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“The whole concept
of transversely varying
asphalt rates is to put
more asphalt on the
road. We want more
asphalt on the road.
But we don't want

fo get flushing in the
wheel paths when

we do it”

Paul Montgomery,
Lufkin District

| Foreward

Transverse variation of asphalt rate (TVAR) can
improve the performance of seal coats, particularly
those placed on pavements with flushed wheel
paths. Existing wheel path flushing can be reduced
and sometimes eliminated, thereby significantly
improving skid properties of the roadway while still
providing adequate asphalt outside of the wheel
paths to hold the new aggregate.

A common misconception is that TVAR reduces
the amount of asphalt being placed on the roadway.
TVAR actually increases the total amount of
asphalt being used if prior practice has been to
design the asphalt rate based only on wheel path
conditions. Optimal roadway performance requires
that the wheel path need for asphalt be met as
accurately as possible. Then with TVAR, the asphalt
rate outside of the wheel paths is increased. The net
result is that more asphalt is usually placed on the
roadway than would have otherwise occurred.

This guide has been prepared for district seal
coat program managers and chief inspectors with
limited or no experience with TVAR. Its objective
is to facilitate statewide use of this beneficial
technique.
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Considering Why and
When to Require TVAR

STEP 1

WHY AND WHEN

Why Use TVAR?

The purpose of using transverse variation of
asphalt rates is to improve roadway safety and
increase seal longevity. If prior practice has
been to attempt to average the need for asphalt
across the pavement being sealed, future use
of TVAR will both diminish the occurrence

or reoccurrence of wheel path flushing and
improve aggregate retention outside of the wheel
paths. These improvements will increase skid
resistance, providing a safer roadway for the
traveling public.

Approximately half of the TxDOT districts
frequently use TVAR. They report that TVAR
improves seal coat performance. In some cases it
is possible to completely eliminate the return of
wheel path flushing.

Asphalt and Aggregate
Considerations

Asphalt type and grade are not factors when
considering use of TVAR. Districts using this
seal coat method specify both hot asphalt
cements and emulsions. TVAR has limited but
successful use with rubber-asphalt.

Aggregate type is not a factor. Districts have
successfully used lightweight and hard rock
aggregates, precoated and plain aggregates, and
grades 3 and 4.

“We look to see

if we can see the
wheel-paths. Is the
aggregate worn down,
or is the asphalt
flushed up? If one of
these is happening to
the point that we can
see the wheel path
locations, we will
usually transversely
vary the asphalt rate.”

Darlene Goehl,
Bryan District

STEP 1: Considering Why and When to Require TVAR
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“Varying the asphalt
rate across the spray
bar does work.

It will save you some
slick wheel paths.”

Randy King,
Brownwood District

Existing Pavement Type
Considerations

TVAR seal coats may be placed on any pavement
surface. However, their greatest value is obtained
when placed over existing seal coats where
flushing has significantly reduced texture in the
wheel paths. It is recommended that districts
without experience with TVAR begin with
applications over existing seal coats with wheel
path flushing.

Selecting Roadway Sections
Appropriate for TVAR by
Visual Appearance

The degree to which texture differs across the
roadway is a direct indicator of desirability to
transversely vary the asphalt rate. Figures 1
through 7 show pavements where textures vary
across the roadway to differing degrees. The

first five pavements are desirable candidates for
TVAR use, and the sixth and even the seventh
may be possibilities if the contractor’s equipment
is capable of small percentage TVARSs.

The conditions of the roadway wheel paths

in Figures 1 and 2 clearly indicate need for
corrective action. While TVAR should be used
when the next seal coat is placed on roadways
similar to these two, other corrective treatments
are usually required in addition to TVAR to
obtain significant and long term wheel path
texture improvements.

The roadways in Figures 3, 4, and 5 have

2 Guide for Traversely Varying Asphalt Rates



somewhat less wheel path flushing. These are
ideal situations for improving future seal coat
performance with TVAR.

