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This presentation describes recommended methods for placing asphalt hot mix. It is 
presented by The Asphalt Institute and the National Asphalt Pavement Association. 
The purpose of this presentation is to en-courage practices which will produce good 
quality, smooth asphalt pavements.
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To Be Covered

Hauling

Placement

Compaction

This slide shows the four topics that will be covered in this block.
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It is recommended that a tack coat be ap-plied prior to placing each pavement 
course. Recommendations for the type and amount can be obtained from Institute 
engineers or in pertinent Institute literature. When con-structing successive asphalt 
courses with little or no delay, there may be instances when a tack coat need not be 
applied.
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Depending on the size of the project, length of haul, and the scope of the work, other 
types of hauling units may be used. Using the proper number of trucks is a key 
factor in providing a steady flow of material to the paver.
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Regardless of the type of hauling unit, it is important that the truck is kept in good, 
safe operating condition-clean, and properly outfitted for protecting the mix from 
corn tamination. A truck load of hot mix is worth several hundred dollars. So the 
payload is worth taking care of.
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Tandem Axle End
Dump Truck

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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High Dump Semi-truck



28

Belly Dump

Bottom dump trucks can be used when a pick-up device is used to feed the windrow left 
by the truck into the paver hopper.  It is essential that the windrow deposited by the truck 
be as uniform as possible.  Windrowed material can cool  below spreading and 
compacting temperatures in cool weather.  This can be a major problem is the paver has a 
malfunction.  To prevent excessive cooling of the mix in cool weather; the limit of 
windrow should be no more than one truck load ahead of the pick up machine.
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Multi-WHEELED
Conveyor Feed

This a truck used in Michigan.  The material is feed into the paver from a 
conveyor belt at the bottom of the truck.  NOTE- the number of wheels.
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OBJECTIVES OF MAT PLACEMANT

• Smooth Surface
• Uniform Thickness
• Uniform Density
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Self Propelled Paver

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.



32

Self Propelled Paving Machine

THE BASIC 
PRINCIPLE 
HAS NOT 
CHANGED 

MUCH

The basic principle behind the pavers has not changed much since the 1930s.
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Self Propelled Paving Machine

HMA Flow 

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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The tractor unit supplies all of the power needs of the paver-motive power to drive 
it, hydraulic pressure to operate rams and hydraulic motors, and electrical energy 
for instrumentation and controls.1 The
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The screed unit is towed by the tractor unit. It consists of a screed plate, vibrators 
or tamping bars, thickness controls, crown control, and screed heaters.
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Let's take a look at some of the main features of the two basic components of the 
paver. First, the tractor unit. Whether rubber-tire-mounted or track-mounted 
depends on the preferences of the manufac-turers, the preferences of the contractor, 
and to some extent, the kinds of projects the machine is generally used on. The 
speed of all pavers can be varied over quite a wide range. This allows the paver to 
maintain steady forward progress consistent with the rate of delivery of the hot mix. 
Good practice calls for continuous operation with few, if any, stops by the paver. 
Frequent stops and starts produce rough pavements.
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Many pavers are equipped with hopper-wings that fold in for easy cleaning and to 
prevent accumulation of segregated mix or chunks of cold material. Slat conveyors 
transport the hot mix from the receiving hopper back through the body of the 
tractor unit. Adjustable flow control gates regulate the amount of material 
transported to the screed.
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Screw augers then distribute the material laterally so that a controlled amount of 
material is kept in front of the screed all the time.
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It's well to keep in mind that the tractor unit is simply a mover. It's the power 
source for the machine. And it moves the hot mix to the screed unit for proper 
spreading.
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Screed Unit

The screed unit is towed by the tractor unit.  It establishes the thickness of the 
asphalt layer and provides the initial texture to the new surface.  In addition, the 
screed imparts some level of density to the material being placed through the 
vibratory action of the screed or tamping bars.

