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Introduction

MnPAVE is a computer program that combines known empirical relationships with a
representation of the physics and mechanics behind flexible pavement behavior. The
mechanistic portions of the program rely on finding the tensile strain at the bottom of the
asphalt layer, the compressive strain at the top of the subgrade, and the maximum
principal stress in the middle of the aggregate base layer.

MnPAVE consists of three input modules: Climate, Structure, and Traffic; and three
design levels: Basic, Intermediate, and Advanced. The level is selected based on the
amount and quality of information known about the material properties and traffic data.
In the basic mode, only a general knowledge of the materials and traffic data are
required. The intermediate level corresponds to the amount of data currently required
for Mn/DOT projects. The advanced level requires the determination of modulus values
for all materials over the expected operating range of moisture and temperature.

MnPAVE simulates traffic loads on a pavement using a Layered Elastic Analysis (LEA)
called WESLEA. ltis a five-layer isotropic system program written in 1987 by Frans
Van Cauwelaert at the Catholic Superior Industrial Institute Department of Civil
Engineering in Belgium and modified in 1989 by Don R. Alexander at the U.S. Army
Engineer Waterways Experiment Station in Vicksburg, Mississippi. All layers are
assumed to be isotropic in all directions and infinite in the horizontal direction. The fifth
layer is assumed to be semi-infinite in the vertical direction. Material inputs include
layer thickness, modulus, Poisson’s ratio, and an index indicating the degree of slip
between layers. MNnPAVE assumes zero slip at all layer interfaces. Other inputs
include load and evaluation locations. Loads are characterized by pressure and radius.
The LEA program calculates normal and shear stress, normal strain, and displacement
at specified locations.

MnPAVE output includes the expected life of the pavement, the damage factor based
on Miner's Hypothesis. Reliability has been incorporated into the latest version. There is
also a batch section for testing a range of layer thicknesses. In Research Mode
(accessible from the "View" menu in the main MNPAVE window), output includes
various pavement responses for each season.



Units

The default system of engineering units is English, however the system of units can be
changed in any of the main modules. System International (SI) or English units may be
selected.

English Sl

Length

lin = 25.4 mm

1ft = 0.3048 m

1 mi = 1.609344 km
Weight

1lb = 4.448222 N
1 kip = 1000 Ibs

1 kip = 4.448222 kN

Pressure (Modulus)

1 psi = 6.894757 kPa
(pounds per square inch)

1 ksi = 1000 psi= 6.894757 MPa



Installing MNnPAVE

The installation file, B 1nstall_MRPAYES300.exe can be downloaded from the MnPAVE web
site: http://www.dot.state.mn.us/app/mnpave . Double click on and follow the
instructions in the following installation windows:

1. The first Install window contains version and contact information.
Install MnPAYE |

MrPAYE Yersion 5,300

If wau have any queskions or comments, please conkack:

Bruce Chadbourn

Mnf DT Office of Materials M5 645

1400 Gervais Ave,

Maplewood, MK 55109

Tel, 651-366-5422
Fax 651-366-5461

E-mail: bruce, chadbourni@dat, skake. mn, us

2. Clicking "Setup" in the Winzip Self-Extractor window initiates the installation process.

WinZip Self-Extractor - Install_MnPAYES300.exe |

g‘ Click on ""Setup" ko install MnPAYE on pour computer. Setup

T hiz window will remain a short time after zetup.
Cancel
Fleaze wail.

About

du



http://www.dot.state.mn.us/app/mnpave

3. The Welcome window contains brief setup instructions.

Welcome |

YWelcome to the MnPAWE Setup program. Thiz
pragram will ingtall MaPAYE on your computer.

It iz ztrangly recommended that pou exit all Windows programs
before munning thiz Setup program.

Click Cancel ta quit Setup and then cloze any programs pau
have running. Click Mext to continue with the Setup program.

WARMIMG: Thiz program iz protected by copyright law and
international treaties.

|Inauthorized reproduction or distibution of this program, or any

portion of it, may result in severe civil and ciminal penalties, and
will be progecuted to the maximum extent poszible under lawv.

| MHext > [_: I Cancel

4. Update information is included in this window. This information can also be viewed
at http://www.dot.state.mn.us/app/mnpave/history.html .

Information | x| |

MrPAVE Version 5 300 ﬂ

erzion 5,300 containg the following changes:
1. The rutting coefficient KA1 waz chanaged fram
0.07199 to 0.0267 based on rutting data collected
on County State Aid Highways [CSAH] in 2006,
2. The fatigue and rutting models were validated
izing data from C5AH and Minnesota tunk highwsays.
3. & new zoil modulus model bazed on =it and clay
cohtent was implemented.
4. A function that determines the triasial textural
zoil clazzification bazed an zilt and clay content
was implemented.
8. Two reliability methods were implemented:
a. Layer thicknesz and modulus adjustment: The
values used to zimulate the pavement are reduced
-
_*I_I

ki

< Back I MHest > [:! Cancel |



http://www.dot.state.mn.us/app/mnpave/history.html

5. The executable MNnPAVE.exe and Help files will be placed in Program
Files\MnDOT\MnPAVE unless a different location is specified.

Choose Destination Location |

Setup will inztall MaPAYE in the following folder.
Toinztall ta thig folder, click Mest.

Toinztall ta a different folder, click Browse and zelect another
folder.

Y'ou can chaoge not ta inztall MnPAYE by clicking Cancel to exit
Setup.

" Destination Faolder

C:4%Program FileshMnDOT 4 nPAWE Brawize... |
< Back I Pewut > [_: I Cancel |

6. A MnPAVE folder will be added to the Windows 25| Menu, unless a different
folder is specified.

Select Program Folder |

Setup will add program iconz to the Program Faolder listed below.
Y'ou may twpe a new folder name, or zelect one from the exizting
Folders list. Click Hest to continue.

Frogram Folders:

Exizting Folders:

CompanionLirik, -
CorelD R ahy 8 J
Global Mapper

Hurnringhird J
|omega

Microzoft Office Toaolz

Microzoft Wizual Studio 6.0

icroStation

D ~ |

¢ Back M et = Cancel |
H;I




7. Finish

Setup Complete |

Setup haz finizhed installing MaPAYE on your computer.

Setup can launch the Read Me file and MnPAYE. Choosze the
options you want below,

Click Finizh o complete Setup.

< Back I Firizh £ I

At this point there will be a MNPAVE icon { on the desktop and in the Windows ﬂl
menu under the folder name specified in Step 6.




Starting MnPAVE

The program can be started by double-clicking on the MNPAVE icon & on the desktop

or selecting MnPAVE from the Windows _‘{'Et‘“t'
in Step 6 of Installing MNPAVE.

At this point, the Main Control Panel is visibile:

menu under the folder name specified

.. MnPAYE - Examplel.mp¥ M=l E3
File Edit Wiew ‘Window Help

D ERE S 7
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A new MnPAVE file can be opened by clicking on the [ icon or by selecting "New"
from the "File" menu..

