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Purpose

Provide guidance to state and municipal roadway authorities on how they
may improve the prediction capabilities of their pavement management
systems by incorporating recent advances in performance prediction
models.

Learning Objectives

At the end of this webinar, you will be able to:
» List the available statistical and numerical tools for processing data

* Understand how to select the appropriate computational or statistical
technique for developing performance prediction models

« Describe the methods used to evaluate and improve the prediction
capability of performance models

» Describe best practices for implementation of new performance
modeling techniques
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Uses of Performance Models

Used in Pavement Management
Systems for (Haas et al. 1994):

>

O Future condition

Preservation Curve

Type and time of treatments

Do-Nothing

o Benefit Area

@)
O Treatment effectiveness
@)

Optimize or prioritize treatment
actions for multiple years

O

Performance Measure (Condition)

IIfe-CyCIe COSt anaIySIS (LCCA) Lower Pe.r_forr_nanct_e Cutoff
of alternative treatment (Rehabilitation Triggen
scenarios

O Provide feedback to the
pavement design process

Time
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http://www.wiley.com/WileyCDA/WileyTitle/productCd-1119038707.html

Model Development Approach

Climate
O Empirical
Materials
O Materials-Traffic-Climate

- Empirical Performance

O Mechanistic-Empirical

O Materials-Traffic-Climate
- Mechanistic Responses
- Empirical Performance

Damage Distress
Accumulation
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Data for Performance Models

Performance measurements and
factors affecting performance

O Inherent spatial variability

Intercorrelation of inputs

Missing data

’
@
————

Measurement errors

B, -

Measurement subjectivity
Outliers

Seasonal or daily changes

Source: Haas et al. 1994

O O O OO O O

Noise

38 best tools for data visualization
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http://www.tandfonline.com/doi/abs/10.1080/10298436.2014.942857?journalCode=gpav20
http://www.wiley.com/WileyCDA/WileyTitle/productCd-1119038707.html
http://www.creativebloq.com/design-tools/data-visualization-712402

Data Preprocessing

Outliers = Detect and Remove

Missing Data - Averaging, Bootstrapping and Imputation, etc.

Spatial Variability - Dynamic Segmentation

Seasonal Variation or Noise = Smoothing (denoising)

O O O O O

Different Variable Scales - Normalization |

O Mean Removal or Standardization

O Min-Max Normalization

O Correlated Inputs > Decorrelation

PERCENT OF PROJECTS REHABILITATED

'9-5.",‘.!'".-"-’.5.- =

O Principal component analysis

Construction TIME »
Source: National Cooperative Highway Rescarch Program

Data Preprocessing for Supervised Learning
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http://www.economics.uci.edu/%7Edbrownst/bootmi.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.201.764&rep=rep1&type=pdf
https://www.mathworks.com/help/curvefit/smoothing-data.html?requestedDomain=www.mathworks.com
https://medium.com/towards-data-science/a-one-stop-shop-for-principal-component-analysis-5582fb7e0a9c
https://pdfs.semanticscholar.org/b4e0/584eee3ad88c191c17f3ffbcc6740121af86.pdf

Statistical Methodology

O Deterministic

O Regression (linear,
sigmoidal, polynomial, etc.)

. & 100 [AYAWA g AWAY
O Machine Learning B 5 =l
80 T~/ A 102-mm (4-inch) HMA/JRCP[ ™™~~~ Iy
70 -+ --| ® 230-mm (9-inch) CRCP -——-/{A ————————————————— copb -

O Probabilistic
O Markov Probability Matrices

Probability
of Failure, %

O Survivor Curves

O Bayesian Techniques

0 5 10 I5 20 25 30 35

O Machine Learning Age, years
Source: Gharaibeh and Darter 2003
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http://trrjournalonline.trb.org/doi/abs/10.3141/1764-15
http://trrjournalonline.trb.org/doi/abs/10.3141/2155-14
http://trrjournalonline.trb.org/doi/abs/10.3141/1769-03
http://trrjournalonline.trb.org/doi/abs/10.3141/1823-13
http://ascelibrary.org/doi/abs/10.1061/(ASCE)1076-0342(2006)12:2(77)
http://trrjournalonline.trb.org/doi/abs/10.3141/1823-13

Machine Learning

O NOT a black box, but matching an existing pattern (statistical learning)

O As good as the provided training data Input Layer  Hidden Layer Output

of Size m, of m; Nodes Layer

O A variety of available techniques:

O Artificial Neural Networks X7 §

O Support Vector Machines

O Radial Basis Function Networks

X

O etc.

p m n
F(x) = ¢, Z Wik Pk Z Wi Qi Zwijxj + b; |+ by |+ b
=1 i=1 =

A Visual Introduction to Machine Learning
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http://www.cogsci.ucsd.edu/%7Eajyu/Teaching/Cogs202_sp12/Readings/jain_ann96.pdf
https://alex.smola.org/papers/2003/SmoSch03b.pdf
http://www.r2d3.us/visual-intro-to-machine-learning-part-1/

