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CHAPTER 1  INTRODUCTION 

 

1.1 BACKGROUND 

In 1992, the Texas Department of Transportation (TxDOT) developed the Texas Mobile Load 

Simulator (TxMLS) manufactured by Victoria Machine Works (VMW), a steel fabrication 

company in Victoria, Texas.  The equipment went through a series of tests at a site near Victoria.  

Reports have been published describing this work (Chen 1997; Hugo 1996 and 1997; Lee 1997; 

and Pilson 1995 and 1997). 

 

In 1995, the MLS was moved to the Ft. Worth District to conduct a comparative study of two 

rehabilitation processes on U.S. 281 near Jacksboro, Texas.  The results of these tests and test 

procedures have been documented in a number of reports (Chen 2001; Hugo 1999).  During the 

operation of the TxMLS in Jacksboro, the useful life of a number of mechanical components of 

the TxMLS were reached or exceeded.  A number of repairs and technical adjustments were 

made to keep the equipment operating to the end of this test series.   

 

In 1999, a contract was signed with RGB, Inc. and a complete renovation of the TxMLS was 

undertaken, because it had fulfilled its original design life on field test sections.  This renovation 

was undertaken to address several observed problems and to improve the performance and 

reliability of the TxMLS.  The major planned improvements included: 

 

• New axle bogies 

• New drive chain mechanism 

• Reposition (lower) the two drive motors on separate support cradles 

• Rebuild the load rails 

• Redesign the load wheels and associated bearings 

• Install new strain gauge system for monitoring tire loads 

• New hydraulic system to set axle loads 
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The new hydraulic system will allow operators to apply more uniform loads and set the load 

levels more quickly.  The heavy drive motors have been moved to separate cradles that position 

them closer to the ground. 

 

This rehabilitation effort proved to be a sizable task and a number of critical elements had to be 

redesigned several times in the process. 

 

1.2 FORMULATION OF THE TEXAS ACCELERATED PAVEMENT TEST 

CENTER (TXAPT) 

In 2001, TxDOT decided to undertake the development of a center for accelerated pavement 

testing (APT) at a fixed facility in Texas.  TxDOT administration decided that a fixed facility 

might provide more output from the equipment, and thus a better payout on the investment over 

the short term than use on inplace highways.  There were also some concerns for safety and the 

cost of operating the equipment on existing highways. 

 

After several rounds of negotiations, detailed proposals were received from the Texas 

Transportation Institute (TTI) and the Center for Transportation Research (CTR) for setting up a 

permanent Texas accelerated pavement test center.  After careful review and many conferences 

and discussions, TxDOT selected CTR to set up the TxAPT Center, under the leadership of Dr. 

W. Ronald Hudson as Center Director, with a permanent facility to be located at The University 

of Texas at Austin, J.J. Pickle Research Campus (PRC) in north Austin. 

 

1.3 BACKGROUND OF THE PROPOSED SITE 

A number of site characteristics, active research operations, and physical facilities at PRC make 

it an excellent site for the proposed activity.  Dr. Ken Stokoe, a senior CTR researcher, directs a 

very unique National Science Foundation (NSF) research activity at PRC.  The “Large Scale 

Mobile Shaker and Associated Instrumentation for Dynamic Field Studies of Geotechnical and 

Structural Systems” is the only such activity funded by NSF in the United States.  It is planned as 

a 14-year research effort, which is funded at approximately $3 million for the first four years.  

Among many other elements related to the TxAPT research effort, this activity has Rolling 

Dynamic Deflectometer (RDD) and Stationary Dynamic Deflectometer (SDD) hardware and 
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instrumentation.  Dr. Stokoe has used these devices in conjunction with the TxMLS and has 

offered all of his equipment, instrumentation, and experience to the CTR TxAPT team. 

 

The Ferguson Structural Engineering Laboratory, located within walking distance of the 

proposed TxAPT test site, has an active machine shop.  TxAPT repairs requiring welding or 

machining of certain parts could be accomplished within that facility.  Also nearby is the Center 

for Electro-Mechanics, which has extensive machine shop capabilities and could be called upon 

to provide supplemental TxAPT support.  Dr. David Fowler, a CTR researcher and Director of 

the International Center for Aggregates Research, operates his Materials Research Center in 

Building 18B, within walking distance of the proposed site. Testing equipment and facilities for 

a broad range of pavement materials’ characterization and evaluation are available in Building 

18B.  The Center for Research in Water Resources has extensive office and laboratory space 

about one-half mile east of the proposed TxAPT operations site. CTR has ongoing relationships 

with all of these centers and activities and can easily foster support activities ranging from 

TxMLS repairs to office space.  Additionally, the Pickle Commons Building is available for 

large or small group meetings and presentations, with virtually any type of catered meal service.  

Through recent administrative changes, the College of Engineering has operational control of 

PRC.  As an element of the College, CTR has full access and use of PRC’s assets. 

 

Highway access to PRC is excellent and ample free parking is available for visitors.  UT operates 

a shuttle bus service from PRC to the main campus and headways are 30 minutes for an 

approximately 30 minute one-way trip.  Rail transportation of the large TxMLS device to PRC is 

very feasible because the Union Pacific main track traverses PRC and the track is adjacent to the 

likely MLS sites.  Access to PRC by visitors based outside Austin is provided easily by the new 

Austin Bergstrom International Airport. 

 

A map depicting two possible locations for the TxAPT facility is shown in Figure 1. 
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Figure 1.  Site Map of Pickle Research Campus and Potential TxAPT Sites in 
Sectors 1 and 3 

 

1.4 COOPERATIVE FEATURES 

A fully cooperative operating scenario for the proposed facility is envisioned with CTR 

providing the Center director and the Texas Transportation Institute (TTI) and other major 

universities providing advisory group members for coordination.  The director will work closely 

with the TxDOT program coordinator to ensure that the sponsor’s wishes are carried out 

faithfully.  Further cooperation will be ensured by the appointment and use of a Center Operating 

Advisory Group (OAG) comprising representatives of pavement-related research universities, 

two representatives of TxDOT, and two or three outside members.  This group should remain 

small—10 people maximum—and will advise the director, while obviously all research 

coordination decisions will be made by the appropriate TxDOT group. 

 

Offices and support activities will be made available at the facility for out-of-town research staff 

while their work is being carried out at TxAPT.  We will afford all users our full cooperation. 

  

Potential TxAPT Sites  
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1.5 INITIAL CONTRACTUAL ARRANGEMENTS 

After the selection of CTR to develop the TxAPT Center, several meetings were held to discuss 

the administrative relationships that were necessary to make the Center function.  Ultimately, an 

implementation contract, Project 5-1924-01, was selected as the mechanism for funding the 

initial construction and development of the site.  A second contract (Project 0-9900) was written 

to provide the ongoing support necessary for Center operations.  Dr. Ronald Hudson was 

selected as center director, and Mr. Ron White as senior research engineer to provide full-time 

support for the development and ongoing operation of the Center.  Ms. Sharon Campos was 

selected as the administrative associate to handle the critical details of administration, data 

processing and storage, and meeting arrangements and documentation, which are vital to the 

TxAPT Center.  In 2003, Dr. Tom Rioux was added as a part-time data manager, responsible for 

processing and Web-based development to insure proper continuity of data, storage, processing, 

and dissemination. 

 

1.6 OPERATING ADVISORY GROUP 

Dr. Hudson envisioned in the initial submission of the TxAPT Center proposal, that an OAG 

would be set up and function throughout the life of the Center.  The group was planned to 

include key TxDOT personnel and a minimum of three or four external individuals with 

experience in APT at other locations.  The group’s first meeting was held on October 17, 2002.  

The initial makeup of the committee was as follows: 

Virgil Anderson, Consultant 

German Claros, RTI, TxDOT/Austin 

Jim Freeman, TxDOT/Paris 

Ken Fults, CST/M&P, TxDOT/Austin 

John Harvey, UC/Davis 

Ronald Hudson, Director, TxAPT, CTR, UT/Austin 

Paul Krugler, Director, Research & Technology Implementation Office, TxDOT 

Dallas Little, Senior Research Fellow, TTI/Texas A&M 

Carl Monismith, Professor, University of California at Berkeley 

Mike Murphy, CST/M&P, TxDOT/Austin 
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Soheil Nazarian, Professor, University of Texas/El Paso 

Tom Scullion, Research Associate, TTI/Texas A&M 

Ken Stokoe, Professor, UT/Austin 

Ron White, TxAPT/CTR, UT/Austin 

Tom White, Professor, Mississippi State University 

Andrew Wimsatt, TxDOT/Ft. Worth 

 

The OAG has met three times and provided expert advice in the development of the initial 

project and plans for the TxAPT Center. 

