£\

Design Guide Examples and
Sensitivity

~_ 7

Bonded Concrete Overlay of Asphalt Pavements
Mechanistic-Empirical Design Guide (BCOA — ME)

%o University of Pittsburgh

Julie M. Vandenbossche, P.E., Ph.D.
University of Pittsburgh

FHWA Pooled Fund Study TPF 5-165

University of Pittsburgh Department of Civil & Environmental Engineering Ny



BCOA-ME DESIGN GUIDE

University of Pittsburgh Department of Civil & Environmental Engineering N5



BCOA-ME Design

Instruction:

Select from drop-down list; Enter data;

General Information

Enter data or use calculation.
(Please enable the Macros and the Internet Explorer (not mandatory) to run the spreadsheet )]

Latitude (degree): 445 Geagraphic
Longitude (degreel: 931 Information
Elevation (ft): 874
Estimated Design Lane ESALs: 200,000 E=ALs Calculator |
Maximum Allowable Percent Slabs Cracked (%) 25%
Cesired Reliability against Slab Cracking (%) 35%
Climate
; AMDAT Region 1D 5
_ Sunshine Zone Z
Existing Structure
Post-milling HMA Thickness (in}: ]
HIMA Condition: Adequate P e P
Composite Modulus of Subgrade Reaction, k-value (psifind: 250
Cioes the existing HMA pavement have temperature cracks? Yes
PCC Overlay
Auverage 28-day Flerural Strength [psil: l:.l 650 Epcc Calculatar
Estimated PCC Elastic Modulus (psil: 2,930,000 CTE Calculator
Coefficient of Thermal Expansion (107 inFlin} 55
Fiber Type: Ma Fibers -
Fiber Content{lb/cu yd} (Only used when a fiber type is selected ]
Joint Design
[Jaoint Spacing (ft); | 5 b

Calculate Design

Performance Analysis
Calculated PCC Overlay Thickness (in)
Design PCC Overlay Thickness (in):

Iz there potential for reflactive cracking?




General Information: Traffic

Level 1

Estimated Design Lane ESALS: 10,000,000 @_E Em.:mﬂt.;rD

ESALs Estimation:
Is One-Way ADT available?

Cancel |
Level 2

Estimate ESALS: Estimate ESALS: Level 3
Design Life (yrs): 10 Design Life (yrs): 10
Terminal Serviceabilty: 2 Terminal Serviceabilty: 2
Number of Lanes in Each Direction: 1 Number of Lanes in Each Direction: 1
Percent Trucks(%): 6 Percent Trucks(%): 5
ADTT Growth Rate (%) E ADTT Growth Ra?t; (%) 3
Traffic Growth Rate Type: Non linear Traffic Growth Rate Tvoe Non linear
Road Category: Collector =0ad Cal . JPe: Collact
One-Way Average Dally Traffic (ADT): 5,000 0ad Lategory. ofiector

Submit Cancel

4 Submit Cancel
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General Information: Location

Latitude (degree): 44 5
Longitude (degree]: 531

- e = N
Elewation (ft): el

Geographic Information

Option 1
| Visit Link in Internet Explorer

Or
Option 2 Level 2

|Close5t Location:

Submit

MINMEAPOLIS, MM

Cancel

1 map, latitude/lon

@ veloroutes.org/ele

Geographic
Informaticn

Level 1

Sirene er ity |

feet  [+] Find elevation

units:

levation for Minneapolis is 859 feet

«_The latitude for this location is: 44.979965
+__The longitude for this location is: -93.263836

s Click here to create a route at this locagi
—x Albenvme Andover
7, Ancka Hap Satellite | Hybrid | Terrain |
< [—f(M""’e' Champlin 3 Blaine L L K
<EE ino Lal es Hugo ; o
{52} Brooklyn Whue __Richmond
— New . Bear Lake
Map'e‘ 5 Fpoiey.® Bngmon ] / €
vontre Grove Stillwater
o7, Vadnais Oak Park
Plymouth Tys 9 ,sev,"e\f Heights | Heights
| 2w
Ji mnea ohs | lammond
WNatert; e, 2-st! Lours*{;;r“ p,_,\. Mgplewood Hud‘SO‘i‘ gt
1 St Paul LS S ———
ayes Minnetonka i | i | Woodbury = Afion &
| e |Edina| Richfield_/Mendota Icottage
3 etone ) e BIoommglonS Heights | “Grove AdChoices [>
s e Eagan rg) ¥ %
:ungEIca Chaska Shakopee-sgzyage Longitude
o Conver \Bumsuile | Hastings Technology
Prior Lake -~ Apple Valley Enhanced
Jordan { 2
Lakeville parimutuel
) Farmington  yiampton capabilities for the
New Market Elko New o [eeEEoE “‘d“; e

0
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Climate: Temperature region

Climate
AMDAT Heg@ 5
Sunshine Zone 2

AMDAT = Annual mean daily average temp.

