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Pavement ME’s Concrete Pavement Designs

New Pavement
o Jointed Plain Concrete Pavement (JPCP)

o Continuously Reinforced Concrete Pavement
(CRCP)

Overlay

o Bonded PCC over JPCP or CRCP

o Unbonded JPCP or CRCP over JPCP or CRCP
o JPCP over AC

o CRCP over AC

o SJPCP over AC



Jointed Plain
Concrete
Pavement (JPCP)

JPCP Design Process

o General Info and
Performance Criteria

o Traffic Details
o Climate

o Characterizing Pavement
Structure

o JPCP Design Properties



Jointed Plain Concrete Pavement (JPCP)

General Information
o Design Life

o Construction/Opening
Timeframe
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Jointed Plain Concrete Pavement (JPCP)

Performance Indicators and Failure Criteria:



JPCP - Traffic Details
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JPCP - Climate



JPCP - Climate



JPCP - Characterizing Pavement Structure



JPCP - Pavement Structure - PCC Materials

Let’s Break it Down



JPCP - Pavement Structure - PCC Materials

Poisson’s Ratio 0.2 (Semi-constant, ranges from 0.15 t0 0.2)
Thickness What we're designing for.
Unit Weight 150 Ib/ft® (default)

o Typical range 140-155 Ib/ft3

o (Semi-constant; default is fine in absence of
actual mix data)



JPCP - Pavement Structure - PCC Materials

CTE Typical range 4 - 7 *10/°F (dependent on
aggregate type)*
Heat Capacity 0.28 BTU/Ib-degree F (Semi-constant)

Thermal 1.25 BTU/hr-ft-deg F (Semi-constant)
Conductivity

* https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/pccp/thermal.cfm




JPCP - Pavement Structure - PCC Materials

Agg Type Drop down — Mix dependent

Cementitious 594 Ib/ft3 (Default) but can use project-
specific cementitious content from 200 —
800 Ib/ft3

Cement type | (Default, most common), II, or [l

w/cm Typically 0.4 - 0.45



JPCP - Pavement Structure - PCC Materials

Curing Method Curing compound (default) or wet curing
Reversible 50% (Good default)
Shrinkage

0 Stress Temp. Calculated



JPCP - Pavement Structure - PCC Materials

Time to 50% of 35 days (Good default value)
ultimate

shrinkage

Ultimate 588.5 (mixture-specific, calculated or
shrinkage specific input)



JPCP - Pavement Structure - PCC Materials

Strength Mixture dependent. Multiple ways to input.
MOR =500 -750 psi f'c =3000 - 5500 psi
Modulus (E) Mixture dependent. Typically ranges from 3.2

— 5.0 x10° psi (Estimations can be used*)

* http://apps.acpa.org/applibrary/StrengthConverter/




JPCP - Pavement Structure - Support Layers



JPCP - Design Properties



JPCP - Design Properties

Let’s Break it Down



JPCP - Design Properties

SSA
Doweled Joints
Diameter

Spacing

0.85 (Default and semi-constant)
Typically used if thickness > 8 in

Often depends on thickness

o 1.inch for 8 inches or less thickness
o 1.25inches for 8 — 10 inches thickness
o 1.5inches for >10 inches

12 Inches Is most common



JPCP - Design Properties

Erodibility Depends on soil conditions
Base Friction Good defaults

Joint Spacing Typical range = 12 — 20 ft



Effects of Joint Spacing
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JPCP - Design Properties

Curl/Warp Temp.  -10°F (Good default)

Sealant Type Preformed or Other (none, liquid, silicone)
Tied Shoulder Project dependent

Widened Slab Project dependent



Summary of Unique JPCP Critical Inputs

Performance Criteria
o IRI, cracking, faulting Levels

Thickness
Coef. of Thermal Exp. (CTE)

Mix Design

o Cement type, cementitious
content, w/cm

Strength
Modulus

Curing Method
Joint Spacing
Dowel Design
Lane Width
Shoulder Type
Base Erodibility



