Pavement Design

Year Title Author(s)
2009 Performance and Economic Benefits of Thick Yu, Xiong; Beck,
Granular Base for Flexible Pavement Design in Randall
Ohio
2009 Development of Permanent Deformation Model of | Le, Anh Thang; Lee,
Asphalt Mixtures for Korean Pavement Design Hyun Jong; Park, Hee
Guide Mun; Lee, Sang Yum
2009 Development of Robust Approach for Evaluation of | Lee, Ying-Haur; Liu,
Airport Pavement Bearing Capacity Yao-Bin; Lin, Jyh-
Dong; Ker, Hsiang-
Wei
2009 Sensitivity Analysis of the MEPDG Using Aguiar-Moya, Jose
Measured Probability Distributions of Pavement Pablo; Banerjee,
Layer Thickness Ambarish; Prozzi,
Jorge A.
2009 Calibration of “Mechanistic-Empirical Pavement Banerjee, Ambarish;
Design Guide” Permanent Deformation Models: Aguiar-Moya, Jose
Texas Experience with Long-Term Pavement Pablo; Prozzi, Jorge A.
Performance
2008 Development of a Pavement Rutting Model from Luo, Rong; Prozzi,
Long-Term Pavement Performance Data Jorge A.
2008 International Roughness Index Model Enhancement | Zhou, Guoging; Wang,
for Flexible Pavement Design Using LTPP Data Linbing; Lu, Yang
2008 Lessons Learned During Implementation of Mehta, Yusuf A;
Mechanistic-Empirical Pavement Design Guide Sauber, Robert W;
Owad, Jeffrey; Krause,
Jared
2008 Prediction Models for Transverse Cracking of Ker, Hsiang-Wei; Lee,
Jointed Concrete Pavements: Development with Ying-Haur; Lin, Chia-
Long-Term Pavement Performance Database Huei
2008 Use of Texas LTPP Database to Support Validation | Aguiar-Moya, Jose
and Calibration of MEPDG Pablo; Hong, Feng;
Prozzi, Jorge A.
2008 Development of Fatigue Cracking Prediction Ker, Hsiang-Wei; Lee,
Models Using Long-Term Pavement Performance | Ying-Haur; Wu, Pei-
Database Hwa
2008 Local Calibration of Mechanistic-Empirical Muthadi, Naresh R;
Pavement Design Guide for Flexible Pavement Kim, Youngsoo
Design Richard
2008 Models for Predicting Top-Down Cracking of Hot- | Roque, Reynaldo
Mix Asphalt Layers (NCHRP 1-42A)
2008 User Manual and Local Calibration Guide for the Von Quintus, Harold
Mechanistic-Empirical Pavement Design Guide and | L.
Software (NCHRP 1-40B)
2007 Development of Fatigue Cracking Performance Ker, Hsiang-Wei; Lee,
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Prediction Models for Flexible Pavements Using
LTPP Database

Ying-Haur; Wu, Pei-
Hwa

2007 Reliability-Based Approach for Using LTPP and Prozzi, Jorgé A; Guo,
APT Test Results for Estimating Fatigue Runhua
Performance

2007 Use of Genetic Algorithm and Finite Element Park, Hee Mun; Park,
Method for Backcalculating Layer Moduli in Seong-Wan; Hwang,
Asphalt Pavements Jung-Joon

2007 Evaluation of New Mechanistic—Empirical Salama, Hassan
Pavement Design Guide Rutting Models for Kamal; Haider, Syed
Multiple-Axle Loads Wagar; Chatti, Karim

2007 Consideration of Finite Slab Size in Back- Setiadji, Bagus Hario;
calculation Analysis of Jointed Concrete Pavements | Fwa, T.F.

2007 Development of a Probabilistic Joint Opening Lee, Seung Woo;
Model Using LTPP Data Jeong, Jin-Hoon;

Chon, Beom-Jun

2007 Expected Service Life of Hot-Mix Asphalt Von Quintus, Harold
Pavements in Long-Term Pavement Performance L; Mallela, Jagannath;
Program Jiang, Jane; Buncher,

Mark

2006 Backcalculation of Permanent Deformation Salama, Hassan K;
Parameters Using Time Series Rut Data from In- Chatti, Karim; Haider,
Service Pavements Syed Wagar

2006 Calibration of Mechanistic-Empirical Rutting Chatti, Karim
Model Using In-Service Pavement Data from SPS-

1 Experiment

2006 Development of Roughness Deterioration Models Helali, Khaled, et al
for National Park Service Network

2006 Effect of Design and Site Factors on Long-Term Chatti, Karim
Performance of Flexible Pavements in SPS-1
Experiment

2006 Effects of Multiple Freeze Cycles and Deep Frost Jackson, N; Puccinelli,
Penetration on Pavement Performance and Cost J.

