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IMPLEMENTATION STATEMENT 

 The recommendations of this project will guide the establishment of the Roadway 
Research Implementation Center (RRIC). In addition to providing an organizational structure 
and an approach toward attaining to such a structure, the report describes the long- and short-
term test program of the RRIC and details the scale model test program necessary for final 
design of the RRIC program. Finally, the intent is that the RRIC will be a means for 
implementing TxDOT research findings for years to come. It will bridge the gap between 
laboratory- and computer-based testing and field performance. Specific, enumerated 
implementation recommendations are provided in Chapter 5 (p.32) of this Project Summary 
Report. 

DISCLAIMERS 

 The contents of this report reflect the views of the authors, who are responsible for 
the facts and the accuracy of the data presented herein. The contents do not necessarily 
reflect the official views or policies of the Federal Highway Administration or the Texas 
Department of Transportation. This report does not constitute a standard, specification, or 
regulation. 
 There was no invention or discovery conceived or first actually reduced to practice in 
the course of or under this contract, including any art, method, process, machine, 
manufacture, design or composition of matter, or any new and useful improvement thereof, 
or any variety of plant, which is or may be patentable under the patent laws of the United 
States of America or any foreign country. 
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CHAPTER 1.  INTRODUCTION AND BACKGROUND 

1.1. BACKGROUND 

1.1.1 Requirements for Performance Models 

The American Association of State Highway and Transportation Officials 
(AASHTO) Design Guide (1) distinguishes between pavement structural performance and 
functional performance. It relates structural performance to the physical condition of the 
pavement, including the presence of cracking, rutting, faulting, or other manifestations of 
distress. Functional performance is related to how well the pavement serves its users. It is the 
pavement’s history of serviceability, which is the quantification of ride quality. The ability to 
reliably predict the structural and functional performance of a pavement is an essential 
element of every pavement management system (PMS). 

Assessment of the likely impact on (1) pavement performance of roadway 
construction material properties,  (2) pavement design procedures, or (3) construction 
equipment depends on the adequacy of the testing methods and predictive measures 
employed. Designs for new construction, as well as the options for pavement rehabilitation, 
require accurate evaluations of the contributions to pavement performance life of the 
materials, methods, and equipment proposed for use. Likewise, the ability to predict with 
confidence the benefits to be gained through application of routine pavement maintenance 
materials and procedures requires performance models that have been proven for actual 
traffic conditions. 

Figure 1 shows a schematic of a PMS. Field-proven, performance-based models that 
allow reliable predictions of pavement response to wheel loads and environmental factors are 
indispensable elements of the PMS phases � planning, design, construction, and 
maintenance. In addition, how changes in such variables as materials, design methods, 
construction equipment, maintenance intervals, and procedures impact anticipated pavement 
life must be quantifiable if the PMS is to be a valid management tool.  The body of data 
required to develop these models does not exist in current databases. The development of 
adequate models depends on the existence of load-response data that accurately reflect traffic 
variables, materials properties, layer geometry, and environmental conditions. 

 

planning design construction maintenance

databases
PMIS
TRM

Site Manager
Roadlife

 

Figure 1. PMS 

1.1.2. Test Methods to Support Performance Modeling 

Current models have been proposed on the basis of laboratory test results, full-scale 
test roads, and accelerated pavement testing (APT) data. Laboratory testing offers the 
advantages of lower cost, shorter test duration, and the ability to vary environmental 
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conditions (temperature and moisture regimes). On the other hand, laboratory scale tests 
cannot accurately replicate load conditions, pavement geometry, or material aging effects. 

Full-scale test roads have been the only means available for accurately applying 
traffic load and environmental conditions. Limitations owing to scaling are avoided, and 
pavement response data and the development of distress mechanisms are actual 
representations of in-service conditions. However, test road results are limited in application 
because the environmental and subgrade conditions are indicative of only one location. 
Extrapolation of the results to other locations can generate significant errors in performance 
predictions. Also, the time scale of a road test is a serious limitation. The gathering of 
pavement life data requires the passage of time and accumulation of traffic loads. As 
numbers of truck loadings on today’s high-volume roads continue to increase (this trend is 
discussed in National Cooperative Highway Research Program (NCHRP) Synthesis 235 [2]), 
test roads cannot provide data quickly enough to meet the demand. The AASHO Road Test 
(11) is perhaps the best known and most widely reported road test.  For two years 
(1958�1960) tests loops were subjected to 1,114,000 load repetitions. Current performance 
models are based on these very important results, although applying these relationships to 
today’s loading conditions requires extrapolating by a factor of 10 to 50.  

APT offers a means of rapidly applying a lifetime of traffic loads to a test pavement 
on a compressed time scale. APT devices vary in their simulation accuracy. Size, number of 
wheels per axle, axle suspension systems, and load rates vary over a wide range. The Texas 
mobile load simulator (MLS) appears to offer a superior simulation capability, because it 
utilizes actual truck wheels, axles, and suspensions. It also offers a faster loading rate 
(approximately 5,000 axles per hour) than other devices. However, the limitations common 
to all APT devices are that 

 
a) owing to the short time involved, accelerated testing cannot account for the effects of 

pavement aging, and  
b) since environmental and subgrade conditions represent only the local test site, test results 

cannot be directly exported to other locations. 
 

The 1/3-scale model mobile load simulator (MMLS) is a low-cost APT device that 
applies up to 7,200 single-wheel applications per hour by means of a 300-mm-diameter, 80-
mm-wide tire.  Its capabilities include testing at variable temperature and moisture conditions 
and under overload and underload conditions; its size is such that scaling aggregate gradation 
and layer thickness is not always a requirement.    

