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Asphalt Concrete Mix

Design and Construction
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Hot Mix Asphalt Concrete (HMA)

Mix Designs

•

Objective:

–

Develop an economical blend of

aggregates and asphalt that meet

design requirements

•

Historical mix design methods

–

Marshall

–

Hveem

•

New

–

Superpave gyratory
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Requirements in Common

•

Sufficient asphalt to ensure a durable pavement

•

Sufficient stability under traffic loads

•

Sufficient air voids

–

Upper limit to prevent excessive

environmental damage

–

Lower limit to allow room for initial

densification due to traffic

•

Sufficient workability
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Place pre-heated aggregate in

bowl and add hot asphalt

Mixing
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Mixing

Place bowl on mixer and mix until

aggregate is well-coated
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Example of typical full-size compactors.

Compaction
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Basic Purpose Of HMA Plants

To produce a 

quality

 hot

asphalt mixture that

contains the desired

proportions of asphalt

and aggregate and meets

all specifications.
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Batch Plant

Batch Tower

Pug Mill
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Burner - Batch Plant
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Temperature Profile in Drum Mixer
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Plants are computer controlled
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To Be Covered

•

Hauling

•

Placement

•

Compaction
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Different types of trucks are Used
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Self Propelled

 Paver
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Self Propelled Paving Machine

THE BASIC

PRINCIPLE

HAS NOT

CHANGED

MUCH
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Self Propelled Paving Machine

HMA Flow
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COMPACTION

GOOD

COMPACTION

LEADS TO

GOOD

PERFORMANCE
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Reason For Compaction

•

To prevent further compaction

•

To provide shear strength or resistance to

rutting

•

To ensure the mixture is waterproof

•

To prevent excessive oxidation of the asphalt

binder
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Temperature is critical
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Vibratory Roller
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Pnuematic

 Roller
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Steel Wheeled Roller
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Extracting A Core
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Questions - ?
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Temperature Profile in Drum Mixer



NCAT

This is the temperature profile of the inside of the drum mixer plant.  







TEMPERATURE PROFILE OF DRUM MIXER
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Self Propelled Paver



NCAT

The mix is placed with a self-propelled paver.  It can be done with a motor grader; but, that is seldom done.   The purpose of the paver is to place the HMA to the desired width and thickness and to produce a satisfactory mat texture.   The mix is usually placed at 3 times the thickness of the nominal aggregate size.
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Reason For Compaction

		To prevent further compaction

		To provide shear strength or resistance to rutting

		To ensure the mixture is waterproof

		To prevent excessive oxidation of the asphalt binder
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Vibratory Roller



NCAT

Vibratory rollers come in a variety of configurations.  Single drum and double drum as shown here.  These rollers can be operated in any one of three modes:  static (with the vibrators off), with one drum vibrating and one static, and with both drums vibrating.

These rollers provide two types of compactive force to the the HMA - static force and dynamic (impact) force.  The static from is caused by the weight of the roller and frame.  The dynamic force is caused by the impact produced by a rotating eccentric weight located inside the drum or drums.  As the eccentric weight rotates about the shaft inside the drum, a dynamic force is produced.
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Steel Wheeled Roller



NCAT

Steel wheel rollers range from 3 to 14 tons.    They can either be three wheel like this one or tandem.  














_980230705.ppt


Extracting A Core



NCAT

Cores are taken for density determination and thickness.  They are usually cut to obtain a sample of the layer being placed.  The bulk specific gravity of the core is determined and using that with the maximum specific gravity it is possible to determine the percent compaction.
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Questions - ?



NCAT
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Pnuematic Roller



NCAT

Most pneumatic rollers are operated as intermediate rollers - behind a vibratory or static steel wheel breakdown roller and in front of a static wheel finish roller.

The compactive force is a function of the wheel load of the machine, the tire pressure, the tire design and the depth of penetration of the tires into the mix.

The tire pressures range from 60 to 120 psi and the minimum weight is 15 tons.  For a tender mix a lower tire pressure should be used for an stiff mix a higher tire pressure should be used.
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Temperature is critical



NCAT

One of the most important factors is the mat temperature.  Too cold and the mix cannot be compacted - too hot and the mix will not support the rollers.
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Self Propelled Paving Machine

HMA Flow 



NCAT

This picture identifies each of the components of the paver:

1.     The tractor unit receives the mix from the haul trucks, carries the material back to the spreading screws and distributes the mix across the width of the screed.

2.     The hopper is used to temporarily hold the mix.  
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COMPACTION

GOOD COMPACTION LEADS TO GOOD PERFORMANCE









































































































































NCAT

Compaction is the single most important factor that affects the ultimate performance of an HMA pavement.
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Self Propelled Paving Machine

THE BASIC PRINCIPLE HAS NOT CHANGED MUCH



NCAT

The basic principle behind the pavers has not changed much since the 1930s.


















_980230626.ppt


Plants are computer controlled



NCAT

Plants are computer controlled.
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To Be Covered

		Hauling



		Placement



		Compaction





NCAT

This slide shows the three topics that will be covered in this block.
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Different types of trucks are Used



NCAT

Trucks for use in hauling HMA come in many sizes.  The key is that they have metal beds, be cleaned of foreign material and hardened asphalt.  It is a practice within the industry to coat the beds with a release agent.  For many years this release agent was diesel fuel - the diesel fuel will soften the asphalt binder and can result in soft spots in the pavement.



The number of trucks required depends on many factors:  the production of the plant, the length of the haul, the type of traffic encountered and the expected time needed for unloading.



