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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

* [Ms
— .M. 500 Terminology
— 1L.M. 501 Equations
— 1L.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.

eSAL  ESAL
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Materials Overview — Binder

L0

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

\ L/ i\
Y
oJo o,0Rlc=
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

\ u 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

|W_Avg 7-day Max,°c_ | rG4s PGS PG |

ros roos [ raTe
EEDECEEEECEEEEEREECERETIDnOnnaaannaaD

ORIGINAL
> 230°C (Fiash poiny FP
ﬁ <3 Pas @135 o] (Rotational Viscosity) RV
% >1.00 kPa (Oynamic Shear Rheometer) DSR Gtsins
I = . o 0 0 .

20 Hours, 2.07 MPa | % 100 10 100 (10) woa | oaiy
%< e (Dynamic Shear Rheometer) DSR " sin&

s <300 wPa 53 0300
I Il

(Bending Beam Rneometer) BBR
LELEERECELE]

Report Value
>1.00 %
[0 p==( o> LT LLLLEL
e —

Materials Overview — Binder

* How the Spec Works

Spec Requirement
Remains Constant

Dynamic Shear, T315: © /

G*/sin 3, Min 1.00 kPa 52 58

Test Temp @ 10 rad/sec \ /

Test Temperature
Changes

PG Binder Grades

Ames, TA
PG 58 (98% reliability)

PG 52 (50 % reliability)

PG grades - six degree increment;

|_|_ L 1 ] 1 1 1 1
r 7 Tttt
-40 -30 -20 -10 O 10 20 30 40 50 60 70




PG 58 -XX PG XX -34
PG 64 -XX PG XX -28
AN B e APTRNES o, e
' . l.. ' :'..""I ll.
¥, SH I B O
-l . P I /I \.. » ] ;‘__-,I._”_
PR R LS SRR e
L . ' L L N
. m " £ 2lam o *ll. __\ !

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

.!ery
® High High
4 Traffi  Traffic
Standarg
Traffic

PG58-28S




New Test

* AASHTO M332 — Multiple Stress Creep Recovery
(MSCR)
*Same equipment

Spindie
Position
B
}1—," A Time
c
B c

MSCR

0.80 Peak Strain — Unrecovered Strain
R y =100% * =
0.70 Peak Strain
G40 0.300 - 0.197
[ - % ¢ —— — = 34.3%
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
0.80y, i =
2 ;g P Unrecovered Strain
nr=
E i Stress
£
@ 040
030 0.300
020 Sl-——| 0.197
010 E Cycle 1 Unrecovered
(permanent) strain
0

0 5 0 15 20 25 30 35 40
Time, seconds A




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

=
2

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 QO

25% of aspect ratio O

~ ASTM D 5821 o> @
O

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

¢ Not used in Iowa
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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 g-“:%
soef
— 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/G,
\M 5P v 100%
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 @

Minimum
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Materials Overview — Aggregate
Consensus Aggregate Properties

Shape and Texture %
* 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 q
— Requirements depend on =

traffic level 3
— 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.
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Materials Overview — Aggregate
Consensus Aggregate Properties

Cleanliness
* Clay Content (Sand Equivalent Test)

SE = Sand Reading
Clay Reading x100

yculating Solution

1 Clay Reading «— Suspended
Clay

| Rs::i‘: Sedimented

= ¢ 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

L NN
* 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.
+ .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, or4

— 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
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Materials Overview — Aggregate
Gradation

Stack in
Mechanical
Shaker

Materials Overview — Aggregate
Gradation

Standard Aggregate Sieves

2 in. (50 mm) No. 8 (2.36 mm)
11/2 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

Example:

40 4.75 mm sieve plots at (4.75)%45 =2.02

0 1 2 3
Sieve Size Raised to 0.45 Power
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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 #4 387 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 100
19(:)0 — Nominal Maximum Aggregate Size zg
72 * One size larger than the first sieve to 72
65 retain more than 10% 65
48 — Maximum Aggregate Size 48
36 * One size larger than nominal maximum 36
22 : 22
size
15 15
9 9
4 4
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Materials Overview — Aggregate

Gradation
Percent Passing
100 [] ]
L}
W
éeS\r,\\‘]
ot
L
nom max
control point max size
- size
n
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
. -
.
2~ " Design Aggregate Structure
.
#200 #50 #8 12" 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.
11/2” 112 2
1” 1 112
3/4” 3/4 1
1/2” 1/2 3/4
3/8” 3/8 1/2

2-30




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

~So r
~
—~
S
~

[ - - N
OOOOO

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

ANl | Heavy Trucks
AL

R OMEl 0,0, olo;

Mix Behavior
Permanent Deformation

Question: Why a minimum G*/sin 6 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 -
ap A

Before Shearing During Shearing
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Mix Behavior
Permanent Deformation

Shearing Behavior of Aggregate

angle of repose
<// \
4S5 &O g0
” }:Oog e,
2,00 g.owf’ooo °°0°="°§n-
D*%‘D" oOo%QBé et aitr et H N2 st (019

Cubical Aggregate Rounded Aggregate

Mix Behavior
What can the mix designer control?

Mix Behavior
Permanent Deformation

Flatter Slope hetion Curve

Easier to compact
y////zgf:Ndes
1
I - 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?

2-40




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

eHigh temperature stiffness
«Low temperature flexibility

CLIMATE
SUBGRADE AGGREGATE
eGradation
PAVEMEN ey
STRUCTURE Texture
MIXTURE
CONSTRUCTION <A vads
*VMA - VFA
-Fllrp Thickﬂass» .
MAINTENANCE e Ol o)
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Mix Behavior
‘What can the mix designer control?

> _l,-r,,g'..?-" i e E

" —

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 (Gp), 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.
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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. Gsb, 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

* .M. 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 (G,)
* 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
Asphalt Aggregate
Aggregate *Excludes volume of
Air Voids VMA

absorbed asphalt.

ir

Volumetric Overview
Mixture Volumetrics

VOLUME MASS
Vol air Mass air = 0
MA 7
v Vol eff
asph Mass asph
Unit Vol abs asph | absorbed asphalt Total
Volume Mass
Bulk| Effective aggregate Mass aggr
vol aggr vol aggr
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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 I Mass air = 0
WALy T
asph Mass asph
Uni|  Volabsasph_

Volume

vol aggr vol aggr

Bulk| Effective aggregate Mass aggr

Total
Mass

Volumetric Overview
Mixture Volumetrics

Air Void Content
Va = G — Gmb % 100%
o Va= {1— Gmb}xlOO%

Volumetric Overview
Mixture Volumetrics

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

Va = 1—% 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

e 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)
B volume(object)

" mass(water)
volume(water)

_ density(object)

Or,

density(water)

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?3

* 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’
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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="~ <1 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 — Po
GSC P —
100 Py
Gmm Gb
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Volumetric Overview
Specific Gravity

Example Calculation
Knowns: Mixed with 5% asphalt binder
G,,=2.535
G, =1.030
G.—_ 100-50

Then: 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
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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

* 1.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

* Gsa

— 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 + Wb — Wu)

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+ (ABSx Gsa)

Where:

ABS = %Abs/100
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Volumetric Overview
Specific Gravity

Specific Gravity of Mix

* Maximum Theoretical Specific Gravity
- Gy
— Loose mix
— Zero air voids
* Bulk Specific Gravity
- Gmb
— 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)

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

Sample Preparation (.M. 321)

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

Volumetric Overview
Specific Gravity

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

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

Volumetric Overview
Specific Gravity

Testing (.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

T Fr{ %ﬂ

. T

hes
N i B
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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

Rini

Gmb(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) (I.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 Iowa, 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)

e 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 1bs. 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:
— 1L.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 .M. 380.

3-25




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

¢ 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

3-27




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, ¢ = 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,
G - 100

sb
le +7P52 + Ps3 +...

Mix Design
Blending

Calculations
» Combined G,
— Given G, = 2.657 and G, = 2.642
— Given Py, = 60% and P, = 40%
=100 _265]

S50, 40
2657 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?
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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

F = UxXK)
P
— 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

3-34




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.

UASUA
Y

S

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

be batched to achieve the desired gradation.

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

3-40




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

3-43




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 @ Ny
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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
= _be
FT SAXIO




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 Py).

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.

4-9



4-10



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, = (F " (P, - ) + 7,

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, = %(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.
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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
JME.

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
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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 - (P, 1,)(0.01))

_ 1
e = 97 irgin agg. + (% RAP)(1.00 - (P, J(O.01) 00

Special Issues
RAP

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

0/ vired _ (% virgin agg.)
fovirginage. = o e age (% RAPY(1.00- (P 00T 100

OR
100 - % RAP g0reqate)

Special Issues
RAP
* Total P, in a mix with RAP (Total P,).
Total P, =P,

wadaeay T (Yo RAP)(P (1 )(0.01)) -
((Pyqge)(70 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 . .

= x(original) - .
%0 ARE, ey = %0 Aggx(a“gimn + D/Ai‘ % virgin Agg(nc“) —% virgin Agglong"ml)
6 virgin Agg )

(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

(g=—-=—==°=—=-°-- =
5

o

Compaction Range ‘I

[CRRR TR
[ I

Mixing Range |0l

el
100 110 120 130 140 150 160 170 180 190 200

Temperature, C

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

C ion Range I

Do =
I

p

Mixing Range |0

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

Temperature, C

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 lowa

* 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
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
Irrigation Tube
Weighted foot assembly
Siphon assembly

DY .

Wide-Mouth Funnel Figure 1 - Graduated Cylinder,
A clock or watch Irrigation Tube, weighted foot

Assembly and Siphon.

>

>

>

» Tinned Measure
>

>

» A mechanical or manual shaker
>

Bottle of solution

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

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

Mechanical Shaker

Agg-T176-1



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 assembly 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.

Agg-T176-4



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.

Agg-T176-5



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 b/ 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

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
Vv

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

Agg-D4791-iii






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.) 15 kg (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

Date

Project Example Mix Design ID

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
G/, in.) 0.6 NA NA 1.0 0.0
12.5mm
(%21n.) 237 7153 6.9 1.0 04
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 % 1in.)

25.0mm
(1 1in.)

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 %" 200 0.5

12.5 " 500 1

19.0 V2% 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.
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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 = 11080g
3766
Percent 19.0 - 9.5 mm (3/4” - 3/8") = ————m-memmm- x 100=34%
11080
7314
Percent9.5-4.75mm (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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October 17, 2023 Office of Construction & Materials Matls. IM 319
Supersedes April 19, 2022

MOISTURE SENSITIVITY TESTING OF ASPHALT MIXTURES

SCOPE

This test method identifies the lowa DOT modifications to AASHTO T324, Hamburg Wheel-
Track Testing of Compacted Asphalt. Moisture susceptibility of asphalt paving mixtures is based
on the stripping inflection point (SIP) calculated from test measurements.

REFERENCED DOCUMENTS:

AASHTO R 30, Standard Practice for Mixture Conditioning of Hot-Mix Asphalt (HMA)

IM 322, Sampling Uncompacted Asphalt

IM 350, Determining Maximum Specific Gravity of Asphalt Mixtures

IM 325G, Method of Test for Determining the Density of Asphalt Using the Superpave Gyratory
Compactor (SGC).

AASHTO T 324, Hamburg Wheel-Track Testing of Compacted Hot-Mix Asphalt (HMA)

APPARATUS
See AASHTO T 324, Hamburg Wheel-Track Testing of Compacted Hot-Mix Asphalt (HMA)

SPECIMEN PREPARATION

For plant produced material, collect a 70 Ib sample per IM 322. Prepare two gyratory test
specimens per IM 325G for each test wheel conforming to the mold geometrics. Compact
specimens to 7% (£ 1%) air voids (93% of Gmm per IM 350). Apply the following Short-Term
Oven Aging protocols:

1. Mix Design Testing (Lab Mixed/Lab Compacted).
HMA and Foamed WMA: 2 hours at 275F
WMA (additive): 2 hours at 240F

2. Production Testing (Plant Mixed/Lab Compacted)
HMA: Minimize reheating
WMA (foamed and additive): 2 hours at 275F
PROCEDURE

1. Place molds containing the specimens into the mounting trays, compacted side up.

2. The test temperature shall be 40°C for PG 58-XX S binders and 52-XX S or H binders.
For all other grades use 50°C. Condition specimens for 45 minutes after achieving test
temperature. At no time should specimens be submerged longer than 60 + 5 minutes
prior to test initiation.

3. Lower wheel onto specimens

4. Set the wheel-tracker to shut off after 20,000 passes or when the maximum LVDT
displacement is 20 mm. Set the data acquisition to record deformation every 20" pass

for the 15t 1,000 cycles and every 50" pass thereafter.

5. Perform the HWT test as per equipment manufacturer’s instructions.
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STRIPPING INFLECTION POINT (SIP)

Use the most current version of the lowa DOT Hamburg Software
(https://iowadot.gov/Construction Materials/HMA/Hamburg Software version 2-01.xlsm) to
determine the SIP. The software is developed for machines manufactured by Precision Metal
Works and Troxler, where deformation is measured at 11 locations along the track. Contact the
Bituminous Engineer when using other machines.

Measurement locations 3 through 9 will be used for analysis for samples tested on the lowa
DOT Central Materials machine. For each measurement location, the deformation curve is
characterized by a 6" degree polynomial determined through least-squares multiple regression.
If the curve has an R? greater than or equal to 90.0%, the creep and stripping slopes are
calculated. If not, the sensor is considered invalid and is not used in the analysis.

The SIP, creep slope, and stripping slope are calculated for each valid sensor for each wheel.
The final SIP and slopes are the average of both wheels provided both sides of the device
contain the same mix. If the ratio between the average stripping slope and the average creep
slope is less than 2.0, the SIP is invalid and the mix is considered passing.

Details:

The creep slope represents the rate of rutting in the linear region of the deformation curve prior
to the onset of tertiary flow. The stripping slope is the rate of rutting in the linear region of the
post tertiary deformation curve to the end of the test. The stripping inflection point (SIP) is the
point of intersection of these two slopes.

Stripping Slope:

The stripping slope is calculated prior to the creep slope. First, the maximum rutting slope
(absolute value) nearest the end of the test is found. This is accomplished by using Solver to
find the pass number nearest the end of the test (strip pass) at which the first derivative of the
deformation curve is smallest (rutting is a negative value). The slope of the curve is then
evaluated at this pass number to give the stripping slope. The stripping slope intercept is then
found using point slope form. Note: the first derivative is synonymous with slope.

Creep Slope:

To calculate the creep slope, the pass at which the absolute value of the rutting slope is the
smallest prior to the strip pass is first found. This is accomplished first using Solver to find the
pass (creep pass) at which the second derivative is zero (prior to the strip pass). The first
derivative of the deformation curve is then evaluated at the creep pass, resulting in the creep
slope.

SIP:
The intersection of the creep slope and the stripping slope is found mathematically setting the
equations for both lines equal and solving for the pass number.

OPTIMIZING ANTI-STRIP ADDITIVES

During the mixture design phase, if the contractor’'s SIP results do not meet the minimum
requirements of 2303.02, E, 2, d, the Contractor shall select an anti-strip additive for use in the
mix. The anti-strip additive shall be evaluated and optimized as indicated below. The contractor
will be paid at the specified rate for incorporating the anti-strip additive into the mixture provided
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it is effective in achieving the minimum requirements. The Engineer will obtain samples of the
plant produced mixture for moisture sensitivity testing in the Central Laboratory.

To optimize an anti-strip additive, the contractor shall test the mixture at a minimum of three
different dosages of the anti-strip additive to determine the effectiveness and optimum rate of
addition to the mix. The dosages tested shall cover the range of dosages recommended by the
supplier of the anti-strip additive or, in the case of hydrated lime, at dosages agreed to by the
District Materials Engineer (DME). The Contractor shall include the data from the moisture
susceptibility testing in the electronic file (SHADES) and submit the file to the DME. The DME wiill
evaluate the data and select an optimum dosage of anti-strip additive based on effectiveness and
economic evaluation.
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April 18, 2023 Office of Construction & Materials Matls. IM 321
Supersedes October 20, 2015

METHOD OF TEST FOR COMPACTED DENSITY OF
ASPHALT MIXTURES (DISPLACEMENT METHOD)

SCOPE

This IM provides the method of test used in determining the bulk specific gravity (Gmo), bulk
density, of laboratory-compacted specimens of asphalt or cores takes from compacted asphalt
pavements.

APPARATUS

¢ A balance having a capacity of 5000 grams or more and accurate to 0.5 gram.

e Water container of sufficient size to allow a submerged sample to not touch the sides or
bottom.

e Suspension apparatus (sample holder) — “wire suspending the container shall be the smallest
practical size to minimize any possible effects of a variable immersed length. The suspension
apparatus shall be constructed to enable the container to be immersed to a depth sufficient
to cover it and the test sample during weighing. Care should be taken to ensure no trapped
air bubbles exist under the specimen” (AASHTO T166-00).

e Spatula or putty knife
Clean cloth

Balance, Sample Holder, and Water Container
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PROCEDURE

SAMPLE PREPARATION

Field Cores

1.

3.

Allow the core to attain laboratory room temperature prior to testing. Cores stored in
refrigerated units must be removed and allowed to stand at least 2 hours at room temperature
prior to testing. Under no circumstances shall the cores be submerged in water prior to testing.

Clean off all loose particles, base materials, and prime oils that are stuck to the sample. The
portion of the sample that needs to be cleaned may be lightly warmed and scraped with a
putty knife.

If water was used in cutting the sample, the specimen shall be surface-dried before testing.

Laboratory Compacted Specimens

1.

2.

Cool lab-compacted specimens to laboratory room temperature before testing.

Clean off all loose particles that are stuck to the specimen.

TEST PROCEDURE FOR DENSITY

1.

Fill the water container with water at approximately 77°F to a depth sufficient to ensure that
the sample holder and sample are completely submerged during testing.

Connect the wire to the balance at the point provided on the balance.

Connect the holder to the wire and place in the water bath filled with water and tare the
balance.

Weigh the sample in air (W1).

Weigh the suspended sample completely submerged in water targeted at 77° + 5°F (W>). The
reading must be taken when the balance stabilizes.

NOTE: The balance will normally be considered to have
stabilized when the weight reading doesn’t change by more
than 0.1 gram over a 10 to 30 second time span.
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6. Remove the sample from the water and immediately, with a damp cloth, blot the free water
from the surface of the sample. Then, immediately weigh the sample again in air (Ws).

NOTE: Care should be taken not to rub any particles from the
edges or corners when blotting the free water.

7. Calculate the Gmp bulk density and report the result to three decimal places.

CALCULATIONS

The calculation for determining Gy, is as follows:

W
G =— 1
m W -W
3 2
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METHOD OF TEST FOR DETERMINING THE DENSITY
OF ASPHALT USING THE
SUPERPAVE GYRATORY COMPACTOR (SGC)

SCOPE

This method describes the procedures for compacting asphalt samples using the SGC and
determining their percent compaction. This method consolidates the provisions of AASHTO
T312 and makes the following exceptions:

e Compaction temp

REFERENCED DOCUMENTS

Standard Specification 2303 Flexible Pavement

AASHTO T312 Standard Method for Preparing and Determining the Density of Hot Mix Asphalt
(HMA) Specimens by Means of the Superpave Gyratory Compactor

IM 321 Compacted Density of Asphalt Concrete

IM 357 Preparation of Bituminous Samples for Test

APPARATUS

o SGC, including a device for measuring and recording the height of the specimen throughout
the compaction process. The compactor may also include a printer or a computer and
software for collecting and printing the data.

Specimen molds per AASHTO T312

Thermometer with a range of 38 to 200°C (100 to 400°F).

Balance with a minimum capacity of 6,000 gram and readable to at least 1 gram.

Forced Draft Oven capable of maintaining a constant temperature of 177 + 3°C (350 + 5°F)
and large enough to hold 2 molds and mix pans.

Pan between approximately 200 in.? and 300 in.? in size.

Safety equipment: insulated gloves, long sleeves, apron, etc.

General Equipment:

Calibration equipment recommended by compactor manufacturer
Paper discs with a diameter of 150 mm (6 in.).

Lubricating materials recommended by compactor manufacturer
Scoop or trowel for moving mixture

Funnel or other device for ease of loading mixture into mold.

PROCEDURE
CALIBRATION

The means of calibrating the gyratory vary with different manufacturers. Refer to the operation
manual and manufacturer's recommendations of the particular brand and model of gyratory
available for use. Calibration of the following items should be verified at the noted intervals
unless manufacturer’s recommendations are more stringent:
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Item Tolerance Calibration Interval

Height Record to nearest 0.1 mm, Daily

Compactto 115+ 5 mm

Angle (Internal) 1.16° £ 0.02° See IM 208

Pressure 600 + 18 kPa See IM 208

Speed of Rotation 30.0 + 0.5 gyrations per minute See IM 208

Mold dimension 149.90 to 150.00 mm’ See IM 208

Platen dimension 149.50 to 149.75 mm See IM 208

1. Molds with inside diameters up to 150.20 mm, measured according to AASHTO T312 may be used.

COMPACTOR PREPARATION

1. Turn the compactor on and allow for warm-up before proceeding.

2. Lubricate the mold or gyratory parts as recommended by the manufacturer.

3. Perform the height calibration per manufacturer’'s recommendations.

4. Set the specified number of gyrations, Nges.

TESTING

Obtain the material for the test specimen by following the procedure in IM 357.

Weigh into separate pans for each specimen the amount of asphalt mixture
required which will result in a compacted specimen 115 £ 5 mm in height. Spread
the material uniformly in the pan to between 1 to 2 in. of thickness.

This will normally be about 4700 grams.

Heat the pans of loose asphalt mixture in the oven to a temperature of 135 + 2°C
(275 £ 5°F) as checked by a thermometer with the bulb in the center of the
mixture sample. The oven temperature may not exceed 143°C (290°F).

Heat WMA mixtures to 240 + 5°F.

a. Heat the mold, base plate, top plate (if used) and funnel (if used) in the
oven for each specimen compacted for a minimum of 30 minutes. In
between tests, a minimum of 5 minutes reheating should be used.

Place a paper disc in the bottom of the mold. Place the mixture into the mold in
one lift. A funnel or other device may be used to place the mixture into the mold.
Take care to avoid segregating the mix in the mold, but work quickly so that the
mixture does not cool excessively during loading. Level the mix in the mold and
place a paper disc on top.

Place the mold in the gyratory.
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6. If the desired number of gyrations (Nges ) has not been entered into the gyratory,
do that now. The number of gyrations to apply is determined from the Job Mix
Formula (JMF).

NOTE: Some gyratories allow charging the mold with mix after
the mold has been positioned in the compactor.

7. Apply the load to the mixture in the mold.
8. Apply the gyratory angle to the specimen.
9. Compact to Nges.

10. After compaction is complete, remove the angle from the specimen, and raise the
loading ram if needed (this is done automatically on some gyratories).

11. Extrude the specimen from the mold. Take care not to distort the specimen when
removing the specimen from the mold. Remove the paper discs while the
specimen is still warm to avoid excessive sticking.

12. Record or print the height data for each specimen compacted.

NOTE: A cooling period of 5 to 10 minutes before extruding the
specimen may be necessary with some mixtures; a fan may
help speed the cooling process.

13. After the specimens have cooled, they may be tested for bulk specific gravity,
Gmo per IM 321.
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April 17, 2018 Office of Construction & Materials Matls. IM 350
Supersedes April 19, 2016

DETERMINING MAXIMUM SPECIFIC GRAVITY
OF ASPHALT MIXTURES

SCOPE

This test method is intended to determine the maximum specific gravity (Gmm) of asphalt paving
mixtures, commonly referred to as Rice specific gravity. This method uses a flask pycnometer
and is based on lowa Test Method 510 and AASHTO procedure T209. Instructions for the use
of a metal bowl type pycnometer are also included.

REFERENCED DOCUMENTS

AASHTO T209 Theoretical Maximum Specific Gravity and Density of Bituminous Paving Mixtures
IM 357 Preparation of Bituminous Mix Sample for Test Specimens

lowa Test Method 510 Method of Test for Determining Maximum Specific Gravity of Bituminous
Paving Mixtures Using a Flask Pycnometer

APPARATUS
e Balance 10,000-gram minimum capacity and capable of weighing to the nearest 0.1 gram

o Pycnometer (four-liter, thick-walled glass Erlenmeyer flask without side discharge nozzle,
with top surface of opening ground plane and smooth, and with rubber stopper hose
connection)

¢ Mechanical vibratory device designed to firmly hold the pycnometer while vibrating.
e Vacuum pump or water aspirator for evacuating air from the pycnometer

e Manometer for measuring absolute pressure - NOTE: The manometer must not be
connected to the vacuum tube coming from the pump, but is to be connected to the
pychometer through a separate tube.

e Thermometers, ASTM 15F (30 to 180°F) [ASTM 15C (-2 to 80°C)], softening point and a
general purpose — of suitable range — with graduations every 0.5°F (0.2°C). Electronic
thermometric devices meeting or exceeding these requirements may also be used.

e Large, flat, weighing pan about 16 in. x 24 in. x 2 3/4 in. (400 mm x 600 mm x 70 mm) with
one end formed in the shape of a chute, for cooling and weighing the sample and for
transferring the sample into the pycnometer.

o Glass4in. x4 in. (100 mm x 100 mm) cover plate for accurate filling of pycnometer flask
e Scoop, spatula or trowel, and bulb syringe

o Elevated water container, with gravity discharge valve and tubing, of sufficient capacity to
conduct a complete test

o Funnel for transferring sample from weighing pan into the pycnometer




April 17,2018 Matls. IM 350
Supersedes April 19, 2016

o Equipment meeting AASHTO T209 will also be considered acceptable.
PROCEDURE
Pycnometer Calibration

Calibration of the pycnometer will be performed prior to being put in service. Pycnometer
calibration will be performed by accurately determining the weight of water at 77 £ 0.5°F (25 +
0.2°C) required to fill it. Accurate filling of the flask pycnometer may be ensured by the use of
the cover plate. A calibration table may be produced by filling the pycnometer with water at 72°F
and at 82°F (22.2°C and 27.8°C).

The following notes apply to both the Erlenmeyer flask apparatus and the alternate equipment
meeting AASHTO T209.

NOTE: It is recommended that the calibration of the pycnometer be confirmed at least once a
week or when a correlation problem exists.

NOTE: Cover plate and flask pycnometer combinations are not interchangeable. The cover
plate used for calibration should also be used for routine testing. If a different cover plate is
used, however, the calibrated weight used in Gmm determinations must be appropriately
adjusted by the difference in weight between the original cover plate and its replacement.

Test Procedure

1. Obtain and transfer to the large, flat pan a test sample weighing between 2,000 and 2,500
grams by following the procedure in IM 357.

2. The ignition oven and Gmnm sample portions of the field sample are normally taken first and
the gyratory density samples obtained from the remainder. When there is insufficient
material in the sample for all the required tests, additional material may be obtained by re-
heating and re-mixing density specimens, or the sample may be obtained solely from
density specimens. Results obtained with density specimen material must be so identified
on the report.

NOTE: Heat the density specimens only long enough to allow the specimens to be broken
up and thoroughly mixed, using care not to overheat.

3. Separate the particles of the warmed sample so that the conglomerates of fine aggregate
particles are not larger than 1/4 in. (6 mm). Use care not to fracture the aggregate particles.
Discard any fractured particles found. Allow to cool to room temperature.

4. If using the flask pycnometer, add about 2 1/2 in. (60 mm) of water at about the same
temperature as the sample to the calibrated pycnometer. Tare the pycnometer and water.
Transfer the sample into the pycnometer. Determine the sample weight by weighing the
pycnometer to the nearest 0.1 gram. Alternately, the sample weight may be determined by
weighing the large, flat pan and sample contents to the nearest 0.1 gram, transferring the
sample to the calibrated pycnometer, then weighing the empty pan and determining the
difference.
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10.

11.

If using the metal bowl type pycnometer, it is not required that water be added to the
pycnometer prior to placing the sample in the pycnometer and the sample weight may be
determined by weighing the pycnometer empty and weighing it again after the sample has
been added and determining the difference.

If necessary, add water to cover the sample. Remove any loosely trapped air by stirring,
being sure to avoid the loss of any sample.

Fill the flask pycnometer to about 6 in. (150 mm) from the top with water at the same
temperature as that already present.

NOTE: Water may be pulled into the vacuum pump if the pycnometer is filled too high.

NOTE: The general-purpose thermometer or thermometric device, which has been
calibrated with the ASTM 15F (15C) thermometer, may be used to determine temperatures
for routine testing. The ASTM 15F (15C) thermometer must be used for determining
temperatures when calibrating the pycnometer and for referee testing. If the thermometric
device is calibrated and traceable to NIST standards it may be used in place of the ASTM
thermometer.

Insert rubber stopper, or, if using a metal bowl type pycnometer, place the transparent
plastic lid on the bowl, assure a proper seal and connect vacuum hose. Apply the vacuum
necessary to attain between 1.0 in. and 1.2 in. (25 mm and 30 mm) of mercury (Hg) absolute
pressure, as measured by a manometer, to the pycnometer contents for 15 minutes. During
the vacuum period agitate the pycnometer and contents using a mechanical vibratory
device. This will facilitate the removal of gas bubbles trapped in the mix and on the interior
surface of the pycnometer.

Slowly release the vacuum and remove the vacuum apparatus from the pycnometer and fill
with water to the top of the pycnometer. Allow the water filled pycnometer to stand 10
minutes

Tip the flask pycnometer slightly and use a glass cover plate and bulb syringe to add water
until the pycnometer is completely full and no air bubbles are present. If using a metal bowl
type pycnometer, place the vented metal lid on the bowl and assure that water escapes
through the vent indicating that all air bubbles have been expelled.

Dry the outside of the pycnometer and glass plate or top with a clean cloth, chamois or
paper towel, and weigh to the nearest 0.1 gram. Immediately after weighing, remove the
glass plate or top and determine the temperature of the water to the nearest 0.5°F (0.2°C)
with the general purpose thermometer or thermometric device.

Pour off water and dispose of sample.

CALCULATIONS

W xR

G =
mm W+W -W
1 2

Where: W = Weight of sample, g
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Where:

W, = Weight of pycnometer filled with water at test temperature, g. (This value
must be determined anytime the test temperature changes from the
calibration temperature by more than + 0.5°F (0.2°C).

W = Weight of pycnometer filled with water and sample, g

R = Correction multiplier obtained from Table 2

d

t

R=———
0.99707
dt = density of water at test temperature, g/cc

0.99707 = density of water at 77°F (25°C), g/cc

Note: If the temperature of the water in the pycnometer at the completion of the test is less than
72°F (22.2°C) or greater than 82°F (27.8°C) compensation for the expansion of the asphalt
must be included in the calculations as shown in AASHTO T209.
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0
0.99973
0.99823
0.99568
0.99225
0.98807

1.0027
1.0012
0.9986
0.9952
0.9910

0
0.999040
0.997997
0.996632
0.994984
0.993074
0.99093
0.98857
0.98606

1.0020
1.0009
0.9996
0.9979
0.9960
0.9938
0.9915
0.9890

CORRECTION MULTIPLIER FOR SPECIFIC GRAVITY DETERMINATION

1
0.999633
0.998023
0.995371
0.99187
0.98762

1.0026
1.0009
0.9983
0.9948
0.9905

1
0.998982
0.997874
0.996481
0.994802
0.992872
0.99071
0.98832

1.0019
1.0008
0.9994
0.9977
0.9958
0.9936
0.9912

TABLE 1 - DENSITY OF WATER (°C)

2 3 4 5 6 7

0.999525  0.999404 0.999271 0.999127  0.998971  0.998803
0.997802  0.997570 0.997329 0.997077  0.996816  0.996545
0.995056  0.994733 0.994400 0.994061  0.993714  0.993359

0.99147 0.99107 0.99066 0.99025 0.98982 0.98940
0.98715 0.98669 0.98621 0.98573

TABLE 2 — R CORRECTION MULTIPLIER (Correction to 25°C)

2 3 4 5 6 7
1.0025 1.0023 1.0022 1.0021 1.0019 1.0017
1.0007 1.0005 1.0003 1.0000 0.9997 0.9995
0.9980 0.9976 0.9973 0.9970 0.9966 0.9963
0.9944 0.9940 0.9936 0.9932 0.9927 0.9923
0.9900 0.9896 0.9891 0.9886

TABLE 3 — DENSITY OF WATER (°F)

2 3 4 5 6 7

0.998859  0.998764 0.998664 0.998562  0.998455  0.998346
0.997749  0.997619 0.997489 0.997353  0.997216  0.997074
0.996325  0.996168 0.996006 0.995844  0.995676  0.995505
0.994622  0.994436 0.994251 0.994059  0.993866  0.993673

0.992664  0.992458 0.992246 0.992030  0.99182 0.99160
0.99048 0.99025 0.99001 0.98977 0.98954 0.98930
0.98807 0.98782 0.98757 0.98731 0.98705 0.98679

TABLE 4 — R CORRECTION MULTIPLIER (Correction to 77°F)

2 3 4 5 6 7
1.0018 1.0017 1.0016 1.0015 1.0014 1.0013
1.0007 1.0005 1.0004 1.0003 1.0001 1.0000
0.9992 0.9991 0.9989 0.9988 0.9986 0.9984
0.9975 0.9974 0.9972 0.9970 0.9968 0.9966
0.9956 0.9954 0.9952 0.9949 0.9947 0.9945
0.9934 0.9932 0.9929 0.9927 0.9924 0.9922
0.9910 0.9907 0.9905 0.9902 0.9899 0.9897

8
0.998624
0.996265
0.992996
0.98896

1.0016
0.9992
0.9959
0.9919

8
0.998232
0.996929
0.995335
0.993475
0.99138
0.98906
0.98653

1.0012
0.9999
0.9983
0.9964
0.9943
0.9920
0.9894

9
0.998435
0.995976
0.992626
0.98852

1.0014
0.9989
0.9955
0.9914

9
0.998115
0.996783
0.995159
0.993277
0.99116
0.98881
0.98626

1.0010
0.9997
0.9981
0.9962
0.9941
0.9917
0.9892
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VACUUM-SATURATED SPECIFIC GRAVITY & ABSORPTION
OF COMBINED OR INDIVIDUAL AGGREGATE SOURCES

SCOPE

This test method is intended to determine the specific gravity and absorption of combined
aggregate for asphalt mix designs only. This method uses a flask pychometer and a vacuum
system.

