NECEPT

Northeast Center of Excellence for
Pavement Technology

Asphalt Field Technician

Review & Certification Course
2026

Qﬁ
23

enter o
«Cent 197
i 2%
= 2=
£a %5
S5 % B

o
<o

z2 t < m
EEEEEE






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Module 8

Compaction

Developing a Correlation

Nuclear Gauge
versus Lab Tests

28 23
NECEPT

64

A correlation must be developed between the density reading and the actual unit weight of the
pavement. That unit weight must be compared to the theoretical maximum unit weight of the
mix in order to calculate the actual in-place air void content of the layer. This correlation has to

be updated constantly, so that in the end the project meets the void criteria.

Establishing Roller Pattern

» Width of paving

« Width of roller

* Impact Spacing

« Number of coverages needed
 Density testing

» Paving upgrade or down grade

2: MW
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All of these items come into play in establishing an optimum rolling pattern.

impact spacing is 10 -12 impacts per foot (IPF).

NECEPT Asphalt Field Technician Review & Certification Course
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Optimum Roller Pattern

* Optimum—greatest degree attained under implied or
specified conditions

Pavement life concerns

Mat quality
* Time constraints

S5 tH
28 28
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Pavement life: acceptable density while avoiding crushed aggregate.
Mat Quality: absence of ripples , waves, severe polishing, roller marks.
Time constraints: establishing number of coverages required and ability to keep up with paver.
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First Lane Roller Passes
low side

[©) " :

@ \% Direction of Paving g

E S

R &

unpaved lane Crown

Drum Width = 6 feet 68

To the paver and back is two passes, utilize the overlap to determine density increase from two

“hits”

L 23
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First Lane Roller Passes

low side =

12-foot lane

Drum Width = 6 feet P

Note that the roller is overhanging each edge and should be changing directions at different
locations with a slight turn, and avoiding going back in the same path. We now have two
overlapped areas that have received two passes. The width of the roller drum will also help to

determine the number of passes required for a coverage.

NECEPT
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Compaction

Back for Second Coverage

low side

12-foot lane

Drum Width = 6 feet

28 tH
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Second pass on low side will have occurred as the roller returns to beginning of the pattern.
Vibrating (preferred) or static operation during the transition from high to low side and passing
back through the change of direction areas will result in a smoother ride. Avoid traveling in the

same pass as much as possible.

First Lane Passes
Alternate Overlap

low side —

12-foot lane

_________ 4 A =

Drum Width = 6 feet

23 H
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This alternate method results in wider overlaps and does not allow the roller to vibrate back through
the change of direction locations. Some contractors use the previous pattern and this one in
combination to help ensure uniform density across (transverse) the mat by varying the location of

the overlaps.

NECEPT Asphalt Field Technician Review & Certification Course

Page 8-46



Compaction

Module 8

Second Lane Paver and Roller Pass
Forming Joint

Drum Width = 6 feet
Paved lane C:Oint

ehEcen low side

72

When compacting the second lane, rolling should again begin at the low side and overlap the

unsupported edge 3 to 6 inches.

Roller Pattern (Second Lane)

| 12-foot lane

£§£ZE¥T2G low Side

73

The next to the last past (3™) will be made 6 to 12 inches away from the joint, following the
longitudinal joint construction procedures. The 4™ pass will position the roller at the beginning

of the temperature related pattern.
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Roller Pattern (Second Lane)
Alternate Overlap

Paved lane
Qoint
@ ®
.......................... : g
53__@: ______ _i_
low side o
74
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The next to the last past (2" in this scenario) will be made 6 to 12 inches away from the joint,
following the longitudinal joint construction procedures.

Back for Second Coverage
Paved lane -
QIOIHt
....................................... ; :é
.......................... : g
8
lc\ low side s

This method allows the roller to vibrate back through the change of direction bumps. Gradual,
shallow turns are required at any time while compacting asphalt and are especially necessary when
operating near the edge of pavement. The roller will be at the back of the pattern following the 3™
pass of second coverage in this scenario and will create an extra pass on a portion of the roadway

and differing densities will be noted in that area.
Page 8-48
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£
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Overlaps and Hits in Rolling

All roller patterns will create some additional “hits” and
varying overlaps.