There is a requirement to develop a capability (equipment and procedures) to bridge 
the gap between laboratory-scale testing and full-scale test roads. This capability should 
deliver results in a fraction of the time necessary to fail full-scale test road pavements, and it 
should adequately account for environmental effects on pavement condition and life. The 
performance models developed from such test data should be applicable over a wide range of 
subgrade types and climatic conditions. 

1.2 OBJECTIVES AND SCOPE OF THE STUDY 

1.2.1 Objectives 

The overall objective of the Roadway Research Initiative study was to describe an 
advanced testing capability, one that would constitute a predictive link between laboratory 
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research and field performance. Specifically, the desired capability would serve as a means to 
speed implementation of the results from traditional computer- and laboratory-based research 
efforts by providing a reusable test bed for evaluating field performance under actual traffic 
and environmental conditions. 

Other study objectives were to enhance the capability of the Texas Department of 
Transportation (TxDOT) to respond to legislative initiatives concerning such issues as axle 
load and configuration impacts on road damage, and the development and use of local, 
nontraditional pavement materials on the basis of indisputable test results. Additionally, such 
a test capability should support the development and verification of new pavement materials 
and design procedures by expeditious field testing in a low-risk environment. Specifically, 
new materials with superior strength and stiffness properties could be proof-tested under 
actual field conditions, without the potentially costly and embarrassing risk of failure of a test 
section on a high-volume roadway. One of the most significant study objectives was to 
recommend a method to bring industry, specifically the materials, construction, trucking, and 
instrumentation industries, into a partnership with both TxDOT and academia for attaining 
the previously mentioned objectives. A test bed for joint evaluation of equipment, materials, 
and specifications is desired.  

1.2.2 Scope 

The remainder of this report will describe the concept of the Roadway Research 
Implementation Center (RRIC). Proposed test goals, test section matrices, and test protocols 
are introduced in Chapter 2. The physical configuration, instrumentation desired, potential 
sites, and cost estimates are presented in Chapter 3. Chapter 4 describes the organizational 
structure, the roles of the participants, and the test planning process. Chapter 5 presents 
recommendations for moving forward, while the appendix describes in detail the background 
for the scale model testing of pavement components. 

1.3 THE ROADWAY RESEARCH IMPLEMENTATION CENTER CONCEPT 

1.3.1 Basic Elements of the Concept 

As contemplated, the RRIC will be a reusable test bed through which TxDOT, 
industry, other states, and international agencies will work jointly with Texas universities to 
investigate and resolve roadway issues of mutual concern. These issues include research and 
development projects that would apply APT and actual highway traffic loadings to develop 
superior instrumentation systems, materials, designs, and construction methods for 
pavements.  Most importantly, such a center would serve to implement research findings 
obtained through traditional laboratory studies. 

Excellent transportation systems are key to Texas’ success in the ongoing competition 
for economic development.  Superior roads —  roads capable of meeting the challenges of 
increasing traffic volumes and potentially damaging axle configurations and weights 
associated with the North American Free Trade Agreement (NAFTA) —  will require the 
development of advanced roadway materials, structures, design, and construction methods. 
The proposed RRIC will constitute a unique set of capabilities for field testing of full-scale 
pavements and associated structures, utilizing actual, measured highway traffic and 
accelerated methods. The concept is illustrated by the parallel test road/APT facility shown in 
Figure 2.  
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Figure 2.  RRIC Concept 

 
The advantages of such a capability include field validation of new materials, designs, 

and instrumentation systems, as well as rehabilitation/construction process testing prior to 
deployment on public roads. In addition, a mission of the center will include the field testing 
of construction/repair materials to assist local highway officials throughout Texas in making 
material selections with confidence in their performance. There is no similar capability in 
existence today that can provide such a bridge between laboratory data, mathematical 
models, nondestructive testing, and field performance. 

The proposed center will characterize highway traffic with weigh-in-motion (WIM) 
instrumentation so that analytical efforts can include accurate load functions. As stated 
above, the center will permit tests on a variety of structures, and it will facilitate changes to 
structures, as test results dictate. A significant benefit will be the ability to calibrate 
accelerated test results with actual traffic tests, accounting for such variables as sequence of 
loading, speed, weather, and time effects. The ability to relate future field performance to 
design specifications will pay off in enhanced credibility and resource savings.  

The proposed center will also serve to foster partnering among industry, TxDOT, and 
the sponsoring universities. There will be opportunities for all parties to contribute funding, 
expertise, technology, and research needs to identify and solve roadway problems of mutual 
concern. 

Perhaps the most important applications are direct calibration of the APT device data 
with actual truck loadings under controlled conditions that limit extraneous variables. This 
calibrated relationship can then be exploited by MLS testing at various locations around the 
state. This process, based on a well-defined load model, would then accurately account for 
local climate, subgrade, and material variables. 

Another major application for the APT/real traffic combined data is the development 
of pavement performance models that will support accurate predictions of performance of 
pavements subjected to 50 to 100 million equivalent single axle loads (ESALs). The effects 
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of overloading, high tire pressures, varying wheel configuration, and vastly increased 
numbers of trucks on the road can be investigated under controlled conditions. No existing 
capability can provide as complete and as timely a solution to these traffic issues —  issues 
sure to be exacerbated by NAFTA-related trucking. 

Equally important testing at the RRIC will involve field evaluations for new products, 
new construction methods, and new equipment. Industry, university researchers, and TxDOT 
personnel will be able to assess performance under actual traffic or under APT alone. 
Transportation engineers can then apply these successful new ideas without fear that the 
material might fail under actual traffic conditions (and consequently require costly removal). 

