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Rutting and unevenness in roads have
been a problem in many thousand years
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Implementation
of new technique
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Excavation masses | ——
Functional contracts Technical

and Functional demapsle S—— development
7 Decreased ' oMerojects
construction '

costs

Knowledge and
competence

NN\

Program for
calculation
of function

i

Engagement

Test methods and LCC Calculated
prediction models life cycle cost
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“IMPLEMENTATION MEASURES S

Necessary measures in order to succeed
with implementation of research results

Training course in road design and practical
road building: 30 consultants and contractors

Measuring methods used: Triaxial test, Plate
loading and Instrumented roller compactor

New design models: VagFEM and newly
developed Excel programs to calculate rutting

Incentives for better quality: reduced
asphalt thickness — better bearing
capacity on top of unbound material
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Active Design
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“Life length” in years )
to first resurface Real life
4 Iength

I [
>
' |

> 10 Road length: km



s

AL
%
T, ﬁ o]

< Vagverket

“Life length” in years
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to first resurface Real life
. length Real life length
1 . after active design
16
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8 —
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Improved life Iength
T ': possible bonus
. — >
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10 Road length: km
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“Life length” in years .
to first resurface Real life Real life | th
R |ength ea |-e eng -
1 after active design
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Savings
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" FATIGUE OF

PAVEMENT , N heavy
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Improved life .
t1  ctrain

length of; lower € = strain in

— bottom of
€t to - asphalt

( + e >I i;lg/
It_
150 MPa £, Sp a _200Mpa_ g,

Alt 1: Thicker pavement,
2 cm, cost ca 2 Euro/m?

\(+50 Mpa))

—~— e =

Alt 2: Extra compaction, cost

ca0,2 — 0.4 Euro/m2
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Swedish standard bée 1974

29 cm 19 cm
B .
Soil subgrade Rock subgrade

Thickness highest class
(second highest class)
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Analyse of rutting (laser car) during 5 years

VAGVERKET E6 Ljungskile - Torp Vagversion: 20051211
PMS Goteborgs och Bohus lan , Vag: 6.00

20060223, 16.58 Stracka: 79000 - 99000, Korfalt: 10, Riktning: Framat, Sida for vagdata:

A

5—-6 year ——
e e T Y Y Y O B B B By
79000 83000 87000 91000 95000 99000

Trafik(ADT) 1y [2) [3) |4 [8640 [5) 6630 6) [7)
1)8130,2)3530,3)8310,4)5040,5)4900,6)3250,7)9640,
Tung traf(ADT) 1) 2) [3) [4) [1000 [5) [770 6) 7) ‘
1)1080,2)540,3)1010,4)610,5)800,6)650,7)1110,
Hastighet [110 |
NYBYGGAR I (1996 (2000 |
Bel.lager 1 1) o [ ] 6)
8:218; Ljungsklle 3)40ABS1600.4)20ABs1 LErbo I Bro TOI’p
Spardjup I ] —— I
() S o Al £
Ojamnhet 67— —4———m—"F§f —"——"7—¢4 ———————m—m——fF R I
IRI(mm/m)

— 1999-04-22 — 2000-05-22 — 2001-05-08 — 2004-05-07
— 2005-07-13

FuUpph.BST

Plate loading: ca 90 MPa 250 - 500 MPa ca 150 MPa
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TO BUILD A ROAD: TODAY&

EXCAVATION /

N

MORAIN

EMBANKMENT
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SUERSTRUCTURE
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TO BUILD A ROAD: TODAY&

N

PAVEMENT 10 CM \

N
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[O BUILD A ROAD;

HOW DID IT GO? /\lx
NEW SURFACE

LAYER, 4 CM
NEW SURFACE ASPHALT AFTER
LAYER, 4 CM 7 YEARS
ASPHALT AFTER <
10 YEARS

N

NEW SURFACE
\ / LAYER AFTER
7 YEARS
PAVEMENT 10 CM TOTALLY 22 CM

ON 20 YEARS
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~TO BUILD A ROAD; ALT 1

MEASUREMENT OF CERTAIN
CHARACTERISTICS, AND
PREDICTION OF RUTTING >
AND CRACKS ETC.

\’ SUPERSTRUCTURE
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TO BUILD A ROAD: ALT 1

2 CM EXTRA
ASPHALT

N

N

PAVEMENT 10 CM
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'O BUILD A ROAD;

HOW DID IT GO? 2 CM EXTRA
NEW SURFACE ASPHALT
LAYER, 4 CM
NEW SURFACE ASPHALT AFTER
LAYER, 4 CM 10 YEARS
ASPHALT AFTER <
10 YEARS

N

NEW SURFACE
LAYER AFTER
10 YEAR

\/ TOTALLY 19 CM
PAVEMENT 10 CM ON 20 YEAR

SAVING 15 %
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EXCAVATION

N

MORAIN

EMBANKMENT
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“TOBUILD A ROAD; ALT2 —

MEASUREMENT OF CERTAIN
CHARACTERISTICS, AND EXTRA EXCAVATION

PREDICTION OF RUTTING ’\ AND MORE BASE

AND CRACKS ETC. MATERIAL \

““
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/gU PERSTRUCTURE
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HOW DID IT GO?

NEW SURFACE
LAYER, 4 CM
ASPHALT AFTER
10 YEARS

N

NEW SURFACE
LAYER, 4 CM
ASPHALT AFTER
10 YEARS

NEW SURFACE
LAYER AFTER

N

PAVEMENT 10 CM ON 20 YEAR

10 YEAR
TOTALLY 18 CM

SAVING 20 %
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EXCAVATION

N

MORAIN

EMBANKMENT
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EXCAVATION

TO BUILD A ROAD: ALT 3 /i —

A MASS DISPOSAL WITH A
LITTLE LONGER TRANSPORT
LENGTH OF EXCAVATED SOIL |
COULD GIVE A CONSIDERABLY
IMPROVED SUBGRADE

\ N
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EXTRA EXCAVATION
AND FILL WITH
GOOD SOIL FROM
THE CONSTRUé\"ION

MORAIN

ALTERNATIVELY

STABILISATION OF THE CLAY |EMBANK

N\ MENT
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SUPERSTRUCTURE
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TO BUILD A ROAD:

HOW DID IT GO?  [NEw SuRFACE
LAYER, 4 CM
NEW SURFACE ASPHALT AFTER
LAYER, 4 CM 10 YEARS
ASPHALT AFTER <
10 YEARS
N

NEW SURFACE LAYER
AFTER 10 YEAR

PAVEMENT 10 CM TOTALLY 18 CM ON 20 YEAR

SAVING 20 %

N
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TO BUILD A ROAD:

HOW DID IT GO?  [NEw SuRFACE
LAYER, 4 CM
NEW SURFACE ASPHALT AFTER
LAYER, 4 CM 10 YEARS
ASPHALT AFTER <
10 YEARS

N

Win - win

USE ONE PART OF THE
SAVINGS AS INCITEMENT
FOR A BETTER QUALITY

N

PAVEMENT 10 CM
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ACTIVE DESIGN

Soil and rock, used in road construction has an
uneven quality: Design after real quality!

