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1. REQUESTED CHANGES FOR POSSIBLE PROJECT MODIFICATION

Project Termination: None.

Project Personnd!: None.

Funding Needs: A modification isin the process to add $50,000 for FY 06 for TTI.
Work Plan: A modification for requested additiona work for TTI isin the process.
Deliverables Table: The needed modification will indude anew report.

2. PROGRAM DEVELOPMENT INFORMATION
The project is scheduled to terminate 8/31/2006.
3. EQUIPMENT

None purchased this reporting period.
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4.

PROGRESS TO DATE, BY TASK
Theresearch project includesthe 17 tasks presented below.

Task 1: Investigation of Type of Truck and Axle Configurationsto be used under NAFTA

The various truck types currently used in U.S, Canada and Mexico have been compiled,
including vehide type, axle load, and tire pressure information.  Findly, this information has been
summarized into a technicd memorandum and will be used later in the Sudy to evauate the impact of
the different truck types on typica US highways.

Task 2: Predictions of Pavement Damage using the VESY S calibrated with the US281 APT

data from Texas

Mog of the activities in last reporting period were focused on this task. The research team
reviewed the VESY' S program and a sendtivity anadyss was completed to ensure that the mode
predictions were reasonable. The result shows that the VESY'S program has the potentia ability to
predict accurately the pavement performance. Furthermore, afull case study was conducted to show
how VESY S was cdibrated from the performance data collected under the Texas MLS accelerated
test program on US281. Materid properties were backcaculated from the measured layer rutting.
They appeared to be reasonable.

The backcaculated ALPHA and GNU parameters on US281 have been used to calibrate the [ab test
results. The associated shift factors for lab determined ALPHA and GNU have been established.
Based on this previous research results, two case studies (US28IN and US281S) have been
conducted during this reporting period and the over damage caused by overload and heavy truck has
been discussed and presented at project meeting in November 2002.

Task 3: Laboratory Testing Program for APT material for input to VESYS

Extensive |aboratory testing was conducting on asphalt mixes during last reporting period. We
st up the test machine for this study, and developed the test protocol and associated software to
post-process the test data  To further evaluate the effectiveness of the VESYS rut prediction
gpproach TTI compared the fidld performance of different experimenta test sections with the
laboratory test results performed on field cores. The sections were part of a SPS1 site in South
Texas, each had identica traffic loading, with rut depths ranging from 2 to 25 mm. Fed studies had
confirmed that the rutting was primarily in the HMA surfacing layer.  On cores taken from these
sections TTI measured the VESY S rutting parameters (ALPHA and GNU) in a repeated load test
procedure. In addition, other recommended test methods to characterize the permanent deformation
properties of asphdt mixes were dso performed. These included the dynamic modulus, resilient
modulus, repeated Smple shear test at congtant height, Asphat Pavement Andyzer (APA), Hamburg
whed tracking test. Based on the laboratory tests the materias were ranked from best to worgt in
terms of rutting potentid. The VESY S approach was able to rank the sectionsin an identica order to
their actua measured field performance. The VESY S approach was found to be better than the other
test methods at matching field performance.

A part of this task Dr. Fujie Zhou from TTI visted the ALF facility in Baton Rouge, Louisana
Samples of the HMA layers from three different ALF test sections were obtained and tested in TTI to
measure both the modulus and permanent deformation properties a three temperatures. These
laboratory test results corrdated with the ALF test results and the initidl FWD measurement.
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TTI has purchased (in another project) a new triaxia cdll for base testing in previous reporting
period. Our laboratory saffs are getting familiar with this sysem. It tests 6-inch diameter sample (12
or 8’ high), to provide both reslient modulus and permanent deformation properties. The new triaxid
cdl has been used to characterize permanent deformation properties of agphalt mixture under different
load levels and confinements.  The results clearly indicate that VESY'S rutting parameters (ALPHA
and GNU) are gtress dependent. Based on the important finding the stress dependent ALPHA and
GNU regression equations have been developed for overl oad-overdamage prediction.

TTI has developed the test protocol for modulus and permanent deformation property of granular
base and subgrade soil. The triaxid repesated load cdll has been set up for reslient modulus and
permanent deformation tests on granular base and subgrade soils. Furthermore, TTI dready collected
the granular base and subgrade soils from Nationa Pooled Fund Study 208 (NPFS208) site, and
conducted the resilient modulus and permanent deformation test. Up to now, TTI hasfinished the lab
test on granular base material and A-4 soil. In addition, TTI has analyzed the NPFS208 APT on A-4
s0il. The analyss results further verify that VESY S rutting parameters (ALPHA and GNU) are stress
dependent; Increasing the load leve resultsin much deeper rut depth. Further anadlyss and cdlibration
on other NPFS208 APT site are under way.