2006 Evaluation of Backcalculation Methods for Fwa, T. F; Setiadiji,
Nondestructive Determination of Concrete Bagus Hario
Pavement Properties

2006 Evaluation of Pavement Slab Rocking and Pumping | Byrum, Christopher
with Elevation Profile Data Ronald

2006 Evaluation of Resilient Modulus Model Parameters | Elias, Mohammed B;
for Mechanistic-Empirical Pavement Design Titi, Hani H.

2006 Feasibility Study for Gray Theory Based Pavement | Li, Qiang, et al
Smoothness Prediction Models

2006 Forwardcalculation Spreadsheets

2006 Guidelines for Review and Evaluation of Stubstad, R. N; Jiang,
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Backcalculation Results

Y. J; Lukanen, E. O.

2006 Investigations of Environmental and Traffic Zaghloul, Sameh, et al
Impacts on “Mechanistic-Empirical Pavement
Design Guide” Predictions

2006 LTPP Data Analysis: Optimization of Traffic Data
Collection for Specific Pavement Design
Applications

2006 Network-Level Evaluation of Specific Pavement Buch, Neeraj, et al
Study-2 Experiment: Using a Long-Term Pavement
Performance Database

2006 Review of the Long-Term Pavement Performance | Stubstad, R. N; Jiang,
Backcalculation Results Final Report Y. J; Clevenson, M. L;

Lukanen, E. O.

2006 Seasonal Variations in the Moduli of Unbound Richter, Cheryl A.
Pavement Layers

2006 Sensitivity of NCHRP 1-37A Pavement Design to | Papagiannakis, A., et
Traffic Input al

2006 Sensitivity Study of lowa Flexible Pavements Ceylan, Halil, et al
Using Mechanistic-Empirical Pavement Design
Guide

2006 Technical Assistance to NCHRP and NCHRP Harrigan, Edward
Project 1-40A: Versions 0.9 and 1.0 of the M-E
Pavement Design Software (NCHRP 1-40D)

2006 Use of Deflection and Distresses in Pavement Vitillo, Nicholas P;
Performance: Does Mechanistic-Empirical Zaghloul, Sameh;
Pavement Design Guide Miss Something? Ayed, Amr; Jumikis

2005 Concrete Pavement Design in Kansas Following Khanum, Taslima, et
the Mechanistic-Empirical Pavement Design Guide | al

2005 Effect of Seasonal Moisture Variation on Subgrade | Salem, Hassan M.
Resilient Modulus

2005 Implementing the Mechanistic-Empirical Pavement | Coree, Brian; Ceylan,
Design Guide: Implementation Plan Halil; Harrington,

Dale

2005 Sensitivity Analysis of Rigid Pavement Systems Guclu, Alper; Ceylan,
Using Mechanistic- Empirical Pavement Design Halil
Guide

2005 Sensitivity Study of Design Input Parameters for Kim, Sunghwan;
Two Flexible Pavement Systems Using the Ceylan, Halil;
Mechanistic-Empirical Pavement Design Guide Heitzman, Michael

2005 Survival Analysis of Fatigue Cracking for Flexible | Wang, Yuhong;
Pavements Based on Long-Term Pavement Mahboub, Kamyar C;
Performance Data Hancher, Donn E.

2005 Verification for the Calibrated Permanent El-Basyouny,
Deformation Models for the 2002 Design Guide Mohamed M;

(With Discussion)

Witczak, Matthew W;
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El-Badawy, Sherif

2005 Verification of the Calibrated Fatigue Cracking El-Basyouny,

Models for the 2002 Design Guide (With Mohamed M;
Discussion) Witczak, Matthew W.

2004 Analysis of Temperature Data for the National Watson, D. E; Zhang,
Center for Asphalt Technology Test Track J; Powell, R. B.

2004 Assessment of Overlay Roughness in Long-Term Smith, J. T; Tighe, S.
Pavement Performance Test Sites: Canadian Case | L.