The lane in Figure 6 has a just-perceptible wheel
path color difference. It is a candidate for TVAR
only if the contractor can vary the asphalt rate
by small percentages.

The lane in Figure 7 has no readily visible
texture difference in the wheel paths. This
pavement surface is a one-year-old maintenance
seal coat within the limits of a district seal

coat program pavement. Pavements in this
condition are definitely inappropriate for higher
percentage TVAR and usually are not given an
even smaller percentage TVAR treatment.

For Figures 1-7 on the following pages, "WP" in the
red circle represents a close-up of the wheel path,
and "BWP" in the blue circles represents a close-up
of the road section between the wheel path.

Figure 1. Lane with Severe Flushing.

“There’s not much
additional work
involved, but

the results can be
significant.”

John Baker,
Atlanta District

STEP 1: Considering Why and When to Require TVAR 3



Figure 2. Lane with Moderate to Severe Flushing.
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Figure 4. Lane with Mild to Moderate Flushing.

Figure 5. Lane with Mild Flushing.

STEP 1: Considering Why and When to Require TVAR




Figure 6. Lane with Slight Wheel Path Color Difference.

Figure 7. Lane with No Wheel Path Color Difference.
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Current practitioners have identified
several situations where they
recommend avoiding TVAR use.
These include:

when a Grade 5 aggregate is being used;

when shooting emulsions on full
super-elevated curves, as it may
increase asphalt migration prior to rock
placement;

on new construction because the degree
of potential benefitis small compared

to potential loss of performance due

to smaller amounts of asphalt sealing
the pavement where stresses are the
greatest;

on shoulders and other non-traffic
locations;

in continuous left-hand turn lanes where
traffic patterns are random;

in intersections where the side street
also carries considerable traffic volume;
and

on flushed or bleeding hot mix pavements
that may have stripping or an otherwise
unstable pavement layer below.

STEP 1: Considering Why and When to Require TVAR
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Specifying
TVAR

STEP 2
SPECIFICATIONS

Since Standard Specification Item 316 already
allows transverse variation in asphalt rate, it is
only necessary to insert a note in the plans that
invokes and further defines this requirement.
The recommended plan note is:

“In addition to other asphalt distributor
requirements, the asphalt distributor shall
be capable of providing a transversely
varied asphalt rate. The Contractor shall
demonstrate that the distributor can
apply an asphalt rate outside of the wheel
path locations between 22 and 32 percent
higher than the asphalt rate being applied
in the wheel paths. The contractor’s
calibration of the distributor will include
verification of this capability and a
description of the spray bar(s) and nozzles
to be used. The percentage difference

in asphalt rate provided by each tested
spray bar and nozzle arrangement shall be
provided to the Engineer. The Engineer
will select the pavements where the
transversely varied asphalt rate is to be
provided.”

Requiring that contractors be able to provide
at least one TVAR between 22 and 32 percent
should allow every contractor to meet this
requirement by using differing standard nozzle
sizes across a single spray bar. A study of nozzle
sizes conducted in the Brownwood District
determined this percentage range.

Some contractors have distributors with dual
spray bars and separate computer controllers.
These contractors have the ability to vary
asphalt rates over a much broader range than
that suggested for the plan note.

“We specify a range
in variation so that
contractors with
different distributor
equipment can bid.
You also have to keep
in mind that even

a new set of spray
nozzles may vary up
to 10 percent, one
nozzle to the next.”

Richard Walker,
Brownwood District

STEP 2: Specifying TVAR
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Determining Design Asphalt ||[E11=g
Rates for Wheel Paths DESIGN ASPHALT RATE

The design asphalt application rate for each
roadway must always be the rate deemed
optimal for the wheel paths to hold the new
wheel path aggregate without the asphalt later
flushing to the surface. Chapter 4 of TxDOT’s “Remember to design
Seal Coat and Surface Treatment Manual
describes the method for determining design
rate for the wheel paths.

the wheel path rate
first. Make sure the
asphalt rate is right
where the traffic runs.
Then increase the
asphalt rate outside
the wheel paths if you
need more to hold
that aggregate.”