REFERENCED DOCUMENTS

AASHTO T209 Theoretical Maximum Specific Gravity and Density of Bituminous Paving Mixtures
IM 336 Methods of Reducing Aggregate Field Samples to Test Samples

TEST METHOD

A. Apparatus

1. Balance, 10,000-gram minimum capacity and capable of weighing to the nearest 0.1
gram.

2. Pycnometer, four-liter, thick-walled, glass Erlenmeyer flask (without side discharge
nozzle, with top surface of opening ground plane and smooth, and with rubber stopper
hose connection) or other suitable pycnometer.

3. Vacuum pump or water aspirator for evacuating air from the pycnometer.

4. Thermometers, ASTM 15F (30°F to 180°F [ASTM 15C (2°C to 80°C)]), softening point
and a general-purpose thermometer of suitable range with graduations every 0.5°F
(0.2°C).

5. Large, flat weighing pan about 16 in. by 24 in. by 2 3/4 in. with one end formed in the
shape of a chute, for cooling and weighing the sample and for transferring the sample
into the pycnometer.

6. Glass 4 in. by 4 in. cover plate for accurate filling of pycnometer flask. This is for use
with the glass flask.

7. Scoop, spatula or trowel, and bulb syringe.

8. Elevated water container, with gravity discharge valve and tubing, of sufficient capacity
to conduct a complete test.

9. Funnel for transferring sample from weighing pan into the pycnometer.
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pycnometer through a separate tube.

NOTE: The manometer must not be connected to the vacuum
tube coming from the pump, but is to be connected to the

10. Manometer for measuring absolute pressure.

11. Equipment meeting AASHTO T-209 or ASTM D-2041 will also be considered

acceptable.

B. Pycnometer Calibration

Prior to being put in service, a pycnometer calibration will be performed by accurately
determining the mass of water at 77°F + 0.5°F (25°C = 0.2°C) required to fill the
pycnometer. Accurate filling of the pycnometer is assured by the use of a cover plate.

NOTE: It is necessary to verify the calibration of each
pycnometer before using and to periodically check the
calibration thereafter to detect any change in weight due to wear
or changes in the mineral content of the water. This is done by
accurately filling the pycnometer with water at any temperature
recorded on the calibration sheet, drying the outside of the
pycnometer, and weighing the pycnometer, water, and proper
cover plate.

NOTE: Cover plate and pycnometer combinations are not
interchangeable! The cover plate used for calibration should
also be used for routine testing. If a different cover plate is used,
however, the calibrated weight used in the specific gravity
determinations must be appropriately adjusted by the difference
in weight between the original cover plate and its replacement.

This applies to both Erlenmeyer flask apparatus and the alternate equipment identified in

A11 above.

C. Specific Gravity Test Procedure

1.

Weigh the oven-dried test sample to the nearest 0.1 gram.

Obtain a test sample of at least 2000 grams of oven dried individual source aggregate or
combined aggregate. Combined aggregate samples are built up to asphalt mix design
proportions by following IM 336.

Transfer the sample into the calibrated pycnometer, which contains water to a depth of
about 2 1/2in.
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4. Add water, if necessary to cover the sample. Agitate the sample to remove any loosely
trapped air.

5. Insert rubber stopper and connect vacuum hose. Apply a vacuum to attain between 1.0
in. and 1.2 in. (25.5 mm and 30 mm) Hy (mercury) absolute pressure, as measured by a
manometer, to the flask contents for 30 minutes. During the vacuum time period agitate
the flask and contents continually by using a mechanical vibratory device, or manually by
shaking and rolling the flask at intervals of about 2 minutes. This will facilitate the
removal of air bubbles trapped in the sample and on the interior surface of the glass.

6. Remove the vacuum apparatus from the pycnometer and fill with water to the top of the
neck of the pycnometer. Allow the water filled pycnometer to stand for 20 minutes.

7. Tip the pycnometer slightly and use a glass cover plate and bulb syringe to add water
until the pycnometer is completely full.

8. Dry the outside of the pycnometer and glass plate with a clean cloth, chamois or paper
towel, and weigh to the nearest 0.1 gram. Immediately after weighing, remove the glass
plate and determine the temperature of the water to the nearest 0.5°F (0.2°C) degree
with the general-purpose thermometer.

D. Calculation of Vacuum Apparent Specific Gravity (Gsa)

Calculate the vacuum apparent specific gravity (lines 1 through 11 of the data sheet,
Appendix A) of the aggregate sample as follows:

Apparent Specific Gravity = __WR
W+W,-W,
Where: W =weight of dry sample, grams
W, = weight of pycnometer filled with water at test temperature, grams. (This
value must be determined anytime the test temperature changes from the
calibration temperature by more than £ 0.5°F (x 0.3°C)
W, = weight of pycnometer filled with water and sample, grams

R = correction multiplier (from table)

_ dt
©0.99707

Where:  di = density of water at test temperature, grams/cc (from table)
0.99707 = density of water at 77°F (25°C) grams/cc
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E. Absorption Test Procedure

1.

After determining the specific gravity, pour water from the sample through a No. 200 (75-
pMm) mesh sieve.

Remove the sample from the flask and wash the sample over a No. 200 (75-um) mesh
sieve.

Split the sample on a No. 8 (2.36-mm) sieve. This may require using water. If water is
used, the wash water from the fine portion is passed through a No. 200 (75-um) sieve.

NOTE: If less than 10% of the material passes the No. 8 (2.36-
mm) sieve, the material passing the No. 8 (2.36-mm) sieve may
be discarded.

NOTE: If more than 90% of the material passes the No. 8 (2.36-
mm) sieve, the material retained on the No. 8 (2.36-mm) sieve
may be discarded.

Place the coarse portion [plus No. 8 (2.36-mm) sieve] of the sample on a bath towel and
roll the sample around by holding on to each end of the towel. (The towel will absorb
most of the free water from the aggregate particles.)

Place the coarse portion of the sample in a large, flat pan or on a clean hard surface.
Observe when the particles develop a dull appearance and leave no streaks of moisture
when moved indicating a saturated surface-dry (SSD) condition. This usually requires
only about 2 to 3 minutes.

After the coarse particles obtain an SSD appearance immediately weigh to the nearest
0.1 gram.

Place the fine portion [minus No. 8 (2.36-mm) sieve] in a large pan and dry to a SSD
condition by stirring and turning the particles continuously so they will dry evenly. When
the material becomes free flowing and there is no tendency for the finer particles to
adhere to a cool, dry steel spatula, the material is considered to be in a SSD condition.

To aid the removal of the free water, the fine sample may be placed in a 150-mm or
larger Buchner funnel containing an appropriate filter paper. A vacuum is then applied to
the flask, which collects the water until the water is dripping from the funnel at a rate of 1
to 2 drops per second. The fine sample is then transferred to the large, flat pan for drying
to a SSD condition as above.

The use of a hot plate placed in front of, or in back of, a fan to circulate air over the
sample to aid in obtaining an SSD condition is permissible.

NOTE: Free water accumulates at the bottom of the pan. Paper
towel may be used to dry the pan. DO NOT attempt to dry the
sample with the paper towel.
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8. Immediately after the fine portion of the sample has attained an SSD condition, weigh to
the nearest 0.1-gram.

9. Re-combine the coarse and fine portions of the saturated-surface-dry sample, dry to a
constant weight (mass) on a hot plate or in an oven and weigh to the nearest 0.1-gram
(coarse and fine portions may be dried separately).

F. Calculation of Water Absorption, %Abs (Vacuum Method)

Calculate the water absorption (lines 12 through 17 of the data sheet, Appendix A) of the
aggregate sample as follows:

(W, + W, - W,)(100)
W,

Cc

% Abs =

Where: W, = saturated surface-dry (SSD) weight of coarse portion
W, = saturated surface-dry (SSD) weight of fine portion
W, = combined dry weight of coarse and fine portion

G. Bulk Dry Specific Gravity (Gsp)

This test method determines the vacuum apparent specific gravity (Gsa) of individual or
combined aggregate sources. For the purpose of asphalt mix design; the aggregate bulk
specific gravity (Gsp) is needed. Aggregate bulk specific gravity (lines 18 through 20 of the
data sheet, Appendix A) may be determined from apparent specific gravities as follows:

Gsb = © o~

1+ (ABS)(Gg,)

Where: ABS = %Abs/100
%Abs = percent absorption
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°C
10
20
30
40
50

°C
10
20
30
40
50

°F
60
70
80
90
100
110
120
130

°F
60
70
80
90
100
110
120
130

0
0.99973
0.99823
0.99568
0.99225
0.98807

1.0027
1.0012
0.9986
0.9952
0.9910

0
0.999040
0.997997
0.996632
0.994984
0.993074
0.99093
0.98857
0.98606

1.0020
1.0009
0.9996
0.9979
0.9960
0.9938
0.9915
0.9890

CORRECTION MULTIPLIER FOR SPECIFIC GRAVITY DETERMINATION

1
0.999633
0.998023
0.995371
0.99187
0.98762

2
0.999525
0.997802
0.995056
0.99147
0.98715

3
0.999404
0.997570
0.994733
0.99107
0.98669

4
0.999271
0.997329
0.994400
0.99066
0.98621

5
0.999127
0.997077
0.994061
0.99025
0.98573

TABLE 1 — DENSITY OF WATER (°C)

6
0.998971
0.996816
0.993714
0.98982

7
0.998803
0.996545
0.993359
0.98940

8
0.998624
0.996265
0.992996
0.98896

TABLE 2 - R CORRECTION MULTIPLIER (Correction to 25°C)

1
1.0026
1.0009
0.9983
0.9948
0.9905

1
0.998982
0.997874
0.996481
0.994802
0.992872
0.99071
0.98832

TABLE 4 — R CORRECTION MULTIPLIER (Correction to 77°F)

1
1.0019
1.0008
0.9994
0.9977
0.9958
0.9936
0.9912

2
1.0025
1.0007
0.9980
0.9944
0.9900

2
0.998859
0.997749
0.996325
0.994622
0.992664
0.99048
0.98807

2
1.0018
1.0007
0.9992
0.9975
0.9956
0.9934
0.9910

3
1.0023
1.0005
0.9976
0.9940
0.9896

4
1.0022
1.0003
0.9973
0.9936
0.9891

5
1.0021
1.0000
0.9970
0.9932
0.9886

6
1.0019
0.9997
0.9966
0.9927

TABLE 3 — DENSITY OF WATER (°F)

3
0.998764
0.997619
0.996168
0.994436
0.992458
0.99025
0.98782

3
1.0017
1.0005
0.9991
0.9974
0.9954
0.9932
0.9907

4
0.998664
0.997489
0.996006
0.994251
0.992246
0.99001

0.98757

4
1.0016
1.0004
0.9989
0.9972
0.9952
0.9929
0.9905

5
0.998562
0.997353
0.995844
0.994059
0.992030
0.98977
0.98731

5
1.0015
1.0003
0.9988
0.9970
0.9949
0.9927
0.9902

6
0.998455
0.997216
0.995676
0.993866
0.99182
0.98954
0.98705

6
1.0014
1.0001
0.9986
0.9968
0.9947
0.9924
0.9899

7
1.0017
0.9995
0.9963
0.9923

7
0.998346
0.997074
0.995505
0.993673
0.99160
0.98930
0.98679

7
1.0013
1.0000
0.9984
0.9966
0.9945
0.9922
0.9897

8
1.0016
0.9992
0.9959
0.9919

8
0.998232
0.996929
0.995335
0.993475
0.99138
0.98906
0.98653

8
1.0012
0.9999
0.9983
0.9964
0.9943
0.9920
0.989%4

9
0.998435
0.995976
0.992626
0.98852

1.0014
0.9989
0.9955
0.9914

9
0.998115
0.996783
0.995159
0.993277
0.99116
0.98881
0.98626

1.0010
0.9997
0.9981
0.9962
0.9941
0.9917
0.9892
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***GENERAL REWRITE - PLEASE READ CAREFULLY.***

AGGREGATE SPECIFIC GRAVITY
FOR COMBINED OR INDIVIDUAL SOURCES

County: Project No.: Date:
Project Location:
Contractor:

Mix Type: Course: Size:
Aggregate Sources: Size:
Sample Identification: Lab. No.

1 Pycnometer No.

2 Sample Weight w

3 Weight Pyc. & Water@Test Temp. (Calibration)W1

4 Total Weight (Line 2 + Line 3) W+W1

5 Weight Pyc. & Sample & Water W2

6 Weight Displaced Water (Line 4 - Line 5)

7 Test Temp. of Water, (Degrees F)

8 R Multiplier (Chart) R

9 Vac. Apparent Sp. Gr. {(W) X (R)/(Line 6)} Gsa
+#8 -#8

10 Weight SSD Material

11 Weight of Dry Material

13 | Weight of Absorbed Water (Line 10 - Line 11)

14 | Total Weight Absorbed (Line 13 (+#8 + -#8))

15 | Total Weight Dry Material (Line 11 (+#8+ -#8))

16 | % Abs, {(100) X (Line 14)/(Line 15)}

17 | ABS=%Abs/100, (Line 16/100)

18 1+ (ABS) X (Gsa), {(1+(Line 17)) X (Line 9)}

19 Bulk Dry Sp. Gr. (Line 9/Line 18) Gsb
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****THIS IS A NEW IM. - PLEASE READ CAREFULLY.****
ASPHALTIC TERMINOLOGY

SCOPE

This IM describes the terminology associated with asphaltic materials.

LIQUID ASPHALT TERMINOLOGY

Asphalt Cement — See Binder

Binder — A dark brown to black cementitious material, which occurs in nature or is obtained in
petroleum processing. Also commonly referred to Asphalt Cement (AC).

Bitumen — See Binder

Cutback Asphalt — Liquid asphalt composed of asphalt binder and a petroleum solvent.
Cutback asphalts have three types (Rapid Curing (RC), Medium Curing (MC), and Slow Curing
(SC)). The petroleum solvent, also called diluents, can have high volatility (RC) to low volatility
(SC).

Emulsified Asphalt — Composed of asphalt binder and water, and a small quantity of
emulsifying agent, which is similar to detergent. They may be of either the Anionic, electro-
negatively-charged asphalt globules, or Cationic, electro-positively-charged asphalt globules
types, depending upon the emulsifying agent. Emulsified asphalt is produced in three grades
(Rapid-Setting (RS), Medium-Setting (MS), and Slow-Setting (SS)).

Flux or Flux Oil — A thick, relatively nonvolatile fraction of petroleum, which may be used to
soften asphalt binder to a desired consistency.

Foamed Asphalt — A combination of high temperature asphalt binder and water to produce
foaming.

Gilsonite — A form of natural asphalt, hard and brittle, which is mined.

Modified Binder — These are asphalt binders, which have been physically- and/or chemically-
altered (usually with an additive) to bring the characteristics of the binder to what is desired for
the application. This process includes polymer modification.

Performance Graded Asphalt (PG) — The identification associated with the grading of the
binder. Prior identification methods have been penetration and viscosity grading. For example, a
PG 64-22 would indicate a performance-graded binder with a high temperature confidence of
64°C and a low temperature confidence of -22°C.

Viscosity — The property of a fluid or semifluid that enables it to resist flow. The higher the
viscosity, the greater the resistance to flow.
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AGGREGATE TERMINOLOGY
Absorption — The property of an aggregate particle to take in and hold a fluid. For our purposes
usually asphalt binder or water.

Aggregate — Any hard, inert, mineral material used for mixing in graduated fragments. It
includes sand, gravel, crushed stone, and slag.

Coarse Aggregate — The aggregate particles retained on the #4 (4.75 mm) sieve.
Coarse-Graded Aggregate — A blend of aggregate particles having a continuous grading in
sizes of particles from coarse through fine with a predominance of coarse sizes. A gradation

below the maximum density line.

Cold-Feed Gradation — The aggregate proportioning system employing calibrated bins to
deliver aggregate to the dryer (see IM 508 for additional information).

Fine Aggregate — Aggregate particles passing the #4 (4.75 mm) sieve.
Fine-Graded Aggregate — A blend of aggregate particles having a continuous grading in sizes
of particles from coarse through fine with a predominance of fine sizes. A gradation above the

maximum density line.

Gradation — The description given to the proportions of aggregate on a series of sieves. Usually
defined in terms of the % passing successive sieve sizes.

Lime — A product used to enhance the bond between aggregate and asphalt binder. It is
composed of dust from crushed limestone. Hydrated lime is often specified for surface mixes.

Manufactured Sand —The predominately minus #4 (4.75 mm) material produced from crushing
ledge rock or gravel.

Mineral Filler — A finely divided mineral product at least 70 percent of which will pass a #200
(75 um) sieve. Pulverized limestone is the most commonly manufactured filler, although other
stone dust, hydrated lime, Portland cement, fly ash and certain natural deposits of finely divided
mineral matter are also used.

Natural Sand - A loose, granular material found in natural deposits.

Open-Graded Aggregate — A blend of aggregate particles containing little or no fine aggregate
and mineral filler and the void spaces in the compacted aggregate are relatively large.

Slag — A byproduct of steel production.

Well-Graded Aggregate — Aggregate that is uniformly graded from coarse to fine.
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MIX TERMINOLOGY

Asphalt Cement Concrete — See Hot Mix Asphalt

Asphalt Leveling Course — Lift(s) of HMA of variable thickness used to eliminate irregularities
in the contour of an existing surface prior to overlay.

Asphalt Overlay — One or more lifts of HMA constructed on an existing pavement. The overlay
may include a leveling course to correct the contour of the old pavement, followed by uniform
course or courses to provide needed thickness.

Base Course — Lift(s) of HMA pavement placed on the subgrade or subbase on which
successive layers are placed.

Binder Course — See Intermediate Course

Full-Depth® Asphalt Pavement — The term Full-Depth® certifies that the pavement is one in
which asphalt mixtures are employed for all courses above the subgrade or improved subgrade.
A Full-Depth® asphalt pavement is laid directly on the prepared subgrade.

Hot Mix Asphalt (HMA) — Asphalt binder/aggregate mixture produced at a batch or drum-
mixing facility that must be spread and compacted while at an elevated temperature. To dry the
aggregate and obtain sufficient fluidity of the binder, both must be heated prior to mixing —
giving origin to the term “hot mix.”

Intermediate Course — An HMA pavement course between a base course and a surface
course.

Job Mix Formula (JMF) — The JMF is the mix design used to begin a HMA project. It is also
used as the basis for the control of plant produced mixture. It sets the proportions of the
aggregate and amount of asphalt binder.

Mixed-In-Place (Road Mix) — An HMA course produced by mixing mineral aggregate and
cutback or emulsified asphalt at the road site by means of travel plants, motor graders, or
special road-mixing equipment.

Plant Mix — A mixture, produced in an asphalt mixing facility that consists of mineral aggregate
uniformly coated with asphalt binder, emulsified asphalt or cutback asphalt.

Sand Asphalt — A mixture of sand and asphalt binder, cutback or emulsified asphalt. It may be
prepared with or without special control of aggregate grading and may or may not contain
mineral filler. Either mixed-in-place or plant-mix construction may be employed.

Sheet Asphalt — A hot mixture of binder with clean angular, graded sand and mineral filler.

Surface Course — The top lift(s) of HMA pavement, sometimes called asphalt wearing course.

Warm-Mix Asphalt (WMA) — Similar to HMA but produced by using additives that allow the mix
to be produced, placed and compacted at lower temperatures.
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MISCELLANEOUS TERMINOLOGY

Asphalt Joint Sealer — An asphalt product used for sealing cracks and joints in pavements and
other structures.

Average Absolute Deviation (AAD) — The absolute value of the difference of a test result from
a specified value, averaged for a specified set of values.

Cold-In-Place Recycling — A method of rehabilitating the HMA surface by milling, adding a
stabilizing agent, relaying and compacting in a continuous operation (see IM 504 for additional
information).

Durability — The property of an asphalt paving mixture that describes its ability to resist the
detrimental effects of air, water and temperature. Included under weathering are changes in the
characteristics of asphalt, such as oxidation and volatilization, and changes in the pavement
and aggregate due to the action of water, including freezing and thawing.

Fatigue Resistance — The ability of asphalt pavement to withstand repeated flexing caused by
the passage of wheel loads.

Field Density — The density (Gms (eld)) of HMA based on field roller compaction.
Field Voids — The percent by volume of air voids in cores cut from the finished pavement.

Flexibility — The ability of an asphalt paving mixture to be able to bend slightly, without
cracking, and to conform to gradual settlements and movements of the base and subgrade.

Fog Seal — A light application of emulsion diluted with water that is applied without mineral
aggregate cover.

Lab Density — The density (Gmb ¢an)) of HMA based on laboratory compaction.

Lab Voids — The percent by volume of air voids in laboratory compacted specimens.

Pay Factor — A calculated multiplier used to determine adjustments to payment to the
contractor. Pay factors greater than 1.000 are referred to as “incentive” and pay factors less
than 1.000 are referred to as “disincentive” or “penalties”

Percent Within Limits (PWL) — A statistical estimation of the percentage of a material that falls
between specified limits based on sampling and testing of the material. PWL is used to calculate

the pay factor.

Permeability — The resistance that an asphalt pavement has to the passage of air and water
into or through the pavement.
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Recycled Asphalt Pavement (RAP) — HMA removed and processed, generally by milling. This
material may be stored and used in mixtures in addition to virgin aggregate and binder. This is
also referred to as Reclaimed Asphalt Pavement.

Recycled Asphalt Shingles (RAS) — Roofing shingles, either waste from a shingle
manufacturer or tear off shingles from reroofing operations. Shingles contain a high percentage
of asphalt as well as fibers and fine aggregate. Shingles are processed into a fine material and
handled similar to RAP.

Seal Coat — A thin asphalt surface treatment used to waterproof and improve the texture of an
asphalt wearing surface. Depending on the purpose, seal coats may or may not be covered with
aggregate. The main types of seal coats are aggregate seals, fog seals, emulsion slurry seals
and sand seals.

Skid Resistance — The ability of asphalt paving surface, particularly when wet, to offer friction
against the tire surface.

Slurry Seal — A mixture of emulsified asphalt, fine aggregate and mineral filler, with water
added to produce flowing consistency.

Specific Gravity — The weight to volume relationship of material in relation to water.

Stability — The ability of asphalt paving mixtures to resist deformation from imposed loads.
Unstable pavements are marked by channeling (ruts), and corrugations (washboarding).

Surface Treatments — A broad term embracing several types of asphalt or asphalt-aggregate
applications, usually less than 1 in. (25 mm) thick, to a road surface. The types range from a
light application of emulsified or cutback asphalt (Fog seal) to a single or multiple surface layers
made up of alternating applications of asphalt and aggregate (chip seal).

Tack Coat — A very light application of asphalt, usually asphalt emulsion diluted with water. It is
used to ensure a bond between the existing pavement surface and the overlay.

CONSTRUCTION TERMINOLOGY

Batch Plant — This type of HMA production plant is used to produce individual batches of mix
by making use of a pugmill (see IM 508 for additional information).

Certified Plant Inspection (CPI) — A specified method of quality control using a Certified Plant
Inspector (see Section 2521 of the Standard Specification for additional information).

Cold-Feed — The device used to combine the various aggregates, in the correct proportions.
Drum Plant — This type of HMA production plant is a continuously operating plant, which mixes

the aggregate, asphalt binder and RAP (if used) in the drum (See IM 508 for additional
information).
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Quality Management of Asphalt (QMA) — A specified quality control procedure where the
contractor is responsible for the mix design and the control of the mix properties during
production (see IM 511 for additional information). The agency is responsible for quality
assurance and verification.

Workability — The ease with which paving mixtures may be placed and compacted.
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ASPHALTIC EQUATIONS
& EXAMPLE CALCULATIONS

SCOPE

This IM describes the equations associated with asphaltic materials. In addition, there are a
number of example calculations showing how to determine various properties.

NAMING CONVENTION

/ﬁf\

Volumetric Material Type
Property b = bulk
5 = stone e = effective
(G = Specific Gravity b = binder m = maximum theoretical
W = Volume m = mix a = apparent (for G)or
P = Percent a= air a = absorbed (forV and F)
DEFINITIONS
Pa = % of air voids in compacted hot mix asphalt mixture (percent of total

volume) Lab Voids for gyratory specimens or Field Voids for cores

Po = % of asphalt binder in the hot mix asphalt mixture
PuraP) = % of asphalt binder in RAP material
Pbadd) = % of virgin asphalt binder needed to add to the mix to achieve the total

intended binder content

Pb(added) = % of virgin asphalt binder in the hot mix asphalt mixture. Does not
include the asphalt binder from the RAP
Ps = % of combined aggregate in the hot mix asphalt mixture
= 100 - Py - other non-aggregate components
Poa = % of asphalt binder absorbed by aggregate, aggregate basis
Pba (mix) = % of asphalt binder absorbed by aggregate, mix basis
Ppe = effective asphalt binder, %, mixture basis
% Abs = % water absorption of the individual or combined aggregate

ABS = fraction of water absorption of the individual or combined aggregate
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Gsa
Gse
Gsb

Gsnhi(ssD)

Go

Gb (effective)

% New AC
Gmm

Gmb

Gmb(measured)

Gmb(corrected)

Gmb(field core)

VMA
Vi
VFA
Nini

Ndes

Nmax

Nx

% Abs/100
ABS is always used in the calculations rather than % Abs.

apparent specific gravity of the aggregate
effective specific gravity of the combined aggregate
bulk specific gravity of the aggregate (dry basis)

bulk specific gravity of the aggregate (SSD basis)
Used for Portland Cement Concrete NOT ASPHALT!!!

specific gravity of the asphalt binder at 25°C (77°F)

effective specific gravity of the combined new and recycled asphalt
binder at 25°C (77°F)

percentage of the total binder that is virgin (not from RAM)

maximum specific gravity of the hot mix asphalt mixture. Often referred
to as the Rice specific gravity, solid specific gravity or solid density.

bulk specific gravity of compacted hot mix asphalt mixture

Gmp of gyratory specimen as determined from test procedure in IM 321
corrected Gmp Of gyratory specimen at Nges, also called Lab Density.
Gmbycorrected) aNd Gmb(measured) Will be the same when compacting to Nges SO no
correction is necessary.

bulk specific gravity of pavement cores (also Gmuyielq) OF Field Density)
% voids in mineral aggregate, (percent of bulk volume), compacted mix
design target air voids, %

% voids filled with asphalt binder

Number of gyrations used to measure initial compaction.

Number of gyrations used to measure design compaction. Gy for Lab
Density is determined at Nges.

Number of gyrations used to measure maximum compaction.
Level of compaction, where x is the number of gyrations.

temperature correction multiplier obtained from IM 350 Table 2 App. A
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d: = density of water at test temperature, g/cc

hmax = the height of the specimen at Nmax, mm

Nges = the height of the specimen at Nges, mm

hx = the height of the specimen at any gyration level Ny, mm

Cx =  percent of compaction expressed as a percentage of Gmm
Where x is the number of gyrations (this is normally Nin or Nmax)

S = slope of the compaction curve

FT =  Film Thickness, microns

SA =  Surface Area, m?/kg

F/B = Filler/Bitumen Ratio also called Fines/Bitumen Ratio

On-1 = Sample Standard Deviation

X"

= sample average
FORMULAS

All calculations shown have been rounded for ease of presentation. Normally calculations will
involve maintaining more significant figures throughout the intermediate calculations and only
rounding the final result. The values generated by the software specified by the DOT will be the
accepted results for reporting purposes.

All specific gravity calculations will be reported to 3 decimal places. Binder content is reported to
2 decimal places. Percent voids, VMA and VFA are reported to 1 decimal place.

Unless noted as otherwise, the following information is given to perform the calculations for a mix
not containing RAS. Any additional needed information will be provided with the sample
calculation.

P, = 5.75% Gea = 2.667 Grmb (foig) = 2.215

Ps =100 - 5.75 = 94.25% Gse = 2.659 Gmb (measured) = 2.310
% Abs = 1.39 Gap = 2.572 Gt (corected) = 2.273
ABS = 1.39/100 = 0.0139 Gsb(ssp) = 2.608 % RAP =10.0%

Gp = 1.031 Gmm = 2.438 Purar) = 5.00%

% minus #200 (75 um) sieve = 5.0%
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VOLUMETRIC EQUATIONS

To convert the specific gravity of asphalt binder from one temperature to another, the following
two equations are used.

Gb(at 60°F) _ G, (at77°F) _ 1.031 1035

0.9961 0.9961
G, (at77°F) =0.9961x G, (at 60°F) =0.9961x(1.035)=1.031
Gb (effective) With RAM _ 100

~ % New AC , 100 — % New AC
G, T 1.030
% Abs -
° _Wa + Wo - We 100
1315.7 +690.3 - 2000.0
- i x100 =0.30%
2000.0
Where: W, = Saturated-Surface-Dry (SSD) weight of coarse portion, 1315.7 g

W, = Saturated-Surface-Dry (SSD) weight of fine portion, 690.3 g
W, = Combined dry weight of coarse and fine portion, 2000.0 g

% AbS combined) —[% Abs, x (P,,)]+ [% Abs,, x (P.,)]+ [% Abs,, x (P_,)]+ ...
=0.67(0.50) +1.23(0.05) + 2.21(0.45) = 1.39%

Where: % Abs =0.67% Ps1 =50%
% Abs, =1.23% Ps> = 5%
% Abss; =2.21% Ps3 = 45%

Gsa W xR (2000.0)(1.0000)

= = = 2.667
W +W, - W, 2000.0 + 6048.0 - 7298.1

Where: W = Weight of dry sample, 2000.0 g
W1 = Sample weight of pycnometer filled with water at test temperature,
6048.0 g
W; = Sample weight of pycnometer filled with water and sample, 7298.1

g
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Gsb

Gsb (combined)

Where:

Gse

Gmm

Where:

R = Multiplier to correct temperature to 77°F = 1.0000 @ 77°F

_ G,, _ 2.667 557
1+ (ABS)x(G,,) 1+(0.0139)(2.667)
100 100
= = =2.649
P, P, P, 500 50 450
+ + +..
Gy Gup Gus 2.657 2.642 2.640
Ps1 = 50.0% Gspt = 2.657
Ps2 = 5.0% Gsp2 = 2.642
Ps3 =45.0% Gsbz = 2.640
___ P _100-575 _, o
100 P, 100 5.75
‘G 2.438 1.031
mm b
_ WxR __ (2020.0)(1.0000)  _, a0
W o+ W, - W, ©2020.0 +6048.0-7239.5

W = Sample weight of sample, 2020.0 g

W1 = Sample weight of pycnometer filled w/water at test temperature,
6048.0 g

W, = Sample weight of pycnometer filled w/water and sample, 7239.5 g
R = Multiplier to correct temperature to 77°F = 1.0000 @ 77°F

To correct the density of water to 77°F the R multiplier is used. The value of R is given in the
tables in IM’s 350 and 380 for temperatures from 60 to 130°F. R is calculated as follows:

R

Where:

d, 0.99707

= = =1.0000
0.99707 0.99707

d: = density of water at temperature t = 0.99707 g/cc at 77°F.
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Gmb W, B 4800.0 2310
(O Grb (measures)) W, - W, 4805.6-2727.7
Where:  W; = Sample Dry weight, 4800.0 g
W, = Sample weight in water, 2727.7 g
W3 = Sample weight in air, SSD, 4805.6 g
P. (lab voids - 438-2.
( ) :Gmm Gmbx100 :2438 2310x100=5.3%
. 2.438

%Gmm (field core .

0 ( ) _ G p(feld core) <100 _2.215 x 100 = 90.9%

2.438
mm(lot avg.)
P. (field voids) =100-%G__ =100-90.9=9.1%
VMA
_100-| 8o XPs —100- @31000425) 45 4o,
G, 2.572
VFA VMA -P, 4-5.
=8 5100 _154-53 100 -65.6%

Pba G, -G 2.659-2.572

° _Gee=Cu) 5 x100 = ST AT 41.031x100=1.31%

(G XGy) (2.659)(2.572)

Poe : .

b _p .| P XPs _575. 13109425 _ , oo,

b 100

Poa (mix) = Pp - Poe
F/B (fines/bitumen) _ Total % of minus #200 material ~5.00 111

P

be

4.52




October 17, 2023 Matls. IM 501
Supersedes April 19, 2016

Where: Total % of minus #200 (75 ym) includes both virgin aggregate and RAM
when used

GYRATORY EQUATIONS

If compacting to Nmax a correction to the measured G, must be performed. The corrected Gmp
(Gmb (correcteq)) is then used in the calculations for P, (lab voids) and VMA.

To correct Gmp from the measured value at Nimax to the corrected value at Nges:

Gmb (corrected) (Iab density) h 117.5
- x =(2.310)——==2.273
- (Gmb (measured) ) X hma ( ) 1194
des
Where: hmax = 117.5 mm (the height at Nmax) and hges = 119.4 (the height at Nges)

To find the percent of maximum specific gravity (%Gmm) at a specific gyration (N):

Cx (%9Gmm)

(Gmb(measured) ) . (hmax ) x 100
(G )x(h,)

Nini = 8 gyrations hs = 135.4 mm
Given: Nges = 109 gyrations hige = 119.4 mm
Nmax = 174 gyrations hi74 = 117.5 mm

Cs [(2.310) x (117.5mm)

- x 100 = 82.2%
(2.438) x (135.4mm)

Ci1o9 ((2.310) x (117.5mm)

- x 100 =93.2%
(2.438) x (119.4mm)

C14 _((2.310)x (117.5mm)
(2.438) x (117.5mm)

J x100=94.7%

To find the slope of the gyratory compaction curve:
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s _(log(Ny)-logNy))  _ (log(174)-log(®)) _, -
Crax = Cini 0.947 -0.822 '
Where: Cmax and Cini are expressed as decimals.

