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Objective

e Develop predictive models for load, curl, and
load/curl that could be utilized in a
spreadsheet or PC program for rapid
calculation purposes.

e May encourage use by practitioners.



Edge Loads Cause Longitudinal And
-~ Transverse Cracks




Load and Temperature Curling Stresses
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Load Stress - Located at Edge
Curl Stress - Positive or Negative Gradient
Combined Load and Curl Stress



Westergaard Edge Loading Solutions
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o Infinite slab length (L), Infinite slab width (W)
e Fully support slab

| =




Westergaard Thermal Curling Solutions

Gy = OQ {1 - m COos A o.om:y [ (tanA + tanhQ) cos—_ cosh—_
sin2A + sinh2A | \,ﬁ \,\M
+ (tanA - tanhA) sin—Y_ sinh—¥_ ]}
/2 /2
m< = - 0 m COS A owm:v( [ (- tanA + tanhA) cos—Y_ cosh—?_
sin2A + sinh2A >\I /2
+ (tanA + tanhA) sin—_ sinh-_
1/2 >\|
2
o - EaAT | m0u§+tvo:ﬁ; | v(urk_\i
2(1 - ) h T\W

e Assume slab remains flat with thermal gradient
e No loss of support under the slab due to curling



Use of Westergaard/Bradbury Models to
Determine Combined Stress ???

Loading (traffic)
Curling (thermal gradient)

‘Load + Curl # Combined Stress



Finite Element Solutions

2-Dimension - More realistic modeling of
combined load and curl stresses.

3-Dimension - Even more realistic modeling of
combined load and curl stresses,
especially for stiff unbonded
base.

FE Problems - Complexity in use of FE
programs, Potential for error,
Long computer run times when
many solutions needed.



Previous Attempts To Obtain Closed-Form
Models For Combination Of
Load And Curl Stress

Combined Stress = Load Stress + R * Curl Stress

Problem: R determined by multiple regression,
Inadequate accuracy



Current Approach

Utilize dimensional analysis and modern
statistical modeling techniques to obtain solution
that accurately reproduces FE model.

e lIdentify primary structural responses
- wheel load only
- temperature curling only

e Combined Load/Curl Stress =
Load Stress + R * Curl Stress

e R = F(primary structural responses)



Primary Structural (Dimensionless) Variables
For Load Stress
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Primary Structural (Dimensionless)
Variables For Thermal Curling Stress
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Two Additional Dimensionless Parameters

Identified
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the relative deflection stiffness due to the self-weight of the

concrete slab, external wheel load, and the possible loss of
subgrade support due to curling.



LOADING ONLY

Finite Slab Length Effect
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Finite Slab Width Effect
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Where:

LOADING ONLY (Continued)

adjustment (multiplication) factor for
finite slab length effect

adjustment factor for finite slab width
effect

Westergaard’s edge stress solution
edge stress determined by the finite
element model

function to be derived from finite
element outputs and statistical
modeling techniques



THERMAL CURLING ONLY
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Where:
Re = adjustment factor for thermal curling
Owesc = Emmﬁmﬂ@mma\mqmacca\,m edge stress
solution
Ofa = edge stress determined by the finite

element model
F = function to be derived from finite element
outputs and statistical modeling techniques



LOADING AND THERMAL CURLING
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Where:
G = total combined load and curl edge stress
m_.i.<<*q<<mm = Westergaard edge loading stress adjusted
for slab length and width effects
Opwesc = Westergaard/Bradbury edge curling stress
Rt = adjustment factor for the effect of loading
plus thermal curling
F = function to be derived from finite element

outputs and statistical modeling techniques



DEVELOPMENT OF MODELS

e S-PLUS Statistical Package includes modermn
modeling techniques

e Used the "projection” algorithm to breakdown
the multi-dimensional response surface into a
sum of several smooth projected curves

e Used traditional Ilinear and nonlinear
regression techniques to obtain the parameter
estimates of each projected curve and the
overall regression statistics
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Using this modeling approach, the following
"projection” model was developed for R

R; = 0.940 + 0.0799® (A7)
| A

®4(A7) = - 4.031 - _
0.203 + 0.0345A71 S-304

A1 - —0.944% . 0331L

i ]

Statistics: N = 36, R® = 0.994, SEE = 0.0063,
CV = 0.67%

Limits: 2<L/I<7,005<4/1<0.3



Predicted Stress, psi

Validation of the Proposed Models for Loading Only

200 400 600

200 400 600
Actual Stress, psi
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PURELY EMPIRICAL APPROACH

Pavement Data "

Statistical
Data
Analysis,
Regression
Techniques

Tentative Prediction
Model

l PN
Sensitivity

Analysis,
OK?

No

l Yes

Purely Empirical
Model




MECHANISTIC-EMPIRICAL APPROACH

Pavement Data

l

I Preliminary Data
Analysis
Theoretical
Engineering
Knowledge, Variable Selection,
Expert > | Plausible Model Form [f
Experience,
Heuristics
l Tentative Prediction «
Model
A l
No Sensitivity No

Analysis,

Statistical
Data
Analysis,
Regression
Techniques

OK?

Mechanistic-Empirical
Model