An existing MNnPAVE file can be opened by clicking on the = icon or by selecting
"Open" from the file menu. A recently saved file can also be selected from the list at the
bottom of the "File" menu.

Changes to the current file can by saved by clicking on the H or by selecting "Save"
from the "File" menu. Changes can be saved as a new file name by selecting "Save As"
from the "File" menu.



Project Information

Project information is a form for entering information necessary to identify a MnPAVE
project. Mn/DOT District, county, city, highway, construction type, design engineer and

project notes are entered in this module.

Examplel.mpv

ﬁ, Project Information

Wi

Crigtrict |3 TI Cournty IEru:uw YWing

j = Al Counties
%" By District

City |
Project Mo 100 Highwway Mumber I CR131

Reference Post (RF)fiom | 0.00 | taf 200

Letting D ate I 2M2/2009 "I

Constraction Type |235EI

Designer IMHFW-"E

Sails Enginesr |MnPAVE

Motes

GoBack to

[~

Control Panel [Requires internet connection)

' Wigw Mn/DOT Bituminous Specifications

=] E3
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Climate

Climate contains a map of Minnesota where more specific location data can be entered.
MnPAVE calculates season lengths and temperatures for each location using data from
surrounding weather stations.

MnPAVE has five default seasons based on material properties measured at the
Mn/ROAD research site throughout the year. Spring is divided into two seasons
because of the drastic changes in aggregate base and subgrade soil properties during
the Spring thaw period.

MnPAVE calculates the average pavement temperature for each season based on data
from surrounding weather stations. Details of this calculation can be viewed in the
Details window.

The county and district can be selected from menus in the Project Information window.
Clicking on the map will also select them. The season lengths and average seasonal
temperatures are shown in the left portion of the Climate window.

As the pointer moves over the map, the current district, county, and coordinates under
the pointer are displayed to the left under Pointer Location. Click the left mouse button
to select this location. The district and county can also be selected in Project
Information.

Examplel.mpy =] E3
[ &
S Clirpzite Mp | Detais |
— Selected County
Crow wing Hn/OoT Districts
District 3
— Seazonz .
" Click map or enter
Crow Wing County u:u:u:uru:linaltjes.
L atitude
Favement
# Days  Temp [« [15
 Wweeks [

Fall Longitude
tandard) | 0 [ 48 [94 * [20 "
finter .
[Frozen) I 107 I 21 Pointer Text

o % Counties
arly 3 prirg I I i
[Baze Thaw) 14 8 g EE;E:::ES

Late Spring = Maone
f55ef] Tl [57 [

Surnrmer

High Temp) | 7 [ 81

— Unitz
* English Finished Clirnate
ot
g Caontral Panel
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Climate Details
Seasonal air and pavement temperatures can be viewed in this window.

The air temperature at the selected location is based on a weighted average of data
from 47 weather stations around Minnesota. Each seasonal air temperature value
represents the average daily temperature for that season. The equation used to convert
air temperature to pavement temperature can be seen by clicking the

Wiew Pavement %
T emperature E quation button.

Early Spring Thaw Depth is the assumed depth of the thawed/frozen interface during
Early Spring. The thawed portion of the base and/or soil is assumed to have a high

moisture content and low modulus. The sea

Examplel.mpv
[ &
T Cllnarts Map  Detals |
— Dwration — Pavement Temperature
— Seazonz
Crow Wing County
Favement f* o Favement Air
' Days Temp. * Das Temperature Temperature
- C oweeks  [°F) " weeks [*F) [*F]
4
Standare) | 0 [ 48 IEE [ 4 [
Wafinber
o [107 [ 107 [ 2 [7
Early Spring I_ I_
[Baze Thaw] e 38 I 14 I 38 I 32
Late Spring
GxiTha |57 [ 59 [ 57 [ 5 [ 50
e e e ER N
Total YWiew Pavement
— Unitz 3IER Temperature Equation
{* English Finizhed Climate Early Spring
Goto I 18 in.
5 Contral Panel Thaw Depth
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Structure

When Structure is opened for the first time in a project, the HMA Mix Properties
Window opens to make sure all mix design information is entered correctly. Mix design
information such as asphalt binder content and gradation are required to estimate the
HMA dynamic modulus. Currently, the selection of a binder grade serves only to
document the binders used in the design. Only PG 58-28 data was available for the
current MNPAVE calibration, so all HMA layers will have PG 58-28 properties regardless
of the binder type selected.

Up to three HMA types can be defined for layer 1. Since the LEA procedure only allows
five layers, multiple HMA layers are combined into a single layer using the equivalent
thickness method.

Click on the colored bar to select a default gradation based on a Mn/DOT specification.
A custom gradation can be defined by entering numbers in the “Percent Passing” edit
boxes.

The Advanced button next to each lift can be clicked to view more details about how
HMA modulus is calculated.

The Structural Number (SN) is calculated using the method described in Section 2.3.5
of the 1993 AASHTO Guide for Design of Pavement Structures.

MnPAYE - HHA Mix Properties
Print “window  Help

— Hidd bix Properties

Layer |1_ I 60  Expected haffic speed (mph)  Mote: Multiple HMa Lifts

cahnot be selected if there

E quivalent Thickness ; are multiple HiA lapers.
: .- " enezs
E.P"f* Binder Thickness (% bywt Mn/DOT  Nom Max. Percent Passing
it Grade™ [ir.] of mix]  Spec. Size a4 38" #4 #2000
I 4 = ] i I o0 || B2 &0 5 | Advanced
I 2 = 5| e 1./2" I o0 || B2 &0 5 | Advanced

* The term “Lift" iz uged here to differentiate between Hkd layers with different mix designs or densities.

** |n Standard Mode, binder grade iz for documentation only. MnPAYE iz calibrated for PG 58-28 properties only.
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Basic Structure

Basic Structure is intended for low-volume roads or designs that don’t require a high
degree of reliability. MNPAVE uses default design modulus values. These modulus
values are adjusted for seasonal variations in moisture and temperature.

Click on a layer button to select the number of layers in the pavement structure. The
bottom layer is always semi-infinite. A MNPAVE pavement structure must have
between two and five layers. Due to limitations in the LEA procedure, layer 5 cannot be
analyzed for rutting. Therefore layers 2 through 4 must contain at least one engineered
soil* or undisturbed soil? layer.

The Default Structures area provides shortcuts for several common pavement
structures. Select the desired pavement structure, then adjust the layer thicknesses
and material subtypes.

Material Types for each layer are selected on the left side of the Structure window under
Edit Structure. Layers wi th a white pointer arrow k can be clicked to select a different
subtype.