RAP FORMULAS

To determine the percent of asphalt binder to add to a mix containing RAP (Pn(ada)) to achieve the
total intended P, shown on the JMF (this the value to which the plant controls are set):

Py(add) [(100) x (total intended P, )] - [(% RAP)x (P,
- 100 - [(% RAP)x (P, (0.01)]

RAP) )

(RAP) )x

_(100)(5.75)-(10.0)(5.00) _

- 28%
100 - (10.0)(5.00)(0.01)

To determine the percent of aggregate contributed by the RAP in the total aggregate blend:

% RAP,

(aggregate)

(% RAP)x[1.00 - (B, .o, X0.01)]

_ 100
% virgin agg. + [(% RAP)x(1.00 - (Pb(

X
x0.01))]

RAP)

(10.0)(1.00 - (5.00)(0.01))

= x 100 =9.55%
90.0 +(10.0)(1.00 - (5.00)(0.01))

To determine the actual percent virgin aggregate in the total aggregate blend containing RAP:

% virgin agg. 3 % virgin agg.
% virgin agg. +[(% RAP)x(1.00 - (P,

x 100
x0.01))]

(RAP)

90.0

= x 100 = 90.45%
90.0 +(10.0)(1.00 - (5.00)(0.01))

To determine the total percent asphalt binder in a mix containing RAP:

Total P, =P . +[(%RAP)x (P, up) X (0.01)] - [(P, ey )% (% RAP)X (P, 00 )% (0.0001)]




October 17, 2023 Matls. IM 501
Supersedes April 19, 2016

—5.28 +(10.0)(5.00)(0.01) - (5.28)(10.0)(5.00)(0.0001) = 5.75%

Where: Po(addeq) is the actual percent of virgin asphalt binder added to the mix from
the tank stick, flow meter or batch weights - not the Py(aqq) determined
above which is the original determination on the JMF.

FRICTION AGGREGATE CALCULATIONS

Percent Retained on #4 Sieve:

(% frictional agg. retained on #4 ) x (% frictional agg. in total blend)
(% retained on #4 of total blend)

% +#4 Frictional aggregate =

Example: The aggregate blend contains 20% quartzite as the Type 2 friction class
aggregate, the quartzite gradation shows 90% retained on the #4 sieve, and the
combined gradation of the blend shows 60% retained on the #4 sieve:

% +#4 frictional aggr. in total blend =  +#4 Type 2 =%:30%

Percent Passing the #4 Sieve:

(% passing #4 of Type 2 aggr, ) x (% Type 2 agg. in total blend)
(% passing #4 of total blend)

% —#4 Type 2 aggregate =

Example: For a single Type 2 aggregate:
Quartzite Type 2 aggregate is 20% of the total blend and has 58% passing the #4 sieve.

The combined gradation of the total blend has 65% passing the #4 sieve.

% -#4 Type 2 in the total blend = % =17.8%

If more than one Type 2 aggregate is included in the blend the gradations of the Type 2
aggregates must be combined first in the numerator to determine the percent passing the #4 sieve
for the Type 2 aggregate as shown in the following example.

Example: For multiple Type 2 aggregates:
Three quartzite aggregates are included in the total blend. The graded quartzite
aggregate is 20% of the total blend and has 58% passing the #4 sieve. The quartzite
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man sand is 10% of the total blend and has 100% passing the #4 sieve. The quartzite
chip is 5% of the total blend and has 5% passing the #4 sieve. The combined gradation
of the total blend has 65% passing the #4 sieve.

The % Type 2 in the total blend combined —#4 is:

% -#4 Type 2 in the total blend = 20X20)+ “%‘;X 10)+ (xS _ 53 69,

Fineness Modulus

The fineness modulus of the Type 2 (FMrype2) material is expressed as 600 minus the total of the
percents passing each of the six sieves from the #4 to the #100 sieves divided by 100 and then
multiplied by the percentage of Type 2 aggregate in the total blend expressed as a decimal.

_ [600 '(P4 + PB + P16 + P30 + P50 +P100):I
Type2 = 100 x Type 2

Where:
Px is the percent passing sieve #x (x = #4, #8, #16, #30, #50, and #100)
P1ype 2 is the percent of Type 2 aggregate in the total blend expressed as a decimal

When more than one Type 2 aggregate is included in the total blend the gradations of the Type 2
aggregates must be combined first to determine the percent passing each of the six sieves for
the total Type 2 aggregate as shown in the following example.

Example:

Given: The following gradations of the three Type 2 aggregates and the percentages in the total
blend:

Percent Passing 314  1/2 3/8 #4 #8 #16 #30 #50 #100 #200
20% Graded Quartzite 100 98 78 58 48 38 28 18 8.0 4.0
10% Quartzite Man

Sand 100 75 52 33 22 7.0 2.0
5% Quartzite Chip 100 95 35 50 45 40 35 3.0 2.0 1.0

The total percent Type 2 quartzite in the total blend is 20+10+5=35%

To combine the gradations of the Type 2 aggregates, multiply the percent passing each sieve (#4
to #100) for each aggregate by the percent of that aggregate in the total blend, sum the results
individually for each sieve then divide the sum by the total percent Type 2 in the total blend as
shown below. Express the result to two significant figures.

Combined gradation of the Type 2 for the #4 sieve: = (58 20) + (1205X10) +(5x9) =62

10
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Perform this same calculation for each of the other five sieves, #8, #16, #30, #50 and #100

Percent Passing 34 2 3/8 #4 #8 #16 #30 #50 #100 #200
Total Type 2 Combined 62 50 37 26 17 6.9
FMryp0s = [600-(62+50+37 +26 +17 + 6.9)] 035 =1.40

100

FILM THICKNESS EXAMPLE:

SIEVE ANALYSIS % PASSING

Siove in. T | 3/4 | 112 | 318 | #& | #8 | #16 | #30 | #50 | #100 | #200

mm) | 25.0)] (19.0)] (12.5) (9.5) | (4.75) | (2.36) | (1.18) | (0.600)| (0.300)] (0.150)] (0.075)

Combined 100 | 100 | 95 | 86 | 68 | 47 | 38 26 10 | 54 | 39

Grading
Surface Area 0.0041 | 0.0082 | 0.0164 | 0.0287 | 0.0614 | 0.1229 | 0.3277 | TOTAL
Coefficient
Surface Area [ (m?/kg) 0.41 028 | 039 | 062 | 075 | 061 | 066 | 128 | 5.00

The surface area (SA) is found by taking the % Passing times the Surface Area Coefficient. The
Surface Area for the material above the #4 sieve is a constant 0.41. The total surface area is
found by adding all of the individual surface area values.

SA (for each sieve) = (% Passing) x (Surface Area Coefficient)

=(38)(0.0164)=0.62 (for the #16 sieve above)

Where: The Surface Area Coefficients are constants.
FT Film Thickness
( ) :Pbe x10 =ﬂx10:9.0
SA 5.00

MISCELLANEOUS

Optimum P high voids - target voi
P ° _ (high voids -target voids) ., P, -lowP,)+lowP,
(high voids - low voids)

Where: Target voids = 4.0
Pb Pa
(low Py =) 4.75 5.5 (= high voids)
(high Py =) 5.75 3.0 (= low voids)
6.75 1.2

11
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Since the target voids of 4.0% falls between 5.5 and 3.0 they are the high voids and low voids
respectively. The asphalt contents associated with those voids are used as the low Py and high Py,
respectively.

_(55-49) , (575-4.75)+ 4.75-5.35%
(55-3.0)

% Moisture _ Wet Wt. Sample - Dry Wt. Sample «
- Dry Wt. Sample

100

Where: Wet Wt. Sample =2100.0 g
Dry Wt. Sample = 2000.0 g

~2100.0 - 2000.0
B 2000.0

x100=5.0%

To adjust the height of a Gm, specimen to reach the intended height, the following equation is
used.

Adjusted sample weight (trial sample weight) x (intended height)

trial sample height

_ (4775.0)(115.0) _5014.8
109.5

Gsb (from Gspssp)) _ Gsb(SSD) _ 2.608 _ 2579

1+ ABS 1+0.0139
P tofLabD it )

ercent of Lab Density _ Gmb(ﬁeldwe) 100 _ 2.215 %100 = 97 4%
] 2.273

Min.P, [(Gy (G J(VMA - V) + (G, )(100 - VMA)(G,, - Gy )]

(Gp N(Gee IVMA - V;) +(G, )(100 - VMA)(G, - G, ) + (G )G, (100 - VMA) ’

12
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[(1.031)(2.659)(15.4 - 4.0) + (1.031)(100 - 15.4)(2.659 - 2.572)] 100 6.26°%
— X =6.29%
(1.031)(2.659)(15.4 - 4.0) + (1.031)(100 - 15.4)(2.659 - 2.572) + (2.659)(2.572)(100 - 15.4)

You have 13,000 grams of aggregate and 650 grams of asphalt binder. Determine the asphalt
binder content (Py) of the mixture.

P
° /S _ %0, 400-4.76%
W +W 13000 + 650
s b
Where: W, = Weight of the asphalt binder, g

W; = Weight of the aggregate, g
Py, = Percent binder of the mix, mix basis

You have 13,000 grams of aggregate. You want to prepare a mixture having 5.5% asphalt binder
content based on the total mix. Determine the weight of the asphalt binder you need to add to the
aggregate.

w
b _ (P x(W,) _ (5'5)(13000)=756.6
(P, 100-(5.5)
Where: W, = Weight of the added binder, mix basis, g
Ws = Weight of the aggregate, g

QUALITY INDEX (Ql) EXAMPLE %G, Method:

(This example is applicable for calculating outliers for Gy, and gradation)

For use on projects not using the PWL specifications

Given: lab. lot average Gmb(corrected) = 2.408

field Gmp of individual cores: 2.319, 2.316, 2.310, 2.298, 2.242, 2.340,
and 2.345.

% of lab density = 94%, 95%, or 96%. For this example 95% is used.

Determine the average field density (Gnmp) of the seven cores.

X~ - 2.319+2.316 +2.310 + 2.298 + 2.242 + 2.340 + 2.345

=2.310
7

The sample standard deviation is determined as follows:

13
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On-1
> (x-X)" _ (9007 _ 4 034
_ | 2XX) 7-1
n-1

Where: X = individual sample value
n = number of samples

X~ = average of all samples
The Quality Index for density shall be determined according to the following calculation:

Q.l. (Density) _ (Avg. G JrieipLor - ((% Density)speciriep X (AVG. Gy, )agior)
(Std.Dev. Gy, JrerpLor

Ql _ 2.310-(0.95)(2.408)
0.034

=0.66

The QI is less than 0.72. Check for outliers. To test for a suspected outlier result, apply the
appropriate formula.

SuspectedHigh Outlier ~ HighestG , - Avg.G = 2.345-2.310 103
- o, ~ 0034

SuspectedLow Outlier  Avg.G , -LowestG ~2.310-2.242 199
- o 0034

n-1
The highest density or lowest density shall not be included if the suspected outlier result is more than
1.80 for seven samples. The quality index shall then be recalculated for the remaining six samples.

The suspected low outlier result is greater than 1.80 for seven samples, therefore the core with the
lowest density, 2.242, is an oultlier.

Recalculate the QI for the remaining six densities (excluding the outlier).

Avg. G (field lot)(new) =2.321 = O'n-1 (new) =0.018
QI new, . - . .
(now) _2.321-(0.95)2408) -
0.018

GRADATION EXAMPLE (Combined Gradation):

14
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Assume the proportions of the individual aggregates are as follows: 50% 34" Minus, 5% 3&” Chips,
and 45% Nat. Sand. Then using the following gradations for the individual aggregates, determine
the combined gradation.

% Passing
Sieve Size  3/4" 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200
3/4" Minus 100 90 75 43 21 17 15 12 9.8 7.4
3/8" Chip 100 100 70 32 5 1.8 1.5 1.1 0.9 0.7
Nat. Sand 100 100 100 100 80 65 40 9 1.0 0.5

combined

To determine the combined gradation, take each individual material % Passing times the
percentage of that material in the blend. For example, take the 50% of the 3/4” Minus material
times the % Passing for that material.

50
3/4” Minus Portion % Passing #200 sieve: =74x——=3.7

100

Do the same thing with each of the other aggregates and sieve sizes to obtain the following:

3/4"Minus  50.0 45.0 37.5 215 10.5 8.5 7.5 6.0 4.9 3.7
3/8" Chip 5.0 5.0 3.5 1.6 0.3 0.1 0.1 0.1 0.0 0.0
Nat. Sand 45.0 45.0 45.0 45.0 36.0 29.3 18.0 4.1 0.5 0.2

Next, sum the individual sieve sizes to get the combined gradation. This will result in the following
combined gradation.

Combined ~ 100.0 95.0 86.0 68.1 46.8 37.9 25.6 10.2 54 3.9

BATCHING EXAMPLE:

You have been directed to prepare a 13,000-gram batch of aggregate composed of the
aggregates used above with the same proportions. The %" Minus has been split into four size
fractions by sieving on the 12.5 mm, 9.5 mm and 4.75 mm sieves. The %" Chip has been split
into three size fractions by sieving on the 9.5 mm and 4.75 mm sieves. The Nat. Sand is one size
fractions passing the 4.75 mm sieve. Complete the following batching sheet by determining the
mass of each aggregate needed, the percentage of each size fraction and the weight of each size
fraction.

Weight %" Minus @ 50% = grams

15
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Size % In Size  Weight Needed Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
19 mm 100
12.5 mm 90 -19+125
9.5 mm 75 -12.5+95
4.75 mm 43 -95+4.75
-4.75
Weight %” Chip @ 5% = grams
Size % In Size  Weight Needed Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
12.5 mm 100
9.5 mm 70 -12.5+9.5
4.75 mm 32 -95+4.75
-4.75
Weight Nat. Sand @ 45% = grams
Size % In Size  Weight Needed Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
4.75 mm 100 -4.75

The weight of each material is found by taking the percentage of the blend each material is times
the total batch weight. For example, the weight of the %" Minus is found by taking 50% of the
13,000 gram batch, or 6,500 grams.

The % In Size Fraction column is found by subtracting the % Passing from one size by the
previous size % Passing. For example, the % In Size Fraction for the —19 + 12.5 Size Fraction is
found by subtracting 90% Passing the 12.5 mm sieve from 100% Passing the 19 mm sieve. This
process is repeated for each size fraction. The last line in the % In Size Fraction column is found
by adding each of the individual values above it. The total should be 100.0%.

The Weight Needed Each Fraction is found by taking the % In Size Fraction value and multiplying
it by the total mass of that aggregate. For example, for the %” Minus material, there is 10% in the
—19 + 12.5 size fraction. Take this 10% times the mass of 6,500 grams to get the Weight Needed
value of 650 grams.

The Cumulative Weight is found by taking the first value in the Weight Needed column and placing
it in the first spot for the Cumulative Weight column. For example, there was 650 grams needed
in the previous example. This value would go on the first line of the Cumulative Weight column.

16
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Each successive line requires adding the corresponding Weight Needed value with the previous
Cumulative Weight value. Below are the solutions for the example shown above.

Weight %" Minus @ 50% = 6500.0 grams

Size % In Size  Weight Needed Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
19 mm 100
12.5 mm 90 -19+125 10.0 650.0 650.0
9.5 mm 75 -125+95 15.0 975.0 1625.0
4.75 mm 43 -9.5+4.75 32.0 2080.0 3705.0
-4.75 43.0 2795.0 6500.0
100.0
Weight %" Chip @ 5% = 650.0 grams
Size % In Size  Weight Needed Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
12.5 mm 100
9.5 mm 70 -12.5+95 30.0 195.0 6695.0
4.75 mm 32 -95+4.75 38.0 247.0 6942.0
-4.75 32.0 208.0 7150.0
100.0
Weight Nat. Sand @ 45% = 5850.0 grams
Size % In Size  Weight Needed Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
4.75 mm 100 -4.75 100.0 5850.0 13000.0
100.0

The Cumulative Weight at the end of the batching should always equal the desired total batch
weight.

Determination of Tons of Asphalt Binder Used

Determine the tons of asphalt binder used in the mix for a given day using the following
information:

Weights of all Binder @ 60°F = 8.67 Ibs./gal.

Beginning tank stick 18,000 gal. @ 296°F

28.0 tons Binder hauled in during the day’s run

Ending tank stick 16,000 gal. @ 296°F

Volume correction factor for correcting Binder @ 296°F to Binder @ 60°F = 0.9200

17
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The difference between the beginning and ending tank stick readings is the first place to start.
There were 2,000 gal. of binder used plus all of the binder hauled in during the day.

To combine these quantities, they must be converted to tons. First the gallons used must be
corrected to 60°F. Since the temperature is the same for the beginning and ending tank stick
readings the correction can be done on the difference between the two readings. If the
temperatures were different for the two readings, the temperature correction would need to be
done on the individual readings before the difference is determined.

2,000 gal binder @ 296°F = (2000 gal @ 296°F)x 0.9200 =1840 gal @ 60°F
This value must then be converted to the tons of binder.

1840 gal @ 60°F _ (1840 gal)x (8.67 Ibs./gal.) _ 7.08 tons
2000 Ibs./ton

This value in addition to the 28.0 tons of binder hauled in during the day is the amount used in
the mix that day.

Tons of binder used in mix =28.0 tons + 7.98 tons =35.98 tons binder

DETERMINING CORRECTION FACTORS FOR COLD FEED VS. IGNITION OVEN

Sieve Sizes - Percent Passing Surface
11/2" 1" 314" 12" 318" #4 #8 #16 #30 #50 #100 #200 Area
SU4-30D | Ign. Oven| 100.0 100.0 99.0 89.0 77.0 47.0 31.0 20.0 14.0 8.6 6.4 5.2 4.60534
4-A  |Cold-Feed| 100.0 100.0 99.0 89.0 76.0 47.0 29.0 19.0 13.0 7.8 5.6 44 4.13424
Correction Factor 0.0 0.0 0.0 0.0 -1.0 0.0 2.0 -1.0 -1.0 0.8 0.8 0.8 0.5

The correction factor is determined by taking the percent passing an ignition oven sieve and
subtracting it from the percent passing of the corresponding cold-feed sieve. For example, there
is 31 percent passing the number #8 sieve for the ignition oven and 29 percent passing the #8
sieve for the cold-feed. The correction factor for this sieve size is -2.0. The correction factor is
applied to the ignition oven test results for .M. 216 comparison.

This same procedure is used regardless of using a single gradation or multiple gradations to
determine the correction factors. If multiple gradations are used, the correction factor is
determined for each individual result and the resulting correction factors averaged for each sieve.

QUALITY INDEX (Ql) FIELD VOIDS EXAMPLE %Gmm Method:
For use on projects using the PWL specifications

Field Gy of individual cores: 2.319, 2.316, 2.310, 2.298, 2.242, 2.340, 2.345,
Given: 2.310.
Lot Average Gmm = 2.501

Determine the average field density {(Avg Gmb)FieLo Lom)} Of the eight cores.

18
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X 2.319+2.316 +2.310 + 2.298 + 2.242 + 2.340 + 2.345 + 2.310
B 8

=2.310

The sample standard deviation (on-1) of Gy for the field lot {(Std. Dev. Gmp)rieLp Lo} is determined
as follows:

On-1
> (x-%)’ _ (29074 032
=\ 8-1
n-1
Where: X = individual sample value

n = number of samples
X~ = average of all samples

The Lower and Upper Quality Indexes for field voids shall be determined according to the following
calculations:

Qlu (Field Voids)  (Avg. G, Jreroor - (0.915 x Lot Avg. G,..1)
(Std.Dev. G, Jreipior

Ql. (Field Voids) (0.965 xLot Avg.G_ )-(Avg.G,_ )
- (Std.Dev.G_, )

FIELDLOT

FIELDLOT

Example:
Qly (Field Voids) 3 2.310-(0.915x2.501) 067
0.032 '
Ql. (Field Voids) _ (0.965x2.501)-2.310 _, .,
0.032 '

If the QI produces a PWL that results in less than 100% pay, check for outliers. To test for a
suspected outlier result, apply the appropriate formula.
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SuspectedHigh Outlier ~ HighestG_, -Avg.G ~2.345-2.310 109
B o 0032
n-
SuspectedLow Outlier ~ Avg.G_, -LowestG ~2310-2.242 213
- o, ~ 0032 7

n—

The highest density or lowest density shall not be included if the suspected outlier result is more
than 1.80 for eight samples. The quality index shall then be recalculated for the remaining seven
samples.

The suspected low outlier result is greater than 1.80 for eight samples, therefore the core with the
lowest density, 2.242, is an outlier.

Recalculate the upper and lower QI for the remaining seven densities (excluding the outlier).

AVg- Gmb (field lot)(new) = 2.320 On-1 (new) = 0.020
QlY (rew) _2320-(0815)x(2501)
0.020 '
QlL (new . . -£.
L (ow) _(0.965)x(2501)-2.320 _,
0.020

DETERMINATION OF PERCENT WITHIN LIMITS (PWL)

Field Voids

Calculate the upper and lower QI for field voids. Using Table 6 in AASHTO R 9-97 Appendix C
and the QI value, the PWL can be determined using a sample size of N=8. A sample size of N=8
is always used regardless of the actual number of samples. The program provided by the lowa
DOT will calculate the PWL automatically using a best fit equation between QI values.

The PWL used for pay factor determination is based on a combination of the upper and lower PWLs
calculated from the Qly and Ql.. In this case the PWLs determined by the best fit equation for the
Qly (1.58) and QI (4.67) are 95.6 and 100.0 respectively.

Example:

PWL = (PWLy + PWL.) — 100 = (95.6 + 100.0) — 100 = 95.6

PWL Table for N=8 (from AASHTO R 9-97 Appendix C Table 6)
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Ql PWL Ql PWL Ql PWL Ql PWL Ql PWL
0.00 50.00 0.50 68.43 1.00 83.96 1.50 94.44 2.00 99.24
0.05 51.89 0.55 70.16 1.05 85.26 1.55 95.17 2.05 99.45
0.10 53.78 0.60 71.85 1.10 86.51 1.60 95.84 2.10 99.61
0.15 55.67 0.65 73.51 1.15 87.70 1.65 96.45 2.15 99.74
0.20 57.54 0.70 75.14 1.20 88.83 1.70 97.01 2.20 99.84
0.25 59.41 0.75 76.72 1.25 89.91 1.75 97.51 2.25 99.91
0.30 61.25 0.80 78.26 1.30 90.94 1.80 97.96 2.30 99.96
0.35 63.08 0.85 79.76 1.35 91.90 1.85 98.35 2.35 99.98
0.40 64.89 0.90 81.21 1.40 92.81 1.90 98.69 240 100.00
0.45 66.67 0.95 82.61 1.45 93.65 1.95 98.99 245 100.00

Note: For QI values less than zero, subtract the table value from 100.

The best fit equation used in the spreadsheet software to calculate the upper or lower PWL is:
PWL = 3E-10x5+0.2019x5-3E-09x*-4.123x3-2E-08x?+37.881x+50

Where: x = Qly or Ql.

QUALITY INDEX (Ql) LAB VOIDS EXAMPLE:

Based on the weekly lot of HMA produced with a minimum of eight test values, determine the
average and standard deviation for the air voids.

Quality Index for Air Voids Upper Limit (Qly)

Qly (TargetP, +1)-Avg.P,
B Std. Dev.P,

Quality Index for Air Voids Lower Limit (Ql.)

Ql. Avg.P_-(TargetP —1)
B Std. Dev.P,

Using Table 6 in AASHTO R 9-97 Appendix C and a sample size of N=8 determine the upper and
lower QI limits. A sample size of N=8 is always used regardless of the actual number of samples.
The program provided by the lowa DOT will calculate the PWL automatically using a best fit
equation between QI values. No rounding is done until the final PWL is determined.

Example:
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Given the following weekly lot air void information and a target air void of 4.0% determine the upper
and lower limits for the QI for air voids: 3.1, 3.9, 4.2, 4.5,4.5,4.1,4.3,4.5

Paav
(ava) :3.1+3.9+4.2+4.5+4.5+4.1+4.3+4.5241375
8
Std. Dev. P,
> (x-X)’ _ 199875 471888
=\ 8-1
n-1
| -
Qly :(4.0+1) 4'1375=1.827763
0.471888
| - -
Ql. :4.1375 (4.0 1):2.410528
0.471888

DETERMINATION OF PERCENT WITHIN LIMITS (PWL)

Lab Voids

After calculating the quality indices for the Lab Voids for a particular lot, the PWL values can be
obtained from tables provided in FHWA Technical Advisory T 5080.12, June 23, 1989. The direct
calculation with an example is provided herein. (Equations taken from: Belz, M.H., Statistical
Methods for the Process Industries. John Wiley & Sons. New York. 1973. Explanation presentation
taken from: Freeman & Grogan, Statistical Acceptance Plan for Asphalt Pavement Construction
Appendix B. U.S. Army Corps of Engineers Technical Report GL-98-7.1998.)

Cacluating PWL involves the use of the beta probability distribution defined over the interval 0< x <1.
The shape of the beta distribution is a function of two parameters: a and 3.

1

flx) = st (1 )Ft (0=x<1)
0

(x<0, x>1)

Where a and 3 are greater than -1, also a and 3 are not restricted to assuming integer values. The
value B(a, B) is defined as:

rre)

N )

Where I is the gamma function and can be calculated using the GAMMA function in Microsoft
Excel. In Excel, GAMMA uses the following equation:
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oo

rMm) = f tM-le=tdt
0

NOTE: The gamma function extends the factoral to non-integer values and '((M+1)=M*T"(M).

The shape of the beta distribution is dependent on sample size (designated as n). The parameters,
a and B3, for the beta distribution are calculated as:

n
a=ﬁ=§—1 for n=3

After calculating a quality index for the lot, Qly or Ql. (designated generically as Q in the following
equation) is transformed into x(B) by:

@)

n-1

x(B) =5 (1-

Example. Results for thirteen laboratory void measurements for a lot of HMA are shown below in
the table. The value “n” represents the number of observations, 13. The target laboratory air voids
is 4.0% with limits + 1%.First, the sample mean and sample standard deviation are calculated.

Lab air voids (%) Average Air Voids (%) |Sample Standard Deviation
2.3
3.0
3.0
3.2
3.1
4.0
4.1 3.444 0.58
3.8
3.0
3.4
3.4
3.9

4.4
Next, the Qly and QI. are calculated. The upper quality limit is 5.0% and the lower quality limit is
3.0%.

X — Lower Quality Limit _ 3.444 — 3.0
s ~0.5839

Ql, = = 0.7605

Upper Quality Limit —X 5.0 — 3.444
s ~0.5839

Qly = = 2.6646
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Where:

QI = quality index relative to the lower specification limit
Qly = quality index relative to the upper specification limit
X = sample mean or average for the lot

s = sample standard deviation for the lot

The quality index value represents the distance in sample standard deviation units that the sample
mean is offset from the specification limit. A positive quality index value represents the number of
sample standard deviation units that the sample mean falls inside the specification limit. Conversely,
a negative quality index value represents the number of sample standard deviation units that the
sample mean falls outside the specification limit.

Next, the percent of non-conforming for the upper and lower specification limit must be calculated.
The percent non-conforming is calculated by transforming quality index into x(B), a value “x” within
the beta distribution. The lower quality index is transformed to x(B). by:

1 (1 B QIL\/E> 1 (1 0.7605vV13
=1

x(B) =5 —— . >=0.3857

The upper quality index is transformed to x(B)u by:

_1(. QIyvn\ _1[ 2.6646V13)

x(By —2<1— n—1)_2<1_ 3 ) = 00997

The probability of obtaining air voids less than the lower limit (3.0%) is equal to the probability of
finding an x(B) less than 0.3857 within the beta distribution defined by the following a and f.

n 13
a = ﬁ:§—1=7—1:5.5

The beta probability can be obtained from most commercial spreadsheet software using built-in
functions that can be included in user-generated equations. For example, the built-in function in
Microsoft Excel include BETADIST(x, a, B, A, B), where x is the value at which to evaluate the
function (shown as x(B).L or x(B)u above); a and B are the beta distribution parameters; and A and B
are the lower and upper beta distribution boundaries, respectively. Plugging both the known A and
B (0 and 1, respectively) and the calculated x, a, and {8 into the function, BETADIST(0.3857, 5.5, 5.5,
0, 1) produces 0.226347 which represents 22.6% as non-conforming for the lower specification limit.
The lower PWL is 77.37%. The upper specification limit for x, a, and B into the function,
BETADIST(0.099678, 5.5, 5.5, 0, 1) produces 0.000504 which represents 0.05% non-conforming.
The upper PWL is 100%.

This figure represents the cumulative Beta Distribution function for the example. NOTE: This
distribution will change for lots with different sample sizes.
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Standard Cumulative Beta Distribution For
Example wheren=13 and a=pf=5.5

=

0.8

0.6

0.4

0.2

Proportion Non-Conforming

o

x(B)

The PWL used for pay factor determination is based on a combination of the PWLs calculated from
the Qly and Ql..

PWL = (PWLy + PWL)-100 = (100 + 77.37) — 100 = 77.37

DETERMINATION OF PAY FACTOR

The pay factor is determined from the tables in the Basis of Payment section 2303.05 BASIS OF
PAYMENT of the specification. A PWL of 90.0 results in a pay factor of 1.000. Equations are used
to determine the pay factor for other PWL values.

Example:

Using the PWL determined above for Lab Voids of 77.37 and the specified equation for a Lab Voids
PWL of 50.0-89.9:

Lab Voids:
PF (Pay Factor) = 0.00625 x 77.37 + 0.4375 = 0.921

Using the PWL determined above for Field Voids of 95.6 and the specified equation for a Field
Voids PWL of 90.1-99.9:

Field Voids:

PF (Pay Factor) 0.006000 x 95.6 + 0.4600 = 1.034
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DETERMINING AVERAGE ABSOLUTE DEVIATION (AAD) FOR LAB VOIDS

AAD is calculated by determining the absolute difference between the target and the individual
test results and then averaging those values.

Example:

Target Voids P, =4.0
Individual P, = 3.8, 4.2,4.1,3.7, 3.5

. Deviation from | Absolute Deviation
Sample | Difference
Target from Target
1 (4.0-3.8) 0.2 0.2
2 (4.0-4.1) -0.1 0.1
3 (4.0-4.2) -0.2 0.2
4 (4.0-3.7) 0.3 0.3
5 (4.0-3.5) 0.5 0.5

_O.2+0.1+0.2+0.3+O.5_
5

AAD (Lab Voids) 0.3

DETERMINING MOVING AVERAGE ABSOLUTE DEVIATION (AAD) FOR LAB VOIDS

Calculate the absolute deviation from target (ADT;) for sample, i, using the following equation:
ADT; = |Pa; — Target Pal|

Where,
i = Sequential production sample, i
ADT, = Absolute deviation from target for sample, i
Pai = Laboratory air voids test result for sample, i
Target Pa = Target laboratory air voids for mixture
| | = Absolute value

Calculate the moving average ADT for i = 4 using the following equation:

ADT; + ADT;_; + ADT;_, + ADT;_,4
4

Where,
i = Sequential production sample, i
ADT,; = Absolute deviation from target for sample i
| | = Absolute value

26



IM 505






dIowAaDOT

April 16, 2024 Office of Construction & Materials Matls. IM 505
Supersedes April 19, 2016

INSTRUCTIONS FOR RAM IN ASPHALT MIXTURES

GENERAL

This IM describes requirements for processing, storing, documenting, and sampling & testing of
Recycled Asphalt Materials (RAM) intended for use in asphalt mixtures. RAM shall apply to
Recycled Asphalt Pavement (RAP) and Recycled Asphalt Shingles (RAS).

All notifications and documentation shall be submitted to the District Materials Engineer (DME)
based on the District responsible for the location of the initial RAM stockpile.

PROCESSING

A) RAP
RAP suitable for asphalt mixtures shall be processed by milling and/or crushing up to a
maximum particle size of 1.5 inches. The Contractor shall notify the Engineer and DME
48 hours before processing begins.

Additional screening or blending may be done to achieve a more uniform stockpile. This
processing may be done as the stockpile is built or as part of the asphalt plant
production. Additional actions that may improve the consistency of the RAP include
further crushing to reduce top size, screening into coarse and fine fractions, or blending
by proportioning through a calibrated two-bin cold feed. Each individual RAP stockpile
being incorporated into asphalt mixtures must have a dedicated totalizer for measuring
quantities during production. When using multiple RAP stockpiles for a single mix, if the
required number of totalizers are not available pre-blend the piles to the JMF proportions
under the direction of the DME.

B) RAS
End users of RAS which also receive raw, unprocessed shingles and process the
material for incorporation into an asphalt mixture, shall be considered a shingle Supplier
and must adhere to Materials IM 506.

STORAGE

A) RAP
Place stockpiles on a base with adequate drainage, sufficient to prevent contamination,
constructed in layers to minimize RAP segregation and ensure a workable face. Track
equipment may operate on the stockpile during its construction.

To meet Classified RAP criteria, separate stockpiles shall be constructed for each
source of RAP based on the quality of aggregate, type and quantity of asphalt binder,
and size of processed material. Notify the Engineer and DME 48 hours prior to blending
Classified RAP materials of the same aggregate quality to retain Classified status.

B) RAS
Place stockpiles on a base with adequate drainage sufficient to prevent contamination.