Use the best material close to the subgrade
surface to get better bearing capacity

Calculate future function from test results on
site in order to choose the optimal alternative

Incentive for better quality gives resources for
improvement of the competence and technical
development, and it also gives a strong
motivation to produce with an improved quality
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QUALITY LEVELS

Change in pavement thickness with surface covering
measurement on the compactor
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Excavation 0.5 to 1.0 meter
over base surface

) - =\
TS, ATID il .
-

Drilling 1.5 to 2.0 meter
under road surface

N
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Active design in the work

with embankment

surface of base layer

SILTY MORAIN

CLAY
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”Lowest meter” of
rock excavation
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Active design in the
work with
embankment
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. - == . . |Active design in the
work with embankment

Measurment with
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Y || Active design the work
NE with base layers

] — Measurment with plate loading
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Active design in order to
decide pavement thickness

Asphalt pavement
thickness, adapted to
bearing capacity etc.

et b
=53
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Test Projects

 Initial agreement between client and contractor

* Incitement to use the soil and rock in order to improve
bearing capacity during embankment

« Plate loading test on top of subgrade

* Triaxial test on subbase material (permitted stress 80 %
of shake down load, or classified in accordance to the
standard for triaxil tests)

 Improved compaction with instrumented roller
compactor

* Plate loading on top of the subbase
« Choose asphalt thickness from plate loading results
 The benefit is shared between client and contractor
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TEST METODS
Unbound layers
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WMleasurement with instrumented
roller compactor with GPS
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Eqmpmentformeasurmgbearlng capacity with ate loading
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Test: Plate loading
o [MPa]
0 0,1 0,2 0,3 0,4 0,5

Avlastning~”~

Diagram of result from plate loading
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1
| PLATTEMDRUCKUERSUCH |
1 nach DIN 18134 |
b i

|Prodekti |
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Triaxial test

Vacuum

Rubber membrane

"\ ICT-mould
~ _\Rings to fix the mould < 0.1 sec >ﬂ
N \ I I
Bottom platen with O-ring

Screw to eject the sample

= SWEDISH STANDARD

SS-EN 13286-7:2004
Appointed 2004-02-13
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Equipment for Triaxial tet
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~ Treaxial test ”Fatigue load”

AE, = Permanent  OF “Shake Down load”
deformations

6,<06,<6,.<0,

/ Ga | l | >

N = Number of loadings
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Decision of critical stress conditions in

unbound layers
 Shakedownkoncept
— Stable state (little rutting)

— Unstable state (severe rutting)

€ A From studies of
triaxial tests

- State A (stable behaviour)

 State B (unstable behaviour)

 State C (collapse) /
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The Shake Down concept

Vertikal permanent téjning [10'3]
4 5 6 7 8

10]
1

0,1 Tillstand C

0,001

0,0001
Tillstand B
0,00001

0,000001
0,0000001

0,00000001 Tillstand A

Tojningshastighet [10 /lastcykel]

O-l ,max

Gl,max a-
Basetype 1 (w,, = 60%) Shakedowngranser O,

1200 1 o
y=§;8=313"4 plastisk krypgrans

—_—

A Odhax ©© o

o o o o

o o o o
Il Il Il Il

N
o
o

Storsta vertikala spanningen

State A

0 T T T T T

0 2 4 6 8 10 12
Spéanningsforhallande, 04,/ 0,
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Triaxial test on
different materials

Jamférelse ack. permanent deformation

Antal belastringar

50100 100100 150100 —_— N

| Humid |

———2-014-3, Glmmimngen  =—t=—02-0144, Halevadsholm —H=—02.014.5, Hainden ——02.014-7, ViEan —— E8 Ljungshkile Wrel=80%
—— (20143, WremB0% (D014 WroieBD%  —— 020145 Wrel = 00%  —+—020147 Whaie20% <+ 4p = - E6 Ljungaidie Wrel=100%

[ o e o G00ts Wk 100N - - -GRON WIODN - M- -ROMS WIS 100% -- @ -CROMTWAMOR
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Gives following data / material
characteristics:

* Unlinear static elasticity modulus (resilient
modulus)

* Unlinear dynamic elasticity modulus
(resilient modulus)

* Fatigue strength ("Shake Down” load)

* Input data for calculation of permanent
deformations
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Plate loading in combination
with compactor measurment

Gives accepted bearing capacity and
following data:

* Unlinear elasticity modulus (resilient modulus)

* Deflection in bottom of the asphalt layer —
Fatigue (cracks)
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TEST METHODS
bituminous bound layers
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Triaxial test Phase displacement at
different temperatures

Vacuum

Rubber membrane L |

R ICT-mould / ‘

| Rings to fix the mould

P4
N

0.1 sé¢l sew‘

Bottom platen with O-ring

Screw to eject the sample
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~ Compressive Dynamic Modul|
N and Phase angle (¢)

osinot < Yo

Time, t
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Dynamic Modulus Master Curve

DYNAMIC MODULUS
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1.0E+07
. TIME-TEMPERATURE SUPERPOSITION

1.0E+06 - \

—
1.0E+05 \

\‘ o
1.0E+04 ‘ ‘ ‘ ‘ ‘
1.E-07 1.E-05 1.E-03 1.E-01 1.E+01 1.E+03

TIME

1.E+05

54

——12F
-m-40F
—4—T70F
—>—100 F
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Dynamic Modulus Master Curve
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1.0E+07
log(E*) =0 -
og(E*)=0 +
e . p+y(logt,)
. l+e
[ |
N e SIGMOIDAL FUNCTION
1.0E+06 - A
n
=
5 A ®12F
a
cE> X m40F
a A70F
% X 100 F
< X130 F
£
[a) X
1.0E+05 - «
Ky
X
X
1.0E+04 T T T T T
1.E-07 1.E-05 1.E-03 1.E-01 1.E+01 1.E+03 1.E+05

TIME
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EModulus The influence of the

15000 1 Master Curve on the real
elasticity modulus
Asphalt A
10000 T
Asphalt B
polymer
°000 °F modified
1000 -}
0 ! ' >

20 40 Temperature
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Compacﬂ on
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Compaction

The first
compaction; Adjust
the compactors
vibrators for
compaction on a
certain deepth

-
=

-
— -
—

—
e
A ———
— =

o

Do not loosen
—— up the subgrade

-
—-—
-
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Compaction

The second
compaction; Adjust
the compactors
vibrators for
compaction on a
less depth » — _--=""

B t______gmm&am_— &<<\»>

-
—-—
-

-
—
-

Base layer
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Compaction

The third
compaction; Do not
use the compactors
vibrators for
compaction of the
upper base (2 last , =L --—""
times) Upper Base -~ ~ -

—
A - -
— —
- -

Base layer
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In the project “Active Design” SRA
co-operates with the contractors
(SBUF) and consultants in order to

use new knowledge for mechanistic

design.

This knowledge is taken from
research in Sweden and other
countries above all from SAMARIS
and Design Guide
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MATERIAL MODELS
unbound layers
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M wpa Unbound layer: Simulated E-modulus

A The Swedish Code:
M, = k,0* (Seed et al.) Linear elasticity

425

10.9 905068
E 1 @ BC2 M, =9.5004 9°53%
E‘- 500 :- BC3 M, =6.8005 057! -
i 400 1 . =9.5914 30.5437
=] E -
-8 300 !
=0T >
= J
2 200 +
= ]
)
© 100 +
3 ottt
0 500 1000 1500 2000
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USER FRIENDLY
PROGRAMS
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VagFEM is a 3D finite element program, built on ABAQUS,
and run in a large computer. The result is coming back as
a PDF-file inside 20 minutes. The input data is very easy to
handle, it could be done in 3 minutgs on a working site.

