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OUTLINE

ERAPave PP components

Component models
» Mechanical model
» Material models
» Temperature model
» Performance model

» Report dashboard

Questions?
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ERAPAVE PP COMPONENTS
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MECHANICAL MODEL - RESPONSE

» Layered elastic theory is used to
estimate stresses ands strains

* Modulus and poisons ratio of each
layer are the input parameters

* A circular contact area is assumed
for the analysis
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log(shear modulus)

MECHANICAL MODEL - MATERIAL

» Master curve parameters for asphalt mixtures and resilient modulus for UGMs
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TEMPERATURE MODEL- BACKGROUND

Main heat transfer modes to be considered:
* Conduction/Convection
* Radiation

* Convection

o°T  pcoT
82 2 k at 1. Solar radiation

2. Geothermal heat 5. Latent heat of fusion
3. Emitted radiations 6. Evaporation/condensation
T 4. Convection and turbulence 7. Heat exchange with precipitations
Temperature [°C]
2 Depth within the pavement layer [m] *Dore & Zubeck (2009)
P Dry density of the material [kg/m?3]
€ Mass specific heat capacity [J/(K-kg)] (]
K Thermal conductivity constant [W/(m-K)] th



TEMPERATURE MODEL

* Finite control volume method (FCVM)
Shortwave Solar Radiation

« A numerical approach for solving the
heat equation

Longwave Radiation

Heat Convection

* Discretization into small control -

Layer 1

\_/
}

volumes 7
— Layer 2
* Input for analysis ~ Layer3
 Air temperature
~ Layern-1

» Wind speed

Layer n

» Solar radiation

Bottom Boundary Condition
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TEMPERATURE - EXAMPLE

 Test section - Svappavaara
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PERFORMANCE MODELS - RUTTING

» Permanent deformation/rutting

* Asphalt
ep(N) = aTPN¢e,

Studded wear tire
gwearing(N) = VTl model
» Unbound base/subbase/subgrade

gp = aNP(En)g,

T Temperature [°C]

S Degree of saturation
& Elastic strain [m/m]

N Number of load cycles
a, b, c

Model parameters



PERFORMANCE MODELS - RUTTING

&

« Permanent deformation/rutting i /V _____
» Asphalt .

s /
ep(N) = aTPN°¢e, o
/i////
/7 ,
/17
/
» Unbound base/subbase/subgrade [ N
e _— aNb(er)e » o M1
p r 30 4 o M2
M3
+ M4
T Temperature [°C] — ] e
S Degree of saturation S0 o ow
3 X M8
& Elastic strain [m/m] E 15 —Trendiine
N Number of load cycles T
a,b,¢  Model parameters o 2
0

0 10 20 30 40 50 60 70 80 90 100
Degree of saturation [%]
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PERFORMANCE MODELS - CRACKING

 Fatigue cracking — bottom-up fatigue cracking

* Asphalt

Nf = kg, 2E7Fs

1000
\-\
10 ~_
10
1 T T T T
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
Nf

&

kl’ kz, k3
N

Ll

Elastic strain [m/m]

Model parameters

°
Number of cycles to failure due to fatigue th



PERFORMANCE MODELS - FROST

* Frost heave - SSR model

AZO

keVI_ = L—% + kVT, + L,SPVT
| ) | J | )
Stefan (1889) Skaven Haug (1971) Konrad &
Morgenstern (1981)
Air
h
o g. o «  Conductivity - frozen and unfrozen
a ﬂ a Particle and bulk — density
IR =T = « Segregation Potential, SP

D; Unfrozen Vt I



PERFORMANCE MODELS - EXTREME LOADING
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ERAPAVE PP - LAYOUT

* Define Pavement

Define Traffic

Define Climate

Control for frost action

Control for extreme loading

Long term performance — rutting

Long term performance — fatigue
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PROGRAM LAYOUT - STRUCTURE

Pavement structure  View or edit material properties

Select subgrade type

Pavement layer types and thicknesses

Layer Material Thickness {mm) Description

1 ABT1670/100 40

2 ABbZ2 70100 50

3 AG22 1607220 65
’ 4 GWLCR i B Layer 140 mm
5 GMLR 420 B Layer 2 50 mm
y BN Layer 265 mm
6 5 - Sit Layer 4 80 mm

N Layer 5420 mm

Add layer || Remove layer || Maove up || Change material




PROGRAM LAYOUT - DATABASE

 Material database

Structure

Pavemert structure  View or edit matenal properties

Select subgrade type |‘Ia - Fast berg ~

Pavement layer types and thicknesses

Layer Material Thick
e : ol Add layer %
1 ABT16 70100
2 ABb22 70100
3 AG2Z 160/220 (®) Bituminous and UGM materials
' : . e I Layer 140 mm
> e o | er 2 50 mm
e pritbg | ﬁer 365mm
[ 5 - Silt AG22 40/100-75 e,
i AG22 50/150-75
£ . AG22 70/100
Select material ABTIE 1607220
ABT16 70100
ABT16 50,70
ABT16 1004150 = 3%5BS
ABT16 100/150 + 5% SBS
ABT16 1607220