Separately stockpile pre-consumer RAS from post-consumer (tear-off) RAS. RAS may
be pre-blended with RAP under the direction of the Engineer. Notify the Engineer and
DME 48 hours prior to blending RAS materials with other materials or adding to a RAS
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stockpile. Equipment must be calibrated to ensure proper proportioning of blended
piles. The Engineer may require verification testing for asphalt content, gradation,
aggregate specific gravity, aggregate absorption, and fine aggregate angularity before
the pile may be used.

DOCUMENTATION OF RAM STOCKPILES

A) RAP
Stockpiled RAP material will only retain its Classified status when the following
documentation requirements are met. No documentation is required when the RAP is
used on the project it came from, or a tied project.

Identification of the project from which the material was removed.

Mix data from the original project including mixture type.

Aggregate classification.

Location and depth in the pavement structure.

Extracted gradation information, if available.

= Description of stockpile location and quantity.

= Form 820009r (see Appendix A) is completed by the RAP owner and a copy is
forwarded to the DME within 10 calendar days of completing the stockpile.

= Any special handling, treatment or conditions of the RAP or its use should be
described on this form.

» Maps shall provide details that depict the stockpile site, including adjacent

stockpiles of RAP or aggregates, permanent plant equipment, and landmarks.

Maps and signs shall identify the stockpile by RAP Identification Number.

The DME will review Form 820009r for accuracy. Portions of the form including
assigning the RAP identification number, aggregate quality type, crushed particle and
friction type credit, average values for extracted aggregate gradation, aggregate bulk
specific gravity, aggregate absorption and asphalt binder content will be furnished by
the DME.

Notify the DME at least 48 hours before relocating or reprocessing a Classified RAP
stockpile for future use (not intended for a specific project). The natification shall include
the estimated quantity of RAP being relocated or reprocessed and the new location of
the stockpile. Relocation of RAP shall be reported on the appropriate Form (820009r)
and submitted to the DME within 10 calendar days of completing the relocation.
Reprocessing a Classified RAP stockpile may require additional sampling, testing, and
a new Form (820009r) with reassignment of a RAP Identification Number.

Before January 1st of each year, the Contractor shall update Form 820009r on the status
of each RAP stockpile. Report the estimated quantity of RAP removed for the
construction season completed and the available RAP in each stockpile for future use.

B) RAS
The following documentation is required for owners of stockpiled RAS:

o Form 820009ras (see Appendix B) is completed by the stockpile owner and a copy
is forwarded to the DME within 10 calendar days of completing the stockpile.

e Any special handling, treatment or conditions of the RAS should be described on
this form.

e Arecord of addition and consumption of the RAS stockpile should be documented
on this form.
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o Maps shall provide details that depict the stockpile site, including adjacent
stockpiles of RAP or aggregates, permanent plant equipment, and landmarks.
e Maps and signs shall identify the stockpile by RAS Identification Number.

The DME will review forms for accuracy. Portions of the form including assigning the
stockpile identification number, average values for extracted aggregate gradation, and
asphalt binder content will be completed by the DME.

Notify the DME at least 48 hours before relocating or reprocessing a RAS stockpile for
future use (not intended for a specific project). The notification shall include the
estimated quantity of RAS being relocated or reprocessed and the new location of the
stockpile. Relocation of RAS shall be reported on the appropriate Form (820009ras) and
submitted to the DME within 10 calendar days of completing the relocation.
Reprocessing a RAS stockpile may require additional sampling, testing, and a new Form
(820009ras) with reassignment of a RAS Identification Number.

Before January 1st of each year, the Contractor shall update Form 820009ras on the
status of each RAS stockpile. Report the estimated quantity of RAS removed for the
construction season completed and the available RAS in each stockpile for future use.

SAMPLING & TESTING

1. Mix Design

A) RAP
A certified Level | Aggregate Technician shall obtain the samples. Significant mixture
differences in the pavement to be recycled may require separate stockpiles and
samples. A sampling plan shall be developed by the Contractor and approved by the
DME prior to sampling.

Samples for mix design obtained from the RAP stockpile are preferred, but not always
available when the mix designs are performed. Samples shall be obtained from at least
3 locations. When stockpile samples are not available, RAP samples shall be obtained
by milling a minimum of 50 feet of project length at each sample location. Other methods
of sampling for mix design may only be used with the approval of the DME.

Obtain sufficient material for contractor mix design testing and owner agency RAP
extraction testing as recommended in Materials .M. 510. A representative 30 pound
sample split from the total sample shall be delivered to the District Materials Laboratory
for extraction testing. Results of the extraction test will be provided to the Contractor
within 4 weeks of sample delivery.

B) RAS

When RAS is to be used on an existing contract, the DOT will perform mix design testing
on samples from the certified stockpile dedicated to the project at the plant. Samples
may also be collected at an in-state source. For out-of-state sources, the DME may
approve mix design sampling and testing to be coordinated by the Contractor and
Supplier at a qualified lab for preliminary information. Mix designs may then be given
conditional approval pending DOT results. When the Contractor retains possession of
the RAS, the DOT will sample and test. DOT results shall be available prior to start-up.
Adjustments to the mix design may be required.
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When mix design development needs to be expedited for an active DOT contract and
the Supplier has not had sufficient time to certify the pile’s quality (gradation and
deleterious content), extraction samples may be taken by the District directly at the
Supplier’s site provided the material is certified free of asbestos containing materials
(ACM). Provide a certification letter to the DME using guidelines in Materials IM 506
Appendix E. The Central lab will run extraction and material quality (gradation and
deleterious content) testing on the sample. In the event of a failing quality test, the
District may sample and test (gradation and deleterious) again after the Supplier has
certified the material quality.

A certified Level | Aggregate Technician shall obtain the samples. RAS shall be sampled
using methods similar to those for fine aggregate. Samples for mix design testing shall
be obtained from at least 3 locations. A sampling plan shall be developed by the
Contractor and approved by the DME prior to sampling.

Obtain sufficient material for contractor mix design testing and owner agency extraction
testing as recommended in Materials I.M. 510. Samples shall be witnessed and secured.
A representative 30 pound sample split from the total sample shall be delivered to the
District Materials Laboratory for extraction testing. Results of the extraction test will be
provided to the Contractor within 4 weeks of sample delivery.

Include extracted asphalt content and dry RAS gradation in testing.

In lieu of a sieve analysis on the extracted aggregate, the following gradation may be
assumed for the RAS aggregate:

Shingle Aggregate Gradation
Sieve Size Percent Passing by Weight
3/8 in. 100
No. 4 95
No. 8 85
No. 16 70
No. 30 50
No. 50 45
No. 100 35
No. 200 25
2. Classified RAP Quality Control

When the contractor elects to perform RAP quality control, use one of the following quality control
sampling programs. A certified Level | Aggregate Technician shall obtain the samples.
e Stockpiles — The Contractor shall obtain a representative sample of RAP from the stockpile
for each 1000 tons of RAP placed in the stockpile.
e Asphalt Plant — The Contractor shall obtain a representative sample of RAP from the RAP
feed belt for each 7000 tons of mixture produced.

The Contractor shall use the ignition oven (Materials .M. 338) or chemical extraction (AASHTO T
164) to extract the aggregate from the RAP sample. Calibration of the asphalt binder content from
the ignition oven extraction is not required for the RAP quality control program. The gradation of the
extracted RAP aggregate and the un-calibrated asphalt binder content shall be logged and charted
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within 24 hours of sampling. Report results to the DME upon completion of testing.

3. Undocumented RAP Stockpiles

To retain Classified RAP status for undocumented sources, the stockpile shall be uniform in
gradation and binder content. The contractor shall perform ignition oven (Materials IM 338) testing
for aggregate gradation and binder content at 1/1000 tons as the stockpile is built or during
processing of the stockpile. Regardless of tonnage, a minimum of three tests shall be required.
Interior samples from the stockpile cross section shall be included in quality control testing. The
contractor shall perform and report aggregate specific gravity and absorption testing at the above
frequencies. Retain a split portion of each sample for testing by the lowa DOT. The District may, at
their discretion, select any of the samples to test a burn-off gradation for verification and validate
the contractor’s testing based on IM 216 tolerances. If tolerances are not met, the District may
deem the pile as unclassified or perform additional testing to determine if the Contractor’s test
results are satisfactory.

Gradation and asphalt content uniformity will be based on the standard deviation requirements listed
in Table 1 If the Contractor results Satlsfy the reqwrements in Table 1, the—D+stHGt—w+H—se\lth—a
Ga#aete%—re&*l%s—wrﬂ—be—valﬂated—aﬂd the p|Ie WI|| be classmed Asphah—eement—need—net—be
verified-with—M-216-tolerances: Log, chart, and report all test results to the DME using the
spreadsheet (http://www.iowadot.qov/Construction Materials/hma/CertifiedRAPWorksheet.xIsx).
The procedure outlined in Materials 1.M. 501 will be used to identify an outlier on each sieve size
and binder content.

Table 1: Variability requirements for Classified RAP from Undocumented Source

Property Maximum Standard Deviation

1 % (% Passing) 5.0

1 (% Passing) 5.0

% (% Passing) 5.0

% (% Passing) 5.0
#4 (% Passing) 5.0
#8 (% Passing) 5.0
#30 (% Passing) 5.0
#200 (% Passing) 1.5
Asphalt Content (%) 0.50

The DME will provide notification of Classified status when the above requirements are
satisfied.

Only when the owner of the stockpile of a RAP material is an asphalt contractor, the lowa
Department of Transportation or a local agency, should RAP samples be submitted to the Office
of Construction & Materials for Vacuum Extraction of Bitumen and Mechanical Analysis of
Extracted Aggregate. Ownership of the RAP should be verified so the test results are provided
to the rightful owner.

These tests on samples representing stockpiles of any RAP not owned by one of the owners
described in the preceding paragraph, shall not be submitted to Office of Construction &
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Materials for testing, unless directed by the DME. Until it is certain that these RAP materials will
be used in Department projects, the owner may be advised to seek a qualified commercial
testing lab to perform these tests.

CREDIT FOR FRICTION AND CRUSHED PARTICLES
The Engineer will use the following guidelines to determine credit for friction and crushed
particles when blending multiple piles or milling multiple lifts:
e Credit will be weighted based on paving histories and lift thickness obtained from the
historical records where possible
¢ When no documentation exists, but the year of paving is known, the Engineer may
assign credit according to the specification requirement at the time of original paving.

Example:

Your firm is milling 3” of existing pavement using 1 pass of the mill. Of that 3", 2” is from a
surface mix, 1” was from a base mix.

From the paving records you determine the base mix had:

20% crushed clean 3/4” type 4 limestone with 15% passing the number 4 sieve.
20% crushed 3/4” type 4 limestone with 36% passing the number 4 sieve.

10% crushed 1/2” type 4 limestone with 42% passing the number 4 sieve.

25% crushed type 4 limestone manufactured sand with 97% passing the number
4 sieve.

25% type 5 washed sand with 98% passing the number 4 sieve.

oCoOow>

m

From the paving records you determine the surface mix had:

17% crushed 3/4” type 3 gravel with 6% passing the number 4 sieve.

16% crushed 3/8” type 4 limestone with 57% passing the number 4 sieve.
11% crushed 1/2” type 4 limestone with 42% passing the number 4 sieve.
32% crushed limestone manufactured sand with 95% passing the number 4
sieve.

24% type 5 washed sand with 98% passing the number 4 sieve.

—IeMm

(S

The base liftis 1"/ 3" or 33.33% of the rap.
The surface lift is 27/ 3" or 66.67% of the rap.
Aggregate A from above was 20% of the original base mix aggregate. The base was 33 1/3% of
the total rap milled. 85% was retained on the 4. 15% passed the 4. For this rap blend:
e Aggregate A contributed (20%)*(33 1/3%)*(85%) or 5.67% (see below) Type 4 plus 4
sieve material to the aggregate total.
e Aggregate A contributed (20%)*(33 1/3%)*(15%) or 1% (see below) Type 4 minus 4

sieve material to the aggregate total.

This can be done with every aggregate (as shown below).
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October 15, 2013 Matls. IM 505
Supersedes April 20, 2010 Appendix A

***GENERAL REWRITE - PLEASE READ CAREFULLY.***
RAP STOCKPILE REPORT (Form 820009r)

820009r (January 2010)

RAP Stockpile Report
0 Certified | RAP Stockpile ID #

o Classified
Stockpile Owner:

SOURC.E OF RAP Project No. Dates of Removal
(Classified only)
Route No. From Milepost To Milepost
Removal Depth JMF No(s) Mix Type / Size Crushed Particle %

LOCATION OF RAP STOCKPILE:

County | Section | Township | Range
Description of stockpile base:

Processing remarks:

| STOCKPILE QUANTITY INVENTORY LOG I
Date Quantity Disposition (Project No. and use)

Total initial stockpile quantity

Average EXTRACTION TEST RESULTS Adqareqate Characteristics
Gradation Lab Report nos. agreg
3/4 Moisture % = Agareqate Tvpe
1/2 Pb = ggreg yp
3/8 Gsb = : o
No. 4 AbS% = Crushed Particles %o
No. 8 FAA = - o
No. 16 XRF Results Aggr Friction Type 2 &
No. 30 AlLO; = - o
No. 50 MgO = Aggr Friction Type 3 Yo
No. 100 Deleterious= — o
No. 200 Recycled PCC = RGP FTE TN 13720 e
Shaded boxes to be completed by the District Materials Engineer
Stockpile Owner Representative Date
District Materials Representative Date







October 18, 2011 Matls. IM 505
New Issue Appendix B

***NEW - PLEASE READ CAREFULLY.***
RAS STOCKPILE REPORT (Form 820009ras)

820009ras (October 2011)
RAS Stockpile Report RAS Stockpile ID #

Stockpile Owner:
SOURCE OF RAS
O Post Consumer Scrap (Tear-offs)

LOCATION OF RAS STOCKPILE:

O Post Manufactured Scrap

ounty ection Township Range
C E | |

Description of stockpile base:

Processing remarks:

STOCKPILE INVENTORY LOG
RAS Consumption
Disposition (Project No. and use)

Total initial stockpile guantity

RAS Addition
Quantity Supplier Date | Quantity

Average EXTRACTION TEST RESULTS
Dry RAS Gradation Lab Report nos.

?;‘21' Moisture % =
3/8

No. 4 o=
No. 8
No. 16
No. 30
No. 50
No. 100
No. 200

Shaded boxes to be completed by the District Materials Engineer
Date

Stockpile Owner Representative
District Materials Representative Date
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October 16, 2018 Office of Construction & Materials Matls. IM 510
Supersedes October 18, 2016

METHOD OF DESIGN OF ASPHALT MIXTURES

SCOPE

The design of asphalt mixtures involves determining an economical blend of aggregates that
provides a combined gradation within the limits of the specifications and a determination of the
percent of asphalt binder to mix with the aggregate blend, which provides a mix, which meets
volumetric specifications. Trial mixes prepared with different binder contents are tested for mix
properties and the results are analyzed to select the binder content that is judged to be most
satisfactory for the intended use of the mix.

This IM will cover the sample preparation procedure, aggregate blend selection, binder content
selection and the evaluation of the test results. Individual test method IMs are referenced for
measuring the properties of individual mixes.

NOTE: The aggregate variable and asphalt binder variable blends
are important tools needed by the production control technician for
field adjustment of the Job Mix Formula (JMF).

Appendix A of this IM contains the criteria for Gyratory mix design.
REFERENCED DOCUMENTS:

Standard Specification 4127 Aggregate for Flexible Paving Mixtures

AASHTO R-35  Practice for Superpave Volumetric Design for Hot Mix Asphalt (HMA)

ASTM D7313 Standard Test Method for Determining Fracture Energy of Asphalt-Aggregate
Mixtures Using the Disk-Shaped Compact Tension Geometry

IM 302 Sieve Analysis of Aggregates

IM 306 Determining the Amount of Material Finer than the #200 (75 um) Sieve in Aggregate

IM 336 Methods of Reducing Aggregate Field Samples to Test Samples

IM 321 Method of Test for Compacted Density of Asphalt Mixtures (Displacement)

IM 319 Moisture Sensitivity Testing of Asphalt Mixtures

IM 325G Method of Test for Determining the Density of Asphalt Using the Superpave Gyratory
Compactor (SGC)

IM 350 Determining Maximum Specific Gravity of Asphalt Mixtures

IM 357 Preparation of Asphalt Mix Samples for Test Specimens

IM 369 Determining Specific Gravity of Asphalt Binder

IM 380 Vacuum-Saturated Specific Gravity & Absorption of Combined or Individual Aggregate
Sources

IM 501 Equations & Example Calculations

APPARATUS

Thermometers: Armored-glass, dial type or digital thermometer with metal stems is
recommended. A range of 50° to 400°F (10° to 200°C) with graduations of 5°F (2°C) is
required.

Balances: 20,000-gram capacity, 0.1 gram resolution for mix design and production testing.
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Forced Draft Oven, 350°F (177°C) minimum with controls sensitive to + 5°F (3°C), minimum
size, 7 cu. ft. for production testing or mix design.

NOTE: Experience has shown that a 15 cu. ft. or larger oven may
be desirable.

e Mixer: Hobart 19 liters with Dough Hook, Model A-200, or equivalent for Mix Design.
o Safety equipment: insulated gloves, long sleeves, apron, etc.
¢ Pans of sufficient size for splitting and curing of samples.

General Equipment:

e Scoop or trowel for moving mixture.

PROCEDURE
A. MATERIALS SELECTION

The Contractor selects the aggregate and Recycled Asphalt Materials (RAM) sources and
the source of asphalt binder. Aggregate sources and types, individual gradations, crushed
particle amount, aggregate friction type, binder grade, and other specific requirements
should be checked prior to submitting materials and the 955 form to the laboratory. The
gradation of the combined aggregate submitted for trial mix testing shall meet the
requirements of the Contract Documents.

The Contractor must notify the District Materials Engineer prior to sampling aggregate
stockpiles and RAM. A stockpile of at least 500 tons must be produced so that
representative samples of the processed material can be obtained. The target gradation, for
each source, to be reported on the 955 form is the average gradation for the stockpile as
determined by using the Quality Control and Monitor samples. Enter the target gradation for
each source into the SHADES Mix Design program.

Representative RAM samples shall be sent into the laboratory designated by the Engineer
for material classification (for State work this is the Central Materials Laboratory). The
laboratory will report the results of the tests normally within 15 working days. The following
information will be provided for RAP: Fine Aggregate Angularity, Extracted Py, gradation,
and specific gravity of aggregate. The % friction aggregate, % crushed, and types of
aggregate will be provided if available. Extracted binder content of RAS samples will be
provided.

Binder Bumping

For mixtures not containing RAS
When the amount of recycled binder from RAP exceeds 20.0% of the total asphalt
binder, the designated binder grade will be adjusted by lowering both the high and low
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temperature PG grade by 6°C while maintaining the AASHTO M332 traffic designation
letter on the contract. The MSCR test temperature shall be the new adjusted high
temperature PG grade (i.e. PG 58-28H becomes PG 52-34H with a test temperature of
52°C). If the anticipated RAM binder percent exceeds 30.0% of the total, the selection of
the binder grade shall be based on testing performed by the Contracting Authority.

For mixtures containing RAS, adjust the contract binder grade as follows:

a. When the amount of recycled binder is inclusively between 15.0% and 25.0%, adjust

the grade by lowering both the high and low temperature PG grade by 6°C while
maintaining the AASHTO M332 traffic designation letter on the contract. The MSCR
test temperature shall be the new adjusted high temperature PG grade (i.e. PG 58-
28H becomes PG 52-34H with a test temperature of 52°C).

. When the amount of recycled binder exceeds 25.0% of the total asphalt binder, the

selection of the binder grade shall be based on testing performed by the Contracting
Authority.

When binder replacement exceeds 30.0% (25.0% for mixtures containing RAS), grade
selection is based on fracture energy as measured by the Disk-Shaped Compact Tension
Test (DCT) (ASTM D7313-07a) at no additional cost to the contracting authority. The
average of two specimens shall meet the following minimum fracture energy requirements
tested at 10°C warmer than the low climatic temperature (normally specified as the low
temperature PG grade on the contract):

e Very High Traffic (VT) 690 J/m?
e High Traffic (HT) 460 J/m?
e Standard Traffic (ST) 400 J/m?

The adjusted grade shall meet the same MSCR recovery requirements as the contract
binder grade. No adjustments will be made to the contract unit price for required changes to
the asphalt binder grade.

Warm Mix Asphalt (WMA)

1.

WMA Process Selection
a. WMA Technology

Select the WMA process that will be used in consultation with the specifying agency
and technical assistance personnel from the WMA suppliers. Consideration should
be given to a number of factors including: (1) available performance data, (2) the
cost of the warm mix additives, (3) planned production and compaction
temperatures, (4) planned production rates, (5) plant capabilities, and (6)
modifications required to successfully use the WMA process with available field and
laboratory equipment.

. WMA Temperatures

Determine the temperatures that will be used for plant mixing (production) and field
compaction. Binder grade selection depends on the plant production temperature.
See Table 1 for production temperatures below which the high temperature grade of
the binder should be increased one level.

2. Binder Grade Selection for WMA

Increase the high temperature performance grade based on the proposed production
temperature. Increase the high temperature performance grade by one grade when the
plant discharge temperature is less than that specified in Table 1.
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RAM: If more than 20.0% but less than 30.0% of the total binder contribution is from a
recycled source, the designated high temperature binder grade will remain unchanged if
the production temperature falls below that indicated in Table 1.

Table 1 - Production Temperatures below which the High Temperature Grade Should be
Increased One Grade.

Aging Index (Al)!
Specified PG| 1.4 [ 1.6 [ 1.8 [ 20 [ 2224 |26 |28 [3.0[3.2]34] 3.6
High Minimum WMA Mixing Temperature Not Requiring PG Grade
Temperature Increase, °F
Grade
52 <215(<215|<215|<215|<215(<215| 220 | 220 | 225 | 225 | 230 | 230
58 <215|<215|<215| 220 | 225 | 230 | 235 | 235 | 240 | 240 | 245 | 245
64 <215(<215]| 220 | 230 | 235 | 235 | 240 | 245 | 245 | 250 | 250 | 250
70 <215| 220 | 230 | 240 | 245 | 245 | 250 | 255 | 255 | 260 | 260 | 260
(G */sind )RTFOT :
Note: - Al = - at the high temperature performance grade
(G */sin 5)Tank
temperature.

3. WMA Additives
Use additives as required by the proposed WMA process or to obtain acceptable
coating, workability, compactibility, and moisture susceptibility.

B. JOB MIX FORMULA (JMF)

The JMF together with the specifications provides the initial basis for setting up and starting
the job.

To avoid possible delays in the approval of the JMF, the District Materials Engineer should
be notified that the Contractor is preparing a JMF. The District Materials Engineer will
normally review the complete trial JMF within five working days. The District Materials
Engineer may approve a laboratory mix design outside of the gradation control points,
provided the plant produced mixture meets the specifications in all respects. It is expected
that this would be considered only when the anticipated aggregate gradation is expected to
result in a plant produced mixture within specifications.

C. MATERIAL PREPARATION

Approximately 250 Ibs. of the combined aggregate will normally be required for the design
work. If aggregate variable blends are to be tested prior to the asphalt variable design work,
approximately 500 Ibs. of aggregate may be necessary. This will allow enough material for
the following:

1. Four mix samples of a minimum 13,000-gram batch.
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2.

3.

NOTE: If a 2" Rice sample is desired, a minimum of 14,000 grams
is recommended.

One sample of each individual aggregate for vacuum saturated specific gravity and
absorption (IM 380).

Approximately 50 Ibs. of material will be used for mix design verification when required.

To prepare the aggregate and RAM samples the following steps should be followed:

4.

Obtain samples of each individual source material by following the procedure in IM 336.
Perform a sieve analysis on each of the individual materials according to IM 302 and IM
306. Weigh the retained and passing portions of the aggregate, and calculate the
percent retained on each sieve split by the following equation:

Z_X

= x100
X+Y

Where: “X” = weight of the retained portion, g
“Y” = weight of the passing portion, g
“Z” = percent of the total sample retained

Aggregates and RAM must be air dried to a surface dried condition prior to further
preparation.

Review aggregate gradations as indicated on the 955 form. If the gradation result, for
each individual aggregate, found in Step C.4 is within the production tolerance of the
gradation indicated on the 955 form, an initial split is made by sieving on the screen size
that will most nearly result in a 50-50 percent split. When the screen size selected for the
initial split is coarser than the #4 sieve, additional splits shall be made on all sieves down
to and including the #4 which retain at least 10% of the material. If the gradation result is
outside the production tolerance of the gradation indicated on the 955 form, sieving on
each sieve size down to an including the #8 sieve is performed. All sieving must be done
to completion.

NOTE: Sieving on each sieve size down to and including the #8
sieve is always an option even if the gradation results found in
Step C.4 are within the production tolerances.

In no case shall any sample or sample portion be split on a #16 or smaller size sieve.

After sample splitting is complete, dry the individual portions of the aggregate for a
minimum of 6 hours in an oven at a temperature of 275° + 10°F (135° + 6°C) for HMA
mixtures, or until the aggregates reach a constant weight when weighed at 30 minute
intervals. Use 60°F (15°C) above the proposed production temperature for WMA
mixtures.
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NOTE: RAM is not oven-dried.

9 Prior to aggregate blend selection, the aggregate source properties, the bulk dry specific
gravity and absorption of the individual aggregate samples as well as the specific gravity
of the binder at 77°F (25°C) must be determined. In addition, the consensus properties
of the individual aggregates may be determined to estimate the combined aggregate
properties. Properties of RAM sources are as provided by the Contracting Authority.

NOTE: G, at 77°F (25°C) may be obtained from certifying
documents or test reports (IM 369). Certifying documents may
report G, at 60°F (15°C).

D. AGGREGATE BLEND SELECTION

This section explains the selection of an aggregate blend determined to be the most
appropriate blend that will meet the design criteria. The mix designer may establish an
aggregate blend based on past experience or by evaluating multiple blends. The shape of
the gradation plotted on the 0.45 power gradation chart generally reflects the void space
available for asphalt. Gradations that closely follow the maximum density line generally have
minimal void space.

1. Select a minimum of three blends, which cover a broad range of aggregate properties
(shape, texture, gradation, etc...).

2. Check the aggregate consensus properties of each blend as specified in Appendix A.

3. Select a trial asphalt binder content for each of the proposed blends by one of the five
methods below. The asphalt binder used for trial mixes shall be of the same grade as
indicated on the 955 form and shall be from the same source when possible.

Experience

SHADES Mix Design Program

AASHTO R-35

Calculated surface area of the aggregate (See Note.)

apow

NOTE: The asphalt film thickness obtained at a given binder
content is related to the surface area and asphalt absorption of the
aggregate. Higher surface areas will generally, but not always,
require higher binder content.

e. Table 2303.02-2 in Standard Specification 2303 for Basic Asphalt Binder Content.
4. Check that the trial asphalt binder content selected for each aggregate blend could meet
the film thickness criteria specified in Appendix A.
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5. Use the procedure in the “Mixture Batching, Curing & Testing” section to batch, cure and
test trial blends.

6. Evaluate the mixture properties of each trial blend as specified in Appendix A.

Mixes that meet the design criteria may proceed to asphalt binder variable design.
Aggregate blend selection should take into consideration the source availability, ability to
adjust field production and source cost.

E. ASPHALT BINDER CONTENT SELECTION

Normal trial mixes are prepared at a minimum of three different asphalt binder contents to
assure close bracketing of the final recommended design binder content. The final
recommended binder content must be bracketed by trial binder contents above and below,
unless the air voids are within 0.25% of the design target, in which case no additional points
are needed. Contractor prepared mix designs may require a mixture prepared at the
recommended design binder content for DOT mix design verification.

Select an initial trial asphalt binder content by one of the five methods below. The binder
used for trial mixes shall be of the same grade as indicated on the 955 form and shall be
from the same source when possible.

Experience

SHADES Mix Design Program

AASHTO R-35

Calculated surface area of the aggregate (See Note.)

apow

NOTE: The asphalt film thickness obtained at a given binder
content is related to the surface area and asphalt absorption of the
aggregate. Higher surface areas will generally, but not always,
require higher binder content.

e. The basic asphalt binder content table from Step D.3

NOTE: To avoid wasted effort in the laboratory when using
unfamiliar materials, the mix designer is encouraged to perform a
single point analysis of the volumetric properties prior to
performing the complete (multi point or bracketing) analysis. For
the purposes of adjusting the trial binder content to the proper void
level, the following general rule applies: A 0.2% change in asphalt
binder content is approximately a 0.5% change in air voids.

Anti-stripping Agents
See Article 2303.02, E, 2, g for allowed use. For HMA designs which use a liquid anti-
stripping agent, if the agent also acts as a compaction aid then after the optimum binder
content has been selected, compact an additional specimen (with binder that has been
dosed with the agent) to ensure the target air void content is met. If air voids have
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changed by more than 0.5% then adjust the binder content accordingly to achieve target
voids prior to production.

F. MIXTURE BATCHING, CURING & TESTING

The following procedures should be used for the batching, curing and testing of mixes.
These procedures are to be used for both the “aggregate blend selection” and “asphalt
binder content selection” phases of mix design. For WMA mixtures not utilizing a water-
injection system, the WMA technology should be used in fabricating specimens in the
mixture design phase. Methods for WMA specimen preparation are process specific.
Consult the manufacturer for detailed WMA specimen fabrication procedures

1. Accurately batch the aggregates in the correct proportions to obtain the desired batch
weight. The desired amount of RAM plus an additional 100 grams, to compensate for
moisture loss, will be weighed in a separate pan. The individual aggregate split sample
batch weight is determined by the following equation:

Split sample aggregate batch weight = (A)(B)(C)
Where: A = total aggregate batch weight desired

B = individual aggregate in total aggregate batch weight, %
C = split portion of individual aggregate, %

NOTE: If RAM is included in the mix, the aggregate proportions
must be adjusted for the purpose of determining the combined
aggregate gradation and combined specific gravity. Use the
formulas in IM 501.

2. Determine the amount of asphalt binder needed for each trial mix batch as follows:

(aggregate batch weight) x (Target P,)

Binder Weight =
(100 - Target P,)

NOTE: If RAM is included in the mix, the Py (addedy cONtent must be
determined. Use the formulas in IM 501.

3. For HMA mixtures, separately heat the combined aggregate batch and binder to 275° +
5°F (135° £ 3°C) as checked by a thermometer in the pan of aggregate. For WMA
mixtures, heat the combined aggregate batch and binder containing the WMA
technology (at the dosage recommended by the manufacturer) to the proposed
production temperature + 5°F (+ 3°C). The mixing bowl and utensils shall also be heated
before mixing operations begin. Always keep the mixing bowl buttered.

NOTE: It generally takes 4 hours to bring aggregates & binder to
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mixing temperature. RAM will be heated in a separate pan for a
maximum of 2 hours to minimize binder aging.

4. Weigh the required amount of RAM into the mixing bowl; pour the heated aggregate into
the bowl and dry mix for 15 seconds on speed 1. Stop mixer.

5. Add the required amount of binder and mix for 15 seconds on speed 1. Stop mixer, shift
to speed 2 and continue to mix for 45 seconds. Stop mixer.

6. Lower the mixing bowl and clean the dough hook and the bottom and side of the bowl! by
scraping with a spatula. Incorporate any adhering mixture or binder back into the sample
within 2 minutes from the start of the cleaning operation.

7. Raise the bowl and continue mixing for 15 seconds on speed 2. Then repeat Step F.6
and again stir any adhering mix or binder back into the sample with the spatula.

8. Break the samples down according to IM 357.

a. Take 2 samples of approximately 5000 gram each for gyratory compaction.
b. Take a sample of a minimum of 2000 gram for Gmm determination.

9. Spread the material into a pan such that the material is 1 to 2 in. (25 to 50 mm) thick.

10. For HMA mixtures, cure all samples for 2 hours at 275°F (135°C). For WMA mixtures,
cure all samples for 2 hours at the proposed field compaction temperature. 1 hour into
curing, all samples are removed, thoroughly stirred and placed back into the oven for
remainder of curing time.

11. Place approximately 4700 grams of material into the mold for gyratory specimens.
Compact HMA specimens at 275°F (135°C) and WMA specimens at the proposed field

compaction temperature per IM 325G.

a. If necessary, adjust the weight of the sample to achieve the required test specimen
height.

(trial sample weight)(intended height)

Adjusted sample weight = - :
trial sample height

b. Adjust the weight of the sample 1.25% for every 1% change in binder content.
12. Test loose mix at each binder content for maximum specific gravity per IM 350.
13. Measure the density (Gmp) of the compacted specimens per IM 321.

G. MIXTURE PERFORMANCE EVALUATION




October 16, 2018 Matls. IM 510
Supersedes October 18, 2016

A binder content is selected that will produce percent air voids in the compacted specimens
equal to the target air void value. The test data and calculated results at the selected binder
content are compared to the criteria specified in Appendix A. Interpolation may be
necessary. Mixture designs may also be tested using IM 319 when required by the
specifications.

DOCUMENTATION

The link to SHADES is provided here:
http://www.iowadot.gov/Construction_Materials/hma/SHADES .xIlsm

A copy of the SHADES computer file containing all the test data must be submitted to the DME
for approval of the JMF. For WMA mixture designs, report proposed production temperature,
compaction temperature, WMA technology, additional equipment requirements from the
manufacturer, manufacturer name, proposed dosage rate, and any manufacturer
recommendations on the 956 form. The signed JMF report (956) (including economic
justification when required) shall be required prior to paving. See Appendix B for more
information.

