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CHAPTER 4

FLEXIBLE PAVEMENT

TA 5040.27, Asphalt Concrete Mix Design and Field Control,
February 16, 1988.

Prevention of Premature Distress in Asphalt Concrete Pavements,
Technical Paper 88-02, April 18, 1988.

Guidelines on the Use of Bag-House Fines, April 7, 1988.
Reserved.

State of the Practice on the Design and Construction of Asphalt Paving
Materials with Crumb Rubber Modifier, Report Number FHWA-SA-92-
022, June9, 1992.

Reserved.

Processed Used-Oil and Heavy Fuel Oils for Use in Hot Mix Asphalt
Production, June 21, 1990.

Aggregate Gradation for Highways - 0.45 Particle Size Distribution Curve,

1962.

e Aggregate Gradation: Simplification, Standardization, and Uniform
Application .

® A New Graphical Chart for Evaluating Aggregate Gradation






(A Memorandum

US. Department
of Transportation
Federal Highway
Administration
Washington, D.C. 20590
Subject  ACTION: A Date February 16, 1988
Asphalt Mix Design and Field Control
Reply to
From Executive Director Attn of
HHO-12
HHO~-30

To Regional Federal Highway Administrators
Direct Federal Program Administrator

There are presently about 1,420,000 miles of intermediate or high type flexible
pavements on State highways and local roads. This represents about 70 percent
of the paved mileage on all public roads and streets. In 1986, about

$2 billion of asphalt concrete was placed on Federal-aid projects and this
amount will likely increase in the future. Information that has been gathered
over a number of years by the States, FHWA, and the asphalt industry has
revealed that a number of asphalt concrete pavemenis are experiencing premature
distress and significantly reduced pavement performance periods. Types of
distress identified have included bleeding, cracking, shoving, rutting,
stripping, and raveling. .

Two distress types, rutting and stripping, have had a high frequency of
occurrence over wide areas of the United States. The reduction in pavement
performance due to rutting or stripping is potentially severe from a national
perspective. Due to the continuing major investment which is being made in
asphalt concrete pavements and as a result of reports indicating premature
rutting and stripping problems, we appointed an Ad Hoc Task Force to examine
the problems of asphalt concrete pavement rutting and stripping, and to develop
FHWA policy recommendations. The Task Force has completed its assignment and a
copy of its report was provided to each region and division office.

In accordance with one of the Task Force's major recommendations, our

Technical Advisory (TA) on this subject has been updated to reflect current
knowledge. Attached for your immediate use is a copy of the TA "Asphalt
Concrete Mix Design and Field Control." This TA sets forth guidance and
recommendations relating to asphalt concrete paving. It covers the areas of
materials selection, mixture design, mixture production, and mixture placement.
The TA is intended primarily for application on high type facilities.

Each division office is to initiate an effort to compare the updated TA to
present State specifications and construction practices. Differences and/or
deviations are to be discussed with the State and, if appropriate, industry
representatives. Some States have found it beneficial to have a formal
committee composed of State, FHWA, and industry personnel to scrutinize the
State's mix design, and field control procedures, and iron out differences with
the TA. The TA is a consensus of current best practice, and serious
consideration should be given tc adopting its recommendations. Sound
engineering judgment must be used in determining what is best for each
particular State but deviations from the TA recommendations should be
supportable.
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We recognize that some States have been working in strengthening their asphalt
concrete mix design and field control practices. These efforts are appropriate
and continued involvement of all the field offices in encouraging conformance
with the attached TA will be expected.

Other factors such as truck weights, high tire pressures, etc., 21so contribute
to the rutting and stripping problems and we are working on these issues. We
are convinced though that significant gains in solving rutting and stripping
problems can be achieved by using quality materials and strengthening
specifications and construction practices. We expect those States where
rutting and stripping is a problem to include a priority effort to improve the
design and construction of asphalt concrete pavements. The Pavement Division
and the Construction and Maintenance Division are available upon request to
provide technical support and guidance, which may be necessary in achieving
these actions.

Z{

R. D. Morgan
Executive Director

Attachment
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U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION

SUBJECT FHWA TECHNICAL ADVISORY

ASPHALT CONCRETE MIX DESIGN AND FIELD CONTROL March 10, 1988

T 5040.27

Par.

Purpose

Cancellation
Background

Materials

Mix Design

Plant Operations
laydown and Campaction
Miscellaneous

.

O I AU WA

PURPOSE. To set forth gquidance and recamendations relating to asphalt
concrete paving, covering the areas of materials selection, mixture design,
and mixture production and placement. The procedures and practices
outlined in the Technical Advisory (TA) are directed primarily towards
developing quality asphalt concrete pavements for high-type facilities.
The TA can also be used as a general gquide for low-volume facilities.

Cancellation. Federal Highway Administration (FHWA) Technical Advisory
T 5040.24, Bituminous Mix Design and Field Control, dated
August 22, 1985, is cancelled.

BACKGROUND

a. Over one-half of the Interstate System and 70 percent of all highways
are paved with hot-mix asphalt concrete. Asphalt concrete is probably
the largest single highway program investment today and there is no
evidence that this will change in the near future. However, there is
evidence that the number of premature distresses in the nation's
recently constructed asphalt pavements is increasing. Heavier truck
axle weights, increased tire pressures, and inadequate drainage are
same of the factors leading to the increase in premature distress. The
FHWA has been concerned with the deterioration in quality of asphalt
concrete pavements for many years and in 1987 a special FHWA Ad Hoc
Task Force studied two of the most cawwon distresses existing today and
subsequently issued a report titled "Asphalt Pavement Rutting and
Stripping." The report contained both short-term and long-term
recamendations for improving the quality of asphalt pavements.

b. With the variables of environment, camponent materials, and traffic
loadings found throughout the United States, it is not surprising that
there are many State-to-State or regional variations of design and
construction requirements. No one set of specifications can achieve
the same results in all States because of the factors mentioned above.
However, there are many things that States can do to improve their
current mix design and field control procedures to ensure that quality
aspholt pavements will be constructed. This TA incorporates many of
the FHWA Task Force recamendations and presents the current

DiSTRIBUTION: Level 2: Headquarters(DF,ED,HO,NG,NR,RD) OPl:tuD-12

Regions (EQO)
Di%isions(EC,D) HHO-33

All Direct Federal Divisions
Level 3: SHA's(Through Divisions)
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FHWA TECHNICAL ADVISORY T 5040.27
March 10, 1988

state-of -the—-art in materials, mix design, plant operation, laydown and
campaction, and other areas relating to quality hot-mix asphalt
pavements.

4. MATERIALS

a. MAggregate is the granular material used in asphalt concrete mixtures
which make up 90-95 percent of the mixture weight and provides most of
the load bearing characteristics of the mix. Therefore, the quality
and physical properties of the aggregates are critical to the pavement
performance. The following is recommended:

(1)

(2)

(3)

(4)

(5)

(6)

Aggregates should be non-plastic. The presence of clay fines

in an asphalt mix can result in problems with volume swell and
adhesion of asphalt to the rock contributing to stripping
problems. The minus #4 sieve material should have a minimum sand
equivalent value of 45 using the test method described in the
American Association of State Highway and Transportation
Officials (AASHTO) specification (AASHTO T176).

A limit should be placed on the amounts of deleterious
materials permitted in the aggregates. Specifications should
limit clay lumps and friable particles to a maximum of

one percent.

Durability or weathering resistance should be determined by
sulfate soundness testing. Specifications should require a
sodium or magnesium sulfate test using the limits described
in the AASHTO specification M29.

Aggregate resistance to abrasion should be determined.
Specifications should require a Los Angeles abrasion loss of
45 percent or less (AASHTO T96).

Friction between aggregate particles is dependent on aggregate
surface roughness and area of contact. As surface friction
increases, so does resistance of the mix to deformation.
Specifications should require at least 60 percent of the plus
#4 sieve material to have at least two mechanically induced
fractured faces.

The quality of natural sand varies considerably from one location
to another. Since most natural sands are rounded and often
contain a high percentage of undesirable materials, the amount

of natural sand as a general rule should be limited to 15 to

20 percent for high volume pavements and 20 to 25 percent for
medium and low volume pavements. These percentages may increass
or decrease depending on quality of the natural sand and the
types of traffic to which the pavement will be subjected.
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(7) For adequate control, aggregate gradations should be specified
from the maximum particle size to the #200 sieve so each
successive sieve opening is about 1/2 the previous sieve
opening (for example, 1 inch, 1/2 inch, #4, #8, #16, #30, #50,
#100, #200). The only accurate method to determine the amount of
minus #200 sieve material is to perform a wash gradation in
accordance with AASHTO T27 and AASHTO Tl1l.

(8) The ratio of dust (minus #200 sieve material) to asphalt cement,
by mass, is critical. Asphalt concrete mixes should reguire a
maximun dust asphalt ratio of 1.2 and a minimum of 0.6.

(9) A tool which is very useful in evaluating aggregate gradations
is the 0.45 power gradation chart. All mixes should be plotted
on these charts as part of the mix design process (Attachment 1).

(10) An aggregate's specific gravity and absorption characteristics
are extremely important in proportioning and controlling the
mixture. It is recamended that AASHTO T209 be used to determine
the maximum specific gravity of asphalt concrete mixes. States
not using AASHTO T209 should be aware of the difficulty of
determining the theoretical maximum density using individual
ingredient specific gravities and their percentages
in the mixture. These difficulties will result in inaccuracies
in determining the specific gravity of the mixture. These
inaccuracies will carry through to the calculation of the
densities in the campacted mat and may result in improperly
compacted pavements. It is also necessary to determine the
bulk dry specific gravity of the aggregate in order to
determine the voids in the nineral aggregate (VMA).

The target value for VMA should be obtained through the proper
distribution of aggregate gradation to provide adequate asphalt
film thickness on each particle and accomodate the design air
void system. In addition, tolerance used in construction
quality control should be such that the mix des:.gned is actually
produced in the field.

b. Asphalt grade and characteristics are critical to the performance of
the asphalt pavement., The following is recammended:

(1) Grade(s) of asphalt cement used in hot-mix paving should be
selected based on climatic conditions and past performance.
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(2)

(3)

It is recamended that asphalt cement be accepted on
certification by the supplier (along with the testing results)
and State project verification samples. Acceptance procedures
should provide information on the physical properties of the
asphalt in a timely manner.

The physical properties of asphalt cement that are most important

to hot-mix paving are shown below. Each State should obtain this

information (by central laboratory or supplier tests) and should

have specification requirement(s) for each property except

specific gravity.

(a) Penetration 77° F

(b) Viscosity 1400 F

(c) Viscosity 275° F

(d) Ductility/Temperature

(e) Specific Gravity

(f) Solubility

(g) Thin Film Oven (TFO)/Rolling TFO; Loss on Heating

(h) Residue Ductility

(i) Residue Viscosity

(j) Low temperature cracking is related to the physical
properties of the asphalt and may be increased by the
presence of wax in the asphalt. The low temperature
ductility test at 39.2° F (4° C) can indicate where this

may be a problem. The test is performed at a pull speed
of 1 cm/min. Typical specification requirements are:

AASHTO M226 Table 2
AC 2.5 50 + am
AC 5 25 + cm
AC 10 15 + cm
AC 20 5+ cm
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(4) The temperature viscosity curves or absolute and kinematic
viscosity information should be available at the mixing plant for
each shipment of asphalt cement. This can identify a change in
asphalt viscosity which necessitates a new mix design. Each
State should provide tenperature/vmcos:.ty information on the
asphalt used in the laboratory mix design to the projects.
Differences in the viscosity (as well as the penetration) of the
‘asphalt from the asphalt used in the mix design may indicate the
necessity to redesign the mix (Attachment 2).

5. MIX DESIGN

a. Asphalt concrete mixes should be designed to meet the necessary
criteria based on type of roadway, traffic volumes, intended use, i.e.,
overlay on rigid or flexible pavements, and the season of the year
the construction would be performed. E‘ach State's mix design criteria
should be as follows.

Heavy Traffic Medium Traffic Light Traffic
Design Design Design
Property (»1,000,000 ESAL*) (10,000-1,000,000 ESAL) (<10,000 ESAL)
Marshall
Campaction Blows 75 50 35
Stability (min.) 1,500 750 500
Flow 8-16 8-18 8-20
Hveem
Stability (min.) 37 35 30
Swell 0.030 in. 0.030 in. 0.03C in.
Void Analysis
Air Voids 3-5 __3-5 3-5

* Equivalent Single Axle Load
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b.

MINIMUM PERCENT VOIDS IN MINERAI. AGGREGATE (VMA)

Naminal Maximum Particle Size Minimum Voids
U.S.A. Standard Sieve in Mineral Aggregate

Designation Percent
No. 16 23.5
No. 8 21
No. 4 18
3/8 in. 16
1/2 in. 15
3/4 in. 14
1 in. ' 13
1-1/2 in. 12
2 in. 11.5
2-1/2 in. 11

Standard mix design procedures (Marshall, Hveem) have been developed
and adopted by AASHTO, however, same States have modified these
procedures for their own use. Any modification from the standard
procedure should be supported by correlation testing for reasonable
conformity to the design values obtained using the standard mix
design procedures.