Add layer ABT 1170/100

ABT 1170/100 - 50 % RAoch 1
ABT 1170/100 - 50 % RA och rg
ABT 1170100 - 50 % RA och rg
ABT 1140/100-75 - PMB
Ab 1170100

Ab 16 70/100

SMA 1170100
SMA 16 70100

GW-CR

GPCR

GM-CR

GW-NG/CG




NTNU/VTI DATA
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DATABASE - UGMS

« UGM — Resilient modulus

— REF
Well graded crushed rock

——— Open graded crushed rock

Fine graded crushed rock
—— Well graded natural plus crushed gravel
—— Open graded natural plus crushed gravel
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PROGRAM LAYOUT = TRAFFIC

« ESAL

100 kN

p 300 i!
* WIM

800 kPa—_, %

&

8

Frequency [%]
]
(=]

-
=]

— — — 2004
— — — 2005

=]
L1

Axle Weights [kN]

100

Traffic input data
Ade Corfiguration
el configuration |Single axle / Dual wheels -
Select WIM data WIM data is not loaded
Contanct pressure cPa) 800.0 B
Contanc s
Aole load (kN) 100.0 B
Wheel spacing (mm) 350.0 &
Axle spacing {mm)
Fesdipe
Heavy traffic wander Std deviation fnm)  300.0 B
Desired heavy vechicles speed kmh) 110 =
Traffic: Volume
AADT perlane 13000 =
Load equivalency factor {LEF) 1.7 =
Growth rate (%) 20 =
Percent heavy traffic (%) 6 B
Desian period fyears) 2 B
Cacuiated ESALS

ALS summary

Bin (kN)

Distribution of axle types in the AADT (%)

Steering

Steering

Single

Single

Tandem

Tandem

Tridem

Tridem




PROGRAM LAYOUT-CLIMATE

* Alr temperature Climate Data
Temperature and moisture data =
Seasonal average temperature ("C) and degree of saturation (%)
° Wi n d S p e e d (®) Temperature based on weather data Seasons Temperature in “C for bituminous layers Degree of saturation (%) for unbound layers
(0 Manual temperature input Season No.of days ~ Layer 1 Layer 2 Layer 3 & Layer 4 Layer 5 Layer & &
: : 2 15 -123 -121 -7 100 100 100
 Sol d
olar radiation SR 3 15 11 110 10 100 100 100
() Select climate station
4 15 9.1 9.1 9.1 100 100 100
Cimate zone
. 5 15 -73 -74 -75 100 100 100
* Deg Of Saturatlon 2ETEY 6 15 11 13 15 100 100 100
® Upload weather data 7 15 04 05 07 100 100 100
8 15 53 50 47 100 100 100
Upload data file Upload file 3 15 70 68 64 100 100 100
10 15 146 142 136 100 100 100
v W W
Reflection cosfficient, albedo 0.08 : Total
Surface emissivity coefficient 0.50 : 50
Surface abzorption coefficient 075 5
Convection coefficient, a 140 z 40 iy N
. - o i 1 R y
Convection coefficient. d 0.50 2 g o : b L M%
Analysis time step, sec 3600 2 = B my Ul Lot g ! X
g |
£ 0+ ¥
o Fa,
- ]
-20
-40
0 30 60 S0 120 150 180 210 240 270 300 330 360

Save Results to file Time. day

Save and Close Cancel




PROGRAM LAYOUT- MANUAL INPUT

95 10 18 35 15 30 20 12 22 18 25 65 = 365 days
40 | 1 1 1
30 3 x AC layers
— *D=0.10m -
9 2 +
> 10 5 9 =4
3 o
E -10 2 x Granular layers
g 20
ﬁ -30 —
Jan Feb Mar Ap May Ju Jul Aug Sep Qct Nov Dec u
30
£ 257 Subbase 21 - D=033m - Subgrade
£ 20
g 1 I ™ 15
2 ] 1 14
§‘ 10 4 - v
3 5 Eeee——sse— !
o T T T T T T T T T
Jgn Feb Mar Ap! May Jun Jul Aug Sep dct Nov Dec
e G.7 -1
= Subgrade s - B=135m -D=1L75m
pry j/dry
5
2 _ lw
: ﬁ W= 6.,
d
o = . . : : : : : : . L wG u
l*n Feb Mar AprI May Jun Jul Aug ISep Oc Nov Dec S = S




PROGRAM LAYOUT - FROST HEAVE

Inputs
* Winter temp.