Principles of Model Development

O Maximum Likelihood
O Accuracy - bias E
O Precision - variance
O Consistency: Generalization
') Training vs test dataset .nmmUnderfitting Good Model Overfitting

W Tesi Daia

O Bias-Variance Balance

O Parsimony: Simplicity

Price
Price

O Engineering Credibility

. Size Size Size. .
O Evaluation of form bp + 0, Oy + 0, + Oy O + 01z + B2 + O32° + O4a*
O Sensitivity analysis High bias “Just right” High variance
(underfit) (overfit)

A Diagnostic Approach to Model Evaluation
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http://water.engr.psu.edu/wagener/PublicationsPDFs/HP2008%20Gupta%20et%20al.pdf

Further Reading

O

Pavement Performance Modeling: State of the Art

O

Framework for Development and Comprehensive Comparison of
Empirical Pavement Performance Models

Example Reqgression Performance Model Development

Example Machine Learning Performance Model Development

Example Mechanistic-Empirical Model Development

Example Development of Survivor Curves

Relationship between Deterministic and Probabilistic Models

©C O O OO O

Review of PMS Performance Modeling Efforts for 6 State DOTs
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https://www.researchgate.net/publication/269154416_Pavement_Performance_Modelling_State_of_the_Art
http://ascelibrary.org/doi/10.1061/(ASCE)TE.1943-5436.0000779
http://ascelibrary.org/doi/10.1061/(ASCE)TE.1943-5436.0000779
http://ascelibrary.org/doi/10.1061/(ASCE)TE.1943-5436.0000779
http://onlinepubs.trb.org/Onlinepubs/trr/1989/1215/1215-001.pdf
http://trrjournalonline.trb.org/doi/abs/10.3141/1853-01
https://www.researchgate.net/profile/Samer_Madanat/publication/238666355_EMPIRICAL-MECHANISTIC_MODEL_FOR_ESTIMATING_PAVEMENT_ROUGHNESS/links/02e7e52cc5f8b49660000000/EMPIRICAL-MECHANISTIC-MODEL-FOR-ESTIMATING-PAVEMENT-ROUGHNESS.pdf?origin=publication_list
http://trrjournalonline.trb.org/doi/abs/10.3141/1823-13
http://trrjournalonline.trb.org/doi/abs/10.3141/1592-09
https://ntl.bts.gov/lib/32000/32900/32969/Research_of_Current_Practices_in_Pavement_Performance_Modeling.pdf

Pavement Management

Quarterly Webinars

FHWA in collaboration with TRB AFD10 presents:

Primary focus: AASHTO Pavement Management Guide

O Chapter 4 - Data Consistency Issues & Developing Pavement
Condition Indices 10/19/2017

Chapter 4 - Pavement Management Data Quality 07/20/2017
Chapter 4 - Pavement Condition Assessment 04/20/2017

O

O

O Chapter 3 - Inventory Data Collection and Data Integration Issues
01/19/2017

O Kickoff 10/20/2016
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https://www.fhwa.dot.gov/pavement/management/webinar/171019.pdf
https://www.fhwa.dot.gov/pavement/management/webinar/171019.pdf
https://connectdot.connectsolutions.com/p2piqsq3sj1/
https://connectdot.connectsolutions.com/p7h30zmh2pm/?OWASP_CSRFTOKEN=b01262cab4aad0ba1c04d7379321b82be345e3a28355fa0038958429dec20a70
https://connectdot.connectsolutions.com/p8b7p6smt4c/
https://connectdot.connectsolutions.com/p6jeq3mug2x/

Pavement Performance Models -
Opportunities with 3D Pavement Data

Presented by

Yichang (James) Tsai, Ph.D., P.E., Professor
Georgia Institute of Technology

October 11, 2017



Outline

GDOT pavement management practices

A systematic method to quantify the quality and reliability of
pavement life/performance

GDOT pavement performance models
o Project level: Empirical models are used to determine the timing of
maintenance and rehabilitation method, like resurfacing

o Network level: Markov chain models are used to forecast long-term
MR&R need analysis and pavement condition

High resolution 3D pavement data - opportunities for
advancing the development of accurate pavement
performance models with existing and new pavement
performance indicators having high level of granularity.



GDOT Pavement Management Practices

e 18, 000 mile centerline highway.
e 7 working districts.

e Pavement surveyed annually with about 60
engineers.

e 10 different types of distresses surveyed (i.e. load
cracking, block cracking, etc.)

e Project rating is between 0 and 100. It is also used to
determine different treatment timing.

e More than 30 years of survey data (1986 — 2017)

e Survey data used to determine suitable treatments
based on GDOT’s treatment decision tree

e Total miles of projects treated are subject to budget
availability.