Study

2004 Pavement Roughness Modeling Using Back- Choi, J-H; Adams, T
Propagation Neural Networks M; Bahia, H. U.

2004 Use of Artificial Neural Networks for Predicting Teomete, Egemen, et
Rigid Pavement Roughness al

2004 Using Long-Term Pavement Performance Datato | Salem, H. M; Bayomy,
Predict Seasonal Variation in Asphalt Concrete F M; Al-Taher, M. G;
Modulas Genc, |. H.

2003 Analysis of Influences on As-Built Pavement Raymond, C. M., et al
Roughness in Asphalt Overlays

2003 Demonstration and Evaluation of SUPERPAVE Larsen, D. A.
Technologies: Final Evaluation Report for CT
Route 2

2003 Effects of Excessive Pavement Joint Opening and Lee, S. W; Stoffels, S.
Freezing on Sealants M.

2003 Prediction of Longitudinal Roughness Using Farias, M. M; Neto,
Neural Network S.A.D; Souza, R. O.

2002 Benefiting from LTPP - A State’s Perspective Hoffman, G

2002 Calibration of a Pavement Roughness Model Based | Saleh, M. F;
on Finite Element Simulation Mamlouk, M. S.

2002 Development of Asphalt Overlay Performance Tighe, S; Haas, R;
Models from the C-LTPP Experiment Ningyuan, L.

2002 Development of the 2002 Guide for Design of New
and Rehabilitated Pavement Structures (NCHRP 1-
37A)

2002 LTPP Data Analysis: Variations in Pavement Stubstad, R. N;
Design Inputs Tayabji, S. D;

Lukanen, E. O.

2002 Temperature Correction of Multiload-Level Falling | Park, H. M; Kim, Y.
Weight Deflectometer Deflections R; Park, S.

2002 Utilizing the Long-Term Pavement Performance Ksaibati, K;
Database in Evaluating the Effectiveness of Mahmood, S. A.
Pavement Smoothness

2001 Performance of Continuously Reinforced Concrete | Tayabji, S. D; Wu, C.
Pavements in the LTPP Program L; Plei, M.

2001 Smoothness Models for Hot-Mix Asphalt Surfaced | Von Quintus, H. L;

Pavements: Developed from Long-Term Pavement

Eltahan, A; Yau, A.
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Performance Program Data

2000 LTPP and the 2002 Pavement Design Guide

2000 LTPP and the 2002 Pavement Design Guide
(Brochure)

1999 Design and Construction of PCC Pavements, Titus-Glover, L;
Volume I11: Improved PCC Performance Models Owusu-Antwi, E B;

Darter, M. .

1999 Determination of Resilient Modulus for Maine Smart, A. L;
Roadway Soils Humphrey, D. N.

1999 Evaluation of Rigid Pavement Joint Seal Movement | Morian, D; Suthahar,

N; Stoffels, S.

1999 Evaluation of the 1993 AASHTO Flexible Sheehan, M. J; Tarr, S
Pavement Design Model Using the LTPP Database | M; Okamoto, P. A.

1999 New Software Tool Paves the Way for More Cost-

Effective, Durable Roads in Kansas: Kansas Relies
on LTPPBInd Software to Select SuperPave Binder
PGS

1999 Rigid Pavement Design Software: A New Tool for
Improved Rigid Pavement Design

1999 Roughness Trends at C-SHRP LTPP Sites Haas, R; Li, N; Tighe,

S.

1998 Calibration of Mechanistic-Empirical Rutting Ali, H. A; Tayabiji, S.
Model for In-Service Pavements D; La Torre, F.

1998 Calibration of Performance Models for Jointed Bustos, M., et al
Plain Concrete Pavements Using Long-Term
Pavement Performance Database

1998 Computer Parameters: Freeze/Thaw Monograph for
Long Term Pavement Performance (LTPP)

1998 Design and Construction of PCC Pavements, Owusu-Antwi, E. B;
Volume I: Summary of Design Features and Titus-Glover, L;
Construction Practices that Influence Performance | Darter, M. |
of Pavements

1998 Evaluation of Mechanistic-Empirical Performance | Ali, H. A; Tayabji, S.
Prediction Models for Flexible Pavements D.

1998 Mechanistic Evaluation of Test Data from LTPP Ali, H. A; Tayabiji, S.
Flexible Pavement Test Sections, Volume I: Final D.

