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Paper Abstract (max 300 words)

Constructed half a century ago, the Ohio Turnpike idladad linking eastern industrial states

to the throughways of Indiana, lllinois, and Port Toledo. In its first year of operation, the
Turnpike carried an astounding 10 million vehicles, with-#l8 increase of more than 51
million vehicles in 2006During its 55 years of service, traffic has consisted of about 70%
automobiles and 30% commercial trucks with legal weights as high as 127,500 pounds.

Built with the highest design and quality of
has far egeeded its original design. The original 241.1 miles of pavement on thidafeur
divided highway remaitodaybut have been resurfaced and overlaid many times.

Rii developed a comprehensive Master Plan (MP) for the reconstruction/replacement of the
original pavement. Using innovative, statethe-art technologies, Rii conducted a condition
assessment of 982 lane miles of pavement involving:
¢ Review of original design, construction, traffic, performance and maintenance history.
o Review of historical paveent condition survey data such as international roughness
index (RI), pavement condition ratind®CR), structural deduct, faulting, and rutting.
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e Comparison of current conditions with historical data to assess progressive effects of
traffic damage.

¢ Non-destructive pavement evaluations to assess subgrade support, pavement thickness,
layer moduli, voids and structural integrity of concrete. Incluol&th nontraditional and
innovative methods such &T 300Q GPR and ADCP, as well as mordraditional
mehods.

Rii developed the sustainable MP in less than six months. Traditional approaches would have
required unnecessary sampling, coring, and testing; hundreds of man hours, and traffic
congestion.

The completed MP was divided ind@ five-mile sectons. Each section was given a ranking of
1-48, based on degree of deterioration. It identified 15 segments for immediate replacement and
provided a 16year timeline for reconstruction of the remaining sections. The first segment is
currentlyin constructio.
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DEVELOPMENT OF A MASTER PLAN FOR THE
RECONSTRUCTION AND REPLACEMENT OF THE OHIO
TURNPIKE

1. Background

The Ohio Turnpike, a 241-rhile long multilane mainline roadway, has been serving Northern
Ohio and neighboring states for more than half a egnBuilt in 1955, it currently carries more
than 50 million vehicles annuallyWhile the original pavement structure was built with the
highest quality materials at the tintegw, after a halcentury ofservice,there are predominant
signs of rapid detesration and disintegration.

A recent asset management study recommended the systematic replacement of the mainline
pavement in 48 fivanile sections based on priority and helped develop a timeline based on site
conditions and structural and functionaykperformance indicators. Milepost 94.81.2 was

ranked highest in priority, followed by six other fim@le sections designated for immediate
reconstruction.

To replace the pavement, the Ohio Turnpike Commission (OTC) expressed its strong desire that
the new structures be designed andthacanhshauncee
as nearly as possi bl e. |t necessi (PBS)dadl t hat
incorporated ito the design and construction of new structures.

The corstruction documents for th@avementreplacement provided the contractor with
numerous alternatives, all meeting the-fispeci
maintenance pavement. The PB Contract specified requirements for each of the pavemen
components, such as a subgrade, shoulder, and the pavement. As an example, in contrast with
conventional contracts, under the PB Contract the subgrade was required to be Lime Stabilized,

on the entire fivamile section, with uniform 16 inches of depth téatment and meeting

specified minimum shear strength. As the first unique infrastructure design in Ohio, the Roller
Compacted Concrete (RCC shoulder) was also specified as an alternate design and with the truck
driving lane of 14 ft wide lane as a conmgmt of PB Contract. The design also satisfies the
MEPDG and perpetual design guidelines.