Region ID Colorcode | AMDAT(SF)

1 320450
2 45.1-30.0
3 50.1-35.0
4 55.1-60.0
5 60.1-65.0
6 63.1-70.0
7 =T70.0

(http://cdo.ncdc.noaa.gov/climaps/temp0313.pdf,
accessed on January, 2010).
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Climate: Sunshine zones

Climate
AMDAT Besion |D | z
Sunshine Zone 2

Legena

\ -20-2
. --<20
' 2 | i O NE 3 e
. = > ual average drect noi solar resour
z for Hi and the 48 cos s state! - .
e e {> 10 km, sateilte mo«ceaaaum (sumrmken_ 2007) he o

' representng data from 1 Thin wwp was peocsoed by
Yn-oauiormmnamummnu t produced by the he Matonal Renewatie Energy Latoraory
{  Camatological Solar Racation Mode! (NREL. 2003), %3¢ 10 US. Dapartiert of Ensgy,

(http://www.nrel.gov/gis/solar.html, as in May 2010)
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Existing Structure: E 4

F'ust-millirT g HMA Thickness (in}: 6 .

— Category Fatigue
HWA Condition: Adequate Cracking
Composite Modulus of Subgrade Reaction, k-value (psifin); 150 |
Does the existing HWMA pavement have temperature cracks? No Adequate 0% - 2%
PCC ﬂv&rla}f Marginal 2% - 20%
Awetage 28-day Flesural Strength [psi . 850 | —
Estimated PCC Elastic Modulus (psi): 4,000,000 Epcc Calculator |

= % surface area with
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Existing Structure: k-value

Existing Structure

Post-milling HMA Thickness (in): 6

HKA Condition: Adequate

Composite Modulus of Subgrade Reaction, k-value (psifin}: 200 k-valie Ealcu@
Does the existing HMA pavement have temperature cracks? W es

/ 71 Subgrade k-Value Calculat \
c(® apps.acpa.org/apps/kValue.aspx

Description
Step 1 - Calculate Subgrade k-Value

Resilient Modulus of Subgrade (Mpsg) [ 0

Calculate Resilient Modulus

k-Value corresponding to the calculated Mpsg

Step 2 - Calculate Composite k-Value

From the top down, input subgrade/subbase details

Number of subgrade/subbase layers: v

i

i o
TR
T
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Existing Structure: k-value

Whitetopping XS M PG ST BN M R SR
E= HMA E {
Keomposite = All granular layers K
composite
Composites
_ L Vo - TR T W L3 A TS W
No bond @ old HMA/old PCC interface E {

oA ) EE R
Keomposite = 0ld PCC + All granular layers composite .~

_ P MRS SR RPN MRS SR
Bond @ old HMA/old PCC interface
E= HMA + old PCC %ﬁ?g‘%};@‘ R
Keomposite = All granular layers

K .

composite




PCC Overlay: Strength & stiffness

Internally estimates E, . based on either:

Compressive Flexural
strength  strength

PCC Overlay
Cane " il Fi
<.g_:@g§3-d.3r Flexural ?trength ,_p5|,.. _ 4;5] 1] Epoe Calculin
Estimated PCC Elastic Modulus {psi) 4,000,000 —
Coefficient of Thermal Expansion {(10° in/*Flin) 55 S
Fiber Type Mo Fibers -
Fiber Content{lb/cu yd) (Only used when a fiber type 15 selected) 0
PCC Qverlay
< [Fverage 25-day Cnmpres§|.e Strength (psi): E] 5.000 Epce Calculator
[Estimated FTC Eraste- oS TosT — 4,000,000 e Caleu
Coefficient of Thermal Expansion (10 in/°Flin) b5 =
Fiber Type Mo Fibers -
Fiber Content{lb/cu yd) (Only used when a fiber type is selected) 0
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CTE

PCC Overlay

Average 28-day Flexural Strength (psi): l:J 00

Estimated PCC Elastic Modulus {psi) 4,000,000 ,’M>
Coefficient of Thermal Expansion (107 in/*F/in) 5 ‘%
Fiber Type Mo Fibers -

Fiber Content{lb/cu yd) {Only used when a fiber type is selected) 0

CTE Estimator:
|Type of Coarse Aggregate: Gravel

Recommended Value of the
Thermal Coef. of PCC as a

Function of Agg. Types

Concrete
Type of Coarse Thermal Coef.

