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* Westergaard model & solutions
* Limitations

 Evolution of FE programs

* ISLAB2000 capabillities

* Demonstration of results
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Westergaard Model

 PCC layer: a plate
« Subgrade : Winkler foundation
L

pce> Epces Upcc

DV*w(x,y)+kw(x,y) = p(x,y)
E. W
D: PCC "7 pre

12(1-p )
PCC D
» Scale: radius of relative stiffness £ = 14/ m
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Westergaard’'s Solutions

interior loading

pe corner loading” 42

edge loading

edge loading interior loading corner loading

b1 L L

a= wheel footprint radius, P = wheel load
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Westergaard's Solutions

Maximum Plate Tensile Stresses

3.9 A |
135
: _ '77
edge loading >S4
>4
o
15T | 115
| —
e:@ 0" | | |
kK 0.10 0.15 % 0.20 0.25

a= wheel footprint radius; P=wheel load; h = plate thickness
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Curling and Warping
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L=free length or width

of slab

f=radius of relative

stiffness

C=stress coefficient

in either directions
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Limitations of Westergaard’s Solutions

« Single slab

— no joints

Infinite/semi -infinite in horizontal direction
— no slab size effect

Single layer slab

Full contact of the plate with the foundation
— no separation

Single wheel

— no axle loads
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Finite Element Programs

. KenSlab (Huang 1973), JSLAB (Tayabji 1977), EverFE (1999)
. ILLISLAB

« Tabatabai and Barenberg (1978) — multiple slabs, base layer,
doweled joints

* loannides (1985) — Pasternak and elastic half -space
foundations

« Korovesis (1989) — slab curling, separation from subgrade

« Khazanovich (1994) — nonlinear temperature distribution,
separation between slab and base

* Roesler and Khazanovich (1997) - fracture mechanics -based
modeling of partial depth cracks

« ISLAB2000 (Khazanovich et al. 2000)
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NCHRP 1-37A Project: Development of a MEPDG (1997 -2004)
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Dr. Mike Darter

Professor (emeritus)
University of Illinois
Founder of ERES
Damage S AN Consulting, Inc.
_ _ NCHRP 1-37A Rigid
Response Accumulation Field Distress Pavements Group Leader

ISLAB2000 became an important mechanistic engine underlying the rigid-pavement
analysis framework developed for MEPDG.

(NCHRP 2004, AASHTO 2008) B THE SLAB DESIGNER.




ISLAB2000

Suite of three programs:

« |ISLAB2000Pre - a user-friendly preprocessor for development
of ISLAB2000 finite element models

« |ISLAB2000 - a computational engine performing the finite
element analysis

« |ISLAB2000Post - a tool for visualization of the ISLAB2000
analysis results
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ISLAB2000Pre

* Define pavement geometry

* Provide characteristics of the pavement layers
* Provide subgrade properties

* Provide characteristics of joints

* Define the axle load

* Provide temperature distribution through the slab thickness
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ISLAB2000Pre

Geometry: Multiple slabs in both direction. Simple rules to
generate mesh.

Pavement structure: multiple layers, bonded and unbonded,
possible separation between layers

Subgrade: Winkler foundation, Pasternak, Kerr

Load: multiple rectangular footprints

Joints: Aggregate interlock; dowels, partial depth cracks
Curling and Warping: Linear, Quadratic, and Piecewise Linear
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Pavement Geometry

¢ Number Of SlabS in eaCh X=direction Y-direction
direCtion and their [nzert Delete| 1:3 [ngert Delete| 1:3 KI‘—IW
|engths and widths Slab| Length Number of Slab| Length MNumber of ‘
Y 180.0 BalM 180.0 1 a r
. Coord!nates of nodes of R SEEL LR y
the finite element mesh P
e ] " Medium
* Fine
CLiztomize
ll_l FI 1 | | _"I Clear
Maminal Element Size: | 4

g [aenerate ‘ hezh | ] |
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Mesh Size Effect

« Coarse mesh (larger elements)
 Faster solution
« Smaller output files
 Less accurate solution

* Finer mesh
» Slower solution
 Larger output files
* More accurate solution

Mesh refinement is not simply about "more elements = better.”
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Modeling of Constructed Layers

* Th ICkn eSS Mumber of layers: |'|_ Add Laver | Delete Layer
P Layer 1
 Modulus of elasticity |
e
. y .
° PO I SSO n S ratlo Element type: | Flate il Poiszon Ratio: 0.15
°® Coeffi Ci e nt Of Thickness: 10 Coef. Therm. E:.:Ij.: 4. 40e-6
Elaztic Maodulus: 4 000e6 LInit WS eight: 0.087
th e rm a I expa n S I O n Interface with Layer Abowve: | Dizable for first laver Il
. . Wertical Stffness: Friction coefficient;
* Unit weight
Haonzontal Stffness: b & Friction Stress:
Drescrption;

% Default ™ Batch " Exceptionz | EdifBatch | En:IitE:-:n::eptin:uns...|

| [Uniform cross sechon £ Hanunifarm cross secton || Edit Cross Section | k.
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Subgrade Modeling in ISLAB2000

