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e Choices:

— Replace distressed road with new-one based on limited funds availabie\(fewer
miles can be paved per year) '

— Replace distressed roads by recycling exisfing pavement and other by-
products into a new pavement (large number of miles can be paved for a

given budget)
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Full Depth Reclamation (FDR)

Injection of water and/or fluid
Deep vl Y. stabilizing agents
recycled ' i

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.



‘ Coal Use Facts

Nationally:
« 52% of Electricity is Generated by Combustion of Coal
1.1 Billion Tons were consumed in 2005.

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)

Person/ Yr.
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Coal Fired Fly Ash Generating Power Plants

25 mile radius 50 mile radius
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Demonstrate effective use of Class F fly
ash in combination with lime or lime

kiln dust (LKD) in FDR of asphalt
pavements.
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‘ Role of Fly Ash in FDR Work

* 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.
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@ FDR Sites
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‘ Failing Pavement at Warren County Site

(Long Spurling Road CR-171)
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‘ Warren County Pavement Sections (0.4 miles)

Two sections were designed and constructed (2006):

* 4% Lime with 6% Fly Ash, 12 inch stabilization depth (0.32 mile)

* Sinch Mill and Fill (0.08 mile)
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‘ Delaware County Pavement Sections
(4.1 miles)

Nine sections were designed and constructed (2006) using the
following six mixes:

e 4% Lime with 6% Fly Ash, 8 inch stabilization depth (0.7 mile)
e 5% Lime Kiln Dust with 5% Fly Ash, 8 inch stabilization depth (0.6 mile)

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

e 5% Cement, 12 inch stabilization depth (0.8 mile)

e 2% Cement with 1.6 gallons per square yard emulsion, 8 inch
stabilization depth (0.3 mile)

e 5 inch Mill and Fill (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 the middle
of the project) -
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Milling of Asphalt Surface (Warren County)

Introduction Construction Instrumentation Monitoring Conclusions




‘ 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)

09/25/2006
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Compaction of FDR base layer (Delaware County)

09/25/2006
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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

@ Single Layer Deflectometer
E== Longitudinal strain gauge

L — - [N S S S | L m Transverse strain gauge

@ Pressure cell
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Pavement Instrumentation

" Pressure Cell
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I Falling Weight Deflectometer (FWD) Testing by Ohio DOT
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Backcalculated Moduli from FWD Testing (Delaware County)

1800
Cement + Cement LKD + Control LKD + Lime +
Emulsion Emulsion (Mill & Fill) Fly Ash Fly Ash
1600 - M B Before FDR
O3 weeks after FDR
07 Months after FDR
010 Months after FDR
1400 -

Open graded cement _
1200 - stabilized aggregate* -

1000 - = M

800 - 1] | {11 | 0

Soil cement*, . . .
| i Lime stgbilized soils or -

600 1 I unstabilixed dense
graded aggregate* _

Elastic Modulous of Base Layer (x1,000 psi)

400

02 025 03 03 08 09 1 12 15 17 19 2 23 24 26 28 29 3 31 35 36 38 39
Road distance (miles)

* Typical Resilient Modulus values (Mechanistic Empirical Pavement Design Guide 2004, FHWA)
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Backcalculated Moduli from FWD Testing (Warren County)

Elastic Modulous Layer (x1000 psi)

1400

1200 -

1000 -

800 -

600 -

400 ~

200 +

Lime +

A

0.03

Control

A 4
A

Fly Ash

Open graded cement
stabilized aggregate}—

Soil cement*

0.21 0.24

Road Distance (miles)

__________ S

(Mill & Fill) >

B Before FDR

[ 3 weeks after FDR
O3 Months after FDR
08 Months after FDR
B 11 Months after FDR

Lime stabilized soils or
unstabilixed dense
graded aggregate*

0.328 0.33 0.36

* Typical Resilient Modulus values (Mechanistic Empirical Pavement Design Guide 2004, FHWA)

Introduction

Construction

Instrumentation

Monitoring

Conclusions

Eovy



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

e Reclaimed 8 feet wide shoulder for 1,000 feet length using Asphalt Zipper
reclaimer

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

e Conditioned Fly Ash (m/c about 20%) — Glatfelter paper plant (Chillicothe)




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

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

o (5% LKD ;Nith 5% Conditioned Fly Ash (Conesville power plant), 8 inch stabilization depth
2.1 mile

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

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

Fly Ash Section Fixated FGD Section



‘ Conclusions

* 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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