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Foreword

Development of the East African Standards has been necessitated by the need for harmonizing requirements
governing quality of products and services in the East African Community. It is envisaged that through
harmonized standardization, trade barriers that are encountered when goods and services are exchanged
within the Community will be removed.

The Community has established an East African Standards Committee (EASC) mandated to develop and
issue East African Standards (EAS). The Committee is composed of representatives of the National
Standards Bodies in Partner States, together with the representatives from the public and private sector
organizations in the community.

East African Standards are developed through Technical Committees that are representative of key
stakeholders including government, academia, consumer groups, private sector and other interested parties.
Draft East African Standards are circulated to stakeholders through the National Standards Bodies in the
Partner States. The comments received are discussed and incorporated before finalization of standards, in
accordance with the Principles and procedures for development of East African Standards.

East African Standards are subject to review, to keep pace with technological advances. Users of the East
African Standards are therefore expected to ensure that they always have the latest versions of the standards

they are implementing.

The committee responsible for this document is Technical Committee EASC/TC 028, Construction of Roads,
Rail, Air and Water Transport Infrastructure.

Attention is drawn to the possibility that some of the elements of this document may be subject of patent
rights. EAC shall not be held responsible for identifying any or all such patent rights.

© EAC 2024 7 All rights reserved %
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Introduction

Roads are vital to economic development, but can be very expensive, especially if the performance of the
roadbés surface is poor. It i's t her gfae developedpfar the widet t hat
range of conditions that road surfaces are expected to endure. The principal roads in most countries are
surfaced with Hot Mix Asphalt (HMA), that is, a mixture of aggregate materials bound together with bitumen.
Asphalt pavements are the predominant pavement type in the world. Asphalt is used for all types of
applications, from residential streets to expressways, from parking lots to harbour facilities, and from bike
paths to airport runways. Depending on traffic, climate, available materials and the location within the
pavement structure, the type of mix selected and mix design criteria will be different. Road conditions are,
however, not static; for example, continuing developments in vehicle and tyre designs often increase the
stresses that are applied to the road. In most countries, traffic levels are also increasing, sometimes beyond
the limits of the empirical data on which designs are based. In some countries there is a shortage of materials
of sufficient quality for road surfaces and therefore innovative solutions need to be sought. Environmental
concerns are becoming increasingly important and influence the techniques available; for example,
encouraging the recycling of existing materials. For these reasons, amongst others, research into improving
the design and performance of HMA road surfaces continues to be undertaken.

This standard was prepared with these goals in mind. It contains the latest information for the design of
asphalt paving mixtures to meet the demands of modern traffic conditions and to ensure optimal performance
of asphalt pavements. The overall objective for the design of asphalt paving mixes is selecting the gradation of
aggregates and proportioning of asphalt that yields a mix having the desirable properties.

Successful mix design requires understanding the basic theory behind the steps and following the intent of the
written instructions. It also includes having proper training in laboratory techniques and effectively interpreting
the results of laboratory tests. A properly designed asphalt mixture provides a balance of engineering
properties and economics that ensures a durable pavement that satisfies both its users and owners. The
overall objective of this standard guideline is to help engineers responsible for roads and gives guidance on
the design, manufacture and construction of HMA pavement materials in the East African Community region.

Vi © EAC 20241 All rights reserved
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Asphalt paving mix design 8 Code of practice

1 Scope

This Draft East African Standard provides guidelines on the design of asphalt paving mixtures to be used for
general asphalt pavements.

These guidelines are applicable to the design of Hot Mix Asphalts (HMA) produced from new (virgin) asphalt
materials and Reclaimed (Recycled) Asphalt Materials in the design process.

NOTE The guidelines for mix design given in Clause 7 are based on commonly used asphalt design methods mainly
Superpave HMA Mix Design System, Marshall Method of asphalt mix design and Hveem method of asphalt mix design.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

D2041/D2041M-19, Standard Test Method for Theoretical Maximum Specific Gravity and Density of Asphalt
Mixtures

ASTM C127, Standard Test Method for Density, Relative Density (Specific Gravity), and Absorption of Coarse
Aggregate

ASTM C128 Standard Test Method for Density, Relative Density (Specific Gravity), and Absorption of Fine
Aggregate

ASTM D6926, Preparation of Bituminous Mixtures Using Marshall Apparatus
ASTM D6927, Standard Test Method for Marshall Stability and Flow of Bituminous Mixtures

D1188/D1188M-22, Standard Test Method for Bulk Specific Gravity and Density of Compacted Asphalt
Mixtures Using Coated Samples

D2726/D2726M-21, Standard Test Method for Bulk Specific Gravity and Density of Non-Absorptive
Compacted Asphalt Mixtures

D6927-22, Standard Test Method for Marshall Stability and Flow of Asphalt Mixtures

D5581-07A (2021), Standard Test Method for Resistance to Plastic Flow of Bituminous Mixtures Using
Marshall Apparatus (152.4mm/6 in. Diameter Specimen)

D1560-15, Standard Test Methods for Resistance to Deformation and Cohesion of Asphalt Mixtures by Means
of Hveem Apparatus

D2041/D2041M-19, Standard Test Method for Theoretical Maximum Specific Gravity and Density of Asphalt
Mixtures

© EAC 20241 All rights reserved
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D5404/D5404M-21, Standard Practice for Recovery of Asphalt Binder from Solution Using the Rotary
Evaporator

D6752/D6752M-23, Standard Test Method for Bulk Specific Gravity and Density of Compacted Asphalt
Mixtures Using Automatic Vacuum Sealing Method

M 323, Standard Specification for Superpave Volumetric Mix Design,

R 30, Standard Practice for Laboratory Conditioning of Asphalt Mixtures,

T 30, Standard Method of Test for Mechanical Analysis of Extracted Aggregate

T 164, Standard Method of Test for Quantitative Extraction of Asphalt Binder from Hot Mix Asphalt (HMA),

T 308, Standard Method of Test for Determining the Asphalt Binder Content of Asphalt Mixtures by the Ignition
Method

T 209, Standard Method of Test for Theoretical Maximum Specific Gravity (Gmm) and Density of Asphalt
Mixtures

M 323, Standard Specification for Superpave Volumetric Mix Design,

M 320, Standard Specification for Performance-Graded Asphalt Binder

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

? |EC Electropedia: available dbttp://www.electropedia.org/

? 1SO Online browsing platform: available afttp://www.iso.org/obp

3.1
asphalt
a mixture of asphalt binder (bitumen) and aggregates. The mixture may also include other materials.

3.2

asphalt pavement

a structure consisting of one or more prepared layers of asphalt mix atop one or more supporting layers of
unbound, modified, or treated subgrade, subbase or base materials

3.3

asphalt mix

homogeneous paving product consisting of sized mineral aggregates, possibly including additives and filler,
collectively and uniformly coated with binder

3.4

hot mix
asphalt mix in which the aggregates and asphalt binder(bitumen) are heated before mixing

2 © EAC 20241 All rights reserved
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Bitumen/asphalt binder

dark brown to black cement-like residuum obtained from the distillation of suitable crude oils, naturally
occurring sources, or combinations thereof.