 

1.7 ADMINISTRATIVE AND TECHNICAL REVIEW PROCEDURES 

It should be noted that TxAPT would not function as a separate research agency within TxDOT 

or CTR.  Rather, it will be an operating group for the TxMLS and will provide support for APT 

of all kinds for TxDOT.  The funding of projects to be carried out through TxAPT, as currently 

planned, will be funneled through the Research Oversight Committee of TxDOT and through the 

RMC-1, Pavement and Materials Construction Division Research Management Committee.  The 

chairman of RMC-1 will function as a member of the OAG to provide close coordination, and 

Dr. German Claros the secretary of RMC-1, is functioning as the project director for our key 

projects at the present time. 

 

At the outset, it was envisioned that the TxAPT Center would be operated as an “open” shop and 

that all universities throughout the state would be eligible to carry out research at the facility.  

TxAPT Director Dr. Hudson, and immediate TxAPT staff will not supervise individual research 

projects.  Rather, funding for individual projects will be open to all research agencies and 

personnel outside the Center.  It was originally envisioned that the first project (Project 0-4574), 

entitled “Determine Impact of HB 2060 Permits on Texas Load Zone Roads,” would be carried 

out as the Pilot Study for the Center, under Dr. Hudson’s direction.  Owing to a variety of 

reasons, this was later changed and the plans were set up to operate a single shakedown test for 

the TxMLS equipment on the TxAPT site under the direction of Dr. Hudson and the TxMLS 

coordinator, Dr. Dar-Hao Chen.  The remainder of Project 0-4574 was transferred as a separate 

project with Dr. Jorge Prozzi serving as research supervisor. 
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It will be very difficult to complete all debugging processes for the TxMLS on a single 

shakedown section.  Therefore, it is essential that close coordination be maintained throughout 

the entire process of testing for Project 0-4574. 

 

Following the completion of Project 0-4574, a companion Project 0-4843 will be conducted 

entitled “TxDOT Base Designs Using APT; a Validation of Project 0-4358,” under the 

leadership of Dr. Tom Scullion, Texas A&M, TTI.  This project is paired with Project 0-4574 

because the APT data collected for Project 0-4574 will also be used to supplement the data 

collected for Project 0-4843.  The initial test pavement constructed for both projects contains 

three different types of bases-8 inches thick, covered with 1½" of compacted hot mix asphalt 

concrete.  Data from Project 0-4574 will be collected on the portion of the pavement constructed 

with typical TxDOT base material (Texas Standard Specification Item #247).  Dr. Scullion’s 

project will use the remaining half of the test facility that has been constructed with a new base 

specification (Item #245), which has a coarser gradation than the 247 base.  The 245 base is laid 

in two different sections and was obtained from two different rock quarries; one from a relatively 

hard aggregate source and one from a medium to soft aggregate.  By pairing these two projects, 

the data from Project 0-4574 can be used for multiple purposes, thus magnifying the benefit of 

the data from TxAPT. 

 

1.8 DATA COLLECTION AND PLAN FOR THE FUTURE 

It must be remembered that a piece of mechanical equipment such as the TxMLS has a finite 

operational lifetime.  This was aptly illustrated by the 4-year life of the original TxMLS.  Even 

though significant improvements are being made, this equipment will also wear out during a 

normal depreciation process.  With this in mind, it is critical that all plans for TxAPT take full 

benefit of research capabilities to magnify the results obtained and wherever possible to use each 

dataset several times in conjunction with other projects. 

 

1.9 FAILURE MODE EVALUATION 

Generally, APT involves several failure modes, but most prominent are rutting, failure, and 

fatigue failure.  Historically, rutting failure can be evaluated in a relatively fewer number of load 
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applications.  In Indiana, for example, heavy loads are applied and rutting comparisons on 

various mixes are made with less than 50,000 load applications on each test section. 

 

Fatigue evaluation, i.e. overall pavement performance, often requires several million-load 

applications under normal conditions.  In the case of Portland Cement Concrete pavements, a 13- 

or 14-inch slab might be selected for testing with the TxMLS.  In such cases, as many as 30 

million typical axle loads would be required, and the TxMLS equipment might wear out before 

the very thick concrete pavement yielded performance failure. 

 

Keeping this in mind, it is critical that experiments be selected and set up to take full advantage 

of the equipment and the data collected.  This means that relatively thin pavement sections 

should be selected for the early tests that will yield performance results for fewer than one 

million load applications.  If performance curves, i.e. the number of load applications versus 

roughness or conversely versus pavement serviceability index, can be carried in under a million 

load applications, the shape of the performance curve may be well defined.  This would ensure 

that there are indicators or markers early in the life, perhaps at one-third the total performance 

predictors that will vastly multiply the benefits of APT and maximize the benefit of the TxMLS. 

 

This has yet to be evaluated totally but it is critical in the planning of TxAPT Center operations.  
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CHAPTER 2  ORGANIZATION FOR SHAKEDOWN TESTING 

 

2.1 BACKGROUND 

Typically, APT centers worldwide have a unified organizational structure.  All operation 

activities for the centers are carried under single leadership.  Currently, that is not the case at 

TxDOT.  The TxMLS is operated under the direction of the Materials and Pavement Group of 

TxDOT.  Dr. Dar-Hao Chen is the TxDOT APT systems manager, under the leadership of Dr. 

Mike Murphy.  The construction and operation of the physical test pavements are under the 

leadership of TxAPT Center Director Dr. W. Ronald Hudson, with the support from Research 

Associate Ron White, and strong input from TxDOT RTI Project Director Dr. German Claros. 

 

In this regard, there is a tripartite group responsible for the results of APT in Texas.  

Furthermore, a research supervisor under the leadership of yet another project director carries 

each test project.  Each of these projects, their research supervisor, and project director will also 

have critical needs to fulfill their goals and objectives within time and budget limitations.  This 

diverse organizational structure creatures potential problems and requires close coordination and 

interaction with the various entities.  This coordination and interaction will be assisted by advice 

from the Operating Advisory Group, the Pavement Technical Advisory Panel (TAP-1), and the 

Research Management Committee (RMC-1) for Pavements, Materials and Construction. 

 

It is especially important that the data collection and equipment operational procedures for the 

newly renovated TxMLS be thoroughly shaken down as part of the shakedown test, under 

Project 0-9900, and that additional details be developed and coordinated under Project 0-4574.  

Appendix A summarizes the discussions that have been carried out with respect to the 

relationship among the entities involved in accelerated pavement testing.  The TxAPT Center is 

responsible for providing a facility and for collecting, cleansing, processing, and analyzing data 

in order to make it available to the Research Supervisor, Project Director and all other interested 

parties.  The TxAPT Center is also responsible for maintaining a Web site, which makes it 

available and describes the activities that are being carried out as part of the Center activities. 
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2.2 SHAKEDOWN DETAILS 

 

Typically, it is desirable to have a complete written plan for each aspect of a shakedown test.  A 

draft of such details has been prepared, but things are variable and the equipment itself is still 

under development, as is the instrumentation and site construction.  In this regard, all the plans 

that have been developed for the shakedown test are very fluid and subject to change over the 

next 12 months.  This is yet another reason why the Pilot Study itself will function as a more 

complete shakedown test.  As previously indicated, the original plan of TxAPT was to use the 

entire four sections of Project 0-4574 for the detailed shakedown test and definition of 

procedures.  Under current plans, we will do as complete a job as possible within the one 

shakedown pavement, which will be documented and monitored for subsequent projects to 

validate and improve those procedures. 

 

2.3 INSTRUMENTATION AND DATA COLLECTION PROCEDURES 

 

Under the leadership of Dr. Dar-Hao Chen, TxDOT is in the process of updating and modifying 

its proposed data collection procedures for the shakedown test.  The best that can be provided in 

this report is a draft of procedures (Appendix B) that have previously been used.  As previously 

indicated, these are fluid and we have every intention of seeing that they are finalized as part of 

the shakedown test.  There has been considerable discussion of the proposed instrumentation, 

and Appendix C provides numerous meeting minutes that summarize the discussions that have 

been carried out during this period.  Later in this report, we will outline the various types of 

instruments and their importance in the shakedown activities. 

 

2.4 CRITICAL DATA 

 

Support data – such as characteristics of the materials, evaluation of stiffness, load response 

under seismic and falling weight deflectometers – is critical.  This includes crack, profile, and 

rutting history, as well as changes in pavement deflection response over time and load 

applications.  These elements are critical to the APT process. 
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CHAPTER 3  RENOVATION OF TxMLS 

 

3.1 BACKGROUND 

 

In July 2002, the Texas Accelerated Pavement Test Center (TxAPT) established a temporary site 

for moving the Texas Mobile Load Simulator (TxMLS) from Livingston, Texas, to the J.J. Pickle 

Research Campus.  The temporary pad was paved on July 24, 2002.  At that time, there were a 

number of issues that required clarification with the renovation contractor, RGB, Inc.  In general, 

four design elements required further attention. 

