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PREFACE

Much of the material contained in this manual was originally produced by the Asphalt
Institute under contract with the Federal Highway Administration (FHWA) as the National
Asphalt Training Center (NATC) for Superpave technology. The NATC developed and
conducted week-long training courses in Superpave binder and mixture technology, and
was administered by the FHWA's Office of Technology Applications.

The financial support for preparing this handbook has been provided by the Kansas
Department of Transportation (KDOT) and the Department of Civil Engineering at Kansas
State University. The authors are indebted to Rodney G. Maag, P.E. (retired), Glenn
A. Fager, P.E. and Richard Kreider, Jr., P.E. (retired) of KDOT for their review and
comments on this manual.

In 1987, the Strategic Highway Research Program (SHRP) - a 5-year $150 million dollar,
federal research program authorized by Congress, began developing a new system for
specifying asphalt materials. The final product of the SHRP asphalt research program was
a new system called Superpave, abbreviation for Superior Performing Asphalt Pavements.
Superpave represents an improved system for specifying asphalt binders and mineral
aggregates, developing asphalt mixture design, and analyzing and establishing pavement
performance prediction. The system includes an asphalt binder specification, a hot-mix
asphalt (HMA) design and analysis system, and computer software that integrates the
system components. The Superpave binder specification and mix design system include
various test equipment, test methods, and criteria. The criteria are dictated by the traffic,
environment (climate) and structural section of a particular pavement site. The Superpave
system has resulted in huge savings.

The Superpave system is applicable to virgin and recycled, dense-graded, hot mix asphalt
(HMA), with or without modification. It can be used when constructing new surface, binder,
and base courses, as well as overlays on existing pavements. Through material selection
(aggregate and asphalt) and mix design, it directly addresses the reduction and control of
permanent deformation, fatigue cracking, and low-temperature cracking. It also explicitly
considers the effects of aging and moisture sensitivity in promoting or arresting the
development of these distresses.

Kansas is striving to build better HMA pavements and careful implementation of this mix
design process is essential to achieve that goal.
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WHY SUPERPAVE?

To fully understand the evolution of the Superpave system, a brief review of the history of
the development of highways and the asphalt industry is helpful.

Since the development of the gas engine and the discovery of the petroleum asphalt
refining process, asphalt has seen increasingly widespread use in pavement applications.
From road oiling of local roads to heavy duty airfield applications, the versatility of asphalt
materials has provided the pavement engineer with a valuable road construction material.

The design of asphalt mixtures evolved with its increasing use. The Hubbard-Field method
was originally developed in the 1920s for sheet asphalt mixtures with 100 percent passing
the 4.75 mm sieve, and later modified to cover the design of coarser asphalt mixtures. The
Hubbard-Field Stability test measured the strength of the asphalt mixture with a
punching-type shear load. Hveem Mix Design was developed by the California Department
of Highways Materials and Design Engineer, Mr. Francis Hveem, in the 1930s. The Hveem
stabilometer measures an asphalt mixture's ability to resist lateral movement under a
vertical load. Hveem mix design is still used in California and other western states. Marshalll
mix design was originally developed by a Mississippi State Highway Department Engineer,
Mr. Bruce Marshall, and later refined in the 1940s by the Corps of Engineers for designing
asphalt mixtures for airfield pavements. The primary features of Marshall mix design are a
density/voids analysis and the stability/flow test. Prior to Superpave, Marshall mix design
was widely used in the United States, and is by far, the most commonly used asphalt
mixture design procedure worldwide.

Refinements to the concepts of asphalt mix design procedures came about not only with
the increasing use of asphalt, but also with the increasing demand placed on the mixtures
by increases in traffic volume and loading. The authorization of the Interstate Highway
System in 1956 set the cornerstone for the United States reliance on highway
transportation for its primary mode of transporting goods and people.

The AASHO Road Test, conducted from 1958 to 1962, set the standard for pavement
structural design, and the Road Test results are still the basis for the majority of currently
used pavement design procedures. The researchers were aware that the Road Test was
limited to one set of soils and climatic conditions, and other studies were needed to extend
the findings to other geographic areas. Generally, these studies were not conducted, and
the AASHO Road Test results were extrapolated to fit other design conditions.

The growth of the Interstate system was matched by the increase in trucking as a mode for
shipping goods. The Interstate System in Kansas comprises less than 1 percent of the total
road mileage in the State (872 miles), but carried over 22 percent of the travel
(approximately 17.8 million DVMT) in year 2000. Heavy commercial vehicles make up
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Figure 1 Trends of Daily Vehicle Miles Traveled (DVMT) and Truck Daily Vehicle
Miles Traveled (TDVMT) in Kansas

more than 20 percent of the vehicle traffic on the rural Interstate highways. The volume of
large trucks on the rural state system has grown at a faster rate. Heavy truck travel has
increased 67% between 1990 and 2000 (Figure 1). Provided with an infrastructure to
transport the goods, the trucking industry pushed for increased productivity, and the legal
load limit was raised from 73,280 to 80,000 Ib. in 1982. This seemingly small increase
actually increases the stress to the pavement 40 to 50 percent for a given structural design.
The advent of more economical radial tires also increased the stress to the pavement.

As the transportation industry grew, the use of hot mix asphalt in heavy-duty pavement
applications also grew, and the results were not always favorable. The states were finding
an increasingly fine line developing between mixtures that performed well and mixtures that
performed poorly. The materials were the same, but the increases in traffic load and
volume were pushing the need for a better understanding of asphalt materials and
pavement performance.
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STRATEGIC HIGHWAY RESEARCH PROGRAM (SHRP)

Against this background of declining performance and diminishing research funding, SHRP
was approved by Congress in 1987 as a five year, $150 million research program to
improve the performance and durability of United States roads and to make those roads
safer for both motorists and highway workers. One third of the SHRP research funds were
directed for the development of performance-based asphalt material specifications to more
closely relate laboratory measurements with field performance.

SHRP was originally proposed in Transportation Research Board Special Report No. 202,
"America's Highways: Accelerating the Search for Innovation.” This report outlined the
need for a concentrated effort to produce major innovations for increasing the productivity
of the nation's highways. Various problems in areas of highway performance and safety
had been hampering the highway industry, and this report called for a renewed effort to
solve these problems. However, this report did not just call for funding of research in these
areas, but also emphasized the need for conducting the research with implementation in
mind. A “program designed without taking into account obstacles on implementation of
research will fail* noted the report, and this statement continues to guide the highway
industry now that the SHRP research is complete and its products have been implemented
to a large extent.
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BACKGROUND

Asphalt mixtures have typically been designed with empirical laboratory design procedures,
meaning that field experience is required to determine if the laboratory analysis correlates
with pavement performance. However, even with proper adherence to these procedures
and the development of mix design criteria, good performance could not be assured using
these mix designs.

In contrast, the new Superpave system is a performance-based specification system. The
tests and analyses have direct relationships to field performance. For example, the
Superpave asphalt binder tests measure physical properties that can be related directly to
field performance by engineering principles. The Superpave binder tests are also
conducted at temperatures that are encountered by in-service pavements. Also, the
Superpave mix design system integrates material selection (asphalt and aggregates) and
mix design into procedures based on project's structural section, climate and design traffic.
Particular attention has also been paid to the real-world process of asphalt mixture mixing -
loose mixture samples, prior to compaction to make test samples, are oven aged at
compaction temperature to simulate the aging that occurs during plant mixing, hauling to
the project site and compaction.

Two new key features in the Superpave system are laboratory compaction and mixture
performance testing. Laboratory compaction is accomplished using a Superpave Gyratory
Compactor (SGC). While the primary purpose of SGC is to compact test specimens, it can
provide valuable information about the compactibility of the particular mixture by capturing
data during compaction. The SGC can be used to design mixtures that do not exhibit
tender mix behavior and do not densify to undesirable low air void contents under traffic
action. In Superpave, test procedures and performance prediction models were developed
and are currently being revised to estimate the performance life of a prospective
Superpave pavement.

Superpave mixture design and analysis is performed at one of three increasingly rigorous
levels, with each level providing more information about mixture performance. Superpave
volumetric mix design (originally termed Superpave level 1) is an improved material
selection and volumetric mix design process and is applicable to projects with design traffic
(ESALSs) up to 1,000,000. Superpave abbreviated mix analysis (original Level 2 mix
design) procedures use the volumetric mix design as a starting point and include a battery
of SST and IDT tests to arrive at a series of performance predictions. This level is
applicable to traffic levels between 1,000,000 and 10,000,000. Superpave full mix
analysis (original Level 3 mixture design) includes a more comprehensive array of SST
and IDT tests and results to achieve a more reliable level of performance prediction for
projects with traffic level greater than 10,000,000.
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SUPERPAVE SYMBOLS

. Specific gravity of binder ('b' stands for binder)
: Bulk specific gravity of aggregate ('s' stands for solid/aggregate, 'b’ stands for bulk)

. Apparent specific gravity of aggregate ('s' stands for solid/aggregate, 'a’ for

apparent)

. Effective specific gravity of aggregate ('s' stands for aggregate, 'e' for effective)

: Maximum theoretical specific gravity of loose asphalt mix (‘'mm’ stands for mixture,

maximum)

: Bulk specific gravity of compacted mixture (‘'mb' stands for mixture, bulk)

Mixture bulk density as a percentage of Gym (0r Gmp/Gmm *100)

: Height after "x" number of gyrations

: Height after final/maximum number of gyrations

. Initial number of gyrations ('ini' stands for initial)

: Design number of gyrations (‘des' stands for design)

: Maximum number of gyrations (‘'max’ stands for maximum)

: Percent binder, i.e., percent asphalt ('b’' stands for binder)

: Percent absorbed asphalt ('b' stands for binder, 'a’ stands for absorbed)

: Effective asphalt content ('b’' stands for binder, 'e' stands for effective; part not

absorbed)

: Percent aggregate ('s' stands for solid/aggregate)

: Nominal maximum sieve size of the aggregate blend
: Percent air void (‘a’ stands for air)

: Voids in Mineral Aggregate

: Voids Filled with Asphalt
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CHAPTER |

SUPERPAVE MIXTURE MATERIALS
ASPHALT

The Superpave system uses a Performance Grade (PG) asphalt binder specification with a
matching set of tests. The system for specifying asphalt binders is a performance based
specification. It specifies binders on the basis of the climate and attendant pavement
temperatures in which the binder is expected to serve. Physical property requirements
remain the same, but the temperature at which the binder must attain the properties
changes. In Superpave, binders are graded such as PG 64-22. The first number, 64, is
often called the "high temperature grade”. This means that the binder would possess
adequate physical properties up to at least 64°C. This would be the high pavement
temperature corresponding to the climate in which the binder is actually expected to serve.
This temperature is derived from the highest average 7-day air temperature ever recorded
near the project site. Likewise, the second number, (-22), is often called the "low
temperature grade" and means that the binder would possess adequate physical
properties in pavements down to at least -22°C. This lowest temperature is derived from
the lowest air temperature ever recorded at that site.

Note that the design temperatures to be used in selecting asphalt binder grades are the
pavement temperatures, not the air temperatures. For surface layers, Superpave defines
the high pavement design temperature at a depth 20 mm below the pavement surface, and
the low pavement design temperature at the pavement surface. The design pavement
temperatures are obtained from air temperatures using two models for net heat flow and
energy balance developed in the Superpave research.

In PG grading, additional consideration is given to the type of loading (open highway, city
streets, intersections, etc.) and magnitude of loads (heavy trucks). The suggested PG
binder grades are shown in Table 1.1 and Figure 1.0 shows the detailed PG binder
specifications. For Kansas, typical grades range from PG 76-28 to PG 58-34 depending on
location of the project and the reliability level chosen. Reliability is the percent probability in
a single year that the actual temperature (one-day low or average seven-day high) will not
exceed the design temperature. A higher reliability results in lower risk. A higher
temperature range would indicate a higher reliability.

The PG binder specifications require tests on the binder in conditions corresponding to the
three critical stages during the binder's performance life. Tests performed on original/virgin
binder represent the first stage of transport, storage and handling. The second stage tests
represent the binder during mix production and construction, and are simulated by aging
the binder in a rolling thin film oven (RTFO) at 163°C. The RTFO procedure exposes thin
binder films to heat and air (oxidation) and approximates the oxidation of the binder during
HMA production and construction. The third stage represents the binder aging over time (5
to 10 years) as part of the HMA pavement layer and is simulated by the pressure aging
vessel (PAV). The PAV procedure exposes binder samples to heat and pressure
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conditions (2.1 MPa and 90, 100, or 110°C depending on the mean maximum weekly
pavement temperature) for 20 hours to approximate in-service aging conditions. The PG
binder specifications have been implemented by all state highway departments, including
KDOT. Table 1.2 lists the PG binder test equipment and a brief description of its use in the
PG binder specifications. The following section briefly describes this test equipment and
basic test principles. Details can be obtained in Performance Graded Asphalt Binder
Specification and Testing published as Superpave Series No.1 (SP-1) by The Asphalt
Institute, Lexington, Kentucky.

Table 1.1 Superpave PG Binder Grades

High Temperature Grade Low Temperature Grade (-)
PG 46 34,40,46
PG 52 10,16,22,28,34,40,46
PG 58 16,22,28,34,40
PG 64 10,16,22,28,34,40
PG 70 10,16,22,28,34,40
PG 76 10,16,22,28,34
PG 82 10,16,22,28,34

Table 1.2 Superpave PG Binder Test Equipment

Equipment Function
Rolling Thin Film Oven (RTFO) Simulates short-term binder
aging/hardening characteristics
Pressure Aging Vessel (PAV) Simulates long-term binder
aging/hardening characteristics
Dynamic Shear Rheometer (DSR) Measures binder properties at high and
intermediate temperatures
Rotational Viscometer (RV) Measures binder properties at high
temperatures
Bending Beam Rheometer (BBR) & Measures binder properties at low
Direct Tension Tester (DTT) temperatures
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Figure 1.0 Superpave PG Asphalt Binder Specifications
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ROLLING THIN FILM OVEN (RTFO) TEST

The RTFO procedure requires an electrically heated convection oven. Specific oven
requirements are detailed in AASHTO T 240, "Effect of Heat and Air on a Moving Film of
Asphalt (Rolling Thin Film Oven Test)." The oven contains a vertical circular carriage that
contains holes to accommodate sample bottles. The carriage is mechanically driven and
rotates about its center. The oven also contains an air jet that is positioned to blow air into
each sample bottle at its lowest travel position while being circulated in the carriage. The
figure below shows a typical RTFO.

The RTFO procedure is also used to determine the mass loss, a measure of the material
vaporized by the RTFO procedure. A high mass loss value would identify a material with
excessive volatiles, and one that could age excessively. Mass loss is reported as the
average of the two samples after RTFO aging, and is calculated by:

Mass Loss, % = [(Original mass — Aged mass)/Original mass)] x 100

The primary purpose of the RTFO procedure is the preparation of aged binder materials for
further testing and evaluation with the Superpave binder tests. RTFO residue should
be poured from the coated bottle and scraped. This material may be used for DSR testing
or transferred into PAV pans for additional aging or equally proportioned into
small containers and stored for future use.
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PRESSURE AGING VESSEL (PAV)

Two types of pressure aging devices have been developed. The first type consisted of the
stand-alone pressure aging vessel that was placed inside a temperature chamber. The
second type consists of the pressure vessel built as part of the temperature chamber. The
operating principles of the equipment are the same. Specific equipment details can be
found in AASHTO R28, "Accelerated Aging of Asphalt Binder Using a Pressurized Aging
Vessel (PAV)." For illustrative purposes, the stand-alone vessel type is shown and
described here.
The pressure vessel is fabricated from stainless
o steel and is designed to operate under the
£ = e pressure and temperature conditions of the test
piobe (2100 kPa and either 90, 100, or 110°C). The
vessel must accommodate at least 10 sample
pans and does so by means of a sample rack,

BN S which is a frame that fits conveniently into the
- : vessel. The vessel lid is secured to prevent
- «mm» Pressure loss.

pressure vessel sample rack sample pan

Air pressure is provided by a cylinder of dry, clean
compressed air with a pressure regulator, release
valve, and a slow release bleed valve. The vessel
lid is fitted with a pressure coupling and
temperature transducer. The temperature
transducer connects to a digital indicator that
allows visual monitoring of internal vessel
temperature throughout the aging period.
Continuous monitoring of temperature is required
during the test.

A forced draft oven is used as a temperature
chamber. The oven should be able to control the test temperature to within + 0.5°C for the
duration of the test. A digital proportional control and readout of internal vessel temperature
is required.

Specimen Preparation

To prepare for PAV, RTFO residue is transferred to individual PAV pans. The sample
should be heated only to the extent that it can be readily poured and stirred to ensure
homogeneity. Each PAV sample should weigh 50 gm. Residue from approximately two
RTFO bottles is normally needed for one 50 gm sample.
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ROTATIONAL VISCOMETER (RV)

Rotational viscosity is used to evaluate high temperature workability of binders. A rotational
coaxial cylinder viscometer, such as the Brookfield apparatus is used rather than a
capillary viscometer. Some asphalt technologists refer to this measure as "Brookfield
Viscosity". This method of measuring viscosity is detailed in AASHTO T 316, “Viscosity
Determination of Asphalt Binders Using Rotational Viscometer.”

High temperature binder viscosity is measured to ensure that the asphalt is fluid enough
when pumping and mixing. Consequently, rotational viscosity is measured on unaged or
"tank" asphalt and must not, according to the Superpave binder specification, exceed 3
Pa-s when measured at 135°C.

torque
sampl
spindle
sample

chamber ™=

DYNAMIC SHEAR RHEOMETER (DSR)

The Dynamic Shear Rheometer (DSR) is used to characterize the viscous and elastic
behavior of asphalt binders. It does this by measuring the viscous and elastic properties of
a thin asphalt binder sample sandwiched between an oscillating and a fixed plate.
Operational details of the DSR can be found in AASHTO T 315 "Determining the
Rheological Properties of Asphalt Binder Using a Dynamic Shear Rheometer (DSR).”
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The principle of operation of the DSR is straightforward. An asphalt sample is placed
between an oscillating spindle and the fixed base. The oscillating plate (often called a
"spindle™) starts at point A and moves to point B. From point B the oscillating plate moves
back, passing point A on the way to point C. From point C the plate moves back to point A.
This movement, from A to B to C and back to A comprises one cycle.

As the force (or shear stress, 1) is applied to the asphalt by the spindle, the DSR measures
the response (or shear strain, y) of the asphalt to the force. The relationship between the
applied stress and the resulting strain in the DSR quantifies both types of behavior, and
provides information necessary to calculate two important asphalt binder properties: the
complex shear modulus (G* or "G star") and phase angle (6 or "delta"). G* is the ratio of
maximum shear stress (tmax) t0 maximum shear strain (ymax). The time lag between the
applied stress and the resulting strain is the phase angle é.

Appliad Surass Posftion ot
- Oscillating Plste B
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BENDING BEAM RHEOMETER (BBR)

The Bending Beam Rheometer (BBR) is used to measure the stiffness of asphalts at very
low temperatures. The test uses engineering beam theory to measure the stiffness of a
small asphalt beam sample under a creep load. A creep load is used to simulate the
stresses that gradually build up in a pavement when temperature drops. Two parameters
are evaluated with the BBR. Creep stiffness is a measure of how the asphalt resists
constant loading and the m-value is a measure of how the asphalt stiffness changes as
loads are applied. Details of the BBR test procedure can be found in AASHTO T 313
"Determining the Flexural Creep Stiffness of Asphalt Binder Using the Bending Beam
Rheometer (BBR).”