Density at change of direction areas for break-down roller
will not be indicative of overall compaction—difference
should be less after 2" pass.

Use overlap streaks to check density increases created by
additional “hits.”

76
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Compacting the joint

Last pass overlaps 2”- 6” & pinches joint

Vibratory Roller

f f

Hot Mat Cold Mat

77

Remember, next to last pass across mat leaves 6 to 12" uncompacted at the joint. The last pass

then pinches the longitudinal joint by overlapping onto the cold mat by 2 to 6 inches.

NECEPT

Asphalt Field Technician Review & Certification Course

Page 8-49



Module 8 Compaction

Rolling unconfined edge

Remember!

78

28 H
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Remember, rolling the first pass along the unconfined edge, overlap the edge 3 to 6 inches to get
the optimum vertical compaction force.

Breakdown Rolling

* Majority of compaction is
obtained with breakdown rolling

* Check density now!

 The first vibratory pass at the
proper temperature will usually

obtain 60 % of that rollers
results

Be alert for loss of density (de-compaction) urigst
CA pass of breakdown roller---TENDER ZONE Awareness 79

The majority of the compaction is obtained during breakdown rolling, so it is important to keep
this roller moving as much as possible. When the roller does stop, it should be parked diagonally
on a cold mat. Otherwise, you may leave marks. Density testing should be done periodically right
behind the roller during breakdown rolling. If enough density is not obtained at this point, proper
density will not be able to be achieved.

Density readings of less than 89 % behind the breakdown roller require immediate
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Intermediate Rolling

» Follow roller pattern

* May or may not be required to
achieve density

* “Tender Zone” may develop in
Asphalt Superpave mixes
between 190°-240°F.

* WMA mixes have also shown
tender zone characteristics

*NECEPT

If adequate density cannot be achieved with the breakdown roller, an intermediate roller may be
needed. Intermediate rollers should follow a roller pattern and not concentrate on running down
the middle of the mat. Some projects will require use of a pneumatic tire roller for surface texture
and kneading action.

A “tender zone” may develop in Superpave mixes between 190-240°F. Mix will shove and
possibly crack under a steel wheel roller, and you can either let the mat cool or use a pneumatic
roller. This tendency for tender zones to develop is prevalent in Superpave and other coarse
aggregate mixes. (A recommendation is to make a pass with the roller after each 5 or 10°F drop
in temperature and monitor density readings, when the density starts to increase continue to roll.)
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Module 8 Compaction

Finish Rolling
» Static steel wheel or vibratory roller in static mode
* “Irons” out any roller marks for smooth surface
* Do not count on obtaining additional density

e
SN S
g 2%

81
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Finish rolling is the last step of the operation and is a cosmetic process. “NEVER FINISH ROLL
IN THE VIBRATORY MODE.” Finish rolling is not the place to count on obtaining additional
density.

Remember!

=

= * Placement of cooler Asphalt
mixes creates pavement areas
near cessation temperature

» No significant compaction
occurs below cessation
temperature

« WMA cessation temperatures
vary as to method of
production.

e
PCp e
g8 2%

82

25 CH
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Some contractors equip all roller operators with an infrared thermometer so that rolling can occur
within a range of temperatures. Some newer equipment has an infrared thermometer mounted
directly on the roller. The finish roller is normally well behind the paving operation and operating
alone. Traffic safety devices must remain until finish rolling is complete. The operator and any
additional personnel, performing a coring operation or monitoring density for example, must be
careful of stray traffic entering the site. The traveling public may not see a lone roller or technician
bent over a density gauge until it is too late.
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Monitoring the Temperature
Thermometers

 Various types (including roller-mounted)

» Essential for monitoring temperature of mix

* Compare with QA (correlate readings)

How do we check accuracy? 83

From the moment of delivery until the rolling operation is completed the temperature has to be monitored.
Several types of thermometers are available, but all do the same thing...they measure temperature. The
more expensive ones tend to do it faster and more accurately.

When monitoring the mix, take enough readings to develop a comfort index with the specific conditions
you are working in. Occasionally compare your temperature value with the quality assurance department
on the job. Achieving density in a consistent and quick way is directly proportional to the temperature of
the mat.

