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CHAPTER 1
INTRODUCTION

Since 2001, the State of Texas has been designing and constructing full-depth asphalt
pavements (also commonly known as perpetual pavements) on some of their heavily trafficked
highways where the expected 20-year truck-traffic estimate of 18 kip ESALSs is in excess of
30 million. To date, there are 10 perpetual pavement (PP) sections in-service. Typical sections
consist of about 22 inches total thickness of HMA layers and supported on an 8 or more inch
thick treated (lime or cement) base material that is resting on a well compacted in-situ subgrade
soil material.

This report provides an overview of the evaluation of the Texas perpetual pavements and
related experiences including structural design, materials and mix-designs, construction and
quality issues, and performance history. Where necessary, this report should be read in
conjunction with technical reports 0-4822-1 and 0-4822-2 (Scullion, 2005; Walubita and
Scullion, 2007) that constitute Volumes 1 and 2 of the same work. Reference can also be made to
the companion database entitled “The Texas Perpetual Pavement (PP) Database (Walubita et al.,
2009).

OBJECTIVES AND SCOPE OF WORK

The research work contained in this report was initiated to monitor the construction and
performance history of the Texas perpetual pavements, including evaluating and validating the
Texas PP design concept. Accordingly, this report provides an overall evaluation and
documentation of the Texas PP experience including highlighting the lessons learned and the
remedial measures taken thereof as well as providing recommendations on the future designs,
construction, and performance monitoring/evaluation of the Texas PP structures. Overall, the

project research goals were:
1) validation of the Texas PP design concept by relating field and laboratory results to actual

pavement performance monitored after construction;

2) material testing and database development, with a focus on design moduli;
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3)

4)

)

6)

performance monitoring and data collection to verify and enhance TxDOT’s PP design,
materials, and construction specifications;

formulation of recommendations for future Texas PP design, construction, and
performance evaluation;

evaluation and recommendation of appropriate software for design, modeling, and
performance prediction of Texas PP structures; and

development of test plans and specifications for future Texas PP construction, testing,

and performance monitoring/evaluation.

To achieve these objectives, the research methodology and scope of work included the

following:

1)

2)

3)

4)

5)

6)

7)

8)

Laboratory testing and material property characterization. The laboratory tests included
the asphalt-binder extractions, asphalt-binder properties, rutting and moisture damage
susceptibility with the Hamburg, cracking resistance, dynamic modulus, permanent
deformation, permeability, etc.

Construction monitoring and evaluations included workability and compactability
aspects. Construction quality (QC) monitoring tests included IR thermal imaging of the
HMA mat temperatures.

Field testing and performance monitoring/evaluation. Non-destructive and performance
evaluation tests included visual surveys (surface defects, surface rutting, and cracking),
surface profiles (IRI and ride quality), FWD, and the GPR.

Coring and forensic evaluations including X-ray CT scanning of field-extracted cores for
air void characterization.

Traffic WIM and MDD response measurements. These measurements included actual
traffic counts and in situ deflections/strain evaluations on selected PP projects.
Computational modeling and comparative software evaluation including the FPS,
PerRoad, VESYS, and the MEPDG.

Texas PP performance comparison including evaluation of the PP structures at the NCAT
test track in Alabama.

Comparative synthesis of the research findings and making pertinent recommendations.
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DESCRIPTION OF CONTENTS

This report consists of 10 chapters, including this chapter (Chapter 1) that provides the
introduction, research objectives, research methodology, and scope of work. Chapter 2 provides
a description of the existing in-service PP structures including the project location details,
pavement structures, materials, and mix-designs. Chapter 3 gives a presentation of the PP
construction experiences and lessons learned, followed by a discussion of laboratory and field
testing results in Chapters 4 and 5, respectively.

Traffic measurements and computational modeling are subsequently presented in
Chapters 6 and 7, respectively. Chapter 8 shows a comparative analysis of the Texas PP
performance history including comparative evaluation of the PP structures in Alabama at the
NCAT test track. Chapter 9 provides a synthesis of the results and research findings including
recommendations and specifications for future Texas PP designs, construction, testing, and
performance evaluation. The report concludes in Chapter 10 with a summary of findings and the
future prospects of perpetual pavements in Texas. The research product deliverables are also
discussed in this chapter (Chapter 10). Appendices of detailed test data and analysis results are
also included at the end of the report.

SUMMARY

In this introductory chapter, the background and the research objectives were discussed.
The research methodology and scope of work were described followed by a description of the
report contents.

