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Two-lift paving
makes a come-
back in the U.S.

wo-lift concrete paving just might be making a comeback in the U.S. Scarcity of ag-

gregates, advances in materials knowledge and construction equipment and increasing

demands for pavement surfaces that meet specific noise, durability and safety objec-

tives are prompting the need to reconsider two-lift paving as a sustainable technique

for building concrete pavements.

Two-lift construction involves the
placement of two wet-on-wet layers
instead of the homogenous single
layer commonly placed in concrete
paving. Two-lift paving can provide
quality surface characteristics, re-
duce material costs and consume re-
cycled aggregates (concrete and hot-
mix asphalt).

Two-lift paving is not a new idea.
The first concrete pavement con-
structed in the U.S., built in 1891 in
Bellefontaine, Ohio, was a two-lift
pavement. That pavement, designed
to stand up to the wear and tear
caused by horse-drawn wagons with
steel wheels, is still in service today,
as are other two-lift pavements built
in the first decade of the 1900s in
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Michigan and Minnesota.

During the 1950s and 1960s, two-
lift paving was implemented ex-
tensively in many states, including
Iowa, Wisconsin, Michigan, Pennsyl-
vania and Minnesota, to facilitate the
placement of steel-reinforcing mesh
in concrete interstate highway con-
struction. Between 1970 and 2000,
the U.S. concrete paving industry
moved away from a jointed rein-
forced concrete pavement design and
the use of mesh, significantly short-
ening the design length of pavement
panels. The new design produced
long-lasting pavements without steel
reinforcement and eliminated the
need for two-lift paving.

However, the high-quality, wear-
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resistant aggregates used to construct
the U.S. pavements that have lasted
50-60 years are becoming scarce. As
a result, two-lift paving is return-
ing to the forefront as a sustainable,
long-lasting pavement solution. Its
potential benefits are attracting the
attention of agencies and contractors
across the country.

Working with the Union

Although two-lift paving fell out
of use in the U.S., many European
countries continued to use it and en-
joy its benefits.

In May 2006, a team of 13 concrete
pavement and materials specialists
from the U.S. visited Canada and
five countries in Europe to identify
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strategies and specifications used to
design long-life concrete pavements.
The team included members from
the Federal Highway Administration
(FHWA), state DOTs and the Nation-
al Concrete Pavement Technology
Center (National CP Tech Center),
as well as contractors and materials
suppliers.

After the scan tour, the team ana-
lyzed the techniques they had seen

A Kansas DOT
worker looks

on as the belt
spreader places
the top-lift
concrete. (Photo
courtesy of Peter
Taylor).

in Europe and select-
ed two-lift paving as
the strategy with the
greatest potential for
producing a cost-ef-
fective, sustainable,
long-lasting  pave-
ment in the U.S.

Laying it on
thick—and thin

Sustainable solutions are those
that balance economic, environmen-
tal and social benefits.

“Sustainability is not about perfec-
tion,” said Tom Van Dam, program
director for materials and sustainabil-
ity at Applied Pavement Technology.
“It’s about balancing competing, and
often contradictory, interests.”

The two-lift process has great po-
tential as a sustainable paving solu-
tion, said Van Dam. It reduces the
cost of materials and materials trans-
portation, reduces the environmen-
tal impact caused by quarrying and
importing aggregates and increases
societal benefits by lowering noise
levels and providing a long-lasting
pavement that does not need fre-
quent reconstruction.

In two-lift paving, the bottom layer
is thick, typically 80-90% of the to-

tal pavement thickness. The bottom
lift generally contains locally avail-
able or recycled aggregates that may
not be suitable as a wearing surface.
These aggregates can be obtained at
a lower cost than aggregates used in
a traditional paving project.

The top layer, on the other hand,
is relatively thin and contains dense,
wear-resistant aggregates that pro-
vide enhanced durability, reduced

noise and increased friction. While
these aggregates are more costly and
frequently have to be imported, the
overall cost and environmental im-
pact of the pavement system is re-
duced because only a small amount
of aggregates is required.