Stripping in the asphalt pavements is not a new phenomenon, although
the attention to it has intensified in recent years. Moisture
susceptibility testing should be a part of every State's mix design
procedure. The "Effect of Water on Campacted Bituminous Mixtures"
(immersion compression test) (AASHTO T165) and "Resistance of Compacted
Bituminous Mixture to Moisture Induced Damage" (AASHTO T283) are
currently the only stripping test procedures which have been adopted by
AASHTO. The AASHTO T283, commonly known as the Lottman Test, requires
that the test specimens be campacted so as to have an air void content
of 7 + 1 percent, while AASHTO T165 does not. This air void content is
what one would expect in the mat after construction campaction. There
is considerable research underway on developing better tests for
determining moisture damage susceptibility of the aggregate asphalt
mixtures. One of the most promising test procedures is that developed
by Tunnicliff and Root as reported in the National Cooperative Highway
Research Program (NCHRP) Report 274. This test is similar to AASHTO
T283, but it takes less time to perform. In the majority of cases
hydrated lime and portland cement have proven to be the most effective
anti-stripping additives.
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The determination of air voids in the laboratory mix is a critical
step in designing and controlling asphalt hot-mix. In order to
determine air voids, the theoretical maximum density or the maximum
specific gravity of the mix must be determined. This can be
accamplished by using the "Maximum Specific Gravity of Bituminous
Paving Mixtures" (Rice Vacuum Saturation) (AASHTO T209).
Proper mix design procedures require that each mix be designed using
all of the actual ingredient materials including all additives which
will be used on the project.
The camplete information on the mix design should be sent to the
plant. The following information should be included in the mix
design report and sent to the plant.
(1) Ingredient materials sources
(2) Ingredient materials properties including:

(a) Specific gravities

(b) L. A. Abrasion

(c) Sand equivalent

(d) Plastic Index

(e) Absorption

(£) Asphalt temperature/viscosity curves or values
(3) 'Mix temperature and tolerances
(4) Mix design test property curves
(5) Target asphalt content and tolerances
(6) Target gradations for each sieve and tolerances
(7) Plot of gradation on the 0.45 power gradation chart, and

(8) Target density

4.1.9
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Formal procedures should be established to require that changes to
mix designs be approved by the same personnel or office that
developed the original mix design.

After start-up, the resulting mixture should be tested to verify that
it meets all of the design criteria.

PLANT OPERATIONS

d.

In order to assure proper operation, an asphalt plant must be
calibrated and inspected. Plant approval should be required and
should cover each item on the asphalt plant checklist (Attachment 3).

To avoid or mitigate unburned fuel oil contamination of the asphalt
mixture, the use of propane, butane, natural gas, coal or No. 1 or
No. 2 fuel oils is recammended.

If the asphalt cement is overheated or otherwise aged excessively, the
viscosity of the recovered asphalt will exceed that of the original
asphalt by more than four times. However, if the viscosity of the
recovered asphalt is less or even equal to the original viscosity, it
has probably been contaminated with unburned fuel oil.

For drum mixer and screenless batch plants there should be three
separate graded stockpiles for surface courses and four for binder and
base courses. Each stockpile should contain between 15 to 50 percent
by weight of the aggregate size in the mix design. The plus #4 sieve
aggregate stockpile should be constructed in lifts not exceeding 3 feet
to a maximum height of 12 feet. There should be enough material in the
stockpiles for at least 5 days of production. The plant should be
equipped with a minimum of four cold feed bins with positive
separation.

Control testing of gradation and asphalt content should be conducted

to assure a quality and consistent mixture. In many States, the
contractor or supplier is required to do this testing.

Acceptance testing should be conducted for gradation and asphalt
content of the final mixture.

The plotting of contrcl and acceptance test results for gradation,

asphalt content, and density on control charts at the plant provides
for easy and effective analysis of test results and plant control.
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The moisture content of the aggregate must be determined for proper
control of drum mixer plants. The asphalt content is determined by the
total weight of the material that passes over the weigh bridge with the
correction made for moisture. Sufficient aggregate moisture contents
need to be performed throughout the day to avoid deviations in the
desired asphalt content.

Moisture contents of asphalt mixtures is also important. The
extraction and nuclear asphalt content gauge procedures will count
moisture as asphalt. For this reason, a moisture correction should be
made. In addition, high moisture contents in asphalt mixtures can lead
to compaction difficulty due to the cooling of the mix caused by
evaporation of the moisture. This is particularly important with drum
mixer mixes which require moisture for the mixing process. Some States
specify a maximum moisture content behind the paver. A recommended
maximum moisture content behind the paver is 0.5 percent.

LAYDOWN AND COMPACTION

a.

Prior to paving start-up, equipment should be checked to assure its
suitability and proper function. Project equipment approval should
include the items shown on the project inspection checklist
(Attachment 4).

Paving start-up should begin with a test strip section. This will
allow for minor problems to be solved, establishment of roller
patterns and number of passes, and will assure that proper placement
and compaction can be attained.

In order to assure proper placement and compaction, it is essential
that the mat be placed hot. Establishment of and compliance with the
following items should be included; minimum mix, underlyina navement,
and ambient temperatures. Cold weather and early or late season
paving should be avoided. The practice of raising the temperature of
the mixture to combat the cold condi*ions should not be permitted, as
this will contribute to excessive aging of the asphalt cenient.

The use of a pneumatic roller in the compaction process is strongly
encouraged. When used in the intermediate rolling it will knead and
seal the mat surface and aid in preventing the intrusion of surface
water into the pavement layers. It will also contribute to the

compaction of the mat.
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80

Density requirements should be established to result in an air void
system in the mat of 6-8 percent immediately after construction.
This allows for the inherent additional densification under traffic
to an ultimate air void content of about 3-5 percent. Density
acceptance specifications should require a percentage of maximum
density as determined by AASHTO T209. A percentage of test strip
density or Marshall laboratory density can be used provided each is
related to the maximum density. The specified density should be
attained before the mat temperature drops below 175° F.

Density measurement should be accurate, taken frequently, and the
results made available quickly for each day of production. Density
should be determined by test cores, or by properly calibrated nuclear
test gauges. Specifications should require several tests to be
averaged to determine density results for acceptance.

Successive hot-mix courses should not be placed while previous layers
are wet. To avoid, or minimize the penetration of water into base and
binder courses, paving operations should be scheduled so that the
surface layer(s) is placed within a reasonable period after these
courses are constructed. To the greatest extent possible, construction
should be planned to avoid the necessity of leaving layers uncovered
during wet seasons of the year.

MISCELLANFOUS

a.

Same States have established procedures to accept out-of-
specification material and pavement with a reduction in price.
These procedures include definition of lot size/production time,
tolerances, and pay factor reductions for ingredient materials,
cambined mixture properties, pavement density, pavement smoothness,
and lift thickness.

Prior to the start of production and placement operations, a
preplacement conference, including all the paving participants,
should be held. This conference would define duties and
responsibilities for each phase of the operation as well as problem
solving procedures.

During start-up it is very effective to have a construction and/or

materials specialist at the project site to assist in identifying
and solving any problem that develops.
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d. Because asphalt hot-mix pavement construction is complex, it
requires that each person involved understand his/her function
thoroughly. It is also helpful if each person has a basic
understanding of each of the many phases involved. Tt is
recomended that States develop or use existing training to
address these phases of asphalt paving.

for
Ehghmﬁrhx;amianpamtxwehxnent

4 Attachments
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ATTACHMENT 1
AGGREGATE GRADATION

It has long been established that gradation of the aggregate is one of the
factors that must be carefully considered in the design ¢¢ asphalt paving
mixtures, especially for heavy duty highways. The purpose in establishing and
controlling aggregate gradation is to provide sufficient voids in the asphalt
aggregate mixture to accommodate the proper asphalt film thickness on each
particle and provide the design air void system to allow for thermal expansion
of the asphalt within the mix. Minimum voids in the mineral aggregate (VMA)
requirements have been established and vary with the top aggregate size.

Traditionally, gradation requirements are so broad that they permit the use of
paving mixtures ranging from coarse to fine and to either low or high
stability. To further complicate matters, different combinations of sieve
sizes are specified to control specific grading ranges. Standardization of
sieve sizes and aggregate gradations, which has often been suggested, is not
1ikely to occur because of the practice of using locally available materials to
the extent possible.

In the early 1960's, the Bureau of Public Roads introduced a gradation chart
(Figure #1) which is especially useful in evaluating aggregate gradations. The
chart uses a horizontal scale which represents sieve size openings in microns
raised to the 0.45 power and a vertical scale in percent passing. The
advantage in using this chart is that, for all practical purposes, all straight
lines plotted from the lower left corner of the chart, upward and toward the
right to any specific nominal maximum particle size, represent maximum density
gradations. The nominal maximum particle sieve size is the largest sieve size
listed in the applicable specification upon which any material is permitted to
be retained. An example is shown in Figure #2.

The gradations depicted in Figure #3 and #4 are exaggerated to illustrate the
points being made. By using the chart, aggregate gradations can be related to
maximum density gradation and used to predict if the mixture will be fine or
coarse textured as shown in Figure #3.

Soon after the chart was developed, it was used to study gradations of
aggregate from several mixtures that had been re orted as having unsatisfactory
compaction characteristics. These mixtures coul: not be compacted in the
normal manner because they were slow in developing sufficient stability to
withstand the weight of the rolling equipment. Such mixtures can be called
"tender mixes." This study identified a consistent gradation pattern in these
mixes as is illustrated in Figure #4.

Most notable is the hump in the curve near the #40 sieve and the flat slope
between the #40 sieve and the #8 sieve. This indicates a deficiency of
material in the #40 to 8# sieve range and an excess of material passing the #40
sieve. Mixtures with an aggregate exhibiting this gradation characteristic are
susceptible to being tender, particularly if the fines are composed of natural
sand.

As part of the bituminous mix design process, t2e aggregate gradation should be
plotted on the 0.45 power gradation chart.
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0.45 Power Gradation Chart
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ATTACHMENT 2

ASPHALT VISCOSITY

Each particular asphalt has a unique temperature-viscosity relationship. This
relationship is sometimes described as temperature susceptibility. This
temperature-viscosity relationship can be plotted on a modified semi-log chart
as shown on the attached chart. These charts are very useful in determining
the optimum mixing and compacting temperature of a particular asphalt. Past
research has identified the optimum mixing temperature as that corresponding to
a viscosity of 170 + 20 centistokes, and the optimum compaction temperature as
that corresponding to a viscosity of 280 + 30 centistokes for laboratory mix
design. The optimum mixing temperature should be identified for the asphalt
used in the mix design and included in the mix design report which is sent to
the production plant.

Prior to the oil embargo, there was a relatively fixed distribution system for
crude oil. This allowed for a relatively uniform asphalt cement from each
refinery. Highway agencies became familiar with the handling and performance
characteristics of those asphalt cements. As a result of the embargo, a new
variable distribution system is in place which allows shifting and blending of
crude oils resulting in production of asphalt cements with very different
temperature viscosity characteristics.

The attached chart will allow plotting the temperature-viscosity curve for the
asphalts used in a State or a particular asphalt from a project. If the
kinematic viscosity (2750 F) of the asphalt being used changes from the
kinematic viscosity of the asphalt used in the mix design by a factor of more
than about two, a new mix design should be required.
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7. 1s conveyer system covered and insulated (if necessary) so as to
prevent excessive loss of heat during transfer of material from
mixing plant to storage bin?

8. Does storage bin have acceptable heating system?

9. Has surge or storage bin received prior evaluation and approval
before using?

IX. Safety and Inspection Provisions

1. Are gears, pulleys, chains, sprockets, and other dangerous moving
parts thoroughly protected?

2. Is an unobstructed and adequately guarded passage provided and
maintained in and around the truck loading space for visual
inspection purposes?

3. Does plant have adequate and safe stairways or guarded ladders to
plant units such as mixer platforms, control platforms, hot storage
bins, asphalt storage tanks, etc. where inspections are required?

4. Is an inspection platform provided with a safe stairway for sampling
the asphalt mixture from loaded trucks?

X. Truck Scales

1. Are scales capable of weighing the entire vehicle at one time?

2. Do scales have digital printing recorder or automatic weight
printer?

3. Have scales been checked and certified by a reputable scale company
in the presence of an authorized representative of the highway

department?
4. Date checked Agency Name
5. Is copy of certification available?
6. Remarks

XI. Transportation Equipment

1. Are truck bodies clean, tight, and in good condition?

2. Do trucks have covers to protect material from unfavorable weather
conditions? .

3. Is soapy water or other approved products available for coating
truck bodies to prevent material from sticking? Diesel fuel should
not be used.

4. Type of material used.
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XII.

XIII.

XIV.

XvV.

Provisions for Testing

1. Does size and location of laboratory comply with specifications?
2. Is laboratory properly equipped?
3. Is laboratory acceptable?

SPECIAL REQUIREMENTS FOR BATCH PLANTS

Weigh Box or Hopper

1. Is weigh box large enough to hold full batch?
2. Does gate close tightly so that material cannot leak into the mixer
while a batch is being weighed?

Aggregate Scales

1. Are scales equipped with adjustable pointers or markers for marking
the weight of each material to be weighed into the batch?

2. Are ten 50-1b. (22.7 kg) weights available for checking scales?

3. Has accuracy of weights been checked?

4. Have scales been checked and certified by a reputable scales company
in the presence of an authorized representative of the highway
department?

Date checked R Agency Name
Is copy of certification available?
Remarks -

5. If the plant is equipped with beam type scales, are the scales
equipped with a device to indicate at least the last 200 1b. (97 kg)
of the required load?

Asphalt Cement Bucket

1. Is bucket large enough to handle a batch in a single weighing so
that the asphalt material will not overflow, splash or spill?

2. Is the bucket steamed, or oil-jacketed or equipped with properly
insulated electric heating units?

3. Is the bucket equipped to deliver the asphalt material over the full
length of the mixer?
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XVI. Asphalt Cement Scales

1. Have scales been checked and certified by a reputable scale company
in the presence of an authorized representative of the highway

department?

Date checked Agency Name
Is copy of certification available?
Remarks

2. Are scales equipped with a device to indicate at least the last
20 1b. (9.1 kg) of the approaching total load?

XVII. Screens

1. Condition of screens. Satisfactory Unsatisfactory
2. Do the plant screens have adequate capacity and size range to
properly separate all the aggregate into sizes required for
proportioning so that they may be recombined consistently?

XVIII. Hot Bins

1. Number of bins?

2. Are bins -properly partitioned?

3. Are bins equipped with overflow pipes?

4. Will gates cut off quickly and completely?

5. Can samples be obtained from bins?

6. Are bins equipped with device to indicate the position of aggregate
at the lower quarter point?

XIX. Asphalt Control

1. Are means provided for checking the quantity or rate of flow of
asphalt material?
2. Time required to add asphalt material into pugmill.