1.3.2 The Five-Step Process 

The fundamental approach of the RRIC test program would include five phases.  The 
program would be structured to move to successively more realistic, more rigorous testing as 
new or recycled trial materials, structural designs, etc., successfully complete the preceding 
steps. The intent is to estimate, then verify, performance of a candidate material or design 
procedure using the lowest-cost testing alternative.  Low-performance alternatives can be 
eliminated prior to undergoing more expensive full-scale testing.  On the other hand, the 
performance of those alternatives that advance to full-scale field testing can be predicted with 
a higher level of confidence than is currently possible.  The following discussion illustrates 
the process.   

 
1. Concept development on the basis of theory and literature search.  This phase includes 

defining the requirement for a new material or process.  For example, the requirement 
may be to develop locally available, low-quality aggregate for use as a base course.  This 
test phase would identify potential additives, anticipated engineering properties, and trial 
mix designs. 

2. Laboratory testing.  This phase establishes relationships among fundamental mix design 
parameters and strength, stiffness, and durability of the product.  Basic performance 
estimates can be determined for low cost, and nonpromising candidates can be eliminated 
from further consideration. 

3. Field simulation with the 1/3-scale MMLS.  In this phase, product performance under 
more realistic wheel loadings and variable temperature and moisture extremes is 
measured.  The intent is to move the candidate materials to a test environment that more 
accurately reflects field conditions (without incurring the higher costs associated with 
full-scale testing).  This phase will result in performance models that will be verified in 
later field trials.  

4. Full-scale simulation with the MLS.  Candidate mix designs that have performed 
successfully thus far will enter this more rigorous phase, which involves applications of 
wheel loads by means of actual truck bogies and suspension systems.   

5.  Actual traffic loadings on instrumented test road.  This critical phase will subject test 
sections to mixed traffic under actual environmental conditions. In addition, 
constructability concerns can be evaluated and actual cost functions can be determined.  
As performance models are calibrated, transfer functions can be devised to relate limiting 
values of pavement distress predicted from 1/3-scale MMLS and full-scale MLS tests to 
actual field results.  These transfer functions will allow the application of the APT 
devices to predict material performance/remaining life of highway segments in any 
location around the state. 
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1.4 PAYBACK 
 
As traffic volumes increase and as user delay costs resulting from prolonged lane 

closures or detours increase, it becomes even more important to develop procedures and 
materials that can be used for rapid rehabilitation projects. In such cases, heavily traveled 
urban freeway sections can be reconstructed or overlaid in minimal time and returned to 
service immediately. The RRIC offers an indispensable test facility for this process. Traffic 
can be diverted over the parallel test road or original interstate as required without delays or 
safety compromises as new materials, methods, and equipment are proven. 

Approximately 50 to 60 percent of the TxDOT $2.4 billion construction and 
maintenance budget is spent on pavements. A 1-percent improvement in performance 
(represented by a 1-percent increase in service life) will yield $14 million per year available 
for other uses.  The benefits of improved performance are seen not only in new construction 
and reconstruction projects, but also in the cases of maintenance and rehabilitation.  
Improvements in surface treatment selection timing, design methodologies, materials 
performance, and construction techniques also result in increased service life.  A one-year 
increase in treatment performance life would substantially reduce the pavement maintenance 
and rehabilitation backlog, since about 20 percent more mileage could be treated with the 
same amount of maintenance funds.  Similarly, about 12.5 percent more mileage could be 
treated with the same amount of rehabilitation funds within a given performance period. 

1.5 COOPERATIVE AGREEMENT 

An important attribute of the RRIC concept is the cooperative nature of the proposed 
organization. This will be further explored in Chapter 4. Joint planning and sharing of 
facilities and equipment with each participant providing personnel as required will streamline 
costs and eliminate duplication. While appropriated funds will be sought for initial 
construction, the universities are receptive to investing in manpower and equipment, which 
will be required to support planning and structural design for the initial test series. Ongoing 
operations would be jointly supported by TxDOT, Texas A&M University, The University of 
Texas at Austin, and industry affiliates through direct funding, donated materials and 
equipment, and manpower. 

 
 

�
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CHAPTER 2. THE ROADWAY RESEARCH IMPLEMENTTION CENTER TEST 
PROGRAM 

2.1 OVERALL TEST PROGRAM GOALS 

The RRIC test goals, consolidated into four broad areas, encompass short- and long-
term goals, qualitative or comparative performance studies of materials and rehabilitation 
processes, and more basic performance-based modeling of pavement systems. The test 
program as envisioned will include test sections subjected to actual highway traffic alone, 
sections tested by the MLS alone, and sections for which MLS results are calibrated by actual 
traffic response data. 

2.1.1 Identify Truck Component/Pavement Interaction 

The shorter-term components of this goal include: 
 
(a) Quantifying load damage equivalency 
(b) Correlating nondestructive testing methods with MLS and real traffic data 

 
Data supporting these subgoals will become available as test sections designed for lower 
numbers of axle repetitions begin to accumulate distress early in the program. 

The longer-term subgoals include: 
 
(a) Determining remaining life and effect of rehabilitation options 
(b) Predicting pavement response/distress resulting from proposed truck weight/tire 

configuration changes 
 
A greater volume of data encompassing the performance of test sections subjected to 

greater numbers of axle loadings will be required to satisfy these goals. 

2.1.2 Develop Performance-Based Models 

Models that predict the following response limits can be postulated early in the test 
program, as distress versus load data become available. As more complete data from sections 
designed for longer life are incorporated into the database, the models will be validated and 
improved. The response limits include: 

 
(a) Fatigue in bituminous layers 
(b) Rutting in bituminous layers 
(c) Rutting in unbound aggregate layers 
(d) Rutting in the subgrade 
(e) Fatigue and load transfer in concrete layers 

2.1.3 Document Field Performance of New Materials and Equipment 

This goal supports the requirement for proof testing of materials, procedures, and 
equipment prior to deploying them on in-service roadways. It has a short-term perspective. 
Subgoals are: 

 
(a) To document the performance of pavement maintenance and repair materials 
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(b) To enhance the usage of recycled paving materials  
(c) To test materials and procedures for expedient rehabilitation of high traffic 

volume roadways and subsequent early reopening to traffic 
 

2.1.4 Provide Training for Engineers and Technicians 

Opportunities for hands-on training for the installation and usage of sensors (e.g., 
strain gauges, deflectometers, weigh-in-motion devices, and temperature and moisture 
sensors) are limited. A goal of the RRIC will be to provide such opportunities through  
training programs that focus not only on sensor installation and usage, but also on the use of 
nondestructive testing equipment (ground penetrating radar, falling weight deflectometer, 
spectral analysis of surface waves). 

