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Asphalt Pavement Rehabilitation

• In last several decades:
– increasing traffic demand (loads & volumes)
– decreasing budgetary funds for repairs
– continuing need for a safe, efficient, and cost-effective transportation system

• Roads are experiencing serious distress due to economic development, 
especially with rapid development of suburbs

• Choices:
– Replace distressed road with new one based on limited funds available (fewer 

miles can be paved per year)
– Replace distressed roads by recycling existing pavement and other by-

products into a new pavement (large number of miles can be paved for a 
given budget)

• Recycling / reclamation of existing pavements is a priority



Full Depth Reclamation (FDR)

• FDR is a flexible pavement reclamation process in which the full pavement 
section, including the wearing surface, base / subbase, and a pre-
determined portion of underlying soil are uniformly pulverized, blended with 
chemical additives (such as cement, fly ash, lime, etc.) and compacted to 
construct a new stabilized base. An asphalt overlay can then be placed 
over it.

• FDR is only cost-effective pavement rehabilitation procedure that corrects 
base / subbase problems short of conventional re-construction.
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State of Ohio:
• 90% of Ohio’s Electricity is Generated by Combustion of Coal

• Coal Use:   30 Million Tons/Yr. (Ohio Coal)
30 Million Tons/Yr. (Non-Ohio Coal)

• 1.5 Tons of Coal Combustion By-products generated in Ohio / 
Person / Yr.

Coal Use Facts
Nationally:

• 52% of Electricity is Generated by Combustion of Coal
• 1.1 Billion Tons were consumed in 2005.
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Fly Ash

Zimmer power plant in Moscow, Ohio.

Fly ash particles at 2,000x magnification

Typical Fly ash
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Coal Fired Fly Ash Generating Power Plants

25 mile radius 50 mile radius



ObjectiveObjective

Demonstrate effective use of Class F fly Demonstrate effective use of Class F fly 
ash in combination with lime or lime ash in combination with lime or lime 
kiln dust (LKD) in FDR of asphalt kiln dust (LKD) in FDR of asphalt 
pavements.pavements.
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• Fly ash provides Silica and Alumina needed for 
cementious reaction with lime to increase strength, 
stiffness, and durability of stabilized base layer.

• Fly ash act as mineral filler to fill the voids in the 
granular pulverized pavement mix, this reducing 
permeability of the FDR stabilized layer.

Role of Fly Ash in FDR Work



FDR Sites
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2006

2006 2007



Failing Pavement at Warren County SiteFailing Pavement at Warren County Site

(Long (Long SpurlingSpurling Road CRRoad CR--171)171)
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Two sections were designed and constructed (2006):Two sections were designed and constructed (2006):

•• 4% 4% LimeLime with 6% with 6% Fly AshFly Ash, 12 inch stabilization depth (0.32 mile), 12 inch stabilization depth (0.32 mile)

•• 5 inch 5 inch Mill and FillMill and Fill (0.08 mile)(0.08 mile)

Warren County Pavement Sections (0.4 miles)
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Nine sections were designed and constructed (2006) using theNine sections were designed and constructed (2006) using the
following six mixes:following six mixes:

•• 4% 4% LimeLime with 6% with 6% Fly AshFly Ash, 8 inch stabilization depth (0.7  mile), 8 inch stabilization depth (0.7  mile)

•• 5% 5% Lime Kiln DustLime Kiln Dust with 5% with 5% Fly AshFly Ash, 8 inch stabilization depth (0.6 mile), 8 inch stabilization depth (0.6 mile)

•• 3% 3% Lime Kiln DustLime Kiln Dust with 1.4 gallons per square yard with 1.4 gallons per square yard emulsionemulsion, 8 inch , 8 inch 
stabilization depth (0.7 mile)stabilization depth (0.7 mile)

•• 5% 5% CementCement, 12 inch stabilization depth (0.8 mile), 12 inch stabilization depth (0.8 mile)

