43|
Calculate RSL Based on IRI Calculate RSL Based on PCI 33| 136.47
34 135.49|
35 136,50
14 36 136.51
37 156.51
38| 136.51]
IRI predictions do not reach the 2] dind
threshol limitt Y -t
LG el R T a2 13651
calculated based on the design 43 13651
life! a4 136.51
as 136.51]
46| 136.51
RESET 47 136.52]
Threshaold Limit for IR1 [in/mile) 170 Coaff. Of Determinztion [R7) 1.000|
Design Life 40
Present Year 2021

Threshold Limit for P[5
Design Life
Present Year

Figure 48. Threshold limit for IRI (170 in./mi), design life (40 years), and present year
(2021): JPCP (statistics-based model)

e Threshold limit for IR1 (170 in./mi) and design life (40 years) were defined (Figure 49)

45



IRE; PCl Age Predicted IRl |Predicted PCI

{in/mile] |[%) {years) [in/mile} (%)

Wirtz Liv Lea 104-L-2—73-5|N/A M/A 1935 2015 1181812 1_s| 114.26
2012 116.0963 15 11588

zmgl 118.0104] 2g| 118.23

2016] 121.3516] 21 12126

Calculate Future IRI Calculate Future PCI 2017| 124.6929] 22 12470

2018| 1780381 23] 128.04

24 130,85
25 12293
26 13433
View IRl Model View PCl Model :: ﬁ:::
29 136,08
30| 136.28
31 136.37
32 126.43
33 136.47
34 126.49
55
36
37
38
39
ao]

Project Name COUNAME IPIID.IEL—I_ND BFR] EFRJ CONYR DATAYR

Calculate RSL Based on IRI Calculate RSL Based on PCI

136.50
136.51
13651

7

136.51
13651
136.51
41 136.51
13651
136.51
13651
13651
136.51
13652

iRl predictions do not reach the
threshold limit!
Thus, RSL (at the last entered
year) calculated based on the
design lifel

bl bl el ESEA

RESET

Threshold Limit for IR (in/mile} 170) Coeff. Of Determination (77 1.000
Design Life a0
Present Year

Threshold Limit for PCI (%)
Design Life
Present Year

Figure 49. Threshold limit for IRI (170 in./mi) and design life (40 years): JPCP (statistics-
based model)

e Different threshold limit for IRI (130 in./mi) and design life (40 years) were defined (Figure
50)
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IR; PCl Age Predicted IR |Predicted PCI

Project N COUNAME | PROJECT_NO | BPRI PRI CONYR DATAYR S
roject Name ! (infmile) %) [years) {in/fmile]} [%)
Wirtz Ln Lec 194-1-2-73-5{ N4 /A 1995/ 2013| 1141822 18] 11426
2014| 116.0963] 19| 11588
2015| 1180104 20| 118.23
2016] 121 .3s16] 21 12126
Calculate Future IRI Calculate Future PCI 2017] 124.6828 22 124.70
2018| 1280341 23 128.04
24| 130.85
25 132.93
26| 13433
. 27 13522
View IRl Model View PCl Model 38| 33590
29| 136.08
30| 136.26
31 136.37
a2 136.43
Calculate RSL Based on IRI Calculate RSL Based on PCI EE 126.47
34 136.49
35 136.50
o 36| 13651
37 13651
38| 136.51
39| 136.51
RSL {at the last entered year) :‘1’ E::
calculated based on the pavement m 13651
performance 43 13651
44| 136.51
45 13651
45| 136.51
RESET 47 136.52
Threshaold Limit for IR [in/mile) 130 Coeff. OF Determination (RY) 1.000
Diesign Life 40|
Present Year

Threshold Limit for PCI (%)
Design Life
Present Year

Figure 50. Threshold limit for IRI (130 in./mi) and design life (40 years): JPCP (statistics-
based model)

JPCP Case: Al-Based Model
Select Predictive Model Types

The Al-based model was selected as shown in Figure 51.
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Select madel type 10 predct pavement perfamance asd 1o estimate pavemment
remareg servee Ko (UL) for project and netmork level systerms

|
Ngte LGSO hased (Vodels 30 | elanrneind W e veed 10 el peverredt jerironie sul

B2, for pregect level, and Arshond Inteligence (Al Sesed models for nebvert-avel BRSOugh both
rsadies (00 be waed (i bith sovervest vunojorves! evels

Figure 51. Select predictive model type: Al-based model

Select Pavement Type

JPCP (concrete) pavement type was selected as shown in Figure 52.

