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1.  Introduction 

1.1 Background 
The Texas Department of Transportation (TxDOT) initiated Research Project 0-

4035 in fiscal year 2000.  The goal of that research project was to develop and recommend 
an improved design for a prestressed concrete pavement (PCP) that would be a cost-
effective state-of-the-art pavement alternative to conventional paving methods like 
continuously reinforced concrete pavement (CRCP).  During the development of the 
research stage of that project, the researchers developed a design procedure and prepared a 
first draft of the special specifications that would be used for construction of a new PCP to 
be constructed in Texas. 

 
The current implementation project has been in charge of finalizing all the details 

required for the design and construction of the new PCP to be built on the main lanes of 
IH-35 near Hillsboro.  It is expected that the final results obtained from this 
implementation project will result in substantial benefits to TxDOT. 

 

1.2 Objectives 
The main objectives of the current implementation project focus on the effective 

application of the required procedures for the final design and construction of the new PCP 
and also on the development evaluation and monitoring plans for both short-term and long-
term performance of the PCP.  To pursue these objectives, a well-planned approach was 
prepared by researchers and is presented in this report.  Additional objectives of the project 
include recommendations for materials, a methodology to compare the PCP with CRCP, 
and a proposed methodology to estimate the financial feasibility of the PCP technology. 

 
The primary objective of this report is to inform about the actions undertaken for 

Implementation Project 5-4035.  The information contained in the report summarizes the 
tasks conducted for the development of the project according to the original work plan. 

 

1.3 Methodology 
This document is organized in five chapters that detail activities performed to 

accomplish the objectives previously stated.  The contents of each chapter in the report can 
be summarized as follows: 

Chapter 1 is an introductory section that provides key background information 
about the project and describes its objectives. 

Chapter 2 contains a summary of the final design details adapted from the original 
work performed during the research.  A series of figures show most of the details contained 
in the design standards presented in Appendix A. 
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Chapter 3 discusses some of the most important aspects and discussions held at 
project meetings with TxDOT personnel collaborating on this project.  This chapter intends 
to document some of the technical support provided to TxDOT. 

Chapter 4 presents a proposed monitoring plan that will help evaluate the short-term 
and long-term performance of the PCP section. 

Chapter 5 includes conclusions of the work done from the starting of the project and 
up to the end of the fiscal year (FY) 2005 and provides recommendations for future work. 
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2.  Design Details 

2.1 Introduction 
The design of the PCP was originally conducted under TxDOT Research Project 0-

4035 “Further Development of Post-Tensioned Prestressed Concrete Pavements in Texas.”  
Then, during the development of the current implementation project, that design was 
modified to satisfy the new requirements of geometry.  In other words, because the 
dimensions of PCP slabs and the number of highway lanes changed from the original 
design to new requirements, an adaptation of the previous design was conducted.  
Additionally, in order for TxDOT to prepare the PS&E package, a joined effort between 
CTR and TxDOT was conducted to prepare final design standards and special 
specifications, contained in Appendix A and B, respectively.   

This chapter presents the design details of the PCP as they are presented in the 
design standard sheets. 

 

2.2 Design Standard Details 
This section presents some details of the design standards prepared for the PCP.  

For a complete detail of the design standard sheets, the reader is referred to Appendix A. 
 

2.2.1 Plan Layout 
Figure 2.1 presents a portion of the plan layout for 100 ft long PCP slabs.  This 

layout is very similar for slab lengths of 100 ft. and 300 ft.  The only difference between 
the layouts for different slab lengths is the location of longitudinal and transverse tendons. 

 
For 100 ft long slabs, the spacing of transverse tendons starts with 3 ft. for the first 

tendon, 4.5 ft. for the second tendon at both ends of the slab.  Then, from the middle span 
of the slabs, where central stressing pockets are located the tendon spacing is 5 ft. for the 
first and 7.5 ft. for the second, on both sides of the center of the slab.  Finally, all the 
intermediate tendons in the slab will be spaced be 6 ft. center to center. 

