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Rutting and unevenness in roads have
been a problem in many thousand years
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And still, rutting and unevenness in
roads are great problems today
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If we could predict future rutting
and unevenness, when a new road
is ready, it would give a great help
to minimize these problems!
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Background
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Road building

New technique Bysten Error

ts |Unnecessatry t
Investment cost f;/zﬁ,pfnr%'f,i; or gz e S
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Y
. Investigation
saving POTENTIAL from Chalmers
(inside 5 years) 40 %! University of
Technology
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Necessary measures in order to succeed with implementation of research result

Knowledge and

Z=o)

competense
Education l
and trainin ( =
\ g ‘W
Co-operation
Win - win Tests on Relevant
roiects measurment
Pro) methods
Engaged
staff

Relevant models
for design

Incitment
reward

Optimization
lowest LCC You must have
helicopter view
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and Functional demands
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Excavation masses

Technical
development
on projects

=

Knowledge and

Program for

Llingagement

T

competence

calculation
of function

i

Win -

win

Active Design [~

1

Education

T

—»| Incitement

|

Test methods and
prediction models

\

LCC Calculated

life cycle cost
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Functional contracts
and Functional dem

T

Excavation masses | —

Technical
development
o ojects

Active Design [~

Engagement Knowledge and
competence
Program for
calculation :
of function Win - Education
T win I

—»| Incitement

|

Test methods and
prediction models

\

LCC Calculated

life cycle cost
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All these three
circumstances
must be a reality,
if it should be a
habit to work with
the Win — win
concept.
Preferably for all
persons who are
working in a
project

nowledge:

To know and
understand
the best way Motivation:
of doing Th ill to d
something ° W _o ?
something

Competence:
Ability to know how
something should
be done
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Excavation masses | —

Active Design [~

Functional contracts Technical
and Functional dem development
f Jecreasec omMyarojects
+10 % c °
L
Engagement Knowledge and
competence
Program for
calculation :
of function el = Education
T win I

—»| Incitement

|

Test methods and
prediction models

\

LCC Calculated

life cycle cost
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and Functional dem development
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Engagement Knowledge and
competence
Program for
calculation :
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win
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Active Design [~

Test methods and
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Excavation masses | -

Functional contracts
and Functional dem

T

Technical
development
o ojects

Engagement

Knowledge and

Program for

competence

calculation
of function

Win -
win

Education

—»| Incitement

Active Design [~

Test methods and

\

LCC Calculated

prediction models

life cycle cost

13



<7 Vigverket

2007-04-04

Swedish Road Administration
14

Excavation masses | -

Functional contracts Technical

and Functional deml‘ g development
ecrease reF
T construction

costs

Knowledge and
competence

N\

Program for
calculation
of function

i

Engagement

Test methods and LCC Calculated
prediction models life cycle cost
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Excavation masses | -

Functional contracts Technical
and Functional dem development
f Jecreasec omMarojects
® L
0
\ Engagement K“OWledge and
competence
Program for
calculation :
of function Win - Education
T win
Active Design Incitement
| < _— S
Test methods and LCC Calculated

prediction models life cycle cost




<7 Vigverket

2007-04-04

Swedish Road Administration
16

Excavation masses |

Functional contracts Technical
and Functional dem development
f Jecreasec omMyarojects
® L
0
\ Engagement K“OWledge and
competence
Program for
calculation :
of function bl e Education
T win

Active Design &itement

Test methods and LCC Calculated
prediction models wycle cost
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Implementation
of new technique
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" Normal rules today

Accepted
Testing ' =

Not accepted
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" Normal rules today

Accepted
/| T

Testing

Future

Not accepted )
function?
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"It is possible to work like this today!

Accepted
Testing I =

Calculation of
future performance

Not accepted

Test results, material characteristics or quality on
execution, are used together with values on traffic,
climat and moisture in order to calculate future function
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~ An ideal way of working!

Accepted
| T

Testing

Measure the function

Calculation of
future performance

Not accepted

How did it go?

Backfeed of experince
Better models
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===

Why doesn’t this work today?

Several researcher lives
in an own world. Nothing
is coming out from here if
it is not perfect!

Accepted
Testing I i

Calculation of
future performance

Not accepted

But, nothing could be
perfect if it is not tested How did it go?
against the reality!
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What is the problem today?

Accepted
| T

Testing

Calculation of

Not accepted

But, nothing could be
perfect if it is not tested
against the reality!

Several researcher lives
in an own world. Nothing
is coming out from here if
it is not perfect!

future performance

There is a need of
more competens
on working sites

/—\

~ ~

e \\
(' How did it go?
\

~ '
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Active D
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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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“Life length” in years :
to first resurface Real life
4 length
16
12
8
4
|' ; R
5

10 Road length: km
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“Life length” in years .
to first resurface Real life Real life lenath
N length _ gt
1 \ after active design
16 Savings

12
8
4

i ; .