Examplel.mpy [_ [Ofx]

. Structu r'e B asic | Intermediatel .ﬁ.dvancedl

Confidence Level — Default Stuctures
= I 85 Defaultl
[50 1o 959%) Hide HiA 1 HbdL,
o~ Agg Base o~ Hia 2
Vi Eng. Sail Aagn. Ba_se Eng. Sail
L=t Eng. Soil
¥ Thicknesz VYalues
= Coefficient of Yariation EM'&'B Hmialﬂﬂ-ﬂ}' User
' Adjusted Thick ga. Baze i
LB TR e Agg. Subbaze Agg. Baze Defined
Eng. Soil Eng. Sail
— Edit Structure
Thicknessz
Layerzs  batenial [ir.] b aterial Tope Click to Select Subtype
o TSR | i PG 55-34
2 I.-’-'-.ggBase j | 12 j bn
3 |EngSoil j I 12 ill Enginesr Clay Loam
& 4 | UndSai j Undisturbed Soil Clay Loam
[
Dezign Mode; I B azic VI
itz -~
+ English Flnlshedgtﬂrtigture View Moisture
g Contral Panel D Characteristics
1

! Soil that has been blended and compacted prior to construction.

2 Existing soil that has not been reworked. Because of uncertainty in the quality and uniformity of the
material, the default undisturbed soil modulus is equal to half of the corresponding engineered soil

modulus.
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Confidence Level

Confidence Level
(50 to 99%] [ &5 Deefaul

This value is used to adjust layer thickness and modulus values to assure that a
proportion of the pavement area meets or exceeds the desired values, based on the
coefficient of variation (COV). The higher the confidence level and COV the more the
value is reduced. A confidence level of 50% results in no reduction (the mean value is
used in the simulation). The Confidence Level differs from the reliability value
calculated in the Output Monte Carlo simulation. The Confidence Level reduces the
values for all layers and acts as a factor of safety to account for variability and
uncertainty. A Monte Carlo simulation should be run on the final design to determine
reliability. If the user intends to use Monte Carlo simulation to determine the final layer
thicknesses, selecting a Confidence Level of 10 to 15% less than the desired reliability
may be helpful.

-8
Q
c
a
o=
o
0 85%

+— Confidence

Level
{85% are 2 this thickness)
I 1 I ]
3.75 4.00 4.25 4.50 4.75 5.00 5.25

HMA Thickness (in.)

15



Thickness Views

Thickness Values Displays the design thickness. If the Confidence Level is 50%, the
design thickness will be used in the simulation. Higher confidence levels result in an
adjusted thickness for the simulation.

Thickness Coefficient of Variation indicates the variability of the thickness value of
each layer.

COV (%) = Standard Deviation <100

Mean
Adjusted Thickness Displays the reduced thickness used in the pavement simulation.

g "igw "igw

& Thickness Values ™ Thickness Values ™ Thickness Values

i~ Coefficient of ¥ ariation % Coefficient of Y ariatior i~ Coefficient of ¥ ariation

i~ adiusted Thickness i~ adusted Thickness % iadiusted Thickness
— Edit Structure — Edit Structure — Edit Structure

Thicknezs 25% Conf.

Lapers  Material [ir.] Lapers  Material COW [%] Lapers  Material [ir.]
o R N SRR o fHma =] [4E
iz I.-'l‘-.ggBase j I 12 ﬁ iz I.-'l‘-.ggBase j I 8 iz I.-'l‘-.ggBase j I 11
C 3 [Engsol ¥ [ 12 3 [Engseil  »| | 15 '3 [Eng5al x| [10:13
4 |UndSail vI 4 |UndSail vI 4 |UndSail vI
i~ 5 i 5 i 5
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Intermediate Structure

Intermediate Structure has a form for entering test data for aggregate base and
subgrade soils. These values are converted to design modulus and adjusted for
seasonal variations If no test has been performed on a given material, it's box can be
left unchecked to use default Basic material properties. Basic HMA data is used in this
mode. A material subtype need not be selected if test data is entered. If the material
subtype is known, it can be selected by clicking on the pointer arrow k to the right of the
edit box. If the material subtype is not known, select Unknown from the list. To view
the calculated moduli, click on the Advanced tab.

The View selection allows the user to view test values, resistance factors, or COV.
Resistance factors are multiplied by the modulus values of aggregate base and
subgrade soil to adjust for seasonal moisture conditions.

If Other is selected in the Edit Structure area, material properties are edited in

Intermediate or Advanced Structure. Design Modulus, Poisson's Ratio, and COV.
must be entered.

The Moisture Data button shows a prototype unsaturated soil model that will be used in
a future version of MNPAVE to provide more accurate seasonal material properties.

The Mohr-Coulomb button illustrates the method used to analyze shear stress in the
base layer.

Examplel.mpy [_ [Ofx]

. Structure | advanced]
Confidence Level Wiew
(50 to 99%) [ &5 Defc"ult| & Test Fesults

Check box to enter test data. " Resistance Factors

i IUncheck to uze Basic defaults. " Coefficient of ariation
s ThiCk_”?SS Valueg _ — HiA Modulus —Agg. Test Type— — Soil Test Type—— — Other
? ED!EffICIEHt u:!f"v"arlatlcun  Lab Mr, ks " Labtr, ks & Diesign
Adjuzted Thickneszs = B\alue i B¥alue bodulus, ks
— ¢ DCP.mmdblove || € DCP.mimblow Prizenn's
it S tructure e — & Silt % Clay % Fiatio
Layerzs  batenial [ir.]

o T B
2 I.-’-'-.ggBase j | 12
3 [Engseil =]/ 12

= 4 | ndSai vI

(i

Design Mode: I Intermediate VI Maisture Data |

PG 58-34

44 It 23

SIGIRIGE

it b ohr-Coulomb |
+ English Finished Stucture

ot
g Cortral Panel
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Advanced Structure

Advanced Structure requires the input of design modulus values for every layer and
every layer.

Design Mode: Click on Basic, Intermediate, or Advanced to view the corresponding
material properties below. Selecting Basic or Intermediate displays values calculated

based on data from those modules. In Advanced mode, all material properties must be
entered manually.

Examplel.mpy =] E
|. Structu = Basic I Irtermediate  Advanced |
. — Dezign Mode
Confidence Lewvel
(50 ko 99%] I 85 Defaultl = Usge values from Basic Design Level
™ Use values from Intermediate Design Level
- & Advanced mode [enter walues now]
e
¥ Thicknesz VYalues Ear;me.ter Sr.,qhu.jwr; EE'EI"\,' £ Adisted Structural Mumber = 2.6
= Coefficient of Yariation R e;lgnl O, s [% L
= Adjusted Thickness Poiszon's Ratio I
= Seazonal Moduluz Multipliers
| Edit Structure " Madulus Coefficient of Yariation, 3
Thickness E arly Late
Layerzs  batenial [ir.] — Fall —%inter—— — Spring—— 1~ Spring——— Summer—
€ Jiva (=i a5 = o7 ] 27es || 1561 ] e3rs ] 2235
2 [agBase x| [ 12 = ] 2@ ] s0 [ 81 | 88 ] a3
3 [Engsol  #|f 12 /= ] 98 || s ] so Jf &7 ||f 81
4 [undsal 7] | 55 | so i 50 O 39 Il 4
[
Dezign Mode; I Advanced VI
I rits e ——— Irnport HiA M aduli from B asic
@ English | : Finished Structure
Goto Impart Other b aduli from B azic
5] :  Control Panel

The design mode is displayed above the “Finished” button to confirm that the correct
mode is selected. Any editing that is done in the Basic, Intermediate, or Advanced
windows will change the mode. If any editing causes the wrong mode to be selected,
this can be corrected prior to clicking on the “Finished” button.