•• 2% 2% CementCement with 1.6 gallons per square yard with 1.6 gallons per square yard emulsionemulsion, 8 inch , 8 inch 
stabilization depth (0.3 mile)stabilization depth (0.3 mile)

•• 5 inch 5 inch Mill and FillMill and Fill (Two 0.1 mile sections at the north and south ends of (Two 0.1 mile sections at the north and south ends of 
the project, and a 0.7 mile as well as 0.1 mile sections near ththe project, and a 0.7 mile as well as 0.1 mile sections near the middle e middle 
of the project)of the project)

Delaware County Pavement Sections
(4.1 miles)
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Milling of Asphalt Surface (Warren County)
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Placing of Lime (Delaware County)
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Train of equipment (front to back: water truck, mixer and compactor)
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Teeth of Mixer (Warren County)
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Placing of Fly Ash (Warren County)
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Material before mixing (left) and after mixing (right)
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Compaction of FDR base layer (Delaware County)
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Final FDR base layer ready for asphalt overlay (Warren County)
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Asphalt overlaying on South bound lanes of Section Line Road
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Asphalt overlay (Warren County)
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Final compaction of asphalt overlay (Delaware County)
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Pavement Instrumentation Plan

Not to scale



Pavement Instrumentation

Pressure Cell

Tensiometer

Shallow LVDT 
Reference Plate
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Asphalt strain gauge
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Falling Weight Deflectometer (FWD) Testing by Ohio DOT
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Delaware site before FDR



Backcalculated Moduli from FWD Testing (Delaware County)
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* Typical Resilient Modulus values (Mechanistic Empirical Pavement Design Guide 2004, FHWA)
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Backcalculated Moduli from FWD Testing (Warren County)
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* Typical Resilient Modulus values (Mechanistic Empirical Pavement Design Guide 2004, FHWA)
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•• Reclaimed 8 feet wide shoulder for 1,000 feet length using AsphaReclaimed 8 feet wide shoulder for 1,000 feet length using Asphalt Zipper lt Zipper 
reclaimerreclaimer

•• 5% LKD with 5% Fly Ash, 8 inch stabilization depth (1000 feet)5% LKD with 5% Fly Ash, 8 inch stabilization depth (1000 feet)

•• Conditioned Fly Ash (Conditioned Fly Ash (m/cm/c about 20%)  about 20%)  –– Glatfelter paper plant (Chillicothe)Glatfelter paper plant (Chillicothe)

2007 Zanesville Shoulder Reclamation:
North Pointe Road (1,000 feet)



Two sections were constructed (2007) using the following mixes:Two sections were constructed (2007) using the following mixes:

•• 5% LKD with 5% Conditioned Fly Ash (5% LKD with 5% Conditioned Fly Ash (ConesvilleConesville power plant), 8 inch stabilization depth power plant), 8 inch stabilization depth 
(2.1 mile)(2.1 mile)

•• 10% Fixated FGD material (10% Fixated FGD material (ConesvilleConesville power plant), 8 inch stabilization depth (0.1 mile)power plant), 8 inch stabilization depth (0.1 mile)

Instrumented with pore pressure transducers just below FDR base.Instrumented with pore pressure transducers just below FDR base. Chip and seal Chip and seal 
completed midcompleted mid--September 2007September 2007

2007 Zanesville Road Reclamation:
Friendly Hills Road (2.2 miles)

Fly Ash Section Fixated FGD Section



Conclusions
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• Pavement sections stabilized with fly ash (+LKD/lime) 
showed comparable  stiffness and strength to the cement 
stabilized sections.

• The use of fly ash (with LKD or lime) as substitute for 
traditional cementious additives in FDR can result in 
substantial cost savings as well as additional significant 
environmental benefits

• Fly ash can be easily mixed and compacted using 
standard FDR construction equipment

• Long-term testing data will be available from ongoing 
pavement performance and environmental condition data
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