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Hot Mix Asphalt
Mix Design

In simplest terms, hot mix asphalt (HMA) is nothing more than a combination of
rocks and asphalt. The rock provides the skeleton and the asphalt provides the
glue or “muscles” to hold the skeleton together. The skeleton must carry the
weight while the muscles must be strong enough to hold the skeleton in place but
still be flexible.

Over the last one hundred years, engineers and technicians have observed that
certain combinations of rocks and asphalt work well while others do not. Those
who purchase HMA have taken those observations and turned them into
specifications or requirements that the HMA is expected to meet. Today, the
producer of HMA must be able to prove that he will deliver a product that meets
the requirements for the job. That proof is often called the “Job Mix Formula”
(JMF) or “Mix Design”.

The JMF is the proportions of the aggregates to be used and the amount of
asphalt to add. These proportions are established by testing various
combinations in the laboratory until one is found that meets all the requirements.
On the surface, this sounds simple, until one considers how many combinations
of various aggregates are possible and how many requirements must be met.
Not all jobs have the same requirements and more than one aggregate is usually
needed. Over the years the requirements have become more stringent and more
numerous, while the number of high quality aggregate sources have dwindled.

Of course, the most important requirement from the HMA producer’s point of
view is to make money while supplying a product that meets the purchaser’s
needs. The JMF can have a significant effect on the costs associated with the
production of the HMA. The mix designer, therefore, can affect the HMA
producer’s bottom line. This places the mix designer in a difficult position, where
costs must be minimized but a certain level of quality must be maintained.

Add to this the fact that most JMF’s require some adjustment during plant
production in order to maintain the required quality, and the complexity of the mix
designer’s job becomes obvious. The purpose of this training course is to help
the student sort through these complexities and learn how to balance conflicting
expectations while designing a mixture that will produce a durable pavement.
Simple!!!
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Hot Mix Asphalt (HMA)
Mixture Design

Course Objectives

* Identify the major steps in HMA mix design
* Perform the steps hands-on
+ State the reasons we do a mix design

Purpose of Mix Design

* What is a HMA mixture?
* What is a mix design?
* Find a starting point

* Prove the selected materials will meet
specs.

* Get the most economical blend (maximize
profit)

* Build a good road
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Purpose of Mix Design

¢ What is a HMA mixture?

— A skeleton (aggregate) to provide structure and
glue (binder) to provide flexibility and hold the
skeleton together.

Purpose of Mix Design

* What is a mix design?

Purpose of Mix Design

* Find a starting point
— Recipe
* Proportions of materials




Purpose of Mix Design

* Prove the selected materials will meet the
specs.
— Standard Specifications
— Supplemental Specifications
— Other Documents
— Developmental Specifications

Purpose of Mix Design

» Standard Specification 2303
— Hot Mix Asphalt Mixtures

* Description
* Materials
« Construction

— Quality Control Program
* Method of Measurement
* Basis of Payment

Purpose of Mix Design

+ Standard Specification 4127
— Aggregate for Hot Mix Asphalt
« Standard Specification 4137
— Asphalt Binder
* General Supplemental Specifications
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Purpose of Mix Design

 Other Documents
— Addendums
— Proposal
— Special Provision
— Plans
—IMs

Purpose of Mix Design

* IMs
— LLM. 500 Terminology
— LLM. 501 Equations
— M. 510 Mix Design
— M. 511 Quality Control

Purpose of Mix Design

* AASHTO M332
— Asphalt Binder

» Combined State Binder Group Document
— Asphalt Binder
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Purpose of Mix Design

* Get the most economical blend (maximize
profit)
— Mixture and binder are paid for separately
— Aggregate costs

Purpose of Mix Design

* Build a good road
— Durability
— Low Maintenance
— Rutting
— Fatigue
— Low Temperature Cracking

1-7
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Materials Overview

As stated earlier, HMA is just a combination of rocks (aggregates) and asphalt. It
is logical to start with a look at these two types of material before examining the
combination of them. Over the years, specifications have been developed for
each of these materials that help insure the quality of the combination. Both of
these are naturally occurring materials but require some processing before they
can be used in HMA. Asphalt binders usually require more processing than
aggregate does.

While there are deposits of asphalt binder that require very little processing such
as Trinidad Lake asphalt, most asphalt binders are produced from the refining of
crude oil. Over the years, various methods have been used to extract gasoline
and other volatile components from crude oil. Distillation is one common
method. After the lighter (more volatile) compounds are distilled off what is left is
the dark, high molecular weight, “tar like” substance called asphalt. Different
methods of refining and different sources of crude oil create different asphalt
binders.

What is important to understand about asphalt binder is: it must be liquid enough
to mix and coat aggregate at a high yet reasonable temperature but solid enough
at normal temperatures to act as the glue in the pavement. Prior to 1997, asphalt
binders were specified based on penetration or viscosity. Mix designers
understood that a stiffer binder (higher viscosity or lower penetration) was
needed in hot climates and with heavy axle loads. Very little was known about
low temperature properties, however, except that softer binders cracked less in
cold weather. This illustrates the first dilemma faced by those who must specify
what they want from an HMA pavement. A stiff binder should be used to resist
the effects of hot summer temperatures while soft binder should be used to resist
cracking in the winter. Can both properties be achieved?

The Performance Grading (PG) system was developed to help address the often
conflicting requirements for asphalt binders. Unlike the old penetration or
viscosity grading systems, the PG system looks at the asphalt binder’s behavior
at high, intermediate and low temperatures. Thus giving the specifier the tools
needed to get the desired product. Under the PG system, the high temperature
behavior, the low temperature behavior and the traffic level are specified, for
example, PG 58-28H. The intermediate temperature is addressed in the testing
for the specified grade. So now the specifier can require an asphalt binder that
has the needed stiffness at high temperatures as well as the needed flexibility at
low temperatures and base these requirements on the local climate and axle
loadings.

Aggregates are processed in two basic ways. Some aggregates are simply dug
from the earth and sized or processed. These are referred to as “natural” sands
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and gravels. Sometimes these natural aggregates are crushed to enhance their
properties for use in HMA. The other type of rock is produced from quarries
where the deposits are massive and must be blasted first before processing. All
quarried aggregates are crushed, as this is the only method available to reduce
the size of the rocks to a usable range. Crushed aggregates are often refered to
as “manufactured” aggregates. For example, sand produced from crushing rock
is called “manufactured sand” or “man sand” for short.

Crushing aggregates often generates large quantities of fine dust in the material.
While some dust is needed in a good HMA mixture, too much dust can lead to
problems. For this reason, some aggregates need to be washed before they can
be used. Itis important to remember that every additional step added to the
processing of the aggregate adds to the cost. That is why natural sand is usually
a cheaper material than a crushed limestone and a washed chip is more
expensive.

The other factor that impacts costs is transportation. Haul costs are often the
controlling factor in the total cost of an aggregate. It is, therefore, desirable to
use the locally available aggregates as much as possible. In some areas there
are numerous sources of aggregate, in other areas the nearest source may be
several counties away. The mix designer often has some latitude in selecting
which aggregates to use, but not in all cases. Sometimes the estimator who
drew up the bid for the job has based the bid on the use of one or two particular
sources for the aggregate. In this situation, the mix designer is faced with the job
of “making it work” even if another aggregate source might work better.

There are several specifications that aggregate for HMA must meet. The ones
most important to the mix designer are called the “consensus properties”. These
four properties are: fine aggregate angularity, coarse aggregate angularity, flat
and elongated particles and sand equivalent. lowa uses three of these
properties but substitutes crushed particle content for the coarse aggregate
angularity. All of these consensus properties are required to be met by the
combination of aggregates. It is beneficial to the mix designer, however, to know
what these properties are on the individual stockpiles of aggregate proposed for
use. That way, the mix designer can estimate what the properties of the
combined aggregate will be and can evaluate several combinations without
additional testing.

There are a number of specifications that apply to the source of the aggregate.
These include limits on deleterious materials such as clay balls, shale, sticks etc.
Chemical, freeze-thaw and abrasion testing is also performed on the source
materials. These are often refered to as quality tests. The mix designer needs to
be aware of these requirements because the quality of the aggregate is one of
the specifications that applies to all mix designs. In lowa there are two levels of
quality; Type A aggregate is the highest quality and is specified for high traffic
pavements and Type B aggregate is used in base mixtures, many secondary
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road and low traffic pavements. The mix designer must use care to be sure the
right aggregates are being used. Some projects may require Type B aggregates
for the base mix and Type A for the surface. Also, some sources can produce
both a Type A and a Type B aggregate depending on which beds they are
working. The possibility of confusion is obvious. One thing to remember, a
higher quality aggregate can always be substituted for a lower quality aggregate,
but the reverse is not true. In other words, when a Type B aggregate is specified
a Type A aggregate may be used but when a Type A aggregate is specified a
Type B aggregate may not be substituted.

The other aggregate properties that the mix designer finds important are
gradation, specific gravity and absorption. The range of allowable gradations of
the combined aggregate is specified, however the gradations of the individual
stockpiles can be anything as long as it will combine with other stockpiles to
produce an acceptable gradation. Control of the stockpile gradations is based on
an agreement between the aggregate producer and the contractor as
documented on Form 955. The DOT monitors the production of the aggregates
to be sure they are the right quality and the gradation conforms to the agreed
production limits. The aggregate producer also performs a sieve analysis on a
regular basis and can provide to the mix designer the average gradation of the
stockpile as it was produced. The mix designer should check with the District
Materials Engineer (DME) who monitors the source to confirm that the average
gradation agrees with the monitor tests before selecting blends of aggregate for
trial mix testing. If the mix designer submits a JMF for approval without
confirming the gradations, the DME may reject the design if the monitor tests
show the gradation of the stockpile is significantly different from the average
provided by the producer. The importance of knowing the actual gradation of the
stockpile cannot be overemphasized. All of the laboratory work could be wasted
effort if the gradations are not correct.

Specific gravity and absorption are properties the mix designer must measure on
each of the individual aggregates to be used. There is a specification limit on
water absorption of 6.0%. This value is checked by the Central Laboratory in
Ames on the samples taken at the source during production. The reason the mix
designer performs this test is to determine the bulk dry specific gravity of the
aggregates and to give the computer program SHADES the information it needs
to help predict mixture characteristics. Obtaining accurate specific gravities is
essential to the mix designer because many of the calculations employ specific
gravities to obtain volumes. The specific gravities shown in the General
Aggregate Source Information, IM T203, are not correct for use in HMA mix
designs they apply only to PC mixtures. At this time, only a few aggregate
producers perform this test, so it is up to the mix designer to determine the
specific gravity and absorption.
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Materials Overview

Asphalt Binder
Aggregates

Materials Overview Objective

* Name the two major ingredients in Hot Mix
Asphalt.

+ List the 10 important aggregate properties.

Materials Overview — Binder
ESAL Comparison

80 kN 100 kN 44 kN
18,000 Ib. 22,000 Ib. 10,000 Ib.

2.2 .09
ESAL ESAL
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Materials Overview — Binder

LD

|
© ©
67 kN 27 kN
15,0001b + 6,000 Ib =
0.48 ESAL 0.01 ESAL

\ [T
Y
oJlo o,0Rlo=
151 kN 151 kN 54 kN
34,000 Ib + 34,000 1b +12,0001b =
1.10 1.10 0.19

Materials Overview — Binder

* Where does asphalt binder come from?
— Refining process
* Why does it work in HMA?

— Provides stiffness and elasticity to pavement

Materials Overview — Binder

\ Q 1 hour
@\ thour u 10 hours




Materials Overview — Binder

Stiffness Response
to Load

viscous
elastic fluid
solid

-30 25 60 135
Temperature, C

elastic

viscous

Materials Overview — Binder

PG grading system
Fatigue éaw ]Z"emp
Construction Rutting Cracking rac /mg

==/ / / [DTT]
ﬂ [RV] g [DSR] g [BBR] §

Pavement Age RTFO

PAV

Materials Overview — Binder
Asphalt Binder Specification

* Grading System Based on Climate

PG 58 -22

Performance Average 7-day Min pavement
Grade max pavement  design temp, °C
design temp, °C




Materials Overview — Binder
Performance Grades
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% >1.00 kPa (Oynamic Shear Rheometer) DSR G'isins
o = ) o o 5 xz

=2 > 220kPa

20 Hours, 2.07 MPa | _» 0 m " wam | waw | moai
(ynamic Shear Rheomoter) DSR o' sin
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Rheometer) BBR “S” stiffness & “m

s <300 wPa €3 m>0:300 (5
I e [ Ll LEEEEELE R IEPEREEEE
Report Value (Bending Beam Rncomster) BBR Physical Har
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Materials Overview — Binder

Spec Requirement
Remains Constant

* How the Spec Works

Dynamic Shear, T315: © /

G*/sin 8, Min 1.00 kPa 52 58,
Test Temp @ 10 rad/sec \ /

Test Temperature
Changes

PG Binder Grades

Ames, 1A
PG 58 (987% reliability)

PG 52 (50 % reliability)

PG grades - six degree increment;

Hi:iiiiillllllllllllll
-40 -30 -20 -10 O 10 20 30 40 50 60 70
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PG 58 -XX PG XX -34
PG 64 -XX PG XX -28
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-. . LI R Wi /I \: e ;"'.".’--—
HA ST L S )
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Materials Overview — Binder
Miscellaneous Spec Requirements

* Pumping and Handling

— Rotational or capillary viscometer

— Controlled by unaged binder vis @ 135 C< 3 Pa-s
+ Safety

— Flash point by COC

— Controlled by flash point > 230 C
* Aging During Hot Mixing/Construction

— RTFO

— Controlled by mass loss < 1.00%

Binder Example

PG58-28V

PG58-28H . V
Very
High
Traffic

et High

4 Traffi
Standargd

Traffic

PG58-28S




New Test

* AASHTO M332 — Multiple Stress Creep Recovery
(MSCR)

*Same equipment

Spindie
Position
B
}1—,‘ A Time
c
B A c
080y, y =100% * Peak Strain - Unlet.:mlemd Strain
0.70 Peak Strain
G40 0.300 - 0.197
= - 9 = .T%
r 0.50 Recovery = 100% 2,900 4.3
@ 040
030 ..C_.._........._u_}m
020 0.197
0.10 £ Cycle 1 Unrecovered
1 (permanent) strain
0
0 5 0 15 20 25 30 35 40
Time, seconds A
e detv e T
0.80 i (=
2 ;g P Unrecovered Strain
nr=
E i Stress
£
@ 040
030 0.300
020 Sl---—|—u,1'37
010 E Cycle 1 Unrecovered
(permanent) strain
0

0 5 0 15 20 25 30 35 40
Time, seconds A
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Mew Binder “Bumping” Designations

k& = Standard TrafMc
=18 EBMLE gogd
=45 mph

FH = High Traific

1-10M ESALS gT
15-45 mph

P = W ery High Traffic
=10M EBALE QT
% 15 mph

¥ E = Exiremnisly High Tra®ic
=10M E2ALS gog
% 15 mph

28°C (98% Confidence)

There I5 a Jov Probability the highest 7—day

pavement temperature in lowa will not excesd
59.7°C

PGSE-XX Meets the Performance for the Climate

Materials Overview — Binder

= Specific Gravity @ T7°F
— From supplisr

= Pz Grade Selection
— Azency specifies
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Materials Overview — Binder

Important Asphalt binder features
* Crude source

* PG Binder Grade
— Temp/load/aging

For additional information on PG binder
testing, see the end of this chapter.

Materials Overview — Aggregate

» Aggregate is the skeleton of the pavement.

Materials Overview — Aggregate
Sources Available

¢ Underwater Sources
— Natural Sands and Gravels
« Rivers and Lakes

« Barge-mounted dredges, draglines, scoops,
conveyors or pumps

« Relatively clean




Materials Overview — Aggregate
Sources Available

 Land Sources
— Natural Sands and Gravels
« Gravel or sand pits
* Bucket loader
¢ As is —no wash

Materials Overview — Aggregate
Sources Available

* Quarried Sources

— Crushed stone and rock
« Blasting required
¢ Crushing required
« Blend of formation ledges

Materials Overview — Aggregate
Aggregate Processing

+ Excavation

* Crushing

+ Sizing

* Washing

* Transportation

Geology and processing/handling can affect
aggregate properties
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Materials Overview — Aggregate
Excavation

Materials Overview — Aggregate
Excavation

Materials Overview — Aggregate
Crushing




Materials Overview — Aggregate
Crushing

River Gravel Partially Crushed
River Gravel

Materials Overview — Aggregate
Sizing

Materials Overview — Aggregate
Washing

* Some aggregates require washing to remove
excess fines.
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Materials Overview — Aggregate
Transportation

Materials Overview — Aggregate
Transportation

Materials Overview — Aggregate
Transportation
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Materials Overview — Aggregate
Costs

» All of these factors impact the cost of the
aggregate.
— Excavation
— Crushing
— Sizing
— Washing
— Transporting

Materials Overview — Aggregate
Important Aggregate Properties

Consensus Properties Source Properties
* Shape » Deleterious Materials
+ Texture * Toughness
* Cleanliness * Soundness

» Specific Gravity
Gradation + Absorption
* Size * Friction

Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture
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Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture
* Influences
— Strength/stability
— Compactibility
* Best interlock from angular, cubical
aggregates

« Easier to compact with rounded aggregates.

Less stability

Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture
* Rough texture
— Stronger adhesion and skeleton
— Harder to lay and compact
* Smooth texture
— Easier to coat and compact
— Lower adhesion and strength

Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture

» Coarse Aggregate Angularity

— Crushed Content
 Fine Aggregate Angularity

— Gyratory design only

— Also depends somewhat on surface texture
* Flat and Elongated Particles

— Gyratory design only




Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture

* Percent Crushed Fragments in Gravels

— Minimum values depended upon traffic level
and layer (lift) of the pavement

— Quarried materials always 100% crushed

— Crushed gravel defined as % mass with one or
more fractured faces

Materials Overview — Aggregate
Consensus Aggregate Properties
Shape and Texture

* Percent Crushed Fragments in Gravels

0% Crushed 100% with 2 or More
Crushed Faces

G-
R

Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture
» Coarse Aggregate Angularity
— Measured on + No. 4 (4.75 mm) material
— Based on Fractured Faces

« Fractured surface larger than O OO

25% of aspect ratio ,:

~ ASTM D 5821 > @
2

— Spec Requirements depend on
* Depth of layer within pavement
* Traffic level

* Not used in lowa
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Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture
» Fine Aggregate Angularity

— Measured on — No. 8 (2.36 mm) material

— Based on Air Voids in Loose Sample «;“O;g
— AASHTO T 304 L=\

— Requirements depend on
* Depth of layer within pavement
« Traffic level

Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture
» Fine Aggregate Angularity

funnel

\ .— fine aggregate sample

cylinder of known volume (V)

measured / uncompacted voids =
mass
V- M/Gy
\M —— x100%
v

Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture
[ (]
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Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture

* Flat and Elongated Particles
— Measured on + No. 4 (4.75 mm) material
— Based on dimensional ratio of particles
« Ratio of max to min dimensions <5
— ASTM D 4791
— Requirements depend on
« Traffic level

Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture
* Flat and Elongated Particles
— ASTM D 4791 @
« Flat or elongated
« Total flat and elongated
— Gyratory

« Flat and Elongated
* Maximum to minimum dimension (5:1)

Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture
* Flat and Elongated Particles \ﬁ

Minimum
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Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture ﬁ
* Flat and Elongated Particles

Minimum

Materials Overview — Aggregate
Consensus Aggregate Properties

Cleanliness

* Clay Content
— Measured on — No. 4 (4.75 mm) material
— Based on Sand Equivalent Value .
— AASHTO T176 (
— Requirements depend on
traffic level
— How dirty is the sand?