2.2 TEST SECTION MATRICES 

2.2.1 Flexible Pavement Sections 

Four parameters which have significant impact on the performance of flexible 
pavement sections are asphalt concrete (AC) layer thickness, AC layer stiffness, base 
thickness, and base stiffness.  Assigning realistic upper and lower bound values to each 
parameter will result in a 4 x 4 test matrix.  The parameters are shown in Table 1, and the test 
matrix is illustrated in Figure 3.  

 

Table1. Flexible Pavement Parameters 

Parameters Units High Value Low Value 
AC Thickness mm 152 (6 in.) 76 (3 in.) 
Base Thickness mm 304 (12 in.) 152 (6 in.) 
AC Stiffness 
(annual average) 

MPa 4137 (600,000 psi) 2068 (300,000 psi) 

Base Stiffness MPa 1379 (200,000 psi) 207 (30,000 psi) 
 
The matrix shown in Figure 3 is the basis for the experimental design and 

configuration of the RRIC.  
Procedures described in the AASHTO Guide (1), Part II, Chapter 3, were utilized to design 
the structural sections that have the layer and material parameters shown in Table 1.  
Structural cross sections are shown in Figure 4. It should be noted that English units are used 
in Figure 4, since these units are used in the AASHTO Guide.  For quick reference, divide 
stiffness values in psi by 145 to obtain MPa.  Divide layer thicknesses in inches by 0.03937 
to obtain mm. The estimated numbers of 18-kip equivalent single axle loads (ESALs) to 
functional failure are noted for each section.  In addition, the finite elements model, Ilipav, 
was used for a limited analysis of shear stresses in the AC and granular bases of the sections 
with lower structural numbers.  On the basis of that analysis, it was concluded that the 
estimated numbers of ESALs are reasonable.  Assumptions used in the AASHTO design 
procedure were: 

 
Subgrade resilient modulus: 35-50 MPa  (5-7 ksi) 
Reliability: 50% 
Allowable loss of serviceability: 2.4 
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Figure 3. Flexible pavement test matrix 
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Figure 4. Flexible Structural Sections  
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Figure 4. Flexible structural sections (cont’d) 
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The test matrix just described would result in progressive failure of the test sections 
commencing a few months after they are opened to traffic and continuing for several years. 
Approximately 75 percent would fail in less than five years and six sections should 
experience failure in one year. It should be noted that, at present, IH-35 in the Austin area 
carries approximately 1,000,000 ESALs per year in each direction. This process of planned 
functional failure would begin to supply worthwhile modeling data within months of 
beginning the test. The continuing performance of the sections with higher structural 
numbers would reflect the effects of extremely high numbers of loads, as well as the 
environmental effects. These results would validate the models proposed from the earlier test 
data. 

2.2.2 Rigid Pavement Sections 

A similar analysis could be conducted using the matrix for rigid pavement sections 
shown in Figure 5 and the parameter values shown in Table 2. 

 

 Table 2. Rigid pavement parameters 

x Units High Value Low Value 

PCC Thickness mm 254 (10 in.) 127 (5 in.) 

PCC Strength, Sc’ MPa 7 (1000 psi) 3.5 (500 psi) 

Subbase Stiffness MPa 1379 (200,000 psi) 104 (15000 psi) 

Subbase Drainage — 1.25 0.90 

 
 

It can be shown that the service lives of these test sections would range from less than 
one year to over twenty years.  Costs to construct both of the test matrices described in this 
chapter would be prohibitive.  One option would be to place all flexible sections initially and 
place portland cement concrete (PCC) overlays (“whitetopping”) on the first sections to fail.   
Another alternative is to select a limited number of PCC sections, which are designed for the 
same traffic levels as selected asphalt sections, document construction/maintenance costs and 
performance lives, and develop criteria to support pavement type selection.  Additionally, a 
viable alternative is to place a small number of full-depth concrete sections and monitor 
maintenance /repair history over the long run.  The actual mix of pavement types should be 
among the first activities undertaken by the working group recommended in Chapter 5.  

2.3 TEST OPERATIONS 

It is important that the RRIC test program simultaneously support multiple goals. 
That is, the test sequence may include experimental sections for evaluating the performance 
of a specific material or process, but at the same time, basic response data can be collected 
that will support future performance prediction models. For example, two new overlay 
processes can be compared on adjacent sections. The immediate goal may be to document 
the number of axle loads to failure, but the more basic goal can include recording axle 
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numbers, loads, classification, speeds, pavement deflections, strains, and growth of distress 
manifestations. 
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Figure 5. Rigid pavement test matrix 

 

2.3.1 Applying the Test Loads 

In order to calibrate MLS test results to those of actual truck loadings, it will be 
necessary to structure RRIC test operations to apply the MLS to identical test sections at the 
appropriate times and collect comparative response data. This can be accomplished by the 
following sequence: 

 
1. As part of the design process for the original test sections, as well as the design of 

subsequent sections, laboratory mix design/characterization results will be 
verified by use of the 1/3-scale MMLS. The MMLS utilizes 300-mm-diameter 
pneumatic tires to apply up to 7,200 loads per hour. It can run unattended, except 
for the requirement to stop and measure pavement distress, twenty-four hours per 
day. The tire size is sufficient to minimize scaling concerns, and the device can be 
used in laboratory settings where temperature and moisture variations can be 
controlled. Alternatively, it can be applied to actual field pavements. The 
performance of each test section can be predicted in advance by means of the 
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MMLS. Thus, verification of the adequacy of the proposed test matrix and the 
predicted numbers of loads to failure becomes possible. This step will allow more 
accurate determination of the sequence of the sections along the road. 