This paper describes design alternatives, construction methodology and lessons learned from
construction and maintenance of traffic. Additionally, it describes $betananagement efforts,
innovative technol ogi es used for anal ysi s of
requirements. 0

1. Historical Perspective

The Ohio Turnpikea 241.1 mile long multilane mainlineadwaywith 982 lane miles of
original ppvementhas been serving theorthernOhio and its neighboring state®nnectingto
the majortoll roadsof eastern Industrial states for more than half a century. Built in, B&&g
theUS Interstate Transportation Netwqgrthe Turnpikeprovidesa link betweemmajorhubsNew
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York City, Pittsburgh,Cleveland, Toledo, Detroit and Chicagp and the western StateJoll
roads

At the time it was completed in 195%e Turnpikewas designed to carry 10 million vehicles
annually with abouB0% commercial vehies and 7% passenger vehicle$oday, while the
commercial vehicle percentagjgaveremained almost constathiroughout past decadedbetoll

road carriesmore than50 million vehicles annually with truck weights as high as 127,000
pounds. Additionally, it carries13 classes of vehicle composition and design Single Axle loads
of 50 to 80 million ESALSeeFigure 2 below
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FIGURE 1. Traffic Summary at a Glance

The toll road traverses a variety of geological conditionssoil types and climatic regions of

Ohio. Theoriginal pavementdesign waxz o mposed of 100 reinforced c
60 aggregate base cour(Me= 4800 ¢si) Bhe @igirml pgreme@ BR o f
structure was constructed with the highest quaditgndards at the time,ei. compressive

strength; the quality of the workmanship has been reflected in its durability over time as
measured by past Pavement Maintenance Studies (PMS).

The pavement management studies performed ibynRhe past have concluded thatile some
sectionsof the original pavementtill retain highenoughquality and design strength continue
performing well for many more yeatkere arealsosignsof rapid deterioratioim other sections
This indicates that some sections of the original pantimavefar exceeded their design life,
resulting in a need fammediate rehabilitation, reconstruction and replacement.

2. Need for Master Plan

The results ofpast pavement management studies clearly showed the need for immediate
rehabilitation, recastruction and replacement of the original 982 miles of pavement. For this
reason, the Turnpike Commission requested thatRineteam develop a Master Plan for
replacemenand reconstructiorof the originalpavement and develop a priority rankisgstem
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for the reconstructionand a timeline for its replacemerithe severityof deterioration would
govern thesequence angriority of reconstruction anteplacement.

Utilizing innovative pavement evaluation methodologies, Rii prepared a Master Plan and
timeline for the reconstruction, replacement, and rehabilitation of the Turnpike. TleetPro
Team completed the entirdap in just nine months, which included six months of data
acquisition, and three months of reporting.

Priority Ranking Parameters & Relative Weight

2.1 Maintenance History
To complee the Masker Plan, the RiiTeam tooka

closerlook at the previous maintenance history of the CﬁR
Turnpike. The initial review of the pavement

indicated that it had been overlaid many times, 1.5
starting in 1967, and by 1972, most of the sections Traffic Load ESAL,

Frequency of Localized Repair

had been overlaidvith asphalt. A deeper analysis
found that most of the length of the Turnpike had
been resurfaced four to five timg§]

Using the maintenance history as a preliminary
indication of what was needed, Rii set forth all other
important objectives to delop a decision tree. The
tree (shown on the right) helped the Rii Team develop
the priority for replacement, using all key Decision Tree
performa_nce indicators, which are described in the FIGURE 2. Decision Tree
next section.

3. Master Plan Objectives

The Master Plan objectiweincluded developng a
timeline and priority ranking fothe rehabilitation,
replacement and reconstruction of the original
concrete pavemenA decision tree was created using
relative weighting for various performance indicators
and then summarized for individusections.
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3.1 Key Performanckndicators

To implement theoriority ranking andreconstruction
timeline, the projectwas divided into 48five-mile
sections and each difie key performance indicators
was assessed Each performance indicator was
assesseih four quality levelsand assembled through
review of historical datahe collectionof newin-situ
datg and analytical projections.
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FIGURE 3. Key Performance Indcators
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3.1.1 Maintenance Frequency

The maintenance frequendgy one the most importaqterformance indicatorahen devedping
the priority rankings and timelineWhile the averageresurfacingintervals for the original
pavement ranged between 7 to 10 years, the freguehtocalized repair and mainteran
varied significantlythroughoutand was used to identifyriority sections

3.1.2 Riding Quality

The DecisionTree alsorecognized the pavement riding qualities such as pavement surface
distresses, rate of change stiructural distressesnternational roughness index (IRIand
faulting askey performance indicators.