MEPDG / DARWin-ME / AASHTOWare Pavement ME

JPCP Design Walk Through



New JPCP Design

General Info
o Design Life — 35

Traffic

o TTC 8 traffic distribution
o 8,000 AADTT

o 3 Lanes with 75% in design
lane

Climate
o Pitt, PA Climate

All other inputs left as defaults

JPCP

o Thickness — 11 in (280 mm)
o CTE -5.5*10%°F (9.9*10-%/°C)
o Limestone Agg
o Cementitious — 525 Ib/cy (311 kg/m?3)
o MOR -550 psi (3.8 MPa)
o E-4,000,000 psi (27,600 MPa)
Crushed Stone Agg Base
o Thickness — 8 in (203 mm)

Subgrade
o A-5 Defaults

JPCP Design Properties
o Dowel Diameter — 1.5 in (38 mm)
o Erodibility Index — Fairly Erodible (4)
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Summary of Unique JPCP Critical Inputs

Performance Criteria
o IRI, cracking, faulting Levels

Thickness
Coef. of Thermal Exp. (CTE)

Mix Design

o Cement type, cementitious
content, w/cm

Strength
Modulus

Curing Method
Joint Spacing
Dowel Design
Lane Width
Shoulder Type
Base Erodibility



Top 10 ME Design Most Sensitive

Project 1-47

1. Concrete Flexural Strength at 28-Days

Sensitivity Evaluation of MEPDG Performance Prediction

3.

4,

5. Concrete Modulus of Elasticity at 28-Days o Ao
6. Design Lane Width with a 14 ft (4.3 m) Widened Slab

7. Edge Support via Widened Slab Cas . Sl
8. Concrete Thermal Conductivity ““é-‘:ﬁiﬁéﬁ?ﬁiﬁ%&“"
9. Concrete Coefficient of Thermal Expansion (CTE) ~  “#uchu”
10. Concrete Unit Weight o a;;fi

December 2011

http://onlinepubs.trb.org/onlinepubs
/nchrp/docs/NCHRP01-47 FR.pdf

Surface Shortwave Absorptivity (SSA) Fial Report
J O i nt S paCi n g NATIONAL C{)DPER_-H?IT\EE%‘:E,;E;_E RESEARCH PROGRAM

TRANSPORTATION RESEARCH BOARD



Other Sensitivity Reports

Pitt UW-Madison OK State lowa State Sensitivity in Common
(Mu et al. 2011) (Li and Cramer 2012) (Ley et al. 2012) (Ceylan et al. 2013)
* Climate * Thickness « CTE * Strength « Strength (-)
% « Jt spacing * Strength * Strength * Thickness * Thickness (-)
) * Base type « CTE * Asphalt base » Jt spacing « Jt spacing (+)
S * Strength « Traffic * Climate * Width * Slab width (-)
3 * Thickness i V?’raif?l';’vﬁé%“r * Unit weight « CTE « CTE (+)
’§ * Traffic > AADTT * Poisson’s * Unit weight * Traffic (+)
2] « Edge support > Truck% * Thermal conductivity * Poisson’s » Edge support (-)
< « CTE * Thermal conductivity < Climate (n/a)
-
» Base support (n/a)
* Dowel Dia. « CTE * Edge support * Dowel Dia. * Dowel Dia. (-)
* Thickness * Dowel Dia. * Dowel Dia. « CTE * CTE (+)
« CTE « CTE * Base * Base Erod. (+)
= § » Base Erod. * Thickness * Subgrade » Traffic (+)
8 3| - Traffic « Jt spacing * Climate « Jt spacing (+)
-1« Wetdays « Thickness (n/a)
« Jt spacing » Climate (n/a)
« CTE

Z| = Function (cracking, faulting, spalling, site factor)

Notes:

1. Grey indicates semi-constant values

2. (+)/(-) indicates the sign of the tangential slope of A (Distress) / A (parameter)

(Mu, 2017)



How Traffic Impacts JPCP Design?