GDOT is one of the leading state DOTs having active pavement preservation and
management program to cost effectively sustain its pavement system.



Quantify the quality and reliability of
pavement life/performance
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Tsai, Y., Feng, L., Purcell, R., and Rabun J. (2012) “A Reliable Statewide Pavement Performance Study Using
a Confidence Evaluation System”, ASCE Journal of Transportation Engineering, Vol. 138(3), pp. 339-347.



70-Life of total & high quality projects

70-Life of High Quality Projects

N
a1
|

21 Avg: 9.4
— StdDev: 2.79
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70-Life (Year)

Tsai, Y., Wang, Z., and Purcell, R., “Improving

GDOT’s Highway Pavement Preservation”, Final
Report, Georgia Department of Transportation, 2009

The average 70-Life is 9.4 (11.4)
years in the High Quality and Total
project groups, respectively.
Therefore, 70-Life is much shorter
than Resurfacing Life, which means
that on average it takes around 2
years for pavement to be treated
after its rating has dropped to 70.




Determine pavement resurfacing timing based
on project level pavement performance

100+

90

80+

70

604

50+

2004

T T T T T T
2006 2008 2010 2012 2014 2016

Start Rating for Analysis (Red Line): 93

End Rating for Analysis (Blue Line): 71

Year of End of Service Life: 2011 Change in Rating Per Year: -3.2

Equation:

100 - 5.47e-186%e(0.214*t) R-squared: 86.19 %

Empirical model is used to
determine the timing of
maintenance and rehabilitation
method, like resurfacing, at project
level (e.g. arating of 70)

100+
90~ P~ *
80+ . *
70 3 L 4
60+
50+ T T T T T T
2004 2006 2008 2010 2012 2014 2016
Start Rating for Analysis (Red Line): 93 End Rating for Analysis (Blue Line): 71
Year of End of Service Life: 2012 Change in Rating Per Year: -3.2
Equation: 6609.571 - 3.250%t R-squared: 84.09 %

Wang, Z. and Tsai, Y., “Enhancement of GDOT’s Pavement Rehabilitation and Design Processes by

Integrating New and Existing Data Sources and Developing Data Analysis and Reporting Procedures,”
Final Report, Georgia Department of Transportation, 2014.




Network level long-term MR&R need analysis and
pavement condition forecasting using Markov Chain

Yearly Condition Distribution:
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(from Meg Pirkle, GDOT Chief Engin




Discretization of Markov transition
probability matrix

Random series {S;}— the whole pavement network
o Time — 1 year cycle
o Condition States

State Minimum Rating Maximum Rating
Excellent 91 100

Good 81 90

Fair 71 80

Poor 35 70

Bad 0 54

Family — 7 districts and functional class (interstate and non-
Interstate), total 14 families

o GDOT is now categorizing pavements into four categories: critical,
high, medium, and low

Tsai, Y., Wang, Z., and Purcell, R., “Improving GDOT’s Highway Pavement
Preservation”, Final Report, Georgia Department of Transportation, 2009



High-resolution 3D pavement data -
opportunities and challenges
for new performance indicators and accurate
pavement performance models to
revolutionize pavement management



‘ High-resolution 3D continuous transvetse
profiles

Resolution

Driving direction: 1 — 5 mm
Transverse direction: 1 mm
Elevation: 0.5 mm

Data points collected per second and width
covered

— m 2 (lasers) * 2048 (points/profile/laser) * 5600
(Laurent, et. al., 2008) HZ = 22,937,600 points/second

Pooled Fund Study on TPF-5(299) Improving the Quality of Pavement Surface Distress
and Transverse Profile Data Collection and Analysis.

O 0 O O




3D pavement data and its applications

VNN et

c. Joint/crack faulting;
potholes

L5 e
4% .
o 3

oy

d. Rutting e

1.Tsai, Y., Li*, F. (2012) “Detecting Asphalt Pavement Cracks under Different Lighting and Low Intensity Contrast
Conditions Using Emerging 3D Laser Technology”, ASCE Journal of Transportation Engineering, 138(5), 649-656

2. Tsai, Y., Wu, Y., Lai, J., Geary, G. (2012) Characterizing Micro-milled Pavement Textures Using RVD for Super-thin
Resurfacing on 1-95 Using A Road Profiler, Journal of The Transportation Research Record, No.2306, pp.144-150.

3. Tsai, Y., Wu, Y., Ai, C., Pitts, E. (2012) “Feasibility Study of Measuring Concrete Joint Faulting Using 3D Continuous
Pavement Profile Data,” ASCE Journal of Transportation Engineering,138(11),1291-1296.