1. Complete hydraulic piping design, purchase, and install hydraulic piping and fittings. 

2. Design and install new “collector arm” mast assembly. 

3. Install new wiring from collector to electrical junction box. 

4. Develop specification and purchase digital radios for transmitting strain gage signals. 

5. Replace broken strain gages, install strain gage wires/connectors. 

6. Deliver completed drawings and schematics. 

 

Since that time, considerable progress has been made in the renovation of the TxMLS.  The 

Texas Department of Transportation’s (TxDOT) legal staff met with RGB and negotiated a 

partial payment schedule for them to complete their work one step at a time.  The power rails 

were redesigned and reattached, making a much broader circle, which made it easier for the 

power rails to stay attached.  This lower profile will provide considerably less vibration and 

better contact for the power rails. 

 

3.2 DRIVE SHAFTS 

 

Next, the drive shafts were machined and installed.  An attempt was made to start it was made, 

after pulling through manually.  After one revolution, the CV joint on the drive shaft failed.  

Several iterations were made to improve and increase the size of the CV joint.  At one time it 

made several revolutions, but it always failed.  Consultants reviewed the system.  Old drive 

shafts were replaced with heavy-duty truck drive shafts.  This required correction of the length of 

the drive shafts, which are different for each of the motor mounts.  In one case, up to 100 
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revolutions were reached before the joints failed.  During one series of test revolutions the cable 

that applies the load to the wheels broke, and destroyed a portion of the power rail installation.  

Because it broke under considerable force, it rebounded against the sides of the TxMLS carriage.  

This broken cable has been replaced and the power rails have been repaired and replaced.  Many 

iterations have been made with the drive shafts.  As of September 1, 2003, no final solution to 

the drive shaft problem had been reached. 

 

3.3 STRAIN GAUGES FOR LOAD MEASUREMENT 

 

All of the strain gauge load cells have been fabricated by the manufacturer and are ready for 

installation.  These are bending strain gauges and are subject to error because of misplacement of 

the load from one wheel to the other on the dual wheels.  Dr. Lee, an expert on weight-in-motion 

systems, held discussions with the TxMLS staff.  He strongly recommended that new strain 

gauges be fabricated using shear strain gauges that are not subject to error owing to load 

placement, and are much more stable in evaluating load delivered by the individual wheels on 

the axles.  At this writing, this aspect of the program is still being evaluated and no 

measurements have yet been made of load calibrations of either type of strain gauge.  In the 

initial run of the TxMLS, it is intended to use the Captelss to calibrate the strain gauges and 

determine their accuracy in measuring applied loads. 
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CHAPTER 4  INSTRUMENTATION SHAKEDOWN 

 

4.1 WEATHER STATION 

A complete weather station has been set up as part of the Texas Accelerated Pavement Test 

Center (TxAPT) facility.  The weather station has been used previously with the Mobile Load 

Simulator (MLS) at each of its field locations.  However, the equipment had not been used for a 

period of about 3 years.  TxAPT requested that it be set up at The University of Texas, J. J. 

Pickle Research Campus (PRC) facility well in advance of construction, in order that the weather 

history for 3 months prior to construction could be recorded.  During the week of April 1, 2003, 

the weather station was set up at the TxAPT construction site, but would not operate.  After 

investigation, it was found that the interior of the system was full of water.  No one knows 

exactly how the water got in, but it had accumulated over time.  The recording center and data 

collection elements were replaced with new parts.  The weather station was made fully 

operational on August 21, 2003, and data collection began on June 27.  The contractor began 

excavation on June 16, 2003. 

 

4.2 MOISTURE CELLS 

 

It was decided early in the process that moisture cells would be installed in the test pavement.  A 

number of choices were available.  One possibility was the iButton, which has been used 

previously in concrete moisture testing by Dr. Frank McCullough on Project 0-1700, “Improving 

Portland Cement Concrete Pavement”; Project 5-1700, “Using iButtons in CRC Pavements”; and 

Project 0-1778, “Texas Rigid Pavement Database.” 

 

Ron White obtained several humidity iButtons from Mr. Dossey and ran a simple test to 

determine if these sensors could be used to monitor moisture in the soil.  The preliminary tests 

show that additional research is required to determine if the iButton humidity sensor is suitable. 

 

Dr. Richard Liu of the University of Houston developed the main moisture sensor devices.  The 

development was paid for under an Interagency Contract (IAC) from Texas Department of 

Transportation (TxDOT) Construction Materials and Pavements Division (CST/M&P).  Several 
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meetings were held with Dr. Liu and there was a discussion of the type and length of cables to be 

installed.  An installation plan was developed as shown in Figure 1.  This diagram illustrates the 

depth and location for the moisture cells.  Appendix D is the proposed moisture sensor 

installation procedures developed by John Bilyeu of TxDOT. 

 

4.3 TEMPERATURE MEASUREMENTS 

 

TxAPT also developed some temperature sensors with iButtons using the same source as the 

moisture sensors.  The TxMLS had previously used thermocouples, however, they are quite 

expensive, particularly given the special thermocouple wire that must be utilized.  We will 

compare the accuracy and durability of the thermocouples and iButtons during the first 

shakedown test on the new TxAPT site. 
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Figure 2. 
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4.4 CRACK DETECTION 

 

Several methods have been used for crack detection on accelerated pavement testing (APT) and 

other pavement evaluation.  On previous uses of the TxMLS, detailed maps of cracks using 

Mylar have been used.  This is far beyond the need of the method as far as we can determine and 

no plans to use such Mylar maps have been set up for this project.  Dr. Liu, University of 

Houston, has developed a camera for crack detection and recording.  That equipment has been 

provided to TxDOT, and will be examined as part of the shakedown results.  However, early 

examinations suggest that the camera is not precise enough to detect small cracks.  In the 

shakedown test and the early phase of testing, we plan to use visual observation of cracks and 

hand recording of cracks by human observers.  If the observers are trained and do accurate work 

often, then good results can be obtained, which are more precise than the general records of 

cameras. 

 

4.4 PROFILE MEASUREMENTS 

 

TxDOT has a profile-measuring device, which has been used previously with the TxMLS.  A 

new profiling device was commissioned and paid for by TxDOT to be developed by Dr. Richard 

Liu at the University of Houston.  That device was delivered to Austin, Texas, in spring 2003.  

However, it has many problems that have not yet been resolved.  The ends of the profiler were 

not synchronized and there was error introduced into the results.  Mr. Cy Helms and other 

TxDOT staff have been working to improve this device.  It will be debugged and further 

information recorded during the shakedown tests.  TxDOT has advised that the old profiler and 

other devices will be ready for debugging and testing during the shakedown test. 

 

4.6 MULTI-DEPTH DEFLECTOMETER (MDD) 

 

MDDs have been widely used with APT for many years.  They were first developed in South 

Africa and have been used with the TxMLS from its inception.  A complete description of the 

device and how it operates can be obtained at Dynatest’s Web site at 
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http://www.dynatest.com/hardware/CSIR/mdd.htm.   The Texas Transportation Institute (TTI), 

with Mr. John Ragsdale performing the installation and development, has installed the MDDs 

used in the shakedown test.  A complete set of recording equipment is available with the MLS 

equipment and will be operated by TxDOT. 

 

4.7 CAPTELS LOAD MEASURING EQUIPMENT 

The Captels static/dynamic load-monitoring system will be installed in the shakedown section to 

compare loads delivered by the axles to the measured strains with the load-sensing strain gages.  

TxAPT will perform an analysis to determine the impact of axle speed and weight on strain gage 

accuracy and verify the strain gage system is not sensitive to temperature.  The day-to-day output 

from the strain gage system will also be monitored to evaluate the stability and reliability of the 

system. 

 

Weigh-in-Motion (WIM) sensors manufactured by Kistler Instrumentation will also be installed 

in the shakedown section.  The output of these sensors will be evaluated to determine if they 

could replace the installation of the Captels sensors in future test sections. 

Recently, TxDOT purchased several low profile static wheel load-weighing platforms 

manufactured by Load-O-Meter.  These will be evaluated as a possible tool for resetting the load 

each time the TxMLS is raised. 

 

4.8 GEOPHONES 

TxDOT, in conjunction with Dr. Soheil Nazarian at The University of Texas/El Paso, installed 

geophones in the embankment and base of the first test pavements.  These devices will be 

evaluated according to future plans being developed by Dr. Nazarian and TxDOT. 
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4.9 TEST PLAN FOR THE SHAKEDOWN TEST 

A draft test plan for the shakedown test was initially prepared by Dr. Dar-Hao Chen and is 

shown in Table 1.  This test plan was discussed with Dr. Chen and others.  Testing intervals are 

shown as follows: 

1. Testing to be conducted at any interval: 
a. Record rolling MDD, strain gauge, and dynamic Captels data. 
b. Download the weather data every week, regardless of when the other data is collected.  

This way, we can fix (frequent) weather station problems right away with a minimum of 
data loss.  If the weather station is down, record manual temperature data hourly (12 
points per day). 