Report

1998 Mechanistic Evaluation of Test Data From LTPP Jiang, Y. J; Tayabji, S.
Jointed Concrete Pavement Test Sections D; Wu, C. L.

1998 Mechanistic Evaluation of Test Data from Long- Jiang, Y. J; Tayabiji, S.
Term Pavement Performance Jointed Plain D.

Concrete Pavement Test Sections
1998 Mechanistic Evaluation of Test Data from LTPP Ali, H. A; Tayabji, S.

Flexible Pavement Test Sections, VVolume II: Final

D.
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Report — Appendices

1998 Roughness Prediction Model Based on the La Torre, F;
Artificial Neural Network Approach Domenichini, L;
Darter, M.
1998 Roughness Trends of Flexible Pavements
1998 Supplement to the AASHTO Guide for Design of
Pavement Structures, Part Il - Rigid Pavement
Design & Rigid Pavement Joint Design
1998 Transverse Cracking Distress in Long-Term Moody, E. D.
Pavement Performance Jointed Concrete Pavement
Sections
1997 Advanced Methods for Using FWD Deflection-
Time Data to Predict Pavement Performance
1997 Design Pamphlet for the Backcalculation of Von Quintus, H;
Pavement Layer Moduli in Support of the 1993 Killingsworth, B.
AASHTO Guide for the Design of Pavement
Structures
1997 Development of Performance Prediction Models Senn, K; Frith, D;
for Dry-No-Freeze and Dry-Freeze Zones using Yapp, M. T; Scofield,
LTPP Data L.
1997 Evaluation of Long-Term Pavement Performance Van Dam, T. J;
Data Using HDM-I111 Probabilistic Failure-Time Chesher, A. D;
Models for Crack Initiation in Bituminous Peshkin, D. G.
Pavements
1996 Data Analysis Procedures for Long-Term Pavement | Kerali, H. R;
Performance Prediction Lawrence, A. J; Awad,
K. R.
1996 Prediction of Pavement Remaining Life Vepa, T. S; George, K.
P; Shekharan, A. R.
1994 Mechanistic Predictions of the Performance of Lytton, R. L.
Pavements in the SHRP LTPP Program
1994 Prediction of AC Mat Temperatures for Routine Stubstad, R. N., et al
Load/Deflection Measurements
1994 Using Pavement Performance Data to Develop Rao, J. S., et al
Mechanistic-Empirical Concepts for Deteriorated
and Rehabilitated Pavements. Final Report.
1993 SHRP Procedure for Temperature Correction for
Maximum Deflections
1991 Improving Concrete Pavements through SHRP Hanna, A. N; Jawed, I.
Research
1991 Laboratory and Field Evaluations and Correlations | Allen, D. L; Graves,
of Properties of Pavement Components R. C; Fleckenstein, L.
J.
1990 Impact of Digital Filtering on FWD Load Cell and | Rada, G. R., et al

Deflection Sensor Responses
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1989

SHRP Plans for Nondestructive Deflection Testing
in the Development of Pavement Performance
Prediction Models

Ritcher, C. A; Rauhut,
J. B.




Title: Expected Service Life of Hot-Mix Asphalt Pavements in Long-Term Pavement
Performance Program

Author(s): Von Quintus, Harold L; Mallela, Jagannath; Jiang, Jane; Buncher, Mark
Date: 2007

Publisher: Transportation Research Record: Journal of the Transportation Research
Board No. 1990; Transportation Research Board

Abstract/Synopsis:

One of the objectives for the Long-Term Pavement Performance (LTPP) program is to
develop improved design methodologies for pavements. To achieve that objective,
hundreds of hot-mix asphalt (HMA) test sections have been established and are being
monitored to determine the performance characteristics of HMA pavements. The data
from this program can be used to validate improved design methodologies and to
establish the service life of HMA pavements. Specific findings are summarized from a
study sponsored by the Asphalt Pavement Alliance to determine the expected service life
of HMA or flexible pavements included in LTPP by using survivability analyses.

Application/Use: The results from this program are applicable to pavement researchers
and engineers developing improved design methodologies for HMA pavements.

Contribution: Cost Savings; Improvement in Knowledge

Present Benefit: As the LTPP program monitors a wide array of pavement sections, a
better understanding of the expected service life of HMA pavements can be achieved,
giving pavement managers a valuable resource in predicting the service life of HMA
pavements in their network with similar conditions. The LTPP program is the foundation
for these discoveries.