2. Selected test sections with predicted service lives ranging from very short, 
through intermediate, to very long, will be duplicated alongside the test road. The 
MLS will test portions to failure immediately following construction. 

3. Traffic will be diverted from the original interstate highway onto the instrumented 
test road. At preselected intervals, traffic will be put back on the primary road, 
and pavement distress will be measured on the test road. Simultaneously, portions 
of the duplicate sections will be tested to failure by the MLS. In addition, trucks 
loaded to preselected weights will be driven directly over the test road sensors and 
basic data recorded. 

4. The process will continue (actual traffic data, distress measurement, MLS 
applications, controlled truck loadings) until sections progressively fail and are 
replaced by different materials/structural geometries for subsequent tests. Each of 
the loading elements is an irreplaceable link in the test chain which ties together 
laboratory-scale test predictions, models based on MMLS results, MLS 
verification of the models, and final calibration which accounts for actual traffic 
mixes, speeds, seasonal environment variations and construction effects. Basic 
transfer functions for such failure mechanisms as fatigue, rutting, etc. can be 
readily quantified and applied directly to MLS or MMLS characterization of 
pavements in other climate zones with different subgrades. 

2.3.2 Data and Results 

The test program will require constant collection of certain data and periodic 
measurement of other data. For example, continually recorded load data will include wheel 
loads and numbers of axles. In addition, actual traffic load magnitudes, speeds, and axle 
configurations will be required. Also, air and pavement temperature and moisture conditions 
will be recorded regularly. 

Pavement response data, primarily strains and deflections, will be recorded at 
intervals under MLS loads and controlled truck loadings. At the same intervals, pavement 
distress data will be collected. Specifically, roughness, cracking, rutting, stiffness, and 
strength values will be recorded. 

It will be possible to measure truck performance as well. Such parameters as 
accelerations, dynamic loads, component fatigue, and tire behaviors are important indicators 
of pavement/vehicle interaction and can be readily measured. 

The types of data collected can be utilized for immediate qualitative or comparative 
studies of the performance of materials, construction techniques, and equipment, traffic 
control sensors/transmitters, and pavement rehabilitation options. The data will also form the 
technical basis for longer-term solutions for material characterization and performance 
models, truck/roadway interactions, MLS/truck correlation, and environmental effects versus 
load damage. 

2.4 TRANSFER FUNCTION DEVELOPMENT EXAMPLE 

Figure 6, published by Hugo et al., (3) illustrates how MLS load applications can be 
combined with actual traffic applications to quantify environmental effects on pavements and 
develop transfer functions that link laboratory predictions of service life to field results. 
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Figure 6(b) illustrates the accumulation of traffic axle loads, Ntraffic, with time. It also 
shows the numbers of MLS axle loads that will cause failure, Ni, at various intervals during 
the life of the pavement section. The magnitude of the “ locus of failure points”  curve at any 
time, ti, can be used to estimate the cumulative environmental effects from time of 
construction to ti: 

 
Nenv = N1 –  N2 - Ntraffic 
 
Figure 6a contains the plots representing distress accumulation (rutting, fatigue, etc.) 

versus time for MLS loadings (dashed lines) and actual traffic (solid lines). The slope of the 
distress versus time lines (D1 and D2) are representative of locations on the time line and can 
therefore be correlated to the rate of damage accumulation under actual traffic loadings at 
different stages of the pavement’s life. 

Figure 6c represents the relationships between strains and numbers of load repetitions 
to failure, as defined by the limiting distress, Dlimit, in Figure 6a.  

Curves representing laboratory results, MMLS, MLS, and actual traffic loading data 
for the test sections can be plotted and the shift factors calculated. In this way, predictive 
models for pavement life can be calibrated, and appropriate transfer functions can be applied 
to MMLS and MLS test results to yield reliable service life estimates for a wide range of 
climate or subgrade conditions.  The procedure described will allow analytical separation of 
environmental and load effects on pavement life and will extend the usefulness of accelerated 
pavement testing devices as tools for effective pavement management. 
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CHAPTER 3.  ROADWAY RESEARCH IMPLEMENTATION CENTER 
CONFIGURATI0N, INSTRUMENTATION, POTENTIAL LOCATION,  

AND COST ESTIMATES 

3.1. SITE CONFIGURATION 

The proposed Roadway Research Implementation Center (RRIC) is shown in Figure 
7. The site consists of a test road parallel to a segment of IH-35, road sections for mobile load 
simulator (MLS) applications, and indoor space for maintenance, training, and administration 
functions. The 2.4-km (1.5-mile) parallel test road contains a weigh-in-motion system 
(WIMS) and 20 �122-meter (400-ft) long test sections. This arrangement is sufficient to 
accommodate the sixteen-cell test matrix proposed in Chapter 2, plus selected replicate 
sections or portland cement concrete (PCC) sections. All sections contain three lanes to be 
consistent with plans to eventually add a third lane to IH-35 at this site.  