 

2. After approximately 3,200 repetitions, the data collection will be as follows:  
a. Do transverse profiles once. 
b. Collect pavement images with camera on laser profiler. 
c. Collect P-SPA and full SPA data on the same positions as before. 
d. Do regular FWD, remembering the two new points, 4.5C and 7.5C. 
e. Conduct FWD-MDD tests. 
f. Record the static weight using the Captelss load cell, MLS strain gauge data, and portable 

wheel load scale data as the loads are set. 
g. Record the MDD voltage readings. 
h. Check and record the tire pressures. 

 
Follow the same procedure at 10k, 32k, 100k, and 320k repetitions.   

 

1. After a large number of applications (approximately 320,000 axles), data will be collected as 

usual, except for the MDD and FWD.  A summary of the data collection plan is shown in 

Figure 2. 

 

For reference and possible consideration in this test, Appendix E presents the test procedure that 

was used on U.S. 59 test pad R31 in 1999-2000.  This is added as an appendix for ready 

reference and may be used to modify the testing to be carried out in the shakedown test. 
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Table 1. Test Plan for Shakedown test : PRC001 (DRAFT) 
 
Prior to Testing 
1. Install 4 thermocouples inside the MLS as shown in Fig. 1.  Set them near the 10.5m line so 

that the wires can be run through the Captels drain.  The thermocouples installed in the 
wheelpaths (one 820mm left of center and one 820mm right) will be at a depth of 0.75in.  
Install two thermocouples at the centerline, one at 0.75in and one on the surface.  Connect 
the thermocouples to the weather station.  Install using sawcuts to countersink the wires.  If 
all wires are run out the Captels’s drain, a larger PVC pipe will probably be needed.     

2. Do regular FWD tests with the load plate at the 27 locations shown in Fig. 1.  The FWD 
trailer should be turned around when collecting at the 9m and 10.5m gridlines so that the 
geophones remain on the test pad. 

3. Do transverse profiling using the mechanical and laser profiler.   Run the transverse profiles 
twice for the initial collection.   

4. Collect pavement images with camera on laser profiler. 
5. Spray-paint a spot 8 ¾” from the MDD centers and let that be the center of the FWD plate for 

FWD-MDD testing.  We can circle the load plate with paint so the FWD can easily be put in 
the same FWD-MDD position, and forget recording the FWD-MDD distances.  An 
alternative method is to mark the pad where the FWD trailer tires or nose wheel end up.  Do 
the three (4-load) FWD drop series at that location and another 4-drop series at about 18” on 
center.  Measure the anchor movement using the 7th sensor for all series, this time only. 

6. Conduct P-SPA, and Full-SPA tests from 3 to 9m that includes left, center and right wheel 
paths.  

7. Conduct 3 DCP tests at the locations shown in Fig. 1.  These may be moved later due to MLS 
clearance issues.   

8. Record the static Captels data, strain gauge, and scale data as the loads are set. 
9. Record the MDD voltage readings. 
10. Do GPR test to obtain layer thickness profile. 
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Figure 3.  Summary of the Data Collection Plan 
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CHAPTER 5  SUMMARY 

 

5.1 SUMMARY 

 

In summary, the shakedown test will be anything that is needed to evaluate all of the possible 

instrumentation and methodologies under review for use with the Mobile Load Simulator (MLS) 

at the Texas Accelerated Pavement Test Center (TxAPT).  We have tried to set up a regular plan, 

but this may be modified as necessary during these very early shakedown procedures.  A more 

well-defined, precise plan will be used in the first test in Project 0-4574, which was originally 

scheduled to be carried out by the TxAPT Center, but has now been transferred to the leadership 

of Research Supervisor Dr. Jorge Prozzi. 
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MEMORANDUM OF AGREEMENT 
(Revised October 2, 2003) 

 
OPERATIONS AND CONTROL OF TxAPT/MLS TESTING ACTIVITIES 

 
NOTE: 
 
This memorandum was drafted June 2, 2003, and circulated to the attendees listed below, plus 
Mr. Paul Krugler, RTI; and Dr. Randy Machemehl, Director, CTR.  This revised agreement 
reflects all comments from the group. 
 

INTRODUCTION 
 
There have been many discussions over the past year about operations and control of testing 
activities and operations of the MLS equipment during an actual test.  There has been a general 
consensus based on information from the California Accelerated Pavement Center that it was 
highly desirable to have an agreed upon Test Plan involving all parties for each individual test.  
Once a Test Plan is agreed to, a Test Master would be appointed to carry out that test in 
accordance with the Test Plan.  Any deviations from that agreed upon plan would be discussed 
immediately with other members of the coordinating committee for that test, but that only the 
Test Master, or his designated representative, would have the authority to alter a test plan. 
 
The reason for this approach is to ensure maximum operating efficiency for the MLS equipment, 
to provide maximum benefit and return on investment for TxDOT and the State of Texas.  There 
have been misunderstandings and concern about this approach and who would carry out which 
functions.  A meeting was held at the CTR conference room on May 28, to discuss these matters 
and to define an agreed approach.  Attending this meeting were Mr. Jeff Seiders, Dr. Dar-Hao 
Chen, Mr. Gary Graham and Dr. Mike Murphy, all of TxDOT Pavements and Materials Group; 
Dr. German Claros, TxDOT, RTI, and Mr. Ron White and Dr. W. Ronald Hudson, TxAPT, 
CTR. 
 
In this meeting, Dr. Hudson laid out the concepts of a Test Plan and Test Master and the need to 
have an agreement and a plan for moving forward.  Dr. Murphy pointed out that it was TxDOT’s 
plan to use Dr. Chen as Chief of Operations for the MLS and also as Test Master.  Thereafter 
followed significant discussion about various aspects of the approach and the resulting role of the 
TxAPT Center in future operations.  The purpose of this document is to define the roles of 
persons involved, commit those to writing and have them edited by all concerned persons so that 
a final memorandum of agreement can be prepared and signed by all parties; or provided to all 
under the signature of the appropriate person in TxDOT for our guidance.  The approach stated 
by Dr. Murphy for the Pavement and Materials team is that Dr. Chen will control all operations 
in each individual test and will serve as Test Master, in close cooperation with the individual 
Research Supervisor.  Drs. Claros and Hudson raised some concerns about this decision.  The 
consensus however, was that Dr. Chen will be responsible for preparing all future Test Plans for 
the operation of the MLS in collaboration with each Research Supervisor for the individual tests 
and serve as Test Master. 
 



 

 

The first test to be conducted will be the shakedown test, since that activity has been reduced to a 
single test section and since there are many unanswered questions, only a general Test Plan will 
be devised among the interested parties.  Dr. Chen is urged to prepare such a plan in conjunction 
with Dr. Claros, Dr. Hudson and Mr. White.  This initial plan will not be as rigorous as 
subsequent funded research but will guide the shakedown test. 
 
The first complete Test Plan will involve Project 0-4574, “Determine the Impact of HB 2060 
Permits on Texas Load Zone Roads” and will be developed by Dr. Chen in conjunction with Dr. 
Jorge Prozzi and his staff.  Dr. Hudson and Mr. White will participate in discussing and editing 
the Plan and in the committee.  Dr. Claros will participate as representative of RTI, RMC-1, the 
funding agency.  Other persons selected by TxDOT will sit on the committee, but the specific 
committee in each case will be clearly defined in writing, the Chairman to be selected by Dr. 
Murphy and Dr. Claros or a designated RTI representative. 
 
The second plan will be for Project 0-4358 “Materials, Specifications, and Construction 
Techniques for High Performance Flexible Base” to evaluate special base materials and new 
base specifications.  Dr. Chen, in conjunction with the RS will prepare this Test Plan for review 
of the committee. 
 
It is recommended Dr. Chen prepare a draft test plan for the shakedown test by approximately 
August 1, 2003, for discussion with the selected committee, which would be appointed at that 
time. 
 
ROLE OF TxAPT CENTER 
 
During the discussion and following the decision that the Test Master would be Dr. Chen, Dr. 
Claros raised the question of the purpose and role of TxAPT.  This was discussed at some length 
with Dr. Murphy expressing ideas he has developed over the last three years.  In the final 
analysis, it was outlined that the primary role of TxAPT will be to: 

1. Provide the necessary test facility, which it is doing under current construction contracts, 
2. Be the repository for APT data, 
3. Provide methods for cleansing, processing, storing and dispersing that data as needed, 
4. Provide miscellaneous support to the testing operations, as requested, 
5. Advise on all aspects of the testing as a member of various committees, 
6. Maintain close coordination and cognizance with other accelerated pavement test centers 

and testing results available from other sources to avoid duplication, 
7. Provide overall planning, input and guidance to accelerated pavement test programs for 

TxDOT, 
8. Assist in the formulation of an APT research program, 
9. And assist in the operations and data collection phases as desired by TxDOT. 
10. Provide Test Manager or Assistant Test Manager. 
11. TxAPT will maintain an ongoing accumulation of data collected on all research projects. 
12. It is anticipated that TxAPT staff will provide an ongoing theoretical basis for analyzing 

the data and accumulating data results to provide broader benefits of MLS testing beyond 
that on any individual research project. 