4. Tsai, Y., Li, F., Wu, Y. (2013) “Rutting Condition Assessment Using Emerging 3D Line-Laser Imaging and GPS/GIS
Technologies”, the International Conference on Road and Airfield Pavement Technology, Taipei, Taiwan, July 14, 2013.
5. Tsai, Y. and Wang Z. (2015) “Development of an Asphalt Pavement Raveling Detection Algorithm Using

Emerging 3D Laser Technology and Macrotexture Analysis”, NCHRP IDEA-163 Final Report




Multi-scale crack fundamental element model

4.N Large-Scale

Crack Network
(Extent)

4.2 Medium-Scale

Crack Network
(density of curves and pieces)

4.1 Small-Scale

Crack Network
(location, density of curves and
pieces)

3. Crack Piece

(polygon or spall type, angle
and area)

2. Crack Intersection
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Tsal, Y., Jiang, C., Huang, Y. (2014) “A Multi-scale Crack Fundamental Element Model for Real World
Pavement Crack Classification”, ASCE Journal of Computing in Civil Engineering.
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Detailed crack propagation : US 80/S.R. 26 in Savannah, Georgia
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Property: crack length

Total Crack Length (Meter)
Jiang, C., Tsai, Y., Wang, Z.
(2016) “Crack Deterioration
Analysis Using 3D Pavement
Surface Data: A Pilot Study on
Georgia State Route 26.” Journal
of Transportation Research
Record, 2016 (2589): 154-161.

The following slides will show that the propagation on transverse
direction is more significant than on longitudinal direction.



Comparison between crack propagation
inside and outside the wheelpaths

m Length of Wheelpath Cracks (m) £ Length of Non-Wheelpath Cracks (m)

IWheeIpat
E (Left)

The following slides will show that the crack propagation on the
wheelpath is more significant than on the ones on the non-wheelpath.



Example of Branching Out
(Crack Intersection Points)

Dec. 2011 Dec. 2013
Range Range
Image Image

Dec. 2011 Dec. 2013
Crack Map Crack Map




Property: crack intersection points

Number Of Crack Intersections

65

54

35

Jiang, C., Tsali, Y., Wang, Z. (2016) “Crack Deterioration Analysis Using 3D Pavement Surface Data: A Pilot
Study on Georgia State Route 26.” Journal of Transportation Research Record, 2016 (2589): 154-161.



Example of

forming polygons
(crack polygons)

Dec. 2011 Dec. 2013
Range Range
Image Image

Dec. 2011 Dec. 2013

Crack Map Crack Map




Property: crack polygons

Number Of Crack Polygons




Individual rut-level deterioration

7/13/2012 7/18/2014

6/15/2015

Asphalt Concrete

Base

Subgrade 33

-]
Lateral Distortion

Rate of Change between 7/13/2012 and 7/18/2014 Rate of Change between 7/18/2014 and 6/15/2015

Wang, C. (2016) A spatiotemporal methodology for pavement rutting characterization and
prediction using 3D data, Ph.D. Thesis, Georgia Institute of Technology



Summary

Pavement life/performance is critical for pavement
management decision and it is important to quantify
their quality and reliability for different
applications.

GDOT uses empirical models at project level to
determine the timing of maintenance and rehabilitation
method and use Markov models at network level to
simulate and predict long-term pavement
performance and M&R need. Markov transition
probability matrix needs to be constantly updated to
reflect actual pavement deterioration behavior.



Summary (cont’d)

High-resolution 3D pavement data provides great opportunities to
advance the development of pavement performance models:

Q

New, valuable performance indicators, like crack intersections and
polygons, etc., defined in the crack fundamental element (CFE) need
to be devised to characterize the detailed pavement distresses.

Linkage needs to be established between new indicators and the
commonly used composite rating, as well as the optimal treatment
method and timing.

Small-scale, localized treatments (homogeneous pavement
condition sections) can be identified and planned cost effectively
using the detailed pavement distress data and the corresponding
pavement performance and deterioration models

Need for developing the accurate pavement performance and
forecasting models using existing and new indicators.

Need for developing a new method to quantify raveling (rather than
current qualitative H, M, L severity levels) for supporting the
forecasting of optimal timing for fog seal treatment.
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Pavement Performance
Modeling at Washington
State DOT

David Luhr
Pavement Management Engineer




Outline

Historic Perspective
— AASHO Road Test
— Experimental Design

Difficulties caused by Pavement Variability

WSDOT Procedures

Example of Simplified Factor Evaluation
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Experimental
Design

Develops most
robust pavement
models

Best way to
examine effects of
many variables

Avoids problems
with correlations
among variables

Use of “replicates”
examines the
repeatability of
results
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Pavement Variability

Applications to Pt=1.5 (thousands)
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Pavement
Variability (cont.)

Significant variability in
pavement life due to
variability in conditions.
Because of this, the WSDOT
does close monitoring on a
site specific basis.