IPAT Tool - Al-based Model X

Pavement Type

Select pavement type to predict pavement performance

.PCC Overlay
(Composite)

< Back to Select Pradictve Model

Figure 52. Select pavement type: JPCP (concrete)
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Select Pavement Performance Indicator

IRI, as a pavement performance indicator, was selected, questions are answered (Figure 53) and
required road information is entered (Figure 54). Then, the launch tool button is clicked to

launch the sub-tool.

1BAT Teal - fil-bazed Siedel - PP

Pavement Pedformance Indicator

15 the following cata avallable?

- Yeor cf the construction
Year of the datz collectlon
- Pavemnent | hickness
Conseoutive Previous Two-Yeer IRI Values

“ Yes ~ No
I5 the teaffic data availzble? (If ne, no need for
savernent thickness dalal)
¢ Yes  No
Mease select the available traffic data type
™ AADT {Acoumated AADTS v bz used)
" FSAL (Aorurruated PS4 s wil ke used)

« Back to Schect Pavemant Type

Figure 53. Select pavement performance indicator and prepare data: IRI (Al-based model)

Wirtz Ln

Lee
194-L-2--73-56
N/A
N/A

Cick METADATA for more des'ptions. ;
ick BACK to change input parameters. 3

< Back to Select Pavement Type

Figure 54. Enter required data information: county JPCP (Al-based model)
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Enter Inputs

The entered data information in the IPAT main tool was transferred into the IPAT sub-tool as
shown in Figure 55.

mccumulated |PCC Thickness| iRl PR, 3 Aze IRL,

COUNAME  [PROIECT_NO | BPRI EPRJ CONYR )
AADTS [in finfmile] |{mfmile] [lvearsh  |{in/mile)

Lee 194-1-2-73-5{N/A N/ 1995

Calculate Future IRI

View IRl Model

Calculate Future RSL

Threshold Limit for 1R {in/mile)
Design Lifie
Present Year

Traffic Increment per year (%) _

Figure 55. Transfer data information into IPAT sub-tool: JPCP (Al-based model)

The columns of DATAYR, Accumulated AADT, PCC Thickness, IRli-2, and IRIi.1 were filled
based on available data as shown in Figure 56 and Figure 57.

1Rk 2 Ity AED IR

linfmile) |(infmile} |lvears) (i fmile]

Wirtz Ln L84-1-2—-T73-54 /A 1895 2015 114.18222| 1160963
2016

Calculate Future IRI 2017
2018

Project Name PROJECT_MNO | BPRI EPRJ CONYR DATAYR

View IRI Model

Calculate Future RSL

Threshald Limit fior 181 (in/mile)
Deslgn Life
Present Year

Traffic Increment per year [%) -_

Figure 56. Option 1: Enter existing input parameters and traffic increment per year: JPCP
(Al-based model)
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Project Name COUNAME  |PROJECT_NO | BPRI EPRI CONYR et Lbesd ch”'""‘“‘” IRl.; L Age IRk
AADTs fin.) {in/mile]  |linfmile] |(y=ars) {indmile)
Wirz Ln 194-1-2—73-5¢ 505 9] 114.18223] 1160053
2015 565 El
Calculate Future IRI 2017 820 El
2018 o7 El
2019 1115 B
2020] 1255 3]
View IRI Model 1021 1380 3|
2022 1520 El
2023 1645 Bl
2024 1765 El
2026 1990 El
2027 2095 El
3|
El
Threshold Limit for 1R {iny mile]
Design Life
Present Year

Traffic Increment per year (%) _

Figure 57. Option 2: Enter existing and prepared input parameters without defining traffic
increment per year: JPCP (Al-based model)

Here, there are two options to enter future input parameters: (1) the existing input parameters and
defining traffic increment per year (%) to calculate future input parameters (Figure 56), and (2)
the existing and prepared future input parameters without defining traffic increment per year (%)
(Figure 57).

Predict Pavement Performance

The Calculate Future IRI button was clicked and future IRI was predicted (Figure 58 and Figure
59).

Accumulated |PCC Thickness (IR, IRl Age i1

DATAYR
AADTs lin.) (in/mile)  |(in/mile)  |ly=ars) {in/mile)

Project Name COUNAME | PROJECT_NO | BFEJ EFRI ‘Cﬂlﬂ'ﬁ

wirtz Ln Lee |Loa-L-2—73-5dnia T/ 2015 505 af 114.18222] 1150065 20
2016 665 a| 115.0983] 113 28708 21]

Calculate Future IRI 2017 E20] o[ 118.28796] 120.57223 23]