 

 

13. TxAPT staff will have ongoing knowledge of accelerated pavement testing procedures 
and of details that affect predicted results.  They will share these results with each 
individual project and Research Supervisor, however the OAG, including Dr. Murphy, 
Dr. Chen and Mr. Jeff Seiders agreed that TxAPT should provide peer review for all 
reports associated with accelerated pavement testing projects.  This will not replace the 
normal review process of reports through RTI, but will provide RTI and the Research 
Supervisor with input regarding the interpretation of accelerated pavement test data in the 
broader scheme of pavement evaluation. 

14. Assist with dissemination of results from accelerated pavement test center to help define 
the benefits of accelerated pavement testing, both statewide and nationally. 

15. Continue to assess both the benefit and cost of accelerated pavement testing for TxDOT.  
With this information, assess the benefit cost/ratio for maintaining an accelerated 
pavement test facility in Texas. 

 
At the Operating Advisory Group on September 23, 2003, it was agreed by all present, including 
Mr. Jeff Seiders, Dr. Chen, Dr. Claros, and Dr. Murphy that Mr. Ron White, or other TxDOT 
representative will serve as the “Test Master” or “Deputy Test Master” as applicable.  This is 
indicated on the attached organizational diagram.  As it now stands, in some cases, Mr. Ron 
White will serve as “Test Manager” with Dr. Chen serving as “Assistant Test Manager”.  In 
other situations, Dr. Chen will serve as “Test Manager” and Ron White will serve as “Assistant 
Test Manager”. 
 
Mr. Ron White and TxAPT staff will participate in the data collection; make appropriate 
suggestions for further cleansing, processing and storage on a daily basis. 
 
DATA HANDLING 
 
It was agreed that TxAPT would receive a copy of raw data in electronic form, the morning 
following the day it is collected.  Dr. Chen has stated that in his operation, TxDOT will only 
keep and store the data that is corrected and cleansed by Cy Helms or his representative, because 
it has worked the best in the past.  TxAPT requests that a copy of Cy Helms pre-processed data 
also be provided to TxAPT within three days of its collection.  TxAPT would like to receive this 
second set of data in exactly the format and contents that will be stored by TxDOT.  We will 
retain the raw data provided, but will also store the data provided by TxDOT in the pre-
processed version. 
 
TxAPT needs each data set to be furnished with a written commentary as to what has been done 
to the data, what adjustments has been made and what problems were discerned and adjusted. 
 
In an email memo dated May 28, Dr. Chen clarified his understanding and stated “Ron White or 
other CTR employees will be at the jobsite during the data collection to observe, monitor or 
assist data collection without directing the MLS operations/data collections.”  It will be 
important to edit this section of this memorandum of agreement and try to better define the role 
that Dr. Claros outlined for Mr. White or other TxAPT employees in terms of serving as Deputy 
Test Master and involvement in data collection.  I gather from Dr. Chen’s memo that he does not 
agree with the proposal to use Mr. White or TxAPT staff as Deputy Test Master or any others in 



 

 

the testing.  This is fine with TxAPT, as we have no proprietary interest, but we need a clear 
understanding of our responsibilities. 
 
DATA FLOW TO RESEARCH SUPERVISOR 
 
One thing that was not clarified in the meeting is data flow to the Research Supervisors.  It was 
implied that the data will be dispensed only by TxAPT Center so that the data being distributed 
will be uniform for all potential users.  However, Dr. Chen has already proposed that a different 
set of data will be stored by TxDOT and this needs to be clarified since it already creates 
divergence of the data which could be considered to be definitive for any given test.  We have 
suggested that TxDOT provide TxAPT with a copy of the data they actually intend to store.  In 
this approach, the only repository of the actual original data will be at TxAPT and two copies of 
the pre-processed (Helms) data will be available, one at TxAPT and one at TxDOT.  If TxAPT is 
to provide the data to the supervisor, then both sets we maintain could be provided, or it could be 
clearly defined which dataset is being provided to the Research Supervisor. 
 
THE ROLE OF INDIVIDUAL PROJECT RESEARCH SUPERVISORS 
 
Individual Research Supervisors will be heavily involved in the preparation of test plans for their 
individual tests.  A Master Test Plan will be devised with sub test plans for each individual pad 
or test site to be run within their experiment.  The Research Supervisor will work with Dr. Chen 
in preparing the draft plan and either the RS or Dr. Chen, or a chairman, will convene a 
committee meeting to review the Test Plan and agree on its operation.  This committee will 
involve the RS, the Test Master, representatives of TxAPT, and other interested parties, such as 
the PD, PC, and etc. selected and appointed by TxDOT.  RTI will also be represented.  Dr. 
Murphy and Dr. Claros, or a designated RTI representative, will jointly select each committee 
chairman. 
 

OVERALL DATA REVIEW AND ANALYSIS 
 
It was the strong recommendation of the Operating Advisory Group on September 23, 2003, 
which included participation of Mssrs. Seiders, Murphy, Claros and Chen, that there should be 
an ongoing, broader data evaluation perspective of TxAPT.  This will help insure that the 
broadest possible knowledge of data analysis of ongoing accelerated pavement test data be 
brought to bear on the accumulated findings of accelerated pavement testing.  Beyond that, this 
can be done on an individual project.  It also will help insure input from other accelerated 
pavement test centers can be utilized to provide the best overall results from the MLS data. 
 

REPORT PEER REVIEW 
 
After reviewing this document, the OAG committee strongly recommended that the TxAPT also 
serve as a peer review group for reports involving the TxAPT Center.  This would not replace the 
peer review to be carried out under normal RTI procedures, but would provide an additional 
component within 30 days of the draft of a submitted report, to the Research Supervisor and his 
staff to ensure that any aspects of the report take full advantage of the accelerated pavement test 
knowledge gained from previous tests and from the broader interaction of TxAPT Center. 



 

 

 
SUMMARY 
 
It should be clearly understood that the Research Supervisor does not have the authority to stop 
the test or change the Test Plan in any way.  This can be done by the Test Master and should, if 
at all possible, be cleared by the individual test coordinating committee in advance.  No changes 
should be approved that will shorten the life of the MLS equipment, interfere with subsequent 
testing schedules, or provide any kind of danger or damage not thoroughly evaluated in advance. 
 
There are many kinds of tests, for example thick concrete pavements, which could be set up that 
would consume a considerable portion of the viable life of the renovated MLS.  This is an 
extreme example, but is an example of why the Research Supervisor cannot control the activities.  
It is highly desirable that TxAPT and/or TxDOT continue to consider the portion of the time of 
the MLS lifecycle that will be consumed with any given test. 
 
ONGOING PLANNING ON THE BENEFIT OF ACCELERATED TESTING TO TxDOT 
 
In the concept for creating TxAPT, there was originally a strong desire to have TxAPT provide 
cohesion and leadership in the planning for long term benefits of accelerated testing in Texas and 
to maintain continuity with other test centers.  It is still important that these activities be carried 
out and that the activities continue to be focused on high payoff items of benefit to the Engineer 
Director of TxDOT and to the State of Texas.  If these goals are not kept in mind and adhered to, 
there is a possibility that the successful accelerated testing in TxDOT will be in jeopardy. 
 
In order to continue a long term planning phase and continuity for the future it is recommended 
that the Operating Advisory Group (OAG) be maintained and continue to meet at least once a 
year to provide focus and leadership for the activities. 
 
After review and edit, an agreement should be reached and signed for future operations. 
 



 

 

 

ORGANIZATION DIAGRAM 

The following diagram defines relationships: 

ORGANIZATIONAL CHART – FIELD OPERATIONS AT TxAPT CENTER 
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APPENDIX B 
 
 
 

TxDOT INSTRUMENTATION AND DATA COLLECTION PROCEDURES  
(PRINTED AS RECEIVED FROM TXDOT) 
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APPENDIX C 
 
 

INSTRUMENTATION SUMMARY MEETINGS 



 



 

 

INSTRUMENTATION - SUMMARY OF PRIOR MEETINGS 
 

Meeting Minutes 
07/01/2002 

 
Attendees:  Ronald Hudson, Dar-Hao Chen, Mike Murphy, Ron White 
Subject:  Instrumentation – Data collected on Previous MLD Test Sections 
 
Dar-Hao gave a presentation on data taken at previous MLD test sites. 
 

• At 10000 load reps, the collected data including FWD, Dipstick, seismic… 
• Each time data is collected, unit is shutdown for 1 to 2 days 
• 40 FWD drops – 10 X 4loads per location.  Now they drop 3 time X 4 loads X 10 

locations = 120 drops per data collection 
 
MDD data 
 

• Three inch limit between LVDTs 
 
Wander programmed in bogies does not mimic real world conditions.  Zone of influence under 
MLS is 1 meter.  In real world, the zone of influence is 1.2 meters. 
 
They measure profile 2 times before loading commences to establish basis. 
 
The best MLS data they have is from the Jacksboro sites. 
 