Modeling does not replace
Monitoring!

500
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Applicable Lane Miles
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ACP Pavement Life
Western Regions (Olympic, Northwest, Southwest)

Average Life: 16.9 years
Standard Deviation: 7.3 years

1 3 5 7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Years Between Current and Previous Surfacing

ACP Pavement Life
Eastern Regions (North Central, South Central, Eastern)

Average Life: 11.0 years
Standard Deviation: 3.9 years

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Years Between Current and Previous Surfacing



WSDOT Performance Modeling

Primarily used to forecast time for rehabilitation
(“Due Year”)

Network is broken up into 0.1 mile units

Use Empirical Modeling of close pavement
monitoring (annual condition survey)

Aggregate 0.1 mile units into segments with
similar Due Years



Pavement Indexes

 Normalizes defects from O (very poor) to 100 (very good) scale
e Rehabilitation needed at 45-50
e PSC (Pavement Structural Condition)

— Input: Cracking
e PRC (Pavement Rutting Condition)

— Input: Rutting

~pC (Pavement Profile Condition)
— Input: |~

0.00 0.50 1.00 1.50 Z.00 2.50 - pSC
100

SRR e = i P j—%**_ M PRC
_— — T

- PPC
_|_l__‘_,

Index Value

20

2.0 2.5

Mileposicla



Empirical Modeling

Models based on form: Condition Index = a — b(age)®

where: a, b, c are coefficients fit to the data

Survey Unit Curves

: = Llstd Years

«Previous 002 B: 4.50 - 4.60 (ARM: 4.63 - 4.73) 0.10 mi




Curve Fitting

100

Condition Indexes

o

Index value 45 ~ 50

)]

|
/:
Cracking !
Due Year ;
! Roughness
Rutting |, | Due Year
Due Year |, :
Years

The Due Year is the minimum of the three condition due years.
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Segmenting into Project Units

Plot of Due Year for each 0.1 mile segment over 32 miles

Due Year Details # Options @ Excel Show Data @

Left ¥ Axis Right ¥ Axis
Due Year v|[ » Left ¥ Axis Fields | [ » RightY Axis Fields | |None v

Hl Minimum Due Year

MP 9.92 14,52 19.9

P

24.3

]
Fa
[N
|1

24.92
2040

2020

2020

.

2010

2000

ARM 10 i3 20 23 20 ch

Automated algorithm segments into units of similar condition
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Maintenance Treatment Evaluation:
Original Experimental Design Concept

Table 2. Maintenance Experiment—Primary and Secondary Factors

Climate Traffic Mainte nance Treatments
{Re zion) {(ES5ALs per year)
Crack S5ealing Crack Fop Patching | Chip Full
Filling | Seal Seal Depth
{Pavement Cond ition) Digouts
Okrmpic Med ium Poor Fair Good
2 2 2
High Poar Fair iFood
2 2 2
Eastern Med ium Poor Fair Good
2 2 2
High Poar Fair iFood
2 2 2

Motes

1 Total sections=144 and 228 with control sections

2. All primary and secondary “treatment” combinations have two replicate ssction s,

3. Reducing the pavernent conditionsfrom three to twowill reduce the number of sections to 96.



Simplified Monitoring Approach

Limited number of treatment types

Modify treatments in segments (about %
mile) on same test section

Repeat at different geographic areas

Document and monitor

— previous condition

— treatment methods and materials
— cost

— performance

13



Monitoring of Treatment Segments




Take-Away

Modeling is difficult, but can develop best models with
Experimental Design (like AASHO Road Test).

Lots of natural variability in pavement performance that
is very difficult to model. Must monitor performance
carefully.

Empirical modeling approach works at WSDOT for
rehabilitation decision making.

Can develop simplified comparison of pavement
performance variables by using side-by-side treatments.
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Why Rubberized Asphalt Concrete?

« California generates about 45 million reusable and waste tires every year
« State mandates CalRecycle to divert waste tires from landfills

« RAC has many benefits:
»Cost effective

»Safe

»Quiet (noise reduction)
»Environmentally friendly alternative
»Durable

Anecdote:
" ... it last 5o% longer than conventional materials...”




regions within California

“ Research applicable models that could be used for modeling Rubberized ‘—‘

“ Gather Pavement Mangement System Information from three different ‘—‘

Methodology

Asphalt (joncrete
=I{ )=

Collect pavement performance modeling related data from each region and
its respective database

| Filter data gathered for each model ‘

s>

| Adapt and determine data to fit each model requirement ‘

=I{ )=

| Conduct non-linear regression analysis ‘

=||=

| Create preliminary Rubberized Asphalt Concrete models for each region




Data Mining of Resources

 CalRecycle local agency grant recipient list
« MTC StreetSaver database

« City and County of Sacramento

 Southern California projects




Model Studied

e StreetSaver Model:

PCI =100 — A

)P

where:

AGE 1s the age of the current pavement surface
In 1s the natural logarithm

o, B, and p are regression constants.