Materials Overview — Aggregate
Consensus Aggregate Properties

Cleanliness

* Clay Content (Sand Equivalent Test)
— AASHTO T176, ASTM D2419

« Used to estimate the relative proportions of fine agg.
and clay-like or plastic fines and dust.

2-22




Materials Overview — Aggregate
Consensus Aggregate Properties

Cleanliness
* Clay Content (Sand Equivalent Test)

SE= Sand Readin:
Clay Reading x100
yculating Solution
1 Clay Reading «— Suspended
Clay
| Sand — Sedimented
Reading
= Aggregate

Materials Overview — Aggregate
Consensus Aggregate Properties

Cleanliness
* Clay Content (Sand Equivalent Test)

Bottle of Solution on Shelf
Above Top of Cylinder

Hose and
Irrigation Tube

Measurement Rod

Materials Overview — Aggregate
Important Aggregate Properties

Consensus Properties Source Properties
 Shape ¢ Deleterious Materials
» Texture » Toughness
* Cleanliness * Soundness

* Specific Gravity
Gradation + Absorption
+ Size * Friction
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Materials Overview — Aggregate
Source Properties

Deleterious Materials

* Clay Lumps and Friable Particles
— ASTM C 142

— Dry a given mass of agg., then soak for 24 hr.,
and each particle is rubbed. A washed sieve is
then performed over several screens, the
aggregate dried, and the percent loss is reported
as the % clay or friable particles.

Materials Overview — Aggregate
Source Properties

Toughness
» Los Angeles Abrasion
— AASHTO T96, ASTM C131
— Resistance of coarse agg. to abrasion and mechanical
degradation during handling, construction and use
+ Aggregate of standard gradation subjected to
damage by rolling with prescribed number of steel
balls in large drum for a given number of rotations

* Result expressed as % change in original weight

Materials Overview — Aggregate
Source Properties

Toughness

* LA Abrasion Test

* Approx. 10% loss for extremely hard igneous rocks
» Approx. 60% loss for soft limestones and sandstones
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Materials Overview — Aggregate
Source Properties

Soundness
+ Estimates resistance to weathering by a
freeze/thaw process
— The result is identified by the quality (A or B)

Materials Overview — Aggregate
Source Properties

Soundness

Before

Materials Overview — Aggregate
Specific Gravity

* Used as a bridge betygeen mass and volume.
+ Will be discussed in degil later.
* IL.M. 380

Most Critical

Aggregate Test
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Materials Overview — Aggregate
Absorption

» Porous aggregate absorbs asphalt
— Dry, less cohesive mix
— Expensive
« Difficult to design for highly porous
aggregates
+ Standard Specification 2303.02D
— Max binder content

Materials Overview — Aggregate
Friction

+ Estimates the ability of an aggregate to
resist polishing.
— Based on grain size and hardness.

» Spec 2303.02

* Type 2,3, or 4

— Type specified by traffic volume and
speed

Materials Overview — Aggregate
Important Aggregate Properties

Consensus Properties Source Properties

Gradation
* Size
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Materials Overview — Aggregate
Size

» Coarse Aggregate

— Retained on No. 4 (4.75 mm)  ASTM D692
* Fine Aggregate

— Passing No. 4 (4.75 mm) ASTM D1073
* Mineral Filler

— At least 70% passing No. 200 ASTM D242

(0.075 mm)

Materials Overview — Aggregate
Size

* Size Distribution — sieve analysis or
gradation

— The distribution of particle sizes expressed as a
percent of total weight.

— Determined by sieve analysis

Materials Overview — Aggregate
Gradation

Individual Sieve Stack of Sieves

2-27




Materials Overview — Aggregate
Gradation

Stack in
Mechanical
Shaker

Materials Overview — Aggregate
Gradation

Standard Aggregate Sieves

2 in. (50 mm) No. 8 (2.36 mm)

1 1/2 in. (37.5 mm) No. 16 (1.18 mm)

1 in. (25 mm) No. 30 (0.6 mm)
3/4 in. (19 mm) No. 50 (0.3 mm)

1/2 in. (12.5 mm) No. 100 (0.15 mm)
3/8 in. (9.5 mm) No. 200 (0.075 mm)

No. 4 (4.75 mm)

Materials Overview — Aggregate
Gradation

0.45 Power Grading Chart

Percent Passing
100

80

60 Example:

40 4.75 mm sieve plots at (4.75)%4 =2.02

20

0

1 2 3
Sieve Size Raised to 0.45 Power

2-28




Materials Overview — Aggregate
Gradation

Percent Passing (.45 Power Grading Chart

100 —

80

max
size

60
40

20 . ..
S maximum density line

0

0 #200 #50 #30 #16 #8 #4 38" 1/2” 3/4”
Sieve Size Raised to 0.45 Power

Materials Overview — Aggregate
Gradation

* Use 0.45 Power Gradation Chart D
* Blend Size Definitions

— Maximum size

— Nominal maximum size
* Gradation limits

— Control points

00000

Materials Overview — Aggregate

Gradation

100 - Aggregate Size Definitions
19(:)0 — Nominal Maximum Aggregate Size
72 * One size larger than the first sieve to
65 retain more than 10%

48 — Maximum Aggregate Size

36 * One size larger than nominal maximum
22 :

size

15

9

4
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Materials Overview — Aggregate

Gradation
Percent Passing
100 [] ]
L}
W
ée‘\r,\“i
ot
| |
nom max
control point max size
- size
L
0 L)
#200  #50 #8 #4 3/8” 1/2"  3/4”
Sieve Size (raised to 0.45 power)

Materials Overview — Aggregate

Gradation
Percent Passing
100 - a
. -
.
o~ Design Aggregate Structure
n
#200 #50 #8 1/2”  3/4”

Sieve Size Raised to 0.45 Power

Materials Overview — Aggregate
Gradation

Gyratory Size Designations

Gyratory Nom Max Size, Max Size,
Designation in. in.
1172~ 112 2
1” 1 112
3/4” 3/4 1
1/2» 172 3/4
3/8” 3/8 1/2
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Materials Overview — Aggregate
Important Aggregate Properties

Consensus Properties Source Properties

Gradation

Materials Overview Objective

+ Name the 2 major ingredients in Hot Mix
Asphalt.

* List the 10 important aggregate properties.
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Mix Behavior

All pavements have a life cycle. HMA pavements are subject to numerous
distresses over their life cycle. Different distresses appear at different times
during the pavements life. HMA pavements are subject to rutting, stripping and
thermal cracking early in their life. The specifications are intended to prevent
these distresses, but the mix designer can help also. It is important to
understand that the current specifications do not truly predict the performance of
the pavement. It is still possible to design a “bad” mix that will meet all the
specifications. With this in mind, what can the mix designer do to help?

Rutting and shoving often occur the first time the pavement is exposed to a week
of hot weather. Rutting is plastic behavior where the HMA displaces either
sideways or down in the wheel tracks under the tire loads. Shoving is similar but
is always sideways movement. Flushing often accompanies this distress.
Flushing is the asphalt binder being squeezed out of the mixture and depositing
on the surface of the pavement. Rutting is often the most important distress to
prevent because it can lead to hydroplaning and becomes a public safety issue.
Angularity, crushed content, voids and asphalt binder stiffness all play a role in
preventing rutting. The mix designer needs to be sure that the angularity of the
combined aggregate meets the requirements for the traffic level expected.

Stripping can also be a catastrophic failure early in a pavements life. Stripping is
the loss of adhesion between the asphalt and the rock. When this happens, the
action of the traffic when water is present on the road causes the asphalt to come
off the aggregate. Since the asphalt is the glue, when it is gone the pavement
becomes a granular material with nothing to hold it in place; it literally falls apart.
Stripping is usually only a problem with siliceous aggregates like quartzite,
granite or steel slag. When dealing with these types of aggregate, the mix
designer may need to put additives in the mix to enhance the adhesion of the
asphalt to the rock.

Thermal cracking is caused by the shrinking of the pavement in cold weather.
Some pavements show none of this distress until they experience an extremely
cold winter. Thermal fatigue can also occur due to the repeated expansion and
contraction of the pavement with temperature changes. This is primarily related
to the asphalt binder properties. The grade of binder to be used is normally
specified in the contract, so the mix designer can do little to prevent this type of
distress.

There are other distresses HMA pavements experience that don’t appear until
several years after construction. Raveling and fatigue cracking normally don’t
occur until the pavement is five to ten years old. Raveling is simply the loss of
aggregate from the mixture. This could be associated with stripping but is often
localized to areas where water can enter the pavement and freeze-thaw action
takes place. Often these localized areas of raveling are associated with
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segregation of the mixture in the pavement. The mix designer can help prevent
this problem by designing mixtures with more than the minimum film thickness.
Higher film thickness means there is more glue between the rocks so the
pavement should be resistant to moisture damage. The mix designer can also
help prevent raveling by designing mixtures that are evenly graded and less
prone to segregation.

Fatigue cracking is a pavement structural failure caused by repeated flexing or
bending of the pavement under heavy loads. This is usually a pavement design
problem not a mix design problem. If a pavement is designed too thin or does
not have enough subgrade support, it will flex too much and eventually crack.
The cracking progresses until the classic alligator pattern develops. At that point
the pavement has failed and must be rebuilt or reclaimed. While higher asphalt
contents and the use of polymer modified asphalts will help slow the fatigue
damage, the mix designer can do little to help.

There is one final problem that all HMA pavements are subject to: aging. From
the moment the hot asphalt binder is mixed with the heated aggregate the
mixture begins to age. Several processes contribute to aging. During mixing
and placement when the mixture is hot there is a loss of volatiles from the
asphalt binder. Once in place and cooled off this loss of volatiles slows but never
stops entirely. The volatiles are what makes the asphalt soft and sticky. As they
leave, the asphalt binder gets stiffer and the pavement becomes more brittle.

Oxidation and other chemical changes also contribute to aging of the HMA.
Oxidation makes the asphalt binder stiffer. At some point the aging causes the
pavement to become brittle and more subject to cracking, raveling and fatigue
damage. Obviously, aging cannot be avoided, however the mix designer can
help. Research has shown that film thickness is related to aging. Mixtures with
films in excess of nine microns have been shown to age less quickly than those
with thinner films. Designing the mixtures with a little more film thickness than
the minimum helps minimize the effects of aging.
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Mix Behavior

Mix Behavior Objectives

* Describe 6 possible distresses an HMA
pavement may be subjected to during its
life.

* Recognize which distresses the mix
designer can control.

Mix Behavior

0®
* Possible distress types

— Permanent Deformation/Rutting (0-3 yrs)
— Stripping (0-3 yrs)

— Thermal Cracking (conditions)

— Raveling (5+ yrs)

— Fatigue (10+ yrs)

— Aging (always)
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Mix Behavior
Life Cycle

Pavement Performance History

~No r
~
—~
SN
~

[ I - NN
S 5 3 &8 8

Pavement Condition Index

=
=

5 10 15 20 25 30 35 40
Cumulative ESALSs (millions)

Mix Behavior
Permanent Deformation

Mix Behavior
Permanent Deformation

 Rutting in Subgrade or Base

* Rutting in Asphalt Layers

* Depends (for asphalt layer) on
— Asphalt binder
— Aggregates
— Density (Compaction)
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Mix Behavior
Permanent Deformation

Rutting in Subgrade or Base

original
profile

subgrade
deformation

weak subgrade or underlying layer

Mix Behavior
Permanent Deformation

Rutting in Asphalt Layer

original

/ profile

shear plane

Mix Behavior
Permanent Deformation

Mixture Resistance to Rutting
* Asphalt Binder
— Stiff and elastic at high temperatures
» Aggregate
— High inter particle friction

— Acts like one large elastic stone
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Mix Behavior
Permanent Deformation

* Addressed by high temp stiffness
— G*/sin 8 on unaged binder > 1.00 kPa
— G*/sin 6 on RTFO aged binder > 2.20 kPa

A3 | Heavy Trucks

=
i O)E 0,0, ©olo;

Mix Behavior
Permanent Deformation

Question: Why a minimum G*/sin § to
address rutting?

Answer: We want a stiff, elastic binder (to
contribute to mix rutting resistance.

Mix Behavior
Permanent Deformation

Shearing Behavior of Aggregate
Dilation

o -0k

QP Q-

Before Shearing During Shearing
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Mix Behavior
Permanent Deformation

Shearing Behavior of Aggregate

-Ooo ooo"‘f >,
£ o= =Y ng;os @ngoo%:zé‘é%:o@
Cubical Aggregate Rounded Aggregate

Mix Behavior
What can the mix designer control?

Mix Behavior
Permanent Deformation

Flatter Slope action Curve

Easier to compact
J/////‘A@’:Ndes
1
: - Steeper Slope

Poorer rut resistance
Difficult to compact
Better rut resistance

1 10 100 1000

Number of Gyrations
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Mix Behavior
Permanent Deformation

* Mixes with a steeper slope
— more difficult to compact
— potential for better rut resistance

* Mixes with flatter slope
— easier to compact
— possibility of poorer rut resistance

Mix Behavior
Stripping
* Loss of adhesion
* Hydro-dynamic pressure
* Test for stripping (AASHTO T-283)
* Hamburg Wheel Tracker (IM 319)
* Control stripping by:
— Aggregate selection

— Adequate film thickness
— Treatments (lime, liquids)

Mix Behavior
What can the mix designer control?
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Mix Behavior
Thermal Cracking

Low Temperature Cracking

Mix Behavior
Thermal Cracking

Low Temperature Cracking
» Environmental distress
* Stresses/Strains induced by temp change
* Transverse cracks
* One cycle vs. many cycles
» Depends primarily on asphalt binder

Mix Behavior
Thermal Cracking

Low Temperature
Cracking ——

6-30m
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Mix Behavior
Thermal Cracking

Question: Why a minimum m-value and a
maximum S to address low temp cracking?

OR Why a minimum failure strain?

Answer: We want a binder that will relax
when stressed, AND a soft elastic binder

OR a stiffer binder that will stretch without
breaking

Mix Behavior
Thermal Cracking

Cures for Low Temperature Cracking
» Use an asphalt binder with appropriate Low

Temperature Grade

— Lower stiffness at low temps
— Relaxation of stresses

« Use asphalt binder less prone to aging
* Construct HMA with proper air voids

Mix Behavior
‘What can the mix designer control?
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Mix Behavior
Raveling

Loss of cohesion

Normally caused by segregation
Progressive deterioration

Dry mixes (low film thickness)

Mix Behavior
Fatigue

Mix Behavior
Fatigue

“alligator”
cracking
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Mix Behavior
Fatigue

* Wheelpath Distress

* Progressive Damage
— Longitudinal cracking
— Alligator cracking
— Potholes

* Depends on
— Asphalt binder
— Aggregates
— Pavement structure

Mix Behavior
Fatigue

* Addressed by intermediate temperature
stiffness

— G*sin 8 on RTFO & PAV aged binder < 5000
kPa

Mix Behavior
Fatigue

Question: Why a maximum G¥*sin & to
address fatigue?

Answer: We want a soft elastic binder (to
sustain many loads without cracking)
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Mix Behavior
Fatigue

Thermal Fatigue

* The repeated expansion and contraction
resulting in cracking.

Mix Behavior
Fatigue

Cures for Fatigue Cracking

Account for number of heavy loads during
design

Keep subgrade dry (i.e., low deflections)
Use thicker pavements
* Use non-moisture susceptible materials

» Use paving materials that are resilient

Mix Behavior
‘What can the mix designer control?
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Mix Behavior
Aging

 Asphalt reacts with oxygen
— “oxidative” or “age” hardening

* During construction — short term
— Hot mixing
— Placing/compaction

+ Volatilization — short term

* In service — long term
— Hot climate worse than cool climate
— Summer worse than winter

Mix Behavior
Fatigue

* Ways to reduce the impact of aging
— Thicker binder film thickness
— Proper filler:bitumen ratio
— Use “softer” binders

Mix Behavior

What can the mix designer control?

TRAFFIC (LOAD)

ASPHALT BINDER

sHigh temperature stiffness
«Low temperature flexibility

CLIMATE

SUBGRADE
PAVEMEN e
STRUCTURE “Texture

AGGREGATE

sGradation

CONSTRUCTION

MAINTENANCE

MIXTURE
*Air voids
“VMA - VFA
oFilm thickness
«Moisture sensitivity
«Strength (Dynamic Mod)
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Mix Behavior
What can the mix designer control?

— I ~ )
EPEBILL L Lol iy =

- -

Mix Behavior Objective

* Describe 6 possible distresses an HMA
pavement may be subjected to during its
life.

» Recognize which distresses the mix
designer can control.

Mix Behavior

» For additional information see:

— Asphalt Handbook produced by the Asphalt
Institute
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Volumetrics Overview

Volumetrics is just a term used to describe those properties of a HMA mixture
that must be expressed in terms of volume instead of weight. The best example
of this is air voids. Obviously, air voids cannot be measured by weight. So when
the specification states the mixture shall have 4.0 percent voids it means 4.0
percent of the volume shall be air. Voids in the Mineral Aggregate (VMA) and
Voids Filled with Asphalt (VFA) are also measurements of voids and therefore
are expressed as percent of volume.

In the testing of HMA, volumes are usually measured by water displacement.
The tests for Gmb and Gmm both involve the determination of the water displaced
by the test specimen. By knowing the weight of the specimen in grams and the
volume of displaced water in cubic centimeters, the specific gravity is
determined. This is the reason that the laboratory uses the metric system. One
gram of water = one cubic centimeter of water = one milliliter of water, so the
conversion from weight to volume is direct. It is easy to weigh the amount of
water displaced in grams and then use that value as the volume of the specimen
in the calculations of specific gravity. For example, when determining Gmo the
specimen is weighed under water and weighed in air and the difference
determined. The difference is the weight of displaced water, which is then used
as the volume in the calculations.