Distribution of the documents:

District Materials Engineer
Project Engineer

10
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ASPHALT MIXTURE DESIGN CRITERIA

Overview of the Asphalt Mixture Design Criteria Chart (Table 1)

The Asphalt Mixture Criteria chart identifies the aggregate, mixture volumetric, and laboratory
density requirements for mixtures designed under the gyratory mix design system. The chart is
formatted to correspond with the bid item designations. The bid item designations classify each
mixture by the maximum 20-year traffic load (ST-Standard Traffic, HT-High Traffic, VT-Very High
Traffic), the intended pavement layer (surface, intermediate, base), the mixture size (based on
nominal maximum aggregate size), and the surface layer friction requirement. A designation of
“HMA HT Surface "2 L-3" describes the HMA mixture for high traffic, surface layer, Y2-inch mixture
size, with level 3 friction aggregate. Frictional aggregate requirements can be found in Standard
Specification 2303.

The column to the right of the mixture designation define the required level of compaction (N
value) and the target density (expressed as percent of Gmm) associated with each level of
compaction. Note that the required density of a given level of compaction varies for different traffic
levels and pavement layers. For example, the ST surface/intermediate, Nges=50, mixture requires
96 percent of Gnm (4.0% air voids). The Nges=50 base mixture for ST requires 97.0 percent of Gnm
(3.0% air voids).

The middle column identifies the film thickness requirement.

The aggregate properties are defined in the right columns. The quality of the aggregate (Type A
or B) is further specified in Standard Specification 4127. The crush value specifies the minimum
amount of crushed aggregate required. The Fine Aggregate Angularity and Sand Equivalent
values are consensus properties of the fine aggregate portion of the mix. Table Note 1 defines
the allowable quantity of flat and elongated aggregate for all mixtures.

For any specified asphalt mixture, the mix design criteria are found by reading across the table.
The asphalt mixtures are grouped by traffic levels.

Gradation Requirements
The individual aggregate gradation requirements for HMA mix designers are contained on Form
955.

The combined aggregate shall meet the gradation requirements on Table 2.
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Table 1
Gyratory Density Aggregate ¥
. . Design Film .
Mix Designation .
|4 Nue. (Target) % Thickness Quality Cru.sh EAA S'and
G Type (min) Equivalent
Surface A 60
40
ST | Intermediate 96.0 8.0-15.0 40
50 B 45
Base 97.0 --
Surface 75
96.0 A 43
HT | Intermediate 8.0-15.0 45
75 60
Base 96.5 B 40
Surface
96.0 A 85 45
VT | Intermediate 95 8.0-15.0 45
Base 96.5 B 75 40
HMA Interlayer @ | 50 >98.0 >80 A 45 40 50
HMA Thin Lift @ 50 >98.0 >8.0 A 50 40 50

(1) Flat & Elongated 10% maximum at a 5:1 ratio.
(2) See Table 3 for additional requirements.

(3) See Table 4 for additional requirements.
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Table 2
Aggregate Gradation Control Points
Mix Size — Control Points (% Passing)
Ss'fz‘;e 1inch 3/4 inch 1/2 inch 3/8 inch Int|:||'\:l:; o | VA Zhin
min. | max. | min. | max. | min. | max. | min. | max. | min. | max. | min. | max.
11/2inch | 100
1 inch 90 100 | 100
3/4 inch 90 90 100 | 100
1/2 inch 90 90 100 100
3/8 inch 90 90 100 | 100 91 100
No. 4 90 80 100 90
No. 8 19 45 23 49 28 58 32 67 60 85 27 63
No. 16 28 32 40 70
No. 30 @ 24 25 25 55
No. 50 15 35
No. 100 8 20
No. 200 1 7 2 8 2 10 2 10 6 14 2 10
(1) Only applies to surface and intermediate mixtures for HMA VT designs.
(2) Only applies to surface and intermediate mixtures for HMA HT designs.
Table 3
Performance Requirements for HMA Interlayer @
Test Requirement Notes
AASHTO T-321 Minimum 100,000 cycles to failure 1

(1) Failure criterion at 2,000 microstrain shall be 50% of the initial flexural stress
measured at the 200" load cycle.
(2) Use a PG 58-34E binder. Testing may be verified by the Engineer on field
produced mix. Do not open to traffic until mat has cooled to below 150°F.
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Table 4
Performance Requirements for High Performance Thin Lift (")
Test Requirement Notes

th
AASHTO T-324 At the 8,000" wheel pass, the rut depth must be less 1
than or equal t0 4.00 mm
(1) Use a PG 64-34E+ binder with a minimum 90% MSCR recovery. Do not open
to traffic until mat has cooled to below 150°F.




April 21, 2020 Matls. IM 510
Supersedes April 16, 2019 Appendix B

MIX DESIGN DOCUMENTATION

GENERAL

Assign a mix design number with the following format: ABDYY-D000

Where “YY” is the two-digit year, “D” is the district number, and “000” is a 3-digit number
identifying the JMF number.

When a significant change (as defined in 2303) is made to the original JMF, amend the mix
design number with an “RX”. For example ABD14-6017 is the 17" JMF in 2014 for District 6.
When a significant mix change is made, the new mix design number would be ABD14-6017R1.
Subsequent changes from the original design would require “R2, R3, etc”.

For mix designs transferred from one project to another a new mix design number will be
required when the following have occurred.

There have been two or more aggregate or RAP source changes.

e The blend percentage has varied more than 10% from the original design for any
individual aggregate or RAM.

¢ Recycled shingles have been added or removed from the design.

The new design may be validated by testing a single point or by evaluating current production
test results.

A typical Mix Design Report and a Proportion/Production Limits Form is shown below.
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Form956 ver. 10.14 Iowa Department of Transportation
Highway Division - Office of Materials Mix Data
HMA Gyratory Mix Design
Nmax Letting Date : 7/16/2013
County : Jones Project:  HSIPX-151-4(125)--3L-53 Mix No. : ABD14-6017
Mix Size (in.) : 12 Type A Contractor : Mathy d/b/a R.C.Paving Contract #: 53-1514-125
Mix Type: HMA IM  No Frictn Req Design Life ESAL's : 1,000,000 Date: 04/29/14
Intended Use : Shoulder Location: MP 63.05-9231 On US 151 from Monticello to Jet. US 61 29.26 mi.
Aggregate % nMix  Source ID Source Location Beds Gsb %Abs FAA Friction
5/8"x3/8" 30.0% A31066 River City Stone/Fillmore 2-4 2.696 1.37 48.0 4
3/8"x3/16" 20.0% A31066 River City Stone/Fillmore 2-4 2.695 1.31 48.0 4
Natural Sand 35.0% A31514  River City Stone/Fillmore 2.593 1.20 40.0 5
Classified RAP 15.0%  ABCI12-15 15% ABC12-15 (5.56 % AC) 2.578 2.29 43.1 4

Job Mix Formula - Combined Gradation (Sieve Size in.)

1" 3/4" 172" 3/8" #4 #8 #16 #30 #50 #100 #200
Upper Tolerance
100 100 100 87 60 45 26 5.8
100 100 97 80 53 40 33 22 9.0 4.6 3.8
100 100 90 73 46 35 18 1.8
Lower Tolerance Home |
Asphalt Binder Source and Grade: . Paul Park Refinery Co. LLC (St. Paul Park, M} PG 58-28
Gyratory Data
% Asphalt Binder 4.70 4.86 5.20 5.70 Number of Gyrations
Corrected Gmb @ N-Des. 2.404 2.412 2.428 2.432 N-Initial
Max. Sp.Gr. (Gmm) 2.491 2.486 2477 2.460 7
% Gmm @ N- Initial 90.3 90.9 92.0 92.7 N-Design
%Gmm @ N-Max 96.5 97.0 98.0 98.8 68
% Air Voids 35 3.0 2.0 1.1 N-Max
% VMA 13.3 13.1 12.8 13.2 104
% VFA 73.6 77.1 84.6 91.4 Gsb for Angularity
Film Thickness 9.33 9.67 10.29 11.38 Method A
Filler Bit. Ratio 0.91 0.88 0.82 0.74 2.593
Gse 2.677 2.679 2.683 2.684 Pba / %Abs Ratio
Pbe 4.19 4.34 4.62 5.11 0.41
Pba 0.53 0.55 0.61 0.63 Slope of Compaction
% New Asphalt Binder 82.9 83.5 84.7 86.1 Curve
Combined Gb @ 25°C 1.0330 1.0330 1.0330 1.0331
Contribution Mix Check
Aggregate Type Used A Combined  From RAM Good
Gy, 2.641 % Friction Type 4 (+4) 93.1 3.8 Pb Range Check
G, 2.745 Or Better 93.1 3.8 1.00
% Water Abs 1.44 % Friction Type 3 (+4) 0.0 0.0 RAM Check
S.A.m*/Kg. 4.49 Or Better 0.0 0.0 OK
Angularity-method A 41 % Friction Type 2 (+4) 0.0 0.0
% Flat & Elongated 0.2 % Friction Type 2 (-4) 0.0 0.0 Specification Check
Sand Equivalent 89 T'ype 2 Fineness Modulus 0.0 0.0 Comply
Virgin G, @ 25°C 1.0336 % Crushed 59.0 8.6 Moisture Sensitivity Check
Anti-Strip Dose (%) 0.00 Not Required
Stripping Inflection Point

Disposition :  An asphalt content of ~ 4.9% is recommended to start this project.
Data shownin  4.86%  column is interpolated from test data.
The % ADD AC to start projectis  4.1%

Comments :

Copies to : Mathy d/b/a R.C.Paving Roger Boulet Manchester Const. Dist. 6 Lab.
Producer Area Inspector HMA Tech.

Mix Designer & Cert.# : C. Morgan & D.Lohrer EC-347 & EC-177 Signed :  C. Morgan & D. Lohrer
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Form955 ver. 10.14 Iowa Department of Transportation
Highway Division-Office of Materials Production Limits
Proportion & Production Limits For Aggregates
County : Jones Project No.:  HSIPX-151-4(125)--3L-53 Date: 04/29/14
Project Location: On US 151 from Monticello to Jct. US 61 29.26 mi. Mix Design No.: ABDI14-6017
Contract Mix Tonnage: 70,000 Course: Shoulder Mix Size (in.): 12
Contractor: Mathy d/b/a R.C.Paving Mix Type: HMA 1M Design Life ESAL's: 1,000,000
Type Friction
Material Ident# % in Mix Producer & Location (AorB)  Type Beds Gsb  %Abs
5/8" x3/8" A31066 | 30.0% [River City Stone/Fillmore A 4 2-4 2.696 1.37
38" x3/16" | A31066 | 20.0% |River City Stone/Fillmore A 4 2-4 2.695 1.31
NaturalSand | A31514 | 35.0% [River City Stone/Fillmore A 5 2.593 1.20
Classified RAP :ABCIZ-IS 15.0% [15% ABC12-15 (5.56 % AC) A 4 2578 | 2.29
-
Type and Source of Asphalt Binder: PG 58-28 St. Paul Park Refinery Co. LLC (St. Pau

Individual Aggregates Sieve Analysis - % Passing (Target)

Material 1" 3/4" 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200
5/8" x3/8" 100 100 90 35 6.0 55 5.0 4.5 4.0 3.5 3.0
3/8" x3/16" 100 100 100 100 33 6.5 6.0 5.5 5.0 4.5 4.0
Natural Sand 100 100 100 100 93 80 65 40 10 1.5 1.0
Classified RAP 100 100 99 97 79 62 49 37 23 15 12

Preliminary Job Mix Formula Target Gradation

Upper Tolerance 100 100 100 87 60 45 26 5.8
Comb Grading 100 100 97 80 53 40 33 22 9.0 4.6 3.8
Lower Tolerance 100 100 90 73 46 35 18 1.8
S.A.sq. mkg Total 4.49 +0.41 0.22 0.33 0.54 0.63 0.55 0.57 1.25
Clear Add Limits | Production Limits for Aggregates Approved by the Contractor & Producer. Home
Sieve 30.0% of mix 20.0% of mix 35.0% of mix 15.0% of mix
Size 5/8" x3/8" 3/8" x3/16" Natural Sand Classified RAP
n. Min Max Min Max Min Max Min Max
" 100.0  100.0 | 100.0 100.0 | 100.0 100.0
3/4" 100.0  100.0 | 100.0 100.0 | 100.0 100.0
12" 80.0 100.0 | 100.0 100.0 | 100.0 100.0

3/8" 28.0 42.0 98.0 100.0 | 100.0  100.0
#4 0.0 13.0 23.0 37.0 90.0 100.0
#8 0.0 10.0 0.0 11.0 75.0 85.0
#30 0.0 8.0 0.0 9.0 36.0 44.0

#200 0.0 4.0 0.0 4.0 0.0 1.5

Comments:

Copies to:  Mathy d/b/a R.C.Paving  Roger Boulet Manchester R.C.E. Dist. 6 Lab
Producer's Area Inspector HMA Tech.

representative of the aggregate producer.

Signed: Signed:
Producer Contractor
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GENERAL REWRITE
ALLOWABLE RAP USAGE BY WEIGHT

Aggregate i .
Mix Designation %l%al?ty Unc::zglfled Claszlgled
Type
HMA ST S A 0% Limited by binder replacement
HMA ST | B 10% No Limit
HMA ST B B 10% No Limit
HMA HT S A 0% Limited by binder replacement
HMA HT | A 0% No Limit
HMA HT B B 10% No Limit
HMA VT S A 0% Limited by binder replacement
HMA VT | A 0% No Limit
HMA VT B B 10% No Limit
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CONTROL OF ASPHALT MIXTURES

SCOPE

This IM describes the Quality Control/Quality Assurance (QC/QA) procedures for monitoring and
controlling plant-produced asphalt concrete mixtures on Quality Management of Asphalt (QMA)
projects.

REFERENCE DOCUMENTS

Standard Specification 2303 Flexible Pavement

IM 204 Inspection of Construction Project Sampling & Testing

IM 205A Securing Samples

IM 208 Materials Laboratory Qualification Program

IM 213 Technical Training and Certification Program

IM 216 Guidelines for Validating Test Results

IM 301 Aggregate Sampling & Minimum Size of Samples for Sieve Analysis

IM 302 Sieve Analysis of Aggregates

IM 319 Moisture Sensitivity Testing of Asphalt Mixtures

IM 320 Method of Sampling Compacted Asphalt Mixtures

IM 321 Method of Test for Compacted Density of Hot Mix Asphalt (HMA)(Displacement)

IM 322 Sampling Uncompacted Hot Mix Asphalt

IM 323 Method of Sampling Asphaltic Materials

IM 325 Compacting Asphalt Concrete by the Marshall Method

IM 325G Method of Test for Determining the Density of Hot Mix Asphalt (HMA) Using the
Superpave Gyratory Compactor (SGC)

IM 336 Reducing Aggregate Field Samples to Test Samples

IM 337 Method to Determine Thickness of Completed Courses of Base, Subbase & Hot Mix

Asphalt

Method of Test to Determine Asphalt Binder Content & Gradation of Hot Mix Asphalt

(HMA) by the Ignition Method

Method of Test for Determining the Maximum Specific Gravity of Hot Mix Asphalt (HMA)

Mixtures

Hot Mix Asphalt (HMA) Mix Sample for Test Specimens

Equations and Example Calculations

Method of Design of Hot Mix Asphalt Mixes
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RESPONSIBILITIES

Appendix A contains an outline of the responsibilities required for all parties. Refer to IM
213 Appendix C for individual certification requirements.

SAMPLING & TESTING

Sample and test according to Section 2303. Only the information obtained from random
samples as directed and witnessed by the Engineer and validated by comparison to one or
more of the paired samples tested by the Contracting Authority will be used for specification
compliance. Additional samples of aggregate and uncompacted asphalt mixture may be taken
by the contractor to provide better quality control. The results of testing done on additional
samples will be for informational purposes only and do not need to be reported.
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All testing done by the Contractor that is used as part of the acceptance decision shall be
performed in qualified labs by certified technicians. Gyratory compactors not utilized in the
independent assurance testing (IM 208 Appendix C) will not be allowed on QMA projects
without permission from the District Materials Engineer (DME).

Retain samples taken for acceptance purposes until the contractor’s results have been
validated.

A. UNCOMPACTED ASPHALT MIXTURE
The specific ton or truckload to begin sampling will be determined by the Engineer using
the spreadsheet
(https://iowadot.gov/Construction Materials/hma/hmarandomsamples.xIsx). The total
estimated daily production is divided into equal sublots based on the number of samples
determined from Table 2303.03-5.

EXAMPLE

Estimated production = 4,501 tons
Number of Samples =5

Approximate sublot size = 4501/5 = 900 tons

When production of a bid item is expected to exceed three production days (small
quantities excluded) and conditions/resources reasonably allow, test samples
immediately “hot-to-hot” (without allowing the sample to cool) for at least one day at the
beginning of production to aid in any future investigation of non-correlation that may
arise throughout production.

Calibrate the Rice pycnometer at the beginning of a project and anytime that a
correlation problem occurs.

B. COMPACTED ASPHALT MIXTURE

1. For class | compaction, the width subjected to the random sampling shall
coincide with the width eligible for PWL incentive/disincentive. This width shall
be the nominal width of the travelled lane unless otherwise determined by the
Engineer. Take samples from no less than 1 foot from the unconfined edge of a
given pass of the placing equipment, except when the width of a single pass of the
paver exceeds the width eligible for random sampling by more than 1 foot (i.e. For a
14-foot paving width on a 12-foot wide lane, a core location could randomly fall
exactly 12 feet from centerline, assuming a two lane roadway. The outside 2 feet
would then be deducted from the field voids lot quantity).

2. The Engineer will provide inspection staff to direct and witness the sampling and
perform Gmp, measurement during a time agreed between the Engineer and the
Contractor. The Engineer should make every effort to meet the Contractor’s
schedule.

3. The Engineer will transport the cores in accordance with IM 320, or secure the cores
for transport by the contractor. The Engineer and Contractor will determine that cores
are not damaged. The Engineer will decide if a core is damaged prior to testing.
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C. ASPHALT BINDER
Sample and test according to IM 204. For DSR verification tests performed at the District
laboratory, if the G*/sind falls below 1.0, obtain a quart sample for full analysis and test
all remaining 4 oz. samples until the area of noncompliance is isolated.
The Engineer may price adjust the asphalt binder for the following quality characteristics
o G*/sind (un-aged)
o Percent Recovery

¢ M-value
VALIDATION
A. Defined

Validation is defined as the ability of two labs to achieve similar (statistically equivalent)
test values on split or paired samples.

B. Aggregate Gradation Correction Factor
When comparing the cold-feed gradation to the ignition oven extracted gradation, a
correction factor to adjust the extracted gradation must be determined in accordance
with IM 501. Validation of the cold-feed gradation will be determined by comparing the
cold-feed gradation and the corrected extracted gradation as shown on the comparison
report for Cold-Feed & Ignition Oven in IM 216 Appendix A. The correction factors will be
established by comparing an Agency cold-feed sample to an Agency ignition oven
extracted sample. The Engineer may witness and secure a split cold-feed sample
according to IM 205 Appendix A for validation in lieu of an ignition oven sample, in which
case a correction factor is not needed.

C. Validation Requirements

1. When any of the following events occur, validation has not been achieved or
maintained:

a. The difference between test results on each of two consecutive split/paired
samples exceeds the IM 216 tolerance.

b. The difference between test results on any two of three consecutive split/paired
samples exceeds the IM 216 tolerance.

2. Consecutive samples may be either validation samples tested sequentially with
another lab or mix specific samples when other mixes are being tested for validation
between the two labs. It may be necessary to examine validation of test results on
consecutive samples of the same mix if more than one mix is being tested between
the two labs. Validation problems sometimes only occur during testing of specific mix
samples.

3. When validation for a particular test has not been achieved, all results for that day
are considered invalid for that test.

4. To achieve or reestablish validation, a minimum of two consecutive test results must
meet IM 216 tolerances.

5. When noncomplying material has been removed, the test results corresponding with
the material will remain in the validation decision.

DISPUTE RESOLUTION
A. Investigation
When validation is not achieved or maintained, the DME will act as appropriate to
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resolve split/paired test result differences by choosing among the strategies below. The
DME shall report the results of the investigation to the Contractor upon its conclusion.
The DME may consider results from the Independent Assurance Program in the
investigation. When non-validation of test results cannot be explained by an assignable
cause as determined by the DME, the Engineer’s results will be used for acceptance.

o hwh~

o N

10.

Retest the same sample

The District labs will test additional verification samples.

The DME will review the sampling and testing procedures of both labs

The DME will immediately test samples sent in by the Contractor without allowing
cool down and reheating (hot-to-hot testing).

Both labs will test samples using comparable reheat periods.

The DME will establish a correction factor based on the reheat evaluation
outlined in Appendix B.

Both labs will test a sample that was taken and split by the Engineer.

Both labs and a third laboratory designated by the Contracting Authority will test
a sample split three ways. The 3™ lab for state projects will normally be the
Central Materials Lab.

The DME will establish a correction factor for the Contractor’s gyratory
compactor based on the procedure described in Appendix C. The correction
factor for Gmp should not exceed 0.030.

Verify both labs are compacting to the number of gyrations specified in the
contract documents.

B. Quality Assurance Protocol

1. Resolution decisions by the lowa DOT Central Materials Laboratory will be final.

2. During the period of production when validation cannot be achieved, the Engineer’s
test results will be used for acceptance of the lot. The use of the Engineer’s test
values for acceptance will be retroactive to the time when the first sample exceeded
the validation tolerance. Similarly, when validation is regained, the use of the
Contractor’s test results for acceptance is retroactive to the first test used to
reestablish validation.

a.

Over the period which validation cannot be achieved for aggregate gradation,
the Engineer’s test results will be used for the entire gradation and applied to
any calculations involving the gradation for the entire lot.
If validation cannot be achieved between the ignition oven extracted gradation
and the Contractor’s cold-feed gradation, the Agency will run cold-feed
gradations for validation in place of the ignition oven.
Over the period which validation cannot be achieved on-uncompacted asphalt
mixture tests for Gmm or Gmp, the Engineer’s test results will be used as follows:
i. For lots under the PWL acceptance plan,
The Engineer’s results and any other valid contractor’s results for the lot will
be used in the calculations for field voids and lab voids.
ii. For all other lots, the Engineer’s results will be used for any calculations
involving that particular test value.
iii. Use a maximum lot pay factor of 1.000 for lab voids and field voids when the
Engineer’s results are used for any portion of the lot.

PRODUCTION TOLERANCES

Production tolerances are listed in the Section 2303.
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Investigate variations between two consecutive test results in Gmp or Gmm of more than 0.030

promptly since these tests reflect significant changes in binder content, aggregate properties

and/or gradation. In some cases variations may be attributed to segregation, thoroughness of
mixing, sampling procedure, and changes in aggregate production.

If the test results in a series of split/paired samples (minimum of 3 samples) are not variable and
random (results are consistently higher or results are consistently lower) and the difference
between each split/paired test result is greater than half of the IM 216 tolerance, the DME may
establish a correction factor for the Contractor’s gyratory compactor based on the procedure
described in Appendix C. The correction factor for Gm, should not exceed 0.030.

REPORTING

For each production sample of loose asphalt mixture the Contractor will determine, report, and
plot Gmb, Gmm and Pa. Binder content measurement by an approved method will be determined,
reported, and plotted daily. Gradation will be determined, reported and plotted daily. Make the

inter lab correlation reports available.

Test results are to be recorded and plotted in the computer programs provided by the lowa DOT
(https://iowadot.gov/construction _materials/Hot-mix-asphalt-HMA). The computer programs act
as a tool for documenting project data and applying the specification. The specification and IMs
will always govern when errors are encountered in the software. Microsoft Excel 2007 (or
newer) is required (or equivalent spreadsheet software capable of reading and writing *.xIsm
and *.xIsx file types). The recommended minimum system requirements include a 2.3 Ghz
processor or higher with at least 2 GB of physical memory and a wireless network adapter with
internet access. Copies of the electronic spreadsheet file containing the completed Daily HMA
Plant Report shall be provided to the DME and the Engineer within 4 hours of beginning
operations on the next working day. The Engineer may extend this time on days when
longitudinal joint cores are sampled and tested. Alternatively in these cases, the Engineer may
accept partially completed reports until results are available. Use electronic mail (or
DocExpress®) as the method of delivery unless otherwise approved by the Engineer. Copies of
computer files containing the project information shall be furnished to the Engineer on a CD or
portable memory device upon project completion. An additional copy of the files shall be
furnished to the DME on a CD or portable memory device.

Keep the charts current and available showing both individual sample results and moving
average values for both lab voids and absolute deviation from target. Base moving average
values on four consecutive sample results.

MIXTURE AND BINDER SUBSTITUTIONS

At no additional cost to the Contracting Authority, the Engineer may approve the substitution of
any mix design which meets or exceeds the requirements of the original mix. Mixture
substitutions shall be gyrated to the same level as the original mix requirements. Binder
substitutions have an equal or better low temperature PG grade and MSCR designation.
EXAMPLE

Original Mix

ST Intermediate with a PG 58-28S

Requested Substitution
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HT L-2 Surface with a PG 58-28H

The request would be approved provided the HT Surface mix is gyrated to the same level as a
ST Intermediate with lab voids within the target range. The binder substitution would be
approved since it meets or exceeds the low and high temperature grade and has an equal or
better letter designation. The aggregate quality of a HT Surface also meets or exceeds that of a
ST Intermediate. The Engineer may approve an alternate maximum aggregate size.

A polymer modified binder may be substituted into the JMF provided the original PG grade and
temperature spread is met or exceeded. In this case, verify the JMF target air voids are met at
the design binder content. If the original JMF required moisture susceptibility testing and has
consistently demonstrated acceptable SIP values in the field, the original anti-strip agent (if
needed) and dosage rate may be used in lieu of IM 319 re-evaluation. Plant produced mix will
still be tested for moisture susceptibility.

ADJUSTING (TROUBLESHOOTING)

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
asphalt binder necessary to meet the JMF. If a change in the target gradation is desired, obtain
approval of a new JMF from the DME. Changes in the target gradation cannot be set outside of
the control points. The Contractor may change the target binder content to maintain the required
mixture characteristics, provided the appropriate documentation and reporting is performed. The
Contractor may change binder sources provided the Engineer receives written notification (or e-
mail) prior to the substitution. Report all changes in proportions on the Daily HMA Plant Report.

The addition of new materials to the JMF may be approved by the Engineer without evaluating
mix volumetrics in the laboratory if the materials are produced from geologically comparable
sources, do not constitute more than 15 % of the total aggregate, meet quality requirements,
and produce mixes that meet design criteria. When aggregates are introduced from sources that
are not geologically comparable or otherwise differ significantly, complete laboratory mix design
testing and approval is required.

When a stockpile of recycled asphalt materials (RAM) constitutes less than 15% of the JMF, it
may be substituted by another source of equivalent classification and quality (Classified or
Unclassified) to finish the project. In this case, update the JMF by entering the new RAM binder
content, specific gravity, gradation, and absorption into SHADES. Verify the volumetrics remain
compliant with the specifications by testing a lab compacted sample.

Moving averages and the gyratory compaction slope assist in identifying potential problems
before they arise. Watch the trends in the moving averages (approaching a specification limit)
and the slope of the compaction curve. The slope of the compaction curve of plant-produced
material shall be monitored and variations in excess of + 0.40 of the mixture design gyratory
compaction curve slope may indicate potential problems with uniformity of the mixture.
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TABLE OF RESPONSIBILITY

QUALITY ACTION CPI & QMA SMALL QTY.
General
Use of Qualified Labs & Certified Technicians CONTR/RCE CONTR
Use of Certified Labs & Qualified Technicians DME/CTRL DME/CTRL
Preparation of the Job Mix Formula (JMF) CONTR®@ CONTR®@
Approval of the JMF DME DME
Calibration of the Plant CONTR CONTR
Monitoring of Plant Operations DME/RCE( DME/RCE(
Inspection of Plant Operations CONTR( CONTR(
Asphalt Binder
Direct & Witness Verification Sample of Asphalt Binder RCE/DME®) NA
Sample Asphalt Binder CONTR® NA
Secure Verification Sample of Asphalt Binder RCE/DME NA
Transport Verification Sample of Asphalt Binder CONTR/RCE NA
Run & Report Verification Sample of Asphalt Binder DME/CTRL NA
Aggregate
Direct & Witness Verification Sample of Combined Aggregate RCE® NA
Sample Combined Aggregate CONTR® CONTR®
Direct & Witness Splitting of Combined Aggregate Sample RCE®) NA
Secure Verification Sample of Combined Aggregate RCE NA
Transport Verification Sample of Combined Aggregate CONTR/RCE NA
Run & Report QC Tests on Combined Aggregate Gradation CONTR®) CONTR®)
Run & Report Verification Tests on Combined Aggregate Gradation DME/RCE®) NA
Report Validation per IM 216 on Combined Aggregate Gradation DME/RCE NA
Obtain & Transport Verification Samples of Coarse Aggregate Quality DME®) NA
Run & Report Verification Tests on Coarse Aggregate Quality CTRL NA
Loose Hot Mix
Determine Loose Hot Mix Paired Sample Frequency/Location RCE®) CONTR
Direct & Witness Verification Sample of Loose Hot Mix RCE®) NA
Sample Loose Hot Mix Paired Samples CONTR®) CONTR®)
Secure Verification Sample of Loose Hot Mix RCE NA
Transport Verification Sample of Loose Hot Mix CONTR/RCE NA
Run & Report QC Tests on Loose Hot Mix Samples CONTR(M CONTR(™
Run & Report Verification Tests on Loose Hot Mix Samples DME®M NA
Report Validation of Hot Mix Tests CONTR(M NA
Evaluate Test Results/Take Action when Validation Fails DME NA
Compacted Hot Mix
Determine Density Coring Frequency/Location RCE® RCE®
Direct & Witness Coring & Transport to QC Lab RCE®) RCE®)
Obtain Core Samples & Prepare Samples at the QC Lab CONTR CONTR
Run Density Testing on Cores RCE® RCE®)
Record Density Testing Measurements on Cores RCE®) RCE®)
Report Density Testing Results on Cores CONTR® CONTR®
Revisions
Adjust Production to Maintain JMF Targets CONTR CONTR
Report Plant Adjustments CONTR(™ CONTR(™
Approve Revisions to JMF Targets DME DME
Shut Down Production when Required CONTR CONTR
NOTES: ABBREVIATIONS:
1) Must be done by Certified Level | HMA Technician CPI = Certified Plant Inspection CONTR = Contractor
Must be done by Certified Level Il HMA Technician QMA = Quality Mgmt. of Asphalt ~ DME = District Materials
Must be done by Certified HMA Sampler RCE = Project Engineer CTRL = Central Materials

Must be done by Certified Aggregate Sampler-Technician

(
(
(
(
( Must be done by Certified Aggregate: Technician

s
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REHEAT EVALUATION

The contractor's QMA laboratory technician shall split the sample selected for correlation. The split
will provide material for 3 individual maximum specific gravity, Gmm, test samples and material for 3
sets of laboratory density, Gmb, specimens.

The contractor’s technician will split and retain sufficient material for 2 Gmm test samples and 2 sets
of laboratory density specimens. The remainder of the field sample will be submitted to the DOT
laboratory. From this portion the DOT laboratory will split and test an additional Gmm sample and an
additional set of laboratory density specimens, after reheating.

Immediately after splitting, the contractor’s technician will return one set of laboratory density
samples to the oven and heat to compaction temperature. Once compaction temperature is
reached, this set is removed from the oven, compacted as per IM 325 or IM 325G, cooled to
ambient temperature and Gmp determined. The second set of samples is cooled to ambient
temperature, reheated to compaction temperature then compacted as per IM 325 or IM 325G,
cooled to ambient temperature and G, determined. This dual testing is intended to indicate the
differences in test results, which can be expected, between samples tested on the original heat of
the mixture and those tested at a later time (hot-to-cold testing).

The contractor’s technician will cool and separate both Gmm samples. The contractor’s technician will
test one Gmm sample. The second Gmm sample will be sealed in a plastic bag and submitted to the
appropriate DOT laboratory for testing. The DOT laboratory will test the sample without any
significant reheating (not more than 5 minutes oven reheating to facilitate breaking up sample).

Interlaboratory correlation, as specified in IM 208, will be determined by comparing Gmm results
obtained by the contractor to those obtained by the DOT laboratory on the Gmm Samples split by the
contractor. The laboratory density obtained by the contractor on the G, specimens prepared from
the reheated portion will be compared to the Gmp determined by the DOT laboratory on Gmp
specimens prepared from the reheated portion of the original split sample. If the test results
compared are within the tolerances specified in IM 208, then the reheat procedure shall be
performed when required by the District Materials Engineer. If the test results are not within the
tolerances specified in IM 208, additional testing on the same or subsequent samples will be
required.

The District Materials Engineer may waive the reheat testing if the test results indicate no significant
difference caused by reheating of samples. Additional correlation testing may be performed at any
time at the request of the contractor or the District Materials Engineer. The information obtained by
the dual testing described above may be used when monitoring the daily comparison of contractor’s
test results to DOT laboratory test results when reheating of samples is involved. All samples shall
be retained until permission to discard them is obtained from the DOT laboratory.
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This outline is to serve only as a guide to the steps in the correlation procedure. All tests noted in
this outline must be performed in accordance with the applicable IM.

1. Contractor Testing Responsibilities

A. Obtain field sample and split to obtain 2 sets of laboratory density, Gmp, Specimens and 2
Maximum specific gravity, Gmm, sSpecimens and submit the remainder of field sample to DOT
laboratory for testing.

B. Bulk Density Testing

1) Set#1 —Immediately after splitting, return specimens to the oven, reheat to compaction
temperature, compact specimens as per IM 325 or IM 325G, cool to ambient
temperature and test for density.

2) Set#2 - Cool to ambient temperature, return to oven, reheat to compaction temperature,
compact as per IM 325 or IM 325G, cool to ambient temperature and test for density.