2018 o70)| a| 120.57225] 122 79682 23|

122.79682| 124 4878 24
12484878 1266557
1266557 124 18369
128.18365| 129 43063
129.43063| 130.4163)
130.4166| 131.17541
131.17541| 131 73439
131.74439| 132 16069 31
132.16069| 132.45711
132.45711| 13266107
132 66107 132 70468

Calculate Future RSL

View IRl Model

Threshold Limit for IRl {in/mile)
Dresign Life

Fresent Year

Traffic Increment per vear (%)

Figure 58. Option 1: Calculate future IR1: JPCP (Al-based model)

51



Accumulated |PCC Thickness IR, ; IR, Age ;1%

Project Name [COUNAME PROJECT_ND | BPRJ EPRI CONYR DATAYR = ~
DTs lin.) [infmilel |(infmile) |ly=ars] [in/mile}
Wirtz Ln Leg L34-L-2-- T 5-58 M/ M 1935 2015 505 O| 114.18222| 1150963 20| 118.287!
2016 EES Q| 116.0963| 11828756 21| 120572,
Calculate Future IRI 2017) E20 a| 11828796 12057223 221227
201E| 70 9| 120.57223| 122 79681 25( 124
2015 1115 9| 122.79632| 124 84878 24| 126
2020 12585 9] 124 84878| 1266564 25/1281
View IRl Model 2021 1350 9] 1766564( 12818636 6] 129,
2022 1520 9] 128.18636( 12943854 27] 1304287
2023 1645 9| 129.43694( 13042875 28| 131.1952
2024 1765 9] 130.42875| 131.13529 23| 13177
Calculate Future RSL 2025 1660 9| 131.19529| 131.77483 50( 132 2047
2026 1550 9| 131.77483| 132.2047E 31| 1325
2027 20585 9| 132 20478| 152 51856 32| 132.74
202E| 2185 9| 132.51856| 152.74442 33| 132
2025 2250 9| 132.74442| 1529056 54| 133.02
Thieshold Limit for IR {in/mile)
Deessign Life
Present Year
Traffic Increment per year (%)
RESET

Figure 59. Option 2: Calculate future IR1: JPCP (Al-based model)

Then, the View IRI Model button is clicked, which shows the plotted deterioration curve based
on the field and predicted IRI data (Figure 60).

Go Back

300

250

200

150

IRI (in/mile)

100

- = -IRI Prediction Curve ® Measured IRI Data

ol
0 5 10 15 20 25 30

Age (year)
Figure 60. View IRl model (option 1): JPCP (Al-based model)
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Predict Pavement RSL

The threshold limit for IRI, design life, and present year parameters were defined, and then the
Calculate RSL Based on IRI button was clicked to predict future IRI. The RSL results and

descriptions appear under the Calculate RSL Based on IRI button when different scenarios were
applied as follows:

e All parameters (170 in./mi, 40 years, 2021) were defined (Figure 61)

. PEE Thickness| IR}, - IR,
Praject Name COUNAME  |PROJECT NO | PRI CONYR  |DATAYR ) ! ks 2 "
[in] linfmile) |lin/mile) |lyears) [infmile)
Wirkz Ln Lee L94-L-2-73-56N/A 2015 11418223) 1160965
2016 1160963 11828795
Calculate Future IRI 2017 11838796 130.57225
2018 130.57223] 122 796D
122.79682] 12484878

12484878 12G6ES557
View IRl Model 126,6557| 128 18369
128,18365] 129 43063

11943063 1304168
1304168 131.17541

Calculate Future RSL 131.17541| 13174439
131.74439| 132.160689
14 132.16063) 132 45711
132.45711] 132 66107

132.66107| 132.79468
IRl predictions do not reach the . ——
hreshald limit! rhu_:shal.d LLimit for IR {imy mile)
Thus, RSL (at present year)
calculated based on the design

lifel [Traffic ncrement per year {55}

Figure 61. Threshold limit for IRI (170 in./mi), design life (40 years), and present year
(2021): JPCP (Al-based model)

e Threshold limit for IR1 (170 in./mi) and design life (40 years) were defined (Figure 62)

. ‘ Accumulated |PCC Thickness| IR Rl Age IR,
Project Name COUNAME | PROJECT NO | EPRI EPR] COMYR  |DATAYR )

075 fin.) linfmile) | finfmile]  |lyears) lim/ miile]

WirteLn Lee |Lod-L-2~73-SgN/A WA 1035 2015/ 505 o| 114.18222] 1160063 20[ 118 2878
2016, 665 o] 116.0963] 118 28796] 21[ 12057229
Calculate Future IRl 2017 820 o 118.28796] 120.57223 22[ 122 79583
2018 970 9| 120.57223| 122 79682 23| 124 BaB7H
122.79682) 124 B4878| 24[ 1286557