XX. Mixer Unit for Batch Method

1. Is the plant equipped with an approved twin pugmill batch mixer that
will produce a uniform mixture?
2. Can the mixer blades be adjusted to ensure proper and efficient

mixing?
3. Are the mixer blades in satisfactory condition?
4. What is the clearance of the mixer blades? in,

5. Does the mixer gate close tight enough to prevent leakage?

6. Does the mixer discharge the mixture without appreciable
segregation?

7. 1Is the mixer equipped with time -lock?

8. Does timer lock the weigh box gate until the mixing cycle is
completed?
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XXI1.

XX1I.

XXITI.

9. Will timer control dry and wet mixing time?

10. Can timer be set in 5 second intervals throughout the designated
mixing cycles?

11. Can timer be locked to prevent tampering?

12. Is a mechanical batch counter installed as part of the timing
device? :

Automation of Batching

1. If the plant is fully automated, is an automatic weighing, cycling
and monitoring system installed as part of the batching equipment?

2. Is the automatic proportioning system capable of weighing the
materials within + 2 percent of the total sum of the batch sizes?

SPECIAL REQUIREMENT FOR DRUM MIXERS

Aggregate Delivery System

1. Number of cold feed bins?

2. Are cold feed bins equipped with devices to indicate when the level
of the aggregate in each bin is below the quarter point?

3. Does the cold feed have an automatic shut-off system that activates
when any individual feeder is interrupted?

4. Are provisions available for conveniently sampling the full flow of
material from each cold feed and the total cold feed?

5. Is the total feed weighed continuously?

6

7

. Are there provisions for automatically correcting the wet aggregate
weight to dry aggregate weight?

. Is the flow of aggregate dry weight displayed digitally in
appropriate units of weight and time and totaled?

8. Are means provided for diverting aggregate delivery into trucks,
front-end loaders, or other containers for checking accuracy of
aggregate delivery system?

9. Is plant equipped with a scalping screen for aggregate prior to
entering the conveyor weigh belt?

Asphalt Cement Delivery System

1. Are satisfactory means provided to introduce the proper amount of
asphalt material into the mix?

2. Does the delivery system for metering the asphalt material prove
accurate within + 1 percent?

3. Does the asphalt material delivery interlock with aggregate weight
control?

4. Is the asphalt material flow displayed in appropriate units of volume
or weight and time and totaled? ‘

5. Can the asphalt material be diverted into distributor trucks or other
containers for checking accuracy of delivery systems?
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XXIV. Drum Mixer

1. Is the drum mixer capable of drying and heatiny the aggregate to
the moisture and temperature requirements set forth in the
specifications, and capable of producing a uniform mix?

2. Does plant have provisions for diverting mixes at start-up and
shutdowns or where mixing is not complete or uniform?

XXV. Is plant approved for use?
If not, explain what needs to be corrected. (Show Item Number)
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PROJECT INSPECTION CHECKLIST

Compaction of Foundation

Have all courses of the foundation been compacted to required density?

01d Asphalt Pavement

Have all potholes been patched?

Have all necessary patches been made?

Have all loose material and "fat" patches been removed?

Have all depressions been filled and compacted?

Has fog seal been used on surface that has deteriorated from oxidation?
Has an emulsified asphalt slurry seal been applied on old surfaces with
extensive cracking?

Rigid Type Pavement

Has pavement been under sealed where necessary?

Has premolded joint material and crack filler been cleaned out?
Have all "fat" patches been removed?

Has badly broken pavement been removed and patched?

Have all depressions been filled and compacted?

Incidental Tools

Do incidental tools comply with specifications?
Are all necessary tools on job before work begins?

The Engineer and the Contractor

Have the engineer and inspectors held a preliminary conference with
the appropriate contractor personnel?

Has continuity of operations been planned?

Has the number of pavers to be used been determined?

Have the number and type of rollers to be used been determined?

Has the number of trucks to be used been determined?

Has the width of spread in successive layers been planned?

Is it understood who is to issue and who is to receive instructions?
Have weighing procedures and the number of load tickets to be prepared
been determined?

Have procedures for investigation of mix been agreed upon?

Has method of handling traffic been established?
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Preparation of Surface

1. Have all surfaces that will come into contact with the asphalt mix been

cleaned and coated with asphalt?

2. Has a uniform tack coat of correct quantity been applied?
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Asphalt Distributor

. Does the asphalt distributor comply with specifications?
. Are the heaters and pump in good working condition?

« 3 s s . .

Have all gauges and measuring devices such as the bitumeter, tachometer,
and measuring stick been calibrated?

Are spray bars and nozzles unclogged and set for proper application of
asphalt?

Hauling Equipment

Are truck beds. smooth and free from holds and depressions?

Do trucks comply with specifications?

Are trucks equipped with properly attached tarpaulins?

For cold weather or long hauls, are truck beds insulated?

When unloading, do trucks and paver operate together without
interference?

Is the method of coating of contact surfaces of truck beds agreed upon?

Paver

Does the paver comply with specifications?

Is the governor on the engineer operating properly?

Are the slat feeders, the hopper gates, and spreader screws in good
condition and adjustment?

Are the crawlers adjusted properly?

Do the pneumatic tires contain correct and uniform air pressure?

Is the screed heater working properly?

Are the tamper bars free of excessive wear?

Are the tamper bars correctly adjusted for stroke?

Are the tamper bars correctly adjusted for clearance between the back of
the bar and the nose of the screed plate?

. Are the surfaces of the screed plates true and in good condition?
. Are mat thickness and crown controls in good condition and adjustment?
. Are screed vibrators in good condition and adjustment?

. Is the oscillating screed in proper position with respect to the vibrating

compactor?

. Is the automatic screed control in adjustment and is the correct sensor

attached.
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Spreading

. Are the required number of pavers on job?

Is the mix of uniform texture?

Is the general appearance of the mix satisfactory?

Is the temperature of the mix uniform and satisfactory?

Does the mix satisfy the spreading requirements?

Has proper paver speed been determined?

Is the surface smoothness tolerance being checked and adhered to?
Is the depth of spread checked frequently?

Has the daily spread been checked?

Rolling

. Are the required number of rollers on the job?
Is proper rolling procedure being followed?
Is the proper rolling pattern being followed?
Are joints and edges being rolled properly?

Miscellaneous

Are all surface irregularities being properly corrected?

Is efficient control of traffic being maintained?

Are sufficient samplies being taken?

Are samples representative?

Have assistant inspectors been properly instructed?

Are inspection duties properly apportioned among assistants?
Are records complete and up-to-date?

Are safety measures being observed?

Has final clean-up and inspection been made?
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Subject:

From:

To:

(A Memorandum

UsS Deparment
of Transportation
Federal Highway
Administration
Washington, D.C. 20590
Prevention of Premature Distress Date APR |8 mg

In Asphalt Concrete Pavements

’ Repty t
Chief, Pavement Division Mﬁyo: HHO-12

Regional Federal Highway Administrators
Director Federal Program Administrator

Attached for your use are two copies of a technical paper on the prevention of
premature distress in asphalt concrete pavements. The paper is an implementing
action to one of the recommendations of the Ad Hoc Task Force report on
"Asphalt Pavement Rutting and Stripping." The paper is intended as a companion
document to Technical Advisory 5040.27. Please furnish copies to the engineers
in the divisions who are responsible for implementing the recommendations of
the TA. The paper may also be of use to area engineers as it provides
additional background information on some points in the TA and responds to some
of the questions that have been asked. ‘

We plan to issue a paper this summer on investigating and rehabilitating
rutted and stripped pavements. If you are aware of a good practice in your
region on this subject, we would appreciate receiving a short writeup on it.
We appreciate the efforts of the regions and division that have offered

comments on this paper. If you have any question concerning this paper or
suggestions for the second one, please contact Mr. Peter Kleskovic at

FTS 366-2216.
.// o/
//Kﬁrman . Van Ness
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TECHNICAL PAPER 88-02 - Prevention of Premature Distress in Asphalt Concrete
Pavements

Asphalt concrete Eutting, a channelized depression in the wheel paths, is

the result of deformations either in the pavement or the subgrade. It

occurs because of consolidation in the subgrade or in the pavement

structure, or because of shear failure in the mix. Rutting can cause

vehicle hand]ing~prob1ems and it increases the potential for hydroplaning.

Stripping is a form of moisture damage that can severely weaken an asphalt
pavement. It can take a number of forms. Water can get between the asphait
and the aggregate and break the bond between them. Water can also get
between and separate the coated particles in the mix. Still another form
occurs when the asphalt cement emulsifies in water. High voids or
segregation can accelerate stripping by letting water into the mat.
Stripping can rob a pavement of a significant portion of its life. It also

contributes to early rutting because of strength loss in the stripped layer.

Rutting and stripping are being ;:perienced throughout much of the

United States. In 1987, an FHWA Ad Hoc Task Force issued a report entitled,
“Asphalt Pavement Rutting and Stripping.' It discussed the national and
regional nature of the problems, identified causes, and made short- and
long-term recommendations to correct them. One of these called for updating
Technical Advisory 5040.24 to reflect current knowledge. In response to
this recommendation, a new Technical Advisory 5040.27, Asphalt Mix Design

and Field Control was issued on March 10, 1988.
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Increased traffic loads and tire pressures have been identified as
accelerating factors in the occurrence of these distresses. However,
upgrading mix design procedures and construction practices to the state-
of-the-art can help to mitigate the problem. Even though some States and
regions may not have rutting or stripping problems now, there is probably
room for improvement in every State's procedures which could add extra years

of life to their pavements.

Materials Considerations

The use of locally available aggregates is an important economic factor in
highway construction. Asphalt concrete is typically made using local
aggregates. However, in the case of marginal materials, the economic
benefit may be at the expense of durability. The use of good quality
aggregates plays a major role in preventing rutting and stripping. The
recommendations in Technical Advisory (TA) 5040.27 should all be considered

when evaluating an aggregate.

One way to make a mix more resistant to rutting is to increase the

interparticle friction between the aggregates by increasing their angularity
and roughness. This is accomplished by using crushed aggregates and by
limiting the amount of natural sands. The TA recommends that specifications
require at least 60 percent of the plus #4 sieve aggregates to have at least
two mechanically induced fractured faces. Mechanically induced fractured
faces are usually rougher than flat faces made by natural processes. This
rougher texture helps to keep aggregate pérticles froﬁ slipping by each

other and also provides more bonding area for the asphalt.
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The TA recommends limiting natural sands to 15 to 20 percent of the total

weight of the aggregates for high volume roads and 20 to 25 percent for

medium and low volume roads. Since natural sands tend to be round and
smoaoth, they generally do not have good frictional properties. In addition,
natural sand deposits may contain clay or organic particles. Asphalt does
not adhere well to clay coated particles. Clay can also have an emulsifying
effect on the asphalt in the presence of water. Both of these effects can

accelerate the occurrence of stripping.

Some natural sands also consist of largely one sized particles. This can
produce a gap graded mix, which is more likely to segregate. The gap
grading may result in a flat slope on the 0.45 power gradation curve between
the #4 and #30 sieves. If this flat slope results in more than a 3 percent
hump above the maximum density line, the mix might be tender, i.e., too

unstable to compact at proper temperatures.

The gradation of the aggregates“is an important factor in the construction
and tﬁe performaﬁce of the mat. # .oregate gradation can affect the strength
and the durability of the mat, as well as its resistance to stripping or
deformation. Certain gradations are more prone to segregation. For
example, the larger the aggregate top size, the more care is required to
prevent segregation. Gap graded aggregates are also 1ikely to segregate due
to the absence of intermediate sizes which help to stop the larger aggregate

from rolling.
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Asphalts can be graded by penetration, by the viscosity of the original
asphalt (AC Grading) and by the viscosity of the aged residue (AR Grading).
The AR-graded asphalts may have problems when used in drum mixer plants,
since the asphalt may not harden as much as in a batch type plant. This
could lead to rutting, since the asphalt in the mat would be softer than was

assumed in the design, making the mix less stable.

AASHTO Specification M-226 sets requirements for AC and AR-graded asphalts.
Tables 1 and 2 of this specification set absolute viscosity ranges at

140° F and a minimum kinematic viscosity at 275° F for AC-graded asphalts.
It does not however set a maximum value for kinematic viscosity. Therefore,
it is possibie.for two asphalts to meet the requirements of M-226 and yet
have substantially different kinematic viscosities at mixing temperatures.
To control this variable, attachment 2 of the TA recommends that a new mix
design be performed if the kinematic viscosity of the asphalt being used at
the plant changes by more than a factor of 2 from the asphalt used in the

mix design.

The amount of asphalt aging occurring in the mixing process must be
controlled, since highly aged asphalts will be more brittle and likely to
crack. The aging process is simulated by the.Thin Film Oven Test (TFOT).
The viscosity of an AC-graded asphalt subjected to the TFOT should not
exceed four times the nominal viscosity of the grade. For example, an AC
20 has a viscosity range of 1600 to 240Q poises. After the TFOT, its

viscosity should not exceed 8000 poises.
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A new feature of the TA is the low temperature ductility test. The test
gives an indication of the mix's potential for low temperature cracking.
The test is based on AASHTO T51, but is performed at a lower temperature of

39.2° F and a slower pull speed of 1 cm per minute.

Mix Design Considerations

The purpose of a mix design procedure is to determine for a given gradation
and quality of aggregates the optimum asphalt content and grade which will
meet specification requirements for stability, voids, VMA, flow (Marshall),
swell (Hveem), and will be close to a maximum unit weight. The selection

of the optimum asphalt content is a balancing operation among these factors.

It is essential that mixes be designed using the actual project materials
since certain interactions occur between aggregates, asphalts, and
additives. Changing one of the ingredients may set up a completely

different interaction.

Relating the density of a 1aboréiury compacted specimen to the pavement's
ultimate density under traffic is a major element in designing mixes.
Asphalt mixes should be designed for 3 to 5 percent air voids, which is the
desired voids level of the mat after several years of traffic. The goal is
to build a pavement that is dense enough to minimize air and water intrusion

but has enough voids for the asphalt to expand.