Just as rigid and flexible ESALs are different because of
their different response...

o Single, tandem and tridem axle groups (and at differing loads)
cause differing relative damages
o Single-axles usually cause more fatigue damage
o Tandem and tridem axles usually cause more erosion damage

... SO even within just rigid pavement design,
ESAL count for same traffic spectrum and #
of trucks in the design lane is really different
for each distress type modeled!?!



Summary

o Only a handful (10 or less) of design inputs greatly impact a new JPCP
design, which includes

o Strength (-) o Traffic (+)

o Thickness (-) o Edge support (-)

o Jtspacing (+) o Dowel diameter (-)

o Slab width (-) o Climate (n/a)

o CTE(+) o Base type (n/a)

(+)/(-) indicates the sign of the tangential slope of A (Distress) / A
(parameter)

« A Pavement ME run can be established without the loss of accuracy by
only determining these most sensitive inputs and leaving the others as
default.

 The effort required to establish the inputs for a Pavement ME run is not
significantly greater than that for a AASHTO 1993 design.
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Engineering Solutions - Widened Slab Example

Percent Slabs Cracked
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(Rao, 2018)



Engineering Solutions - Widened Slab Example
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Engineering Solutions - Widened Slab Example

Widening the slab reduces
longitudinal edge
midpanel stresses but this
could increase stresses in
other locations not

considered in Pavement
ME

With 14 ft wide slab there
is a much higher risk of
longitudinal cracking due
to increased stresses at
interior transverse joint

edge locations (Rao, 2018)



Engineering Solutions - Base/Subbase Example

* In pavement ME, PCC .
thickness drives fatigue P

cracking performance. 80
» The contribution of base type £ /
and base thickness on 40

cracking at higher PCC
thickness is negligible.

Percent Slabs Cracked

0 5 10 15 20

* |tis tempting to increase Pavement Age, years
PCC thickness at the
expense of base
thickness/quality.

—a—PCCTHK-8 PCCTHK-9 (Baseline) —#—PCCTHK-10 --4--PCCTHK-11 —=—PCCTHK-12

(Rao, 2018)



Engineering Solutions - Base/Subbase Example

* |n Pavement ME, dowel
bars drive faulting (and IRI)
performance.

* The contribution of base
type and base thickness on
faulting in doweled
pavements is negligible.

* |tis tempting to not pay
attention to base
thickness/quality when
dowels are used.

Mean Joint Faulting, in

10

Pavement Age, years

Dowel-1

--¢--Dowel-1.25 (Baseline)

(Rao, 2018)



Engineering Solutions - Base/Subbase Example

 Rigid pavement
performance requires
uniform support that is
free of any abrupt spatial
and material changes.
This is somewhat “baked”
into the sections used for
calibration.

 Base/subbase protects
the subgrade from long-
term degradation and
provides uniform support

to the concrete
(Rao, 2018)
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Calibration



Calibrated Distress Performance Models

o Mechanistically computed response or damage is correlated to observed
distress (empirical link) through calibrated performance equations

o Quality of the observations, statistical techniques used, and adequacy of
the mathematical model used in calibration affect the behavior of the

transfer function

Distress

Damage



Three National Calibrations For New JPCP So Far

Most JPCP designs have been done using the 2" Calibration

Cal. 1 Cal. 2 (NCHRP 1-40D) Cal. 3 (NCHRP 20-07 Task
(NCHRP 1-37) - Models updated 327)
- Cal. database expanded - To validate Task 288

! ! !

MEPDG 0.7 MEPDG 1.0 - Pavement ME 2.1 Pavement ME 2.2 and 2.3

2004 2007 2011 Since August, 2015



JPCP 2006 Calibration
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Local Calibration?

Verification — checking if “global” models
work as intended locally

Calibration — changing “global
coefficients”to “STATE local coefficients”
that make distress & IRI predictions match
State field measurements

o May also include adjustment of some INPUTS
(e.g., built-in temp, months of full friction)

Validation — checking that the “Jocal”
models works as intended (used 10% data)



Sounds Easy Enough, Right?



