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OUTLINE

 AASHTO 1993 design method
(OLD)

 Mechanistic-Empirical (ME) 

design method
(NEW)
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AASHTO 1993 DESIGN METHOD
(OLD)
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AASHTO93 DESIGN METHOD
(OLD)

 AASHTO 1993 Guide for Design of Pavement 
Structures
 From AASHO Road Test in 1958-1960 in Ottawa, IL

 Empirical test

 Interim design method in 1961

 Official design method in 1972

 Updates in 1986, 1993, 1998 (PCC only)
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AASHTO93 DESIGN METHOD
(OLD)
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AASHTO93 DESIGN METHOD
(OLD)

Thickness design from an equation:
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 We are solving for SN 
(which will be used to 
determine thickness, see 
slide # 11)

 Flexible

 Where:
o W18 = Equivalent single axle loads (ESAL’s)
o ZR = Reliability
o S0 = Standard deviation
o SN = Structural number (total for all layers)
o ΔPSI = Change in serviceability
o MR = Resilient modulus of the subgrade



 Rigid

 We are solving for D 
(which is thickness)

AASHTO93 DESIGN METHOD
(OLD)

Thickness design from an equation (continued):
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 Where:
o W18 = Equivalent single axle loads (ESAL)

o ZR = Reliability

o S0 = Standard deviation

o D = thickness (of the concrete)

o ΔPSI = Change in serviceability

o pt = Terminal serviceability

o SC = Modulus of Rupture

o Cd = Drainage coefficient

o J = Load transfer coefficient

o Ec = Modulus of elasticity

o k =  Effective modulus of subgrd reaction



AASHTO93 DESIGN METHOD
(OLD)
DARWin
(Design, Analysis, and Rehabilitation for Windows)
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 2004 software

 Based on AASHTO93 
design method

 Solves for previous 
equations 



 Typical Hot Mix Asphalt (HMA) inputs
 Projected ESAL’s = Equivalent Single Axle Loads

o Measure of total damage an axle load does to a pavement 
in relation to an 18,000 pound axle

o Is a total derived from the design life (see slide # 20-24)

o Requested from the Bureau of Transportation Planning.
• Submit Traffic Analysis Request (TAR) – Form 1730

 Initial Serviceability = 4.5

 Terminal Serviceability = 2.5

 Reliability =  95%

 Overall Standard Deviation = 0.49
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AASHTO93 DESIGN METHOD
(OLD)



AASHTO93 DESIGN METHOD
(OLD)

 Typical HMA inputs (continued)
 Roadbed Soil (aka subgrade) MR = Resilient Modulus

o Measure of subgrade material stiffness (psi)
• MDOT typical values:  ~3000 to 5000 psi

o Stress/strain for rapidly applied load

o Estimated by the Region Soils Engineer from:
• Falling Weight Deflectometer backcalculation

• Soils identification and known correlations

 Stage Construction = 1

 Result is a Design Structural Number (SN) that the 
pavement structure must have to support the 
projected number of ESAL’s over it’s life
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AASHTO93 DESIGN METHOD
(OLD)
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 SN = a1d1 + a2d2m2 + … + andnmn

 Where

o a = layer structural coeff.

o d = layer thickness

o m = layer drainage coeff.

 HMA Structural Coefficients (a)
 HMA Top & Leveling Course = 0.42

 HMA Base Course = 0.36

 Cement Stabilized Base = 0.26

 ASCRL = 0.30

 Asphalt/Emulsion Stabilized Base = 0.20

 Crush and Shaped HMA = 0.20

 Rubblized Concrete = 0.18

 Dense-Graded Aggregate Base = 0.14

 Open-Graded Aggregate Base = 0.13

 Sand Subbase = 0.10

 Drainage Coefficients (m)
 All Layers = 1

 16” OGDC = 1.1



AASHTO93 DESIGN METHOD
(OLD)

7/23/2020 12

 Design SN



AASHTO93 DESIGN METHOD
(OLD)

 Calculated SN
must be ≥ 
Design SN

7/23/2020 13

Additional Notes:

 Layered
 This approach solves for the structural number of a layer based on the elastic modulus of the underlying layer.

 The elastic modulus is used in the design equation as the resilient modulus.

 Algorithm starts by solving for the thickness of the bottom layer and working up.

 A layer with specified thickness isn’t considered as part of elastic layered analysis calcs (for purpose of determining thicknesses).

 Specified
 User supplies all inputs for each layer and DARWin calculates the SN contribution of the individual layers & of the total structure.