The principle of the free-floating paver screed was developed in the early 1930s.  
That concept allow the paver sceed, which is attached to the tractor unit at only 
one point on each side of the machine to average out  changes in grade that are 

experienced by the wheelbase of the tractor unit.
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Forces On Screed

The screed unit is attached to the tractor unit at only one point on each side of 
the paver.  This point is called the tow point.  It is a pin-type connection that 
allows the leveling arms of the screed to rotate or pivot around that point.  The 
position of the tow points can be altered by raising or lowering the rods on which 
the pull points are mounted. 

The screed assembly is shown here.  There are two primary forces acting on 
the paver screed as the paver places the mix.  The first force is the F3 - it varies 
as the speed of the tractor increases or decreases.

The second force on the screed is the head of the material pushing against the 
screed.  As the amount of material in the augar chamber that pushes against the 
screed changes, the net forces acting on the screed also changes.   As the forces 
acting on the screed change the screed unit must come to a new angle of attack in 
order to compensate for the change in force acting on it.

The forces on the screed unit must be in equilibrium for the screed to remain 
at a constant angle of attack as it is towed by the tractor unit.  When a change 
occurs in one force, the screed will rise or fall and will change the thickness of 
the mat.
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This slide illustrates the forces acting on the screed.
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When the screed is tipped up with respect to the direction of the tow-arm pull, the 
uplift offered by the mix flowing under the screed is increased. The screed will rise 
un-til W & V are in balance and then level off-leaving an increased mat thickness.
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On the other hand, when the bottom of the screed is tipped down-with respect to the 
tow-arm pull-the amount of uplift is re-duced. The weight of the screed forces it 
down until the angle of attack becomes parallel to the direction of pull. At this point, 
W & V are again in balance and the screed levels off at the reduced mat thickness. 
The screed is continually attempting to bring or keep all of the forces in balance.
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The bottom of the screed must be smooth and true to lay the mix properly. In 
addition to normal wear, two other causes of screed problems are: one, the leading 
edge of the screed is not properly crowned causing uneven wear across its width; 
and two, overheating which may warp the screed.
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Crown adjustment is important for proper texture behind the paver. Both the 
leading and trailing edges can be crowned or changed proportionately. The leading 
edge of the screed should always have slightly more crown than the trailing edge. 
But too much crown in the leading edge of the screed will produce an open texture 
in the mat along the edges. Too little crown in the leading edge will cause open 
texture down the center.
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In addition to striking off the mix at the pro-per elevation and maintaining the 
correct thickness of mat, the vibrating screed con-solidates and imparts 
initial com-pact ion. The amount of compaction developed by 
the screed varies with the pro-perties of the, particular mix being laid. The screed 
usually consolidates the mix to about 80 percent of its target density. Rather than 
vibration of the entire screed,
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some paver models employ what is known as a tamper bar. This bar slides up and 
down at the leading edge of the screed to com-pact the mix just enough so the screed 
can follow smoothly over the tamped mix. The tamper bar should extend 1164 of an 
inch below the screed at the bottom of the stroke.
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In order for paving equipment to do the job it's designed for, it is mandatory that 
everyone who has a responsibility for plac-ing the hot mix understand the principles 
behind the design and operating characteristics of the paver.
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Material Transfer Device 

This is a material transfer device.  It’s primary purpose is to keep the operation 
flowing smoothly.
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A properly adjusted asphalt paver that is in good operating condition is capable of 
lay-ing a smooth pavement. But there are some basic operating guidelines which 
have to be followed as well. Good pavements just don't happen accidentally-they're 
built that way on purpose.
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Probably first and foremost is to keep the paver moving at a constant speed.
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ONE OF THE 
ESSENTIALS 