Performance Curve
for RAC:

Arterial
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Collector &

Residential
Models

120

o
o

[00]
o

Pavement Condition Index (PCI) ..
= (o)}
o o

N
o

Collector and Residential AC/AC RAC Performance Models

== Collector RAC

== Residential RAC

¢ RAC Collector

¢ RAC Residential

== AC/AC
Residential

0 10 20 30 40 50
Age of Pavement (Years)

60




Statistical Analysis

ANOVA®
Source Sum of Squares Df W Mean Squares
Regression 2282479.690 3 760826.563
Residual 18508.310 287 64.489
Uncorrected Total 2300988.000 290
Corrected Total 36886.703 289

Dependent variable: PCI

a. R squared = 1 — (Residual Sum of Squares) / (Corrected Sum of Squares) = .498.

(1) Degree of freedom




Conclusions

» Data points are from O to 6 years
« Longer term will improve R? value

 Research is on going




Ongoing R&D:
Dynamic Adjustment

100

90
80
70

T T T T T

1979 1984 1989 1554 1955 2004 2009 2014 2019
Pavement Age (Years)

o= e o Family Curve ® Observations e MTC-PMS ¢+ +++New Dynamic




Ongoing R&D:
Probability-based performance curves

100
l\\
90 7\£ i
- T —
\ Seao T~ e~ _PC-84
80 = ‘s‘- 7( — P
\ “-- o - —
70 -~ - "'-..F:E:Li'?]. - o -
. / = -
60 PCT Variability ~ \PCI=55 B
S so | 29PClPoints e~ ™
o -, o
- -
-
40 .
o= =« Average PCI e .
30
== == Optimistic High Performance PCI
20
== « «Pessimistic Low Performance PCI
10
0 ! | ) 1 i | I I I I || ' I 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

PAVEMENT AGE (Years)

FIGURE 1 Variability of PCIs projected over time




Ongoing R&D:
PCl increase and life extension due to
surface treatment .

B

o = % New Treatment
& 30
0 A PCl
o
E 60 is a PCl Increase
0
t SR (SN
o A C
S W | Life Extension |
— | |
c
v
€ 2
v
>
1)
a

0

0 10 20 30

Age in Years




Summary

o lllustrates the process of performance model development using RAC

« RAC performance models for various functional classes were developed for the
MTC StreetSaver program.

« Dynamic adjustment of the performance curve based on real pavement condition
survey results is being developed.

« Next generation of performance models would be probability-based performance

curves, which will increase the reliability and accuracy of the performance
prediction.

 Performance of surface treatments with initial PCl jumps and life extension
predictions are being investigated.
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Outline

1. Experimental Designs and Data Collection
2. Urban Pavement Condition Evaluation

3. Urban Pavement Performance Models
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Experiment: Calibration and Validation
Performance Models

1. Dependent Variable: UPCI

2. Independent Variables: Distresses measured in the field and time

3. Scenarios: Fixed independent variables
- Pavement Type: asphalt and concrete
- Climate: Dry, Mediterranean and Humid

- Structural Design

- Hierarchy: traffic and pavement thickness, based on functional
classification (express, trunk, collector, service, and local and

laneways)
- Design: Under design or Over design

4. Relationship: UPCI deterioration over time for each scenario . 1



Factorial Design for Calibration and Validation
of Performance Models

Concrete
Asphalt
Climate Dry Mediterranean Humid
Time 1 2 3 1 2 3 1 2 3

Express ([UPCI 1 | UPCI 2 | UPCI 3 [UPCI 1 | UPCI2 | UPCI 3 |UPCI 1 [UPCI 2|UPCI 3

Trunk |UPCI1 | UPCI 2| UPCI3|UPCI1| UPCI2 | UPCI3 |UPCI 1 |UPCI2|UPCI 3

Collector [UPCI 1 | UPCI 2 | UPCI 3 [UPCI 1| UPCI 2 | UPCI 3 |UPCI 1 |UPCI 2|UPCI 3

Service |UPCI 1 |UPCI 2 |UPCI 3 |UPCI1| UPCI2 | UPCI 3 |UPCI 1 |UPCI 2|UPCI 3

Hierarchy

Local |UPCI1|UPCIZ2|UPCI3|UPCI1| UPCI2 | UPCI3 |UPCI 1 |UPCI 2(UPCI 3
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Network Evaluated
- Dry Climate

- AMMP < 20 mm g =
- Rainy Season < 4 months Antofagasta

- Asphalt: 122 sample units i R

- Concrete: 10 sample units - @.m.r.w

- Mediterranean Climate
« AMMP: 20 - 200 mm
- Rainy Season: 4 -8 months
- Asphalt: 214 sample units
- Concrete: 159 sample units

||||||

nnnnn

- Humid Climate "
- AMMP > 200 mm N
- Rainy Season >8 months ™ " &
- Asphalt: 34 sample units -~ 4