Future Benefit: As pavement managers are better equipped to evaluate and predict the
conditions of the pavements in their network, they can be more strategic in allocating
funds to meet those needs and for designing newly constructed pavements with better
service lives. The monitored pavement sections in the LTPP program will continue to be
an invaluable resource in this regard.




Title: Development of a Probabilistic Joint Opening Model Using LTPP Data
Author(s): Lee, Seung Woo; Jeong, Jin-Hoon; Chon, Beom-Jun
Date: 2007

Publisher: Transportation Research Board 86th Annual Meeting, Transportation
Research Board

Abstract/Synopsis:

Joint opening of concrete pavement is caused by changes in the temperature and humidity
of concrete slabs. The joint opening influences load transfer efficiency (LTE) between
two adjacent slabs and performance of sealants of the joint. The joint opening has been
commonly predicted by the AASHTO joint opening model in the design of concrete
pavement. The magnitude of joint openings is variously distributed in a given pavement
section and the AASHTO model theoretically predicts the average joint opening of a
section. As the result, the AASHTO model inevitably underestimates a considerable
portion of the joint opening. Joint sealants are designed based on the predicted joint
openings. Thus, joints that show larger openings than the predicted size may experience
faulting at an early age of the concrete pavement owing to loss of the LTE due to
pumping of base materials through the failed joint sealants. In addition, unexpected
spalling may develop because of intrusion of incompressible materials into the joints
through the torn sealants. Intruded incompressible materials induce compressive stress at
the joints when the concrete slabs expand and the joints are closed because of
temperature rise. In this study, factors influencing the variations in the joint openings of
concrete pavements were investigated using data of the LTPP SMP sections. A
probabilistic joint opening model using the upper bound of the 90% confidence interval
of the joint opening was developed in order to mitigate underestimation of the joint
opening. The newly developed joint opening model was validated using a series of data
pertaining to joint movement measured at the Korea Highway Corporation (KHC) test
road.

Application/Use: The results from this study are applicable to pavement managers and
researchers interested in joint opening on PCCP.

Contribution: Cost Savings; Improvement in Knowledge; Implementation/Usage

Present Benefit: The ability to accurately predict joint openings in pavements is a
valuable tool for pavement managers and rehabilitators. Improving existing prediction
methods is important in order to more accurately plan for the ultimate pavement
performance. Data from the LTPP program was instrumental in developing this
prediction model.

Future Benefit: As pavement design continues to shift toward a mechanistic-empirical
method, the development of more accurate prediction models based on field data will
become more important. A significant cost savings can be obtained by agencies




implementing the more more-accurate prediction models in their pavement designs and
maintenance programs. The LTPP program will continue to be an essential resource for
developing more accurate prediction models, equipping pavement engineers with the
necessary tools to cost-effectively designing higher performing pavements.



Title: Consideration of Finite Slab Size in Backcalculation Analysis of Jointed Concrete
Pavements

Author(s): Setiadji, Bagus Hario; Fwa, T.F.
Date: 2007

Publisher: Transportation Research Record: Journal of the Transportation Research
Board No. 2005, Transportation Research Board

Abstract/Synopsis:

The effects of finite slab size and load transfer across joints usually are ignored in the
backcalculation analysis of jointed concrete pavements when the test load is applied on
an interior point of the slab concerned. Although correction factors have been proposed to
take these effects into consideration, the benefits of doing so have yet to be established,
and their use has not been accepted in routine backcalculation tests. A study was
conducted to assess whether significant improvements in the accuracy of backcalculation
analysis could be achieved by considering finite slab size and load transfer at joints in the
backcalculation analysis of jointed concrete pavement systems. Five backcalculation
methods were evaluated with measured deflection data extracted from the Long-Term
Pavement Performance database, and comparisons were made with the measured
pavement properties. The analysis based on the measured field data offered affirmative
evidence of the theoretical lower- and upper-bound estimates provided by
backcalculation solutions based on the infinite slab model and one-slab model,
respectively. An error analysis was presented to show that the infinite slab model gave
superior solutions as compared with the one-slab model. A nine-slab model that
considered finite slab size and joint load transfer effects resulted in only marginal
improvements in the backcalculation results. Two finite slab size models that applied
correction factors to infinite-slab solutions were found to produce the largest errors
among the five backcalculation models studied.