3.6

asphalt mix stability

maximum load resistance in Newton, that the standard test specimen will develop at 60°C when tested as
outlined in methodologies described in Clause 6.

3.7

asphalt mix flow value

total deformation, in units of 0.25 mm, occurring in the specimen between no load and the point of maximum
load during the stability test.

3.8 Terms related to asphalt mix classification

3.8.1
Dense-graded asphalt mixes
asphalt mix with a well-distributed aggregate gradation throughout the entire range of sieves used.

Note 1 to entry: It is the most commonly specified type of mix and can be used in the base, intermediate layers and
surface of a pavement structure.

3.8.2

open-graded asphalt mixes

asphalt mixture designed with a large volume of air voids (typically 18 to 22 percent) so that water will readily
drain through the pavement layer.

Note 1 to entry: It is used as an Open-Graded Friction Course (OGFC) to provide a skid-resistant pavement surface and
as a porous base layer (also called Asphalt Treated Permeable Base, or ATPB) to provide for positive drainage under
either an asphalt or Portland cement concrete pavement surface.

3.8.3

gap-graded or Stone Matrix Asphalt (SMA)

an asphalt mixture with high-coarse aggregate content (typically 70 to80 percent), a high asphalt content
(typically more than 6 percent) and a high-filler content (approximately 10 percent by weight).

Note 1 to entry: Gap-graded or Stone Matrix Asphalt (SMA) is durable mixture that has excellent stone-on-stone contact
and that is very resistant to rutting.

3.8.4

Warm Mix Asphalt (WMA)

any mix produced at lower temperatures using a variety of technologies while maintaining the workability
required to be successfully placed.

3.9 Terms related to mix specific gravity

3.9.1

binder Specific Gravity Gp

ratio of the mass of a unit volume of binder to the mass of the same volume of water. Binder specific gravity
typically ranges from 1.00 to 1.05.

3.9.2

bulk (dry) Specific Gravity Gsp

ratio of the oven-dry mass of a unit volume of aggregate (including both the impermeable and water-
permeable void volumes) to the mass of the same volume of water.

© EAC 2024 7 All rights reserved 3
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3.9.3

apparent Specific Gravity Gsa

the ratio of the oven-dry mass of a unit volume of aggregate (including only the impermeable void volumes) to
the mass of the same volume of water.

3.94

effective Specific Gravity Gse

ratio of the oven-dry mass of a unit volume of aggregate (including both the impermeable void volumes and
the water permeable voids not filled with absorbed asphalt) to the mass of the same volume of water.

3.95

theoretical Maximum Specific Gravity Gmm

the ratio of the oven-dry mass of a unit volume of asphalt mixture (including the volumes of the aggregate and
binder only) to the mass of the same volume of water.

3.9.6

bulk Specific Gravity Gmp

the ratio of the oven-dry mass of a unit volume of asphalt mixture (including the volumes of aggregate, binder
and air) to the mass of the same volume of water. Gmp is applicable to any laboratory- or field-compacted
specimen including cores, beams, slabs, etc.

3.10 Terms related to mixture volumetric parameters

3.10.1
percent Air Voids Pa
The volume of air voids in a compacted mixture, expressed as a percentage of the total mix volume.

3.10.2

voids in the Mineral Aggregate (VMA)

voids created by the aggregate structure of a compacted asphalt mixture, expressed as a percentage of the
total mix volume. VMA represents the volume of air voids and effective (nonabsorbed) asphalt binder.

3.10.3
voids Filled with Asphalt (VFA)
percentage of the VMA filled with effective (nonabsorbed) asphalt binder.

3.104
percent Aggregate Ps
total percentage of aggregate in the asphalt mixture, expressed as a percentage of the total mix mass.

3.10.5

percent Binder Py

total percentage of asphalt binder in the asphalt mixture, expressed as a percentage of the total mix mass.
Note that Ps + Pp = 100%.

3.10.6

percent Binder Effective Ppe

functional portion of the asphalt binder that coats the aggregate in the asphalt mixture but is not absorbed into
the aggregate, expressed as a percentage of the total mix mass.

3.10.7

percent Binder Absorbed Ppa

portion of the asphalt binder that is absorbed into the aggregate, expressed as a percentage of the total
aggregate mass.

3.10.8

specific gravity

dimensionless number defined as the ratio of the density of a material to the density of water (assumed to be
1.000 g/cm3 at temperatures used in asphalt testing).

4 © EAC 20241 All rights reserved
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3.11 Terms related to desired properties considered for mix design

3.11.1

stability

resistance to permanent deformation results from the accumulation of small amounts of unrecoverable strain
(small deformations) from repeated loads applied to the pavement.

Note 1 to entry: Stability depends primarily on the internal friction provided by the aggregate particles and to a lesser
extent the cohesion provided by the asphalt binder. Unstable pavement develops ruts and other signs of mixture shifting.

3.11.2

fatigue resistance

resistance to repeated bending under wheel loads (traffic). The result of a fatigue failure is fatigue cracking,
often called alligator cracking.

3.11.3

moisture resistanced impermeability

ability of asphalt mix to prevent water or water vapor from penetrating between the asphalt fiim and the

aggregates, thereby preventing the breaking of adhesive bond between the aggregate and the asphalt binder
film.

3.114

durability

ability to resist factors such as aging of the asphalt, disintegration of the aggregate and stripping of the asphalt
film from the aggregate.

3.115

skid resistance

ability of an asphalt surface to minimize skidding or slipping of vehicle tires, particularly when the roadway
surface is wet.

3.11.6

workability
the ease with which a paving mixture can be placed and compacted.

4 Symbols and/or abbreviated terms
HMA Hot Mix Asphalt

RAP Reclaimed Asphalt Pavement

OGFC Open-Graded Friction Course

ATPB  Asphalt Treated Permeable Base

SMA Stone Matrix Asphalt

WMA  Warm Mix Asphalt

DAS Design Aggregate Structure

CKE Centrifuge Kerosene Equivalent

VFA Voids Filled with Asphalt

© EAC 2024 7 All rights reserved 5
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5 Volumetric Properties of Compacted Paving Mixtures

5.1 General

The volumetric properties of a compacted paving mixture are important criteria by which the quality of an

asphalt mixture is evaluated. The volumetric properties are determined using the mass and/ or volume
measurements of a mixture and its constituent components
applied in the asphalt industry, actually uses measurements of an asphalt mixture by both mass (M) and

volume (V) to determine various percentages (P). Volumetric properties are often specified design elements of

the total mix, the aggregate only or the binder only. The relationship between mass and volume is determined

by the mat emgravijy(®@s specific

NOTE The principal of using specific gravity is essential in that actual laboratory measurements are by mass, yet
mixture criteria are a function of volume. Usage of specific gravity principles enables us to readily calculate mass or
volumetric data based on the available data. Some specific gravity values use an aggregate volume that also includes the
water-permeable voids, while others include only the portion of the water-permeable voids not filled with absorbed asphalt.
(Because liquid water is always at a lower viscosity than asphalt binder, the asphalt can never penetrate the aggregate
voids as much as water.)