Darlene Goehl,
Bryan District

STEP 3: Design Asphalt Rate 11
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Determining the TVAR
Percentage for Outside the
Wheel Paths

STEP 4
SELECTING TVAR

ASPHALT PERCENTAGE

Once the design asphalt rate has been
determined for the wheel paths of a given
roadway, the next decision is if the asphalt rate
should be increased outside of the wheel paths
and if so, how much it should be increased.

TVAR With Single Bar Distributors

When the contractor is using a distributor with
a single spray bar and only one TVAR increase is
practical, the decision to be made is whether or
not to vary the asphalt rate on a given pavement.
TVAR is recommended in the specified 22 to 32
percent range whenever wheel path flushing is
as evident as in the roadways shown in Figures

1 through 5. Otherwise, no variation in asphalt
rate is usually the best choice.

TVAR With Multiple Bar
Distributors

When the contractor has the capability of
varying asphalt rates at percentages below the
specified range, such as when using dual spray
bar distributors, a broader and more optimal
use of TVAR is possible. An asphalt rate increase
between 10 and 15 percent is also recommended
for roadways similar to the one shown in Figure
6. An asphalt rate increase of no more than 10
percent is recommended if TVAR is to be used
on sections of roadway similar to Figure 7.

Dual spray bar distributors provide inspectors
the flexibility to vary asphalt rates in small
increments throughout their broad ranges of
variation capability. Experienced inspectors
are able to take advantage of this flexibility and

“I've seen the asphalt
rate increased by

40 percent outside
the wheel paths, but
it's hard to actually
get that out there
when you are using
emulsions. You may
be shooting it, but
the asphalt may be
flowing back into the
wheel paths.”

Richard Walker,
Brownwood District

STEP 4: Selecting TVAR Asphalt Percentage 13



prescribe small incremental changes in TVAR
from one asphalt shot to the next based on small
differences observed in the pavement being
sealed. Seal coat contractors with a lot of TVAR
experience can often provide good advice to be
considered by the inspector. When neither the
inspector nor the contractor has considerable
experience in transversely varying the asphalt
rate, it is suggested that the decision making be
simplified to choosing between three options:
no increase, 15 percent increase, and 30 percent
increase. The decision between these three may
be based on comparison of the roadway to be
sealed to the roadways in Figures 1 through 7.

Texture Testing When
Uncertain About TVAR

A simple and quick pavement surface test is
available and should be used when there is any
uncertainty about the TVAR difference to be
selected. This is the sand patch test, which takes
only minutes to run and is described in Tex-436-A.

Figures 8 and 9 show this test being performed
on a pavement surface.

Figure 8. Spreading the Sand to the Level of the Highest
Aggregates.
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Figure 9. Measuring Four Diameters of the Resulting Circle
for Averaging.

On windy days, the test may be performed
inside a wind shield as is being used in Figure 8.
The diameter of the resulting “patch” will vary
as pavement texture varies because the same
volume of sand is always used. The greater the
volume of void space created by the pavement’s
texture, the smaller the patch diameter will be.
The difference in patch diameters when the test
is run in the wheel path and between the wheel
paths gives a quick and revealing indication of
the appropriate variation in asphalt rate to use.

STEP 4: Selecting TVAR Asphalt Percentage 15



To give an indication of how sand patch diameters vary on different
pavement textures, the average diameters found when testing the sections
of pavement shown in Figures 1 through 7 are shown in Table 1. The test
results can reveal texture differences across the roadway that otherwise
would go undetected if relying solely on visual observation. The notes
below Table 1 describe two such instances.

Table 1. Sand Patch Test Results.