Import Moduli

These buttons appear in the Advanced Structure window when Advanced Mode is
selected. Basic default modulus values can be imported into Advanced Mode when
custom values are not available for all layers and seasons.

[rpart Hid& b oduli from B azic

Impaort Other b odul from B azic

18



Structure Views
Structure views for all design levels can be viewed by clicking the Advanced tab.

Design Modulus displays design modulus values. For pavement simulations these
values are adjusted according to the Confidence Level.

Adjusted Modulus indicates how values used in the pavement simulation are adjusted
according to the Confidence Level.

Poisson's Ratio is a measure of a material's tendency to expand in the horizontal
direction when it is compressed in the vertical direction. Poisson's Ratio is used in
Layered Elastic Analysis (LEA) simulations.

Seasonal Modulus Multipliers displays seasonal multipliers for each aggregate base,
subbase, and soil material (HMA moduli are calculated for each season). Multipliers
indicate moisture susceptibility and the state of the material (frozen or thawed).

— Parameter Shown B elow

— Parameter Shovn Below
Structural Mumber = 3 Structural Number = 3

% Design Modulus, ksi © Adjusted HETHIE LT HEHIE Rt

" Poisson's Ratio " Poisson's Ratio

" Seazonal Modulus Multipliers " Seaszonal Modulus Multipliers

" Modulus Coefficient of Yariation, % " Modulus Coefficient of Yariation, %

E arly Late Early Late

—Fall —Winter—— — Sping—— 1~ Spring——— Summer— — Fall —Winter——— Spring——— Spnng——— Summer—
BN EERUBER I IEER | ESR EER | EEERURESR I EEER N REE
| 2280 ||| 50 ||| &5z ||| w76 ||| 1943 || 1m8e ||| 3528 ||| 4765 ||| 112 ||| 135

| 508 ||| s0 ||| S0 ||| esse ||| ecosz || s&n ||| 3os ||| 3108 ||| 4138 ||| 5025
| 4754 ||| 4754 ||| 4754 ||| 3328 ||| 4041 || 1msw ||| 1esr ||| 1887 ||| 13z ||| 1613

— Parameter Shown B elow

— Parameter Shown Below
Structural Mumber = 3 Structural Mumber = 3
(& _!;_J_Esi n bodulus, ksi ) Adjusted U HLTEET " Design Modulus, ksi © Adjusted fUEHISE RIS
& P " Poisson'sRatio ‘
Seasonal Modulus Multipliers {* Seaszonal Modulus Multipliers
" Modulus Cosffisisnt of Yariation, % " Moduluz Coefficient of Y ariation, %
E arly Late Early Late
—Fall —Winter—— — Sping—— 1~ Spring——— Summer— — Fall —Winter——— Spring——— Spnng——— Summer—
| oag ||| oas || oas ||f oz ||| o3a ) 4 | 1 | | |
| o4 ||| o4 ] o4 ff o4 ] o4 ] 1 | 10 ||| o3 ] o7 | oes
| 045 ||| 045 ||| o045 (] 045 ||| 045 ] 1 | 1o ||| o ] o7 || 088
| o045 ||| o45 ||| o045 ||| o045 ||| o4s ] 4 | 10 ||| 1o ] o7 | oss
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Modulus Coefficient of Variation (COV)

The default modulus data used in MNPAVE fits a lognormal distribution (log-transformed
data fits a normal distribution). The COV of this data is calculated as follows:

COV =+e° —1x100

Where
COV = Coefficient of Variation (%)

o? = variance of log-transformed data

— Parameter Shown Below

' Design Modulus, ksi © Adjusted
" Poiszon's Flatio

" Seazonal Modulus Mulipliers

& Modulus Cosffisient of Yariation, 2

Structural Mumber = 3.1

E arly Late
—Fall —%Winter—— — Spring—— 1~ Spring——— Summer— — Diztribution—
[ 2o | 2 ] 2 (I 2 | 2 |l|Lognomalx]
EE N D D |
[ || a0 ([ o | wo || Lognomal = |
5 = (5 &= | % [[Lognomalx]
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Overlay Design

While a complete Mechanistic-Empirical overlay design method has not yet been
developed for MNPAVE, overlays can be designed using the conventional fatigue and
rutting criteria to check for structural capacity. In addition, FWD? deflections and the

TONN method can be used to determine the necessary overlay thickness to avoid the
need for Spring load restrictions.

Basic Overlay Design Procedure

While MNPAVE can check for fatigue, rutting, and shear failure in the aggregate base,
these are often not the primary factors in determining overlay thickness. When
designing overlays in Basic mode, the designer must also rely on other overlay design
methods and guidelines. Do Project Information and Climate, and then go to Structure.

Examplez.mpy M=] E3

. Structure B asic | Intermediatel .-’-‘-.dvann::edl

Confidence Level — Default Shuctures
= I 85 | Default
(50 to 99%) _IE a Hidds Hha, 1 Hb
‘e Agg Base o~ Hidd, 2 ‘s
. Eng. Sail Agg. Baze Eng. Sail
View Erg. Soil
& Thickness Yalues
™ Coefficient of % ariation EM'&B gmiaf”a}' User
" Adjusted Thicky oja). EEEE 0 .
: justed Thickness . A0, Subbase f" Aaq Base . Defined
I Mill and Overlay Eng. Soi Ena. Soi
— Edit Structure
Thickness
Lavers b atenal [in.] tdaterial Tupe Click to Select Subtype

] [HMa =
2 [odHMe =] [ 4
3 |agoBase x| /| 12
4 |EngSol  x|/| 24

Old Hk&

Aggregate Base

el e e el

E haineer i Clay Loam

v 5 ILInu:ISu:uiI VI Undisturbed Soil Clay Loam
Dezign Mode; I B azic I

1

: Gota Wiew Moisture
(8- Cantral Panel Characteristics

Urits E———
|7(:' Engiish | i Finished Stucture

Select the default overlay structure. If the old HMA properties for this layer have not yet
been defined, the HMA Mix Properties window will open up.

® Falling-Weight Deflectometer: A device that measures deflections that result from a

weight dropped onto the pavement. These deflections can be used to determine the
modulus of the pavement layers.
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MnPAYE - HMA Mix Properties |
Prink Window  Help

— Old Hkd Properties

Layer | 2 B0 Expected traffic zpeed [mph)
X

Binder

content P Pacsi Hia SN = 1.6
Einder Thickress [ bywt Mn/DOT Mo, bdax, ercent Passing
Grade [ir.] of mig]  Spec. Size a4 38" #4 #2000
N ¢ =l E Y 00 [ 62 [ 50 [ 5 Advanced|
After milling
[if applicable]

*# |n Standard Mode, binder grade iz for documentation only. MnPAYE 1z calibrated for PG 58-28 properties only.