3) Compare values obtained in #1 and #2 to determine possible reheat factor.

C. Maximum Density Testing

1) Sample #1 — Cool sample and perform Rice Test.

2) Sample #2 — Cool sample, place in plastic bag and submit to the DOT laboratory for
testing.

D. Submit remainder of field sample to DOT laboratory for testing.
2. DOT Laboratory Testing Responsibilities
A. Bulk Density Testing

1) From the field sample supplied by the contractor, split one set of Gmy Specimens, place
in oven, heat to compaction temperature, compact as per IM 325 or IM 325G, cool to
ambient temperature and test for density.

B. Maximum Density Testing

1) From the field sample supplied by the contractor, split one Gmm specimen and perform
Rice Test.

2) Test the Gmm sample supplied by the contractor.

3) Compare values obtained in #1 and #2 to determine possible deviation in Gmm results
that might occur between the Contractor’s split Gmm sample and the DOT Gmnm sample
split from a field sample.
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PROCEDURE FOR ESTABLISHING A CORRECTION FACTOR FOR Gnp
The procedure used for establishing a correction factor is as follows:

PROCEDURE A

1. Obtain one sample of sufficient plant produced material for 12 Gmp specimens and split per
IM 357 into 6 specimens each between the contractor and engineer. This should provide
enough material that 6 gyratory specimens may be compacted at both labs. The sample
should be representative, but sampling procedure IM 322 is not required.

2. The material must be handled and compacted in the same manner by the contractor and
engineer (hot-to-hot or cold-to-cold).

3. Compact the specimens per IM 325G.

4. Perform density testing on the compacted specimens per IM 321.

5. Average the 6 Gmp results for each lab.

The difference between the average Gm, results from the two labs will be considered the
correction factor. NOTE: Unless otherwise decided on by the Engineer, only 1 correction factor

will be established for a given mix design.

PROCEDURE B

The engineer may use the results of 3 consecutive QC/QA split tests in lieu of a single 12 split
sample. There can be no significant change to the mix between the 3 tests and no adjustments
to the gyratory compactors. The material must be handled and compacted in the same manner
by the contractor and engineer (hot-to-hot or cold-to-cold). The contractor's QC results will be
averaged and the engineer's QA results will be averaged with the difference being the
correction factor to be applied.
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****THIS IS A NEW APPENDIX. - PLEASE READ CAREFULLY.****
TROUBLESHOOTING FLEXIBLE PAVING MIXTURES

PLANT TROUBLESHOOTING
Asphalt Binder
If Computed Percent Binder is High:

Check tank stick readings and computations.

Check to be sure that all mix produced was included in the computations.

Check for spilled, wasted, or otherwise used asphalt cement.

Check to be sure all asphalt listed as added during the period should be included.
Check truck scales and total mix made.

Check cold-feed and pump setting.

Check aggregate delivery level for uniformity.

@*oopTw

If Computed Percent Binder is Low:

a. Check tank stick readings and computations.
b. Check total mix made.
c. Check to be sure that all asphalt added during the period is included.
d. Check cold-feed and pump setting.
e. Check for plugged nozzle.
f.  Check pumping pressures.
g. Check strainer screen.
h. Check truck scales.
Gradation

Non-compliant cold-feed gradation and other production mix irregularities may result from the
following causes:

Sample not representative of lot (Multiple hot bins)
Improper bin balance

Test errors, weights, calculations, etc.

Incorrect cold-feed settings

Non-uniform cold-feed delivery

Stockpile segregation

Stockpile contamination

Storage bin segregation

Intermingling of aggregates in stockpiles and/or feeders
Wet, non-uniform stockpiles

Degradation

MIX TROUBLESHOOTING

The tables below are intended to provide guidance on dealing with the most common problems,
which arise during the production of asphalt concrete mixture. The first table deals with
problems, which can show up in the laboratory setting and the second table deals with
problems, which can appear in the field.
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The following example explains how to read the tables. Both tables are read downward. The
shaded regions are the items to be considered for adjusting purposes.

Lab Problem Table

The first step is to identify which lab problem is occurring. If “Low Voids” is the identified
problem, move down the column to the “Step 1 Check”. Assuming the first check is to be made
on the “Binder Content”, move down the column to “Step 2 If". If the Binder Content is high
proceed to “Step 3 Verify”. Each of the shaded items identified in the “Step 3 Verify” should be
looked at before proceeding further. Assuming that the items in “Step 3 Verify” are on target, go
to “Step 4 Do”. In this case, the action to be taken in “Step 4 Do” is to “Lower Binder” in the mix.
In all cases, the items in the “Step 3 Verify” are assumed to be within the allowable tolerances
and won't fall outside of allowable tolerances if the action in “Step 4 Do” is taken.

Low Film High Film

LAB PROBLEM | Low Voids | HighVoids | i 7 Thickness

Low VMA High VMA

Binder Content

Gradation

Agg. SG (Gsb)

Step 1-Check

Agg. Abs.

Low Binder

High Binder

Low -200

Step 2-If

High -200

Off JMF Target

Filler Bitumen
Ratio

Film Thickness

VMA

Field
Compaction

Step 3-Verify

Voids

Individual Agg.
Sources

Decrease
Binder

Increase Binder

Lower -200

Increase -200

Step 4-Do

Adjust Agg.
Proportions

Recompute
Volumetrics

Field Problem Table

The first step is to identify which field problem is occurring. If “High Field Voids” is the identified
problem, move down the column to the “Step 1 Check”. Assuming the first check is to be made
on the “Lab Voids”, move down the column to “Step 2 If’. If the Lab Voids are high proceed to
“Step 3 Verify”. Each of the shaded items identified in the “Step 3 Verify” should be looked at
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before proceeding further. Assuming that the items in “Step 3 Verify” are on target, go to “Step 4
Do”. In this case the process of looking at the “Step 3 Verify” would lead to the Lab Problem
Table and cause one of the actions for High Lab Voids to be used.

In all cases, the items in the “Step 3 Verify” are assumed to be within allowable tolerances and
won't fall outside of allowable tolerances if the action in “Step 4 Do” is taken.

FIELD PROBLEM

Low
Field
Voids

High
Field
Voids

Tender Mix

Low
Density
Q.l.

Agglomerates

Uncoated

Aggr.

Brown
Rock

Stripping

Step 1 - Check

Stockpiles

Aggr. Absorption

Binder Content

Lab Voids

Film Thickness

Mixing Time

Moisture in Mix

Mix Temp at Plant

Mat Temp

Step-2

Low

High

Yes

Step 3 -Verify

Filler/Bitumen Ratio

Film Thickness

Voids

Field Compaction

Aggr. Breakdown

Individual Aggr. Sources

Moisture

Amount of Clay binder

Go to Lab Problem Table

Step 4 - Do

Increase Binder

Lower Temp

Increase Temp

Cover Loads

Increase Aggr. Dryer Time

Screen

Adjust Aggr. Proportions

Increase Wet Mixing Time
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2303.01

Section 2303. Flexible Pavement

DESCRIPTION.

A. Design, produce, place, and compact flexible paving mixtures using proper quality control. Construct to the dimensions
specified in the contract documents.

B. A surface course is the top lift. An intermediate course is the next lower lift or lifts. Use intermediate course mixtures for
leveling, strengthening, and wedge courses. A base course is the lift or lifts placed on a prepared subgrade or subbase.

2303.02

MATERIALS.

A. Asphalt Binder.
Use the specified Performance Graded (PG) asphalt binder meeting the requirements of Section 4137. For shoulder
mixtures refer to Section 2122. For base widening mixtures refer to Section 2213. Adjustments to the contract binder
grade may be required according to Article 2303.02, C, 6.

B. Aggregates.

1.

Individual Aggregates.

a. Use virgin mineral aggregate as specified in Section 4127.

b. When specified, furnish friction aggregate from sources identified in Materials .M. T203.
1) Friction Classification L-2.

Use a combined aggregate such that:

a) Atleast 80% of the combined aggregate retained on the No. 4 sieve is Type 4 or better friction
aggregate, and

b) Atleast 25% of the combined aggregate retained on the No. 4 sieve is Type 2 or better friction
aggregate, and

c) For Interstates and all mixtures designed for Very High Traffic (VT), the fineness modulus of the
combined Type 2 aggregate is at least 1.0. Calculations for fineness modulus are shown in Materials
[.M. 501.

d) On Interstates and all mixtures designed for Very High Traffic (VT), if 40% or more of the total
aggregate is a limestone as defined in Materials [.M. T203, at least 30% of the combined aggregate
retained on the No. 4 sieve is Type 2 or better friction aggregate and at least 25% of combined
aggregate passing No. 4 sieve is Type 2 or better friction aggregate.

2) Friction Classification L-3.

Use a combined aggregate such that:

a) Atleast 80% of the combined aggregate retained on the No. 4 sieve is Type 4 or better friction
aggregate, and

b) At least 45% of the combined aggregate retained on the No. 4 sieve is Type 3 or better friction
aggregate, or if Type 2 is used in place of Type 3, at least 25% of the combined aggregate retained on
the No. 4 sieve is Type 2.

3) Friction Classification L-4.
Use a combined aggregate such that at least 50% of the combined aggregate retained on the No. 4 sieve is
Type 4 or better friction aggregate.

Combined Aggregates.

a. Use a combined aggregate meeting the requirements in Materials I.M. 510.

b. When mixtures include RAM, use a combined aggregate gradation consisting of a mixture of RAM aggregate
and virgin aggregate.

C. Recycled Asphalt Materials.

1.

RAM includes RAP and RAS. The designations Classified and Unclassified are exclusively for the use of RAP in
HMA.

Identify each RAP stockpile and document Classified and Unclassified RAP stockpiles as directed in Materials |.M.
505. Do not add material to a Classified RAP stockpile without the approval of the District Materials Engineer.

The Engineer may reject a RAP stockpile for non-uniformity based on visual inspection. Work the stockpiles in such a
manner that the materials removed are representative of a cross section of the pile.

Place stockpiles of RAP as directed in Materials |.M. 505. Do not use RAP stockpiles containing concrete chunks,
grass, dirt, wood, metal, coal tar, or other foreign or environmentally restricted materials. RAP stockpiles may include
PCC (not to exceed 10% of the stockpile) from patches or composite pavement that was milled as part of the asphalt
pavement.



When RAP is taken from a project, or is furnished by the Contracting Authority, the contract documents will indicate
quantity of RAP expected to be available and test information, if known. RAP not used in HMA becomes the property
of the Contractor.

For mix design purposes, the Contracting Authority will test samples of the RAM. The aggregate gradation and
amount of asphalt binder in the RAM will be based on the Contracting Authority’s extraction tests. For mixtures
containing RAM, adjust the contract binder grade as directed in Materials [.M. 510. No adjustments will be made to
the contract unit price for required changes to the asphalt binder grade. RAP may be used in accordance with
Materials .M. 510 Appendix C. For surface mixtures, 70% of the total asphalt binder shall be virgin.

a. Classified RAP.

1) Classified RAP is one of the following
e RAP from a documented source.
¢ RAP from an undocumented source meeting quality control sampling, testing, and reporting

requirements in Materials |.M. 505. Material shall be tested at a lab designated by the Engineer
according to lowa Test Method 222 at no additional cost to the Contracting Authority.

2) Classified RAP may be used in mixtures for which the RAP aggregate meets the quality requirements for the
mixture design per Materials [.M. 510 Appendix A.

3) When from a documented source, credit will be given for frictional aggregate and crushed particles used in
the original pavement to be reclaimed as determined in the paving history (or mix design when paving
history is unavailable).

4) For all other Classified RAP, credit for crushed particles shall be the percent of aggregate retained on the
No. 8 sieve from Engineer’s extraction test. No friction credit will be given.

b. Unclassified RAP.

1) Any stockpiled RAP not meeting the requirements of Classified RAP shall be designated as Unclassified
RAP. No frictional aggregate credit or aggregate crushed particles credit will be given for Unclassified RAP.

2) When an Unclassified RAP stockpile is characterized by sampling and testing for mix design, no material
can be added to the stockpile until the project is completed.

Pre-consumer or post-consumer shingles that have been processed, sized, and ready for incorporation into an
asphalt mixture constitute RAS material.

Up to 5% RAS by weight of total aggregate may be used in the design and production of an asphalt mixture. The
percentage of RAS used is considered part of the maximum allowable RAP percentage. Unless explicitly stated
otherwise in this specification or Materials .M. 505, use RAS according to the same requirements as prescribed for
RAP material.

RAS shall be certified from an approved supplier designated in Materials .M. 506. Material processed prior to lowa
DOT source approval will not be certified.

D. Flexible Paving Mixture.

1.

The JMF is the percentage of each material, including the asphalt binder, to be used in the HMA mixture. Ensure the
JMF gradation is within the control points specified for the particular mixture designated.

The basic asphalt binder content is the historical, nominal mixture asphalt binder content, expressed as percent by
weight (mass) of the asphalt binder in the total mixture. Apply the values in Table 2303.02-1, based on mixture size
and type.

If the asphalt binder demand for the combination of aggregates submitted for an acceptable mix design exceeds the
basic asphalt binder content (see Table 2303.02-1) by more than 0.75%, include an economic evaluation with the mix
design. For economic evaluation, provide an alternate mix design utilizing aggregates which results in an optimum
binder content not exceeding basic asphalt binder content by more than 0.75% and documentation of costs
associated with hauling both proposed aggregates and alternate aggregates to plant site. Alternate JMF shall meet
requirements of Section 2303.

Table 2303.02-1: Basic Asphalt Binder Content (%)

Size Aggregate 1inch 3/4 inch 1/2 inch 3/8 inch
Type

Intermediate Tvpe A 475 5.50 6.00 6.00

and Surface yp ' - - -

Intermediate Tvpe B 5.25 5.75 6.00 6.25

and Surface yp ’ - - -

Base Type B 5.25 6.00 6.00 6.25




Use a mixture design meeting gyratory design and mixture criteria corresponding to the design level specified in the
contract documents. The Engineer may approve mixtures substitutions meeting guidelines in Materials I.M. 511.
When a commercial mix is specified, use 1/2 inch Standard Traffic (ST) or higher surface mixture, with PG 58-28S or
PG 64-22S binder, for JMF approval.

For shoulders placed as a separate operation refer to Section 2122. When paving the shoulder with the mainline the
Contractor has the option to substitute the mainline intermediate or surface mixture for a specified shoulder mixture at
the Contractor's expense.

For base widening refer to Section 2213. When an adjoining surface is designed for Standard Traffic (ST) and is
paved during the same project, use a base mixture at same traffic designation used in surface mixture.

WMA refers to asphalt concrete mixtures produced at temperatures approximately 50°F or more below those typically
used in production of HMA but no higher than that shown in Article 2303.03, C, 3, d, 2, a. Temperature reductions
may be achieved through additives or water injection systems.

Submit a mixture design complying with Materials I.M. 510. Propose both a production and a compaction temperature
between 215°F and 280°F for WMA mixture designs.

Produce and place WMA mixtures meeting the same requirements established for HMA mixtures. Equivalent WMA
mixtures may be substituted for HMA mixtures unless it is prohibited by the specifications.

E. Other Materials.

1.

Tack Coat.

Tack coat may be SS-1, SS-1H, CSS-1, CSS-1H, CQS-1, or CQS-1H. Do not mix CQS, CSS, and SS grades. RC-70
and MC-70 may also be used prior to May 1 and after October 1, at the Contractor's option. The cement mixing test
will be waived for tack coat emulsions.

Anti-strip Agent.

a. Perform a moisture sensitivity evaluation of the proposed asphalt mixture design in accordance with Materials
I.M. 319 for the following mixtures when placed in travelled lanes:

1) Mixtures for Interstate and Primary highways designed for Very High Traffic (VT), or

2) Mixtures for Interstate and Primary highways containing quartzite, granite, or other siliceous (not a limestone
or dolomite) aggregate obtained by crushing from ledge rock in at least 40% of the total aggregate (virgin
and recycled) or at least 25% of the plus No. 4.

For the purpose of evaluating moisture sensitivity of a proposed mix design, Contractor may test proposed JMF

from plant produced material placed off-site at no additional cost to the Contracting Authority.

b. Sample and test plant produced mixture for moisture susceptibility in accordance with Materials |.M. 204
Appendix F and Materials |I.M. 319 for bid item plan quantities of more than 1000 tons as follows:

1) For mixtures satisfying Article 2303.02, E, 2, a.
2) For conditions satisfied in Article 2303.02, E, 2, f.

c. Moisture susceptibility testing will not be required for base repair, patching, temporary pavement, or paved
shoulders. Moisture susceptibility testing for mixture bid items of 1000 tons or less is only required on the mix
design for mixtures satisfying Article 2303.02, E, 2, a.

d. Use the following minimum stripping inflection point (SIP) requirements for plant produced material based on
traffic designation:

Table 2303.02-1: Minimum Stripping Inflection

Point
Traffic SIP, Number of Passes™ 2
Designation
S 10,000
H,V 14,000

Note 1: If ratio between creep slope and stripping
slope as defined in Materials .M 319 is less than
2.00, the SIP is invalid.
Note 2: Minimum SIP for mixtures placed as base
widening is 5000 passes.
When notified of non-compliant results, the Engineer may suspend paving operations until an approved
“significant mix change” is implemented.

e. When the Contractor’s mix design SIP results are below the minimum specified in Article 2303.02, E, 2, d, an
anti-strip agent will be required. Plant produced material with anti-strip shall be tested to verify the minimum SIP
is achieved.

f. The Engineer may require an evaluation of the test method in Materials I.M. 319 for plant produced mixture at
any time.




2303.03

The following anti-strip agents may be used:
1) Hydrated Lime.
Meet the requirements of AASHTO M 303, Type | or ASTM C 1097, Type S. Hydrated lime will not be
considered part of the aggregate when determining the job mix formula.
2) Liquid Anti-strip Additives.
For each JMF, obtain approval for liquid anti-strip additives blended into the binder. Approval will be based
on the following conditions:
a) The asphalt binder supplier provides test results that the additive does not negatively impact the asphalt
binder properties, including short term and long term aged properties.
b) The design is to establish the additive rate that produces the maximum SIP value.
3) Polymer-based Liquid Aggregate Treatments.
For each JMF, obtain approval for polymer-based liquid aggregate treatments. Approval will be based on the
design establishing the optimum additive rate that produces the maximum SIP value. See Materials |.M. 319
for additional information.

Sand for Tack Coats.
Use sand meeting the requirements of Gradation No. 1 of the Aggregate Gradation Table in Article 4109.02.

WMA Technologies.
Chemical additives, organic additives, zeolites, or water injection systems may be used at the rate established by the
mixture design in the production of WMA. Once production of a bid item has begun with a WMA technology, continue
its use throughout the remainder of the bid item’s production unless otherwise approved by the District Materials
Engineer.

CONSTRUCTION.

A. General.

1.

2,

The Contractor is responsible for all aspects of the project.

Provide quality control management and testing, and maintain the quality characteristics specified.

a.
b.

Apply Article 2303.03, D to asphalt mixture bid items when the plan quantity is greater than 1000 tons.

Apply Article 2303.03, E, for asphalt mixture bid items that have a plan quantity of 1000 tons or less as well as
patching, detours, and temporary pavement bid items. For items bid in square yards, apply Article 2303.03, E
when the plan quantity by weight (estimated with a unit weight of 145 pounds per cubic foot unless otherwise
stated on the plans) does not exceed 1000 tons.

B. Equipment.
Use equipment meeting the requirements of Section 2001 with the following modifications:

1.

Plant Calibration.

a.

b.

Calibrate each plant scale and metering system before work on a contract begins. Use calibration equipment
meeting the manufacturer’'s guidelines and Materials I.M. 514.

The Engineer may waive calibration of permanent plant scales when a satisfactory operational history is
available. The Engineer may require any scale or metering system to be recalibrated if operations indicate it is
necessary.

Make calibration data available at the plant.

Calibrate each aggregate feed throughout an operating range wide enough to cover the proportion of that
material required in the JMF. Make a new calibration each time there is a change in size or source of any
aggregate being used.

For continuous and drum mixing plants, calibrate the asphalt metering pump at the operating temperature and
with the outlet under pressure equal to that occurring in normal operations.

Paver.
Apply Article 2001.19. Spreaders described in Article 2001.13, D, may be used to place paved shoulders. Spreaders
used to place the final lift of paved shoulders shall meet additional requirements of Article 2001.19.

Rollers.

a.

For initial and intermediate rolling, use self-propelled, steel tired, pneumatic tired or vibratory rollers meeting the
requirements of Article 2001.05, B, C, or E. Their weight (mass) or tire pressure may be adjusted when justified
by conditions.

For finish rolling, use self-propelled, steel tired rollers or vibratory rollers in the static mode that meet the
requirements of Article 2001.05, B, or F.

Scales.
Apply Article 2001.07, B, to paving operations regardless of the method of measurement.
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C. Construction.

1. Maintenance of the Subgrade and Subbase.

a.

b.

Maintain completed subgrade and subbase to the required density, true cross section, and smooth condition,
prior to and during subsequent construction activities.

If rutting or any other damage occurs to the subgrade or subbase as a result of hauling operations, immediately
repair the subgrade and subbase. Such repair will include, if necessary, removal and replacement, at no
additional cost to the Contracting Authority.

Should traffic by others authorized to do work on the project be specifically permitted by the Engineer to use
loads which exceed the Contractor's established limit, the Contracting Authority will pay repair costs for repairs
directed by the Engineer.

2. Preparation of Existing Surfaces.

a.

b.

Cleaning.

Clean and prepare existing surface according to Article 2212.03, B, 1.

Tack Coats.

1) Apply tack coats when the entire surface area on which the coat is to be applied is free of moisture. Do not
apply them when the temperature on the surface being covered is less than 25°F.

2) Place atack coat to form a continuous, uniform film on the area to be covered. Tack coat may be diluted
with water at a 1:1 ratio to improve application. Unless directed otherwise, spread tack coat at the following
undiluted rates:

e New HMA Surface: 0.03 to 0.05 gallon per square yard
e Milled HMA/CIR Surface: 0.05 to 0.07 gallon per square yard
e PCC/Existing HMA Surface: 0.04 to 0.06 gallon per square yard

3) Tack the vertical face of exposed, longitudinal joints as a separate operation at a rate from 0.10 to 0.15
gallon per square yard. Tack before the adjoining lift is placed. Lightly paint or spray vertical surfaces of all
fixtures, curbs, bridges, or cold mixture with which the hot mixture will come in contact to facilitate a tight
joint with the fresh mixture.

4) Limit tack coat application lengths to minimize inconvenience to the public. Keep applications within the hot
mixture placing work area that is controlled by flaggers at each end. Plan applications so they will be
covered with hot mixture when the work area is opened to traffic at the end of the days’ work.

5) Allow tack coat to adequately cure prior to placement of HMA. If tack coat surface becomes dirty from
weather or traffic, thoroughly clean and, if necessary, retack. A light application of sand cover may also be
required for excessive application rates, breakdowns, and short sections remaining at the end of a day’s run.

3. Handling, Production, and Delivery.
Ensure plant operation complies with the following requirements:

a.

b.

Handling Mineral Aggregate and RAM.
Apply Materials .M. 505 and Materials |.M. 508.
Handling Asphalt Binder.
Maintain asphalt binder temperature between 260°F and 330°F. Heat modified asphalt binder according to the
supplier's recommendations.
Handling Anti-Strip Agents.
1) Hydrated Lime.
a) Added to a Drum Mixer.

(1) Add hydrated lime at the rate of 0.75% by weight of the total aggregate (virgin and RAM) for
Interstate and Primary projects. Add hydrated lime to a drum mixer using one of the following
methods:

(a) Add to virgin aggregate on the primary feed belt, as a lime water slurry.
(b) Add to the outer drum of a double drum system away from heated gas flow and prior to the
addition of the virgin asphalt binder.

(2) Alternative methods for mixing will be allowed only with the Engineer’s approval. Do not introduce
hydrated lime directly into a single drum mixer by blowing or by auger.

b) Added to a Batch Plant.

Add hydrated lime at the rate of 0.5% by weight of the total aggregate (virgin and RAM) for Interstate

and Primary projects. Introduce it to a batch plant using one of the methods below. In any case,

introduce the lime prior to the start of the dry mix cycle.

(1) Place on the recycle belt which leads directly into the weigh hopper.

(2) Add directly into the pugmill.

(3) Add directly into the hot aggregate elevator into the hot aggregate stream.

c) Added to the Aggregate Stockpile.

Add hydrated lime at a rate established by the optimization of the SIP as determined by Materials .M.

319. Add it to the source aggregates defined in Article 2303.02, E, 2, thoroughly mixed with sufficient

moisture to achieve aggregate coating, and then place in the stockpile.




d.

2) Liquid.

a) When liquid anti-strip additives are used, employ equipment complying with the anti-strip manufacturer’s
recommended practice to store, measure, and blend the additive with the binder.

b) The additive may be injected into the asphalt binder by the asphalt supplier or the Contractor. If the
Contractor elects to add the liquid anti-strip agent, they assume the material certification responsibilities
of the asphalt binder supplier. Ensure the shipping ticket reports the type and amount of additive and
time of injection.

c) Ensure the asphalt supplier provides the Contactor and Engineer with the shelf life criteria defining
when the anti-strip additive maintains its effectiveness. Do not use binder that has exceeded the shelf
life criteria.

d) When using polymer-based aggregate treatment, comply with the manufacturer's recommended
specifications and guidelines.

Production of Hot Mix Asphalt Mixtures.

1) Regulate the exact proportions of the various materials to be within the limits specified to produce a
satisfactory asphalt coating and mixture.

2) Do not allow the temperature of the mixtures to fall outside the following parameters:

a) Keep the production temperature of WMA mixtures between 215°F and 280°F until placed on the grade.
Maximum production temperature for WMA is 330°F after October 1st.

b) Do not produce WMA mixtures more than 10°F below the target temperature designated in the JMF
without the approval of the Engineer.

c) Keep the production temperature of HMA mixtures between 225°F and 330°F until placed on the grade.
Do not discharge HMA into the hopper when its temperature is less than:

(1) 245°F for a nominal layer thickness of 1 1/2 inches or less, or
(2) 225°F for a nominal layer thickness of more than 1 1/2 inches.
d) Flexible paving mixtures not meeting these requirements will be rejected.
e) Production temperature limits apply starting at point of discharge from mixer.
3) Minimize segregation to the extent that it cannot be visibly observed in the compacted surface.
4) Apply only approved release agents to trucks and equipment, as specified in Article 2001.01.
5) Except for an unavoidable delay or breakdown, provide continuous and uniform delivery of hot HMA to any
individual spreading unit.

4. Placement.

a.
b.

C.

=h

Clean each lift according to Article 2212.03, B, 1. If necessary, re-tack.

Prior to placing the final lift, correct bumps or other significant irregularities that appear or are evident in the

intermediate course or other lower course.

Do not place HMA mixtures under the following circumstances:

1) On a wet or damp surface.

2) When road surface temperature is less than that shown in Tables 2303.03-1 and 2303.03-2, unless allowed
per Article 2303.03, F.

Table 2303.03-1: Base and Intermediate Course Lifts of
Asphalt Mixtures

Nominal Thickness - Road Surface Temperature,
inches °F
Less than 2 40
2-3 35
Over 3 35
Table 2303.03-2: Surface Course Lifts of Asphalt
Mixtures
Nominal Thickness - Road Surface Temperature,
inches °F
1 HMA: 50 / WMA: 40
11/2 HMA: 45 / WMA: 40
2 and greater 40

The Engineer may further limit placement if, in the Engineer’s judgment, other conditions are detrimental to
quality work.

Maintain a straight paving edge alignment. Correct edge alignment irregularities immediately.

Base the minimum layer thickness on Table 2303.03-3. Minimum layer thickness does not apply to
leveling/scratch courses.



5.
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Table 2303.03-3: Minimum Lift Thickness

Design Mix Size - inches M|n|mumirl;|(1::;:|ckness )
3/8 1
1/2 11/2
3/4 2
1 3

Complete each layer to full width before placing succeeding layers.

While operating on the road surface, do not use kerosene, distillate, other petroleum fractions, or other solvents,
for cleaning hand tools or for spraying the paver hopper. Do not carry containers of cleaning solution on or near
the paver. When a solvent is used, do not use the paver for at least 5 hours after cleaning.

After spreading, carefully smooth to remove all segregated aggregate and marks.

When placing two adjacent lanes, pave no more than 1 day of rated plant production before paving the adjacent
lane(s). Place the adjacent lane to match the first lane during the next day of plant production.

At the close of each working day, clear all construction equipment from the roadbed.

Prior to opening a lane to traffic, place fillets, safety edge, or full width granular shoulders according to Article
2121.03, C, 4. Place the material adjacent to and equal in thickness to the resurfacing. Fillet removal is incidental
to the HMA mixture.

Compaction.

General.

1) Promptly and thoroughly compact each layer. Use mechanical tampers for areas inaccessible to the rollers.

2) Use arolling procedure and compactive effort that will produce a surface free of ridges, marks, or bumps.

3) The quality characteristic is in-place air void content and will be based on the theoretical maximum specific
gravity (Gmm) for that day's mixture.

Class | Compaction.

1) Applications.

Use Class | compaction for all courses for the traffic lanes, ramps, and loops on all roadways.

2) Test Strip Construction for Class | Compaction.

a) For the purpose of evaluating properties of the asphalt mixtures and for evaluating an effective rolling
pattern:

(1) Construct a test strip of the surface mixture prior to its placement on the surface course for
Interstate highways, Primary highways, and ramps connecting Interstate and Primary highways.

(2) Construct a test strip of the intermediate mixture at the start of its placement on the intermediate
course for Interstate highways, interstate-to-interstate ramps.

(3) Test strips for other mixtures may be constructed, but are not required.

b) Test strips are not required when the entire production of the mixture bid item is placed in a single day.

c) The quantity of mixture subject to the test strip production, will be pre-established with the Engineer and
limited to a half day’s production

d) When the contract documents specify both intermediate and surface courses and a test strip is
required, place a surface course test strip in lieu of intermediate mixture in a section of the intermediate
course prior to actual surface course placement. If surface course and intermediate course are not
placed the same calendar year, then place test strip at beginning of surface mix production.

e) Only one test strip will be allowed for each mixture and shall be declared to the Engineer prior to
placement. The Engineer may require additional test strips if a complying HMA mixture or rolling pattern
was not established.

f) Use test strip production control that meets the requirements of Article 2303.03, D, 3, b. The test strip
will be an independent lot. Determine sublots in accordance with Table 2303.03-5.

Class Il Compaction.

Intended for paved shoulders, temporary crossovers, onsite detours, base widening in a non-travel lane and

other situations where Class | is not specified.

1) Establish a rolling pattern to verify adequate density.

2) Atthe Engineer’s option, cores or gauge readings at the frequency designated in Materials [.M. 204
Appendix F for the first day of placement will be used. The Engineer may modify the sample size and
frequency provided compaction is thorough and effective.

3) The Engineer will accept the rolling pattern based on the average test results. When the average field voids
is less than or equal to 8.0%, the pattern is considered thorough and effective.

4) When the average field voids exceeds 8.0%, modify the rolling pattern. The Engineer may require additional
testing until thorough and effective compaction is achieved.

5) For areas inaccessible to rollers, use mechanical tampers or other approved compaction methods.




Joints and Runouts.

a.

Construct longitudinal joints for courses on resurfacing projects within 3 inches of the existing longitudinal joint.
Construct longitudinal joints to secure complete joint closure and avoid bridging of the roller. When the joint is
completed, the hot side shall be no more than 1/4 inch higher than the cold side.

Saw transverse construction joint to a straight line at right angles to the center line to provide a full thickness
vertical edge before continuing paving.

Place temporary runouts according to road standards. Remove temporary runouts before commencing paving.
Runout removal is incidental to the HMA mixture.

Miscellaneous Operations.

a.

Leveling and Strengthening Courses.

1) Use the same mixture specified for the base or intermediate course.

2) Compact leveling courses and intermediate mixtures placed as leveling/scratch courses (less than or equal
to 1 inch plan thickness) using pneumatic and vibratory rollers. This is considered Class || compaction.

Wedge Courses.

1) Use the base or intermediate mixture to construct wedge courses used to secure desired curve super-
elevation. When possible, spread using a finishing machine.

2) Place wedge courses in compacted layers no thicker than 3 inches.

3) On super-elevated curves which require wedge course placement, stage the shoulder construction. After
completing each day’s wedge placement operations and prior to suspending that day’s construction
activities, construct a full width shoulder on the high side up to the completed wedge course elevation.
Shoulder construction staging will be considered incidental to shoulder construction.

4) Use Class Il compaction.

Fixtures in the Pavement Surface.

1) Adjust manholes, intakes, valve boxes, or other fixtures encountered within the area to be covered by HMA
to conform to the final adjacent finished surface. Payment for adjustment of manholes or intakes will be per
Section 2435. Payment for adjustment of valve boxes and other fixtures will be per Section 2554. Unless
specified otherwise in the plans, adjust fixtures:
¢ Between placing the surface course and the layer preceding the surface course, or
e After placing the surface course using a composite patch or PCC patch.

2) Use PCC and HMA patch material complying with the requirements of Section 2529. Make patches large
enough to accommodate the structure being adjusted.

3) Unless otherwise approved, construct patches to be square. Orient them diagonally to the direction of traffic
flow. Ensure the elevation of the adjusted fixture and patch does not differ from the elevation of the
surrounding pavement surface by more than 1/4 inch.

4) When shaping and compacting resurfacing near inlets to storm sewer intakes, shape to ensure maximum
drainage into intakes.

Fillets for Intersecting Roads and Driveways.

1) Shape, remove loose material, and tack the surface adjacent to the pavement. On the tack coated surface,
place and compact the hot mixture in layers equal to the adjacent layer. Extend from the edge of the
pavement as shown on the plans.