The photo shows four different temperature measuring devices and if we could see the readings, they would
all be showing a different temperature. Never completely trust a single thermometer; run a couple of checks.
For a precision check, insert several probe thermometers into the center of a hot mix pile and wait a minute
— they should all read the same temperature. If you are using an infrared unit, aim it at the same pile and
compare the probe measurements to the infrared. This will allow you to develop a simple correlation
between surface and depth temperatures.

For a quick accuracy check, place probe thermometers in a pan of boiling water, you should get
212 °F at sea level. Thermometers need to be calibrated at least weekly.
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Module 8 Compaction

Compaction Rolling

* Develop roller pattern

* Determine the rolling zone by:
— Experience '
— Estimating
— Density

84

23 tH
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Breakdown rolling is the first interaction between the roller and the asphalt mat and can be a
friendly or a troublesome meeting. Most contractors use steel drums. Some use a pneumatic tired
to breakdown the mix, increase the mat density, and establish the mat smoothness. Rollers should
stop and start slowly on uncompacted mix and angle the drum when stopping to reverse.

All compaction should be accomplished by the breakdown and intermediate rolling. Establishing
a rolling pattern within a temperature zone is the most efficient and effective means of achieving
desired density.
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Rolling Zone

NECEPT

85

All compaction must be achieved while the viscosity of the asphalt cement in the mix and the
stiffness of the mix is low enough to allow reorientation of the aggregate particles under the action
of the rollers. As the proper level of air void should be obtained before the mix cools to 175 °F,
the rolling zone is the area in which the available compaction equipment can provide the required
coverages to achieve desired density within the proper temperature range. Initial compaction
should occur directly behind the paver while the temperature is still very hot, if the stability of the
mixture is acceptable at high temperature. Superpave with polymer modified binder has shrunk
the distance between the roller and the paver to as little as 3 to 15 feet.
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Time Available for Compaction (TAC)
Compaction of Asphalt Mat

Temperature Range
175 °F <> 300 °F

Need sufficient number of rollers with the
compaction operation moving at the proper
speed to balance production & achieve
required density within the TAC

86

Remembering the Time Available for Compaction is the time (in minutes) that a particular mix is
at the right temperature range for efficient compaction, and all compaction must be accomplished
before the asphalt mat cools to a temperature below 175-185°F. It is good practice to complete
rolling on WMA by 175°F as well, although some additional compaction may be achievable
depending on the particular WMA technology. Rolling at cool temperature will lead to over
rolling, crushed aggregate, and loss of density.

NECEPT
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Time Available for Compaction

N moewsd
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°F, °F

B

300, 60

300,
50,
50,
50,
50,
50,
50,

40

304

20 4
Atm. temp. . . .same as base temp.

104 Solarflux.......... 50 Btu / ft*  hr (575 kJd [ m’/ hr)
Wind velocity . ......... 10 knots

Ij’//’// Mat Thickness, Inches

[1] 1 2 3 4 5 6 7 8

Time for Mat to Cool to 175°F (80°C}, Minutes

] 25 50 75 100 125 150 175 200
Mat Thickness, mm
FIGURE 18-1 Time for mat to cool to 80°C (175°F) versus
mat thickness for lines of constant mix and base temperatures
[121°C (250°F) or 149°C (300°F) behind paver].
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Going back to our chart on “cooling curves” for asphalt mixtures, we now can use the information
obtained from the compaction production problem to determine the rolling zone. If we are laying
down a two-inch mat with a mix temperature of 300°F and a base/air temperature of 50°F, we can
plot these parameters and find that we have 18 minutes as the time available for compaction.

Rolling Zone

« 28 fpm x 18 min. (TAC) = 504 feet
* ~500 foot rolling zone

88

Since our compaction production rate is 28 feet per minute and we have 18 minutes, our rolling
zone calculates to 504 feet. Thus, we have an approximate rolling zone of 500 feet behind the

paver where efficient compaction is possible.

NECEPT
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Re-Watering During Paving
i 7l “-: A, *k}%
WL .

