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Pavement Design at Mn/DOT

e Current procedure

— Subgrade soil R-value, traffic, rule-of-thumb
materials properties

— Relates to ride
« MnPAVE procedure

— Modulus of all layers, base strength, repeated load
damage in HMA and subgrade

— Relates to structural distresses —
cracking, rutting
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Background
WESLEA

» Layered Elastic Analysis (5 Layers)

« Developed at U.S. Army Engineer
Waterways Experiment Station (Van
Cauwelaert et al, 19806)



University of Minnesota (1996-1999)
Dr. David Timm — Auburn University
Dr. David Newcomb — NAPA

Dr. Bjorn Birgisson — University of Florida QESD;
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™ ROADENT 4.0

File Input ©Output  Units  Help

ROEPEM 3 Structural and Seasonal Information {F1 for Help) M= E3 |
: 1 Check Seazong to Evaluate — Mumber of Pavement Layers

W Summer [Mormal Condition) |25 weeks c2 3 4 8§
[v Fall [/et Condition) 5 weeks —Input Season—— —AC Temperature Adiustrent ——
[v winter [Frozen Condition) 1z weeks AC Surface Temp Edi
v Spring [Thaw Condition) E— weeks ISUITIITIET j IEE F Equatin:unl
™ Second Spring CO weeks

— Layer 1 — Layer 2 —Layer 3 — Layer 4 —Layer &
Material Type |ac ~|||GE =l ||ce | |50l ]| |50 =]
Min Modulus [psi] | 50000 5000 5000 3000 3000
Maoduluz [pei] 23041 20000 10000 &OO0 BO0OO
Max Moduluz [psi] | 2500000 50000 50000 40000 40000
Poisson's Ratio | [0.35 0.4 04 0.45 045
Mir - b ax 0.15- 0.4 0.35- 045 0.35 - 045 02- 05 0.2- 05
Thickness  [in] |E |E |1E |EIE|EI Infinite

Y ariability | Y ariability | " ariability | Y ariability | o ariability |

m Cancel
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MNnPAVE Pavement Design

* Climate model

* More material types and default
properties

» Lab and field test results
» Updated performance models
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-~ MnPAVE - MnPAYE1
File Edit View Window Help

O == =
MnPAVE1

M) Flexible
Pavement Design

Mechanistic-Empirical Method
Beta Version 5.2

Thizs warzion of MnPAVE is not ﬁ‘ "

fully calibrated. Itsintended use 0

izto compare MnPAVE to existing ﬂ;

design methods, Towiewthe "u‘

antire disclaimer, click on In

"Wien.. . Disclaimer". E

O

MnPAYE will be updated periodically. Q

©
Download MAPAWE Here
[Requires internet connection] & ESAL ¢ Load Spectium

B structure ‘ all Traffic

For Help, press F1




" MnPAVE - Demo1.mpv
File Edit View Window Help
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Demo1.mpv
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Seazonz
Famszey County

& Days Favement

[Standard]

Winter
[Frozen)

Early Spring I— I—

[Baze Thaw) 5 58

Late Spring

ol Thawy | 57| 58
Summer

High Temp,) | 107 | 82

itz

* English Finighed Climate
Gota

" g Control Panel

tap l D etails ]
Selected County
R amzey
ketro Digtrict

Click map or enter
coordinates.

Latitude
|45 S I T
Longitude

ERS

Fointer Text
*+ Counties
(" Coordinates
" Maone

MnfDOT Districts

For Help, press F1




Seasons
MNnROAD Cell 21
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Criteria for Determining the
Beginning of MNPAVE Seasons

Season Criteria

Fall 3-day Average Temperature <17 °C
Winter Freezing Index > 90 °C-days

Spring Thaw Thawing Index > 15 °C-days

Spring Recovery 2 Weeks After Start of Spring Thaw

Summer 3-day Average Temperature > 17 °C



Temperature Model

30-Year Average Daily Temperatures (1971 - 2000)
Marshall, MN

Temperature (°F)

Maximum . Measured

% .— Estimated

Start
Day 13

Whiplash” Equation

0 50 100 150 200 250 300 350
Day of Year
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Weather Stations
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5 Seasons vs. 52 Weeks

Number of times the asphalt modulus
(stiffness) is calculated.

