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Evolution in overlay design

Whitetopping First Whitetopping
South 7t street in Terre Haute, Indiana -
S = 1918

Existing flexible pavement was overlaid with

3 -4in. of reinforced concrete

https://intrans.iastate.edu/app/uploads/2018/0 During 40’5 and SO’S -

o/ preriayconstruction. doc_dev. guide it Used to upgrade military & civil airports
Highway use

Started approx. 1960

Types have included JPCP, JRCP, CRCP, FRC
-Jim Mack
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https://intrans.iastate.edu/app/uploads/2018/09/overlay_construction_doc_dev_guide_w_cvr.pdf

Evolution in overlay design

Whitetopping First Whitetopping

South 7t street in Terre Haute, Indiana -

1918

Existing flexible pavement was overlaid with

3 -4 in. of reinforced concrete

https://intrans.iastate.edu/app/uploads/2018/0 During 40’5 and SO’S -

o/ preriayconstruction. doc_dev. guide it Used to upgrade military & civil airports
Highway use

Started approx. 1960

[ AASHTOWare _ .
Py Pavemeni Types have included JPCP, JRCP, CRCP, FRC
l MEDesign -Jim I\/Iack

— Design as a JPCP on HMA base.
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Evolution in overlay design

Ultra-thin whitetopping (UTW)
Typ.2-4 in

UTW Calculator
Mack et al

Colorado Design Procedure
https://intrans.iastate.edu/app/uploads/2018/0

¢ gt ot ',‘c-ial"r:"n"“"f "T’L—::—' :V"'“V-u e = H
9/overlay_construction doc _dev_guide w_cvr. = ‘\\‘?\Mw‘[’iﬂ, Rl CTL (Wu Sheehan & Tyabyji)
pdf ~ S | °* Pavement instrumentation

* 3-DFE

Thin whitetopping (TWT)
Typ. 4-6 in

University of Pittsburgh Department of Civil and Environmental Engineering
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Ultra-thin whitetopping (UTW) :
Typ.2-4 in =

UTW Calculator
Mack et al
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.= University of Pittsburgh
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Colorado Design Procedure
CTL (Wu Sheehan & Tyabiji)
* Pavement instrumentation
« 3-DFE

Trans. cracking

e Additional failure modes
* Climatic considerations

* Expanded 3-D FE models
* Performance data

Thin whitetopping (TWT)
Typ. 4-6 in
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Evolution in overlay design

Panel
Thickness Panel size Failure Mode Design Procedure
7 X .
Small slabs 1. Corner Breaks 1. BCOA - MF
<4.5 ft 2. ACP* %
| <4on Sﬂ@ "~
o)
£ Midsize slabs ; lI_D(')ng. Cr?;ks N @@@ i
LN . r- _ac -
" (4.5 to 8 ft) 1agond %@& |
v 5
i DL ;
Larger slah- % @ -/ ) -
(10 ®© .wwmreetpath)( 2. Pavement ME-JPCP
5 % .erse Cracks ) i
i /
. . N\
A @@ _width 1. Transverse Cracks Conventional design
= 1. AASHTO’93
L/?| J\ 2. Pavement ME
3. Etc....
o %

*Pavement ME does not design against longitudinal cracks for full lane width slabs
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Incorporating a faulting model|

Frequency and depth of joint activation ?

* Fiber
« Slab size
« PCC/asphalt thickness

PennDOT and NRRA
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Incorporating a faulting model|

1. Flexural stiffness ratio (FSR) N Tl o
— Criteria
, E;h} Midsize slabs (4.5 ft - 8.5 ft)
Flexural stif fness = D; = >
12(1 - u2) * FSR< 0.4: PCC only
Fop — _2PCC * FSR> 0.4: Partial depth with every
Dasphait 6t joint full-depth
or
2. Panel size = Traffic Full lane width:
¢ <45ft _ * Full-depth for every joint
« 4.5ft-8.5ft

* Full lane width

DeSantis et al. 2016 (ICCP 2016)
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Incorporating a faulting model|