Task 4: Pavement Performance Smulation Studies

The overdl god of this study isto use cdibrated pavement performance models to estimate the impact
of different truckloads on overdl pavement performance and repair coss. To demondrate this
gpproach a case study was conducted to evauate the influence of different NAFTA trucks on
pavement performance. The summarized axle load information from Texas, Mexico and Canada
(Task 1) was used in thisinvestigation. This andlys's was based on the pavement performance model
(VESYS 5) which was calibrated with the accelerated pavement test (APT) data collected with the
Texas MLS ste.

As the case dudy, the reationships between overload and over-damage on US281 site has been
estimated using the cdibrated ALPHA and GNU regression equations. It was found that the rutting
would be over-estimated if the 4" power law is used to compute the effect of overload on pavement
rutting.

Further andysis on NPFS208 APT datais under way.

Task 5: Support for development of VESY S5 for Windows

As requested by the representatives of participated states, TTI is developing the VESY S5 program
for Windows. The new framework of this Windows-verson VESY S5 program has been developed.
This Windows-verson VESY S5 program was presented and accepted by the representatives of
participated statesin last semi-annual research progress meeting held at Rochester, NY. In addition,
the representatives of participated states have asked TTI to further develop the program rather than
FHWA.

Much effort has been made in thistask. TTI has demonsirated the TTI Windows verson of VESY S
program on fifth semi-annual research progress meeting in March 2003, Austin. The new enhanced
program has user friendly input and out interface.  In addition, ahierarchica 2-leve input of pavement
materials properties has been adopted. Level 1 isdesigned for important project and pavement
meaterials properties should be characterized in laboratory according to the |aboratory test procedures
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recommended in Task 3. Levd 2 will use default values which have been determined based on the
laboratory test results (see task 3) and from existing databases.

Task 6: Finite Element Modding (UTEP)

As part of thistask, afinite dement model was developed and optimized. The optimized modd was
gpplied to two MLS sites. An animation was developed to demonstrate the process of rutting. The
models have been expanded to consider the 3-D and nonlinear nature of the problem at hand. An
optimized mesh based on infinite e ements to optimize the procedure has been developed. Asde from
executing case studies as requested by the pool fund participants, thistask is complete.

Task 7: Establishment of Communication M eans

Asapart of thistask, we developed aweb page that would alow the participating states observe the
progress of the project. The webpage will be updated and upgraded as information becomes
available.

Task 8: Sdection and Calibration of a Reflection Cracking M odel
Thistask has been dropped by representatives of participated states in May 2002.

Task 9: Implementation Reports and User training
To be started later.

Task 10 Development of Enhanced VESY S5-Window-Ver sion Softwar e

TTI hasre-organized the input and output data to provide user afriendly Windows-verson VESY S5
interface. The DOS verson VESY S5 has been enhanced to include different hierarchicd input leve.
Also, this enhanced Windows-verson VESY S5 software has been prdiminarily devel oped and
submitted to al participated DOTs and FHWA for evauationin January 2004. Based on the
commentsfrom al participated DOTs and FHWA, TTI hasfixed the bugs and the modified VESY S5
was submitted to al participated DOTs and FHWA again in June 2004. A further upgraded version
was submitted to al participated States plus Ohio DOT and FHWA for evauationin late 2004 and
early 2005. TTI will formdly distribute this software a end of this project.

Task 11 Development of Neural Networ k -based Prediction M odels (UTEP)

A prototype neural network moded was developed and demondtrated to the project advisory
committee (PAC). InaMay 2004 meeting in El Paso, the PAC decided to abandon further
development of the neura network modelsin favor of an efficient finite dement code. The codeis
reedy for use a thistimefor sngle- and dua-tandem loads.