¢ (Close available source

* Rewater during any lull in paving (refill half
empty tank)

89
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Maintaining a spray system that uses the minimum amount of water will reduce these re-watering
stops, but not eliminate them. It is best to re-water during a temporary lull in paving, and refill a
half empty tank, then to wait until production is peaking and run out of water. If this cannot be
avoided, and the mix is cooling too rapidly to wait, the intermediate or finish roller should be
moved to the breakdown position until the original breakdown roller is available. Ensuring access
to local fire hydrants should be taken care of prior to the start of the project with the appropriate
owner of the water facilities. Usually, water companies or municipalities assign contractors
portable meters for payment as shown here.
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LA 140°F maximum

If the mix has not cooled below a mix-specific temperature before opening to traffic, additional
densification can occur in the mix with traffic creating wheel path ruts. The temperature of asphalt
mixes (surface or internal?) should be down to at least 140°F before the pavement is opened to
traffic. Intersections, night paving, and ramps plus driveway entrances are key areas. Artificial
watering is not allowed. WHY?

Of course, some drivers get in a hurry!

91
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conteror
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What are a Field Technician’s Responsibilities
Concerning Compaction?

Monitoring Documentation

* Temperature * Core Locations

* Roller Pattern * Density

» Compaction * Thickness
Process * Smoothness

92

Although the duties of the Certified Field Technician will vary depending on the employer, they
should be aware and able to perform any of the above activities. Although responsibilities will
vary, we will treat each technician as if they were responsible for each function.

NECEPT
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Balancing Production Paver Speed
With Compaction

— e —

Pl‘Ofi}lcﬁOIl Paving
Facility
Truckin Compaction

=y

25 tH
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As was discussed in the previous modules, the entire paving operation is a balancing act. It starts
at the asphalt facility with how much the producer can supply to the project and how many trucks
will be available to transport the asphalt to the paver. Now we have to determine the speed of the
paver to ensure a constant flow of material with a minimal number of stops. Schedule ahead of
time to balance all of these rates. Understanding the variables that can affect each rate is the key
to adjusting the others when changes occur—and be assured, changes will occur. Keeping the rates
in balance will lead to a better pavement, and more production. If you have a number of trucks
waiting, should you speed up the paver to empty them? Not necessarily -- the roller operator may
not be able to achieve compaction if the paver speeds ahead. Also, if you change the speed of the
paver, you may need to change the amount of mix delivered to the augers to compensate for the
change. Automatic material flow control will adjust for these changes. Speeding up the paver will
change the pre-compactive effort by the screed, requiring more compactive effort from the rollers.
All of these things come into play and all need to be considered as the paving operations continue
down the road.
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Roller Production Scenario Calculations

Balancing breakdown roller production with paver speed
Paver Speed is 27.3 feet per minute (FPM) at 12 feet wide.

78 inch drum (6.5 feet) with 6 inch overlap = 72 inch (6 ft.) effaective width

Minirmum of three passes required to construct longitudinal joint as per method spec.:
Section 409.3 (k) 1.a or PTM 402 or 403

2 coverages reguired to obtain specified density, but 2 X 3 = 6 (an even number), so roller will
be at back of pattern, which then requires a “catch-up” pass. 50: 7_¥ 27.3 = 191 FPM

Plus, add 10% for reversal factor: 191  + 19 = 210 FPM minimum required average speed

94

If a 4-foot shoulder is being placed simultaneously, 4 passes per coverage will be raquired:

4 passes X 2 coverages = 8 passes, but & is an even number, 50 a “catch-up” pass is required.
Therefore, 9 passes are required.

9 X 27.3 = 2457 FPM. Plus 10% for reversal factor = 245.7 + _24.57 (24.6 ) = _270.3

270.3 FPM minimum required average speed required to keep up with paving operation IF the
paver does not stop.

95
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Desired impact spacing 10-12 impacts per foot {IPF). Roller speed is computed by dividing
machine frequency (vibrations per minutes — WPM) by the desired impact spacing.

2700 VPM Roller Computations

2700 VPM /10 1PF = 270 rpm 270 FPM / 88 = 3.068(3.1) MPH
2700 VPM /12 1PF = 225 gpm 225 FPM / 88 = 2.556/2.6) mpH

If 3000 VPM machine: Divide FPM by 88 to obtain Miles per Hour (MPH)
3000 VPM / 10 1PF = 300 rpm 300 FPM / 88 = 3.40 (3.4} MPH
3000 vPM /12 1PF = 250 gppy 250 FPM / 85 = 2.84(2.8) MPH

Rollers need to be refilled with water throughout the day and this creates a need to increase
the operating spead to maintain the minimum required average speed. If the proper impact
spacing (IPF) cannot be produced at the higher speed, density reading will suffer and
substituting a breakdown roller with a higher frequency, or reducing the paver speed is
suggested. Time Available for Compaction (TAC) will be computed for entire operation.

