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1. Introduction
This Interim Report, documents the results of the Phase 1 work in three primary areas, as follows:
1. Document current best practices in pavement engineering in central Texas
2. Provide results of the literature review including a “baseline” reference list and plan for how
to access the references and information collected
3. Provide documentation on established partnering and communications forums
Additionally a work plan for Phase 2 is included in the report for review and comment.
1.1. Background and Project Overview
The Capital Area Pavement Engineers Council, CAPEC, was formed by local governments with a
goal of developing a more unified approach to pavement design in central Texas. The current
project phase was funded by Travis County and City of Austin. Based on discussions at the monthly
CAPEC meetings, the critical issues to each of the members were documented. Briefly those issues
are:
·

Variety of pavement design procedures used in Central Texas area

·

Common swelling clay soils problems need to be addressed

·

Increase in traffic loading and stop/go patterns contribute to pavement failures

·

Current technology needs to be implemented to minimize pavement failures

·

Increase in initial construction costs may be offset by lower maintenance cost/longer
pavement life

·

Numerous hot mix asphalt concrete mix designs are used throughout Central Texas areas

·

Design of low volume roads, such as residential streets, have different issues than highways

·

Utility trenches and utilities in the pavement have major impact on pavement performance

·

Multiple different subgrade characteristics (See Figure 1)

·

Required Construction Sequencing

The major project objectives are to develop a hot mix asphalt concrete (HMAC) pavement thickness
design methodology with associated construction specifications. There are three primary phases of
work to accomplish these objectives. Each Phase must be successfully completed and approved by
CAPEC before the following work phase can be initiated. The phases are:
Phase 1 Collect Information and Establish Partnering
Phase 2 Develop New Models for Pavement Design Method
Phase 3 Develop Final Design Program and Specifications
This report addresses work accomplished in Phase 1.
1

Figure 1 - Potential CAPEC Study Area Soils Map
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1.2. Phase 1 Tasks – Collect Information and Establish Partnering
The three objectives of Phase 1 are:
1) Collect the available relevant information and data, which are applicable to the project and to
develop a platform for ongoing partnering with paving contractors, materials suppliers,
developers, and other stakeholders;
2) Develop a work plan for Phase 2; and
3) Produce an Interim Report.
The first objective establishes a database upon which to build the project concepts. The report
presents first the literature review then the partnering efforts, followed by the proposed Phase 2
work plan.

2. Data Collection and Review
The literature review subtask included the collection and review of available literature and experience
to establish current best practices. A review of these literature references was used to develop a clear
understanding of the important study topics for remaining phases of the project and identify where
additional data are needed.
The following items were researched:
·
·
·
·
·

Existing Pavement Design Methodologies
Current Standards, Testing, and Construction Inspections
Applicable Research
Experience of CAPEC Member Agencies and Consulting Engineers
Recent Examples of Failures and Successes on Poor Soils

From this research, a best practices summary for pavement design was prepared. Each of the
research items as well as the summary of best practices follows. A bibliography is compiled and
included in Appendix A. If desired by the CAPEC project managers, electronic links to certain
documents within City of Austin, Travis County, TxDOT, and/or other agency websites can be
included on the CAPEC website (discussed in section 3.1), as well as the bibliography in Appendix
A.
2.1. Review Pavement Design Methodologies
The Municipal Flexible Pavement Design System (MFPS) and Municipal Rigid Pavement Design
System (MRPS) programs used by the City of Austin were developed and implemented over 25
years ago based on the latest state of the art at the time. There have been a number of advances in
the state of the art and a need to incorporate appropriate new analysis techniques and concepts.
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Therefore, existing pavement design procedures were collected and reviewed. The procedures
included those available from public agencies and industry. Procedures for flexible and rigid
pavement design as well as life cycle cost models were included in the collection effort.
2.1.1. Background – Pavement Failure Models
It is interesting to note that for estimating pavement life according to ride quality deterioration as the
failure mechanism, the present serviceability index concept developed at the AASHO Road Test in
1958 is still the fundamental model. The predicted present serviceability loss is a function of a
change in the slope variance (SV), cracking and patching (C+P), and rut depth (RD).
The number of 18k equivalent single axle loads (ESAL) that a given pavement cross section can
carry for a given change in the present serviceability index is used to predict the “pavement life”
based on the predicted ESAL the facility needs to carry based on traffic estimates.
All the current models examined still have this fundamental model and it still fundamentally the
same. However since the Road Test was conducted in one climate (Ottawa, Illinois) with one
subgrade type (clay), it had to be “calibrated” by all users to their conditions.
Many newer hot mix asphalt concrete failure criteria models have been developed based on
mechanistic modeling techniques, using elastic layered theory estimates of fatigue cracking,
permanent deformation (wheelpath rutting), and temperature cracking. The fatigue cracking models
are based on the predicted tensile strain at the bottom of the HMAC. The rutting models are based
on the predicted vertical strain at the top of the insitu subgrade. These models while an
improvement are much more complicated and much less validated than the present serviceability
index and that is why the best models still include the serviceability model and use the mechanistic
models as a check of several individual failure criteria. None of the newer mechanistic models have
extensive or long term wide spread validation and there are still many uncertainties on their
effectiveness.
The biggest unknown is a clear definition and characterization of what is failure. The term “failure”
is also not correct and actually misleading. There are hundreds of thousands of miles of pavement
still serving the public, which have fatigue cracking, rutting, thermal cracking (longitudinal,
transverse, and block), patching, and a terminal serviceability index less than the original design
value. The preferred term is “terminal design condition”. So if a particular new fatigue cracking
model estimates the amount of traffic until 20% of the wheelpath area in the section contains
AASHTO Class 3 fatigue cracking (an implied 80% reliability which is used for many local streets),
that is the terminal design condition. The pavement section is absolutely not “failed”. It means that
the pavement cross section design has served for less time to the defined terminal design condition
than estimated in the original design. This can be caused by many unknown or unpredicted
conditions including increased traffic volume, increased traffic loads (higher percent or weight
trucks, severe weather conditions (temperature cycles or moisture changes), inadequate construction
quality control, changes in material quality over time (deterioration of assumed strength), etc. The
adoption of new methods is difficult with respect to these unknown or unforeseen conditions.
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2.1.2. Background – Pavement Characterization Methods
The AASHO structural number (SN) model is still used worldwide to quantify a pavement cross
section. The SN is the product of the thickness of each layer times its appropriate structural-layer
coefficients where:
where:

SN = a1D1 + a2D2M2 + a3D3M3
a1, a2, a3

= structural-layer coefficients of the wearing surface, base, and subbase layers,
respectively,
D1, D2, D3 = thickness of the wearing surface, base, and subbase layers in inches,
respectively, and
M2, M3
= drainage coefficients for the base and subbase, respectively.

The structural-layer coefficients, a1,a2,etc have been related to many standard laboratory material
strength tests as a way to convert actual layer thickness into the structural numbers (SN). These
values have been related to the pavement design properties of the the specific materials used for the
construction. State DOTs conducted research and testing to calibrate the basic AASHO model to
their conditions and materials.
The drainage coefficients, M2, M3, etc are assigned based on the quality or level of expected
drainage will be achieved by the final pavement design cross section. For example at the AASHO
Road Test the condition was rated as Fair since free water was removed within one week. Excellent
drainage is when the water is removed within 2 hours while Very Poor drainage is when free water
will not drain.
The Texas Department of Transportation (TxDOT) has always been a leader in the effort and
developed the Flexible Pavement Design System (FPS) and Rigid Pavement Design System (RPS).
The author worked on the development on several versions of these models.
For the calibration of the layer strengths TxDOT developed the stiffness coefficient value. TxDOT
correlated these coefficients to existing laboratory tests and also developed a procedure to estimate
them by using the Dynaflect, nondestructive deflection testing equipment. In addition models were
primarily added by the Center for Transportation Research (CTR) at The University of Texas at
Austin and Texas Transportation Institute (TTI) at Texas A&M University. In more recent years
research at Texas Tech University, University of Texas at El Paso, University of Texas at Arlington,
and others has been added.
The current City of Austin Municipal Flexible Pavement System (MFPS) model was based on the
latest TxDOT Flexible Pavement Design System (FPS) available at the time, FPS11. This model
characterized pavement layer properties using stiffness coefficient values.
Subsequent AASHTO developments produced the Design and Rehabilitation for Windows
(DARWin) pavement design software, which used structural-layer coefficients for the constructed
flexible pavement layers and roadbed soil resilient modulus for the insitu subgrade. This was an
improvement to the original soil support (SS) value in the Road Test Equations.
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The newest model from AASHTO, the Mechanistic Empirical Pavement Design Guide MEP-DG
includes the results of many years of research to add additional mechanistic based procedures and
models, while still retaining the basic empirical original model. More complex and precise
characterization models of environmental conditions, temperature, moisture, and freeze thaw cycles
have been added.
The use of more complex but appropriate laboratory testing procedures such as the Dynamic
Resilient Modulus (AASHTO #) and the use of nondestructive deflection testing equipment such as
the Falling Weight Deflectometer (FWD) (AASHTO #) have been incorporated to better estimate
pavement material strength. The material strength values used in design are now the appropriate
design properties, Elastic Modulus for pavement layers and Resilient Modulus for the insitu
subgrade layers. This allows for the proper characterization of the many different materials types
that are options for pavement design and construction today. This is a more direct technique than
the correlations of the original AASHO structural-layer coefficients and TxDOT’s stiffness
coefficients.
2.1.3. Design Methodologies Obtained for Review
The software obtained for review are summarized in the following table. Available Software User
Manuals are listed in the bibliography in Appendix A.
Table 1 – Design Methodologies Obtained for Review

Design Software

Source

Date

MFPS-1.0
MRPS-1.0
FPS19W V1.1
FPS21 V1.2
DARWin 3.1.017
ME-PDG V1.1 Beta
PCA-Pave Beta Version
StreetPave V1.3
SPECTRAPave4 Pro
WESLEA 3.0
NTTA
RealCost 2.5
LCCA V3.1
LCCA Express V2.0
WinPRES
WinPAS
SW-1

COA
COA
TxDOT
TxDOT
AASHTO
AASHTO
PCA
ACPA
TENSAR
USACOE (WES)
NTTA
FHWA
NAPA
NAPA
TTI
ACPA
Asphalt Institute

1986
1986
1995
2011
2009
2009
2009
2005
2011
1999
2008
2009
2009
2011
2006
2011
2005
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Flexible Rigid
Pvt.
Pvt.
Design Design
√
√
√
√
√
√
√

√
√
√
√

√
√

Life
Cycle
Cost
Model
√
√
√
√
√
√
√
√
√

√
√
√
√
√
√
√

√
√

√

2.1.4. Comparison of Design Methodologies
A matrix of design runs was established initially for the flexible pavement design software that
included eight different traffic levels for various roadway classifications. Additionally, three different
subgrade soils conditions were considered. The resulting matrix is summarized as follows.

Classification
Urban Arterial High Traffic
Urban Arterial Low Traffic
Rural Arterial
Urban Collector High Traffic
Urban Collector Low Traffic
Rural Collector
Urban Local
Rural Local

Table 2 – Matrix of Design Runs
Non
Low
High
plastic/
Plasticity Plasticity
Design 18Kip
Limestone
PI<25
PI>26
ESALs
6,300,000
1,020,000
1,500,000
2,010,000
290,000
100,000
20,000
40,000

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

The designs resulting from this matrix were too varied for an easy comparison. Therefore, the
programs and design runs were pared down to a smaller dataset. The software not used further in
these analyze are listed below, accompanied by the reasons for not considering them further.
Table 3 – Summary of Software Excluded from Further Study
Software
Reason not considered further
FPS19W V1.1
Older version of FPS
ME-PDG V1.1 Beta
Beta only; complex; expected high cost
PCA-Pave Beta Version
Beta only; not thickness design based software
WESLEA 3.0
Not thickness design based software
SPECTRAPave4 Pro
Based on AASHTO (same as DARWin)
WinPAS
Based on AASHTO (same as DARWin)
StreetPave V1.3
Rigid only
MRPS-1.0
Rigid only
NTTA
Rigid only
RealCost 2.5
Life Cycle Cost only
LCCA V3.1
Life Cycle Cost only
LCCA Express V2.0
Life Cycle Cost only
Should a final version of the Beta software noted above become available, the design program may
be re-assessed if so desired by the CAPEC Committee. The software considered in the final review
are listed in the following table, including the source, date, whether or not life cycle costing (LCC) is
included in the method, pavement layer strength parameter used, and failure criteria considered.
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DARWin
3.1.017

AASHTO

WinPRES

TTI

SW-1

Asphalt
Institute

Table 4 – Summary of Software Considered
Subgrade
Pavement Layer
Strength
Strength
Failure
Parameters
Criteria*
Date LCC Parameter
Serviceability
Elastic Modulus
Loss; Mechanistic
2011
yes
(FWD BackElastic Modulus
Check; Texas
calculated)
Triaxial Check
Structural
Serviceability
2009
yes
Resilient Modulus
Coefficient
Loss
Serviceability
2006
no
Elastic Modulus
Structural Number
Loss
CBR or R-Value or Not Input by user;
2005
no
Mechanistic
Resilient Modulus
predefined

MFPS-1.0

COA

1986

Software

Source

FPS21 V1.2 TxDOT

*

yes

Stiffness Coefficient

Stiffness
Coefficient

Serviceability
Loss

Serviceability Loss failure criteria is a function of slope variance (ride quality), rut depth, and cracking
and patching. Mechanistic failure criteria uses fatigue and rutting equations based on elastic layer theory
predicted strains. Texas Triaxial Design method uses triaxial classification of subgrade from lab tests.

WinPRES program is not a design program; however, it can analyze both flexible and rigid
pavement sections. Its significance is that it attempts to quantify the value and benefit of both
subgrade stabilization and moisture barrier depth by modeling and estimating the resulting pavement
roughness over the design life.
Additionally, the traffic design matrix was refined to include the following:
Table 5 – Traffic Design Matrix
Classification
Urban Local/Rural Local
Urban Collector Low Traffic/Rural Collector
Urban Arterial Low Traffic/Rural Arterial
Urban Arterial High Traffic

Design 18Kip
ESALs
40,000
290,000
1,500,000
6,300,000

The design procedures provided solutions with a common trend (increasing pavement structure
subgrade soil strength) with increasing traffic and decreasing subgrade soil strength. The potential
vertical rise (PVR) parameters were omitted from all design procedures with the exception of
WinPRES in which PVR was an internal calculation/parameter not available for the user to modify.
The primary impact of the differences in the three subgrade types considered was the resulting
strength parameter for each design procedure. After review of the solutions, it was recommended by
the CAPEC Committee that work in Phase 2 and the final design procedure consider soils with PI’s
greater than 40.
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The following graph shows the trend of the design thicknesses by design procedure and soil type for
the Arterial High Traffic option.

Figure 2 – Arterial High Traffic Trends
As can be seen, the results from WinPRES show the thickest structure especially for the high
plasticity soil; which was to be expected since this procedure considered the PVR, which and the
other procedures did not.
Additionally, plots were made to show a comparison of resulting structure for all road classifications
for non-plastic/limestone subgrade and for high plasticity PI>26 to allow a review of the design
methods related to soils conditions and traffic.

Figure 3 – Road Classification Trends for Non-Plastic Soils
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Figure 4 – Road Classification Trends for High Plasticity Soils
By comparing the two previous graphs, it can be seen that the pavement structures generally
increase at different rates with traffic increases. Also, as indicated previously, the WinPRES
solutions are higher as expected due to the inclusion of PVR for the high plasticity soil.
2.1.5. Conclusion
Due to the variation of design inputs and failure criteria, the design procedures are difficult to
compare in terms of outcome. The various pavement design methodologies, with the proper input
variables, should produce an adequate “top down” design. The decision regarding a specific method
to consider for a “unified” design procedure will require consideration of additional factors, such as
ease of use, cost and support of the software, pavement layer input strengths backed up by
field/laboratory tests, etc.
One outcome of the comparison was the need to address the subgrade soils design separately from
the pavement thickness design. The Phase 2 efforts will focus on the following: subgrade soil model,
soil testing correlations, and soil stabilization strategies. The efforts will also include traffic
characterizations and parameters, which need to be better defined for whichever model is used.
Of specific interest is the subgrade strength parameter. The design software reviewed use a variety
of parameters for subgrade strength including: CBR, R-Value, stiffness coefficient, elastic modulus
and resilient modulus. Resilient modulus may be obtained from laboratory tests (AASHTO T274)
as can CBR (ASTM D1557 and D698). Elastic modulus may be back-calculated from nondestructive
deflection testing (NDT) collected as per (ASTM D4694), but may require adjustments prior to use
in pavement design procedures. Stiffness coefficient is calculated based on empirical data correlating
nondestructive deflection testing with specific testing equipment (Dynaflect). Available correlations
between these parameters will be assessed and calibrated during Phase 2 (see work plan for Phase 2
herein).
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2.2. Review Current Standards, Testing, and Construction Inspections
The current pavement standards, material test procedures and construction inspection requirements
were reviewed. The following materials were considered: subgrade preparation, subgrade
stabilization, flexible crushed stone base, cement stabilized base, and HMAC (surface and base) and
seal coats. Standards, material test requirements and inspection requirements from the following
entities were considered:
·
·
·
·
·

City of Austin (COA)
Travis County
Other Capitol Area Pavement Engineers Council local governments
Texas Department of Transportation (TxDOT)
American Association of State Highway and Transportation Officials (AASHTO)

Input from other CAPEC member agencies such as the City of Pflugerville indicates an interest in
more uniform recommendations for inspection and testing procedures within the region. It is
anticipated that contractors, testing labs, and the development community will welcome consistency
and support this concept.
2.2.1. Current Standard Specifications
The two primary specification standards used in the Central Texas area are those from COA and
TxDOT. This was confirmed by polling local engineering consultants and contractors. The counties
and cities in the area typically utilize these two entities’ specifications as they generally do not have
their own standard specifications. The COA specifications are based on an older version of the
TxDOT specifications. A brief summary of the applicable specifications from COA and TxDOT are
listed in the following table.
Table 6 – Summary of COA and TxDOT Applicable Specifications
TxDOT - Item No.
City of Austin - ITEM NO.
Description (including General
Pavement Material
Description
Services Administration GSA)
Subgrade Preparation
201S SUBGRADE PREPARATION n/a
202S HYDRATED LIME AND
260. Lime Treatment (RoadLime Treatment
LIME SLURRY
Mixed)
203S LIME TREATMENT FOR
263. Lime Treatment (Plant-Mixed)
MATERIALS IN PLACE
265. Fly Ash or Lime—Fly Ash
Fly Ash Treatment
n/a
Treatment (Road-Mixed)
204S PORTLAND CEMENT
275. Cement Treatment (RoadCement Treatment
TREATMENT FOR MATERIALS
Mixed)
IN PLACE
276. Cement Treatment (Plantn/a
Mixed)
11

Pavement Material

City of Austin - ITEM NO.
Description

Asphalt Treatment

206S Asphalt Treated Base

Flexible Base

210S FLEXIBLE BASE

Recycling

211S RECYCLING EXISTING
AGGREGATE
212S RECYCLED CONCRETE
FLEXIBLE BASE

Seal Coat/Surface
Treatments

HMAC

351S RECYCLING AGENT
302S AGGREGATES FOR
SURFACE TREATMENTS
312S SEAL COAT
314S EMULSIFIED SLURRY SEAL
317S TIRE RUBBER MODIFIED
SURFACE (TRMSS)
320S TWO COURSE SURFACE
TREATMENT
330S MICROSURFACING
340S HOT MIX ASPHALTIC
CONCRETE PAVEMENT

TxDOT - Item No.
Description (including General
Services Administration GSA)
292. Asphalt Treatment (PlantMixed)
247. Flexible Base
GSA 926-77-18 RECYCLING OF
ASPHALT MILLINGS BY THE
COLD CENTRAL PLANT
PROCESS
GSA 926-77-86 RECYCLING
SALVAGED ROADWAY
MATERIALS
n/a
314. Emulsified Asphalt Treatment
315. Fog Seal
316. Surface Treatments
318. Hot Asphalt-Rubber Surface
Treatments
350. Microsurfacing
340. Dense-Graded Hot-Mix
Asphalt (Method)
341. Dense-Graded Hot-Mix
Asphalt (QC/QA)
342. Permeable Friction Course
(PFC)
344. Performance-Designed
Mixtures
346. Stone-Matrix Asphalt

In addition to the standard specifications listed above, a special specification has been prepared by
COA for Lime-Cement Stabilization (Road Mixed), SS277. The COA has also used the TxDOT
special provision for RAP, RAS, and Warm Mix, SP 3224, for the COA Standard Specification 340.
The COA specifications are updated based on a Quarterly Rules Posting process adhering to Section
1-2 of the City Code. TxDOT develops special provisions to address either specific district needs or
statewide needs which have instructions on use. TxDOT is in the process of preparing an update of
the 340 and 341 Hot-Mix Asphalt specifications, the drafts of which are included in Appendix B.
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2.2.2. Material Test Procedures
The primary source of material testing procedures is TxDOT, American Society for Testing and
Materials (ASTM), and AASHTO. The series of material test procedures from TxDOT are
summarized below:
TxDOT Test
Procedures
Series
100-E Series
200-F Series

300-D Series

500-C Series

600-J Series

900-K Series
1000-S Series

Table 7 – TxDOT Material Test Procedure Series
Description
Soils and Aggregates (100-E Series)
The procedures in this series cover the methods for testing and evaluating
soils, aggregates, and flexible base materials.
Bituminous (200-F Series)
The procedures in this series cover the testing methods for hot-mix
asphaltic concrete, black base, cold-mix, patching mix, RAP and crumb
rubber, in-plant inspection of limestone rock asphalt aggregates and mixes,
aggregates and bituminous materials, and surfacing aggregates.
Cement (300-D Series)
The procedures in this series cover the sampling and testing methods for
hydraulic cement. This series also refers to ASTM specifications and test
methods related to Portland hydraulic cement, blended Type 1P, Type 1S,
and masonry cement.
Asphalt (500-C Series)
The procedures in this series cover the testing methods for asphalt
cements, asphalt cutbacks, asphalt emulsions, performance grades binders,
bituminous adhesives, waterproofing and joint materials, crack sealers, joint
sealers, rejuvenating agents, and additives.
Chemical (600-J Series)
The procedures in this series cover the testing methods for lime (Types A,
B, and C), construction fabrics, epoxy and adhesives, elastomeric concrete,
de-icers, soils, water, and bridge bearing pads.
Calibration (900-K Series)
The procedures in this series cover the methods for calibrating, verifying,
and certifying various equipment and devices used in testing materials.
Special Procedures (1000-S Series)
This series covers procedures and instructions for operating, calibrating,
maintaining profilographs, determining minimum sampling quantities, and
establishing rates used to calculate reimbursements to TxDOT for excess
costs.

Relevant ASTM tests are listed in the following table, followed by the relevant AASHTO test
methods. For the Phase 2 work, subgrade soils models will be developed based on various soils
testing procedures from these sources.
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Table 8 – Relevant ASTM Tests
Number ASTM Section 4 – Construction - Description
4.01
4.02
4.03
4.04
4.05
4.06
4.07
4.08
4.09
4.11
4.12
4.13

Cement; Lime; Gypsum
Concrete and Aggregates
Road and Paving Materials; Vehicle-Pavement Systems
Roofing and Waterproofing
Chemical-Resistant Nonmetallic Materials; Vitrified Clay Pipe; Concrete Pipe; FiberReinforced Cement Products; Mortars and Grouts; Masonry; Precast Concrete
Thermal Insulation; Building and Environmental Acoustics
Building Seals and Sealants; Fire Standards; Dimension Stone
Soil and Rock (I): D420 - D5876
Soil and Rock (II): D5877 - Latest
Building Constructions (I): E72 - E2110
Building Constructions (II): E2112 - latest; Sustainability; Property Management
Systems; Technology and Underground Utilities
Geosynthetics

The American Association of State Highway and Transportation Officials (AASHTO) 32nd Edition
of the Materials Book contains 394 materials specifications and test methods commonly used in the
construction of highway facilities. The specifications have been developed and maintained by
transportation departments through participation in AASHTO's Subcommittee on Materials. The
book edition is organized in two volumes, Materials and Testing, and each volume has been
separated into two books. Also included is the single-volume AASHTO Provisional Standards, 2012
Edition. Based on the Part II Tests table of contents, tests for the following subjects are included:
Table 9 – Relevant AASHTO Tests
AASHTO Subject Sequence Name Number of tests
Hydraulic Cement
Bituminous Materials
Soils
Aggregates
Concrete
Brick

18
50
60
20
33
1

2.2.3. Construction Inspection Requirements
The construction inspection process for both the City of Austin and Travis County was reviewed to
assess what level of inspection is typically provided by these entities. Possible gaps or disconnects
that can occur between the design and construction practice were identified. A written set of
Construction Inspector Procedures will be provided in the form of a guidelines document as part of
the final report in Phase 3 of the project since inspection has been identified as a critical component
of success. This should be tied to any pertinent roadway material specifications and construction
specifications addressed as part of this study.
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2.2.3.1. City of Austin Inspection Practices
The City of Austin Public Works Construction Inspection Division (CID) performs contract
compliance and quality assurance of assigned City sponsored construction projects. Inspectors are
usually assigned to one or more projects and spend most of their time on project sites. Some of the
areas of City inspector responsibility include:
·

Detect and prevent errors during, prior, and after project construction;

·

Ensure identified errors are corrected;

·

Verify that all materials used on the project meet specifications and applicable policies and
procedures;

·

Obtain a thorough knowledge of the contract documents, specifications, and drawings of
assigned projects;

·

Monitor all scheduled project testing and project progress and attend all project related
meetings;

·

1-Year Warranty period and walkthrough;

·

Punch list prepared by inspector and executed by contractor; and

·

COA Releases Warranty and Accepts roadway for maintenance.

City of Austin construction inspector’s effectiveness is dependent on a number of variables such as:
number of projects assigned, complexity of projects assigned, capability of contractor on any project
assigned, training and/or knowledge of any specialized construction, etc. There are specific
standard forms and procedures used by the inspector to record various data ranging from contractor
submittals to daily logs to construction material test results. Because the inspectors are typically not
full time, there are times during which the contractor is not monitored to document the
construction meets the specifications and drawings.
2.2.3.2. Travis County Inspection Practices
After construction of a subdivision is completed and found to be satisfactory by Travis County
inspectors and all requirements for acceptance of the public street for maintenance have been
completed, and the right of way dedication documents are recorded, Travis County then accepts the
various roadways for maintenance. As per the Travis County Code, section 82.603 (c), the
responsibility of County Inspectors is summarized as follows:
·

Inspect all work done and all materials furnished and report whenever it appears that the
materials furnished and the work performed by the contractor fails to fulfill the requirements
of the Construction Documents.

·

Inspector assigned to the work will report the progress of the work and the manner in which
it is being performed.

·

Inspector is not authorized to revoke, alter, enlarge, or release any requirement of
Construction Documents, or to approve or accept any portion of work, or to issue
instructions contrary to the Construction Documents.
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Further there are requirements related to notifying the inspector to allow inspecting and testing
before, during, or after the operation of various stages of construction. As per section 82.603(g),
Field inspections and field control tests shall include, but not be limited to the following:
(1) Utility installation backfill and density tests, as required.
(2) Bedding and backfill of culverts and storm drains and density tests, as required.
(3) Preconstruction inspection of any onsite or local sources of base material.
(4) Subgrade preparation, including fills, cuts, ditch excavation and subgrade sterilization.
Density tests are required in fills and other areas as determined by TNR. Approval of
subgrade preparation is required prior to base placement.
(5) Placement and compaction of base material. Required density tests shall be taken by an
approved testing laboratory with copies furnished to the County prior to paving. … Any
Deficiencies found shall be immediately corrected before any pavement is placed.
(6) Pavement of roads and streets. The Contractor shall provide any required data on pavement
mixes, tests to be performed, etc., at least five (5) days prior to start of paving. Pavement
placement and consolidation may be inspected at the option of the County.
For Travis County construction projects, typically the inspector is unable to observe progress of
work during construction due in part to the number of projects assigned to the inspectors. Many
times the notification for construction testing is inadequate to allow construction laboratories under
contract to the county to negotiate the testing fee before the construction continues and the
opportunity for the testing is lost.
2.2.4. Possible Gaps Between Design and Construction
Based on a review of current standards, test procedures, and construction inspection requirements,
an assessment was made regarding possible gaps or disconnects between the pavement design and
construction practices.
2.2.4.1. Standard Specifications
In general the specifications for pavement materials currently reflect either City of Austin or
TxDOT standards. Both agencies have a process to update the specifications as well as interim
special provisions that are developed for specific uses.
There are a number of pertinent pieces of information based on the materials specification that
should be considered during design from both a constructability standpoint as well as confirmation
of design parameters, such as the following:
·

Minimum and maximum lift thicknesses as it relates to HMAC surface or base, as well as
flexible crushed aggregate or cement treated bases considering aggregate size

·

Cross section components to facilitate construction of curb and gutter sections (related to
minimum/maximum lifts)

·

Specified strengths of pavement layers (not typically in the same format as design inputs,
therefore require consideration of correlations for comparison)
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·

Density requirements as they relate to strength or stiffness

2.2.4.2. Material Test Procedures
The material test procedures are specified in the standard specification or perhaps a special
provision. Obviously the test methods should be referenced in the specification but also reflected in
the assumptions for design input variables. It is critical that the testing laboratory be accredited to
perform the required tests.
The main disconnect between the pavement design and construction practices, is the required
testing. During construction the required tests produce results and values that are not directly
comparable to the design assumptions such as strength of the pavement layers. For example this is
no direct relationship between insitu density and resilient modulus. Additionally, if a material is
determined to not meet a specified test limit, the pavement designer is sometimes asked to provide
an opinion regarding the impact to pavement life. Because the construction testing does not typically
include the strength parameter upon which the pavement design is based, there is not direct
comparison that can be used to predict the pavement life impact if the construction test results do
not meet specification.
Additionally, sulfate testing as well as lime, cement, or lime-cement series must be done in the design
phase to assure designs can be used. Both of these tests must be done prior to construction phase to
validate final recommendations for the pavement section. This may involve large samples of
subgrade required from the layers to be considered and stabilized.
2.2.4.3. Inspection Practices
City or County Inspectors’ verifications that the as-built pavement meets the construction
documents must be based on field reviews during construction of the various layers of the
pavements supplemented by construction materials testing. Effectiveness of cooperation with the
contractor to coordinate times for inspection varies. The inspector cannot always be present to
observe every stage of the construction due to time constraints on both the contractor and the
inspector. Therefore, unless an inspector is able to work full time during of every paving project,
there will be gaps in the validation process to insure the pavement cross section is constructed as
designed, meets current standards or tests results meeting requirements.
Additionally, construction material tests are typically conducted on a statistical sampling basis and
will only reflect the material at the specific location where the material(s) is sampled. Generally
specifications are written to provide adequate coverage for sampling and testing; however,
inconsistencies in construction methods not observed by the inspector may not be represented by
the sampling process.
The inspectors will base their field review on the project specifications and drawings developed by
the designer. In many cases the designer hires a geotechnical firm to perform a geotechnical
investigation and provide pavement design recommendations. The recommended pavement design
in the Geotechnical Report is not always used in the construction drawings due to other issues
which may or may not be conveyed to the geotechnical engineer. Other possible disconnects
between the designers and the geotechnical engineers include:
·

Failure to notify the geotechnical engineer regarding changed conditions during construction
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·

Pavement cross section modifications without concurrence from the geotechnical engineer

·

Material specifications that do not reflect the properties upon which pavement designs were
based

2.2.4.4. Potential Improvements in Inspection Practices
With the goal to reduce or eliminate gaps between design and construction, improvements should
be considered to inspection practices. The following items are recommended for consideration:
•

Training Classes

•

Skills Certification

•

Industry Guidance and Consulting

•

Comprehensive testing that can assure quality over the entire pavement area i.e. IR bar
rather than random and limited sampling

•

Recommendations for increased inspection presence that should be required during key
operations

2.3. Review Applicable Research
It is universally recognized that two of the most important variables to quantify and properly
consider in pavement engineering are the type of subgrade and the level of support that it provides
and the exact nature of the traffic loads. These two factors have been prioritized for focus in Phase
2. Applicable research was investigated from the following sources:
·

Long Term Pavement Performance (LTPP) data results from the Strategic Highway
Research Program (SHRP) for Low Volume Road Sections in Central Texas

·

Special studies by Texas Transportation Institute (TTI) and Center for Transportation
Research (CTR)

·

National Cooperative Highway Research Program (NCHRP)

·

Additional research by CAPEC members

A bibliography is compiled and included in Appendix A.
2.4. Experience of CAPEC Member Agencies and Consulting Engineers
In addition to review of existing methods, literature, and research, and equally important is the
capture of written documentation of experience of CAPEC agencies and consulting engineers. The
information gathered will be important to focus the work and provide insight into the “best
practices” as well as learned experience about what “not to do”. A questionnaire was finalized with
input from the CAPEC project managers and disseminated to staff within Travis County and the
City of Austin. The questionnaire included the following questions:
1. What is your definition of failure for Hot Mix Asphaltic Concrete (HMAC) pavements?
2. What are the most common complaints you receive from citizens about road quality?