Structural Model
g, g, 0

v

Neural Network to predict
critical response

l

Lab Investigation

Damage Model: Relate
response to differential
energy

Field Data Analysis

h 4

Faulting Model: Relate
damage to faulting

v
Calibration of
Faulting Model
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A 4

Erodible layer

A 4

A 4

Incorporating a faulting model|

Jt. depth = PCC Jt. depth =
only through Asphalt
A 4 A 4
E = (P, E=
%Binder, %AV) fn(Pyg0)

A 4

Erodibility factor

Y EELTG mnth |«
Neural networks <
EEHMA mnth [«
\4 y \ 4
6corn(Temp) 6corns(L,UL) 6Basin(L,UL)

\4

v Jt. Shear ¥ -
. WETDAYS
Ocurl Stress DE;

Std. dev. model

University of Pittsburgh Department of Civil and Environmental Engineering




Incorporating a faulting model|

F;=F;_1+ C;+CgxDE; x[C5 * E]|‘s
AFault,- = (63 + C4_ * FRO'ZS) * (Fi—l — Faulti_l) * Cg * DEl
Fault; = Fault;_4 + AFault;

F, =initial maximum mean transverse joint faulting (in)

FR = base freezing index (% time that the top of the base is below freezing (<32°F))

641 = Max mean monthly PCC upward slab deflection due to curling

E = erosion potential of interlayer: f(% binder content, % air voids, P, for partial depth)
P,,o = Percent of interlayer aggregate passing No. 200 sieve

WETDAYS = Average number of annual wet days (> 0.1 in of rainfall)

F; =maximum mean transverse joint faulting for month i (in)

F;_; = maximum mean transverse joint faulting for month i-1 (in)

DE; = Differential energy density of accumulated during month i

AFault; = incremental monthly change in mean transverse joint faulting during month i (in)
C; ... Cg = Calibration coefficients

Fault;_; = mean joint faulting at the beginning of month i (0 if i =1)

Fault; = mean joint faulting at the end of month i (in)

University of Pittsburgh Department of Civil and Environmental Engineering



Incorporating a faulting model|

F;=F;_1+ C;+CgxDE; x[C5 * E]|‘s
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F, =initial maximum mean transverse joint faulting (in)

FR = base freezing index (% time that the top of the base is below freezing (<32°F))

641 = Max mean monthly PCC upward slab deflection due to curling

E = erosion potential of interlayer: f(% binder content, % air voids, P, for partial depth)
P,,o = Percent of interlayer aggregate passing No. 200 sieve

WETDAYS = Average number of annual wet days (> 0.1 in of rainfall)

F; =maximum mean transverse joint faulting for month i (in)

F;_; = maximum mean transverse joint faulting for month i-1 (in)

DE; = Differential energy density of accumulated during month i

AFault; = incremental monthly change in mean transverse joint faulting during month i (in)
C; ... Cg = Calibration coefficients

Fault;_; = mean joint faulting at the beginning of month i (0 if i =1)

Fault; = mean joint faulting at the end of month i (in)
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Incorporating a faulting model|

MEPDG Documentation Appendix JJ

Full depth joint activation:
E ro d i b i I ity i n d eX et T {a) Lean 1:4:uu:fet:]i::]:-i:;::::z::::;l;:::e:r:‘:fmut; or with

leng-term compressive strength = 2,500 psi (=2,000 psi at 28-days)

. . and a granular subbase laver or a stabilized soil layer, or a

ASS|g n ed |nteger Val ue geotextile fabric is placed between the treated base and subgrade,
otherwise class 2.

based u pon base type () Hot muxed asphalt concrete with 6 percent asphalt cement that

passes appropriate stripping tests and aggregate tests and a granmlar

subbase layer or a stabilized soil layer (otherwise class 2).