Aggregate (10e-6/°F)
Quartz
Sandstone
Gravel
Granite
Basalt
Limestone
(AASHTO 93, pp 1I-28)
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PCC Overlay: Fiber content

Fiber Type / \ Mo Fibers -
Fiber Content{lb/cu vd) (Only used when \{ﬂber type is se&cted] 0
\/
Fiber Type \\ Mo Fibers E]

Fiber Content{lb/cu yd) (Only used when a fiber type is selected)

Joint Design

Joint Spacing (ft)

Mo Fibers

Synthetic Structural Fibe
Steel Fibers

Low Modulus Synthetic

Select type from
drop-down list
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Joint spacing

Joint Design

Joint Spacing {transverse x longitudinal ft x ft): 22 | =

2ur

Select size from

drop-down list 10212
12012
15412
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Design thickness

PCC Overlay

Average 28-day Flexural Strength (psi): E] Tan

Estimated PCC Elastic Modulus (psi) 4.000.000 ipTEE':gal":“llamr
Coefficient of Thermal Expansion (107 in/°F/in) 5.5 acuator
Fiber Type Mo Fibers -

Fiber Content{lb/cu yd) {(Only used when a fiber type is selected) 0

Joint Design

|Joint Spacing (ft) | 6 1

( Calculate Design tD

T ——

Performance Analysis

Calculated PCC Overlay Thickness (in) 3.21
| Design PCC Overlay Thickness (in): 3.5 |
|s there potential for reflective cracking? Yes
Solved.
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DESIGN EXAMPLES
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Design example: 6ft x 6ft

Existing structure

Location: Cell 95, MNROAD himas N 10
Minneapolis, MN HMA condition Adequate
Traffic Comp. k- value, psi/in 150
Design ESALSs, million 4.8 PCC properties
MOR, psi 650
CTE, 10°% in/°F/in 4.8

Design Thickness Design Comparisons

Agency design and performance

BCOA-ME
PG58-28. LTPP CDOT As-Built hPCC' in 3.0
Design heee, In 3.0% 4.0% Distress @ 7 years, 4.8 20% cracks
Calculated hpe, million ESALS ’
" 3.0* 4.0*

* Indicates design minimum

University of Pittsburgh Department of Civil & Environmental Engineering



Design example: 6ft x 6ft

Existing structure

Location: Cell 95, MNROAD N N 10
Minneapolis, MN HMA condition Adequate
Traffic Comp. k- value, psi/in 150
Design ESALs, million 4.8 PCC properties
MOR, psi 650
CTE, 10°in/°F/in 4.8
Design Thickness Design Comparisons _
Agency design and performance
BCOA-ME | CDOT As-Built hpee, in 3.0
Design hpcg, In 4.0 4.0% Distress @ 7 years, 4.8 20%
Calculated hoc, in 3.92 4.0* million ESALSs cracks

* Indicates design minimum
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Design example: 6ft x 6ft

Existing structure

Location: Highway-2, Newan 1N 3.5
Cumberland County, lllinois HMA condition Adequate
Comp. k-value, psi/in 170
Traffic _
Design ESALs 0.3 million MPCS:FS pr_opertles
Road cat. Collector » PS! 650
One-way ADT 1,050 CTE, 10°in/°F/in 3.8
Design Comparisons
Design Thickness Agency design and performance
Design hpe, In 4.5 8.0* Distress @ 3 years, 0.08 | 0.3%
Calculated hpe, in 4.44 8.0* million ESALSs crék\

University of Pittsburgh Department of Civil & Environmental Engineering



Design example: 4ft x 4ft

Existing structure

Location: NY-408 and SH-622, :
Nyvas 1N 9.5
Rochester, NY HMA condition Poor
Traffic Comp. k- value, psi/in 250
Design ESALS, million 0.81 PCC properties
Comp. Strength, psi 5,000
CTE, 10 in/°F/in 6.0
Design Thickness Design Comparisons
Agency design and performance
BCOA-ME | ACPA
Design hpeg, In 4.5 2.9%
Calculated Distress @ 6 years, 0.46 Few corner
*
Npce, N 4.1 2.5 million ESALSs cracks