Application/Use: The results from this paper are applicable to pavement engineers
interested in the effectiveness of existing backcalculation analysis methods for jointed
concrete pavements.

Contribution: Improvement in Knowledge; Lessons Learned

Present Benefit: The ability to accurately analyze jointed pavement concretes using
backcalculation methods is an important tool for pavement engineers to better evaluate
their pavement conditions. This study evaluated a number of existing backcalculation
analysis methods and exposed their effectiveness using data collected from the LTPP
program.

Future Benefit: As existing backcalculation analysis methods are evaluated and refined,
pavement engineers will be better equipped in making strategic decisions to maintain and
improve their pavement network. The LTPP database will continue to be a valuable




source to evaluate the effectiveness of existing backcalculation methods and to validate
alternative methods.



Title: Evaluation of New Mechanistic-Empirical Pavement Design Guide Rutting
Models for Multiple-Axle Loads

Author(s): Salama, Hassan Kamal; Haider, Syed Waqar; Chatti, Karim
Date: 2007

Publisher: Transportation Research Record: Journal of the Transportation Research
Board No. 2005, Transportation Research Board

Abstract/Synopsis:

The new FHWA Mechanistic-Empirical Pavement Design Guide (M-E PDG) does away
with the AASHO-derived concept of the equivalent single-axle load and calculates
damage caused by various axle configurations directly. Because multiple axles represent
about half the axle configurations that the pavement will experience, there is a need to
evaluate the M-E PDG procedure for predicting rutting due to multiple-axle
configurations. Axle factors (AFs) based on rutting were calculated for different axle
configurations by using three procedures: the M-E PDG, accounting for the effect of each
individual axle within a group, and integrating the entire strain pulse. The AFs from these
procedures were compared with laboratory-derived values for asphalt concrete. Also,
layer rutting contributions were predicted for six in-service SPS-1 experiment sections
from the Long-Term Pavement Performance Program with the M-E PDG software and
were compared with the analysis of their transverse surface profiles. The results show
that the M-E PDG procedure underestimates rutting prediction due to multiple axles.
Calibration of the M-E PDG rut models with field data seems to improve their prediction,
although it is still lower than expected for multiple axles. The best method for calculating
rut depths under multiple axles appears to be integration of the entire strain pulse. This
method shows that rutting damage is proportional to the number of axles within an axle
group. This theory was confirmed in the laboratory for asphalt concrete. Also, although
the M-E PDG rut models are superior to previous rut models, in that they are able to
dissect the total surface rutting between all pavement layers, their prediction of the
individual layer rutting contributions does not always agree with results from the analysis
of measured transverse profiles.

Application/Use: The results from this paper are applicable to pavement managers and
maintenance/rehabilitation engineers considering rutting in pavements.

Contribution: Cost Savings; Improvement in Knowledge

Present Benefit: The ability to accurately predict pavement rutting in pavements is an
valuable tool for pavement managers and maintenance engineers. This project evaluated
the effectiveness of existing methods and investigated ways to improve those methods.
The LTPP database was used to test the effectiveness of the existing methods as well as
to validate improved rutting prediction methods.




Future Benefit: As pavement engineers are able to better predict rutting and other
distresses in their pavements, a considerable cost savings can be achieved improving the
overall health of their pavement network. As these prediction methods are discovered
and refined, pavement engineers will be more effective in planning for their pavement
needs and in allocating limited funds strategically in order to achieve the maximum
impact on their pavement networks. The LTPP database will continue to be a significant
tool in evaluating existing prediction methods and validating new methods.




Title: Use of Genetic Algorithm and Finite Element Method for Backcalculating Layer
Moduli in Asphalt Pavements

Author(s): Park, Hee Mun; Park, Seong-Wan; Hwang, Jung-Joon
Date: 2007
Publisher: Transportation Research Board 86th Annual Meeting

Abstract/Synopsis:

The backcalculation program (GAPAVE) using genetic algorithm (GA) and finite
element method (FEM) is developed to predict the layer moduli from the falling weight
deflectometer (FWD) deflections. A number of backcalculation programs are available
for estimating pavement layer moduli from surface deflections. However, they are mostly
based on the layered elastic theory in calculating the surface deflections and pavement
responses. The use of FEM in the forward calculation incorporating with GA enables to
improve the accuracy in backcalculating the pavement layer moduli. The optimum GA
parameters were selected from the sensitivity analysis for six different pavement
structures. A comparison study with the MODULUS program and other GA parameters
was conducted to check the prediction accuracy of GAPAVE program. It is found that the
use of optimum GA parameters suggested by author can improve the prediction quality in
backcalculating the pavement layer moduli. FWD deflection data and resilient modulus
test data for 24 pavement sections obtained from Long-Term Pavement Performance
database were used to evaluate the performance of the developed backcalculation
program. Backcalculated layer moduli for AC layer and subgrade were compared with
the resilient moduli obtained from the laboratory testing. The validation results indicate
that the GAPAVE can accurately estimate the actual stiffness characteristics of the
pavement materials.

Application/Use: The results from this study are applicable to pavement managers and
maintenance/rehabilitation engineers.

Contribution: Cost Savings; Improvement in Knowledge

Present Benefit: The FWD test is highly advantageous for pavement engineers because
of its non-destructive nature and the ability to back-calculate pavement properties.
Therefore, the ability to refine the backcalculation methods and obtain a more accurate
result is a valuable tool for pavement engineers. The LTPP database was used to evaluate
the effectiveness of the backcalculation method presented in this report.

Future Benefit: As pavement engineers are able to more accurately assess the
conditions of their pavements, they will be able to better focus their resources toward the
most effective strategies to address those needs. The LTPP program will continue to be a
valuable resource to assist pavement engineers in obtaining a better understanding of
pavement performance and to make further advancements in the pavement industry.




Title: Reliability-Based Approach for Using LTPP and APT Test Results for Estimating
Fatigue Performance

Author(s): Prozzi, Jorgé A; Guo, Runhua
Date: 2007
Publisher: Transportation Research Board 86th Annual Meeting

Abstract/Synopsis:

Pavement performance prediction in terms of fatigue cracking and surface rutting are at
the core of any mechanistically-based pavement design method. In particular, the
estimation of the expected fatigue field performance of a flexible pavement section is
based on the estimation of the maximum tensile strain at the bottom of the asphalt layers
and its correlation to the performance of the same mix in the laboratory under bending
beam test. This laboratory-based estimation is calibrated to better predict actual field
performance by means of “shift factors”. Although several studies have been conducted
to address the main variables affecting shift factors, none of them have been
comprehensive and often are limited to assessing the effect of one variable at a time. The
objective of this paper is to propose a reliability-based approach to develop a
comprehensive methodology that can address the effects of the most significant variables
on shift factors to calibrate accelerated pavement test (APT) performance to better match
field performance as captured by the Long-Term Pavement Performance. The proposed
methodology addresses what are currently considered the most important factors but
recognizes that other important factors could have been neglected. The method, however,
can be readily modified to incorporate any new variables as they are identified and
quantified.

Application/Use: The results from this paper are applicable to material testing engineers
interested in improving the accuracy of the accelerated pavement tests.

Contribution: Improvement in Knowledge

Present Benefit: The ability to accurately relate laboratory tests to field performance is
important in being able to understand and predict pavement performance under various
conditions. This paper is beneficial to pavement material testing engineers in being able
to improve the accuracy of the laboratory tests and relate those results to observations in
the field by using the LTPP database.

Present Benefit: As laboratory test methods are refined, pavement engineers will be
able to recreate field conditions in controlled environments and improve the accuracy of
the test results. The LTPP database will continue to be a significant resource to calibrate
laboratory tests with field observations in order to be able to further understand pavement
behavior through tests in controlled environments.




Title: Development of Fatigue Cracking Performance Prediction Models for Flexible
Pavements Using LTPP Database

Author(s): Ker, Hsiang-Wei; Lee, Ying-Haur; Wu, Pei-Hwa
Date: 2007
Publisher: Transportation Research Board 86th Annual Meeting

Abstract/Synopsis:

The main objective of this study is to develop improved fatigue cracking models for
flexible pavements using the Long-Term Pavement Performance (LTPP) database. The
retrieval, preparation, and cleaning of the database were carefully handled in a more
systematic and automatic approach. The prediction accuracy of the existing prediction
models implemented in the improved 2002 AASHTO guide was found to be inadequate.
Exploratory data analysis indicated that the normality assumption with random errors and
constant variance using conventional regression techniques might not be appropriate for
this study. Therefore, several modern regression techniques including generalized linear
model (GLM) and generalized additive model (GAM) along with the assumption of
Poisson distribution and quasi-likelihood estimation method were adopted for the
modeling process. The resulting mechanistic-empirical model included several variables
such as yearly KESALSs, pavement age, annual precipitation, annual temperature, critical
tensile strain under the AC surface layer, and freeze-thaw cycle for the prediction of
fatigue cracking. The goodness of the model fit was further examined through the
significant testing and various sensitivity analyses of pertinent explanatory parameters.
The tentatively proposed predictive models appeared to reasonably agree with the
pavement performance data although their further enhancements are possible and
recommended.