The key elements of the BBR are a loading frame, controlled temperature fluid bath,
computer control and data acquisition system, and test specimen. The BBR uses a
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blunt-nosed shaft to apply a midpoint load to the asphalt beam, which is supported at two
locations. A load cell is mounted on the loading shaft, which is enclosed in an air bearing to
eliminate any frictional resistance when applying load. A deflection measuring transducer is
affixed to the shaft to monitor deflections. Loads are applied by pneumatic pressure and
regulators are provided to adjust the load applied through the loading shaft.

The temperature bath contains a fluid consisting of ethylene glycol, methanol, and water.
This fluid is circulated between the test bath and a circulating bath that controls the fluid
temperature to within 0.1°C. Circulation or other bath agitation must not disturb the test
specimen in a manner that would influence the testing process. The data acquisition
system consists of a computer (with software) connected to the BBR for controlling test
parameters and acquiring load and deflection test results.

Defiection
5 ‘,/" Transducer

.&‘-.ir Bearing
Data Acouisitics :
' Load Sail
Wi Ray
Asphalt Baam‘ / Fuid Bath
A 1] Loading
" Frame

Supports

Tharmometsr —

Overview of Procedure

The operator initiates the control software before the test begins. While the test specimens
are brought to test temperature in the testing bath, systems calibration and compliance are
accomplished. These include calibration of the displacement transducer and load cell.
Compliance of the test device is checked with a rigid stainless steel reference beam. The
temperature transducer is also checked by using a calibrated mercury-in-glass
thermometer. A thinner reference beam is also supplied that can be periodically used to
check the performance of the overall system. This beam functions as a dummy test
specimen allowing quick checks on rheometer performance. The rheometer software
controls most of the system calibration and the operator need only follow the instructions
provided by the software.
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At the end of the 60-minute thermal conditioning period, the asphalt beam is placed on the
supports by gently grasping it with forceps. A 2.5 to 4.5 gram (35 £ 10 mN) preload is
manually applied by the operator to ensure that the beam is firmly in contact with the
supports. A 100-gram (980 mN) seating load is automatically applied for one second by the
rheometer software. After this seating, the load is automatically reduced to the preload for
a 20-second recovery period. Atthe end of the recovery period, a 100-gram (980 £+ 50 mN)
load is applied to the beam for a total of 240 seconds. The deflection of the beam is
recorded during this period.

As the applied load bends the beam, the deflection transducer monitors the movement.
This deflection is plotted against time to determine creep stiffness and m-value. During the
test, load and deflection versus time plots are continuously generated on the computer
screen for the operator to observe. At the end of 240 seconds, the test load is
automatically removed and the rheometer software calculates creep stiffness and m-value.

Data Presentation

Beam analysis theory is used to obtain creep stiffness of the asphalt in this test. The
formula for calculating creep stiffness, S(t), is:

PL®
S0 I —
4 b h® Delta(t)

where:
S(t) = creep stiffness at time, t = 60 seconds
P = applied constant load, 100 g (980 mN)
L = distance between beam supports, 102 mm
b = beam width, 12.7 mm
h = beam thickness, 6.35 mm
Delta(t) = deflection at time, t = 60 seconds

By using the equation for S(t) and the deflection from the graph, the stiffness at time, t=60
seconds can be obtained. Creep stiffness is desired at the minimum pavement design
temperature after two hours of load. However, by raising the test temperature 10°C, an
equal stiffness is obtained after a 60 second loading. The obvious benefit is that a test
result can be measured in a much shorter period of time.

The second parameter needed from the bending beam test is the m-value. The m-value
represents the rate of change of the stiffness, S(t), versus time. This value also is
calculated automatically by the BBR computer. However, to check the results from the
computer, the m-value is easily obtained. To obtain m-value, the stiffness is calculated at
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several loading times. These values are then plotted against time. The m-value is the slope
of the log stiffness versus log time curve at any time, t.

Deflection
S 0
t W WA
A( ) ‘ slope = m-yalus
simuiates stifinsns
e 2 hours st :
10 C lownr bemg ;
80 > % >
.ﬁme, s8¢ 8 1§ ] 120 M0

DIRECT TENSION (DT) TESTER

The direct tension test measures the low temperature ultimate tensile strain of an asphalt
binder. The test is performed at relatively low temperatures ranging from 0° to -36°C, the
temperature range within which asphalt exhibits brittle behavior. Furthermore, the test is
performed on binders that have been aged in a rolling thin film oven and a pressure aging
vessel. Consequently, the test measures the performance characteristics of binders as if
they had been exposed to hot mixing in a mixing facility and some in-service aging. Details
of the DT test procedure can be found in AASHTO T 314, “Determining the Fracture
Properties of Asphalt Binder in Direst Tension (DT).”

A small dog-bone shaped specimen is loaded in tension at a constant rate. The strain in
the specimen at failure (F) is the change in length (AL) divided by the effective gauge
length (L). In the direct tension test, failure is defined by the stress where the load on the
specimen reaches it maximum value, and not necessarily the load when the specimen
breaks. Failure stress (of) is the failure load divided by the original cross section of the
specimen (36 mm>).
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ADDITIONAL REQUIREMENTS FOR PERFORMANCE GRADED ASPHALT BINDER

Performance graded asphalt binders (PGAB) must comply with the applicable
requirements of the 2015 KDOT Standard Specifications, Section 1202 (latest revision)
and AASHTO M 320 including the added requirements for polymer modified binders as
shown in Table 1.3. All tests will be performed after adding 0.5% high molecular weight
amine anti-stripping agent (by mass) to the PGAB. Additional information can be found in
the 2015 KDOT Standard Specifications, Section 1201 (latest revision).

Table 1.3 KDOT Additional Requirements for Polymer Modified Binders

Temperature
Spread?, °C 86 92 98 104 110

Separation, ASTM
D5976, °C max. Run on 2 2 2° 2 2
Original Binder

Elastic Recovery, ASTM
D6084, Procedure A, %
min. Run on RTFO
Residue

50 60 65 75 80

1Temperature Spread is determined by subtracting the low temperature from high temperature; for example PG 64-
28: 64-(-28)=92
’For PG 70-28 RClI, separation test requirement no greater than 6.
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SELECTION OF ASPHALT BINDER

The binder is selected as a function of the climate and traffic-loading conditions at the site
of the paving project.

The mean and standard deviation of the yearly, 7-day-average, maximum pavement
temperature 20mm below the surface of the pavement is used to determine the high
temperature grade. The mean and the standard deviation of the yearly, 1-day-minimum
pavement temperature, measured at the pavement surface at the site of the paving project
is used to determine the low temperature grade. LTPPBInd software can be used to
determine these temperatures or they may be supplied by the specifying agency. The
LTPP high and low temperature models should be selected in the software when
determining the binder grade, if the LTPPBInd software is used. When actual site data is
not available, representative data from the nearest weather station is used.

The “design reliability” for the desired high and low temperature performance is selected.
The design reliability required is established by agency policy. The initial cost of the
materials and the subsequent maintenance costs may influence the selection of the design
reliability.

The minimum PG binder that satisfies the required design reliability is then selected by
using the pavement temperature data determined above.

The high temperature grade is increased by the number of grade equivalents as indicated
by Table 1.4, if traffic speed or the design ESALs warrant. This adjustment takes into
account the anticipated traffic conditions at the project site. The low temperature grade is
not adjusted for traffic conditions.

The selected binder grade is adjusted according to Table 1.5 if reclaimed asphalt
pavement (RAP) is used in the mixture. This adjustment is required in order to account for
the RAP binder stiffness and quantity.

The selected binder grade is adjusted when using recycled asphalt shingles (RAS) as per
Section 1103 (and/or the Special Provision for Section 1103) of the KDOT Standard
Specifications. This adjustment is required in order to account for the RAS binder stiffness
and quantity.

Superpave Volumetric Mix Design and Analysis (Volume I) 12



Table 1.4 Binder Selection on the Basis of Traffic Speed and Traffic Level

Adjustment to the High Temperature Grade of the Binder®
Design ESALS" Traffic Load Rate
(million) Standing? Slow? Standard’
<0.3 Note 6 - -
0.3to<3 2 1 -
3to<10 2 1 -
10to <30 2 1 Note 6
>30 2 1 1

(1) The anticipated project traffic level expected on the design lane over a 20-year period.
Regardless of the actual design life of the roadway, determine the design ESALSs for 20 years

(2) Standing traffic - where the average traffic speed is less than 20 km/h

(3) Slow traffic - where the average traffic speed ranges from 20 to 70 km/h

(4) Standard traffic - where the average traffic speed is greater than 70 km/h

(5) Increase the high temperature grade by the number of grade equivalents indicated (one grade is
equivalent to 6°C). The low temperature grade is not adjusted for traffic conditions.

(6) Consideration should be given to increasing the high temperature grade by one grade equivalent

Table 1.5 Binder Selection Guidelines for RAP Mixtures (see footnote #2)

Recommended Virgin Asphalt Binder Grade® RAP Percentage
Generally, no change in binder selection® <15
Select virgin binder based on type of construction, RAP 16 - 25

origination and location in pavement (Major Modification/1R,
surface, base or shoulder lift, etc.).2 See footnote #2 below.

Generally, follow recommendations from blending charts? > 25

(1) For Commercial Grade Hot Mix Asphalt (HMA) - see Section 611 of the 2015 KDOT Standard
Specifications (latest revision)

(2) Contact KDOT'’s Bureau of Road Design (Pavement Design) section for specific details
concerning RAP mixture design and/or see the Section 602 “Modified Requirements” in the
project contract documents
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AGGREGATES

Two types of aggregate properties are specified in the Superpave system: consensus
properties and source properties.

Consensus Properties

Consensus properties are those which a group of experts (named Expert Task Group)
during SHRP research agreed were critical in achieving high performance HMA. These
properties must be met at various levels depending on traffic level and position within the
pavement. High traffic levels and surface mixtures (i.e., shallow pavement position) require
more strict values for consensus properties. Many agencies already use these properties
as quality requirements for aggregates used in HMA. These properties are:

coarse aggregate angularity
fine aggregate angularity
flat or elongated particles
clay content

Coarse Aqgdreqgate Angularity

This property is defined as the percent by mass of aggregates larger than 4.75 mm with
one or more fractured faces. It ensures a high degree of aggregate internal friction and
rutting resistance. In Kansas, Kansas Test Method KT-31 "Determination of Crushed
Particles in Crushed Gravel" is used to determine this property. Table 1.6 outlines the
required minimum values for coarse aggregate angularity as a function of traffic level and
position within the pavement as suggested by Superpave. These requirements have also
been adopted by KDOT.

Projected Area
of Fractured Face
A\

. Fractured Particle
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Table 1.6 KDOT Requirements for Coarse Aggregate Angularity

Traffic, million Depth from Surface
=SALs <100 mm > 100 mm
<0.3 95 50
0.3to<3 75 50
3to<10 85/80 60
10to <30 95/90 80/75
> 30 100/100 100/100
Shoulder 50 50

Note: “85/80" means that 85% of the coarse aggregate has one or more fractured
face and 80% has two or more fractured faces.

Fine Aggregate Anqularity

This property is defined as the percent air voids present in loosely compacted aggregates
smaller than 2.36 mm. A higher void content means more fractured faces and ensures a
high degree of fine aggregate internal friction and rutting resistance. Kansas Test Method
KT-50 "Uncompacted Void Content of Fine Aggregate” can be used to measure this
property. In the test, a sample of fine aggregate is poured into a small calibrated measure
by flowing through a standard funnel (Figure 1.1). By determining the mass of fine
aggregate (W) in the filled measure of known volume (V), void content can be calculated
as the difference between the measure volume and fine aggregate volume collected in the
measure. Table 1.7 tabulates the KDOT required minimum values for fine aggregate
angularity as a function of traffic level and position within pavement.
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Figure 1.1 Fine Aggregate Angularity Apparatus

Table 1.7 KDOT Requirements for Fine Aggregate Angularity

Traffic, million
ESALs

Depth from Surface

<100 mm > 100 mm
<0.3 42 42
0.3to<3 42 (45%) 42
3to<10 45 42
10to <30 45 42
> 30 45 45
Shoulder 40 40

* for SM-19A Mixes

Note: Criteria are presented as percent air voids in loosely compacted fine aggregate.
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Flat and Elongated Particles

This characteristic, according to Superpave, is the percentage by mass of coarse
aggregates that have a maximum to minimum dimension of greater than five. Elongated
particles are undesirable because they have a tendency to break during construction and
under traffic. The test procedure used is KT-59, "Flat and Elongated Particles in Coarse
Aggregate" and is performed on coarse aggregate larger than 4.75 mm. The KDOT
requirements for flat and elongated particles are shown in Table 1.8.

Table 1.8 KDOT Requirements for Flat and Elongated Particles for HMA

Traffic, million ESALS Maximum, Percent

All Traffic Levels 10

Note: Criteria are presented as maximum percent by mass of flat and elongated particles.

Clay Content (Sand Equivalent)

Clay content (commonly known as “Sand Equivalent”) is the percentage of clay material
contained in the aggregate fraction that is finer than a 4.75 mm sieve. It is measured by
KT-55, "Plastic Fines in Combined Aggregates by Use of the Sand Equivalent Test" which
has been derived from one specific test procedure covered in AASHTO T 176 (air dry and
mechanical shaking). In this test, a sample of fine aggregate is placed in a graduated
cylinder with a flocculating solution and agitated with a mechanical shaker to loosen clayey
fines present in and coating the aggregate. The flocculating solution forces the clayey
material into suspension above the granular aggregate. After a period that allows
sedimentation, the heights of suspended clay and settled sand levels are read in the
graduated cylinder and noted (Figure 1.2). The sand equivalent value is computed as a
ratio of the sand to clay height readings expressed as a percentage. Table 1.9 lists the
current sand equivalent requirements of KDOT based on the design traffic (ESALs) on the
project.

Superpave Volumetric Mix Design and Analysis (Volume I) 17



graduated
'/ cylinder

| clay reading

| ﬂocculating' /

solution
sand reading

suspended clay

sedimented aggregate

Figure 1.2 Sand Equivalent Test

Table 1.9 KDOT Clay Content (Sand Equivalent) Criteria

Traffic. million ESALS Sand Equivalent minimum, percent
<0.3 40
0.3to<3 40
3to<10 45
10to <30 45
> 30 50
Shoulder 40
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Source Properties

The source properties are those which agencies often use to qualify local sources of
aggregate. The source properties are:

e toughness
e soundness
e deleterious materials

Toughness

Toughness is the resistance of coarse aggregate to abrasion and degradation and is
measured by the Los Angeles abrasion test (AASHTO T 96 or ASTM C131 or C535). This
test estimates the mechanical degradation of aggregates during handling, construction,
and in-service. It is performed by subjecting the coarse aggregate, usually larger than 2.36
mm, to impact and grinding by steel spheres. The test result is percent loss, which is the
mass percentage of coarse material lost during the test as a result of the mechanical
degradation. KDOT follows AASHTO T 96 except that the test sample should be prepared
by removing the material passing 0.075 mm sieve, mud or clay lumps and sticks. The
maximum permitted loss value for KDOT mixtures is 40 percent.

Soundness

Soundness is the percent loss of materials from an aggregate blend during the sodium
sulfate soundness test. The procedure is stated in AASHTO T 104 or ASTM C88. This test
estimates the resistance of aggregate to weathering while in service. It can be performed
on both coarse and fine aggregate. The test is performed by alternately exposing an
aggregate sample to repeated immersions in saturated solutions of sodium or magnesium
sulfate each followed by oven drying. One immersion and drying is considered one
soundness cycle. During the drying phase, salts precipitate in the permeable void space of
the aggregate. Upon re-immersion the salt rehydrates and exerts expansive forces that
simulate the expansive forces of freezing water. The test result is total percent loss over
various sieve intervals for a required number of cycles. Maximum loss values range from
approximately 10 to 20 percent for five cycles.

In Kansas, however, the soundness is evaluated by KDOT with the "Soundness Test for
Aggregates,” as listed in Section 1115 (Test Methods for Division 1100, Aggregates) of the
2015 KDOT Standard Specifications for State Road and Bridge Construction. The
minimum acceptable soundness value obtained from this test is 0.90.
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Deleterious Materials

Deleterious materials are defined as the mass percentage of contaminants such as shale,
wood, mica, and coal in the blended aggregate. This property is measured by AASHTO T
112 or ASTM C412. It can be performed on both coarse and fine aggregate. Kansas has
several test methods to determine amounts of different deleterious materials:

KT-7 Clay lumps in aggregates
KT-8 Shale or "Shale like" materials in aggregate
KT-35  Sticks in aggregate

KDOT requirements for these deleterious materials are outlined in Section 1103
(Aggregates for Hot Mix Asphalt) of the 2015 KDOT Standard Specifications for State
Road and Bridge Construction.

Other Properties

In addition to these aggregate properties, specific gravities of the aggregates (bulk and
apparent) to be used in a mix design, need to be evaluated. In Kansas, these are
determined by Kansas Test Method KT-6; Specific Gravity and Absorption of Aggregates.
KT-6 reflects testing procedures found in AASHTO T 84 and T 85.

Gradation

To specify gradation, Superpave utilized a 0.45 power gradation chart to define a
permissible gradation. This chart uses a unique graphing technique to judge the cumulative
particle size distribution of a blend of aggregates. The ordinate of the chart is percent
passing. The abscissa is an arithmetic scale of sieve size in millimeters, raised to the 0.45
power. Figure 1.3 illustrates how the abscissa is scaled. In this example, the 4.75 mm
sieve is plotted at 2.02, which is the sieve size raised to 0.45 power. Normal 0.45 power
charts do not show arithmetic abscissa labels such as those in Figure 1.3. Instead, the
scale is annotated with the actual sieve size as shown in Figure 1.4. An important feature
of this chart is the maximum density gradation. This gradation plots as a straight line from
the maximum aggregate size through the origin.
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Figure 1.3 Basis for 0.45 Power Chart

Superpave uses the following definitions with respect to aggregate size:

Nominal Maximum Size: One sieve size larger than the first sieve to retain more
than 10 percent.
Maximum Size: One sieve size larger than the nominal maximum size.