This is an end dump truck that loads directly into the paver.  During delivery the driver must direct the truck squarely against the paver, and should stop the truck a few inches in front of the paver.  The truck bed is slowly raised.  When the mix is dumped to quickly segregation occurs.
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HMA PLACEMENT 





NCAT
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Dryer For A Drum Mixer Plant

Aggregate Entry Point



NCAT

In  a drum mix plant the aggregate enters at the burner end of the plant.
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Small Drum Mixer Plant



NCAT

The advantage of the drum-mix plant is that a high production (200 tons per hour) plant can be moved and set up quickly.  This is a “six-pack”.  It can be moved in six units.
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Dryer For Drum Dryer Mix Plant



NCAT

This is the working part of the plant - the drum mixer.  Note that it slopes down away from the burner.  The rate of the material flow through the mixer can be controlled somewhat by the slope of the drum.
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HMA PLANT OPERATION





































































































































































































































































































































































































































































































































































































































NCAT

The block of instruction will cover the production of hot mix asphalt.  At the end of this block the student will:

        Understand the function of an asphalt plant.

        Know the two basic types of plants and the major components of each



This material is covered in detail in Chapter 6, “Equipment and Construction”  in the recommended text book.
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Batch Plant

Batch Tower

Pug Mill



NCAT
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Drum Mixer Plant

typical layout
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Aggregate Bins
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Asphalt Storage





NCAT

Drum mix plants were first introduced about 1910.  More than 100 small drum mix plants were operated until the mid-1930s.  They were replaced by batch plants.  They were resurrected in a revised form in the late 1960s.  Introduced on a large scale in the 1970s about 70% of the plants now sold in the US are drum mix plants.  They represent about 50% of the plants in the US.
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Drum Dryer Mixer







This is a schematic of the drum mix plant.
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Burner - Batch Plant



NCAT

On a batch plant the aggregate moves to  the burner end of the plant.
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Basic Purpose Of HMA Plants

To produce a quality hot asphalt mixture that contains the desired proportions of asphalt and aggregate and meets all specifications. 



NCAT

Regardless of the type of plant - the basic purpose is the same.  It is as shown on this slide.  












_980230578.ppt


Batch plant

typical layout





Storage Silo
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NCAT

Today’s  batch plant has changed little since 1940
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Types Of Plants





BATCH

DRUM  MIXER



There are two types of plants - the batch plant and the drum mixer plant. Both batch plants and drum mix plants are designed to accomplish this purpose.  The difference between the two plants is that the batch plants dry and heat the aggregate and then in a separate mixer blend the aggregate and asphalt one batch at a time; drum mix plants dry the aggregate and blend it with asphalt in a continuous process and in the same piece of equipment.
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Place pre-heated aggregate in bowl and add hot asphalt

Mixing



NCAT

Pour the heated binder into a bowl with the heated aggregate.  Typically the temperature for this is about 275 to 325 C.
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Compaction

Example of typical full-size compactors.



NCAT

These are typical full-size compactors.  There are now seven (June 98) different compactors on the market.  They all obtain comparable results.
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% binder

VMA

Selection of Design Asphalt Binder Content
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Blend 3











NCAT

The properties are plotted verses the binder content and the proper AC content is obtained.
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Mixing

Place bowl on mixer and mix until aggregate is well-coated



NCAT

The mixture is typically mixed in a mechanical mixer.  The mix should be observed to insure that the aggregate and asphalt are thoroughly mixed.
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Hot Mix Asphalt Concrete (HMA)

Mix Designs

		Objective:

		Develop an economical blend of aggregates and asphalt that meet design requirements

		Historical mix design methods

		Marshall 

		Hveem

		New 

		Superpave gyratory





NCAT

The objective of HMA mix design is to develop an economical blend of aggregates and asphalt.  In the developing of this blend the designer needs to consider both the first cost and the life cycle cost of the project.  Considering only the first cost may result in a higher life cycle cost.



Historically asphalt mix design has been accomplished using either the Marshall or the Hveem design method.   The most common method was the Marshall.  It had been used in about 75% of the DOTs throughout the US and by the FAA for the design of airfields.  In 1995 the Superpave mix design procedure was introduced into use.  It builds on the knowledge from Marshall and Hveem procedures.  The primary differences between the three procedures is the machine used to compact the specimens and  strength tests used to evaluate the mixes.  The current plan is  implement the Superpave procedures throughout the US for the design and quality control of HMA highway projects early in the next century.  It appears that the Marshall method  will continue to be used for airfield design for many years and that the Hveem procedure will continue to be used in California.
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Requirements in Common

		Sufficient asphalt to ensure a durable pavement

		Sufficient stability under traffic loads

		Sufficient air voids

		Upper limit to prevent excessive environmental damage

		Lower limit to allow room for initial densification due to traffic

		Sufficient workability





NCAT

No matter which design procedure is going to be used the HMA mixture that is placed on the roadway must meet certain requirements.

		     The mix must have sufficient asphalt to ensure a durable, compacted pavement by thoroughly coating, bonding and waterproofing the aggregate.

		      Enough stability to satisfy the demands of traffic without displacement or distortion (rutting).

		      Sufficient voids to allow a slight amount of added compaction under traffic loading without bleeding and loss of stability.  However, the volume of voids should be low enough to keep out harmful air and moisture.  To accomplish this the mixes are usually designed by 4% VTM in the lab and compacted to less than 7% VTM in the field.

		      Enough workability to permit placement and proper compaction without segregation.
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Asphalt Concrete Mix Design and Construction





NCAT