18

3. What is your expectation of pavement life for the following classifications: local/residential,

collector, and arterial? When would you expect it be reconstructed?

4. What do you think is the largest contributor to poor pavement performance in your agency?
Poor soils/environment or heavy traffic levels?
5. What would be your definition of success for this project?
6. Do you have any specific issues you want addressed with this project?
In addition to the specific responses to the questionnaire, opinions expressed at various CAPEC
meetings were also considered and the resulting answers are summarized below.
1. The responses regarding HMAC failure include: pre-mature failures, poor ride quality, large
cracks, and numerous potholes.
2. The most common complaints from citizens regarding road quality include: safety concerns
(from severe cracks and pavement edge drop off) and rough ride (from heaving, rutting, and
potholes).
3. Expected pavement life is predominantly 20 to 30 years.
4. All respondents indicated that poor soils are the largest contributor to poor pavement
performance.
5. Project success is defined as the following:
a)

Regional standardization of design methodology and material specifications

b)

Consideration of recycling existing pavement

c)

Life cycle costs of alternative designs

d)

Improved workmanship, material quality and inspection

e)

Equitable sharing of cost – initial construction and maintenance

f)

Address subgrade and pavement over trenches

Additional input from CAPEC member agencies and consulting engineers was obtained through
partnering discussed in Section 3.
2.5. Review Recent Examples of Failures and Successes on Poor Soils
A part of Subtask 1.1 was to develop a list of specific examples of pavement failures or successes
and any documentation available related to the design, construction, and performance of these
pavements. A preliminary list was compiled based on meetings with the City of Austin, Travis
County, Williamson County and TxDOT, as follows:
Agency
COA

Table 10 – Preliminary List of Project Test Sections
Section Name
Notes
Grinding and overlay of center and widening with
PCC bus lanes

Anderson Lane
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Agency

Section Name

Notes

COA

Burdol Farms subdivision off Ross Rd

Used lime stabilization and 50% more base in
addition to GeoGrid designs, side-by-side over
several different subdivision phases

COA

Cameron Rd

very thick section with 10 foot moisture barrier

COA

Decker Lake Rd

24” lime or lime/cement stabilization with
geogrid on top of subgrade

COA

Enfield

Utilities were a problem

COA

Group 1 – multiple sections

streets with no curb and gutter; used LTS; edge
cracking

COA

Group 11 SE (Parker, Woodland,
Fawn, Laguna, Matador, Deerfield)

Geotechnical report available from HVJ

COA

Group 19 NE (Parkwood, Brookview,
Elwood)

COA

Group 3 – NE (Walnut Hills,
Northeast, Arnold, Auburn, Betty
Cook, Hyside)

Full depth recycling with cement; cracking

COA

Group 45 (Taylor Gaines, Summit,
Lupine, Bellaire, Oak Heights)

Full depth recycling with cement

COA

Group 7 East (Bryn Mawr, Dubuque,
Hanover, LaSalle, Langston)

Geotechnical report available from HVJ

COA

Group 8 West (Elton, Bremen,
Griswold, McCall, Stamford, Vista)

Full depth recycling with cement

COA

Group 9 NE (Loyola, Geneva, Burnell,
Rockhurst, Fred Morse)

Geotechnical report available from HVJ

COA

Harris Branch Parkway

PCC poor performance; slab jacking with cement
and Uretech; no trucks

COA

Oltorf

24” base layer noted by Darren Duncan

COA

Phase I Pleasant Valley Rd extension
(Todd Lane extension)

deep lime stabilization and horizontal moisture
barrier (15 mil plastic)

COA

Phase II Pleasant Valley Rd Extension

COA

Ross Rd

Del Valle Subdivisions with alternatives 1) 50%
thicker base; 2) lime; 3) geogrid
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Agency

Section Name

Notes

COA

Sheldon 230 Subdivision

Used fly ash in lieu of lime on 50 PI clay; took
longer to cure

COA

Thornberry St

12” moisture treated with 18” LSS with 8” flex
base and 2” HMAC; high sulfates

TNR

Austin’s Colony Section 7B

TNR provided geotechnical report

TNR

Blake Manor Rd

Recycling

TNR

Briar Creek Lp

surface recycling by Cutler; is due east of SH130
and has lots of sulfates; TNR provided
geotechnical report for Sections 3 & 4

TNR

Columbia Serendipity Subdivision

TNR provided geotechnical report for vicinity of
Crawfiord Rd and Noack Hill Rd

TNR

Coopers Meadow Subdivision

TNR provided geotechnical report

TNR

Elroy Rd

used lime and geogrid, but still big longitudinal
cracks; TNR provided geotechnical report

TNR

Hog Eye Rd

Had PI of 63 and geogrid and filter fabric were
used

TNR

Howard Ln

18” stabilization; TNR provided geotechnical
report

TNR

Northtown 86 Subdivision

TNR provided geotechnical report

TNR

Parmer Ln.

Used plastic moisture barrier behind curb, Scott
has photos (moisture conditioning)

TNR

Shadowglen Roadway

TNR provided geotechnical report for Phases 1
&2

TNR

Thaxton Rd

8” cement stabilization; 10% cement; microcracked; 1.5”-2” HMAC

TNR

Turnersville Rd.

reconstruction project that did not work well
full depth reclamation; plastic vertical moisture
barrier

TxDOT FM 1625
TxDOT FM 969
TxDOT FM1660

near Hutto

TxDOT FM487

rigid floating layer; stabilized top 8”, seal coat,
base, new surface
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Agency

Section Name

Notes

TxDOT SH 141

moisture treated subgrade in Ft. Worth District

TxDOT Various for geogrid research

FM 915, FM 1774, SH71,& FM 2 (32 test sections
near Bryan/College Station)

WILCO CR 136

Has 5 or 6 different test sections ; lime stabilized,
extra base, black base, and & cement stabilized
base

WILCO CR 179

Near the City of Leander

WILCO Landfill Access Road

Very heavy traffic and good performance; north
of Hutto; subbase with 3x5 rock to bridge poor
soil; good drainage away from road

WILCO Sunrise at University
Del Rio clay and streets had numerous failures;;
see TPWA presentation

WILCO Terra Vista Subdivision

Travis County, City of Austin, and Williamson County have captured periodic condition ratings and
distress measurements of these pavements that may be used to supplement any forensic
documentation available to be provided by the corresponding agency. This preliminary list will be
investigated further to define those sections which have adequate construction data to provide a
basis for further study. A data collection form has been developed that will be disseminated to
collect the additional information for the preliminary sections which is included in Appendix C.
Various soil conditions and traffic conditions that cover pavements in good and poor condition will
be needed for comparison and analysis purposes. Therefore, it is desirable to have “test Section”
projects to fill the following matrix:

Soil
High Swelling
PI>40
Moderate Swelling
26<PI<40
Low Swelling
NP<PI<25

Table 11 – Test Section Matrix
High ESALs
Low ESALs
Good
Poor
Good
Poor
Condition
Condition
Condition
Condition
r

r

r

r

r

r

r

r

r

r

r

r

The project list compiled to date will need to be revised and supplemented as necessary to meet the
conditions of the matrix.
22

2.6. Develop Best Practices Summary for Pavement Design
A preliminary “Best Practices” summary of central Texas pavement design engineering has been
prepared based on the information collected as part of this Phase and is as summarized below.
·

Design of pavement from the top down for traffic and bottom up for subgrade soils
foundation

·

Pavement designs need to be based on layer strength parameters that can be repeatably
measured in the field or laboratory at a reasonable cost and can be confirmed during
construction.

·

Use of calculated ESALs based on current traffic counts and/or fairly accurate projections
rather than general numbers for roadway classification

·

Considerations to address method of maintaining subgrade moisture contents during and
after construction

·

Extend stable subgrade moisture zone with horizontal extension of pavement base layers
behind curb

·

Design of HMAC intermediate layers should be addressed to optimize use and benefits of
characteristics of the various types of paving materials available

·

Consider the effects of construction sequencing and mandate staged construction
considerations if any “incomplete” pavement section is opened to traffic

·

Construction period issues extend to potential surface layer damage and the possibility of
cuts into new subdivision pavements. It is suggested that the following be required to avoid
such damage: staged construction of a final surface layer after all major roadway, drainage,
and utility construction and most home building activities are complete.

·

Develop guidance for mandatory subgrade proof rolling on weak or expansive clay soils

·

NDT for rehabilitation projects is required

·

Identify variations in subgrade along the project limits

·

Stabilization mix design is important and should be performed during design phase and
confirmed during construction

·

Density control is required on subgrade and subsequent base layers.

This list will serve as a starting point for later phases of work which will be aimed at strengthening
these “best practices” and adding new understanding and supporting information which will allow
for continued improvement.

3. Partnering
The goal of the partnering subtask was to develop a platform for the collection and dissemination of
information and communications between all stakeholders. There is an established monthly CAPEC
meeting forum with a list of contacts for agency participants, consulting engineers, contractors, and
materials suppliers. These groups have interest in this project and the future results of this and other
projects. This partnering task included both information dissemination and public input.
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3.1. Information Dissemination
A CAPEC partnering website has been established. The name capectx.org has been obtained and
reserved. A hosting server has been obtained and the site is currently active. The home page is
shown on the following page and is open to the public. The “Contact Us” and “Calendar” pages are
also open to the public. The “Contact Us” page provides email links to both project managers as
well as a location to write a comment or question. The “Calendar” page has all CAPEC monthly
meetings posted. The other pages are restricted to registered users.
When the restricted pages are clicked on, a screen appears requesting sign in or free registration.
Once accepted as a member, an email is sent requesting member profile information and access is
granted to the remaining pages. Currently the “Resources” page includes a number of industry links.
In addition, the organization documents for the CAPEC organization are posted in the
“Documents” page, including: By-Laws, Executive Summary, Goals and Objectives, Inter-local
Agreement, and Pavement Studies and Objectives. There are also meeting minutes and presentations
posted under the “Documents” page.
Basically, at this point in the project, the plan for information dissemination is through the website.
The Calendar is kept up-to-date adding topics/speakers for each of the monthly meetings and
postings of the meeting minutes are maintained. There is also a “Forum” page for future use.

Figure 5 – CAPEC Website Home Screen

24

3.2. Public Request for Comment to Foster Consensus
Recognizing the importance in including input from all stakeholders in this project, a “partnering
meeting” was originally planned for at the start of the project. This one-day partnering meeting was
envisioned with breakout sessions to brain storm detailed issues and ideas for this project will
provide valuable input and direction and will identify additional sources of literature and information
in support of the project. However, based on further discussions with the CAPEC project managers,
it was decided to replace the planned one-day partnering meeting with the following:
·

An on-line survey directed at four interest groups, developer, designer, contractor, and
agencies;

·

Two partnering meetings one week apart to allow two opportunities to attend; and

·

Presentation at ACEA Symposium and invite “last chance” for public input.

Therefore, electronic questionnaires for each of the four interest groups, developer, designer,
contractor, and agencies, were developed, email lists completed, and the surveys sent to 244 email
addresses. A total of 70 responses were received, as shown below.

Figure 6 – Summary of CAPEC Survey Responses
Surveys were disseminated through organizations and to specific people who have expressed interest
in the past. The questions and responses are included in Appendix D.
Partnering meetings were held on April 4, 2012 and April 10, 2012 and the survey responses were
tabulated at each meeting. A presentation was made for a session on the CAPEC project at the
ACEA Symposium on April 18, 2012.
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The general overall information gathered through this questionnaire process and partnering
meetings are summarized below:
3.2.1. Developer Team
The developer team included the following: Land Developers, Real Estate Agents, and Home
Builders. This category had the least response. Responses were received from the Land Developer
group only; no responses were received from Real Estate Agents or Home Builders. Therefore the
data obtained is not necessarily representative of this category of stakeholder.
Of the three responders, two preferred asphalt pavement and one preferred concrete pavement. In
response to the question: “Considering that roads have failed in the past, what percentage of road
construction cost increase would be acceptable?” all agreed that a low level of cost increase would be
acceptable. There was no one particular agreed upon most common concern with pavement
construction, rather it was split equally among the following: Cost, Construction Delays, Quality /
Workmanship, and Warranty Work.
All responders indicated that an independent laboratory was used for construction quality control
rather than contractor or Public Agency provided laboratory. In response a question related to
range in road way cost per square yard that is acceptable in the overall development cost structure,
either current average cost or 10% increase was acceptable; none indicated a decrease in cost was
preferable.
3.2.2. Design Team
The design team included geotechnical engineers, civil engineers and industry representatives,
although industry was also included with the Construction Team and all industry response was
included in that questionnaire. There design team responders included 27% geotechnical engineers
and 73% civil engineers.
All responders indicated that subgrade soil strength was the most critical design input. Only 30% of
the designers were asked to include life cycle costs in their pavement designs. When asked “What
methods have successfully stabilized high PI clay subgrades?”, 86% responded with lime
stabilization. However, some also indicated Portland cement stabilization and use of
geotextiles/geogrids had been used successfully.
The most common standard specifications used for design were City of Austin and TxDOT.
Regarding the most common concern during pavement construction, the most common was
pavement specifications incompatible with readily available materials. Also concerns were:
unexpected underground utility conflicts, construction phasing affects quality of construction, and
weather conditions.
3.2.3. Construction Team
The breakdown of respondents in the construction team included: 44% Material suppliers, 19%
General contractors, 19% Paving contractors, 13% Field Engineers, and 5% Construction
Inspectors. When asked: “What is the most important issue that impacts pavement construction?”,
the majority indicated drawings incompatible with specifications was the most important. This
perception is important to the study going forward. Also of importance were cross sections with
incomplete detail and specifications for non-standard or non-traditional materials. The most
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common HMAC specification (81%) is TxDOT’s 340 or 341 specifications, with only 10% using
city of Austin standard specifications. This may indicate that the construction team members
responding to the survey had more experience with TxDOT or perhaps county projects with use
TxDOT specification rather than City of Austin projects.
When asked about method used most successfully to stabilize high PI Clay subgrades, lime
stabilization was the most common, although the cement stabilization was also included to a lesser
degree. The other options included in the list to be ranked and got much fewer votes were the
following: material replacement/ mixing; moisture treatment; and geotextiles and geogrids.
When asked about which elements of pavement construction have the highest potential impact to
construction warranty, inadequate subgrade soil stabilization design was by far the most popular
answer. Other considerations offered in survey question to be ranked included: compaction issues
(HMAC, base, or subgrade), utility trenches, inadequate design standards or requirements, paving
materials, and poor surface drainage.
3.2.4. Agency Acceptance Team
The following organizations were included in the agency acceptance team: 64.7% Cities, 23.5%
Counties and 11.8% TxDOT. The responders included: Cities of Austin, Georgetown, Kyle, Hutto,
Pflugerville, and Buda; Travis County; and TxDOT.
The most common failure mechanism in Hot Mix Asphaltic Concrete HMAC pavement was
longitudinal cracking, followed by fatigue cracking. Due to the drought, many pavement locations
across Texas which exhibited longitudinal cracking that in some areas were very severe. Only 31% of
the respondents indicated that their agency required pavement design lives greater than 20 years.
Soils were considered the largest contributor to poor pavement performance.
3.2.5. Partnering Meetings
Partnering Meeting Invitations were sent to the contact list developed for disseminating the
questionnaire and supplemented by ACEA’s email blast to their members. Two partnering meetings
were held, one on April 4, 2012 at the City of Austin St Elmo Street and Bridge Division office
attended by 17 people and one on April 10, 2012 at the City of Austin Learning Resource Center at
ABIA attended by 10 people. Additionally, a summary presentation was provided at the ACEA
Symposium on April 18, 2011. An initial presentation was made that gave a brief status of the
project and the results of the survey to date. Open discussion was invited during and after the
presentation. The following concerns/thoughts were offered by participants:
·

Need to balance the design approach and solutions for all roadway classes; life cycle costs
could be considered for a different perspective

·

Although a pavement design life may be 20 years, it is not reconstructed for 60 to 70 years
based on the City of Austin and reconstructed every 80 years for Travis County.

·

Soils need to be addressed in the new design procedure

·

New design procedure should be able to consider all options of soil modification
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·

TxDOT specifications are being re-written for a 2014 target; TxDOT has research funding
to enable adjustments to reflect Texas conditions; TxDOT has more depth and wealth of
research ability to validate design considerations

·

TxDOT HMAC mixes tend toward high stability and the City of Austin typically wants a
mix with high crack resistance to be more forgiving for urban streets with less frequent
maintenance

·

Need the pavement design to be more of a public private partnership, evolving from the one
year warranty to a longer warranty period which may not be supported by the insurance
industry

·

Need to balance cost of initial construction with the maintenance costs assumed by the
agencies following warranty period for a sustainable design

·

New design procedure needs to include constructability considerations

·

Will DARWin be phased out by AASHTO and not supported once the new MEPDG
procedure is released?

·

Need to minimize total thickness of reconstruction for utilities if required, but new
subdivisions can consider utility depths for construction of adequate pavement thickness

·

Cannot stop swelling soil movement but the goal should be a manageable and maintainable
pavement; may consider setting target values similar to TxDOT’s PVR targets on frontage
and mainlane pavements or relate roughness to PVR and measure International Roughness
Index (IRI) over time

·

Consider frequency and spacing of soils testing to better define profile; due to variability of
Texas soils formations need site specific designs

·

City of Austin code requires sidewalk offset from back of curb in subdivisions, but since
need moisture barrier it would be better to put the sidewalk at back of curb or if not have
city recognize will impact pavement performance

4. Conclusions
Based of the literature review, stakeholder input, partnering meetings, comparison of existing
candidate pavement design models, and monthly CAPEC meeting notes, the following conclusions
have been made:
·

The City of Austin MFPS and MRPS models are still fundamentally sound and have
produced hundreds of quality pavement designs over many years. The top-down pavement
cross section design for traffic is fundamentally sound and universally used.

·

The Travis County and Williamson County pavement design procedures and guidelines are
also solid and reliable.

·

New developments in the state of the art of pavement engineering practice should be
adopted to improve the current central Texas pavement design practices and procedures.

·

Models for swelling clay soils need to be included in the design procedure to consider in
more detail the bottom-up pavement foundation design.
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·

More relationships between design model material strength test and input values and
traditional construction quality control tests are needed.

·

Increases in traffic loading (volume and axle loads) need to be completely modeled so that
the pavement design engineer has a method to predict the design ESALs.

·

Current technology needs to be implemented to reduce the development of the different
flexible pavement distresses.

·

Increase in initial construction costs may be offset by lower maintenance cost/longer
pavement life. Although good and accurate life cycle cost models are available in MFPS and
MRPS these have not been widely used. These LCC models also include user costs, a much
more important parameter in the rapidly growing central Texas area.

·

Numerous material mix designs are used throughout Central Texas and there is a need to
simplify and specify fewer standard options to allow for cost efficiencies.

·

Design of low volume roads, such as residential streets, have different issues than highways
and this should be considered in the adopted procedure.

·

Utility trenches and utilities in urban pavements create discontinuities and as such contribute
to considerable long term problems in pavement performance.

·

Required construction specifications and sequencing must be considered and correlated with
any new flexible pavement design method.

·

Special consideration must be given to utilities with respect to deep stabilization designs.
Methodologies must be developed to allow for excavation and compaction around existing
utility pipes and shallower service lines. Bridging strategies such as flowable fill or concrete
caps over utilities should be considered with the input and concurrence of the major utilities.

·

Strategies and construction sequences that will allow for deep stabilization in residential
neighborhoods and dense commercial areas must be developed. For example, practical and
adequate access to properties must be maintained while stabilizing or mixing subgrade
materials either in-place or off-site.

·

Final pavement designs submitted must be the one best alternative based on pavement
performance, maintenance considerations, and life-cycle costing. A list of alternatives will no
longer be acceptable unless they are all truly equal in merit.

·

Guidance on testing, spacing, and frequency of tests required will be developed from the
soils testing done and strength correlation methodologies derived.

·

Recommendations and details will be developed for cost-effective horizontal and vertical
barriers.

·

Sidewalks should always be placed against the back of curb for the benefit of the street
performance. This ensures a minimal horizontal barrier and good surface drainage at the
edge of the pavement. Furthermore, this practice extends the edge of the moisture change
zone.

The recommendations for Phase 2 work are presented in the following section.
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5. Phase 2 Develop New Models for Pavement Design Method
Work Plan
There are six primary tasks to accomplish in Phase 2, as follows: 1) Development of soil subgrade
model; 2) Development of soil testing correlations; 3) Development of traffic characterization and
parameters; 4) Development of soil stabilization strategies; 5) Phase 3 Work Plan; and 6) Phase 2
Final Report. See general concept flow chart of the Phase 2 work below.

Figure 7- Phase 2 Concept Flow Chart
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5.1. Task 1 – Development of Soil Subgrade Model
There are two subgrade extremes in central Texas: 1) limestone / granular and 2) highly expansive
clay. There are also lower PI soils between these two extremes.
The objectives of Task 1 are: 1) develop a model which summarizes the performance of these
different subgrade soil types and 2) develop subgrade support characteristics and typical pavement
design input parameters including for the roadbed soil (subgrade) resilient modulus (Mr) or
representative elastic modulus (E) input values for the other layers. The resilient modulus or elastic
modulus values can be determined either by laboratory testing procedures or back calculated based
on NDT measurements.
5.1.1. Subtask 1.1 - Collect Data on Impact of Different Subgrades on
Pavement Performance
Data will be collected and collated for the range of expected subgrade soil types (See Figure 1 on
page 2). The location of the selected test sections identified by member CAPEC agencies will be
located on a geological soils map. This information will provide data points which can be used to
verify the validity of subgrade modulus correlations found in the literature. The data will be
summarized in a database. The database should include to the extent possible the following
minimum types of data and variables which will be collected from the member agencies by project,
if not already obtained in Phase1:
·

Soils data by subgrade type including classification and basic parameters (Plasticity Index, %
passing #200 sieve, liquid limit, plastic limit, optimum moisture content), and laboratory
strength tests;

·

Performance data including any non-destructive testing, distress surveys, roughness testing
including fatigue failure calculations based on historical measurements of strains in the
asphalt concrete over time;

·

Traffic data including estimated design traffic and actual traffic counts for comparison;

·

Geotechnical/pavement design report; and

·

Pavement inventory data including as-built cross section thicknesses and date opened to
traffic.

Historically used subgrade performance models have been:
·

Provide an adequate depth of cover to limit the potential vertical rise (TxDOT spreadsheet
to calculate PVR);

·

Loss of serviceability (ride quality) due to swelling clay subgrade (FPS19W swelling clay
model);

·

Effective PI calculation (modify layer properties to reduce the effective PI);

·

Current TxDOT and Toll Road Authorities limitations of measured International Roughness
Index (IRI) values;
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HVJ’s geotechnical team members will contribute to this data collection effort to broaden the
potential of the database and / or to develop new concepts for this aspect of bottom up roadbed
foundation design. For example, some pavement design procedures are incorporating into the
pavement design process the results of subgrade soil swell testing (ASTM D 4546-03).
5.1.2. Subtask 1.2 – Develop Subgrade Support Characteristics and Typical
Design Inputs
Subgrade support characteristics are quantified by various types of strength tests. These test
procedures have evolved over the last 50+ years from the California Bearing Ratio (CBR), Texas
Triaxial tests, and unconfined compression tests to more sophisticated indirect splitting tensile and
resilient modulus tests. Typical ranges of values for resilient modulus (Mr) and elastic modulus (E)
for central Texas subgrade soils will be developed in this subtask.
HVJ’s geotechnical team members will provide input to cover the range of soils encountered in the
central Texas area. This information can be used to develop subgrade support characteristics and
typical design parameters. A review of existing libraries of data at COA, Travis County, Williamson
County, and TxDOT will provide excellent data for use in this study in addition to data housed with
HVJ’s geotechnical team members. Key Concept - Search out materials strength and traffic libraries of values.
The result of this task will be a table of the resulting ranges of Mr values for the range of different
soil types and E values for different pavement layer materials. The TxDOT Pavement Design Guide
Table 5-3 Recommended Material Design Modulus Values is an example of what is needed. In
particular, this task is to expand the subgrade Mr values based on available data.
5.2. Task 2 –Soil Testing Correlations
The data collected from the test sections identified by CAPEC member agencies will be used to
calibrate/verify/check for reasonableness correlations (relating Mr or E to other more conventional
geotechnical tests). By identifying and testing these correlations, this task will allow the engineer to
develop of pavement design inputs within reasonable cost, time, and effort. The correlations can
thus be used for pavement design and for construction quality assurance and quality control.
In addition to test data collected in Task 1, this is the task in which laboratory testing plans will be
developed to validate/update the correlations identified in the literature. An important consideration
is not to reinvent past work. The level of testing planned in this project can most effectively be used
to further check and validate existing models.
The laboratory testing plans will be developed to cover the necessary levels of the input parameters.
5.3. Task 3 – Development of Traffic Characterization and Parameters
It is planned to collect basic traffic data typically available to the pavement engineer and use the
parameters to estimate the 18 kip Equivalent Single Axle Wheel Loads (ESALs) necessary for
pavement design. A form which lists the required inputs and a calculation routine will be developed.
For example the AASHTO DARWIN program has both a rigorous and a simple method which can
be used to estimate ESALS.
Traffic data of the type required for pavement designs are almost always absent for the design of
non-highway facilities. Usually only average annual daily traffic (AADT) counts will be available and
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many times these data are only available for nearby comparable streets and many times the data is
not current. There are five steps needed to forecast the cumulative Equivalent Single Axle Wheel
Loads (ESALs) input value needed for pavement design:
·
·
·
·
·

Step 1 - Determine Two-Way Average Annual Daily Traffic (AADT)
Step 2 - Determine Two-Way Vehicle Classification Breakdown
Step 3 - Determine Traffic Growth Rate for the Design Period
Step 4 - Determine the of Flexible ESAL Factors for Each Vehicle Type
Step 5 - Determine Directional and Design Lane Distribution Factors

Step 1 is to determine the Two-Way Average Annual Daily Traffic (AADT) volume. The Capital
Area Metropolitan Planning Organization (CAMPO) has count data provided by the City of Austin,
TxDOT, and other local agencies, if site specific current or forecasted traffic count data is not
available for the specific street under design.
Step 2 is to determine Two-way Vehicle Classification Breakdown so that a percentage of the total
two-way AADT can be assigned to each vehicle classification type (i.e. breakdown by truck type to
enable calculation of percent trucks). Classification data is generally much less available and the
designer must make assumptions.
Step 3 is to estimate the Traffic Growth Rate for the design period so that total traffic can be
estimated for the life of the pavement. COA, TNR, TxDOT and CAMPO have developed estimates
of traffic growth rates based on demographic projections. This data can be used to predict the
number of expected applications of each vehicle type over the required pavement design life.
Step 4 is to determine Flexible ESAL Factors for Each Vehicle Type. Average ESAL factors are
based on measured truck load data. Average vehicle ESAL factors, formerly known as SN18 factors,
represent daily, axle based, ESAL factors, summed by vehicle within a vehicle classification and
averaged within a year, at one or more weigh-in-motion (WIM) data collection sites.
Step 5 is to determine the Direction and Design Lane ESAL Distribution factors to the total ESALS
estimated for the design life of the facility. These factors have been well established by AASHTO
and other existing design procedures.
5.3.1. Subtask 3.1 Characterize Traffic Inputs
Data mining and review of TxDOT, COA, and TNR (CAMPO) AADT volume counts (Step 1),
vehicle classification data (Step 2), current growth rates (Step3) and direction and lane distribution
factor recommendations (Step 5) will be the primary focus of Subtask 3.1. The results of Subtask
3.1 will characterize traffic for Local / Collector / Arterial facilities with average and high volume
recommendations, which can be used for new pavement design.
5.3.2. Subtask 3.2 Develop ESAL Factors
TxDOT weight in motion (WIM) data (Step 4) will be specifically analyzed in detail to develop a
methodology to determine the traffic impact of FHWA vehicle classes and truck percentages and
load spectra tables on the ESAL Load factors to be used to develop traffic design inputs for
pavement design. Unfortunately, with this approach is highly accurate for highway data, it is less
useful with lower volume urban roadways.
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A recent study for TxDOT for Williamson, Travis, and Hays counties used the latest data at the
three nearest TxDOT permanent weight in motion data stations. This will be reviewed and updated
as needed. The number of axles and body configurations provides the basis for defining vehicle
classifications when quantifying ESAL factors. Unless detailed axle weight, commodity and truck
body type, and haul direction data is available, the default ESAL factors developed in Task 3.2 will
need to be used for pavement design.
A study was performed in 1985 for the City of Austin’s MFPS and MRPS pavement design
programs to calculate average truck factors by street classification. If this approach is to be
considered, an updated study will be required to cover all street classifications for both urban and
rural roadways to address city and county roads.
Some detailed analysis of local agency urban traffic is recommended to assure validity on lower
volume roadways. The traffic model must also carefully consider transit bus traffic volume and types
of loads on all bus routes. The model must also address any anticipated level of construction traffic
that is heavy enough to use up a significant portion of the anticipated pavement design life.
Construction traffic is likely to affect the lowest volume classifications the most as they are designed
for the least truck traffic.
5.4. Task 4 - Soil Stabilization Strategies
The development of soil stabilization strategies is critical to developing a successful pavement design
on swelling clay subgrade, which will perform as intended over the expected design life. There have
been issues with the highly expansive soils in much of central Texas. High levels of sulfates or
chlorides negatively affect the use of lime or cement stabilization for swelling clay subgrade soils.
Insitu subgrade tests are required to establish the levels of sulfates and chlorides in existing subgrade
soils and in proposed borrow sources. TxDOT has developed specific guidelines to follow when
these conditions are encountered, to prevent the formation of ettringite, as shown in the flow chart
on the following page.
Also once subgrades are placed, design measures should be developed to prevent changes in the
moisture content of these soils. The zone (both depth and width) of subgrade moisture treatment
and the identification of appropriate strategies to control moisture are two subtasks to be
accomplished.
In summary subgrade stabilization considerations include depth of treatment, type of treatment,
checking for sulfate, requirements for moisture control, and necessary lateral support.
5.4.1. Subtask 4.1 Develop Zones of Subgrade Treatment
Cuts, fills, and transition zones between cuts and fills need to be reviewed and procedures developed
to cover these conditions. The topography in the area many times requires significant cuts and fills
and/or transitions between very different subgrade types and conditions. This subtask is critical to
the correct application of the subgrade stabilization treatment strategies.
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Figure 8 – TxDOT Flowchart for Subgrade Soil Treatment
The results of this task will be pavement cross sections which illustrate the construction
requirements based on the resulting pavement design method. Such details would include:
·
·
·
·
·

Width to extension of subgrade stabilization and base layers behind back of curb
Width to extend moisture control barrier beyond edge of pavement for open ditch drainage
conditions;
Use of vertical moisture barriers at back of curb to prevent tree root damage to pavement
Minimum length of transition between shaley clay to competent shale to prevent hard spots
in the pavement
Moisture treated subgrade depth of treatment based on swell testing

This task is essentially collecting experience and developing AutoCAD details or minimum
requirements to determine the zones for which the higher PI material needs to be stabilized. This is
not what stabilization strategy to select, but where to apply the treatment.
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5.4.2. Subtask 4.2 Develop Stabilization Treatment Strategies
Numerous stabilization treatment strategies will be reviewed to develop recommendations for
various typical existing insitu conditions. These following strategies, which may be combined to be
effective, will be reviewed:
·
·
·
·
·
·
·
·
·

Lime Stabilization,
Portland Cement Stabilization,
Fly Ash Stabilization,
Use of Geogrids and Geotextiles,
In-situ mixing with lower PI materials to reduce swell characteristics,
Full Depth Hot Mix Base,
Gap Graded Crushed Stone Subbase,
Moisture Treatment Subgrade, and/or
Removal and replacement with lower PI materials.