The maximum density gradation (Figure 1.4) represents a gradation wherein the aggregate
particles fit together in the densest possible arrangement. Clearly this is a gradation to avoid
because there would be very little aggregate space within to develop sufficiently thick
asphalt films for a durable mixture. Figure 1.4 shows a 0.45 power gradation chart with a
maximum density gradation for a 19 mm maximum aggregate size or 12.5 nominal
maximum aggregate size.
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Figure 1.4 Maximum Density Gradation for 19-mm Maximum Aggregate Size or
12.5-mm Nominal Maximum Aggregate Size

To specify aggregate gradation, control points are added to the 0.45 power chart. Control
points function as the master ranges through which gradations must pass and are placed
on:

maximum size

nominal maximum size

an intermediate size (2.36 mm)
dust size (0.075 mm)

The term used to describe the cumulative frequency distribution of aggregate particle sizes
is the design aggregate structure. A design aggregate structure lies between the control
points and meets the requirements of Superpave with respect to gradation. Superpave
defines six mixture gradations by their nominal maximum aggregate sizes as shown in
Table 1.10. Detailed gradations (control points) for the mixture sizes used in Kansas are
shown in Appendix A. Figure 1.5 illustrate the control points for a 12.5-mm nominal
maximum aggregate size Superpave mixture. Table 1.11 lists the numerical gradation limits
(% retained) for the designated Superpave mixtures for the major modification and 1R
overlay projects in Kansas which incorporate the control points described by Superpave.
KDOT includes the nominal maximum aggregate size in the name of each mix designation;
mixes ending in A (such as, SM-9.5A) go above the maximum density line in the sieve
sizes. Mixes ending in B or T (such as, SM-9.5B or SM-9.5T) go below the maximum
density line in the sieve sizes.
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Table 1.10 Superpave Mixture Sizes

Superpave Nominal Maximum Maximum
Designation Size, mm Size, mm
37.5mm 37.5 50
25 mm 25 37.5
19 mm 19 25
12.5 mm 12.5 19
9.5 mm 9.5 12.5
4.75 mm 4.75 9.5
Percent Passing
100 =

max density line \

nom max
control point iz
e max - size
size l

, R
475 3 238 475 88 12.5 18.0

Figure 1.5 Superpave Gradation Limits for a 12.5-mm Nominal Maximum Aggregate

Size Mixture

Sieve Size, mm {raised 0 0.45 power)
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Table 1.11 KDOT Superpave Mixture Gradations (Single Point Design Limits, % Retained) for
Major Modification and 1R Overlay Projects *

Nominal Maximum Percent Retained — Square Mesh Sieves
Size Mix
Designation 37.5 mm 25.0 mm 19.0 mm 12.5 mm 9.5 mm 4.75 mm 2.36 mm 1.18 mm 75 pm
(1%2") ) (3/147) (1/27) (3/87) (#4) (#8) (#16) (#200)
SM-4.75A 0 0-5 0-10 40-70 88-94
SR-4.75A 0 0-2 0-5 0-10 40-70 88-94
SM-9.5A 0 0-10 10 min 33-53 90-98
SR-9.5A 0 0-2 0-10 10 min 33-53 90-98
SM-9.5B 0 0-10 10 min 53-68 90-98
SR-9.5B 0 0-2 0-10 10 min 53-68 90-98
SM-9.5T 0 0-10 10 min 53-68 90-98
SR-9.5T 0 0-2 0-10 10 min 53-68 90-98
SM-12.5A 0 0-10 10 min 42-61 90-98
SR-12.5A 0 0-2 0-10 10 min 42-61 90-98
SM-12.5B 0 0-10 10 min 61-72 90-98
SR-12.5B 0 0-2 0-10 10 min 61-72 90-98
SM-19A 0 0-10 10 min 51-65 92-98
SR-19A 0 0-2 0-10 10 min 51-65 92-98
SM-19B 0 0-10 10 min 65-77 92-98
SR-19B 0 0-2 0-10 10 min 65-77 92-98

*Confirm table values using Table 602-1 in Section 602 of the 2015 KDOT Standard Specifications.
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Aggregate Blending

Usually, several aggregates need to be blended to produce trial blends that would result
in design aggregate structure. A trial-and-error approach is generally used to determine
the proportions of the individual aggregates in the blend. The basic mathematical
equation for blending is:

where:

% Retained=A*a + B*b + C*c +......

A,B,C,= percent retained on a given sieve for each aggregate; and

a,b,c, = proportion (decimal fraction) of each aggregate being considered
for use in the blend

note that: a+b+c+.... =1.0

Table 1.12 shows the calculations for two aggregates. The table shows the required
specification range and the desired (target) gradation, usually the midpoint of the
specification range. A trial percentage of each aggregate source is usually assumed and
multiplied by the percent retained on each sieve. These gradations are then added to get
the composite percent retained on each sieve for the blend. The gradation of the blend is
compared to the specification range to determine if the blend is acceptable. These
calculations are easily performed by a spreadsheet computer program.
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Table 1.12 Aggregate Blending Example

% Retained on Sieve

1/2" 3/8" #4 #8 #30 #100 #200
Specification 0 0-5 15-30 30-45 60-80 80-90 92-96
Target
Gradation 0 25 22.5 27.5 70 85 94
Coarse
Sand (A)* 0 0 2 10 29 58 81
Crushed
Rock (B)* 0 6 30 51 86 98 99
30% A (a)* 0 0 0.6 3 8.7 17.4 24.3
70% B (b)* 0 4.2 21 35.7 60.2 68.6 69.3
Blend 0 4 22 38 69 86 94
* Letters in () refer to letters in the equations on the previous page
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Properties of Blended Aggreqgate

When two or more aggregates from different sources are blended, some of the properties
of the blend can be calculated from the properties of individual aggregates. With the
exception of specific gravity, the properties (such as, angularity, absorption, strength, etc.)
of the blend are the simple weighted averages of the properties of individual aggregates as
shown in the equation below:

X=P1*X1 + P2*Xy + P3*Xz+.........

where: X = composite property of the blend
X1, X2, X3 = properties of fractions 1, 2, and 3
P., P2, P3 = decimal fractions by weight of aggregates 1, 2, and 3, used in
the blend

Example Problem: Fine aggregates from two sources having fine aggregate angularity
(FAA) values of 40 and 47 were blended at a ratio of 30:70 by weight, respectively. What
is the FAA value of the blend?

Blend FAA=0.30*40 + 0.70 * 47 = 45
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CHAPTER II
ASPHALT MIXTURE VOLUMETRICS
Introduction

Asphalt mixture volumetrics, or in other words, volumetric proportions of asphalt binder
and aggregate components, play a significant role in asphalt mixture behavior. Thus, a
volumetric mixture design protocol was developed to consider volumetric properties of
Superpave mixtures.

The volumetric properties of a compacted paving mixture [air voids (Va), voids in the
mineral aggregate (VMA) and voids filled with asphalt (VFA)] provide some indications
of the mixture's potential pavement service performance. It is necessary to understand
the definitions and analytical procedures described in this chapter to be able to make
informed decisions concerning the selection of the design asphalt mixture. The
information provided here applies to both paving mixtures that have been compacted in
the laboratory, and to undisturbed samples that have been cut from a pavement in the
field (cores/beams).

Terminology & Formulas

Mineral aggregate is porous and can absorb water and asphalt to a variable degree.
Furthermore, the ratio of water to asphalt absorption varies with each aggregate. The
three methods of measuring aggregate specific gravity take these variations into
consideration. These methods yield bulk, apparent, and effective specific gravities.

Bulk Specific Gravity, Gsp - the ratio of the mass in air of a unit volume
of a permeable material (including both permeable and impermeable voids
normal to the material) at a stated temperature to the mass in air of an
equal volume of gas-free distilled water at a stated temperature. Bulk
specific gravity (AASHTO T84 & T85/KT-6) is determined by measuring
the dry mass and bulk volume of an aggregate sample. The bulk volume
includes the solid aggregate volume plus the volume of surface pores
holding water (i.e., Bulk Volume = solid volume + water permeable pore
volume) as shown in Figure 2.1.

When an aggregate blend consists of separate fractions of coarse and fine aggregates,
all having different specific gravities as in the case of a compacted or loose asphalt
mixture, the bulk specific gravity for the aggregate blend is calculated using the formula:

G, - (P+P,+..+P) (2.1)

Pl I:’2 Pn
—+—+...+—
G, G, G

n
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Figure 2.1 Specific Gravities of the Aggregates

where: Gsb = bulk specific gravity for the aggregate blend
P1, P2,..., Py = individual percentages by mass of aggregate
Gy, Ga,..., Gy = individual bulk specific gravities of aggregate

note that: P; + P, +...... + P, = 100%

Example: What is the bulk specific gravity for the aggregate blend consisting of three
different types of aggregates; CS-1: 65%, CS-2: 12% and sand: 23%? The bulk specific
gravities for the aggregates are CS-1: 2.65; CS-2: 2.71; and sand: 2.69.

P1=65 P,=12 Ps =23
G1=265 G,=271 G3=2.69

B (65+12+23)
Sb_{es 12 23}

+ +
265 271 2.69

Gsp = 2.666

Apparent Specific Gravity, Gg, - the ratio of the mass in air of a unit volume of an
impermeable material at a stated temperature to the mass in air of an equal volume of
gas-free distilled water at a stated temperature. Apparent specific gravity (also
measured using KT-6) is determined by measuring the dry mass and apparent volume
of an aggregate sample. The apparent volume only includes the volume of the solid
aggregate and does not include the volume of any surface pores (i.e., apparent volume
= volume of solid aggregate particles) as shown in Figure 2.1.
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Effective Specific Gravity, Gge - the ratio of the mass in air of a unit volume of a
permeable material (excluding voids permeable to asphalt) at a stated temperature to
the mass in air of an equal volume of gas-free distilled water at a stated temperature. In
the context of bulk and apparent specific gravity, it includes the dry mass of aggregate
and the effective volume of the aggregate. The aggregate effective volume includes the
volume of the solid aggregate and the volume of surface pores filled with water but not
asphalt as illustrated in Figure 2.1. The effective specific gravity can be approximated
as (bulk specific gravity + apparent specific gravity)/2, or, when the maximum specific
gravity of a paving mix, Gmm, as measured by AASHTO T209/KT-39, is known, it can be
computed from the following formula:

_ _(100-R)_ 2.2)

© |10 PR
G,, G,

mm

Example: Find the Effective Specific Gravity (Gse) value for a Superpave aggregate mix
with 4% Asphalt content (Asphalt Specific Gravity: 1.03) and maximum theoretical
specific gravity of 2.535.

__ (oo-4 (2.3)
[100 _4}
2535 1.03
Gse = 2.699

Effective Specific Gravity, (Gse) of Reclaimed Asphalt Pavement (RAP):

The effective specific gravity of RAP is needed to estimate bulk specific gravity, Ggp, of
RAP, and can be obtained from the following formula:

G, =" (2.4)
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where: Gse =effective specific gravity of RAP
Pmm =total loose mixture = 100%
P, =asphalt, percent by total weight of mixture (obtained by burning
asphalt in RAP using KT-57)
Gmm =maximum specific gravity of RAP (no air voids) (KT-39)
Gp =Specific gravity of the asphalt in the RAP (1.035 estimated)

Two specific gravities of the asphalt mixture will be of use in the Superpave volumetric
mix design. They are: maximum theoretical specific gravity of loose asphalt mix and
bulk specific gravity of compacted mix.

Maximum Theoretical Specific Gravity of loose asphalt mix, Gnm - the ratio of the
mass of a given volume of HMA with no air voids to the mass of an equal volume of
water, both at the same temperature. This specific gravity of a loose asphalt mixture,
also known as Rice Specific Gravity, can be determined by AASHTO T209/KT-39, or
can be estimated from the following formula for a given mix:

G, -0 _ 2.5)
Ps I:)b
Gse Gb
where: Gmm = maximum theoretical specific gravity
Gse = effective specific gravity of the aggregate blend
Gp = specific gravity of the asphalt
Ps = percentage of aggregate (= 100 - Py)

P, = percent asphalt (total mixture basis)
Example: Compute the Maximum Theoretical Specific Gravity (Gmnm) for a bituminous
mix composed of 96% aggregates and 4% asphalt (asphalt specific gravity = 1.03).
The effective specific gravity of the asphalt mix is 2.699.

Gse =2.699 Gp=1.03 Pp,=4% Ps=(100-4)=96%

G - 100
96 4
7_'_7
2.699 1.03
Gmm= 2.535

Superpave Volumetric Mix Design and Analysis (Volume 1) 31



Compacted Mixture Bulk Specific Gravity (Gmp) - the ratio of the mass of a given
volume of HMA to the mass of an equal volume of water, both at the same temperature.
The knowledge of bulk specific gravity of a compacted asphalt mix (Gmp) is essential for
computing certain volumetric parameters, such as, percent air voids. This specific
gravity can be determined using AASHTO T166 (Method A)/KT-15 (Procedure Ill) and is
expressed as:

Gmb = A/ (B-C) (2.6)

where: A =Mass of dry specimen in air, g.
B =Mass of the saturated, surface dry (SSD) specimen in air after 4
minutes in water, g.
C =Mass of saturated specimen in water, g.

Example: Find the bulk specific gravity of a compacted asphalt mixture specimen from
the following data:

Mass of dry specimen in air, A =4,847¢g
Mass of SSD specimen in air after 4 minutes in water, B = 4,875g
Mass of SSD specimen in water, C = 2,890g

Gmb = 4847/(4875 - 2890) = 2.442

The definitions for voids in the mineral aggregate (VMA), air voids (V3), voids filled with
asphalt (VFA) and effective asphalt content (Pye) are:

Voids in the Mineral Aggregate, VMA - the volume of intergranular void spaces
between the aggregate particles of a compacted paving mixture that includes the air
voids and the effective asphalt content, expressed as a percent of the total volume of
the sample. The volume fractions are shown in Figure 2.2.

VMA can be computed using the following formula:

VMA =100 — [(Gg—bp)} 2.7)

sb
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. A
alr T Va

asphalt Via

aggregate Voo Vse

Vma = Volume of voids in mineral aggregate

Vmb = Bulk volume of compacted mix

Vmm = Voidless volume of paving mix

Via = Volume of voids filled with asphalt

Va =Volume of air voids

Vp =Volume of asphalt

Vpa = Volume of absorbed asphalt

Vs, = Volume of mineral aggregate (by bulk specific gravity)

Vse = Volume of mineral aggregate (by effective specific gravity)

Figure 2.2 Volume Fractions of a Compacted Asphalt Concrete Mix

Example: Find the VMA value using previously obtained G, and Gg, values and for a
mix with 4% asphalt content (i.e. 96% aggregate, Ps).

VMA =100 - {M}

2.666

VMA = 12.07 %
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Percent Absorbed Asphalt, Py, - the portion of asphalt absorbed into the aggregate
and can be computed as:

_ (1OOGb )(Gse — Gsb)

8 (G4G..) (:8)

Example: Find the Py, for the previously obtained data.

_ (100x1.03)(2.699 — 2.666)
2 (2.699 x 2.666)

Effective Asphalt Content, Pype - the total asphalt content of a paving mixture minus
the portion of asphalt absorbed into the aggregate patrticles:

_ _ (Pba X Ps)
Pe =F [—100 :| (2.9)

Example: Find the value of Py for the previously obtained data.

(2.10)

(0.5x 96)}
100

P. = 4.0—[

Ppe = 3.52%

Air Voids, V4 - the total volume of the small pockets of air between the coated
aggregate particles throughout a compacted paving mixture, expressed as percent of
the bulk volume of the compacted paving mixture and can be computed from the
following formula:

v, =1oo{w} 2.11)
Gm

m
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Example: Find the percent air void for the previously computed G, and G, values.

v, 100{(2'535_2'442)}

2.535

Va=3.7%

Voids Filled with Asphalt, VFA - the percentage portion of the volume of intergranular
void space between the aggregate particles that is occupied by the effective asphalt. It

is expressed as the ratio of (VMA - V,) to VMA as shown below:

(2.12)

VFA =100 [M}

VMA

Example: Find out the VFA value for previously computed VMA and percent air void
values.

VEA =100 x {M}

12.07

VFA =69.3%

In Superpave data analysis, voids in the mineral aggregate (VMA) and air voids (V) are
expressed as percent by volume of the paving mixture. Voids filled with asphalt (VFA)
are the percentage of VMA filled by the effective asphalt. Depending on how asphalt
content is specified, the effective asphalt content may be expressed either as percent
by mass of the total mass of the paving mixture, or as percent by mass of the aggregate
in the paving mixture.

Because air voids, VMA and VFA are volume quantities and therefore cannot be
weighed, a paving mixture must first be designed or analyzed on a volume basis. For
design purposes, this volume approach can easily be changed over to a mass basis to
provide a job-mix formula.
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Superpave Volumetric Asphalt Mixture Design Requirements

The asphalt mixture design requirements in the Superpave volumetric method consist
of:

Mixture volumetric requirements
Compactibility requirements

Dust proportion (Dust to Binder Ratio)
Moisture susceptibility

Specified values for these parameters are applied during the Superpave volumetric
mixture design phase.

Mixture Volumetric Requirements

Mixture volumetric requirements consist of air voids (V,), voids in the mineral aggregate
(VMA) and voids filled with asphalt (VFA). Air void content is an important property
because it is used as the basis for asphalt binder content selection. In all cases, the
design air void content is four percent. VMA requirements are a function of maximum
nominal aggregate size of the mixture. VFA requirements are a function of traffic level
(design ESALs). VMA and VFA requirements in Superpave will be discussed in detail in
the next chapter.

Compactibility Requirements

These requirements are based on % Gn, obtained during gyratory compaction of the
Superpave samples at Nini and Nnax levels of gyration. %Gnm at Ny level is a function
of traffic level (design ESALS) and %G,m at Nnax level is capped at less than 98%
maximum.

Dust Proportion (Dust to Binder Ratio)

Dust proportion, also known as the dust to binder ratio, is an indicator of amount of
material passing 75 um (U.S. No. 200) sieve (Po.o75) With respect to the effective asphalt
content (Ppe) and computed using the following formula:

DP = { Pors } (2.13)

be

An acceptable dust proportion ranges from 0.6 to 1.2, 0.8 to 1.6 or 0.9 to 2.0 depending
upon mixture type and/or size (see Table 602-1 in the Special Provision to Section 602
of the 2015 KDOT Standard Specifications (latest revision)).
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Moisture Susceptibility

The test used to evaluate Superpave HMA for moisture susceptibility, or stripping, in
Kansas is Kansas Test Method KT-56; Resistance of Compacted Asphalt Mixtures to
Moisture Induced Damage. This test is not a performance-based test. It serves two
purposes. First, it identifies whether an asphalt-aggregate mixture is moisture
susceptible. Second, it measures the effect of anti-stripping additives. In this test, two
subsets of test specimens are produced from a loose mixture at design asphalt content
found in volumetric mixture design. One set is kept at room temperature. The other set
is subjected to water conditioning. After conditioning, both subsets are tested for indirect
tensile strength at 25°C. The test result reported is the ratio of average tensile strength
of the conditioned subset to that of the unconditioned subset. This ratio is called the
"tensile strength ratio,” or TSR. Superpave requires a minimum TSR of 0.8 (80 percent);
KDOT follows this requirement.

Steps in the Analysis of a Compacted Paving Mixture
The measurements and calculations needed for a voids analysis are:

(@) Measure the bulk specific gravities of the coarse aggregate (AASHTO
T85/KT-6) and of the fine aggregate (AASHTO T84/KT-6) or use the value
determined via 3-way split analysis and/or published value.

(b) Measure the specific gravity of the asphalt binder (AASHTO T228 or
ASTM D70). (usually obtained from the asphalt binder supplier).

(c) Calculate the bulk specific gravity (Gg,) of the aggregate blend in the
paving mixture.

(d) Measure the maximum specific gravity (Gmm) of the loose paving mixture
(AASHTO T 209/KT-39).

(e)  Measure the bulk specific gravity (Gmp) of the compacted paving mixture
(AASHTO T 166/KT-15).

)] Calculate the effective specific gravity (Gse) of the aggregate blend.

(9) Calculate the maximum specific gravity (Gmm) at other asphalt contents.
(h) Calculate the asphalt absorption (Py,) of the aggregate.

0] Calculate the effective asphalt content (Pye) of the paving mixture.

() Calculate the percent voids in the mineral aggregate (VMA) in the
compacted paving mixture.

(k) Calculate the percent air voids (V,) in the compacted paving mixture.

)] Calculate the percent voids filled with asphalt (VFA) in the compacted
paving mixture.
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CHAPTER Il
SUPERPAVE GYRATORY COMPACTION
Introduction

Superpave mixture design uses the Superpave Gyratory Compactor (SGC) to
realistically compact loose mixture specimens to densities achieved under actual
pavement climatic and loading conditions.

Test Equipment

The SGC is an electro-hydraulic device consisting of the following system components:
reaction frame, rotating base and motor, loading system, loading ram and pressure
gauge, height measuring and recording system, and mold assembly. A schematic of the
SGC is shown in Figure 3.1. The Pine AFGC125X SGC is used as a reference
throughout this manual.