To try to simulate the effects of traffit, various levels of compactive

effort are used to make laboratory design specimens. In the Marshall

4.2.7



Method, specimens are subjected to different numbers of hammer blows
depending on the design ESALs. Specimens should be compacted with 35 blows
per side for pavements that will have less than 10,000 ESALs, 50 blows for
ESALs between 10,000 and 1,000,000, and 75 blows for ESALs above 1,000,000.
It is important to note that specimens compacted with mechanical hammers
generally have lower densities than those compacted with manual hammers.
However, AASHTO allows the use of the mechanical hammer provided it has been

calibrated to give results comparable to the manual hammer.

Problems may result if lab specimens have been over-compacted or under-
compacted in relation to expected traffic. For a light traffic highway, a
75 blow design could cause problems because the mat will probably not reach
design density under traffic and will have excessive voids, making the mix
susceptible to rapid asphalt oxidation and water damage. Similarly, a heavy
traffic pavement designed with only 50 blows, might be densified by traffic
to the point that the mat would be deficient in voids. The mat may not have
enough void spacés to permit for thermal expansion of the asphalt and the

pavement would be prone to bleed®- :, stability loss, and rutting.

The TA provides stability values for the three ESAL ranges. Although
stability is desirable, excessively high stability values may be achieved
at the expense of durability. For example, to an extent stability can be
increased by reducing the asphalt content. However, reducing the asphalt
content too much results in thin asphalt fi]ms on the aggregate which makes

the mix more prone to stripping and to age hardening.
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In designing mixgs, the air voids content should be based on the maximum
theoretical density of the mix as determined by AASHTO T209, the Rice Test.
The Rice Test is the best available procedure for determining the maximum
theoretical density because of the short-test time and because it accounts
for the asphalt absorbed by the aggregate. It also eliminates the error
that can occur by trying to calculate a maximum specific gravity based on
the percentages and specific gravities of the component aggregates.

In the past, base and binder mixes have been constructed with higher air
void levels and somewhat lower asphalt contents. Typical values have been
as high as 8 to 11 percent. These high void mixes are more 1ikely to strip,
because the mat is open to moisture penetration. Additionally, the
aggregates typically have thinner asphalt films, which lowers mix strength
and makes the mix more likely to strip. To prevent problems, bases and

binder mixes should also be designed for 3 to 5 percent air voids.

The Voids in Mineral Aggregate (VMA) is a measure of the space between the
aggregate particles which can accommodate the asphalt cement and the air
voids. If the VMA is low, the m{x will have either a low voids or asphalt
content, because there is not enough empty space in the mix to accommodate
both. If the VMA is too large, then too much asphalt cement will be
required to achieve density and stability will be lowered. Minimum VMA
values are included in the TA. These values are based on the nominal
maximum aggregate size, i.e., the largest sieve on which some material can

be retained.
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It is recommended that the ratio of dust or minus #200 material to asphalt
be kept between 0.6 and 1.2 based upon weight. For a mix containing 5
percent asphalt, the dust content should be held between 3 and 6 percent,
using washed gradations. The effect of dust on the mix is complex and
depends on the size, shape, gradation, and quantity of the dust. A certain
emount of dust is needed to produce a dense cohesive mix. -However, in some
cases too much dust can result in low air voids and can stiffen the binder,
resulting in a harsh mix. Fine dust can act as an asphalt extender and cause
the mix to be tender. Single sized particles may increase the asphalt

demand of the mix.

Evaluation of Stripping Potential

A mix design is not complete until an evaluation has been made of the mix's
resistance to moisture damage. Moisture damage susceptibility can be
estimated by strength loss after moisture conditioning by a number of test
procedures. Probably, the most promising procedure is the Root-Tunnicliff
test. It is faster than the Lottman test (AASHTO T283) and is adaptable to
field control. Also, the samp1e§ are more severely conditioned than in the

Immersion Compression test (AASHTO T165).

Asphalt concrete mix design is complex, therefore, it is also important to
identify the reason for the loss of strength in the stripping test. The
worst scenario is to use an anti-stripping additive when the problem may be
due to a low asphalt content caused by a low VMA. In this case, it would
be better to change the gradation to increase the VMA so that more asphalt

could be put into the mix.
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Once a set of materials is found to be susceptible to water damage, an
additive should be selected. The type, dosage rate and method of
application should be determined through laboratory testing, preferably
using the Lottman or the Root-Tunnicliff Tests. Hydrated lime and portland
cement have been found to be very effective in protecting mixtures from
water damage. Some 1liquid anti-stripping additives have also been

effective.

Agencies should guard against the use of any additive without adequate
testing and evaluation. Some States have developed approved lists of anti-
stripping additives. This is an acceptable practice provided the proposed
additives are then tested with the actual project asphalt and aggregates.
Reliance solely on the approved list may result in the use of additives

which have no effect or which may even be detrimental to the mix.

Plant Operations

The TA covers a number of specific points necessary to ensure proper plant
operations. Attachment 3 of th. <A is a model checklist for inspecting
asphalt plants. A few points should be stressed. Agencies using AR-graded
asphalt should verify that the asphalt hardens sufficiently during mixing.
This is accomplished by recovering the extracted asphalt and testing it for
viscosity. This testing can also give a hint if unburned fuel oil is

contaminating the asphalt.
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The dust/asphalt ratio shou]d be monitored during production. The
dust/asphalt ratio has become increasingly important since the advent of
baghouse dust collectors. Typically, the contractor wants to recirculatg
all of the captured dust into the mix. However, it is difficult to properly
compensate for the extra dust during mix design, since it is difficult to
meter a constant flow of dust into the acfua1 production mix. High dust
contents make the mix more sensitive to asphalt content. Depending on the
size of the dust particles, the mix may have either a lower or hfgher
asphalt demand. If the flow of dust varies during production, the mix will

alternate between having too much or too little asphait.

The asphalt plant testing program should include verification testing of the
mix design. This should 6ccur after plant start-up and periodically during
production. The purpose is to verify that the production mix has the same
properties as the mix that was designed. As well as being tested for
asphalt content and gradation, the plant produced mix should also be run
through the standard design tests such as stability, voids, density, etc.
Plant prbduced mix may not have the same properties as specimens compacted
in the lab even though they were made from the same ingredients since some
aggregates produce additional mineral dust when processed through the plant.
Failure to do verification testing can result in a mix being produced which
has different gradations, voids, stabilities, and densities from the
laboratory mix. If this happens, the benefits of doing a mix design are

lost.
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Laydown Operations and Compaction

Paving operations should start with the construction of a test strip. A
nuclear gauge should be used to determine the number of passes needed to
obtain optimum density. Cores should then be taken from the test strip to
determine the bulk density, which is the true density of the mat. A
correction for the nuclear gauge due to aggregate type is obtained'by
comparing the nuclear density values to the bulk density values. To
determine if the rolling is providing the proper level of compaction and
voids, the bulk density of the cores is compared to the maximum theoretical

density of the mix, which should be obtained from the Rice Test.

Density specifications can be based on meeting percentages of maximum
theoretical density, of lab density or of test strip density. . Whichever
specification 1is used, acceptance levels should be set so that after
rolling, the mat will have air voids of 6 to 8 percent, or a density of 92

to 94 percent of maximum theoretical density.

Not enough can be said with regard to the detrimental effects of paving in
cold or wet weather. Adverse ambient conditions can result in inadequate
compaction, poor bonding between layers, or moisture being trapped in the
pavement. Raising the temperature of the mix to compensate for cold weather
conditions may age the asphalt cement excessively. Also, hot asphalt cement

flows more readily and is more easily absorbed by the aggregates. The hot
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asphalt cement will tend to drain to the bottom of the storage bins or the
truck beds resulting in fat spots in the mat corresponding to each truck
load. Also, if absorption becomes significant, the mix will have a low

effective asphalt content.

Paving on a cold surface can cause the temperature of the mix to drop below
minimum before rolling is completed. AASHTO has recently adopted into its
Guide Specifications the following suggested-minimum surface temperature

values for different 1ift thicknesses.

Compaction Thickness Surface Course Sub-surface Course
< 11/2 in. 60° F suggested 559 F. suggested

11/2 to 2 1/2 in. ' 50° F suggested 45° F suggested

2 1/2 in. + 40° F suggested 359 F suggested

A1l rolling, including the finish rolling, should be completed before the
mat temperature drops below 175° F. The 175° F should be considered an
absolute minimum value, since continued rolling with a steel wheel roller
can cause the mat to decompact. ~-mpaction of the mat should begin as soon

as possible after laydown.

The TA strongly encourages the use of pneumatic rollers because of their
ability to knead and seal the surface of the mat. There is also some
indication that they provide a more uniform level of compaction across the

mat and provide better compaction at joints.
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Again attention is needed during paving to make sure that a uniform mat has
been produced and that no segregation is occurring in the paving operation.
A number of paving practices can result in segregation such as uneven paver
demand, emptying the hopper between loads, or in the loading of the paver

hopper.

Conclusion

There will always be a need for additional research and new products. One
area needing study, is how to relate mixture properties to pavement design
procedures. Work is ongoing through SHRP to evaluate tests methods for
asphalt cement and asphalt/aggregate mixtures and to monitor the long term
performance of pavements. In NCHRP project 9-6(1), the Development of
Asphalt-Aggregate Mixtures Analysis System, wbrk is ongoing to develop

better mix design procedures.

However, much of the current rutting and stripping problem could be
corrected by wusing state-of-the-art knowledge in mix design and
construction. This effort requires the commitment of the highway community

to designing and producing high quality pavements.
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e | Memorandum

US.Department

of Transportation

Federal Highway

Administration .

Washington, D.C. 20590
Subject: Guidelines on the Use of Bag-House Fines Date -
APR 71988
Reply 1
From: Chief, Pavement Division atn ot HHO-12

To: Regional Federal Highway Administrators
Direct Federal Program Administrator

Attached is one copy of a recent National Asphalt Pavement Association (NAPA)
publication on the above subject. It is the most comprehensive and informative
study on this subject to date. The NAPA has made a distribution of this report
to its member companies.

You will note on page 21, Summary and Conclusions, that the author recommends a
maximum dust asphalt ratio of 1.2 to 1.5 by weight in Item 1. This is not
completely in concert with Item 4.a (8) of the March 10, 1988, Technical
Advisory T 5040.27, which recommends a maximum dust asphalt ratio of 1.2. We
have no quarrel with the authors recommendations provided that his other
recommendations and particularly number 3 can be, and is, strictly adhered to
at the mixing plants.

We suggest that this report be given to your pavement or materials specialist.

/Norman J. Van Ness
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Q Memorandum

US Deparment
of Tronsportanon
Federal Highway
Administration
supect  Transmittal of Rebort FHWA-SA-92-022 are JN 9O Kee
. . Reoly 10
from Director, Office of Engineering ann ot HNG-42

Director, Office of Technology Applications

to. Regional Federal Highway Administrators
Federal Lands Highway Program Administrator

Attached are copies of the State of the Practice on the Design and
Construction of Asphalt Paving Materials with Crumb Rubber Modifier
(Publication No. FHWA-SA-92-022). Sufficient copies are provided for
distribution of two copies for the region office, one copy to each division
office, and four copies to each State department of transportation, or as you
see as appropriate.

The passage of the Intermodal Surface Transportation Efficiency Act of 1991
(ISTEA) has generated interest in the highway community on the subject of
using scrap tire rubber in asphalt paving. The State DOT’s are all aware of
the provisions of Section 1038(d) which will require them to satisfy the
minimum utilization of crumb rubber modifier (CRM) beginning in 1994.

The Pavement Division, with the cooperation of the Office of Technology
Applications, has completed this report on the design and construction of
asphalt paving materials with CRM. We believe this document will assist the
State DOT’s to develop an understanding of the technologies associated with
CRM. This understanding is essential to form educated decisions on the
implementation of ISTEA Section 1038(d).

The FHWA distribution of this document will be limited to public agencies and
highway industry associations. Direct distribution is being made to the
Technology Transfer Centers. Further distribution to individuals and private
companies will be provided through the National Technical Information Service
at (703) 487-4650.

. . ]
/?/ = O b~
/ﬁi Dougyas A. B rd Thomas 0. Willett

Attachments
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o Memorandum

US.Department
of Transporiahon

Federal
Administration

supect Asphalt Concrete Mix Design and Field bae N 2 ' 1990
Control TA 5040.27 SN2

Chief, Pavement Division Reoy 1o HHO-10
From Washington, D.C. 20590-0001 aun or  HHO-30

7o. Regional Federal Highway Administrators
Federal Lands Highway Program Administrator

Attention: Regional Pavement and Materials Engineers

The subject Technical Advisory (TA) was issued in February 1988. The

Section 6, Plant Operation, on page 8 offers suggestions and recommendations
on items of importance at the mixture production plants. Item 6.b. states,
"To avoid or mitigate unburned fuel oil contamination of the asphalt mixture,
the use of propane, butane, natural gas, coal, or No. 1 or No. 2 fuel oils is
recommended." The processed used-0il and heavy fuels o0ils were not included.
The reason we did not include processed used-oil was that in the early to mid
1980's, there were some very shoddy practices by some used-o0il processors
which resulted in both combustion and environmental problems. In 1989, the
Environmental Protection Agency (EPA) codified regulations on the maximum
levels of metallic contents of processed used-oil. To comply, the used-oil
must be treated and those processors who can do so successfully are licensed
by EPA. These processed used-oils should be satisfactory for use in hot mix
asphalt production.

With regard to heavy fuels, they were omitted from those recommended in the TA
since they require preheating to lower their viscosities to the point where
atomization and full combustion can be attained. Equipment is available to
achieve full combustion and if properly used in the asphalt mixture production
process, the heavy fuel oils can give satisfactory results.

In summary, it is not our intent to preclude the use of fuels that do not
contaminate the mix. Regardless of the type of fuel used, our concern is that
the hot mixed asphalt concrete is not damaged in the production process. The
only way, that we are aware of, to assure ourselves of this is to follow the
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suggestion contained in 6.c. of the TA which states, "If the asphalt cement
is overheated or otherwise aged excessively, the viscosity of the recovered
asphalt will exceed that of the original asphalt by more than four times.
However, if the viscosity of the recovered asphalt is less or even equal to
the original viscosity, it has probably been contaminated with unburned fuel
oil."