It is helpful to represent a compacted mixture in terms of the different masses and volumes used in volumetric
calculations. This representation, shown in Figure 1, is called a phase diagram. It breaks down the
components into air, effective asphalt (nonabsorbed), absorbed asphalt and aggregate.

MASS (g} VOLUME (em3)
A Ma=0 t A
T A
My

mb

Ms

VFTII'TI

Figure 10 Phase Diagram

The various specific gravity types discussed in this clause are either directly determined or calculated from
laboratory tests on the binder, aggregates or asphalt mixture. Several equations have been derived to allow
calculation of each volumetric property without the use of a phase diagram. The equations shown in this
clause are simplified, as the value of density of water (} ) is assumed to be 1.000.

5.2 Bulk (dry) specific gravity of aggregate
It is recommended that the bulk (dry) specific gravity (Gsy) of each aggregate be determined on samples

submitted for mix design. Some stockpiles will be essentially coarse (retained on the No. 4[4.75 mm] sieve),
some will be fine (passing the No.4 [4.75 mm] sieve) and some will have both coarse and fine portions.

6 © EAC 20241 All rights reserved
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5.2.1 Determining bulk (dry) specific gravity of coarse aggregate
The Gg, of coarse aggregate is determined using ASTM C127. The size of the test sample is specified and

determined by the nominal maximum aggregate size. This procedure requires that the dry aggregate be
saturated to determine the volume of the aggregate plus the water-permeable voids.

m _ mass of oven-dry aggregate

e Vo ~ (volume of aggregate +

water-permeable voids) x p

Notice that this equation mirrors the equation in the test procedure:

where
Gsbis bulk (dry) specific gravity of the aggregate
A is mass of the oven-dry test sample
B is mass of the saturated surface-dry (SSD) test sample in air
C ismass of the saturated sampleinwater( } i s not shown begauaislge its

Therefore, Bi C = volume of the aggregate plus the water-permeable voids.

5.2.2 Determining fine aggregate Gsgp

The fine aggregate Ggp is determined using ASTM C128. The dry aggregate is again saturated to account for
the volume of the aggregate plus the water-permeable voids.

m _ massof oven-dry aggregate A

sb

- vp B (volume of aggregate + - B+S-C
water-permeable voids)x p

where
Gshis bulk (dry) specific gravity of the aggregate
A is mass of the oven-dry test sample
B is mass of the pycnometer filled with water
S is mass of the saturated surface-dry (SSD) specimen
C is mass of pycnometer with specimen and water to calibration mark

This time, B + ST C = volume of the aggregate plus the water-permeable voids.

© EAC 2024 7 All rights reserved 7
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5.2.2.1 Determining mineral filler Gsp
The bulk specific gravity of mineral filler is difficult to determine accurately. However, the apparent specific

gravity (Gsa) of mineral filler is more easily determined. This can be done for filler only, as the amount of
mineral filler added is typically small and the difference between Gs, and Gsa is relatively small.

5.2.3 Determining the composite Gsp for one stockpile

For stockpiles that include both a coarse and fine fraction, one value must be determined for the stockpile.
The average Gs, can be calculated as follows:

G _ Pcoarse + P ne
sb —

where
Gsb bulk (dry) specific gravity of the aggregate
Pecarse  percentage by weight retained on the No. 4 (4.75 mm) sieve
Pine percentage by weight passing the No. 4 (4.75 mm) sieve
Geoarse  bulk (dry) specific gravity of the coarse fraction

Gine bulk (dry) specific gravity of the fine fraction

5.2.4 Calculate the Gsb for the aggregate blend

Once the bulk (dry) specific gravity for each stockpile has been determined, the combined bulk (dry) specific
gravity for the total aggregate blend is calculated as follows:

C _ P +P+...+F,
sb — B B P,
o tot. g

where

Gshis bulk (dry) specific gravity of the aggregate

P1, P2, Pn is percentages by weight of aggregates 1, 2, through n

Gi1, G2, Gn s bulk (dry) specific gravity of aggregates 1, 2, through n
NOTE This equation is useful for estimating Gsb during trials in the design process. The calculated coarse and fine
Gsb can be verified by batching the combined aggregates, splitting them on the 4.75-mm sieve and determining the coarse
and fine Gsb for the design. This process of splitting the aggregate blend on the 4.75- mm sieve and only running Gsb

values on the coarse and fine fractions of the blend is often utilized for mix design verification and quality control testing on
plant-produced mix in the field.

5.2.5 Calculate the Gsa and absorption for the aggregate blend
Laboratory testing to determine the bulk specific gravity (Gsp) also provides data to easily determine two

additional aggregate properties, the apparent specific gravity (Gsa) and the water absorption of the aggregate.
These calculations are not required to determine mixture volumetric properties; however, they are valuable

8 © EAC 20241 All rights reserved
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tools for the mix designer to monitor. The absorption of the aggregate indicates several characteristics of the
final mixture. Highly absorptive aggregates will require additional binder to fill the permeable voids in the
aggregate, which increases cost. It is not uncommon for aggregates to absorb a binder amount equal to 407
80 percent of the water-permeable voids.

In order to determine these values for the total blend of aggregate, the methodology used will depend on the
manner in which the Gs» was determined. If Gsb testing was conducted on individual stockpiles, then the Gsa
and absorption will need to be determined for each stockpile and then combined to determine the final values
for the blend. If individual Gsb samples were determined for the coarse and fine fractions of any individual
stockpile, then the equation shown in clause 5.2.1 can be used to determine the Gsa and absorption values for
the stockpile.

Once Gsa values of individual stockpiles are known, they will need to be combined into one value for the
blend. This can be accomplished using the same equation shown in section 5.2.4, but for Gsa instead of Gsb.
The equation for calculating the absorption of the blend is shown in section 5.2.5.2. If Gs» data are determined
directly from the blend (during a mixture verification or a field sample obtained from the belt carrying
aggregate into the plant), the designer can simply use the equation from section 6.2.3 to directly determine the
Gsh, Gsa and absorption data for the blend.

5.25.1 Apparent specific gravity (Gsa)

Gsa is the ratio of the mass of the oven-dry aggregate to the volume of the aggregate excluding the volume of
the voids occupied by absorbed water. The Gsa volume is less than the volume used to calculate the Gsp;
therefore, the Gsa value will always be larger than the Gsp value.

m massof oven-dryaggregate _ _,, .

sa

:v?pz (bulkvolume of aggregate—
volume of water-permeable voids) X p

Notice that this equation mirrors the equation in the test procedure:

A
Gsa=—
A-C

where
Gsa is apparent specific gravity of the aggregate
A is mass of the oven-dry test sample

C is mass of the saturated sample in water (1} i

S

no

Therefore, A 1T C = apparent vol pemeealdefvoidshe aggregat e

5.2.5.2 Water absorption (A)

The amount of water absorption is determined from the Gsp test data. The absorptiveness of aggregate is of
significant interest to the mixture designer and specifier. Absorption can be an indicator regarding aggregate
quality along with increased binder demand. The binder absorption is typically 401 80 percent of the water
absorption rate. The water absorption rate is calculated by the following equation.