Affects the calculation time.
Wide range of pavements were simulated.

Design thickness differed by no more than 0.1
In.

Default MNnPAVE procedure has 5 seasons.



" MnPAVE - Demo1.mpv
File Edit “iew ‘Window

=
Demo1.mpv

. StrUCtu re Basic l Intermediatel ﬁ.dvan:ed]

Drefault Structures

Hidd, Hi4 1
r~ &gg. Base o~ HiA 2 r~
Eng. Soil Agg. Baze Eng. Sail
Eng. Soil

Hbdd, Hi& Owerlay
Agg. Base o~ Old HMA ~ Uzer
Agg. Subbaze Agg. Baze Defined

Eng. Sail Eng. Soil
Edit Structure
Thicknesz

Lavers  Material [ir.] b aternial Type Click to Select Subtype
=1 | HMa - B Haot-Mix &zphalt PG 58-34

2 [bggBase | [ B8 — - Mn/DOT Cla

3 |Subbaze  w| | 18 '
© 4 |EngSal v | 12
& B | UndSail - Undisturbed Sail Clay Loarn

-|||-

r

Mn/DOT Select Granular

-|||-|-|||-|-|

Clay Loam

Deszign Mode: | Basic J

itz

+ English | Firizhed é.t:.rL:gturE \iew Maisture

-1 Control Panel Characteristics

For Help, press F1




" MnPAVE - Demo1.mpv
File Edit View Window Help

=
Demo1.mpv

. Structure

Edit Structure
Thicknesz

Lavers  Material [ir.]
o HMa <] e
2 |.&ggEase j | =
3 |Subbaze  w| | 18
© 4 |EngSal v | 12
* 5 |UndSel =

r

Deszign Mode: | [ntermediate ﬂ

itz

* English Finished Stucture
Gota

" g Contral Panel

-|||-

-|||-|-|||-|-|

For Help, press F1

=

Basic Intermediate l f-‘-.dvan:ed[g

Wi
o Test Fesults

~ )
Check box ta enter test data. Resistance Factors

Uncheck to use Basic defaults.

Hbdd Maodulus Agg. Test Type Soil Test Tupe Other
f* LabMr ksi | 0 LabMr ksi || . Design
" R-alue {* RB-Walue Modulus, ks

" DCP.mmdblow || O DCP.mmeblow ~ Poiszon's
Ratio

Muoisture 0ata

b chr-Coulamb




" MnPAVE - Demo1.mpv
File Edit View Window Help

O = E =
Demo1.mpv

. StrUCtu re B asic ] Intermediate  Advanced

Deszign Mode

" Use values from Basic Design Level

[ Usze values from Intermediate Design Level
¢ Advanced mode [enter values now)
Farameter Shown Below

+ Design Modulus, ksi

" Poiszon's Ratio

(" Seazonal Modulus Multipliers

Structural Humber = 4.7

Edit Structure
Thickness E arly Late

Lavers  Material [ir.] Fall Wirter Spring Spring Surnmmer

. | | 2614 1541 B51.2 215.6

| | |
2 |.-“-‘«ggEase ~ | & 50 || B6 || 154 || 187
" 3 |Subbase w| | 18 500 | | 812 || 986
| | |
| | |

r -|||-

50
a2

-|||-|-|||-|-|

4 |EngSail  w| | 12 Bl .44
& B | UndSail - . 32 272

Deszign Mode: | Advanced ﬂ
itz . _ Irmport HiAA Boduli fram B asic
& English || : Finished Structure |

Gato i | Import Other Moduli from Basi sty
1 i Control Panel o G Characteriztics

[nput M aizture

For Help, press F1




Material Properties

* New Asphalt

» Existing Asphalt
(overlay design)

» Aggregate Base/Subbase
* Soils
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Witczak Equation