Specific gravity is the ratio of the density of an object to the density of water at a
set temperature. For example, if a sample weighs ten grams and displaces four
grams (4 cc) of water the specific gravity is (10 g/ 4 cc)/(1 g/ 1 cc) = 2.5. Notice
that the units cancel out and, since the bottom of the equation equals one (the
density of water), it can be ignored and the simple equation is 10 g/ 4 cc = 2.5.
Put simply, specific gravity is how much more or less dense an object is
compared to water. For example, if a rock has a specific gravity of 2.500 that
means it is 2.500 times as dense as water.

Specific gravity is the bridge between weight and volume. If the specific gravity
of a material is known and the weight of the material is measured, then the
volume of material can be calculated simply by dividing the weight by the specific
gravity. Similarly, if the volume of a material is measured and the specific gravity
is known, then the weight of material can be determined by multiplying the
volume times the specific gravity. This technique is used regularly, for example
in the determination of asphalt binder quantities at the plant where a volume is
measured in the storage tank then converted to weight for pay purposes.

The mix designer must obtain several specific gravities for use in the analysis of
a mix design. Only one of these, the specific gravity of the asphalt binder (Gv), is
provided by the supplier. The rest must be determined by testing the materials or
the mixture. To make matters more interesting, we determine three different
specific gravities just for the aggregate.

2-49



The most difficult and confusing one to measure is the bulk dry specific gravity of
the aggregate (Gsb). The difficulty with this determination is the fact that
aggregates absorb water so a direct measurement of displaced water is not
possible with dry aggregate. To get around this problem, the test method in IM
380 specifies that the aggregate be saturated with water first then the displaced
water is determined. This still does not yield a bulk DRY specific gravity, but
what is called the apparent specific gravity (Gsa). Next the test method requires
that the aggregate be brought to a saturated surface dry (SSD) condition,
weighed and then dried and weighed again to determine how much water was
absorbed. Once the percent of water absorption is known then the Gs» can be
calculated from the Gsa. This works because the difference between Gsa and Gsb
is the volume of absorbed water that occupies the pores in the rock.

Why don’t we seal the rock with asphalt before we measure the volume of
displaced water? We do, but that gives us Gmm not Gsb. Well then, why don’t we
just subtract out the volume of the asphalt from the Gmm calculation. Once again,
we do, but that yields the calculation of the effective specific gravity of the
aggregate (Gse). The reason this doesn’t work is the fact that rock also absorbs
some asphalt. Aggregates absorb less asphalt than water because the asphalt is
more viscous. It is the asphalt absorption that makes dealing with the volumes
difficult because some of the volume of the asphalt binder just disappears inside
the rock.

So, Gsa will always be the largest value of the three aggregate specific gravities
because the measured volume is the smallest: the bulk volume minus the volume
of absorbed water. And, Gse will always be next largest because the measured
volume is the bulk volume minus the volume of absorbed asphalt. Gspb, then, will
always be the smallest value because it uses the true bulk volume of the
aggregate.

The importance of obtaining accurate and representative specific gravities of the
aggregates cannot be overemphasized. These values effect many of the
calculations of other properties such as: VMA, VFA, Film Thickness and
Filler/Bitumen ratio.
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Gyratory Bulk Specific Gravity
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Volumetric Overview

Mixture Volumetrics
Specific Gravity

Volumetric Overview Objective

* Solve basic volumetric equations.
* Define the relationship between mass and
volume.

Volumetric Overview

* [.LM. 501 contains many of the equations
and much of the terminology used in
volumetrics.
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Volumetric Overview
Mixture Volumetrics

Volumetric Properties
+ Air Void Content (P, or V,)
* Voids in the Mineral Aggregate (VMA)
* Voids Filled with Asphalt (VFA)

Volumetric Overview
Mixture Volumetrics
What do we need?
+ Asphalt Binder Content (P,) and Specific Gravity (Gy)
+ Bulk Specific Gravity of Compacted HMA (G,,,)
* Maximum Specific Gravity (G,,,,,)

* Effective Specific Gravity of the Aggregate (G,,)
+ Bulk Specific Gravity of the Aggregate (Gg,)

Volumetric Overview
Mixture Volumetrics

Two Ways to Approach
» Component Diagram
— logic
— promotes understanding
» Equations
— memorization

— easy to program in computer
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Volumetric Overview
Mixture Volumetrics

Asphalt Binder

Absorbed Binder

Volumetric Overview
Mixture Volumetrics

Component Diagram Concept

Compacted Mix Specimen Component

Mix Specimen Asphalt Removed Diagram

ir

Asphalt Aggregate
Aggregate *Excludes volume of
Air Voids VMA absorbed asphalt.

Volumetric Overview
Mixture Volumetrics

VOLUME MASS

Vol air Mass air = 0

VMA Vol eff
asph Mass asph
Unit Vol abs asph [ absorbed asphalt
Volume
Bulk| Effective aggregate Mass aggr
vol aggr vol aggr|

Total
Mass
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Volumetric Overview
Mixture Volumetrics

Asphalt Content
Ps mass(binder)

g x 100%
mass(mix)

Volumetric Overview
Mixture Volumetrics

Absorbed Asphalt Content

(Gse - Gsb) % Gb
Gsb X Gse

Pva =100 x

Volumetric Overview
Mixture Volumetrics

Effective Asphalt Content

Pba x Ps
100

Pbe = Pv —
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Volumetric Overview

Mixture Volumetrics
VOLUME MASS
Vol air air Mass air = 0
VMA Vol eff
asph Mass asph
Unit Vol abs asph | absorbed asphalt

Volume

Bulk| Effective

aggregate
vol aggr vol aggr

Mass aggr

Total
Mass

Volumetric Overview
Mixture Volumetrics

Air Void Content
Vo= G — Gmb % 100%
o Va= {1—ﬂ}x100%

Volumetric Overview
Mixture Volumetrics

Example Calculations
+ Air Voids
~G,,=2222
-G, =2423

Va = l—ﬁ x100=8.3%
2.423
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Volumetric Overview
Mixture Volumetrics

VMA
Gmb x Ps

sb

VMA =100 -

Volumetric Overview
Mixture Volumetrics

Example Calculation
Given: G, =2.455
P, =95%
Gy, =2.703

(2.455) (95)

VMA = 100 - =13.7%

2.703

Volumetric Overview
Mixture Volumetrics

VFA

VFA = MX 100%
VMA
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Volumetric Overview
Mixture Volumetrics

* Calculate the VFA Using the Results of the
Voids and VMA Calculations Performed
Earlier.

Volumetric Overview
Specific Gravity

Density
* Definition
— Mass of a unit volume of material
— Units of pcf or g/cm?
* “Bulk Density”

— Contains several materials

Volumetric Overview
Specific Gravity

* Definition

— Ratio of mass/volume (density) of object to
mass/volume (density) of water at the same
temperature

— Unitless (units cancel)
— Essentially, how many time heavier or lighter
than water is the object
* Used as bridge between mass and volume of
objects
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Volumetric Overview
Specific Gravity

mass(object)
_ volume(object)

" mass(water)
volume(water)

_ density(object)
density(water)

Or;

Volumetric Overview
Specific Gravity

Density of Water

* In the metric system, the density of water
(at standard temperature of 77°F (25°C) is:
— 1 g/em’ = 1000 kg/m?

* In English units, the density of water is 62.4
pcf.

» For ease, use metric.

Volumetric Overview
Specific Gravity

So, in the metric system,

G- density(object)
1.000g/cm’

_ mass/volume
1.000g/cm’

2-60



Volumetric Overview
Specific Gravity

 Relates Density

D=Gx1.000

specific gravity approx density of
of object water in g/cm?
at 77°F (25°C)

Density in g/cm?

Volumetric Overview
Specific Gravity

» Relates Volume

/ ‘Weight (mass) of object

\%4
V="~ < nn
- G x 1.000
volume of object '\
density of water
specific gravity at 77°F (25°C)
of object (=1 can be ignored)

Volumetric Overview
Specific Gravity

* Relates Volume (example)

75 kg x 1000 g/kg

= = 3
Volume = =) 00 x 1.000 g/em® _ 30:000 em
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Volumetric Overview
Specific Gravity

Types of Specific Gravity
* Specific Gravity of Binder (1.00 to 1.05)

* Specific Gravity of Aggregate (2.40 to 2.80)
* Specific Gravity of Mix (2.20 to 2.60)

Volumetric Overview
Specific Gravity

Convention

» Symbols for Specific Gravity show material
and type of specific gravity

Gmb
\ Type of SG
. a=apparent
Material b=bulk
X e=effective
s—stone m=maximum
b=binder

Volumetric Overview
Specific Gravity

Three Aggregate Specific Gravities

» Aggregate Apparent (G,,) — measured

— Dry weight and apparent volume

— Excludes absorbed water volume
» Aggregate Effective (G,,) — calculated

— Dry weight and effective volume

— Excludes absorbed asphalt volume
» Aggregate Bulk (G) — measured

— Dry weight and bulk volume
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Volumetric Overview
Specific Gravity

W xR

W+ W, - W,

* W =mass of dry sample, g

* W, =mass of pycnometer filled with water at test
temperature, g

* W, =mass of pycnometer filled with water and
sample, g

* R = correction multiplier from Table 2 to correct
for density of water at test temperature

Gsa =

Volumetric Overview
Specific Gravity

b = Gsa
1+ (ABS)(Gs)

Where:
ABS = %Abs/100

Volumetric Overview

Specific Gravity
100 — Py
Gse e —
100 Py
Gmm Go
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Volumetric Overview
Specific Gravity

Example Calculation
Knowns: Mixed with 5% asphalt binder
G, =2.535

mm

G, =1.030

G 100-5.0
Then: 7 100 _ 5.0
2.535 1.030

=2.746

Volumetric Overview
Specific Gravity

Aggregate Specific Gravity
* G, — highest value
* G, —middle value

* Gy, — lowest value

* G, — Will always be the highest value!

Volumetric Overview
Specific Gravity

Approximation
Gse = Gsb + O.S(Gsa - Gsb)

Approximation used in design when G,,,,, is
unknown.

Factor 0.5 can vary. 0.3-0.8 range is typical
in Jowa. Use your knowledge of your
materials

2-64



Volumetric Overview
Specific Gravity

Specific Gravity of Combined Aggregate

Psl+Ps2+...

Gsb =
Psl/Gsbl + Ps2/Gsb2 + ...

Where:
P, P, are percentages of agg. 1 and 2
Gg,;» Gy, are specific gravities of agg. 1 and 2

Volumetric Overview
Specific Gravity

» I.M. 380 for combined or individual
(required) aggregate specific gravity and
absorption

» AASHTO T84 for fine aggregate specific
gravity (not used in lowa)

* AASHTO T8S5 for coarse aggregate specific
gravity (not used in lowa)

Volumetric Overview
Specific Gravity

Method of Test for Vacuum Saturated

Spec. Grav. and Absorption of Combined or
Individual Agg. Sources (I.M. 380)

* Purpose
— To determine specific gravity and absorption of

combined or individual aggregate only for
HMA design.
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Volumetric Overview
Specific Gravity

Apparatus (I.M. 380)
Balance
Pycnometer flask and glass cover plate
Vacuum pump and manometer
Thermometers
Flat weighing pan and funnel
Scoop, spatula or trowel and bulb syringe
Elevated water container

Volumetric Overview
Specific Gravity

Pycnometer Calibration (I.M. 380)

Fill pycnometer with water at 77+0.5°F (25
+0.2°C), put on glass cover plate, dry
outside of pycnometer and determine total
mass to nearest 0.1g.

Calibration must be verified periodically.

A calibration chart can be made by running
the test at several water temperatures.

Volumetric Overview
Specific Gravity

Specific Gravity Determination (I.M. 380)
Obtain oven-dried test sample of at least 2000g
and weigh to nearest 0.1g. (Individual source)
Transfer to calibrated pycnometer containing
water to depth of about 65 mm, add water to cover
sample if necessary.
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Volumetric Overview
Specific Gravity

Specific Gravity Determination (I.M. 380)
Apply vacuum to 30mm or less absolute pressure
for 30 minutes, agitate continuously (mechanical)
or about every 2 minutes (manually).

Remove vacuum apparatus, fill pycnometer with
water and let stand 20 minutes.

Volumetric Overview
Specific Gravity

Specific Gravity Determination (I.M. 380)

Place the glass cover plate on such that
there are no entrapped air bubbles.

Dry outside of pycnometer and plate, weigh
to nearest 0.1g. Immediately after
weighing, determine water temperature to
nearest 0.5°F (0.2°C).

Volumetric Overview
Specific Gravity

Specific Gravity Calculation (I.M. 380)

» Apparent Specific Gravity = G,

G.=__ WxR
W W =W,
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Volumetric Overview
Specific Gravity

¢ GSB.

— W =mass of dry sample, g

— W, = mass of pycnometer filled with water at
test temperature, g

— W, = mass of pycnometer filled with water and
sample, g

— R = correction multiplier from Table 2 to
correct for density of water at test temperature

Volumetric Overview
Specific Gravity

Absorption Determination (I.M. 380)

» After determining specific gravity, pour
water off sample through No. 200 (75um)
sieve.

* Remove sample and wash over No. 200
(75um) sieve.
 Split sample over No. 8 (2.36 mm) sieve.

Volumetric Overview
Specific Gravity

Absorption Determination (I.M. 380)

* Remove free water from coarse portion
(retained on No. 8 (2.36 mm) sieve) by
rolling over bath towel.

* Place coarse portion on flat pan or clean
hard surface and watch for dull appearance
and no streaks of moisture (2-3 minutes),
weigh to 0.1g.
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Volumetric Overview
Specific Gravity

Absorption Determination (I.M. 380)

* Place fine portion (passing No. 8 (2.36 mm)
sieve) in large pan and dry to SSD condition
by stirring until free flowing and not
adhering to spatula.

* Immediately weigh to nearest 0.1g.

* Dry to constant mass on hot-plate or in oven
and weigh to nearest 0.1g.

Volumetric Overview
Specific Gravity

Absorption Calculation (I.M. 380)
(Wa + Wo — Wo)

C

%Abs= x100

W, = SSD mass of coarse portion
W, = SSD mass of fine portion

W, = Dry mass of coarse and fine portions
combined

Volumetric Overview
Specific Gravity

Bulk Specific Gravity (I.M. 380)

b = Gsa
" 1+ (ABS x Gsa)

Where:

ABS = %Abs/100
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Volumetric Overview
Specific Gravity

Specific Gravity of Mix

* Maximum Theoretical Specific Gravity

— Gmm

— Loose mix

— Zero air voids
* Bulk Specific Gravity

— G

— Compacted mix

— Includes air voids

Volumetric Overview
Specific Gravity

Bulk Specific Gravity of Compacted
Hot Mix Asphalt (HMA) Mixtures (I.M. 321)

* Purpose
— Determine G,,;, and density of compacted specimens
— Used in volumetric analysis
* Apparatus
— Balance
— Sample Basket
— Water Bath
— Clean cloth

Volumetric Overview
Specific Gravity

BSG of Compacted HMA

 Binder mixed with agg. and compacted in
sample

Mass (Agg.+Binder)

mb

Vol. (Agg.+Binder+Air voids)
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Volumetric Overview
Specific Gravity

Sample Preparation (I.M. 321)

» Compacted specimens (Gyratory) or field
cores
— Field cores must be dried to SSD condition

Volumetric Overview
Specific Gravity

Testing (.M. 321)
* Mass of dry sample

* Mass under water
* Mass saturated surface dry (SSD)

Volumetric Overview
Specific Gravity

Testing (I.M. 321)

Obtain mass of dry compacted sample
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Volumetric Overview
Specific Gravity

Testing (.M. 321)

Obtain mass of specimen at SSD

Volumetric Overview
Specific Gravity

Calculations (I.M. 321)
Wi

mb = ——————
(W3-W2)

* W, =mass of dry sample

* W, = mass of sample under water
* W, =mass of SSD sample

* Report all gravities to 0.001

Volumetric Overview
Specific Gravity
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Volumetric Overview
Specific Gravity

* G, back-calculated to N;,; the easy way!

* G,,, measured at N, multiplied by the ratio of
the height at N, to the height at N, ;

hdes

Nini

Gub(iniy = Gmb(des) x

Volumetric Overview
Specific Gravity

Maximum Specific Gravity of HMA
Mixtures (Rice) (I.M. 350)
* Purpose
— Determine G,,,,,,

— Used in volumetric analysis

Volumetric Overview
Specific Gravity

Maximum Specific Gravity of HMA
Mixture (Rice) (.M. 350)
» Apparatus
— Container (bowl or flask)
— Vacuum and manometer
— Water bath
— Balance
— Oven
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Volumetric Overview
Specific Gravity

Maximum Specific Gravity
* Loose (uncompacted) mixture

Mass (Agg.+Binder)
Gmm =
Vol. (Agg.+Binder)

Volumetric Overview
Specific Gravity

Rice Gravity (I.M. 350)
¢ Flask Calibration

— Determine mass of water required to fill flask at
77+0.5°F (25+0.2°C) and record mass to
nearest 0.1g (W)

Volumetric Overview
Specific Gravity

Rice Gravity (I.M. 350)
» Sample preparation
— Obtain appropriate sample size by splitting or
quartering if not lab prepared (function of
nominal maximum size)

— Break lumps of fine aggregates to less than 4"
(may require warming)
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Volumetric Overview
Specific Gravity

Test Procedure (I.M. 350)
+ Cool sample to room temp, place in flask or
pycnometer and record net mass to 0.1g (W)
 Apply partial vacuum of 30mm Hg or less
absolute pressure for 15+1 minutes
» Agitate while vacuuming — continuously
(mechanical) or at 2 minute intervals (manual)

« Fill flask with water at 77°F (25°C) and allow to
stand for 1041 minute, record mass to 0.1g (W,)

Volumetric Overview
Specific Gravity

Testing (I.M. 350)

Loose Mix at Room Temperature

Volumetric Overview
Specific Gravity

Testing (I.M. 350)

. . o G = W
Flask determination: G, (WEW—W)

* Report all gravities to 0.001
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Volumetric Overview Objective

* Solve basic volumetric equations.

* Define the relationship between mass and
volume.