Throughout this report, all the Superpave and Stone Filled HMA mixes including the
SMA are specified by their nominal maximum aggregate size (NMAS), e.g., 1-inch SFHMAC,
¥-inch SFHMAC, and Y2-inch HDSMA; NMAS is defined as one sieve size larger than the first
sieve to retain more than 10 percent of the aggregate material. Additionally, as some of the
laboratory tests such as the Hamburg, Dynamic Shear Rheometer, and Permeability use standard
metric (SI) units, some of the test results have consequently been reported in metric units, e.g.,
use of “mm” for the Hamburg test results. Note also that the abbreviation SFHMAC has been
used interchangeably with the term SFHMA.






CHAPTER 2
THE TEXAS IN-SERVICE PP PROJECTS

This chapter discusses the existing PP sections that are in service. The discussion
includes the project location details, structural layer thicknesses, materials and mix-designs,
traffic design data, and the environment. The Texas PP design concept is also discussed in this

chapter. A summary is then provided to wrap up the chapter.

THE TEXAS PP DESIGN CONCEPT

The general PP design philosophy is to mitigate rutting and bottom-up fatigue cracking in
the pavement structure, with a design structural life of up to 50 years. However, they are subject
to periodic surface maintenance and/or renewal in response to surface distresses in the upper
layers of the pavement during their service lives. Deep seated structural distresses such as fatigue
cracking (bottom-up) and/or rutting should not occur or if present are very minimal. The current
PP mechanistic-empirical (M-E) design principle is, therefore, based on the following two

response limiting criteria, for bottom-up fatigue cracking and rutting, respectively:

= Horizontal tensile strain at the bottom of the lowest HMA layer (&): <70 pe
(bottom-up fatigue cracking)
= Vertical compressive strain on the top of subgrade (s,): <200 pe

(rutting)

A PP structure meeting these strain response criteria is considered to be structurally
adequate both in terms of fatigue cracking (bottom-up) and full-depth rutting. Otherwise, the
layer thicknesses and/or material properties would need to be modified for compliance.

The Texas PP structural section that was devised based on the PP concept developed by
the Asphalt Institute is shown in Figure 2-1, including the material-layer type and the proposed
minimum layer thicknesses (TxDOT, 2001; APA, 2002; Walubita and Scullion, 2007). The

definitions and functional characteristics of each layer are discussed in the subsequent text.
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Layer Designation, Materials, and Functions Thickness
(inches)

Layer 1 PFC Porous Friction Course Sacrificial layer 1.0-1.5
S$S3231

Layer 4 SFHMAC Stone-Filled 1.0-1.5" Aggregate + PG 76-XX  Stiff load carrying 8.0 - Variable

(SS3248) HMAC layer
Layer 5 Superpave Superpave 1/2" Aggregate + PG 64-XX Stress relieving 2.0-4.0
(SS3248)  (RBL) (Target lab density=98%) impermeable
layer
Layer 6 Stiff base or stabilized Construction working table or compaction platform 6.0-8.0
subgrade for succeeding layers
Subgrade 00

Figure 2-1. A Typical Texas PP Structural Section.

In Figure 2-1, SMA stands for stone matrix (or mastic) asphalt, HMAC for hot-mix
asphalt concrete, RBL for rich bottom layer, and PG for performance grade. SF, HD, SS, and
PFC stand for stone-filled, heavy-duty, special specification, and porous friction course,
respectively. The preceding number in front of the term aggregate such as % inch, % inch, 1 inch,
and 1.5 inch refers to the NMAS in inches. For the PG asphalt-binder, the double X (i.e., XX)
refers to the lower PG temperature grade (°C) of the asphalt-binder, e.g., -22, -28, etc.,

(Al 1996).

In Figure 2-1, layers 1 (PFC) and 2 (SMA) are intended to improve the resistance to
oxidation/weathering, thermal cracking, rutting, and permeation. A PFC surface further improves
drainage and safety by reducing splash/spray and hydroplaning potential. In particular, SMAs
(about 2- to 3-inches thick) provide very good stone-on-stone contact with generally high
stiffness values (i.e., modulus greater than 500 ksi at 77 °F). The PFC, typically 1.0- to 1.5-
inches thick, is optional in the current Texas PP design criteria but is generally provided to

reduce traffic noise and improve the pavement surface drainage characteristics.