The test sections are placed so that those anticipated to fail within the first year are at 
the departure end with a ramp for returning traffic to the main road located just prior to these 
sections. This ramp is necessary so that traffic can remain on the longer-lived test sections 
while those nearing failure are undergoing diagnostic studies. The seven MLS test sections, 
which duplicate selected test road sections, are each 46 meter (150 ft) long by 4.5 meter (15 
ft) wide. The length accommodates up to three tests to failure on each section. The concept of 
applying model mobile load simulator (MMLS), MLS, actual traffic, and controlled truck 
loadings to facilitate development of performance models was described in Chapter 2. 

3.2 INSTRUMENTATION 

Van Deusen et al. (7) analyzed sensor selection criteria and conducted laboratory tests 
on strain, displacement, and pressure sensors for the MnRoad project. Their 
recommendations were incorporated into the project. is presented  Baker et al. (6) provide 
detailed installation and testing procedures regarding sensor implementation.  Pilson et al. (5) 
studied types, numbers, and locations for strain and pressure sensors in pavement test 
sections.  These references constitute a sound experience basis for sensor selection for the 
RRIC. 

A typical test section would be equipped with multidepth deflectometers (MDD), 
thermocouples, and strain gauges. Selected sections would include Time Domain 
Reflectometry (TDR) for monitoring the moisture content of subgrade and base course 
materials.  

Vogelzang (4) notes that researchers at the LINTRACK facility at the Delft 
University of Technology abandoned attempts at measuring soil stresses because of the very 
large dispersion in the data resulting from disturbance in the media, mismatches of soil and 
gauge stiffness, and damage to the gauge. Acknowledging the questionable accuracy of stress 
gauge measurements, Pilson et al. (5) recommended the Kulite 0234-40-100G pressure cell if 
pressure measurements are to be attempted. Baker et al. (6) documented the use of the Kulite 
0234 and the Geokon 3500 gauge at the MnRoad test site.  MnRoad researchers report 
satisfaction with the pressure gauge data. 
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Figure 7. RRIC 
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The use of pressure gauges is not an essential part of the RRIC data collection 
process. However, opportunities would exist to experiment with the use of such gauges on a 
limited basis. The cost and handling complexity of these gauges restricts their usefulness. 
The more important data to be collected include longitudinal and transverse strains in the 
asphalt layers, deflection at various depths within the pavement structure, load magnitude, 
and axle classification. Pilson et al. (5) recommend using the HBM DA3 strain gauge, on the 
basis of experience with the MLS test series at Victoria. MnRoad is using Dynatest PAST-
2AC and Alberta Research Council strain gauges with success. The LINTRACK facility has 
reported confidence in the use of the Tokyo Sokki Kenkyujo Company, T.M.L. KM-100-
HAS strain gauge. The selection of type of gauge and numbers to be installed would depend 
upon the outcome of the detailed design phase, as proposed in Chapter 5. 

Vertical strains in granular pavement layers and in the subgrade can be estimated 
from differential MDD measurements. In addition, other critical data will be recorded 
periodically when traffic is diverted off of the test road. These data include falling weight 
deflectometer (FWD) deflections, layer stiffness from seismic tests, rut depth, and crack 
length determination. 

Load data for the MLS will be obtained by current methods (CAPTELS-type WIM 
and strain gauges mounted on the axles). For the test road, a more complex WIM system is 
required. Garner and Lee (8) describe an augmented system manufactured by the PAT 
Traffic Control Corporation. An inductance loop in each traffic lane detects the vehicles and 
triggers the computer. A staggered pair of weigh pads in each lane provides weights, speed, 
and distance between axles. An infrared sensing unit in each lane indicates dual or single 
tires and determines the lateral position of the tires. The layout is shown in Figure 8. The 
associated software can collect and store the data in a number of ways: daily traffic volume, 
ESALs per day, ESALs per axle category, etc. 

3.3 POTENTIAL LOCATION 

To avoid the great expense and delay associated with acquisition of additional land 
along IH-35, it would be desirable to site the RRIC on already state-owned right-of-way. A 
stretch of IH-35 immediately south of the Corn Hill overpass, which is south of Jarrell, 
Texas, appears to be acceptable. There are two segments on each side of IH-35. Each 
segment is about 3.2 km long, for a total of 6.4 km on each side of the highway. The distance 
between the edge of IH-35 and the service road is on the order of 23 meters, and there is 
space to relocate the service road closer to the fenceline, if necessary. In general, the terrain 
is level, a factor that will serve to hold down some construction costs. The straight 3.2-km 
segments do not cross drainage features or exit ramps, further facilitating construction. 
Finally, the favorable terrain enhances motorists’ field of vision so that traffic control can be 
easily managed.    
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Figure 8. WIM system 

 
 
Figure 9 is a set of aerial photos showing the location. The figure is an aerial photo of 

a segment of IH-35 stretching south for about 6.4 km from the Corn Hill overpass.  Note the 
absence of drainage crossings or approach ramps in the 3.2 km stretches.  Figure 10 is a 
photo looking south on the east side of IH-35 along the southern portion of the area shown in 
Figure 9.  Figure 11 is a view to the north on the west side of the road just to the south of 
Corn Hill.  Particularly noteworthy in the photos is the level terrain and sufficient distance 
between the travel lanes of the interstate and the service road.  

Figure 12 illustrates the placement of the RRIC on the west side of IH-35.  The photo 
has been expanded transversely.  

3.4 COST ESTIMATES 

3.4.1 Initial Acquisition Costs 

To arrive at a representative cost estimate, reported costs of instrumentation sensors 
from other applications were sought, and TxDOT average low-bid unit price construction 
reports for June 1998 were used. The following assumptions were made: 

 
1. The average thickness of the AC surface layer is 115 mm (4.5 in.). 
2. The test road has three 3.7-meter (12-ft) wide lanes plus two, 3-meter (10-ft) 

shoulders constructed of the same materials as the traffic lanes. 
3. The test road is 2.4 km (1.50 miles) long. This length allows twenty 122-meter 

(400-ft) long test sections. 
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4. The MLS test sections are 4.5 meter (15 ft) wide with the same average section 
thicknesses as the test road. 