Volumetric Overview

« For additional information see:

— SP-2 from the Asphalt Institute
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MIX DESIGN






Design Requirements

What's the first thing a mix designer needs before starting the process of trial
mixing? INFORMATION! Every job has different requirements. The mix
designer needs to take the time to review all the contract documents to be certain
that all the requirements have been identified. This is not always an easy task
because there are several places the requirements are shown. Specification
1105.04 lists the contract documents in the order of precedence:

Addendum

Proposal Form

Special Provision

Plans

Supplemental Specifications

Standard Specifications

Materials 1.M.
There is also a new type of specification called a “Developmental Specification”
that, in order of precedence, would appear right after Special Provision.
Developmental Specifications are used to try out new ideas before incorporating
them into the other specifications.

Information important to the mix designer may be found in any or all of the above
listed documents. The Plans and Proposal Form contain the bid item
descriptions, but notes that specify special requirements often appear on
Proposals and Plans also. The requirements shown in a Special Provision often
conflict with and override those shown in the Standard Specifications. The |.M.’s
contain most of the standard mix design criteria but have the lowest precedence
and can be overridden by any of the other documents. The possibility of
confusion is obvious. Do your home work!
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Mix Design

Design Requirements

Mix Design Objective

* Locate and Identify all design criteria
relevant to a specific project.

* Input design criteria into SHADES.

Mix Design

Design Requirements

* Where can the design requirements be found?
— Addendums
— Proposal
— Special Provisions
— Developmental Specifications
— Plans
— Supplemental Specifications
— General Supplemental
— Standard Specifications
— IMs




Mix Design Objective

Design Requirements

* Locate and Identify all design criteria
relevant to a specific project.

* Input design criteria into SHADES.
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Selecting Materials

Once the mix designer has identified the requirements for the project, the
process of selecting the materials to be used can begin. Many considerations
must be addressed in the selection process. Selecting aggregates is often
complicated by the fact that a single project may require two, three or even more
different mix designs. A good example of this would be a project that included
base widening (a Base Mix), a %" Intermediate Mix and a 2" Surface Mix. Each
of these mixes has different requirements even though they are for the same
project.

Aggregate selection involves identifying the producers in the area and
determining if they can provide the required aggregates in the quantity needed.
Sometimes special aggregates, such as Type 2 Frictional class, must be
transported from a distant source. The estimator who made up the bid for the
project often has made arrangements with one or more producers to provide the
aggregates, so the mix designer may be limited in the selection process.

Once the sources have been identified, the mix designer must begin to gather
the information needed to produce trial blends. Crushed limestone sources
normally can provide a variety of different sizes and gradations. These products
include crusher run aggregates such as %" to dust, coarse aggregates such as
3/8” chips or %" clean, and fine aggregates such as manufactured sand. A
gravel source, however, may only produce one or two products such as sand and
pit run gravel. Some gravel sources can produce crushed gravels in addition to
natural sands and gravels. Some crushed gravels can be used as Type 3
Frictional class aggregates. The aggregate producer can provide the gradation
of existing stockpiles and can also tell the mix designer what other gradations
can be produced when needed.

The mix designer next checks the requirements for such things as friction type,
Type A or Type B quality, and percent crushed particles. If RAP is available or is
required to be used, it also affects the selection of aggregates. Most
unprocessed RAP contains a high percentage of fines, so coarse cleaner
aggregates are often required when RAP is used in the mix.

Finally, the mix designer must obtain the costs of the various aggregates
available. It is important, however, to recognize that the cheapest mix to produce
at the plant may not be the cheapest mix design. Nearly all mixtures require
some adjustment during plant production. If the mix designer pays attention only
to using the cheapest aggregates, a mix may be designed that cannot be
adjusted. If the plant produced mix, then, does not meet the requirements, the
project may have to be halted until a new mix design can be established. Such
delays can be costly to the contractor.
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Adjustment of the mixture must be anticipated by the mix designer. For this
reason, most prudent mix designers will include a small amount of a washed chip
and/or a man. sand in the design even if the design would be acceptable without
it. When designing a mixture for adjustability, the idea is to be able to control the
gradation of the fine portion (-200), the middle portion (#8, #4) and the coarse
portion (3/8”, 72") independently of each other. For example, when adjusting a
mix it is often necessary to reduce the amount of —200 dust in the mix without
affecting the rest of the gradation. This can be accomplished by reducing the
amount of the %" to dust aggregate which carries most of the -200 and
increasing the amount of clean chip and man. sand. By adjusting this way, the
percent crushed particles and the angularity are not affected but voids, VMA and
film thickness can be improved. If the mixture were designed with only %” to dust
and a natural sand there would be little if any room for adjustment.

The selection of the asphalt binder is not usually up to the mix designer. The
contract normally specifies the grade of binder to be used. The only thing that
affects the selection of the binder is whether RAP is to be used in the mix.
Because RAP contains aged and stiff asphalt, a softer grade may need to be
used to blend with the RAP to achieve the grade specified on the contract. In
lowa up to twenty percent RAP can be incorporated into the mixture without
adjusting the grade of asphalt binder. More than twenty percent up to thirty
percent RAP requires the grade of binder to be reduced one step. For example:
twenty five percent RAP will be used in a mixture and PG 64 —22S binder is
required, then the grade of binder to use would be PG 58 —28S. For RAP
contents above thirty percent, an analysis would be performed before deciding
what grade of binder was needed to achieve a blend that would meet the
required grade.

Once the mix designer has identified the materials to be used for trial blends, the
next step is to obtain samples. The importance of obtaining REPRESENTATIVE
samples of the aggregates cannot be overemphasized! It can be difficult to do,
particularly when the entire stockpile has not yet been produced. There is a
requirement that at least five hundred tons of an aggregate be produced before a
sample can be taken for mix designing, but if fifty thousand tons of that
aggregate are needed will the first five hundred tons produced represent what
the entire stockpile will be? Maybe, maybe not. Mix designers must simply do
the best they can to be sure that the aggregate samples they use for trial mixing
have the same properties as the average for the stockpile.

The best way to be sure the aggregate samples are representative is to haul the
material to the asphalt plant, run it through the bins and sample it from the
stream flow of the cold feed belt. This is obviously the closest to the end product
that can be achieved. Unfortunately, this method is only practical at permanent
plants that use the same aggregate stockpiles for most of their mixtures.

Portable plants are seldom set up far enough in advance of the project start-up to
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afford the mix designer the opportunity to sample there. So the mix designer is
usually faced with getting the aggregate samples at the source.

Whenever possible, samples obtained at the source should be taken from the
stockpile. For coarse aggregates this requires that the producer use an end
loader to dig into the stockpile at three locations, load a bucket from each
location into a sampling bin and then the mix designer can obtain stream flow
samples as the bin is unloaded. Fine aggregate samples can be taken directly
from the stockpile with shovels or probes, but care must still be exercised and
several locations around the stockpile should be sampled to be certain of getting
truly representative material.

What if the aggregate producer doesn’t have a sampling bin on hand for
sampling coarse aggregate? Aggregate producers are required to run a
gradation test every fifteen hundred tons as they produce a stockpile. Some
producers save bags of material from each sample they test. After several tests
they know what the average gradation is and can then provide the mix designer
with bags they have saved that are closest to the average. Because the
producer normally samples from the crusher, this method of obtaining samples
does not include the degradation of the aggregate from stockpiling, loading and
handling. The mix designer must anticipate that the aggregates delivered to the
plant will be somewhat finer than the samples used for the mix design when
using this method.

The District Materials Engineer can help assure the mix designer is getting
representative samples. It is a requirement that the DME be informed before mix
design aggregates are sampled. Often the DME will send an Area Inspector to
be present when the aggregate samples are taken. The Area Inspectors are
familiar with the producers and have monitored the stockpiles so they know what
the aggregate properties should be. They are also familiar with the best
sampling procedures available at each source. Communication with both the
DME and the aggregate producer is essential at this point to be sure that the
right aggregates are being properly sampled.

How much material is required to do a complete mix design? There are a
number of factors that affect the amount needed, but the general rule is to obtain
about five hundred pounds of aggregate for each design. This gives the mix
designer enough aggregate to try several blends and then do several asphalt
contents on the selected blend. It also should leave enough for the District
Materials Laboratory to do any confirmation testing they deem necessary. Itis
always better to obtain more than needed because problems can arise that may
require additional testing and often the test results do not line up properly when
stockpiles must be resampled for additional material. Asphalt binder samples are
usually provided by the asphalt supplier, but may be obtained from the line on the
plant if the correct grade is in use. Five gallons of binder is normally enough for
all the mix design testing.
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Mix Design

Selecting Materials
Obtaining Samples

Mix Design
Selecting Materials (Aggregates)

Fixed Open

* Friction Type + Sources (A#)

* Quality A or B * Availability

* Percent Crushed + Costs
 Adjustability
+ Gradation
» Form 955 (SHADES)
* RAP?

Mix Design
Selecting Materials (Aggregates)

* Friction Type
— Is the design required for use as a surface mix?

« If yes, a frictional aggregate requirement may need
to be met.




Mix Design
Selecting Materials (Aggregates)

* Quality A or B
— Depending on what the traffic volume is and
where the mix is to be placed a different type of
aggregate may be needed.
— In Iowa there are two types of aggregate
qualities.
* A (higher classification)
* B (lower classification)

Mix Design
Selecting Materials (Aggregates)

* Quality A or B
— If ajob is listed as requiring Type A aggregate,
all of the aggregates must meet Type A quality.
— If ajob is listed as requiring Type B aggregate,
all of the aggregates must meet at least Type B
quality.

Mix Design
Selecting Materials (Aggregates)

¢ Percent Crushed
— All state work requires a percentage of crushed
aggregate.

* Depends on traffic volume and where the mix is to
be placed.

— On local agency projects, the Engineer will
specify the amount of crushed material needed.




Mix Design
Selecting Materials (Aggregates)

* Sources (I.M. T203)

— In Towa, sources are identified by an A#.
» The A# is also used to identify some sources from
surrounding states.
— The A# only provides a piece of the source
information. The other essential piece of
information is the beds being used.

Mix Design
Selecting Materials (Aggregates)

* Availability
— The availability of the aggregate is a key factor
in design.
* How much is available for the project?

« Is the amount available for the project limited by
production?

Mix Design
Selecting Materials (Aggregates)

* Costs

— What are the costs of the aggregates?
« Is it cheaper to have a longer haul for materials?




Mix Design
Selecting Materials (Aggregates)

» Adjustability
— How much variety will different aggregates
provide?
» Will the mix be easy to adjust during plant
production?

Mix Design
Selecting Materials (Aggregates)

 Gradation

— Is the gradation very coarse or very fine?
* To much fine material will limit the amount to be
used. (No. 200 sieve)
* To much of the upper sieves will also limit the
amount to be used.

Mix Design
Selecting Materials (Aggregates)

- Form 820955 (SHADES)

— Form 955 is the agreement between the
contractor and the aggregate producer.
* Both parties must sign.
* State must receive signed copy
* Both parties should have signed copy
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Mix Design
Selecting Materials (Binder)

* RAM (Recycled Asphalt Materials)
* RAP?
* Specific Gravity

— Provided by DOT Central Lab tests
* RAS?
* Specific Gravity

— Assumed in SHADES 2.489

Mix Design
Selecting Materials (Aggregates)

+ RAP?
— Is RAP specified for use on the project?
— What type of RAP is available?
* Classified
* Unclassified

* Designated (required on contract from a designated
source)

Mix Design
Selecting Materials (Binder)

* RAP?
— Is RAP specified for use on the project?

— How much RAP is to be used in any mix?

* If less than 20% binder replacement no binder grade
adjustment needed.

« If between 20% and 30% one grade adjustment
required. (If 64-228 is desired a 58-28S needs to be
used.)

« If greater than 30% a special analysis will be
performed by the Contracting Authority to
determine what grade adjustment is needed.
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Mix Design
Selecting Materials (Binder)

* RAS?
— The specifications now allow only 15% of the

total asphalt to come from the RAM when it is
a combination of RAP and RAS or just RAS

without adjusting the grade of the virgin binder.

Mix Design
Selecting Materials (Binder)

* Specific Gravity

— The specific gravity of the asphalt binder is
provided by the supplier.

Mix Design
Obtaining Samples (Aggregates)

* Why Sampling is Important
— To evaluate the potential quality of a proposed
aggregate source.
» Does new source meet aggregate specifications?
— To determine compliance with project
specification requirements.
* Do current aggregates meet specifications?




Mix Design
Obtaining Samples (Aggregates)
* Minimum stockpile
» Contact DME
* Stream flow (preferred)
* Supplier samples
* Fine aggregate from stockpiles
* Quantity (get plenty)

Mix Design
Obtaining Samples (Aggregates)

* Minimum stockpile

— The minimum stockpile size required prior to
sampling is 500 tons (500 Mg), or project
amount if less.

— This will allow for representative samples of
the processed material to be taken.

Mix Design
Obtaining Samples (Aggregates)

Stockpiling
* Prevent segregation and contamination
* Good stockpiling = uniform gradations
— Short drop distances
— Minimize moving
— Don’t use “single cone” method
— Separate stockpiles




Mix Design
Obtaining Samples (Aggregates)

Stockpiling

Mix Design
Obtaining Samples (Aggregates)
* Contact DME

— The DME must be notified prior to sampling of
the aggregate stockpiles and RAP.

Mix Design
Obtaining Samples (Aggregates)

* Preferred sampling method

— The stream flow method for obtaining samples
is the preferred method. Coarse aggregate
should always be stream flow sampled.

— Sampling from the stockpile is another allowed
method for obtaining representative samples of
fine aggregate only.




Mix Design
Obtaining Samples (Aggregates)

Sampling from Conveyor

Mix Design
Obtaining Samples (Aggregates)

Sampling from Stockpile

Sampling from the
aggregate stockpile
is allowed for fine
aggregates ONLY!

Mix Design
Obtaining Samples (Aggregates)

* Quantity

— Be sure to get plenty of material when sampling
for design.

— The amount of material needed will be
somewhat determined by the number of designs
to be performed.

— In most cases, 500 Ibs. will be sufficient for a
mix design.




Mix Design
Obtaining Samples (Binder)
* Grade (got RAP?)
* Quantity
* Normally sample provided by the supplier

Mix Design
Obtaining Samples (Binder)

* Grade (got RAP?)
— Is RAP to be used in the mix?

— Obtain the appropriate grade from the binder
supplier.

Mix Design
Obtaining Samples (Binder)

* Quantity

— Be sure to get enough for the design.

— The amount of binder needed will be somewhat
determined by the number of designs to be
performed.

— In most cases, 5 gallons will be more than
sufficient for a mix design.




Mix Design
Obtaining Samples (Binder)

* Remember, the binder sample will normally
be provided by the supplier.

Mix Design
Selecting Materials/Obtaining Samples

* For additional information see:
— M. 301 for Aggregate Sampling
— .M. 323 for Binder Sampling
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Mix Design

Sample Preparation

Mix Design
Sample Preparation
* Air drying
* Check gradation
+ Splitting on appropriate sieves
* Split or Build-back Sp. Gr. and %Abs
samples of individual aggregates

* Split or Build-back samples for individual
aggregate consensus properties

Mix Design

Sample Preparation
Air Drying
» Aggregates and RAP must be air dried to a

surface dried condition prior to further
preparation.
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Mix Design
Sample Preparation
Check Gradation
* Review the gradations indicated on Form
820955.
* Are the gradation results within the
production tolerances?

Mix Design

Sample Preparation
Splitting
* Follow the procedures in C-6 and C-7 of

.M. 510 for determining the sieve size for
splitting aggregates.

Mix Design

Sample Preparation

Specific Gravity and Absorption

« If'the gradation results are within production
tolerances, a sample shall be obtained from the
split portion.

« If the gradation results are outside production
tolerances, a sample shall be obtained by building
back to the target gradation.

This shall be done for each individual aggregate.
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Mix Design

Sample Preparation

Consensus Properties

+ If the gradation results are within production
tolerances, a sample shall be obtained from the
split portion.

+ Ifthe gradation results are outside production
tolerances, a sample shall be obtained by building
back to the target gradation.

This may be done for each individual aggregate.
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Mix Design

Testing

Mix Design
Testing

* Individual aggregate specific gravity and
absorption

+ Individual aggregate consensus properties

Mix Design
Testing

Specific Gravity and Absorption

* The specific gravity and absorption of each
individual aggregate shall be determined in
accordance with I.M. 380.
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Mix Design
Testing

Consensus Properties
* The consensus properties of each individual

aggregate may be determined by following
the applicable National Standard.

Mix Design
Testing

Consensus Properties
* In Iowa, the Coarse Aggregate Angularity

test is not performed.
The Flat and Elongated Particles

requirement is usually not a concern.
The FAA and Sand Equivalent are the two

primary concerns for design.
* The test procedures are provided.
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Mix Design

Blending

Mix Design
Blending
Need to combine aggregates
* To create economical mix design

* To meet mixture properties — need different
textures and shapes

e To control sizes

Mix Design
Blending

Aggregates
* Combined Gradation
— Do gradation analysis of each component
— Note control points

— Determine proportion of each component you
can combine to approach target
 Often look at No. 200 (0.075 mm) sieve first, then
No. 4 (4.75 mm)

— Calculate combined gradation
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Mix Design
Blending
Procedures
¢ Trial and Error
¢ Calculation

» Computer programs — allows for multiple
blends to be checked very quickly.

Mix Design
Blending

Calculation

* Combined Gradation
P=Aa+Bb+Cc+..
— A, B, C = percentages passing sieve for aggregates A,
B,C
— a, b, c = proportions of aggregates A, B, C used in
combination (at+b+c+...=1.00)

— P =total percent of combined aggregate passing sieve
— Calculate for each sieve size individually

Mix Design
Blending

Calculations
* Combined gradation
— The example will show one sieve size.
* The same procedure is used for all sizes.

— Consider a mix with 60% of aggregate 1 and
40% of aggregate 2. We will look at the No. 4
(4.75 mm) sieve.
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Mix Design

Blending
Calculations
* Combined Gradation
% Passing % Passing
Aggregates No. 4 % Blend % contribute to total No. 4
Aggregate 1 43  x (0.60) = 25.8
Aggregate 2 32 x (0400 = 12.8

* Combined Gradation = 25.8 + 12.8 = 38.6 % Passing No. 4
of total blend

* This same calculation is performed on each sieve size.

Mix Design
Blending

Calculations
* Combined Gy,

— 100
Gsb P P P
sl 82 83 4.

sbl sb2 Gsb3

Mix Design
Blending

Calculations
» Combined G,
— Given Gy, = 2.657 and Gy, = 2.642
— Given Pg; = 60% and P, = 40%
=100 _2651

So= 60, 40
2.657 " 2.642
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Mix Design
Blending

Calculations
* Combined Gg,

G, = 100
’ P +7p52 + Pa +..