If the HMA Mix Properties window did not open, click on the gray Old HMA subtype bar.

Select the binder grade of the old HMA and any other mix properties that are known and
click OK.

Check the Mill and Overlay checkbox if applicable (the old HMA thickness should be the
thickness after milling).

Define the HMA properties for the new (overlay) HMA.

Define the other pavement layers to the extent that their material types and thicknesses
are known.

Continue to Traffic and Output.

If this is a Mill and Overlay project, HMA fatigue and subgrade rutting results will be
displayed. If it is not a Mill and Overlay project and rutting has been observed in the old
HMA, check the Rutting is present in old HMA box. If rutting is not present in the
existing HMA, it is not necessary to check for subgrade rutting.
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Intermediate Overlay Design Procedure

Select material types and subtypes for the layers, with HMA overlay in layer 1 and Old
HMA in layer 2.

Click on the Intermediate tab and select FWD Deflections.

Examplez.mpy M=] E3
. structure Basic  Intermediate | &dvanced I
Confidence Level Wi
Bioag% | 85  Defaul] & Test Results

- .
Check bow to enter test data. Fleatilron [Pt

iew Uncheck to use Basic defaults. | ¢ Cosfficient of Variation
ﬁ Thickness Values Old Hi& Modulus—— — Agg. Test Type— — Soil Test Type—— — Other
- Coefficient of Yariation % Default Values " LabMr, ksi ||© LabMr ksi = Design
- Adjusted Thickness " PwD Deflections || @ Balue & By alue Modulus, ksi
—Ed?:g!t?::tg:erlay FwD Data SRl S E | g s
Thickress 0 Silk & Clay & R atio

Layerzs  batenial [ir.]
] |HMa M=
o2 |odHmMs =] | 4
3 |sggBase x|/ 12
4 [EngSel =] /| 24

@5 [undsol 7]
Deszign Mode: I Intermediate VI Muoisture D'ata |

itz tohr-Coulomb |
{* English Finizhed Structure

Go o
5 Cantral Panel

The FWD Data window will open. FWD loads and deflections must be entered in the
spreadsheet. Data entry is greatly simplified by opening the FWD deflection file in a
spreadsheet such as Excel, cutting and pasting to put the data in the appropriate
columns, and then pasting the data into MNPAVE.
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MnPAYE - FWD Data ]|

Edit  Frint Window  Help
Test Datel BAES2003 *I Overlay [in.]l 4 :I _I:Ill:l Hbdi, I Dezign Lane .ﬁ.-'i‘f.DTI 2113 |[Est. .-“-‘-.i‘-.DTI
¥ Calculate BELLS3 Temperature Insert Fowlz] | Paste Excel Data | Urits _ g,
. Law  High & Engiish | —— |
'ﬁg&?g?%ﬁéﬂ an I_Egn_ *F Delete Row(s] | Calculate L] Cancel |
IF. FiC FD Deflections (mils) =
Loc. Surface Loz Offzet [in.)
Mo. | Test Time | Temp. (°F) (kip= o | 12 | 24 | 36 Comments
1 1:05 Pl 6141 g.4a a3 7.3 6.0 2.3
2 1:05 Pl 6141 .44 a4 7.3 6.0 2.3
3 1:05 Pl 6141 a5 a4 7.3 6.0 2.3 b
g 1:07 P 6141 g4 36 7.0 S0 35
5 1:07 P 6141 g.46 ar 71 54 35
g 1:07 P 6141 g4 a5 7.0 S0 35
7 110 P 6141 g.4a 93 TE 5.3 35
8 110 P 6141 a5 93 TE 5.3 35
g 110 P 6141 g.46 93 75 5.3 35
10 112 P 6141 g4 a0 74 5.2 a4
11 112 P 6141 843 a0 74 5.2 a4 -
< | _>I—I
D Plate B adivs: 6.0 in. Soiliz  Plastic I Feduction Fiatel 011 | Restore Defaultl

Pavement temperature can be entered by two methods. If the pavement temperature is
known, uncheck the M/ Calculate BELLS3 Temperature checkbox and enter the known pavement
temperature values in column 2. If the pavement temperature is not known, it can be
estimated using the BELLS 3 method. Enter the previous day's high and low air
temperatures in the appropriate boxes and the infrared surface temperatures in column

&ir Temperature Low _High
2 for5415/2003 | 40 | B0 °F
If Mill and Overlay was checked, the 24 Hh: | L utton must be dicked t6 define the old

HMA thickness at the time of the FWD testing and after milling.

Annual Average Daily Traffic (AADT) must also be entered. If this value is not known, it

can be estimated from the design ESALs and the road type by clicking on the Est 4407|
button.

Select the soil plasticity at the bottom by clicking on the Sailis __Plastie | hytton. Clicking
on the button toggles through three levels: Plastic, Semi-Plastic, and Non-Plastic. If
this property is unknown, assume the soll is plastic.

The Fieduction Rlate[ 011 value is used in the TONN procedure. This value is typically 0.11
and ordinarily does not need to be changed.
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Once all data has been entered, click on the Caleulate | button.

MnPAVE - FWD Data ]|

Edit  Print ‘indow  Help
Test Date I BAEA2003 'I Oerlay [in.]l 4 j ([ H i | Design Lane .ﬁ.-'-‘n.DTI o e = e W
¥ Ealulste BELIS S e atire [Fzent Hawl| 1 Easte Excel [Nata | Units ) k. |
. Low  High + English | —— |
'ﬁ:;:;?;?é%%‘ée Al I_E%_ *E | [NElEte BawlE] || [nput D ata I =5 Cancel |
BELL=S D Mormal- | Calculated TorM TORM ;l
Loc. Temp. Load ized hodulus SLRE Owverlay
Ma. || Test Time [°Fl (kip=) 3-kip DO k=il (tons) (in.) Camments
15 1:15 Pl ST .40 95 2,392 10.0 0
16 117 Pl ST g.41 a.r 2,230 10.0 0
17 117 Pl ST g.44 il 2,30 10.0 0
18 117 Pl ST g.41 a.r 2287 10.0 0
19 1:20 Pl ST .40 9.4 1,674 10.0 0
20 1:20 Pl ST 543 95 1,614 10.0 0
21 1:20 Pl ST g.44 95 1,599 10.0 0
22 1:27 Pl a7 g g8.35 125 855 10.0 0
hean aFT 543 95 2145 100 0 flean
=td. Dey. 1N 0.04 0.s 5482 ] 0 Std. Deyw.
Al |
FufDr Plate R adiuz: 6.0 in. Soiliz Flastic Reduction Hatel L1 | [ Eestore Defaultl

If BELLS3 was used, column 2 displays the estimated pavement temperatures at 1/3 of
the pavement depth. Column 3 displays the fwd load, and column 4 displays the center
deflection normalized to a 9 kip (40 kN) load (all deflections are normalized for the
calculations). Column 5 displays the calculated HMA modulus and column 6 displays
the Spring Load Restriction recommended by the TONN procedure for the selected
overlay thickness. Column 7 displays the overlay thickness recommended by the
TONN procedure. The mean and standard deviation for these values is displayed at the
bottom of the table.
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Traffic

Traffic loads are simulated in MNPAVE to estimate the life of a given pavement design.
The default traffic load type in MNnPAVE is the ESAL (Equivalent Single Axle Load).