124.34878| 125.6557 25/ 128.183
View IRl Model 126.5557| 128.18360| 26| 129.43063|

128.18360| 12943063 27] 13041
129.43063| 130.4168 28[ 13117541

130.4168 131.17541 29[ 1317443
Calculate Future RSL 18117541| 15174459 30/ 152 16069
13174435 132 16069 31 13245711
132.16069] 132 45711 32[ 132 66107

22 13245711 132 66107 33 132 784
13266107 132 79468 34[ 132 B7555)

IRI predictions do not reach the
threshold limit! ::Mi::imﬂ for I {in/mile) 17
ign L
Thus, RSL {at the last entered =
year) caleulated based on the
design life! Traffic Increment per year (%] 1

RESET

Figure 62. Threshold limit for IRI (170 in./mi) and design life (40 years): JPCP (Al-based
model)
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e Different threshold limit for IRI (140 in./mi), design life (40 years), and present year (2021)
were defined (Figure 63)

A lated |PCC Thicks IR I I
Froject Name COUNAME  |PROJECT_NO | BPRI EpR CONYR  [DATAVR | oo | S | g e £

AADTs fin.} linfmile} |(in/mile) |lvears} (in/mile)
Wirzin Lee 194-L1-2—73-39 1595 2015 505, 114.18222] 1160953 11828755

a
2016 565 9| 116.0963( 118 28796
2017 820 9| 118.28796( 120.57223
2018 970 9| 120.57223( 122 73682
12279682 124 84E78
17482878 1366557
126.6557( 12818360
128.18369| 12943063
129.23063) 130.41B8)
130.4168| 1531.17541
131.17541| 13174439
131.74439) 152.16069
132.16069| 15245711
132.45711| 15266107
132.66107| 15273468

Calculate Future IRI

View IRI Model

Calculate Future RSL

1

A B E LA SR b R

Threshold Limit for IR [in/mile)
Design Life

Present Year

Traffic Increment per year [2) g

Figure 63. Threshold limit for IRI (130 in./mi), design life (40 years), and present year
(2021): JPCP (Al-based model)

AC Case: Statistics-Based Model
Select Predictive Model Types

The statistics-based model was selected as seen in Figure 64.
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Prodictive Model Types

Select madel type 10 predct pavemert perfarmance asd 1o estimale gavement
romareg servce Ko (R52) for project and network lewel systems

Nagte HSSLOY based (Vodels st (elaenrenind T De verd 1o el paverredt jeripTiene sul
S for pregect level and Arshon Bteligence (AD) Sesed models for nebaert el BEOUGh beth
e ies (o be wsed (i beld povervest vasaperres! levvis

vaAa
<@ & 1OWASIATE ;‘gﬁ

FTA mmmLn UNIVERSITY %,

>
A o~

Seciarer: Tha 30 8 %or demoratntion Surposen only.

Figure 64. Select predictive model type: statistics-based model

Select Pavement Type

AC (asphalt) pavement type was selected as shown in Figure 65.

IP&T Tool - Al based Modd X

Pavement Type

Selet pavernent Lype 1o predol pavement peslonmant s

- ac A |acover 3pce| | PCC Overlay
(Asphalt) - i \posi

Figure 65. Select pavement type: AC (asphalt)
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Select Pavement Performance Indicator

IRI, as a pavement performance indicator, was selected, questions are answered (Figure 66) and

required road information is entered (Figure 67). Then, the launch tool button is clicked to
launch the sub-tool.

IPAT Tool - Statistics-based Model - AC

Pavement Performance Indicator IRI and/or PC1

s the following data available? z
W IRI or PCI data (at least 2 years)

I Year of the construction
BY- Year of the data collection

“ Yes “ No

< Back to Select Pavement Type

Figure 66. Select pavement performance indicator and preparation of data: IRI (statistics-
based model)

IPAT Tool -

Pavement Performance Indicator  [BRIELIEYE oS

DATA ROAD INFO | METADATA
% X23-Hwy 2to WP
Lee

LAUNCH TOOL

L-RS-76-6--73-56
N/A
N/A

< Back to Select Pavement Type

Figure 67. Enter required data information: county AC (statistics-based model)
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Enter Inputs

The entered data information in IPAT main tool was transferred into the IPAT sub-tool as shown
in Figure 68.