TxDOT has flow charts that have been developed to evaluate and guide stabilization of soils. These
will be reviewed for applicability and inclusion in the new pavement design procedure.
Additional strategies may be identified in Tasks 1 or 2 to add to this preliminary list of strategies.
The locations where these and other strategies have been applied will be identified with the
assistance of the City of Austin, Travis County, Williamson County, City of Pflugerville, and other
agencies, as well as industry. The objective of Subtask 4.2 will be to determine based on the available
data which strategies, treatments or combination of treatments will be the most effective in the
central Texas area. The responses from Partnering Surveys provided input on the traditional
stabilization methods including lime, cement, geogrids, etc.
Additional testing of stabilized materials may be necessary to check the resilient modulus values and
basic parameter relationships developed in Task 2. Adequate data from TxDOT and industry
research is expected to be available, but supplementary testing may still be required. These tests are
·
·
·
·

Lime series testing by PI or pH.
Unconfined compressive strength pre- and post-processing
Cement series
Swell testing for moisture treatment

A list of recommended tests for geotechnical firms to provide for pavement design will be
developed to confirm that data required for proper subgrade characterization and stabilization
design issues can be are addressed.
5.5. Task 5 – Work Plan
After the completion of Task 4, a detailed plan will be prepared for developing the pavement design
program and/or methodology and materials and construction specifications in Phase 3 using the
results of Phases 1 and 2 as a basis. This work plan for Phase 3 will focus on the adoption of
existing software and a method for implement the resulting pavement design with materials and
construction specifications. The proposed work plan will provide a set of proposed subtasks and a
Critical Path Method schedule for Phase 3. The following topics will be addressed:
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·

Pavement Material Testing Requirements

·

Construction Specifications

·

Final Report – Manual of Recommended Design and Construction Practices for Flexible
Pavements

·

Focus on providing adequate pavement designs for all functional classifications

·

Life Cycle Cost Analysis (LCCA) methods

•

Training Plan for Agency and Consulting Engineers, Inspectors, and other staff that will be
required to understand and use the pavement design methodologies developed and
recommended in this study

5.6. Task 6 – Final Report
A Final Report will be prepared to document the results of Phase 2 and provided to CAPEC project
managers for review.
5.6.1. Subtask 6.1 - Develop Final Report
The report will be provided to CAPEC Project managers to review. Based on the CAPEC project
managers’ review of the Phase 2 Interim Report, the comments will be incorporated.
5.6.2. Subtask 6.2 - Present Final Report to CAPEC Members
Written responses will be provided to the review written comments and revise the report, so that it
will stand as a permanent documentation of Phases 2.
5.6.3. Subtask 6.3 - Obtain Approval for Authorization of Phase 3 Work Plan
Approval of Phase 2 results and authorization of a formal notice to proceed from CAPEC will be
required prior to initiating any work on Phase 3. The authorization will be based on an approved
work plan as developed in Task 8 and as modified during the reporting process in Task 9. Many
times on a project of this nature discoveries or results may serve to adjust the scope in later phases
of the work. Funding requirements will need to be reassessed at the conclusion of Phase 2.
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Pavement Quality
Perpetual Pavements in Texas: State of
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Pavements

Report
Number

Author(s)

Date

0-4822-3

L.F. Walubita, W. Liu, T.
Scullion

Jul-10

0-4822-P6

L.F. Walubita, T. Scullion

Jun-10

0-4822-S

L.F. Walubita, T. Scullion
S.M. Markey, S. Lee, A.K.
Mukhopadhyay, D.G.
Zollinger, D. Whitney,
D.W. Fowler
F. Zhou, S. Hu, X. Hu, T.
Scullion

Feb-10

0-5110-1
0-5123-3

0-5123-S
0-5135-2

F. Zhou, S. Hu, T.
Scullion, X. Hu
S.D. Sebesta, J.P. Harris,
W. Liu

May-06
Oct-09

Feb-09
Feb-08

0-5262-3

S.D. Sebesta, W. Liu, P.
Harris
Apr-09
S.D. Sebesta, W. Liu, G.L.
Harrison
Jul-09
A.E. Alvarez Lugo, A.
Epps Martin, C.K.
Estakhri, J.W. Button,
C.J. Glover, N.
Prapaitrakul, Z. Krause
Mar-08

0-5429-1

S.L. Hilbrich, T. Scullion

Apr-07

0-5429-P2

S.L. Hilbrich, T. Scullion

Sep-06

0-5135-3
0-5135-P6

0-5457-1
0-5457-2
0-5457-S

0-5472-1

0-5472-S

F. Zhou, S. Hu, T.
Scullion
X. Hu, F. Zhou, T.
Scullion
F. Zhou, X. Hu, T.
Scullion
P.E. Krugler, C.M.
Chang-Albitres, T.
Scullion, A. Chowdhury
P.E. Krugler, C.M.
Chang-Albitres, T.
Scullion, A. Chowdhury,
A. Maldonado, Y. Lin

Aug-07
Apr-09
Aug-08

Oct-08

2008

Title

Report
Number

Mitigating the Effects of Organics in
Stabilized Soils: Technical Report

0-5540-1

Mitigating the Effects of Organics in
Stabilized Soils
Thin HMA Overlays in Texas: Mix
Design and Laboratory Material
Property Characterization
Design and Performance Evaluation of
Very Thin Overlays in Texas
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Performance of a Thin HMA Overlay
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Concrete Overlay Design and Analysis
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for Low Classification Roads on High PI Clays.” $312,386 (UTA Share - $145,174),
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4.

City of Arlington, Arlington, Texas. “Evaluation of Treatment Methods to Stabilize Soft
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Technology for Mitigation of Pavement Roughness.” $266,433, September 2004 to August
2006, PI: Anand Puppala, and Co-PI: Laureano R. Hoyos (On-going).
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Texas Department of Transportation and Development (TxDOT), “Correlation of Texas
Cone Penetrometer Test Values and Shear Strength of Texas Soils.” $175,000 (UTA Share
$45,000; UH, UTA and Lamar Consortium), September 2004 to August 2006, PI: Anand
Puppala (On-going).

8.

United States Army Corps of Engineers (USACE), Fort Worth, Texas. “Investigations to
Develop Field Stabilization Methods to Mitigate Desiccation Cracks in order to Reduce
Slope and Embankment Failures.” $128,192, Feb 2004 - Jan 2007, PI: Anand Puppala (Ongoing).
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National Science Foundation, “MRI: Development of a Strain/Temperature/SuctionControlled True Triaxial Testing Device for Modeling Unsaturated Soil Behavior Under
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Smoothness Specifications for Pavements

Completed

Performance of Subsurface Pavement Drainage
Contributions of Pavement Structural Layers to Rutting
of Flexible Pavements
Effectiveness of Subsurface Drainage for HMA and PCC
Pavements
Effects of Subsurface Drainage on Performance of
Asphalt and Concrete Pavements
Effects of Subsurface Drainage on Performance of
Asphalt and Concrete Pavements: Further Evaluation
and Analysis of LTPP SPS-1 and SPS-2 Field Sections

Completed

Guide on Pavement Rehabilitation Strategies
Traffic Data Collection, Analysis, and Forecasting for
Mechanistic Pavement Design
Technical Assistance to NCHRP and NCHRP Project 140A: Versions 0.9 and 1.0 of the M-E Pavement Design
Software
Technical Assistance to NCHRP and NCHRP Project 140A: Versions 0.9 and 1.0 of the M-E Pavement Design
Software
Models for Predicting Reflection Cracking of Hot-Mix
Asphalt Overlays
Top-Down Fatigue Cracking of Hot-Mix Asphalt Layers Phase I
Models for Predicting Top-Down Cracking of Hot-Mix
Asphalt Layers
Guide for Pavement Friction
Handbook for Pavement Design, Construction, and
Management
Quantifying the Influence of Geosynthetics on
Pavement Performance
A Mechanistic-Empirical Model for Top-Down Cracking
of Asphalt Pavement Layers

Completed

Completed
Completed
Completed

Completed
Completed
Completed

Completed

Completed
Completed
Completed
Completed
Completed
Completed
Active
Pending

APPENDIX B – DRAFT TXDOT 340 AND 341 SPECIFICATIONS

B

SPECIAL SPECIFICATION
3XXX
Dense-Graded Hot-Mix Asphalt (Method)Small Quantity)
1.

Description. Construct a hot-mix asphalt (HMA) pavement layer composed of a compacted,
dense-graded mixture of aggregate and asphalt binder mixed hot in a mixing plant. This
specification is intended for small quantity (SQ) HMA projects typically under 5,000 tons
total production.

2.

Mate rials. Furnish uncontaminated materials of uniform quality that meet the requirements
of the plans and specifications.
Notify the Engineer of all material sources. Notify the Engineer before changing any
material source or formulation. When the Contractor makes a source or formulation change,
the Engineer will verify that the specification requirements of this Item are met and may
require a new laboratory mixture design, trial batch, or both. The Engineer may sample and
test project materials at any time during the project to verify compliancespecification
compliance in accordance with Item 6, “Control of Materials.”
A. Aggregate. Furnish aggregates from sources that conform to the requirements shown in
Table 1, and as specified in this Section, unless otherwise shown on the plans. Provide
aggregate stockpiles that meet the definition in this Section for either coarse aggregate
or fine aggregate. When reclaimed asphalt pavement (RAP) is allowed by plan note,
provide RAP stockpiles in accordance with this Section.. Aggregate from RAP is not
required to meet Table 1 requirements unless otherwisein this Section, i ncluding those
shown in Table 1, may be modified or eliminated when shown on the plans. Additional
aggregate requirements may be specified when shown on the plans. Provide aggregate
stockpiles that meet the definitions in this Section for coarse, intermediate, or fine
aggregate. Aggregate from reclaimed asphalt pavement (RAP) is not required to meet
Table 1 requirements unless otherwise shown on the plans. Supply mechanically crushed
gravel or stone aggregates that meet the defi nitions in Tex-100-E for crushed gravel or
crushed stone. The Engineer will designate the plant or the quarry as the sampling
location. Samples must be from materials produced for the project. The Engineer will
establish the surface aggregate classification (SAC) and perform Los Angeles abrasion,
magnesium sulfate soundness, and Micro-Deval tests. Perform all other aggregate
quality tests listed in Table 1. Document all test results on the mixture design report. The
Engi neer may perform tests on independent or split samples to verify Contractor test
results. Stockpile aggregates for each source and type separately. Determine aggregate
gradations for mi xture design and production testing based on the washed sieve analysis
given in Tex-200-F, Part II. Do not add material to an approved stockpile from sources
that do not meet the aggregate quality requirements of the Department’s Bituminous
Rated Source Quality Catalog (BRSQC) unless otherwise approved-F, Part II.
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1.

Coarse Aggregate. Coarse aggregate stockpiles must have no more than 20%
material passing the No. 8 sieve. Provide aggregatesAggregate from sources listed
in the Department’s Bituminous Rated Source Quality Catalog (BRSQC.) located at
http://www.txdot.gov/business/contractors_consultants/producer_list.htm are
preapproved for use.
For sources not listed on the Department’s BRSQC:
· build an individual stockpile for each material;
· request the Department test the stockpile for specification compliance; and
· once approved, do not add additional material to the stockpile.
Use only the rated values for hot mix listed in the BRSQC. Rated values for surface
treatment (ST) do not apply to coarse aggregate sources used in hot mix. Provide
aggregate from nonlistednon-listed sources only when tested by the Engineer and
approved before use. Allow 30 calendar days for the Engineer to sample, test, and
report results for nonlistednon-listed sources.
Provide coarse aggregate with at least the minimum SAC as shown on the plans.
SAC requirements apply only to aggregates used on the surface of travel lanes,
unless otherwise . SAC requirements apply to aggregates used on surfaces other than
travel lanes when shown on the plans. The SAC for sources on the Department’s
Aggregate Quality Monitoring Program (AQMP) is listed in the BRSQC.
a.

Ble nding Class A and Class B Aggregates. Class B aggregate meeting all
other requirements i n Table 1 may be blended with a Class A aggregate in
order to meet requirements for Class A materials. When blending Class A and
B aggregates to meet a Class A requirement, ensure that at least 50% by
weight of the material retained on the No. 4 sieve comes from the Class A
aggregate source. Blend by volume if the bulk specific gravities of the Class A
and B aggregates differ by more than 0.300. When blending, do not use
Class C or D aggregates. For blending purposes, coarse aggregate from RAP
and Recycled Asphalt Shingles (RAS) will be considered as Class B
aggregate.
When the Contractor blends Class A and B aggregates to meet a Class A
requirement, the Engi neer may perform tests at any time during production to
ensure that at least 50% by weight of the material retained on the No. 4 sieve
comes from the Class A aggregate source. In such cases where the Engi neer
elects to verify conformance, the Engi neer will use the Department’s mi x
design Excel template to calculate the percent of Class A aggregate retained on
the No. 4 sieve by inputting the bin percentages shown from readouts in the
control room at the ti me of production and stockpile gradations measured at
the time of production. The Engineer may determine the gradations based on
either washed or dry sieve analysis from samples obtained from i ndividual
aggregate cold feed bins or aggregate stockpiles. The Engineer may perform
spot checks usi ng the gradations supplied by the Contractor on the mi xture
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design report as an i nput for the Excel template; however, a failing spot check
will require confirmation with a stockpile gradation determined by the
Engineer.
2.

Interme diate Aggre gate. Aggregates not meeti ng the definition of coarse or fine
aggregate will be defined as intermediate aggregate. When used, supply intermediate
aggregates that are free from organic impurities. The Engineer may test the
intermediate aggregate in accordance with Tex-408-A to verify the material is free
from organic impurities. When used, supply intermediate aggregate from coarse
aggregate sources that meet the requirements shown in Table 1 unless otherwise
approved.
If 10% or more of the stockpile is retained on the No. 4 sieve, test the stockpile and
verify that it meets the requirements in Table 1 for coarse aggregate angularity (Tex460-A) and flat and elongated particles (Tex-280-F).

2.3. Fine Aggregate. Fine aggregates consist of manufactured sands, screenings, and
field sands. Fine aggregate stockpiles must meet the gradation requirements in
Table 2. Supply fine aggregates that are free from organic impurities. The Engineer
may test the fine aggregate in accordance with Tex--408--A to verify the material is
free from organic impurities. At most 15% of the total aggregate may be field sand
or other uncrushed fine aggregate. With the exception of field sand, use fine
aggregate from coarse aggregate sources that meet the requirements shown in
Table 1 unless otherwise approved.
If 10% or more of the stockpile is retained on the No. 4 sieve, test the stockpile and
verify that it meets the requirements in Table 1 for coarse aggregate angularity
(Tex--460--A) and flat and elongated particles (Tex--280--F).
Table 1
Aggregate Quality Requirements
Property
Test Method
Requirement
Coarse Aggregate
SAC
AQMP
As shown on plans
Deleterious material, %, max
Tex-217-F, Part I
1.5
Decantation, %, max
Tex-217-F, Part II
1.5
Micro-Deval abrasion, %, max
Tex-461-A
Note 1
Los Angeles abrasion, %, max
Tex-410-A
40
Magnesium sulfate soundness, 5 cycles, %, max
Tex-411-A
302
Coarse aggregate angularity, 2 crushed faces, %, min Tex-460-A, Part I
8532
Flat and elongated particles @ 5:1, %, max
Tex-280-F
10
Fine Aggregate
Linear shrinkage, %, max
Tex-107-E
3
Combined Aggregate43
Sand equivalent, %, min
Tex-203-F
45
1. Not used for acceptance purposes. UsedOptional test used by the Engineer as an indicator of the
need for further investigation.
2. Unless otherwise shown on the plans.
3. Unless otherwise shown on the plans.2. Only applies to crushed gravel.
43. Aggregates, without mineral filler, RAP, RAS, or additives, combined as used in the job--mix
formula (JMF).
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Gradation Requirements for Fine Aggregate
Si eve Size
% Passi ng by Weight or Vol ume
3/8"
100
#8
70–100
#200
0–30

B. Mineral Filler. Mineral filler consists of finely divided mineral matter, such as
agricultural lime, crusher fines, hydrated lime, cement, or fly ash. Mineral filler is
allowed unless otherwise shown on the plans. Do not use more than 2% mineral hydrated
lime or cement, unl ess otherwise shown on the plans. If a substitute binder is used, do not
use more than 1% hydrated lime unless otherwise shown on the plans or allowed by the
Engineer. Test all mineral fillers except hydrated lime and fly ash in accordance with
Tex-107-E to ensure specification compliance. The plans may require or disallow specific
mineral fillers. When used, provide mineral filler that:
· is sufficiently dry, free-flowing, and free from clumpsclump and foreign matter;
·

does not exceed 3% linear shrinkage when tested in accordance with Tex--107--E;
and

·

meets the gradation requirements in Table 3.
Table 3
Gradation Requirements for Mi neral Filler
Si eve Size
% Passing by Weight or Volume
#8
100
#200
55–100

C. Baghouse Fines. Fines collected by the baghouse or other dust-collecting equipment may
be reintroduced into the mixing drum.
D. Asphalt Binde r. Furnish the type and grade of performance-graded (PG) asphalt binder
specified on the plans in accordance with Section 300.2.J, “Performance-Graded
Binders.”specified on the plans. Unless otherwise shown on the plans, the Contractor may
use a substitute PG binder listed in Table 4 in lieu of the PG binder originally specified, if
the substitute PG binder and mixture made with the substitute PG binder meet the
following:
·
·

·

the substitute binder meets the specification requirements for the substitute binder
grade in accordance with Section 300.2.J, “Performance-Graded Binders;”
the substitute binder has an un-aged dynamic shear value less than or equal to
2.00 kPa and an RTFO aged dynamic shear value less than or equal to 5.00 kPa at the
PG test temperature; and
the mi xture has less than 10.0 mm of rutting on the Hamburg Wheel test (Tex-242-F)
after the number of passes required for the originally specified binder. Use of
substitute PG binders may only be allowed at the discretion of the Engineer if the
Hamburg Wheel test results are between 10.0 mm and 12.5 mm.

PG Binder
Originally

Table 4
Allowable Substitute PG Binders
WMA1 or HMA
WMA1
HMA with >20% Recycled Binder
with ≤20%
with >20%
(Not Produced as WMA1)
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Specified

Recycled Binder

PG 76-22
PG 70-22
PG 64-22
PG 76-28
PG 70-28
PG 64-28

Recycled Binder

PG 70-22 or PG 64-22
PG 64-22 or PG 58-28
PG 58-28
PG 70-28 or PG 64-28
PG 64-28 or PG 58-28
PG 58-28

PG 70-28 or PG 64-28
PG 64-28 or PG 58-28
PG 58-28
PG 70-28 or PG 64-34
PG 64-28 or PG 58-34
PG 58-34

1. WMA as defined in Section 3XXX.2.F.2, “Warm Mix Asphalt (WMA)”

E. Tack Coat. Unless otherwise shown on the plans or approved, furnishFurnish CSS-1H,
SS-1H, or a PG binder with a minimum high-temperature grade of PG 58 for tack coat
binder in accordance with Item 300, “Asphalts, Oils, and Emulsions.”
F.E. Specialized or preferred tack coat materials may be allowed by the Engineer or required
when shown on the plans. Do not dilute emulsified asphalts at the terminal, in the field, or
at any other location before use. If required, verify that emulsified asphalt proposed for
use meets the minimum residual asphalt percentage specified in Item 300, “Asphalts,
Oils, and Emulsions.”
The Engineer will obtain at least 1 sample of the tack coat binder per project in
accordance with Tex-500-C, Part III and test it to verify compliance with Item 300. The
Engineer will obtain the sample from the asphalt distributor immediately before use.
G.F. Additives. When shown on the plans, useUse the type and rate of additive specified.
when shown on the plans. Other additives that facilitate mixi ng, compaction, or improve
the quality of the mixture may be allowed when approved. Provide the Engi neer with
documentation such as the bill of lading showing the quantity of additives used in the
project unless otherwise directed.
1.

IfLime and Liquid Antistripping Age nt. When lime or a liquid antistripping agent
is used, add in accordance with Item 301, “Asphalt Antistripping Agents.” Do not
add lime directly into the mixing drum of any plant where lime is removed through
the exhaust stream unless the plant has a baghouse or dust collection system that
reintroduces the lime back into the drum.

2.

Warm Mix Asphalt (WMA). Warm Mix Asphalt (WMA) is defined as HMA that is
produced within a target temperature discharge range of 215ºF and 275ºF using
Department approved WMA additives or processes. The Department’s approved list
of WMA additives and processes is located at
http://www.txdot.gov/business/contractors_consultants/producer_list.htm.
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WMA is allowed for use on all projects and is required when shown on plans. The
maximum placement or target discharge temperature for WMA may be set at a value
less than 275ºF when shown on the plans.
Department approved WMA additives or processes may be used to facilitate mixing
and compaction of HMA produced at target discharge temperatures greater than
275ºF; however, such mi xtures will not be defined as WMA.
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G. Recycle d Mate rials. Use of RAP and RAS is permitted unless otherwise shown on the
plans. Do not exceed the maximum allowable percentages of RAP and RAS shown in
Table 5. The allowable percentages shown in Table 5 may be decreased or increased
when shown on the plans. Determine asphalt content and gradation of the RAP and RAS
stockpiles for mi xture design purposes in accordance with Tex-236-F. The Engi neer may
verify the asphalt content of the stockpiles at any time during production. Perform other
tests on RAP and RAS when shown on the plans. Asphalt binder from RAP and RAS is
designated as recycled asphalt binder. When RAP or RAS is used, calculate and ensure
that the ratio of the recycled asphalt binder to total binder does not exceed the percentages
shown in Table 5 during mixture design and HMA production. During HMA production,
use a separate cold feed bin for each stockpile of RAP and RAS.
1.

RAP. RAP is salvaged, milled, pulverized, broken, or crushed asphalt pavement.
Crush or break RAP so that 100% of the particles pass the 2 in. sieve.
Use of Contractor-owned RAP including HMA plant waste is permitted, unless
otherwise shown on the plans. Department-owned RAP stockpiles are available for
the Contractor’s use when the stockpile locations are shown on the plans. If
Department-owned RAP is available for the Contractor’s use, the Contractor may
use Contractor-owned fractionated RAP and replace it with an equal quantity of
Department-owned RAP. This allowance does not apply to a Contractor using
unfractionated RAP. Department-owned RAP generated through required work on
the Contract is available for the Contractor’s use when shown on the plans. Perform
any necessary tests to ensure Contractor- or Department-owned RAP is appropriate
for use. The Department will not perform any tests or assume any liability for the
quality of the Department-owned RAP unless otherwise shown on the plans. The
Contractor will retain ownership of RAP generated on the project when shown on
the plans.
Fractionated RAP is defined as having 2 or more RAP stockpiles, divided into coarse
and fine fractions. The coarse RAP stockpile will contain only material retained by
processing over a 3/8 in. screen or 1/2 in. screen unless otherwise approved. The fine
RAP stockpile will contain only material passing the 3/8 in. screen or 1/2 in. screen
unless otherwise approved. The Engi neer may allow the Contractor to use an
alternate to the 3/8 in. screen or 1/2 in. screen to fractionate the RAP. The maxi mum
percentages of fractionated RAP may be comprised of coarse or fine fractionated
RAP or the combination of both coarse and fine fractionated RAP.
Do not use Department- or Contractor-owned RAP contaminated with dirt or other
objectionable materials. Do not use Department- or Contractor-owned RAP if the
decantation value exceeds 5% and the plasticity index is greater than 8. Test the
stockpiled RAP for decantation in accordance with Tex-406-A, Part I. Determine the
plasticity index in accordance with Tex-106-E if the decantation value exceeds 5%.
The decantation and plasticity index requirements do not apply to RAP samples with
asphalt removed by extraction or ignition.
Do not intermingle Contractor-owned RAP stockpiles with Department-owned RAP
stockpiles. Remove unused Contractor-owned RAP material from the project site
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upon completion of the project. Return unused Department-owned RAP to the
designated stockpile location.
2.

RAS. Use of post-manufactured RAS or post-consumer RAS is permitted unless
otherwise shown on the plans. RAS are defined as processed asphalt shingle material
from manufacturing of asphalt roofing shingles or from re-roofing residential
structures. Post-manufactured RAS are processed manufacturer’s shingle scrap byproduct. Post-consumer RAS, or tear-offs, are processed shingle scrap removed from
residential structures. Comply with all regulatory requirements stipulated for RAS by
the Texas Commission on Environmental Quality (TCEQ). RAS may be used
separately or in conjunction with RAP.
Process the RAS by ambient grinding or granulati ng such that 100% of the particles
pass the 3/8 in. sieve when tested in accordance with Tex-200-F, Part I. Perform a
sieve anal ysis on processed RAS material prior to extraction (or ignition) of the
asphalt.
Add sand meeting the requirements of Table 1 and Table 2 or fine RAP to RAS
stockpiles if needed to keep the processed material workable. For any stockpile that
contains RAS, the entire stockpile will be considered to be a RAS stockpile and
limited to no more than 5.0% of the HMA mi xture in accordance with Table 5.
Certify compliance of the RAS with DMS-11000, “Evaluating and Using
Nonhazardous Recyclable Materials (NRM) Guidelines.” If the RAS has not come
into contact with any hazardous materials, treat it as an established NRM. Use RAS
from shi ngle sources on the Construction Division’s “Nonhazardous Recycled
Materials” approved list at
http://www.txdot.gov/business/contractors_consultants/producer_list.htm. Prior to
use, remove substantially all materials that are not part of the shingle, such as wood,
paper, metal, plastic, and felt paper. Determine the deleterious content of RAS
material for mixture design purposes in accordance with Tex-217-F, Part III. Do not
use RAS if deleterious materials are more than 0.5% of the stockpiled RAS unless
otherwise approved. Submit a sample for approval to the Engineer prior to
submitting the mixture design. The Department will perform the testing for
deleterious material of RAS to determine specification compliance.

Table 5
Maximum Allowable Amounts of Recycled Binder, RAP & RAS
Maximum Ratio
Maximum Allowable %
of Recycled Bi nder1 to
(Percentage by Weight of Total Mi xture)
Mixture Description
Total Binder (%)
&
When Using
When Using
Location
PG Binder
PG Binder in
Unfractionated Fractionated
RAS4
Originally
Compliance with
RAP 2
RAP 3
Specified
Table 4
Surface Mixes5
Non-Surface Mixes6 < 8 in.
From Fi nal Riding Surface
Non-Surface Mixes6 > 8 in.
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From Fi nal Riding Surface
1. Combined recycled binder from RAP and RAS.
2. Do not use in combination with RAS or fractionated RAP.
3. May not be used in addition to unfractionated RAP; however, up to 5% of fractionated RAP may be replaced with RAS.
4. May be used separately or as a replacement for no more than 5% of the allowable fractionated RAP.
5. “Surface” mixes are defined as mixtures that will be the final lift or riding surface of the pavement structure.
6. “Non-Surface” mixes are defined as mixtures that will be an intermediate or base layer in the pavement structure.

3.

Equipme nt. Provide required or necessary equipment in accordance with Item 320,
“Equipment for Asphalt Concrete Pavement.”

4.