Layer 4 represents the main structural load-carrying and stiff rut-resistant layer with a
minimum thickness of 8 inches to ensure adequate structural capacity in terms of the load
spreading capability. A 1-inch NMAS HMA micx is typically used for this layer. Layer 5
represents the flexible and typically high asphalt-binder content fatigue-resistant layer, i.e., 2.0 to
4.0 inches in thickness. Because of its characteristically high asphalt-binder content, Layer 5 is
generally referred to as the Rich-Bottom Layer denoted as RBL. Layer 3 is a transitional load-
carrying layer, also composed of a SFHMAC mix with a NMAS of around % inch.

Layer 6 (typically about 6 to 8 inches thick) and the subgrade provide the working
platform and pavement foundation, respectively. Layer 6, in fact, constitutes the base, often
8 inches thick and composed of treated subgrade material, typically about 3.0 to 6.0 percent lime
treatment (added in liquid slurry form). However, cement treatment (about 2.0 percent) has also
been utilized on one of the Texas PP projects.

According to Figure 2-1, the total minimum HMA layer thickness is 14 inches, with the
main structural loading carrying layer (the RRL) comprising 57 percent of the total HMA layer
thickness. These total HMA layer thicknesses and mixture types are considered structurally
necessary to mitigate the two major structural distresses of rutting and bottom-up fatigue

cracking based on the general PP design concept (APA, 2002).

THE EXISTING IN-SERVICE PP STRUCTURES

To date, there are 10 PP sections in-service constructed since 2001 in four Texas districts,

namely:
1) Fort Worth 2 sections on SH 114,
2) Laredo 4 sections on IH 35,
3) San Antonio 2 sections on IH 35, and
4) Waco 2 sections on IH 35.

Table 2-1 provides a summary of the PP structural sections in terms of the design
materials and layer thicknesses. Full layer thickness details for each PP section are included in

Appendix A.
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Table 2-1. In-Service Texas PP Structural Sections.

Layer# Material Average PP Layer Thickness (Inches)
Design Fort Worth Laredo San Antonio Waco Overall
Spec (SH 114) (IH 35) (IH 35) (IH 35) Average
1 PFC
(Optional) 1.0-1.5 - - 1.5 1.5 1.5
2 SMA 2.0-3.0 2.0 3.0 2.0 3.0 3.0
3 Ys-inch SF
(or Type C) 2.0-3.0 3.0 3.0 3.0 3.0 3.0
4 1-inch SF
(or Type B) >8.0 13.0 9.0 12.0 11.0 10.5
5 RBL 2.0-3.0 4.0 3.0 4.0 4.0 4.0
6 Base 6.0-8.0 8.0 8.0 7.0 11.0 8.0
Subgrade Natural in situ soil material
Total IMA thickness > 14.0 22.0 20.0 215 225 22.0
(Inches)
Total PP structure
thickness (Inches) >20.0 30.0 28.0 29.5 30.5 30.0

Clearly, Table 2-1 shows that the majority of these PP structures are conservatively
thicker than the minimum proposed in Figure 2-1, with a total HMA layer and base thicknesses
averaging 22 and 8 inches, respectively. Thus, a typical in-service Texas PP structure is about 30
inches total thickness, comparatively more conservative than the design proposal in Figure 2-1,

particularly for the 1-inch SFHMA layer.

Project Location Details

Table 2-2 provides a summary of the project location details in terms of the road
mile-marker posts (TRM) and GPS coordinates. A map layout of the projects is shown in
Figure 2-2. Full details of the project locations including geographical limits and elevations are

included in Appendix A.



Table 2-2. Project TRM and GPS Location Details.

#Hw y CSJ# District 'TRM Location GPS Location Length

(County) Begin End Start End (mile)