R IRl PCl Age Predicted IR |Predicted PCI
BPRJ EPRJ
Project Name COUNAME | PROJECT_NO CONYR CRTAYR (ingenile) |03 = {in/mile) o

X23- Hury 2 b0 WP Lee L-R5-76-6-73|N/A NA 2008

Calculate Future IRI Calculate Future PCI

View IRI Model View PCI Model

Calculate RSL Based on IRI Calculate RSL Based on PCl

RESET

Threshold Limit for IR (in/fmile)
Design Life
Present Year

Cosff. OF Determination (&%)

Threshold Limit for PCI (5)
Design Life
Present Year

Figure 68. Transfer data information into IPAT sub-tool: AC (statistics-based model)

The columns of DATAYR and IRI; were filled based on available data as shown in Figure 69.
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. 1Rk PCl Age Predicted IRI |Predicted PCI
Project N COUNAME  |PROJECT_NO | BFRJ EPRJ CONYR  |DATAYR o
o e ‘ ‘ ' ‘ ‘ (in/mile) | (%) lyears) fin/mile} (%)
X23- Hury 2 to WP Lee L-R5-76-6-73]N/A H/A 2008 2013 66.34]
2014 67.93
2015 69.51
2016 70.14]
Caleulate Future IRI calculate Future PCl 2017 70.77
2018 71.4]
View IRl Model View PCl Model
Calculate RSL Based on IRI Calculate RSL Based on PCI
RESET
Threshold Limit for IRI (in/mile) Coeff. Of Determination (R%)
Design Life

Present Year

[ Threshold Limit for PCI {3%)
Design Life
Present Year

Figure 69. Calculate future IRI: AC (statistics-based model)

Predict Pavement Performance

The Calculate Future IRI button was clicked and future IRI was predicted (Figure 70).
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R, PCi Age Predicted IRl |Predicted Pei
[in/mile} %)
66.34
57.93
6951
70.14

Calculate Future IRI Calculate Future PCI e
L4

Project Name COUNAME  |PROJECT_NO | BFR.J EFR.J ‘CONVI‘[

X23 - Hwy 2 to WP Lee L-R5-76-6--73

View IRI Model View PCl Model

Calculate RSL Based on IRI Calculate RSL Based on PCI

cot oromeminaon) |00l

Threshold Limit for PCI (%)
Design Life
Present Year

Figure 70. Calculate future IRI: AC (statistics-based model)

Then, the View IRI Model button is clicked, which shows the plotted deterioration curve based
on the field and predicted IRI data (

Figure 71).
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Go Back

300

250 -

200 |

150 ©

IRI (in/mile)

100 L

IRI Prediction Curve Measured IRI Data
o
0 5 10 15 20 25 30
Age (year)

Figure 71. View IRl model: AC (statistics-based model)

Predict Pavement RSL

The threshold limit for IRI, design life, and present year parameters were defined, and then the
Calculate RSL Based on IRI button was clicked to predict future IRI. The RSL results and
descriptions appear under the Calculate RSL Based on IRI button when different scenarios were

applied as follows:

e All parameters (170 in./mi, 40 years, 2021) were defined (Figure 72)
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IR, PCl Age Predicted IRI | Predicted PCI
{in/mile) {in/mile) [3)
2013 656.34
2014 67.93
2015 69.51
2016| 7014
Calculate Future IRI 2017 70.77
Calculate Future PCI = —

Project Name COUNAME |PROJECT_NO | BFRJ EFR.J COMNYR DATAYR

View IRl Model View PCl Model

Calculate RSL Based on IRI Calculate RSL Based on PCI

Threshold Limit for Ifl {in/fmile} Coeff. Of Determination (k%) m—

Design Life
E5E|

Threshold Limit for PCI (%)
Design Life

Present Year

Figure 72. Threshold limit for IRI (170 in./mi), design life (40 years), and present year
(2021): AC (statistics-based model)

Threshold limit for IR1 (170 in./mi) and design life (40 years) were defined (Figure 73)
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IRl PCI Age Predicted IRl |Predicted PCI

Praject Na COUNAME  |PROJIECT_NO | BFRJ EPRJ COMYR DATAYR o
raf me i in/mile) (%) {ycars) (infmile) (%]
X323 - Hwy 2 ta WP Lee L-R5-TG-6—7 5 N/A A 2008 2013 65.34] 5| 56.32
2014 67.93 6| 62.04]
2015 59.51 7 59.31
2016 70.14] 8| 70.22
Calculate Future IRI 2017| 70.77 9 70.87
Calculate Future PCI ot T o 7132]
11] 71.64
12 71.86)
13| 72.01
13| 7211
View IRl Model View PCl Model 15 7218
16 72.23
1—71 72.26|
18] 72.28]
19| 72.30]
Calculate RSL Based on IRI Calculate RSL Based on PCl = Lo
21 72.31
22| 74.32)
23] 72.32
&2 24| 72.32
25 7233
IRI predictions do not reach the 2_51 ?23_31
threshold limit! 27 1235
28 72.33
Thus, RSL {at the last entered 28 7533
year) calculated based on the 2 nlﬁ
design life! 31| 72.33
ﬂ‘ 7233
. 33| 72.33
RESET = il
Threshold Limit for IR {in/mile) 1 Coeff. Of Determination (&) 1.000|
Design Life
Present Year