Task 12 Lab Test on CRREL Base and Soil M aterials and Data Analysis

TTI hasfinished the lab tests proposed to characterize the CRREL subgrade soil materids. Reslient
modulus, permanent deformation, and shear strength properties have been determined based on lab
test results. The test results have been shared with another nationa pooled fund study 2-208 project
Director Dr. Wes Y ang and 2-208 CRREL research group.
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Task 13 Laboratory Characterizing Pavement Materialsfor Each State (Strong
Recommendation)

New York State DOT has sent TTI two granular subbase materials. TTI has run a series of lab tests
on these two subbase materids. The tests conducted include seve andys's, moisture-density curve,
tube suction, Mr, permanent deformationtest. The preliminary test results have been submitted to Dr.
Julian Bendana for review. Also, two asphalt mixes and associated asphalt binders from NY SDOT
have been shipped to TTI for testing in 2004. The dynamic modulus test required by NCHRP 1-37A
Mechanigtic-Empirical Pavement Design Guide has been conducted, and test results have been
submitted to Dr. Julian Bendana for review. In addition, crack resstance of these two mixes was
evauated by the TTI overlay tester. The corresponding results aso were submitted to Dr. Julian
Bendana. TTI iswilling to characterizing other type of materids from each State.

Task 14 Overload Damage Study

Recently, with guidance and help from project director Dr. Dar-Hao Chen, TTI has andyzed the 208
APT data to determine overload damage on thin pavement. 1t was found that the well known "4th-
power rule” istoo conservative for low SN pavements. With 10% overloading, 4th-power rule will
underestimate the damage of these light pavements by gpproximately 68%as compare to those from
8th-power rule.

Task 15 Implementation and Workshop Training (2 daysworkshop in TT1)

A workshop has been scheduled on September 7-8, 2005 at TTI.

Task 16 Reports

One research report has been published and submitted to al participated DOTs and FHWA. The
second report has been submitted to TXDOT in August, 2004. Research Report 1502-3 was
approved and published at UTEP. All other reports will be presented to TXDOT and sponsoring
States at the end of this study.

Task 17 Development of Advanced Overweight M odels

The number of axles associated with super heavy loads can be as high as a couple of dozens. A
study to determine the best way to smplify the axle configuration without sgnificantly sacrificing the
accuracy of the results is progressing as scheduled. A simplified method for predicting the criticd
stresses for amulti-axia configuration form a dud tandem load has been developed and is currently
being tested for accuracy. An efficient 2-D and 3-D finite dement is being findized a thistime.

UTEP is in process of providing a lig of exising damage modds and ther advantages and
disadvantages to the pane for review. The modes are preliminary discussed with Dr. Bendana. As
soon as the most gppropriate modd is selected, the estimated damage under the super heavy load
configuration will be compared with that of the two most common trucks in the State of New Y ork
(i.e T3-S2and T3-4).
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NYDOT has provided a GI S database that contains the cross-sections of the pavements and
material types. Appropriste material properties will be assigned to these materias based on the
exigting information and tests performed by TTI and Cornell.

Work plan for next 6 months:

In next 9x months TT1 will prepare the coming workshop in Sep. 2005 and work on the new tasks
on fatigue cracking issues. UTEP will continue working on Task 17 as reflected in the latest
modification.

5.  PROGRESSON DEVELOPMENT OF “PRODUCT” DELIVERABLES

Product # Product Description Progressto Date & Implementation
Status

Pl Guideline for developing input and Ddivered to RTI by UTEP
output from selected FE Program

P2 Guiddinesfor devdoping inputsfrom | Ddlivered to RTI by TTI
laboratory testing for the enhanced
VESY S program

P3 Training sessonsto TXDOT and other | Notes will be submitted.
participating state

P4 Guiddines for Developing input Submitted by TTI
parameters of enhanced VESYS 5
program

P5 Workshop and training to TxDOT Due 8/31/2005
and other Participated states

P6 Enhanced VESY S 5 Window- Due 10/31/2005
Verson Software

P7 VESY S5 Software User Manual Due 10/31/2005

P8 The Neura Network Software Due 10/31/2005

P9 Manual for Neurd Network Software | Due 10/31/2005

P10 Manual for Neurd Network Software | Due 10/31/2005

P11 The Software and associated manuas | 10/31/2006
for Superheavy Load Movement in
NY

6. MEETINGSCONFERENCES

The ninth semi-annua research progress meeting was held at Baton Rouge in April, 2005. Besides
TTI and El Paso’s Researchers, participated states representatives attended this mesting.

7. POSSIBLE CANDIDATES FOR FORMAL PRESENTATIONS AT THE UPCOMING RMC
MEETING

Not at thistime.

8. MISCELLANEOUS
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None

Texas Department of Transportation maintains the information collected through this form. With few exceptions, you are entitled on
request to be informed about the information that we collect about you. Under §8552.021 and 552.023 of the Texas Government Code, you
also are entitled to receive and review the information. Under 8559.004 of the Government Code, you are also entitled to have us correct
information about you that isincorrect. For inquiries call 512/465-7403.
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