Load (several questions were raised pertaining to load measurements) 
 

• How much variability is due to Captelss vs. dynamics of bogies? 
• Hoe is load verified at other points of the test section other than at the Captelss 

scales? 
• What is documented procedure for setting and verifying the loads applied by the 

MLS. 
 
 
There is no cracking data because there were no discernable cracks. 
 
Coring – Not contained in the Jacksboro data.  Not collected with any set frequency. 
 
Laboratory Test Data – is contained in a separate database. 
   
 
 



 

 

 
October 28, 2002 
 
Instrumentation: 
 

A general discussion was held concerning the instrumentation that will be installed to collect test 
section data.   
 
German indicated it will be up to CTR to provide the instrumentation test plan to carry out the 
pilot project.  TxDOT will be responsible for having functional instrumentation available for 
installation.  The instrumentation tool box available to CTR will include: 
 
 
1. New moisture sensors from U of Houston, or existing TDR moisture sensors. 
2. New I button temperature sensors or exiting thermocouple temperature sensors. 
3. Load data from bogie mounted strain gauges or load data from existing Captelss WIM 

system. 
4. MDD data 
5. Weather data to include wind speed and direction, rainfall, and humidity. 
6. FWD 
7. SPA (DSPA, PSPA, SPA) 
8. Longitudinal and transverse profile data from new profiler device, old profiler and dipstick 
9. DCP 
10. Laboratory materials testing 
11. Coring 
12. Crack detection camera or visual condition survey 
13. Trenching 
 
The condition of some of these instruments is unknown as is the availability.  Existing Inter-
agency Contracts (IAC) should be review and renewed as needed to insure the outside expertise is 
available as needed. 
 
Existing and new instrumentation must be tested prior to installation in the test facility to insure 
proper function. 
 
Followup: 
 
Moisture sensors 
Cy will get new moisture sensor data from LTPP sites and give to Jorge for evaluation. 
 
Rich Rogers is in charge of moisture info from LTPP sites.  Get from the SPS1 site. 
 
CTR will  meet with Richard Liu at RMC1 to get additional information about the moisture 
sensors.   
 
MDDs 



 

 

 
MDDs under contract with TTI to supply and install MDDs.  John Ragsdale (IAC Contract).  Cy 
will follow-up on status of IAC. 
 
Need layout specs on number of LVDT per hole.  Minimum spacing of LVDTs.  Minimum 
distance from surface, etc. 
 
Weather Station 
 
Thermocouples – up to 25 thermocouples can be monitored.  (Dr. Hudson will follow up on 
temperature buttons (I-buttons) with Terry Dorsey).  It was suggested the whether station be 
moved to Pickle and tested on site.  I is currently being operated by Cy Helms at his office. 
 
Load Monitoring System: 
 
RGB is responsible.  Mike Murphy will ask RGB how they plan to calibrate and validate the 
loads from the strain gauge system. 
 
 Profiler –  The methods for data collection and processing should be documented and reviewed.   
 
DSPA – TxDOT just bought a new DSPA.  The date of delivery unknown.  Could borrow one in 
the meantime as needed. 
 
FWD 
PSPA  IACs are required for installation and/or data processing 
SPA 
 
Soils –   Texas Triaxial testing to be done by TxDOT on subgrade, and base materials? 
   UTEP to perform Mod. of Resilience testing on subgrade.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
 



 

 

December 18th, 2002 Email 
 
From: German Claros [mailto:GCLAROS@dot.state.tx.us] 
Sent: Wednesday, December 18, 2002 8:42 AM 
To: Mike Murphy; W. Ronald Hudson 
Cc: Dar Hao Chen; Paul Krugler; Ron White 
Subject: Re: Richard Liu Memo 
 
 
Dear Dr Hudson: 
 
I have made a quick review of the memo attached to this e-mail and have 
the following observations: 
 
1. The memo includes a lot of questions that can be solved by a phone 
call to Richard Liu.  
2. The possible layout is too tentative. You need to develop a more 
completed instrumentation layout. I do not think we need temperature 
sensors pair with the moisture sensors in the subgrade. You should 
investigate how other APT facilities instrument the subgrade. 
3. You should coordinate with the RS of the pilot study to define the 
sensor required for the base and surface layer. I do not see a need to 
install moisture sensors in the surface layer. 
4. Reading rate should be investigated by you and make a recommendation 
on that. reading rate will depend on data acquisition capabilities, 
storing, and real variation that needs to be capture. I do not see the 
need of more than 2 reading a day and even one may be enough. 
 
I would like to see a more developed layout before any meeting is 
conveyed. 
 

Hudson reply 
 
German we have been working on this since 2 months before RMC meeting . 
several phone calls plus 2 hour meeting at RMC with Liu. Then Bileu and Dar 
Hao get involved because his work is with them.  We cannot get real answers 
by phone. If you can do so Please do!! 
 Yesterday you seemed to agree that we needed to move on this meeting.,You 
could not attend the last meeting and gave your general OK to the plan, now 
you say it is not definitive, then you send a email "back to the drawing 
board".   You asked me to tell you when you Micro-manage. THIS is micro-
management'.WE have presented 2 plans.  I am not going to play games and 
present more modified plans until we have a consensus.I could revise 19 plans 
and no one would accept them until we have consensus .  
 
You said in our meeting with Paul  that this project took too much of your 
time.  It will if you second guess everything we do. 
 
You can work out the Liu memo with Mike . The ball is is in his court, but we 
need a meeting with LIU to find out really what he can do and when  . 
This is just the first step to try to get real facts on Instrumentation. Next 
is weather station then MDD  etc, etc, We always get" oh yeah, no problem", 
but no definitive facts, Cy Helms was helpful but now he tells up he cant 
deal with us ,only Dar hao. 



 

 

 As I mentioned on Tues, our approach is to try to work thru Moisture sensors as a trial, 

then move on others. 

 
-----Original Message----- 
 
  



 

 

January 8, 2003 Meeting Minutes 

 
 

1. Limit the number of sensors to 20 as this number can be handled by one control box. 
2. Put the top sensor in each hole very close to the base material for moisture information at 

this interface. 
3. Move northern and southern 3 sensors 10 feet further into the embankment, closer to 

where the test sections could be located. 
4. Install the sensors during the construction of the embankment but install one retrofit sensor for comparative 

study of the outputs with other sensors. 
5. Incorporate 2 water table portholes into this drawing. 
6. It was decided to have 2 control boxes and 40 sensors. 
7. Output from moisture sensors will be downloaded directly to laptop or desktop computers and will not be 

interfaced with the weather station. 
8. Pooling frequency will be 1 per hour per sensor.  This allows for 4-years of data storage on the control 

boxes.  The frequency of polling is programmable by the user. 
 
Temperature sensors – general consensus was that temperature sensors were not required in 
conjunction with every moisture sensor.  Additional discussions are required, but at this time, 
TxDOT plans install temperature sensors as they did at Jacksboro: 

 
In MLS – 3 gauges: 2 in wheel path outside WP 

 Outside MLS – 1 gauge in pavement (no mention of ambient air temperature) 
  
 
The question was asked should the back slope of the TxAPT embankment be sealed from 
moisture intrusion and evaporation. 
 
WRH feels this could lead to abnormal conditions.  The consensus was to not seal the back slope 
and to monitor moisture with the proposed gauges.  If moisture variation becomes a problem in 
the future, then having the slope unsealed gives us more options to correct the problem. 
 
Cy will work on a diagram to show how the moisture sensor leads will be run to the control box.  
Based on this, we will prepare a bill of materials that identifies the numbers of sensors to be built 
and required lead length for each. 
 
The control box for moisture sensors needs 110 VAC.  If power is lost, data is not lost but data 
collection is suspended.  Should we consider running a UPS circuit to the box to insure 
uninterrupted data collection? 
 
Optional phone line can be hooked up to the control box to download data remotely 
 
Get 30-40 lbs of gray clay should be collected and used to calibrate the moisture sensors to the 
embankment soil. 
 
WR Hudson will prepare revised embankment instrumentation plan. 
 



 

 

Richard Liu will propose adding a temperature probe to moisture probe as a separate 
instrument. 
 



 

 

March 3, 2003 Meeting Minutes 

 
Action Items: 
� Richard has researched the lead in wire for the moisture sensors and will send us several 

samples of wire to look at.   
� Cy Helms will go to Houston on March 12th , arriving at 10:00 AM to pick up the 

camera/profiler instrument and bring the equipment to Austin.  Richard will come  to 
Austin on March 20 and meet with project staff to validate the operation of the systems.   

� Cy will prepare an area in Building 41 where the device can be tested.   
� Ron White will prepare a memorandum describing all the instrumentation the TxAPT 

Center wants to install for the “Shakedown” test.   
� German will follow-up with Mark McDaniel for the TxDOT installation plans of 

geophone sensors. 
� Cy Helm will coordinate with John Ragsdale (TTI) for the MDD installations. 
� Jorge will provide a Tech Memo to define what he wants for instrumentation on the Pilot 

Project. 
� Cy Helms will install the weather station at the TxAPT site, on the existing embankment 

prior to May 12th, 2003. 
 