(B-4) x 100

Absorption,% =

where

© EAC 2024 7 All rights reserved 9
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B is mass of the saturated surface-dry sample
A is mass of the oven-dry test sample

The average water absorption for the total aggregate blend is calculated as follows:

_(B)A)+(B)(A)+...+(B)(A)
100

A

where
P1, P2, Pn is percentages by weight of aggregates 1, 2, through n

Az, Az, An is absorption of aggregates 1, 2, through n

5.3 Calculating Gmm at trial binder contents

The theoretical maximum specific gravity of an asphalt mixture (Gmm), is the specific gravity of the binder
coated aggregate only, with no air voids. In order to calculate the volumetric properties of a mixture, a Gmp and
Gmm must be determined at each trial binder percentage utilized in the mix design. Compaction procedures
provide the Gmp values for each sample, which are then averaged for each trial binder content. The
appropriate Gmm value must also be determined at each trial binder percentage.

5.3.1 Determining the Gsc 0 effective specific gravity of the aggregate

When only one Gmm is conducted in the laboratory, the designer should select a binder content that is equal to
or greater than the anticipated design binder content in order to assure thorough coating and minimize water
intrusion into the aggregate during vacuum testing. After finding the average of two Gmm Samples at a single
binder content (or if desired, at every trial binder percentage), Gse can be calculated using the following
equation:

G_ = b
se 100 _ B
Gmm Gb
where
Gse is effective specific gravity of aggregate

Ps is percentage of aggregate by total mix weight
Po is percentage of binder by total mix weight, at which the Gmm test was performed
Gmmis maximum specific gravity of paving mixture
Gy is specific gravity of binder
5.3.2 Determining Gmm at other binder contents
The Gse used to calculate Gmm at each of the other binder contents. This step is not necessary if the designer

has performed Gmm testing at each trial binder percentage. Gmm can be visually determined from the phase
diagram in Figure 1 and is defined by the following relationship:

Vo

mm
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where
Gmmis maximum specific gravity of asphalt mixture
Ps is percentage of aggregate by total mix weight
P is percentage of binder by total mix weight
Ps + Pp =100
Gse is effective specific gravity of aggregate
Gy s specific gravity of binder

Mmb is bulk mass of paving mixture (which would be the same as Mmm, since the air has no mass),
typically in g

Vmmisvol ume of aggregate and biitydfeater, 1.009gdm8al | y i n

NOTE The binder content increases, Gmm always decreases. This is because the percentage of aggregate, which
has a higher specific gravity, necessarily decreases for a unit volume with an increase in the percentage of binder, which
has a lower specific gravity.

5.4 Percent air voids in compacted mixture, P,

Pa is the percentage of air voids by volume and V, as the measured volume of air voids. They consist of the
small air spaces between coated aggregate particles. The property Pa can be visually determined from the
phase diagram in Figure 1, and is defined by the following relationship:

P -100x —e

mb

Although the Pa can be calculated several different ways, the following equation is most commonly used:

p -100- 100%Gu

mm

where
Pa is air voids in compacted mixture, percentage of total volume
Gmmis maximum specific gravity of paving mixture

Gmb is bulk specific gravity of paving mixture

5.5 Percent VMA in compacted mixture

The VMA is calculated on the basis of the bulk specific gravity of the aggregate and is expressed as a
percentage of the bulk volume of the compacted paving mixture. Therefore, the VMA can be calculated by
subtracting the volume of the aggregate determined by its bulk specific gravity from the bulk volume of the
compacted paving mixture. VMA can be visually determined from the phase diagram in Figure 1 and is
defined by the following relationships:

© EAC 2024 7 All rights reserved 11
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VMA=100x YatVe

mhb

VMA is most readily calculated utilizing the following equation:

VMA =100 - b,

sh
where
VMA is voids in the mineral aggregate
Gmb is bulk specific gravity of paving mixture
Ps is percentage of aggregate by total mix weight
Gsb is bulk (dry) specific gravity of the aggregate
Va is volume of voids in compacted mixture, typically in cm3
Vye is volume of the effective (nonabsorbed) binder, typically in cm3
Vmp total volume of compacted mixture, typically in cm3
The equations shown above are for analyzing mixture compositions that are determined as percent by weight

of the total mixture. If the mixture composition is determined as percent by weight of aggregate, the following
equation must be utilized to calculate VMA:

G 100
VMA=100-—22 x ——— %100
G, 100+P,
NOTE Because the VMA does not include the water permeable voids in the aggregate, the bulk dry Gsp must be

utilized in calculating VMA. Since the target air voids (Pa) typically remains the same, the VMA must increase to allow
sufficient room for the additional asphalt binder.

5.6 Percent VFA in compacted mixture

VFA, like VMA, also tends to increase as the mix becomes finer and gains more total aggregate surface area.
The VFA can be calculated with either of the following equations. VFA can be illustrated by the phase diagram
in Figure 1 and can be calculated by the following equation :

Vv
VFA =100 x be
V,+V,

VFA is most readily calculated with the following equation:
VEA =100 x VMA-F,

where

12 © EAC 20241 All rights reserved
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VFA is voids filled with asphalt

VMA is voids in the mineral aggregate

Pa is air voids in compacted mixture, percentage of total volume

Vbe is volume of the effective (non- absorbed) binder, typically in cm3

Va is volume of voids in compacted mixture, typically in cm3

5.7 Binder absorption

The percent binder absorption (Pra) is the percentage by mass of binder that is absorbed into the aggregate. It
is assumed that the amount of binder absorbed into the aggregate is a constant value; therefore, it is
calculated based on the mass of the aggregate. Note that if the absorption was calculated based on the total
mass of the mix, the percent absorption would change based on the amount of binder added to the mix.

Pba can be visually determined from the phase diagram in Figure 1 and is defined by the following relationship:

M
P =100x —=
M

Pra is most readily calculated with the following equation:

G -G
p =100x Ce=Ga)
(G,xG,)

where
Pova is absorbed binder, percentage by mass of aggregate
Gse is effective specific gravity of aggregate
Gsb is bulk (dry) specific gravity of the aggregate
Gy s specific gravity of binder
Mba is mass of the absorbed asphalt, typically in grams

Ms is mass of the aggregate, typically in grams

5.8 Effective binder content of a paving mixture

The effective binder content (Pre) of a paving mixture is the percentage by mass of binder that stays on the
outside of aggregate particles and is not absorbed. It is effective or usable, as the

figlued that binds the mix together and governs dise p:¢
expressed as a percentage of the total mix mass. That means that mathematically, Pba + Poe | bPthe total
binder content, because Pya is a percentage of the total aggregate and Pee is a percentage of the total mix.
However, the mass of the total aggregate and the mass of the total mix are so close in magnitude that in a
practical sense, when calculated to the nearest 0.1 percent, the absorbed and effective binder contents added

together usually equals the total binder content. It can be calculated as follows:

From the phase diagram, Pre can be defined as:

© EAC 2024 7 All rights reserved 13
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e

B, =100x

mb

Pre is most readily calculated with the following equation:

B
100

be=Pb

where
Poe is effective binder, percentage by mass of mix
Pb is total binder, percentage by mass of mix
Pova is absorbed binder, percentage by mass of aggregate
Ps is total aggregate, percentage by mass of mix
Mee is mass of the effective binder, typically in grams

Mmb is mass of the total mix, typically in grams

5.9 Dust to binder ratio

The dust to binder ratio (Poo7s/Pe) of a paving mixtur e, someti mes referreoc

ratio of the percentage of aggregate passing the 0.075-mm (No. 200) sieve (P0.075) to the effective binder
(Pre). The typical allowable range for this property is 0.6 1.2, with the following exceptions:

a) for 4.75-mm mixes, the allowable range is 0.91 2.0; and

b) for coarse-graded mixes whose gradation plots below the Primary Control Sieve (PCS) on a 0.45 power
chart, the allowable range may be increased to 0.87 1.6.