2) Place and compact fillets at intersecting roads at the same time as the adjacent layer.

3) Entrance fillets that are 8 feet or wider may be placed as a separate operation. Pave fillets which are 8 feet
or wider with a self-propelled finishing machine described in Article 2001.19.

4) The Engineer may approve other equipment for placement of fillets, based on a demonstration of
satisfactory results.

Stop Sign Rumble Strips.

If the plans include the bid item Rumble Strip Panel (In Full Depth Patch), apply Section 2529. To meet the

requirements of placing Stop Sign Rumble Strips before opening roadway sections to traffic, the Contractor may

construct temporary rumble strip panels meeting the final pattern and location of the Stop Sign Rumble Strip
indicated in the plans

Paved HMA Shoulders.

1) Compact paved HMA shoulders using one of the following methods:

a) Class Il compaction (Article 2303.03, C, 5, c),
b) Same rolling pattern established for adjoining mainline or ramp driving lane, as determined by density
coring.

2) Shoulder area will not be included in PWL calculations for field voids on adjoining mainline or ramp driving
lane. A price adjustment may be applied to shoulder areas that do not adhere to the established roller
pattern.

D. Quality Assurance Program.

1.

General.



Except for small quantities as defined in Article 2303.03, A, 2, follow the procedures and meet the criteria established
in Articles 2303.02 and 2303.03, B, Section 2521, and Materials |.M. 510 and 511.

Mix Design - Job Mix Formula.

a. The Contractor is responsible for the JMF for each mixture.

b. Submit a completed JMF, using the computer format of Form 956, for approval to the materials lab designated by
the Contracting Authority. Submit supporting documentation demonstrating the design process was followed and
how the recommended JMF was determined. Include an economic evaluation when required. Include trial and
final proposed aggregate proportions (Form 955) and corresponding gyratory data. In addition, submit sufficient
loose mixture and individual material samples for approval of the design.

c. Personnel preparing the JMF shall be lowa DOT certified in HMA Level II.

d. An approved JMF will be required prior to beginning plant production.

Plant Production.
a. General.

All of the following qualify as a “significant mix change”:

e A single occurrence of an aggregate interchange of greater than 5%.
An aggregate interchange of greater than 5% from last approved JMF.
A single occurrence of an asphalt content change greater than 0.2%.
An asphalt content change greater than 0.2% from last approved JMF.
A deletion or introduction of a new material into the mix.
A change of additive dosage rate.

e A change of binder, aggregate, or additive source.
b. Production Control.

1) After the JMF is established, the combined aggregate gradation furnished for the project, asphalt binder
content, asphalt film thickness, and laberatery-air voids should consistently comply with the JMF target
values and design criteria in Materials .M. 510 Appendix A. Control them within the production tolerances
given in Table 2303.03-4.

Table 2303.03-4: Production Tolerances

Measured Target Specification

Characteristic Value (%) Tolerance (%) @
Cold feed gr'adatlon No. 4 by JMF +70
and larger sieves
Cold feed gradation No. 8 by JMF +5.0
ggld feed gradation No. by JMF +40
Cold feed gradation No.
200 by JMF +2.0
Fieldlaberatory-air Lab
voids absolute deviation 0.0 <1.0
from target ®
Daily asphalt binder by JMF +03
content
(a) Based on single test unless noted otherwise.
(b) When lab voids acceptance is not based on PWL.

2) The gyratory mix design gradation control points for the size mixture designated in the project plans will not
apply to plant production control tolerances.
3) Adjustments to the JMF target gradation and asphalt binder content values may be made.

a) The Contractor determines from quality control testing that adjustments are necessary to achieve the
specified properties.

b) Consult with the Engineer regarding adjustments to the JMF.

c) Notify the Engineer if the average daily gradation for a mixture bid item is outside the production
tolerances. If other production tolerances and mixture requirements of Materials I.M. 510 Appendix A
are acceptable, a change in gradation target can be requested.

d) The Contractor’s adjustment recommendations prevail provided all specifications and established mix
criteria are being met for plant production.

4) Calculate estimated film thickness every day of production according to Materials I.M. 501. Compliance is

based on limits in Materials .M. 510 Appendix A.

5) Calculate absolute deviation from target lab voids according to Materials I.M. 501. To determine the moving
average absolute deviation from target laboratory voids, use the average of the last four individual sample
absolute deviations from target laboratory voids.




6)

7

Notify the Engineer whenever the process approaches a specification tolerance limit. When acceptance for
lab voids is not based on PWL, cease operations when the moving average point for absolute deviation from
target lab voids is outside the specification tolerance limit. Assume responsibility to cease operations,
including not incorporating material which has not been placed. Do not start the production process again
until notifying the Engineer of the corrective action proposed. The moving AAD may restart only in the event
of a mandatory plant shutdown for failure to maintain the average within the production tolerance.

After the second occurrence of the moving AAD falling outside the specification tolerance limit, the Engineer
may declare the lot or portions of the lot defective.

4. Sampling and Testing.

a.

General.

1) Perform sampling and testing to provide the quality control of the mixture during plant production. Certified
Plant Inspection according to Section 2521 is required.

2) Personnel involved in sampling and testing on both verification and quality control shall be lowa DOT
certified for the duties performed per Materials .M. 213.

3) Provide easy and safe access for lowa DOT staff to the location in the plant where samples are taken.

4) Maintain and calibrate the quality control testing equipment using prescribed procedures. Sample and test
according to the specified procedures as listed in the applicable Materials I.M. and Specifications. When the
results from a Contractor’s quality control lab are used as part of product acceptance, the Contractor’s
quality control lab is required to be qualified.

5) Identify, store, and retain all quality control samples and field lab gyratory specimens used for acceptance
until the lot is accepted.

6) Obtain verification samples at random times as directed and witnessed by the Engineer according to
Materials .M. 204 Appendix F. Secure all verification samples according to Materials .M. 205 Appendix A.
Store verification samples for the Contracting Authority until delivery to the Contracting Authority’s lab.

7) Deliver the Plant Report to the Engineer and the designated district materials laboratory daily. At project

completion, provide the Engineer a copy of the reports, charts, and other electronic file(s) containing project
information generated during the progress of the work.

Asphalt Binder.

Sample and test asphalt binder to verify the quality of the binder grade. Do not sample when daily production is
less than 100 tons of mixture.

Tack Material.

Sample and test asphalt emulsions to verify residual asphalt content.

Aggregate Gradation.

1)
2)

3)

Use cold feed or ignition oven gradation for aggregate gradation control to assure materials are being
proportioned according to the specifications.

Take a minimum of one aggregate gradation for each day’s production that exceeds 100 tons of mixture.
When more than one sample in a day’s production is tested, use the average gradation to determine
compliance of the daily lot.

Engineer will verify Contractor gradation with an ignition oven or a split cold feed sample. For ignition oven
validation, split a cold feed sample with the Engineer to determine the need for a correction factor according
to Materials .M. 511. The Engineer may require additional cold feed split samples.

Uncompacted Asphalt Mixture.

1)
2)
3)

4)

5)
6)

7

Sample the loose mixture according to Materials .M. 322.

Modify sampling location to include placement with mix stored from a previous day’s production.

The number of daily samples is defined in Table 2303.03-5 based on the day’s estimated production. See
Materials .M. 511 for determining sample locations.

Table 2303.03-5: Uncompacted Mixture Sampling
Estimated Daily Production, Tons | Number of Samples

101-500
501-1250
1251-2000
2001-4500
Over 4500

A (WIN|=

Do not take samples from the first 100 tons of mix produced each day or the first 100 tons of mix following a
significant mix change. When paving operations are staged so each day of placement is less than 100 tons
for the entire production of the bid item, establish a sampling plan with the Engineer that includes a minimum
of one sample per 2500 tons.

Split samples for specimen preparation according to Materials .M. 357.

Paired sampling may also be accomplished by taking a bulk sample and immediately splitting the sample
according to Materials .M. 322 on the grade.

Test the quality control sample of each production paired sample as follows:

a) Prepare and compact two gyratory specimens according to Materials .M. 325G.
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b) Determine the bulk specific gravity of compacted mixture (Gmb) at Naesign for each specimen according to
Materials .M. 321. Average the results.

c) Determine the Theoretical Maximum Specific Gravity (Gmm) of the uncompacted mixture according to
Materials .M. 350.

d) Determine laboratory air voids for each sample according to Materials .M. 501.Use the target laboratory
voids listed in Materials [.M. 510 Appendix A unless otherwise specified in the contract documents.

Compacted Pavement Cores.

1) The Engineer will determine the core locations. The length laid in each lot will be divided into approximately
equal sublots. Obtain one sample at a random location in each sublot. Determine a new random location for
the sublot when the designated core location falls on a runout taper at an existing pavement, bridge, or
bridge approach section where the thickness is less than the design thickness.

2) Take samples from the compacted mixture and test no later than the next working day following placement
and compaction.

3) Restore the surfaces the same day. Dry, fill with the same material, and properly compact core holes.

4) Pavement core samples will be identified, taken possession of by the Engineer, and delivered to the
Contractor’s quality control field laboratory.

5) The Engineer may either:

e Transport the cores directly to the lab, or
e Secure the cores and allow the Contractor to transport the cores to the lab.

6) Prepare and test the cores according to Materials I.M. 320, 321, and 337.

7) Cut and trim samples under the direction of and witnessed by the Engineer for tests of Gmb, thickness, or
composition by using a power driven masonry saw.

8) The compacted HMA pavement will be tested in a timely manner by the Engineer’s personnel. The Engineer
will test each lot of cores at the Contractor’s field quality control laboratory. Cores may also be tested by the
Contractor; however, the Contractor’s test results will not be used for material acceptance.

5. Verification and Independent Assurance Testing.

a.

b.

The Contractor's quality control test results will be validated by the Engineer's verification test results on a
regular basis using guidelines and tolerances set forth in Materials [.M. 216 and 511.

If the Engineer’s verification test results validate the Contractor’s test results, the Contractor's results will be used
for material acceptance. Disputes between the Contractor's and Engineer's test results will be resolved according
to Materials I.M. 511.

The Engineer will randomly select one or more of the daily production verification samples. Some or all of the
samples selected will be tested in the materials laboratory designated by the Engineer. The Engineer will use the
verification test results to determine if the Contractor’s test results can be used for acceptance.

Personnel and laboratory equipment performing tests used in the acceptance of material are required to have
participated in the statewide Independent Assurance Program according to Materials |.M. 207.

6. Acceptance of Asphalt Mixtures.

a.

Lab Voids.
1) Use the following methods of acceptance for laboratory voids:

a) For base widening, ramps and loops, shoulders, recreational trails, and other mixture bid items not
placed in travel lanes of a permanent pavement, acceptance for laboratory voids will be based on a
moving average absolute deviation (AAD) from target as defined in Materials |.M. 501. Use the
production tolerance in Table 2303.03-4. During a day’s production, if more than 100 tons of the bid
item is placed in an area not listed above, apply Article 2303.03, D, 6, b, for entire production of bid
item.

b) Determine PWL for each lot as defined in Materials I.M. 501. The PWL limits shall be +/- 1.0% from the
target air voids. Each mixture bid item will constitute a lot. Lot size is defined as follows:

(1) No less than eight and no more than 15 sequential tests will constitute a lot (exceptions stated
below).

(2) After the eighth test, all subsequent samples collected will also be included in the lot up to a
maximum of 15.

(3) Once a lot has been established with at least eight tests, a new lot will begin the day following the
fifteenth sample. Lots shall not contain partial days. When the fifteenth sample is reached, include
all samples taken that day in the lot.

(4) If the bid item’s production has ended and fewer than eight tests are available, those tests may be
combined with the previous lot provided the maximum lot size has not already been reached. When
combining results, if the day to be combined contains the fifteenth sample, include all samples for
that day. Do not combine partial day’s results.

(5) If samples cannot be combined with the previous lot due to maximum lot size restrictions or if fewer
than eight tests are available for the entire production of a bid item, combine those tests into a
single lot and use the AAD analysis in Materials |.M. 501.

(6) Test strips will be considered a separate lot.
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2)

(7) When the same mix type is produced for multiple bid items in one day from a single plant and the
production going to each item exceeds 500 tons, assign all box samples to each bid item’s existing
lot for lab voids. In addition, assign the quantity of each bid item produced to its respective lot.

(8) When the same mix type is placed in both PWL and AAD areas in a single day, include all samples
for that day in the PWL lot as well as the quantity of the mixture bid item produced and placed in
the PWL area.

Determine the pay factor using the AAD procedure described in Materials I.M. 501 for mix in a PWL lot

which is produced at irregular intervals and placed in irregular areas. The following items qualify as such and

shall be combined into a single lot:

e Asphalt mixture produced and placed on gores, detours, cross-overs, temporary pavements, turning
lanes, and fillets,

e  Asphalt mixture produced and placed on ramps

e  Asphalt mixture produced and placed on shoulders.

To be considered irregular, the production rate for mixture bid items described above is not to exceed 1000

tons in a single day.

b. Field Voids.

1)

2)

Class I.

a) Alotis considered to be one layer of one mixture bid item placed during a day’s operation. The
Engineer may approve classifying multiple layers of construction placed during a single day as a lot
provided only one mixture was used.

b) For the following situations sampling for field voids may be waived by the Engineer provided
compaction has been thorough and effective, or sampling may be modified by mutual agreement to
include more than one day’s production provided samples are taken prior to trafficking:

o  When the day’s operation is not more than 2500 square yards excluding areas deducted from the
field voids lot,

o When the day’s operation is not more than 500 tons excluding quantities deducted from the field
voids lot,

o  When the mixture is being placed in irregular areas, or

o  When placing strengthening courses.

c) If a sample is damaged or measures less than 70% or more than 150% of the intended thickness, an
alternate sampling location will be determined and used. Take samples from no less than 1 foot from
the unconfined edge of a given pass of the placing equipment, from run-outs, or from day’s work joints
or structures.

d) Use the following methods of acceptance for field voids:

(1) For mixture bid items placed in the following areas:

e Base widening placed in a travel lane,

Ramps,

Bridge approaches placed as a separate operation,

Non-interstate travel lanes intended to be in service for fewer than 12 months,

State Park and Institutional roadways,

Recreational trails, and

Irregular areas identified by the Engineer that may include areas not suitable for continuous

paving,

The Engineer will accept the field voids lot based on the average test results or an established
effective rolling pattern when approved by the Engineer. Do not exceed 8.0% average field voids.
The Engineer may modify the sample size and frequency provided compaction is thorough and
effective. The Engineer may apply the pay schedule in Article 2303.05, A, 3, b, 3, to areas where
thorough and effective compaction is not achieved.

(2) For all other areas of Class | compaction, determine PWL as defined in Materials |.M. 501. The
PWL limit shall be between 91.5% of Gmm (8.5% voids) and -100% of Gmm (0% voids). Use
maximum specific gravity (Gmm) results in field voids calculations as follows:

(a) When cores represent one day’s production and more than one Gmm test result is available,
use the average Gmm in the field voids calculation for all cores.

(b) When cores represent one day’s production and only one Gmm test result is available, use the
single Gmm test result in the field voids calculation for all cores.

(c) When the cores represent more than one day’s production, use the average of all Gmm test
results from all days corresponding with the cores.

e) When the PWL falls below 88:8 90.0, use the procedure outlined in Materials .M. 501 to identify outliers
with 1.80 as the quality index criterion. Only one core may be considered an outlier in a single lot. If an
outlier is identified, recalculate the PWL with the results of the remaining cores and determine whether
the PWL is improved. Use the larger of the original and recalculated PWL to determine the pay factor.

For Class Il apply Article 2303.03, C, 5, c.

c. Asphalt Film Thickness.
A lot is considered one day’s production of one mixture. When film thickness falls outside the limits in Materials
I.M. 510 Appendix A, see Article 2303.05, A, 3, ¢, for payment adjustment.

12



d. Thickness.

1) The Engineer will measure cores, exclusive of thin surface treatments, according to Materials I.M. 337.

Sampling frequency and lot definitions are as follows:

a) Class | Compaction.
The Engineer will obtain and test samples for each lot according to Materials I.M. 204 Appendix F.
Density cores sampled as part of a field voids lot will be combined into daily lots based on cores’
intended thickness. Samples for thickness not tested for Gmb, because they are less than 70% of the
intended thickness, are included for thickness. In these particular instances, do not measure the
thickness of additional sufficiently thick samples used to determine field voids. When measuring density
of top lift from a full depth core, measure thickness before trimming core for density testing.

b) Class Il Compaction.
The Engineer will obtain and test samples full depth once the final lift is placed. The lot shall be defined
as the length of a day’s production of the final lift. Take a minimum eight cores from each lot. The
Engineer may approve classifying multiple days of construction as a lot.

2) Provided there is reasonable assurance that the pavement complies with the required thickness, the
Engineer may waive sampling for thickness for the following situations:

a) When an alternate method is deployed by the Engineer
b) When the day's operation is 2500 square yards or less.
c) When the mixture is being placed in irregular areas.
d) When the mixture is being placed next to structures.

3) Establish the intended thickness daily with consideration given to field conditions and tie-in features.

4) When the quality index falls below 0.00, the Engineer may declare the lot or parts of the lot defective. If the
final lift has not been placed, the Engineer may approve additional thickness to be placed on succeeding lifts
to ensure a final grade as intended. The unit price of the defective lot will be used for payment of the
additional material.

e. Smoothness.

1) Apply Section 2317 to HMA surface mixture bid items of a Primary project or when specifically required for
other projects.

2) On all projects, the Engineer may determine and identify irregularities of 1/2 inch or more in 25 feet
longitudinally. Correct the irregularities identified by the Engineer in accordance with Section 2317.

E. Quality Control for Small HMA Paving Quantities.

1.

General.
For small quantities, a lot will be the entire quantity of each HMA mixture bid item.

Mix Design.
a. Prepare the JMF. Prior to production, obtain the Engineer’s approval for the JMF. Comply with Article 2303.02
and Materials |.M. 510.
b. For mixtures meeting the criteria in Article 2303.02, E, 2, a:
1) An anti-stripping agent is required when the optimum dosage is greater than 0%.
2) Use Materials |.M. 319 to optimize the design dosage rate.
3) When prior-approved designs have demonstrated acceptable field SIP values, the anti-stripping agent and
dosage from the JMF may be used in lieu of optimization testing.

Plant Production.

a. Ensure production plant calibration for the JMF is current and no more than 12 months old.

b. Use certified asphalt binder and approved aggregate sources meeting the JMF. Ensure the plant maintains an
asphalt binder log to track the date and time of binder delivery. Ensure delivery tickets identify the JMF.

c. Monitor the quality control test results and make adjustments to keep the mixture near the target JMF values.

Sampling and Testing.
a. Field Voids.

1) Take compacted mixture Gmb measurements, except when Class || compaction is specified, no later than
the next working day following placement and compaction.

2) The Engineer may accept the void content of the compacted layer based on cores or calculations from
density gauge measurements. The Engineer may waive field void sampling provided the compaction has
been thorough and effective.

3) PW.L for field voids will not apply to small quantities.

b. Lab Voids.

1) Material sampling and testing is for production quality control. Acceptance of mixture is based on Contractor
certification. Sampling and testing of uncompacted mixture is only required for mechanically placed mixture.
Sample and test a minimum of one uncompacted mixture sample according to the Standard Specifications
and Materials |1.M.s using certified technicians and qualified testing equipment.

2) The Engineer may approve alternative sampling procedures or may waive sampling of uncompacted mix
and gradation if Contractor can provide plant reports from other recent project(s) demonstrating the JMF has
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been produced within specification. Take the sample between the first 100 to 200 tons of production. No split
samples for agency verification testing are required.

3) PWL for lab voids will not apply to small quantities.

Binder.

No binder sampling or testing is required.

Moisture Sensitivity.

Moisture susceptibility testing on plant produced mixture is not required.

Gradation.

Perform a minimum of one aggregate gradation.

5. Certification.

b.

When the production tolerances in Table 2303.03-4 are not met, payment may be adjusted according to Article
1105.04.
When the production tolerances are met, provide a certification for the production of any mixture in which the
requirements in this article are applied. Place the test results and the following certification statement on the
Daily Plant Report.
“The mixture contains certified asphalt binder and approved aggregate as specified in the approved mix
design and was produced in compliance with the provisions of Article 2303.03, E.”
The Daily Plant Report may be submitted at the end of the project for all certified quantities, or submitted at
intervals for portions of the certified quantity.

F. Cold Weather Paving.

1.  When road surface temperature is below requirements shown in Tables 2303.03-1 and 2303.03-2, or when air
temperature approximately 3 feet above grade, in shade, and away from artificial heat sources is less than 40°F,
cold-weather paving may be considered by the Engineer.

2. Cold Weather Paving Plan.

a.

Submit a written cold weather paving plan to the Engineer. Document material, operational, and equipment
changes for paving when air temperature approximately 3 feet above grade, in shade, and away from artificial
heat sources is less than 40°F.

Include the following:

1) Use an approved mix design that incorporates a warm mix additive. Do not use water injection.

2) Identify warm mix additive and dosage rate.

3) Identify modifications to compaction process and when modifications apply.

If the National Weather Service forecast for the construction area predicts ambient air temperature less than
40°F at the projected time of paving within the next 24 hours, confirm or submit revisions to the cold weather
paving plan for Engineer validation. Update plan as required to accommodate conditions anticipated for the next
day's operations. Upon validation of the plan, the Engineer will allow paving for the next day. Once in effect, pave
conforming to the Engineer-accepted cold weather paving plan for balance of that workday or shift regardless of
the temperature at time of paving.

Engineer’s written acceptance will be required for the cold weather paving plan. Engineer’s acceptance of the
plan does not relieve Contractor of responsibility for the quality of HMA pavement placed in cold weather.

3. Do not place flexible paving mixtures over frozen subgrade or base, or where roadbed is unstable.

4. Engineer may further limit placement if, in the Engineer’s judgment, other conditions are detrimental to quality work.

2303.04 METHOD OF MEASUREMENT.

A. Hot Mix Asphalt Mixture.

1. General.

a.
b.

C.

Removal of fillets is incidental to the contract unit price for the mixture.

If the Contractor chooses to place intermediate or surface mixture in lieu of base for the outside shoulders, the
quantity will be calculated from the pavement and shoulder template. If placed as a separate operation, the
quantity will be calculated from scale tickets. If the substitute mixture placed on the shoulder is for an
intermediate course fillet only, include the quantity in the fillet for payment in the quantity placed in the adjacent
intermediate course.

Payment for the quality control requirements for small quantities will not be measured separately.

2. Measurement by Weight.

a.

The quantity of the type specified, expressed in tons, will be determined from the weight of individual loads,
including fillets, measured to the nearest 0.01 tons.
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b. Loads may be weighed in trucks, weigh hoppers, or from the weight from batch plants computed by count of
batches in each truck and batch weight. Article 2001.07 applies. Segregate the weights of various loads into the
quantities for each pay item.

3. Measurement by Area.

a. The quantity of the type specified, expressed in square yards, will be shown in the contract documents to the
nearest 0.1 square yard. The area of manholes, intakes, or other fixtures will not be deducted from the measured
pavement area.

b. When constructing shoulders on a basis of payment of square yards, inspection of the profile and elevation will
be based on the completed work relative to the pavement edge. The Contractor is responsible for the profile and
elevation of the subgrade and for thickness.

Asphalt Binder.

1. Measure the amount of asphalt binder by in-line flow meter reading, according to Article 2001.07, B.

2. Compute the asphalt binder quantity added to the storage tank using a supplier certified transport ticket
accompanying each load.

3. The quantity of asphalt binder not used in the work will be deducted.
4. When the quantity of asphalt binder in a batch is measured by weight and is separately identified by automatic or
semi-automatic printout, the Engineer may compute the quantity of asphalt binder used from this printout. By mutual

agreement, this method may be modified when small quantities or intermittent operations are involved.

5. The Engineer will calculate and exclude the quantity of asphalt binder used in mixtures in excess of the tolerance
specified in Article 2303.03, D, 3, b.

6. When payment for-HMA is based on area, the quantity of asphalt binder used will not be measured separately for
payment.

Recycled Asphalt Pavement.

1. A completed Daily HMA Plant Report with the certification statement is required for measurement and payment for
Contractor Certified HMA. The quantity of asphalt binder will be based on the approved JMF and any plant production
quality control adjustments.

2. The quantity of asphalt binder in RAP incorporated into the mixture will be calculated in tons. This quantity shall be
based on the actual asphalt binder content determined for the mix design from the results of the Engineer’s extraction
tests.

3. The quantity of asphalt binder in RAP, which is incorporated into the mix, will be included in the quantity of asphalt
binder used.

Anti-strip Agent.
Will not be measured separately. The quantity will be based on tons of HMA mixture with anti-strip agent added.

Tack Coat.
Will not be measured separately.

Hot Mix Asphalt Pavement Samples.
Will not be individually counted for payment if furnished according to Article 2303.03, D, 4, or required elsewhere in the
contract documents,

Recycled Asphalt Shingles.
67% of the asphalt binder from RAS which is incorporated into the mixture will be included in the quantity of asphalt binder
used.

Cold Weather Paving.
Will not be measured separately. The quantity will be based on tons of flexible paving mixture placed with warm mix
additive.

BASIS OF PAYMENT.

The costs of designing, producing, placing, and testing bituminous mixtures and the cost of furnishing and equipping the QM-A field
laboratory will not be paid for separately, but are included in the contract unit price for the HMA mixes used. The application of tack
coat and sand cover aggregate are incidental and will not be paid for separately. Pollution testing is at the Contractor’s expense.

15



The installation of temporary Stop Sign Rumble Strips will not be paid for separately, but is incidental to the price bid for the HMA
course for which it is applied.

The quality control requirements for small quantities are incidental to the items of HMA mixtures in the contract.

A. Flexible Paving Mixture.

1.

2,

Payment will be the contract unit price for Asphalt Mixture of the type specified per ton or square yard.

Payment for test strips will be the contract unit price for the test strip mixture bid item per ton regardless of lift
placement.

Payment will be adjusted by the following Pay Factor for field voids, laboratory voids, and film thickness determined
for the lot.

Multiply the unit price for the HMA bid item by the Pay Factor rounded to three decimal places.
a. Laboratory Voids.
1) Payment when PWL is used for acceptance:

PWL Pay Factor
100.0 1.060
90.1-99.9 0.006000*PWL + 0.4600
90.0 1.000
50.0 - 89.9 0.00625*PWL + 0.4375
Less than 50.0 0.750 maximum

When PWL is less than 50.0, the Engineer may declare the lot or parts of the lot deficient or unacceptable.
2) When PWL applies, the minimum pay factor for lab voids shall be 1.0 when the following changes are made
via plan note or special provision:
a) Decreasing the target lab voids from the limits published in Materials 1.M. 510.
b) Increasing the minimum asphalt film thickness from the limits published in Materials .M. 510.
3) Payment when PWL lots are incomplete:

AAD from Target Air Void Pay Factor

0.0to 1.0 1.000
1.1to 1.5 0.900
1.6t02.0 0.750
Over 2.0 0.500 maximum

When the AAD is more than 2.0, the Engineer may declare the lot or parts of the lot deficient or
unacceptable.
4) Use the following payment schedule when a test strip is constructed:

AAD from Target Air Void Pay Factor

00to1.5 1.000
1.6t02.0 2.5-AAD
Over 2.0 0.500 maximum

When the AAD is more than 2.0, the Engineer may declare the lot or parts of the lot deficient or
unacceptable.
b. Field Voids.
1) Payment when PWL is used for acceptance:

PWL Pay Factor
100.0 1.060
90.1-99.9 0.00600*PWL + 0.4600
90.0 1.000
50.0 -89.9 0.00625*PWL + 0.4375
Less than 50.0 0.750 maximum

When PWL is less than 50.0, the Engineer may declare the lot or parts of the lot deficient or unacceptable.
2) Payment when a test strip is constructed:

Average Field Voids (Pa), % Pay Factor

0.0t0 9.0 1.000
9.11t09.5 10 - Pa
Over 9.5 0.500 maximum
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When the average air void content from a test strip exceeds 9.5%, the Engineer may declare the lot or parts
of the lot deficient or unacceptable.
3) Payment when PWL is not used for acceptance:

Average Field Voids (Pa), % Pay Factor

0.0t0 8.0 1.000
8.1t09.5 (11-Pa)/3
Over 9.5 0.500 maximum

When the average air void content exceeds 9.5%, the Engineer may declare the lot or parts of the lot
deficient or unacceptable.
c. Film Thickness.
When film thickness (FT) is outside the limits in Materials I.M. 510 Appendix A, apply the following pay factor:

Placement Pay Factor

Low Film (FT < LL) High Film (FT > UL)
Base/Shoulders 1 -(0.15 (LL - FT)) 1-(0.15 (FT-UL))
Intermediate 1-(0.20 (LL - FT)) 1-(0.20 (FT-UL))
Surface 1-(0.25(LL - FT)) 1-(0.25 (FT-UL))
Where

LL = Lower Limit (Materials .M. 510, Appendix A)
UL = Upper Limit (Materials |.M. 510, Appendix A)

1. When basis of payment is by area, add 1.0 to the pay factor (computed above) and divide by 2.0.

2. ForFT <7.00rFT > 16.0, the Engineer may consider the lot defective. This applies to all lots (days) of
production.

3. No film thickness price adjustment for the test strip (first day of production, if no test strip performed) for
each job mix formula.

4. No film thickness price adjustment on temporary pavement.

d. Pavement Thickness
1) Payment will be further adjusted by the appropriate percentage in Table 2303.05-1 below according to the
quality index for thickness determined for that lot:

QlThickness Average Thicknessmeasured - (Thickness intended - 0.5)

= Maximum Thicknessmeasured - Minimum Thicknessmeasured

Table 2303.05-1: Payment Adjustment for Thickness
Quality Index (Thickness) Percent of Payment
8 Samples
Greater than 0.34 100
0.14t0 0.34 95
0.00t0 0.13 85
Less than 0.00 75 maximum

2) Do not apply the quality index adjustment to a layer with a designated thickness of “variable” or “nominal”, or
to a layer designated as scratch course or leveling course. Do not apply the quality index adjustment to
pavement layers designated in the contract documents as grade correction or cross slope correction. Place
grade correction or cross slope correction layers as specified in the contract documents or as directed by the
Engineer.

Payment for courses for which quality index (thickness) is not determined because of size or shape, and courses
which are found to be deficient in average width, will be according to Article 1105.04.

B. Asphalt Binder.

1.

2,

Payment will be the contract unit price per ton for the number of tons of asphalt binder used in the work.

Payment for asphalt binder will be for new asphalt binder, the asphalt binder in the RAP which is incorporated in the
mixture, and 67% of the asphalt binder from RAS which is incorporated into the mixture. The quantity of asphalt
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binder in RAM, which is incorporated into the mix, will be calculated in tons of asphalt binder in the RAM. This will be
based on the actual asphalt binder content determined for the mix design from the results of the Engineer’s extraction
test.

3. When the basis of payment for HMA is in square yards, compensation for asphalt binder will be included in the
contract unit price per square yard.

Recycled Asphalt Pavement.

RAP owned by the Contracting Authority will be made available to the Contractor for the recycled mixture at no cost to the

Contractor other than loading, hauling, and processing as required for incorporation into the mix.

Anti-strip Agent.

1.  When anti-strip agent is required, payment will be made at the rate of $3.00 per ton of asphalt mixture in which the
anti-strip agent is incorporated, if the Contracting Authority’s test results from the field produced mixture meet or
exceed the minimum requirement established in Article 2303.02, E, 2, d.

2. Payment will be full compensation for designing, adding, and testing for anti-strip agent.

Tack Coat.
Incidental to HMA.

Hot Mix Asphalt Pavement Samples.
1.  Payment will be the lump sum contract price.

2. Payment is full compensation for furnishing all samples for all courses or items of work, and for delivery of samples
as specified in Article 2303.03, D, 4.

Cold Weather Paving.

1.  When cold weather paving is permitted by the Engineer, payment will be made at the rate of $3.00 per ton of flexible
paving mixture in which the warm mix additive is incorporated.

2. Contracting Authority will not pay for compaction additive when:
a. Pay factor for Field Voids is less than 1.0 for Class | compaction.
b. Compaction is not thorough and effective for Class | compaction.

3. If because of an excusable compensable delay, the Engineer directs Contractor to pave when temperatures meet

cold weather definition, the Contracting Authority will relieve Contractor of responsibility for damage and defects the
Engineer attributes to cold weather paving.
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S$S-23005
(New)

(J10WADOT

SUPPLEMENTAL SPECIFICATIONS
FOR
HOT MIX ASPHALT INTERLAYER

Effective Date
October 17, 2023

THE STANDARD SPECIFICATIONS, SERIES 2023, ARE AMENDED BY THE FOLLOWING
MODIFICATIONS AND ADDITIONS. THESE ARE SUPPLEMENTAL SPECIFICATIONS AND THEY
PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS.

23005.01 DESCRIPTION.
These specifications describe requirements for a highly polymer modified asphalt interlayer. Apply
Section 2303 of the Standard Specifications unless otherwise directed in these specifications.

23005.02 MATERIALS.

A. Asphalt Binder.
Use a PG 58-34E.

B. Mix Design.

1. See Materials .M. 510 Appendix A.

2. Mix approval is based on Performance Testing Requirements per Materials [.M. 510
Appendix A.

3. Do not use RAP.
23005.03 CONSTRUCTION.

A. Apply tack coat prior to placement of HMA interlayer according to Section 2303 of the Standard
Specifications.

B. Compact with static steel wheeled roller.
C. Do not open to traffic until the entire mat has cooled below 150°F.

D. Quality Assurance/Quality Control.

1. Field Voids Acceptance.
Acceptance for field voids shall be Class Il compaction defined in Section 2303 of the
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Standard Specifications.