5. The 320-meter (1050-ft) long MLS site will accommodate seven 46-meter (150-
ft) long test sections. 

 
 

Match Line

Match Line

Sedberry
underpass

Sedberry underpass

Corn Hill

RRIC

 
 

Figure 9. Aerial photo of IH-35 south from Jarrell, Texas  
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Figure 10. View to the south — East side of IH-35 

 
 

 

Figure 11. View to the north —West side of IH-35 
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Figure 12. RRIC potential site 

 
 
Figure 13 shows the average dimensions for the MLS test sections.  Figure 14 shows 

average dimensions for the test road sections.  
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Figure 13. Average dimensions for MLS test sections 

 

 

 

Figure 14. Average dimensions for test road sections 

 
 

Table 3 shows cost estimates for constructing the test site, Table 4 summarizes 
instrumentation costs, and Table 5 shows total cost estimates for the initial construction. 

As envisioned, operations at the RRIC will require running the MLS twenty hours per 
day, six days per week in order to test the required numbers of sections. This will necessitate 
use of a dedicated machine. Additional acquisition costs will be about $3.5 million for the 
MLS and $100,000 for the environmental chamber-equipped MMLS. Thus, the total 
estimated acquisition costs would be approximately $7.8 million. 

3.4.2 Recurring Operations Costs 

Annual operations costs for the RRIC will vary depending upon the numbers of new 
test sections constructed in any given year, the availability of donated materials and 
equipment, and the necessity of replacing pavement sensors. Construction costs can vary 
from $15,000 to $50,000, depending on the type of test section selected (McNerney et al., 
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[10]). Nevertheless, it is possible to estimate the annual requirement by looking at the scope 
of activities at the site and collecting costs in each category. 

 

Table 3. Construction costs 

Item Units Unit Cost ($) Quantity Cost ($) 
100 Prepare R.O.W. KM 11,174 2.81 31,400 
152 Road grader (subgrade) KM 8,672 2.81 24,400 
247 Subbase CY 17.00 3,280 55,800 
347 Cr. St. base (9 in.) M2 10.00 21,300 213,000 
345 ATB Ton 37.00 11,892 440,000 
340 AC Ton 55.00 11,963 658,000 
Service road and parking SY 12 2,500 30,000 
     
514 Traffic barriers M 85.00 2,332 198,000 
     
Metal building SF 90.00 4,000 360,000 
Water/power/sewer    100,000 
Total    2,110,600 
     
Mobilization 10%  211,060   
Contingency 7%  147,750   
     
Total Construction    2,469,410 

Note: Bid data are for the Austin District, if available. Otherwise, statewide average data are reflected. 
 

Table 4. Instrumentation costs 

Data Acquisition Cost ($) 
 Sensors (installed) $40,000/section 800,000 
 Computer systems 500,000 
 Total  1,300,000 

WIM System 
 Load cells, inductance loop, infrared detectors (3 lanes) 60,000 
 Data Collection 20,000 
 92 meter continuously reinforced concrete pavement  
 (305 mm thick) 

56,000 

 Total 136,000 

Miscellaneous 
 Signage, traffic control, etc. 200,000 
 

Total Cost 1,636,000 
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Table 5. Total site costs 

 

Construction 2,469,410 
Instrumentation 1,636,000 
  
Total 4,105,410 

 
 

There will be three major functions. The first, planning and overhead, includes 
planning future test requirements, developing future budgets, recruiting new industry 
members, disseminating results of completed tests, and overseeing current testing. Costs 
associated with this category include salaries for the six-person staff and normal 
administrative functions. The second major function, test design and construction, includes 
the detailed planning for upcoming test series, engineering design of test sections, 
construction, and sensor installation. The final functional category is current testing. The 
main activities would include MLS and MMLS operations; data collection, analysis, and 
reporting; and test section maintenance and repair.  Figure 15 summarizes the RRIC major 
functions. Figure 16 shows cost estimates for each function and the staff elements involved 
with each. A reasonable estimate for the annual funding required to carry out a robust test 
program is $1,320,000. It is recognized that a portion of the requirement may be realized by 
using donated materials or equipment. 

 
 

Planning and Overhead 
�� Planning Future Test Requirements 
�� Budget for next year 
�� Review and oversight of current testing 
�� Recruiting membership 
�� Dissemination of previous test results 

Current Testing 
�� MLS and model MLS testing on parallel roadway and individual pads 
�� Data acquisition 
�� Analysis 
�� Reporting 
�� Maintenance and repair of MLS 
�� M & R of test sections/pads 

Test Design and Construction 
�� Detailed planning for upcoming work 

�� Test Plan 
�� Pad/section dimensions, materials, etc. 
�� Instrumentation 

�� Construction 
�� Sensor installation 

 

Figure 15. RRIC functional Activities 
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Planning and 
Overhead 

Current Testing Test Design and 
Construction 

Salaries 
 
Travel 
 
Misc. 
 