96

NECEPT

Activities To Be Monitored

» Temperature

AND TECHNIQUES
e Roller Pattern e =

« Compaction
Process

ROLLING PATTERNS ‘

97

Activities that need to be monitored are temperature, roller pattern and the compaction process.
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* Core Location

 Density d : o

NECEPT

Documentation
| LOT |

I
I

o

I

| |
100+00

5 equally sized sub-lots

Documentation that will be required are core location and density monitoring.

25 CH
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Documentation
NG, | -,

* Thickness

* Smoothness

99

Additional documentation will be required to check the pavement thickness and smoothness.

NECEPT
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You Should Know!

How to control density?
What to do if density is not achieved?
What the specifications requires (line of action)?

What are the density requirements- acceptance/rejections?

What is the role of thermometer and correlation

Who will be running the density tests?

gé‘NECEPTQ;; 100

Problem Identification

Problem: Too little
compaction or too
much (crushed

aggregate)

Result:

Raveling

By

8

o0

430\
e

101

28
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Too little compaction can be a cause of raveling. Crushed aggregate from rolling at low mat
temperatures is also a common cause.

This will only appear after the roadway is under traffic for a period of time.
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Problem Identification
Problem: Too Little Compaction
Result: Loss of Pavement Life

Effect of Voids on Life

100 4
£ 90 %
pr}
- \gi
.0 80 ;
> Washington State 64
@ 70 ~
(72}
X 60
50 . : :
7 8 9 10 12

Percent Pavement Voids

53
28 28
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It has been shown that for every increase in 1 % voids above 7% there is a 10% decrease in the

life of the pavement.

The above chart shows research results from Washington State, depicting the loss of pavement life.

In other words, dropping 93% density to 92% decreases pavement life by 10%.

Problem Identification

Problem: Bleeding or Flushing
Cause: Over-compaction, poor mix, tack

em——

103

The opposite problem is too much compaction which can be a cause of bleeding or flushing.

Typically, this is a result of a poor mix or extremely excessive tack.

NECEPT Asphalt Field Technician Review & Certification Course
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Solution

Develop a Rolling Pattern
PTM 402 or 403

4
IPassing ° [} \t
Density| @ \
Density — |

Low

\
\

)

1 2 3 4 5 6
Roller Passes

104

The development of a good rolling pattern should ensure acceptable densities.

NOTE: If densities above 96% are routinely achieved, there is probably a problem within the

material...NOTIFY THE PLANT

» Kstablish Action Points

* What are Action Points?

105

And the establishment of action points! Also, a plan of action with the knowledge of who to

notify and what procedures are to be followed in case of undesirable results or an out of your
control condition.
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Conditions Requiring Action

» Low/high delivery temperatures

» Low densities behind breakdown roller

* Transverse Cracks (checking)

* Longitudinal Cracking/tears/splits

* Bumps, Waves or Ripples

* Repeated density readings greater than 96%

* Density reading less than minimum requirements

106

Problem Identification
Problem: Longitudinal Tears/Splits

Vibratory or
Violent Turn

£ %%

Excessive water?

107

23 tH
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Another problem may be cracking due to a tender mat. This may occur during rolling or sometime
in the future.

We previously discussed that a “tender zone” may develop in Superpave mixes between 190-
240°F.

If you do start to experience this, here are a few recommendations.
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Temperature Related Checking

108

Too much rolling at the wrong temperature, or possible deep area? Did the breakdown roller
operator miscount passes?

Temperature Related Checking

109

Rolling in the tender zone caused this. High roller speeds can make the condition worse. When
you see a “bow wave” in front of the roller, stay out of that temperature area on the mat. If you
experience excessively tender mix, notify the plant as mix design changes may be needed.
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Problem Solution

When Cracking Occurs due to tender Zone:
Lay off the rolling,

Approximate
Density
Measurement

TENDER
ZONE

Temperature 300° - 285° 240° - 200 170° - 150

Zones

Distance 200 feel 200 feet 150 feet

or..