2. Lab Voids Acceptance.
Sample from windrow or hopper. Apply Article 2303.05, A, 3, a, 2, of the Standard
Specifications for AAD acceptance. Air void target is based on approved JMF.

3. Take at least one cold feed for gradation control each day of production.

23005.04 METHOD OF MEASUREMENT.
Hot Mix Asphalt Interlayer, of the size specified, will be measured according to Article 2303.04 of the
Standard Specifications.

23005.05 BASIS OF PAYMENT.
Hot Mix Asphalt Interlayer, of the size specified, will be paid for according to Article 2303.05 of the
Standard Specifications.
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DS-23016
(New)

(J10WADOT

DEVELOPMENTAL SPECIFICATIONS
FOR
EVALUATION OF LONGITUDINAL JOINT QUALITY FOR
FLEXIBLE PAVING MIXTURES WITH INCENTIVE/DISINCENTIVE

Effective Date
October 17, 2023

THE STANDARD SPECIFICATIONS, SERIES 2023, ARE AMENDED BY THE FOLLOWING
MODIFICATIONS AND ADDITIONS. THESE ARE SUPPLEMENTAL SPECIFICATIONS AND THEY
SHALL PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS.

23016.01 DESCRIPTION.
This work is evaluating in-place quality of centerline longitudinal joints on surface wearing courses for
flexible paving and replaces Article 2303.03, D, 4, c, of the Standard Specifications.

23016.02 EVALUATION.

A. General Requirements.
For Class | compaction areas on the surface, longitudinal joint density lots independent from the
mat will be established for mainline paving as specified in Article DS-23016.02, B, for acceptance.
Class | compaction is defined in Article 2303.03, C, 5, of the Standard Specifications. Mainline
shall be considered through lanes within the traveled way including middle turn lanes.

B. Sampling.

1.

When surface paving abuts a previously placed surface course, forming a completed
longitudinal joint eligible for evaluation, Engineer will obtain and test samples according to
Materials I.M. 320 and 321. Using random core locations determined for daily field voids lot
(mat), Engineer will randomly select three of these locations to be sampled for joint density.
When length of longitudinal joint is less than 3 mat sublots, Engineer will select two sublot
locations. When length of longitudinal joint(s) is less than 2 mat sublots, joint cores will be
waived.

When sampling for mat field voids is modified to include multiple days due to low production,
sampling from the joint may also be modified by the Engineer.

Joints constructed with tandem pavers will be included, unless otherwise indicated in the
contract documents.

For vertical joints, center joint cores on the visible seam between to the two adjacent lanes as
shown in Appendix A of these specifications.

For notched wedge joints, center joint cores 4 inches away from the visible seam in the
direction of the wedge as shown in Appendix A of these specifications.
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6. Under direction and witnessing of the Engineer, drill one 6 inch diameter core at each sample
location as soon as possible, but no later than the day following the completion of the
longitudinal joint.

7. Do not compress, bend, or distort samples during cutting, handling, transporting, and storing.
If samples are damaged, immediately obtain replacement samples, as directed by the
Engineer, longitudinally from within 12 inches of the original sample location.

8. Apply Article 2303.03, D, 5, c, of the Standard Specifications for post drilling operations.

9. Report sample locations and test results on the daily plant report corresponding with the JMF
used in production of the sublot(s).

C. Lot Size.
Lot size shall be the length of field voids lot where longitudinal joint(s) exist.

D. Excluded Areas.

1. Engineer will not obtain samples from the following excluded areas to determine lot
acceptance:

e Joints where one side of the joint is formed by existing pavement not constructed under
this contract

e Joints where one side of the joint is not on the mainline surface.

e Areas within 1 foot longitudinally of an obstruction during construction of surface course
(manholes, inlet grates, utilities, bridge structures, runout, etc.). Should a random sample
location fall within 1 foot of such an area, Engineer will select an alternate nearby location
away from obstruction.

e Small areas, such as intersections, gore areas or transitions, or anywhere Engineer
determines paving and phasing methods do not allow for consistent longitudinal joint
construction.

2. Prior to paving, submit requests in writing to the Engineer for consideration of areas to be
excluded on this basis. Engineer will make the final determination.

E. Joint Density.
Determine average joint density as a percent of average mat density per Appendix A. Mat cores
and joint cores shall be collected on the same day of production for density determination. Mat
cores identified as outliers for field voids acceptance will not be used in average mat density
calculation.

23016.04 METHOD OF MEASUREMENT.
The Engineer will measure the length of each longitudinal joint density lot in feet.

23016.05 BASIS OF PAYMENT.
Use Table DS-23016-01 to determine the lot payment adjustment.

Table DS-23016-01: Payment for Longitudinal Joint Density

Avg Joint Density (%) Payment Adjustment ($/ft)
< 95.0! 0.16*Avg Joint Density -15.2
95.0 - 97.0 $0.00
> 97.02 0.1333*Avg Joint Density — 12.93

1. Disincentive is not to exceed $0.80/ft.
2. Incentive is not to exceed $0.40/ft.
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APPENDIX A

A. Joint Density

Avg Joint G,

A int D ity =100 x
vg Joint Density Avg Mat G,

B. Coring Diagram
(a) Vertical Edge/Conventional (Butt) Joint

Joint Location (Visible Seam)

1 Y

(Surface)

6” (150 mm)
Core Location

(b) Notched Wedge Joint
Joint Location (Visible Seam)

‘ — 4" (100 mm)

1 = ) i

: ' l HMA Lift
! i ' : * (Surface)
S

6” (150 mm)

Core Location
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DS-23038
(New)

(J10WADOT

DEVELOPMENTAL SPECIFICATIONS
FOR
HIGH PERFORMANCE THIN LIFT OVERLAY

Effective Date
October 17, 2023

THE STANDARD SPECIFICATIONS, SERIES 2023, ARE AMENDED BY THE FOLLOWING
MODIFICATIONS AND ADDITIONS. THESE ARE DEVELOPMENTAL SPECIFICATIONS AND THEY
PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS.

23038.03 DESCRIPTION.
These specifications describe requirements for a highly polymer modified asphalt thin lift surface course.
Apply Section 2303 of the Standard Specifications unless otherwise directed in these specifications.

23038.03 MATERIALS.
A. Asphalt Binder.

Use PG 64-34E+ with a minimum percent recovery of 90% when tested at 64°C per AASHTO T
350 at 3.2 kPa.

B. Mix Design.

1. Design Gyrations 50
Design Voids Target (Based on %Gmm) <20
Film Thickness 8.0-15.0
Aggregate Quality A
Crushed Content (minimum) 50%
FAA (minimum) 40
Sand Equivalency (minimum) 50

2. Friction Aggregate.
¢ Interstates: minimum 30% of Total Aggregate shall be Type 2 or better
¢ Non-Interstates: minimum 50% of Total Aggregate shall be Type 4 or better

3. Hamburg Testing (AASHTO T324).
Required only for Interstate paving mixes. Compact to 3.5% air voids. No more than 4 mm
rutting in the first 8000 passes.

4. Do not use more than 15.0% binder replacement. Do not use RAS.
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5. Gradation.

Table DS-23038: Thin Lift Overlay Gradation
Sieve Size | Min % Passing | Max % Passing |
1% inch
1inch
3/8 inch 91 100
#4 90
#8 27 63
#16
#30
#50
#100
#200 2 10

23038.03 CONSTRUCTION.

A. Apply tack coat prior to placement of thin lift overlay according to Section 2303 of the Standard
Specifications.

B. Keep the production temperature of HMA mixtures between 225°F and 335°F until placed on the
grade.

C. Compact with static steel wheeled roller.
D. Do not open to traffic until the entire mat has cooled below 150°F.
E. Quality Assurance/Quality Control.
1. Field Voids Acceptance.
Acceptance for field voids shall be Class Il compaction defined in Section 2303 of the
Standard Specifications.
2. Lab Voids Acceptance.

Sample from windrow or hopper. Apply Article 2303.05, A, 3, a, 2, of the Standard
Specifications for AAD acceptance. Air void target is based on approved JMF.

3. Take at least one cold feed for gradation control each day of production.

23038.04 METHOD OF MEASUREMENT.
Hot Mix Asphalt Thin Lift Overlay will be measured according to Article 2303.04 of the Standard
Specifications.

23038.05 BASIS OF PAYMENT.
Hot Mix Asphalt Thin Lift Overlay will be paid for according to Article 2303.05 of the Standard
Specifications.
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EXAMPLE CALCULATIONS FOR ASPHALT MIX DESIGN

The following pages contain examples of the common calculations used in the
testing and analysis of an asphalt mix design. The formulas needed to solve the
examples can be found in Materials IM 501. Although the computer programs will
do most of these calculations, it is essential that the certified technician
understands the mathematical relationships of the test results and the
specification values. For that reason, the certification exam for HMA Level Il
contains several questions requiring the calculation of test values and volumetric
properties.

Solutions to the example problems are included in the pages following the
examples, so the students may check their own work and see the proper
calculations.






SPECIFIC GRAVITY DETERMINATION

Given the following weights obtained during a test for aggregate specific gravity:

Weight of sample (W) = 2025.0 grams
Weight of pyc. & water (W) = 7445.0 grams
Weight of pyc. & water & sample (W2) = 8705.0 grams
Test Temperature =77°F

Weight of SSD +2.36 mm portion = 909.0 grams
Weight of SSD -2.36 mm portion =1107.0 grams
Weight of DRY +2.36 mm portion = 900.0 grams
Weight of DRY -2.36 mm portion =1079.0 grams

Using the procedure in |.M. 380 determine:

(a) Apparent Specific Gravity (Gsa): (3 decimal places)
(b) % Water Absorption (% Abs): (2 decimal places)
(c) Bulk Dry Specific Gravity (Gsp): (3 decimal places)



COMBINED GRADATION EXAMPLE:

Assume the proportions of the individual aggregates are as follows: 60% %4 Minus, 15%
%" Chips, and 25% Nat. Sand. Then using the following gradations for the individual
aggregates, determine the combined gradation.

% Passing

Sieve Size  3/4in 12in  3Bin #4 #8 #16 #30 #50 #100 #200

3/4" Minus 100 86 69 38 20 16 14 11 8.9 6.8
3/8" Chip 100 100 66 33 12 2.8 24 2.1 15 1.1
Nat. Sand 100 100 100 100 84 61 43 12 2.8 0.6
Combined

COMBINED GRADATION EXAMPLE:

Assume the proportions of the individual aggregates are as follows: 10% %.” Clean, 35%
2 Crushed, and 55% Nat. Gravel. Then using the following gradations for the
individual aggregates, determine the combined gradation.

% Passing

Sieve Size  3/4in 12in  3Bin #4 #8 #16 #30 #50 #100 #200

3/4" Clean 100 65 21 " 6.5 4.2 3.1 2.5 2.1 1.1
1/2" Crush 100 100 69 40 31 22 16 12 9.5 7.3
Gravel 100 100 100 60 48 40 30 17 10.0 4.5

Combined



FINENESS MODULUS CALCULATION EXAMPLE

Determine the fineness modulus of the Type 2 aggregate given the following information:

The Type 2 aggregate is 40% of the combined aggregate blend.

The gradation of the Type 2 aggregate is:

Percent passing: 3/4 1/2 3/8 #4 #8 #16 #30 #50 #100 #200

100 89 74 66 45 33 22 16 11 5.5



COMBINED AGGREGATE PROPERTIES

Assuming the following information:

% Passing

% in Mix Sieve Size 3/4in 1/2in 3/8in #4

60.0% 1/2" Stone 100 95 80 42
40.0% Sand 100 100 100 96

Compute the following combined material properties:

a. Qradation

b. Specific Gravity

c. Absorption

#8  #200 % Abs
22 7.0 1.76
83 1.0 0.57

2.657
2.635



BATCHING EXAMPLE #1:

You have been directed to prepare a 14,000 gram batch of aggregate composed of the following
aggregates. The % Minus has been split into four size fractions by sieving on the 1/2 in, 3/8 in
and #4 sieves. The %” Chip has been split into three size fractions by sieving on the 3/8 in and
#4 sieves. The Nat. Sand is one size fraction passing the #4 sieve. Complete the following
batching sheet by determining the mass of each aggregate needed, the percentage of each size
fraction and the weight of each size fraction.

Weight ¥4 Minus @ 60% = grams
Size % In Size Weight Needed = Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
3/4 in 100
1/2'in 86 -3/4 +1/2
3/8 in 69 -1/2 + 3/8
#4 38 -3/8 + #4
-#4
Weight 3% Chip @ 15% = grams
Size % In Size Weight Needed = Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
1/2'in 100
3/8 in 66 -1/2 + 3/8
#4 33 -3/8 + #4
-#4
Weight Nat. Sand @ 25% = grams
Size % In Size Weight Needed = Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight

#4 100 -#4




BATCHING EXAMPLE #2:

You have been directed to prepare a 15,000 gram batch of aggregate composed of the following
aggregates. The % Clean has been split into four size fractions by sieving on the 1/2 in, 3/8 in
and #4 sieves. The /2 Crushed has been split into three size fractions by sieving on the 3/8 in
and #4 sieves. The Nat. Gravel has been split into two size fractions by sieving on the #4 sieve.
Complete the following batching sheet by determining the mass of each aggregate needed, the
percentage of each size fraction and the weight of each size fraction.

Weight %2 Clean @ 10% = grams
Size % In Size Weight Needed = Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
3/4 in 100
1/2'in 65 -3/4 +1/2
3/8 in 21 -1/2 + 3/8
#4 11 -3/8 + #4
-#4
Weight '%” Crushed @ 35% = grams
Size % In Size Weight Needed = Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
1/2'in 100
3/8in 69 -1/2 + 3/8
#4 40 -3/8 + #4
-#4
Weight Nat. Gravel @ 55% = grams
Size % In Size Weight Needed = Cumulative
Sieve % Passing Fraction Fraction Each Fraction Weight
3/8in 100
#4 60 -3/8 + #4

#4




BATCH WEIGHT OF BINDER EXAMPLE

You have a 14,000g batch of aggregate with no RAM. You want to make a mix batch with an
intended total P, of 5.0%. Calculate the weight of binder to add W, :

PERCENT BINDER TO ADD TO A BATCH WITH RAM AND BATCH WEIGHT EXAMPLE

You have a 14,000g batch of aggregate that includes 10% RAP. The percent binder in the RAP (Py(rap)) is
5.2%. You want to make a mix batch with an intended total P, of 6.0%. Calculate the percent of virgin
binder to add (Py(adq)) and the weight of binder to add W, :
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Film Thickness Calculation

Page No.:
Project No.: Contract ID.:
Sieve Analysis % Passing
Sieve 11/2" 1" 3/4" 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200
Gradation 100 100 100 91 80 45 35 20 16 8.2 5.8 4.2
Surface Area Coefficient 0.0041( 0.0082| 0.0164 | 0.0287 | 0.0614 | 0.1229] 0.3277 Total
Surface Area m?/kg + 0.41
SA
Where: Py = asphalt binder content, % , mixture basis .00 Decimal Places
Ps = aggregate, % , mixture basis .00 Decimal Places
Pre = effective asphalt content, % , mixture basis .00 Decimal Places
Pva = absorbed asphalt %, aggr. basis .00 Decimal Places
FT = film thickness .0 Decimal Places
SA  =surface area .00  Decimal Places
Gs = bulk specific gravity of the combined aggregate .000 Decimal Places
Gse = effective specific gravity of the combined aggregate .000 Decimal Places
Gp = specific gravity of the asphalt binder @ 25 degrees C .000 Decimal Places
Gmm = maximum specific gravity of the mix .000 Decimal Places
Refer to IM 501 for example calculation of Effective Binder %, ( P, ), using aggregate effective specific gravity, ( G ).
Given: The combined gradation shown above and:
P,= 580 % <«—  From Tank Stick
G,= 1.030 <—  From Asphalt Supplier
Gp= 2575 <+—  From Mix Design Information
Gm= 2430 <—  From Daily Test Data
Aggregate Effective Sp. Gr. (Gge) = = G..
100 - (Py) = Gee
(100/Gym) - (P,/Gy)
Percent Absorbed Asphalt (Pp, ) = = Poa
100 X (Gse - Gsb) X (Gb) = Pba
(Gse) X (Gsb)
Effective Asphalt Content (Py,) = = Poe
P, - (Pba) X (Ps) = Poe
b
100
Film Thickness = = microns
(Ppe) X 10 = FT microns
(SA)

10



MIX DESIGN ANALYSIS PROBLEM #1

Given the following information for a gyratory mix design:

Gsa Y% Abs %-200 % Of Blend
Aggregate #1 2.705 1.26 7.3 55%
Aggregate #2 2.769 2.07 1.5 10%
Aggregate #3 2.689 1.03 3.0 10%
Aggregate #4 2.725 1.69 0.9 25%

Aggregate #4 is a Type 2 Frictional Class Aggregate that has 88% retained on the #4 sieve. The
combined blend has 52% retained on the #4 sieve.

Pr=54 Surface Area of

Gy, =1.026 Combined Blend
4.79 m*/kg

Gmb = 2.357

Gmm = 2.461

For the aggregates, calculate:

The Ggpb of each aggregate.

The combined Gy and combined absorption of the total blend.

The percent of +#4 Type 2 Frictional Class Aggregate in the total blend.
The Gse of the total blend.

For the mixture, calculate:
P., VMA, VFA, Filler/Bitumen Ratio and Film Thickness.

Aggregate #1 G =

Aggregate #2 Gsp =

Aggregate #3 G =

Aggregate #4 Gsp =

1"



Combined G =

Combined %Abs =

% +#4 Type 2 Frictional
Aggr. in the Total Blend =

Gse

Pa

VMA =

VFA =

Filler/Bitumen Ratio =

Film Thickness =

12



MIX DESIGN ANALYSIS PROBLEM #2

Given the following information for a gyratory mix design:

Gsa Y% Abs %-200 % Of Blend
Aggregate #1 2.709 2.21 6.8 35%
Aggregate #2 2.679 1.18 4.5 20%
Aggregate #3 2.739 3.05 1.1 15%
Aggregate #4 2.715 1.58 0.5 30%

Aggregate #3 is a Type 2 Frictional Class Aggregate that has 98% retained on the #4 sieve. The
combined blend has 49% retained on the #4 sieve.

P,=5.9 Surface Area of

Gy,=1.031 Combined Blend
5.19 m%*/kg

Gmb = 2.389

Gmm = 2.475

For the aggregates, calculate:

The Ggpb of each aggregate.

The combined Gy and combined absorption of the total blend.

The percent of +#4 Type 2 Frictional Class Aggregate in the total blend.
The Gse of the total blend.

For the mixture, calculate:
P., VMA, VFA, Filler/Bitumen Ratio and Film Thickness.

Aggregate #1 G =

Aggregate #2 Gsp =

Aggregate #3 G =

Aggregate #4 Gsp =

13



Combined G =

Combined %Abs =

% +#4 Type 2 Frictional
Aggr. in the Total Blend =

Gse

Pa

VMA =

VFA =

Filler/Bitumen Ratio =

Film Thickness =

14



SPECIFIC GRAVITY DETERMINATION SOLUTIONS

Given the following weights obtained during a test for aggregate specific gravity:

Weight of sample (W) = 2025.0 grams
Weight of pyc. & water (W) = 7445.0 grams
Weight of pyc. & water & sample (W2) = 8705.0 grams
Test Temperature =77°F

Weight of SSD +2.36 mm portion = 909.0 grams
Weight of SSD -2.36 mm portion =1107.0 grams
Weight of DRY +2.36 mm portion = 900.0 grams
Weight of DRY -2.36 mm portion =1079.0 grams

Using the procedure in I.M. 380 determine:

(a) Apparent Specific Gravity (Gsa): 2.647 (3 decimal places)

(b) % Water Absorption (% Abs): 1.87 (2 decimal places)
(c) Bulk Dry Specific Gravity (Gsp): 2.522 (3 decimal places)
2025 x 1.00 = 2 647
2025 + 7445 — 8705
(909 + 1107) — (900 + 1079) T
(900 + 1079) -
2.647
= 2.522

1+ (0.0187 X 2.647)

15



COMBINED GRADATION EXAMPLE SOLUTION:

Assume the proportions of the individual aggregates are as follows: 60% %4 Minus, 15%
%" Chips, and 25% Nat. Sand. Then using the following gradations for the individual
aggregates, determine the combined gradation.

% Passing
Sieve Size  3/4in 1/2in  3/8in #4 #8 #16 #30 #50 #100  #200
3/4"Minus 100 86 69 38 20 16 14 1 8.9 6.8

3/8" Chip 100 100 66 33 12 2.8 24 2.1 1.5 1.1
Nat. Sand 100 100 100 100 84 61 43 12 2.8 0.6

Combined 100 91.6 76.3 52.8 34.8 25.3 19.5 9.9 6.3 44

COMBINED GRADATION EXAMPLE SOLUTION:

Assume the proportions of the individual aggregates are as follows: 10% %4~ Clean, 35%
2 Crushed, and 55% Nat. Gravel. Then using the following gradations for the
individual aggregates, determine the combined gradation.

% Passing

Sieve Size  3/4in 12in  38in #4 #8 #16 #30 #50 #100  #200

3/4" Clean 100 65 21 11 6.5 4.2 3.1 2.5 2.1 1.1
1/2" Crush 100 100 69 40 31 22 16 12 9.5 7.3
Gravel 100 100 100 60 48 40 30 17 10.0 4.5

Combined ~ 100.0 96.5 81.3 48.1 37.9 30.1 22.4 13.8 9.0 5.1

16



FINENESS MODULUS CALCULATION EXAMPLE SOLUTION

Determine the fineness modulus of the Type 2 aggregate given the following information:

The Type 2 aggregate is 40% of the combined aggregate blend.

The gradation of the Type 2 aggregate is:

Percent passing: 3/4 1/2 3/8 #4 #8 #16 #30 #50 #100 #200

100 89 74 66 45 33 22 16 11 5.5

600 - (66 +45+33 +22+16+11)
100

x0.40=1.6

17



COMBINED AGGREGATE PROPERTIES SOLUTIONS

Assuming the following information:

% Passing

% in Mix Sieve Size 3/4in 1/2in 3/8in #4
60.0% 1/2" Stone 100 95 80 42
40.0% Sand 100 100 100 96

Compute the following combined material properties:
a. Gradation

% Passing

Sieve Size 3/4in 1/2in 3/8in #4 #8

1/2" Stone 60.0 57.0 48.0 25.2 13.2
Sand 40.0 40.0 40.0 38.4 33.2

Combined 100.0 97.0 88.0 63.6 46.4

b. Specific Gravity

100
60 40
2.657  2.635

G,, = ~2.648

c. Absorption

% Abs = (1.76) x (0.60) + (0.57) x (0.40) = 1.28

18

#8  #200 % Abs

22 7.0 1.76
83 1.0 0.57

#200

4.2
0.4

4.6

Gsb

2.657
2.635



BATCHING EXAMPLE #1 SOLUTION:

You have been directed to prepare a 14,000 gram batch of aggregate composed of the following
aggregates. The %" Minus has been split into four size fractions by sieving on the 1/2 in, 3/8 in
and #4 sieves. The %” Chip has been split into three size fractions by sieving on the 3/8 in and
#4 sieves. The Nat. Sand is one size fraction passing the #4 sieve. Complete the following
batching sheet by determining the mass of each aggregate needed, the percentage of each size
fraction and the weight of each size fraction.

Sieve

3/4 in

1/2'in

3/8 in
#4

Sieve
1/2 in

3/8in
#4

Sieve

Weight ¥4 Minus @ 60% =__8400.0 grams
Size % In Size
% Passing Fraction Fraction
100
86 -3/4 +1/2 14.0
69 -1/2 + 3/8 17.0
38 -3/8 + #4 31.0
-#4 38.0
100.0
Weight 3 Chip @ 15% = 2100.0 grams
Size % In Size
% Passing Fraction Fraction
100
66 -1/2 + 3/8 34.0
33 -3/8 + #4 33.0
-#4 33.0
100.0
Weight Nat. Sand @ 25% =___3500.0 grams
Size % In Size
% Passing Fraction Fraction
100 -#4 100.0

19

Weight Needed
Each Fraction

1176.0
1428.0
2604.0
3192.0

Weight Needed
Each Fraction

714.0
693.0
693.0

Weight Needed
Each Fraction

3500.0

Cumulative
Weight

1176.0
2604.0
5208.0
8400.0

Cumulative
Weight

9114.0
9807.0
10500.0

Cumulative
Weight

14000.0



BATCHING EXAMPLE #2 SOLUTION:

You have been directed to prepare a 15,000 gram batch of aggregate composed of the following
aggregates. The % Clean has been split into four size fractions by sieving on the 1/2 in, 3/8 in
and #4 sieves. The /2 Crushed has been split into three size fractions by sieving on the 3/8 in
and #4 sieves. The Nat. Gravel has been split into two size fractions by sieving on the #4 sieve.
Complete the following batching sheet by determining the mass of each aggregate needed, the
percentage of each size fraction and the weight of each size fraction.

Sieve

3/4 in

1/2 in

3/8in
#4

Sieve
1/2 in

3/8 in
#4

Sieve

3/8in

Weight %2 Clean @ 10% =

% Passing

100
65
21
11

Size
Fraction

-3/4 +1/2

1/2 +3/8

-3/8 + #4
#4

Weight '2” Crushed @ 35% =

% Passing

100
69
40

Weight Nat. Gravel @ 55% =

% Passing

100
60

Size
Fraction

1/2+3/8
-3/8 + #4
#4

Size
Fraction

-3/8 + #4
#4

1500.0 grams

% In Size
Fraction

35.0

44.0

10.0

11.0
100.0

5250.0 grams

% In Size
Fraction

31.0
29.0
40.0
100.0

8250.0 grams

% In Size
Fraction

40.0
60.0
100.0

20

Weight Needed
Each Fraction

525.0
660.0
150.0
165.0

Weight Needed
Each Fraction

1627.5
1522.5
2100.0

Weight Needed
Each Fraction

3300.0
4950.0

Cumulative
Weight

525.0
1185.0
1335.0
1500.0

Cumulative
Weight

3127.5
4650.0
6750.0

Cumulative
Weight

10050.0
15000.0



BATCH WEIGHT OF BINDER EXAMPLE SOLUTION

You have a 14,000g batch of aggregate with no RAM. You want to make a mix batch with an
intended total P, of 5.0%. Calculate the weight of binder to add W, :

_ 5.0 x 14,000

Wb =~ ——=7368¢

PERCENT BINDER TO ADD TO A BATCH WITH RAM AND BATCH WEIGHT EXAMPLE SOLUTION

You have a 14,000g batch of aggregate that includes 10% RAP. The percent binder in the RAP (Pprap)) is
5.2%. You want to make a mix batch with an intended total P, of 6.0%. Calculate the percent of virgin
binder to add (Py(adq)) and the weight of binder to add W, :

phaddy < Q00X 60 = (10X52) _
44 =100 - (10x52x001) 77

14,000 x 5.51

100 —551  oledg

21
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Film Thickness Calculation Solution

Page No.:
Project No.: Contract ID.:
Sieve Analysis % Passing
Sieve 11/2" 1" 3/4" 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200
Gradation | 100 100 100 91 80 45 35 20 16 8.2 5.8 4.2
Surface Area Coefficient 0.0041(0.0082] 0.0164 | 0.0287 [ 0.0614 | 0.1229| 0.3277 Total
Surface Area m2/kg + 0.41 0.18 0.29 0.33 0.46 0.50 0.71 1.38 4.26
SA
Where: Py = asphalt binder content, % , mixture basis .00 Decimal Places
Ps = aggregate, % , mixture basis .00  Decimal Places
Pre = effective asphalt content, % , mixture basis .00 Decimal Places
Poa = absorbed asphalt %, aggr. basis .00  Decimal Places
FT = film thickness .0 Decimal Places
SA  =surface area .00  Decimal Places
Gs = bulk specific gravity of the combined aggregate .000 Decimal Places
Gse = effective specific gravity of the combined aggregate .000 Decimal Places
Gy = specific gravity of the asphalt binder @ 25 degrees C .000 Decimal Places
Gmm = maximum specific gravity of the mix .000 Decimal Places
Refer to IM 501 for example calculation of Effective Binder %, ( Py ), using aggregate effective specific gravity, ( Gg ).
Given:  The combined gradation shown above and:
P,= 580 % <—  From Tank Stick
Gp= 1.030 <—  From Asphalt Supplier
Ggp= 2.575 <+—  From Mix Design Information
Gum= 2.430 <—  From Daily Test Data
Aggregate Effective Sp. Gr. (Gg) = 100 - 5.80 = 2.652 Gee
100 / 2.430 - 5.80 / 1.030
100 - (Py) = Ge
(100/Gpm) - (Py/Gyp)
Percent Absorbed Asphalt (Pp, ) = 100 X ( 2.652 - 2575 ) X 1.030 = 1.16 Poa
2.652 X 2.575
100 X (Gse-Gs) X (Gp) = Pp
(Gse) X (Ggp)
Effective Asphalt Content (P,,) = 116 X 94.20 = 4.71 Ppe
5.80 -
100
P, - (Pra) X (Ps) = Pbe
b
100
Film Thickness = 4.71 X 10 = 11.1 microns
4.26
(Ppe) X 10 = FT microns
(SA)
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MIX DESIGN ANALYSIS PROBLEM #1 SOLUTION

Given the following information for a gyratory mix design:

Gsa %Abs %-200 % Of Blend
Aggregate #1 2.705 1.26 7.3 55%
Aggregate #2 2.769 2.07 1.5 10%
Aggregate #3 2.689 1.03 3.0 10%
Aggregate #4 2.725 1.69 0.9 25%

Aggregate #4 is a Type 2 Frictional Class Aggregate that has 88% retained on the #4 sieve. The
combined blend has 52% retained on the #4 sieve.

Pr=54 Surface Area of

Gy, =1.026 Combined Blend
4.79 m*/kg

Gmb = 2.357

Gmm = 2.461

For the aggregates, calculate:

The G of each aggregate.

The combined Gy, and combined absorption of the total blend.

The percent of +#4 Type 2 Frictional Class Aggregate in the total blend.
The Gse of the total blend.

For the mixture, calculate:
P., VMA, VFA, Filler/Bitumen Ratio and Film Thickness.

Aggregate #1 G = 1+(2.7%;S§.o126) - % - 2616
Aggregate #2 G = 1+(2.7%;§§.0207) - % - 2609
Aggregate #3 G = 1+(2.6§§§§.0103) - % - 2ol
Aggregate #4 Gsp = 2.725 SRS =2.605

1+(2.725x0.0169) 1.0460525

23



100

Combined Gsp =

55 10

25

+ + +
2616 2.619 2617 2.605

=2.614

Combined %Abs = (1.26 x 55%) + (2.07 x 10%) + (1.03 x 10%) + (1.69 x 25%) = 1.43

% +#4 Type 2 Frictional

Aggr. in the Total Blend = 88x25 =423
_100-54 B
Gse - m - 2675
2.461 1.026
P.= 1—ﬁ x100 =42
2.461
VMA = 100—M =147
2.614
VFA = 147=42 100 — 714
14.7
Filler/Bitumen Ratio =

Combined % - #200 = (7.3 x 55%) + (1.5 x 10%) + (3.0 x 10%) + (0.9 x 25%)

 2.675-2.614

T 675x2.614

0.90x94.6

Pbe = 5.4_
100

F/B = AT
4.55

Film Thickness = @xlO
4.79

x1.026x100

24

=0.90

=4.55

=1.03

4.7



MIX DESIGN ANALYSIS PROBLEM #2 SOLUTION

Given the following information for a gyratory mix design:

Gsa %Abs %-200 % Of Blend
Aggregate #1 2.709 2.21 6.8 35%
Aggregate #2 2.679 1.18 4.5 20%
Aggregate #3 2.739 3.05 1.1 15%
Aggregate #4 2.715 1.58 0.5 30%

Aggregate #3 is a Type 2 Frictional Class Aggregate that has 98% retained on the #4 sieve. The
combined blend has 49% retained on the #4 sieve.

P,=5.9 Surface Area of

Gy, =1.031 Combined Blend
5.19 m*kg

Gmb = 2.389

Gmm = 2.475

For the aggregates, calculate:

The G of each aggregate.

The combined Gy, and combined absorption of the total blend.

The percent of +#4 Type 2 Frictional Class Aggregate in the total blend.
The Gse of the total blend.

For the mixture, calculate:
P., VMA, VFA, Filler/Bitumen Ratio and Film Thickness.

Aggregate #1 G = 1+(2.726s:?<g.0221) - % - 2336
Aggregate #2 G = 1+(2.62f§>7<§.01 18) - % - 2397
Aggregate #3 G = 1+(2.7§;ig.0305) - % - 2528
Aggregate #4 Gsp = 2.715 = 2715 =2.603

1+(2.715x0.0158) 1.042897
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. . 100 _
Combined Gsp = 35 20 15 30 2.574

+ + +
2556 2.597 2528 2.603

Combined %Abs = (2.21 x 35%) + (1.18 x 20%) + (3.05 x 15%) + (1.58 x 30%) = 1.94

% +#4 Type 2 Frictional
98x15

Aggr. in the Total Blend = 29 =30.0
. 100-5.9 .
Gse - W - 2.713
2.475 1.031
Pa= 1—@ x100 =3.5
2.475
VMA = 100 2389x94.1 — 127
2.574
VFA = M =724
12.7
Filler/Bitumen Ratio =
Combined % - #200 = (6.8 x 35%) + (4.5 x 20%) + (1.1 x 15%) + (0.5 x 30%) =36
ba = Mm .031x100 =2.05
2.713x2.574
Py = 5.9 200941 ~3.97
100
F/B= ﬁ =0.91
3.97
Film Thickness = ﬂX‘l 0 =7.6

5.19
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