Fringes 
 
 

$360,000 
 
$10,000 
 
$10,000 
 
$70,000 
 
 
 
 
 

MLS ops 
 
Computer 
    Support        
Test Sec. M&R 
 
Fringes 
 
Data collection, 
analysis and 
reporting 
 

$510,000 
 
$10,000 
 
$30,000 
 
$50,000 
 
$20,000 
 
 
 

$250,000 
(Equipment ops, 
pavement materials, 
instrumentation) 

 

 $450,000 
 

 
 
 
 
 
 
 
 

 

 $620,000 

  

$250,000 

 

Total $1,320,000 

Staff: 
RRI Staff: 
     Director 
     Engineer –  Assistant Director 
     Data Acquisition/Data Base  
          Manager 
     Administrative Assistant 
     Data Base Assistant 
Advisory Committee 
Board of Directors 

Staff: 
RRI Staff 
MLS Crews –  TxDOT 
Principal Investigators and project 
staff –  from University, TxDOT, and 
industry 

Staff: 
RRI Staff and P.I.s 

 

Figure 16. RRIC annual operations budget 
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CHAPTER 4.  ROADWAY RESEARCH IMPLEMENTATION CENTER 
ORGANIZATION 

��������	
����	��

�

In August of 1996, a one-day conference was held to identify the general direction to 
be followed in defining the Roadway Research Initiative (RRI).  Representatives from 
TxDOT divisions and districts, and researchers and administrators from the Texas 
Transportation Institute (TTI) and the Center for Transportation Research (CTR) were in 
attendance.  The discussions became the framework for subsequent development of the test 
program goals and objectives, site configuration, and organizational structure.  During the 
next year, meetings were held with representatives of the Associated General Contractors of 
Texas, Texas Aggregates and Concrete Association, Texas Hot Mix Asphalt Pavement 
Association, and Texas Chapter of American Concrete Pavement Association, and the 
Federal Highway Administration (FHWA).  These sessions led to the organizational structure 
presented herein. 

In December of 1997, an all-day meeting was held to evaluate progress and direction 
of the RRI concept.  All the organizations listed above were represented, as well as Texas 
Tech University, The American Trucking Associations, AAA of Texas, Caterpillar, Inc., and 
Texas Motor Transportation Association.  The group recommended that subcommittees be 
constituted to define how industry might best participate in the RRIC organization.  
Subsequently, meetings were held at CTR with industry and university representatives for 
this purpose. The organizational structure was finalized, and the test program was reviewed 
for technical relevance and importance of the goals. 

�����	�	��
�����������

4.2.1 GENERAL 
 
The center shall carry out a program of research, education, technology transfer, and 

testing and evaluation in support of the state’s investments in various roadway systems.  The 
center, through facilities, personnel, and infrastructure, both existing in the founding 
institutions (TxDOT, TTI, and CTR) and in the private sector, shall advance the cost-
effectiveness and safety of roadway infrastructure in Texas and beyond. 

The RRIC shall be established as a component of the Texas A&M University System 
under TTI.  The operating budget, staffing, and activities of the center shall be approved by 
the board of regents of the Texas A&M University System.  The center staff shall be housed 
at CTR at The University of Texas at Austin.  The test facilities of the center shall be the 
property of TxDOT.   Equipment and facilities of the universities, operated in support of the 
center, remain university property.   

Provisions of Articles 16, 17, and 18 of the existing Cooperative Research Agreement 
(CRA) (as amended) shall govern intellectual property rights.     

4.2.2 Board of Directors 
�

The board of directors shall consist of one representative from each of the three 
founding institutions.  Members will be appointed for three-year terms by the chancellor of 
the Texas A&M University System, the dean of Engineering at the University of Texas at 



�
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�
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Austin, and the executive director of TxDOT .  The board of directors will establish policies 
and provide oversight to all operations of the center, and will conduct the performance 
evaluation of the center’s director.  The chairperson of the board of directors shall be elected 
by the members for a three-year term.  The first chairperson shall be the director of CTR.   

4.2.3 Director 
�

The center will be under the leadership and supervision of the director and shall be 
managed as a joint program among the founding institutions.  The director shall be jointly 
selected by and hold a joint appointment between TTI and CTR.  The director will oversee 
the center’s day-to-day operations, direct the planning process, ensure test results are 
properly reported, and direct the staff. 

4.2.4 Staff 
�

A small permanent staff will be required to operate the center.  The intent of the 
organization is to utilize staff of the founding institutions as necessary.  For example, the 
MLS will be operated by field crews from the TxDOT Pavements Section, and research 
project investigators will be university and TxDOT researchers.  The following staff 
positions are recommended: 

 
Engineer —  Assistant Director 
Data Acquisition Manager 
Business Manager 
Administrative Assistant 
Database Assistant 
 

Figures 15 and 16, in Chapter 3, show staff functions and cost estimates. 

���������	
���������

 
The advisory board will consist of representatives of the founding institutions and 

organizations known as sustaining members.  Sustaining members are those public or private 
organizations which have indicated intent to supply equipment, material, manpower, or funds 
to support center operations.  The extent of participation is intentionally unspecified.  It may 
range from supplying personnel for project planning teams to purchasing equipment for the 
site to paying for a test series.  Minimum advisory board membership should include one or 
more TxDOT district pavement engineers, representatives from TxDOT’s Construction and 
Design Divisions, and TTI and CTR researchers.  Sustaining membership should, at the least, 
encompass the materials and construction industries. 

The advisory board shall assist the director with oversight of the planning, 
programming, experimental design, and current testing functions.  It shall designate 
subcommittees as required to carry out the various functions. 

4.3 TEST PLANNING CYCLE 
The recurring planning cycle is shown below.  The director, assisted by the advisory 

board, is responsible for the timely completion of each phase of the cycle.  It will be 
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necessary to coordinate the planning phase with the TxDOT research management structure 
to ensure the RRIC program is addressing department goals.  The process will be facilitated 
by the participation of department and university personnel in the problem identification 
process. 
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CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 
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5.2 RECOMMENDATIONS 
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1/3-scale MMLS Test Program

Design RRIC
MMLS data
Field test data

Prepare bid documents

Advertise bid award
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Establish the Organization
Appoint steering committee
Appoint Director
Organize working group
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Working Group & Subcommittees
a. Recommend site
b. Recommend test program
c. Recommend 1/3-scale MMLS program
d. Select sensor suite & data collection/

management system
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Laboratory Mixture Design & Material Characterization
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