S control and data

reaction acquisition panel

frame TS |oading
ram
rotating
base

Figure 3.1 Superpave Gyratory Compactor (SGC) [Pine AFGC125X illustrated]

The reaction frame provides a non-compliant structure against which the loading ram
can push while compacting specimens. The base of the SGC rotates and is affixed to
the loading frame. It supports the mold while compaction occurs. Reaction bearings are
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used to position the mold at an internal angle of 1.16 + 0.02 degrees which is the
compaction angle of the SGC. The electric motor drives the rotating base at a constant
speed of 30 + 0.5 revolutions per minute as well as furnishes power to the hydraulic
system. A hydraulic or mechanical system applies a load to the loading ram which
imparts 600 = 18 kPa compaction pressure to the specimen. The loading ram
diameter nominally matches the inside diameter of the mold, which is usually 150 mm.
A pressure gauge with digital signal conditioning measures the ram pressure during
compaction. As the specimen densifies during compaction, the pressure gauge signals
the hydraulic system to adjust the position of the loading ram so that a constant
compaction pressure is maintained.

Specimen height measurement is an important function of the SGC. By knowing the
mass of material placed in the mold, the diameter of the mold, and the specimen height,
an estimate of specimen density can be made at any time throughout the compaction
process. Density is computed by dividing the mass by the volume of the specimen. The
specimen volume is calculated as the volume of a cylinder with a diameter of 150 mm
and the measured height. Height is recorded by means of a Linear Variable Differential
Transformer (LVDT) (or equivalent) that records the position of the ram before and
during the test. The vertical change in ram position identically equals the change in
specimen height. The specimen height vs. the number of gyrations is available through
a serial port connection which may be connected to a personal computer, printer, or
other device to record height (i.e., density) measurements throughout the compaction
process. By this method, a compaction characteristic is developed as the specimen is
compacted (Figure 3.2).

Percent of Maximum
Theoretical Density

&

10 | 00 1000
Loy Gyrations

Figure 3.2 Compaction Characteristic of SGC
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The SGC uses a cast steel mold (Figure 3.3) with a diameter of 150 mm and a nominal
height of 250 mm. A base plate fits in the bottom of the mold to allow specimen
confinement during compaction.

ram pressure
600 kPa

A

/ 150 mm mold

30 gyrations _
per minute &

Figure 3.3 SGC Mold Configuration

Specimen Preparation

Compaction specimens are required to be mixed and compacted under equi-viscous
temperature conditions corresponding to 0.170 +/-0.02 Pa-s and 0.280 +/-0.03 Pas,
respectively. Figure 3.4 shows a typical temperature-viscosity chart for an asphalt
binder. Mixing is accomplished by a mechanical mixer. After mixing in the lab, loose test
specimens are subjected to 2 hours +/- 5 minutes of short term aging in a forced draft
oven maintained at the compaction temperature. The compaction molds and base
plates should also be placed in an oven at compaction temperature for at least 30 to
45 minutes prior to use.

Viscosity, Pa-s

10 P
5
1 — =t — :
5 ———
.3 ] Compaction Range % : _‘Hl*‘--.._ o s =
2 H Afivs T it et
i | Mixing Range | s P T e :
P 1 [ 1 [ 1=>={ 1

100 110 120 130 140 150 160 170 180 190 200
‘ Temperature, C

Figure 3.4 Typical Temperature-Viscosity Relationship
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Selection of Design Aggregate Structure

One of the preliminary steps in Superpave mixture design is to select the design
aggregate structure. Trial blends are established by mathematically combining the
gradations of individual aggregates into a single gradation. The blend gradation is then
compared to the specification control requirements for the appropriate sieves as
required by Superpave.

As a minimum, three trial blends need to be evaluated - one coarse, one fine and one
intermediate. Once trial blends are selected, a preliminary evaluation of the blended
aggregate properties is necessary. This includes the four consensus properties, the bulk
and apparent specific gravities of the aggregates, and any source aggregate properties.
These values are mathematically combined from the individual aggregate properties.

After the aggregate properties have been evaluated, the next step is to compact
specimens and determine the initial volumetric properties of each trial blend. However,
this requires an estimation of a trial (initial) binder (asphalt) content.

Estimation of Trial (Initial) Binder Content

The trial (initial) binder content is estimated from the knowledge of effective specific
gravity and absorption of the aggregate blend. This trial binder content is then estimated
as described in Superpave Level | Mix Design, published as Superpave Series No. 2
(SP-2) by The Asphalt Institute, Lexington, Kentucky or AASHTO Standard Practice,
AASHTO Designation R 35, Superpave Volumetric Design for Hot-Mix Asphalt (HMA).
The following procedure can be followed to estimate the trial binder content for each
aggregate blend:

The effective specific gravity (Gse) of the blend is estimated using the equation:
Gse = Gsb + 08 * (Gsa - Gsb) (31)
where: Gse = effective specific gravity of the aggregate blend
Gsp = bulk specific gravity of the aggregate blend

Gsa = apparent specific gravity of the aggregate blend

The multiplier, 0.8, can be changed at the discretion of the designer. Absorptive
aggregates may require values closer to 0.6 or 0.5.

The volume of asphalt binder absorbed into the aggregates (Vpa) is estimated from
the equation:
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v, = Px@-v) X{ 1 1}

a
{PMPS} Gy G 2
Gb Gse
where: Vpa = volume of absorbed binder, cm*/cm?® of mix
Py, = percent of binder (assumed 0.05),
Ps = percent of aggregate (assumed 0.95),
Gp = specific gravity of binder (assumed 1.02, if not known),
V. = volume of air voids (assumed 0.04 cm®/cm?® of mix)
The volume of the effective binder (Vye) is then determined as:
Vpe =0.176 - 0.0675* log (Sn) (3.3)
where: S, =the nominal maximum sieve size of the aggregate blend (in mm)

Finally, the trial (initial) asphalt binder (Py;) content is calculated from the equation:

Pbi — Gb X (Vbe +Vba) XlOO 24
(G x (Ve +Vi)) + W, (3.4)

where: Py = percent of binder by mass of mix, and
Ws = mass of aggregate, grams, from the equation below:

_ Ps X (1_Va)

s = ﬁ (3.5)
7+7
Gb Gse

W
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A minimum of two specimens for each trial blend is compacted using the SGC. Two
different asphalt mixture quantities are needed. For specimens to be used in the
volumetric design, sufficient mix to achieve a specimen 150 mm in diameter by
approximately 115 mm height needs to be compacted. Each specimen requires
approximately 4,500 grams of aggregate. At least one loose sample should be
prepared to obtain a maximum theoretical specific gravity using KT-39/
AASHTO T209. Approximately 2,000 grams of aggregate are needed for one sample in
this test.

Overview of Procedure

After short-term aging (lab produced mix only) for 2 hours at compaction
temperature in the oven, the loose test specimens are ready for compaction. The
compactor is initiated by turning on its main power. The vertical pressure is set at
600 kPa. The gyration counter should be set to the desired number of gyrations.
Three gyration levels are of interest:

. initial number of gyrations (Nin)

. design number of gyrations (Nges)

o maximum number of gyrations (Nmax)

Test specimens are compacted using Nmax gyrations. The relationship between Niy;,
Nges and Nmax are:

LOg Nmax =1.1O LOg Ndes (3.6)
Log Nini =0.45 Log Nges (3.7)

The design number of gyrations (Nges) IS a function of the project traffic level (20-year
design ESALS). The values for Nges are shown in the Table 3.1 and range from 50 to
125. The contract documents for a KDOT project will have the Nges, Nini and Npax
values for that project determined from the design traffic level.

After the base plate is in place, a paper disk is placed on top of the plate and the mold
is charged in a single lift. The top of the uncompacted specimen should be
leveled off. The mix is to be at the midpoint of the established binder compaction
temperature range. A paper disk is placed on top of the mixture, followed by the top
plate.

The mold is placed in the compactor on the rollers. After the machine is started, the ram
is automatically lowered until it contacts the mixture and the resisting pressure is 600
kPa. The angle of gyration (1.16 degrees internal) is also automatically applied and the
compaction process begins. The base rotates at a rate of 30 revolutions per minute.
The height of the specimen is recorded corresponding to each gyration. When Ny has
been reached, the compactor automatically ceases. After the angle and pressure are
released, the mold containing the compacted specimen is removed from the compaction
chamber. After a suitable cooling period, the specimen is extruded from the mold.
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Table 3.1 Gyratory Compactive Efforts in Superpave Volumetric Mix Design

20-year Design
ESALs (millions)

Compaction Parameter

I\lini Ndes |\|max
< (0.3 *** 6 50 75
0.3 - <3 *** 4 75 115
3-<30 8 100 160
> 30 9 125 205
* A 6 50 75
Shoulder o x x x

(*) At the contractor’s option A or B may be used

(**) Use traveled way design properties

(***) Some projects may use Nini = 6 & Ndes = 60 with no Nmax requirement

The bulk specific gravity of the compacted test specimen is measured using KT-15
(Proc. 1) / AASHTO T 166 (Method A). Maximum theoretical specific gravity of the
loose mix is determined using KT-39 / AASHTO T 209. The designer can then proceed
with the calculations of the volumetric parameters and other mix properties.

Data Analysis and Presentation

Superpave gyratory compaction data is analyzed by computing the estimated bulk
specific gravity, corrected bulk specific gravity, and corrected percentage of maximum
theoretical specific gravity (% Gmm) for each desired level of gyration. During
compaction, the height is measured and recorded after each gyration. An estimate of
Gmp at any value of gyration is made by dividing the mass of the mixture by the volume

of the compaction mold:

G,,, (estimated) = meY—

IV

mx

w

(3.8)
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where: Gmp (estimated) =estimated bulk specific gravity of specimen
during compaction

W nx =mass of specimen, grams
Yw =density of water = 1 gm/cc
Vmx =volume of compaction mold (cc), calculated

using the equation below:

2
V= % x 0.001cm® / mm? (3.9)
where: d = diameter of mold (150 mm)

hyx = height of specimen in mold during compaction (mm)

This calculation assumes that the specimen is a smooth-sided cylinder which is not true.
Surface irregularities cause the volume of the specimen to be slightly less than the
volume of a smooth-sided cylinder. Therefore, the final estimated G, at Npax IS
different than the measured G, at Nmax. The estimated G, is then corrected by a ratio
of the measured to estimated bulk specific gravity:

C- G.p (_measureé) (3.10)
G,,, (estimated, final)

where: C = correction factor
Gmb (measured) = measured bulk specific gravity (after Npmax)
Gmp (estimated) = estimated bulk specific gravity at Nyax

The estimated G, at any other gyration level is then determined using

G, (corrected) = C x G, (estimated) (3.11)
where: Gmp (corrected) =corrected bulk specific gravity of the specimen at any
gyration
C =correction factor

Gmp (estimated) =estimated bulk specific gravity at any gyration

Alternately, the corrected bulk specific gravity, Gnp (corrected), of a specimen at any
level of gyration (x) can be computed as:

final

h
G, (corrected ) =G, (measured )xh— (3.12)

X
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The percent G, at any gyration level is then calculated as the ratio of G, (corrected)
to Gmnm (measured), and the average percent Gy, value for the two companion
specimens can be obtained.

Using the Nini, Nges, and Nnax gyration levels previously determined from the design
traffic level for a particular project (Table 3.1), the Superpave volumetric mix design
criteria (VMA, VFA, and dust proportion) are established at a four percent (4%) air void

content at Nges. Volumetric mix design also specifies criteria for the mix density (%Gmm)

The percentage of air voids (V,) at Nges is determined from the equation:
V, =100-%G,,, @ N ., (3.13)

where: Va = percent air voids @N ges
%G mm @Nges = maximum theoretical specific gravity @Nges, percent

The percent voids in the mineral aggregate (VMA) at Nges iS calculated using:

%G N G P
96VMA =100 | 228 @ Nees X G ¥ Fs (3.14)
Gsb
where: VMA = voids in mineral aggregate, percent
%Gmm @Nges = maximum theoretical specific gravity @ Nges, percent
Gmm = maximum theoretical specific gravity
Gsp = bulk specific gravity of total aggregate
Ps = aggregate content, cm*/cm? by total mass of mixture
The percent voids filled with asphalt (VFA) at Nges is calculated using:
WMA@N,_. -V N
%VFA =100 x| = ONy; —V, @ N, (3.15)
%VMA@ N .,
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If the percentage of air voids is equal to four percent (4%), then the data calculated
above is compared to the volumetric criteria and the analysis of this blend is complete.
However, if the air void content at Nges Varies from four percent (and this will typically be
the case), an estimated asphalt content to achieve 4 percent air voids at Nges IS
determined, and the estimated volumetric properties at this estimated design asphalt
content are calculated.

The estimated asphalt content at Nges for 4% air voids is calculated using this
equation:

Pb.estimated = Pbi — (0.4 X (4.0 — Va)) (3.16)
where: Py estimated = €Stimated asphalt content, percent by mass of mixture
P = trial (initial) asphalt content, percent by mass of mixture
Va = percent air voids at Nges (trial)

The volumetric properties (VMA and VFA) at Nges and mixture density at Ni, and Npax
are then estimated at this asphalt binder content using the equations described below:

For estimated VMA at Nges fOor 4% air voids:

%VMAestimated = %VMAinitiaI + Cl X (4-0 - Va ) (3-17)
where: %VMAiniia = %VMA from trial asphalt binder content
Ci =constant use 0.1if V,is less than 4.0 percent

use 0.2if V4 is greater than 4.0 percent
Specified minimum values for VMA at the design air void content of 4% are a function of
nominal maximum aggregate size and are shown in Table 3.2.
For estimated VFA at Nges for 4% air voids:

%VFAestimated = 100 X (%VMAestimated_— 4.0)
%VMAestimated

(3.18)

The acceptable range of design VFA at four percent air voids as a function of design
traffic level is shown in Table 3.3.

Superpave Volumetric Mix Design and Analysis (Volume 1) a7



Table 3.2 Superpave VMA Requirements

Table 3.3 Superpave VFA Requirements

Nominal Maximum o
Aggregate Size Minimum VMA, percent

4.75 mm 16.0

9.5 mm 15.0

12.5 mm 14.0

19 mm 13.0

25 mm 12.0

37.5 mm 11.0

20-year Design ESALs Design VFA, percent
(millions)
<0.3 66-80
0.3-<3 65-78
3-<30 65-78
>30 65-76
Shoulder 66-80

For %Gmm at Ni,i corresponding to 4% air voids at Nges :

%Gmm estimated @ Nini = 0A3Gmmtrial @ I\lini - (4-O—Va)
(3.19)

The maximum allowable mixture density at N, will be shown in the contract documents
and as per Table 3.4.
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Table 3.4 Superpave %Gnn at Nini Requirements

20-year Design % Gmm at Nini
ESALs (millions) <100 mm* >100 mm*
<0.3 <915 <91.5
0.3t0 <3 <90.5 <90.5
3to<10 <89.0 <90.5
10 to <30 < 89.0° <90.0
>30 <89.0 <89.0
Shoulder <915 <915

(1) Depth from surface
(2) May be increased 0.5 when requested by Contractor and 3 conditions are met;
contact KDOT'’s Bureau of Construction & Materials for details.

For %Gmm at Nmax corresponding to 4% air voids at Nges :

%Gmm estimated @ Nmax = 0A3Gmm trial @ I\lmax - (4-0 _Va) (3-20)

The maximum allowable mixture density shall always be less than 98.0 percent.

Finally, there is the requirement for the dust proportion (DP); sometimes referred to as
the dust to binder ratio. It is calculated by dividing the percent (by mass) of the material
passing the 0.075 mm sieve (from wet sieve analysis) by the effective asphalt binder
content (expressed as percent by mass of mix). The effective asphalt binder content is
calculated using:

Gse — Gs
Pbe = Pb,estimated - |:(Ps X Gb) X (TGSEJ} (321)
where: Ppe = effective asphalt content, percent (by total mass of mixture)
Ps = aggregate content, percent (by total mass of mixture)
Gp = specific gravity of asphalt
Gse = effective specific gravity of aggregate (determined from Eqg. 2.2)

Gsb

P b,estimated

bulk specific gravity of aggregate
asphalt content, percent (by total mass of mixture) (estimated
from Eq. 3.16)
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The dust proportion (DP) is calculated as:

P
DP = |:_-075 :| (3.22)
I:>be
where: Poo7s = aggregate content passing the 75 um sieve, percent by mass of
aggregate
Pwe = effective asphalt content, percent by total mass of mixture

An acceptable dust proportion, according to Superpave, ranges from 0.6 to 1.2, 0.8 to
1.6, or 0.9 to 2.0 depending upon mixture type and/or size.

After establishing all the estimated mixture properties, the designer can look at the trial
blends and decide if one or more are acceptable, or if further trial blends need to be
evaluated.

KDOT Requirements for Volumetric Properties

KDOT has established the requirements for Superpave volumetric mixtures in Kansas
as shown in Table 3.5. KDOT intends that all mixtures be designed and produced at 4.0
percent air voids. The percent VFA and the Superpave Gyratory Compactor gyration
levels (Nini, Nges & Nmax) Will be listed in the Special Provisions for the project. The
minimum VMA values shown for the mixture in Table 3.5 shall be the minimum
permitted throughout the range of binder percentages used in the mix design.

Design Asphalt Binder Content

Once the design aggregate structure and an estimated binder content have been
selected from the trial blends, more specimens are compacted by varying the estimated
asphalt binder content. The mixture properties are then evaluated to determine a design
asphalt binder content.

A minimum of two specimens are compacted at the trial blend's estimated asphalt
content, at + 0.5% of the estimated asphalt content, and at + 1.0% of the estimated
asphalt content. The four asphalt contents are the minimum required for the Superpave
volumetric mixture design.

A minimum of two specimens are also prepared for determination of maximum
theoretical specific gravity at the estimated binder content. Specimens are prepared and
tested in the same manner as the specimens in the "Selection of Design Aggregate
Structure” section of this Chapter.
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Table 3.5 KDOT Superpave Volumetric Mixture Design Requirements*

Mixture Dust Air voids at Mi”im(l;”)‘ VMA I\{Irlglnrz:ljén
T P ti N Yo .
ype roportion des Strength Ratio

SM-4.75A, SR-4.75A 09-20 4.0 16.0 80

SM-9.5A, SR-9.5A 06-12

SM-9.5B, SR-9.5B 0.8-1.6 4.0 15.0 80

SM-9.5T, SR-9.5T 0.8-1.6 4.0 15.0 80
SM-12.5A, SR-12.5A 06-1.2 4.0 14.0 80
SM-12.5B, SR-12.5B 0.8-1.6 4.0 14.0 80

SM-19A, SR-19A 06-1.2

SM-19B, SR-19B 0.8-1.6 4.0 13.0 80

* Confirm table values using Table 602-1 in Section 602 of the 2015 KDOT Standard
Specifications.