1 — extremely erosion resistant (c) Permeable drainage layer (asphalt treated aggregate or cement
treated aggregate and with an appropriate granular or geotextile

separation layer placed between the treated permeable base and

subgrade.

tO (a) Cement treated granular matenal with 5 percent cement

manufactured in plant, or long-term compressive strength 2. 000 to

2,500 psi (1,500 to 2,000 psi at 28-days) and a granular subbase

i layer or a stabilized zoil layer, or a geotextile fabric is placed

5 — Ve ry erOd I ble 2 between the treated base a;rd suhgi'agd.e; otherwise classpﬂ-.

(b) Asphalt treated granular material with 4 percent asphalt cement

that passes appropriate stripping test and a granunlar subbase layer

or a treated soil laver or a geotextile fabric 1s placed between the

treated base and subgrade; otherwise class 3.

(a) Cement-treated granular material with 3.5 percent cement

manufactured in plant, or with long-term compressive strength

3 1,000 to 2,000 psi (750 psi to 1,500 at 28-days).

(b) Asphalt treated granular material with 3 percent asphalt cement

%
4 Unbound crushed granular material having dense gradation and =

high guality aggregates.

5 Untreated soils (PCC slab placed on prepared/compacted subgrade)

University of Pittsburgh Department of Civil and Environmental Engineering




Incorporating a faulting model|

Partial depth joint activation:

a=log(1l+ ax* Pygo + b * %AV — c x %Binder)
a = Erodibility index
P,00 = Percent passing No. 200 sieve in interlayer

%AV = Percent air voids in asphalt interlayer
%Binder = Percent binder in asphalt interlayer

a, b, c = Calibration coefficients (8.7346,1.6989, 1.8323)

E= (a xa’?—bxa+ c) Undoweled Pavements
- (d ra’—exa+ f) Doweled Pavements

F = (h*a) Undoweled Pavements
|G *xa) Doweled Pavements

}a> 1.16

}a< 1.16

a ...i = Calibration coefficents

University of Pittsburgh Department of Civil and Environmental Engineering



Full depth joint activation:
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Incorporating a faulting model|

Values for different models

BCOA
Coefficient FULL PCC ON!*® ‘avement ME
CDOWEL | 7*Diam.Dow. 0 7~ @ -
C1 1.00 x%@@ 1.29
C2 @ 1.1
%ﬁ@ 1125 0.001725
0.0008 0.0008
0.05 250
C6 4. 215 2.4 0.4
C7 0.90 3.562 1.2
C82 1/(5x105 ) 1/(5x105 ) 400

IDifferent Erosion model

Previous model used C8 as dowel damage coefficient
not used for calibration

University of Pittsburgh Department of Civil and Environmental Engineering
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Unbonded Concrete Overlays (UBOL)

Existing concrete pavement _— =
. g : / ~
* Moderately to significantly deteriorated pavements
o Few, if any, pre-overlay repairs required Overlay <
e Stable and uniform support layer Interlayermm—
Existing PCC
Interlayer Existing concrete pavement

* HMA or nonwoven geotextile fabric

Overlay

* Thicker than bonded concrete overlays — typ. 6 to 8 in

* Durable surface Interlayer

* Increased structural capacity Existing PCC

Composite pavement

University of Pittsburgh Department of Civil and Environmental Engineering




Unbonded Concrete Overlays (UBOL)

/4

Existing concrete pavement _— =
* Moderately to significantly deteriorated pavements / -
o Few, if any, pre-overlay repairs required Overlay =

e Stable and uniform support layer Interlayermm—
- ~ Existing PCC

Interlayer Existing concrete pavement
g * HMA or nonwoven geotextile fabric )

Overlay

* Thicker than bonded concrete overlays — typ. 6 to 8 in

* Durable surface Interlayer

Existing PCC
Composite pavement

* Increased structural capacity

19 University of Pittsburgh Department of Civil and Environmental Engineering



Desirable interlayer characteristics

20

1.
2.
3.
4.
5.