7. PDF Qutput Report
E Excel Output Report
----- ) Multiple Project Summary
----- 4 Batch Run

+-[d Tools

: ME Design Calibration Factors
% MNew Flexible

4 Rehabilitation Flexible
% Mew Rigid

% Restore Rigid

% Bonded Rigid

‘|5 Unbonded Rigid

PCC Faulting C7
PCC Faulting C8

4 PCCIRI-CRCP
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PCC IR Initial CRCP Std.Dev.
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PCCIRIJ2
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Approver
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Person who approved use of this object/material/project

Pavement ME Allows Agencies To Develop And Use Local
Calibration Coefficients
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&

Update Open Projects

) |

Restore Calibration Defaults

Il Save Changes to Calibration ‘ l

You can save your local calibration coefficients as default or restore the national as default at one click




Local Calibration Examples

o Indiana DOT:
o Changed JPCP IRI J3 from 1.4929 to 1.05 because it was too sensitive to it
e Ohio DOT:
o Changed JPCP IRI calibrations
Calibration Coefficient Default (national) Ohio
PCC IRl J1 0.8203 0.82
PCC IRI J2 0.4417 3.7
PCC IRI J3 1.4929 1.711
PCC IRI J4 29.24 5.703
PCC IRl JPCP Standard Deviation 5.4 5.4

o Many states at this point are working on or have completed local

calibrations.




Pavement Thickness, in

Local Calibration Result In 2-In Or Less Difference In
Required Thickness Vs. National Calibration

Low Volume Application High Volume Application
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@ Pavement ME_LC B Pavement ME_NC AASHTO 1993

However, using Pavement ME result in ~2-3 in thinner JPCPs when compared to the AASHTO 93 guide.

(Mu, 2017)



Simpler ME Option: Design Tables



Outline

Review of Pavement ME’s Concrete Design Options
JPCP Design Input Walkthrough

Example Runs and How to Interpret Them

Review of Critical Inputs

Engineering Solutions

ME Calibration Impact

Additional Resources



Resources

NCHRP 1-37 MEPDG Home:
nttp://onlinepubs.trb.org/onlinepubs/archive/mepda/guide.htm

Recorded Webinars:
nttps://www.thwa.dot.gov/pavement/dgit/aashtoware.pdf

North American Usergroup Summary Page:
http://www.pooledfund.org/Details/Study/549

ME Design Help: htto:/mww.me-

design.com/MEDesign/data/HTML%20Help/US/index.html?design inputs 1.htm
Application Library: hitp://apps.acpa.org/




Resources

Some States with Pavement ME User Guides
o Michigan:

https://www.michigan.gov/documents/mdot/MDOT Mechanistic Empirical Pavement Design
User Guide 483676 7.pdf

o Colorado: https://www.codot.gov/business/designsupport/matgeo/manuals/pdm/2017-m-e-

pavement-design-manual/chapter-1.pdf

o Indiana: nttp://www.in.qoviindot/desian manualffiles/Ch304 2013.pdf

o Arizona: https://apps.azdot.gov/ADOTLibrary/publications/project reports/PDF/AZ606.pdf

e Virginia: http://www.virginiadot.org/VDOT/Business/asset upload file108 3638.pdf

o Utah: https://www.udot.utah.gov/main/uconowner.qf?n=20339215312776663




Continuously Reinforced Concrete Pavement (CRCP)

Resources: Check out crcpavement.org for more!

Rasmussen et al. (2011) Roesler & Hiller (2013) Roesler et al. (2016)



THANK YOU!

Questions?
Jim Powell, P.E.
Executive Director
NW Chapter
Main Website | acpa.org American Concrete Pavement
Free Apps | apps.acpa.org Association

Resources | resources.acpa.org
Your Local Contact | local.acpa.org
Pavement Designh | PavementDesigner.org

jim@nwpavement.com
360-951-1463