* Indicates design minimum
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Design example: 5.5ft x 5.5ft

Existing structure

Location: Highway-4, hhmas 1N 4
Piatt County, IL HMA condition Adequate
_ Comp. k- value, psi/in 170
Traffic
Design ESALS, million 0.14 PCC properties
MOR, psi 600
CTE, 10 in/°F/in 5.3

Design Comparisons
Design Thickness i P

Agency design and performance

BCOA-ME CDOT . .
Built-in hpee, In 5.0
Design hpe, In 4.42 6.5
Distress @ 4 years, 0.04
Calculated . 0.2% cracks
N 4.50 6.20 million ESALs ’
pcc: N
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Design example: 6ft x 6ft

Existing structure

Location: SH 121, Wadsworth Ny I0 5.5
Boulevard, Denver, CO HMA condition Marginal
Traffic Comp. k- value, psi/in 500

Design ESALs, million 1.27 PCC properties
MOR, psi 650
CTE, 10°%in/°F/in 6.0

_ _ Design Comparisons
Design Thickness

I BCOA-ME oo Agency design and performance
I OUPH o G528, LTPP Built-in hpe, In 4.4
Design hpec, In 3.5 5.0
Distresses NA
lcul
Calculated 3.40 5.03
Npcc, IN
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Design example: 10ft x 121t

Existing structure

Location: Cell 97, MNROAD hhmas 1N 7
Minneapolis, MN HMA condition Adequate
Traffic Comp. k- value, psi/in 150
Design ESALSs, million 9.8 PCC properties
Compressive strength, psi 6,100
CTE, 10°¢in/°F/in 4.8

Design Comparisons

Design Thickness Agency design and performance
' ' * * : 21% mid-slab
Design hpcc, In 4.5 4.0 Distress @ 11.5 years, 9.8 o
. . longitudinal
Calculated hpe, in 3.28 1.58 million ESALs
cracks

* Indicates design minimum
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SENSITIVITY ANALYSIS
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Analysis assumptions

Location Minneapolis, MN
HMA thickness 6 in
HMA Properties HMA condition Adequate*
k-value 250 psi/in
PCC strength 650 psi
PCC Overlay _
Properties Epcc 4,000,000 psi
CTE 5.5 x 10-6 in/in/°F
Joint Design Spacing 4ft and 6 ft

*Aged Eya @ 70°F =860,000 psi or an effective Constant E;,,, = 350,000 psi
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PCC thickness, in

Joint spacing

— ACPA- 4 ft x 4 ft
—CDOT-6ftx 6 ft

- = CDOT-12ftx 12 ft
—e—BCOA-ME- 4 ft x 4 ft
—e— BCOA-ME- 6 ft x 6 ft
—o -BCOA-ME- 12 ft x 12 ft

——
—'
-—
¢ e ¢ e ¢ e ) - =
-

1,000

10,000 100,000 1,000,000 10,000,00
ESALs o
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PCC thickness, in

Modulus of rupture — 12 ft x 12 ft

7 || —+—BCOA-ME, MOR = 550 psi

—eo— BCOA-ME, MOR = 750 psi

]

6 || ——CDOT, MOR =550 psi
- = CDOT, MOR = 750 psi
® %_-p———.———.———.———*——*
4 |
1,000 10,000 100,000 1,000,000
ESALs

10,000,000
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PCC thickness, in

Modulus of rupture — 12 ft x 12 ft

17 ~ —e—BCOA-ME- 12 ft x 12 ft, MOR = 550 psi

17 ~ =——CDOT- 12 ft x 12 ft, MOR = 550 psi

—o- BCOA-ME-12 ft x 12 ft, MOR = 750 psi

— = CDOT- 12 ft x 12 ft, MOR = 750 psi

3 3.5 A 4.5 5 5.5 6 6.5 7 7.5

HMA Thickness, in

University of Pittsburgh Department of Civil & Environmental Engineering




PCC thickness, in

Modulus of rupture — 6 ft x 6 ft

—e—BCOA-ME, MOR = 550 psi
—e— BCOA-ME, MOR = 750 psi
——CDOT, MOR = 550 psi
- = CDOT, MOR = 750 psi

10,000

100,000 1,000,000 10,000,000
ESALs STy
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PCC thickness, in