Meeting Notes: 
The goal of this meeting was to establish a roadmap by which all proposed instrumentation 
would be organized and made ready for installation on the first MLS test site.  The first test site 
will be the “Shakedown” test performed by the TxAPT Center staff.   
 
The equipment supplied by Dr. Richard Liu (University of Houston) was discussed first. 
 
Moisture sensors– 
These sensors will be manufactured and shipped to TxDOT by April 15th.  TxDOT will calibrate 
these sensors for the planned subgrade material.   
 
Richard has researched the lead in wire for these sensors and he will send us several samples of 
wire to look at.  The best candidate appears to be one with a thick plastic (polypropylene) jacket.  
All sensors will be equipped with the same cable. 
 
Two electronic boxes are being assembled by Richard to record the output from the sensors.  
Each box will have 20 input channels. 
 
Crack Detection and Profiler 
This device is ready to be shipped.  Cy Helms will go to Houston on March 12th at 10:00 AM to 
pick up the instrument and bring the equipment to Austin.  Richard will come back to Austin on 
March 20 and meet with project staff to validate the operation of the systems.   
 
Cy will prepare an area in Building 41 where the device can be tested.  A special frame will be 
assembled on which the device can be hung for testing. 
 



 

 

Richard Liu will send Users’ Manuals for all three devices to Ron White. 
 
Geophones 
TxAPT staff is waiting for a plan from TxDOT for the installation of geophones.  German will 
contact Mark McDaniel to follow-up. 
 
MDD 
The MDDs can take a maximum of three sensors per hole.  Normally, each test will have two 
MDD instruments installed in the test section.  Four MDD assemblies, but preferably 6, should 
be available to TxAPT for installation.  Cy Helm will be responsible for MDD installations.  He 
will coordinate with John Ragsdale (TTI) to get these units installed. 
 
Load Cell 
It is planned to install the Captelss load cell WIM system on the first “Shakedown” test to 
validate the function and calibration of the Strain Gauge load monitoring system.   
 
AC Strain Gauges– 
This was not discussed, but if the “Shakedown” section is constructed with 2" or more of asphalt, 
then we should consider installing an off-the-shelf strain gauge system for testing. 
 
Cy Helms will install the weather station at the TxAPT site, on the existing embankment prior to 
May 12th, 2003. 
 
Ron White will prepare a memorandum describing all the instrumentation the TxAPT Center 
wants to install for the “Shakedown” test.   
 
Jorge will provide a Tech Memo to define what he wants for instrumentation on the Pilot Project. 
Notes by Ron White 
 



 

 

 
TxAPT/TxDOT Project Status Meeting 

Meeting Minutes 
April 8, 2003 

 
Attendees: 
 John Bilyeu, TxDOT 
 Dar-Hao Chen, TxDOT 
 German Claros, TxDOT 
 Cy Helms, TxDOT 
 Ronald Hudson, TxAPT/CTR 
 Ron White, TxAPT/CTR 
 Tom Rioux, CTR 
 Yetkin Yildirim, CTR 
 André Smit, CTR 
 Sharon Campos, TxAPT/CTR 
 
 Absent: 
 Mike Murphy, TxDOT 
 Jorge Prozzi, CTR 
 Richard Liu, University of Houston 
 
1. Review Construction Contract 

 
Ron White gave an update on the status of the construction contract for the embankment.  The 1st 
envelope for bids will be opened on Thursday April 10, with the 2nd envelope being opened on 
April 11 and the review committee will meet on April 15 at 3:00 to receive the bid packages.  
Construction should begin about mid-May and the selected contractor will have 75 days to 
complete the project.  The utilities did get included in the bid package. 
 
Yetkin asked who is responsible for the mix design.  Ron said the contractor does the mix design 
as provided for in the second addenda.  CTR and /or TxDOT will have the ability to verify the 
mix design provided by the contractor. 
 

2. Status of MLS 

Dar-Hao Chen gave a PowerPoint presentation to update all attendees on the status of the 
renovations on the MLS. 
� The hydraulic changes to the MLS are 90% complete. 
� The power rail installation is complete. 
� The collector arm assembly and wire motors to the collectors assemblies are completed. 
� Generator is repaired and running. 

 
The following tasks remain to be completed: 



 

 

� Install the drive shafts.  There were some clips missing from the drive shaft assembly.  
The parts were suppose to have been shipped and should arrive at TxDOT on April 9.  If 
they do not receive, TxDOTs legal department will get involved in the process.  Cy 
Helms also stated that he would drive down to (Houston???) pick them up. 

� Run the mechanical test under load.  This can’t be done until the drive shafts are installed 
and the MLS is running (approximately 30 to 90 days - depending on drive shaft 
delivery). 

� Install strain gauges.  Strain gauges need to be installed and calibrated. 
� Install triggering system (to link axle number, axle count, load, MDD deflection).  There 

is an outstanding IAC with University of Houston.  Richard Liu will install the triggering 
systems under this IAC. 

� Debug crack and profile systems. 
� Need to add to this list: 

o Calibrate strain gauges 
o MLS Control Computers still need to be tested as new computer is being 

purchased. 
o Verify operation of the Captelss Load Cell system (Cy will do) 

 

Comments: 

German asked if there is enough money to fund another contract for another drive shaft if 
needed.  Answer was yes. 
 
Jorge Prozzi needs to be involved for the Pilot Study on the Captels load measuring devices and 
strain gauges. 
 

3. Instrumentation – University of Houston 
 
� Profiler – The new profiler/camera support is not operationally practical.  John Bilyeu 

will give priority to simplifying it.  U of H is sending manuals on how to operate the 
equipment.   

� Camera  - waiting on manuals to evaluate usefulness of digital camera. 
� Moisture Sensors – Will be calibrate by Cy as soon as they are received.  Cy will check 

20 of the sensors for calibration in clay and base material.  Not information was provided 
on the leading cable for the moisture sensors.  We will wait and see what we get from U 
of H. 

 
Ron White is performing simple experiment on the iButton moistures sensors.  If the preliminary 
test checks out, Cy will incorporate a few iButton moisture sensors in his moisture sensor 
calibration plan.   
 
U of H is working on a “next generation” moisture sensor we will consider for the future.  
Richard Rogers is project director on this project.   
 
4. Weather Station. 



 

 

The weather station is now set up at the TxAPT site and ready for use.  It has a built in data 
logger that records the data.  Usually the control trailer is near enough to it to download the data 
into a computer.  The system is currently being powered by 110 VAC with battery and solar 
panel backup.  We can periodically download data via laptop during the construction phase of 
the site or until the control trailer is moved on site.  There are different channels that need to be 
set up for the data.  Ron White will work with Cy to make the weather station operational. 
 

5. Captelss – WIM – Status -Quality Status of Existing Equipment 

Cy has three sets of frames for installing the WIM load cells and can have more fabricated as 
needed.  This is enough to instrument three pads.  He has 4 weight platforms.  Two large 
platforms with 6 load cell elements in each and 2 small platforms with 4 load cell elements in 
each.  If a load cell element fails, the plate can be repaired.  If a plate splits in two, a new plate 
would need to be ordered from France.   
 
Ronald Hudson asked for them to have at least 3-4 plates operational at all times in case one 
plate breaks.  Cy said he has dummy plates and that seemed acceptable to all.  If TxAPT needs to 
order, German asked for a memo from Ron White for approval to purchase and additional large 
plate. 
 
A comment was made that if the strain gauges work, we would need less of the Captelss.  The 
Captelss electronics are brand new and untested.  Cy will setup the system and check its 
operational status. 
 

6. Load Calibration of Strain Gauge 

Discussed under the status of the MLS above.  Need to add to the “tasks remaining” list that the 
strain gauges need to be calibrated. 
 

7. MDD – availability and purchase 

There is an existing IAC with John Ragsdale for installing the MDD.  German would like to see 
TxAPT self-sufficient and have someone on staff to install the MDDs.  CTL makes an MDD for 
about $5,000 per unit.  John Bilyeu indicated that the installation of MDDs is pretty intricate.  
Dar-Hao indicated he wasn’t willing to devote TxDOT manpower to learn the installation of the 
MDD since they are only installed only every once in awhile.  Maybe TTI could be hired and 
paid under separate money to come and install the MDDs. 
 
Some recommendations on how many to purchase: 

1. How will it be funded? 
2. Who will install? 
3. Types of MDDs. 

 
Ronald Hudson will look into the aspects of capabilities.  He is hard to reach, but has a crew who 
could train TxAPT staff to put them in. 
 



 

 

8. Existing profiler 

Need to use the existing profiler on the Pilot Study.  The new one will also be used so that it can 
be tested.   
9. Dipstick 

Dar-Hao doesn’t want to use the dipstick; isn’t sure it is needed.  Ronald Hudson wants to use 
dipstick as a backup test.  The dipstick doesn’t have a computer for downloading data; data is 
taken manually and then entered. 
 