 
Similarly, for 300 ft long slabs, the spacing of transverse tendons starts with 5.5 ft. 

for the first tendon at both ends of the slab.  Then, from the middle span of the slabs, where 
central stressing pockets are located the tendon spacing is the same as for 100 ft long slabs, 
that is, 5 ft. for the first and 7.5 ft. for the second, on both sides of the center of the slab.  
All the intermediate tendons in the slab will be spaced be 6 ft. center to center. 
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Figure 2.1 Layout of 100 ft.-long PCP slabs 

 
Figure 2.2 displays a detail of longitudinal tendons.  As seen, tendons for 100-ft.-

long slabs will be spaced at 30 in. and for 300-ft.-long slabs, the spacing will be 15 in.  In 
both cases, small variations must be made at the edges of the slabs to accommodate other 
hardware in the slab.  For further detail of longitudinal tendons, the reader might need to 
check Sheets 2 and 3 of the design standards contained in Appendix A. 
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Figure 2.2 Layout of longitudinal tendons for PCP slabs 

 

2.2.2 Miscellaneous Details 
The complete set of miscellaneous details for the PCP design standards can be 

found on Sheets 4 and 5 in Appendix A.   
 
Figure 2.3 displays an enlarged image of Section F-F in the PCP design standards.  

This figure shows the setup of the transverse joints of the PCP and the required hardware.  
A Type SSCM2 armored expansion joint will be welded to a plate at the beginning and the 
end of the project, where the PCP section reaches the contiguous CRCP section, as shown 
in Detail C.  For all the intermediate transverse joints, the Type SSCM2 armored expansion 
joint will be welded to steel angles to provide the PCP thickness, as shown in Detail D. 

 
A couple of deformed anchor bars will be welded to the armored joint and those 

will be embedded in the concrete to avoid a rocking effect of the joint when loaded with 
traffic.  Threaded studs will be used to attach anchorages to the armor joint.  Stainless steel 
dowel bars will be used to transfer loads from slab to slab at their ends, just like a 
conventional jointed pavement. 
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Figure 2.3 Setup and hardware used for transverse joint of PCP 

 
Figure 2.4 shows Section E-E, which will be required for the end slab that will be 

constructed at the beginning and end of the PCP section.  This end slab will act as a 
transition zone between the CRCP and the PCP sections and will accommodate the 
expansion and contraction movements of the PCP slabs.  Note that longitudinal tendons 
will only be required on the side of the transverse joint where the PCP is constructed, in 
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this case the right side.  The end slab will not require tendons; it will only need dowel bars 
and reinforcement steel as indicated. 

 

 

Figure 2.4 Detail of end slab required at start and end of PCP section 

 
Figure 2.5 shows Detail A in the design standards, which represents a layout of a 

central stressing pocket and the grout vents located nearby.  The pocket will be 8 in. wide 
and 48 in. long with bent reinforcing steel bars located at both ends in longitudinal 
direction that will prevent corner cracks originating at the pocket.  The grout vents will be 
located between 3 in. to 12 in. from the pocket, as shown in Section J-J. 
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Figure 2.5 Layout of central stressing pocket and grout vents 

 
Figure 2.6 shows Detail F of the design standards.  The detail shows a plan view of 

the transverse tendons that were recommended for the PCP.  It can be seen that although 
the anchorage and grout duct allow inserting three steel strands, only two strands will be 
used to obtain the required prestress level in transverse direction.  The grout vents will be 
located 15 in. from the longitudinal edge of the PCP slab. 
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Figure 2.6 Plan view of transverse tendon and grout vent 

 

2.3 Summary 
This chapter presented condensed information about the design details of the PCP 

that will be constructed in the Waco District, on IH-35 near Hillsboro.  At press time, no 
major modifications or changes were made to the information presented here.  If the reader 
requires more detailed information about the design standards or the special specifications 
drafted for this project, Appendices A or B will be helpful.  Otherwise, researchers or the 
District Pavement Engineer in Waco, Texas, Billy Pigg, should be contacted. 
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3.  Technical Support 

3.1 Introduction 
The initial design of the PCP was conducted under TxDOT Research Project 0-

4035.  Due to the uncertainty about the final layout of the pavement section, some changes 
were made to prepare design standards for the final geometry of the section.  The design 
standards for the final layout of the PCP are contained in Appendix A in this report. 