Mixture properties are evaluated for the selected blend at the different asphalt binder
contents, by using densification data at N, Nges, and Npax levels. The volumetric
properties are calculated at Nges for each asphalt content. From these data points, the
designer generates the following graphs:

e air voids (Va, %) versus asphalt content (%)
e VMA (%) versus asphalt content (%)
e VFA (%) versus asphalt content (%)

The design asphalt binder content is established at 4.0 percent air voids. All other
mixture properties (% Gmm at Nini, % Gmnm at Nmax and dust proportion) are checked at
the design asphalt binder content to verify that they meet the established criteria.
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Moisture Susceptibility

The final step in the Superpave volumetric mix design process is to evaluate the
moisture susceptibility of the design mixture. This step is accomplished by performing
the KT-56 test on the design aggregate blend at the design asphalt binder content.
Specimens are compacted to 7 + 0.5 percent air voids. Loose lab produced mixtures
are aged for 2 hours at compaction temperature before compaction. One subset of
three specimens is considered control specimens. The other subset of three specimens
is conditioned. The conditioned specimens are subjected to partial vacuum saturation
(70% to 80% of air voids) followed by a freeze cycle at -18°C for a minimum of 16 hours.
The final conditioning step is a hot water soak at 60°C for 23 to 25 hours. All specimens
are then placed in a 25°C water bath for 2 hours. The specimens are then removed
from the bath and tested at a loading rate of 51 mm/minute. The peak loads are
recorded. The tensile strength is computed using the following formula:

g, — 2000<P (3.29)
TxtxD
where: St =tensile strength (kPa)

P = maximum load (N)

t = specimen thickness (mm)
D = specimen diameter (mm)

T = pi (constant value of 3.14)

Table 3.6 outlines the current test parameters in KT-56. Note that when a lime anti-
stripping agent is used in the mixture, testing requirements may vary as outlined in KT-
56. The moisture susceptibility is determined as a ratio of the average tensile strengths
of the conditioned subset to the average tensile strengths of the unconditioned subset
and is calculated as:

TSR = Sz (3.24)
S,
where: TSR = tensile strength ratio

S; = average tensile strength of unconditioned subset, and
S, = average tensile strength of conditioned subset.

When an anti-stripping agent is used, include the agent in all asphalt mixtures for the
conditioned and unconditioned subsets. The Superpave criteria for the acceptable
minimum tensile strength ratio is 0.8 (80 percent), minimum,; this has been adopted by
KDOT also.
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Table 3.6 Test Parameters for Moisture-Susceptibility Test (KT-56)

Test Parameter

Test Requirement

Loose mix Aging (lab prepared mix only)

2 hrs £ 5 min at compaction temperature

Theoretical Maximum Specific Gravity

KT-39

Air Voids of Compacted Specimens

7+0.5 (6.510 7.5%)

Prior to, or after, Compaction Aging*

24 + 1 Hours

Sample Grouping

Average air voids of the two subsets
should be approximately equal

Vacuum Saturation

70 to 80% of air voids

Swell Determination

None (however, record data per 7.3.8)

Freeze

Minimum 16 hrs at -18 + 5°C

Hot Water Soak

24 +1 hrs at 60 + 1°C

Recondition for Test Temperature

2 hrs + 10 minutes at 25 + 0.5°C

Strength Property

Indirect tensile strength

Loading Rate

51 mm/min at 25 + 0.5°C

Precision Statement

None

Test Parameter

Ratio of average indirect tensile strength
of wet/conditioned specimens to that of
dry/unconditioned specimens

KT-56.

! Aging protocol of AASHTO T283 does not match the aging protocol of Superpave or
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CHAPTER IV
OVERVIEW OF SUPERPAVE VOLUMETRIC MIX DESIGN
Design Steps

There are four major steps in the testing and analysis process for the Superpave
volumetric mix design:

1.) selection of materials (aggregates, binders, modifiers, etc.)
2.) selection of a design aggregate structure

3.) selection of a design asphalt binder content

4.) evaluation of moisture susceptibility of the design mixture

Selection of materials consists of determining the traffic and environmental factors for
the paving project as a first step. From there, the performance grade (PG) of asphalt
binder required for the project is selected. Aggregate requirements are determined
based on traffic. Materials are selected based on their ability to meet or exceed the
established criteria.

Selection of the design aggregate structure consists of determining the aggregate
stockpile proportions and corresponding combined gradation of the mix design. The
design aggregate structure, at the design asphalt binder content, should yield
acceptable volumetric and compaction properties when compared to the mixture criteria
(based on traffic and environmental conditions).

Selection of a design asphalt binder content consists of varying the amount of asphalt
binder in the design aggregate structure to obtain acceptable volumetric and
compaction properties when compared to the mixture criteria (based on traffic and
environmental conditions). It is a verification of the results obtained from the previous
step. This step also allows the determination of the changes in the volumetric and
compaction properties with changes in the percentage of asphalt binder.

Evaluation of moisture susceptibility consists of testing the mixture at design asphalt
content by KT-56 to determine if the mix will be susceptible to moisture damage.

A complete outline of the steps in the Superpave Volumetric Mix Design is shown
below:

Superpave Volumetric Mix Design and Analysis (Volume 1) 54



l. SELECTION OF MATERIALS

A.

C.

Selection of Asphalt Binder

agrwnE

Determine project weather conditions using weather database

Select reliability

Determine design temperatures

Verify asphalt binder grade

Establish temperature-viscosity relationship for lab mixing and
compaction

Selection of Aggregates

1.

2.

Consensus properties:

Combined gradation

Coarse aggregate angularity
Fine aggregate angularity
Flat and elongated particles
Clay content

oo o

Agency and Other properties:

Specific gravity
Toughness
Soundness
Deleterious materials
Other

®opoTp

Selection of Maodifiers (if any)

Il. SELECTION OF DESIGN AGGREGATE STRUCTURE

A.

Establish Trial Blends

1.
2.

Develop three blends
Evaluate combined aggregate properties

Compact Trial Blend Specimens

ok wNE

Establish trial asphalt binder content

Establish trial blend specimen size

Determine Nini, Nges and Nmax

Batch trial blend specimens

Compact specimens and generate densification tables
Determine mixture densities (Gym and Gnp)
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o

Evaluate Trial Blends

Determine %G mm at Nini, Nges and Nmax

Determine % Air Voids and % VMA

Estimate asphalt binder content to achieve 4% air voids
Estimate mix properties at estimated asphalt binder content
Determine dust proportion

Compare mixture properties to criteria

ok wNE

D. Select Most Promising Design Aggregate Structure for Further Analysis

[I. SELECTION OF DESIGN ASPHALT BINDER CONTENT

A. Compact Design Aggregate Structure Specimens at Multiple Binder
Contents
1. Batch design aggregate structure specimens
2. Compact specimens and generate densification tables
B. Determine Mixture Properties versus Asphalt Binder Content
1. Determine %G mnm at Nini, Nges and Nmax
2. Determine % Air Voids and % VMA
3. Determine dust proportion
4, Graph mixture properties versus asphalt binder content

C. Select Design Asphalt Binder Content

1. Determine asphalt binder content at 4% air voids
2. Determine mixture properties at selected asphalt binder content
3. Compare mixture properties to criteria

V. EVALUATION OF MOISTURE SUSCEPTIBILITY OF DESIGN ASPHALT
MIXTURE

A. Test Design Asphalt Mixture as per KT-56
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APPENDIX A

KDOT SUPERPAVE MIXTURE
GRADATION REQUIREMENTS

Superpave Volumetric Mix Design and Analysis (Volume 1)

57



Table A.1 19 mm NOMINAL MAXIMUM SIZE (KDOT)

SM-19A Mixes
Control Points

SM-19B Mixes
Control Points

Sieve, mm (Percent Retained) (Percent Retained)
Minimum Maximum Minimum Maximum
25 0 0 0 0
19 0 10 0 10
12.5 10 (min) 10 (min)
9.5
4.75
2.36 51 65 65 77
1.18
0.600
0.300
0.150
0.075 92 98 92 98

Table A.2 12.5 mm NOMINAL MAXIMUM SIZE (KDOT)

SM-12.5A Mixes
Control Points

SM-12.5B Mixes
Control Points

Sieve, mm (Percent Retained) (Percent Retained)
Minimum Maximum Minimum Maximum

19 0 0 0 0
125 0 10 0 10
9.5 10 (min) 10 (min)

4.75

2.36 42 61 61 72
1.18

0.600

0.300

0.150

0.075 90 98 90 98
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Table A.3 9.5 mm NOMINAL MAXIMUM SIZE (KDOT)

SM-9.5A Mixes SM-9.5B & SM-9.5T Mixes
Control Points Control Points
Sieve, mm (Percent Retained) (Percent Retained)
Minimum Maximum Minimum Maximum
12.5 0 0 0 0
9.5 0 10 0 10
4.75 10 (min) 10 (min)
2.36 33 53 53 68
1.18
0.600
0.300
0.150
0.075 90 98 90 98

Table A.4 4.75 mm NOMINAL MAXIMUM SIZE (KDOT)

SM-4.75A Mixes
Control Points
Sieve, mm (Percent Retained)
Minimum Maximum

12.5 0 0

9.5 0 5

4.75 0 10
2.36

1.18 40 70
0.600
0.300
0.150

0.075 88 94
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APPENDIX B

ADDITIONAL INFORMATION
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Figure B.1 EFFECT OF CHANGING ASPHALT CONTENT ON VOLUMETRIC

PROPERTIES
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COMPACTION OF SUPERPAVE HMA SAMPLES
USING THE PINE SUPERPAVE GYRATORY
COMPACTOR



1.0 Objective:

2.0 Equipment:

2.1 Main:

SUPERPAVE HOT MIX ASPHALT GYRATORY COMPACTION

To compact hot mix asphalt (HMA) specimens for Superpave volumetric mixture
design, analysis or moisture susceptibility determination.

A Superpave gyratory compactor with a printer.

2.2 Ancillary:

(i)

(i)
(iii)
(iv)
)
(vi)

(Vi)

(vii)
(ix)
()
(xi)
(xii)
(xiii)

3.0 Sample size

Ovens, thermostatically-controlled, for heating aggregates, asphalt, and
equipment.

Large mechanical mixer, bowls, 12 liter capacity.

Flat-bottom metal pans for heating aggregates and aging mix.

Scoop for batching aggregates.

Containers: gill-type tins, beakers, or pouring pots, for heating asphalt.
Thermometers: armored, glass, or dial-type with metal stem, 10°C to 235°C, for
determining temperature of aggregates, asphalt and asphalt mixtures.

Balances: 10-kg capacity, sensitive to 1 g, for weighing aggregates and asphalt;
10-kg capacity, sensitive to 0.1 g, for weighing compacted specimens.

Large mixing spoon or small trowel.

Large spatula.

High-temperature protective gloves for handling hot equipment.

Paint, markers, or crayons, for identifying test specimens.

Paper disks (100 mm or 150 mm) for compaction.

Fans for cooling compacted specimens.

An aggregate mass of approximately 4,500 g is needed for one compacted specimen (150 mm
diameter x nominal 115 mm height).

An aggregate mass of approximately 2,000 g is needed for the loose mixture sample used to
determine the maximum theoretical specific gravity (Gm).

Moisture Susceptibility testing using KT-56 requires a nominal specimen height of 95 mm and
approximately 3,700 g of aggregate.

4.0 Approximate Working Temperature

Mixing temperature: Temperature corresponding to binder viscosity of 0.17 + 0.02
Pa-s (or, approx. 143.5 + 5.6°C)

Aggregate temperature: Mixing temperature + 15° C (or, approx. 158.5 +5.6°C)

Asphalt temperature: Mixing temperature + 15° C (or, approx. 158.5 + 5.6°C)

Compaction temperature: Temperature corresponding to binder viscosity of 0.28 + 0.03
Pa-s (or, approx. 132.5 +5.6°C)

Short-term aging temperature: Compaction Temperature for 2 hours +/- 5 minutes.

(Loose Mixture, lab mix only)
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5.0 Operation of the Gyratory Compactor:

The Superpave gyratory compactor to be used is a Pine Instrument Company Gyratory
Compactor model AFGC125X or equivalent.

5.1 Control:

Always use automated control. Do not attempt to gyrate a mold without mix in it or without a consolidation
pressure applied. Also, do not manually rotate the carriage with a mold unless a consolidation pressure is
applied to a specimen in the mold.

Figure 5.1 shows the control screen of the Pine gyratory compactor model AFGC125X.
5.2 Setting:

The gyratory compactor control system allows for changing the compaction parameters. Use the
SELECT key to choose the parameter to be changed (the selected value will flash). Use the ARROW
keys to change the value to the desired setting. Only valid values will be accepted. Press the ENTER key
to store the new value. The SELECT key will also store the new value and move to the next parameter.
The OTHER OPTIONS on screen #2 will activate additional parameters that may be changed. The
settings are saved in non-volatile memory so they require resetting when a change is needed. Normally
no resetting would be required during a particular mixture design process. We will use the following mode
for our class:

COMPACTION MODE: Compact to Number of Gyrations

f IN E Instrument Company
P Grove Cily PA. 1I6127-1091

SPECIMEN DIA:150mm
PRESSURE: 8600KPa
SET GYRATIONS:200

SPEC. HEIGHT : ~~——mm

. MACIINE DOOR
READY OPEN

ENTER| |PAGE ‘A .

SELLCT ROTAT LY RAM ANGLE]

START] STOP |

- J/

Figure 5.1 Controls for a Pine Gyratory Compactor
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In Compact to Number of Gyrations mode of operation, the gyratory compactor will apply the
set consolidation pressure, gyrate the specimen to the preset number of gyrations and then park
automatically. The required settings are shown in Figure 5.2.

OTHER SETTINGS: No change will be required.

Caution: Do not press ROTATE, RAM and ANGLE keys for compaction.

SCREEN #1
"SPECIMEN DIA: 150mm"

"PRESSURE: 600 kpa"

"SET GYRATIONS: 150 "

_"SPEC. HT.: ------ mm "
SCREEN #2

"SQ.PRESSURE: 600 kPa"

"SQ. DELAY: 0 Sec"

"OTHER OPTIONS "

"MACHINE HOURS: xxx.x"

Specimen size: 100 mm or 150 mm

Compaction pressure.
Valid range: 200-1000 kPa

Total number of gyrations.
Valid range : 0-999

Data output.

Pressure used to square

specimen after gyration.
Valid range: 200-1000 kPa

Time at square pressure.
Valid range: 0-99 seconds.

Access additional machine parameters.

Total machine hours. Only actual run
time is accumulated.

Figure 5.2 Required Superpave gyratory compactor settings
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5.3 Mold Preparation

A clean mold assembly is essential for gyratory compaction. Follow the steps below in mold preparation
for gyratory compaction:

1)

(2)

3)

(4)

()

Figure 5.3

MOLD —

< .
HMA SPECIMEN —/§ /’%

Clean and preheat the mold, mold base plate, and mold top plate. This is done at the
high side of the compaction temperature range for the mix.

Place the preheated mold in the compactor extruder bracket. Lubricate the bottom
surface of the mold base plate lightly with a dry lubricant. Use the extruder to lift its ram
and to support the mold base plate. Place a paper disk into the mold on top of the mold
base plate. Note the correct orientation of the mold base flange is up (see Figure 5.3).

Release the pressure of the extruder so that the mold base plate will be at the bottom of
the mold.

Lubricate the top surface of the mold top plate and the compaction chamber base with a
dry lubricant. The top plate should have a medium coating of lubricant over the entire
area except near the center where a heavy coat is required. The compaction chamber
lubrication should be light, may not be needed after one test.

Place the loose, preheated mixture into the mold. Use the extruder to lift the loose
specimen so that its top is near flush with the top of the mold. Using a trowel make sure
the top of the mixture is somewhat level. Place a paper disk, then the mold top plate, on
top of the mixture. Note the correct orientation of the mold top plate is taper up (see
Figure 5.3).

™~

MOLD TOP
N N tuericate (DRY LUBRICANT)

PAPER DISK — 'ka 4 a s LUBRICATE (USE OILY RAG)

\) 4

\\qa/‘\. .| «&N

EZ; // 277, /://///'»
Q“B ///' /\ Z N~ &S
\ A ~— LUBRICATE (DRY LUBRICANT)

“\— MOLD BASE

Gyratory Compactor Mold Assembly
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(6)

5.4

Release the extruder pump valve. Be certain there is no foreign debris on the mold
flange. Wipe the mold flange on all surfaces with an oily rag. This lubrication will help
prevent the rollers from skipping and grooving the flange. The mold is now ready to be
placed into the compaction chamber.

Compaction Procedure

After the mold has been prepared as per section 5.3, follow the steps below to initiate the compaction

procedure.

(1)

(2)

(3)
(4)

®)

(6)

Place the mold into the chamber and check that the mold is properly seated in the
carriage by rotating it counter clockwise. The mold will spin easily when properly seated
on all three sets of carriage rollers and they will fully engage the mold flange. Make sure
that the anti-rotation cog is resting at the back of the chamber (12 o ‘clock).

Once the input parameters on the control panel have been set and the mold is properly
seated in the compaction chamber, close the chamber door. The machine ready light
should now be illuminated. If the machine ready light is not lit at this point, the machine
is not properly parked and will not initiate a test sequence.

Make sure the printer is on and connected to the gyratory compactor.

Make sure that all input parameters are correct before starting a test. Press the ENTER
and START keys simultaneously to have the machine self-park (first test sequence only).
Press START to initiate the compaction. Any other time after the test parameters have
been used in a prior test sequence, just press START to initiate the compaction. The
gyration number and specimen height will be printed in real time by the printer.

The machine will automatically stop and park when the test has been completed. After
the machine ready light is lit, remove the mold from the compaction chamber and allow
to cool down sufficiently prior to extruding the specimen from the mold.

Clean the compaction chamber to remove all debris.

Note: The STOP key may be used to temporarily pause the compaction process. The test may then be
restarted or aborted. The EMERGENCY STOP button will stop the test and remove ram
pressure. Opening the compaction chamber door will also pause the test. If the test stopped for
any reason, the START key must be pressed to restart the machine. The test printout will indicate

that the

5.5

compaction process was paused prior to completion.

Maintenance

For routine maintenance, see Section 4.3 of the Pine AFGC125X Gyrator Compactor Operation

Manual.

5.6

Calibration

Check the calibration as per recommendation in the Pine AFGC125X Gyrator Compactor
Operation Manual.

Superpave Laboratory Manual (Volume II) 5



5.7 Applicable Standards

KT-58 Method for Preparing and Determining the Density of Hot Mix Asphalt (HMA)
Specimens by Means of the Superpave Gyratory Compactor

KT-15 Bulk Specific Gravity and Unit Weight of Compacted Bituminous Mixtures

KT-39 Theoretical Maximum Specific Gravity of Bituminous Paving Mixtures

KT-56 Resistance of Compacted Asphalt Mixture to Moisture Induced Damage
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A.

INITIAL PHASE

1.

A SIMPLE OPERATIONAL MANUAL FOR
THE ASPHALT BINDER IGNITION OVEN

(GILSON HM-378)

STEP-BY-STEP PROCEDURE

Preheat the ignition furnace to 500°C (932°F) using the control panel as follows:

a)

b)

If the desired program is known;

1)

2)
3)

Press <enter> to bring the furnace to "idle".

Press <enter> to display "

Press <program> and <number of desired program>.

After the desired program has been selected and the furnace is "idle"
press <enter> <enter>. The furnace will switch to preheat.

If the desired program is unknown;

1)

2)

The furnace comes with one preset program. To review the program, from
"idle", press <enter> and <program review>. Customized Programs can be
reviewed (starting from idle) by pressing <program> and the desired number,
pressing <enter> then < stop>. Next press <enter> then <program review>.
After the desired program has been selected and the furnace is "idle" press
<enter> <enter>. The furnace will switch to preheat.

Customizing Programs:**

1)

2)

From "idle" press <enter> to display "
Press <program> and a number where the new parameters will be
stored.

Pressing the <enter> key causes the program to step through preset
parameters. Continue pressing <enter> until the parameter to be
changed is displayed. Simply enter the new parameter and press
<enter>. Continue scrolling through the program until "idle" is displayed.

After the desired program has been selected and the furnace is "idle"
press <enter> <enter>. The furnace will switch to preheat.