Louis M. Papet
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AGGREGATE GRADATION:

SIMPLIFICATION, STANDARDIZATION,
AND UNIFORM APPLICATION

BY THE BUREAU OF PUBLIC ROADS

This report was prepared by a special committee appointed by Assistant Federal Highway Administra-
tor and Chief Engineer Francis C. Turner and representing the Bureau of Public Roads O ffices of Engineering,

Operations, and Research.

The committee inciuded Ardery R. Rankin, chairman., Office of the Assistant

Administrator: Carl A. Carpenter and Russell H. Brink, Physical Research Dicision: Moriley B. Christensen,
Construction and Maintenance Division; and William B. Huffine and Norman J. Cohen, Equipment and

Methods Division

The Need for Simplification

Because of the magnitude of the nationwide highway
construction program and the enormous amount of public
funds required to finance it, every effort must be made to
develop and apply wavs and means of reducing construc-
tion costs while at the same time assuring the production
of only high quality work. In 1ts continuing mission of
contributing toward the accomplishment of that objective,
the Bureau of Public Roads has made a study of the
poesibility of eflecting economies through simplifiestion,
standardization, and uniform apphcauon of aggregate
gradations.

In performing this study, analyses were made of the
current standard specifications of the highway departments
of the 50 States. the Commonwealth of Puerto Rico, and
the District of Columbia. The analyses disciosed a wide
diversity in the requirements pertaining to aggregate
gradations. Some 215 dissimilar gradations are specified
for coarse aggregates lor portiand cement concrete. Of
these s{ions TUctures pavement,
91 are for structures only, and 38 are solely for pavements.
In contrast. Part [ of the Siandard Specifcations for
Highway Materals of the American Association of State
Highway Officiais includes only 19 gradations of coarse
aggregates for all highway construction (ses AASHO
Designation M 43-49), with only 7 designed for use in
concrete pavements or bases, bridges, and incidental
structures (see AASHO Desigpation M 30-51). Similarly,
the 52 highway departmamts speeify & total of 58 fine
aggregate gradations for Roth pevement and structural
concrete whereas AASHO wpecifies only 1 (see AASHO
Designation M 6-51). '

In sddition, there s considerable lack of consistency
among the States in the number and sises of sieves used
to determine the g tions; furthermore, there is no
uniform method in actual use by the States for designating
aggregate gradation sises. (nly two States refer to the

size designations used in AASHO Designation M $50-31.
Some States have their own systems of size designations
and other States use no designations at all.

O)bviously. a greater degree of simplicity, standardiza-

" tion, and uniformity of usage for aggrogate gradations

would be bighly desirabie. For example, & commercial
supplier who presently furnishes aggregates under nu-
merous varying specification requirements for several
Federal, State, county, and municipal highway organiza-
tions for identical construction purposes, would certainly

- find it much simpler and less costly if the 3ame few grada-

tions with identical specification requirements were used
by all these agencies. Similariy. construction contractors
bidding in more than one jurisdiction could prepare their
bids much more inteiligently snd probably at lower
prices if the specification requirements and the materials
designations were the same for all jurisdictions.

For reasons of economy snd because of the growing
scarcity of high-quality aggregates in some areas, it is
essential 0 make as much use as possibie of aggregates
that are locaily available. This {requently necessitates
tailoring the specification requirements to fit the charac-
teristics of such local aggregates 10 whatever extent may
be compatible with producing high-quality construction
st economical prices. Nevertheless, a much greater
degree of standardization snd uniform use of aggregate
gradations can undoubtedly be achieved. The problem
has long been recognised snd has here been approached
with three specific objectives:

1. To develop a minimum number of standard aggre-
gate gradations that ean be uniformly adopted nationwde
for general usage, while at the same time recognizing the
need for some variations by special provisiom to fit
locally available materiais.

2. To achieve uniformity in the number tnd sizes of
sieves to be used in specifying the aggregate gradations.

3. To develop and adopt a simple and uniform system
for identification of the standard aggregate gradations.

1



The Simplified Practice Recommendation

A major step toward accomplishing these objectives
was taken on June 30, 1948, when the Department of
Commerce approved and issued Simplified Practice
Recommendations R 163—48 ! for coarse aggregates,
including crushed stone, gravel, and slag. A predecessor
rrcommendation had originally been approved for pro-
mulgation in June 1936 and issued as R 163-38. It
was proposed by the Joint Technical Committee of the
Mineral Aggregates Associstion. composed of representa-
tives of the National Sand and Gravel Association, the
National Crushed Stone Associacon, and the National
Slag Associstion. Producers, distributors. and users of
mineral aggregate all cooperated in developing the simpli-
fied practice recommendation. An intermediate rewvision
was approved and published 1n 1939 and some additional
revisions subsequent to 1939 resuited in the publication
of the current issue of 1943. Table | shows the SPR
gradings that are currently in effect.

As will shortly be described, the SPR system has been
essentially adopted by both the American Association
of State Highway Officials and the American Society
for Testing and Materials.

Vaine of the SPR system

The simplified practice recommendation R 163-48 em-
hodies a number of highly logical and useful features:

1. Siandard neves.—The SPR gradings empioy s simple
and convenient. square-opening, sieve-size series based
primarily on the logarithmic principle.

! Cosroe Aorrovaion \Crushed Stowe, Grasel, end Siag), Simplified Predis
Racommendation R [89-i8. spproved June 20, 1948, Netoosl Buress of
Swadards, U.A. Depar of C . 148, - -

The basic logarithmic sieve series emploved Segins with
s sieve haviog ciear openings of 3 inches and each smailer
sieve has clear openings the diameter of which 1 one-haif
that of the next larger one. Thus the basic series s 3-inch,
14-inch. %-inch. 4inch. No. 4, No.8. No. 16. No.30. No. 50,
No. 100. and No. 200. Because sotne consumer interests
consider that the logarithmic series does not provide
enough control in the larger sizes while others desire
greater freedom in selecting maximum sizes, the gaps have
been reduced in the SPR series by superunposing upon
the logarithmic series. the arbitrary sizes d-inch. 3':-inch.
2%4-inch, 2-inch, I-inch, and “-inch. Also. two of the
logarithmic sizes were left out of the SPR series—the
No. 30 because it was felt that it serves no useful purpose
in grading control of coarse commercial sggregates. and
the No. 200 because material of this size 'sotl fines and
commercial mineral filler for bituminous paving mixtures)
is oot and should not be considered an ingredient of
commercial coarse aggregates. Both the No. 30 and the
No. 200 sievea are required in 3pecifying sands and fillers.
as in the ASTM and AASHO standards, and both fit in
the logarithmic series.

2. Simple system.—The SPR gradings embody s simple
and readily understandable system of individual size and
grading designations consisting basically of singie-digit
numbers.

The single-digit numbering series starts with No. | for
the standard commercia: aggregate having the largest
top-sise particles and progresses from No. i through No. 9
as the individual standard coarse aggregates decrease in
sise, as shown in table 2.

Because of consistent demands for certain longer grad-
ings than the relatively short ones represented by the basic
series, shown in the first columa of table 2, s secondary

Tabie 1.—Sizes of coarse sggregate (crushed stone, gravel. and slag) from Simplified Practice Recommendation, R 18348

’_.-_“w".(mml.nn by weight

No. 4 } No.8 . No. 16| No. 3 ! No. 100




Table 2.—Basic Simplified Practice Recommendations
sumbering system

| Combina- | Sise Umits

Baaic SPR : oosof ‘
'lmlﬂ“w“[ °“‘“ o | umm‘ Miptmom . Manimam | Mintmasm
: ! . !

Nommnal size i

grading series was developed by combining the basic
gradings. These combinations of the basic gradings are
identified by corresponding combinstions of the single
digit numbers. Thus. standard aggregate No. 357. shown
in the second column of table 2. which immediatelv follows
No. J in the SPR table of gradings (table 1), is & combina-
tion of standard sizes Nos. 3. 5. and 7 in such proportions
as to conform to the grading-band limits that were assigned
to it. Similarly, standard aggregate No. 568, following
No. 5. is a combination of standard sizes Nos. 5 and 8 in
auch proportions as to conform to the grading-band limits
assigned to it.

Gradings Nos. 1F. 2F, G1. G2. and G3. listed in table |,
do not appiy to highway work and are not included in the
abridged version of table | that has been published in the
AASHO and ASTM Standards. Item 10 (table 1) repre-
senta screenings and may be considered more or less »
residual material from aggregate crushing and processing.
It is not generally subject to close control, as indicated by

the wide limits on the amount passing the No. 100 sieve,

and is not considered pertinent to this discussion.

3. Flenibility.—The SPR gradings permit a high degree
of flexibilitv.

The standard, stock aggregates can be combined to
produce any reasomabie total grading for roadbuilding

purposes when further combined with suitabie sands or

mineral filler.

Adoption by AASHO sad ASTM

The original SPR issuance, R 163-36, was adopted,
essentiaily as promuigated, by the American Society for
Testing and Materials in 1937 as Tentative Bpecifieation
D 448-37T. It was carried- a8 & Tenmative Scandard,
with revisions in 1941 and MR unuil 1947, when it was
advanced to Standard. . Standard was revised in
1949 aad in 1954 and now appeams in ASTM publications
as Standard Specificatiin D 448-54.

The simplified practice recommendation, including ita
numbering system, was adopted 0 eover standard sises
of coarse aggregate for highway copnstrustion by the
American Association of State Highwsy Officials in 1942
and was designated AASHO Specification M 43-42.

With some exceptions the SPR gradings were aiso adopted
that year for crushed stone and crusned siag, for varous
specific purpuses as in AASHO Desmgnation M 73-42,
bute course: M 78-42, bituminous concrete base course
and others: and aiso M 30-42. coarse aggregate for port-
land cement concrete: but :n these individual applications
the SPR numbering system was not used bv AASHO
until 1949, 3ince that year, ail features of the SPR
scheme have., with minor deviations.! been generally in-
cluded 1n AASHO) specifications for specific items as weil
43 (0 the general group specification for coarse aggregates
fot highway construction. Some <light revisions of
M 43-42 were made 11 1949 and the designation was changed
to M 43-49 which 1s still carried.

The present 3PR svstem does not provide complete
gradings for purtland cement concrete or bituminous
paving mixtures because 1t does not cover sands or minera]
tillers.  Fuor both of these, however. there are AASHO and
ASTM standards.

Aggregates for Portland Cement Concrete

The adoption by AASHO and ASTM of the 3PR system
for coarse aggregates for portiand cement concrete has
just been described. With regard to sand for portland
cement concrete, the need for standardization is now met
by AASHO Specification M 6-31 and ASTM 3Specification
C 33-59, which are very similar to each other, as shown in
table 3, and both of which have proved satisfactory in
use. Both gradings utilize the logarithmic sieve sizes and
are therefore compatible with the 3PR svstem.

Aggregates for Bituminous Paving Mixtures

Coarse aggregates
AASHO has two specifications for coarse sggregates

‘for bituminous paving mixtures: one for bituminous con-

crete base course, M 76-31. and ‘one for bituminous con-
crete surface course, M 79-31. However, each of these 13
somewhat lacking in desirabie flexibility in that only two
SPR aggregate siaes are provided in each case.

* These deviations arv w Pilews:

Sim designetion No. 3 (20, W0 ! 1n.} Percentage passing the 2-in, sieve:
05100 (SPR 188-48); 95-100 (AASHO M 4349): 0-100 : ASTM D ¢ab-54).

Sise destynatioa No. 67 (M-, to No. ¢): Percentase paming the 3-n.
steve: 0-100 (SPR 16348, 90-100 (A3TM D «8-5); 05100 (AA3HO
M 80-61); 90-100 (AABHO M 43—,

Table 3. —AASHO and ASTM sand gradings for portiand
csmeant coacrete

Percentage pasuing sieve

Siave stz AAdHO AIT™
MesT  Cn%

100
B-100
0-100
+ 30-88

t Prior to 1982 thams requirenents were 43-80.
lTh.m d 10 $~J0; mme referenced specifications.
) Thess

d 10 0-10; 308 relersnand speciicaiions.
3
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Cecember 23, 1980
Appendix B

Instrumentation Calibration Verification

Provision should be made to allow for verification of
the signal conditioning instrumentation calibration (to
account for the effects of zero and gain drifts).

General Requirements for Calibration Signal

The minimum acceptable facility for verification of
conditioning instrumentation is a calibration signal
subsystem. The calibration signal should be provided
from such a source and in such & manner that there is
little likelihood of variation in the calibration
signal itself. This assurance then permits the
operator to make adjustments in the measurement
subsystem gain to offset the frequent small deviations
which occur due to changes in ambient temperature and
other operating parameters.

Force Measurement Calibration Signal

The most straightforward technique for providing a
force measurement calibration signal is to make
provisions for switching & high quality shunting
resistor of known value in parallel with one arm of the
force transducer strain gauge bridge. This induces an
imbalance in the bridge equivalent to the application
of a known force to the transducer. The resultant
signal is sufficient to verify, or provide means of

ad justment for, all elements of the force measurement
system forward of the transducer itself.

Freguency of Use

Instrumentation calibration verification through use of
calibration signals should be accomplished at the
beginning of each day's operation after equipment warm
up, at intervals of no more than 2 hours when the system
is in continuous use, and upon the renewal of operation
throughout the day after any period during which the
signal conditioning equipment has been turned off or

the unit has been allowed to stand without use for 30
minutes or more.

Check List

A check list should be available to the crew and should
be used prior to the beginning of daily operations and
on any occasion during the day when testing is
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1s not, by any means, the oniy design factor for the grading
bands for biturmunous paving muxtures, it has had a
predominating influence.

The second design step for bituminous paving mixtures
consists of either determining or estimating the appropriate
amount of bituminous binder to use. Here again practice
has been established on the basis of sxperience and judg-
ment in some cases while wel] established laboratory

procedures. based on laboratory and field research. are
In the latter case. the predominating
y IS

others

o

wwed an
facror dereer
Jen~itv or -<pecifically to the void spaces availabie for
hitider 10 the compacted aggregate and the ofect of over-
filling or underdlling these voida on rhe ~rabilitv and
weather resiztance of the plastic paving mixture.