In general, this property addresses the workability of asphalt mixtures. A low Po.o7s/Pre often results in a tender
mix, which lacks cohesion and is difficult to compact in the field because it tends to move laterally under the
roller. Mixes tend to stiffen as the P0.075 increases, but too much will also result in a tender mix. A mix with a
high P0.075/Pre will often exhibit a multitude of small stress cracks during the compaction process, called
check-cracking. This property is usually calculated for dense-graded mixes only.

5.10 Selecting a design aggregate structure (DAS)

Meeting the minimum VMA requirement at the design binder content is often difficult to achieve. It is not
uncommon for a mixture designer to complete a laboratory mixture design only to learn that the VMA does not
meet the volumetric criteria specified. Careful analysis of the DAS results provide the designer with valuable
information upon which to make design changes or decisions on whether or not to proceed with a full mixture
design and performance testing.

The Superpave mix design process discussed in 6.1 originally included a procedure called Selecting a Design
Aggregate Structure (DAS) to assess the ability of multiple gradations to meet specified VMA criteria at the
design binder content. This process can be used to evaluate different aggregate combinations before or after
the initial mixture design is completed. The process can be summarized as an analysis of multiple aggregate
combinations at one estimated design binder content during a single laboratory session.

14 © EAC 20241 All rights reserved
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The following step-by-step process is conducted for each trial blend prepared. The basic DAS process is
suitable for Marshall and Superpave designed mixtures. Additional steps are required that are specific to
gyratory compacted mixtures.

Step 10 Calculate Painitial

Gmmfniriﬂf - Gmb

initial ~
Gmm :

initial

initial

P.

where
Painitar IS % air voids in the mix at Po initia
Gmoinitia 1S bulk specific gravity of the mix at Py initia
Gmminitiat theoretical maximum specific gravity of the mix at Pb initial

Step 20 Calculate VMAinitia

=100 - Gmbinitiaf X Ps

Gsb

VMA

initial

where
VMAinital is voids in the mineral aggregate at Py initial
Gmoinitiar 1S bulk specific gravity of the mix at Py initial
Ps percent is aggregate in the specimen
Gsb is bulk specific gravity of the aggregate blend

Step 30 Calculate the %Gmm @ Ngesi for gyratory compacted mixes only

%Gmm@Ndes = 100 - Pa-

initial

where
%Gmm @ Ndes is percent of theoretical maximum specific gravity at Ndes using Py initial
Painitar 1S % air voids in the mix at Ndes using Py initial

Step 50 Calculate the Correction Factor for Gmp @ Ninil for gyratory compacted mixes only

C _ Ht.@Ndes
Ht.@ Nini

where
C is the correction factor

Ht.@Ndes s a height of the specimen at Ndes

© EAC 2024 7 All rights reserved 15
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Ht.@Nini is height of the specimen at Nini

Step 60 Calculate the Gmp @ Ninii for gyratory compacted mixes only
Gmb@Nini = C % (Gmb@Ndes)

Step 70 Calculate P, estimated

Pbestimated = Pbinitiai - 04 X (40 - Vainfriaf)
where
P estimated is the asphalt content needed to obtain a mixture at the design Pa

Puiniiar IS the initial binder content of the trial blend
Painiiar IS percent air voids in the mix at Py initia

0.4 is a value derived from the slope of the Pa curve which equates to a 0.4% change in binder = 1%
change in air voids

4.0 = the design air void level
Po estimated iS an estimated value of how much binder should have been added to the trial blend to achieve the
design air voids in the compacted mixture. The following steps calculate the typica volumetric properties in the
mixture assuming that

Pb esiimated had been added to the trial blend.

Step 80 Calculate VMAestimated

VMA

estimated

=VMA,

e ¥ Cx (40— Py
where
VMAesimated IS the estimated VMA had the trial blend used Pb estimated
VMAinita Voids in the mineral aggregate at Py initial
C (Constant) isequalto 0.1if Vais less than 4.0% and 0.2 if Va is greater than 4.0%
Pa initial is % air voids in the mix at Py initia
4.0 is the design air void level
The VMA in a compacted mixture is a result of the aggregate properties, binder properties, temperature and
perhaps the most significant, the type and amount of compactive effort exerted on the specimen. Minute

changes in binder content in close proximity to the design binder content have little effect on VMA, but are
accounted for in the above-referenced C value.

=100 % (WVIAESﬁmatEd - 40)

estimated

VFA

estimated
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where
VFAestimated the estimated VFA had the trial blend used Pb estimated
VMAestimated  the estimated VMA had the trial blend used
Pb estimated 4.0 is the design air void content

Step 100 Calculate Ppe estimated

The effective asphalt binder content is calculated using

Gse — Gsb
Gse X Gsb

Ps P (Ps x Gb) x

estimated estimated

where
Pbe estimated s the estimated effective binder content had the trial blend used Pb estimated
Ps is aggregate content, percent by total mass of the mixture
Gb is specific gravity of the asphalt
Gse is effective specific gravity of the aggregate
Gsb is bulk specific gravity of the aggregate
Pb estimated is the asphalt content needed to obtain a mixture at 4.0% air voids
Step 118 Calculate Dust Proportion
The requirement for the dust proportion is calculated as the percent by mass of the material passing the

0.075-mm sieve (by wet sieve analysis) divided by the effective asphalt binder content (expressed as percent
by mass of mix).

DP — PO.[)?S
Py

€ estimated

where
Pbe estimated s the estimated effective binder content had the trial blend used Pb estimated
P0.075 is aggregate content passing the 0.075-mm sieve
Finally, for Superpave gyratory compacted mixtures:

Step 129 Calculate %Gmm estimated@Nini

%Gmme@ Nini =%Gmme Nini, ., — (4.0~ Pa, ..

estimated initial

where

4.0 = the design air void content
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6 Asphalt mix desigh methodologies

6.1 Superpave HMA Mix Design System

The Superpave system as implemented consisted of two interrelated elements: an asphalt binder specification
and a mix design system that specifies aggregate criteria and volumetric properties. The Superpave mix
design method uses a gyratory compactor to make test specimens and volumetrics to determine the optimum
binder content. Moisture resistance, and in some cases, performance testing are included to verify the
suitability of the designed mixture. Superpave is a system which rely on the principle that a pavement mixture
will not perform successfully on the roadway unless the appropriate binder and aggregate materials are
incorporated into the work.