Subgrade
ikl Subgrade k: Friction madel; |Frictionless |
™ Spring Wl Stiffress in stick:
O Alazoy | @nd ke G Friction coefficient:
™ Ken K K b4 an Friction:
D ezcrption:

i+ Default i~ Batch i~ Excephions

Edit Bateh... Edit Exzeptions .. | 0] |

:

k=pressure/deflection

Tensionless foundation
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Modeling of Surface Loads

Axle Design

« Rectangular footprint Seleot Ale: [New Axle El KI
. : Y
¢ ASpeCt ratlo Axle Hame: |F-:|rkllft
. Tire Pressure: I 200 2
 Number of wheels/footprints ~ Geomety —— H
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° Tire pressure i Tire Width [h]:l s W12 -
. — Wheel Spacing n E m_
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r s2|
r 53:'
) — Auxle Spacing
* Axle coordinates ¥ L [e s2 |7
_ L2
i AXle Welght — Reference Point
Position: IButtum Left ;I B3O
H-Euurdinate:l s ﬂ::Slv k4

¥-Coordinate: I
L1
[elete Clear | Save | ] | L2
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Modeling of Joints

* Aggregate interlock load transfer

PCC = PCC

 Dowel load transfer
dowe

PCC slabs

PCC/dowel interaction springs
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Modeling of Joints

B Joints in x-direction
Mumber of jointz in s-direction: 2

{* Specify LTE

{~ Specify joint parameters

—LTE

Deflection LTE: | 507

[l Joints in y-direction
MHumber of jointz in p-direction: 2

" Specify LTE

{* Specify joint parameters

— LTE

Deflection LTE:

— Joint parameters

Joint tppe:

AGG Factor:

Hormal Stiffness:

Shear Shffness:

Width:

Crack depth ratio:

Crack Location:

Dowel property 1D: I

Dowel location 1D: I

Ll

— Joint parameters

Joint type: Doweled

=l

AGG Factor: Rigid
Aaggreqate Interlock,

:Doweled

Mormal Stiffness:
Shear Shffness:
Width:

Doweled + Aggregate Interlock
Partial-depth crack.

Crack depth ratio: I

Crack Location: |

Dowel property 1D: IDDWEH

Dowel location 1D: II::u:‘

Kl {E1 K3

[T Exceptions  Edit Exceptions
[~ Batch Edit Batch

Edit Diowel Properties |

Edit Diowel Locations |

0K
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Modeling of Curling and Warping

Layers Temperature Properties

[v Perform Temperature Analysis

Temperatures
- Layer Type Difference Top Middle Bottom |Reference
ayers Temperature Properties hm“m
[+ Perform Temperature Analysis
Temperatures
Layer | Type Different:el Top | Middle | Bottom |Heference
l 1 Linear -3

[~ Batch Edit Monlinear LI

dit Nonlinear Temperature distributions

|mzert | [elete |

Layer 1 |

Layer 1: Honlinear temperature distnibution

Inzert Temperature Hode | [relete Temperature Hode |

[~ Batch E-:IitNl:unlinear| 0K Case 3 | 5 | 8 | 10

45.00 a0.00 55.00 £0.00

ak. |
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ISLAB2000 Analysis Process

'+11Slab2000 [C:\Program Files\ARA\ISLAB2005\Projects\Floor\Floor.mdb] _ =] %]

 Create model using

Geometry Areaz Layers Subgrade Joints Temperature Load Horzontal restraine Woids  Analpsiz Options “ Generate Input Files  Bun [SLAB2000 View.ﬂgal}lsisﬁesults|

I : ; LAB: ! O O O P re p Zoom|1UU :Il Show Meshv  Show Load[v Show Dowels [v | Layer 1 E Shiov Laper Areas

Input File ID:[ Floor
Temperature analysis: es

M ax. num. of ext. iterations: ,T
Batch processing: ’T
MNumber of batch cases: | 1

Status Beview Status

* Run ISLAB2000 analysis

O

O

Subgrade 1
Joints (|
|

|

|
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o

Temperature

i i o
Harizontal restraing

Yoids

* View results using
ISLAB2000Post

i
] 0 1
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ISLAB2000 Slab Deflections

Deflection
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Westergaard: 0.005 -0.02 in
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ISLAB2000 Slab Top Surface Normal Stresses

Sitresses in X-direction

225
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Westergaard: 270 - 660 psi
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ISLAB2000 Slab Top Surface Principal Stresses

Principal Siresses
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Why ISLAB is well suited for concrete
pavement analysis

* Westergaard solutions are elegant but limited by strong
idealizations (single infinite slab, full contact, single wheel,
linear temperature, no joints)

. Thes_,e_ idealizatio_ns can cause si_gnificant _s_tress errors under
real jointed, multi -axle, and curling conditions

* ISLAB removes the limitations: multi -slab systems, realistic
joints, layer separation, multi -axle loads, and nonlinear
temperature

* |ISLAB was used for the MEPDG development, it supplies the
mechanistic accuracy modern design and analysis require

« Use Westergaard for quick estimates; use ISLAB for virtually all
real jointed concrete pavement work
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Key Takeaways : The question is not whether a
model is simple or complex: it is whether its
assumptions are consistent with the pavement
we are trying to understand

Thank You

Contact Details:

Lev Khazanovich| lev.k@pitt.edu
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