Construction. Design, produce, store, transportProduce, haul, place, and compact the
specified paving mixture. At any time during the project, the Engineer may perform
production and placement tests as deemed necessary in accordance with the requirements of
this Item. Unless otherwise shown on the plans, provide the mix design. The Department
will perform quality assurance (QA) testing. 5, “Control of the Work.” On or before the first
day of paving, schedule and participate in a pre-paving meeti ng with the Engi neer unless
otherwise directed.
A. Certification. Personnel certified by the Hot Mix Asphalt Center Certification Program
must conduct all mixture designs, sampling, and testing in accordance with Table 6.
Supply the Engineer with a list of certified personnel and copies of their current
certificates before beginning production and when personnel changes are made. Provide a
mixture design that is developed and signed by a Level 2 certified specialist. The
Department’s Level 1A certified specialist will conduct production tests. The
Department’s Level 1B certified specialist will conduct placement tests.
Table 6
Test Methods, Test Responsibility, and Minimum Certification Levels
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Test Method
Contractor Engineer Level
1. Aggregate and Recycled Material Testing
Sampling
Tex-400-A
1A
ü
ü
Dry sieve
Tex-200-F, Part I
1A
ü
ü
Washed sieve
Tex-200-F, Part II
ü
ü
1A
Deleterious material
Tex-217-F, Parts I & III
1A
ü
ü
Decantation
Tex-217-F, Part II
ü
ü
1A
Los Angeles abrasion
Tex-410-A
ü
Magnesium sulfate soundness
Tex-411-A
ü
Micro-Deval abrasion
Tex-461-A
ü
Coarse aggregate angularity
Tex-460-A
2
ü
ü
Flat and elongated particles
Tex-280-F
ü
ü
2
Linear shrinkage
Tex-107-E
2
ü
ü
Sand equivalent
Tex-203-F
2
ü
ü
Organic impurities
Tex-408-A
2
ü
ü
2. Asphalt Binder & Tack Coat Sampling
Asphalt binder sampling
Tex-500-C, Part II
ü
ü
1A/1B
Tack coat sampling
Tex-500-C, Part III
1A/1B
ü
ü
3. Mix Design & Verification
Design and JMF changes
Tex-204-F
ü
ü
2
Mixing
Tex-205-F
ü
ü
2
Molding (TGC)
Tex-206-F
ü
ü
1A
Molding (SGC)
Tex-241-F
1A
ü
ü
Laboratory-molded density
Tex-207-F
ü
ü
1A
VMA (calculation only)
Tex-207-F
2
ü
ü
Rice gravity
Tex-227-F
1A
ü
ü
1
Ignition oven correction factors
Tex-236-F
2
ü
ü
Indirect tensile strength
Tex-226-F
2
ü
ü
Hamburg wheel test
Tex-242-F
ü
ü
2
Boil test
Tex-530-C
1A
ü
ü
4. Production Testing
Mixture sampling
Tex-222-F
ü
1A
Molding (TGC)
Tex-206-F
ü
1A
Molding (SGC)
Tex-241-F
1A
ü
Tex-207-F
1A
Laboratory-molded density
ü
VMA (calculation only)
Tex-207-F
1A
ü
Rice gravity
Tex-227-F
ü
1A
Gradation & asphalt content1
Tex-236-F
1A
ü
Moisture content
Tex-212-F
ü
1A
Hamburg Wheel test
Tex-242-F
ü
2
Boil test
Tex-530-C
1A
ü
5. Placement Testing
Trimming roadway cores
Tex-207-F
1A/1B
ü
ü
In-place air voids
Tex-207-F
1A/1B
ü
Establish rolling pattern
Tex-207-F
ü
1B
Ride quality measurement
Tex-1001-S
Note 2
ü
ü
Tack coat adhesion
Tex-243-F
ü
1B
1. Refer to Section 3XXX.4.I.3 for exceptions to using an ignition oven.
2. Profiler and operator are required to be certified at the Texas Transportation Institute facility
when Surface Test Type B is specified.
Test Description

B. Reporting, Testing and Re sponsibilities. Use Department-provided Excel templates to
record and calculate all test data pertaining to the mixture design. The Engineer will use
Department Excel templates for any production and placement testing. Obtai n the latest
version of the Excel templates at
http://www.txdot.gov/txdot_library/consultants_contractors/forms/site_manager.htm or
from the Engi neer.
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The Engineer may perform any tests listed in Table 7 at any time during the project to
verify specification compliance. The allowable time for the Engineer to exchange test
data with the Contractor is as given in Table 7 unless otherwise determined. The Engineer
will report to the Contractor any test result that requires production or placement to be
suspended or fails to meet the specification requirements.
Subsequent mix placed after test results are available to the Contractor, which require
them to suspend operations, may be considered unauthorized work. Unauthorized work
will be accepted or rejected at the discretion of thisthe Engi neer in accordance with Item.
5, “Control of the Work,” Article 5.3, “Conformity with Plans, Specifications, and
Special Provisions.”

Description
Gradation
Asphalt content
Laboratory-molded density
VMA (calculation)
Hamburg wheel test
Moisture content
Indirect tensile strength
Boil test
Binder tests

Table 7
Reporting Schedule
Reported Reported
By
To
Production Testing

Engineer Contractor

To Be Reported Withi n

1 working day of completion
of the test

Placement Testing

In-place air voids

Engineer Contractor

1 working day of completion
of the test

A.C. Mixture Design.
1.

Design Requireme nts. Use a Level II specialist certified by a Department-approved
hot-mix asphalt certification programThe Contractor may elect to developdesign the
mi xture design. Have the Level II specialist sign the design documents. Unlessusing
a Texas Gyratory Compactor (TGC) or a Superpave Gyratory Compactor (SGC)
unless otherwise shown on the plans, use. Use the typical weight design example
given in Tex--204--F, Part I, to designwhen using a TGC. Use the Superpave
mi xture meetingdesign procedure given i n Tex-204-F, Part IV, when using a SGC.
Design the mixture to meet the requirements listed in Tables 1 through 6. , 2, 3, 4, 5,
8, 9, and 10.
a.

Target Laboratory Molde d De nsity When The TGC Is Used. Design the
mi xture at a 96.5% target laboratory-molded density or as noted in Table 9.
The target laboratory-molded density may be increased in 0.5% increments,
not to exceed 97.0%, at the Contractor’s discretion.

b.

Design Numbe r of Gyrations (Nde sign) When The SGC Is Used. Design
the mixture at 50 gyrations (Ndesign). Use a target laboratory-molded density
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of 96.0% to design the mixture; however, adjustments can be made to the
Ndesign value as noted in Table 9. The Ndesign level may be reduced to no
less than 35 gyrations at the Contractor’s discretion.
Use an approved laboratory to perform the Hamburg Wheel test and provide results
with the mixture design, or provide the laboratory mi xture and request that the
Department perform the Hamburg Wheel test. The Construction Division maintains a
list of approved laboratories. Furnish the Engineer with representative samples of all
materials used in the mixture design. at
http://www.txdot.gov/business/contractors_consultants/producer_list.htm. The
Engineer will verify be allowed 10 working days to provide the Contractor with
Hamburg Wheel test results on the laboratory mixture design.
The Engi neer will provide the mixture design. If the design cannot be verified by the
Engineer, furnish another mixture design.
when shown on the plans. The Contractor may submit a new mixture design at
anytime during the project. The Engineer will verify and approve all mixture designs
(JMF1) before the Contractor can begin production.
Provide the Engineer with a mi xture design report usi ng the Department-provided
softwareExcel template. Include the following items in the report:
· the combined aggregate gradation, source, specific gravity, and percent of each
material used;
·

asphalt content and aggregate gradation of RAP and RAS stockpiles;

·

the target laboratory-molded density (or Ndesign level when using the SGC);

·

results of all applicable tests;

·

the mixing and molding temperatures;

·

the signature of the Level II 2 person or persons whothat performed the design;

·

the date the mixture design was performed; and

·

a unique identification number for the mi xture design.

Formatted: Footer, Outline numbered + Level:
9 + Aligned at: 0" + Indent at: 0"

·Draft to replace Item 340

11-23

05-21-12

Table 8
Master Gradation Limits (% P assing by Weight or Volume)
and VMA1 Requirements
A
B
C
D
F
Sieve
Coarse
Fine
Coarse
Fine
Fine
Size
Base
Base
Surface
Surface
Mi xture
2”
100.02
–
–
–
–
1-1/2" 98.0–100.0
100.02
–
–
–
1"
78.0–94.0 98.0–100.0
100.02
–
–
3/4"
64.0–85.0 84.0–98.0 95.0–100.0
100.02
–
1/2"
50.0–70.0
–
–
98.0–100.0
100.02
3/8"
–
60.0–80.0 70.0–85.0 85.0–100.0 98.0–100.0
#4
30.0–50.0 40.0–60.0 43.0–63.0 50.0–70.0
8070.0–
8690.0
#8
22.0–36.0 29.0–43.0 32.0–44.0 35.0–46.0 38.0–48.0
#30
8.0–23.0 13.0–28.0 14.0–28.0 15.0–29.0 12.0–27.0
#50
3.0–19.0
6.0–20.0
7.0–21.0
7.0–20.0
6.0–19.0
#200
2.0–7.0
2.0–7.0
2.0–7.0
2.0–7.0
2.0–7.0
Design VMA1, % Minimum
–
12.0
13.0
14.0
15.0
16.0
Production (Plant-Produced) VMA, % Minimum
–
11.0
12.0
13.0
14.0
15.0
1. Voids in Mineral Aggregatesmineral aggregates.
2. Defined as maximum sieve size. No tolerance allowed.

Table 9
Laboratory Mixture Design Properties
Test
Mi xture Property
Requi rement
Method
Target laboratory-molded density, %(TGC) Tex-207-F
96.51
Design gyrations (Ndesign for SGC)
Tex-241-F
502
Indirect tensile strength (dry), psi
Tex-226-F
85–2003
Boil test4
Tex-530-C
–
1 May be adjusted in 0.5% increments within a range of 96.0% to 97.5% when
shown on the plans or specification or when mutually agreed between the
Engineer and Contractor.
2. May be adjusted within a range of 35–100 gyrations when shown on the plans
or specification or allowed by the Engineer.
3. The Engineer may allow the IDT strength to exceed 200 psi if the
corresponding Hamburg Wheel rut depth is greater than 4.0 mm and less than 12.5
mm.
4. Used to establish baseline for comparison to production results. May be waived
when approved.

Table 10
Hamburg Wheel Test Requirements
Minimum # of Passes1
High-Temperature
Test Method
@ 12.5 mm2 Rut Depth,
Binder Grade
Tested @ 50°C
PG 64 or lower
10,000
PG 70
Tex-242-F
15,000
PG 76 or higher
20,000
1. May be decreased or waived when shown on the plans.
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2. When the rut depth at the required minimum number of passes is less than 3 mm,
the Engineer may require the Contractor to increase the target laboratory-molded
density (TGC) by 0.5% to no more than 97.5% or lower the Ndesign level (SGC) to
no less than 35 gyrations.

1.2. Job-Mix Formula Approval. The job-mix formula (JMF) is the combined
aggregate gradation, target laboratory molded density (or Ndesign level), and target
asphalt percentage used to establish target values for mixturehot mix production.
JMFJMF1 is the original laboratory mixture design used to produce the trial batch.
The Engi neer and the ContractorWhen WMA is used, JMF1 may be designed and
submitted to the Engineer without including the WMA additive. When WMA is
used, document the additive or process used and recommend rate on the JMF1
submittal. Furnish the Engi neer a mix design report (JMF1) with representative
samples of all component materials and request approval to produce the trial batch. If
opting to have the Department perform the Hamburg Wheel test on the laboratory
mi xture, provide the Engi neer with approximately 10,000 g of the design mixture
and request that the Department perform the Hamburg Wheel test. The Engineer will
verify JMFJMF1 based on plant-produced mixture from the trial batch unless
otherwise approveddetermined. The Engineer may accept an existing mixture design
previously used on a Department project and may waive the trial batch to verify
JMF. If the JMF is not verified by the Engineer from the trial batch, adjust the JMF
or redesign the mi x and produce as many trial batches as necessary to verify the
JMF. JMF1. Provide the Engi neer with split samples of the mixtures and blank
samples used to determine the igni tion oven correction factors. The Engi neer will
determi ne the aggregate and asphalt correction factors from the i gnition oven using
Tex--236--F.
The Engi neer will use a Texas gyratory compactorTGC calibrated in accordance
with Tex--914--F in molding production samples. If the SGC is used to design the
mi x, provide an SGC at the Engi neer’s field laboratory for use in molding production
samples.
The Engi neer willmay perform Tex--530--C and retai n the tested sample for
comparison purposes during production. The Engineer may waive the requirement
for the boil test.
2.3. JMF Fie ld Adjustments. Produce a mixture of uniform composition closely
conforming to the approved JMF.If JMF adjustments are necessary to achieve the
specified requirements, the adjusted JMF must:
· If, during initial days of production, the Contractor or be provided to the
Engineer determines that adjustments to the JMF are necessaryin writing
before the start on a new lot;
·
·

be numbered in sequence to achieve the specifiedprevious JMF;
meet the mixture requirements, or to more nearly match the aggregate
production, in Table 5;

·

meet the Engineer may allow adjustment of the JMF master gradation limits
shown in Table 8; and
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·

be within the operational tolerances of Table 7 without a laboratory redesign of
the mi xturethe current JMF listed in Table 11.

The Engi neer willmay adjust the asphalt content to maintain desirable laboratory
density near the optimum value while achieving other mix requirements.
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Table 11
Operational Tolerances

Description

Individual % retained for #8 sieve and
larger
Individual % retained for sieves smaller
than #8 and larger than #200
% passing the #200 sieve
Asphalt content, %
Laboratory-molded density, %
VMA, %, min

Test
Method

Tex-200-F
or
Tex-236-F
Tex-236-F
Tex-207-F

Allowable
Difference
Between Tri al
Batch and
JMF1 Target
Must be
Within Master
Grading Limits
in Table 8
±0.5
±1.0
Note 3

Allowable
Di fference
from
Current
JMF
Target
±5.01,2

Inserted Cells

±3.01,2
±2.01,2
±0.32
±1.0
Note 3

Inserted Cells

1. When within these tolerances, mixture production gradations may fall outside the master grading
limits; however, the percent% passing the #200 sieve will be considered out of tolerance when
outside the master grading limits.
2. Only applies to mixture produced for Lot 1 and higher.
3. Mixture is required to meet Table 8 requirements.
2. Test and verify that Table 4 requirements are met.

B.D. Production Ope rations. Perform a new trial batch when the plant or plant location is
changed. The Engineer may suspend production for noncompliance with this Item. Take
corrective action and obtainreceive approval to proceed after any production suspension for
noncompliance. to the specification. Unless otherwise directed, submit a new mix design and
perform a new trial batch if the Engineer elects to test the asphalt content on:
· RAP stockpiles used in the mix and the results are more than 0.5% higher than the values
shown on the mi xture design report; or
· RAS stockpile used in the mix and the result is more than 2.0% higher than the value
shown on the mi xture design report.
1. Operational Tolerances. During production, do not exceed the operational tolerances in
Table 7. Stop production if testing i ndicates tolerances are exceeded on:
· 3 consecutive tests on any individual sieve,
2.1. Storage and He ating of Materials. Do not heat the asphalt binder above the
temperatures specified in Item 300, “Asphalts, Oils, and Emulsions”,” or outside the
manufacturer’s recommended values. On a daily basis, provide the Engi neer with the
records of asphalt binder and hot-mix asphalt discharge temperatures (in legible and
discernable increments) in accordance with Item 320, “Equipment for Asphalt
Concrete Pavement.” Unless otherwise approved, do Do not store mixture for a
period long enough to affect the quality of the mixture, nor in any case longer than
12 hr unless otherwise approved.
2.

Mixing and Discharge of Mate rials. Notify the Engineer of the target discharge
temperature and produce the mixture within 25°F of the target. Monitor the
temperature of the material in the truck before shipping to ensure that it does not
exceed 350°F. (or 275ºF for WMA) and is not lower than 215°F. The Department
will not pay for or allow placement of any mixture produced at more than 350°F.
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When WMA is required, produce the WMA within the target temperature discharge
range of 215ºF and 275ºF. Take corrective action any time the discharge temperature
of the WMA exceeds the target discharge range. The Engi neer may suspend
production operations if the Contractor’s corrective action is not successful at
controlling the production temperature within the target discharge range. Note that
when WMA is produced, it may be necessary to adjust burners to ensure complete
combustion such that no burner fuel residue remains in the mixture.
Control the mixing time and temperature so that substantially all moisture is
removed from the mi xture before dischargi ng from the plant. The Engineer may
determi ne the moisture content by oven-drying in accordance with Tex-212-F,
Part II, and verify that the mixture contains no more than 0.2% of moisture by
weight. The Engineer will obtain the sample immediately after discharging the
mi xture into the truck, and perform the test promptl y.
C.E. Hauling Ope rations. Before use, clean all truck beds to ensure that mixture is not
contaminated. When a release agent is necessary to coat truck beds, use a release agent
on the approved list maintained by the Construction Division to coat the inside bed of
the truck.
Use only equipment for hauling as defined in Section 3XXX.4.G.3.c, “Hauling
Equipment.” Other hauling equipment may be used when allowed by the Engineer.
F. Place ment Ope rations. Collect haul tickets from each load of mi xture delivered to the
project and provide the Department’s copy to the Engi neer approximately every hour, or
as directed by the Engi neer. When the Pave-IR system is not used for specification
compliance, use a non-contact infrared thermometer to measure and record the internal
temperature of the mixture as discharged from the truck or material transfer device prior
to or as the mi x enters the paver and an approximate station number or GPS coordinates
on each ticket. Calculate the daily yield and cumulative yield for the specified lift and
provide to the Engineer at the end of paving operations for each day unless otherwise
directed. The Engineer may suspend production if the Contractor fails to produce and
provide haul tickets and yield calculations by the end of paving operations for each day.
Prepare the surface by removing raised pavement markers and objectionable material
such as moisture, dirt, sand, leaves, and other loose impediments from the surface before
placing mi xture. Remove vegetation from pavement edges. Place the mi xture to meet the
typical section requirements and produce a smooth, fi nished surface with a uniform
appearance and texture. Offset longitudinal joints of successive courses of hot mix by at
least 6 in. Place mixture so that longitudi nal joints on the surface course coincide with
lane lines, or as directed. Ensure that all finished surfaces will drain properly. Place
mi xture within the compacted lift thickness shown in Table 8, 12 unless otherwise shown
on the plans or allowed. The thickness determined is based on the rate of 110 lb./sy for
each inch of pavement unless otherwise shown on the plans.
Table 12
Compacted Li ft Thickness and Requi red Core Height
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Mi xtur
e
Type
A
B
C
D
F

Compacted Lift Thickness
Minimum
Maximum
(in.)
(in.)
3.00
6.00
2.50
5.00
2.00
4.00
1.50
3.00
1.25
2.50

Minimum Untrimmed
Core Height (i n.)
Eligible for Testing
2.00
1.75
1.50
1.25
1.25

Inserted Cells

1.

We ather Conditions. Place mixture when the roadway surface temperature is 60°F
or higher unless otherwise approved. Measure the roadway surface temperature with
a handheld infrared thermometer. Unless otherwise shown on the plans,
placecalibrated handheld infrared thermometer. The Engineer may allow mixture
placement to begin prior to the roadway surface reaching the required temperature
requirements, if conditions are such that the roadway surface will reach the required
temperature within 2 hours of beginning placement operations. Place mixtures only
when weather conditions and moisture conditions of the roadway surface are suitable
in the opinion of the Engineer. The Engineer may restrict the Contractor from paving
if the ambient temperature is likely to drop below 32°F within 12 hours of paving.

2.

Tack Coat. Clean the surface before placing the tack coat. Unless otherwise
approved, apply tack coat uniformly at the rate directed by the Engineer. The
Engineer will set the rate between 0.04 and 0.10 gal. of residual asphalt per square
yard of surface area. Apply the tack coat in a uniform manner such that streaks and
other irregular patterns are avoided. Apply a thi n, uniform tack coat to all contact
surfaces of curbs, structures, and all joints. Allow adequate ti me for emulsion to
break completely prior to placing any material. Prevent splattering of tack coat when
placed adjacent to curb, gutter, and structures. Roll the tack coat with a pneumatictire roller to remove streaks and other irregular patterns when directed. The Engineer
may use Tex--243--F to verify that the tack coat has adequate adhesive properties.
The Engi neer may suspend paving operations until there is adequate adhesion.

3. Lay-Down Operations.
4. Minimum Mixture Placeme nt Temperature s. Use Table 9 for suggested mini mum
mi xture placement temperatures.
a.

Windrow Operations. When hot mix is placed in windrows, operate windrow
pickup equipment so that substantially all the mixture deposited on the roadbed
is picked up and loaded into the paver.

b.

Hauling Equipment. The Contractor may elect to use belly dumps, live
bottom, or end dump trucks to haul and transfer mixture; however, with
exception of paving miscellaneous areas, end dump trucks are only allowed
when used in conj unction with an MTD with remixing capability unless
otherwise allowed by the Engineer.
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c.

Screed Heaters. If the paver stops for more than 5 minutes, turn off screed
heaters to prevent overheating of the mat.

G. Compaction. Use Uniformly compact the pavement to contai n between 3.8% to 8.5% inplace air voids. When the i n-place air voids exceed the range of 3.8% and 8.5%, take
immediate corrective action to bring the operation within these tolerances. Areas defined
in section 3XXX.I.2 “Miscellaneous Areas,” are not subject to in-place air void control
unless ordinarydetermination. In all other areas, the Engi neer may obtain and test cores
and may suspend operations or require removal and replacement if the in-place air voids
are less than 2.7% or greater than 9.9%. The Engineer will allow paving to resume when
the proposed corrective action is likely to yield between 3.8% and 8.5% in-place air
voids.
Furnish the type, size, and number or rollers required for compaction control is specified
on the plans. Avoid displacement of the mixture. If displacementas approved. Use a
pneumatic-tire roller to seal the surface unless excessive pickup of fines occurs, correct to
the satisfaction of the Engineer. Ensure pavement is fully compacted before allowing
rollers to stand on the pavement. Unless otherwise directed, use. Use additional rollers as
required to remove any roller marks. Use only water or an approved release agent on
rollers, tamps, and other compaction equipment. Keep diesel, gasoline, oil, grease, and
other foreign matter off the mixture. Unless unless otherwise directed.
Use the control strip method given in Tex-207-F, Part IV, to establish the rolling pattern.
On the first day of production, provide the Engineer with control strip results that indicate
the selected rolling pattern will produce the desired in-place air voids unless otherwise
directed, operate vibratory rollers in static mode when not compacting, when changing
directions, or when the plan depth of the pavement mat is less than 1-1/2 in.
Use tamps to thoroughl y compact the edges of the pavement along curbs, headers, and
similar structures and in locations that will not allow thorough compaction with the
rollers. The Engi neer may require rolling with a trench roller on widened areas, in
trenches, and in other limited areas.
Complete all compaction operations before the pavement temperature drops below 160°F
unless otherwise allowed. The Engineer may allow compaction with a light finish roller
operated in static mode for pavement temperatures below 160°F.
Allow the compacted pavement to cool to 160°F or lower before opening to traffic, unless
otherwise directed. When directed, sprinkle the finished mat with water or limewater to
expedite opening the roadway to traffic.
5. Air Void Control. Compact dense-graded hot-mix asphalt to contai n from 5% to 9% inplace air voids. Do not increase the asphalt content of the mixture to reduce pavement air
voids.
a. Rollers. Furnish the type, size, and number or rollers required for compaction, as
approved. Use a pneumatic-tire roller to seal the surface, unless otherwise shown on
the plans. Use additional rollers as required to remove any roller marks.
H. Production Acce ptance.
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1.

Production Lot. Each day of production is defined as a production lot. Lots will be
sequentially numbered and will correspond to each new day of production. Note that
lots are not subdivided into sublots for this specification.

2.

Production Sampling.

3.

a.

Mixture Sampling. The Engineer may obtain mixture samples at any time
during production. These samples will be obtained in accordance with
Tex-222-F.

b.

Asphalt Binder Sampling. The Engineer may obtain or require the Contractor
to obtain 1 qt. samples of the asphalt binder at any time during production.
These samples will be obtained in accordance with Tex-500-C, Part II, from a
port located immediately upstream from the mixing drum or pug mill. The
Engineer may test any of the asphalt binder samples to verify compliance with
Item 300, “Asphalts, Oils, and Emulsions.”

Production Testing. The Engineer may perform any production testing listed in
Table 13 at any time during the project to verify specification compliance. The
Engineer may suspend production if production tests do not meet specifications or
are not withi n operational tolerances listed in Table 11.
If the Engineer’s laboratory-molded density on any sample is less than 95.0% or
greater than 98.0%, take immediate corrective action to bring the mixture within
these tolerances. The Engineer may suspend operations if the Contractor’s corrective
actions do not produce acceptable results. The Engi neer will allow production to
resume when the proposed corrective action is likely to yield acceptable results.
If the aggregate mi neralogy is such that Tex-236-F does not yield reliable results, the
Engineer may use alternate methods for determining the asphalt content and
aggregate gradation. The applicable test procedure will be used if an alternate test
method is selected.
Table 13
Production and Placement Testi ng1
Description
Test Method
Individual % retained for #8 sieve and larger
Tex-200-F
Individual % retained for sieves smaller than #8
or
and larger than #200
Tex-236-F
% passing the #200 sieve
Laboratory-molded density
VMA
Tex-207-F
Laboratory-molded bulk specific gravity
In-Place air voids
Moisture content
Tex-212-F, Part II
Theoretical maximum specific (Rice) gravity
Tex-227-F
Asphalt content
Tex-236-F
Hamburg Wheel test
Tex-242-F
Recycled Asphalt Shingles (RAS)2
Tex-217-F, Part III
Asphalt binder sampling and testing
Tex-500-C
Tack coat sampling and testing
Tex-500-C, Part III
Boil test
Tex-530-C
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Test Method

Description

1. The Engineer will test at the frequency listed in the Department’s Guide
Schedule of Sampling and Testing and this specification.
2. Testing performed by the Construction Division or designated laboratory.

a.

Voids in the Mine ral Aggregate (VMA). The Engineer may determine the
VMA for any production lot. Take immediate corrective action if the VMA
value for any lot is less than the minimum VMA requirement for production
listed in Table 8. Suspend production and shipment of mixture if the
Engineer’s VMA result is more than 0.5% below the minimum VMA
requirement for production listed in Table 8. In addition to suspending
production, the Engineer may require removal and replacement or may allow
the lot to be left in place without payment.

b.

Hamburg Wheel Test. The Engineer may perform a Hamburg Wheel test at
any ti me during production, including when the boil test indicates a change i n
quality from the materials submitted for JMF1. In addition to testing
production samples, the Engi neer may obtain cores and perform Hamburg
Wheel tests on any areas of the roadway where rutting is observed. When the
production or core samples fail the Hamburg Wheel test criteria in Table 10,
suspend production until further Hamburg Wheel tests meet the specified
values. Core samples, if taken, will be obtained from the center of the finished
mat or other areas excluding the vehicle wheel paths. The Engineer may
require up to the entire lot of any mixture failing the Hamburg Wheel test to be
removed and replaced at the Contractor’s expense.
If the Department’s or approved laboratory’s Hamburg Wheel test results in a
“remove and replace” condition, the Contractor may request that the
Department confirm the results by retesting the failing material. The
Construction Division will perform the Hamburg Wheel tests and determine
the final disposition of the material in question based on the Department’s test
results.

4.

I.

Individual Loads of Hot Mix. The Engineer can reject individual truckloads of hot
mi x. When a load of hot mix is rejected for reasons other than temperature,
contamination, or excessive uncoated particles, the Contractor may request that the
rejected load be tested. Make this request within 4 hr. of rejection. The Engineer will
sample and test the mixture. If test results are withi n the operational tolerances
shown in Table 11, payment will be made for the load. If test results are not within
operational tolerances, no payment will be made for the load and the Engineer may
require removal.

Place ment Acceptance.
1.

Placement Lot. A placement lot is defined as the area placed during a production lot
(one day’s production). Placement lot numbers will correspond with production lot
numbers.

2.

Miscellaneous Are as. Miscellaneous areas include areas that typically involve
significant handwork or discontinuous paving operations, such as temporary detours,
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driveways, mailbox turnouts, crossovers, gores, spot level-up areas, and other similar
areas. Intersections and temporary detours will be considered miscellaneous areas
when shown on the plans. Miscellaneous areas also include level-ups and thi n
overlays when the layer thickness specified on the plans is less than the mi nimum
untrimmed core height eligible for testing shown in Table 12. The specified layer
thickness is based on the rate of 110 lb./sy for each inch of pavement unless another
rate is shown on the plans. Compact miscellaneous areas in accordance with Section
3XXX.4.G, “Compaction.” Miscellaneous areas are not subject to in-place air void
determi nation.
3.

Placement Sampling. Provide the equipment and means to obtain and trim roadway
cores on-site. On-site is hereby defined as in close proximity to where the cores are
taken. Obtain the cores within 1 working day of the time the placement lot is
completed unless otherwise approved. Unless otherwise shown on the plans, obtain
two 6-in. diameter cores side by side at each location selected by the Engineer for inplace air void determination. For Type D and Type F mixtures, 4-in. diameter cores
are allowed. Mark the cores for identification, measure and record the untrimmed
core height, and provide the information to the Engineer. The Engineer will witness
the coring operation and measurement of the core thickness. Visually inspect each
core and verify that the current paving layer is bonded to the underlying layer. If an
adequate bond does not exist between the current and underlying layer, take
corrective action to ensure that an adequate bond will be achieved during subsequent
placement operations.
Immediately after obtaini ng the cores from the roadway, trim the cores in accordance
with Tex-207-F if the core heights meets the minimum untrimmed value listed in
Table 12. Trim the cores on site in the presence of the Engineer. Use a permanent
marker or paint pen to record the date and lot number on each core as well as the
designation as Core A or B. The Engineer may require additional information to be
marked on the core and may choose to sign or initial the core. The Engineer will take
custody of the cores immediately after they are trimmed and will retain custody of
the cores until testing by the Department is completed. Prior to turning the trimmed
cores over to the Engineer, the Contractor may elect to wrap the trimmed cores or
secure them in a manner that will reduce the risk of possible damage occurring
during transport by the Engineer. After testing, the Engi neer will return the cores to
the Contractor.
The Engineer may elect to have the cores transported back to the Department’s
laboratory at the HMA plant via the Contractor’s haul truck or other designated
vehicle. In such cases where the cores will be out of the Engi neer’s possession
during transport, the Engineer will use the Construction Division’s protocol to
provide a secure means and process that protects the integrity of the cores during
transport.
In lieu of the Contractor trimming the cores on-site immediately after coring, the
Engineer and the Contractor may mutually agree to have the trimming operations
performed at an alternate location such as a field laboratory or other similar location.
In such cases, the Engineer will take possession of the cores immediately after they
are obtained from the roadway and will retain custody of the cores until testing is
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completed. Trimming of the cores may be performed by either the Department or
Contractor representative. The Engineer will witness all trimming operations in
cases where the Contractor representative performs the trimmi ng operation.
Immediately after obtaini ng the cores, dry the core holes and tack the sides and
bottom. Fill the hole with the same type of mixture and properly compact the
mixture. Repair core holes with other methods when approved.
4.