FOR A 
CONSISTENT 

AND HIGH 
QUALITY HOT 
MIX ASPHALT 

PAVEMENT IS TO 
PROVIDE FOR A 

CONTINUOUS 
OPERATION
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At every location where the paver stops, the screed leaves its imprint in the surface 
of the road.
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When forward motion is resumed after a prolonged stop, the screed rides up on the 
cooler material which was in the auger area (or "boot") of the paver. This causes a 
slight thickening of the mat for a short distance and a resulting bump in the 
pavement. Since it's a simple matter to calculate the paver speed needed to match 
plant output, there's no reason to start and stop, and start and stop.
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This slide shows curves from which paver speeds can be determined.
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For example, if a hot-mix plant producing 250 tons per hour is supplying a paver 
laying a mat 3 inches thick and 12 feet wide, the paver speed must be 20 feet per 
minute to balance the laydown rate on the road with production at the plant.
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In addition to stopping and starting the paver, certain other poor practices will also 
cause waves, texture problems, and rough pavement. One of these is failure to 
deliver a constant supply of mix to the spreading augers.
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Too little mix ahead of the screed will cause it to settle.
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Too much mix ahead of the screed will cause it to climb.
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It's also important to keep the distribution of material in the augers as even as 
possi-ble. Properly adjusted, most paving machines will automatically keep a steady 
supply of material in front of the screed.
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When the paver moves more slowly and the tamps (or vibrations) are closer 
together, mat density increases and the screed will tend to rise.
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However, if the forward speed of the paver increases, the tamps (or vibrations) are 
spaced farther apart.
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Then mat density decreases and the screed will tend to drop.
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It is simply not possible to obtain a mat of uniform density (and satisfactory 
smoothness) unless the FORWARD SPEED OF THE PAVER IS HELD 
CONSTANT!
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Remember then: Keep paver starts and stops to the absolute minimum.
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Keep the auger loaded correctly-with enough hot mix to maintain a level about at 
the midpoint of the auger diameter.
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Maintain an even distribution of hot mix in front of the screed.
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And keep the speed of the paver constant! 



72

Most large asphalt paving projects now specify that electronic grade controlled 
pavers be used. This equipment makes it possible to keep all layers more uniform in 
thickness, thus providing a smoother pavement.
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By means of the grade control system the angle of attack of the screed can be varied 
to an up or down attitude.
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Grade is controlled by a sensor which takes signals from an erected stringline (or 
wire).
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For example, if the paver enters a hollow in the road, the grade sensor detects the 
fact that the tow tractor has dropped and signals for the mat to be thickened.
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The sensor readings are transmitted to the hydraulic controller of the tow point 
ram. By raising the tow points, the angle of the screed is altered to bring about the 
necessary change in mat thickness.
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Pavement cross-slope is controlled by the movement of the tow-point ram on the 
side of the paver opposite the grade sensor side. A pendulum mounted on a beam 
senses the difference in elevation between the beam ends. This cross-slope controller 
signals the tow point ram so that:
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The screed may be maintained at the desired cross-slope.
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Thus it is seen that one side of the screed is controlled by the grade sensor and the 
op-posite side by the cross-slope pendulum.
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This slide illustrates the various parts of one type of automatic grade control system. 
Starting at lower left, the principal parts of the automatic grade control system are 
depicted. The sensor transmits readings taken from the stringline. These signals are 
transmitted to the grade sensor hydraulic ram which raises or lowers the levelling
arm tow point as needed to change the angle of the screed. The pavement cross-
slope is regulated by the cross-slope controller. This controller senses changes in the 
slope of the transverse beam and activates the hydraulic ram on the opposite tow 
point.
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In addition to making it possible to lay asphalt pavements to a precise grade, 
automatic screed controls have greatly simplified the incorporation of 
supereleva-tion into curves, where the superelevation is to be accomplished with the 
asphalt layer(s).
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When increasing the superelevation of curves with manually controlled pavers, the 
standard practice has been to place suc-cessive wedges which are thicker on the 
outside edge than on the inside edge.
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About 50 feet ahead of the point of curvature the operator begins dialing out any 
cross-slope that was being maintained and enters the curve with the screed 
horizontal. The curve itself is divided into four equal sections. The curved transition 
section is divided into eight or more equal increments-for dialing in the 
superelevation in 112 percent changes until the full amount of superelevation has 
been introduced.
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The center two sections are the portion of the curve where the full amount of 
specified superelevation is in the screed and remains unchanged.
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Wood laths make good station stakes since they are tall enough to be seen by the 
operator and the percent of cross-slope to be dialed in (or out) can be marked on 
them.
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To eliminate the need for cold longitudinal joints, two (or more) pavers may be used 
to place full width pavements on large projects.
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But on many jobs only one paver can be justified, making a longitudinal joint 
necessary.
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While some harsh mixes are more difficult to joint than others, proper care and 
correct techniques will insure a durable, maintenance-free joint. The amount of 
overlap should not exceed 2 inches.
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There are two commonly used methods of constructing longitudinal joints. In one, 
the overlapped mix is crowded back into a bumped ridge of uniform size so that the 
breakdown roller can press this small ex-cess into the hot side of the joint. On a 
crowded joint, care should be taken not to broadcast any excess aggregate over the 
surface of the unrolled mat.
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A "trimmed" longitudinal joint is sometimes used. This is constructed by removing 
all of the freshly lapped material. When this method is used the trimmings are 
usually carried forward and put back in the hopper. In the compaction process, the 
longitudinal joint is compacted first.
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Two principal methods of constructing transverse joints are commonly used. Shown 
is the bulkhead method at the end of the day's run. When ready to start paving 
again, the bulkhead-and supporting hot -mix ramp- are removed.
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Another widely used method of construct-ing transverse joints is to place building 
paper, or roofing felt, under the joint. At start-up, the ramp and the portion of the 
mat over the building paper are removed.
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Regardless of the method used to construct the transverse joint, it must be carefully 
checked with a straightedge. If it is not true and smooth, the full thickness of the 
mat should be removed far enough back to cor-rect the situation.
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After initial compaction, the joint should again be checked with a straightedge. Any 
deficiencies should be corrected im-mediately. A transverse joint should not be left 
until it is right.
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Good equipment will perform the tasks for which it is designed only when properly 
cared for. Thorough cleaning of the paver at the end of the day is essential. All 
manufac-turers provide owner's manuals which show lubrication points and 
intervals. These specifications should be followed. Cleaning the machine also affords 
an opportunity to check for needed adjustments and repairs.
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COMPACTION