Record the mass of the enclosure device (sample basket and catch pan) and any guards
supplied by the manufacturer.

Prepare the sample as described in Section 5 of Kansas Test Method KT-57. Place the
sample in the sample enclosure device. Evenly distribute the loose mixture in the basket
taking care to keep the material away from the edges of the basket. Use a spatula or
trowel to level the specimen.

Record the mass of the sample and the sample enclosure device.
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**Note: The Bituminous Research Section's preliminary study has shown that a temperature of 500°C and a holding time of 40
minutes are sufficient to completely burn most samples weighing around 1,500 g.

B. IGNITION PHASE
1. Confirm the oven has been preheated.
2. Open the chamber door and place the loose mixture and sample enclosure device in the

furnace. Close the chamber door.
3. After the sample has been loaded and the door closed:
a) Press <continue> on the control panel to begin the ignition phase of the test
Note: DO NOT OPEN FURNACE DOOR after starting this test sequence. The
asphalt vapors are highly flammable at 500°C (932°F) and may ignite if the door

is opened.

Figure 1 below shows the ignition sequence.

C. END OF IGNITION PHASE
1) When the alarm begins beeping, the hold cycle is complete.
a.) Press <stop>, the furnace will return to preheat mode.
b.) If this is the last sample, go to C.2 and then shut down per E.1.
Note: This procedure is set up for the beginner. With experience the sequencing of samples will become

apparent and a more efficient use of time will be obvious.

2) Remove the burnt material and allow it to cool enough to handle.

3) After the burnt material has cooled, weigh and record the mass of the sample and the
sample enclosure device, and record the weight as the " After Wt."

4) Repeat steps above until a visual inspection indicates complete burn-off has been
accomplished (KT-57, 10.10)

D. WASH GRADATION
1) Allow the material to cool to room temperature.
2) After the material has cooled, run a washed gradation (KT-34).
3) Calculations:
a.) 0% asphalt; "% retained" is calculated using the "Before Wt. (B,)" data.
% Ret. = [(g Ret.)/B1] 100
b.) All other asphalt contents; "% Retained" is calculated using the "After Wt.

Corrected (W )" data.
% Ret. = [(g Ret.)/W ] 100
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Figure 1 Ignition Sequence (after Gilson Co., Inc.)
Example:

Pre-Heat Temperature set to 500°C
Burn-Out Temperature set to 500°C
Hold Time (Decoking) set at 40 minutes

Room Temperature

Pre-Heat temperature programmed by user

Open door to load sample; heat escapes

Close door and start test

Burn-out temperature programmed by the user (Could be the same as 2)

Peak Temperature as asphalt ignites and burns off (Varies)

Temperature returns to programmed burn out setting. Hold time (decoking) starts
End of Hold Time. Door can be opened, sample is removed, heat escapes

. Door is closed

0. Furnace returns to programmed pre-heat temperature

BooNoGOR~WONE
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E. SHUTTING DOWN

1) After the last sample has been finished, open the furnace door and push <stop> once to
bring it to the preheat mode. Press <stop> again to begin cooling down the furnace. The
temperature on the control panel will blink indicating that the furnace is cooling. Once the
temperature is below 300°C, the power can be shut off.

F. SPECIAL NOTES

1) Samples containing asphalt content greater than 6.0%, on occasions, required an
additional 10 minute holding time. Therefore, two programs were developed to meet
these needs. The primary program contained a 40 minute hold cycle and was used on all
samples. The secondary program contained a 10 minute holding time and was used if the
sample showed signs of incomplete burning.

2) Preliminary studies have also shown that the condition of the filter in the binder ignition
furnace influences the burning process and hence the test results. The filter may need to
be replaced as often as every 2 - 4 tests depending on the asphalt content of the
samples.

3) Because of the different intrinsic qualities of aggregate, there is a potential for aggregate
breakdown during the ignition process and sometimes a correction factor needs to be
calculated (during the mix design phase) to correct for the loss of aggregate. Evaluate the
aggregate breakdown by comparing the gradation analysis from the residual aggregates
after the burn off to the gradation of an unburned, “blank” specimen (Refer to KT-57, 6.6)

G. SPECIAL CAUTIONS

1) Check that a filter is properly installed in the slot at the top of the furnace and the filter
has not clogged from previous tests to hinder air flow. Check filter before each test.

2) Be certain that the afterburner fan has been properly programmed at a fan-on
temperature setting of the afterburner.

3) Do not look through the small hole in the front of the chamber without wearing any eye
protection.
4) Never leave the furnace unattended near the end of burning.
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APPENDIX A
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Table 1 Project Environmental Conditions and Binder Grades

Weather Station & Min. Pavement Max. Pavement Layer Type Binder Grade
Reliability Temp (°C) Temp (°C)

Paving Location:

Latitude:
Longitude:

20-year Design ESAL’s:

KDOT Mix Designation:

Table 2 Aggregate Specific Gravities (KT-6)

Aggregate Bulk Specific Gravity Apparent Specific Gravity

Lab Data Page 2



Table 3 Gradation Criteria for

mm Nominal Maximum Size Mixture

Gradation Control Iltem

Sieve Size, mm

Maximum (%)

Minimum (%)

Control Points

Table 4 Individual Aggregate Gradations (KT-2)

Sieve Size, % Retained
m Agg. 1 Agg. 2 Agg. 3 Agg. 4 Agg. 5
Lab Data Page 3




Table 5 Combined Gradation for Blend No. 1

(% Agg. 1= , % AgQg. 2= , % Agg. 3= % Agg. 4= % Agg. 5=
Sieve Size, % Retained
mm Agg. 1 Agg. 2 Agg. 3 Agg. 4 Agg. 5 Blend
Lab Data Page 4




Table 6 Combined Gradation for Blend No. 2

(% Agg. 1= , % Agg. 2= , %0 Agg. 3= , % Agg. 4= , % Agg. 5=
Sieve Size, % Retained
mm Agg. 1 Agg. 2 Agg. 3 Agg. 4 Agg. 5 Blend
Lab Data Page 5




Table 7 Combined Gradation for Blend No. 3

(% Agg. 1= , % Agg. 2= , %0 Agg. 3= , % Agg. 4= , % Agg. 5=
Sieve Size, % Retained
mm Agg. 1 Agg. 2 Agg. 3 Agg. 4 Agg. 5 Blend
Lab Data Page 6




Table 8 Combined Gradation for Blend No. 4

(% Agg. 1= , % Agg. 2= , %0 Agg. 3= , % Agg. 4= , % Agg. 5=
Sieve Size, % Retained
mm Agg. 1 Agg. 2 Agg. 3 Agg. 4 Agg. 5 Blend
Lab Data Page 7




Table 9 Check Superpave Criteria for Gradation

o .
Sieve Size, % Retained

Superpave Control

mm Blend 1 Blend 2 Blend 3 Blend 4 .
Points

Lab Data Page 8



Table 10 Check Aggregate Blend Properties

Property Criteria* Blend 1 Blend 2 Blend 3 Blend 4
Coarse Agg.
Angularity
Fine Agg.
Angularity
Thin/
Elongated
Particles (%)

Sand Equivalent
Combined Gg,

Combined Gg,

* based on traffic classification ( ESAL’s) and pavement layer position ( mm from
pavement surface)

Lab Data Page 9




Table 11 Computation of Initial Asphalt Content (Py;) for Trial Mix and G,,, Samples

Parameter

Blend 1

Blend 2

Blend 3

Blend 4

Gsb

Gsa

Gse

Pb (%)

Ps (%)

95

95

95

95

Gb

Va (%)

Sn (mm)

Vbe

Vba

Ws

Pyi (%)

Lab Data

Page 10




Table 12 Estimation of Aggregate and Asphalt Quantities for Sample Compaction and Theoretical
Maximum Specific Gravity Determination

Aggregates for trial mix =

i Asphalt
4,500 g Aggregate Quantity (g)

Quantity (g)

Gmm Mix sample =1,600 g

Trial mix Blend 1

Blend 2

Blend 3

Blend 4
Gmm Sample Blend 1

Blend 2

Blend 3

Blend 4

Lab Data Page 11



Table 13 Densification Data for Trial Blend 1

Specimen No.
Specimen No.

Average G, (measured) =

AC Content (%) =

No. of
Gyra-
tions

Specimen No. 1

Specimen No. 2

Ht., hy
(mm)

Cx

C':‘mb
(corr.)

% Gmm

Ht., hy
(mm)

Cx

C':‘mb
(corr.)

% Gmm

Avg.
%

(corr)

5

Nini=

10

20

30

40

50

60

Ndes=

90

100

110

Nmax=

Gmb (measured)
Nsina (@t Nmax)

Gmb (measured)

Nfinal (At Nmax)

Note: Cx = hfina / Ny

Lab Data

Page 12




Table 14 Densification Data for Trial Blend 2

Specimen No.
Specimen No.

Average G, (measured) =

AC Content (%) =

No. of Specimen No. 1

Specimen No. 2

Gyra- M G

tions (mm) Cx (corr.)

% Gmm

Ht., hy
(mm)

Cx

Gmb
(corr.)

% Gmm

Avg.
%

(corr)

5

Nini=

10

20

30

40

50

60

Ndes=

90

100

110

Nmax=

Gmb (measured)
hfinar (@t Nmax)

Gmb (measured)

hfinal (at Nmax)

Note: Cx = hfina / Ny

Lab Data

Page 13




Table 15 Densification Data for Trial Blend 3

Specimen No.
Specimen No.

Average G, (measured) =

AC Content (%) =

No. of Specimen No. 1

Specimen No. 2

Gyra- M G

tions (mm) Cx (corr.)

% Gmm

Ht., hy
(mm)

Cx

Gmb
(corr.)

% Gmm

Avg.
%

(corr)

5

Nini=

10

20

30

40

50

60

Ndes=

90

100

110

Nmax=

Gmb (measured)
hfina| (at Nmax)

Gmb (measured)

hfinﬂ (at Nmax)

Note: C, = hﬁna| / hx

Lab Data

Page 14




Table 16 Densification Data for Trial Blend 4

Specimen No.
Specimen No.

Average G, (measured) =

AC Content (%) =

No. of Specimen No. 1

Specimen No. 2

Gyra- M G

tions (mm) Cx (corr.)

% Gmm

Ht., hy
(mm)

Cx

Gmb
(corr.)

% Gmm

Avg.
%

(corr)

5

Nini=

10

20

30

40

50

60

Ndes=

90

100

110

Nmax=

Gmb (measured)
Nsina (@t Nmax)

Gmb (measured)

Nfinal (At Nmax)

Note: Cx = hfina / Ny

Lab Data

Page 15




Table 17 Bulk Specific Gravity of Compacted Mixture (G,,) (KT-15, Procedure 1l1)

Specimen ID

Dry Mass in Air, g (A)

Mass in Water,g (C)

SSD Mass in Air, g (B)

Gm =(A)/(B-C)

Table 18 Theoretical Maximum Specific Gravity (Gnm,) of Loose Mixture (KT-39)
Sample No.
Mass of Flask, g (a)
Mass of Sample + Flask in Air, g (b)

Mass of Sample + Flask after 10 min. immersion in water, g (e)

Temperature of Bath, Sample and Flask after 10 min.

Mass of Flask in Water, g (d)
(Measured or determined from calibration chart)

Maximum Sp. Gr. of Mix, G =(A)/(A-C)

A=(b-a)

C=(e-d)

Lab Data Page 16



Table 19 Summary Properties of Trial Blends

Blend Initial %AC %G nm at %G at %G at % Air Voids % VMA
Nini= N ges= N max=
Table 20 Compute and Check Estimated Mixture Volumetric Properties @ Ngesign @ 4% Air
Voids
Blend Initial %AC Est. %AC Est. % VMA Est. % VFA
Criteria - -
Table 21 Compute and Check Estimated Other Mixture Properties @ Nyesign @ 4% Air Voids
Blend Est. % Gmm @ Nij; Est. % Gmm @N pax Est. Dust Proportion
Criteria < 98%

Comments:
Lab Data Page 17




Table 22 Summary of Design Mixture Properties @ % Design Asphalt Content

Mix Property Result Criteria
% Air Voids 4.0%
% VMA
% VFA

Dust Proportion

%G mm @ Niyi =
%G mm @ Nmax = <98%
Tensile Strength Ratio (TSR) 80%, min.

Lab Data Page 18
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Preface

This study manual has been developed by heavily drawing from the M-TRAC training manual
developed under the sponsorship of the Federal Highway Administration (FHWA). The M-
TRAC manual was a part of a multi-regional effort to assist states with meeting the requirements
of the Code of Federal Regulations, Part 637, for “qualified” personnel to perform material
sampling and testing for quality control and quality acceptance (QC/QA). The ultimate goal of
the group was also to promote reciprocity of this “qualification” across state lines. The
development team members were Tom Deddens, formerly with the Asphalt Institute, John
Hinrichsen, Asphalt Technician of the lowa Department of Transportation, and Rebecca
McDaniel, Technical Director of the North Central Superpave Center at Purdue University. The
authors of this compilation acknowledge and appreciate this pioneering effort to have uniformity
in training for bituminous material sampling and testing.

This study manual is intended to give an introduction to the tests that will be taught in the
Superpave Field Technician (SF) Training classes at Kansas State University. The Kansas test
methods are listed in the “Table of Contents” for this volume. References to other standards are
listed on the first page of each test method. Knowledge of certain methods and tests is necessary
before proceeding to other standard tests.

Training participants are expected to use the mathematical rounding rules recommended by
KDOT in performing calculations for qualification testing.
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METHOD FOR PREPARING AND DETERMINING
THE DENSITY OF HOT MIX ASPHALT (HMA)
SPECIMENS BY MEANS OF THE SUPERPAVE

GYRATORY COMPACTOR

(Kansas Test Method KT-58 / AASHTO T312)

| control and data

reaction |
frame A loading

ram

rotating
base

KANSAS STATE

College of Engineerin
UNIVERSITY ? ! !
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NOTE

This discussion and KT-58 refer to the
following KT Methods:

*  KT-6/AASHTO T84 & 85, Specific
Gravity and Absorption of Aggregate

*  KT-15/AASHTO T166, Bulk Specific
Gravity and Unit Weight of Compacted
Asphalt Mixtures

*  KT-25/AASHTO T168, Standard
Method of Test for Sampling
Bituminous Paving Mixtures

*  KT-39/AASHTO T209, Theoretical
Maximum Specific Gravity of Asphalt
Paving Mixtures

*  KT-56/AASHTO T283, Resistance of
Compacted Asphalt Mixture to Moisture
Induced Damage
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GLOSSARY

Cx«= Correction factor for specific gravity after “x” number of gyrations (Cx = hjna / hy)

hy = Height after "x" number of gyrations

htinai= Height after final/maximum number of gyrations

Corrected %G, = the density of a specimen determined at x number of gyrations and
expressed as a percentage of the maximum theoretical specific gravity of the mixture, corrected

for the fact that it has been determined based on the bulk density of the Superpave gyratory
specimen compacted to the maximum number of gyrations.

N-initial (Ni,i ) = the initial number of gyrations, a relatively low number of gyrations based on
the design traffic volume, and used to analyze the early densification properties of the Superpave
mix during construction.

N-design (Ndes ) = the design number of gyrations, also based on the design traffic level, and
used in the design of Superpave mixture.

N-maximum (Nmax ) = the maximum number of gyrations applied to a specimen, based on the
design traffic volume, and used to assess the densification properties of the Superpave mixture
after many years in service.
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PREPARING AND DETERMINING THE DENSITY OF HMA
SPECIMENS BY MEANS OF THE SUPERPAVE GYRATORY
COMPACTOR

Compacted samples of the Superpave mix are used to determine the volumetric and mechanical
properties during the mix design phase and for quality control/quality assurance during
construction. These volumetric properties are then evaluated to select a mix design or to control
the mixture quality during production. The specimens produced with the Superpave gyratory
compactor very closely simulate the density, aggregate orientation and structural characteristics
of the mixture on the actual roadway.

The gyratory compactor is used to prepare specimens for later analysis of the volumetric
properties of the mixture, evaluation of mixture densification properties, evaluation of moisture
sensitivity, field quality control and/or other testing purposes.

This text will explain the method of compacting samples of the Superpave mix using the
Superpave gyratory compactor and determining their percent compaction. This method may be

used with laboratory-prepared specimens, as in the mix design process, or with plant-mixed
material during construction.

Common Testing Errors
e Not placing a paper protection disk at the bottom or on the top of the specimen.
e Not placing the top plate.
e Not preheating the mold and base plate.
e Not charging the mold with mix quickly, in one lift without spading or rodding.

e Not compacting the mixture at proper temperature.

e Not removing the paper disks while the specimen is still warm.
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TEST METHODOLOGY

Apparatus

Superpave Gyratory Compactor: The compactor may also include a printer or a computer
and software for collecting and printing the data. (Pine AFGC125X referenced in this
manual)

Specimen molds, and top and bottom plates

Thermometer

Balance readable t0 0.1 g

Oven, thermostatically controlled with a range from 50 to 260°C with + 3°C tolerance
Calibration equipment recommended by compactor manufacturer

Safety equipment: insulated gloves, long sleeves, etc.

Miscellaneous equipment: paper disks, lubricating materials recommended by compactor
manufacturer, scoop or trowel for moving mixture, funnel or other device for ease of
loading mixture into mold (optional).

Calibration

The means of calibrating the gyratory compactor vary with different manufacturers. Refer to the
operation manual of the particular brand and model of gyratory available for use. Calibration of
the following items should be verified at the noted intervals of the Contractor’s Quality Control
Plan approved by the State or according to manufacturers’ recommendations (as applicable):

Calibration/Verification

Item Tolerance Interval (months)

Record to nearest 0.1 mm,

Speed of Rotation

Height Compact to 115 + 5 mm 12*
Angle (Internal) 1.16° £ 0.02° 12*
Pressure 600 + 18 kPa 12*
30.0 £ 0.5 gyrations per 12*

minute

*6 for large Pine Models AFGC125X

Mold and plate dimensions, hardness and smoothness should also be verified. Oven temperature
should be verified; oven must be capable of maintaining the temperature as required for short-
term aging according to KT-58 section 4.2.
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Sample Preparation

Samples for compaction in the gyratory may be obtained in one of two ways; mixture may be
prepared in the laboratory or plant-mixed material may be obtained from the roadway behind the
paver.

For determination of volumetric properties for mix design or quality control, a finished specimen
height of 115 £ 5 mm is required. When compacting specimens for testing in KT-56, Resistance
of Compacted Bituminous Mixture to Moisture Induced Damage, a specimen height of 95 £ 5
mm is required. In this case, the batch mass must be varied to provide the desired specimen
height at a specified air void content; samples are then compacted to the specified height rather
than for a fixed number of gyrations (See KT-56 for more details.)

Laboratory Prepared Materials

Preparing samples of mixture in the laboratory requires batching out the aggregates, mixing
proper amount of asphalt binder, conditioning the prepared mixture, heating the mixture to
compaction temperature, and compacting the specimen. The steps involved in preparing the
mixture in the laboratory are as follows:

1. Weigh out appropriate amounts of the required aggregate size fractions and combine in a bowl
to the proper batch mass. Typically, a batch mass of 4,500 grams of aggregate will provide
enough material for a finished specimen height of 115 £ 5 mm.

2. Heat the asphalt binder and the combined aggregate in an oven to the appropriate mixing
temperature for the binder to be used. This temperature is determined from an equi-viscous
temperature chart or will be provided by the binder supplier. The appropriate temperature range
for mixing is defined as the range of temperatures that produces a viscosity of 0.17 + 0.02 Pa-s
for the unaged binder. This ensures that the binder is fluid enough to coat the aggregate particles.
Some modified binders do not follow these temperature-viscosity relationships; the
manufacturer’s recommendations should be followed.