Accounted for

Balance permeability and strength in Pitt UBOL
. . . . . . Design

Erosion resistant mix (resistant to stripping) 1 procedure

Ensure proper compaction is achieved for AC interlayers Best Practices

Keep moisture out of joints (seal/fill) e E/Ioalr;-:\ttreuncatlnocr:e

Provide a drainage path for water to exit pavement * Design

University of Pittsburgh Department of Civil and Environmental Engineering



Overlay design

TPF(5)-169 - Development of an Improved
Design Procedure for Unbonded Concrete

/”f — Overlays:
Overlay N O .
— rimary Goal:
e T ncorporate Effect of
o nterlayer on Performance

)\ ARSHTO GUDE ron
A Design of

W Pavement
A Structures

AASHTOWare

SRORPTNITN  — .... S ENONE / MEDeS|gn

Do NOT consider effect of interlayer on
performance

University of Pittsburgh Department of Civil and Environmental Engineering



UBOL Design - Faulting
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Pavement Interactive |

%

“injected fines”

Travel %
o Fault Overlay PCC
| Inferlayer
Approach : Leave slab Existing PCC
slab c? rI rg:trac K)
-, o O
29 S d
support layer _ }v’. 0" ..‘ °
Void °V - " ® ) Subbase
) )
Wedge of ONYNIONIININ
J //\/K\/ N / Subgrade

University of Pittsburgh Department of Civil and Environmental Engineering
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UBOL Design

Failure type:

Cracking

* Transverse fatigue cracking : Pavement-ME & Pitt UBOL ME

* Corner/longitudinal cracking due to transverse joint interlayer damage: Pitt UBOL ME
Faulting

Pitt UBOL ME — Source Pavement ME — Source
of fines: Interlayer » of fines: Base
Overlay ey PCC Overlay
Interl ayer iiiiiiii%*; ---------------------- »  lntedayer Interl ayer +

Existing PCC | Existng PCC

=======25352

Existing PCC

Subbase

Subgrade

University of Pittsburgh Department of Civil and Environmental Engineering



Pitt UBOL ME

TPF-5(269) UBOL Design
o 23

Open a PDF file with the project report.

Reliability analysis Climate station
Yes W MOBILE AL W
Design Life, years: Cracking Reliability, % Faulting Reliability, %:
20 a0 a0
Two-way AADTT Year 1: Linear Yearly Growth, % Number of Lanes
1000 3 2 W
Joint Spacing, ft Dowel Diameter, in Shoulder Type
13.5 0 W Tied PCC W
PCC Flexural Strength, psi: Existing PCC Thickness, in: Existing PCC modulus, psi: Interlayer Type
631.0 10.0 4000000.0 Fabric W

somt|[semngs]  Nttp://uboldesign3.azurewebsites.net/

24 University of Pittsburgh Department of Civil and Environmental Engineering
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Pitt UBOL — Interlayer type

Interlayer type

0.25

o
o = o
= Ul )

O
o
5

Predicted Faulting (in)

O _
0.00E+00 5.00E+06 1.00E+07 1.50E+07 2.00E+07

Traffic (ESALS)

—Control - Dense Graded Asphalt —Fabric Interlayer
Open Graded Asphalt

University of Pittsburgh Department of Civil and Environmental Engineering
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Pitt UBOL — Interlayer properties

Interlayer effective binder content

0.25
0.2
=
=>0.15
k=
3 01
LL
2 0.05
o
i ®)
©
[l

0.00E+00 5.00E+06 1.00E+07 1.50E+07 2.00E+07

Traffic (ESALS)
—Control - Bind 5.0% Bind 2.5% Bind 3.0%
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Pitt UBOL -Effect of Interlayer Type

Required overlay thickness, in

~HMA interlayer

-fabric interlayer

2,000 4,000 6,000 8,000 10,000
Initial AADTT

University of Pittsburgh Department of Civil and Environmental Engineering




Thank You

Any Questions?

Contact Info.

-

Julie Vandenbossche, P.E., Ph.D.:
X imv7 @pitt.edu

ths://engineering:piit.edu/JuIichmde.nbossche
== hitps://uboldesign3.azurewebsites.net

o