Modulus of rupture- 4 ft x 4 ft

| —e—BCOA-ME-4 ft x 4 ft, MOR = 550 psi
—e- BCOA-ME-4 ft x 4 ft, MOR = 750 psi
H  ——ACPA 4 ft x 4 ft, MOR = 550 psi
— — ACPA 4 ft x 4 ft, MOR = 750 psi

3 3.5 4 4.5 5 55 6 6.5 7 7.5
HMA Thickness, in
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PCC thickness, in

Modulus of rupture- 4 ft x 4 ft

7 || —e—BCOA-ME, MOR =550 psi
—e— BCOA-ME, MOR = 750 psi
6 +| ——APCA, MOR = 550 psi
- = APCA, MOR =750 psi / —e

2 -

1

0 ‘ ‘

10,000 100,000 1,000,000 10,000,000

ESALs |
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PCC thickness, in

k-value — 6 ft X 6 ft

| ——CDOT-6 ftx 6 ft, k =100 psi/in

—e—BCOA-ME- 6 ft x 6 ft, k = 100 psi/in
—&- BCOA-ME- 6 ft x 6 ft, k = 350 psi/in

- = CDOT-6 ft x 6 ft, k = 350 psi/in

3.5 4 4.5 5 55 6 6.5 7 7.5
HMA Thickness, in
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PCC thickness, in

k-value — 12 ft x 12 ft

3 | —e—BCOA-ME- 12 ftx 12 ftt, k = 100 psi/in
—e- BCOA-ME-12 ft x 12 ftt, k = 350 psi/in
2 +| —e -BCOA-ME 12 ft x 12 ft, k = 500 psi/in
——CDOT- 12 ft x 12 ft, k = 100 psi/in

1 1 - -CDOT-12 ftx 12 ft, k = 350 psi/in

— -CDOT- 12 ft x 12 ft, k = 500 psi/in
O I I I I I

3 3.5 4 4.5 5 5.5 6 6.5 7 7.5
HMA Thickness, in
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PCC thickness, in

CTE-4ftx4ft

S~ " S o
1| -—e=BCOA-ME-4ftx4ft,CTE=4.0
-0- BCOA-ME-4 ft x 4 ft, CTE = 6.0
| =——=ACPA4ftx4ft,CTE=4.0
- = ACPA4ftx4ft, CTE=6.0

3 3.5 4 4.5 5 5.5 6 6.5 7 7.5
HMA Thickness, in SIS
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PCC thickness, in

CTE—-6ftx6ft

\

—e—BCOA-ME- 6 ftx 6 ft, CTE = 4.0
\ —e- BCOA-ME- 6 ft x 6 ft, CTE =6.0

\ ——CDOT-6ft x 6 ft, CTE = 4.0
\\ — — CDOT-6ftx 6 ft, CTE =6.0

— e
+
+—.

3 3.5 4 4.5 5 5.5 6 6.5 7 7.5
HMA Thickness, in
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PCC thickness, in

CTE—-12 ftx 12 ft

7 || ——BCOA-ME, CTE=4.0
—e— BCOA-ME, CTE = 6.0
6 1 ——CDOT,CTE=4.0
— — CDOT, CTE =6.0
=
1,000 10,000 100,000 1,000,000 10,000,000
ESALS
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PCC thickness, in

Climate sensitivity- 4ft x 4ft

[ 1|-e- BCOA-ME, Seattle
5 —e—BCOA-ME, Minneapolis
--@- BCOA-ME, Phoenix o
||-® -BCOA-ME, Miami | @
3 |
1,000 10,000 100,000 1,000,000 10,000,000
ESALs

University of Pittsburgh Department of Civil & Environmental Engineering | \“‘



PCC thickness, in

Climate sensitivity — 6 ft x 6 ft

7 +| —e~ BCOA-ME, Seattle
—e— BCOA-ME, Minneapolis

6 .-@-- BCOA-ME, Phoenix

5 | —e -BCOA-ME, Miami

4

3 @

2

1

0 I I |

1,000 10,000 100,000 1,000,000 10,000,000
ESALS Vo

University of Pittsburgh Department of Civil & Environmental Engineering
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6,,

PCC thickness, in

Climate sensitivity — 12 ft x 12 ft

-+ =—@= BCOA-ME, Seattle

|| —e -BCOA-ME, Miami

—o— BCOA-ME, Minneapolis
--@-- BCOA-ME, Phoenix

1,000 10,000 100,000 1,000,000 10,000,000

ESALs
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Thank You

Any Questions?
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Calibration sites
(Stress adjustment factors)