“Two-lift is optimized for recycling
and reuse,” said Joep Meijer, presi-
dent of the Right Environment, an
environmental consulting firm in
Austin, Texas. “Recycling is basically
embedded in the technology.”

Since the bottom lift is not sub-
jected to as harsh an environment
as the top lift, a variety of recycled
aggregates, including concrete or as-
phalt pavements, can be used in the
bottom lift without sacrificing dura-
bility.

“We can use the road that is al-
ready there—just crush it up and use
it in the new road,” explained Mei-
jer.

Two-lift paving also can be opti-

mized to reduce the environmental
impact caused by cement produc-
tion.

“The concrete industry is well
aware of the energy intensity and
CO, emissions related to cement pro-
duction, so we’re looking into op-
tions to reduce clinker content from
cement,” said Meijer.

One way to reduce the cement con-
tent of concrete is to use supplemen-

tary cementitious materials, such as
fly ash. This strategy is commonly
used in concrete paving projects and
can be used in higher quantities in
two-lift paving.

Quiet, safe, long-lasting pavements
mean happy citizens. Two-lift pave-
ments have the potential to meet
all of these criteria through surface
treatments such as exposed aggre-
gate surfaces.

Creating an exposed aggregate sur-
face requires using extra-hard, wear-
resistant, small aggregates. When
small aggregates are used, more ce-
ment paste must be used, which in-
creases both the cost of the concrete
mix and the energy and CO, foot-
print of the pavement. However, the
thin top lift of a two-lift pavement
needs only a relatively small amount
of concrete, making exposed aggre-
gate surfaces a possibility without
increasing the cost or the environ-
mental impact.
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The exposed aggregate surface was produced by using small,
wear-resistant rhyolite aggregates. (Photo courtesy of KDOT)

Results from Europe, where ex-
posed aggregate surfaces are com-
monly used, suggest that these sur-
faces reduce tire-pavement noise,
leading to quieter pavements. The
team also hopes that exposed aggre-
gate surfaces will increase skid resis-
tance, potentially making the pave-
ment safer.

American-made case

Once the European scan team
identified two-lift paving as its first
priority, the next step was to set up
demonstration projects in various
locations throughout the U.S. Work-
ing with the FHWA, the National
CP Tech Center coordinated the first
demonstration project in Kansas.

“In Kansas, they were struggling
because the local limestone in Kansas
is not wear-resistant,” explained Van
Dam. Kansas would like to import
aggregates that are denser and more
wear-resistant from other states, but
these imported aggregates come at a
higher cost.

While reducing costs is a plus, it
was not the primary reason Kansas
volunteered to do a demonstration
project, said Rod Montney, a con-
crete research engineer with the Kan-
sas DOT.

“Our goal was really just to prove
that two-lift paving could be done in
the U.S. with American equipment,”
he said.

For the I-70 two-lift project, Kan-

sas imported dense, wear-resistant
rhyolite aggregates from Oklahoma
for the top lift but used locally avail-
able, more porous limestone aggre-
gates for the bottom lift, significantly
lowering the cost of purchasing and
transporting materials.

The team used a standard Kansas
DOT paving mix for the 300-mm bot-
tom lift. They also used a combina-
tion of admixtures to stiffen the bot-
tom lift and prevent segregation.

The rhyolite was used as a coarse
aggregate in the 40-mm top lift. To
reduce permeability, the contractor
substituted a Class F fly ash-gypsum
combination for 20% of the cement
in the top lift.

The Kansas DOT contracted with
Koss Construction for the I-70 two-
lift project.

“Koss got on board right from the
beginning,” said Montney. “They
had been thinking about two-lift
paving and said, ‘Let’s try it on the
I-70 project.”