Placement Te sting. The Engineer may measure in-place air voids at any time during
the project to verify specification compliance.
b.a. In-Place Air Voids. The Engineer will measure in-place air voids in
accordance with Tex--207--F and Tex--227--F. Cores not meeti ng the height
requirements in Table 12 will not be tested. Before drying to a constant weight,
cores may be predriedpre-dried using a Corelok or similar vacuum device to
remove excess moisture. The Engineer will use the corresponding theoretical
maximum specific gravity to determine the air void content of each core. The
Engineer will use the average air void content of the 2 cores to
calculatedetermine the in-place air voids at the selected location.

The Engi neer will use the vacuum method to seal the core if required by Tex207-F. The Engineer will use the test results from the unsealed core to if the
sealed core yields a higher specific gravity than the unsealed core. After
determi ning the in-place air void content, the Engineer will return the cores
and provide test results to the Contractor.
c. Air Voids Out of Range . If the in-place air void content in the compacted mi xture is
below 5% or greater than 9%, change the production and placement operations to
bring the in-place air void content within requirements. The Engineer may suspend
production until the in-place air void content is brought to the required level, and may
require a test section as described in Section 340.4.H.1.d, “Test Section.”
d. Te st Section. Construct a test section of 1 lane-width and at most 0.2 mi. in length to
demonstrate that compaction to between 5% and 9% in-place air voids can be
obtained. Continue this procedure until a test section with 5% to 9% in-place air voids
can be produced. The Engi neer will allow only 2 test sections per day. When a test
section producing satisfactory i n-place air void content is placed, resume full
production.
6. Ordinary Compaction Control. Furnish the type, size, and number or rollers required
for compaction, as approved. Furnish at least 1 medium pneumatic-tire roller (minimum
12-ton weight). Use the control strip method given in Tex-207-F, Part IV, to establish
rolling patterns that achieve maximum compaction. Follow the selected rolling pattern
unless changes that affect compaction occur in the mi xture or placement conditions.
When such changes occur, establish a new rolling pattern. Compact the pavement to meet
the requirements of the plans and specifications.
When rolling with the 3-wheel, tandem or vibratory rollers, start by first rolling the
joint with the adjacent pavement and then continue by rolling longitudi nally at the
sides. Proceed toward the center of the pavement, overlapping on successive trips
by at least 1 ft., unless otherwise directed. Make alternate trips of the roller slightly
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different in length. On superelevated curves, begin rolling at the low side and
progress toward the high side unless otherwise directed.
7.5. Irregularities. Immediately take corrective action if surfaceIdentify and correct
irregularities, including but not limited to segregation, rutting, raveling, flushing, fat
spots, mat slippage, irregular color, irregular texture, roller marks, tears, gouges,
streaks, or uncoated aggregate particles, are detected.or broken aggregate particles.
The Engi neer may suspend production or placement operations until the problem is
corrected.At the expense ofalso identify irregularities, and in such cases, the
Engineer will promptly notify the Contractor and to. If the Engi neer determines that
the satisfaction of the Engineer,irregularity will adversely affect pavement
performance, the Engineer may require the Contractor to remove and replace any
mi xture that (at the Contractor’s expense) areas of the pavement that contain
irregularities and areas where the mixture does not bond to the existing pavement or
that has other surface irregularities identified above. If irregularities are detected, the
Engineer may require the Contractor to immediately suspend operations or may
allow the Contractor to continue operations for no more than 1 day while the
Contractor is taking appropriate corrective action.
8.6. Ride Quality. Use Surface Test Type A to evaluate ride quality i n accordance with
Item 585, “Ride Quality for Pavement Surfaces” unless otherwise shown on the
plans.
4.5. Measureme nt. Hot mix will be measured by the ton of composite hot mix, which includes
asphalt, aggregate, and additives. Measure the weight on scales in accordance with Item 520,
“Weighing and Measuring Equipment.”
5.6. Payment. The work performed and materials furnished in accordance with this Item and
measured as provided under Article 5, “Measurement,” will be paid for at the uni t price bid
for “Dense Graded Hot-Mix Asphalt (MethodSQ)” of the type, surface aggregate
classification, and binder specified. These prices are full compensation for surface
preparation; materials including tack coat; placement; equipment; labor; tools; and
incidentals.
Trial batches will not be paid for unless they are incorporated into included in pavement
work approved by the Department.
Pay adjustment for ride quality, when required, if applicable will be determined in
accordance with Item 585, “Ride Quality for Pavement Surfaces.”
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2004 Specifications

SPECIAL SPECIFICATION
32243XXX
Dense-Graded Hot-Mix Asphalt (QC/QA)
1.

Description. Construct a hot-mix asphalt (HMA) pavement layer composed of a compacted,
dense-graded mixture of aggregate and asphalt binder mixed hot in a mixing plant. Pay
adjustments will apply to HMA placed under this specification unless the HMA is deemed
exempt in accordance with Section 3XXX.4.I.4, “Exempt Production.”

2.

Mate rials. Furnish uncontaminated materials of uniform quality that meet the requirements
of the plans and specifications.
Notify the Engineer of all material sources. Notify the Engineer before changing any
material source or formulation. When the Contractor makes a source or formulation change,
the Engineer will verify that the specification requirements are met and may require a new
laboratory mixture design, trial batch, or both. The Engineer may sample and test project
materials at any time during the project to verify specification compliance in accordance
with Item 6, “Control of Materials.”
A. Aggre gate. Furnish aggregates from sources that conform to the requirements shown in
Table 1 and as specified in this Section. Aggregate requirements in this Section,
including those shown in Table 1, may be modified or eliminated when shown on the
plans. Additional aggregate requirements may be specified when shown on the plans.
Provide aggregate stockpiles that meet the definitions in this Section for coarse,
intermediate, or fine aggregate. Aggregate from reclaimed asphalt pavement (RAP) is
not required to meet Table 1 requirements unless otherwise shown on the plans. Supply
aggregates that meet the definitions in Tex-100-E for crushed gravel or crushed stone.
The Engi neer will designate the plant or the quarry as the sampling location. Samples
must be from materials produced for the project. The Engineer will establish the surface
aggregate classification (SAC) and perform Los Angeles abrasion, magnesi um sulfate
soundness, and Micro-Deval tests. Perform all other aggregate quality tests listed in
Table 1. Document all test results on the mi xture design report. The Engineer may
perform tests on independent or split samples to verify Contractor test results. Stockpile
aggregates for each source and type separately. Determine aggregate gradations for
mi xture design and production testing based on the washed sieve analysis given i n
Tex-200-F, Part II.
1.

Coarse Aggregate. Coarse aggregate stockpiles must have no more than 20%
material passing the No. 8 sieve.
Provide aAggregate from sources listed in the Department’s Bituminous Rated
Source Quality Catalog (BRSQC) located at
http://www.dot.state.tx.us/txdot_library/publications/producer_list.htmhttp://www.t
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xdot.gov/business/contractors_consultants/producer_list.htm are preapproved for
use.
For sources not listed on the Department’s BRSQC:
·

build an individual stockpile for each material;

·

request the Department test the stockpile for specification compliance; and

·

once approved, do not add additional material to the stockpile.

1. Use only the rated values for hot mix listed in the BRSQC. Rated values for
surface treatment (ST) do not apply to coarse aggregate sources used in hot mix.
Provide aggregate from non-listed sources only when tested by the Engineer and
approved before use. Allow 30 calendar days for the Engineer to sample, test, and
report results for non-listed sources.
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Do not add material to a stockpile that has been tested and approved, for sources
not listed on the Department’s Bituminous Rated Source Quality Catalog
(BRSQC). Provide coarse aggregate with at least the minimum SAC as shown on
the plans. SAC requirements apply only to aggregates used on the surface of travel
lanes. When shown on the plans, SAC requirements apply to aggregates used on
surfaces other than travel lanes when shown on the plans. The SAC for sources on
the Department’s Aggregate Quality Monitoring Program (AQMP) is listed in the
BRSQC.
Formatted: Font: Not Bold

a.

Ble nding Class A and Class B Aggregates.

a.

Class B aggregate meeting all other requirements i n Table 1 may be blended
with a Class A aggregate in order to meet requirements for Class A materials.
When blending Class A and B aggregates to meet a Class A requirement,
ensure that at least 50% by weight of the material retained on the No. 4 sieve
comes from the Class A aggregate source. Blend by volume if the bulk specific
gravities of the Class A and B aggregates differ by more than 0.300. For
blending purposes, coarse aggregate from RAP and Recycled Asphalt Shingles
(RAS) will be considered as Class B aggregate.

When the Contractor blends Class A and B aggregates to meet a Class A
requirement, the Engi neer may perform tests at any time during production to
ensure that at least 50% by weight of the material retained on the No. 4 sieve
comes from the Class A aggregate source. In such cases where the Engi neer
elects to verify conformance, the Engi neer will use the Department’s mi x
design program Excel template to calculate the percent of Class A aggregate
retained on the No. 4 sieve by inputting the bin percentages shown from
readouts in the control room at the time of production and stockpile gradations
measured at the time of production. The Engineer may determine the
gradations based on either washed or dry sieve analysis from samples obtained
from individual aggregate cold feed bins or aggregate stockpiles. The Engineer
may perform spot checks using the gradations supplied by the Contractor on
the mixture design report as an input for the programExcel template; however,
Draft to replace Item 341
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a failing spot check will require confirmation with a stockpile gradation
determi ned by the Engineer.
b.

Micro-Deval Abrasion. The Engineer will perform a minimum of one MicroDeval abrasion test in accordance with Tex-461-A for each coarse aggregate
source used in the mixture design that has a Rated Source Soundness
Magnesi um (RSSM) loss value greater than 15 as listed in the BRSQC. The
Engineer will perform testing prior to the start of production and may perform
additional testing at any time during production. The Engineer may obtain the
coarse aggregate samples from each coarse aggregate source or may require
the Contractor to obtain the samples. The Engi neer may elect to waive all
Micro-Deval testing based on a satisfactory test history of the same aggregate
source.
b. When tested, tThe Engineer will estimate the magnesium sulfate
soundness loss (Mges t.) for each coarse aggregate source by mul tiplying the
RSSM value by the ratio of the actual Micro-Deval percent loss (MDact.)
divided by the Rated Source Micro-Deval (RSMD) using the formula Mges t. =
(RSSM)(MDact./RSMD).
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When the estimated magnesium sulfate soundness loss is greater than the
maximum magnesi um sulfate soundness loss specified, the coarse aggregate
source will not be allowed for use, unless otherwise approved by the Engineer.
The Engi neer will consult the Geotechnical, Soils, & Aggregates Branch of the
Construction Division and a. Additional testing may be required prior to
granting approval.
2.

Interme diate Aggre gate. Aggregates not meeti ng the definition of coarse or fine
aggregate will be defined as intermediate aggregate. When used, supply
intermediate aggregates that are free from organic impurities. The Engi neer may
test the intermediate aggregate in accordance with Tex-408-A to verify the material
is free from organic i mpurities. When used, supply intermediate aggregate from
coarse aggregate sources that meet the requirements shown in Table 1, unless
otherwise approved.
If 10% or more of the stockpile is retained on the No. 4 sieve, test the stockpile and
verify that it meets the requirements in Table 1 for coarse aggregate angularity
(Tex-460-A) and flat and elongated particles (Tex-280-F).

3.

Fine Aggregate. Fine aggregates consist of manufactured sands, screenings, and
field sands. Fine aggregate stockpiles must meet the gradation requirements in
Table 2. Supply fine aggregates that are free from organic impurities. The Engi neer
may test the fine aggregate in accordance with Tex-408-A to verify the material is
free from organic impurities. At most 15% of the total aggregate may be field sand
or other uncrushed fine aggregate. With the exception of field sand, use fine
aggregate from coarse aggregate sources that meet the requirements shown in
Table 1, unless otherwise approved.
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If 10% or more of the stockpile is retained on the No. 4 sieve, test the stockpile and
verify that it meets the requirements in Table 1 for coarse aggregate angularity
(Tex-460-A) and flat and elongated particles (Tex-280-F).
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Table 1
Aggregate Quality Requirements
Property
Test Method
Requirement
Coarse Aggregate
SAC
AQMP
As shown on plans
Deleterious material, %, max
Tex-217-F, Part I
1.5
Decantation, %, max
Tex-217-F, Part II
1.5
Micro-Deval abrasion, %, max
Tex-461-A
Note 1
Los Angeles abrasion, %, max
Tex-410-A
40
Magnesium sulfate soundness, 5 cycles, %, max
Tex-411-A
30
Coarse aggregate angularity, 2 crushed faces, %,
Tex-460-A, Part I
852
Minmin
Flat and elongated particles @ 5:1, %, max
Tex-280-F
10
Fine Aggregate
Linear shrinkage, %, Maxmax
Tex-107-E
3
Combi ned Aggregate3
Sand equivalent, %, Minmin
Tex-203-F
45
1. Used to estimate the magnesium sulfate soundness loss in accordance with Section 32243XXX.2.A.1,
“Coarse Aggregate.”
2. Only applies to crushed gravel.
3. Aggregates, without mineral filler, RAP, RAS, or additives, combined as used in the job-mix formula
(JMF).
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Table 2
Gradation Requirements for Fine Aggregate
Si eve Size
% Passi ng by Weight or Vol ume
3/8"
100
#8
70–100
#200
0–30

B.

Mineral Filler. Mineral filler consists of finely divided mineral matter, such as
agricultural lime, crusher fines, hydrated lime, or fly ash. Mineral filler is allowed
unless otherwise shown on the plans. Do not use more than 2% mineral hydrated lime
unless otherwise shown on the plans. If a substitute binder is used, do not use more than
1% hydrated lime unless otherwise shown on the plans or allowed by the Engineer. Test
all mineral fillers except hydrated lime and fly ash in accordance with Tex-107-E to
ensure specification compliance. The plans may require or disallow specific mineral
fillers. When used, provide mineral filler that:
·

is sufficiently dry, free-flowing, and free from clump and foreign matter;

·

does not exceed 3% linear shrinkage when tested in accordance with Tex-107-E;
and

·

meets the gradation requirements in Table 3.
Table 3
Gradation Requirements for Mi neral Filler
Si eve Size
% Passing by Weight or Volume
#8
100
#200
55–100

C. Baghouse Fine s. Fines collected by the baghouse or other dust-collecting equipment
may be reintroduced into the mixing drum.
D. Asphalt Binder. Furnish the type and grade of performance-graded (PG) asphalt
specified on the plans. Unless otherwise shown on the plans, the Contractor may use a
substitute PG binder listed in Table 4 in lieu of the PG binder originally specified, if the
substitute PG binder and mixture made with the substitute PG binder meet the
following:
· the substitute binder meets the specification requirements for the substitute binder
grade in accordance with Section 300.2.J, “Performance-Graded Binders;”;
·

·

the substitute binder has an un-aged dynamic shear value less than or equal to
2.00 kPa and an RTFO aged dynamic shear value less than or equal to 5.00 kPa at
the PG test temperature; and
the mixture has less than 10.0 mm of rutting on the Hamburg Wheel test
(Tex-242-F) after the number of passes required for the originally specified binder.
Use of substitute PG binders may only be allowed at the discretion of the Engineer
if the Hamburg Wheel test results are between 10.0 mm and 12.5 mm.
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PG Binder
Originally
Specified

PG 76-22
PG 70-22
PG 64-22
PG 76-28
PG 70-28
PG 64-28

Table 4
Allowable Substitute PG Binders
WMA1 or HMA
WMA1
with ≤20%
with >20%
HMA with >20% Recycled Binder
Recycled Binder
Recycled Binder
(Not Produced as WMA1)
Allowable
Substitute PG
Binders
PG 70-22 or PG 64-22
PG 70-28 or PG 64-28
PG 64-22 or PG 58-2228
PG 64-28 or PG 58-28
PG 58-2228
PG 58-28
PG 70-28 or PG 64-28
PG 70-28 or PG 64-34
PG 64-28 or PG 58-28
PG 64-28 or PG 58-34
PG 58-28
PG 58-34

1. WMA as defined in Section 3XXX.2.F.2, “Warm Mix Asphalt (WMA)”

Formatted: Superscript
Formatted Table
Formatted: Superscript
Formatted: Superscript

Formatted: Font: 9 pt

E. Tack Coat. Unless otherwise shown on the plans or approved, fFurnish CSS-1H,
SS-1H, or a PG binder with a mi nimum high-temperature grade of PG 58 for tack coat
binder in accordance with Item 300, “Asphalts, Oils, and Emulsions.” Specialized or
preferred tack coat materials may be allowed by the Engi neer or required when shown
on the plans. Do not dilute emulsified asphalts at the terminal, in the field, or at any
other location before use.

Formatted: Left

The Engi neer will obtain at least 1 sample of the tack coat binder per project in
accordance with Tex-500-C, Part III and test it to verify compliance with Item 300. The
Engineer will obtain the sample from the asphalt distributor immediatel y before use.
F. Additives. When shown on the plans, Uuse the type and rate of additive specified when
shown on the plans. Other additives that facilitate mixing, compaction, or improve the
quality of the mixture may be allowed when approved. Provide the Engi neer with
documentation such as the bill of lading showing the quanti ty of additives used in the
project unless otherwise directed.
1.

Lime and Liquid Antistripping Agent. When lime or a liquid antistripping agent
is used, add in accordance with Item 301, “Asphalt Antistripping Agents.” Do not
add lime directly into the mixing drum of any plant where lime is removed through
the exhaust stream unless the plant has a baghouse or dust collection system that
reintroduces the lime back into the drum.

2.

Warm Mix Asphalt (WMA). Warm Mix Asphalt (WMA) is defined as HMA that
is produced within a target temperature discharge range of 215ºF and 275ºF using
Department approved WMA additives or processes. The Department’s approved
list of WMA additives and processes is located at
http://www.txdot.gov/business/contractors_consultants/producer_list.htm.http://ww
w.dot.state.tx.us/txdot_library/publications/producer_list.htm.
WMA is allowed for use on all projects and is required when shown on plans. The
maximum placement or target discharge temperature for WMA may be set at a
value less than 275ºF when shown on the plans.
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Department approved WMA additives or processes may be used to facilitate
mi xing and compaction of HMA produced at target discharge temperatures greater
than 275ºF; however, such mixtures will not be defined as WMA.
Formatted: Font: Not Bold

G. Recycled Materials. Use of RAP and RAS is permitted unless otherwise shown on the
plans. Do not exceed the maximum allowable percentages of RAP and RAS shown in
Table 5. The allowable percentages shown in Table 5 may be decreased or increased
when shown on the plans. Determine asphalt content and gradation of the RAP and
RAS stockpiles for mixture design purposes in accordance with Tex-236-F. The
Engineer may verify the asphalt content of the stockpiles at any ti me during production.
Perform other tests on RAP and RAS when shown on the plans. Asphalt binder from
RAP and RAS is designated as recycled asphalt binder. When RAP or RAS is used,
calculate and ensure that the ratio of the recycled asphalt binder to total binder does not
exceed the percentages shown in Table 5 during mixture design and HMA production.
During HMA production, use a separate cold feed bin for each stockpile of RAP and
RAS.
1.

RAP. RAP is salvaged, milled, pulverized, broken, or crushed asphalt pavement.
Crush or break RAP so that 100% of the particles pass the 2 in. sieve.
Use of Contractor-owned RAP including HMA plant waste is permitted, unless
otherwise shown on the plans. Department-owned RAP stockpiles are available for
the Contractor’s use when the stockpile locations are shown on the plans. If
Department-owned RAP is available for the Contractor’s use, the Contractor may
use Contractor-owned fractionated RAP and replace it with an equal quantity of
Department-owned RAP. This allowance does not apply to a Contractor using
unfractionated RAP. Department-owned RAP generated through required work on
the Contract is available for the Contractor’s use when shown on the plans. Perform
any necessary tests to ensure Contractor- or Department-owned RAP is appropriate
for use. Unless otherwise shown on the plans, tThe Department will not perform
any tests or assume any liability for the quality of the Department-owned RAP
unless otherwise shown on the plans. When shown on the plans, Tthe Contractor
will retain ownership of RAP generated on the project when shown on the plans.
Fractionated RAP is defined as having 2 or more RAP stockpiles, divided into
coarse and fine fractions. The coarse RAP stockpile will contain onl y material
retained by processing over a 3/8 in. screen or 1/2 in. screen, unless otherwise
approved. The fine RAP stockpile will contain only material passing the 3/8 in.
screen or 1/2 in. screen, unless otherwise approved. The Engineer may allow the
Contractor to use an alternate to the 3/8 in. screen or 1/2 in. screen to fractionate the
RAP. The maxi mum percentages of fractionated RAP may be comprised of coarse
or fine fractionated RAP or the combination of both coarse and fine fractionated
RAP. Utilize a separate cold feed bin for each stockpile of fractionated RAP used.

Determine asphalt content and gradation of RAP stockpiles for mixture design
purposes in accordance with Tex-236-F. Perform other tests on RAP when shown
on the plans. Do not exceed the maximum allowable percentages of RAP shown in
Table 5. Asphalt binder from RAP and RAS is designated as recycled asphalt
binder. When RAP or RAS is used, calculate and ensure that the ratio of the
Draft to replace Item 341
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recycled asphalt binder to total binder does not exceed the percentages shown in
Table 5. The allowable percentages shown in Table 5 may be decreased or
increased when shown on the plans. Do not use Department- or Contractor-owned
RAP contaminated with dirt or other objectionable materials. Do not use
Department- or Contractor-owned RAP if the decantation value exceeds 5% and
the plasticity index is greater than 8. Test the stockpiled RAP for decantation in
accordance with Tex-406-A, Part I. Determine the plasticity index in accordance
with Tex-106-E if the decantation value exceeds 5%. The decantation and plasticity
index requirements do not apply to RAP samples with asphalt removed by
extraction or ignition.
Do not intermingle Contractor-owned RAP stockpiles with Department-owned
RAP stockpiles. Remove unused Contractor-owned RAP material from the project
site upon completion of the project. Return unused Department-owned RAP to the
designated stockpile location.
2.

RAS. Use of post-manufactured RAS or post-consumer RAS is permitted unless
otherwise shown on the plans. RAS are defined as processed asphalt shingle
material from manufacturing of asphalt roofing shingles or from re-roofing
residential structures. Post-manufactured RAS are processed manufacturer’s
shingle scrap by-product. Post-consumer RAS, or tear-offs, are processed shingle
scrap removed from residential structures. Comply with all regulatory requirements
stipulated for RAS by the Texas Commission on Environmental Quality (TCEQ).
RAS may be used separately or in conjunction with RAP.

RAS are defined as processed asphalt shingle material from manufacturing of
asphalt roofing shingles or from re-roofing residential structures. Postmanufactured RAS are processed manufacturer’s shingle scrap by-product. Postconsumer RAS, or tear-offs, are processed shingle scrap removed from residential
structures. Comply with all regulatory requirements stipulated for RAS by the
Texas Commission on Environmental Quality (TCEQ). RAS may be used
separately or in conjunction with RAP.
Process the RAS by ambient grinding or granulating such that 100% of the
particles pass the 1/2 in. sieve and 95% pass the 3/8 in. sieve when tested in
accordance with Tex-200-F, Part I. Perform a sieve analysis on processed RAS
material prior to extraction (or ignition) of the asphalt.

Formatted: Heading 5,Section, Indent: Left:
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Add sand meeting the requirements of Table 1 and Table 2 or fine RAP to RAS
stockpiles if needed to keep the processed material workable. For any stockpile that
contai ns RAS, the entire stockpile will be considered to be a RAS stockpile and
limited to no more than 5.0% of the HMA mixture in accordance with Table
5.When RAS is pre-blended with sand or fine RAP, show the materials as two
separate bins on the mixture design job mix formula (JMF) even though the
combined materials are added using a single cold feed bin.
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Determine asphalt content and gradation of the RAS material for mixture design
purposes in accordance with Tex-236-F. Do not exceed the maximum allowable
percentages of RAS shown in Table 5. Asphalt binder from RAS and RAP is
designated as recycled asphalt binder. When RAS or RAP is used, calculate and
ensure that the ratio of the recycled asphalt binder to total binder does not exceed
the percentages shown in Table 5. The allowable percentages shown in Table 5
may be decreased or increased when shown on the plans.
Certify compliance of the RAS with DMS-11000, “Evaluating and Using
Nonhazardous Recyclable Materials (NRM) Guidelines.” If the RAS has not come
into contact with any hazardous materials, treat it as an established NRM. Unless
otherwise directed, uUse onl y RAS from shingle sources on the Construction
Division’s “Nonhazardous Recycled Materials” approved list at
http://www.txdot.gov/business/contractors_consultants/producer_list.htm.
http://www.dot.state.tx.us/txdot_library/publications/producer_list.htm. Prior to
use, remove substantially all materials that are not part of the shingl e, such as
wood, paper, metal, plastic, and felt paper. Determine the deleterious content of
RAS material for mixture design purposes in accordance with Tex-217-F, Part III.
Unless otherwise approved, Ddo not use RAS if deleterious materials are more than
10.5% of the stockpiled RAS unless otherwise approved. Submit a sample for
approval to the Engineer prior to submitting the mixture design. The Department
will perform the testing for deleterious material of RAS to determine specification
compliance.
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Table 5
Maximum Allowable Amounts of Recycled Binder, RAP & RAS
Maximum Ratio
Maximum Allowable %
of Recycled Bi nder1 to
(Percentage by Weight of
Total Binder (%)
Total Mixture)
Mixture Description
&
When Using
When Using
Fractionate
Location
PG Binder
PG Binder in Unfractionated
d
RAS4
2
Originally
Compliance
RAP
RAP 3
Specified
with Table 4
Surface Mixes5
Non-Surface Mixes6 < 8 in.
From Final Riding Surface
Non-Surface Mixes6 > 8 in.
From Final Riding Surface

3520.0

30.0

10.0

20.0

5.0

4020.0

35.0

1510.0

30.0

5.0

4520.0

40.0

2010.0

40.0

5.0

1. Combined recycled binder from RAP and RAS.
2. Do not use in combination with RAS or fractionated RAP.
3. May not be used in addition to unfractionated RAP; however, up to 5% of fractionated RAP may be replaced with RAS.
4. May be used separately or as a replacement for no more than 5% of the allowable fractionated RAP.
5. “Surface” mixes are defined as mixtures that will be the final lift or riding surface of the pavement structure.
6. “Non-Surface” mixes are defined as mixtures that will be an intermediate or base layer in the pavement structure.

3.
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Equipme nt. Provide required or necessary equipment in accordance with Item 320,
“Equipment for Hot-Mix Asphalt MaterialsAsphalt Concrete Pavement.”
3.

4.

Construction. Produce, haul, place, and compact the specified paving mixture. At any time
during the project, the Engineer may perform production and placement tests as deemed
necessary in accordance with Item 5, “Control of the Work.” On or before the first day of
paving, it is mandatory to schedule and participate in a pre-paving meeting with the
Engineer unless otherwise shown on the plans.
H.
I.A. Certification. Personnel certified by the Department-approved Hot Mix Asphalt Center
Certification Program must conduct all mixture designs, sampling, and testi ng in
accordance with Table 6. Supply the Engineer with a list of certified personnel and
copies of their current certificates before beginning production and when personnel
changes are made. Provide a mixture design that is developed and signed by a Level 2
certified specialist. Provide a Level 1A certified specialist at the plant during production
operations. Provide a Level 1B certified specialist to conduct placement tests.
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Table 6
Test Methods, Test Responsibility, and Minimum Certification Levels
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Test Description

Test Method
Contractor Engineer Level
1. Aggregate and Recycled Material Testing

Sampling
Dry sieve
Washed sieve
Deleterious material
Decantation
Los Angeles abrasion
Magnesium sulfate soundness
Micro-Deval abrasion
Coarse aggregate angularity
Flat and elongated partic les
Linear shrinkage
Sand equivalent
Organic impurities

Tex-400-A
Tex-200-F, Part I
Tex-200-F, Part II
Tex-217-F, Parts I & III
Tex-217-F, Part II
Tex-410-A
Tex-411-A
Tex-461-A
Tex-460-A
Tex-280-F
Tex-107-E
Tex-203-F
Tex-408-A

ü
ü
ü
ü
ü

ü
ü
ü
ü
ü

ü
ü
ü
ü
ü
ü
ü
ü
ü
ü
ü
ü
ü

1A
1A
1A
21A
1A2

Tex-500-C, Part II
Tex-500-C, Part III

ü
ü

ü
ü

Tex-204-F
Tex-205-F
Tex-206-F
Tex-241-F
Tex-207-F
Tex-207-F
Tex-227-F
Tex-236-F
Tex-226-F
Tex-242-F
Tex-530-C

ü
ü
ü
ü
ü
ü
ü
ü
ü
ü
ü

Tex-225-F, Part I
Tex-222-F
Tex-206-F
Tex-241-F
Tex-207-F
Tex-207-F
Tex-227-F
Tex-236-F
Tex-233-F
Tex-212-F
Tex-242-F
Tex-461-A
Tex-530-C
Tex-211-F
Tex-248-F
Tex-245-F

ü
ü
ü
ü
ü
ü
ü
ü
ü
ü
ü

ü

Tex-225-F, Part II
Tex-207-F
Tex-207-F
Tex-207-F
Tex-233-F

ü
ü
ü
ü

ü
ü
ü
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2
2
1A
1A
1A
2
1A
2
2
2
1A

1A/1B
1A/1B
1A/1B
1B
1A
1BNote
2
1B
1B
1B
1B

Ride quality measurement
Tex-1001-S
ü
ü
ü
ü
Segregation (density profile)
Tex-207-F, Part V
ü
ü
Longitudina l joint density
Tex-207-F, Part VII
Thermal profile
Tex-244-F
ü
ü
Tack coat adhesion
Tex-243-F
ü
1. 1. Refer to Section 3XXX224.4.I.2.c for exc eptions to using an ignition oven.
2. Profiler and operator are required to be certified at the Texas Transportation Institute facility.
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5. Placement Testing
Selecting Random random
Numbers numbers
Trimming Roadw ay roadway
Corescores
In-place air voids
Establish rolling pattern
Control c harts
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4. Production Testing
Selecting Random random
Numbers numbers
Mixture sampling
Molding (TGC)
Molding (SGC)
Laboratory-molded density
VMA (calculation only)
Rice gravity
Gradation & asphalt c ontent1
Control c harts
Moisture c ontent
Hamburg Wheel test
Micro-Deval abrasion
Boil test
Aging ratio
Overlay Testtest
Cantabro Testloss

... [4]
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2
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3. Mix Design & Verification
Design and JMF changes
Mixing
Molding (TGC)
Molding (SGC)
Laboratory-molded density
VMA (calculation only)
Rice gravity
Ignition oven correction factors 1
Indirect tensile strength
Hamburg wheel test
Boil test

... [2]
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2. Asphalt Binder & Tack Coat Sampling
Asphalt Binder binder
Samplingsampling
Tack Coat coat Samplingsampling
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J.B. Reporting and Re sponsibilities. Use Department-provided software Excel templates to
record and calculate all test data including but not limited to mixture design, production
and placement QC/QA, control charts, thermal profiles, segregation density profiles, and
longitudinal joint density. Obtain the latest version of the software Excel templates at
http://www.txdot.gov/txdot_library/consultants_contractors/forms/site_manager.htm
http://www.dot.state.tx.us/txdot_library/consultants_contractors/forms/site_manager.htm
or from the Engineer. The Engineer and the Contractor shall provide any available test
results to the other party when requested. The maximum allowable time for the
Contractor and Engineer to exchange test data is as given i n Table 7 unless otherwise
approved. The Engineer and the Contractor shall immediately report to the other party
any test result that requires production or placement to be suspended, a payment penalty,
or fails to meet the specification requirements. Record and submit all test results and
pertinent information on Department-provided software Excel templates to the Engineer
electronically by means of a portable USB flash drive, compact disk, or via email.
Subsequent sublots placed after test results are available to the Contractor, which
require them to suspend operations, may be considered unauthorized work.
Unauthorized work will be accepted or rejected at the discretion of the Engineer in
accordance with Section 5.3,Item 5, “Control of the Work,” Article 5.3, “Conformity
with Plans, Specifications, and Special Provisions.”
Table 7
Reporting Schedule
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Description

Reported Reported
To Be Reported Withi n
By
To
Production Quality Control

Formatted: Font: 10 pt
Formatted Table

Gradation1
Asphalt content1
Laboratory-molded density2 Contractor Engineer 1 working day of completion of the sublot
Moisture content3
Boil test3
Production Quality Assurance
Gradation3
Asphalt content3
Laboratory-molded density1
Engineer Contractor 1 working day of completion of the sublot
Hamburg wheel test2
Boil test3
Binder tests2
Placement Quality Control
In-place air voids2
Segregation1
Reported at the completion of each lot1
Contractor Engineer
Longitudinal joint density1
working day of completion of the lot
1
Thermal profile
Placement Quality Assurance
In-place air voids1
Segregation2
1 working day of receipt of the trimmed
Longitudinal joint density2
Engineer Contractor
cores for in-place air voids4
Thermal profile2
2
Aging ratio
Pay Adjustment adjustment
2 working days of performing all required
Engineer Contractor
Summarysummary
tests and receiving Contractor test data
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1. These tests are required on every sublot.
2. Optional test. To be reported as soon as results become available.
3. To be performed at the frequency specified on the plans.
4. 2 days are allowed if cores can not be dried to constant weight within 1 day.
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The Engi neer will use the Department-provided software Excel template to calculate all
pay adjustment factors for the lot. Sublot samples may be discarded after the Engineer
and Contractor sign off on the pay adjustment summary documentation for the lot.
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Use the procedures described in Tex-233-F to plot the results of all quality control (QC)
and quality assurance (QA) testing. Update the control charts as soon as test results for
each sublot become available. Make the control charts readily accessible at the field
laboratory. The Engineer may suspend production for failure to update control charts.
K.C.
QCP. Develop and follow the QCP in detail. Obtain approval from the Engineer
for changes to the QCP made during the project. The Engineer may suspend operations
if the Contractor fails to comply with the QCP.
Submit a written QCP to the Engineer before the mandatory pre-paving meeting.
Receive the Engineer’s approval of the QCP before beginning production. Include the
following items in the QCP.
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1.