Matt 1 mm
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; PLATTEMDRUCKUERSUCH

|
| nach DIN 12134 !
|Projekt: |
| HEBERG-LAHGAS 1
iMzfistelle: N 1
| 822083 Ul6.2 T25 I

|Datum: 9%, @3, 91 18:54 |
b

;Flattendurchnu: 388 mm|
|Laensenverh. 3 1:2.9 |

I T —‘
iMormal-| Setzuns |
1 sPan—

| rune  |UReL[URe21URFS ]
\ H H H )

L} T T T 1
1 MHsm2 | 0. 01 ?m I
I t + t |
| k#k Belastung #4¥ |
| a3 | 72 | |
| 9.16 | 114] | |
| @a.24 | 1461 | |
| &32 | 175] ] |
| 9.48 | 198] | I
| ©.45 | 212| | |
| ©.5e | 227 I l
| %%k Entlastuns *¥%x |
| @.25 | 2151 | I
| 9.13 | 23| | 1
| @.ea | 163 I |
| %% Belastun * I
| @88 | 1331 | 1
1 216 | 194] ] |
| @24 | 292| | |
| 832 | 215] | |
| 9.49 | 2211 | 1
| @45 | 228 ] |
Bodeneressuns (HHsm2) -=>
a a.
< —
= [\
N
=l
m Y
r »,
31 N
~ -
SN
1 .5
LA
|Er aebnisse e DIN |
| s al a2 |
11 5.3 -3.85 |
| 2 1.4 -3. 46 |
|Ev1 = 57.08 MNH/m2|
1EwZ = 1354, 44 Mi-mz|
|EvZsEnl = 24 |
— )

—TJest: Plate loading
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Result from Plate loading

and simulation in VagFEM

0,4 0,5

| |

1 Resilient Module

Deformaiton

< e~ k0

(o8]
P

o
!

o~
<

3.5
NO~L N
36 1

~
w

e ™ e fitks)

RR

u, [mm]

: 42 '
Measured MI’1 in Subgrade iS used as input 0 005 01 015 02 025 03 035 04 045 05
data in calculation of Mr, in subbase

19 Hmhﬂhh‘“—,,ﬁm:\\\\‘ _
4- ""'\-.._‘_‘_‘__H_ ~1
—_—
I-‘-"""‘-~-\_~\\
N K Y
4 W~

P [MPa]
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Calculation
of rutting
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Elastic deflection from a heavy vehicle
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Elastic deflection from a heavy vehicle

L
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Elastic deflection from a heavy vehicle
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Elastic deflection from a heavy eicle

Elastic deformation

€ = (hy-hy*)/h,
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Permanent rutting from heavy vehicle

y h,
h2
h,
h4
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Permanent rutting from heavy vehicle

Ruts in the road after N
passages with heavy vehicle
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Permanent rutting from heavy vehicle

Ruts in the road, X mm,
after N passages with heavy

7 [vehisles— X

h A

1 ___— |X=Thesum

L hy T h» of all (h,-h_*)
h

Permanent deformation in

one layer €, = (h,-h,*)/h,




test — Real ruts

&.. = Permanent deformations

p
A

A

Se = Elastic A
. |
deformations

2008-02-21
Swedish Road Administration

L

tgpb\i\ €, = Plastic

deformations
I/Spa/i/r/
I I \d | >

N = Number of load cycles
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9: Vagverket

€, = Elastiska
deformationer

Permanent deformation L
'AE
€, = (hy-hy*)/h, ;? pa g
N = Antal lastcykl
< Gd ntal lastcykler

P
Real ruts f p— p_ Triaxial test
(G,Se f(Gﬂge)

? Vagverket

Treaxial test — Verkliga spar _

Ep = Permanenta deformationer

&, = Elastiska
deformationer

A

o :
E | I
"1/ 1 .gpc
sealf%/‘ I
hs O, I I | spb €ec
Elastisk deformation ——— ‘:I Epa * ‘ }

- *
€ (hz h, )/hz 6, < c, < G, < 6, N = Antal lastcykler
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MATERIAL MODELS
Rutting
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Calculation of permanent deformations

€, :f( l,i,N)

lab field lab
€ € ¢
Pi __  Pi 8ﬁeld _ P 8ﬁeld
lab field | ) p; _lab °r
81,. 81,. 81,.
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Calculation of permanent deformations

NCHRP 1-37A Pavement Design Guide Prediction Models

nsublayers

PD= > ¢, -h'
1=1

PD — Permanent deformation
Nsublayers — Number of sub layers

€' — Total plastic strain in sub layer i
h' — Thicnness of sub layer i
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Permanent a.uo%

deformations ™ —T—
. # Hard limastona
depending ONuw [ A scftimestons f’ | %
moisture - Herearents f | ]
200
content '/
200
100 L L i | !
|
; —e
-4 -3 -2 -1 ]

W - Wiopy (%)
. Residual water content on pavemant
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Calculation of permanent deformations — LCPC

Nop | J_ Pa _ -{ITI+ S _qmaxj

Pmax Pmax

g,P : permanent axial strain; N : number of load cycles;
Paxs Anay - Maximum values of the mean normal stress p and deviatoric stress q;

2 2
Lmax = \/pmax + Omax

P, : reference pressure equal to 100 kPa;
g,”’, B, n model parameters;

m,s parameters of the failure line of the material, of equation q = m.p+s;
(from experience, m=2.5 to 2.6 and s=20 kPa)

Samaris
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Result: Prediction of permanent

deformation, rutting

12

10

/,./ goreerrermr e maans A — % Max. experiment
e -

e .- - & - - Mean experiment

- — —se— Min. experiment

— s ORNlw = 4% +
s0il
Routine method

200000 1000000 1500000 2000000 2500000

Mumber of loads
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Theoretical background

Original model for calculation
of permanent deformations,
Tseng and Lytton

jem:vh

Problems with some strange results
made that the choice in Design Guide is
a more empirical and statistical model

5a(N )::BGB[(Z_O

r
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Modeling permanent deformation — Unboundﬁr_‘ntea

modified models for ¢ /¢, B and p developed in NCHRP
Project 1-37A for granular and subgrade materials

Granular
log[ij =0.80978-0.06626-W_, —0.003077- o, +0.000003 - E,
E

log(3)=—0.9190+0.03105-W_ +0.001806 - &, —0.0000015 - E,
log(p)=—1.78667+1.45062-W_ +0.0003784-,” —0.002074-W,’ 5, —0.0000105- E,

Subgrade

log ‘90] =—-1.69867+0.09121-W_ —0.11921-5, +0.91219-log E,
gl’

log()=-0.9730-0.0000278-W_*c, +0.017165- 5, —0.0000338-W *o,

C

log(p)=11.009+0.00068-W_ o, —0.40260-c, +0.0000545-W *o,
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Influence from moisture; Design Guide

Jin et al. {Coarse-grained Subgardes)

1.2
Lanay & NN i
0.8 -

0.6 -
0.4 - +qI.14E

Ma' Maum

0.2 -

=

in
iad
LI
=k
L
n

'I"I'.'."I-:u:ll]."l;I

Fizure 2a. Nomalized Modulus Versus Variation in Mosture Content
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“Modelling permanent deformation

Asphalt layer — Design Guide

E
_p:al.NaZ.Ta3
E

I

€, — Accumulated plastic strain at N repetitions of load

€, — Resilient strain of the asphalt material

N — Number of load repetitions

T — Temperature (10°C)

a, — Non-linear regression coefficients (from NCHRP 1-37A)
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Calculations

In practice



. G ]
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=~ Vagverket

; PLATTEMDRUCKUERSUCH

|
| nach DIN 12134 !
|Projekt: |
| HEBERG-LAHGAS 1
iMzfistelle: N 1
| 822083 Ul6.2 T25 I

|Datum: 9%, @3, 91 18:54 |
b

;Flattendurchnu: 388 mm|
|Laensenverh. 3 1:2.9 |

I T —‘
iMormal-| Setzuns |
1 sPan—

| rune  |UReL[URe21URFS ]
\ H H H )