Threshold Limit far PCI (2%}
Design Lite
Present Year

Figure 73. Threshold limit for IRI (170 in./mi) and design life (40 years): AC (statistics-
based model)

AC Case: Al-Based Model
Select Predictive Model Types

The Al-based model was selected as shown in Figure 74.
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Select moaded type 10 predc pavement perfarmance asd 1o estmate paverment
remareg servce e (RSL) for project and network level systorms

Ngte SOy based (Vodels S0 1 eiarnrseind T e veed 10 el poveredt jeriarrenie sul
S5 for progect kevel, and Arvhonl teligence (Al Sesed models for nebvert-vel sttough both
e saios (o be waed T bith povervest vonojeres! levels

“ LE TS

[OWA STATE
IVERSITY "

wa ISTITUTE FOR L,_

Jucarer: The tael 8 ‘or Gemoratnfion surpoeet o,

Figure 74. Select predictive model type: Al-based model

Select Pavement Type

AC (asphalt) pavement type was selected as seen in Figure 75.

IP&T Tool - Al based Madd X

Pavement Type

ol pavernent Lype 1o predol pavement pesfonmanie

a6 A |acover 3pcp| | PCC Overlay
(Asphalt) i i

Figure 75. Select pavement type: AC (asphalt)
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Select Pavement Performance Indicator

IRI, as a pavement performance indicator, was selected, questions are answered (Figure 76), and
required road information is entered (Figure 77). Then, the launch tool button is clicked to

launch the sub-tool.

1PAT Toed « Al-buwerd Moce - A7 X

B Year of the construction
& Year of Lhe dela colleclion
& Favement Thickness
Conseculive Pravious Two-Year [RI Values

Ris the traffic date available?
 Yes “ No
leese sclec the availeble traffic data Lype
[ A8DT (Acoumukned AADTS wil be usad)
8 |7 ESAL (Accurruated £SALs wl be used)

= Becs Lo Sesit Pavemet [ype

Figure 76. Select pavement performance indicator and preparation of data
model)

IPAT Tool -

ROAD INFO | METADATA

| X23-Hwy 2to WP

Lee
L-RS-76-6--73-56

Figure 77. Enter required data information: county AC (Al-based
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Enter Inputs

The entered data information in the IPAT main tool was transferred into the IPAT sub-tool as
shown in Figure 78.

HMA \
Project Name COUNAME  |PROJECT NO | BFRJ Wila IR Ry

Thickness (in.)| infmile)  |{in/mile) fin/mile)

K23- Hwy 2 10 WP Leg L-R5-76-6—-73{ N/A

Calculate Future IRI

View IRl Model

Calculate Future RSL

Threshald Limit for IR {in/mile)
Design Life
Fresent Year

Traffic increment per year (3] [ ]

Figure 78. Transfer data information into IPAT sub-tool: AC (Al-based model)

The columns of DATAYR, Accumulated AADT, HMA Thickness, IRli.2, and IRIi.1 were filled
based on available data as shown in Figure 79 and Figure 80.

. Accumulated |HMA IRl 1Rl IRE,
Project Name COUNAME  (PROJECT_NO | BPRJ EPRJ CONYR  |DATAYR

AADTE Thickness (in.)in/mile infmile in/mile

X23 - Hwy 2 to WP Lee L-R5-7 6-6--73 N,fn 2015 4690 14 66.34 6793

2016 6270 14

Calculate Future IRI 2017 7860, 12

2013 5460 14

View IRl Model

Calculate Future RSL

Threshold Limit for IR {infmile}
Deslgn Life
Present Year

Traffic Increment per year (%) ‘_
< Back to Main Taol

Figure 79. Option 1: Enter existing input parameters and traffic increment per year: AC
(Al-based model)
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Project Name COUNAME PROIECT_NO | BPRJ

EPRJ

(CONYR DATAYR

IRL; 2

Thickness in.) in/mile

IRL;
in/mile

%23 - Hary 2 ko WP Lee L-R5-TE-6-73-Nf4

N

Calculate Future IRI

View IRl Model

Calculate Future RSL

2J00B 2015

665

67.9.