- Concrete: 99 sample units Puerto Montt

5 Tarapaca
%
*a, $
iy, iy
Antofagasta — - I
Atacama —e
Vitacura
W et®
4
Observato y
el Coquimbo — . IV
U de Chil i
nnnnnnnnnn
Valparaiso
La Reina - Regiﬁn
4 lara, Libertador (l;e_nel:al Metropolitana
:‘. Bernardo O'Higgins
Penalolén Maule
G Biobio —
Araucania
La Flerida

Los Lagos

Aisén del General
Carlos Ibaiiez del Campo

Magallanes y Antartica



Urban Pavement Condition Index

Asphalt UPCl,,,yua. = 10 — 0.038 FC — 0.049 TRC — 0.046 DP — 0.059 R — 0.237 P

Asphalt UPCl, ;1o =10 - 0.031 FC — 0.040 TRC — 0.028 DP — 0.082 R — 0.143 IR

Concrete UPCly,aua, =10 — 0.042 LC — 0.025 TC —0.063 DP —0.263 F — 0.038 COB —0.018 JD

Where:
» FC: Fatigue cracking (%) » DP: Deteriorated Patch (%)
« TRC: Sum of transversal and reflection  F: Faulting in mm, calculated as the
cracking (%) average of faulting of each slab in the
« DP: Deteriorated Patch (%) sample unit
« R: Rutting in mm e COB: Sum of corner and oblique breaks
(%)

P: Potholes (%)

L : « JD: Joint Damage in percentage of the
LC: Longitudinal cracking (%)

total meters of joins existing in the
TC: Transversal cracking (%) sample unit
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Data Collection

- Manual . Automated

Laser Profller

|! l!j

Mln

Roughometer IlI




Calibration of Performance Models

1. Technique: Markov Chain Models

with Monte Carlo simulations _
1. Markov Chain

- Probabillistic nature of pavements l
performance

- Capture non-linear and stocastic 2. Monte Carlo Simulation
behaviours l

- Not require comprehensive

historical data &, veliekrion

- Calibrated with expert surveys or
historical data

2. Deterioration Trend: observed
after 1 year of service life

3. Service life: 25 years

4.  Sections not maintained
8 /15



e
Markov Chain

- Condition Summary Table (m)

Future Condition j (After 1 year) — Asphalt Pavement, Mediterranean Climate
Range 10-9 89-8 79-7 69-6 59-5 49-4 39-3 29-2 19-1 Total(m)

_ 10-9 25384 5881 2,767 900 0 0 0 0 0 34,932
S 89-8 0 5951 4,658 100 612 0 0 0 0 11,321
N 79-7 0 0 6,284 3,908 1,756 0 0 0 0 11,948
o 69-6 0 0 0 3,458 1,902 1,129 311 0 0 6,800
© s59-5 0 0 0 0 2659 894 397 0 0 3,950
o 49-4 0 0 0 0 0 2578 231 678 0 3,487
3 39-3 0 0 0 0 0 0 840 632 536 2,008
29-2 0 0 0 0 0 0 0 1,162 1,350 2,512
1.9-1 0 0 0 0 0 0 0 0 1,377 1,377
- Cumulative TPM (%) ‘
Future Condition j (After 1 year) — Asphalt Pavement, Mediterranean Climate
Range 10-9 89-8 79-7 69-6 59-5 49-4 39-3 29-2 19-1
— 10-9 73 90 97 100 100 100 100 100 100
S 89-8 0 53 94 95 100 100 100 100 100
5 7.9-7 0 0 53 85 100 100 100 100 100
S 6.9-6 0 0 0 51 79 95 100 100 100
O 59-5 0 0 0 0 67 90 100 100 100
o 49-4 0 0 0 0 0 74 81 100 100
= 39-3 0 0 0 0 0 0 42 73 100
O 29-2 0 0 0 0 0 0 0 46 100
1.9-1 0 0 0 0 0 0 0 0 100
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e
Montecarlo Simulation

- Trial: Set of 25 random numbers between 0%-100%, for
asphalt/concrete pavements representative of the pavement
cycle life == 10,000 trials

- Random number: cumulative probability that a pavement in
a condition “I” will be in condition “J” after one year

- Initial condition “I” = 10 (first row of the Cumulative PTM)

- Condition “|” after one year, given by the first cumulative
probabllity higher than the random number

Future Condition j (After 1 year) — Asphalt Pavement, Mediterranean Climate

Range 10-9 '89-8 79-7 69-6 59-5 49-4 39-3 29-2 19-1

c
15t period: 88% é 10-9 73 90 97 100 100 100 100 100 100
2nd period: 70% § 8.9-8 0 53 94 95 100 100 100 100 100
E 7.9-7 0 0 53 85 100 100 100 100 100
5 6.9-6 0 0 0 51 79 95 100 100 100
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Performance Models by Hierarchies

UPCI
PN WA OUO N ® O
| I

(SN
o

Asphalt - Mediterranean Climate

= Primary

—o—Secondary
== Local
0 5 10 15 20 25

Years

Findings

UPCI
PN WA O N ®©©
| I |

[N
o

Concrete - Mediterranean Climate
== Primary

=¢—Secondary

== Local

Years

Primary network for asphalt
pavements consistent with
design.