L} T T T 1
1 MHsm2 | 0. 01 ?m I
I t + t |
| k#k Belastung #4¥ |
| a3 | 72 | |
| 9.16 | 114] | |
| @a.24 | 1461 | |
| &32 | 175] ] |
| 9.48 | 198] | I
| ©.45 | 212| | |
| ©.5e | 227 I l
| %%k Entlastuns *¥%x |
| @.25 | 2151 | I
| 9.13 | 23| | 1
| @.ea | 163 I |
| %% Belastun * I
| @88 | 1331 | 1
1 216 | 194] ] |
| @24 | 292| | |
| 832 | 215] | |
| 9.49 | 2211 | 1
| @45 | 228 ] |
Bodeneressuns (HHsm2) -=>
a a.
< —
= [\
N
=l
m Y
r »,
31 N
~ -
SN
1 .5
LA
|Er aebnisse e DIN |
| s al a2 |
11 5.3 -3.85 |
| 2 1.4 -3. 46 |
|Ev1 = 57.08 MNH/m2|
1EwZ = 1354, 44 Mi-mz|
|EvZsEnl = 24 |
— )

—TJest: Plate loading
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Result from Plate loading

and simulation in VagFEM

0,4 0,5

| |

1 Resilient Module

Deformaiton

< e~ k0

(o8]
P

o
!

o~
<

3.5
NO~L N
36 1

~
w

e ™ e fitks)

RR

u, [mm]

: 42 '
Measured MI’1 in Subgrade iS used as input 0 005 01 015 02 025 03 035 04 045 05
data in calculation of Mr, in subbase

19 Hmhﬂhh‘“—,,ﬁm:\\\\‘ _
4- ""'\-.._‘_‘_‘__H_ ~1
—_—
I-‘-"""‘-~-\_~\\
N K Y
4 W~

P [MPa]
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Calculate the dynamic resilient
modulus in the suggrade material?

1

Subgrade | Mr =K, OK?°
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Calculate the dynamic resilient
modulus in the base material?

3 ]
|\ ‘\ ‘\\ \\\_— / I' "
\ \ / 1
\ \ ~e_ . _ , I
Mr = K1BQK2|3 L -~
\\ ’,
e - -

Subgrade |Mr =K, O%*S
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Calculate theDynamic MOdul
Master Curve in Asphalit

1.0E+07
k) —
) AR . . log(E —5+ ,B+ (1 t)
- 1 _I_ e 7 Og r
]
~  SIGMOIDAL FUNCTION

1.0E+06 - A
(72]
)
5 A
g ®12F
g X m40F

by A70F

LE:D X100 F
< X130 F
=
A X

1.0E+05 - %

Xx
X
X
1.0E+04 T T T T T
1.E-07 1.E-05 1.E-03 1.E-01 1.E+01 1.E+03 1.E+05

TIME
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El"'Odu'“S Calculate the correc Iasticity

15000 modulus for each temperature
interval in asphalt
10000+ Asphalt A
Asphalt B
/ polymer
el | modified
~~
1000
0 l I >

20 40 Temperature
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VagFEM

Calculate stress, strain and resilient
modulus with VagFEM

Matt 1 mm
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\ Input data for
calculation of
layers permanent

Bituminous
bound

deformations

—
L I ? Elastic

strain: €

€ Elastic response,
> resilient modulus,

St : O
ress as digital output

stress: g

Resilient
modulus: Mr j

7 Deviatoric data from VagFEM
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Calculation of parameters from triaxial tests
—ot-

Vacuum G =0, SIN(@W
r/l Rubber membrane <
|

‘\ ICT-mould € = £,SN(ot-
N% Asphalt material
=~ _ \Rings to fix the mould l
Bottom platen with O-ring

Screw to eject the sample

Unbound material



______
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Evaluation of triaxial tests

Parameters for
Excel calculation of
permanent

Triaxial program - deformations, LCPC
riaxial —> LCPC

test :j Elastic properties

results resilient modulus Mg
] Excel
program Parameters for
— calculation of
Dresden permanent

deformations,
Dresden
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Calculate future rutting with VagFEM

Parameters for
calculation of permanent \
deformations, LCPC \

Parameters for
calculation of permanent &
deformations, Dresden

Parameters for calculation

Design guide, unbound mtrl

Parameters for calculation

of permanent deformations,

of permanent deformations, ™

Elastic response, resilient
modulus, as digital output
data from VagFEM

4

\4
- EXxcel programs for
ad

calculation of
future rutting

—B | r T
| | | Linax in_ 1

. Pa | (m+ S _qmax]
Pmax Pmax

Design guide, asphalt mtrl

B N
e (N)=A{— | +c| e m
1000
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Bituminous
bound \
layers

nsublayers

PD= ) ¢ -h
=1

strain: €.

—_—
I ,7 Elastic

Stress: O Deformation

> PD — Permanent

Nsublayers — Number

7 Deviatoric of sublayers

stress: q g, — Total plastic strain

In sublayer i

Resilient hi — Thickness of
modulus: Mr sublayer i
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4cm
. . Tjocklek 40 mm
Materialtyp Bundet
B Itu minous 1 2 c m Materialmodell Linjart elastisk
bo un d Skikt B Materialparametrar:
Tiocklek 120 mm Densitet () 2400 kg/m?
Iaye rs Materialtyp Bundet Poissons tal (v)  0.35
Materialmodell Linjart elastisk E-modul (£} 3000.0 MPa
ﬁ Materialparametrar:
. Densitet (p) 2400 kg/m?
h! Poissons tal ()  0.35
4 E-modul (E) 4000.0 MPa 8 cm
Skikt C
80 cm Tjocklek 80 mm
- Marerialiyp Obundet
J5kikt D Materialmodell Olinjart elastisk enligt aB?
— Tjocklek 800 mm Mal:erlz_dparametrar:
s Materialtyp Obundet De.nsnet (2 2000 kg /m?
Materialmodell Olinjirt elastisk enligt q@b|  Poissons tal () 0.35
Materialparametrar: parameter a 120000
Densitet (o) 3000 kg/m? parameter b 0.4
Poissons tal (i) 0.35
DATAMETEr O 1000 0
parameter b 0.5 1 2 ton
Skikt E _
Tiocklek 1060 mm LastfOrutsittningar:
Materialtyp Obundet i
Materialmodell Olinjirt elastisk enligt a®® Axeltyp Supersingle
Materialparametrar: Axelbredd (yttermdtt) 2500 mm
Densitet (p) 2000 kg/m® Axellast 12 ton
Poissons tal (v)  0.35 Dickstryck 1000 kPa
parameter a ) 400.0 Placering (p) 3000 mum
parameter b 02




2 Vigverket

2008-02-21

Swedish Road Administration
106

Results from VagFEM

Permanent deformation v.s. number of load

repetitions.
0,2
— layer A Centre
—— layer A Edge
0,15 Yy g
layer B Centre
layer B Edge
0,1
—— layer C Centre
0,05 + — layer C Edge
—— layer D Centre
0 —layer D Edge
0 20000 40000 60000 80000 100000 120000 layer E Centre
0,05 layer E Edge
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M wpa Unbound layer: Simulated E-modulus

A The Swedish Code:
M, = k,0* (Seed et al.) Linear elasticity

425

10.9 905068
E 1 @ BC2 M, =9.5004 9°53%
E‘- 500 :- BC3 M, =6.8005 057! -
i 400 1 . =9.5914 30.5437
=] E -
-8 300 !
=0T >
= J
2 200 +
= ]
)
© 100 +
3 ottt
0 500 1000 1500 2000
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Different material

- diff t Resilientmodul (MPa)
glvc_eﬁz ! erednl Materiale 0=100 | 9=200 | =300 | 6=400
resilient modulus kPa | kPa | kPa | kPa