_ 2 Vier
logE =2, +a,Py, "‘az(pzoo) +8;P, +a,Vv, +a5V Vv
beff T Va
(Pas)
N dg +A;P4 +35P3,8 T A9\P3/5) +A49P3/4
1 + e(a11+a12|09f+a132|og77)
Where:
E = 105 x Dynamic Modulus (psi) f = Load frequency (Hz)
n = 10-8 x Dynamic Viscosity (cP) V¢ = Effective binder content (% by vol.)
P, = binder content (% by wt. of mix) P54 = Cumulative % retained on 3/4” sieve
V, = Air voids (% by volume) P35 = Cumulative % retained on 3/8” sieve

P, = Absorption (% by wt. of aggregate)p, = Cumulative % retained on No. 4 sieve

G, = specific gravity of binder Pogo = Percent passing No. 200 sieve g2

WiV,
RTAT\O‘s'

$")

G, = Bulk specific gravity of aggregate
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Thompson (ILLI-PAVE) Equation

log,, E,. =1.48-1.76 Iogl{ AI;EA] + 0.26[ AREA]

0 TAC

Where: AREA =6 1+22 4 2D | D
DO DO DO

E,c = Modulus of the HMA layer (ksi)

T ,c = Temperature of the HMA layer (°F)

Deflection at center of load (mils)

Deflection at 12 in. (305 mm) from center of load

Deflection at 24 in. (610 mm) from center of load ...,
Deflection at 36 in. (914 mm) from center of load (9’2
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HMA Modulus (ksi)

10,000

1,000

100

10

20

Cell 20 Modulus Comparison 1994-2003
Witczak and Thompson Equations
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HMA Temperature (°F)
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Modulus Reduction Factor

— Modulus Ratio (R)
« R= E*(near crack)/E* (between cracks)

Modulus Ratio (R)

Modulus Ratios

1.0
0.8
0.6
—Cell 3
0.4 —Cell6
—Cell18
0.2 —Cell 19
—Cell 22
D.D 1 | | | | |
D qESO,Jp

20 40 60 80 100 120 140 ’9"

Temperature (F)
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Backcalculated E (MPa)
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Saturation

Unsaturated Properties
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Soil Class

OO00OD0OEREREEOO00000000CE NN

LEGEMD

Clay Stat ‘ .

Clay Loam

Clay Loam to Silty Clay Loam

Loam

Loam Sand

Loam to Clay Loam

Loam to Sand and Grawvel
Loam to Silt Loam

Loam to Silty Clay

Loam, Clay Loam, Sand and Gravel h

Loamy Sand to Sandy Loam
Mine Dumps

Peat

Sand

Sand to Loamy Sand

Sandy Loam

Sandy Loam to Loam

Silt Loam

Silt Loam to Silty Clay Loam
Silty Clay

Silty Clay Loam

Silty Clay Loam to Silty Clay
Silty Clay to Clay

Water
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Loam to Claydam

Subg rade

Modulus
MPa (ksi)

0-25 (0-4)
25.50  (4-7)
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Subgrade Modulus Predictions
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- MnPAVE - Demo1.mpv
File Edit View Window Help

=
Demo1.mpv

Mle Configuration

Tire Pressure psi
Al Weight kipz
Wwiheel Wweight kips

ESaAlsz
{s Lifetime | 2104 millian
O First Year | million  [Calculated)
Dezign Peniod Length | 20 NEErE

Annual Growth B ate (7] | 3 [Simple Growth]

itz
* English

. Firished Traffic |
Goto g
{" 5l . Control Panel

For Help, press F1

Allowable Stress Failure Criterion

Ale Tire YWheel
Wieight  Prezsure  Spacing

[kips] [psi] [in.]
Heaviest Single Tiedxle | 34 | 100

Heaviest Dual Tiedsle | 35 | 100 | 135

Reztore Mn/ROAD Defaults




Simplified Load Spectrum Input

Analysis of WIM data

Mn/DOT and FHWA vehicle types
Axle distributions by truck type
Assumptions about truck distributions
Route types



Repetitions

MnROAD 2001 WIM Data

i

0 10,000 20,000 30,000

Axle Weight (Ibs)

B Steer

B Tandem
B Single
W Tridem

40,000
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Repetitions

Vehicle Type 8

B Single

B Tandem

W Tridem
0 10,000 20,000 30,000 40,000

Axle Weight (Ibs)
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W 0%
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Repetitions

Burnsville I-35E (Feb. 1 - Mar. 1 1992)