Gsb] Gsb2 Gsb3

Mix Design
Blending

Calculations
* Combined Gy,
— Given Gy, = 2.657 and G, = 2.642
— Given P; = 60% and P, = 40%

- 100 _
Gy =g g =265
2.657 " 2.642

Mix Design
Blending

Calculations
* Combined Absorption

% Abs = % Abs,(P,,)+% Abs,(P,)+% Absy(P)+...
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Mix Design
Blending

Calculations

* Combined Absorption
— Given % Abs, = 1.34 and % Abs, =0.74
% Abs = (1.34)(0.60) + (0.74)(0.40) = 1.10

Mix Design
Blending

Control Points

* The control points for the combined
aggregate gradation are found in .M. 510
Appendix A.

Mix Design
Blending

Maximum Density Line

+ If the combined aggregate gradation is
located along the maximum density line,
very little room will be available for air
voids and asphalt binder.
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Mix Design
Blending

SHADES

* The SHADES mix design software will
allow the designer to quickly check multiple
combinations of aggregates for meeting
design requirements without having to batch
all possible combinations.

Mix Design
Blending

Aggregate Variable Designs
* One of the many tools available to the mix
designer to better define the starting point of
a mix is the aggregate variable design tool.
— Multiple blends of aggregates
— Allows for greater variety and adjustability

Mix Design
Blending

* Aggregate Criteria

— The % friction aggregate and crushed content
must now be checked for specification
compliance.

— Why check now?

3-32




Mix Design
Blending

» Aggregate Criteria
— % Frictional Aggregate plus No. 4

_(BxC
A_(B)

— Where:
A =% Frictional Aggregate of total blend of all plus No. 4
(4.75 mm) material
B = % Frictional Aggregate retained on No.4 sieve
C =% Frictional Aggregate of total blend
D = % Retained on No. 4 of total blend

Mix Design
Blending

« Aggregate Criteria when Type 2 is specified

— % Frictional Aggregate minus No. 4

- Where:
* [ - % Frictional Aggregate in the total blend passing the No. 4 sieve
= J- % Passing the No. 4 sieve in the Type 2 Frictional Aggregate
* K- % of Type 2 aggregate in the total blend
* P -% Passing the No. 4 sieve in the total blend

Mix Design
Blending

» Aggregate Criteria when Type 2 is specified

— Fineness modulus of the Type 2 Aggregate
must be determined

— Fineness Modulus must equal or exceed 1.0
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Mix Design
Blending

» Aggregate Criteria

— Crushed Content

* The total crushed content is the total percent of all
crushed material used in the mixture.

Mix Design
Blending

» Aggregate Criteria

— Crushed Content
* If a 60-40 percent blend is used and the 60
represents, for instance, a crushed limestone and the
40 represents a natural sand, the crushed content
would be 60%.

Mix Design
Blending

* For additional information see:
— SP-2 from the Asphalt Institute
— MS-2 from the Asphalt Institute
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Mix Design

Initial Binder Content Determination

Mix Design

Initial Binder Content Determination

* What can be used to determine the initial
binder content?
— Surface Area
— SHADES
— Experience

* Do estimated values meet specifications?

Mix Design

Initial Binder Content Determination

Surface Area

* The surface area of the combined aggregate
gradation can be used based on a desired
target film thickness.

— The binder content is determined by back-
calculating from the film thickness.

— Generally, the greater the surface area, the
greater the need for additional binder.
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Mix Design

Initial Binder Content Determination

SHADES
* The SHADES software will estimate the
initial binder content by making use of the
surface area of the combined aggregate
gradation.

Mix Design

Initial Binder Content Determination

Experience

* If the mix designer is experienced with the
aggregates to be used, an estimate for the
initial binder content can be made.

Mix Design

Initial Binder Content Determination

Do estimated values meet specifications?

* Once the initial binder content is
determined, the remainder of the volumetric
properties can be estimated.

» These properties are then compared to the
specifications for compliance prior to
batching.
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Mix Design

Initial Binder Content Determination

» For additional information see:
— SP-2 from the Asphalt Institute
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Mix Design

Batching
Mixing
Sample Preparation
Testing

Mix Design
Batching

» The batching process is used to determine
the correct quantities of aggregate and
binder to combine for mixing.

Mix Design
Batching

 The batch size should be between 13,000
and 14,000 grams of aggregate.

* The batching must be performed to build up
to the target gradation.
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Mix Design
Batching

* Go to I.M. 501 for a detailed example on
how to perform the batching calculations.

Mix Design
Batching

e The amount of binder to add is determined
by the following equation.
(POX(Wy)
()

S

W, =

Where: W, = weight of the added binder, g
W, = weight of the aggregate, g
P, = percent binder
P, = percent aggregate (100-P,)

Mix Design
Batching

Consensus Properties
» The consensus properties of the combined
aggregate mixture must be checked. This
will require that the individual aggregates

— Smaller batches must be prepared of sufficient
size to perform the testing.

be batched to achieve the desired gradation.
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Mix Design
Batching

Consensus Properties

* The consensus properties must now be
checked for acceptability. WHY?

» SHADES will estimate the consensus
properties based on individual results but
the specifications are based on the
combined aggregates test results.

Mix Design
Batching

Consensus Properties
» Fine Aggregate Angularity (FAA)

— The FAA is determined by running the test on
the blend of the materials.

— This can be estimated by mathematically
combining the FAA results from each of the
individual materials.

Mix Design
Batching

Consensus Properties
* Sand Equivalent (SE)

— The SE is determined by running the test on the
blend of materials.

— This cannot be mathematically combined from
the individual results.
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Mix Design
Batching

Consensus Properties

* Flat and Elongated Particles
— The Flat and Elongated Particles is determined
by running the test on the blend of materials.
— This can be estimated by mathematically
combining the Flat and Elongated Particles
results from each of the individual materials.

Mix Design
Batching

* Once the aggregates have been properly
batched, they must be heated prior to
mixing.

Mix Design
Mixing HMA

* Heating
— Before the aggregates and binder are combined,
they must be heated to 275° + 5°F
(135° £ 3°C).
— The mixing bowl and utensils shall also be
heated before mixing operations begin.
— Always keep the mixing bowl buttered.
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Mix Design
Mixing HMA

* Follow procedures F-4 through F-7 in .M.
510 for instructions on:
— Dry mixing
— Weighing asphalt binder into mixer
— Wet mixing

Mix Design

Sample Preparation

* Follow procedures F-8 through F-10 in .M.
510 for instructions on:
— Splitting
— Curing

Mix Design
Testing

* Follow procedures F-11 through F-13 in
.M. 510 for instructions on:
— Compaction testing
-G
- G,,, testing

testing

mm
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Mix Design
Batching/Mixing/Sample Preparation/Testing

 For additional information see:
— SP-2 from the Asphalt Institute
— MS-2 from the Asphalt Institute
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Mix Design Analysis

Once all the batching, mixing, preparation and testing are done, the mix designer
must still perform the analysis of the mixture. If several different blends are being
analyzed, this analysis allows the mix designer to select the best blend to go on
and test at different asphalt contents. Then the analysis is performed again to
establish the JMF. It is assumed at this point that the mix designer has already
checked the aggregate properties to be sure they meet the requirements, so this
analysis is to look at the volumetric properties of the mixture.

Several pieces of information are needed to perform the volumetric analysis. The
specific gravities of the aggregates, asphalt binder, compacted and uncompacted
mixture must be known. The percent asphalt binder in each batch is also
required. The combined gradation must also be determined for use in calculating
film thickness and filler/bitumen ratio. The height information from the gyratory
compactor is needed to determine the percent of Gmm at N-initial.

From this information the important properties of the mixture can be determined.
It is necessary to calculate all the volumetric properties for each batch. Air voids,
VMA, VFA, film thickness and filler/bitumen ratio are the properties that insure
the proper amount of asphalt and voids are present. The percent of Gmm at N-
initial is determined to insure that the compaction of the mixture will not take
place too quickly (tenderness).

There are many tools available to the mix designer to aid in the analysis of the
trial blends. There are commercially available programs that will analyze mix
design data. The SHADES computer program provided free with this class
performs all the necessary calculations for the mix designer and produces the
required reports.
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Mix Design

Analysis

Mix Design
Analysis

* The following items are needed prior to
performing the calculations for analysis:

— Combined Gradation

Mix Design
Analysis

* Calculate the volumetric properties and the
following mixture characteristics:
— Voids
- VMA
- VFA
— Film Thickness
— Filler/Bitumen Ratio
= % Gy @ Niy
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Mix Design
Analysis

Volumetric Property
* Voids

Gum -G

mm

P =>mm"

a

mb x 100

Mix Design
Analysis

Volumetric Property
+ VMA

VMA:IOO-%

sb

Mix Design
Analysis

Volumetric Property
* VFA

VFA:%XIOO
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Mix Design
Analysis

* To determine the Film Thickness and the
P,,, P, and

Filler/Bitumen Ratio, the G,
surface area need to be determined.

Mix Design
Analysis

se

Mix Design
Analysis

° Pba

— (Gse - Gsb)

1
o (GseXGsb)XGbX 00




Mix Design

Analysis
* Pbe
P xP
P = P - ba S
be b 100

Where: P, = 100-P,

Mix Design
Analysis

» Surface Area (SA)

— The surface area is found by taking the %
Passing of the combined gradation times the
Surface Area Coefficient at the corresponding
sieve size.

* The surface area for the material above the No. 4
sieve is a constant 0.41.

— The total surface area is found by adding all of

the individual surface area values.

Mix Design
Analysis

* Film Thickness (FT)

P

FT=
S

(=2
']

x10

>




Mix Design
Analysis

¢ Filler/Bitumen Ratio (F/B)

F/B = Total % of minus No. 200 (0.075 mm) material

be

Mix Design
Analysis
* % G @ Nyy;
G _h
mb- M x |
G,,h x 100

mm—X

% Gmm @ Nim =

Where:
h,,, = height of compacted specimen, mm

h, = height of compacted specimen at N;;
gyrations, mm

Mix Design
Analysis

* Specification compliance?
— Check .M. 510 Appendix A.




Mix Design
Analysis

» The SHADES software will automatically
determine the volumetric properties and
mixture characteristics for specification
compliance.

Mix Design
Analysis

» Will trial aggregate blend meet
specifications?
— Perform a single point analysis by estimating
what the mixture properties would be at the
correct void level.

* This is accomplished in SHADES by assuming that
a 0.2% change in binder content corresponds to a
0.5% change in voids.

Mix Design
Analysis

» Will trial aggregate blend meet
specifications?
— If yes, proceed.
— If no, go back to aggregate blend selection.




Determination of Optimum Binder Content

Once the mix designer has selected a blend that will meet the specifications, that
blend must be tested at several different asphalt contents so that the optimum
asphalt content can be determined. If a single batch of the selected blend has
already been tested and evaluated, the optimum asphalt content can be
estimated using the rule of thumb that 0.2% change in asphalt binder content
equals a 0.5% change in air voids.

If the mix designer chooses to skip the blend evaluation step and go to an
asphalt variable design immediately, the optimum asphalt content is more difficult
to estimate. Experience with similar materials can be used. Or, the mix designer
may look at the surface area and absorption of the aggregates. Higher surface
areas and higher absorptions generally require more asphalt. The SHADES
computer program has tools built in to help the mix designer determine a initial
binder content based on film thickness.

Whatever method is used, the mix designer should test the trial blend at three or
four different asphalt contents, 0.5% to 1.0% apart. IM 510 provides instruction
concerning the bracketing of the optimum binder content. Bracketing means that
there must be at least one asphalt content batched above optimum and one
below optimum. This is required because the final recommended optimum
binder content is determined by assuming a linear relationship of voids versus
binder content and calculating the asphalt content that yields the target percent
voids. To do this, the calculation needs voids data from a batch with higher than
target voids (low Py) and a batch with lower than target voids (high Pb).

Once the target binder content is established, the other mixture properties at that
percent asphalt can be interpolated from the test data. This is done using
equations similar to the one used to determine the optimum binder content. The
final step is to perform a check on the interpolated data to be certain all
specifications have been met.
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Mix Design

Determination of Optimum Binder
Content

Mix Design — Objective

Determination of Optimum Binder Content

* Conclude if mix design data meets the
specifications.

» Compare data on different blends and
choose which blend is “best”.

* Calculate optimum P,.

Mix Design

Determination of Optimum Binder Content

* Bracketing
— Minimum of three binder contents
— Should cover a range of at least 1.0%.

* The final recommended binder content must be
bracketed by trial binder contents above and below
the optimum binder content.
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Mix Design

Determination of Optimum Binder Content

* Bracketing

— Determine volumetric and other mix
characteristics at additional binder contents.

Mix Design

Determination of Optimum Binder Content

* Determine the optimum binder content by
interpolating to target voids by using the
following equation.

: P -P
Optimum P, = EPL_PaI)(th -P)+P,

ah

Mix Design
Determination of Optimum Binder Content
: _(P,-P
Optimum P, = (Phipaz)(th -P)+P,
a

ah
Where:

P,, = high air voids
P, = low air voids
P, = target air voids
Py, =high P,

P, =low P,




Mix Design

Determination of Optimum Binder Content

Example

+ Determine the optimum binder content given the
following information assuming a target voids of
4.0%:

Voids Binder Content
8.2 4.00
52 5.50
3.7 6.20
2.4 7.35
Mix Design

Determination of Optimum Binder Content

 The bracketing pairs are 5.2% voids with
5.50% binder, and 3.7% voids with 6.20%
binder.

Optimum P, :%(6.20 -5.50)+5.50

Optimum P, = 8%(0.70) +5.50=6.06%

Mix Design

Determination of Optimum Binder Content

* After determining the optimum binder
content at target voids, the volumetric and
other mixture characteristics need to be
determined for analysis.
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Mix Design

Determination of Optimum Binder Content

* The SHADES software will automatically
perform the interpolating to target voids and
determine the corresponding volumetric and
other mixture characteristics.

Mix Design

Determination of Optimum Binder Content

¢ Does the mixture meet all of the
specifications?
— Check I.M. 510 Appendix A

Mix Design — Objective

Determination of Optimum Binder Content

* Conclude if mix design data meets the
specifications.

» Compare data on different blends and
choose which blend is “best”.

* Calculate optimum P,
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Reporting

The last step in the mix design process is producing the documentation and
submitting it for approval of the JMF. The SHADES computer program produces
the two required reports. The completed SHADES file including forms 955 and
956 are required documentation that must be submitted to the DME for approval.
Form 955 is the documentation of the aggregate sources and gradations. The
most important information on Form 955 is the production limits for the aggregate
stockpiles. These production limits tell the producer how much variation from the
target gradation is allowed during the building of the stockpile. The mix designer
can set the production limits, but both the aggregate producer and the contractor
must sign the 955 to indicate that the aggregates will be produced as indicated.

Form 956 is the mix design documentation. It shows the JMF as well as all the
test data generated during the trial mixing process. Copies of these two
documents will be distributed to the Engineer, the DME and the contractor once
the DME has approved the mix design for use.

It is a requirement that the mix designer submit a copy of the SHADES computer
file containing the mix design data to the DME. The DME or his authorized
representative will issue the final approved 956. Approval may be based on just
a review of the 955 and 956, or the DME may request that the materials be
submitted to the District Lab for verification testing. Checking the aggregate
specific gravities and/or testing a box of mixture prepared at the optimum binder
content is often required.

A new method of approval was instituted in 2002. If the DME and the contractor
agree, a test strip may be produced and evaluated for approval of the JMF. This
method limits the plant production to the approved quantity. At that point
production ceases until test results are available to confirm the quality of the
mixture. Producing a mix design which truly represents what will be produced at
the plant is always important, but when using the test strip method of approval it
is essential.
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Reporting

Reporting — Objective

» Use SHADES to generate reports.

Reporting

* What is required?
— Form 955
— Form 956
— Worksheets (DME option)
— Approval
— Distribution
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Reporting

e Form 955

— Required documentation indicating what
materials are to be used and what the
production tolerances are.

Reporting

* Form 956 (JMF)
— Required documentation indicating the results
of testing performed by the contractor.
— Provides the bracketing information for use

during production when adjustments are
needed.

Reporting

» Worksheets (DME option)

— Documentation needed at times to check the
accuracy of results.




Reporting

* Approval
— Required prior to the start of paving.
— Signatures
— DME Testing
— Test Strip

Reporting

» Approval

— Signatures

» From both the contractor and the aggregate
producer(s) on Form 955.

« From both the contractor and DME on Form 956.

Reporting

* Approval
— DME Testing

* May be required to verify the volumetric properties
and/or other mixture characteristics.

5-5




5-6



ADJUSTING






Adjusting Plant Production

Adjustability
Likely Problems
Troubleshooting Charts
Mix Change Approval

Adjusting Plant Production —
Objective

Recognize likely problems.
Describe possible solutions.
State how to document changes.

Name who needs to be informed of
changes.

Adjusting Plant Production
Adjustability




Adjusting Plant Production
Likely Problems

* Low Voids
— What can be done?
— Ways to increase voids
* Remove binder
* Increase crushed content
* Remove fines

Adjusting Plant Production
Likely Problems

* Low VMA
— What can be done?
— Ways to increase VMA
* Increase crushed content
* Remove fines

* Move combined gradation away from the maximum
density line.

Adjusting Plant Production
Likely Problems

* Low Film Thickness
— What can be done?
— Ways to increase film thickness
* Increase binder
* Remove fines by using “cleaner” aggregates
» Use a coarser gradation
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Adjusting Plant Production
Likely Problems

» Gradation
— What can be done?
» Change proportions
 Screen
* Waste

Adjusting Plant Production
Likely Problems

» Compaction

— What can be done if tender?
* Increase crushed content
* Remove binder
* Remove fines

— What can be done if harsh?
* Decrease crushed content
* Add binder
* Add fines

Adjusting Plant Production
Troubleshooting Charts

e I.M. 511 Field Problem Table
* I.M. 511 Lab Problem Table
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Adjusting Plant Production
Mix Change Approval

* The contractor is responsible for making
changes, as necessary, to achieve target
values specified on the JMF. These changes
can include adjusting the proportions of
aggregate and binder necessary to meet the
JMF.

Adjusting Plant Production
Mix Change Approval

* What requires a mix change approval?
— Target Gradation
— Target P,
— Shut Down
— Aggregate interchanges
— Aggregate substitution

* Geologically similar
* Less than 15%

Adjusting Plant Production
Mix Change Approval

* Target Gradation

— If a change in the target gradation is desired, the
contractor must obtain approval of a new JMF
from the DME.




Adjusting Plant Production
Mix Change Approval

* The contractor may change the target binder
content to maintain the required mixture
characteristics, provided the appropriate
documentation and reporting is performed.