'(;":V?igr:‘n°r§“ grus 174 | 242 | 293 | 373
'(;"i";;"r:‘°r§"0kr'i‘;“ grus 141 | 210 | 264 | 353
Hovinmoen knust grus
Exemple 0 — 32 mm, NGI gradering 178 260 326 432
from Norway g'id;;r;;"”“ fell 230 | 337 | 422 | 560
and Finland Steinek : a7
Of';;r:rﬁe“ nustne 222 ) 320 | 397 | 521
X'fgezsn']‘r"‘]”“ fell 208 ) 461 | 596 621 r
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Material consisting of grains

A
; S; @ 2r
F =Kk* - §32 )/
@/ />
3 // @ 2r- ASD
g AF
~ /
< @
k>
8 /
5 A\ //’/ 8 @ % Izr- (ASD+ A5 @)
@
AF 3 2r - (A D+ A
@// +A5®)

e

P Kolisoja A3 A3 A

Displacement, o
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The grains gets more contact surfaces
when they are pressed together

S SR

Loose compacted material Hard compacted material
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Unlinear elastic response |

M, =k, (0, + 0, + 0;)K
N y

g /.
/

M = k,0k2 (Seed et al.)

v=A + B(o,/0,) + C(0,/0,)? + D(0,/0,)3

M = k;Pg(©/py)*?
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Calculation
of rutting
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Triaxial test

Canfining a_ ] ] Fig 1 - The riaxia cell of the repealed load Faxia' apparatus.
liquid T : 1. Specimen.
/ r 11 2 Membrane.
f L 2 Porous disc.
L 4. Call top.
i H 5. Base.
| I,J' & Force sensor.
P 4 7. Axia strain moasurement device,
3 e L 8. Radia! strain measurament device
10 i_.,,.-'J"— =l 8 Loading ram.
‘E e | 10, Thaxial call casing.
11. Prossure sensor.
42 . 12 Displacement transaducer fixings.
.--"“n__ ﬁ"'w.___
(| T 2
oo
[
7f—— 2
[41]
=
E —
73] H.H ~ 8
a I
& = 150 mm
H,__HH_ i
+ 10 :

N
Crainage
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v~ Vagverket

=

Cyclic loadings

M=1-5 M=20 M= 50 N= 1000 N= 20000
Fa

Axial stress (kPa)

= n T
b h i
o o o

SS.

%bﬁb

]

[ — | ——

]

[ ——

———

e |

0 20 40 G0 g0 100 120
Axial strain (107

Figure 1. Axial stress — axial strain cycles obtained in a cyclic triaxial test on a UGM.
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Ap
4 1
ST Hyperbolic modelled curve
— aNb
5 4 g, =aN

Evaluation of triaxial tests
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Number of loadings: N

10 100 1 000 10 000

} >
100 000



test — Real ruts

&.. = Permanent deformations

p
A

A

Se = Elastic A
. |
deformations

2008-02-21
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L

tgpb\i\ €, = Plastic

deformations
I/Spa/i/r/
I I \d | >

N = Number of load cycles



o

Bs

Q, Vagverket

Vagverket

Permanent deformation
€, = (hy-hy")/h,

Real ruts

? Vagverket

Elastisk deformation

€, = (hy-hy")/h,

2008-02-21
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€, = Elastiska
deformationer

y/

Treaxial test — Verkliga spar

Ep = Permanenta deformationer

&, = Elastiska ;
deformationer % ;
A (¢
8ehl | P
{ pe
€ea | u : :
G, I Epb Eec

€ ’ ¥
‘II pa * I I
1 T T
N = Antal lastcykler
G, < (Y < [ < G, Y
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Permanent a.uo%

deformations ™ —T—
. # Hard limastona
depending ONuw [ A scftimestons f’ | %
moisture - Herearents f | ]
200
content '/
200
100 L L i | !
|
; —e
-4 -3 -2 -1 ]

W - Wiopy (%)
. Residual water content on pavemant
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Evaluation of triaxial test

p
A Hyperbolic modeled curve
4 + . . E
£ =a-N° P _ N K2
P - - kl N
3 where: &,
Epl 10 axizl permanent strain
2 ab -] Tegress10n Parameters
N -] number of load cycles.
1 4
Number of loadings (1000): N
] I I | I >
1 | | J 1

5 10 15 20 25
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Evaluation of triaxial test

4 1L |&'=a3N"

Different a and b for different o

03

0,

]
“Number of loadings (1000): t\]l
] | ] >
| | | 1 |

5 10 15 20 25
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Calculation of permanent deformations — LCPC

Nop | J_ Pa _ -{ITI+ S _qmaxj

Pmax Pmax

g,P : permanent axial strain; N : number of load cycles;
Paxs Anay - Maximum values of the mean normal stress p and deviatoric stress q;

2 2
Lmax = \/pmax + Omax

P, : reference pressure equal to 100 kPa;
g,”’, B, n model parameters;

m,s parameters of the failure line of the material, of equation q = m.p+s;
(from experience, m=2.5 to 2.6 and s=20 kPa)

Samaris
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Result: Prediction of permanent

deformation, rutting

12

10

/,./ goreerrermr e maans A — % Max. experiment
e -

e .- - & - - Mean experiment

- — —se— Min. experiment

— s ORNlw = 4% +
s0il
Routine method

200000 1000000 1500000 2000000 2500000

Mumber of loads
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pment of permanent deformations
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at typical periodic load

Permanent strain ¢ )

< > < >

Primary Secondary Tertiay

Flow limit

Number loadings
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log €, (N)

Intersection >
(14 a”

log (N)
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“Modelling permanent deformation

Asphalt layer — Design Guide

E
_p:al.NaZ.Ta3
E

I

€, — Accumulated plastic strain at N repetitions of load

€, — Resilient strain of the asphalt material

N — Number of load repetitions

T — Temperature (10°C)

a, — Non-linear regression coefficients (from NCHRP 1-37A)
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development

NordFoU

Sweden, Norway, Denmark and Island
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Tensile stress in the bottom of
unbound layers?

T

Gpress
Base
Gtensile

Subgrade




—— e

Tensile stress in the bottom of

unbound layers?
Which is the real stress distibution?

Pavement

Base

Dz

Subgrade

Or something else
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Unbound layers with large difference
in resilient modulus?

B Gpress
dSe
M =600 MPa
Gtensile

Subgrade M,=40 MPa
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Swedish Road Administration
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Unbound layers with large difference

in resilient modulus?
Old experience: Insert a layer with medium resilient modulus!

B Gpress
aSe
o. . M,=600 MPa
tensile
f M,=150 MPa

Subgrade M,=40 MPa
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Difference/connection betweéntic and
dynamic resilient modulus?

\

\ \ N ~S__" / / I
\ \ < . p 1
\ N = /
\ Mo , /
\ ~ s /

”
\\~~ ”/

N ’
~ -,
\\ ’/
\\~ ”/

Subgrade
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'S

Horisontal stress depending on
compaction and traffic ?

Pavement

opress

Base

Gtensile

Subgrade
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Difference/connection between resilient
modulus measured with triaxial test and
on site with plate loading etc.?

Subgrade
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Material models different for
crushed and uncrushed material?

: AT ; B R e L ¥ s T e SRS il Nt et } ) e v ' A, - v '
R e T T R i T g i A T o
o St | r:-.e S L T LR ek l%r:“ﬁ#i‘*r‘;“‘- p L TR = S L T L RO e | r:"nﬁ e ‘-,'-.1' s N B w i

Subgrade
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Why does high plate loading values™

give small rutting?