10,924 AADT — Sing|e
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- MnPAVE - Demo1.mpv
File Edit View Window Help

D= & B E

P
Demo1.mpv

W Spectrum

Traffic [nput
Firzt v'ear

Deszign Lane

AA0T

| 3.200

D'ezign Life [vears]

T

annual Grawth B ate (%]
(s
| 3
~

Traffic Mode: [ Basic -]

itz

* English Finizhed Traffic
3ok

" g Control Panel

Basic l Intermediate l Advanced

Traffic Types

Urban Interstate
Rural Interstate

Urban Highway

Low Wolume

Custom

Maote: Basic calculations provide a rough estimate of the load
gpectrum far a given route and are not intended for design use.

Under
Congtruction
.:E -

For Help, press F1




" MnPAVE - Demo1.mpv
File Edit View Window Help

D= &
Demn1.mpv

! Spﬁﬂtrum Basic  Intermediate lﬁ.dvanced

Standard WehicleT ypes
Cuztom Traffic

Fercent

Traffic [nput
-3 Autos, LightTruck3| 89 eyl [Calculated

DEEE:E;E . 2one6Tie [ 1.2 QU
AADT . 3+ e Single | 06 qUER

| 3,200 : 3 Axle Semi | 0.3 ?H
Design Life [vears) : 4 e Geri | 0.3 QU
| 20 : 5 &ule Semi | 7.2 m
. Gl Semi | 0.3 U
annual Grawth B ate (%] ) Tl B Bllscs I—D.B m
= . Twin Traler | 0.3
B o7 g

Traffic Mode: ||ntermediate v| Under
Congtruction
==+

Urits . , : Mote: Load Spectrum calculations are bazed on vehicle and axle
* English F'ﬂlsheg Trtaff": data recorded by the 'weigh-In-Motion device at Mn/ROAD,

(all (x|
A Contral Panel

For Help, press F1




- MnPAVE - Demo1.mpv
File Edit View Window Help

LD # ' =
Demo1.mpv

! Spectrum Basic ] Intermediate  Advanced

Tirz Pressurs. .. 10D 100 100
Tire Spacing ... | 1250 13.50 13.50
ke Spacing... £4.00 54.00
Lifetime Axle Repetitions [ Seasonal Traffic [ Use WIM Data
weviegi [ Q) B o~ | 0 ~ 00 000
Fir.St f'ear (kips) Dol Tridem Stear i Tandem | Tridem
Design Lane — 47337 . _ o
DU q9.-5 280 T35 , ig 430, 776
| 3.200 E-T 165 156 58, 355 i 175 648
T-9 128,723 | 18D, TH IBZ EET
Deszign Life [years) a-11 123 466 1 243157

0 11-13 103,875 | 295482 | 5 521,062

13- 15 20,147 . , 75,130

Annual Growth R ate (%) 15-17 M43 213, A 43,021
17-19 BT.T15 | 152471 | 1 24,478

-
| 3 r 19 - 21 32,072 | 190,40 1 4,028
21-23 6213 | 188, 1, 1,105

Traffic Mode: |ac-.3i.: j 2925 3,848 | 165, 1, 251
25 - 27 32001 | 1561 1, ] "

Traffic [nput

Urit
e Einished Traffic Clear Al | Rural Highway Calculated ESALs = 2,103,608

e Goto [~ Show LEF
(" 5§l Contral Panel s

For Help, press F1




" MnPAVE - Demo1.mpv
File Edit View Window Help

O = E =]
Demo1.mpv

P
» Output - E'fc.,emage Basic | Batch Mode | Fieliabilty |

Traffic Tppe  Total Bepetitions
\Load Spectum | 9,304,455
Expected Life

Tears
Fatigue 27

Rutting 20 FPercent of Tatal Damage

T E—" | _ Early Late
izt M aterials Fall winter Spring Spring SUMMEr

HMa: PG 5834 & e T IV R IR O 2 E Fatigue

St = |l 172 | RN ) Vi E Fittting
IdrndSail: CL

E wpart

_ + Design Summary
I hitz

* English Go Back tao
g Control Panel

" Damage Details Expaort to File

For Help, press F1
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