Portland cement concrete

The situation with regard to portland cement concrete
destgn is quite different. The design controls for concrete
in present-dav practice are_fineness modulus. cement
factor. and water-~ement ratio with the cement factor
and wiarercement ratio oeing the primary variabjes used
il designing (Or & SDECIBE SiTenain (BORE, 1he cement

factor and water-cement ratio may also Ue varted 1o some
extent to affect workability as mensured by rhe s UMP test.
with plasticizers being used occasionally to improve
workability and strength. From the practical staudpoint
of deld control. no one factor_so sdversely affects the
strength and uniformity of the concrete as lack of control
of water content. The proportions are set up on the pasis
ST Taboratory trial mixtures. utilizing the aggregates for
the specific job and taking uito consideration such factors
as particle shape and surface texture. absorption. .aned
others.  Little or no use 1s made of total xrading bauds
that might be set up on the basis of density or other pos-
stble demgn factors related 1o overall grading.

The practice of setting up the mixture for »ach job on
the oasis of laboratory tests 13 followed for reasons of
practicality even though. for manv vears. research was
conducted to develop the relations between the deusity
of the aggregate. as influenced bv rhe grading. and the
quality of concrete?

! Reference is made o this research and to the reiations so »stadlished in
A4 Trestise on Concrets. Plain and Renforeed. 0y F. W. Tavlor and 5. £.
Thompeon. 3 edition. 1918.

Table 7.— Composition of asphalt paving miztares (from table III, ASTM lnexludol for hot. lmxed. hot-iaid asphait
nvml. Designation D 1663~53T)
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ASTM Grading Bands for Hot-Mix Asphalitic
Paring Mixtures

As alreadv indicated. density has been generailv dis-

carded as s direct design factor for portland cement con-

¢rete but not for bituminous paving mixtures

Conerir-

1ently with the work done recently in de\'elopmz a set of

three sand gradings for Hituminous work. ASTM nas e
deveioped 2 syvitem of grading bands for combined course.
fine. and filler aggregates for sand asphalt. sheet asphait.
These gradines are presented as
table [II in ASTM Standard Specification D 1563-39T.
They are reproduced here i1n table 7.

The sume industry and consumer representatives that

and asphaitic concrete.

LOGARITHMIC GRADATION CHART
SIEVE OPENINGS IN INCHES

100 0029 0059 JU17 0165 02 08X 0469 (787 187 25 3750 7?5 10 1520 30 00
' I T T T T T T e s T 11
— : : —— —
30 % z 30
- L 5 +— ; 4
80 — : > - : 80
: : 7
) ! — ]
60 : — = T R
< — 7 ¥ a
Q. - - + + 1 Q.
50 : : — 50
z g Y s } 1 :
G4 40 z : 1 40
& : &
W 30 L
20 : 20
10 T > - = 10
of : — > 1,
200 100BC SO 40 30 20 t6 108 T % B w %N kw2 3
SIEVE SIZES

Figure 1.— 4 dense, stable grading pilotted on the logarithmic gradation chart.
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ware prevignsly ssined. 1is0 partcipated n this deveiop-
ment. The ASTM composite uradings of table 7 are
nade up from SPR coarse aggregates and the ASTM
sands and fijer previousiy described. They are thus
fully compatible with the SPR system. They have
existed as ASTM Tentative Standards for only 2 vears
and were zet up with the full realization that they might
require some revision 10 the light of expernence.

New gradation chart developed

I:. presenning tne «raphical material that s to follow,
e rate of g new gradation chart devised by the Bureay
of Prtiie Roads, buased on refations oxtablished by L. W
Development of the chart
i~ tesertbeed an detaii it the companion articke (i thia
thglletin,

[n the piotung method now generslly used. gradings
rint have proved to be highly compactible, and hence
Aesirabie as conducive to stability and resistance to mois-
tiure and weathenng in bituminous paving mixtures_have
adowrward curving shape which is generally agreed to
approximate *he curve shown in figure 1. Here, the
VATTical ~cale is arithmetic snd shows total percentage
passid the various sieves, while the horizontal scale
represents the logarithms of the sieve openings.

The sunple expedient of using, for the horisontal scale,
the -ieve npeuings inches or millimeters) raised to the
0.43 puwer. converts rhis i : itraight
line passing at its lower left axtremitv through zero per-
CERT for an IMadInary sieve having jerg-size openings as
<hown :n_ fAgure 2. t)f course, yrading curves having
~ither zreater or less curvature could be similarly straight-
~ned by using different exponents. [t is believed, however,

\.Ajit)-'," Sf the Nethertands

that the curve of dgure t aad its carresponding =traight-
line equivalent, figure 2, represents very nearlvy an ideal
grading from the standpoint of density. Both research
and experience indicate that the maximum particle size
of the graded aggregate does not affect the shape of the
maximum-density curve so that the straight-line principle
ustng the exponent 0.45. or other basic curves and cor-
re~ponding exponents, applies regardless of maximum size.
The convenience of this_device 15 readily_ apparent. since
it relieves thuse concerned with asphalt technology of the
ne_ﬂg_to remember tne exact <hape of 4 specific enrved
line.

Problem mixtures

[n recent vears several State highwayv departments have
reported one or more instances of difficulty with bituminous
concretes produced under their vwn current specitications:
the mixtures were hard to compact and remained tender'’
for some time after rolling—that is, they were slow in
developing stability. Others have reported instances of
splotchy pavement surfaces where moisture was present
in the aggregate. Some of these States have supplied
information to the Bureau of Public Roads as to the
aggregate gradings that produced these unsausfactory
mixtures,

[t has been noted that, in nearly all cases, these gradings
were characterized by a rise or hump in the grading
curve, when piotted bv the new method. because of
disproportionately large quantities of finer sand fractions.
It was further noted that the unsatisfactory mixtures did
oot contain what would be considered excessive amounts
of Glier, the fraction passing the No. 200 sieve.

In 1961 the Bureau of Public Roads conducted a
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(aborstury ~tudy -f this specitic probiem and utilized. for
*he first time, the new method of plotting gradings to
facilitate interpretation of the results. Some of the resuits
of that study are shown graphically here because they bear
directly on the problem of grading control as treated in
this report. They are fully reported and discussed in the
companion article in this bulletin.

Among other things. the study showed that the jabora-
“ory test resiits were consistent with the unsatisfactory
~xpertence reported by the States on the problem mixtures
eseribed.

ASTM gradings need further study

The ASTM y¢rading band for l-inch maximum size
\=phaltic concrete 1s shown in tigure '3 as ilfustrative of
the «ight ~izes covered by AST M Specification D 1663-39T
and presented in table 7. Also shown in figure 3 is the
~traight ‘dotted; line that would represent the maximum-
irnsity grading if it can be assumed for this purpose that
rhe maxitnum siae for each grading may be arbitrarily
established by passing the straight line midway between
the npper and lower band limits for the largest sieve
having both values shown.

Figures 4-1 show the aggregate gradings for the problem
mixtures previously mentioned snd the reiation of their
urudings to corresponding ASTM grading bands. These
mixtires. which proved tender in the field or were splotchy
when laid, were found to be low in stability when dupli-
cated and tested in the laboratory. The two =ivtures
<hown in figures 4 and 5 are representative of several cases

in which the =tates reported the mixtures to be ‘ender
dunng construction snd for considerable periods after
rolling. The mixture shown in figure 6 represents <evaral
cases where splotchy pavements have been noted.

Since two of these typically humped gradinazs fall within
the upper band limits of the corresponding ASTM grad-
ings. even (h the eritical. fine sand zone. there 13 a strong
indication that the upper band limits of the ASTM grading
spucifications for asphaltic concrete need some downward
adjustment. at least at the No. 30 and No. 30 <ieves, o
further restrict the fine sand. However. a definite
recommendation in this specific matter must await forther
study

Basic Purpose of SPR System

The line of srgument most frequently nsed by those
opposing changes in grading controt 13 that thev are
familiar and satisfied with what thev are nsing and that
they do not need or want new gradings. This points up
the need for a clearer understanding of the basic purpose
of the SPR scheme snd of the ease with which anyv desired
grading curve or band can be converted from one sieve-
size svstem to another. The well established and fully
validated graphical conversion method is illustrated in
figure 7, which has a logarithmuc horizontal scale. The
equivalent straight line chart, exponent 0.45, is shown in
figure 8.

In these two illustrations. an aggregate gradation band
regularly specified by one of the State highway depart-

GRADATION CHART

SIEVE SIZES RAISED TO 0.45 POWER
(m — ‘4 - N 1 |°°
== T
% : ; = —— : %
ASTM UPPER LIMITS v - I
80 == ——rt————t— 7 : 80
2 1 EMAXIMUM - DENSITY === ——ir0 2
3 = GRADINGE—F—F : : &
» 60 : r g
g B : * s :
- 50 b . A S - - a2 - ; ” ;
5 «© NOTE HU“P:‘: —— _‘CTU‘L GRADING T 0 o
& = = 3 — ; I b
w30 A : LAST. LOWER LIMITS — : 0%
2k S 7 ——20
10 : 1 : 10
0‘ +—r e - - 0
ol-ugtdw . 8 4 N YN, LT T 1YphM
5,20n 40 20 10 ¢ AL Win tign 2

SIEVE SIZES

Pigure d.— Aggregate grading for a 3/é-inch nominal mazimum size mixture identifled

as & ‘‘tender’’ mis.

4.8.11



GRADATION CHART
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GRADATION CHART
SIEVE SIZES RAISED TO 0.45 POWER

100 7 T T 1 s 100
S0 EE : %
a0 | MAXIMUM- DENSITY ‘sino'ms ; =,
w _:' e e b 1 < e e o
2n :Asn UPPER LINITS = Tz
= = - = <
g L e = 1 e > ::f = w e
. S0F : ACTUAL GRADING : S0
Z ENOTE HUMP I w
& 40 Bt ae e —— 0
g B e — 3 w
== . ASTM LOWER LIMITS —t
B S= ——20
10, s T to
oolmzx‘ E O : 4 ; MIN. N T Y T wgm
R ) &-‘ s A i

SIEVE SIZES

Figure §6.—Typical grading for & 1/2-inch mazimum size mixture where a small
amouni of moisture in the aggregate has resulted in a splotchy pavemaent surface.

4.8.12



LOGARITHMIC GRADATION CHART
SIEVE OPENINGS IN INCHES
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Figure 7.—Conversion of a current State specification to SPR siece sizes, using the
) logarithmic gradation chart.
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Teats 3 converted (oM che siesessize svstem traditionally
1sed by the state to the 3PR sieve-size system.  The
sorresponding tabular dtadings are shown on the charts.
[n making the conversion, no change 15 introduced in the
shape or placement of the band limits and it can be stated
with confidence that an aggregate produced to conform
with »ither. will conform to the other. :

Nor only do these illustrations demonstrate the sase and
‘-.,'1\-._(“,.“;-.. of converung other grading ~v=iep> 1o the
SPR averen. or common language. nut additionallv. thev
fopietrute thal e conversion doos ot mmvolve ctunhe-
. the parnele distaibonon of o spevific, deswened. or
bestmnd aggregnre.

[ «hyid he poIltfeddopit i " s Conrteenion that the use
Wi the PR -(v.\r‘ ~eries Ty eXpress total gradations. as
for examuple. 1l-inch maximum =ize 10 No. 2, does not
as-1:re that <pecific desired gradings can always be made up
Sy combinatmns of ~tandard SPR numbered aggregate
fractions with ASTM sand and fitler, although in vormal
practies <ien situations <hould be comparatively rare..

Cetieraliv, tne same freedom to modify grading band
cotitzol limits to »xplost field @xpertence or the findings of
fesearch 15 inhersnt in the -tandardized <cheme presented
hers s =xsts 10 the multipiicity of State speciticatiors now
it ase. The need for some degres of freedom in this respect
s fully racognized.

Huwever. this philosophy cannot legitimately be nsed to
justifv the kind of trivial ditferences that acconnt for a
large proportion of the hundreds of asugrezate eradations
appearing in State spectfications.

Recommended Course of Action

The study which is the subject of this report was under-
taken for the purpose of furthering the three objectives
mentioned-—drastic reduction of ~standard’’ gradations,
Agresment on sieve sizes, and agreement on a uniform sys-
tem of identification of standard gradations. Because of
the inherent flexibility of the SPR scheme, coupled with
compatible sand and filler specifications now available as
AASHO and ASTM -tandards. it ts believed that a large
proportion of the many special gradings now appearing
in State specifications could be eliminated, thereby achiev-
ing important economies in highway construction. In
many cases, it would vnly be necessary to convert to the

SPR standard <teve diges, as cila~trated (20 9z coe T ind s,
and to use 3PR ¢rading designations.

A desirable course of action and one rhat < strongiv
recommended for implementation by the Amenran iasq.
ciation of State Highway Otficials is essentially 35 follgws:

1. Elimination from individual State spectfications of 4f
sieve sizes that are at varisnce with those officially adopted
by AAIHO and substitution thersfor of conforming <jeve
<iges. This could be done easily oy nulizing the method
illustrated in figures 7 and . The new grading tyqhles
would provide the <ame gradation~ as tnuse previonsty
aprClﬁ'.‘d.

2. Elimination from individual State speeiicutions of
athet gradation requirements not conformiag o AASH
or refated ASTM standards to the maximam practicuble
»xtent.

3. Retention for use, as special provisions r wippie-
mental spectfications, of such nonconformiig gradation re.
quirements i3 may be justified.

Standards Now Recommended

The following AASH O and ASTM standurds 4re *ecom-
mended for general use by ail highwav departments:

LOAASHO M 43-49. standard sizes of coarse aggrogate
for.highway construction.