Adjusting Plant Production
Mix Change Approval

e Shut Down

— If the contractor is forced to shut down the
plant because of the moving average for air
voids falling outside specifications, the
contractor must obtain approval from the DME
to restart plant operations.

Adjusting Plant Production
Mix Change Approval

» Aggregate interchanges

— The contractor may interchange aggregates in
order to maintain the target gradation provided
the appropriate documentation and reporting is
performed.




Adjusting Plant Production
Mix Change Approval

+ Aggregate Substitutions

— The contractor must obtain approval from the
DME to perform an aggregate substitution
provided the following two conditions are also
met:

» The aggregate is from a geologically similar
formation.

* The aggregate will constitute less than 15% of the
mix.

Adjusting Plant Production —
Objective

* Recognize likely problems.
* Describe possible solutions.
+ State how to document changes.

¢ Name who needs to be informed of
changes.

Adjusting Plant Production

¢ For additional information see:

— Asphalt Handbook produced by the Asphalt
Institute




SPECIAL ISSUES






Special Issues

WMA

Warm Mix Asphalt has been used for many years in Europe. Many States
including lowa have placed WMA sections and evaluated the performance. The
lowa specifications allow the use of WMA in place of HMA for all bid items unless
specifically excluded in the contract documents. There are numerous
technologies in use to produce WMA and those technologies must be employed
in the mix design. The specific requirements depend on the chosen technology,
plant operations and mixture temperatures.

Anti-Strip Agents

Preventing stripping in HMA pavements is a high priority because it often leads to
premature failure. Adding anti-strip agents to the mixture may be required by
specification when working with high percentages of coarse siliceous aggregates
like quartzite and all surface mixtures designated for VT traffic levels. Hydrated
lime has been used for many years as an anti-strip agent, but when not handled
properly it can be a safety and environmental concern. Liquid anti-strips, while
generally not as effective as hydrated lime, can be added to the asphalt binder by
the binder supplier, thus eliminating the handling problems at the hot mix plant.
Most liquid anti-strips are amines and are very toxic, but are used in small
percentages (<2%) of the binder so they are considered safe. However, the mix
designer may need to work with the pure liquid anti-strip and should be aware of
the hazards and take the necessary precautions for safe handling of toxic
materials.

When the specifications call for the use of an anti-strip agent, the contractors
have several options. They may elect to add hydrated lime or they may do extra
testing during the development of the mix design to prove that the mix does not
need an anti-strip agent. If they decide to use a liquid anti-strip, however, they
must establish the optimum dosage for the mixture. To establish whether an anti-
strip agent is needed or to optimize the dosage, the mix designer must perform
the test for moisture susceptibility according to IM 319 using the Hamburg Wheel
Tracking Device.

AASHTO T283

The T283 test uses specimens compacted to approximately seven percent voids.
Three specimens are saturated with water, exposed to freeze and thaw then
conditioned in warm water for twenty-four hours. The indirect tensile strength of
these conditioned specimens is compared to that of specimens that have been
kept dry. This is called the tensile strength ratio or TSR. If the conditioned
specimens have at least eighty percent of the strength of the dry specimens the
mixture is acceptable. lowa no longer uses the T283 test, instead the Hamburg
Wheel Tracking test is used.
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Hamburg Wheel-Tracking

In January 2013 the T283 test was replaced with the Hamburg Wheel-Tracking
Device test. The Hamburg uses steel wheels that track across gyratory
specimens that are submerged in warm water. The amount of rutting is
measured on each pass of the wheel. If the asphalt begins to strip from the
aggregate, there will be a sudden increase in the rate of rutting. When this
happens the Stripping Inflection Point or SIP can be determined mathematically.
If the SIP occurs too early in the test the mix may be considered moisture
susceptible and an anti-strip agent may be needed.

Economic Justification

Specification 2303.02D states that if a mix design is submitted with a
recommended asphalt content more than 0.75% above the basic asphalt content
shown in the spec. then the contractor must perform an economic evaluation.
The economic evaluation involves producing an alternate design that does not
exceed the 0.75% criteria and establishing the haul costs of using a different
aggregate source with lower asphalt absorption. Most often it is highly absorbent
aggregates that cause the high asphalt demands. Occasionally, though, the high
asphalt demand is due to excess VMA in the mixture. It is necessary to design
mixtures with a little more VMA than the minimum required, but if there is more
than two percent extra VMA it can be a waste of asphalt that must fill the space.
When this happens the economic evaluation includes proportion changes that
might lower the VMA and, in turn, lower the asphalt demand.

RAP

The use of RAP in HMA is common. Certain adjustments must be made when
using RAP, since it is proportioned like any other aggregate but it is not just
aggregate, it also includes some asphalt. For example, if fifteen percent RAP is
used, it does not contribute fifteen percent to the aggregate, but slightly less
depending on the asphalt content, maybe fourteen percent. Also, the asphalt
content of the mixture must be adjusted to account for the asphalt coming from
the RAP. There are equations included in IM 501 that show how to calculate the
necessary adjustments to compensate for the asphalt in the RAP. The basic
idea is to treat the RAP like any other aggregate and use mathematics to
compensate. So, when calculating the combined gradation or the combined
specific gravity, small adjustments to the percentages are needed to be correct.
The mix designer must be sure to correctly adjust the amount of asphalt added to
the trial mix so that the total asphalt will be correct.

RAS

The use of recycled asphalt shingles (RAS) is gaining popularity due to the high
asphalt content of shingles in the 20-30% range. RAS is handled in a similar
manner to RAP. Often when RAS is used it is combined with RAP. Special
requirements apply to RAS for source approval, mix design and plant production.
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Slag

Steel slag is an artificial aggregate that is a byproduct of smelting steel. Steel
slag has a high specific gravity, normally around 3.200, because it contains a
small amount of steel. It often has a very rough texture and many large voids
that make it difficult to determine the specific gravity and absorption. Steel slag
is a Type 2 Frictional class aggregate and is commonly used in Eastern lowa in
surface mixtures that have special frictional requirements. The high specific
gravity and difficulty in testing means the mix designer needs to exercise extra
care when including slag in the mixture.

District Differences

It is a simple fact that specifications cannot be written to cover every possible
situation. Some specifications are written intentionally to need interpretation by
the Engineer or give options to the Engineer. For this reason, the mix designer is
likely to encounter significant differences in what is expected when moving from
one District to another. Usually, these differences are limited to what each
District wants for documentation, what samples need to be submitted for the
approval of the JMF or how to coordinate the correlation samples required. For
example, one District may require the mix designer to submit all the worksheets
used during the mix design process in addition to the usual forms. When
beginning the mix design process it is best to inform the District responsible for
the job and ask if there are any special requirements. Communication is
essential; you know what happens when you assume!

Modified Binders

Modified Asphalt Binders are used occasionally for special purposes. Usually
they are specified when higher stiffness is required to prevent shoving and
rutting, such as urban areas with high truck traffic or Interstate pavements. A PG
binder with a traffic designation of H, V, or E will probably be modified. Because
of the higher stiffness, some modified binders will not mix well at normal
temperatures. Mixtures made with modified binders sometimes will not compact
properly at normal temperatures either. The mix designer should check with the
binder supplier to see if a higher temperature is recommended for mixing and
compaction when using modified binders. If the binder supplier recommends a
temperature higher than 275° F, this information should be communicated to the
DME.

Performance Testing

Several new test procedures and new testing equipment are currently being
evaluated as mix design and/or field QC mixture performance tests. All of the
tests being looked at are stress or strain controlled loading tests. Dynamic
modulus, resilient modulus, elastic modulus, dynamic creep and static creep are
all measurements of fundamental properties related to vehicle loading. The lowa
D.O.T. has purchased the test equipment to perform these tests and began
evaluating mixtures used in lowa and the new test procedures in 2003.
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The AASHTO Design Guide requires results from some of these tests for use in
the design of the pavement. When actual measured properties of the materials
are used to help design a pavement structure it is called “Mechanistic Design”.
Pavement designers have never had a mechanistic design tool for asphalt
pavements. The tests being evaluated now will provide the information needed to
help the pavement designers implement the new mechanistic design guide. The
mix designer needs to be aware of developments in this area because the new
tests could begin to impact designs for high ESAL load pavements within the
next few years.

Disc-Shaped Compact Tension test (DCT)

One performance test that has been implemented determines the fracture energy
required to crack a mix at low temperatures. This test may be used to better
determine the need to change the grade of asphalt binder when high
percentages of RAP or RAS are used.

Virtual Design

The SHADES computer program includes new tools. One of these new tools is a
Virtual Design Tool that allows the mix designer to input some basic data about
the aggregates to be used and let the computer predict the mixture properties. In
addition to the usual data concerning gradation, angularity, specific gravity and
absorption, the virtual design tool needs to know the compactability of the
aggregate. This value can be estimated or it can be measured by a new test
procedure developed by Dan Seward in the Central Materials Lab. The new test
is an extension of the Fine Aggregate Angularity test that applies a load to the
aggregate in the volumetric cylinder and measures the amount of compaction
that takes place.

While the predictions are not one hundred percent accurate, they can help the
mix designer find a trial blend quickly that should meet the requirements. The
mix designer can also use this tool to compare several different combinations
without actually having to mix and test the trial blends. Current data indicates the
Virtual Design Tool will produce accurate results more than fifty percent of the
time.

Virtual Check

Another new tool included in SHADES is the Virtual Check, which employs
certain known relationships to check on the validity of the trial mix test results.
Mix designers have known some of these relationships for many years but have
not had a method for checking them. For example, it is well known that a one
percent change in asphalt content should produce about a 0.033 difference in the
Maximum Specific Gravity of the mixture. The Virtual Check Tool employs this
and other physical relationships to graph the trial mix data against the
theoretically correct data and compare the two. It will then inform the mix
designer whether the test data is a good fit to the theoretical model or not. This
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should help the mix designer as well as the Agency approving the design to be
comfortable with the test results.

Equiviscous Mixing and Compaction Temperatures

The State of lowa does not use mixing and compaction temperatures based on
the viscosity of the asphalt binder. Some surrounding States do use this method.
When using this method, the mix designer must obtain the viscosity of the binder
at two different temperatures, graph the viscosity then read the mixing and
compaction temperatures from the graph at points where the viscosity is equal to
a certain value. This method does not work well with some modified binders
because the stiffness (viscosity) of the binder is so high that the temperatures
read from the graph would be unrealistically high. The binder supplier will
normally be able to provide the needed viscosity data or recommend the
temperatures to use. In lowa, 275° F is used for both mixing and compaction
unless the binder supplier recommends a different temperature.

Special Uses

There are other uses for HMA besides highway pavements. One of the more
common special uses for HMA is bike trails. Since bike trails do not carry heavy
loads the specifications for trails emphasize resistance to aging and cracking
instead of resistance to rutting. Such mixtures tend to be rich in asphalt and fine
graded.

The Department of Natural Resources (DNR) supplies recycled crushed glass for
use in some trail projects. The glass is supplied to the contractor as manufactured
sand. The HMA produced with recycled glass is called

“glassphalt”. Several projects have successfully used glassphalt for both trails
and parking lots.

HMA Interlayer

For bid items specifying an HMA Interlayer a special mix design is required.
Supplemental Specification SS-15010 contains the requirements for an interlayer
mix. The interlayer is a stress absorbing membrane (SAMI) designed to reduce
reflective cracking from the underlying pavement. A special highly polymerized
asphalt binder PG 58-34E is required and special testing for beam fatigue
according to AASHTO T321 is used to be certain the mix is highly flexible and
resilient. Interlayers are designed with lower void requirements and high asphalt
binder contents.

High Performance Thin Lift

For bid items specifying a High Performance Thin Lift a special mix design is
required. Developmental Specification DS-15066 contains the requirements for
High Performance Thin Lift (HighPer) mixtures. These mixtures are surface
mixtures placed in thinner than usual lifts designed to resist water penetration,
rutting and cracking. A special highly polymerized asphalt binder PG 64-34E+ is
required and special testing using the Hamburg Wheel Tracker is used to be sure
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rutting will not occur. Thin lift mixtures are also designed with lower void
requirements and high asphalt binder contents.

Certification Outside lowa

lowa has developed reciprosity agreements with several of the surrounding
states. Attending mix design school here allows the technician to work in other
states without attending their mix design classes and vice versa, only the written
test must be taken. Anyone who has attended Superpave Mix Design training at
The Asphalt Institute, NCAT, or a Superpave Center may also test out of this mix
design class. If you need to work in a surrounding state be sure to contact them
first and find out what the requirements are for transferring your certification.
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Special Issues

Special Issues — Objective

* Discuss special issues which may be
encountered on your project.

* Identify where to go for more information.

Special Issues

« WMA * Modified Binders

« Anti-Strip Agents » Performance Testing
« AASHTO T283 * Virtual Design

* Hamburg Wheel-Tracking + Virtual Check

« Economic Justification » Equiviscous

« RAP Mixing/Compaction
« RAS * Special uses

« Slag * HMA Interlayer

« District Differences * High Perf. Thin Lift

* Cert. outside Towa
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Special Issues
WMA

» Warm Mix Asphalt will be allowed for use
on all bid items unless specifically
excluded.

* Special mix design requirements apply

depending on the WMA technology, plant
operations and temperatures.

Special Issues
Anti-Strip Agents

* When the mix to be designed falls under the
criteria listed in specification 2303.02E, an
anti-strip additive may be required.

— The specification deals with the potential use of
a anti-strip agent to be used to deal with the
stripping potential of the aggregates.

Special Issues
AASHTO T283

* Prior to January 2013, when the use of an
anti-strip agent was required, the AASHTO
T283 test was performed.

— This test deals with measuring the stripping
potential of the mixture.

— A minimum Tensile Strength Ratio (TSR)
criteria must be met.

— Still used in some states.




Special Issues
Hamburg Wheel-Tracking Testing

* The AASHTO T283 test has been replaced
by the Hamburg Wheel-Tracking device to
evaluate moisture sensitivity as described in
IM 319.

— Evaluates the Stripping Inflection Point (SIP)
which is the number of wheel passes before the
asphalt binder begins to strip from the
aggregate.

Special Issues
Economic Justification

+ Standard Specification 2303.02D

— If the asphalt binder content for the
combination of aggregates submitted for an
acceptable mix design exceeds the basic asphalt
binder content by more than 0.75%, the mix
design will include an economic evaluation
prepared by the Contractor including an
alternate mix design that does not exceed the
0.75% limit.

Special Issues
RAP

* There are two different types of RAP with
different criteria that must be met.
— Classified RAP
— Unclassified RAP

 There are restrictions on the amount of
unclassified RAP that can be used.
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Special Issues
RAP

» The Contracting Authority provides the
detailed information on the properties of the
RAP for mix design.

Special Issues
RAP

* When RAP is used in the mix, the
proportions of raw aggregate and binder
must be adjusted to accommodate for the
aggregate and binder in the RAP itself.

» [.M. 501 provides example calculations for

adjusting the proportions of aggregate and
binder.

Special Issues
RAP

» Percent binder in a mix with RAP (Pb(added)).

_ (100)(total intended P,) - (% RAP)(P

_ bRAP))
b(added) 100 - (% RAP)(P, (0.01)

(RAP))

Where:  Pygap) = Py, in the RAP
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Special Issues
RAP

 Percent of RAP considered to be aggregate
(% RAP(aggregate))'

% RAP, (% RAP)(1.00- (Pyrap)(0.01))

= 1
Gasrese) = 77 virgin agg. + (% RAP)(1.00 - (P )(0.01) 00

Special Issues
RAP

» The % virgin aggregate in a mix with RAP
(% virgin agg.).

0 vires — (% virgin agg.)
vovirginage. = o age.+ (% RAPY(1.00 - (Poern)(0.01)) 100

OR
100 - % RAP qreate)

Special Issues
RAP

* Total P, in a mix with RAP (Total P,).
Total P =P, .. + (Yo RAP)(P, .., )(0.01))-
(P aaaea)(V0 RAP)(P (0.0001))

b(RAP))
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Special Issues
RAP

» The proportions of the aggregates must be
adjusted by making use of new % virgin
agg.

— The difference between the original % virgin
agg. and the new % virgin agg. is distributed
over the various aggregates being used.

Special Issues
RAP

» The new percentage of each individual
aggregate is adjusted by using the following
equation:

% Agg

ginal] - i

%0 ARE, (o) = %0 ALE, (original) T — Moriginal [% virgin Agg o % virgin Agg( ‘gl )
% virgin Agg (new original) |

(original)

Special Issues
RAP

» The aggregate properties of the blend must
be computed using the adjusted aggregate
percentages.

* The specific gravity of the combined virgin
and RAP binder is computed assuming a
specific gravity of 1.035 for the RAP
binder.




Special Issues
RAP

* In the SHADES software, the RAP
gradation and properties must be entered on
the last line of the individual aggregate
gradation section.

» The P, in the RAP must also be entered into
SHADES.

* SHADES will automatically perform the
necessary calculations.

Special Issues
RAS

* Recycled Asphalt Shingles must be from an
approved supplier.

* Handled similar to RAP.

* 2/3 of the asphalt in the shingles is
considered active and is paid for.

» Some special mix design requirements
apply including different criteria for the
grade bumping of the asphalt binder.

Special Issues
Slag

» Extremely high specific gravity
(approximately 3.20)

* Highly variable absorption characteristics
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Special Issues
District Differences

» The DME has a great deal of flexibility in
interpreting how the specifications will be
enforced.

— Contact the district office you will be working
in if you have specific questions.

Special Issues
Modified Binders

* Modified binders have special needs for
design.
— Possibly a higher mixing temperature
— Talk with the supplier for recommendations

Special Issues
Performance Testing

» Upcoming tests to better define the
performance of the mixture.

* Fracture energy testing is being
implemented to better define when grade
changes are required when RAP binder
replacement exceeds 30% (or 25% when
RAS is used).




Special Issues
Virtual Design

 Estimates the compaction of the aggregates
through a modified Fine Aggregate
Angularity test.

— Allows for a better starting point for design
binder content.

Special Issues
Virtual Check

» Uses mathematical relationships to check on
the accuracy of test results.

— Allows the designer to see if there may be a
problem before getting into production.

Special Issues
Equiviscous Mixing/Compaction

Viscosity
* Viscosity is the resistance to flow.
— Higher viscosity means less flow.
* At low temperatures, asphalt is viscous.

— As temperature increases, viscosity decreases and the
asphalt becomes more fluid.

* Asphalt must flow to mix with aggregates.

* Should not flow too much during compaction or
will drain down (run off).