3. The heated aggregate should be placed in the mixing bowl and thoroughly dry mixed. Make a
crater at the center of the aggregate in the bowl and weigh in the required amount of asphalt
binder. Begin mixing immediately.

4. A mechanical mixer is recommended for preparing laboratory mixtures. Mixing should
continue until the asphalt binder is uniformly distributed over the aggregate particles.

5. Determine the proper compaction temperature range for the asphalt binder used. This is
defined as the range of temperatures that yields a binder viscosity of approximately 0.28 + 0.03
Pa-s. Modified binders may not conform to these mixing and compaction temperatures, so the
manufacturer’s recommendations should be followed.

6. After mixing, spread the loose mixture in a flat, shallow pan and short term age it as follows:
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Place the mixture on a baking pan and spread it to an even thickness. Place the mixture
and pan in the aging oven set at compaction temperature 2 hours £ 5 minutes at the
specified mixture’s compaction temperature. The compaction temperature varies
depending on the grade of binder used and can be determined from state specifications or
the binder supplier’s recommendations. (Note: The compaction temperature range of an
HMA mixture is defined as the range of temperatures where the unaged asphalt binder
has a kinematic viscosity of 280 £ 30 mm#S (approximately 0.28 + 0.03 Pa-s) measured
in accordance with ASTM D4402. The target compaction temperature is generally the
mid-point of this range. When using modified asphalts, the binder manufacturer’s
recommendation for compaction temperature should be considered.)

Stir mixture every 60 + 5 minutes to maintain uniform aging.

After 2 hours £ 5 minutes, remove the mixture from the oven. The aged mixture is now
ready for further tests.

7. Place the mold and base plates in an oven permitting the pieces to reach the established
compaction temperature prior to the estimated beginning of the compaction process.

Plant-Mixed Materials

When plant-mixed materials are sampled from the roadway behind the paver (KT-25), no aging
or conditioning is required. The mixture must be brought to the proper compaction temperature
then compacted and analyzed if the temperature of the mixture has dropped below the
compaction temperature. Place the material in an oven at the compaction temperature and bring
the mixture to the proper temperature by careful, uniform heating. The mix should be stirred
periodically to help assure uniform heating. In general, the shortest heating time that will bring
the mixture to the compaction temperature is preferred. Avoid over-heating the mix. When the
compaction temperature has been reached, proceed with specimen compaction as outlined below.

Compaction Procedure

Once the mixture sample has reached the proper compaction temperature, it is compacted in the
Superpave gyratory compactor. For most purposes, the finished specimens will be used to
calculate volumetric properties and the specimens will be compacted to a fixed number of
gyrations. When preparing specimens for testing under KT-56, Resistance of Compacted
Bituminous Mixture to Moisture Induced Damage, specimens may be compacted to a fixed
height to produce a specified air void content.

The procedure to compact to a fixed number of gyrations is as follows:
1. Ensure that the gyratory compactor has been turned on and allowed to warm up for the time

recommended by the manufacturer. Verify all settings for angle, pressure and number of
gyrations.
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2. When the compaction temperature has been reached, remove the mold and base plate from the
oven. Put the base plate in position in the mold and place a paper disk in the bottom of the mold.
If necessary apply some lubricant to the top and base plates.

3. Thoroughly mix the material. Charge the mixture into the mold in one lift. A funnel or other
device may be used to place the mixture into the mold. Avoid segregating the mix in the mold,
but work quickly so that the mixture does not cool excessively during loading. Verify the
temperature of the material. The temperature of the material is to be at the midpoint of the
established compaction temperature + 1.5°C for the specified PG asphalt. Level the mix in the
mold, place a paper disk on top, and put the top plate on top of the paper disk.

4. Place the mold in the Superpave gyratory as per manufacturer’s recommendations (Some
gyratories allow charging the mold with mix after the mold has been positioned in the
compactor). Lubricate the mold or gyratory parts as recommended by the manufacturer.

5. Apply the load to the mixture in the mold according to manufacturer’s recommendations. The
pressure applied should be 600 + 18 kPa.

6. Apply the gyratory internal angle of 1.16°+ 0.02° to the specimen.

7. Input the desired number of gyrations (Nmax to apply on the Superpave compactor control
pad. Start the compaction process and compact to the required number of gyrations. The number
of gyrations to apply is determined from the Table 1 and is based on the expected design traffic
volume in Equivalent Single Axle Loads (ESALS) over a 20-year design life. This information is
provided in the special provisions for the project. Compact to the desired number of gyrations.
Volumetric and densification properties are determined at Nini and Ndes as well as Nmax, as
described later.

8. The gyratory compactor will stop automatically when the specified Nmax has been reached.
Remove the angle from the specimen and raise the loading ram if needed (this is done
automatically on some compactor models).

9. Remove the mold from the compactor, if required, and extrude the specimen from the mold.
Take care not to distort the specimen when removing it from the mold. A cooling period of 5 to
10 minutes may be necessary with some mixtures; a fan may help speed up the cooling process.
Remove the paper disks while the specimen is still warm to avoid excessive sticking.
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Table 1 Gyratory Compactive Effort

20-year Design ESALSs Compaction Parameter

(millions) N N N
<0.3*** 6 50 75

0.3 to <3 *** 7 75 115

310 <30 8 100 160

>30 9 125 205
Shoulder * A ° >0 [
B ok - ok

(*) At the contractor’s option A or B may be used
(**) Use traveled way design properties
(***) Some projects may use Nini =6 & Ndes = 60 with no Nmax requirement

Density Procedure

When compacting specimens for determination of volumetric properties for mix design or
quality control/quality assurance, it is necessary to know the specimen height and bulk specific
gravity and mixture maximum theoretical specific gravity. This requires following additional
steps:

1. Prepare a loose sample of the same mixtures and determine the maximum theoretical specific
gravity (Gmm) in accordance with KT-39 or AASHTO T209, Maximum Specific Gravity of
Bituminous Paving Mixtures.

2. Compact a specimen using a Superpave Gyratory compactor and the maximum number of
gyrations (Nmax) for the project. Record the height of the specimen to the nearest 0.1 mm after
each gyration.

3. Measure and record the mass of the compacted specimen to the nearest 0.1 g. Determine the
bulk specific gravity (Gmo ) of the compacted specimen in accordance with KT-15, Procedure I11
or AASHTO T166, Method A, Bulk Specific Gravity of Compacted Bituminous Paving Mixtures
Using Saturated Surface Dry Specimens.
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Calculations

Using the measured bulk specific gravity of the final compacted specimen and the measured
maximum specific gravity of a loose sample of the mixture, and knowing the height of the
specimen at different numbers of gyrations, it is possible to calculate the corrected %Gmn of the
specimen. The corrected %G, at any number of gyrations is expressed as a percentage of the
maximum theoretical specific gravity (Gmm) for the mix. This allows a determination of the air
void content of the specimen at any number of gyrations as (100 - %Gmm).

The %Gmnm at any number of gyrations is calculated as follows:
1. Calculate the correction factor (Cx) for specific gravity after “x” number of gyrations as:
Cx = Nfinar / N &

where: hx= height of the specimen (in mm) during compaction at x gyrations, and
hfinat = height of the specimen (in mm) after Nax gyrations.

2. The corrected bulk specific gravity Gm, (corrected) of a specimen at any level (x) of gyration
can be computed as:

Gmp (corrected) = Gmp (measured) X hfinai / hx

where:

Gmp (measured) is the bulk specific gravity of the extruded specimen (determined using KT-15,
Procedure I1I/AASHTO T 166, Method A).

3. The % Gy at any gyration level is then calculated as:
[Gmp (corrected)/ Gmm ] * 100,

where: Gmm is the maximum theoretical specific gravity of the mixture (determined according to
KT-39/AASHTO 209)

4. Report the %Gym to the nearest 0.1 percent and the average %Gmm value for the two
companion specimens is typically used.

[Note: the relative density is described as “corrected” because of the calculation process. The
volumetric properties of the compacted specimen at any compaction level are calculated based
on the bulk specific gravity (Gmp) of the specimen measured at Nmax according to KT-15,
Procedure II/AASHTO T166, Method A. To compute %Gmnn at any gyration level, the
“corrected” or “back calculated” bulk specific gravity needs to be determined at that level from
the measured bulk specific gravity (Gmp) of the specimen measured at Nmax. The correction factor
in the form of “height ratio” is used to back calculate the “corrected” bulk specific gravity at any
level of gyration. The calculations are as described above and in the following example.]
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Example:

Given: Gmb, measured bulk specific gravity = 2.369
Gmm, maximum theoretical specific gravity = 2.403
hfina, height of specimen at Nmax = 117.5 mm

Calculate %« Gmm at  Nini = 8 gyrations, hs=135.4 mm
Ndes = 100 gyrations, hio=119.4 mm
Nmax= 160 gyrations, hiso=117.5 mm

At x = 8 gyrations level:

Cs=(117.5 mm/135.4 mm) = 0.868

Gmpb (corrected) = 2.369 x Cs = 2.369 x 0.868 = 2.056
% Gmm = 2.056/2.403 x 100 = 85.6%

At x = 100 gyrations level:

Ci0= (117.5 mm/119.4 mm) = 0.984
Gump (corrected) = 2.369 x Cioo = 2.369 x 0.984 = 2.331
% Gmm = (2.331/2.403) x100 = 97.0%

At x = 160 gyrations level:

Ce0= (117.5 mm/117.5 mm) = 1.0

Gmp (corrected) = 2.369 x Ciso = 2.369 x 1.0 = 2.369
% Gmm = (2.369/2.403) x 100 = 98.6%

% Air VOidS a.t Ndes = 100 = %Gmm @ Ndes (X= 100)
=100-97.0
=3%

Superpave Laboratory Study Manual (Volume III)

14



GYRATORY COMPACTOR

Gyratory Compactor
(Pine AFGC125X)

Placing Mix in the Mold
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Placing Mold into the Compactor

Mold in Compactor Ready to Test
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Review Questions

1) The required sample height for the design mix in the gyratory compaction is

mm.

I+

2) The vertical pressure applied by the gyratory compactor is

I+

3) The internal angle of gyration is

4) The number of revolutions per minute is

5) The compaction temperature depends on the type of PG binder?

(Yes or No)

I+

kPa.

Superpave Laboratory Study Manual (Volume III)
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BULK SPECIFIC GRAVITY AND UNIT WEIGHT OF
COMPACTED ASPHALT MIXTURES

(KT-15, Procedure 111 / AASHTO T166)

| control and data
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frame SA i loading

ram

rotating
base
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NOTE

This discussion and KT-15 refer to the
following KT Methods:

*  KT-25/AASHTO T168, Standard
Method of Test for Sampling
Bituminous Paving Mixtures

*  KT-58/AASHTO T312, Method For
Preparing and Determining the Density
of Hot Mix Asphalt (HMA) Specimens
by Means of the Superpave Gyratory
Compactor

Superpave Laboratory Study Manual (Volume III)



GLOSSARY

Specific gravity: the ratio of the mass in air of a given volume of material to the mass in air of
an equal volume of water.

Saturated surface dry (SSD): the condition of a material when it has absorbed as much water as
it can during a specified time period in its water permeable pores but the outside of the material
has no free water.
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BULK SPECIFIC GRAVITY AND UNIT WEIGHT OF COMPACTED
ASPHALT MIXTURES

The compaction of a Superpave mixture, both in the field and in the laboratory, is an important
characteristic to be determined for mixture quality control. The bulk specific gravity (Gmb) of
compacted specimens can be determined on pavement cores or laboratory compacted specimens.
The bulk specific gravity of compacted bituminous mixtures, using a saturated surface-dry
specimen, is used to determine air voids (Va), and may be used for comparison between roadway
compaction tests and laboratory compacted specimens.

The Gmb is determined by measuring the volume of the specimen by displacement when
submerged in water. Measure the specimen dry mass, mass of the specimen submerged in water,
and the SSD mass to determine Gmo.

The submerged mass is subtracted from the SSD mass to determine the mass of an equal volume
of displaced water. Dividing the dry mass of the specimen by the mass of an equal volume of the
water as the specimen yields the Gmo.

KT-15, Procedure I11 is applicable when the water absorption is less than 2.0 %.

Common Testing Errors
» Submerged specimen touches the side of the water container.
» Water temperature is not 25°+ 1°C (77°+ 2°F).
» Specimens with high voids (>10%) may absorb excess water.
» Dirty water used.

» Specimens not cooled to 25°+ 3°C (77°+ 5°F) or less.
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TEST METHODOLOGY

Apparatus

» Balance (accurate to 0.1 gram).
» Oven for heating specimen
» Submersion basket
> Water bath
» Damp towel
Sample Preparation (Field mix)

The sample should be obtained using KT-25/AASHTO T168. The mixture should then be
compacted for testing using KT-58/AASHTO T312.

Testing Procedure

Cool the specimen to room temperature at 25 + 3°C (77 = 5°F) and record the dry mass to the
nearest 0.1 g. The specimen is then immersed in a 25 + 1°C (77 + 2°F) water bath and saturated
at 4 = 1 minutes. Determine the mass in water to the nearest 0.1 g. Remove the immersed
saturated specimen from the water bath and damp dry with a damp absorbent cloth as quickly as
possible. The specimen is then weighed. Any water that seeps from the specimen during the
weighing operation is considered as part of the saturated specimen.

T

Weighing Specimen in Air
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Note: If desired, the sequence of testing operations can be changed to expedite the test results.
For example, first the mass of saturated damp dry specimen can be taken. Then the saturated
specimen in water can be weighed. The dry mass of the specimen can be determined last.

Calculations

Calculate the bulk specific gravity of the specimen as follows:

Gmo = A/ (B-C)

where:
A =dry mass,
B = SSD mass, and
C = submerged mass.
Report bulk specific gravity to three decimal places.

LR ]

Blotting Sample Dry

Example

Given: Dry mass of the specimen (A) =4,799.0 g
SSD mass of the specimen (B) = 4,801.0 g
Submerged mass of the specimen (C) = 2,799.0 g.

Gmb = 4799.0/(4801.0 - 2799.0)
=2.397
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Review Questions

1) In KT-15 test method, mass of dry sample in air is determined at + °C.

2) In KT-15 test method, Procedure 111, the sample is immersed in water before weighing for

+ min.

°C.

I+

3) In KT-15, the temperature of water bath is

4) Percent water absorption for the specimen for test in KT-15 Procedure 111 should be less than

%.

5) If the dry mass of a Superpave gyratory plug is 4,440 g, the mass in water is 2,600 g and the

SSD mass is 4,490 g then the bulk specific gravity is ?
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THEORETICAL MAXIMUM SPECIFIC GRAVITY OF
ASPHALT PAVING MIXTURES

(Kansas Test Method KT-39/ AASHTO T209)

manometer pycnometer air purifier

gilson rice test shaker vacuum pump

KANSAS STATE

College of Engineerin
UNIVERSITY ? ! !

Superpave Laboratory Study Manual (Volume III)



NOTE

This discussion and KT-39 refer to the
following KT Method:

*  KT-25/AASHTO T168, Standard
Method of Test for Sampling
Bituminous Paving Mixtures

*  KT-58/AASHTO T312, Method For
Preparing and Determining the Density
of Hot Mix Asphalt (HMA) Specimens
by Means of the Superpave Gyratory
Compactor
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GLOSSARY

Specific gravity: the ratio of the mass in air of a given volume of material to the mass in air of
an equal volume of water.

Pycnometer: a vessel of known volume used to measure the volume of a material placed in it by
determining how much water is displaced.

Mercury Manometer: a tube sealed at one end and filled with mercury, which, when subjected
to a vacuum, will register a comparison between the applied vacuum and the nearly total vacuum
that exists in the sealed end. The degree of vacuum is expressed as absolute pressure or residual
pressure, in mm. Smaller numbers (lower pressure) indicate more vacuum.

Digital Manometer: A digital, electronic manometer designed to read absolute pressure. The
degree of vacuum is also expressed as absolute pressure or residual pressure, in mm.

Maximum Aggregate Size: one sieve size larger than the “nominal maximum aggregate size”.
For reference, the “nominal maximum aggregate size” is one sieve size larger than the first sieve
that retains more than 10 percent of the aggregate. (Note: This terminology and these definitions
are used for Superpave mixtures and may not apply to other types of mixtures.)

Tare: setting the balance to zero with a mass on top (usually an empty container), so that when a
sample is placed in the container it can be placed on the balance and only the sample mass will
be displayed.
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THEORETICAL MAXIMUM SPECIFIC GRAVITY OF ASPHALT
PAVING MIXTURES

The volumetric properties of compacted Superpave mixtures must be controlled during design
and production in order to produce durable pavements. James Rice invented a test to measure the
specific gravity of a loose mixture with all air removed. This specific gravity is known as the
maximum specific gravity (Gmm), and is the ratio of the mass of the loose sample to the mass of
an equal volume of water at the standard temperature of 25°C (77°F).

Gmm is used along with the bulk specific gravity (Gmb ) of the compacted mixture to determine air
voids (V,). Gmm is also used in determining percent compaction achieved in the field.

This text will explain the flask method for determining the maximum specific gravity. The flask
method is the preferred test method due to lower variability.
Common Testing Errors
* Not breaking up the sample completely.
* Not maintaining 27 + 3 mm of Hg absolute pressure which could be attributed to one of
the following:
a. Air bubble in mercury manometer*
b. Manometer not connected directly to pycnometer*
c. Clogged or leaking vacuum lines
d. Moisture or foreign material getting into the vacuum pump
* Not agitating the sample enough.
* Flask not staying suspended in the water; i.e., hitting the bottom of the water bath
* Not checking water temperatures.

* Uncoated particles or particles that rupture under vacuum which absorb water.

* Overheating absorptive materials.

* during this training period only digital manometers will be used
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TEST METHODOLOGY - FLASK METHOD

Apparatus
e Pycnometer or flask
e Thermometer
e Mercury/Digital Manometer
e Vibrating Table

e Scale

Vacuum pump, tubing and connectors

Sample Preparation

Pycnometer and Flask

e |f the sample is not tested soon after it has been sampled, it will cool down, and may need
to be reheated in the oven before the Gmm test can be run. If necessary, heat the sample
only enough to soften it so that separation is possible.

¢ Reduce the sample to the proper size, if necessary, by quartering or other suitable means
that will ensure a representative sample. See Table 2 below for the required sample size.

Table 2 Required Sample Size

Maximum Aggregate Size

Minimum Sample Size

25.0mm (1in.)
19.0 mm (3/4in.)
125 mm (*2in.)
9.5 mm (3/8in.)
4.75 mm (#4)

2,500 g
2,000 g
1,500 g
1,000 g
500 g

Superpave Laboratory Study Manual (Volume III)
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2 <3 .-: - m

Stirring Sample and Breaking
Clumps

e Separate the particles of coarse aggregate. Break up any clumps of fine aggregate so that
no clump is larger than 6.3 mm (% in.). Stirring or spading the mixture as it cools will
prevent clumps. If the clumps are difficult to break up, warming the mixture for a few
minutes will be helpful.

e Allow the mixture to cool to room temperature before proceeding with the test.
Calibration of Flask
e The mass of the flask is calibrated when immersed in water while the water is maintained
at 77 + 2°F (25 + 1°C). Record the mass to the nearest 0.1 g. This is mass “d” (lower case
‘d’), for use with the weigh in water method.