AASHTO93 DESIGN METHOD
(OLD)

 Typical Concrete (PCC) inputs 
 Projected ESAL’s
 Initial Serviceability = 4.5
 Terminal Serviceability = 2.5
 Reliability =  95%
 Overall Standard Deviation = 0.39
 28-day Modulus of Rupture = 670 psi
 28-day Elastic Mod. of Slab = 4,200,000 psi
 Load Transfer Coefficient

o Tied shoulder, tied curb & gutter, or 14’ outside lane = 2.7

o Untied shoulder = 3.2
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AASHTO93 DESIGN METHOD
(OLD)

 Typical Concrete inputs (continued)
 Drainage Coefficient = 1 to 1.05, (or 1.1 for 16” of 

OGDC)

 Effective Modulus of Subgrade Reaction (k-value)
o Determined from Subgrade Resilient Modulus, depth of 

base/subbase, and Elastic Modulus of base/subbase

o Figures 3.3 & 3.6 from 1993 AASHTO Guide for Design of 
Pavement Structures is used to obtain the value

o Loss of support of 0.5 used in Figure 3.6

o Subgrade MR comes from Region Soils Engineer
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AASHTO93 DESIGN METHOD
(OLD)
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AASHTO93 DESIGN METHOD
(OLD)

7/23/2020 17



AASHTO93 DESIGN METHOD
(OLD)
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AASHTO93 DESIGN METHOD
(OLD)
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AASHTO93 DESIGN METHOD
(OLD)

 Material Elastic Moduli (psi)
 HMA Top and Leveling Course = 390,000 to 410,000
 HMA Base Course = 275,000 to 320,000
 Cement Stabilized Base = 1,000,000
 ASCRL = 210,000
 Asphalt/Emulsion Stabilized Base = 160,000
 Crush and Shaped HMA = 100,000 to 150,000
 Rubblized Concrete = 45,000 to 55,000
 Dense-Graded Aggregate Base = 30,000
 Open-Graded Aggregate Base = 24,000
 Sand Subbase = 13,500

 Elastic Modulus used in HMA layered design or PCC k-value
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AASHTO93 DESIGN METHOD
(OLD)

 Equivalent Single Axle Loads (ESAL’s)
 Traffic component that is requested at the 

preliminary planning stages

 ESAL’s = CADT * 365 * DD * LD * TF * GF
o CADT = truck volume

o DD = directional distribution

o LD = lane distribution

o TF = truck factor

o GF = growth factor
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AASHTO93 DESIGN METHOD
(OLD)

 Equivalent Single Axle Loads (ESAL’s)
(continued)
 Compound growth factor (GF):

o GF = ((1+g)n – 1)/g
• g = growth rate expressed as a decimal (e.g. 2% = 0.02)

‐ Based on review of historic truck volumes

‐ May be adjusted (up or down) based on very limited economic information

• n = number of years; (use design life)
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AASHTO93 DESIGN METHOD
(OLD)

 Equivalent Single Axle Loads (ESAL’s)
(continued)
 Truck factors (TF):

o Average ESAL per truck

o Different truck types accounted for
• Different factor used for each FHWA classifications 5-13

• Overall TF weighted according to the volume of each class

• Some routes only have vehicle/medium, truck/heavy-truck percentages 
rather than classification, so only TF for medium/heavy used.
‐ Medium = classes 5 though 8

‐ Heavy = classes 9 though 13

 “Rule of thumb”:  ESAL’s for PCC are typically 1.4 to 
1.5 times the ESAL’s for HMA

7/23/2020 23



AASHTO93 DESIGN METHOD
(OLD)
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MDOT uses these 
truck factors



AASHTO93 DESIGN METHOD
(OLD)
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Design Lane Example

CADT = 3000

47% DD 53%

1410      1590

78%         20%        2% LD        4%         16%        80% 

1100          282             28           64             254           1272

Lane with highest CADT is known as the Design Lane



AASHTO93 DESIGN METHOD
(OLD)
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AASHTO 1993 
(ESAL’s)

ME adds Class 4

(screenshot from FHWA Traffic Monitoring 
Guide, April 2013, page 1-18)

AASHTO 1993 
(ESAL’s)



AASHTO93 DESIGN METHOD
(OLD)

 Traffic data generally consists of 2 types:
 Permanent traffic recorders – embedded in the pavement

o Weigh-In-Motion sites

o Classification sites

o Traffic count sites

o Speed sites (not used for AASHTO 1993)

 Short term measurements
o Classification

o Traffic count

o Speed

o Other (turning movements, etc.)
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AASHTO93 DESIGN METHOD
(OLD)
Typical Freeway New/Reconstruct Cross-Sections
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AASHTO93 DESIGN METHOD
(OLD)

 LCCA Analysis (pavt costs > $1.5 million) – compares 
PCC vs HMA alternatives:
 New/reconstruction project

o PCC = Jointed Plain Concrete Pavement (JPCP)

o HMA = Full-depth (Superpave mix)

 Major rehabilitation project

o PCC = Unbonded concrete overlay of existing PCC

o HMA = HMA overlay of rubblized concrete

 Note that there are other types of pavement projects, 
but the above types are what are used in LCCA.