VAGVERKET E6 Ljungskile - Torp on: 20051211

PMS Goteborgs och Bohus lan , Vag,6.00 5 — 6 year - 5

20060223, 16.58 Stracka: 79000 - 99000, Korfalt: 10, Riktning: Framat, Sida‘fér végdata: 1

e
79000 83000 87000 91000 95000 99000

Trafik(ADT) M [2)[3)  [4)[8640 5) [6630 6 [ |
1)8130,2)3530,3)8310,4)5040,5)4900,6)3250,7)9640,

Tung traf(ADT)  [1) — [2) [3)  [4) [1000 '5) [770 6) [7) |
1)1080,2)540,3)1010,4)610,5)800,6)650,7)1110,

Hastighet ‘ 110

NYBYGGAR _ — ] —

Bel.lager 1 Ljungsk”e Lerbo — 5 Bro Iz TOI’p
1;20 ot oog e o 1o, o~JABS16Q0,4)40ABS 1601,5)45ABS
6 40*81605,754%381?1,

Spardjup

(mm)

Ojamnhet

IRI(mm/m)

— 1999-04-22 — 2000-05-22 — 2001-05-08 — 2004-05-07
— 2005-07-13

FuUpph.BST

140

Plate loading: ca 90 MPa 250 - 500 MPa ca 150 MPa
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Connection between aggregate
characteristics etc. and
permanent rutting?

 Grain maximum size

* Aggregate gradation
 Rock material, Geology
 Moisture content
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Water bath —
Asphalt slab
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~Wheel tracking; Result

3 Point of inflection
= 10
&
2 i SR ODIMMAEEEL Test stop .
5000 10000 15000 20000
Load passes

Is it possible to backcalculate parameters from
Wheel track tests in order to get parameters for
calculation of permanent deformations in asphalt?
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Uniaxial tensile testing
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Connection
between
tensile
strength
and
fatigue?
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So, why do we not use
this knowledge, test
methods and models?



Mechanistical
background
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Linear elastic multilayer models
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P
y 4 l /‘ y
X
p 1}
hasphalt 1 E1 \Z
L . < I >
&
1
hbase layers z
«—— O
E, v, € )' X
v T
| i /s,
Subgrade >
E3, Vs
P = Wheel load E = Elasticity moduli g, = Strain in bottom asphalt
p = Wheel v = Poissons figure layer
pressure £, = Strain on subgrade
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MULTILAYER MODELS

Prerequisites:
* The material is linear elastic

 The material can take tensile stress,
even if it is wrong (unbound material)

 The material has no weight

* The material has infinite extension in
all directions
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FINIT ELEMENT MODELS (FEM)

\
—_
\
—_— \y— — |

Every little part must be in stress equilibrim and deform
in such a way that all pieces fits together.
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" FINIT ELEMENT MODELS (FEM)

Prerequisites:
 Different material models could be used

 The material can take tensile stress or not
(unbound material)

* The weight of the material could be
included in the calculations

* The real geometry of the road can be
simulated
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SOME MECHANISTICAL
FACTORS
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" Influence from aggregate size

(A} (B)
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n particies
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Reversed direction of shear stress

T
Sy ey I
AT
~—_ | _—]
6| T— | |
\y//

Large influence on permanent deformations
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“Influence from moisture
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Matric suction
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Ssissies

100
Degree of saturation (%)
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A

Loading gives pore water
pressure, which decrease
the contact pressure
between the grains, and
with this, the inner friction

Matric suction

Degree of saturation (%)
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DURABILITY
Unbound layers
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Rock material, fithess
W« for the use as base
material
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ial for the use as base material

The fithess of the rock mater

Base mate
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Triaxial test on
different materials

Jamférelse ack. permanent deformation

Antal belastringar

50100 100100 150100 —_— N

| Humid |

———2-014-3, Glmmimngen  =—t=—02-0144, Halevadsholm —H=—02.014.5, Hainden ——02.014-7, ViEan —— E8 Ljungshkile Wrel=80%
—— (20143, WremB0% (D014 WroieBD%  —— 020145 Wrel = 00%  —+—020147 Whaie20% <+ 4p = - E6 Ljungaidie Wrel=100%

[ o e o G00ts Wk 100N - - -GRON WIODN - M- -ROMS WIS 100% -- @ -CROMTWAMOR
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TEST METHODS
bituminous bound layers
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Triaxial test Phase displacement at
different temperatures

Vacuum

Rubber membrane L |

R ICT-mould / ‘

| Rings to fix the mould

P4
N

0.1 sé¢l sew‘

Bottom platen with O-ring

Screw to eject the sample
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~ Compressive Dynamic Modul|
N and Phase angle (¢)

osinot < Yo

Time, t
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Dynamic Modulus Master Curve

DYNAMIC MODULUS
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1.0E+07
. TIME-TEMPERATURE SUPERPOSITION

1.0E+06 - \

—
1.0E+05 \

\‘ o
1.0E+04 ‘ ‘ ‘ ‘ ‘
1.E-07 1.E-05 1.E-03 1.E-01 1.E+01 1.E+03

TIME

1.E+05
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Dynamic Modulus Master Curve
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1.0E+07
log(E*) =0 -
og(E*)=0 +
e . p+y(logt,)
. l+e
[ |
N e SIGMOIDAL FUNCTION
1.0E+06 - A
n
=
5 A ®12F
a
cE> X m40F
a A70F
% X 100 F
< X130 F
£
[a) X
1.0E+05 - «
Ky
X
X
1.0E+04 T T T T T
1.E-07 1.E-05 1.E-03 1.E-01 1.E+01 1.E+03 1.E+05
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“DYNAMIC MODULUS MASTER CURVE
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 TIME-TEMPERATURE AGE SUPERPOSITION

1.0E+07
i .
|
A

1.0E+06 - A
7))
D
|
=) A
S x
> a
- .
> Aging
>- <
(a]

1.0E+05 -

log(t,) = log(t) - cllog() —log(rr,)) &,
Temperature
X
1.0E+04 ‘ ‘ ‘ ‘ ‘
1.E-07 1.E-05 1.E-03 1.E-01 1.E+01 1.E+03 1.E+05

TIME

*12F
m40F
A70F
x100 F
x 130 F
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- Dynamic Modulus Master Curve

- MASTERCURVE EQUATION
MODULUS AS A FUNCTION OF REDUCED TIME

log(E*) — 5 T 1‘|‘ eﬂ+7/(logtr)

FOUR MIXTURE DEPENDENT PARAMETERS

o REDUCED TIME
TIME-TEMPERATURE-AGE SUPERPOSITION

log(t,) = log(t) — c(log(77) — log(77; ))

Expressed as a function of binder
viscosity (stiffness) to include both
temperature and age effects
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EModulus The influence of the

15000 1 Master Curve on the real
elasticity modulus
Asphalt A
10000 T
Asphalt B
polymer
°000 °F modified
1000 -}
0 ! ' >

20 40 Temperature
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USER FRIENDLY
PROGRAMS
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VagFEM is a 3D finite element program, built on ABAQUS,
and run in a large computer. The result is coming back as
a PDF-file inside 20 minutes. The input data is very easy to
handle, it could be done in 3 minutgs on a working site.