ESAL is a means of simplifying traffic data for pavement design. An ESAL is defined as
an 18 kipkip (80 kN) dual tire axle with a tire pressure of 80 psi (552 kPa). Other axle
loads and configurations can be converted to ESALSs by using Load Equivalency
Factors (LEF) as defined in Appendix D of the 1993 AASHTOAASHTO Guide for
Design of Pavement Structures. An LEF is the number of 18 kip ESALSs required to
cause the same amount of damage as the axle in question.

Load Spectrum is a more comprehensive way to characterize the expected traffic for a
pavement design. Load applications are categorized by axle type and load range.
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ESAL

Lifetime ESALs are the number of ESALs expected during the number of years
specified in Design Period Length.

The First Year value is calculated based on the Design Period Length and Growth Rate.

If only First Year ESALs are known, it can be entered here and Lifetime ESALSs will be
calculated based on the Design Period Length and Growth Rate.

The Design Period Length is typically 20 years. This value can be adjusted by the user.

The Annual Growth Rate determines the amount that traffic increases during each year
of the Design Period. Traffic analysis conducted by Mn/DOT has indicated that a simple
growth model is appropriate for most Minnesota routes (traffic increases by a fixed
amount each year).

Allowable Stress is used to protect against failure in the aggregate base layer due to a
single heavy load event. For this reason, the axle weights entered in this window
represent the heaviest axles expected. The default values are consistent with data from
around the state and do not correspond to legal load limits. Unless the designer has
specific data to indicate lower axle weights are appropriate, the default values should be
used.

Examplel.mpy =] E
M ESAL

— fxle Configuration

Tire Pressure I a0 pi
fule Weight I 15 kips
Wiheel Weight I 45 kips

—ESALz —Allowable Stress Failure Criterion
& Liton -
Lifetime I 0324 | million .-'f-.:-gle Tia Whe-:el
" Firstear [ 00125 milion [Calculated) Weight  Pressure  Spacing
. _ [kipsz] [psi] [ir.]
Design Period Length I <0 e Heaviest Single Tire Axle I 22 I 100
Annual Growth Rate (%) [ 3 (Simple Growth) Heaviest Dual Tiredxle | 26 || 100 || 135
— Unitz g e
& English Flnlsheg;’r;fflc Restare Mn/ROAD Defaults
g Contral Parel
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Basic Spectrum

Basic Spectrum determines a load spectrum using design lane AADT, pavement life,
growth rate, and route type.

When a traffic type is selected in Basic Spectrum, weigh-in-motion (WIM) data from
routes of that type is used with the other traffic inputs to calculate the load spectrum
used in the pavement simulation. Weigh-In-Motion (WIM): a device that measures
wheel or axle loads on a pavement while the vehicle is in motion.

Examplels.mpy M= 3
‘ Spectrum B asic |Intermediate| .-’-'-.dvan::edl
— Traffic Topes
[ Traffic Input = Urban Interstate
Fir;t Y'ear
DESE;DLTEHE = Rural Interstate

I 343

Deszign Life [vearz]

I 20
Annual Growth B ate [3)
ITF Simple
) Compound
Traffic b ode: I Bazic 'I

— Uriits Maote: Basic calculations provide a rough estimate of the
& English Firished Traffic |oad spectrum for a given route type and do not necesszarily
ITiE] Ga to reprezent every route of that bpe.

5 Caontral Panel

¢ Urban Highway

= Low Volume

= Custom

First Year Design Lane AADT is determined by multiplying the average annual daily
traffic forecast for the first year by a directional distribution factor (DD) and a lane
distribution factor (DL):

First Year Design Lane AADT = First Year AADT x DD x DL

DD = 0.5 if traffic is approximately equal in both directions.
DL = 1.0 for 2-lane highways.
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The 1993 AASHTO Guide for Design of Pavement Structures provides the following

guidelines for DL on multi-lane highways:

Number of Lanes in Each Direction

Percent of Traffic in Design Lane

1 100

2 80 - 100
3 60 - 80
4 50 -75
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Intermediate Spectrum

Intermediate Spectrum determines a load spectrum using design lane AADT, pavement
life, growth rate, and vehicle type percentages.

Examplels.mpy =] B3
ol Spectrum Basic Intemediate | Advanced |
— Standard YehicleT ypes c T
e g tom Trathc
& WnDGT .
O FHwA T =
. wpe Mo, ercent
— Traffic [nput
1-3  Autog, Light Trucks I 893 eyl [Calculated)
ngf;:f:;e 4 2iuetTie [ 11 QI
AADT 5 3+ e Single [ 02 QU
343 6. 3aule Semi | 03 QY
7. 4 Ayle Semi I 03 m
Dezign Life [years] IS S
N ) 5 e Semi [ 7.5 QU
3 B aule Semi | 0.2 | QNN
Annual Growth Fate (%] 10, Trailers & Buses I 0.4 m
I 3 ?: Eimlﬂﬂ ) 11. Twir Trailer I 0.1 m
AEELTT
Traffic Mode: I Intermediate 'I
Urit Percent Heawy Yehicles | 10.7
— Units
{* English Finizhed Traffic Mate: Load Spectun calculations are based on vehicle and axle
5 Gotao data recorded by the “Weigh-ln-Maotion device at Mn/ROAD.
Control Panel |.;

Vehicle types are quantified in pavement design procedures to more accurately define
the loads on the pavement. Vehicle type data can be obtained from manual counts or
from automatic vehicle classification systems. The Mn/DOT classification system differs
somewhat from the FHWA system. Data in FHWA format can be entered and MnPAVE
will convert it into Mn/DOT format. Vehicle-specific axle weight distributions are used to
convert vehicle type data into a load spectrum for pavement simulations.
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Mn/DOT Classification System

Standard YehicleT ppes
Cuztorn Traffic

" FHwia

Type Mo, Percent
1-3  Autos, Light Trucks | 893 syl [Calculated)

4 2o B Tie [ 11

3+ Axle Single IW ”

3 dle Semi | 03 | QU

4 bl Semi | 03 Qi
5t Semi | 7.5 QU
BadeSemi | 02 QUG
Trailers & Buses W m

Twin Trailer IT m

2 wom oo mom

—_

Fercent Heawn Wehicles | 10.7

Mote: Load Spectrum calculations are based on vehicle and axle
data recorded by the Weigh-ln-kation device at MndBOA0.