2. AASHO M s0-51, coarse sagregate fur portland
cement concrete.

3. AASHO M 6-31, fine aggregate for portland cement
concrete. .

+. ASTM D 692-39T. coarse augregate for bituminous
paving mixtures.*

3. ASTM D 1073-39T. fine aggregate for hituminous
paving mixtures.

6. ASTM D 242-57T, minerai filer for <heet asphalt
and bituminous concrete psvements.

In addition to the above six standards, the following
tentative standard is recommended for <tudy. pussible
revision. and general use:

7. ASTM D 1663~39T, hot mixed. hot laid asphait
paving mixtures.

* Requures one revision for adoption by \ASHO to conform 0 AASHO
M 4340, namely for aggregats No. 3 the percentages Dassing the 24n. sieve
would bave to be changed from $0-100 « A3T M. 0 95100, a5 aow “»uireq i1
AASHO M U0

11
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The third approach is a compromise in which the pipe is wrapped in a
filter fabric and the trench is backfilled with a filter aggregate or
coarse sand as shown in the bottom sketch of Figure 6. In this
approach, the aggregate acts as a filter keeping the fines from clogging
the filter fabric. The coefficient of permeability of the filter
aggregate material varies, but it is generally much fower than an
open-graded aggregate backfill.

AGGREGATE
Figure 6. COMPARISON OF EDGEDRAN DESIGN

It is pointed out that in all of the approaches any erodible fines in
the base course will be washed out. The difference in the approaches is
the manner in which the fines are handled.

It should be noted that there is no way to prevent a filter adjacent to
a material with a high percentage of fines from eventually clogging. If
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of sileve sizes <ee fig. T in the preceding article, p. 10V,
This cnart. whicn will be referred to hereafter -as the
logarithmic gradation chart. has had wide use for some 30
veary and has proven valuable in illustrating individual
gradations and determining their position relative to speci-
fication limits. This tvpe of chart. however, has one
significant disadvantage in that it shows 4 maximum
Jdensite zradation as 3 deeply sagging curve. the shape of
which iz hard to define. )

T.» provide 1 herter means of relating actial aggregate
Zradation to mavimnm dens1ty gradation, a new chart has
‘ne Bureau of Public Roads. The horn-
2onTal ~cide Tor r2e severad seve spzes of this chart s a
powsr-functon atner than he oganithm of the sieve
apeming :n microns.  The vertical <cale 1s arnthmetical,
the <ume as for the logarnithmic chart. An important
Ffuntnre of the new chart s that 1t provides for a zero
rheorerical sieve -ize. Thus, for practical purposes, all
~truight lines plotted from the lower left corner of the
chart. st zero percent passing zero theoretical sieve <ize.
npward and toward the right to anyv specific maximum
<ize. represent maximum density gradations, The ex-
ponent of the power funcrion is 0.143, i.e.. the honizontal
scale reptresents the various sieve openings in microns
raised to the .43 power.

Heen devized ov

Background of development

The selection of the 0.43 exponent was based on research
performed by L. W. Nijboer of the Netherlands and first
published in 1943.2 Nijboer used a double logarithmic
gradation chart in a study of the influence of aggregate
gradation on mineral voids. All gradations used in his
studv were represented bv straight lines. with various
:lopes. when plotted on his chart: the variation in siope
resuiting from his use of several different gradations of the
same maximum Y-inch) size. Nijboer made two series
of tests on compacted bituminous mixtures, using rounded
grave] for the coarse aggregate in one series of tests and’
an angular crushed stone in the other, Miperal voids
were determined for all of the mixtures and were plotted

3 Plastictty a2 a Factor in the Design of Dense Bituminews Road Carpets, DY
L. W Nyboer, Fsevier Puhlishing Co., 1948,
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Figure I.—Mazimum density gredation pilotted on ¢
double log chart.

14

agaimnst the slopes of the :trawznt iine Zradation
For both types of coarse aggregate. the munimum muaeral
voids, or mauimum sggregate Jdensity. occurred for 3
gradation having a slope of .43 on the double lug chuart.

Fiqure 1 shows rhis maximum density gradation for a
i-inch maximum size aggregate plotred on a double log
chart.  The figure ajso ilustrates 2 maximum density
curve for a gradation with a1 maximum <ize designated as
M microns. for the following discussion in which 1t s
assumed that all maximum density curves fave g slope of
.43 on the double iog chart regardless of muaximam size.

[n developing the equation for 4 maximum density
curve let:

Ve

M =maximum <ize of axgregate in mwierHns,

N=q1ze of opening fnr a partcrdar seve.

P=perc»maqé Pa=sINg The particilar sieve,
log B=intercept nn vertical axis uf the chare

The general equation of the curve is:
log P=log B —0.45 log ~........ o

ther equations are:
log 100 —iog B=0.45 log M —iog 1': or
2~log B=0.45 log M*: or
log B=2—-043l0g M. ... ... .. .... 2
Substituting equation (2} in equation 1: we have:
log P=2-0.45 log M —1.45 log - ork
log P=2-0.45 (log S—log M': or

P=100 (%)m Y. )

The exponent in equation 3 15 the one used in design-
ing the new gradation chart. By the nse of loganthms,
the sizes ‘of sieve openings in microns were raised to the
0.45 power. These vajues were then employed with a
suitable arithmetical scale far establishing the horizontal
position of each sieve. The procedure is illustrated for a
few of the sieve sizes on figure 2.

Figure 2 also iliustrates how maxitnum density grada-
tion is indicated for a gradation having 2 maximum size of
M microns: simply by piotting a straight line from the
origin, at the lower left corner of the chart, to the selected
maximum size at the top of the chart. As can be ieen
from the information on the ieft side of the chart. the
equation for such a line is that shown above a3 equation
(3). Thus, any gradation that will piot a3 a straught line
through the origin of the new chart wiil aiso piot as a
straight line on the double log chart of Nijboer and wiil
have a siope of 0.45.

The new gradation chart described in thus article. and
hereafter referred to as the Public Roads gradation chart,
is not, strictly speaking, an entirely new type. The
National Crushed Stone Association. in its Crushed Stone
Journal, has been using a square-root gradation chart for
several years to0 illustrate gradations. The valy difference
between the Association's chart and the new one presented
here is that the former is based on an exponent of 0.50 for
the power function instead of 0.45. The research of
Nijboer and data to be presented later in this article show
that 0.45 is a more realistic value for indicating maximum
density.
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Figure 3~—~Gradations of problem mixture (project A) compared with mazimum
denasity gredetion.

Using CharttnStudy of Tender Mixes several bituminous mixtures that had been reported as
= having unsatisfactory compaction characteristics. During

Soon after the Public Roads gradation chart was de- the past 4 or 5 years, engineers have reported several
veloped it was used to study gradations of aggregate (rom instances of hot asphaltic concrete mixtures that con-
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‘nrmed o the:r :pecifications but could not be compacted
.o *he normai manner because they were siow in deveioping
sumcient Jtability 0 _=~ithstand the weight of rolling
equipment. >uch muxtures are usually called “tender”

mixeg _
Those having experience with such mixtures have

tended to piace most of the blame on the particular asphait
1sed.  t)ccasionally it was recognized that such factors
1s h:gh temperatures of the mixture. the air. and the
anderlying structure, »xceasively heavy rolling equipment,
or the presence of moisture in the mixture mught con-
‘ripute o the unsatisfactory condition. The possibility
Was very <weidom cor<idered that zagregate gradation could
e an equally important factor and that the grading
reguirements used could be contributing to this probiem.

T iilustrate the type of aggregate gradation that seems
ry be rather consistently associated with tender mixtures,
<«;me <pecific examples from three different parts of the
country are discussed in the paragraphs that follow.

tin 3 1Y3% construction project. identified as project A,
che engineers were careful to select cold feed matenials and
proportions for-the wearing course mixture that would
provide 3 median gradation within the specification limits.
Despite these precautions, the resulting maxture had the
characteristics of a tender mix. It was deicnibed as a

cntical muxture which did not compact satisfactanlv ac
any asphalt content within the specification Limits. At
asphalt contents only slightly below the one that was
most nearly satisfactory, the mixture was friable and
developed cracks behind the fnishing machine. At only
shghtly higher asphalt contents the mixture was too
unstable to compact.

Although the ~ngineers suspected the asphalt was at
fault thev decided to try a modified gradation. which
tesulted 1n 8 less cnitical mixture with greatly improved
compaction characteristics,  The inital and final grada-
tions and the corresponding maximum density gradation
are shown plotted on the Public Roads ¢radauon chart in
figure 3. Attention is called to the hump in the curve
above the maximum density line at the Nos. 3. 40, and
30 sieve sizes for the initial gradation used n the npe
satisfactory mixture and to the absence of a hump at these
sieve sizes for the final gradation whicn produced the more
satisfactory mixture.

Figure 4 shows gradations used on three otner projscts.
each having a hump above the maximum density line at
about the No. 30 sieve when plotted on the Punlic Roads
chart. Two of these, for projects B and D, bult in 19538
in a different State than project  A. are gradations of
mixtures containing gravel and sand that were deseribed
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as tender mixes. The third gradation, for project C, is
tvpical of those used in a State which has had considerable
difficulty with mowsture problems in laying bituminous
pavements containiBg Certain coarse sggregates. A very
small amount of moisture in sych mixtures often results
In 3 splotchv pavement surface.

There have been exceptions, but searly all gradauon
crves of problem mixtures studied by the research iabora-
rorwes of the Bureau of Public Roads have been characterized
»v u nump above the maximum density line at or near the
V.. 30 sweve.  Such mixtures have an excess of fine sand in
swn to rotal sand.  This excess not only results in
~ompacted fensities hit tends to float the larger
particies und Jestroy stability that might otherwise result
feom cous<e aggregiate wnterlock. In addition, fine sand is
inherently less stable than coarse sand.

Thu: improper sggregate gradation is identified as sn
imp«_;-rt.mt contributing factor to the __gnsanstactorv
heRavior of <ome bituminous mixtures.

WWer

(ther factors,
<neh - 2°Dhall characteristics, Migh r.emperatures and
mwist-ire_vapor cannot be ruled out: but. ‘unsatisfactory
gramng. particularly oversanding in the. ﬁ_ne sizes, must
not be uverlooked a3 a possible source of trouble.

2000

Laboratory Evaluation of Gradation Chart

To evaluate further the usefulness of the new Public
Roads gradation chart, a laboratory study was undertaken
with two main objectives: To substantiate Nijpoer's
findings, and to determine more precisely the effact of
“hump” gradations on mineral voids and stability of
compacted asphaltic concrete. The study emploved the
gyratory method of molding and the Marshall stability
test.

The investigation was iimited to 24 different gradations
of gravel, sand, and limestone dust aggregate having a
maximum size of 0.525 inch. These gradations are shown
in table | of the appendix (p. 24}, together with values for
effective specific gravity values which were used 1n
computing voids.

Verification of 0.45 exponent

In order to verify Nijboer's findings, the first six grada-
tions were made up so that they would plot as straight
lines with varving slopes K on the double log chart. as
shown in figure 3. When plotted on the New Public Roads
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geadatwon cnar. dgure 5 five of these gradings plotted as
surves perause uf tne varations in the exponent K. Only
gracaton No. 3. which nad s slope ror exponent K) of 0.48
i figure 3. plotted as s straight line n figure 6. Figure
& also contains. for ready reference, data on minersal voids
and Marshall stability extracted from table 4 of the
appendix. It will be noted that the aggregates were com-
bined with asphalt in two series of mixtures. one with
ennstant asphalt content of 3.5 percent and the other with
varable asphalt content to produce constant air voids of
4.1) percent.

Figire 7 shows rhe Marshall stability and mineral void
values 1n zraphical form. In the upper part of this figure,
Marshail -tabtlitvy -ee zabuiation. fig. 6. 1s plotted against
K or siupe from the Jouoie log chart see fg. 35. The
solid-line cnurve represents test results for a constant
prreentage of asphalt. the first series of tests: the dashed
line represents re<uits for a constant percentage of air voids,
the ~acnond series of tests. Corresponding curves for
mineral voids are shown in the lower part of the figure.

It =1l be noted in figure 7 that minimum aggregate
voids. or maximum aggreate densities. occur at the point
where A equals 0.433. This is slightly lower than Nij-
boer s value of 0.45 on which the new Public Roads grada-
tion chart is based. but the slight difference is not con-
sidered <ignificant. Figure 7 also <hows that the value of
K had a pronounced effect on Marshall stability for both
series of testz.  For the coarsest grained aggregate (grading
No. 5. for which A =0.66., stability was less than 200
pounds. For the finest grained aggregate of the study
:grading No. 1. for which K =0.31). stability was between
1.600 and 1,730 pounds for the two series. The maximum
values for the two series were between 1,300 and 1,950
nounds.

Study of “‘hamp " gradations

Figures 3-10 use the Public Roads gradation cnart 1o
illustrate gradations that plotted with 3 hump at the No.
30 sieve size and to compare them with a maximum lensity
curve (gradations Nos. T-11 and 13-21. snown (n taple |
of the appendix;. Each of these figure: also inciynes a
tahulation rextracted from table 4 of the appendix :now-
ing mineral voids and stability for mixtures with constant
asphalt enntent and w1th a constant volume of air voids.

Figure % shows the gradation curves and test results for
gradations Nos. T-11. each of which had 45.0 percent pass-
ing the No. % sieve. the same 4: that for rthe muximum
density curve. These gradations are considered ypumum
in the amount of total sand.

As will be seen tn figure =, the curve for vradation No. 11
plotted as a strawght line from the No. x <ieve ro the No.
200 steve and this poruon of the curve is below The mav-
mum densitv line. The curve for gradation No. 10 13 vn
the maximum density line from maximum =1ze *o *he Nu.
30 sieve but then drops below the maximum density line
to the No. 200 sieve: 1t therefore has a slight hump at the
No. 30 sieve but the fact that this hump s not above the
maximum density line i considered significant since grada-
tion No. 10 had the lowest mneral voids of this group of
gradations for hoth series of tests, and aiso had the highest
stability for the sertes in which asphalt content was main-
tained constant. [ts stabilitv was oniv 30 pounds lower
than the highest value in the second test series, where air
voids were maintained constant.

The humpe at the No. 30 sieve size for gradations Nos. 9,
8, and ¢ are progressively larger than that for gradation
No. 10 and are all above the maximum density line. As
the humps become more pronounced the gradations show
increasing void contents and decreasing stabilities.
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Figure 3. —Hump gradetions of gravel mixtures, high in total sand.

Figure 9 shows the gradation curves and test results for

gradations Nos. {3-17, all of which had 53.3 percent pass-

ing the No. 9 sieve and are considered high in total sand .

when compared to the gradations shown in figure 8.