Application/Use: The results from this paper are applicable to pavement engineers and
rehabilitation specialists.

Contribution: Cost Savings; Improvement in Knowledge

Present Benefit: The ability to accurately predict fatigue cracking of pavements is of
great benefit, enabling pavement managers to be more strategic in planning for
maintenance and rehabilitation projects throughout their pavement network. The end
result is achieving higher performing pavements in more cost-effective ways. The LTPP
database was a critical instrument in the development of these models to predict fatigue
cracking in pavements.

Future Benefit: As these models are used more widely, there is a significant cost
savings to be gained. The LTPP program has been instrumental in bringing
advancements to the pavement industry, and will continue to be an invaluable resource to
gaining a better understanding of pavement behavior and for developing cost-effective
strategies to improve pavement performance.




Title: Performance and Economic Benefits of Thick Granular Base for Flexible
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Abstract/Synopsis:

This project investigates the feasibility of using thick granular base for flexible pavement
design in Ohio. The criteria considered include the performance criteria and life cycle
economic analyses. The performance of different types of base layer design are compared
using the Long Term Pavement Performance (LTPP) database. The focus is on the ability
of achieving uniform dynamic deflections using Falling Weight Deflectometer (FWD)
data. Based on FWD records from the LTPP database, the relative merits of different base
type design are compared. The pavement performance is predicted using the
"Mechanistic-Empirical Pavement Design Guide" (MEPDG) design software. A
sensitivity study is conducted on the effects of granular base layer parameters on
pavement performance. From the relative improvement in terms of pavement distress
reduction, an optimal base layer thickness of 12 in. to 15 in. is identified. The use of
thicker granular base (from the current 4 in. to 6 in. granular base currently used in Ohio
to 12 in. thick granular base) is predicted to increase the pavement service life for around
30% using the criteria for common types of distresses. Life cycle analyses are conducted
using a simplified model. The model indicates that for the typical Ohio flexible pavement
sections, doubling the thickness of base layer, while causing higher initial construction
cost, will result in life cycle cost savings. Thus performance predictions using the
MEPDG and life cycle economic analyses support positively the use of granular base in
flexible pavement design in Ohio. It is also found in this study that the climate model of
the existing MEPDG design software does not adequately account for the regional
climate conditions (such as freeze-thaw effects) effect on pavement performance. It is
recommended to conduct further analyses of field performance data to validate the
MEPDG model predictions. Finally, recommendations are provided on the specifications
for screening the supply sources of granular materials for granular base construction.

Information Documentation page has the title as “Investigation of the Performance and
Economic Benefits of Thick Granular Base for Flexible Pavement Design in Ohio.”

Application/Use: This study is directly applicable to pavement management, design,
and rehabilitation.

Contribution: Cost Savings; Improvement in Knowledge

Present Benefit: The LTPP database has provided a means to determine the effect of
different base materials on the performance and life-cycle of pavements. This




information can better serve pavement designers and pavement managers on pavements
in a cost-effective manner.

Future Benefit: The LTPP database will continue to provide the foundation for further
studies on pavement performance and lead to greater improvements in the way
pavements are designed, constructed, and maintained.
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Abstract/Synopsis:

The Korean Pavement Design Guide (KPDG) has been developed based on the
mechanistic-empirical principle. This paper presents the permanent deformation model of
asphalt mixtures in the KPDG. The permanent deformation model has been developed for
various types of asphalt mixtures using the triaxial repeated loading test. This model has
been calibrated with Accelerated Pavement Test (APT) and Long Term Pavement
Performance (LTPP) database. Through triaxial repeated loading tests, the permanent
deformation model of asphalt mixtures has been developed to address the effect of
temperature and initial air voids. The model coefficients for the temperature and air void
obt