Special Issues
Equiviscous Mixing/Compaction

* To determine mixing and compaction
temperatures:
— Measure viscosity at two temperatures
* Brookfield viscometer
« Capillary tube viscometer
— Plot on temperature-viscosity graph
— Find mixing and compaction temperatures by

determining where the binder has the
appropriate viscosity.

Special Issues
Equiviscous Mixing/Compaction

Viscosity, Pas
=———c==—————=——=—"——————
5

o

Compaction Range I

Do =

Mixing Range |T0]

el
0 110 120 130 140 150 160 170 180 190 200

Temperature, C

o

Special Issues
Equiviscous Mixing/Compaction

Equiviscous Temperatures
* Asphalt Institute recommendations
» Not new to Gyratory

* Many states follow these or have these built
into their specifications

Others use constant mixing and compaction
temperatures

— Iowa uses 275°F for mixing and compaction
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Special Issues
Equiviscous Mixing/Compaction

Example

* A binder has the following viscosities:
—0.400 @ 135°C
- 0.150 @ 165°C

+ Estimate mixing temperature range.
» Estimate compaction temperature range.
* Is this reasonable?

Special Issues
Equiviscous Mixing/Compaction

Viscosity, Pas
=== ———=——=——°——————
5

Compaction Range I

|
1 100 110 120 130 140 150 160 170 180 190 200

Temperature, C

R =
0|

I Mixing Range |

Special Issues
Equiviscous Mixing/Compaction

Note
* With some modified binders, this approach may
yield unrealistically high mixing and compaction
temperatures.
+ Contact binder producer for realistic temperature
ranges.
+ Example: a PG 64-28 gave:
— Mixing temp = 251°C (Used 150°C)
— Compaction temp = 227°C (Used 140°C)




Special Issues
Special Uses
+ Bike Paths
* HMA Interlayer
* High Performance Thin Lift

Special Issues
Technician Certification outside Iowa

* What’s different in lowa?
— Design Table
— Mixing/Compaction Temperature
— % Crushed
— QC/QA terminology

Special Issues — Objective

* Discuss special issues which may be
encountered on your project.

* Identify where to go for more information.




Special Issues

¢ For additional information see:

— SP-2 from the Asphalt Institute
— MS-2 from the Asphalt Institute
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SUMMARY






Summary

Summary
Course Objectives

* Identify the steps in HMA mix design

* Perform the steps hands-on

Summary

Identify the design requirements

Selecting materials

Obtaining samples

Aggregate sample preparation

Aggregate testing

Blending




Summary

Determine initial binder content
Batching

Mixing

Sample Preparation

Mix testing

Analysis

Determine optimum binder content

Summary

Reporting

SHADES

Adjusting mixes

Identify any special issues
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Note
Successful completion of the following training materials, including
examination and performance evaluations are prerequisites for this
training package.

» AASHTO T 176, Standard method of Testing for Plastic Fines in
Graded Aggregate and Soils By Use of Sand Equivalent Test.

Reference AASHTO Tests
» AASHTO T 2, Standard Practice for Sampling Aggregate

» AASHTO T 27, Sieve Analysis of Fine and Coarse Aggregate

» AASHTO T 248, Reducing Samples of Aggregate to Testing Size
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Plastic Fines in Graded Aggregate and Soils by Use of
the Sand Equivalent Test

Scope

The Sand Equivalent Test uses a liquid solution to separate the clay-like material (fine dust) from
the larger material in a sample that passes the No. 4 sieve. Once the clay-like material is
separated the percent or amount of material in a sample that has similar characteristics to sand
can be determined. A higher sand equivalent value indicates that there is less clay-like material in
a sample. Clay-like materials have a direct effect on the performance of Hot Mix Asphalt (HMA)
and the amount should be controlled to provide quality bituminous mixtures. A large amount of
clay-like particles can coat the aggregate surfaces and prevent the liquid asphalt from completely
coating and adhering to the aggregate.

Apparatus

The following equipment is needed to perform the sand equivalent test. The equipment needs to
conform to the specifications and dimensions of the standard test method. Additional

accessory items are also noted in a list of materials in the
standard test method.

» A plastic graduated cylinder with a rubber stopper

) Assembly and Siphon.
A mechanical or manual shaker

» lIrrigation Tube
» Weighted foot assembly
» Siphon assembly -
> Tinned Measure P
] - in et . .
» Wide-Mouth Funnel Figure 1 - Graduated Cylinder,
» A clock or watch Irrigation Tube, weighted foot
>
>

Bottle of solution

Note:
The solution is placed on a shelf 915mm =+ 25

mm (36 in.%1 in.) above the work surface.

Mechanical Shaker
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Summary of Test

The sand equivalent value of a prepared sample is determined by placing the sample into a
graduated cylinder with the test solution. After the sample has soaked, the cylinder is capped off or
sealed. The cylinder is then shaken in a horizontal position to completely mix the sample and
solution.

There are three separate methods that can be used to shake a sample. The preferred or
recommended method is the method using a mechanical shaker. The other two, the manual
shaker or the hand method can be used, but each one has specific requirements that must be
maintained to obtain accurate results.

When the mixing is finished the cylinder is stood upright, irrigated and allowed to stand
undisturbed. The sample will sink toward the base of the cylinder. The heavier particles will
sink to the bottom of the cylinder rapidly and the suspended fine material will slowly settle
toward the bottom. After 20 minutes + 15 sec. the top of the suspended material is noted as
the clay reading. The sand reading is noted after a weighted assembily is lowered into the
cylinder and it comes to rest on the surface of the sand or coarse material that has settled out.
Once the readings are obtained a simple calculation is used to determine the sand equivalent
value.

Test Precautions

This test method has numerous steps where errors can be introduced, unless certain details
are carefully controlled or monitored before and during the test procedure. The prepared
solution of calcium chloride, glycerin and formaldehyde solution should be mixed, used and
maintained with care. The Material Safety Data Sheets should be used for any safety issues
associated with this test when using the noted solution.

Most of the precautions are associated with good laboratory techniques and watching
the details. The sample preparation and the shaking of the sample have specific requirements
that are needed for accurate test procedures, and test results.

Sample Preparation

The test is conducted on soils or graded aggregate passing the 4.75mm (No. 4) sieve. When
separating the sample special care should be made to collect all the minus 4.75mm (No. 4)
material. Any clumps or dust should be broken apart and included with the material passing the
4.75mm (No. 4) sieve.

Split the sample into the desired number of test samples, with enough material to slightly

overfill the tin measure. Set up each test sample by either one of the alternate methods
described in the standard specification, or the referee method (mechanical shaker).
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Test Procedure

The following step by step procedure for the mechanical shaker (Reference Method) is
recommended to understand the laboratory techniques needed for accurate test results.

1. Allow the initial sample to air dry.

2. Split or quarter the sample until you have slightly more material than it will take to fill a 3
ounce tin cup.

3. Place the tin cup in a larger flat container. A bread pan will work.

4. Take the sample obtained by splitting or quartering and slowly pour the sample into the tin
cup.

5. As you pour the sample, gently tap the bottom edge of the tin cup on a hard surface (the
bottom of the large flat container will work.)

6. After filling, strike off the top of the tin cup with a straight edge.

7. Oven dry the sample to a constant weight at 110 + 5°C (230 £ 9°F).

8. Place one of the plastic graduated cylinders under the elevated siphon assembly.
9. Siphon 4.0+/-0.01 inches of working calcium chloride solution into the cylinder.
10. Pour the content of the tin cup into the solution.

11. Tap the bottom of the cylinder several times with the heel of your hand to help release
trapped air bubbles and promote thorough wetting of the sample.

12. Let the cylinder and sample stand undisturbed for 10 +/-1 minutes.
13. Place the rubber stopper in the cylinder.

14. Loosen the material from the bottom of the cylinder.

15. Place the cylinder in the Mechanical Shaker.

16. Tighten the screw to hold the cylinder.

17. Turn the Mechanical Shaker on.

18. BE SURE TO HOLD THE MECHANICAL SHAKER IN PLACE, IF IT HAS NOT BEEN
ANCHORED TO A FIRM FLAT SURFACE. Allow the machine to shake the sample for 45 + 1 second.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

When the shaker is finished, loosen the screw.

Remove the cylinder.

Remove the stopper.

Place the cylinder under the siphon assembly.

Place the irrigation tube into the cylinder.

Loosen the restraints on the siphon tube.

Rinse the material from the cylinder walls as you lower the tube into the cylinder.
Force the irrigation tube through the sample.

Twist the irrigation tube, forcing the fine material into suspension.

Keep forcing and twisting the tube through the sample.

Keep doing this until the fluid level reaches approximately 15 inches.

Raise the tube, keeping the fluid level at the 15 inch mark.

Replace the restraints on the siphon tube.

Allow the cylinder and sample to stand undisturbed for 20 minutes +/- 15 seconds.
After this time take the Clay reading.

Read the top of the Clay suspension. If the suspension level is between
lines take the highest reading.

Insert the weighted foot assembly. (Refer to the standard test method for specific notes of the
weighted foot assemblies.)

MAKE SURE THAT YOU DO NOT ALLOW THE INDICATOR TO HIT THE MOUTH OF

THE CYLINDER.

37.

Lower the assembly into the solution until the foot comes to rest on the sand.

38. Take the sand reading. If the indicator is between 2 lines take the highest reading.

40. Record the clay and sand readings.

41,

Enter the clay and sand readings in the Sand Equivalency formula and complete the

calculations.
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Calculations

Calculate the sand equivalent (SE) value to the nearest 0.1 using the following formula:

SE = Sand Reading x 100
Clay Reading

Common Testing Errors

» Calcium Chloride Solution not mixed properly, used outside of the temperature range or not
checked for organic growth.

» Vibrations or jarring while sample is settling out in the solution.

» Improper sample preparations (splitting & test sample preparations.)
» Solution exposed to direct sunlight.

» Sample not irrigated correctly.

» Sample not shaker properly in graduated cylinder.
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GLOSSARY

Irrigation Tube - Metal tube pushed thru material to help force clay-like material into
suspension.

Weighted Foot Assembly - Device used to measure the height of the nonclay-like material.

Siphon Assembly - A gallon container and flexible hose used to introduce the solution into the
irrigation tube.

Mechanical Shaker - Used to agitate the sample and solution before irrigation.
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| NOTE

Successful completion of the following training materials, including
examination and performance evaluation is a prerequisite for this training
package.

< AASHTO T 168, Sampling Bituminous Paving Mixtures
< AASHTO T 312, Standard Method for Preparing and Determining

the Density of Hot Mix Asphalt (HMA) by Means of the Superpave
Gyratory Compactor.

< AASHTO T 209, Theoretical Maximum Specific Gravity and
Density of Hot Mix Asphalt Paving Mixtures.

< AASHTO T 166, Bulk Specific Gravity of Compacted Hot Mix
Asphalt Mixtures Using Saturated Surface-Dry Specimens.
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Resistance of Compacted Asphalt Mixtures to
Moisture-IiInduced Damage

Asphalt mixtures made from certain combinations of materials may be sensitive to the presence
of water in the finished pavement. Water will cause the asphalt binder to stop sticking to the
aggregate. Since the asphalt binder is the “glue” that holds the pavement together, rapid failure
of the pavement can be expected if the asphalt cannot stick to the aggregate. This is often
referred to as stripping. To help prevent stripping, additives such as hydrated lime or liquid anti-
stripping chemicals may be required. AASHTO T 283 is a test method that can be used to
determine if the materials used are subject to stripping and can also be used to evaluate the
effectiveness of 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 and tested without moisture conditioning, and three more
are selected to be conditioned by saturating with water and freezing. The specimens are then
tested for indirect tensile strength by loading the specimens at a constant rate and measuring
the force required to break the specimen. The tensile strength of the conditioned specimens is
compared to the control specimens to determine the tensile strength ratio (TSR). This test may
also be performed on cores taken from finished pavement.

Common Testing Errors

< Air voids in the conditioned specimens not the same as the unconditioned ones.

< Conditioned specimens not properly saturated with water.

< Conditioned specimens not soaked for 24 hours in a water bath at 60 + 1°C (140 +
1.8°F).
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TEST METHODOLOGY

Apparatus

< Vacuum container for saturating specimens

< Balance and water bath from T 166

< Water bath able to maintain 60 £ 1°C (140 £ 1.8°F)

< Aluminum pans (cake pans)

< Loading jack and force measuring device

< Loading strips with a curved face to match the side of the specimen

< Forced air oven able to maintain any temperature from room temperature to 176C (350F)
within +/- 3C (+/- 5F)

< Freezer able to maintain -18 + 3°C (0 £ 5°F)
< Plastic wrap and heavy-duty leak proof plastic bags

< 10 mL graduated cylinder

Sample Preparation

If pavement cores are to be tested, a minimum of six cores are required. Separate the cores
into two sets of three so that each set has approximately the same average voids. If the layer
thickness is less than 63.5mm (2.5 in) use 100mm (4 in) cores. For thicker layer, either 100mm
(4 in) or 150mm (6 in) cores may be used.

For laboratory batched mixtures, 100 mm (4 in.) diameter and 63.5 £ 2.5 mm (2.5 £ 0.1in.) thick
specimens or 150 mm (6 in.) diameter and 95 £ 5 mm (3.75 £ 0.20 in.) thick specimens are
used. The larger diameter specimens should be used if there is 25.0 mm (1 in.) aggregate or
larger in the mixture. Mix enough material to produce at least eight specimens at the asphalt
content recommended for the mixture. Extra mixture will be needed for trials to establish the
compaction required and for determining the maximum specific gravity of the mixture, if these
values are not known.

After mixing, place the mixture in the aluminum pans and spread it to about 25 mm (1 in.) thick.
Allow the mix to cool to room temperature for 2 £ 0.5 hours. Then put the mixture in the 60°C
(140°F) oven for 16 = 1 hours to cure. After curing, put the mixture in an oven for 2 hours + 10
minutes at the compaction temperature +/- 3°C (5°F). For plant produced mixture, omit the
curing and simply bring the mixture to compaction temperature. Compact the specimens to 7 £
0.5 percent air voids.
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Some experimentation will be needed to find the correct compactive effort that will yield the
desired voids. When using the Superpave gyratory compactor, the height needed can be
calculated from one trial specimen. Other compactors may require several trials before the
correct compactive effort can be established.

After removing the specimens from the molds, store them at room temperature for 24 + 3 hours.

Determine the maximum specific gravity of the loose mixture according to T166. Measure the
thickness and diameter and determine the bulk specific gravity of each specimen. Calculate the
air voids of each specimen. Sort the specimens into two groups of three so that each group has
about the same average voids. One set will be stored at room temperature until tested, the
other set will be conditioned before testing. The unconditioned control set should be sealed in
plastic wrap or a plastic bag.

Moisture Conditioning

Put the specimens to be conditioned into the vacuum container and fill with distilled water so that
at least 25 mm (1 in.) of water is covering them. Apply a partial vacuum (13 - 67 kPa 10-26 in
Hg) to the container for about 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 original SSD 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.

Once properly saturated, 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 +/- 3°C (0
+/- 5°F) for at least 16 hours. Remove the bags from the freezer and place in the water bath at
60 £ 1°C

(140 £ 1.8°F) for 24 £ 1 hours. As soon as possible after putting in the bath, remove the plastic
bag and plastic wrap from the specimens.

Test Procedure

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°C 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 the 25°C bath for at least 2 hours.

Remove the specimen from the bath, measure and record the thickness and place it on its side
between the steel loading strips.

Apply the load to the specimen by forcing the bearing plates together at a constant rate of 50
mm (2 in.) per minute. Record the maximum load, then continue to load the specimen until it
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cracks. Stop the machine, remove the specimen and break it apart at the crack. Look at the
inside of the specimen and estimate the percent of stripped aggregate. Record the
observations.

Calculations

Calculate the tensile strength using the following equation:

where:

S, = tensile strength, Pa (psi)

P = maximum load, Newtons (pounds)
t = specimen thickness, mm (inches)
D = specimen diameter, mm (inches)

The tensile strength ratio (TSR) is calculated by dividing the average tensile strength of the

conditioned specimens by the average tensile strength of the unconditioned control specimens.
TSR is reported to two decimal points.

A TSR value of at least 80 percent is normally required as evidence that the mixture will not be
subject to stripping.
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TESTING SPECIMENS
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GLOSSARY

Tensile strength - ameasure of the force required to pull apart a material.

Steel loading strips - square or rectangular steel bars long enough to cover the full thickness
of the specimen with one side curved to match the side of the
specimen. For 101.6 mm (4 in.) specimens, the strips shall be 12.7
mm (0.5 in.) wide, and for 152.4 mm (6 in.) specimens, the strips shall
be 19.05 mm (0.75 in.) wide.

Loading jack - a mechanical device or machine that can apply a constant rate of
loading.

Asph_T283-6
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NOTE

Successful completion of the following training materials, including
examination and performance evaluation are prerequisites for this
training package.

> AASHTO T84, Specific Gravity of Fine Aggregates

> AASHTO T11, Materials Finer than 75um (No. 200) Sieve by
Washing.

> AASHTO T27, Sieve Analysis of Coarse and Fine Aggregate
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AASHTO T304, Uncompacted Void Content of Fine
Aggregate

Scope

This method determines the loose uncompacted void content of a sample of fine aggregate.
When performed on an aggregate sample of a known, standard grading (Method A), this
measurement provides an indication of particle shape. The materials’ angularity, roundness or
surface texture relative to other materials of the same standard grading is indicated by the
percent of voids determined by this test. The Gyratory Superpave asphalt mix design method
sets minimum requirements for void content that vary depending on traffic loads and depth from
the surface of the asphaltic concrete pavement. In this method, the prepared sample is allowed
to free-fall through a standard funnel of a specified diameter, from a specified height into a small
cylinder of known volume (nominal 100 ml).

The material is then leveled with the top of the calibrated cylinder and weighed. Because the
volume and weight of the cylinder are known, the weight of the sample contained in the cylinder
can be calculated. Using the Bulk Dry Specific Gravity (As determined by AASHTO T84), the
volume of the material in the cylinder is calculated. By subtracting the calculated volume of
material from the calibrated volume of the testing cylinder, the volume of voids can be
calculated.

When performed on an “as received” sample (Method C), this method can serve as an indicator
of the effect the fine aggregate can have on the workability of Portland Cement concrete.

NOTE:
This manual covers Test method A only.

AGG-T304-1



Summary of Test Method

A sample of sand is prepared in accordance with one of three methods. Method A, a standard
gradation, is the most common used. The sample is allowed to free-fall from a funnel into a
cylinder of known volume. Using the bulk dry specific gravity of the sample as determined by
AASHTO T84, the percent of void space in the cylinder is calculated. This value is known as the
Fine Aggregate Angularity Value or FAA.