This chapter presents a summary of the technical support provided from CTR to 
TxDOT and contains the most important technical aspects discussed during meetings and 
informal conversations with TxDOT personnel collaborating on this project. 

 

3.2 Design-Related Efforts 
This implementation project started a few weeks later than originally planned; 

however, some initial tasks were performed to provide answers to some questions TxDOT 
had at the time.  Among these tasks were the testing of the natural soils along the future 
PCP and control CRCP sections and the estimation of their elastic properties.  The 
following subsections describe those tasks. 

 

3.2.1 Dynamic Cone Penetration (DCP) Testing 
According to the literature (Ref 1), the area where the PCP section will be 

constructed is described as having clayey soils with low strengths and severe shrinking-
swelling characteristics.  Figure 3.1 displays a picture taken at one location on the median 
along IH-35 where the PCP will be located.  As can be seen, the natural soil presents wide 
cracks due to water migration. 

 

 
 

Figure 3.1 Clayey soils found along IH-35, Hill County 
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To determine the strength of the soils, DCP testing was conducted in different 
locations along the highway.  Tests were conducted on the median and outside the current 
pavement structure.  Figure 3.2 shows the field crew running the test on the median. 

 

 
 

Figure 3.2 DCP testing conducted on highway median 

 
The DCP test was conducted and in-situ strength of the natural soil was calculated 

according to ASTM D 6951 “Standard Test Method for Use of the Dynamic Cone 
Penetrometer in Shallow Pavement Applications.”  Values for California Bearing Ratio 
(CBR) and Modulus of Elasticity (E) were obtained.  Modulus values varied from 4 to 17 
psi depending on the location and depth of the soil. 

 

3.2.2 PCP Design Revision 
Another task that was conducted as a preliminary effort for the design revision of 

the PCP was the back-calculation of the elastic properties of the existing pavement and the 
calculation of the prestress level of the PCP slabs.  The obtained results where then used to 
estimate the new tendon spacing. 

 
As requested by TxDOT, tendon spacings were calculated for slabs with different 

lengths, including 100, 200, and 300 ft.  Longitudinal tendon spacings calculated and 
reported to TxDOT were 30 in., 20 in., and 16 in., respectively, for the aforementioned 
lengths.  For the final design standards, TxDOT considered only 100 and 300 ft long slabs 
and tendon spacings were 30 in. and 15 in., respectively. 

 
Along with the design revision of the PCP, CTR provided copies of some literature 

about post-tensioning systems, extrusion joints fabricated by D. S. Brown and Watson 
Bowman Acme, to TxDOT.  The literature contained application and specifications of the 
hardware. 
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3.2.3 Design Standards 
As part of this implementation project, design standards had to be drafted so that 

TxDOT could prepare the plan, specification and estimate (PS&E) package and then 
continue with the letting of the project.  The first set of design standards were prepared at 
CTR using AutoCAD and went then to TxDOT for review.  Next, TxDOT converted the 
drawings using Microstation, which is the software used at the agency. 

 
The details of the design standards were discussed in a meeting held at TxDOT 

Waco District Office on February 25, 2005.  At that time, CTR and TxDOT discussed 
some details and decided to add some information to the plans to ensure better 
understanding by contractors in the letting (bidding) and the construction stages of the 
proposed contract.  The final version of the design standards were prepared by TxDOT in 
the agency’s template and are included in Appendix A. 

 

3.2.4 Special Specifications 
Due to the nature of this project and because no standard construction practices 

exist, it was necessary to prepare a set of special specifications (SS) that will facilitate the 
construction of the PCP.  A first draft of the SS was prepared by the researchers and was 
submitted to TxDOT for review.  As was done with design standards, the SS were always 
updated after discussions were held between TxDOT and CTR at official meetings and 
through phone conversations and e-mails. 

