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Innovative Hot In-Place Recycling of
Hot-Mix Asphalt Pavement in Mississippi

ALFRED B. CRAWLEY

A hot in-place recycling (HIR) project using the MARTEC process was
constructed on Interstate 55 in Mississippi from December 1997 to July
1998, the first use of this equipment in the United States. Project size
was 180 600 m* (216,000 yd?). This equipment differed from earlier
HIR equipment principally in the method of heating the hot-mix asphalt
(HMA). Air heated to 600°C (1,100°F) was produced in a diesel-fired
furnace and blown onto the pavement through a manifold. An elevated
pugmill performed the final mixing after which the recycled mixture
dropped into the hopper of an HMA paver. Principal objectives of this
project were to evaluate this equipment to satisfactorily recycle to a
depth of 50 mm (2 in.) and to evaluate the use of Superpave technology
for design of the HIR mixture and quality control during construction.
Preliminary testing with a dynamic shear theometer (DSR) was used to
select a rejuvenator and an initial point for mixture design. Quality con-
trol testing with a Superpave gyratory compactor at the field laboratory
was used to make adjustments in the recycled mixture. Limited DSR
data from recovered binder indicate acceptable properties. An asphalt
pavement analyzer was used to compare the HIR mixture with HMA by
using differing binder grades. Although construction problems were
encountered. it has been shown that this equipment can adequately heat
an existing HMA pavement to permit hot in-place recycling to a depth
of 50 mm. Both acceptable density and ride quality are attainable.

Recycling pavements in situ is a topic that has long captured the inter-
est of highway design and construction practitioners. There exists a
vast deposit of valuable aggregates and binders in the road network.
If feasible methods can be deployed to rehabilitate old pavements in
situ with minimal additions of virgin materials, significant savings
could be realized in terms of dollars, reduced inconvenience to the
traveling public, and energy.

During the last 20 years, hot in-place recycling (HIR) of hot-mix
asphalt (HMA) has made great strides in surmounting some of the
earlier shortcomings and has grown in importance as a rehabilitation
alternative (]). For flexible pavements that are structurally adequate
but have surface distress such as cracking or rutting, HIR is poten-
tially a viable alternative. This process reduces hauling and mining
costs and results in the least disruption to the environment and the
roadway. The potential exists to reduce the cost of milling and
overlay projects by 15 percent to 25 percent through the use of HIR.

This paper describes an interstate highway rehabilitation project
that used an innovative forced hot air system for heating and soft-
ening HMA pavement to facilitate HIR. Information on mix design
of the recycled mixture, construction, and limited field laboratory
data are included.

DESCRIPTION OF TECHNOLOGY

The Mississippi Department of Transportation (MDOT) has con-
structed projects with three generations of HIR equipment since
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1978 (equipment manufacturers were Cutler, Jackson, and Wirt-
gen), all using either open-flame or infrared heaters and all using
propane fuel for heating. These machines were able to recycle to a
depth of only approximately 25 mm (1 in.). The project described
herein was the initial use of MARTEC Recycling Corporation’s
forced hot air heating system in the United States. This equipment
had been used previously in Canada and Europe. The MARTEC
recycling train contains four components:

e two identical preheating units that heat and soften the HMA
pavement; .

¢ a heating and milling unit that heats, mills, adds rejuvenator,
and windrows the HMA;

¢ 3 heating and mixing unit that adds virgin mix, heats and stirs
the combined mixture, and then mixes the combined materials in an
elevated pugmiil mixer.

The recycled mixture is discharged directly from the pugmill
mixer into the hopper of a conventional HMA paver with laydown
and compaction following standard HMA paving procedures.

The four main unit equipment train extends approximately 65 m
(213 ft) in length. Innovative features of the MARTEC include the
hot air-infrared heating system and the heat and stir process. The
system heats air to approximately 600°C (1,100°F) in a diesel-fueled
combustion chamber and blows this hot air directly onto the pave-
ment through a manifold. Afterward, the spent hot air is vacuumed
back into the system. The heat and stir process refers to the final
heating process in which the windrow of existing pavement, virgin
HMA mixture, and rejuvenator are stirred by paddles to assist in
drying moisture that may be present in the mix.

MISSISSIPPI PROJECT PARAMETERS

MDOT began planning an HIR project after seeing the MARTEC
equipment operating in Canada in October 1997. The primary objec-
tives for the project are as follows:

o Evaluate the capability of MARTEC HIR equipment to recy-
cle the existing HMA pavement to a depth of 50 mm (2 in.).

¢ Determine if the recycled mixture design lent itself to Super-
pave design procedures from both the binder aspect and the mixture
compaction and volumetrics aspect.

e Evaluate the use of the Superpave compaction criteria for
monitoring recycled mixture parameters during construction.

¢ Determine the impact of the recycling process on recovered
binder properties to include testing with bending beam rheometer,
Brookfield viscometer, and dynamic shear rheometer (DSR) for
specimens collected before heating, specimens collected after heat-
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