3.1.3RT-3000

The RT300Q a thirdgenerationpavement survey vehiclevas utilizedfor collecting asset
inventory data and surveying theigting pavement condition. Theehicle simultaneously
collecteddata onlongitudinal profile, crossfall, roughnessurface distress, rut depths, digital
video, and pavement images. Thmovative and neWRT-3000technologywas used in place of
traditional visual survepf Pavement Condition Ratin@CR), thus providing more efficient and
accurate results

H Poor = =
=]  Threshold Low priority _f°'
H N reconstruction

- /e

3 IRI Data for MP 60.0 to MP 75.0

Poor
=i Threshold
N

A

) High priority for
IRI Data for MP 90.0 to MP 105.0 reconstruction

IRI
Excellent < 60in/mile
Good 60—95in/mile
Fair 95—170in/mile
Poor >170in/mile

Faulting
Good 0—.25in/mile
Poor >.25in/mile

FIGURE 4. Pavement Riding Quality

3.2 Subgradesoil Strength

Past subgrade soil strength evaluations covered various innovations and evaluation
methodologiesRii conducted a comprehensive review of historicasito soil strength data

from 19882009 by usehe coiventional soil explorationdNon-Destructive Testing equipment
(Dynaflec), and3rd and 4" generationtechnologiesThe Falling Weight DeflectometeF{VD)

and Automated Dynamic Cone Penetromet&DCP) equipmentwere used as innovative
techniques, whichultimately saved both time and resourcesThe severity of pavement
deterioration was influenced by poor soil strength and traffic lad byits frequency of
maintenanceequired
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3.21 Falling Weight Deflectometer (FWD) Method

The Subgrade Soitrengthwas evaluated indirectly frontback calculationof deflection often

known asthe FWD method FWD is a rondestructive testg method whichsimulates the effect

of a moving vaicle wheel load. The system applies a load as low as p@@@% up to 26,000
pondsf or a pul se duration of approximatel-y 25
c a | c uflom thexebmonse to impulse load.

3.2.2 Automated Dynamic Cone Penetrometer (ADCP) Method

Subgrade Soil Strengthas alscevaluated directlypy an innwative ADCP methodThe ADCP

system is equipped with an automatic lift/drop mechanism and Windawd data acquisition
system providing direct and accurate shear strength results in less than five minutes without the
need for extensive laboratory tegtilADCP testing is less intrusive amefjuiressd r i | | i ng a
diameter holeunlike traditional coring and boring methods, which include thousands of soil
samples.

The data colleded from FWD and ADCP testinig presented in the graph above. In the high
priority segment, many CBR data points fall belowThe r n p i k e designdhreshgld. n a |

Master Plan: Decision Tree Criteria
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FIGURE 5. Maintenance Frequency

3.3Pavemenstructural Strength

Another thing considered in our Master Plan decision tree was the structural response of
pavemento traffic load.The Effective ModulugEp) andStructural Numbe(SN) of the original

982 miles ofconcretepavement wagvaluatedby a FWD, simulatingthe effect of a moving
vehicle wheel load.

7/ | Final Paperi IRF Innovation in Road Infrastructure Congress



Pavement Effective Modulus (Ep) is calculated from:

Ep Data for MP 60.0to MP 75.0

o]

Low priority for reconstruction

»« Ep Data for MP 90.0to MP 105.0

High priority for reconstruction

Pavement Effective Modulus (Ep)
is calculated from:

d, = 1.5pa[1/Mg{1+(D/a(Ep/ Mg)'/)? /2]
+1.5pa[{1-1/(1+(D/a)*)2}/Ep]

d =deflection measured at the center of the load
plate {and adjusted to a standard temperature of
68° F){inches),

p=FWD Load Plate pressure {psi),

a=FWD Load Plate radius {inches),

D=total thickness of pavementlayersabove the
subgrade (inches)

FIGURE 6. Pavement Effective Modulus (Ep)

Pavement AASHTO Structural Numb@neff) is calculated from:

Pavement AASHTO Structural Number
(Sneff) is calculated from:

SNeff = 0.0045D ( Ep )13

D= total thickness of pavementlayers above the
subgrade {inches)

FIGURE 7. PavementAASHTO Structural Number (Sneff)

In the figure abovethe estimate@N parameter is comparadth athreshold SN value estimated

SN Data for MP 60.0 to MP 75.0

Low priority for reconstruction

Threshold

SN Data for MP 90.0 to MP 105.0

Threshold High priority for reconstruction

from pavementhickness angpavement coreesults.