6.1.1 Superpave materials selection and mix design criteria

6.1.1.1 Asphalt binder

The asphalt binder to be used in the mix is chosen based on environmental conditions and traffic loadings.
The grade of asphalt binder to be incorporated into the HMA is usually specified during the project design and
is not a variable considered during the mix design phase.

6.1.1.2 Mineral aggregate specifications

Superpave mix design system contain detailed aggregate requirements. The detailed mineral aggregates
characteristics are described in Annex B. Certain aggregate characteristics were essential to design a well
performing HMA. These characteristics were broken into consensus and sources characteristics as outlined
below:

a) The consensus aggregate properties
These are specified in the Superpave system are the following: coarse aggregate angularity; fine aggregate
angularity; flat and elongated particles; and clay content (Sand Equivalent). The criteria for these properties

are based on the traffic level and position within the pavement structure. Table 1 gives the requirement for the
aggregate consensus properties
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Table 1 8 Aggregate consensus properties requirement

a

Coarse Aggregate Uncompacted Void Content of Sand Flat and
20-Year Angularity (Percent), Fine Aggregate Angularity Equivalent Elongated®
Design minimum® (Percent), minimum (Percent), (Percent),
ESALs* AASHTO T 335 AASHTO T 304 minimum maximum

(in millions) (CAA) (FAA) AASHTO T 176 | ASTM D4791
<100 mm’ | >100 mmf | <100 mm > 100 mm* (SE) (F&E)
<03 55/- - 4 - 40 -
03to<3 75/- 50/- 40# 40 40 10
Jto<10 85/80° 60/- 45 40 45 10
10 to <30 95/90 80/75 45 40 45 10
=30 100/100 100/100 45 45 50 10
NOTES:

Design ESALs are 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 ESALs for 20 years and choose the appropriate
N

asign levels.

b 85/80 denotes that 85 percent of the coarse aggregate has one or more fractured faces and 80 percent has two or
more fractured faces.

¢ This criterion does not apply to 4.75-mm nominal maximum aggregate size mixtures.

d For 4.75-mm nominal maximum aggregate size mixture designed for traffic levels below 0.3 million ESALs, the
minimum Uncompacted Void Content is 40.

e For 4.75-mm nominal maximum aggregate size mixture designed for traffic levels equal to or above 0.3 million
ESALs, the minimum Uncompacted Void Content is 45.

f Ifless than 25 percent of a construction lift is within 100 mm of the surface, the lift may be considered to be below
100 mm for mix design purposes.

b) Source aggregate properties

These are requirements specific to local areas because of the variety of aggregate types available in different
geographic areas, and are not broad, all-inclusive requirements like Superpave consensus properties. Source
property tests are typically specified to set limits on aggregate properties mainly toughness, soundness and
deleterious materials. Table 2 lists some recommended source property tests and typical requirements.

6.1.1.21

Table 26 Recommended superpave source property teste and typical requirements

20-Year Design Los Angeles Sodium or Magnesium Deleterious materials*
Equivalent Single Abrasion Sulfate Soundness Clay Lumps/ Lightweight
Axle Loads (Max. %) (Max. %) Friable Particles Particles
(ESALSs in millions) AASHTOT 96 AASHTO T 104 AASHTO T 112 AASHTO T 113
<0.3 45 25 <5 <5
03to<3 40 20 <4 <4
3to< 10 30 15 <3 <3
10 to < 30 30 15 <2 <2
=30 25 <10 <1 <1
*Specific tests and property requirements to be determined locally

Gradation

Superpave graduation requirements are shown in Table 3. Control points have been established to define the
type of mix. It is important to note that the recommended gradation control points are limited in number when
compared to traditional HMA gradation specifications. The following gradation control points should be
regarded as a requirement for mixture design only. The Superpave gradation requirements shown are only
useful if the aggregates meet the consensus and source properties and the completed asphalt mixture meets
the volumetric and/or performance requirements.

© EAC 2024 7 All rights reserved
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Table 38 Superpave graduation requirements

NMAS 37.5 mm 25 mm 19 mm 12.5 mm 9.5 mm 4.75 mm
Sieve, Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.
mm % P % P % P % P % P % P % P % P % P % P % P % P
50.0 100 - - - - - -
37.5 90 100 100 - - - - -
25.0 - 90 90 100 100 - - -
19.0 - - 90 90 100 100 - -
12.5 - - - 90 90 100 100 100 -
9.5 - - - 90 90 100 95 100
4.75 - - - 90 90 100
2.36 15 41 19 45 23 49 28 58 32 67
1.18 - - 30 55
0.600 - -
0.300 - - -
0.150 - - -
0.075 0.0 6.0 1.0 7.0 2.0 8.0 2.0 10.0 2.0 10.0 6.0 13.0

6.1.1.3 Superpave mixture requirements

61131 Nini, Ndes, Nmax

6.1.1.3.1.1

Table 4 designates specified levels of laboratory compaction (density) at three different
levels of gyration based on expected traffic loading and referenced as Ninitial, Ndesign @and Nmaximum. These terms,
more commonly designated as Nini, Ndes and Nmax, refer to the number of gyrations estimated to result in
different levels of field densification. Nges is the number of gyrations specified to reach the target density of the
mix and is based on the estimated field density in the middle of its service life. Nini is a measure of the
compactability of the mix and is based on the estimated field density obtained behind the screed before
compaction. Nmax is an estimate of the final density expected in the field at the end of its service life after years

of further densification by traffic. It is capped at 98 percent for all traffic levels.

20

© EAC 20241 All rights reserved




DEAS 1207: 2024

Table 4 3 Superpave gyration compaction effort

20-Year Design | Compaction Parameters
ESALs’ Typical Roadway Applications
(in millions) Nuicat | Nacign | Nonssimam
Applications include roadways with very light traffic volumes, such
as local roads, county roads and city streets where truck traffic is
prohibited or at a very minimal level. Traffic on these roadways would
<0.3 6 S0 75 be considered local in nature, not regional, intrastate or interstate.
Special-purpose roadways serving recreational sites or areas may also
be applicable to this level.
Applications include collector roads or access streets. Medium-
03to<3 7 75 115 | trafficked city streets and the majority of county roadways may be
applicable to this level.
Applications include many two-lane, multilane, divided and partially
or completely controlled access highways. Among these are medium
30 <30 8 100 160 |40 heavily trafficked city streets, many state routes, U.5. highways and
some rural interstates.
Applications include the vast majority of the U.S. Interstate System,
both rural and urban in nature. Special applications such as truck-
=30 9 125 205

weighing stations or truck-climbing lanes on two-lane roadways may
also be applicable to this level.

the roadway.