GOOD 
COMPACTION 

LEADS TO GOOD 
PERFORMANCE

Compaction is the single most important factor that affects the ultimate 
performance of an HMA pavement.
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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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Durability vs. Air Voids

% Air Voids

StabilityCohesion

Zone of 
Highest 

Durability

0

Flushing Raveling

% Asphalt

The goal is 4 to 7% air voids on the roadway.
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Factors Affecting 
Compaction

Mix Properties
Aggregate
Asphalt 
Mix Temperature

Layer Thickness
Environmental Factors
Rollers

A coarse harsh mix is difficult to compact - a sandy mix is easy to compact.  
A stiff modified asphalt is tougher to compact than a soft low viscosity asphalt.  
Also a increase in the asphalt content makes the mix easier to compact.
The temperature of the mix directly relates to the viscosity of the binder.  Thus, 
the higher temperature the softer the asphalt.
The old rule of thumb was twice the maximum aggregate size for layer thickness.  
The new rule of thumb is that the layer thickness should be three times the 
nominal aggregate size.
It is harder to compact a mix on a cold wet day than on a warm sunny day.
The type, size and number of  rollers significantly affects the compaction 
operation.
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Temperature is critical

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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Rollers

Pneumatic-tired
Steel wheeled tandem 
rollers
Vibratory
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Vibratory Roller

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 impacte 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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Pneumatic Roller

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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Steel Wheeled Roller

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

The density can be checked using a nuclear density gauge.  It needs to be 
correlated to core samples.   The results are affected by the thickness of the layer 
being tested and the properties of the underlying layer.  
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Extracting A Core

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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On many paving projects, the safe and courteous directing of traffic through the 
work area is a major part of the job.
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Traffic control devices and procedures should be well planned and be appropriate 
for the volume and speed of traffic using the facility.
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This slide presentation has been designed to acquaint you with the basics of asphalt 
hot-mix paving equipment and techniques.