10. Testing of MLS Control Computers and Data Collection 

Incorporated in one computer.  Getting a new computer, which still needs to be programmed.  
This item needs to be added to #2 above under “Tasks Remaining”. 
 
11. Temperature Devices 

� Thermocouples.  TxDOT has two spools of wire, which is plenty for the thermocouples. 

� iButtons –  Will be installed in conjunction with each moisture sensor.  They will also be 

installed in conjunction with each thermocouple. 

� DSPA.  TxDOT is ordering four sets.  This purchase in independent of the TxAPTC.  If 

needed for construction, one can be borrowed from UTEP. 

� RDD.  Question about what this is used for?  Used for uniformity.  Going to be used for 
selection of test pads. 

� FWD.  Also used to check for uniformity of test pads. 
 
12. Other 

There needs to be a couple of meetings set up soon.  One will be a meeting to determine who 
will read the data and will process the data and give to TxAPT for loading on the website and 
Access.  Specific procedures need to be in place so all data can be read and downloaded easily.  
Have to do a dummy analysis first before putting final data collection procedures in place. 
 
Geophones.  There has been talk (Mark McDaniel, Soheil Nazarian) about putting geophones in 
the embankment (?) but no plan has been submitted for review.  John Bilyeu will send email 
requesting the plans. 
 
Fiber Optics.  Ferguson labs have fiber optics.  The UT ITS fiber optics is not normal TxDOT 
ones.  Tom Rioux said that the ones that UT has would work for TxDOT. 
 
Jorge Prozzi will contact John Bilyeu to set up meeting on the Pilot Study. 



 

 

 
TxAPT Center 

Materials Testing Meeting Minutes 
May 27, 2003 

 
Attendees: 
 Mike Arellano, TxDOT, CST 
 John Bilyeu, TxDOT/CST M&P 
 Sharon Campos, UT/TxAPT 
 German Claros, TxDOT/RTI 
 Greg Cleveland, TxDOT/CST M&P 
 Ronald Hudson, UT/TxAPT 

Jorge Prozzi, UT/CTR 
 Tom Rioux, UT/TxAPT 
 Ron White, UT/TxAPT 
 Andrew Wimsatt, TxDOT/FTW 
 Yetkin Yildirim, UT/CTR 
 
The purpose of the meeting was to discuss materials testing and the instrumentation status. 
 
Action Items: 

1. German Claros will talk with Mark McDaniel to discuss the geophone issue. 
2. German Claros will send written approval to purchase two Kistler sensors. 
3. Mike Arellano will establish the testing frequency for soils and base testing. 
4. Ron White will call Mark Jones about a new schedule for the Pre-Construction meeting. 
5. Jorge will write up the process for test section selection. 
6. Tom Rioux will define some questions about the MLS data collection process and data 

cleansing. 
 
Agenda and Discussion: 

1. Finalize and assign persons responsible for the materials testing and site construction QA 
testing. 

a. Mr testing 

b. Sample quantities 
 
Asphalt test strips will be laid on one day and the remainder of the TxAPT embankment will be 
paved the next day.  This sequence will allow cores from the test strip to be collected and 
verified for percent air voids. 
 
Greg Cleveland will oversee the paving operations, organize GPR, inspect paving laydown, A/C 
material testing, etc. 
 
TxAPT will confirm who will perform the Mr test (Soheil or TTI).  Mike will provide TxAPT 
with the required quantity of material for this test. 



 

 

 
Mike Arellano will establish the testing frequency for soils and base testing so that the sample 
sizes can be established. 
 
We have no power over the contractor to enforce the air voids specification (5 to 7%).  We must 
use the Pre-Construction meeting to discuss these issues with the contractor.  It was suggested 
that we also request a Pre-Paving meeting as well to define the paving process and the sampling 
requirements. 
 
German Claros suggested we assign one person for each material to make sure all testing is 
covered.  The following assignments are as follows: 

� A/C – Greg Cleveland 
� Base – Mike Arellano 
� Subgrade – Jorge Prozzi 

 
It was suggested we use stratified random sampling to select core locations for testing A/C air 
void content. 
 
In addition to material samples, we also need an estimate of how many A/C cores will be needed 
for laboratory testing. 
 

2. Discuss any progress made since the last meeting on instrumentation, specifically: 

a. Status of moisture sensors 
John Bilyeu has a commitment from Richard Liu for delivery by end of June.  They should be ready to go July 7. 

b. Status of weather station-is it collecting data - when can we start downloading 
data 

Weather station is on the TxAPT site, however it still is not collecting data.  Dr. 
Hudson asked if they could please connect it and begin collecting data for TxAPT 
to look at. 

c. Status of the MLS repairs 

MLS was turned on and still had problems with drive shaft.  They are ordering 
more parts and will attempt again soon. 

d. Status of the triggering system for recording data 

Richard Liu is developing it.  Further information is pending 

e. Status of the new profiler/camera system 

No progress to date.  They are converting it to a manual system. 

f. Geophone status 

German Claros will talk with Mark McDaniel to discuss the geophone issue. 



 

 

g. Other instrumentation 

a. Alternate WIM sensors 
German Claros gave verbal approval to buy two Kistler sensors for testing on the shakedown section.   He will 
follow up with written approval. 
 
3. Status of the construction contractor 

UT Physical Plant was still waiting for some insurance and bond packages from Ranger. 
4. Preparations for the pre-construction meeting (tentative date is still June 5) 

Ron White will call Mark Jones about a new schedule for the Pre-Construction meeting. 
 
5. Discuss the Pilot Study and Shakedown Test Plans. 

Ron White did not have a test plan for the shakedown test.  Jorge handed out a test plan 
for the Pilot Study.  Jorge will write up the process for test section selection. 

 
6. Discuss data cleansing/processing protocols 

Tom Rioux will define some questions about the MLS data collection process and data cleansing.  
He will arrange for a meeting with Cy Helms, John Bilyeu, Jorge, to discuss this process and 
establish some basic guidelines.  Once established, the basic guidelines will be tested during the 
shakedown test. 
 
 



 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
APPENDIX D 

 
 

TXDOT PROPOSED MOISTURE SENSOR INSTALLATION PROCEDURES 



 



 

 

Moisture Sensor Installation Procedure 

 
Gather some tools and supplies: 
 Total-station to shoot locations 
 Tape measure to measure depth 
 10-inch auger or at least a post-hole digger 
 Pointy digging tool (for digging trenches in subgrade) 
 Saw (for digging trenches in base) 
 Plate compactor for repacking trenches 
 Tamping rod to compact soil in sensor holes (4x4 lumber?) 
 Shovels (full size and hand trowel) 
 Screenings (to protect sensors in base layer) 
 Spray paint 
 Marking pens, tape 
  
Preliminary work: 
Label the sensors with their location.  Suggested marking scheme: 
 

 
 
   
 
 
Then at location 3 for example, there can be a 3T (top) 3M (mid) and 3B (bottom).  Label the 
sensors on both ends of the line so there’s no confusion later.   
 
The M and B sensors will be installed after the embankment (subgrade) is constructed and before 
the base layer is constructed.  The T sensors will be installed after the base layer is constructed. 
 
Establish a reference point (and back-sight) somewhere off the embankment.  These points must 
remain intact during base layer construction.  Set up the total-station at the reference point and 
shoot in the locations of all the sensor holes.  Mark them with spray paint. 
 
 
At each location, dig or augur 20 inches into the embankment and set the bottom sensor there: 



 

 

20 in

 
 
 
Carefully refill and repack the soil into the hole until it is 6 inches deep.  Put the mid sensor at 
that depth: 
 

6 in

20 in

 
 
Dig a trench, about 2 or 3 inches deep, leading away from the hole.  Bury the two wires in the 
trench and repack the original soil into the hole and trench.  Use the plate compactor to smoothly 
compact the soil over the trench and hole: 
 

 
Wait until the base layer is put down. Then set up the total-station and re-shoot the locations, 
marking them with spray paint.   
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Dig or augur halfway (4 inches) into the base.  Sawcut a small trench leading away from the 
hole, similar to the trenches in the subgrade.  It may be necessary to make sawcuts.   
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Set the top sensor at a depth of 4 inches.  Bury the wire 2 or 3 inches below the surface same as 
the previous wires.  Put a shovel full of base screenings on the sensor to protect it from sharp 
pieces of base: ��������������������������������������
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Replace the base material and use the plate compactor to smooth everything out:  
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That’s it! We will probably want to check the sensors immediately after installation to see how 
many we broke.  
 
 
 
 
 
 



 

 

Trench map: 
 

 
 
Note: The exact location of the i-button collection boxes has not been pinned down yet.  The two 
collection boxes for Richard’s moisture sensors will most likely go on the east side of the 
embankment (directly east of location 5). 
 
 



 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
 
 

TEST PROCEDURES FOR US59 TEST PAD R3-1 (DRAFT) 
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