 
The final version of the SS is titled “Post-Tensioned Concrete Pavement” and 

received TxDOT Number 3045, for control-section-job (CSJ) number 0014-24-049.  These 
SS were given to contractors for letting purposes and were clarified during the pre-bid 
meeting held on July 26, 2005. 

 

3.3 Summary 
This chapter briefly documented some of the milestones accomplished during the 

development of this implementation project.  At press time, design standards and special 
specifications have been drafted and were used for bidding purposes.  A pre-construction 
meeting will be held in December 2005, where TxDOT, CTR researchers, contractor, and 
other interested entities will have the opportunity to discuss any additional issues related to 
the construction of the PCP.  In the meantime, CTR will continue providing technical 
support to TxDOT regarding this project. 
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4.  Monitoring Plan 

4.1 Introduction 
According to TxDOT’s plan, the construction of the PCP on IH-35 near 

Hillsboro,Texas will be performed in several stages, probably during two or more years.  A 
definite plan is not yet available and, therefore, it has not been easy to draft a very concise 
monitoring plan during construction and post-construction of the pavement.  As is well- 
known, one of the main objectives of this project is to evaluate the cost-effectiveness of the 
PCP technology compared to conventional CRCP construction.  The best approach to 
compare both paving technologies is by conducting a comprehensive monitoring plan 
during and after construction.  During this implementation project, a close monitoring plan 
will be followed and construction of the PCP will be documented for future reference.  A 
proposed monitoring plan is presented in this chapter; however, it might need to be 
modified once construction starts and construction pace adjusts. 

 

4.2 Proposed Tasks  
The performance monitoring plan proposed for this project encompasses five 

subtasks.  Although the plan focuses on the evaluation of the PCP, some tasks also will be 
conducted to assess the control CRCP section.  The activities to be performed during 
construction of the PCP are described in the following subsections. 

 

4.2.1 Evaluation of in-situ Concrete Properties 
A number of in-situ concrete properties will be evaluated during and after 

construction.  Some of the properties to be evaluated include concrete strength, modulus of 
elasticity, drying shrinkage, relative humidity, temperature, and thermal coefficient.  Table 
4.1 contains the proposed performance monitoring and instrumentation plan, which might 
be adjusted once construction starts, as previously mentioned. 

 
In Table 4.1, Activity No. 1 will verify that materials or products used for 

construction of the PCP meet the specified requirements, as per SS.  Materials will be 
sampled and tested per appropriate testing procedures at the given frequency as 
construction progresses. 

Activity No. 2 consists of measuring slab thickness and fresh concrete temperature 
at discharge.  Air content, slump, and unit weight of the fresh concrete will be measured 
too. 

Activity No. 3 evaluates concrete strengths and elastic modulus at various ages.  
Likewise, the coefficient of thermal expansion of concrete will be measured once per slab.  
The in-situ concrete strength evaluation for post-tension application will be done by 
maturity method. 
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Table 4.1 Monitoring plan for pavement evaluation 

Description Work Plan

Sampling and Testing of Finished Products 
or Materials

Sample at least once a month, as lots become 
available

Polyethylene Sheeting, Steel Strands, Strand 
Anchors, Transverse Joint and Hardware, 
Strand Ducts, and Grout

Testing to ensure specification requirements 
are met

Sampling and Testing of Fresh Concrete

Pavement Thickness and Temperature 3 tests evenly distributed per slab
Air Content, Slump, and Unit Weight 1 test per slab
Testing of Hardened Concrete
Cylinders
Compressive Strength Test at 3,7,14, and 28 days
Splitting Tensile Strength Test at 3,7,14, and 28 days
Concrete Modulus of Elasticity Test at 3,7,14, and 28 days
Concrete Thermal Coefficient Test between 3 and 28 days, 1 test per slab

