
2010 WCPA Concrete Pavement Workshop

Page 1



2010 WCPA Concrete Pavement Workshop

Page 2

Event and Date



2010 WCPA Concrete Pavement Workshop

Page 3

BackgroundBackgroundgg

• HIPERPAV helps engineers and 
t tcontractors:

Understand 72-hour 
behavior

Predict 72-hour behavior 
of concrete pavementsbehavior of concrete pavements



2010 WCPA Concrete Pavement Workshop

Page 4

Paving Operations 
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PCC T

Paving Operations
PCC Temp

Time
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PCC T

Curing 
PCC Temp

Time

8:30 AM8:30 AM
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Environmental Influences
PCC Temp

Time
Overcast ConditionsOvercast Conditions

ConvectionSolar RadiationSolar Radiation

Irradiation

Heat Conduction
to/from the subbase

Heat Conduction
to/from the subbase 9:00 AM9:00 AM
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Heat of Hydration 
PCC Temp

Time

Generated Heat from Hydration
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PCC T

Set Time
PCC Temp

PCC Set
Time
PCC Set
Time

Transition from 
Plastic To 

Transition from 
Plastic To 

TimeHardened StateHardened State

12:00 PM12:00 PM
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PCC T

Peak Concrete Temperature
PCC TempSlab Tends to 

Expand from Set 
Time up to the 

Slab Tends to 
Expand from Set 

Time up to the 
Time

Time up to the 
Maximum PCC 
Temperature 

Time up to the 
Maximum PCC 
Temperature 

4:00 PM4:00 PM
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Cooling Begins
PCC Temp

PCC Slab 
Tries to 

PCC Slab 
Tries to 

TimeContractContract

6:00 PM6:00 PM
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Joint Sawing
PCC Temp

Time

Saw Cut JointsSaw Cut Joints Saw Cut JointsSaw Cut Joints

7:00 PM7:00 PM
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Curling
PCC Temp

Thermal Difference 
Through the Slab

Thermal Difference 
Through the Slab

Time
Through the SlabThrough the Slab

ColdCold

WarmWarm

ColdCold

WarmWarm
11:00 AM11:00 AM
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PCC T

Curling
PCC Temp

Bottom Expands    
Top Contracts: Slab 

Bottom Expands    
Top Contracts: Slab 

Time
Top Contracts: Slab 

Tends to Curl
Top Contracts: Slab 

Tends to Curl

ColdCold

WarmWarm
9:00 PM9:00 PM
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PCC T

Curling
PCC Temp

T

Slab Weight 
Restrains Vertical 

Slab Weight 
Restrains Vertical 

Time
TRestrains Vertical 

Movement
Restrains Vertical 

Movement

Slab WeightSlab Weight
9:00 PM9:00 PM
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PCC T

Subbase Restraint
PCC Temp

T

Axial and Curling 
Restraint Lead to 
Axial and Curling 
Restraint Lead to 

Time
TRestraint Lead to 

Crack Formation 
at Joints

Restraint Lead to 
Crack Formation 

at Joints

Formation of 
Cracks at Joints

Formation of 
Cracks at Joints

Formation of 
Cracks at Joints

Formation of 
Cracks at JointsCracks at JointsCracks at Joints Cracks at JointsCracks at Joints

12:00 AM12:00 AM
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PCC T

Excessive Restraint
PCC Temp

T
As Temperature As Temperature 

Time
TDecreases,

PCC Contraction 
Continues

Decreases,

PCC Contraction 
ContinuesContinues…Continues…

2:00 AM2:00 AM
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PCC T

Early-Age Failure
PCC Temp

T
Time

T

Mid Panel 
Thermal 

Mid Panel 
Thermal Thermal 

Crack Occurs
Thermal 

Crack Occurs

5:00 AM5:00 AM
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GuidelinesGuidelines

• Complexity Galore
– Paper guidelines – very limited use
– What about computerized modeling?

– Thus, was born

HIPERPAVHIPERPAV



2010 WCPA Concrete Pavement Workshop

Page 20

Systems approachSystems approach
• In the past, many individual models have 

been developed to address pavement 
behavior

• HIPERPAV uses the Systems approach to 
if ll th d l i t f l t lunify all the models into one useful tool

• The Systems approach integrates:
D i t– Design parameters

– Material properties
Environmental conditions– Environmental conditions

– Construction activities
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Superposition of StressesSuperposition of Stressesp pp p
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Critical StressCritical Stress

TopTop
•• “Critical Stress”“Critical Stress”•• “Critical Stress”“Critical Stress”
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JCP Stress and 
Strength Development

JCP Stress and 
Strength Developmentg pg p
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Stress

Time since ConstructionTime since Construction

SS SS
Time since ConstructionTime since Construction

Scenario #1
Cracking should not occur

Scenario #1
Cracking should not occur

Scenario #2
Cracking may occur

Scenario #2
Cracking may occur
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Baseline CaseBaseline Case
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Baseline CaseBaseline Case
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