Secondary network for asphalt
pavements shows more rapid
deterioration than expected.

Primary and secondary
networks for concrete
pavements show similar
performance.

Local networks for asphalt
and concrete pavements have
a low deterioration rate.
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Performance Models by Real Traffic Demand

(SN
o

Asphalt - Mediterranean Climate

+— Traffic Demand <=

Findings

9 Structural Capacity

8 == Traffic Demand >

7 \ Structural Capacity
O 6
5 s

4

3

2

1 . . . . .

0 5 10 15 20 25
Years
Concrete - Mediterranean Climate
10.00 “ =—¢—Traffic Demand <=

9.00 Structural Capacity

8.00 - ==t=Traffic Demand >

7.00 Structural Capacity
O 6.00
5 s5.00

4.00

3.00

2.00

1.00

Years

Relation between traffic
demand and structural
capacity shows

Under design of asphalt
pavements results in rapid
deterioration.

Concrete pavements
deterioration is not effected by
type of design.

Asphalt pavements are
recommended when
information about traffic and
structure is available
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Performance Models by Climates

UPCI

10.00

9.00 -
8.00 -

7.00
6.00
5.00
4.00
3.00
2.00
1.00

Asphalt Pavements

== Mediterranean
=0—Dry
w=he=Humid

0 5 10 15
Years

20 25

Findings

UPCI

10.00

9.00 -

8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00

Concrete Pavements

=— Mediterranean
=—Dry
==e=Humid

Years

20 25

Dry vs. Mediterranean:

Similar deterioration for
asphalt and concrete

Rate of deterioration is larger
for asphalt pavements

Humid vs. Mediterranean:

Larger rate of deterioration for
asphalt pavements

Lower deterioration rates for
concrete pavements
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Validation of Performance Models

1. Extrapolation to other cases (25%)

2. Extrapolation in time

Asphalt Pavements

=
o

yd

UPCI calculated by the model
[l N w £ (6} (o)) ~ (o] ©

1 2 3 4 5 6 7 8 9 10
UPCI observed after one-year

Findings

UPCI calculated by the model
N W b~ OO N 00 ©

=
o

Concrete Pavements

pd

<4
* 00,.%
¢o® ¢ .
P *
yd
yd

1

2

3 4 5 6 7 8 9 10
UPCI observed after one-year

- Calibrated performance models were successfully validated

- Perfomance models for mediteranean climate were validated in time  , |



Thanks!

Good Condition

Aleli Osorio Lird
aosoriol@ing.puc.cl
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Get Involved with TRB

Getting involved is free!

Join a Standing Committee (http://bit.ly/2]YRIEG)

— Search for AFD10 (Standing Committee on Pavement
Management Systems)

Become a Friend of a Committee (http://bit.ly/TRBcommittees)

— Networking opportunities

— May provide a path to become a Standing Committee
member

For more information: www.mytrb.org

— Create your account

— Update your profile

97t TRB Annual Meeting: January 7-11, 2018
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Take Part in the Careers in Motion
Networking Fair

EVENT HOSTED IN
PARTNERSHIP WITH:

INDUSTRY EMPLOYERS AND
WORKFORCE CHAMPIONS!

Join us at the new Careers in Motion Fair!

The Careers in Motion Fair is a networking event planned to
support expansion of the multi-modal transportation
workforce. The event will provide an opportunity for
prospective employers from a wide range of sectors to meet
You with young to seasoned professionals interested in working

OUNG 5 4 s
PROFESSIONALS in for their organizations.
TRAMNSPORTATION

Center for
Transpartation

Event attendees will be conference registrants whose careers
COM T@ and profess_.ional interes_is span across multiple ‘
transportation-related disciplines. Hiring managers will be
onsite to network and offer career information and advice.
TRB's Young Members Council will coordinate professional
development programming and content.

The Careers in Motion initiative helps serve the mission of
TRB's new Diversity and Inclusion Task Force~to facilitate

sy making diverse and inclusive involvementa core value for
TRANSPORTATION TRB staff, volunteers, contract awardees, projects, and the

ASSOCuToN B P
transportation communities TRB g&rves.
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