Project Pe rsonnel. For project personnel, include:
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·
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a list of individuals responsible for QC with authority to take corrective action;
and
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2.

contact information for each individual listed; and

·

copies of certification documents for individuals performing specified QC
functions..

Mate rial Delive ry and Storage. For material delivery and storage, include:
·

the sequence of material processing, delivery, and minimum quantities to
assure continuous plant operations;

·

aggregate stockpiling procedures to avoid contamination and segregation;

·

frequency, type, and timing of aggregate stockpile testing to assure
conformance of material requirements before mixture production; and
procedure for monitoring the quality and variability of asphalt binder.

·
3.

4.

Production. For production, incl ude:
·

loader operation procedures to avoid contamination in cold bins;

·

procedures for calibrating and controlling cold feeds;

·
·

procedures to eliminate debris or oversized material;
procedures for adding and verifying rates of each applicable mixture
component (e.g., aggregate, asphalt binder, RAP, RAS, lime, liquid antistrip);

·

procedures for reporting job control test results; and

·

procedures to avoid segregation and drain-down in the silo.

Loading and Transporting. For loading and transporting, include:
· type and application method for release agents; and
·

5.

truck loading procedures to avoid segregation.

Placement and Compaction. For placement and compaction, incl ude:
·
·

proposed agenda for mandatory pre-paving meeting, including date and
location;
proposed paving plan (e.g., paving widths and lift thicknesses);

·

type and application method for release agents in the paver and on rollers,
shovels, lutes, and other utensils;

·

procedures for the transfer of mixture into the paver, while avoiding
segregation and preventing material spillage;
process to balance production, delivery, paving, and compaction to achieve
continuous placement operations and good ride quality;

·

L.D.
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·

·

paver operations (e.g., operation of wings, height of mi xture i n auger chamber)
to avoid physical and thermal segregation and other surface irregularities; and

·

procedures to construct quality longi tudinal and transverse joints.

Mixture Design.
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1.

Design Requireme nts. The Contractor may elect to design the mixture using a
Texas Gyratory Compactor (TGC) or a Superpave Gyratory Compactor (SGC),
unless otherwise shown on the plans. Use the typical weight design example given
in Tex-204-F, Part I, when using a TGC. Use the Superpave mixture design
procedure given in Tex-204-F, Part IV, when using a SGC. Design the mixture to
meet the requirements listed in Tables 1, 2, 3, 4, 5, 8, 9, and 10.
a.

Target Laboratory Molde d De nsity When The TGC Is Used. Design the
mi xture at a 96.5% target laboratory-molded density or as noted in Table 9.
The target laboratory-molded density may be increased in 0.5% increments,
not to exceed 97.0%, at the Contractor’s discretion. When electing to raise the
target laboratory-molded density from the specified value, document the target
value on the JMF1 submittal. Perform Hamburg and Tensile Strength tests at
the corresponding optimum asphalt content.

b.

Design Numbe r of Gyrations (Nde sign) When The SGC Is Used. Design
the mixture at 50 gyrations (Ndesign). Use a target laboratory-molded density
of 96.0% to design the mixture; however, adjustments can be made to the
Ndesign value as noted in Table 9. The Ndesign level may be reduced to no
less than 35 gyrations at the Contractor’s discretion. When electing to reduce
the Ndesign level from the specified value, document the target value on the
JMF1 submittal. Perform Hamburg and Tensile Strength tests at the
corresponding optimum asphalt content.

Use an approved laboratory to perform the Hamburg Wheel test and provide results
with the mixture design, or provide the laboratory mi xture and request that the
Department perform the Hamburg Wheel test. The Construction Division maintains
a list of approved laboratories at
http://www.txdot.gov/business/contractors_consultants/producer_list.htm
http://www.dot.state.tx.us/txdot_library/publications/producer_list.htm. The
Engineer will be allowed 10 working days to provide the Contractor with Hamburg
Wheel test results on the laboratory mixture design.
The Engi neer will provide the mixture design when shown on the plans. The
Contractor may submit a new mixture design at anyti me during the project. The
Engineer will verify and approve all mixture designs (JMF1) before the Contractor
can begin production. When shown on the plans, the Engineer will provide the
mi xture design.
Provide the Engineer with a mi xture design report usi ng the Department-provided
softwareExcel template. Include the following items in the report:
·

the combined aggregate gradation, source, specific gravity, and percent of each
material used;

·

asphalt content and aggregate gradation of RAP and RAS stockpiles;

·

the target laboratory-molded density (or Ndesign level when using the SGC);

·

results of all applicable tests;

·

the mixing and molding temperatures;
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·

the signature of the Level 2 person or persons that performed the design;

·

the date the mixture design was performed; and

·

a unique identification number for the mixture design.
Table 8
Master Gradation Bands Limits (% Passing by Weight or Volume)
and VMA1 Requirements
A
B
C
D
F
Sieve
Coarse
Fine
Coarse
Fine
Fine
Si ze
Base
Base
Surface
Surface
Mi xture
2”
100.02
–
–
–
–
1-1/2" 98.0–100.0
100.02
–
–
–
1"
78.0–94.0 98.0–100.0
100.02
–
–
3/4"
64.0–85.0
84.0–98.0 95.0–100.0 100.02
–
1/2"
50.0–70.0
–
–
98.0–100.0 100.02
3/8"
–
60.0–80.0 70.0–85.0 85.0–100.0 98.0–100.0
#4
30.0–50.0
40.0–60.0 43.0–63.0 50.0–70.0 70.0–90.0
#8
22.0–36.0
29.0–43.0 32.0–44.0 35.0–46.0 38.0–48.0
#30
8.0–23.0
13.0–28.0 14.0–28.0 15.0–29.0 12.0–27.0
#50
3.0–19.0
6.0–20.0
7.0–21.0 7.0–20.0
6.0–19.0
#200
2.0–7.0
2.0–7.0
2.0–7.0
2.0–7.0
2.0–7.0
Design VMA, % Minimum
–
12.0
13.0
14.0
15.0
16.0
Production (Plant-Produced) VMA, % Minimum
–
11.0
12.0
13.0
14.0
15.0
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1. 1. Voids in mineral aggregates.
2. Defined as maximum sieve size. No tolerance allowed.

Table 9
Laboratory Mixture Design Properties
Mi xture Property
Test Method
Target laboratory-molded density, % (TGC)
Tex-207-F
Design gyrations (Ndesign for SGC)
Tex-241-F
Indirect tTensile strength (dry), psi (molded to
Tex-226-F
93% ±1% density)
Boil test4
Tex-530-C
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Requi rement
96.51
50 gyrations2
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85–200
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1. May be adjusted in 0.5% increments within a range of down to 96.0% or up to 97.50%
when shown on the plans or specification or when mutually agreed betweenallowed by
the Engineer and Contractor. when using the TGC (Tex-204-F, Part I).
2. May be adjusted within a range of 35–100 gyrations when shown on the plans or
specification or allowed by the Engineer.
3. 3. The Engineer may allow the IDT strength to exceed 200 psi if the corresponding
Hamburg Wheel rut depth is greater than 4.0 mm and less than 12.5 mm.
4. Used to establish baseline for comparison to production results. May be waived when
approved.
4. Used to establish baseline for comparison to production results. May be waived when approved.
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Table 10
Hamburg Wheel Test Requirements1
Minimum # of
High-Temperature
Passes2Passes1
Test Method
Binder Grade
@ 0.5"12.5 mm2 Rut Depth,
Tested @ 12250°FC
PG 64 or lower
10,000
PG 70
Tex-242-F
15,000
PG 76 or higher
20,000

Formatted Table
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1. May be decreased or waived when shown on the plans Tested in accordance with
Tex-242-F.
2. When the rut depth at the required minimum number of passes is less than 3 mm,
the Engineer may require the Contractor to increase the target laboratory-molded
density (TGC) by 0.5% to no more than 97.5% or lower the Ndesign level (SGC) to
no less than 35 gyrations.May be decreased or waived when shown on the plans

2.
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Job-Mix Formula Approval. The job-mix formula (JMF) is the combined
aggregate gradation, target laboratory molded density (or Ndesign level), and target
asphalt percentage used to establish target values for hot mi x production. JMF1 is
the original laboratory mi xture design used to produce the trial batch. When WMA
is used, JMF1 may be designed and submitted to the Engi neer without i ncluding
the WMA additive. When WMA is used, document the additive or process used
and recommend rate on the JMF1 submittal. The Engineer and the Contractor will
verify JMF1 based on plant-produced mixture from the trial batch, unless otherwise
approved. The Engineer may accept an existing mixture design previously used on
a Department project and may waive the trial batch to verify JMF1. The
Department may require the Contractor to reimburse the Department for
verification tests if more than 2 trial batches per design are required.
a.

Contractor’s Responsibilities.
(1) Providing Gyratory Compactor. Use a Texas Gyratory Compactor
(TGC) calibrated in accordance with Tex-914-K when electing or required
to design the mixture in accordance with Tex-204-F, Part I, for molding
production samples. Furnish an Superpave Gyratory Compactor (SGC)
calibrated in accordance with Tex-241-F when electing or required to
design the mixture in accordance with Tex-204-F, Part IV, for molding
production samples. If the SGC is used, locate the SGC at the Engineer’s
field laboratory and make the SGC available to the Engineer for use i n
molding production samples.
(2) Gyratory Compactor Corre lation Factors. Use Tex-206-F, Part II, to
perform a gyratory compactor correlation when the Engineer uses a
different gyratory compactor. Apply the correlation factor to all
subsequent production test results.
(3) Submitting JMF1. Furnish the Engi neer a mix design report (JMF1) with
representative samples of all component materials and request approval to
produce the trial batch. If opting to have the Department perform the
Hamburg Wheel test on the laboratory mixture, provide the Engineer with
Formatted: Right
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approximately 10,000 g of the design mixture and request that the
Department perform the Hamburg Wheel test.
(4) Supplying Aggregate. Provide the Engineer with approximately 40 lb. of
each aggregate stockpile, unless otherwise directed.
(5) Supplying Asphalt. Provide the Engi neer at least 1 gal. of the asphalt
material and sufficient quanti ties of any additives proposed for use.
(6) Ignition Oven Corre ction Factors. Determine the aggregate and asphalt
correction factors from the ignition oven in accordance with Tex-236-F.
Prior to the trial batch production, provide the Engineer with split samples
of the mixtures, including all additives (except water), and blank samples
used to determine the correction factors for the igni tion oven used for
quality assurance testing during production. Correction factors established
from a previously approved mixture design may be used for the current
mixture design, if the mixture design and ignition oven are the same as
previously used, unless otherwise directed.
(7) Boil Te st. Perform the test and retain the tested sample from Tex-530-C
until completion of the project or as directed by the Engineer. Use this
sample for comparison purposes during production. The Engineer may
waive the requirement for the boil test.
(8) Trial Batch Production. Upon receiving conditional approval of JMF1
and authorization from the Engi neer to produce a trial batch, provide a
plant-produced trial batch, incl uding the WMA additive or process, if
applicable, for verification testing of JMF1 and development of JMF2.
Produce a trial batch mi xture that meets the requirements in Table 5 and
Table 11. In lieu of a new trial batch, the Engineer may accept test results
from recent production of the same mixture.
(9) Trial Batch Production Equipment. To produce the trial batch, use only
equipment and materials proposed for use on the project.
(10) Trial Batch Quantity. Produce enough quantity of the trial batch to
ensure that the mi xture meets the specification requirements.
(11) Numbe r of Trial Batches. Produce trial batches as necessary to obtain a
mixture that meets the specification requirements.
(12) Trial Batch Sampling. Obtain a representative sample of the trial batch
and split it into three equal portions, in accordance with Tex-222-F. Label
these portions as “Contractor,” “Engineer,” and “Referee.” Deliver
samples to the appropriate laboratory as directed.
(13) Trial Batch Te sting. Test the trial batch to ensure that the mi xture
produced using the proposed JMF1 meets the mixture requirements i n
Table 11. The trial batch mixture must also be in compliance with the
Hamburg Wheel requirement in Table 10. Use an approved laboratory to
Formatted: Right
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perform the Hamburg Wheel test on the trial batch mi xture or request that
the Department perform the Hamburg Wheel test. The Engineer will be
allowed 10 working days to provide the Contractor with Hamburg Wheel
test results on the trial batch. Provide the Engineer with a copy of the trial
batch test results.

(14) Developme nt of JMF2. After the Engineer grants full approval of JMF1
based on results from the trial batch, evaluate the trial batch test results,
determine the optimum mixture proportions, and submit as JMF2. Adjust
the asphalt content or gradation to achieve the specified target laboratorymolded density. The asphalt content established for JMF2 is not required
to be within any tolerance of the optimum asphalt content established for
JMF1; however, mixture produced using JMF2 must meet the VMA
requirements for production shown in Table 8. If the optimum asphalt
content for JMF2 is more than 0.5% lower than the optimum asphalt
content for JMF1, the Engineer may perform or require the contractor
Contractor to perform Tex-226-F on Lot 1 production to confirm the
indirect tensile strength does not exceed 200 psi. Verify that JMF2 meets
the mi xture requirements in Table 5.
(15) Mixture Production. After receiving approval for JMF2 and receiving a
passing result from the Department’s or a Department-approved
laboratory’s Hamburg Wheel test on the trial batch, use JMF2 to produce
Lot 1 as described in Section 32243XXX.4.I.3.a.(1), “Lot 1 Placement.”
As an option, once JMF2 is approved, proceed to Lot 1 production at the
Contractor’s risk without receiving the results from the Department’s
Hamburg Wheel test on the trial batch.
If electing to proceed without Hamburg Wheel test results from the trial
batch, notify the Engi neer. Note that the Engineer may require up to the
entire sublot of any mi xture failing either the Hamburg Wheel test to be
removed and replaced at the Contractor’s expense.
(16) Developme nt of JMF3. Evaluate the test results from Lot 1, determine the
optimum mixture proportions, and submit as JMF3 for use in Lot 2.
(17) JMF Adjustme nts. If necessary, adjust the JMF before beginning a new
lot. The adjusted JMF must:
·

be provided to the Engineer in writing before the start on a new lot;

·

be numbered in sequence to the previous JMF;

·

meet the mixture requirements in Table 5;

·

meet the master gradation limits shown in Table 8; and

·

be withi n the operational tolerances of JMF2 listed in Table 11.
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(18) Reque sting Referee Testing. If needed, use referee testing in accordance
with Section 3XXX224.4.I.1, “Referee Testing,” to resolve testing
differences with the Engineer.
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Table 11
Operational Tolerances
Allowable
Allowable
Allowable
Di fference
Difference
Difference
Test
Description
Between Trial
from
between
Method
Batch and
Current
Contractor
JMF1 Target JMF Target and Engineer1
Individual % retained for #8 sieve and larger
±5.0
±5.02,3
Must be
Tex-200-F
Individual % retained for sieves smaller than
Within Master
2,3
±3.0
±3.0
or
#8 and larger than #200
Grading Limits
Tex-236-F
in Table 8
% passing the #200 sieve
±2.02,3
±1.6
Asphalt content, %
Tex-236-F
±0.5
±0.33
±0.3
Laboratory-molded density, %
±1.0
±1.0
±1.0
In-place air voids, %
N/A
N/A
±1.0
Tex-207-F
Laboratory-molded bulk specific gravity
N/A
N/A
±0.020
VMA, %, min
Note 4
Note 4
N/A
Theoretical maximum specific (Rice) gravity
Tex-227-F
N/A
N/A
±0.020
1. Contractor may request referee testing only when values exceed these tolerances.
2. When within these tolerances, mixture production gradations may fall outside the master grading limits; however, the
% passing the #200 will be considered out of tolerance when outside the master grading limits.
3. Only applies to mixture produced for Lot 1 and higher.
4. Test and verify that Table 8 requirements are met.

b.

Engineer’s Responsibilities.
(1) Gyratory Compactor. For mixtures designed in accordance with Tex204-F, Part I, the Engi neer will use a Department TGC, calibrated
according to Tex-914-K, to mold samples for trial batch and production
testing. The Engineer will make the Department TGC and the Department
field laboratory available to the Contractor for molding verification
samples, if requested by the Contractor.
For mixtures designed in accordance with Tex-204-F, Part IV, the
Engineer will use a Department SGC, calibrated in accordance with Tex241-F, to mold samples for laboratory mixture design verification. For
molding trial batch and production specimens, the Engineer will use the
Contractor-provided SGC at the field laboratory or provide and use a
Department SGC at an alternate location. The Engineer will make the
Contractor-provided SGC in the Department field laboratory available to
the Contractor for molding verification samples.
(2) Conditional Approval of JMF1 and Authorizing Trial Batch. Within 2
working days of receiving the mixture design report (JMF1) and all
required materials and Contractor-provided Hamburg Wheel test results,
the Engi neer will review the Contractor’s mix design report and verify
conformance with all aggregates, asphalt, additives, recycled materials,
and mixture specifications. The Engi neer will grant the Contractor
conditional approval of JMF1, if the information provided on the paper
copy of JMF1 indicates that the Contractor’s mixture design meets the
specifications. When the Contractor does not provide Hamburg Wheel test
results with laboratory mixture design, a total of 10 working days is
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allowed for conditional approval of JMF 1. The Engineer will base full
approval of JMF1 on test results on mixture from the trial batch.
Unless waived, tThe Engineer will determine the Micro-Deval abrasion
loss in accordance with Section 3XXX.2.A.1.b, “Micro-Deval
Abrasion.”and will estimate the magnesi um sulfate soundness loss for
each coarse aggregate source in accordance with Section 3224.2.A.1,
“Coarse Aggregate.” In addition to Micro-Deval testing, the Engineer may
sample and test project materials at any time during the project to verify
specification compliance. If the Engineer’s test results are pending after 2
working days, conditional approval of JMF1 will still be granted within 2
working days of receiving JMF1. When the Engineer’s test results become
available they will be used for specification compliance.
After conditionally approving JMF1, including either Contractor- or
Department-supplied Hamburg Wheel test results, the Contractor is
authorized to produce a trial batch.
(3) Hamburg Whee l Testing of JMF1. If the Contractor requests the option
to have the Department perform the Hamburg Wheel test on the laboratory
mixture, the Engi neer will mold samples in accordance with Tex-242-F to
verify compliance with the Hamburg Wheel test requirement in Table 10.
(4) Ignition Oven Corre ction Factors. The Engineer will use the split
samples provided by the Contractor to determine the aggregate and asphalt
correction factors for the ignition oven used for quality assurance testing
during production i n accordance with Tex-236-F.
(5) Te sting the Trial Batch. Within 1 full working day, the Engineer will
sample and test the trial batch to ensure that the mi xture meets the
requirements in Table 11. If the Contractor requests the option to have the
Department perform the Hamburg Wheel test on the trial batch mixture,
the Engi neer will mold samples in accordance with Tex-242-F to verify
compliance with the Hamburg Wheel test requirement in Table 10.
The Engi neer will have the option to perform the following tests on the
trial batch:
·

Tex-226-F, to verify that the indirect tensile strength meets the
requirement shown in Table 9; and

·

Tex-461-A, to determine the need for additional magnesium sulfate
soundness testing; and

·

Tex-530-C, to retain and use for comparison purposes during
production.

(6) Full Approval of JMF1. The Engineer will grant full approval of JMF1
and authorize the Contractor to proceed with developing JMF2 if the
Engineer’s results for the trial batch meet the requirements in Table 11.
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The Engineer will notify the Contractor that an additional trial batch is
required if the trial batch does not meet these requirements.

(7) Approval of JMF2. The Engi neer will approve JMF2 within 1 working
day if the mixture meets the requirements in Table 5 and the gradation
meets the master grading limits shown in Table 8. The asphalt content
established for JMF2 is not required to be within any tolerance of the
optimum asphalt content established for JMF1; however, mixture
produced using JMF2 must meet the VMA requirements shown in Table 8.
If the optimum asphalt content for JMF2 is more than 0.5% lower than the
optimum asphalt content for JMF1, the Engi neer may perform or require
the contractor Contractor to perform Tex-226-F on Lot 1 production to
confirm the indirect tensile strength does not exceed 200 psi.
(8) Approval of Lot 1 Production. The Engineer will authorize the
Contractor to proceed with Lot 1 production (using JMF2) as soon as a
passing result is achieved from the Department’s or a Departmentapproved laboratory’s Hamburg Wheel test on the trial batch. As an
option, Tthe Contractor may proceed, at their own risk, proceed with Lot 1
production without the results from the Hamburg Wheel test on the trial
batch.
If the Department’s or Department-approved laboratory’s sample from the
trial batch fails the Hamburg Wheel test, the Engi neer will suspend
production until further Hamburg Wheel tests meet the specified values.
The Engi neer may require up to the entire sublot of any mixture failing the
Hamburg Wheel test be removed and replaced at the Contractor’s expense.
(9) Approval of JMF3 and Subseque nt JMF Changes. The Engineer will
approve JMF3 and subsequent JMF changes are approved if they meet the
mixture requirements in Table 5, within 1 working day if it meets the
master grading limits shown in Table 8, and is are within the operational
tolerances of JMF2 listed in Table 11.
E. Production Ope rations. Perform a new trial batch when the plant or plant location is
changed. Take corrective action and receive approval to proceed after any production
suspension for noncompliance to the specification. Unless otherwise directed, submit a
new mix design and perform a new trial batch if the Engi neer elects to test the asphalt
content on:
· RAP stockpiles used in the mix and the results are more than 0.5% higher than the
values shown on the mixture design report; or
· RAS stockpile used in the mix and the result is more than 2.0% higher than the
value shown on the mixture design report.
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1.

Storage and He ating of Materials. Do not heat the asphalt binder above the
temperatures specified in Item 300, “Asphalts, Oils, and Emulsions,” or outside the
manufacturer’s recommended values. On a daily basis, provide the Engi neer with
the records of asphalt binder and hot-mix asphalt discharge temperatures (in legible
and discernable increments) in accordance with Item 320, “Equipment for Hot-Mix
Asphalt MaterialsConcrete Pavement.” Unless otherwise approved,D do not store
mi xture for a period long enough to affect the quality of the mixture, nor in any
case longer than 12 hr unless otherwise approved.

2.

Mixing and Discharge of Mate rials. Notify the Engineer of the target discharge
temperature and produce the mixture within 25°F of the target. Monitor the
temperature of the material in the truck before shipping to ensure that it does not
exceed 350°F (or 275ºF for WMA) and is not lower than 215°F. The Department
will not pay for or allow placement of any mixture produced at more than 350°F.
2. When WMA is required, produce the WMA withi n the target temperature
discharge range of 215ºF and 275ºF. Take corrective action any ti me the discharge
temperature of the WMA exceeds the target discharge range.
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The Engi neer may suspend production operations if the Contractor’s corrective
action is not successful at controlling the production temperature withi n the target
discharge range. Note that when WMA is produced, it may be necessary to adjust
burners to ensure complete combustion such that no burner fuel residue remains in
the mixture.
Control the mixing time and temperature so that substantially all moisture is
removed from the mi xture before dischargi ng from the plant. If requested,
determi ne the moisture content by oven-drying in accordance with Tex-212-F,
Part II, and verify that the mixture contains no more than 0.2% of moisture by
weight. Obtai n the sample immediately after discharging the mixture into the truck,
and perform the test promptl y.
N.F.
Hauling Operations. Before use, clean all truck beds to ensure that mi xture is not
contaminated. When a release agent is necessary, use a release agent on the approved
list maintained by the Construction Division to coat the inside bed of the truck.
Use only equipment for hauling as defined in Section 32243XXX.4.G.3.dc, “Hauling
Equipment.” Other hauling equipment may be used when allowed by the Engi neer.
O.G. Placement Operations. Collect haul tickets from each load of mixture delivered to
the project and provide the Department’s copy to the Engineer approximately every
hour, or as directed by the Engineer. When the Pave-IR system is not used for
specification compliance, use a non-contact infrared thermometer to measure and record
the internal temperature of the mixture as discharged from the truck or material transfer
device prior to or as the mix enters the paver and an approximate station number or GPS
coordinates on each ticket. Unless otherwise directed, Ccalculate the daily yield and
cumulative yield for the specified lift and provide to the Engineer at the end of paving
operations for each day unless otherwise directed. The Engineer may suspend
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production if the Contractor fails to produce and provide haul tickets and yield
calculations by the end of paving operations for each day.
Prepare the surface by removing raised pavement markers and objectionable material
such as moisture, dirt, sand, leaves, and other loose impediments from the surface
before placing mi xture. Remove vegetation from pavement edges. Place the mi xture to
meet the typical section requirements and produce a smooth, finished surface with a
uniform appearance and texture. Offset longitudinal joints of successive courses of hot
mi x by at least 6 in. Place mixture so that longi tudinal joints on the surface course
coincide with lane lines, or as directed. Ensure that all finished surfaces will drain
properly. Place mixture within the compacted lift thickness shown i n Table 12, unless
otherwise shown on the plans or allowed. Unless otherwise shown on the plans, Tthe
thickness determined is based on the rate of 110 lb./sy for each inch of pavement unless
otherwise shown on the plans.

Table 12
Compacted Li ft Thickness and Requi red Core Height
Compacted Lift Thickness
Mi nimum Untrimmed
Mi xture
Minimum
Maximum
Core Height (i n.)
Type
(in.)
(in.)
Eligible for Testing
A
3.00
6.00
2.00
B
2.50
5.00
1.75
C
2.00
4.00
1.50
D
1.50
3.00
1.25
F
1.25
2.50
1.25

1.

We ather Conditions.
Formatted: Font: Bold

a.

Whe n Using a Pave-IR System for Spe cification Compliance. The
Contractor may pave any time the roadway is dry and the roadway surface
temperature is at least 32°F; however, the Engineer may restrict the Contractor
from paving surface mixtures if the ambient temperature is likely to drop
below 32°F within 12 hours of paving. Operate the Pave-IR system in
accordance with Tex-244-F and demonstrate to the Engineer that no recurring
severe thermal segregation exists. Provide the Engi neer with the automated
report described in Tex-244-F on a daily basis unless otherwise directed.

1.

Whe n Not Using a Pave-IR System for Spe cification Compliance. Place
mi xture when the roadway surface temperature is equal to or higher than the
temperatures listed in Table 13, unless otherwise approved or as shown on the
plans. Measure the roadway surface temperature with a calibrated handheld
infrared thermometer. The Engineer may allow mixture placement to begin
prior to the roadway surface reaching the required temperature requirements, if
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conditions are such that the roadway surface will reach the required
temperature within 2 hours. of beginning placement operations. Unless
otherwise shown on the plans, pPlace mixtures only when weather conditions
and moisture conditions of the roadway surface are suitable in the opinion of
the Engineer. The Engi neer may restrict the Contractor from paving if the
ambient temperature is likely to drop below 32°F within 12 hours of paving.
b.

In lieu of complying with the requirements in Table 13, the Contractor may
pave any time the roadway is dry and the roadway surface temperature is at
least 32°F by using a Pave-IR system and demonstrating to the Engi neer that
no recurring severe thermal segregation exists. When using the Pave-IR system
on pavement surfaces that do not meet the requirements in Table 13, the
Engineer may restrict the Contractor from paving surface mixtures if the
ambient temperature is likely to drop below 32°F within 12 hours of paving.
When used, operate the Pave-IR system in accordance with Tex-244-F and
provide the Engi neer with the automated report described in Tex-244-F on a
daily basis unless otherwise directed.