Sand Patch Average Diameters, mm

Roadway and
conditio“ Between .
Wheel Path Wheel Paths Difference
Figure 1 - Severe Flushing of Grade
3 Seal Coat 199 m 88
Figure 2—Moderate to Severe
Flushing of Grade 3 Seal Coat Al Wy o
Figure 3—Moderate Flushing of
Grade 3 Seal Coat 174 129 45
Figure 4 — Mild to Moderate Flush-
ing of Grade 3 Seal Coat U L) W
Figure 5 - Mild Flushing of %
Grade 3 Seal Coat 184 121 63
Figure 6 — Slight Color Difference
across Recent Grade 4 Seal Coat 2 i 22
Figure 7 - No Visible Color
Difference across Recent 121 12 9**
Grade 4 Seal Coat

* This higher difference was at first surprising until close observation of the pavement in

Figure 5 revealed that some of the aggregate has been lost between the wheel paths, exposing a
sharper underlying aggregate. This sharper aggregate between the wheel paths apparently increased
the difference in texture across the roadway beyond what would have otherwise been expected.

**The sand patch test revealed a difference in pavement texture in the wheel paths even though no
visual indication could be observed.
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Table 2 provides general guidance for relating
sand patch test results to desirable asphalt rate
increases for outside of the wheel paths.

Table 2. General Guidance for Interpreting Sand
Patch Test Results

Difference in Sand Asphalt Rate Increase
Patch Average Outside of Wheel Paths
Diameters, mm * Vou dom'th
“You don’t have
Less than 20 None .
enough traffic
211050 15% .
o - 207 outside of the
reater than
- wheel paths to
*The user is cautioned that the guidance in Table 2 is based
on limited data and it only considers difference in pavement WOff}'/ about )
texture across the roadway. Users are encouraged to refine these flushing. The thing
parameters based on their own experiences with local materials you want to do
sources and climatic and traffic conditions ..
there is just hold
the rock.”

Emest Teague,
Paris District

STEP 4: Selecting TVAR Asphalt Percentage 17
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Calibrating and Inspecting gg%EETOR
the Asphalt Distributor SET UP

There are several additional distributor checks
which should be done by the contractor and
observed by the inspector.

Nozzle Selection and Position “The inspector

The selection of nozzles to provide the desired needs to be certain
asphalt rate variation is a contractor decision that the right nozzles
to be verified during the additional distributor

o are in the right
calibration run or runs.

locations. That's

The inspector, however, must define the desired the main thing.”
wheel path locations to allow the contractor Darlene Goehl,
to position the larger nozzles appropriately. Bryan District

Potential nozzle configurations to establish
three-foot wheel path locations for various
roadway widths are shown in Table 3 on the
following page. Many factors affect where the
majority of traffic will track on a given roadway.
The inspector may elect to use a different
nozzle configuration than that shown to better
approximate average wheel path locations on
given roadways.

STEP 5: Calibrating and Inspecting the Asphalt Distributor 19



Table 3. Suggested Nozzle Configurations

Lane Center Line Inside Between Outside Wheel
Width, to Wheel Wheel Wheel Wheel Path to
Feet Path Path Paths Path Pavement
Nozzles Nozzles Nozzles Nozzles Edge
Nozzles
9 1 9 6 9 2
10 2 9 6 9 4
N 4 9 7 9 4
12 5 9 8 9 5
12 (with 6 9 8 9 4
edge line)
13 7 9 8 9 6

This table is based on recommendations provided by the Brownwood and Bryan Districts.
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Setting Computerized
Distributor Controls

Modern asphalt distributors have computer
controls for the asphalt rates to be applied. The
contractor and inspector must understand the
meaning of the asphalt rate entered into the
distributor’s computerized controller(s).