The curve for gradation No. 17 does not have a bump -
at the No. 30 sieve sige: it is a straight line from the No. 8 . .
to the No. 200 sieve and intersects the maximum density -

curve at the No. 30 sieve. This gradation showed the

lowest value of mineral voids for the group. The curve ..

for gradation No. 16 has a slight hump above the mazimum
density curve at the No. 30 sieve size, and gradation
curves Nos. 15, 14, and 13 have increasingly larger humpo
Allowing for experimental error, it will be noted that, in
general. increasing magnitude of the hump corresponded
with increasing muneral voids and decressing stability for
the series of tests where the asphalt was maintained con-
stant. Where the air voids were wmaintained constant,
in the two instances shown, there was s slight inerease in
mineral voids but no significant change in stability.

Figure 10 shows the curves for gradstions Nos. 18-21,
which had 38.9 percent passing the No. 8 sieve and are con-
sidered low in total sand when compared % the gradations
shown in figure 8,

The entire curve lnrm No. 31 plotted below the
maximum density line and bas 8 very slight hump at the
No. 30 sieve sise. Tha. curve for gradation No. 20 has a
slight hump and touchms the maximum density line at the
No. 30 sieve sise; qtharwise it is completely below the
maximum density line. This is considered significant since
gradation No. 20 BET Vhe lowest mineral voids and the
highest stability of this group of gradations in both series
of tests.

Gradation No. 19 had a considerable hump at the No. 30
sieve size, above the maximum density curve. This grada-

20

tion had greater mineral voids and less stability than those

of gradation No. 20. Ciradation No. 15 had the largest

hump of the group and it also had the highest percentage
" of mineral voids and the lowest stabilities.

Conciusions on hump gradstions

The above discussions. based on figures 3-10. of humps
in gradation curves at the No. 30 sieve size, may be sum-
" marised as follows:

1. A hump above the maximum density line in all cases

~ was associated with a lower aggregate density higher
mineral voids) than & hump that just touches the maximum
density line.
. 2. In nearly sll cases the hump also was associsted with
s lower Marshall stability value. The reduction in sta-
bility was more pronounced for the series of tests in which
the asphalt content was maintained constant than for the
senies in which the asphalt content was varied to provide
s constant volume of air voids.

3. The greater the magnitude of the hump above the
maximum density line, the lower was the aggregate density
(in all cases) and the stability (in searly all cases:.

Thus, based on results of laboratory tests of gravel mix-
tures, the presence of a hump in the aggregate gradation
curve at sbout the No. 30 sieve and above the maximum
density line is indicative of an undesirable gradation.
The extent to which differences in laboratory density and
stability can be related to fleld compaction and perform-
ance charscteristics is not now known. However, the
results of these laboratory tests and studies of known field
examples discussed earlier do show that “hump’ grada-
tions may be a contributing {actor towsrd the unsatis-
factory behavior of mixtures. Further verificstion of their
effect should be determined by controlied field studies.
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Figure 10.—Hump gradations of gravel mixtures, iow in total sand.

Use of chart in improving gradations

One of the advantageous uses of the Public Roads
gradation chart is in revising gradations to obtain greater
or lesser mineral voids. Often it is desirable to decrease
the mineral voids to provide a more stable mixture. At
other times it is Jesirable to increase the mineral vods
to allow room for more asphait in the mixture and thereby
tmprove 1ts durability: - for exampie, McLeod ? prefers
to maintain 4 minimum of !5-percent mineral voids in
the compacted mixture. .

Bas-d on this |5-percent voids critetiou the marimum
density gradation used in these tests. No. 3, would not
be satixfactory since it had mineral voids of 14.4 and 14.8
percent, respectively, for the first and second series of
Ciradation No. 10. which is similar to gradation
No. 3 except for a lower dust content, would be satis-
factory hecause its respective mineral voids were 18.8
atid 16.3 percent. appreciably greater than the 15-percent
criterion. Thus. one effective way of modifying a grada-
tion 10 provide greater or lesser mineral voids is to change
its dust content. However, this may pot be practical or
it may be more economical to modify the gradation at
other sieve sizes.

If the modification is to be made by varying the grada-
tion of the sand portion, figures 8-10 suggest that it
might be done by increasing o# desressing the percentage
passing the No. 30 sieve far the entire sggregate while
maintaining constant the pasesmtages passing the No. 8
and No. 200 sieves. In figure 10, for example, if gradation
No. 19 shouid prove 100 denes it could be modified to a

B

tests.

) Relationships detwern Denolly, Bitumen Contrut, snd Veide Propertios
of (o d R Purvng Mixtares, by N. W. Meclesd, Proossdings
of the 33th annusl mesting of the Highway Rewsrch Board, voi. 34 1988,
PP. 327-404.

less dense gradation by increasing ‘the percentage of
aggregate passing the No. 30 sieve and therebv moving
the gradation curve away from the maximum density
line: or it could be made denser by reducing the percentage
passing the No. 30 sieve w bring the curve closer w the
maximum density line.

If, however, the modification is to be made by adjusting
the percentage of sand or by varying the gradation of the
coarse aggregate, another factor must be taken into
account. An aliowance must be made for the fact that
'skip gradations can promote higher density.

Skip gradations

Figure {1 shows curves and data for three :kip grada-
tions, Nos. 22-24. The siope of these curves between
the No. 4 and No. 8 sieve sizes is appreciably less than
the siopes of the remaining portions. They might be
referred to as gradations that plot with s hump at the
No. 8 sieve size. Figure 11 aiso shows curves and data
for the maximum density gradstion, No. 3, and for grada-
tion No. 12 which plots as a straight line from the maxi-
mum sise to the same percentage passwng the No. 200
sieve as that of the other curves.

Comparing the curves in figure 11 with respect to their
positions reiative to the maximum density line is compii-
cated by tbe fact that some of them cross it. For exam-
ple, gradation No. 12 plotted closer to the maximum den-
sity line than gradation No. 22 st the No. 4 and iarger
sieve sises, but further from the line at the No. 16 and
smaller sieve sises. On the average, however. gradation
No. 12 pilotted closer to the maximum density line than
gradation No. 22, and it abowed the higher density (lower
mineral voids).

Similarly, skip gradation No. 22 plotted closer to the
maximum density line than skip gradation No. 23 at the

21
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No. 4 and iarger sieve sizes, further from the line at the There is no doubt that gradation No. 24 plotted the

No. 8 sieve sise, and again closer to the line at the No. 30 furthest from the maximum density line and it showed
and smaller sieves. Which gradation plotied clioser to the highest density of the three skip gradations. Ita den-
the maximum deasity line oo the average w questionable, sity, however, was oot as great aa that of gradation No. 3,
but gradation No. 23 had the higher density. the one that is used t0 represent maximum density on
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the gradatioo chart. But this does not preciude the pos-
sibility that there may be other skip gradations of the
«ame maximum sise that will exceed the density of gra-
.avion No. 3.

Figures 12 and 13 compare data for gradations that
vary in the percentage passing the No. 8 sieve. These
were selected from previous figures used to illustrate
“hump” gradations. They provide the same indications
as figure [1. For example, in figure 12, gradation No. 20
plotted further from the maximum density line than gra-
dation No. 10 but had the higher density. The same rela-
tionship held for gradations Nos. 18 and 8 in figure 13.
Incidentally. gradation No. 20 in figure 12 and gradations
Nos. ¥ and 1% in figure 13 can be classified as skip grada-
tions as well as "hump’” gradations because they plot
with slopes tiatter between the No. 8 and the No. 30 sieve
size than elsewhere.

In reference to the higher density skip gradations in
figures 11-13, it is considered important to note that in
all cases the right-hand portion of the gradation curve
was below the maximum density line. This fact must be
taken into account when using the maximum denaity line
as a reference for adjusting skip gradations to provide a
lower or a higher density.

Conclusions

The laboratory study covered by this article was limited
to data representing 24 different gradations of aggregate
of a single maximum sise. Only one asphalt and one type
of aggregate were used in the mixtures. Based on these

limited oconditions, the following conclusions are war.
ranted :

L. The new Public Roads gradation chart provides a
much more convenient means of studying Aggregnte grada-
tions than the logarithmie chart now commonly used.
The greater convenience results from the fact that mag-
mum density gradations can be represented on the chart
by a straight line from a theoretical sero percent passing
3ero sieve size to 100 percent passing the efective maxi-
mum size.

2. This maximum density line constitutes a new design
tool, in that it serves as an easily remembered line in com-
paring differmnt gradstions or in adjusting gradations to
provide desired voids and stability characteristics.

3. For ations of ich
plot a8 smooth curves entirely above or below the maxi-
mum density line, those closest o the line wnll usually
represent gradations yieiding rhe losest. voids (p the
compacted mixture,

4. For gradations of the same type of aggregate which
plot as identical curves except for the portion between the
No. 8 and the No. 200 sieves, those that show appreciable
bumpe above the maximum density line at about the No.
30 sieve will have higher mineral voids and lower Marshall
stabilities than those plotting with lesser humps. Analysis
of several problem mixtures from field projects has clearly
confirmed this finding and pointa up the detrimental effect
of gradation humps in the finer aggregate sises.

S. For skip gradations, low mineral voids are associsted
with curves that stay appreciably below the maximum
density line in the right-hand or coarse aggregate sone of
the chart.
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APPENDIX: PROCEDURE AND DETAILS OF PROJECT

Processing sggregate

Table 1 shows the aggregate gradations used in the
study and includes values of eflective specific gravity
which were used in: computing voids. The effective
specific gravities are rational values determined directly
on several of the mixtures by the Rice vacuum saturation
procedure.*

The uggregate larger than the No. 4 sieve and a portion
of that pussing the No. 4 sieve and retained on the No. 8
sieve was an uncrushed river gravel. The remainder of
the aggregate conisted of sand from the same source
and a commercial limestone mineral fller. The amount
of mineral filler used varied with the gradation. In all
cases 60 percent of the total aggregate passing the No. 200
sieve consisted of limestone dust.

Table 2 gives the apparent and bulk specific gravities
of the three stock aggregates. Rational values of apparent
and bulk specific gravity of the combined aggregate
representing different gradations were not determined.

In preparing the aggregate to be combined to meet the
several gradations. the gravel and the sand larger than
the No. ¥ sieve were accurately separated into 0.525-inch
to dy-inch, &-inch to No. 4, and No. 4 to No. 8 sieve sise
fractions. 3ince it is very difficult to obtain clean separa-
tions for fine size aggregate in large quantities, no attempt
was made to separate the sand into exact sieve sise frac-
tions. Instead. it was separated into approximate sizes
by a relatively rapid sieving process, and the gradations
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k Ae Granuty of B
Proardure. by J. M. Rice. 1n Sy
Costat A¢gregaias. 3pecial Teeh d Pubis No. 191, A,
for Tasting Matenais, June 1956, pp. 43-61.

of the several {ractions were then accurately determunec
and used in computing the correct proportions to provide
the desired combined gradations.

Preparing mixtures and test specimens

An 85-100 penetration grade asphait was used iwn ail
mixtures. Table 3 gives ita test properties.

The mixtures were prepared in a laboratory mixer from
aggregate heated 10 325° F. and asphalt heated to 300° F.
Each batch was just sufficient for one test specimen,
which, immediately after being mixed. was compacted in a
gyratory mold heated to 200° F. Figure 14 .p. 26) shows
the gyratory compactor used in molding the specimens.

The test specimens, 4 inches in diameter and 2's inches
in height, were molded by applying 30 gvrations at a I-
degree angle and under a foot pressure of 100 p.s.i. Pre-
vious work by McRae and McDaniel ¢ indicated that this
procedure produced densities corresponding to those of
the 50-blow, hand-compacted Marshall specimen.

Tests performed

The specimens were tested for bulk specific gravity,
Marshall stability, snd Marshall flow value. Bulk specific
gravity was determined by the procedure described in
Section 4(a) of AASHO Method T-165. Air and mineral
voids, based on effective specific gravity of the aggregace,
were computed from the bulk specific gravities.

¢ Progress Repert om the Corpe of E 2 Knesding Co for Bitw-
mmeus Miztures, by /. L. McRas and A. R. McDumel, Procsedings of the
Assocmtion of Asphalt Peving Technolopsts. vol. I7. 1968, pp. 357-382.

Table 1.—Geadatiea and effective specific gravity of aggregate bleads
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Tabie 2.—Physical properties of sggregsies '

Table 1. —Phursical properties of asphait

Qravel | I - Property Valga
3and ' Tmers

v el Aler O T ey, o p \‘

No. 4 { gt .
Flasn pomt. C. Lo
334
Apparent c gravity. ... 208 188 287 n a
Swk specific gravity......... 29, 18 23 0
W ater abe0tDLon, parcent. .. R0 .3 Le .. .8
A3HO TesadTs  Peneustuon.... °3
A et hods al . Peosusuon.......... «0
Rewsned penetrstion. .. ]

After thin-flm oven Lest A 4

Two series of tests were conducted. the results of which Los 320
are summanzed in tabie 4. The first senies was performed Penetrsiion.. . ... . ‘ﬁ
‘4 v s Retawned penetratio 8
on all 24 gradations shown o table 1. Al 24 mixtures Ductasg b ewien -

contained 3.5 percent of asphait by weiwght of the aggre-
gate. A total of T2 test apecimens, J for each of the 24
gradations. was made. The work was done in three
rounds. one roynd of 24 specimens being prepared on each
of three different davs. The test resuits for each group
of three corresponding specimens from the three rounds
were averaged.

The second seres of tests was performed on 14 of the 24
gradations. Asphalt contents were computed from the
results of the first senes of tests to produce air voids

pairs of compacted specimens alightly greater and slightly
less than 4 percent so that test resuits for this second test
senes couid be interpoisated for exsctly +-percent atr voids.
A total of 34 specimens, 3 pairs for each of the 14 grads-
tions, was made. The work was done in J rounds, 1
round of 28 specimens for the 14 gradations being prepared
on each of 3 different days. The test resuits for each
group of corresponding specimens were averaged.

Table ¢.— Phyded properties of gyratery compacted gravel mistures
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