Table 13
Mi nimum P avement Surface Temperatures
Minimum Pavement Surface Temperatures
in Degrees Fahrenheit
Origi nally Specified
Subsurface
Surface Layers Placed in
High Temperature
Layers or Night
Daylight Operations
Binder Grade
Pavi ng Operations
PG 64 or lower
45
50
PG 70
551
601
PG 76 or higher
601
601
1. Contractors may pave at temperatures 10°F lower than these values shown in Table 13
when utilizing a paving process including WMA or equipment that eliminates thermal
segregation. In such cases, the Contractor must use either a hand held thermal camera or a
hand held infrared thermometer operated in accordance with Tex-244-F to demonstrate to
the satisfaction of the Engineer that the uncompacted mat has no more than 10°F of thermal
segregation.

2.
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Tack Coat. Clean the surface before placing the tack coat. Unless otherwise
approved, apply tack coat uniformly at the rate directed by the Engineer. The
Engineer will set the rate between 0.04 and 0.10 gal. of residual asphalt per square
yard of surface area. Apply the tack coat in a uniform manner such that streaks and
other irregular patterns are avoided. Apply a thi n, uniform tack coat to all contact
surfaces of curbs, structures, and all joints. Allow adequate ti me for emulsion to
break completely prior to placing any material. Prevent splattering of tack coat
when placed adjacent to curb, gutter, and structures. Roll the tack coat with a
pneumatic-tire roller to remove streaks and other irregular patterns when directed.
The Engi neer may use Tex-243-F to verify that the tack coat has adequate adhesive
properties. The Engineer may suspend paving operations until there is adequate
adhesion.
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3.

Lay-Down Operations.
a.

Thermal Profile . Use a thermal camera or an infrared thermometer or thermal
camera to obtain a thermal profiles on each sublot in accordance with Tex-244F. The Engineer will obtain a thermal profile at least once per project and may
obtain as many thermal profiles as deemed necessary. Thermal profiles are not
applicable in miscellaneous areas as described in Section 3XXX224.4.I.3.a(4),
“Miscellaneous Areas.”
Within 1 working day ofAt the completion of each lot, provide the Engineer
with the thermal profile of every sublot within the lot. Report the results of
each thermal profile in accordance with Section 32243XXX.4.B, “Reporting
and Responsibilities.”
(1) Moderate The rmal Segregation. Any areas that have a maximum
temperature differential greater than 25°F but not exceeding 50°F are
deemed as having moderate thermal segregation. Take i mmediate
corrective action to eliminate the moderate thermal segregation. Evaluate
areas with moderate thermal segregation by performing a density profiles
in accordance with Section 32243XXX.4.I.3.c(2), “Segregation (Density
Profile).”
(2) Severe Thermal Segregation. Any areas that have a maximum
temperature differential greater than 50°F are deemed as having severe
thermal segregation. When the Pave-IR system is not used for
specification compliance, no production or placement bonus will be paid
for any sublot that contains severe thermal segregation. Unless otherwise
directed, Ssuspend operations and take immediate corrective action to
eliminate severe thermal segregation unless otherwise directed. Resume
operations when the Engineer determines that subsequent production will
meet the requirements of this Item. Evaluate areas with severe thermal
segregation by performing a density profiles in accordance with Section
32243XXX.4.I.3.c(2), “Segregation (Density Profile).” Unless otherwise
directed, rRemove and replace the material in any areas that have both
severe thermal segregation and a failing result for Segregation (Density
Profile) unless otherwise directed. The sublot in question may receive a
production and placement bonus if applicable when the defective material
is successfully removed and replaced.

(3) Use of the Pave-IR Syste m. In lieu of obtaining thermal profiles on each
sublot using a thermal camera or ann infrared thermometer or thermal
camera, the Contractor may use the Pave- IR system (paver mounted
infrared bar) to obtain a continuous thermal profile in accordance with
Tex-244-F. When electing to use the Pave-IR system, notify the Engineer
prior to beginning placement operations and specify if using the Pave-IR
system for specification compliance or for information only. When
electing to use the Pave-IR system for information onl y, use a an infrared
thermometer or thermal camera or an infrared thermometer to obtain
thermal profiles in accordance with Tex-244-F. When electing to use the
Draft to replace Item 341
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Pave-IR system for information only, segregation density profiles are
applicable.
When using the Pave-IR system for specification compliance, review the
output results on a daily basis. Uand, unless otherwise directed, provide
the automated report described in Tex-244-F to the Engineer for review.
Modify the paving process as necessary to eliminate any recurring
(moderate or severe) thermal segregation identified by the Pave-IR
system. The Engineer may suspend paving operations if the Contractor
cannot successfully modify the paving process to eliminate recurring
severe thermal segregation. Density profiles in accordance with Section
3224. 4.I.3.c(2), “Segregation (Density Profile),” are not required and are
not applicable when using the Pave-IR system for specification
compliance. Upon completion of use of the Pave-IR system for
specification compliance or as requested by the Engi neer, provide the
Engineer with electronic copies of all daily data files that can be used with
the Pave-IR system software to generate temperature profile plots.
b.

Windrow Operations. When hot mix is placed in windrows, operate windrow
pickup equipment so that substantially all the mixture deposited on the roadbed
is picked up and loaded into the paver.

c.

Hauling Equipment. The Contractor may elect to use belly dumps, live
bottom, or end dump trucks to haul and transfer mixture; however, with
exception of paving miscellaneous areas, end dump trucks are only allowed
when used in conj unction with an MTD with remixing capability or when a
Pave-IR system is used for specification compliance, unless otherwise allowed
by the Engineer.

d.

Screed Heaters. If the paver stops for more than 5 minutes, turn off screed
heaters to prevent overheating of the mat. If the screed heater remai ns on for
more than 5 minutes while the paver is stopped, the Engineer may evaluate the
suspect area in accordance with Section 32243XXX.4.I.3.c(4),“Recovered
Asphalt Dynamic Shear Rheometer (DSR).”

H. Compaction. Uniforml y compact the pavement to contain between 3.8% to 8.5% inplace air voids the density requirements of the specification. When the in-place air voids
exceed the range of 3.8% and 8.5%, take immediate corrective action to bring the
operation within these tolerances. Areas defined in section 3XXX.4.I.3.a(4),
“Miscellaneous Areas,” are not subject to in-place air void determination. In all other
areas, the Engineer may obtain and test cores and may suspend operations or require
removal and replacement if the in-place air voids are less than 2.7% or greater than
9.9%. The Engi neer will allow paving to resume when the proposed corrective action is
likely to yield between 3.8% and 8.5% in-place air voids.
Furnish the type, size, and number or rollers required for compaction as approved. Use
a pneumatic-tire roller to seal the surface unless excessive pickup of fines occurs. Use
additional rollers as required to remove any roller marks. Use only water or an approved
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release agent on rollers, tamps, and other compaction equipment unless otherwise
directed.
P. Use the control strip method given in Tex-207-F, Part IV, to establish the rolling
pattern. On the first day of production, provide the Engineer with control strip results
that indicate the selected rolling pattern will produce the desired in-place air voids
unless otherwise directed.Do not use pneumatic-tire rollers if excessive pickup of fi nes
by roller tires occurs. Unless otherwise directed, use onl y water or an approved release
agent on rollers, tamps, and other compaction equipment.
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Where specific air void requirements are waived, furnish and operate compaction
equipment as approved. Use tamps to thoroughly compact the edges of the pavement
along curbs, headers, and similar structures and in locations that will not allow thorough
compaction with rollers. The Engi neer may require rolling with a trench roller on
widened areas, in trenches, and in other limited areas.
Complete all compaction operations before the pavement temperature drops below
160°F, unless otherwise allowed. The Engineer may allow compaction with a light
finish roller operated in static mode for pavement temperatures below 160°F.
Allow the compacted pavement to cool to 160°F or lower before opening to traffic,
unless otherwise directed. When directed, sprinkle the finished mat with water or
limewater to expedite opening the roadway to traffic.
Q.I. Acce ptance Plan. Pay adjustments for the material will be in accordance with Article 6,
“Payment.”
Sample and test the hot mi x on a lot and sublot basis. If the production pay factor given
in Section 32243XXX.6.A, “Production Pay Adjustment Factors,” for 2 consecutive lots
or the placement pay factor given in Section 32243XXX.6.B, “Placement Pay
Adjustment Factors,” for 2 consecutive lots is below 1.000, suspend production until
test results or other information indicate to the satisfaction of the Engineer that the next
material produced or placed will result in pay factors of at least 1.000.
1.

Referee Te sting. The Construction Division is the referee laboratory. The
Contractor may request referee testing if a “remove and replace” condition is
determi ned based on the Engi neer’s test results, or if the differences between
Contractor and Engineer test results exceed the maximum allowable difference
shown in Table 11 and the differences cannot be resolved. The Contractor may also
request referee testing if the Engineer’s test results require suspension of
production and the Contractor’s test results are within specification limits. Make
the request within 5 working days after receiving test results and cores from the
Engineer. Referee tests will be performed only on the sublot in question and only
for the particular tests in question. Allow 10 working days from the time the
samples are received at the referee laboratory for test results to be reported. The
Department may require the Contractor to reimburse the Department for referee
tests if more than 3 referee tests per project are required and the Engineer’s test
results are closer than the Contractor’s test results to the referee test results.
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The Construction Division will determine the laboratory-molded density based on
the molded specific gravity and the maximum theoretical specific gravity of the
referee sample. The i n-place air voids will be determined based on the bulk specific
gravity of the cores, as determined by the referee laboratory and the Engineer’s
average maximum theoretical specific gravity for the lot. With the exception of
“remove and replace” conditions, referee test results are fi nal and will establish pay
adjustment factors for the sublot in question. The Contractor may decline referee
testing and accept the Engineer’s test results when the placement pay adjustment
factor for any sublot results in a “remove and replace” condition. Placement sublots
subject to be removed and replaced will be further evaluated in accordance with
Section 32243XXX.6.B.2, “Placement Sublots Subject to Removal and
Replacement.”
2.

Production Acceptance.
a.

Production Lot. A production lot consists of 4 equal sublots. The default
quantity for Lot 1 is 1,000 tons; however, when requested by the Contractor,
the Engineer may increase the quantity for Lot 1 to no more than 4,000 tons.
The Engi neer will select subsequent lot sizes based on the anticipated daily
production such that approximately 3 to 4 sublots are produced each day. The
lot size will be between 1,000 tons and 4,000 tons. The Engineer may change
the lot size before the Contractor begins any lot.
If the optimum asphalt content for JMF2 is more than 0.5% lower than the
optimum asphalt content for JMF1, the Engi neer may perform or require the
contractor Contractor to perform Tex-226-F on Lot 1 to confirm the indirect
tensile strength does not exceed 200 psi. If the indirect tensile strength exceeds
200 psi, take corrective action to bring the mixture within specification
compliance unless otherwise directed.
(1) Small-Quantity Production. When the anticipated daily production is
less than 1,000 tons, the total production for the project is less than 5,000
tons, when paving miscellaneous areas, or when mutually agreed between
the Engi neer and the Contractor, the Engineer may deem the mi xture as
small quantity production. In such cases all quality control and quality
assurance (QC/QA) sampling and testing requirements are waived. If the
Engineer deems the mixture as small quantity production, the production
and placement pay factors will be 1.000. However, the Engineer will retain
the right to perform random acceptance tests for production and placement
and may reject objectionable materials and workmanship.
When the Engineer deems the mixture as small quantity production:
·

produce, haul, place, and compact the mixture as directed by the
Engineer;

·

control mixture production to yield a laboratory-molded density that
is within ± 1.0% of the target density as tested by the Engineer; and
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·

compact the mixture to yield in-place air voids that are greater than or
equal to 2.7% and less than or equal to 9.9% as tested by the
Engineer.

(2)(1) Incomplete Production Lots. If a lot is begun but cannot be
completed, such as on the last day of production or in other circumstances
deemed appropriate, the Engi neer may close the lot. Adjust the payment
for the incomplete lot in accordance with Section 32243XXX.6.A,
“Production Pay Adjustment Factors.” Close all lots within 5 working
days, unless otherwise allowed by the Engineer.

b.

Production Sampling.
(1) Mixture Sampling. Obtai n hot mix samples from trucks at the plant in
accordance with Tex-222-F. The sampler will split each sample into three
equal portions in accordance with Tex-200-F and label these portions as
“Contractor,” “Engineer,” and “Referee.” The Engi neer will perform or
witness the sample splitting and take immediate possession of the samples
labeled “Engineer” and “Referee.” The Engi neer will maintain the custody
of the samples labeled “Engineer” and “Referee” until testing by the
Department is completed.
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(a) Random Sample. At the beginning of the project, the Engineer will
select random numbers for all production sublots. Determine sample
locations in accordance with Tex-225-F. For each sublot, take one
sample at the location randomly selected. The Engineer will perform
or witness the sampling of production sublots.
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(1) Blind Sample.
Obtain hot mix samples from trucks at the plant i n accordance with
Tex-222-F. For each sublot, take one sample at the location randomly
selected. The Engineer will perform or witness the sampling of
production sublots. For at least 1 sublot per lot, the Engineer will
obtain and test a “blind” sample in lieu of the random sample
collected by the Contractor. The Contractor may test either the
“blind” or the random sample; however, referee testi ng (if applicable)
will be based on a comparison of results from the “blind” sample. The
location of the Engineer’s “blind” sample will not be disclosed to the
Contractor. The Engi neer’s “blind” sample may be randomly selected
in accordance with Tex-225-F for any sublot or selected at the
discretion of the Engineer for no more than 1 sublot per lot at any
time during production of the lot. The Engi neer will use the
Contractor’s split sample for sublots not sampled by the Engineer.
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(b) The sampler will split each sample into three equal portions in
accordance with Tex-200-F and label these portions as “Contractor,”
“Engineer,” and “Referee.” The Engi neer will perform or witness the
sample splitting and take immediate possession of the samples labeled
“Engineer” and “Referee.” The Engi neer will maintain the custody of
the samples labeled “Engineer” and “Referee” until testing by the
Department is completed.
(2) Informational Cantabro and Overlay Te sting. During the first week of
production, randomly select 1 sublot from Lot 2 or hi gher for Cantabro
and Overlay testing. Obtain and provide the Engineer with approximately
150 lb. (70 kg) of mi xture in sealed containers, boxes, or bags labeled with
CSJ, mixture type, lot, and sublot number. The Engineer will ship the
mixture to the Construction Division for Cantabro and Overlay testing.
Results from these tests will not be used for specification compliance.
(3) Asphalt Binde r Sampling. Obtain a 1 qt. sample of the asphalt binder for
each lot of mi xture produced. Obtain the sample at approximately the
same time the mixture random sample is obtained. Sample from a port
located immediately upstream from the mixing drum or pug mill. Take the
sample in accordance with Tex-500-C, Part II. Label the can with the
corresponding lot and sublot numbers and deliver the sample to the
Engineer. The Engineer may also obtain independent samples. If
obtaining an independent asphalt binder sample, the Engi neer will split a
sample of the asphalt binder with the Contractor. The Engineer will test at
least one asphalt binder sample per project to verify compliance with
Item 300, “Asphalts, Oils, and Emulsions.”
c.

Production Testing. The Contractor and Engineer must perform production
tests in accordance with Table 14. The Contractor has the option to verify the
Engineer’s test results on split samples provided by the Engineer. Determine
compliance with operational tolerances listed in Table 11 for all sublots.
If the Engi neer’s laboratory-molded density on any sublot is less than 95.0% or
greater than 98.0%, take immediate corrective action to bring the mixture
withi n these tolerances. The Engineer may suspend operations if the
Contractors corrective actions do not produce acceptable results. The Engineer
will allow production to resume when the proposed corrective action is likely
to yield acceptable results.
If the aggregate mineralogy is such that Tex-236-F does not yield reliable
results, the Engi neer may allow alternate methods for determining the asphalt
content and aggregate gradation. Unless otherwise allowed, the Engineer will
require the Contractor to Pprovide evidence that results from Tex-236-F are
not reliable before requesting permission to usepermitting an alternate method
unless otherwise directed. If an alternate test method is allowed, use the
applicable test procedure as directed.
Table 14
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Production and Pl acement Testing Frequency
Description

Test Method

Individual % retained for #8 sieve and larger
Tex-200-F
Individual % retained for sieves smaller than #8
or
and larger than #200
Tex-236-F
% passing the #200 sieve
Laboratory-molded density
VMA
Tex-207-F
Laboratory-molded bulk specific gravity
In-pPlace air voids
Segregation (density profile) 5
Tex-207-F, Part V
Longitudinal joint density
Tex-207-F, Part VII
Moisture content
Tex-212-F, Part II
Theoretical maximum specific (Rice) gravity
Tex-227-F
Asphalt content
Tex-236-F
Hamburg Wheel test
Tex-242-F
Recycled Asphalt Shingles (RAS)2
Tex-217-F, Part III
Thermal profile5
Tex-244-F
Asphalt binder sampling and testing1
Tack coat sampling and testing
Boil test3
Cantabro lossTest4
Overlay tTest4

Tex-500-C
Tex-500-C, Part III
Tex-530-C
Tex-245-F
Tex-248-F

Minimum
Contractor
Testing Frequency

Minimum
Engineer
Testing
Frequency1

1 per sublot

1 per 12
sublots

N/A

1 per sublot

1 per sublot
When directed
N/A
1 per sublot
N/A
N/A
1 per sublot
1 per lot
(sample only)
N/A
1 per lot
1 per project
(sample only)

1 per project
1 per sublot
1 per lot

1 per project

1. For production defined in Section 3XXX.I.4, “Exempt Production,” tThe Engineer will test at the frequency listed
in the Department’s Guide Schedule of Sampling and Testing and this specificationmay perform as many additional
tests as deemed necessary.
2. Testing performed by the Construction Division or designated laboratory.
3. The Engineer may reduce or waive the sampling and testing requirements based on a satisfactory test history.
4. Testing performed by the Construction Division and for informational purposes only.
5. Not required when the Pave-IR system is used for specification compliance.

d.
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Operational Tolerances. Control the production process withi n the
operational tolerances listed in Table 11. When production is suspended, the
Engineer will allow production to resume when test results or other
information i ndicates that the next mixture produced will be within the
operational tolerances.
(1) Gradation. Suspend operation and take corrective action if any aggregate
is retained on the maximum sieve size shown in Table 8. A sublot is
defined as out of tolerance if either the Engineer’s or the Contractor’s test
results are out of operational tolerance. Unless otherwise directed, suspend
production when test results for gradation exceed the operational
tolerances for three consecutive sublots on the same sieve or four
consecutive sublots on any sieve. The consecutive sublots may be from
more than one lot.

(2) Asphalt Content. A sublot is defined as out of operational tolerance if
either the Engineer’s or the Contractor’s test results exceed the values
listed in Table 11. No production or placement bonus will be paid for any
sublot that is out of operational tolerance for asphalt content. Suspend
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production and shipment of mi xture if the Engineer’s or the Contractor’s
asphalt content deviates from the current JMF by more than 0.5% for any
sublot.
(3) Voids in the Mineral Aggregate (VMA). The Engi neer will determine
the VMA for every sublot. For sublots when the Engineer does not
determine asphalt content, the Engi neer will use the asphalt content results
from quality control testing performed by the Contractor to determine
VMA.
Take immediate corrective action if the VMA value for any sublot is less
than the minimum VMA requirement for production listed in Table 8.
Suspend production and shipment of mixture if the Engineer’s VMA
results on two consecutive sublots are below the minimum VMA
requirement for production listed in Table 8. No production or placement
bonus will be paid for any sublot that does not meet the minimum VMA
requirement for production listed in Table 8 based on the Engineer’s VMA
determi nation.
Suspend production and shipment of mixture if the Engineer’s VMA result
is more than 0.5% below the minimum VMA requirement for production
listed in Table 8. In addition to suspending production, the Engineer may
require removal and replacement or may allow the sublot to be left in
place without payment.
(4) Hamburg Whee l Test. The Engineer may perform a Hamburg Wheel test
at any time during production, including when the boil test indicates a
change in quality from the materials submitted for JMF1. In addition to
testing production samples, the Engineer may obtai n cores and perform
Hamburg Wheel tests on any areas of the roadway where rutting is
observed. When the production or core samples fail the Hamburg Wheel
test criteria in Table 10, suspend production until further Hamburg Wheel
tests meet the specified values. Core samples, if taken, will be obtained
from the center of the fi nished mat or other areas excluding the vehicle
wheel paths. The Engi neer may require up to the entire sublot of any
mixture failing the Hamburg Wheel test to be removed and replaced at the
Contractor’s expense.
If the Department’s or approved laboratory’s Hamburg Wheel test results
in a “remove and replace” condition, the Contractor may request that the
Department confirm the results by retesting the failing material. The
Construction Division will perform the Hamburg Wheel tests and
determi ne the final disposition of the material in question based on the
Department’s test results.
e.

Individual Loads of Hot Mix. The Engineer can reject individual truckloads
of hot mi x. When a load of hot mi x is rejected for reasons other than
temperature, contamination, or excessive uncoated particles, the Contractor
may request that the rejected load be tested. Make this request within 4 hr. of
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rejection. The Engi neer will sample and test the mixture. If test results are
withi n the operational tolerances shown in Table 11, payment will be made for
the load. If test results are not within operational tolerances, no payment will
be made for the load and the Engineer may require removal.
3.

Placement Acceptance .
a.

Placement Lot. A placement lot consists of four placement sublots. A
placement sublot consists of the area placed during a production sublot.
(1) Lot 1 Placement. Placement bonuses for Lot 1 will be in accordance with
Section 32243XXX.6.B, “Placement Pay Adjustment Factors.” However,
no placement penalty will be assessed for any sublot placed in Lot 1 when
the in-place air voids are greater than or equal to 2.7% and less than or
equal to 9.9%. Remove and replace any sublot with in-place air voids less
than 2.7% or greater than 9.9%.
(2) Incomplete Place ment Lots. An incomplete placement lot consists of the
area placed as described in Section 32243XXX.4.I.2.a(21), “Incomplete
Production Lots,” excluding miscellaneous areas as defined in
Section 32243XXX.4.I.3.a(4), “Miscellaneous Areas.” Placement
sampling is required if the random sample plan for production resulted in a
sample being obtained from an incomplete production sublot.
(3) Shoulders, Ramps, Etc. Shoulders, ramps, intersections, acceleration
lanes, deceleration lanes, and turn lanes are subject to in-place air void
determination, unless designated on the plans as not eligible for in-place
air void determination. Intersections may be considered miscellaneous
areas when determined by the Engineer.
(4) Misce llaneous Areas. Miscellaneous areas include areas that typically
involve significant handwork or discontinuous paving operations, such as
temporary detours, driveways, mailbox turnouts, crossovers, gores, spot
level-up areas, and other similar areas. Intersections and temporary detours
will be considered miscellaneous areas when shown on the plans.
Miscellaneous areas also include level-ups and thin overlays when, if the
layer thickness specifieddesignated on the plans is less than the minimum
untrimmed core height eligible for testing shown in Table 12. T
(4) Unless otherwise shown on the plans, thehe specified layer thickness
determined is based on the rate of 110 lb./sy for each i nch of pavement
unless another rate is shown on the plans. Miscellaneous areas are not
eligible for random placement sampling locations. Compact miscellaneous
areas that are not subject to in-place air void determination in accordance
with Section 32243XXX.4.H, “Compaction.” Miscellaneous areas are not
subject to in-place air void determination, thermal profiles testing,
segregation (density profiles), or longitudinal joint density evaluations.

Placement Sampling. At the beginning of the project, the Engineer will select
random numbers for all placement sublots. The Engineer will provide the
Draft to replace Item 341
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b.
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Contractor with the placement random numbers immediately after the sublot is
completed. Mark the roadway location at the completion of each sublot and
record the station number. Determine 1 random sample location for each
placement sublot in accordance with Tex-225-F. If the randomly generated
sample location is within 2 ft. of a joint or pavement edge, adjust the location
by no more than necessary to achieve a 2-ft. clearance.
Shoulders, ramps, intersections, acceleration lanes, deceleration lanes, and turn
lanes are always eligible for selection as a random sample location; however, if
a random sample location falls on one of these areas and the area is designated
on the plans as not subject to in-place air void determination, cores will not be
taken for the sublot and a 1.000 pay factor will be assigned to that sublot.
Provide the equipment and means to obtain and trim roadway cores on-site.
On-site is hereby defined as in close proximity to where the cores are taken.
Unless otherwise approved, Oobtain the cores within 1 working day of the time
the placement sublot is completed unless otherwise approved. Obtain two 6-in.
diameter cores side by side from within 1 ft. of the random location provided
for the placement sublot. For Type D and Type F mixtures, 4-in. diameter
cores are allowed. Mark the cores for identification, measure and record the
untrimmed core height, and provide the information to the Engineer. The
Engineer will witness the coring operation and measurement of the core
thickness. Visually inspect each core and verify that the current paving layer is
bonded to the underlying layer. If an adequate bond does not exist between the
current and underlying layer, take corrective action to ensure that an adequate
bond will be achieved during subsequent placement operations.
Immediately after obtaining the cores from the roadway, trim the cores in
accordance with Tex-207-F if the core heights meetsexceed the minimum
untrimmed values listed in Table 12. Trim the cores on site in the presence of
the Engineer. Use a permanent marker or paint pen to record the lot and sublot
numbers on each core as well as the designation as Core A or B. The Engi neer
may require additional information to be marked on the core and may choose
to sign or initial the core. The Engineer will take custody of the cores
immediately after they are trimmed and will retain custody of the cores until
testing by the Department is completed. Prior to turning the trimmed cores
over to the Engineer, the Contractor may elect to wrap the trimmed cores or
secure them in a manner that will reduce the risk of possible damage occurring
during transport by the Engi neer. After testing, the Engineer will return the
cores to the Contractor.
The Engi neer may elect to have the cores transported back to the Department’s
laboratory at the HMA plant via the Contractor’s haul truck or other designated
vehicle. In such cases where the cores will be out of the Engineer’s possession
during transport, the Engi neer will use the Construction Division’s protocol to
provide a secure means and process that protects the integrity of the cores
during transport.
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If the core height before trimming is less than the mi nimum untrimmed value
shown in Table 12, decide whether to include the pair of cores in the air void
determi nation for that sublot. If electing to have the cores included in air void
determi nation, trim the cores as described above before delivering to the
Engineer. If electing to not have the cores included in air void determination,
deliver untrimmed cores to the Engineer and inform the Engineer of the
decision to not have the cores included in air void determination. The
placement pay factor for the sublot will be 1.000 if cores will not be included
in air void determination.
In lieu of the Contractor trimming the cores on-site immediately after coring,
the Engineer and the Contractor may mutually agree to have the trimming
operations performed at an alternate location such as a field laboratory or other
similar location. In such cases, the Engi neer will take possession of the cores
immediately after they are obtained from the roadway and will retain custody
of the cores until testing is completed. Trimming of the cores may be
performed by either the Department or Contractor representative. The Engineer
will witness all trimming operations in cases where the Contractor
representative performs the trimming operation.
Immediately after obtaining the cores, dry the core holes and tack the sides and
bottom. Fill the hole with the same type of mixture and properly compact the
mi xture. Repair core holes with other methods when approved.
c.

Placement Te sting. Perform placement tests in accordance with Table 14.
After the Engineer returns the cores, the Contractor has the option to test the
cores to verify the Engineer’s test results for in-place air voids. The allowable
differences between the Contractor’s and Engineer’s test results are listed in
Table 11.
(1) In-Place Air Voids. The Engi neer will measure in-place air voids in
accordance with Tex-207-F and Tex-227-F. Before drying to a constant
weight, cores may be pre-dried using a Corelok or similar vacuum device
to remove excess moisture. The Engineer will average the values obtained
for all sublots in the production lot to determine the theoretical maximum
specific gravity. The Engineer will use the average air void content for inplace air voids.

The Engi neer will use the vacuum method to seal the core if required by
Tex-207-F. The Engi neer will use the test results from the unsealed core to
determi ne the placement pay adjustment factor if the sealed core yields a
higher specific gravity than the unsealed core. After determining the inplace air void content, the Engineer will return the cores and provide test
results to the Contractor.
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(2) Segregation (Density Profile). Test for segregation using density profiles
in accordance with Tex-207-F, Part V. Density profiles are not required
and are not applicable when using the Pave-IR system for specification
compliance. Density profiles are not applicable in miscellaneous areas as
described in Section 3XXX224.4.I.3.a(4), “Miscellaneous Areas.”
Unless otherwise approved, perform a density profile every time the
screed stops, on areas that are identified by either the Contractor or the
Engineer as having thermal segregation, and on any visibly segregated
areas. If the screed does not stop, and there are no visibly segregated areas
or areas that are identified as having thermal segregation, perform a
mi nimum of 1 profile per sublot.
Within 1 working day of At the completion of each lot, provide the
Engineer with the density profile of every sublot within the lot. Report the
results of each density profile in accordance with Section 32243XXX.4.B,
“Reporting and Responsibilities.”
The density profile is considered failing if it exceeds the tolerances in
Table 15. No production or placement bonus will be paid for any sublot
that contains a failing density profile. When the Pave-IR system is not
used for specification compliance, the Engineer will measure the density
profile at least once per project and may measure the density profile at any
time, at any location, and as often as deemed necessary to verify
conformance. The Engineer’s density profile results will be used when
available. The Engineer may require the Contractor to remove and replace
the area in question if the area fails the density profile and has surface
irregularities as defined in Section 32243XXX.4.I.3.c(5), “Irregularities.”
The sublot in question may receive a production and placement bonus if
applicable when the defective material is successfully removed and
replaced.
Investigate density profile failures and take corrective actions during
production and placement to eliminate the segregation. Suspend
production if 2 consecutive density profiles fail, unless otherwise
approved. Resume production after the Engineer approves changes to
production or placement methods.
Table 15
Segregation (Density Profile) Acceptance Criteria
Maxi mum Allowable Maximum Allowable
Density Range
Density Range
Mi xture Type
(Highest to Lowest)
(Average to Lowest)
Type A & Type B
8.0 pcf
5.0 pcf
Type C, Type D & Type F
6.0 pcf
3.0 pcf
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(3) Longitudinal Joint Density.
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(a) Informational Tests. While establishing the rolling pattern, perform
joint density evaluations, and verify that the joint density is no more
than 3.0 pcf below the density taken at or near the center of the mat.
Adjust the rolling pattern, if needed, to achieve the desired joint
density. Perform additional joint density evaluations at least once per
sublot, unless otherwise directed.
(b) Record Tests. For each sublot, perform a joint density evaluation at
each pavement edge that is or will become a longitudinal joint. Joint
density evaluations are not applicable in areas described in Section
3XXX.4.I.3.a(4), “Miscellaneous Areas.” Determine the joint density
in accordance with Tex-207-F, Part VII. Record the joint density
information and submit results on Department forms to the Engineer.
The evaluation is considered failing if the joint density is more than
3.0 pcf below the density taken at the core random sample location,
and the correlated joint density is less than 90.0%. The Engineer will
make an independent joint density verification at least once per
project and may make independent joint density verifications at the
random sample locations and as often as deemed necessary to verify
conformance. The Engineer’s joint density test results will be used
when available.
Within 1 working day ofAt the completion of each lot, provide the
Engineer with the joint density of every sublot within the lot. Report
the results of each joint density in accordance with Section
32243XXX.4.B, “Reporting and Responsibilities.”
Investigate joint density failures and take corrective actions during
production and placement to improve the joint density. Suspend
production if the evaluations on two consecutive sublotsevaluations
fail, unless otherwise approved. Resume production after the Engineer
approves changes to production or placement methods.
(4) Recove red Asphalt Dynamic Shear Rhe omete r (DSR). When the
Pave--IR system is not used for specification compliance, the Engineer
may take production samples or cores from suspect areas of the project to
determine recovered asphalt properties. Asphalt binders with an aging
ratio greater than 3.5 do not meet the requirements for recovered asphalt
properties and may be deemed defective when tested and evaluated by the
Construction Division. The aging ratio is the dynamic shear rheometer
(DSR) value of the extracted binder divided by the DSR value of the
original unaged binder. DSR values are obtained according to
AASHTO T 315 at the specified high temperature performance grade of
the asphalt. The Engineer may require removal and replacement of the
defective material at the Contractor’s expense. The asphalt binder will be
recovered for testing from production samples or cores in accordance with
Tex-211-F.
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(5) Irre gularitie s. Identify and correct irregularities including but not limited
to segregation, rutting, raveling, flushing, fat spots, mat slippage, irregular
color, irregular texture, roller marks, tears, gouges, streaks, uncoated
aggregate particles, or broken aggregate particles. The Engineer may also
identify irregularities, and in such cases, the Engi neer will promptly notify
the Contractor. If the Engineer determines that the irregularity will
adversely affect pavement performance, the Engineer may require the
Contractor to remove and replace (at the Contractor’s expense) areas of the
pavement that contai n irregularities and areas where the mixture does not
bond to the existing pavement. If irregularities are detected, the Engineer
may require the Contractor to immediately suspend operations or may
allow the Contractor to continue operations for no more than 1 day while
the Contractor is taking appropriate corrective action.
4.