NECEPT

110

When encountering a tender zone, it has been found that by holding back on the rolling until it

cools sufficiently to allow further densification is one way to eliminate the cracking.

To ensure proper density can still be achieved, you may want to double your break-down rolling

with two rollers to achieve greater density sooner and before the tender zone appears.

Problem Solution

When Cracking Occurs due to tender Zone:
...use a pneumatic roller

92% - 92.5%
of M.T.D.

91% - 92%
ol M.T.D

Approximate
Density
Measurement

TENDER
ZONE

300° - 285 240° - 200° 170° - 150

Temperature
Zones

Distance 200 feet 200 feet 150 feel

eeeeee

z8.
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Another method to try would be using a pneumatic roller on the tender mat. This roller will also
seal the surface, slow the cooling rate and enhance the void structure thus reducing oxidation.

NECEPT Asphalt Field Technician Review & Certification Course
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Problem Identification

Problem: Ripples/corrugations due to
improper impact spacing and cold mat

NECEPT

112

The spacing of the impacts of a roller is a function of the frequency of the vibration and the travel

speed of the roller. Proper impact spacing and amplitude are the keys to successful pavement
compaction and smoothness.

2 28
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Poor Impact Spacing and
Material Too Cold!!!

113

This makes a very noisy ride.

NECEPT
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Problem Solution

Use proper roller frequency and proper speed

Low Frequency High Frequency

1\ 1\

Umpact Spacing

Target: 10 to 12 impacts per foot

géNECEPTE; 14

To eliminate the washboard effect, the operator should check and verify mat temperature, that the
frequency is set properly, and that he is not rolling too fast. The impact spacing should be in the
range of 10 to 12 impacts per foot to ensure the highest efficiency of the vibratory rollers and
reduce the possibility of leaving ripples in the finished pavement.

Problem Identification

Problem: Mat surface deformations due to
roller stopping and starting

115

35 CH
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The roller operator needs patience when stopping and starting, to move in different directions, and
to achieve acceptable compaction. Gradual slow movements will diminish deformations in the
mat.

NECEPT Asphalt Field Technician Review & Certification Course Page 8-72



Module 8 Compaction

Problem Solution

Take it easy!

Starting and Stopping

Stick with pattern

Park on cold mat

116

L tH
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Starts and stops should be done gradually. At the end of each pass as you bring the roller to a stop,
roll so that you form a small arc. Roll completely through that a portion of that arc with your next
pass and you will take out any small ridge you may have formed when bringing the roller to a stop.

The operator needs patience in staying with their rolling pattern for the entire day to ensure proper
compaction of the pavement. And if there is a break in delivery, park the roller on the cold mat.
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Problem
Identification

Problem: Scuff marks made by the
cold tires of a pneumatic
roller or by rapid change
of direction.

The fines picked up here will be re-
deposited on the mat.

S5 23
28 28
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Damage like this needs to be avoided. Although the density of the pavement is probably being
achieved, the finished surface is mottled and will most likely have surface blemishes which may

hold water.

NOTE: on a scratch or leveling course due to differing depths of material, some tracks of the
pneumatic roller should be evident behind the finish roller.
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Problem Solution

Some contractors do not use
water or release agent!!!

,,.../ 70 PREVENT

" PICK UP ON TIRES
~GET THEM HOT!

The key is to get the tires hot and keep them hot by keeping the roller moving. The tires on a
pneumatic roller will often pick up certain mixes, especially if the mix being compacted contains
particular additives. Most often, attempts are made to eliminate this pickup problem by spraying
water or a release agent on the tires during the rolling process. Another solution is to allow the
tires on the roller to reach the same temperature as the mix being compacted without adding water
or release agent to the tires. Get the tires hot by running the pneumatic roller on existing pavement
first and then by slowly getting them hot on the new pavement. The use of ‘skirts’ not only helps
in getting the tires hot but also ensures that they will stay hot all day by limiting the wind’s cooling
effects. Pneumatic rollers may not be suited for mixes that contain polymer modified binders. They
tend to be very sticky and will pick up.
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10. When segregation occurs, Field and Plant
Technicians should be in constant
communications reviewing and discussing
sources of segregation.

a. True
b. False

Answer:
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