1 IH 35 0018-05-062 Laredo 08+0.403 13+0.828 N 27°37.131' N 27°41.421' 6.000
(Webb) W 99°29.492'" W 99°27.581"

2 IH 35 0018-02-049 Laredo 49+0.431 53+0.427 N 28°11.242" N 28° 14.629' 4.000
(La Salle) W 99°18.785" W 99°17.722'

3 IH 35 0018-01-063 Laredo 58+0.000 65+0.362 N 28°18.366' N 28°24.578' 7.362
(La Salle) W99°16.392' W 99° 15.265'

4 IH 35 0017-08-067 Laredo 69+0.439 74+0.003 N 28°27.708" N 28°31.544' 5.442
(La Salle) W 99°13.939" W 99°12.786'

5 IH 35 0016-04-091 San Antonio  188+0.774  190+0.368 N 29°41.850" N 29°44.163' 1.740
(Comal) W 98°05.841' W 98°04.207'

6 IH 35 0016-04-094 San Antonio  190+0.368  191+1.015 N 29°43.084" N 29°44.163' 1.300
(Comal) W 98°05.296" W 98° 04.207"

7 IH 35 0015-01-164 Waco 340+0.052  342+0.622 N 31°37.096' N 33°39.017' 2.200
(McLennan) W 97°05.974' W 97° 06.034'

8 IH 35 0048-09-023 Waco 368+0.724  IH35E: N 32°01.152" N 32°03.868' 3.250
(Hill) 37140916 W 97°05.728' W 97° 05.869'

TH35W:
1+0.238

9 SH 0353-01-026 Fort Worth 580+0.804  583+0.500 N 33°02.203' N 33°02.192' 2.200
114 (Wise) W 97°25.730" W 97°23.996'

10 SH 0353-01-026 Fort Worth 583+0.500  586+0.200 N 33°02.192" N 33°02.169' 1.740
114 (Wise) W 97°23.996'" W 97°23.542'

Average length (mile) 3.5

Project legend: #1 = Price, #2 = Zumwalt02 (ZMWO02), #3 = Gilbert, #4 = Zumwalt01 (ZMWO01), #5 = San Antonio, #6 = New Braunfels,
#7 = McLennan, #8 = Hillsboro, #9 = Fort Worth 01, & #10 = Fort Worth 02.

Figure 2-2 shows that all but two (numbers 9 and 10 on State Highway SH 114) of the

Texas PP sections have been constructed on IH 35, the primary north-south highway in Texas.

However, sections on both IH 35 and SH 114 had a 20-year traffic design estimate of over
30 million ESALs (18 kips).
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Figure 2-2. Map of Texas and PP Project Locations (Projects #1-10).

Traffic Design Data and Environment

The average traffic design data that were used for the current existing PP sections are
summarized in Table 2-3. Full traffic design data for each PP section are included in Appendix
A. As mentioned previously, the Texas PP concept was formulated for highways where the 20-
year 18 kips estimate is over 30 million ESALs, which is consistent with the average numbers
shown in Table 2-3. Note, however, that some of these PP sections, in particular those on IH 35,
had as much as 75 million design 18-kip ESALs with the truck percentage as high as 46 percent
and up to a total of 8 lanes; see Appendix A.
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Table 2-3. Traffic Design Data.

Item Average
Average begin ADT 29, 155
Average end ADT (after 20 years) 40, 390
Average traffic growth rate (percent) 3.0
Average 20-year design 18 kips ESALSs (million) 30
Average percentage of trucks (percent) 28
Average PP sectional length (mile) 3.5
Minimum number of lanes (both directions) >4
Average lane width (ft) 12
Average shoulder width (ft) 10
Average speed limit (mph) 70
Highways where PP structures have been constructed IH 35 (8) and SH 114 (2)

The typical design life of perpetual pavements is 50 years (APA, 2002). For conventional
flexible HMA pavements, the typical design life is 20 years. Although designed for 50 years, the
engineering expectation is that at least one minor surface renewal (such as an overlay) for
restoration of functional characteristics (among others) will be required within or at the end of a
PP’s first 20 years of service. An 18-kip axle load is typically used as the design load when
evaluating the 70 and 200 pe endurance limits at the bottom of the lowest HMA layer and on top
of the subgrade, respectively. However, some countries such as Israel, due to extraordinary
heavier truck loads, use 29 kips as the design ESAL (Sidess and Uzan, 2008).

Based on Figure 2-2, several (projects 1 thru 4) of the Texas PP sections are located in
the dry-warm regions where subgrade or base moisture problems are not expected. However,
Waco (projects 7 and 8) and Fort Worth (projects 9 and 10) fall within the moderate to wet-cold
environmental zones. Therefore, the potential for moisture related problems exists for the PP
projects located in these areas. Projects 5 thru 8 are on highly plastic soils, so swelling soil

damage is a possibility.



PP MATERIALS AND MIX-DESIGNS
Table 2-4 summarizes the typical mix-designs and material characteristics that have been

used on the 10 Texas PP structures (in-service).

Table 2-4. In-Service Typical Mix-Designs and Material Characteristics.