Exe mpt Production. When the anticipated daily production is less than 1,000 tons,
the total production for the project is less than 5,000 tons, or when mutually agreed
between the Engineer and the Contractor, the Engineer may deem the mixture as
exempt production. Production may also be exempt when shown on the plans.
For exempt production, the Contractor is relieved of all production and placement
sampling and testing requirements and the production and placement pay factors
are 1.000. All other specification requirements apply and the Engineer will perform
acceptance tests for production and placement listed in Table 14 at the frequency
listed in the Department’s Guide Schedule of Sampling and Testing.
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For exempt production:
· produce, haul, place, and compact the mixture in compliance with the
specification and as directed by the Engineer;
· control mixture production to yield a laboratory-molded density that is within ±
1.0% of the target laboratory-molded density as tested by the Engineer;
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· compact the mixture in accordance with Section 3XXX.4.H, “Compaction”;
and
· when the Contractor elects not to use the Pave-IR system for specification
compliance, the Engineer may perform segregation (density profiles) and
thermal profiles in accordance with the specification.
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4.5. Ride Quality. Unless otherwise shown on the plans, Mmeasure ride quality in
accordance with Item 585, “Ride Quality for Pavement Surfaces.” unless otherwise
shown on the plans.
3.5. Measureme nt. Hot mix will be measured by the ton of composite hot mix, which includes
asphalt, aggregate, and additives. Measure the weight on scales in accordance with Item 520,
“Weighing and Measuring Equipment.”
4.6. Payment. The work performed and materials furnished in accordance with this Item and
measured as provided under Article 5, “Measurement,” will be paid for at the uni t price bid
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for “Dense Graded Hot-Mix Asphalt (QC/QA)” of the type, surface aggregate classification,
and binder specified. These prices are full compensation for surface preparation; materials
including tack coat; placement; equipment; labor; tools; and incidentals.
Pay adjustments for bonuses and penalties will be applied as determined in this Item;
however, a pay adjustment factor of 1.000 will be assigned for all placement sublots for
“level ups” only when “level up” is listed as part of the item bid description code. A pay
adjustment factor of 1.000 will be assigned to all production and placement sublots when
“exempt” is listed as part of the item bid description code.
Applicable pay adjustment bonuses will only be paid for sublots when the Contractor
supplies the Engi neer with the required documentation for production and placement
QC/QA, thermal profiles, segregation density profiles, and longitudinal joint density in
accordance with Section 32243XXX.4.B, “Reporting and Responsibilities.” If the
Contractor uses the Pave-IR system for specification compliance, documentation is not
required for thermal profiles or segregation density profiles on individual sublots; however,
the Pave-IR system automated reports described in Tex-244-F are required.
Trial batches will not be paid for unless they are incl uded in pavement work approved by the
Department.
Pay adjustment for ride quality will be determined in accordance with Item 585, “Ride
Quality for Pavement Surfaces.”
When WMA is specified on the plans, at the Contractor’s request, the Engineer has the option to
assign all sublots a production pay adjustment factor of 1.000.
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When the Engineer elects to assign all sublots a production pay adjustment factor of 1.000,
control mixture production to yield a laboratory-molded density with an absolute deviation
no greater than 1.0 percent from the target laboratory-molded density as defined in Table 9
or as shown on plans, as tested by the Engineer. The Engi neer may suspend production and
shipment of mi xture if the laboratory-molded density deviates more than 1.0 percent from
the target laboratory-molded density for two consecutive sublots.
A. Production Pay Adjustme nt Factors. The production pay adjustment factor is based
on the laboratory-molded density using the Engineer’s test results. A pay adjustment
factor will be determined from Table 16 for each sublot using the deviation from the
target laboratory-molded density defined in Table 9. The production pay adjustment
factor for completed lots will be the average of the pay adjustment factors for the 4
sublots sampled within that lot.
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Table 16
Production Pay Adjustment F actors for Laboratory-Molded Density1
Absolute Devi ation from
Production Pay Adjustment Factor
Target Laboratory-Molded Density
(Target Laboratory-Molded Density)
0.0
1.050
0.1
1.050
0.2
1.050
0.3
1.044
0.4
1.038
0.5
1.031
0.6
1.025
0.7
1.019
0.8
1.013
0.9
1.006
1.0
1.000
1.1
0.965
1.2
0.930
1.3
0.895
1.4
0.860
1.5
0.825
1.6
0.790
1.7
0.755
1.8
0.720
> 1.8
Remove and replace
1. If the Engineer’s laboratory-molded density on any sublot is less than 95.0% or greater than 98.0%, take
immediate corrective action to bring the mixture within these tolerances. The Engineer may suspend
operations if the Contractor’s corrective actions do not produce acceptable results. The Engineer will allow
production to resume when the proposed corrective action is likely to yield acceptable results.

1.

Payment for Incomplete Production Lots. Production pay adjustments for
incomplete lots, described under Section 32243XXX.4.I.2.a(12), “Incomplete
Production Lots,” will be calculated using the average production pay factors from
all sublots sampled. A production pay factor of 1.000 will be assigned to any lot
when the random sampling plan did not result in collection of any samples.

2.

Production Sublots Subject to Re moval and Re placement. If after referee
testing, the laboratory-molded density for any sublot results in a “remove and
replace” condition as listed in Table 16, the Engineer may require removal and
replacement, or may allow the sublot to be left in place without payment. The
Engineer may also elect to accept the sublot in accordance with Item 5, “Control of
the Work,” Article 5.3.A, “Acceptance of Defective or Unauthorized Work.”
Replacement material meeting the requirements of this Item will be paid for in
accordance with this Article.

B. Placement Pay Adjustment Factors. The placement pay adjustment factor is based on
in-place air voids using the Engineer’s test results. A pay adjustment factor will be
determi ned from Table 17 for each sublot that requires in-place air void measurement.
A placement pay adjustment factor of 1.000 will be assigned to the entire sublot when
the random sample location falls in an area designated on the plans as not subject to inDraft to replace Item 341
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place air void determination. A placement pay adjustment factor of 1.000 will be
assigned to quantities placed in miscellaneous areas as described in
Section 32243XXX.4.I.3.a(4), “Miscellaneous Areas.” The placement pay adjustment
factor for completed lots will be the average of the placement pay adjustment factors for
up to 4 sublots within that lot.
Table 17
Placement Pay Adjustment Factors for In-pl ace Air Voi ds
In-pl ace
Placement Pay
In-place
Placement Pay
Air Voids
Adjustment F actor Air Voi ds Adjustment Factor
< 2.7
Remove and Replace
6.4
1.042
2.7
0.71005
6.5
1.040
2.8
0.74020
6.6
1.038
2.9
0.77035
6.7
1.036
3.0
0.800750
6.8
1.034
3.1
0.830765
6.9
1.032
3.2
0.876080
7.0
1.030
3.3
0.87905
7.1
1.028
3.4
0.920810
7.2
1.026
3.5
0.950825
7.3
1.024
3.6
0.980840
7.4
1.022
3.7
0.998855
7.5
1.020
3.8
1.0020.870
7.6
1.018
3.9
1.0060.885
7.7
1.016
4.0
1.0100.900
7.8
1.014
4.1
1.0140.915
7.9
1.012
4.2
1.0180.930
8.0
1.010
4.3
1.0220.945
8.1
1.008
4.4
1.0260.960
8.2
1.006
4.5
1.0300.975
8.3
1.004
4.6
1.0340.990
8.4
1.002
4.7
1.038005
8.5
1.000
4.8
1.042020
8.6
0.998
4.9
1.04635
8.7
0.996
5.0
1.050
8.8
0.994
5.1
1.050
8.9
0.992
5.2
1.050
9.0
0.990
5.3
1.050
9.1
0.960
5.4
1.050
9.2
0.930
5.5
1.050
9.3
0.900
5.6
1.050
9.4
0.870
5.7
1.050
9.5
0.840
5.8
1.050
9.6
0.810
5.9
1.050
9.7
0.780
6.0
1.050
9.8
0.750
6.1
1.048
9.9
0.720
6.2
1.046
> 9.9
Remove and Replace
6.3
1.044

1.

Payment for Incomplete Placement Lots. Pay adjustments for incomplete
placement lots described under Section 32243XXX.4.I.3.a.(2), “Incomplete
Placement Lots,” will be calculated using the average of the placement pay factors
from all sublots sampled and sublots where the random location falls in an area
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designated on the plans as not eligible for in-place air void determination. A
placement pay adjustment factor of 1.000 will be assigned to any lot when the
random sampling plan did not result in collection of any samples.

2.

Placement Sublots Subject to Re moval and Replaceme nt. If after referee testing,
the placement pay adjustment factor for any sublot results in a “remove and
replace” condition as listed in Table 17, the Engineer will choose the location of
two cores to be taken within 3 ft. of the original failing core location. The
Contractor will obtain the cores in the presence of the Engineer. The Engineer will
take immediate possession of the untrimmed cores and submit the untrimmed cores
to the Materials and Pavements Section of the Construction Division, where they
will be trimmed if necessary and tested for bulk specific gravity within 10 working
days of receipt. The average bulk specific gravity of the cores will be divided by
the Engineer’s average maximum theoretical specific gravity for that lot to
determi ne the new pay adjustment factor of the sublot in question. If the new pay
adjustment factor is 0.700 or greater, the new pay adjustment factor will apply to
that sublot. If the new pay adjustment factor is less than 0.700, no payment will be
made for the sublot. Remove and replace the failing sublot, or the Engineer may
allow the sublot to be left in place without payment. The Engineer may also elect to
accept the sublot in accordance with Item 5, “Control of the Work,” Article 5.3.A
“Acceptance of Defective or Unauthorized Work.” Replacement material meeting
the requirements of this Item will be paid for in accordance with this Article.

C. Total Adjustedment Pay Calculation. Total adjustedtment pay (TAP) will be based on
the applicable pay adjustment factors for production and placement for each lot.
TAP = (A+B)/2
Where:
A = Bid price × production lot quantity × average pay adjustment factor for the
production lot
B = Bid price × placement lot quantity × average pay adjustment factor for the
placement lot + (bid price × quantity placed in miscellaneous areasquantities ×
1.000)
Formatted: Font: Italic

Production lot quantity = Quantity actually placed - quantity left in place without
payment
Placement lot quantity = Quantity actually placed - quantity left in place without
payment - quantity placed in miscellaneous areas
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APPENDIX C - DATA COLLECTION FORM

C

CAPEC Pavement Data Collection Form
Onwer Information
Prepared by:

email:

phone:

Project Details
Street Name:
Limits:
Subdivision:

Agency:
Project Reference:

o Median; Width:
o Shoulder; Width:
Drainage Type: C&G o; Ditch o;

Length:
Width:
# of Lanes:
Maintenance History
(if any)

Date

Other o:

Treatment
Original Construction Date

Notes

Traffic
Functional Classification:
ADT (#):
Percent Truck (%):
Buses per Day (#):

Soils and Pavement
Material

Thickness (in) Comments (i.e. strength test data, geotextiles, specs)

Surface
Base
Subbase
Stabilized
Soil Layer 1
Soil Layer 2
Soil Layer 3

Photo Log / References

Asphalt Pavement Condition Survey

Other Available Data

APPENDIX D - SURVEY QUESTIONNAIRES

D

SURVEY SUMMARY – AGENCY

D-1

Stakeholders - Agency Acceptance Team
What organization do you represent in the Pavement Engineering Process?
Answer Options
Cities
Counties
TxDOT

Response
Percent
64.7%
23.5%
11.8%
answered question
skipped question

Response
Count
11
4
2
17
0

What organization do you represent in the Pavement Engineering Process?

Cities
Counties
TxDOT

Stakeholders - Agency Acceptance Team
Which is the most common failure mechanism in Hot Mix Asphaltic Concrete HMAC pavement for your agency? Rank these failure mechanisms from most
common to least common with 1 being most common and 4 being least common.
Response
Answer Options
1
2
3
4
Rating Average
Count
Fatigue Cracking
1
8
4
2
2.47
15
Longitudinal Cracking
8
1
3
2
1.93
14
Permanent Deformation (Wheelpath rutting or shoving)
3
0
7
5
2.93
15
Poor Ride Quality
3
5
2
5
2.60
15
answered question
16
skipped question
1

Which is the most common failure mechanism in Hot Mix Asphaltic Concrete HMAC
pavement for your agency? Rank these failure mechanisms from most common to least
common with 1 being most common and 4 being least common.

Poor Ride Quality
Permanent Deformation (Wheelpath rutting or
shoving)
Longitudinal Cracking
Fatigue Cracking
0.00

1.00

2.00

3.00

4.00

Stakeholders - Agency Acceptance Team
What is the required pavement design life of your agency?
Answer Options
10 - 20 years
20 - 30 years
40+ years

Response
Percent
68.8%
31.3%
0.0%
answered question
skipped question

Response
Count
11
5
0
16
1

What is the required pavement design life of your agency?

10 - 20 years
20 - 30 years
40+ years

Stakeholders - Agency Acceptance Team
Which classification of roadway is in the best condition after 20 years?
Answer Options
Local / Residential
Collector
Arterial

Response
Percent
37.5%
6.3%
56.3%
answered question
skipped question

Response
Count
6
1
9
16
1

Which classification of roadway is in the best condition after 20 years?

Local / Residential
Collector
Arterial

Stakeholders - Agency Acceptance Team
What is the largest contributor to poor pavement performance? Rank these factors from large to small with 1 being the largest contributor and 5 being the smallest
contributor.
Response
Answer Options
1
2
3
4
5
Rating Average
Count
Soils
11
2
0
0
1
1.43
14
Environmental Factors
0
5
4
3
2
3.14
14
Heavy Traffic Levels
2
4
3
2
4
3.13
15
Inadequate attention to design
2
3
3
6
2
3.19
16
Poor quality construction
1
1
4
4
5
3.73
15
answered question
16
skipped question
1

What is the largest contributor to poor pavement performance? Rank these factors from large
to small with 1 being the largest contributor and 5 being the smallest contributor.

Poor quality construction
Inadequate attention to
design
Heavy Traffic Levels
Environmental Factors
Soils
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

Stakeholders - Agency Acceptance Team
What are two specific issues you want addressed with the CAPEC pavement design
procedure project?
Response
Response
Answer Options
Percent
Count
Answer 1.
100.0%
15
Answer 2.
100.0%
15
answered question
15
skipped question
2

What are two specific issues you want addressed with the CAPEC pavement
design procedure project?
120.0%
100.0%
80.0%
60.0%
40.0%
20.0%
0.0%
Answer 1.

Answer 2.

SURVEY SUMMARY – CONSTRUCTION

D-2

Stakeholders - Construction Team
What group do you represent in the Pavement Construction Process?
Answer Options
General Contractor
Paving Contractor
Construction Inspector
Field Engineers
Materials Suppliers (HMAC, Aggregates, Concrete)
Other (please specify)

Response
Percent
14.3%
19.0%
23.8%
9.5%
33.3%

Response
Count
3
4
5
2
7
3

answered question
skipped question

21
0

What group do you represent in the Pavement Construction Process?

General Contractor
Paving Contractor
Construction Inspector
Field Engineers
Materials Suppliers (HMAC,
Aggregates, Concrete)

Stakeholders - Construction Team
What is the most important issue that impacts pavement construction? Rank these issues from most important to least important with 1 being the most important / 5 being
the least important.
Response
Answer Options
1
2
3
4
5
Rating Average
Count
Cross sections with incomplete detail
4
5
7
4
0
2.55
20
Specifications for non-standard or non-traditional
3
7
4
1
5
2.90
20
Drawings incompatible with specifications
9
3
5
1
2
2.20
20
Layer extension under curb & gutter
2
2
3
9
4
3.55
20
Transition to adjacent pavement
2
4
1
5
8
3.65
20
answered question
21
skipped question
0

What is the most important issue that impacts pavement construction? Rank these issues
from most important to least important with 1 being the most important / 5 being the least
important.

Transition to adjacent pavement
Layer extension under curb & gutter
Drawings incompatible with specifications
Specifications for non-standard or non-traditional
materials
Cross sections with incomplete detail
0.00

1.00

2.00

3.00

4.00

Stakeholders - Construction Team
If provided adequate ROW, would you rather construct all the utilities behind the back of
curb instead of in the road way?
Response
Response
Answer Options
Percent
Count
Yes
90.5%
19
No
9.5%
2
answered question
21
skipped question
0

If provided adequate ROW, would you rather construct all the utilities behind the
back of curb instead of in the road way?

Yes
No

Stakeholders - Construction Team
What HMAC specifications do you prefer?
Answer Options
TxDOT 340
TxDOT 341
COA
340
ASTM
D6373
Other (please specify)

Response
Percent
66.7%
14.3%
9.5%
9.5%

Response
Count
14
3
2
2
1

answered question
skipped question

21
0

What HMAC specifications do you prefer?

TxDOT

340

TxDOT

341

COA

340

ASTM

D6373

Stakeholders - Construction Team
What method have you used most successfully to stablize high PI Clay subgrades? Rank these methods from most successful to least successful with 1 being the most successful / 5 being
the least successful.
Response
Answer Options
1
2
3
4
5
Not Used
Rating Average
Count
Lime stabilization
7
6
3
4
0
0
2.20
20
Cement Stabilization
6
5
4
2
3
0
2.55
20
Geotextiles and Geogrids
4
3
4
7
2
0
3.00
20
Material replacement/ mixing
2
5
6
4
3
0
3.05
20
Moisture treatment
1
1
3
2
8
5
3.00
20
answered question
20
skipped question
1

What method have you used most successfully to stablize high PI Clay subgrades? Rank these
methods from most successful to least successful with 1 being the most successful / 5 being the
least successful.

Moisture treatment
Material replacement/ mixing
Geotextiles and Geogrids
Cement Stabilization
Lime stabilization
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

Stakeholders - Construction Team
What trench backfill method yields the best long term performance?
Answer Options
Select compacted backfill
HMAC compacted backfill
Concrete flowable backfill
Why?

Response
Percent
20.0%
0.0%
80.0%

Response
Count
4
0
16
7

answered question
skipped question

20
1

What trench backfill method yields the best long term performance?

Select compacted backfill
HMAC compacted backfill
Concrete flowable backfill

Stakeholders - Construction Team
What elements of pavement construction have the highest potential impact to construction warranty?
6 being lowest potential impact.

Rank these elements from highest to lowest potential impact with 1 being highest and

Answer Options

1

2

3

4

5

6

Rating Average

Utility Trenches
Paving Materials
Poor Surface Drainage
Inadequate Subgrade Soil Stabilization Design
Compaction Issues (HMAC, base, or subgrade)
Inadequate Design Standards or Requirements

1
3
2
11
2
3

5
0
1
4
5
4

4
5
2
1
6
1

3
0
5
2
3
3

3
4
2
0
2
5

2
5
6
0
0
2

3.44
4.00
4.22
1.67
2.89
3.50
answered question
skipped question

What elements of pavement construction have the highest potential impact to construction
warranty? Rank these elements from highest to lowest potential impact with 1 being highest and
6 being lowest potential impact.
Inadequate Design Standards or Requirements
Compaction Issues (HMAC, base, or subgrade)
Inadequate Subgrade Soil Stabilization Design
Poor Surface Drainage
Paving Materials
Utility Trenches
0.00

1.00

2.00

3.00

4.00

5.00

Response
Count
18
17
18
18
18
18
18
3

SURVEY SUMMARY – DESIGN

D-3

Stakeholder - Design Team
What group do you represent in the Pavement Engineering Process?
Answer Options
Geotechnical Engineers
Civil Engineers
Asphalt Industry
Concrete Industry
Lime Industry
Geotextile Industry
Other (please specify)

Response
Percent
29.0%
71.0%
0.0%
0.0%
0.0%
0.0%

Response
Count
9
22
0
0
0
0
1

answered question
skipped question

31
0

What group do you represent in the Pavement Engineering Process?

Geotechnical Engineers
Civil Engineers
Asphalt Industry
Concrete Industry
Lime Industry
Geotextile Industry

Stakeholder - Design Team
What input variable is most important when determining pavement design?
being the least important.

Rank these items from most important to least important with 1 being the most important and 5

Answer Options

1

2

3

4

5

Important Unit Cost
Traffic Volume
Truck Classification Date
Subgrade Soil Strength Value
Pavement Materials Strength Values

4
3
3
18
1

3
9
5
6
6

7
3
6
3
10

4
7
7
0
11

11
7
8
2
1

What input variable is most important when determining pavement design? Rank these
items from most important to least important with 1 being the most important and 5 being the
least important.
Pavement Materials
Strength Values
Subgrade Soil Strength
Value
Truck Classification Date
Traffic Volume
Important Unit Cost
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

Rating Average
3.52
3.21
3.41
1.69
3.17
answered question
skipped question

Response
Count
29
29
29
29
29
29
2

Stakeholder - Design Team
Which of the following do your clients routinely require you to provide?
Answer Options
Initial Construction Cost
Life Cycle Cost
Both

Response
Percent
72.4%
3.4%
24.1%
answered question
skipped question

Response
Count
21
1
7
29
2

Which of the following do your clients routinely require you to provide?

Initial Construction Cost
Life Cycle Cost
Both

Stakeholder - Design Team
What methods have successfully stabilized high PI clay subgrades?
Answer Options
Replacement or Blending with lower PI materials
Stabilization with Lime
Stabilization with Portland Cement
Use of Geotextiles/Geogrids
Stabilization with Moisture Treatment

Response
Percent
31.0%
86.2%
41.4%
41.4%
13.8%
answered question
skipped question

Response
Count
9
25
12
12
4
29
2

What methods have successfully stabilized high PI clay subgrades?

Stabilization with
Moisture Treatment

Use of
Geotextiles/Geogrids

Stabilization with
Portland Cement

Stabilization with
Lime

Replacement or
Blending with lower PI
materials

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%

Stakeholder - Design Team
Which specifications do you most commonly use for your pavement materials?
Answer Options
City of Austin
TxDOT
ASTM
AASHTO
Other (please specify)

Response
Percent
48.3%
34.5%
3.4%
13.8%

answered question
skipped question

Response
Count
14
10
1
4
0
29
2

Which specifications do you most commonly use for your pavement materials?

City of Austin
TxDOT
ASTM
AASHTO

Stakeholder - Design Team
What are the most common considerations when preparing a pavement design recommendation? Rank these items from most common to least common with 1 being the most common / 5
being the least common.
Response
Answer Options
1
2
3
4
5
N/A
Rating Average
Count
Limited owner budget
5
15
4
3
1
0
2.29
28
Highly variable subgrade soils properties
19
3
4
1
0
1
1.52
28
Pavement conflict with underground utilities
1
4
10
8
3
2
3.31
28
Obtaining agency approval
3
5
4
9
7
0
3.43
28
ROW availability
0
1
4
6
13
4
4.29
28
answered question
28
skipped question
3

What are the most common considerations when preparing a pavement design recommendation?
Rank these items from most common to least common with 1 being the most common / 5 being the
least common.

ROW availability
Obtaining agency approval
Pavement conflict with
underground utilities
Highly variable subgrade soils
properties
Limited owner budget
0.00

1.00

2.00

3.00

4.00

5.00

Stakeholder - Design Team
What is your most common concern during construction of the pavement?
being the least common.

Rank these concerns from most common to least common with 1 being the most common / 5

Answer Options

1

2

3

4

5

Pavement specifications incompatible with readily
Meeting compaction requirements
Construction phasing affects quality of construction
Unexpected underground utility conflicts
Weather Conditions

4
14
3
5
2

2
5
7
4
10

7
5
5
4
7

5
3
8
6
6

10
1
5
9
3

What is your most common concern during construction of the pavement? Rank these
concerns from most common to least common with 1 being the most common / 5 being the
least common.

Weather Conditions
Unexpected underground utility conflicts
Construction phasing affects quality of construction
Meeting compaction requirements
Pavement specifications incompatible with readily
available materials
0.00

1.00

2.00

3.00

4.00

Rating Average
3.54
2.00
3.18
3.36
2.93
answered question
skipped question

Response
Count
28
28
28
28
28
28
3

Stakeholder - Design Team
Does the Owner request Additional Pavement Design Alternatives?
Answer Options
No
Yes

Response
Percent
17.9%
82.1%
answered question
skipped question

Response
Count
5
23
28
3

Does the Owner request Additional Pavement Design Alternatives?

No
Yes

Stakeholder - Design Team
Have recycling requests to use existing pavement materials increased from 10 years
ago?
Response
Response
Answer Options
Percent
Count
Yes
85.7%
24
No
14.3%
4
answered question
28
skipped question
3

Have recycling requests to use existing pavement materials increased from 10
years ago?

Yes
No

SURVEY SUMMARY - DEVELOPMENT

D-4

Stakeholders - Development Team
What profession do you represent in the road building process?
Answer Options
Land Developer
Real Estate Agent
Home Builder
Other (please specify)

Response
Percent
100.0%
0.0%
0.0%

answered question
skipped question

Response
Count
3
0
0
2
3
0

What profession do you represent in the road building process?

Land Developer
Real Estate Agent
Home Builder

Stakeholders - Development Team
What Pavement Type do you prefer?
Answer Options
Concrete
Asphalt

Response
Percent
33.3%
66.7%
answered question
skipped question

Response
Count
1
2
3
0

What Pavement Type do you prefer?

Concrete
Asphalt

Stakeholders - Development Team
Have you considered or built Portland Cement Concrete pavement in the last 5 years?
Answer Options
Yes
No

Response
Percent
66.7%
33.3%
answered question
skipped question

Response
Count
2
1
3
0

Have you considered or built Portland Cement Concrete pavement in the last 5
years?

Yes
No

Stakeholders - Development Team
Considering that roads have failed in the past, what percentage of road construction cost
increase would be acceptable?
Response
Response
Answer Options
Percent
Count
0 %
0.0%
0
1 % - 10 %
100.0%
3
11% - 20 %
0.0%
0
21% - 30 %
0.0%
0
answered question
3
skipped question
0

Considering that roads have failed in the past, what percentage of road
construction cost increase would be acceptable?

0 %
1 %

- 10 %

11%

- 20 %

21%

- 30 %

Stakeholders - Development Team
Do local minimum standards hinder consideration of newer/alternative pavement
alternatives?
Response
Response
Answer Options
Percent
Count
Yes
100.0%
2
No
0.0%
0
Why?
2
answered question
2
skipped question
1

Do local minimum standards hinder consideration of newer/alternative pavement
alternatives?

Yes
No

Stakeholders - Development Team
What are the most common complaints from residents? Rank these complaints from most common to least common with 1 being the most common and 4
being the least common.
Response
Answer Options
1
2
3
4
Rating Average
Count
Premature failure
1
0
0
1
2.50
2
Rough ride quality
0
2
0
0
2.00
2
Appearance of the Road
1
0
0
1
2.50
2
Noise related to surface texture
0
0
2
0
3.00
2
answered question
2
skipped question
1

What are the most common complaints from residents? Rank these complaints from
most common to least common with 1 being the most common and 4 being the least
common.

Noise related to surface
texture
Appearance of the Road

Rough ride quality

Premature failure
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

Stakeholders - Development Team
What is your most common concern with pavement construction?
most common and 4 being the least common.

Rank these items from the most common to the least common concern with 1 being the

Answer Options

Rating Average

Cost
Construction Delays
Quality / Workmanship
Warranty Work

0
1
0
1

1
0
1
0

1
0
1
0

0
1
0
1

2.50
2.50
2.50
2.50
answered question
skipped question

What is your most common concern with pavement construction? Rank these items
from the most common to the least common concern with 1 being the most common and
4 being the least common.

Warranty Work

Quality / Workmanship

Construction Delays

Cost
0.00

0.50

1.00

1.50

2.00

2.50

3.00

Response
Count
2
2
2
2
2
1

Stakeholders - Development Team
How do you traditionally handle the Construction Quality Control?
Answer Options
Contractor Provided
Independent Laboratory
Public Agency

Response
Percent
0.0%
100.0%
0.0%
answered question
skipped question

Response
Count
0
2
0
2
1

How do you traditionally handle the Construction Quality Control?

Contractor Provided
Independent Laboratory
Public Agency

Stakeholders - Development Team
What is the range in road way cost per SY that is acceptable in the overall development
cost structure?
Response
Response
Answer Options
Percent
Count
$38/SY – $42/SY (-10%)
0.0%
0
$42/SY – $46/SY (0%, average)
50.0%
1
$46/SY – $50/SY (+10%)
50.0%
1
$50/SY – $54/SY (+20%)
0.0%
0
$54/SY – $58/SY (+30%)
0.0%
0
answered question
2
skipped question
1

What is the range in road way cost per SY that is acceptable in the overall
development cost structure?

$38/SY – $42/SY (-10%)
$42/SY – $46/SY (0%,
average)
$46/SY – $50/SY (+10%)
$50/SY – $54/SY (+20%)
$54/SY – $58/SY (+30%)