State Project hpce (iN) | hyya (in) [ Slab size (ft x ft)
Cell 95, MNROAD 3 10 6 x6
Cell 62, MNROAD 4 8 6 x5
Minnesota Cell 60, MNROAD 5 7 6 x5
Cell 93, MNROAD 4 9 4 x 4
Cell 94, MNROAD 3 10 4 x 4
Highway 4, Piatt County 5 4 55 x5.5
lllinois Highway 2, Cumberland 5 75 6.5 55 x 6
County
US85 - Sectionl 4.7 4.5 5x5
US85 - Section 2 5.8 5.9 5x5
Colorado US85 - Sectign 3 6 5.4 5x5
SH 119 - Section 1 51 3.3 6x6
SH 119 - Section 3 6.3 3.4 6 x6
SH 119 - Section 4 7.3 3.4 6 x6

University of Pittsburgh Department of Civil & Environmental Engineering



Adjustment for seasonal variation of E,

Zone (Annual mean
— daily average temp.)

Seasonal |
variation EICM

— Monthly mean HMA
temperatures

« LTPP Bind — Mixture design
e Master curve

Monthly E.ya

University of Pittsburgh Department of Civil & Environmental Engineering ;



Composite adjustment factor

F=F,xF,

where,
F,.= monthly adjustment factor,
F,, = hourly adjustment factor.
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Seven zones based on AMDAT

AMDAT = Annual mean daily average temp.

®

RegionID | Colorcode | AMDAT(SF)

320430

45.1-50.0
50.1-33.0
33.1-60.0
60.1-63.0
63.1-70.0
=100

=1

]

(http://cdo.ncdc.noaa.gov/climaps/temp0313.pdf,
accessed on January, 2010),

University of Pittsburgh Department of Civil & Environmental Engineering



Populating database: Climate

Nova Edward
Scotia. Island’

~ B ; \ Distnctof
v . : Columbia
o Mexicall : X 4 .
Ensenada ~ Tel ) | [ } (W p
8 YW Louisiarkt™ = W <convile
Hermosllio
N o

- Phod

Chihuahuasg ¢ Hc.uston .

Nuevo
Cx udad

o Lareco pr ’
| . R:t;@t IA@eH,S‘" & 4

59"'”0 Ma1amorc:

-
-\

(Google map of continental US as in June, 2010)
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Sunshine

Fig. 2: Annual concentrating solar resource map of USA.

Concentrating Solar Resource:
Direct Normal

;

Ancual average Orect noNMal solar resource. The

A for Hawie and the 48 contigoous states is &

10 km. satelite modeled dataset (SUNY/NREL. 2007)
data from 19982005

representng Thes wOs [rdced by L]
The data for Alaska is 2 40 kum dataset produced by the e Hiaronal Rermwatie Erangy Lates 00y
Chmatoiogecal Solar Radation Model (NREL. 2003) 16 e U S De :(;.
LSRN Design sheet 4 "W Estimate ESALs | Climatic charts /%J / 4| .
Ready | ’.'I'Ing
| el

—_—

g e
\l | }\ l‘

"
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Seven zones based on AMDAT

AMDAT = Annual mean daily average temp.

®

RegionID | Colorcode | AMDAT(SF)

320430

45.1-50.0
50.1-33.0
33.1-60.0
60.1-63.0
63.1-70.0
=100

=1

]

(http://cdo.ncdc.noaa.gov/climaps/temp0313.pdf,
accessed on January, 2010),
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Inference space

Performance model

14
=z
2 12
)
S 10
=] PITT procedure
2 8
L
8 6
=
D
re 4
S ACPA procedure
I 2
< ) *CDOT procedure
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Stress/strength ratio
=—=PCA = ACPA, 94% reliability = ——ACPA, 50% reliability

University of Pittsburgh Department of Civil & Environmental Engineering



Epcc_calculator

PCC Overlay Properties ]

Average 28-day Flexural Strength (psi): i 630

Estimated PCC Elastic Modulus (psi): 3.600000 < Epec Calcula@
Coefficient of Thermal Expansion (107 in/°F/in) 5.5 CTE Calculator |
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REDUCTION FACTOR FOR
HMA MODULUS

LAY 7
University of Pittsburgh Department of Civil & Environmental Engineering N2