Layer# Mix/Material Average In-Service Typical Material Characteristics

Layer 1 PFC 6.0-6.1%PG 76-22S + 0.0-1.0% lime + 0.3-0.4% cellulose fibers +
(Optional) igneous/limestone aggregates (19 mm NMAS open-graded) (Avg OAC = 6.0%)
Layer 2 SMA 5.9-6.8% PG 76-228S + 5.0-11.0% mineral filler + 0.0-1.5% lime + 0.0-0.4%

cellulose fibers + 0.0-4.5% fly ash + igneous/limestone aggregates (12.5 mm
NMAS gap-grade) (Avg OAC = 6.0%)

Layer 3 %-inch SF 4.2-5.2% PG 76-22 + 0.0-1.5% lime + 0.0-1.0% anti-strip + limestone
(HMAC) aggregates (19 mm NMAS dense to coarse graded) (Avg OAC = 4.4%)

Layer 4 1-inch SF 4.0-4.5% PG 70-22 + 0.0-1.5% lime + 0.0-0.5% anti-strip + limestone (25 mm
(HMAC) NMAS coarse-graded with low fines) (Avg OAC = 4.2%)
(RRL)

Layer 5 RBL 4.2-6.1% PG 64-22 + 0.0-1.5% lime + 0.0-0.5% anti-strip + limestone

aggregates (12.5 mm NMAS dense-graded) (Avg OAC = 5.4%)

Layer 6 Base Cement ( 2.0%) or lime (3.0 to 6.0%) treated subgrade soil materials
(lime is typically added in liquid slurry form)

Subgrade Compacted natural in-situ soil material

Legend: Avg = average; OAC = optimum asphalt content

Asphalt-Binders

In contrast to the recommendations in Figure 2-1, Table 2-4 shows that most of the
existing 1-inch SFHMAC mixes (layers) used an average of 4.2 percent PG 70-22 asphalt-binder
instead of a PG 76-grade. This was partly on account of workability and cost related issues as PG
70-22 is relatively cheaper and more workable than PG 76-22. PG 76-22 is a comparatively
stiffer asphalt-binder, often modified with about 5 percent styrene-butadiene-styrene (SBS).

Anti-stripping agents (in the order of 0.5 to 1.0 percent) and hydrated lime (in the range
of 0.5 to 1.5 percent) are typically added to improve the HMA mixes’ moisture damage-
resistance characteristics. These additives are typically incorporated by percent weight of the
total aggregate blend proportions, mostly to the aggregates and/or HMA mixes that are

considered to be potentially susceptible to stripping and moisture damage.
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Aggregates

As can be seen in Table 2-4, limestone was the most commonly used aggregate, and was
used exclusively in all sections at the transitional layer and below. However, other aggregate
types such as crushed gravel, granite, sandstone, and trap rock were also used on some in-service
Texas PP sections, particularly those in the Laredo District. Although competitively cheaper and
readily available in Texas compared to the other aggregate types, limestone was found to be
problematic on some of the Texas PP projects in service. It is highly absorptive and thus,
detrimentally reduces the net effective asphalt-binder content that is available for lubrication
(during compaction), coating, and bonding with the aggregates. Table 2-5 compares some of the

limestone properties to that of crushed gravel.

Table 2-5. Laboratory Comparison of Aggregate Properties.

Test Parameter Limestone  Crushed Gravel Threshold
Soundness (average) 18 4 <30
LA abrasion (average) 29 18 <40
Polish value (average) 21 27 -
Aggregate bulk specific gravity (average) 2.65 2.62 -
Water absorption capacity (WAC) (average) 2.25% 1.17% <2.0%

In terms of soundness, LA abrasion, and WAC, it is clear from Table 2-5 that the crushed
gravel aggregate has superior properties but is usually more costly compared to limestone.
Evidently, the limestone is more absorbent with a laboratory measured WAC value greater than
2.0 percent. Thus, the probability of the limestone absorbing some of the asphalt-binder is
considerably higher. On one project (SH 114 in the Fort Worth District), the estimated asphalt-
binder content (using the Troxler Ignition oven method) from a field core of the 1-inch
SFHMAC layer using limestone aggregates was only 3.3 percent versus the 4.0 percent design,
suggesting about 17 percent absorption (or loss) (Walubita and Scullion, 2007). This ultimately
may have a negative impact on the performance of the 1-inch SFHMAC layer and the whole PP

structure.
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Researchers (Zhou et al., 2006) proposed WAC thresholds as follows: (1) high
absorption: WAC > 2.0 percent; (2) intermediate absorption: 1.0 percent < WAC < 2.0 percent;
and (3) low absorption: WAC < 1.0 percent. The results in Table 2-5 indicate that the limestone
aggregate falls within the high absorption category, with a WAC value greater than
2.0 percent.

The PFC, SMA, ¥%-inch SFHMAC, and RBL Mix-Designs

As indicated in Table 2-4, the PFC is optional in the current Texas PP design, and is not
considered a structural component. It may be included as a functional component to enhance the
skid resistance or reduce splash/spray 