*Laboratory compaction parameters should be based on 20-year design ESALs, regardless of the pavement design life of

6.1.1.3.1.2 The number of design gyrations was established by comparing lab-molded densities at different

gyration levels to resulting field densities. Once the design gyration levels were established, the initial and
maximum gyration levels were established by the following equations:

Nini = (Ndes )0.45
Nmax = (Ndes)l.10

Table 5 lists the specified levels of densificationalong with all of the required Superpave volumetric

parameters.
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Table 58 Superpave mixture requirements

Required Relative Density During Voids in the Mineral Voids
20-Year Mix Design, Percent of Theoretical Aggregate (VMA), Filled D""“'d:"'
Design Maximum Specify Gravity (% G,,..) Percent Minimum with Asphalt Bin
ESALs® VFA)P Ratio
. Nominal Maximum Aggregate (VFA) (DP)
(in millions) |\ Newigr N Size (NMAS), mm l;'f:‘f:; Range®
37.5 | 25.0 | 19.0 | 12.5 9.5
<03 £91.5 70-80 <
03to<3 <90.5 65-78°
3to=<10 96.0 =98.0 11.0 12.0 13.0 14.0 15.0 P 0.6-1.2
65-75 ="
10 to < 30 < 89.0
=30 65-75¢%
MOTES:

a Design ESALs are 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 ESALs for 20 years.
b For 37.5-mm nominal maximum aggregate size mixtures, the speciﬁed lower limit of the VFA shall be 64 percent for
all design traffic levels.
¢ For 4.75-mm nominal maximum aggregate size mixtures, the dust-to-binder ratio shall be 1.0 to 2.0, for design traffic
levels < 3 million ESALs, and 1.5 to 2.0 for design traffic levels = 3 million ESALs.
d For4.75-mm nominal maximum aggregate size mixtures, the relative density (as a percent of the theoretical maxi-
mum specific gravity) shall be within the range of 94.0 to 96.0 percent.
e For design traffic levels < 0.3 million ESALs and for 25.0-mm nominal maximum size mixtures, the specified lower
limit of the VFA range shall be 67 percent, and for 4.75-mm nominal maximum aggregate size mixtures, the specified
VFA range shall be 67 to 69 percent.
f For design traffic levels = 0.3 million ESALs and for 4.75-mm nominal maximum aggregate size mixtures, the specified
VFA range shall be 66 to 67 percent.
g For design traffic levels = 3 million ESALs and for 9.5-mm nominal maximum aggregate size mixtures, the specified
VFA range shall be 73 to 76 percent.

If the aggregate gradation passes beneath the specified PCS Control Point, the dust-to-binder ratio range may be

increased from 0.6-1.2 to 0.8-1.6 at the agency’s discretion.

Mixtures with VMA exceeding the minimum value by more than 2 percent may be prone to flushing and rutting. Unless
satisfactory experience with high VMA mixtures is available, mixtures with VMA greater than 2 percent above the
minimum should be avoided.

22
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6.1.2 Test equipment

6.1.2.1

Superpave gyratory compactor

The typical superpave gyration compactor consist of:

a)
b)
<)
d)

e)

reaction frame, rotating base and motor;

loading system, loading ram and pressure gauge;
height measuring and recordation system;

mould and base plate; and

specimen extruding device.

The main parameters governing the compaction effort are:

a)
b)
c)
d)
6.1.2.2
1)

2)

3)
4)
5)
6)

7

8)

9)

the vertical pressure, 600 + 18 kPa,;
the gyration angle of the mold, 1.16 + 0.02° (internal);
gyration rate, 30.0 + 0.5 gyrations per minute; and

the number of gyrations, variabled based on expected traffic level.

Additional test equipment
ovenso thermostatically controlled, for heating aggregates, asphalt and equipment;

mechanical mixer, commercial bread dough mixer 10-liter (10-gt.) capacity or larger, equipped with
metal mixing bowls and wire whips, or a 5-gallon laboratory bucket mixer;

flat-bottom metal pans for heating aggregates and conditioning mixtures;

round metal pansd approximately 10-liter capacity for mixing asphalt and aggregate;
scoops for batching aggregates;

containers, gill-type tins, beakers or pouring pots, for heating asphalt;

thermometers or other thermometric devices, 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;

10) large spatula;

11) welders gloves (or similar) for handling hot equipment; 12. paint, markers or crayons, for identifying

test specimens;

12) paper disks, 150 mm, for compaction;

13) fans, for cooling compacted specimens; and
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14) computer/printer for data collection and recording.
6.1.3 Specimen preparation and compaction

6.1.3.1  Preparation of aggregate
The following samples must be prepared to conduct a Superpave mix design:
a) a minimum of 8 specimens to be compacted to Ndes;
b) a minimum of 2 specimens for maximum theoretical specific gravity (Gmm) testing;

c) a minimum of 6 specimens with a height of 95 mm. These samples require approximately 3,700
grams of aggregate for moisture sensitivity testing.

d) a minimum of 2 specimens for Nmax verification; and
e) any other samples required for specified performance testing.

Three aggregate sample sizes are used in conducting a Superpave mix design, depending on their final use.
For compacted Gmp samples, the specimen size is 150 mm (diameter) by 115 mm (height) and requires two
samples of approximately 4,700 grams of aggregate to be prepared for each trial asphalt content tested plus 2
additional specimens for Nmax Vverification testing.

A minimum of two samples need to be prepared for determination of maximum theoretical specific gravity
(Gmm). These samples remain uncompacted, and their size varies by the nominal maximum aggregate size
(NMAS) of the mixture and ranges from 1,000 to 2,500 grams. These samples will be mixed at an asphalt
binder content at or above the final estimated design binder content. The Gmm values for the remaining trial
binder contents may be back-calculated according to the equations shown in clause 5.

6.1.3.2 Preparation of binder

Samples of asphalt binder to be used in the mix design shall be representative of the materials to be used in
the project and should be of a size that is manageable in the laboratory. Care should be taken not to overheat
the binder nor maintain elevated temperatures for an extended period of time. The mixture design will require
the molding of mixture specimens at a minimum of four different binder contents. It is recommended that
specimens be molded at the anticipated design binder content and at 10.5, +0.5 and +1.0 percent binder
bracketing the anticipated design binder content.

6.1.3.3 Laboratory mixing and compaction temperatures

The mixing and compaction temperatures shall be determined according to Annex A. Preheat the aggregate
samples in an oven set approximately 15°C higher than the mixing temperature. Two to four hours are
required for the aggregate to reach the mixing temperature. Preheat the asphalt binder to the predetermined
mixing temperature.

The time required for this step varies depending on the container size and method of heating. Care should be

taken to adjust the preheating time in a manner that does not expose the binder to elevated temperatures for
an extended period of time.

6.1.3.4  Preparation of mixtures
a) Place the hot mixing bowl on a balance and zero the balance.
b) Charge the mixing bowl! with the heated aggregates and mix thoroughly.

c¢) Form a crater in the blended aggregate and weigh the required asphalt in the mixture to achieve the
desired batch weight.
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d) Remove the mixing bowl from the scale and mix the asphalt and aggregate using a mechanical mixer.
e) Mix the specimen until the aggregate is thoroughly coated (307 90 seconds).
f)  Place the mix in a flat shallow pan at an even thickness ranging between 25 and 50 mm.

g Place the mix and pan in the conditioning oven
temperature £ 3°C.

h) Condition the prepared mixture in accordance with (Annex A)
i) Repeat this procedure until the desired number of specimens is produced.

j) Proper timing of the gyratory compaction steps can be achieved by spacing approximately 20 minutes
between mixing each specimen.

k) At the end of the short-term aging period, proceed to ASTM D2041 if the mixture is to be used to
determine maximum theoretical specific gravity. Otherwise, proceed with compaction.