Matt 1 mm
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I'E slantutning | R:Ad| o
SKIKT A Bundet linjart Tjocklek 110 [mm]
Hijd omgivande mark |ED [rrn] Densitet 2000 [kg/m?]
Poissons tal |0.36 [1]
SKIKT A P | Bundet linjart =}
Elasticitetsmodul [10000  [mpa]
Tiocklek [170 [rmm]
SKIKTEB Asfaltsgrus linjart  Tiocklek 130 [mm]
SEIETE P | Astaltsgrus linjan > Pensitet J2000 fkg/m?]
i |
Tjocklel |130 M Potesons tal]0.35 [
[mm]
Elasticitetsmodul IQDDD [MPa]
SKIKTC Typ ] i
sonl 2 I Ohundet ||r'ljﬂl"t J SKIKTC Obundet linjart Tjocklek 400 [mm]
Tiocklek [400 [rm] pensitet 2000 [eg/m®)
Poissons tal |0.35 [1]
SKIKTD T
SEIETD B I Inget j Elasticitetsmodul [1000 | [Mpa]
Tiocklek |E00 [rmm]
SKIKTD Inget Tjocklak 0 [rmm]
SKIKTE Typ I Obundet linjart j SKIKTE Obundet linj&rt
Densitet 2000 [kg.-"l'l'lg]
Lasthantering |Axe| med super-single hjul j Poissons tal |0.35 [1]
Axellast I 10 ton TI Elasticitetsmodul 1|:||:|D| [MPa]
Dackbryck 1200 [kpa]
Placering IED 0 [mm] Komplett resultatfhil r

Fortsatt till nasta steg

Arerstéll | Hiaip |

Generera fil for permanent deformation [

Stana berakningen

Tillbaka till foregéende steg

| Hidlp |
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depth

18
3 %

32 N 4

1.4

1.6
N
8 ]

42 L

44
- 5000 -4000 -3000 -2000 -1000 0

y [mm]

Road surface deflection

200

EON Aih
'“g T
-100
=200
0 /\ \

-400
- S000 4000 -3000 - 2000 -1000 0

y [mm]

Strain in the lower surface of
asphalt pavement

djup [mm]

u, [mm]

1000 2000 3000 4000 5000

4 depth

Ey [micro strain]

100D 2000 3000 40000 500
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-

100 .
200
300

400 \11'
500 \
600 "

T00
-1200

-&00 - 600 -400 -200 0

o, [kPa]
Stress as a function of the

depth under the wheel

- 1000

o ———

T —
200 Hﬁ‘“‘“x\
300 <

00 ¥

600 ———— =%

700
-30000 -25000 -2000

15000 -1000 500 0 500 1000

£, [micro strain]

Strain as a function of the depth
under the wheel
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Projekt Testprojekt
Mamn pd berdkningen |Ber ?
SKIKTC
Typ |Obundet linjant |
Tiocklek |125 [rnm]
SKIKT D
Typ |Inget -] x
Tjocklek | [rrn] Orias 6
. =}
SKIKTE I
— ! 14
T-,rplijbundetlmjar‘[ j | 7
‘ 1
i © v
| )




u, [mm]

1.2
13
34
1.5
1.6
LN
38
1.9

4

41 H

4.2

Geometry'for
plate loading test

]

£

[

|
|

0

1000 2000 3000 4000 5000 o000  TO0OO 2000

y [mm]

Deflection beside the plate
at full load (compare FWD)

u, [mm]

15
16
7
18
19

4
4.1
4.2

VagFEM — Plate
Loading — Resilient
modulus
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‘H—..._‘_\_\_\_

P

-\-._,_H_‘_H

0

005 01 015 02 025 023 035 04 045 05

P [MPa]

at various load steps

Deflection under the plate
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; PLATTEMDRUCKUERSUCH

|
| nach DIN 12134 !
|Projekt: |
| HEBERG-LAHGAS 1
iMzfistelle: N 1
| 822083 Ul6.2 T25 I

|Datum: 9%, @3, 91 18:54 |
b

;Flattendurchnu: 388 mm|
|Laensenverh. 3 1:2.9 |

I T —‘
iMormal-| Setzuns |
1 sPan—

| rune  |UReL[URe21URFS ]
\ H H H )

L} T T T 1
1 MHsm2 | 0. 01 ?m I
I t + t |
| k#k Belastung #4¥ |
| a3 | 72 | |
| 9.16 | 114] | |
| @a.24 | 1461 | |
| &32 | 175] ] |
| 9.48 | 198] | I
| ©.45 | 212| | |
| ©.5e | 227 I l
| %%k Entlastuns *¥%x |
| @.25 | 2151 | I
| 9.13 | 23| | 1
| @.ea | 163 I |
| %% Belastun * I
| @88 | 1331 | 1
1 216 | 194] ] |
| @24 | 292| | |
| 832 | 215] | |
| 9.49 | 2211 | 1
| @45 | 228 ] |
Bodeneressuns (HHsm2) -=>
a a.
< —
= [\
N
=l
m Y
r »,
31 N
~ -
SN
1 .5
LA
|Er aebnisse e DIN |
| s al a2 |
11 5.3 -3.85 |
| 2 1.4 -3. 46 |
|Ev1 = 57.08 MNH/m2|
1EwZ = 1354, 44 Mi-mz|
|EvZsEnl = 24 |
— )

—TJest: Plate loading
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Result from Plate loading

and simulation in VagFEM

0,4 0,5

| |

1 Resilient Module

Deformaiton

< e~ k0

(o8]
P

o
!

o~
<

3.5
NO~L N
36 1

~
w

e ™ e fitks)

RR

u, [mm]

: 42 '
Measured MI’1 in Subgrade iS used as input 0 005 01 015 02 025 03 035 04 045 05
data in calculation of Mr, in subbase

19 Hmhﬂhh‘“—,,ﬁm:\\\\‘ _
4- ""'\-.._‘_‘_‘__H_ ~1
—_—
I-‘-"""‘-~-\_~\\
N K Y
4 W~

P [MPa]
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MATERIAL MODELS
Rutting in unbound materials

Shake Down load
(Dresden)
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Decision of critical stress conditions in

unbound layers
 Shakedownkoncept
— Stable state (little rutting)

— Unstable state (severe rutting)

€ A From studies of
triaxial tests

- State A (stable behaviour)

 State B (unstable behaviour)

 State C (collapse) /
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The Shake Down concept

Vertikal permanent téjning [10'3]
4 5 6 7 8

10]
1

0,1 Tillstand C

0,001

0,0001
Tillstand B
0,00001

0,000001
0,0000001

0,00000001 Tillstand A

Tojningshastighet [10 /lastcykel]

O-l ,max

Gl,max a-
Basetype 1 (w,, = 60%) Shakedowngranser O,

1200 1 o
y=§;8=313"4 plastisk krypgrans

—_—

A Odhax ©© o

o o o o

o o o o
Il Il Il Il

N
o
o

Storsta vertikala spanningen

State A

0 T T T T T

0 2 4 6 8 10 12
Spéanningsforhallande, 04,/ 0,
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Permanent deformations, depending on
shear stress

Parmanant axial deformaticon (1 D""'] E1F‘ i1 D""']

"_'_-_-—.—-_'_-—4.—-_-_-—4_- l
g=120 kPa 1 20

.—-l-——"’_-_-__’-‘_-_F'_#

q = B0 kPa 80

q =40 kPa

it e e - A i & 40

50000 75000 100000 125000
Mumbsr of cycles

Fig. 2 - Influence of the number of lsading cyoles (after Martinez [14]),
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MATERIAL MODELS
Rutting in unbound materials

SAMARIS
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Increase in permanent deformations per load cycle

1

0.1

0.01

(10 "% eycle)

Pemanent strain rate

0.001

0.0001 . . T .
1 10 100 1000 10000 100000

Number of load cycles

Figure 3. Evolution of the permanent axial strain increment per load cycle.
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 Connection between load cycles
— permanent deformations

f(N) = aﬁ’{mﬂpaj[] —{

Pemanant deformation [1121""']
100 100

-t |

an | — 80 K.-"‘
snr—d_/‘ I 60 ~
40 : —— P 40 // —— P L
20 20 -

0 0

-20 20 | e

--mL -40 -‘-“t"m‘__‘_*_

60 _'_—’_T_’_ = T t——-——o—o—c—T 60 A

0 5000 10000 15000 20000 1 10 100 1000 10000 100000
Mumber of cycles Mumber of cyclas
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Permanent a.uo%

deformations ™ —T—
. # Hard limastona
depending ONuw [ A scftimestons f’ | %
moisture - Herearents f | ]
200
content '/
200
100 L L i | !
|
; —e
-4 -3 -2 -1 ]