7/23/2020 29



ME DESIGN METHOD
(NEW)
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ME DESIGN METHOD (NEW)

 Mechanistic-Empirical (ME) Pavement Design
 ME Pavement Design Guide (MEPDG)

o Original Version - 1st Edition 2007/2008

o Current Version - 3rd Edition 2020

 Mechanistic – Based on the theories of 
mechanical properties of materials

 Empirical – Use  observed performance 
measures to calibrate the performance models
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ME DESIGN METHOD (NEW)

 It is AASHTO’s recommended pavement design 
method, replacing AASHTO ’93

 Software name changed in 2013 from:
 DARWin-ME to Pavement ME Design
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ME DESIGN METHOD (NEW)

 Pavement response for every anticipated axle 
load is calculated and damage is estimated and 
summed.  

 Result is distress prediction (not a pavement 
cross-section) for the expected design period
 Concrete distresses:

o % slabs cracked, faulting, IRI

 HMA distresses:
o transverse cracking, longitudinal cracking, % fatigue 

cracking, rutting, IRI
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ME DESIGN METHOD (NEW)
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ME DESIGN METHOD (NEW)

7/23/2020 35



ME DESIGN METHOD (NEW)

 Climate:
 Data from 39 weather stations in Michigan

o Recently completed Michigan Tech project added more 
years of data to existing stations and additional weather 
stations from the existing 19 (included in ME package).

 Each weather station over 10 years of monthly 
climatic data

 Water table depth is an input
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ME DESIGN METHOD (NEW)
Locations of –
Weather Stations

7/23/2020 37



ME DESIGN METHOD (NEW)

 Materials:
 Many more material inputs

 Examples:
o Gradations (for calculating modulus values)

o Thermal properties of the paved surface (expansion, 
conductivity, heat capacity)

o Concrete shrinkage (ultimate, reversible, and time to 50%)

 A lot more material testing has been occurring
o This will continue into the future

7/23/2020 38



ME DESIGN METHOD (NEW)

3910/11/20167/23/2020



ME DESIGN METHOD (NEW)

Example of materials inputs – Concrete Layer
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ME DESIGN METHOD (NEW)

Example of materials inputs – HMA Layer
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ME DESIGN METHOD (NEW)

4210/11/2016

HMA vs JPCP
inputs
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ME DESIGN METHOD (NEW)

 Traffic:
 No more ESAL’s

 Axle Load Spectra

 Inputs include:
o Average axle spacing,

o Typical tire pressures,

o Average distance from shoulder to closest tire,

o Monthly and hourly distributions,

o Vehicle class distribution,

o etc.
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ME DESIGN METHOD (NEW)
Example 
of –
Traffic 
Inputs
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ME DESIGN METHOD (NEW)
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41,000

December
Single Axle Load Spectra 

(axle load bin counts)

1.15% of the 
class 5 single 
axles in 
February are 
in the 14,000 
to 14,999 
weight bin



ME DESIGN METHOD (NEW)
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ME DESIGN METHOD (NEW)

AASHTO 1993 Mechanistic-Empirical

Basis Empirical observation from the 
1958-59 AASHTO Road Test

Theories of mechanics

Original Calibration AASHO Road Test – Ottawa, IL SHRP test sections from around 
the country

Traffic Characterization Equivalent Single Axle Load Axle load spectra

Materials Inputs Very few Many

Climatic Effects Limited – can change inputs 
based on season

Integral – weather data from 
600+ US weather stations 
included

Performance Parameter Present Serviceability Index Various distresses, IRI

Output Thickness Performance prediction
(distress prediction)

4710/11/2016

Design Comparison
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ME DESIGN METHOD (NEW)

 1st calibration completed fall of 2014 (Michigan 
State University project)

 2nd calibration completed end of 2017 (MSU)

 3rd calibration to be completed in 2022 (MSU)

 Began phase 1 of transition process March 2015
 Phase 1:  Life-cycled reconstruction projects

 Phase 2:  All reconstruct projects (currently in this phase)

 Phase 3:  Life-Cycled rehab projects

 Phase 4:  All rehab projects
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ME DESIGN METHOD (NEW)

 MDOT ME 
Website:
 http://www.

michigan.gov
/mdot/0,461
6,7-151-
9623_26663_
27303_27336
_63969---
,00.html
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MDOT ME 
User Guide



QUESTIONS?

 Contact Info:
 Justin P. Schenkel, P.E.

P:  517-636-6006

E:  schenkelj@michigan.gov

Construction Field Services

Michigan Department of Transportation
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