FHWA Classification System

Standard YehicleT ppes

 Mn/DOT Custorn T raffic

Type Mo, Percent
1-3  Autos, Light Trucks | 893 syl [Calculated)

4. Buses W m
2ol 6Tie [ 11 QU
3 e Single | 07 | QU
4+ fxle Single IT m
3t 4 e Seri [ 06 QUG
2] 5 sule Semi | 75 QU
10 G e Semi [ 0.2 | QTN
11, 5 Ae Multi-Trailer [ 07 QUL
12 B de MultiTrailer [ 0 UL
13 7esdeMuiTraier [ 0 QUL

Fercent Heawn Wehicles | 10.7

Mote: Load Spectrum calculations are based on vehicle and axle
data recorded by the Weigh-ln-kation device at MndBOA0.
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Advanced Spectrum

In Advanced Spectrum, the user can paste formatted load spectrum data or use Weigh-
In-Motion (WIM) data.

The tire pressure, tire spacing, and axle spacing all affect the stresses and strains
throughout the pavement structure. The default values shown are fairly typical of
vehicles in the United States.

The data entry area is similar to a spreadsheet. Lifetime load spectrum data or WIM
data can be formatted in a spreadsheet program such as Excel, then copied and pasted
in the MNPAVE Load Spectrum window.

Weigh-In-Motion(WIM) data that is collected for a period of time can be pasted in the
MnPAVE Load Spectrum window and MnPAVE will calculate the load spectrum for the
pavement simulation.

The axle weights are divided into 2-kip (2000 Ib or 9 kN) ranges as in the 1993
AASHTO Guide for Design of Pavement Structures.

Axle types can be checked or unchecked depending on what type of trucks traffic is
expected on the pavement.

Examplels.mpy M=] E3

‘ Spectrum Basic I Irtermediate  Advanced |
Tire Pressure. .. 100 00 100 100
Tire Spacing ... 13.40 13.50 13.50
Fule Spacing... 54.00 54.00
I Tl Lifetime Axle B epetitions [T Seazonal Traffic [T Use'wIM Data
ade Wi | Q) V| OO) 7[00V ] O | O T | 001|000 [
First Y'ear (kip=] Dual | Tandem | Tridem | Steer | Single | Tandem | Tridem
Dezign Lane T2 15700 Bas 0 0
AADT 2.5 32,342 346 2 47 197
343 5.7 10091 | 76 16 20,766
7.4 14,896 20,187 T4 48,002
Design Life [years] o 11 14221 | 32,961 40 132638
| 20 11-13 12,118 | 42,476 855 74,368
13 - 15 10,535 | 38,207 476 9,754
Annual Growth Fate [%] 15 - 17 12338 | 30499 9 B.431
& il 17 - 19 12,104 | 27 536 1z 3,346
I 3  Compound 19 - =1 4372 | 7.2 106 506
21 .29 1061 | 26,738 134 126
Traffic Mode: | Irtermediate ¥ | 23-25 S PR i
o5 . o7 434 37415 170 fi ;'
— Units :
= English Finisheé Traffic Clear Al | Cuztom Traffic Calculated ESAL: = 323,313
g Cantrol II:'-l'-;iel I_IESHDW LEF

If Seasonal Traffic is checked, data must be entered (or pasted) for each season.
Select seasons by clicking on the "All Seasons" button (it will then advance to the next
season with each click).
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ESALs are calculated according to the 1993 AASHTO Guide for Design of Pavement
Structures using Load Equivalency Factors (LEF).

LEFs are multiplied by the repetitions of the corresponding axle type and weight to
obtain an equivalent number of 18,000-Ib (80 kN) ESALs. These values are then
summed to provide a single ESAL value that can be used in a variety of pavement
design methods.

ExamplelS.mpv =] E
‘ Spectrum Basic I Irtermediate  Advanced |
Tire Pressure. .. 100 100 100 100
Tire Spacing ... | 1340 13.40 13.40
Pule Spacing. .. 54.00 54.00
I Structural Mumber = 3.2 Ft | 25 [T Use'wiM Data
_ sale Wigight |G [0 QO (OO | @ | O T Q0T | QagrT [«
First Y'ear (kip=) Dual | Tandem | Tridem | Steer | Single | Tandem | Tridem
DESE;DLTEHE 1.3 0000F | 00000 | D.0000 | 0.0003
a6 0.003 0.o004 0.ooo 0.0o3
I 343 5.7 0016 | 0DDE | 00005 | DOIE
7.0 0.049 0.005 0.001 0.04a
Design Life [vears] 311 0420 | 0011 | D00 | 0130
| 20 11 - 13 0.230 0.022 0.005 0.320
13 - 15 0400 0.040 0.010 0.400
Annual Growth Fate [Z] 15 - 17 0650 0.067 0.016 0650
Sl 17 - 19 1.00 0110 0.026 1.00
I 3 & Compound 19 - 21 142 0160 | 0040 142
249 .23 .14 0.230 0.057 214
Traffic Mode: I Intermediate j T .25 2.0 0.310 0.021 3.m
=5 . 27 416 0420 0.110 4.16 ;|
— Unitz :
& Englsh Firished Traffic Clear Al | Load Equivalency Factors Calculated ESALz = 323,313
Goto
5 Contral Parel
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Output

Output displays the expected life based on fatigue and rutting damage. Optimum layer
thickness can be determined automatically in ESAL mode.

Fatigue and Rutting Models

The expected life of a pavement is calculated by simulating the strains due to traffic
loads and using an empirical transfer function to determine the Allowed Repetitions* for
each load. If the applied load repetitions exceeds the allowed repetitions, the pavement

is assumed to have failed.

MnPAYE - Damage Transfer Functions
Print Window Help

]|

—Allowed Bepetitions for Fatigue

Ny = CKpy e E*”

YWhere

To add a new model, vpe a
name if the box and click “Add".

-

e e

Model |ManE

C
C = Carrection factar I 0.314 C Constant

i Calzulated

Yiew C Equation |

K 1z
K[ 329

-:'.':';3 = Harizontal tenzile strain at bottam of HkA, [indin]

E = HMA Dynamic Modulus [pai)
[ Use polymer shift factor

K[ 0858

— Allowed Repetitions for Rutting

E‘U =Yertical compressive strain at bop of subgrade [indin]

o Model |MnPAVE =]
NR — KRI Ve To add a new madel, lype a
- name in the box and click "Add". il | WEEtE |
Bl

K, [ ooz
HE. KimModel | K[ 20

Cancel | k. I

* The number of repetitions of a given axle load that are assumed to cause pavement failure by fatigue

cracking or rutting
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Basic Output

Basic Output displays the expected years of pavement life based on calculated fatigue
and rutting damage. The pavement damage is also expressed as a percent contribution
by each season.

Click “Life” to view the expected years of pavement life based on an analysis of fatigue
and rutting damage. Click “Damage” to view the corresponding damage factors (a
value of 1 or greater indicates failure prior to end of the designated design period).

If fatigue or rutting values are too low or too high, Material subtypes and layer
thicknesses can be adjusted. After each change “Recalculate” must be clicked to view
the new results. For Basic designs, HMA and aggregate subtypes can be adjusted in
Output. For Intermediate designs, only HMA can be adjusted in Output (other materials
must be changed in Structure). In Advanced mode, all material types must be changed
in Structure.

