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Can we backcalculate the amount of slab 

curl/warp from FWD/HWD testing?

How can we incorporate the slab curl/warp into the 

pavement deflection data analysis?

Problem Statement



Curling / Warping is the upward or downward 

bending of the edges and corners of a concrete slab.

Curling and Warping in Concrete Slabs

Slab surface at a higher temperature and moisture than base

Slab surface cooler and drier than base

Upward

Curling

Downward

Curling



Slab curling occurs due to the temperature 

differentials throughout the thickness of a slab

Slab warping occurs due to the moisture 

differentials throughout the thickness of a slab
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Additional voids under edges and corner of the slab due 
to upward curling

Additional voids under the center of the slab due to 
downward curling

Additional joint and crack openings

Change in the load transfer efficiency

Unsupported curled edges and corners by the base, 
making them susceptible to cracking under heavy loads

Effect on the nondestructive test results (e.g., 
FWD/HWD deflection basins)

Curling and Warping in Concrete Slabs



Concrete curling and warping effects in JPCP 
slabs can influence the long-term performance and 
service life of the PCC pavements

Provide insight into PCC input (e.g. permanent 
curl/warp effective temp. diff.) for the 
implementation of MEPDG by State DOTs

Goal: To develop a rapid methodology for 
backcalculating the equivalent effect of total 
amount of curling and warping effects (TELTD) in 
JPCPs
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Curling and Warping in Concrete Slabs

Temperature Gradient, Ttg

Moisture Gradient, Tmg

Drying Shrinkage, Tshr

Creep, Tcrp

Built-In Temperature 

Gradient, Tbi

The total amount of curling 

and warping in a concrete 

slab due to the combination 

of the five factors:

+

+

+

+

PCC Slab

PCC Slab

or



TELTD = Ttg+ Tmg+ Tbi+ Tshr+ Tcrp

EBITD = Tmg+ Tbi+ Tshr+ Tcrp

TELTD : Total effective linear temperature difference

EBITD : Effective built-in temperature difference

Curling and Warping in Concrete Slabs

TELTD = Ttg + EBITD EBITD           -22oF to +23oF

(Rao and Roesler, 2005)



PCC Slab

PCC Slab

Curling and Warping in Concrete Slabs

During setting time 

Â Positive temperature difference condition during the slab setting time

Â Creep / Relaxation

At t=0

Â Unrecoverable shrinkage

TempTop > TempBottom TempTop = TempBottom

TempTop = TempBottom , MoistureTop < MoistureBottom

At t=Ð

PCC Slab

After setting time 

PCC Slab

TempTop = TempBottom , MoistureTop= MoistureBottom

PCC Slab PCC Slab



Typical night-time curling Typical day-time curling

Top of the PCC layer: Warmer

Bottom of the PCC layer: Cooler

Top of the PCC layer: Cooler

Bottom of the PCC layer: Warmer
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ISLAB2000 FE model meshing for the six-slab JPCP assembly

ISLAB2000 Solution Model



Traffic Load Only

ISLAB2000 Solution Model

Deflections Stresses

in X-dir.

Stresses

in Y-dir.
Principal

Stresses



FWD/HWD Load + Environmental Loading

ISLAB2000 Solution Model

Deflections Stresses

in X-dir.

Stresses

in Y-dir.
Principal

Stresses



Challenges in the Curling / Warping Problem:

Unknown flat condition of the slab

Voids under slab corner and center

Time of the FWD test 

Location of the FWD test

Number of the FWD tests per slab

Effect of the moisture on the slab behavior

Permanent component of the total curling / warping

Curling and Warping in Concrete Slabs



The effect of the temperature-introduced FWD deflection basins

Curling and Warping in Concrete Slabs

FWD SENSORS
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The effect of the temperature-introduced FWD deflection basins

Curling and Warping in Concrete Slabs

FWD SENSORS
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Training Set Generation

Structural/Forward Model
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Parameter Min. Value Max. Value

EPCC, (ksi) 2,000 10,000

hPCC, (in) 6 20

kS, (psi/in) 50 700

LTE, (%) 1 99

TELTD, (oF) -60 +60

Ttg, (
oF / in.) -3.0 +3.0

The ranges of the input parameters (ISLAB2000 analyses)

Training Set Generation