Typical Test Results

Using Method A, values typically range between 35 to 43 for natural sands and from 43 to 50 for
crushed products. Values are obtained from more than one test of the same sample.

Common Testing Errors

e Improper calibration of test cylinder or damage to test cylinder resulting in a change in
volume.

o Vibration in test area resulting in over-compaction of sample in test cylinder.

e Erroneous specific gravity used in calculation. A difference of 0.05 specific gravity can
cause an error of 1.0-% FAA value.

Apparatus

Cylindrical measure approximately 39 mm (1.56 in.) in diameter, 86 mm (3.44 in.) deep with
a capacity of approximately 100-mL.

Funnel conforming to figure 2 in AASHTO T304.

Funnel Stand conforming to figure 2 in AASHTO T304.

Glass Plate for calibrating cylindrical measure.

Pan large enough to contain funnel stand and to catch overflow material.

Metal spatula with a straight edge approximately 100 mm (4.0 in.) long and 20 mm (0.8 in.)
wide.

Balance accurate and readable to 0.1 grams.

YV VYVVVVY 'V

Calibration of Cylindrical Measure

1. Apply a light coat of grease to the top edge of the dry, empty cylindrical measure.

2. Weigh the greased measure and glass plate.

3. Fill the measure with freshly boiled, deionized water at a temperature of 18° to 24° C (64°
to 75° F). Record the water temperature.

4. Place the glass plate over the measure, being sure no air bubbles remain.

AGG-T304-2



5. Dry the outer surface of the measure, weigh and record to the nearest 0.1 g.

6. Empty the measure and clean off the grease. Dry the measure, weigh and record to the

nearest 0.1 g.

7. Calculate the volume of the measure as follows:

Where:

V = volume of cylinder, mL

M = net mass of water, g.

D = density of water kg/m?

V=1000 M
D

Note: determine the volume to the
nearest 0.1 mL.

°F °C Ib/ft kg/m®
65 18.3 62.336 998.54
70 21.1 62.301 997.97
(73.4) (23.0) (62.274) (997.54)
75 23.9 62.261 997.32

Density of Water (ASTM C 29/C 29M)

Procedure - Only Method A will be covered in this procedure, for other methods consult
AASHTO T304

1. Weigh and combine the following quantities of fine aggregate, which has been washed, dried
and sieved in accordance with AASHTO T11 and T27.

Individual Size Fraction

Passing No. 8 — Retained on No. 16
Passing No. 16 — Retained on No. 30
Passing No. 30 — Retained on No. 50
Passing No. 50 — Retained on No. 100

Mass, g

44
57
72
17

Total

190

AGG-T304-3
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Mix combined sample thoroughly with spatula.
Position the jar and funnel section in the stand and center the cylindrical measure.

. Place finger under opening in funnel to seal opening. Pour mixed sample into funnel and
level the material with the spatula.

L * .j_l
Pouring sample into funnel

Quickly remove finger from funnel and allow sample to free-fall into the calibrated
cylinder.

. Take care not to vibrate or unnecessarily disturb the material in the cylinder to avoid
further consolidation. Strike off the excess material above the lip of the cylinder with the
spatula edge, held in a vertical position, using one continuous motion.

. After striking off, remove any excess sand from the outside of the cylinder using a small
brush. At this point, additional compaction of the material in the cylinder will not affect
the test results and will aid in handling.

Weigh the cylinder with the sample and record to the nearest 0.1 grams. Retain and
recombine all materials for the next trial.

Weighing the Cylinder

AGG-T304-4



Calculate uncompacted voids content as follows:

U=V-(F+G) x100
\Y

Where:
V = Volume of calibrated cylinder in mL (cubic centimeters)
F = Net Mass of Sample in Cylinder (Gross mass minus mass of

empty cylinder)
G = Bulk dry specific gravity as determined by AASHTO T84

U = Uncompacted Voids in Percent (reported to nearest 0.1%)

9. Repeat test using recombined sample. Calculate and report average of at least two
trials.

AGG-T304-5



GLOSSARY

Voids- Difference between the total volume and the volume occupied only by the aggregate
particles. The amount of void space (or air space) is a function of the aggregate gradation,
particle shape and texture, and the amount of compaction of the material.

Uncompacted Voids- The amount of void space present when the material is in an
uncompacted, unconsolidated state.

Bulk Dry Specific Gravity- The ratio of the mass in air of a unit volume of aggregate at a stated
temperature to the mass in air of an equal volume of gas-free distilled water at the stated
temperature.

Angularity- A description of the degree of roughness, surface irregularities or sharp angles of
the aggregate particles (i.e. particle shape).

AGG-T304-6
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NOTE

Successful completion of the following
training materials, including examination
and performance evaluation are
prerequisites for this training package.

» AASHTO D 75, Practice for
Sampling Aggregates.

> ASTM D 3665, Practice for
Random Sampling of
Construction Materials

» AASHTO T 248, Reducing
Sample of Aggregate to
Testing Size.

» AASHTO T 27, Sieve Analysis
of Aggregates.
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GLOSSARY

Flat and Elongated Particles of Aggregate - Those particles having a ratio of length to
thickness greater than a specified value.

Length - the longest dimension.
Thickness - the smallest dimension.

Width - the other dimension.

Thickness
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FLAT PARTICLES, ELONGATED PARTICLES, OR FLAT
AND ELONGATED PARTICLES IN COARSE AGGREGATE

This test method covers tests for flat particles, elongated particles, or flat and elongated particles
in coarse aggregate. In this text only flat and elongated particles will be covered because at this
time the only national specification that references this test is the Superpave Specification, which
refers to Flat and Elongated Particles in Coarse Aggregate.

Flat and elongated particles of coarse aggregates have a tendency to fracture more easily than
other aggregate particles. When the coarse aggregate does fracture, the gradation will likely
change which may be detrimental to the mix. Additionally, flat and elongated particles of
aggregate, for some construction uses, may interfere with consolidation and may result in harsh,
difficult to place mixtures.

Agg-D4791-5



SUMMARY OF TESTING

Individual aggregates of specific sieve sizes are tested for ratios of width to thickness, length to
width, or length to thickness. The test is performed on a sample of coarse aggregate reduced from
a representative field sample. The sample is sieved to separate each size larger than the 9.5 mm

(3/ 8 in.) Sieve. Each size is then tested in a proportional caliper device by setting the caliper

to the longer dimension and attempting to fit the smaller dimension of the particle through the other
caliper gap, which is a prescribed ration smaller then the larger dimension

(i.e., usually a 5:1 ration). Particles are counted or weighed to determine a percentage of flat,
elongated, or flat and elongated particle in a sample. Superpave specifications require asphalt
mixtures to have less than 10% flat and elongated particles using a 5:1 ratio.

Common Testing Errors

» Not obtaining a representative sample.
» Not reducing the sample properly.
» Not sieving to completion.

» Improper positioning in the machine.

Agg-D4791-2



TESTING METHODOLOGY
L

Apparatus

The following apparatus is needed to perform the test for flat and elongated particles:
» Proportional Caliper Device.
» Balance - Accurate to 0.5% of the mass of the sample.

» Oven or hot plate (if determination is made by mass).

Note: If the proportional caliper is not used, the degree of error could increase dramatically.

Sampling

Sample the coarse aggregate in accordance with AASHTO T 2. Thoroughly mix the sample and
reduce it to an amount suitable for testing using the applicable procedures described in AASHTO
T 248.

Sample Size

Set up the test sample according to the following table:

If Maximum Size of the

Material is: (retained on) Then Split Out:
9.5 mm (3/8 in.) 1kg(21lb.)
12.5 mm (zin.) 2kg(41b.)
19.0 mm (3/4 in) 5kg (111b.)
25.0mm (1in.) 10 kg (22 1b.)
37.5mm (17%in.) 15kg (33 1b.)

Note: This is the entire sample (+4 and -4). Put it in the
appropriate size pan (or bag) as needed. It will then be
sieved out by size. Mark the work sheet as “Flat and
Elongated Particles”. (Only test the sizes that are present
in the amount of 10% or more of the original sample, in
other words the gradation needs to be completed first.)

Agg-D4791-3



Test Procedure

1. If determination by mass is required, oven dry the sample to a constant mass at a temperature of
110° £ 5° C. If determination is by particle count, drying is not necessary.

2. Sieve the sample of coarse aggregate to be tested in accordance with test method AASHTO

T 27. Reduce each size fraction larger than the 4.75mm (#4) or 9.5 (3 in.) sieve that is present in
the amount of 10% or more of the original sample in accordance with method AASHTO T 248 until
approximately 100 particles are obtained.

3. Use the proportional caliper device positioned at the 5:1 ratio.

4. Set the larger opening equal to the particles longest dimension. The particle is considered flat
and/or elongated if the particles thinnest dimension passed through the smaller opening.

5. Test each of the particles in each size fraction and place in one of two groups: (1) Particles
with longest to thinnest ratios over 5:1 and (2) Particles with longest to thinnest ratios less than
5:1.

[ia ¥

Checking Elongation Checking Flatness

6. After particles have been classified into the two groups, determine the proportion of the
sample in each group by either count or by mass as required.

Agg-D4791-4



Calculation

Calculate the percentage of flat and elongated particles to the nearest 1% for each sieve size
greater the 9.5mm(%s in.).

Note: Follow the rounding rules specified by your state.

Example Calculation

19.0mm (3/ 4 in) Stone

Sieve 25.0mm 19.0mm 12.5mm 9.5mm
% Passing 100 99.4 75.7 46.4
% Retained 0 0.6 23.7 29.3

No test is performed on the 19.0mm size aggregate because it is less than 10 percent of the total
sample. It will be assumed that the 19.0mm particles have the same percentage of flat and
elongated as the next sieve (12.5mm).

The 12.5mm size material totaled 715.3 grams after reducing to approximately 100 particles.
6.9 grams were classified as flat and elongated, therefore, the percent flat and elongated on the
12.5mm sieve is:

6.9
715.3 X100 = 1.0%

Likewise, the 9.5mm size totaled 239.7 grams after reduction and 12.2 grams were classified as
flat and elongated. The percent flat and elongated on the 9.5mm sieve is:

12.2
239.7 X100 =5.1%

The percentage of flat and elongated particles on each sieve is reported to the nearest whole
percent.
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To calculate the weighted average percent flat and elongated particles for the sample, the
percentage calculated for each individual sieve needs to be multiplied by the ratio of the percent
retained for that sieve to the total percent retained above the 9.5mm sieve and the results totaled
for all sieves.

The total percent retained for the example is 53.6%. The percent flat and elongated on the 19.0
mm sieve is assumed to be 1.0% (same as the 12.5mm size). The percent retained on the 19.0

sieve is 0.6%, therefore, to calculate the weighted average percent:

(1.0) 0.6
53.6 =0.0%

For the 12.5mm sieve the weighted average percent is:

(1.0) _23.7
53.6 =0.4%

And for the 9.5mm sieve the weighted average percent is:

(5.1) 29.3
53.6 =2.8%

Finally, the weighted average percent flat and elongated particles in the coarse aggregate is
determined by adding the weighted average percent for each sieve:

0.0+04+28=32%

For reporting, round the result to the nearest whole percent.
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FLAT AND ELONGATED PARTICLES (ASTM D 4791) WORKSHEET

Project Example Mix Design ID Date

Material/Stockpile ID Technician

Sieve Sizes Original Percent Mass Tested Mass Failing  %Flat &Elong.  %Flat & Elong.
Retained grams 5:1 ratio (g) Individual sieve =~ Weighted Ave.

A B C D E

37.5mm

(1% 1n.)

25.0mm

(11n.)

19.0mm

(/4 in.) 0.6 NA NA 1.0 0.0

12.5mm

(721n.) 23.7 715.3 6.9 1.0 0.4

9.5mm

(3/4 in.) 29.3 239.7 12.2 5.1 2.8

Total % Retained 53.6 Total 3.2

Remarks: Example

Weighted average percent Flat & Elongated particles = 3%
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FLAT AND ELONGATED PARTICLES (ASTM D 4791) WORKSHEET

Project Mix Design ID Date

Material/Stockpile ID Technician

Sieve Sizes Original Percent Mass Tested Mass Failing  %Flat &Elong.  %Flat & Elong.
Retained grams 5:1 ratio (g) Individual sieve =~ Weighted Ave.

A B C D E

37.5mm
(1 %2 1in.)

25.0mm
(1 in.)

19.0mm
(/41in.)

12.5mm
(%2 in.)

9.5mm
(3/ g in.)

Total % Retained —— Total

Remark
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NOTE

Successful completion of the following training materials, including examination and
performance evaluation are prerequisites for this training package.

Reference ASTM Standard Tests
» ASTM C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregate
» ASTM C 702 Practice of Reducing Field Samples of Aggregate to Test Size
» ASTM D 75 Practice of Sampling Aggregate

Reference AASHTO Tests to ASTM Standard Tests Listed Above
» AASHTOT 2 is identical to ASTM D 75

> AASHTO T 248 is identical to ASTM C 702

» AASHTO T 27 does differ slightly with ASTM C 136
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SCOPE

This test procedure determines the amount (percent) of fracture faced rock

particles, by visual inspection that meets specific requirements. The fractured

face of each rock particle must meet a minimum cross-sectional area (See
Terminology). Specifications contain requirements for percentage of crushed

rock particles, with the purpose of maximizing shear strength in either bound or
unbound aggregate mixtures. This method can be used in determining the
acceptability of coarse, dense-graded, and open-graded aggregates with respect

to such requirements. This procedure is used primarily for aggregates used in hot-mix
asphalt.

TERMINOLOGY

Fractured Face - A fractured face is defined as being caused either by
mechanical means or by nature and should have sharp or slightly
blunted edges. Natural fractures, to be accepted, must be similar to
fractures produced by a crusher. A broken surface constituting an area
equal to at least 25% of the maximum cross-sectional area of the particle.

Note: The AASHTO method specifies a criteria of 50%.

Fractured Rock Particle - A rock particle having at least one fractured face, or two
fractured faces, as required for that class/type of aggregate in the

specifications.
EQUIPMENT
A. Sieves - A set of sieves appropriate for the sample type.
B. Balance - appropriate for the size of sample and accurate to 0.1g.
C. Spatula or similar tool to aid in sorting the aggregate particles.
D. Splitter.
E. Pans, bowls, or paper containers.
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Non-Fractured Material

Fractured Material

Fractured Material
Does Not Meet Guidelines
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SAMPLE PREPARATION

Air-dry the representative sample prior to the coarse gradation process so that there is a
clean separation of the particles. A total + 4.75mm (No. 4) sample could be set up for testing
or if the nominal maximum size of the aggregate is 19mm (% in.) or larger, the + 4.75mm (No.
4) material can be split into two representative fractions. It will be necessary to determine the
correct proportions between the two fractions and this may be calculated from gradation
results. All the material passing the 9.5mm (3s in.) sieve and retained on the appropriate
sieves for the selected fractions (normally the 4.75mm (#4) sieve) are weighed and the sum
of the weights equal the total +4.75mm (No. 4) material. Then the material from the minus
9.5mm (3s in.) fraction is split down to the required minimum 200g (0.5 Ib) sample size and
tested. Splitting the minus 9.5mm (3% in) material is done to reduce the number of aggregate
particles that must be inspected, when the sample contains a large amount of material
passing the 9.5mm (3s in) sieve.

See below for *nominal maximum sieve sizes and minimum sample sizes.

SPLIT SAMPLE AND SINGLE SAMPLE SIZES

NOMINAL NOMINAL MAXIMUM MINIMUM TEST
MAXIMUM SIEVE SIEVE SIZES SAMPLE SIZE + #4
SIZES

mm Inch (grams) (Approx. Ibs)
9.5 ¥%s” 200 0.5
12.5 V" 500 1
19.0 V24 1500 3
25.0 1” 3000 6.5
37.5 172" 7500 16 .5

* NOTE: Nominal maximum sieve size is defined as the largest sieve size
listed in the applicable specification upon which any material is permitted to be
retained.

Agg-D5821-3



TEST PROCEDURE

A. Wash and then dry to a constant mass (weight). Weigh the test sample to
the nearest 0.1g and record as "Test Sample Weight".

B. Spread the test sample on a clean, flat surface large enough to permit the material
to be spread thinly for careful inspection and evaluation.

C. Using the spatula or a similar tool separate the particles into one of the following
two categories.

1. Fractured Particles, using the criteria of "one or more fractured faces" or
"two or more fractured faces" as is consistent with the requirements in
the specifications.

2. Particles not meeting the specified criteria

D. Determine the mass (or count) of the "Fractured Particles" and " Particles not
meeting the specified criteria" separately and record the weights.

COMMON TESTING ERRORS

» Sample not representative

Agg-D5821-4



CALCULATION

A. Calculate the percentage of fractured particles for each separate fraction as follows:

F
Percent Fractured Particles (P) = x 100
F+N
Where: F = Weight of crushed particles with at least the

specified number of fractured faces, in grams.

N = Weight of the particles not meeting the
specified requirements, in grams.

In the example, 19.0 to 9.5 mm (3/4” to 3/8") size:

F = 782
N = 1068
782
P= x 100 =42.3%
782 + 1068

In the example, 9.5 to 4.75 mm (3/8" - No. 4) size:

F = 385
N = 85
385
P = x 100 =81.9%
385 + 85

Agg-D5821-5



B. Total Percentage of Fractured Particles Retained on the 4.75mm (No. 4) Sieve.
Determine the percentages of the 19.0 to 9.5 mm (3/4” to 3/8") and the 9.5 to
4.75 mm (3/8" to No. 4) fractions using the material retained on the 4.75 mm (No. 4)

sieve as 100%.

Example:

19.0 - 9.5 mm (3/4” - 3/8") Material = 37669
9.5-4.75 mm (3/8” - No. 4) Material = 7314g
Total +4.75 mm (No. 4) Material = 110809
3766
Percent 19.0 - 9.5 mm (3/4” - 3/8") = —=—-mmmemmm- x 100=34%
11080
7314
Percent9.5-4.75 mm (3/8"-No.4)= - x 100 =66%
11080

Total Percent Fractured Particles = 100 x

(% Fractured Particles 19.0 - 9.5mm [3/4” to 3/8"]) x (% of
19.0 - 9.5mm [3/4” to 3/8"] Material)

+
(% Fractured Particles 9.5 - 4.75mm [3/8" - No. 4]) x
(% of 9.5 - 4.75mm [3/8" - No. 4] Material)

In the Example:

100 [(0.423 x 0.34) + (0.819 x 0.66)] =

100 [(0.144) + (0.541)] = 68.5% Fractured Particle

Agg-D5821-6
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