When a distributor with a single spray bar is
being used, unless otherwise indicated in the
distributor’s operation manual, the computer
setting establishes the total amount of asphalt

“I've seen the two
asphalt rates entered
into the wrong

to be applied. Therefore, when transversely computers on a dual
varying asphalt rate with a single spray bar, the bar distributor. That's
correct asphalt rate to be set on the distributor’s something to check

computer controller is the average asphalt
application rate. The average asphalt application
rate is determined by the formula below.
Correct determination and entry of the average | Jimmy Farham,
asphalt rate into the distributor’s computer Lufkin District
controller is a critical point for inspection
prior to beginning TVAR seal coat operations.

if the operator isn't
experienced.”

The average asphalt application rate in gallons/SY
to be set on the distributor’'s computer when a single
spray bar is used with different nozzle sizes may be
determined from the following formula:

[(L/100) x (V/100) x R] + R = Average Rate

where:

L = % of larger nozzles = (number of larger
nozzles/total number of nozzles) X 100,

V = % increase in asphalt rate selected for
outside of the wheel paths, and

R = design rate of asphalt application for the
wheel paths in gallons/SY.

STEP 5: Calibrating and Inspecting the Asphalt Distributor 21



“We used a
distributor nozzle
bucket test to check
the rate difference
when we used

#4 and #5 nozzle
sizes. We found
about 30 percent
variation.”

Emest Teague,
Paris District

When a distributor with dual spray bars and
having separate computer controllers is being
used, the asphalt rate to be entered into each
computer is the specific rate expected from
the spray bar that each computer controls.
Equipment operator's manuals should be
consulted to verify proper computer entries.

Calibrating the Distributor to be
Used for TVAR

The asphalt distributor must be calibrated as
required for uniform asphalt rate applications as
well as being demonstrated capable of applying
asphalt at the TVAR percentage(s).

When the distributor is capable of varying

the asphalt rate incrementally and over a wide
range, the inspector should request that the
contractor demonstrate specified application
accuracy and uniformity with no asphalt
variation across the bar and also at two variation
rates, 15 and 30 percent. Proving ability to
apply asphalt in these three manners adequately
demonstrates capability throughout the covered
range provided that the same selection of nozzle
sizes is being used.
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Determining When
Adjusting TVAR Is
Appropriate

STEP 6
TVAR

ADJUSTMENTS

Observations of the resulting seal coat are the
basis for adjusting TVAR percentages or for
going back to uniformly applied asphalt. The
same inspection techniques appropriate for
determining if uniformly applied asphalt rates
are proper are used when inspecting TVAR
seal coats.

Primarily, inspection is by observation of
embedment depth both inside and outside of
the wheel paths. The inspector should observe
embedment depths immediately after rolling
and then later after the pavement has been
exposed to traffic for a day or two. Normally,
approximately 30 percent embedment is desired
in the wheel paths after rolling. Slightly higher
embedment percentages outside of the wheel
paths are satisfactory immediately after rolling.
Wheel path aggregate embedment should ideally
be seen to increase to 35 percent to 40 percent
within several days under traffic.

Figure 10 may be helpful in making this
determination as it shows a maximum desirable
embedment percentage after several days of
traffic.

“You've got to make
your rate adjustments
by experience and
visually seeing your
rock embedment.

The plans may

say to shoot a rate,
but you've got to

be ready to make
those adjustments.”

Randy King,
Brownwood District

STEP 6: Determining When Adjusting TVAR is Appropriate 23



Figure 10. Wheel Path Aggregate Embedment Slightly Higher than Usually Desired after a
Day or Two of Traffic.

™

24 Guide for Traversely Varying Asphalt Rates






Texas
Department
of Transportation

Guide for Transversely Varying Asphalt Rates

/ {exas .
ransportation
Al institute

Contact Information:

Paul Krugler, P.E.

Research Engineer

Materials and Pavements Division
Texas Transportation Institute

Texas A&M University System

3135 TAMU

College Station, TX 77843-3135

ph. (512) 467-0952 - fax (512) 467-8971
p-krugler@ttimail.tamu.edu

Project 0-5833-P1 D September 2008



mailto:p-krugler@ttimail.tamu.edu