Concrete Maturity Test for early age strength, at least 1 test per 
slab

Beams
Flexural Strength Test at 3,7,14, and 28 days
Nondestructive Pavement Testing
Evaluation of Structural Condition of the 
Pavement
Falling Weight Deflectometer (FWD) Perform test before opening to traffic
Rolling Dynamic Deflectometer (RDD) Perform test before opening to traffic
Instrumentation
Short-Term Instrumentation
Concrete Temperature Use 1 i-Button assembly per every slab
Weather Information and Concrete Relative 
Humidity

Set up weather station and use relative 
humidity gauges. Measure continuous data

Concrete Strain
Install 3 vibrating wire (VW) gauges 
longitudinally and transversely per every 12 
slabs

Horizontal Movement Install 2 joint meters per instrumented slab at 
both ends. Compare to caliper

Vertical Movement Use 4 analog dial gauges or other devices per 
instrumented slab, 2 at each end of slab

Load-Deflection Profile Test using FWD and RDD before opening to 
traffic

Condition Survey Perform daily inspections during and after 
construction

Long-Term Instrumentation

Horizontal Movement Measure monthly using calipers during first 6 
months, once a year thereafter

Vertical Movement Measure monthly using analog dial gauges 
during first 6 months, once a year thereafter

Condition Survey Survey monthly during first 6 months, once a 
year thereafter

Load-Deflection Profile Perform test every 1 or 2 years after 
construction, if possible
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Activity No. 4 relates to nondestructive testing (NDT) of the pavement.  Ideally, a 
rolling dynamic deflectometer (RDD) that collects continuous load-deflection profile data 
will be used in at least one of the two wheel paths in each lane.  Additionally, a falling 
weight deflectometer (FWD) will be used to measure discrete load-deflection locations 
along the profile of the pavements.  Special attention will be given to the transverse joint 
area to check load transfer efficiency. 

Activity No. 5 refers to the short-term and long-term instrumentation schedule of 
the pavement.  During this activity, a series of tasks will be conducted to evaluate the PCP 
and CRCP during construction and after construction.  Among the instrumentation gadgets 
that will be used are hygro-buttons to measure concrete relative humidity, i-buttons to 
measure concrete temperature, vibrating wire gauges to measure concrete strain, joint 
meters to measure joint horizontal movement, and dial gauges to assess slab vertical 
movement.   

 

4.2.2 Complementary Tasks 
A number of additional field tasks will be performed during the monitoring period 

that corresponds to this implementation project.  For the short-term these tasks include 
recording ambient and fresh concrete temperatures at different depths across the slab, 
recording end-of-slab longitudinal movements at the time of post-tensioning, measuring 
tendon elongation to verify that the required prestress force is applied to the concrete, 
measuring concrete compressive strength in accordance with Tex-418-A or estimate the 
compressive strength using maturity method in accordance with Tex-426-A to determine 
the maximum prestressing force that can be applied to the slab at the anchor zone. 

 
Similarly, and for the long-term it will be necessary to record ambient and hardened 

concrete temperatures at different depths across the slab, to conduct visual condition 
surveys including a detailed observation of the transverse joints and neoprene seals, to 
measure horizontal and vertical slab movements and joint widths, to estimate load transfer 
efficiency at the transverse joints and to evaluate the structural condition of the pavement 
using RDD and FWD.  As already stated, some of these tasks will not be conducted under 
this implementation project, but possibly under other research projects. 

 

4.3 Preliminary Field Work Schedule 
Figure 4.1 presents a working schedule that could be implemented when 

construction of the pavement takes place.  The schedule assumes a working shift of eight 
hours and is divided in three main categories.  Category 1 includes all the necessary tasks 
that will be conducted to test the fresh concrete such as measurement of slab thickness, 
concrete temperature, concrete air content, slump, unit weight, and maturity.  As can be 
seen in Figure 4.1, the preparation for these tests should be performed in advance prior to 
any other tasks are pursued. 

 
Category 2 includes the tests that will be run on hardened concrete samples like 

strength, modulus of elasticity, and concrete thermal coefficient.  Finally, Category 3 
includes all the tasks to be performed for the instrumentation of the pavement.  Note that 
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these tasks were intentionally left until the end of the working day because they will help 
continuing with the tasks in Category 1 for the next working day, when new PCP slabs are 
poured. 