5

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

Thresheld Limit for 11 (in/mile)

Design Life

Present Year

[Teafficincrement peryear )| ]

< Back to Main Tool

Figure 80. Option 2: Enter existing and prepared input parameters without defining traffic
increment per year: AC (Al-based model)

Here, there are two options to enter future input parameters: (1) the existing input parameters and
defining traffic increment per year (%) to calculate future input parameters (Figure 81), and (2)
the existing and prepared future input parameters without defining traffic increment per year (%)

(Figure 80).

Predict Pavement Performance

The Calculate Future IRI button was clicked and future IRI was predicted (Figure 81 and Figure

82).

Project Name COUNAME |PROJECT_NO | BFRJ EFRJ ‘comm parayg | Pecumulated |HMA 1Rl;.2 L Age IRk,
AADTS Thickness (in)| infmile]  |{in/mile) |[vears) {in/mile)
%23 Hay 2 to WP Lz L-R5-76-6-73| N/a [ 2008 2015 4550 14 55.34 57.53 7] 69.30857
201§ 6270 14 67.03| 6930857 &[ 70.25255:
Calculate Future IRI 2017 7860 14| E9.30B57| 70.252533 9[ 70.943B83)
2013 3450| 14| 70.252533| 70.049883 10[ 71.98702
70945883 | 71.887029 11[ 74.3877
71987029 7439516 12] 7931312
View IRl Model 72.30616] 79.334370 13[ 87.57011
79.334279| 87612394 14| 98.426257
87.512304| 98.507889 15[ 110.02387
38 11016287 16 12205557
Calculate Future RSL 110.15297| 122 25386 17] 1357
12225386 135 84368 18] 1525807
13584368 152.8251 19[ 166.53407
152.8251| 1665.8008 20 174.47131
1 1746276/ 21[ 1777

HRESET

Threshold Limit for 1R [in/mile)

Design Life

Present Year

Traffic Inerement per year (%)

Figure 81. Option 1: Calculate future IRI: AC (Al-based model)
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Prosect Name COUNAME  |PROJECT_NO | BPRJ EFRJ convR  |patayn  |Aecumulated |HMA - fIRG, 1Rk 4 Rt
(AADTS Thickness (in.}|in/mile infmile inf/mile
%23 - Hwy 2 to WP Lee L-RE-TE-6—T3{M/A NiA 2008 2015 4690 14 6634 67.53 7| ©9.30857
2015 5270 14] 67.33| 59.30857 8| 7025253
Calculate Future IRI 2017 7860| 14| 69.30857| 70.252533 af 70.
2018 2460| 14| 70.252533| 70.040885 10[ 71.08702
2019 11070 14| 70949383 | 71987029 11[ 7425552
2020 12690| 14| 71987029 74255526 12[ 78 7627
View IRl Model 2021 14320 14| 74.255526| 78.762754 13| 85.16697
2022 15860) 14| 78762754 | B6. 166379 14[ 95.6512!
2023 17610 14| 86.166979| 95.651256| 15[ 105.1837
2024 13270) 14| 95651256 105.18378)| 16[ 114.1001;
Calculate Future RSL 2025 20840 14| 10518378 114.10018| 17[ 123,550
2026 22620 14| 114 10018| 123 66965 18] 136.3564
2027 24310 14| 12366965 | 136.36381 19[ 1425539
2028 26010 14| 136.26981) 149.35397 20| 160.568
2029 27720 14| 149.35337| 16056868 21| 168.2765°
[Threshold Limit for IR (in/mile)
Design Life
Present Year
Traffic Increment per year [%]
RESET < Back ta Main Toal

Figure 82. Option 2: Calculate future IRI: AC (Al-based model)

Then, the View IRI Model button was clicked, which shows the plotted deterioration curve based
on the field and predicted IRI data (Figure 83).

Go Back

300

250

200

150 1 »

IRI (in/mile)

100 | =

50
- = -IRI Prediction Curve ® Measured IRI Data

0-..‘.....;l‘...i..‘,i....‘:‘...
0 5 10 15 20 25 30

Age (year)

Figure 83. View IRI model (option 1): AC (Al-based model)
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Predict Pavement RSL

The threshold limit for IRI, design life, and present year parameters were defined, and then the
Calculate RSL Based on IRI button was clicked to predict future IRI. The RSL results and
descriptions appear under the Calculate RSL Based on IRI button when different scenarios were

applied as follows:

e All parameters (170 in./mi, 40 years, 2021) were defined (Figure 84)

Project Name PRONECT_NO | BFRJ

EFR.J

CONYR DATAYR

HMA

IRk 2 IR

Thickness (in]|(in/mile) | {in/mile)

Age
[wears)