Test Procedure

e Tare the flask on a scale and add the sample. Record the mass of the sample to the nearest
0.1 gm. This mass is the dry sample mass in air “A”.

e Add enough water to completely cover the sample.

e Connect the flask to the vacuum system and remove the entrapped air. Maintain a
vacuum, as measured by a mercury/digital manometer, of 27 £ 3 mm absolute pressure
for 14 £ 0.5 minutes. Apply continuous agitation by a mechanical device to help release
the air bubbles.

e After the 14-minute vacuum period is complete, slowly release the vacuum (not to exceed
60 mm of Hg per second) and proceed with the following determination:
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Weighing in water: Suspend the flask and sample in the water bath and determine the
mass after 10 £ 1 minute immersion. Verify that the temperature of the water bath is 77 +
2°F (25 + 1°C). Call this mass “e” (lower case ‘e’). Subtract the mass of the calibrated
flask (d) from the mass of the flask and sample immersed in water (e) to determine the

mass of the sample in water “C”.

.k

Sample Under Vacuum

Calculations
Weighing in water:
Maximum Specific Gravity (Gmm) = A/(A-C)

where: A = Mass of dry sample in air, g, and
C = Mass of water displaced by loose, airless mixture sample at 77 °F (25 °C).
Report Maximum Specific Gravity (Gmm) to three decimal places.

Example

Given: Mass of dry sample in air (A) =1545.0 g
Mass of water displaced by the sample (C) =917.7 g

Gmm = 1545.0 = 2.463
(1545.0 - 917.7)
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Review Questions

°C.

I+

1) The temperature of water bath in KT-39 is

2) After separation, lumps with fine aggregates in KT-39 will not be larger than mm.
3) The vacuum applied to remove entrapped air in KT-39 is + mm of
Hg.
4) For under water weighing, in KT-39 the sample is suspended in water for +
minute.
5) The sample size for a mix with 12.5 mm maximum aggregate size is g.

6) The KT-39 sample from behind the paver is obtained by

(Splitting or Quartering)

7) The maximum specific gravity (Gmm) IS reported to decimal places.

8) The KT-39 sample for the design mixture is aged in a preheated draft oven at compaction

temperature for hours.
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DETERMINING THE ASPHALT CONTENT AND GRADATION
OF HOT MIX ASPHALT CONCRETE BY THE IGNITION
METHOD

(Kansas Test Method KT-57 / AASHTO T308)

| control and data
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NOTE

This discussion and KT-57 refer to the
following KT Methods:

*  KT-1/AASHTO T2 & 248, Sampling
Aggregates

*  KT-25/AASHTO T168, Standard
Method of Test for Sampling
Bituminous Paving Mixtures

*  KT-26/AASHTO T40, Sampling
Asphalt Materials

*  KT-34/AASHTO T30, Sieve Analysis
of Extracted Aggregate
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GLOSSARY

Ignition oven: A muffle furnace specifically designed for the purpose of burning off organic
components from a material at high temperatures.

Correction factor: The difference between the actual and the measured asphalt content.

Sample basket: A sample container designed for use in the ignition oven which allows the
heated air to move through the sample. Each oven manufacturer provides baskets designed for
use in their oven.

Nominal Maximum Aggregate Size: One sieve size larger than the first sieve that retains more
than 10 percent of the aggregates (Note: This terminology and definition is used for Superpave
mixtures and may not apply to other types of mixtures.)
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TEST METHODOLOGY

DETERMINING THE ASPHALT CONTENT AND GRADATION OF
HOT MIX ASPHALT CONCRETE BY THE IGNITION METHOD

Maintaining the proper asphalt content consistency in the Superpave paving mixture is a key
factor in producing quality pavement. Various means of determining asphalt content, such as
chemical extraction or nuclear gauges, have been used for many years. Newer technology has
been perfected by the National Center for Asphalt Technology (NCAT). This process uses a very
high temperature oven, commonly called a muffle furnace, to burn off the asphalt. By comparing
the mass of the sample before and after the burn off, the asphalt content can be determined.
Some aggregates tend to break down at the high temperatures used in the test, and, therefore, a
correction factor for each mix may be needed to get accurate results. After the asphalt content
has been determined, the aggregate that is left behind can be tested for gradation and other
properties. (Note: Some aggregates have demonstrated significant breakdown at the high
temperatures applied in this test and may produce erroneous gradation and specific gravity test
results.) Although the technician may encounter very hot materials and must use proper
precautions, this is the easiest and safest method available for determining asphalt content and
providing clean aggregate for further testing. This test method is appropriate for both field labs
conducting quality control tests and Agency labs performing independent assurance, verification
and acceptance testing.

Common Testing Errors
» Moisture in the sample.
» Materials used for calibration were not the same as project materials.

» Inaccurate asphalt content used for calibration.

» Improper loading of sample baskets.
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There are two methods listed in KT-57 that may be used for this test. They are basically the
same; the difference is related to the type of equipment used. Some ignition ovens have built in
scales and processors that can detect when the test is complete and report the results (method A).
Other ovens require the operator to determine the end point and calculate the results (method B).
The calibration and sample preparation processes are the same for both methods.

Apparatus

>

>

Balance (accurate to 0.1 g)

Approved ignition oven

Sample baskets provided by the oven manufacturer

Safety equipment: insulated gloves, face shield, long sleeves, etc.

Timer (method B)

Calibration

Determine the correct sample size for the mixture to be tested from the following chart:

Nominal Max. Sieve Minimum Mass
Agg. Size, mm Size Specimen, ¢
4.75 No. 4 1,200
9.5 3/8in. 1,200
12.5 1/2 in. 1,500
19.0 3/4in. 2,000
25.0 lin. 3,000
375 1% in. 4,000

Using the aggregates and binder produced for the project, mix two samples in the lab at
the design asphalt content. Prior to mixing, prepare a butter mix at the design asphalt
content to condition the mixing bowl.

Weigh a sample basket on a scale and record the mass. If the sample has cooled, oven dry
the sample in a 110 °C + 5 °C oven to a constant mass. Place the sample in the basket.
Spread the sample in a thin layer, but avoid placing material near the edge of the basket.
Record the mass of the sample at room temperature. For automatic ovens (method A),
enter the mass of the sample into the oven processor.
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Place the sample in the ignition oven, preheated to 500°C and burn off the asphalt
according to the manufacturer’s recommendation.

NOTE: Temperatures in excess of 538°C (1000°F) may be
encountered when using an ignition oven. Use caution when
handling hot samples or opening the oven. SAFETY FIRST

The automatic ovens (method A) will stop the test when all asphalt is burned off. Remove
the sample from the oven and allow it to cool for approximately 30 minutes. Once the
sample has cooled to room temperature, weigh and record the final mass. Calculate the
asphalt content.

For manual ovens (method B), allow the sample to burn for at least 40 minutes after the
ignition oven has cycled thru the initial burn off phase. Remove the sample from the oven
and allow to cool to approximately room temperature (at least 30 minutes). Weigh and
record the mass of the sample. Record the final mass of the sample to the nearest 0.1 g.
Repeat burn-off until a visual inspection indicates complete burn-off has been
accomplished.

A calibration factor will be established by testing a set of calibration samples for each
mix type. If the difference between the measured asphalt contents of the two samples
exceeds 0.15%, repeat the calibration process with two more samples and discard the
high and low results. Compare the percent asphalt from ignition to the actual asphalt
content of the calibration samples. Subtract the actual percent asphalt from the measured
percent for each sample and average the two results. This will be the correction factor
which must be applied to all tests on the same mixture. Record the correction factor (Cg).

For information only purposes, a third sample of aggregate should be prepared but not mixed

with asphalt. The gradation of this “blank™ sample can then be compared to the gradation of one
of the burned off calibration samples to evaluate the amount of aggregate breakdown.

Sample Preparation

If moisture is present in the sample, dry the sample in an oven at 110° + 5°C, or
determine the moisture content and record it. If necessary, reduce the sample to the
proper size by quartering or other suitable means that will produce a representative
sample. Preheat the sample, if needed, as described above for calibration.

Test Procedure

Weigh a sample basket on a scale and record the mass. If the sample has cooled, preheat
the sample in a 110°C + 5°C oven for 30 minutes. Place the sample in the basket. Spread
the sample in a thin layer, but avoid placing material near the edge of the basket. Allow
the sample to cool to room temperature. Record the mass of the sample. For automatic
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ovens (method A), enter the mass of the sample into the oven processor.

e Place the sample in the ignition oven, preheated to 500°C and burn off the asphalt
according to the manufacturer’s recommendation.

e The automatic ovens (method A) will stop the test when all the asphalt is burned off.
Remove the sample from the oven and allow it to cool for approximately 30 minutes.
Once the sample has cooled to room temperature, weigh and record the final mass.
Calculate the uncorrected asphalt content by subtracting the final mass from the original
mass to get the loss from ignition, then dividing by the original sample mass. Then apply
the calibration factor to determine corrected asphalt content.

e For manual ovens (method B), allow the sample to burn for at least 40 minutes after the
ignition oven has cycled thru the initial burn off phase. Remove the sample from the oven
and allow it to cool to approximately room temperature (at least 30 minutes). Weigh and
record the mass of the sample. Record the final mass of the sample to the nearest 0.1 g.
Repeat burn-off until a visual inspection indicates complete burn-off has been
accomplished.

Report the asphalt content by ignition to two decimal places.

Example: Calibration factor determination

Percent asphalt in the calibration sample (AC%) = 5.00%
Original dry mass of the calibration sample (Ws) =2,507.5 g
Final mass of burned off calibration sample (Wa) = 2,370.7 g
Calibration factor, C¢ [(Ws-Wa)/Ws * 100] - AC%

(2507.5 - 2370.7)/2507.5 * 100 - 5.00%
5.46 - 5.00 = 0.46
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Corrected asphalt content determination:

Original dry mass of the test sample =2,512.4 ¢
Final mass of burned off test sample = 2,379.5 g

Corrected asphalt content = [(Ws-Wa)/Ws * 100] - C¢
= (2512.4 - 2379.5)/2512.4 * 100 - 0.46%

= 5.29% - 0.46%
= 4.83%

Corrected asphalt content = 4.83%

::::!:g--

e

Asphalt Placed in Basket Basket Placed in Oven
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Review Questions

1) The sample in KT-57 is obtained by

(Quartering/Splitting)

2) The sample in KT-57 is dried at °C to constant mass.

I+

3) For calibration in KT-57, the minimum number of samples required is

4) Additional tests are necessary in KT-57, if the calibration factors differ by more than
%.

5) The sample size in KT-57 test for a nominal maximum aggregate size of 12.5 mm is
g.

6) The ignition furnace used in KT-57 is preheated to °C or the
calibration temperature.
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RESISTANCE OF COMPACTED ASPHALT MIXTURE TO
MOISTURE INDUCED DAMAGE

(Kansas Test Method KT-56 / AASHTO T283)
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NOTE

This discussion and KT-56 refer to the
following KT Methods:

*  KT-6/AASHTO T84 & 85, Specific
Gravity and Absorption of Aggregate

*  KT-14/AASHTO T245 & 269,
Marshall Test of Bituminous Mixes

*  KT-15/AASHTO T166, Bulk Specific
Gravity and Unit Weight of Compacted
Asphalt Mixtures

*  KT-25/AASHTO T168, Standard
Method of Test for Sampling
Bituminous Paving Mixtures

*  KT-32, Method of Test for Density of
Compacted Asphalt Mixtures by
Nuclear Method

*  KT-39/AASHTO T209, Theoretical
Maximum Specific Gravity of Asphalt
Paving Mixtures

*  KT-58/AASHTO T312, Method for
Preparing and Determining the Density
of Hot Mix Asphalt (HMA) by Means
of the Superpave Gyratory Compactor
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GLOSSARY

Tensile strength: a measure of the force required to pull apart a material.

Loading jack: a mechanical device or machine that can apply a constant rate of loading.
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RESISTANCE OF COMPACTED ASPHALT MIXTURE TO
MOISTURE INDUCED DAMAGE

Superpave mixtures may be sensitive to the presence of water in the pavement. Water will cause
the asphalt to separate from the aggregates. Since the asphalt is the “glue” that holds the
aggregates together, rapid failure of the pavement can be expected if the asphalt cannot act as a
binder. This phenomenon is often referred to as stripping. To help prevent stripping, additives,
such as hydrated lime or liquid anti-stripping chemicals may be required. KT-56/AASHTO T283
IS a test method that can be used to determine if the mixtures are susceptible to stripping and can
also be used to evaluate the effectiveness of anti-stripping additives.

The test is performed by compacting specimens to an air void level of 6.5 to 7.5 percent. Three
specimens are selected as a control set and tested dry without moisture conditioning, and three
more are conditioned by saturating with water, then freezing, thawing and hot water soaking.
The specimens are then tested for indirect tensile strength by loading at a constant rate and
measuring the load required to break the specimen. The average tensile strength of the
conditioned specimens is compared to that of the dry, control specimens to determine the tensile
strength ratio (TSR). This test may also be performed on cores taken from compacted pavement.

Common Testing Errors

» Voids in the conditioned specimens not approximately the same as the dry unconditioned
specimens.

» Conditioned specimens not properly saturated with water.

> Conditioned specimens not soaked for 24 hours in a water bath at 60 + 1°C (140 + 2°F).
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TEST METHODOLOGY - FLASK METHOD

Apparatus

>

>
>
>
>
>
>
>
>
>

Vacuum container for saturating specimens

Balance and water bath

Water bath able to maintain 60 + 1°C (140 + 2°F)
Pans (cake pans)

Loading jack and force measuring device

Loading head to hold the specimen

Forced air oven able to maintain 60 + 1°C (140 + 2°F)
Freezer able to maintain -18 + 5°C (0 + 10°F)

Plastic wrap and heavy-duty leak proof plastic bags

10 mL graduated cylinder (optional)

Sample Preparation

The specifications for the specimen are 150 mm diameter (6 in) and 95 £ 5mm (3.75 £
0.20in) thick.

Preparation of Mixes: Individual aggregates or reclaimed material and virgin aggregates
are combined by taking proportionate amounts of each size fraction for each individual
aggregates in a separate pan for each test specimen. The aggregate quantity should be
sufficient to produce a specimen to the above specifications. The asphalt content is the
design asphalt content. Then the aggregate and the asphalt are heated within the limits of
mixing temperature. The heated aggregates are charged in the mixing bowl and asphalt is
added to it and mixed thoroughly for at least 2 minutes. Care is taken to keep the entire
sample in the mixing bowl during the process. Either prior to or after compaction, the
mix is aged at the room temperature for 24 £ 1 hours. The mixture is then placed in an
oven set at the appropriate compaction temperature and aged for 2 hours as outlined in
KT-58 section 4.6. The plant mixed sample is obtained by quartering. No aging is
required for this sample.

The mixture is then compacted to 7 + 0.5 percent air voids. This level of voids can be
obtained by adjusting the number of revolutions in KT-58. The exact procedure must be
determined experimentally for each mixture before compacting the specimens for each
test. The specimens are then extracted and allowed to cool to the room temperature.

Superpave Laboratory Study Manual (Volume III) 46



Evaluation of Test Specimen and Grouping

e Theoretical maximum specific gravity of the mixture (for design mixture, the sample is
prepared at design asphalt content) is determined by KT-39. The specimen thickness is
determined to the nearest 0.01 mm (0.001 in) at approximately quarter points on the
periphery of the plug. The results are averaged and recorded. The diameter is also
determined to the nearest 0.01 mm (0.001 in). The bulk specific gravity is determined by
KT-15, Procedure Ill. Volume of specimens is expressed in mL. The air voids are
calculated to the nearest 0.1% using the following formula:

% Air Voids = 100 (Theoretical Maximum Specific Gravity - Bulk Specific Gravity)/
Theoretical Maximum Specific Gravity

e The specimens are sorted into two subsets of three specimens each so that the average air
voids of the two subsets are approximately equal.

Moisture Conditioning

e Put the specimens to be conditioned into the vacuum container and fill with potable water
so that at least 25 mm (1 in.) of water is covering them. Apply a partial vacuum (250 to
650 mm of Hg) to the container for a short time (5 to 10 minutes). Release the vacuum
and allow the specimens to sit submerged in the water for another 5 to 10 minutes.
Determine the bulk specific gravity of the saturated specimens. Compare the saturated
surface dry (SSD) mass of the saturated specimens to the dry mass of the specimens
before saturation. The difference will be the volume of absorbed water. Compare the
volume of absorbed water to the original volume of air voids to determine the amount of
saturation. The volume of absorbed water needs to be between 70 to 80 percent of the
original volume of air voids. If the volume of absorbed water is less than 70 percent,
repeat the vacuum saturation procedure. If the volume of absorbed water is greater than
80 percent, the specimens have been damaged and must be discarded and replaced.

> For the freeze cycle, wrap the saturated specimens tightly with plastic wrap and place in a
plastic bag with 10 mL of water and seal the bag. Place the bag in the freezer at -18 + 5°C
(0 + 10°F) for at least 16 hours. Remove the bags from the freezer and place in the water
bath at 60 + 1°C (140 + 2°F) for 24 + 1 hours. Remove the plastic bag and plastic wrap
from the specimens as soon as possible after placement in the water bath.

Test Procedure

e After the 24-hour soak, remove the specimens and place in a water bath at 25 + 0.5°C (77
+ 1°F) for 2 hours + 10 minutes. The bath should return to 25 + 0.5°C (77 + 1°F) within
15 minutes after the warm specimens are placed in the bath. The unconditioned
specimens, still sealed in plastic, also need to be placed in a 25+ 0.5°C (77 + 1°F) bath for
at least 2 hours + 10 minutes.
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Remove the conditioned plugs from the water bath. Quickly damp dry the saturated
specimen with a damp absorbent cloth and weigh the specimen. Any water which seeps
from the specimen during the weighing operation is considered part of the saturated
specimen. Place the specimen in the basket or bucket and determine its mass to the
nearest 0.5 g while immersed in water at 77 £ 1°F (25 £ 0.5°C). The mass of the specimen
in water shall be determined as quickly as possible after the specimen is immersed.
Determine the height and diameter of the plug prior to breaking.

Place the specimen between the two bearing plates in the loading machine. Apply the
load to the specimen at a constant rate of 51 mm (2 in) per minute. The load should be
applied along the diameter of the specimen.

As the load is applied, watch for and note the maximum load observed. Continue loading
until a vertical crack appears and record the maximum load. Remove the specimen from
the machine and pull at the crack. Inspect the interior surface for stripping and record the
observations.

Calculations

Calculate the tensile strength as follows:

where:

S; (Metric) = 2,000 (P) / (z)(t)(D)

S¢ (English) = 2 (P) / (z)()(D)

St = tensile strength, kPa (psi)

P = maximum load, Newtons (Ibf)
t = specimen thickness, mm (in)
D = specimen diameter, mm (in)

The tensile strength ratio is then calculated as:

where:

Note:

Percent Tensile Strength Ratio (%TSR) =100 (S2) / (S1)

S; = average tensile strength of dry subset, and
S, = average tensile strength of conditioned subset.

If an anti-stripping agent is used, include the agent in all asphalt mixtures for the
conditioned and unconditioned subsets.
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Testing Specimens

Specimen in Vacuum Container
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Broken Core
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Review Questions

1) The height of the gyratory plug for KT-56 test is approximately

I+

mm.

2) The air voids of the compacted KT-56 specimens should be %.

I+

3) If the bulk specific gravity (KT-15, procedure I11) of a KT-56 specimen is 2.322 and the

maximum specific gravity (KT-39) is 2.444 then the air void content is %.
4) The perceng saturation of the conditioned sample in KT-56 should be between and
Y.
5) The test temperature during the indirect tensile strength test in KT-56 is °C.
6) The conditioned samples in KT-56 are ke<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>