3.4Pavement Layer Thickness Aysas

Innovative radar technology, Ground Penetrating Radar (GMR¥ used to determine
continuous pavement layer thicknesseshafOhio Turnpike, at highway speed. GPR lages
the need for more than 2,000 cotbsit are typically sampledly destructive methodsand

hundreds of hours of lane closures and traffic con2p([3]
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3.5GPR Detection of Weakened Concrete

Rii utilized 2D and 3D GPR tomography to visualize pagetrsubstructure, layer thicknesses,
voids and evidence of pavement abnormalities. This task was carried out at highwayaspeed
application of innovative technology to pavement managenaaadtalso within the framework

of sustainability to save time anelsources.

3.5.1Analysis of Dielectric Constawatf Weakened Concrete

The most unique and innovative applicatafrGPRthat Rii utilized in this processas the
detection of concrete pavement deterioration not visible with traditional pavement distress
surveytechniques.

Rii used GPR technology to detect the variations in concrete dielectric constants and relate them
to concrete integrity and qualityThe dielectric constants of construction materiate an
indicator of the amount of deterioration thastoccurred2] [3]

4. Sustainable Solutions
The pavement design was performed as a Perpetual Pavement Design stratadgngithlife
cycle, and minimum maintenance anduality management. The design of the first section (MP
95.8101.2) also followd t he Mast er Pl an guidelines to me
standards. In this connection, the proposed design included the following fegLigls:
e The options to use recycled concrete and roller compacted concrete in the shoulder, thus
lowering energy consumption during construction
e Minimization of noise and air pollution by selecting a composite pavement structure
e Presentation of MOT (Maintenance of Traffic) plan, assuring free flow of traffic during
constructio and reduce traffic congestio

4.1 Performance Based Contract Specifications

The construction documents for the replacement of the pavement provided the contractor with
sever al alternatives, all/l meeting the fAspecif
maintenance pavemenThe PB Contract specified requirements for each of the pavement
components, such as a subgrade, shoulder, and the pavement. As an example, in contrast with
conventional contracts, under the PB Conirdloe subgrade was required to be Globally
Stabilized using Lime Stabilizatioron the entire fivamile section, with uniform 16 inches of

depth of treatment and meeting specified minimum shear strength. As the first unique
infrastructure design in Ohio, the Roller Compacted Concrete (RCC) was also spkxified
shoulders as an alternate design. This design also satisfied the design criterion used by MEPDG
(MechanistieEmpirical Pavement Design Guide) and perpetual pavement design guidelines.

5. Summary and Conclusions

5.1 Priority Ranking and Timeline faConstruction

As discussed by the Master Plan, the 241.1 miles of multilane Turnpike was evaluated by its key
performance indicators, at four quality levels. Eaclhhef48 five-mile sections was ranked for

the priority for replacement and reconstruction.tddal of 15 fivemile sections have been
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identified for replacement in the next five yeakdilepost 95.8101.2 was ranked highest in
priority, followed by six other fivanile sections designated and selected for immediate
reconstruction and replacemefithe first section (Section 1) is already under construction at this
time and the Turnpike Authorities are considering constructi@ection 7 soonj4] [5]
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FIGURE 8. Timeline for Construction

5.2 Conclusion

This paper describes the details of a case study to develop a plastéor the reconstruction of

a major highway in Ohio. These of innovative technologissich as testing equipment, design
tools and technologies, and proper considerations for the envirgnweret some of the items

that were incorporated in this peat. A successful completion of the first and subsequent
construction sections and their future performances will reveal the values and applications of
these innovative technologies and tools for many other future projects.
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