Examplel.mpy [_ [Ofx]
90ut ut?: E'f:mc_lge Basic | Batch Mode | Reliabiity |
Conf. Lewel| 25 Total Repetiions
| EsaL | 324000
— Expected Life
Thicknesz Goal Seek |
Layer {1 = 2
Years
Fatigue 46
Ruttng 20 Percent of Tatal Damage
S RS H [in.] — Fall —Wfinter—— g;::-lrr;g— —E?:ng— — Summer—
= EEE B F e Fatioue
[ 12 =
B ) e P Ruting

Eecalzulate Export
i " Design Summary
— Unitz s & b Detal |
' English . GoBackto luk=je] = Bl Expart ta File |
g . Cantral Panel

Thickness Goal Seek is a tool for determining design layer thicknesses in ESAL mode.

To adjust the HMA layer only, select “Layer 1” and click on Thickness GoalSesk | A
number of cycles will be executed until the pavement fails in neither fatigue nor rutting.

When Thickness Goal Seek is done for non-HMA layers, the HMA layer will be adjusted
for fatigue first (if necessary), and then the selected layer will be adjusted. This is
because adjusting underlying layers has a relatively small effect on fatigue life and may
result in a large number of cycles and very thick layers.
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After running Thickness Goal Seek, layer thicknesses can be adjusted manually to
obtain the desired structure.

The relative damage effect from each season is displayed on the right side of the
window. These values are affected by both the magnitude of strain that occurs during
each season as well as the season length.

Results can be exported to a text file (comma or tab delimited) or to an “Excel” file. The
Excel file is actually a tab delimited text file with an “xIs” file extension. Double-clicking
on this file opens it in Excel, but it must be “Saved As” Excel to convert it to true Excel
format.

The Design Summary contains expected life and damage, project information, and
limited structural and traffic information.

Damage Details includes more seasonal and traffic information.

Printing

A summary report can be printed by clicking on the printer icon with the white paper =
or by selecting "Print Design Summary" from the "File" menu. The summary report can
be previewed by clicking on the [& icon or by selecting "Print Preview" from the "File"
menu.

A screen shot of the output window can be printed by clicking on the printer icon with

the gray paper . Most other windows have a printer icon that can be clicked to print a
screen shot.
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Batch Mode

The batch mode allows the user to specify a range of layer thickness values and have
all results tabulated in a text file or spreadsheet.

Check the box for each layer for which the thickness will be varied. Type the thinnest
value in the "Begin" box, the thickest value in the "End" box, and the amount to increase
the thickness in the "Incr.” box. Damage Limits are used to exclude extremely over- or
under-designed structures from the output file. When Set Frost-Free Depth is selected,
each simulated structure will be adjusted so that the specified thickness of granular or
better material is placed above the subgrade soil.

Run Batch Process . . . .
The button will prompt you for a filename in which to save the results.

Excel (xls), tab-delimited text (txt) or comma-delimited text (csv) formats can be
selected.

The value under Batch Cycles is the number of structures that will be simulated. If Set
Damage Limits is checked, the number of lines in the output file may be fewer than this
value.

Examplel.mpy H=
9 " Lif
Out ut b Dl:mage Basic Batch Mode | Fieliability I

Conf. Level] 55 Total Repetitions ¥ SetD i
v oet Damage Limits
ESAL 324,000 . .
I I Fimirurn b axinunm

— Ewpected Life
Thickness Goal Seek | I 0.1 I 1

Layer 1 @+ 2 Batch cyclez where MnPAYE damage is not
withir limits will be excluded from output.

Years i [t
Fatigue 46 Sl
Futting 20 _ _
Laver Thicknessz, in.
Adjust b aternialz

H [in.] Way Begin End  dnorn o poeo
V|35 | & |05 Depthin
M s [18]] 2 [0

| 1

]z |z
Becalzulate [ Layer1 Seek
" i Batch Cycl
itk _ = 24}": = Run Batch Process
{+ English GoBack to
oo Cantral Panel
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Reliability

Output reliability considers the variability of the thickness and modulus values for each
layer to determine a reliability value for the pavement design.

The reliability will not necessarily agree with the confidence level selected in Structure
because the confidence level selects the "worst case" thickness and modulus value for
each layer while the reliability analysis considers a random combination of thickness
and modulus values.

The number of Monte Carlo cycles can be adjusted by clicking the _E322E | pution. A
sensitivity analysis was conducted to determine the optimum value of 2500 cycles.

The Run Maonte Carla Sirmulation

| button runs the selected number of Monte Carlo cycles. The
time for this process ranges from less than one minute to a few minutes for an ESAL
design (depending on the computer's processor speed) and up to several hours for a
load spectrum design.

Check the ™ Automatically Save when finished. hox to save the results in an Excel or text file at
the end of the simulation.

Examplel.mpy [_ [Ofx]
» out ut?: lEJI;Emage B asic I Batch Mode  Reliabiliy |
Conf. Level| 55 Totq) Fepetitions | etz Ll Simulatil:n.n _ Mumber of Monte Carlo Cycles

I = | I 324,000 | B Emte Ear s Simlatien I IW Edit Cycles |
— Expected Life ¥ Automatically S ave when finished.

Thickness Goal Sesk | ¥ Include Details from all Cycles [must be selected prior to simulation]
Layer 1 (+ 2 Relability [probability of non-failure during 20 year design life]
fears Quick Monte Carlo
Fatigue 45 Iﬁ 1000 %= | Select MutputFile
Rutiing 20 | 98 999 %

Adjuzt MaterialsT Frur Quick Dutput was zaved as
Ty k Reliabilty | "Examplel.sls”

UndSail: CL

Hecalculate
— Unitz
{+ English Go Back to
5 Contral Panel

Quick Reliability uses equations derived from running a range of full Monte Carlo
simulations to estimate the Monte Carlo reliability for a given structure. This is a time-
saving feature that allows quick adjustments in the structure. Once the desired quick
reliability value is reached a full Monte Carlo reliability should be run for verification.
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Research Mode

The standard design mode in MNPAVE provides the features necessary to complete a
pavement design. Research Mode can be selected from the Main Control Panel from
the View menu.

.. MnPAYE - Examplel.mpy

File Edit | Yiew Window Help

v Toolbar

v Status Bar
Disclaimer
\Warnings k
Damage Options  *
FWD Options ]

o Standard |

In Research Mode there are more features and more flexibility in entering data.
However, there is one important difference in the way hot-mix asphalt (HMA) modulus is
determined. In Standard Mode, all asphalt binders have the same properties as PG 58-
28 for the following reasons:

1. PG 58-28 binder is essentially equivalent to the type of asphalt binder in most of the
pavements used to calibrate MnPAVE.

2. The modulus-based simulation procedure does not account for the added benefits of
polymers in some PG grades. As a result, the fatigue and rutting performance of
polymer-modified asphalts may be misrepresented. A prototype polymer shift-factor
based on torsional fatigue tests has been included in Research Mode.

In order to have comparable results when switching between Standard and Research
modes, the binder selected in Research mode should be PG 58-28.
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