 
0 1 2 3 4 5 6 7 8

Fresh Concrete
Slab Thickness
Temperature
Air Content
Slump
Unit Weight
Maturity

Hardened Concrete
Compressive Strength
Splitting Tensile Strength
Modulus of Elasticity
Thermal Coefficient
Flexural Strength

Pavement Instrumentation
i-Button
Concrete Relative Humidity
Concrete Strain
Slab Horizontal Movement*
Slab Vertical Movement*
Condition Survey

Nomenclature
Testing / Monitoring Time

Preparation Time

* Instrumentation is only done for PCP section

T   I   M   E   (  h  r  )Task Description

 
 

Figure 4.1 Preliminary field work schedule 

 

4.4 Summary 
A comprehensive monitoring plan has been prepared and is ready for 

implementation when construction of the PCP starts.  According to TxDOT’s information 
it is expected that when construction starts, the completion of the project will take between 
two and three years, depending on the agency’s construction budget and priorities.  
Although the monitoring plan was prepared and this implementation project will only last 
one more year, it is expected that the plan will be followed possibly under this project, if it 
is extended, or maybe under another project. 
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5.  Conclusions and Recommendations 

5.1 Introduction 
The construction of PCPs is not a very frequent task in the highway industry.  

Nevertheless, it is certain that the level of confidence shown by highway agencies has 
grown for this promising type of pavement technology.  The PCPs constructed nationwide 
in the past have shown that the performance of PCP is outstanding; however, it has not 
been clearly demonstrated yet that PCPs are also economically feasible in the long-term.  It 
is strongly believed that once the PCP being implemented by this project is constructed and 
after some years have passed, TxDOT will be in a better position to consider this 
technology for more frequent application. 

 
This report briefly summarizes the tasks that have been pursued, according to the 

proposed original plan, and that relate to the completion of the design of the PCP, the 
preparation of special specifications, and design standards for the project to be constructed 
on IH-35, near Hillsboro, Texas in the Waco District. 

 

5.2 Conclusions 
The effective communication between TxDOT personnel from the Waco District 

and CTR researchers has provided very good results for the dynamic flow of the project.  
During this study a number of tasks have been accomplished.  A step forward has been 
taken for the completion of design standards and they are ready for implementation as soon 
as TxDOT budget plan allows.  The design standards were drafted in TxDOT conventional 
format and are contained in Appendix A.  The drawings include five different sheets that 
detail the geometric characteristics of the PCP.  The drawings also contain general notes 
that describe important issues related to required PCP materials and construction 
procedures. 

 
Similarly, the good interaction between TxDOT and CTR has allowed the 

preparation of a set of special specifications that will serve as guidelines to contractors not 
only for this particular project, but also for future PCP projects.  The specifications are 
contained in Appendix B and, as mentioned, are fully completed and ready for application.  
It is hoped that as construction progresses, the specifications are enriched with the gained 
experience of all parties involved in the project.  As a result, much better specifications will 
be produced that will be more applicable to other PCP projects to be constructed elsewhere. 

 
Finally, a monitoring plan has been completed and will be put into practice when 

construction starts and will be adjusted to meet the project requirements in terms of 
working schedule and sampling intensity. 
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5.3 Recommendations 
At this stage no major recommendations might be proposed for this study other than 

to continue encouraging a good and dynamic interaction between TxDOT and CTR, plus 
contractor and material suppliers that will be involved in the project soon.  Also, it is 
expected that a reliable documentation of the construction and monitoring of the project 
will be performed by researchers, with the support of TxDOT, especially the Waco District 
Office Engineers. 

It is recommended that once construction starts and some results about the behavior 
of the PCP are available, a post-construction meeting be organized by the involved parties 
to disseminate the information about the project to other state agencies and the Federal 
Highway Administration (FHWA), who have previously shown interest in this particular 
project. 
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Appendix A 

Design Standards for PCP 
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Appendix B 

Special Specifications for PCP 
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