IRk,
firnf e}

X23- Huy 2 to WP L-R5-76-5--73-{ /A

KA

Calculate Future IRI

View IRl Model

Calculate Future RSL

7

RSL (at present year)
calculated based on the
pavement performance

2008 2015

14 6534 6753

J016|

14] 6703 6950457

2017

14| ©9.30857| 70252533

2013

14| 70.252553| 70949383

T0949863| 71987029

71087028 7459616

7439616 79334279

79.334279| 87.612324

87 612394 93 507859

98.507809| 11016287

110.16297| 122 25386

122.253B86| 135.84368

135.84368| 152.8251

152.8251| 166.8008

Threshold Limit for IR [in/mile}

170

Design Life

Present Year

2021

Traffic Increment per year [3)

166.8008| 174.6276

Figure 84. Threshold limit for IRI (170 in./mi), design life (40 years), and present year

(2021): AC (Al-based model)

e Threshold limit for IR1 (170 in./mi) and design life (40 years) were defined (Figure 85)

Project Name PROJECT_NO | BFRJ

EFRJ ‘ CONYR DATAYR

AADTS

[ Accumulated

HMA
Thickness fin.)

IRz 1Fls
finfmile] | {in/mile)

Age
lyears)

IRl
[iny/mile)

323 Hary 2 to WP L-R5-76-6--73-|N/A

Calculate Future IRI

View IRl Model

Calculate Future RSL

calculated based on the
povement performance

2015

4550

&6.34/ 57.93

2015

6270

67.93| E9.30B57

2017

Tae0

69.30857( 70.252533)

2018

9460

70252553 70.945885)

70.945833| 71.987029

T1987029| 74.39615|

7439616) 79.5334279

79.334279| 87.612394

E7.612394| 3E.507899|

58.507899) 11016297

110.165297| 123 25385

122 25386| 13584368

135.84368| 152 8251

152 B251| 166.8008|

Threshold Limit for IR {in/mile)

Design Life
Present Year

Traffic Increment per year (%] i

166.8008| 174.6276)

Figure 85. Threshold limit for IRI (170 in./mi) and design life (40 years): AC (Al-based

model)
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e Different threshold limit for IRI (125 in./mi), design life (40 years), and present year (2021)
were defined (Figure 86)

Project Name

COUNAME

PROJECT_NC

EFRI

[CONYR

DATAYR

HM&

Thickness (in.] | {inf mile)

IR,z

IRl
{in/mile]

Age

Iyears)

IRk,
fin/mile]

K23 Hury 2 to WP

Lee

L-R5-7 6573

Calculate Future IRI

View IRI Model

Calculate Future RSL

4

2003

2015

14 56.34

B7.93

2015

14 B7.93

53.20857

2017

14

53.20857

70.252533

2013

14| 70253533

70.949883

70999883

71987029

71967029

74 29616

74 39616

79.334279

79334279

87.612394

87.612394

98.507899

98507899

110.16297

11016297

122 25386

122 25386

13584368

135 64368

152.8251

152 8251

166.8008

[Threshald Limit for IRI [in/mile]

156 8008

174 6276

125

Design Life

40

Present Year

2021

Traffic Increment per year (%) |

Figure 86. Threshold limit for IRI (125 in./mi), design life (40 years), and present year
(2021): AC (Al-based model)

e Different threshold limit for IRI (200 in./mi), design life (40 years), and present year (2021)

were defined (Figure 87)

Progec Mame

(COLINAME

PROIFCT_MOr

BPRI

CONYE

MATAYE

Acurmulaled
AADTS

Hisl

IR, ;

Thickness {In] |gingenile)

IRL
[ing'r

mile]

Age
[y=ars)

IR,
linfmile)

X23- Hwy 2 o WP

Les

|L-Rs-76-5-73

HfA

Caleulate Future IRI

View IRI Model

Calculate Future RSL

7

IR! precictions do not reach the
threshald limit!
Thus, RSL (at present year]
calcwloted based on the design
life!

Threshald Limit for IR (Infmille) |
Cresign Life

2015

12

E5.34

BT 33

2015

14

6753

6950857

2017

1s

EXZDR5T

70252533

2018

14

J0.252543

A0S498E5

70 040303

71987029

71837029

74233016

7455616

793534279

79.334379

BT E13304

B7.612554

285078599

R SO07R09

110 16297|

110.1E257

122.25386)

123 35585

15584368

125.243E2

152 8251

1528251

1668008

Present Year

[iraffic ncement peryeer | 4|

1 F5 RODA

174 6376

Figure 87. Threshold limit for IRI (200 in./mi), design life (40 years), and present year

(2021): AC (Al-based model)
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