* Freezing index

Material Properties
Themal conductivity
(®) Themal conductivity data
() Themmal conductivity model

Temperature data

@ Wirter temperature Ti file Data not uploaded

() Freezing index

Freezing index. “C-days

1000

EI 0.0

Mean air temperature, “C

Layer Thickness Bulk density Water Sew) Lf SPo a Ku K
(mm} (g/em”3) content (%) WAm™3)  (mm"2/Kh) (1/MPa)  (WsmK)  (W/mK)

b 40.00 25 00| 00 12500 0.0 00 20 20
2 50.00 25 35| 420 68770 00 00 20 20
3 65.00 25 50| 420 91250 00 00 20 20
4 80.00 25 180 80.0 27769.0 00 00 20 20
5 420.00 25 180 80.0 27 769.0 00 00 20 20
6 "R 27 220 25 694.0 a0 a0 20

Database

=&

—— Frostheave —— Frost front

0 120
£ 02 —100
E 04 —— | a0
I — 60
s 0 <L
= 1 — 40
T 12 |20
2 . B R B —

14 ~ 0
0 20 40 60 100
Time (Days)

Frost heave [mm|

Calelate | | SaveandClose | | Cancal




PROGRAM LAYOUT — EXTREME LOADING

gLl Extererne Single Load EI@
Load configuration and analysis location
Load configuration Analysis locations Strain
MNumber of wheels 12 EI MNumber of analysis locations Strain in pm./m
% ¥ Wheel Contact Id X, mm Y, mm Z, mm Periad Id ey ez ~
mm mm load, kN e : . . v 1 53 74 26
B D 100 10833 2 1 50 77 233
1128 00 100 10833 3 1 54 -84 249
2257 00 100 10833 4 1 55 76 234
3385 00 100 10833 5 1 117 -153 454
4514 00 100 10833 & 1 -121 -16.1 46.7
5642 00 100 10833 7 1 -11.8 -16.0 459
0.0 1128 100 10833 8 1 -10.8 -14.7 418
11238 1128 100 10833 9 1 83 -12.0 344
- 1400 ann 4onna 10 1 70 52 prdi] s
AV
l/ Max Tajning: 0.0000 m/m
> L=
Caleulate | | Save and Close ‘ | Cancel ‘

\"/



PROGRAM LAYOUT - RUTTING/FATIGUE

o EE=]

Fatigue cracking model parameters
Pemanent deformation models and parameters

Tensile strain at the bottom of layer v
Pemanent deformation models
Model 1 {MEPDG) Model 2 (Tseng and Lytton, 1981) Made! 3 (Rahman et al. 2021)
e, =al’N‘e o &y = (a(S) + B)N“Erlg noRe
» ’ &,=ae © &, 4 T 2 [e ] IOQ(N}') = f1 — f2log(&pe) — f3log(E)
3 [ooo B
a, b, ¢ = Material constants
& = Elastic resilient strain Ny = Number of load cycles until failure
T = Temperature (°C) fi f2 f- = Material constants, f; also includes laboratory to field shift factor
N = Number of load q.rcles St = Tensile strain at the bottom of asphalt (um/m)

E = Stiffness modulus (MPa)
Model parameters

Layer

Save and Close | | Cancdl

Vvl

Maximum permitted design total nutting, mm 13.0 EI




REPORT

Summary

* Input data

* Predicted damages
* rutting and wear
« fatigue

* frost

Road Section TEST
Date 2021-11-30
Layer Rutting [mm)
AETIE 7000 )
AEEZZ 7000 5.8
LG22 1601220 76
GW-CR 0.7
a0 GM-CR 13
la-Fastberg 0o
Total rutting 19.4
Situdded tyre Wear E.d4
F atigue life o
Frost heave ms
Frast depth 14
Rut depth Fatigue cracking
250 12
Total Rut{mm} 10
o ——AETIE 100 | I
E B OE
C 150 — ABb22 70100 5
00 ——— 4G22 160/220 & —— Damage ratia
z E D4
3 —GW-CR 1 —_— - Limit
g 5o 8., m
—GM-CR
0.0 0o+
5 10 15 2 25 La- Fast berg o 10 15 0 25
Pavement age {years) = =Limit{mm} Pavement age [years)
Studded tyre wear Frost heave
70 120.0 00
60 z 100.0 0s E
T g B00 £
54-0 ‘%’ 6.0 10 é‘
FET 2 400 15 B
20 — i (T ) 200 &
i aa -+ 20
1o 40 &0 ED w10 140
00 4 Day
a 2 3 4 5 3
Pavement age {years)

—Frot hesve{mm)  =——Frotdepth (m)




FUTURE WORK

Update the material database

Database of weather stations/data

Improve user interface

Calibration/Validation of the component models
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Thank you for your attention!
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