Koss used a dual-drum mixing
plant to simultaneously produce the
two concrete mixes. Green and red
placards were used to identify which
mix each truck was carrying: a green
placard told the road crew the truck
was delivering to the bottom lift
spreader (which was marked with
green paint); a red placard indicat-
ed the concrete was for the top lift
spreader (which was marked with
red paint).

The pavement was placed on a
150-mm, cement-treated recycled
concrete base produced from the
pre-existing concrete pavement.

During the paving process, the
bottom-lift concrete was placed in
the belt spreader to deliver concrete
to the base. The first paver followed
behind the belt spreader to form the
final pavement profile for the bottom
lift. Almost immediately after the
bottom lift was placed, it was stiff
enough to support the weight of the
workers.

The top lift was then delivered
to a second belt spreader, with the
second paver forming the final pave-
ment profile. The total distance of
the paving operation from the first
belt spreader to the final paver was
less than 45 meters. In this wet-on-
wet application, both the bottom and
top lifts were completed in about 30-
60 minutes.

The Kansas DOT experimented
with several different pavement sur-
face textures as part of the I-70 two-
lift project, including longitudinal
tining, grooving, Astroturf drag and
an exposed aggregate surface.

The exposed aggregate surface
contained a much smaller aggre-
gate—9.5-mm  rhyolite—compared
with the other surface test sections,
which used 12.5-mm rhyolite in the
top lift. Fine mason sand was used
in the exposed aggregate section,
whereas standard river sand was
used in other top-lift surface test sec-
tions.

To create the exposed aggregate
surface, retarder was sprayed on the
surface of the top lift to prevent the
concrete from setting. White sheet-
ing was used to cure the retarded
surface.

After a five-hour curing time, the
white sheeting was removed and the
surface exposed for 15-20 minutes
before brooming to remove the re-
tarded paste from the surface and ex-
pose the aggregate. After brooming,
white curing compound was applied
to provide final cure for the exposed
aggregate surface. Transverse and
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longitudinal joints were later sawed
into the surface.

On-board sound intensity (OBSI)
tests were conducted on each of the
different surface textures. All surfac-
es showed lower tire-pavement noise
than a traditional concrete pave-
ment.

Opening minds

Nearly 100 people—contractors,
material suppliers and agency repre-
sentatives—from 15 states attended
the National Two-Lift Paving Open
House in Salina, Kan., on Oct. 15-16,
2008.

Participants heard presentations
from European and U.S. experts,
including those involved with the
Kansas project. They also visited
the project site and examined the
exposed aggregate and other experi-
mental surfaces.

Additional open houses will be
held as other demonstration proj-

ects are completed over the next two
years.

The National CP Tech Center is
setting up demonstration projects in
other states in 2009. The goal is to
have two more open houses in the
next year or two, said director Tom
Cackler.

Cackler sees two-lift paving as a
tool that can help “optimize concrete
pavements to meet local needs—
such as specific surface character-
istics, scarcity of local materials or
recycling of existing pavements—so
that a long-life pavement can be built
with an economic and sustainable
approach.”

Van Dam said he expects to see a
lot more versatility with two-lift pav-
ing in the future.

“Once we’ve proved the concept,
people will start to think about opti-
mizing the top layer to resist moisture
loss, resist cracking . . . There are a
lot of potential benefits we haven’t

even begun to realize,” he said.

The ill effects of moisture loss can
be reduced through the use of inter-
nal curing or shrinkage-reducing ad-
mixtures, explained Van Dam, and
fiber reinforcement can be used to
help reduce cracking.

“When it comes to two-lift pav-
ing,” he said, “we’re just scratching
the surface.”

For more information about two-
lift paving and the Kansas demon-
stration project, visit the National
CP Tech Center’s website at www
.cptechcenter.org/projects/two-lift
paving/index.cfm. Hg

Shields-Cook is a communications specialist with
the National Concrete Pavement Technology Center,
Ames, lowa. Taylor is an associate director with the
National Concrete Pavement Technology Center.
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For more information related to this article, go
to: www.roadsbridges.com/Im.cfm/rb010919
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