W - Wiopy (%)
. Residual water content on pavemant
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Calculation of stress (o), deviatoric stress (q), strain (g)
and resilient modulus (Mr) with VagFEM

Sub layer
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Evaluation of triaxial test

p
A Hyperbolic modeled curve
4 + . . E
£ =a-N° P _ N K2
P - - kl N
3 where: &,
Epl 10 axizl permanent strain
2 ab -] Tegress10n Parameters
N -] number of load cycles.
1 4
Number of loadings (1000): N
] I I | I >
1 | | J 1

5 10 15 20 25
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Evaluation of triaxial test

4 1L |&'=a3N"

Different a and b for different o

03

0,

]
“Number of loadings (1000): t\]l
] | ] >
| | | 1 |

5 10 15 20 25
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Calculation of permanent deformations — LCPC

Nop | J_ Pa _ -{ITI+ S _qmaxj

Pmax Pmax

g,P : permanent axial strain; N : number of load cycles;
Paxs Anay - Maximum values of the mean normal stress p and deviatoric stress q;

2 2
Lmax = \/pmax + Omax

P, : reference pressure equal to 100 kPa;
g,”’, B, n model parameters;

m,s parameters of the failure line of the material, of equation q = m.p+s;
(from experience, m=2.5 to 2.6 and s=20 kPa)

Samaris
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I — l_
| 30602 — B : e - — = |
: IM'
3
E
S 10602
B
= Mumber of cycles
QOE+)0 i ey |
- P 20000 40000 L LEE
ﬁ'f |
-1,0E-02 --&
e — L R
P
-2 E02 =

a. Firstloading mode (a single level of stress).



o i i 0

N

Bs

2008-02-21

Swedish Road Administration
193

= |
1 (kPa 3,0E-02 +
BE] d — e o e
e i 2,0E-02
i
1o &
L[ [ 11 ﬁ
P E 1,0E-02
¥ 13 £
] =l
{1 -
i o§ i =
200 - Pl 2 00E+00
i | i
[ | [ | [ | E
| [ | |
109 . a
P -1,0E-02
" ik & e
o sho 200 oo
-2, 0E-02

b. Second loading mode (fve increasing levels of stress).

Same final permanent deformations as for one load step
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Permanent deformations proportional to
shear stress, g (and also p)

Parmaneant axal deformation E.|F'

IED2 .
y JE-L10x + L, l:.:l:.:l.:!-‘_-l
RZ =0, 9955 .- -
2E02 N
y 2E-00x + L L0
R< = 0,0414
1E02 .
v = 4E-08x + 0,0007
R< = 0,0074
OE+00 -
0 200 400 GO0 g (kPa)

Fig. & - Second oading mode - Bemanent axial deformation
at the end of the loading stage against q
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Comparison between model and
result in triaxial test

500 o

400

i)

o

= = -

[
A
/=

Maodel rasult with 20 000 cycles
guring the first loading stage (B)

- m—

=
=
m
i

Aalarance curves
Model result with 500 cycles (one [oading level)
during the first loading staga (A)

Parmanent axial deformatian 515'

Mumber of cyclas

o2
o
m

1-

e

0 10000 20000 30000 40000 S000

Fig 10 - Test under decreasing levels of siress: loading modes
and defarmalon predicied by the modal's.
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Tested sections

Sector 1 Sector 2 Sector 3 Sector 4 Sector 5
Length: 225 m i Length:225m ilength-225m ilengih:22.5m iLength: 30m :
BC1 50 mm BC1 50 mm BC2 80 mm BC2 80 mm BC3 60 mm
UGM 200 mm UGM 200 mm UGM 200 mm UGM 200 mm BAC 80 mm
UGM 200 mm

UGM 150 mm  M3Emz00 mm UGM 300 mm

Silty sand subgrade,
bottom at fixed level of — 2,8 m for all structures

Granular drainage layer
Concrete slab
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Lateral wander of wheel load

25

21

P
-

—
n

—
(-

percntage of loads (%)

n

-50 -40 -30 -20 -10 0 10 20 30 40 50

position (cm)
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30
25 —
- —2
. d__d__a-i—t—_______ — --"':____ il
E A
= ﬁ’%i'* S —— -
2 =
=]
= —— Structure 1
—s— Structure 2
—m— Structure 3
—0— Structure 4
—#— Structure 5
0 500000 1000000 1500000 2000000

Mumber of loads



extent of surface cracking

(percentage of surface)

Result: Cracking

100
90
80
70
60
50
40
30
20
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| | 7
—e— Structure 1 —
—s— Structure 2 f"//
—=— Structure 3 ps // P
—o— Structure 4 Pl
—— Structure 5 ///;lr/f
/7'75#. a7
g * _
/:// s
e i
1 ot
0 200000 400000 600000 800000 1000000 1200000 1400000 1600000
Mumber of loads
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Ruts and
cracks

Structure 5
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Result: Prediction of permanent

deformation, rutting

12

10

/,./ goreerrermr e maans A — % Max. experiment
e -

e .- - & - - Mean experiment

- — —se— Min. experiment

— s ORNlw = 4% +
s0il
Routine method

200000 1000000 1500000 2000000 2500000

Mumber of loads
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MATERIAL MODELS

Rutting in bituminous bound
materials

Design Guide
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at typical periodic load

Permanent strain ¢ )

< > < >

Primary Secondary Tertiay

Flow limit

Number loadings
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log €, (N)

Intersection >
(14 a”

log (N)
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Calculation of Permanent Deforations;
The form of the Model

e, =¢€. .1(T,N)

where:

€, = total plastic strain

g, = resilient (elastic) strain

T = temperature

N = total number of loading cycles
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‘ Effect from real stress level ‘

\ Ground equation for rutting
log (ij —a_+a log(N)+a, log(T)

&y

RZ =0.73 Function from material characteristics,
but these are less importantthan Nand T

S, =0.309

S./S, = 0.522

N. . =3476 Similar equations for permanent

tests

(>300 mixes) deformations in unbound material
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Model for calculation of
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permanent deformations

g
log£

_P

&

): ~3.74938+0.4262 log(N)+2.02755 log(T)

R2 =0.73
S, =0.309

S./S, = 0.522

N« =3476

tests

207
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“Modelling permanent deformation

Asphalt layer — Design Guide

E
_p:al.NaZ.Ta3
E

I

€, — Accumulated plastic strain at N repetitions of load

€, — Resilient strain of the asphalt material

N — Number of load repetitions

T — Temperature (10°C)

a, — Non-linear regression coefficients (from NCHRP 1-37A)
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MEPDG — Summation of deformtins
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E
3. 1.734 0.39937
P =k B, 107132 14 N 02995 s

E

r

nsublayers

PD= % &k
=1

T4, 8
& —h
Ty e
T, 8
S .
pi
—Ty, €
Epi
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MEPDG — Calibration to M

C, =-0.1039*h2 +2.4868*h _—17.342

2008-02-21

Swedish Road Administration
210

o

nroad

kl :(Cl -I—(j2 *depth)*032819616pth

C, =0.0172*h; —1.7331*h, +27.428 Average % AC Rutting with Depth

100
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% %
0 ig | | | | | | |
1
=5 A
Q
£ 3 )
= 4
=
g 5 _—
° o1
(]
7 1
74
8

—=— Predicted —— Measured
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Calculation of stress (o) and strain (g) with VagFEM

grl

8r2
81‘3

8r4
ASPHALT
81'5

€6 —7/ | h. Sub layer
81‘7#
8r8_-f
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One important problem to solve!

All parameters is strongly
dependant of the moisture content!

How is It possible to measure
moisture content in the road
structure?
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Test metods!

* It is important that the test methods is
syncronized to the design models.

* It must be possible to use results from
the test methods as input data in the
desigh models.