6.1.3.5 Compaction of volumetric specimens

6.1.3.5.1 Molding procedure for specimens at a specified number of gyrations

6.1.3.5.1.1 Prepare at least two replicate specimens for each trial binder content at the Nges gyration level.
Gmb specimen heights after compaction should be 115 + 5 mm. Generally, placing approximately 4,700 grams
of mixture into the mold for blends with aggregate specific gravities between 2.55 and 2.70 will result in a
compacted specimen meeting height requirements.

6.1.3.5.1.2 Prepare the SGC while the mixture specimens are conditioning in the oven. Turn on the main
power to the SGC for t he man wp peaiddu Fueherbpsepanatmms cnolude
verifying the compaction pressure of 600 kPa, verifying the gyration internal angle of 1.16°, and verifying the
gyration speed of 30 revolutions per minute. Set the SGC to the proper number of gyrations according to
Table 4. Lubricate any bearing surfaces according to manufacturer instructions.

6.1.3.5.1.3 Approximately 45 to 60 minutes before compaction of the first specimen, place the molds and
base/top plates in an oven set at the compaction temperature. Remove the mold and base plate from the
oven, place the base plate inside the mold and place a paper disk (to prevent the mix from sticking to the base
plate) on top of the base plate.

6.1.3.5.1.4 Place the conditioned mixture at the compaction temperature in the mold in one lift using a
material handling chute, taking care to avoid segregation of the mix. Level the mix, place another paper disk
on top of the mix and place the top plate (if required) in the mold. Load the charged mold into the SGC,
centering it under the loading ram.

6.1.3.5.1.5 Depending on the SGC make and model, the following steps will either be performed
automatically after pressing a fAstartd button or

a) Lower the loading ram until it reaches a pressure of 600 kPa;

b) Apply the 1.16° angle; and

c) Proceed with gyrations to the preset number.
During compaction, the ram loading system will maintain a constant pressure of 600 kPa. The specimen
height will be continually monitored during compaction, and a height measurement is recorded after each

gyration.

The compactor will cease compacting after reaching the user-specified number of gyrations, the angle of
gyration will be released and the loading ram will be raised. Remove the mold containing the compacted
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specimen from the compactor and slowly extrude the specimen from the mold. Most mixes can be removed
immediately, but some mixes may require a 5- to 10-minute cooling period before they can be removed
without distortion.

6.1.3.5.1.6 Remove the paper disks from the top and bottom of the specimen and then allow the specimen
to cool on a flat surface, undisturbed. Place the mold and base/top plates back in the oven to reach
compaction temperature for the next specimen. Additional molds will avoid the delay caused by this step.

6.1.3.5.1.7 Repeat the compaction procedure for each specimen. Identify each specimen with a suitable
marker.

6.1.3.5.2 Molding procedure for specimens at a specified height

6.1.3.5.2.1 The actual mol ding procedure is the same, excep
i nst eaNdmberfof i gy r aode.drhis will cause the molding process to stop after reaching the
specified height, rather than stopping after a specified number of gyrations.

6.1.3.5.2.2 Some procedures, call for specimens to be molded to a specific height with a specific
percentage of air voids. To accomplish this, the designer must determine the appropriate mass of asphalt
mixture to place in the mold that will result in the proper air void content at the proper height.

6.1.3.5.2.3 There are multiple ways to make this determination. One method requires the designer to mix
and mold two extra specimens. A slightly higher-than-the-finalanticipated mass is placed in one mold and a
slightly lower-than-the-final anticipated mass is placed in the other. After each specimen is molded to the
specified height, the first specimen will have slightly lowerthan- target air voids and the second specimen will

have slightly higher-than-target air voids. The designer can then interpolate the masses to achieve the proper
air voids.

6.1.4 Superpave data analysis

6.1.4.1 Determine %Gmm at Ninifor each binder percentage

An additional step unique to Superpave is the calculation of %Gmm at Nini, Ndes and Nmax. Using the data
provided by the SGC, an estimated mixture bulk specific gravity, Gmb,esimated, can be calculated based on the
diameter of the mold and the height of the specimen. This Gmb.esimated Value can be calculated for every
gyration. The final product of the compaction process is an actual specimen with known height at Ndes.

Step 10 Obtain the height of the Specimen at Ndes (hndes).

Step 20 Obtain the height of the Specimen at Nini (hnini).

Estimating the Gmbestmated at Nini using the smooth mold dimensions would not account for surface
imperfections in the sample. These surface imperfections are accounted for when the sample compacted to
Ndes is actually weighed in the lab. By using the following correction factor, the estimated Gmb at Nini can be
more accurately calculated.

Step 30 Calculate the correction factor C, as follows:
C = hNdes / hNini
Step 40 Calculate Gmb, estimated @ Nini

G @ Nini = C X Gmb@ Ndes

mb, est

Step 56 Determine the average Gmo @ Nini  value for each trial binder content.
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Step 60 Calculate %GmmVvalues as follows:

6.1.4.2 Superpave volumetric analysis

The remaining volumetric properties for Pa, VMA, VFA, Pve and DP are calculated as shown in Clause 5. The
results are plotted to provide curves of asphalt content versus %Gmm @ Nini, % Gmm @ Ndes, air voids (Pa),
voids in the mineral aggregate (VMA), voids filled with asphalt (VFA) and dust proportion (DP).

6.1.5 Design asphalt binder content

After the data have been plotted, the designer will pick an asphalt binder content that will provide 4.0 percent
air voids at Ndes, Which is equal to 96.0 percent Gmmendes. The designer must then verify the mixture conforms
to the specifications by determining the values for percent Gmmenini, Voids in the mineral aggregate (VMA),
voids filled with asphalt (VFA) and dust proportion (DP) from the other curves. The recommended Superpave
volumetric mixture design requirements are shown in Table 5

6.1.6 Nmax determination

The Nmax parameter must be determined and verified that the Gmmenmax does not exceed 98 percent. Early
versions of the Superpave mix design system required designers to compact all of the mixture specimens
discussed above to Nmax. The values for Nini and Naes are then both back-calculated as was discussed for Nini.

The average of these two sets of data will be used to directly calculate the %Gmmenmax. Verify that the result is
less than 98 percent of the Gmm at the design binder content.

6.1.7 Moisture sensitivity testing

The next step in the mixture design process is to conduct moisture sensitivity testing. The mixture must meet
all of the aggregate and volumetric criteria prior to proceeding. All samples prepared for performance testing
will be mixed at the design binder content determined. The Superpave system requires that the designed
mixture meet the specified moisture sensitivity requirements.

6.1.8 Performance testing

Although not a formal requirement of the Superpave design system, it is recommended that strong
consideration be given to conducting some type of additional mixture performance testing, especially on
critical, high volume projects.
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