S 10 Road length: km
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“Life length” in years .
to first resurface Real life
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length Real life length

t after Active Design

Improved life Iength
possible bonus

S 10 Road length: km
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PAVEMENT N heavy
: \\4/ loads

Improved life o

length; lower t € = strain in
t bottom of

€1 L0 & asphalt

10 N heavy
loads

N

@/
Thizom
sphalt_ /

150 MPa 8t2< Etl

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

10 N heavy
loads

_200Mpa_ g < g
\(+50 Mpa))

—~— e =

Alt 2: Extra compaction, cost

ca0,2—-0,4 Euro/m2
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Swedish standardbre 1974

29 cm 19 cm
B .
Soil subgrade Rock subgrade

Thickness highest class
(second highest class)
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QUALITY LEVELS N—

Change in pavement thickness with surface covering
measurement on the compactor

240
£ 220 \
- \
g " 200
e \ )
X 180 N =T cn -2 ¢cm
&)
£ o = !
= ‘ Safety |\ e S /

14
_‘:U : <> T
-
<

100

0,25 0,50 0,75 1,00 1,25 1,50 1,75
Andel av ATB {krav géll{nde Ev2 (1,00= 150 Mpa)

125 MPa 140 MPa 160 MPa 180MPa
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"Measurement with instrumented roller
compactor with GPS and surface
- covering equipment
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Triaxial test

Vacuum

i/l Rubber membrane

I

N ICT-mould
v _ \Rings to fix the mould K 0.1 sec >ﬂ
1™ , 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 tests
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" Triaxial test ”Fatigue load” o

AE, =Permanent OF “Shake Down load”
deformations

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

/ C. ] l | >

N = Number of loadings
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Triaxial tests on unbound layers

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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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
Rutting in unbound materials

Shake Down load
(Dresden)
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——

Decision of critical stress con

unbound layers
« Shakedown concept

— Stable state (little rutting)
— Unstable state (severe rutting)

diions in

€y A From studies of
triaxial tests

 State A (stable behaviour)

« State B (unstable behaviour)

 State C (collapse) /
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Tojningshastighet [10 */lastcykel]

0,00000001

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

The Shake Down concept

10

1

0,1

0,001

0,0001]

0,00001]

0,000001f

0,0000001}

Tillstand C

Tillstdnd B

Tillstdnd A

Storsta vertikala spanningen

Basetype 1 (w, = 60%) Shakedowngranser

1200 1 o
y:?ffx'l plastisk krypgrans
1000 =
800
g State C
t>00 :
400 - State B \
* plastisk shakedowngrans y=e4g2x
207 state A Tl gans y-eua
0 T | ‘ ‘ - “D
0 2 4 6 8 10

Spanningsforhallande, 04,/ 05
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Gl,max =a-
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Peak aizl eirese oz [kPa]

Shake down load

GLLL

i LY

ILLL

Ranpe A
Plastic Shaliedown Hange

T = 1264 2 (Y
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From Sabine Werkmeister doctor thesis

1.0

Lo

3,0 4.0

Stress ratle o T, -]

5.0

E0
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From Sabine Werkmeister doctor thesis

FPeak ixial g1ess ol ne [kKPa)

el

an

Fal -

2K -

S0

1101 -

Plastle Shakedonre-L il
O s =1421.2 foyraid o) 1T
Plastic CreepeLirit
o . Range C
O raw = 22219 () ezl O ) L5
Fangz B
Range A
5 4 5 & T g 5 17
Streas ratlo o o ]
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Shake down load

Shear stress

Range C
300 | = —,
Range B
Range A
I G:max
500 1000

Possible kriterium
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Permanent deformations, depending on
shear stress (tests from SAMARIS)

Permanant axial deformaticon (1 EI“"'] E1F' i1 D""‘:I

A AR A A A &

100000

Fig 2 - Influence of the number of lsading cyoles (affer Martinez [14]).

125000
Mumber of cycles

120

80
|

40




Mechanistical
background
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Number/Amount/Quality Heavy Amount |Subgrade |Other
Thickness traffic of frost material
Asphalt

Base

Sub base
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MULTILAYER MODELS

Elastic stress and strain could be
calculated in different positions




2 Vigverket

MULTILAYER MODELS

Prerequisites:
e The material is linear elastic

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

 The material has no weight

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

\
—
\
T———1— O —

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

e 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




M. mPa
A
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M. = k,0% (Seed et al.)

Resilient Moduls, M, [MPa]

Unbound layer: Simulét E-modulus
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The Swedish Code:
Linear elasticity

Measured values

[3]
(=3
o

400 4+
300 +
200 +

100 +

® BC1 M =10.9 90506
@ BC2 M, =9.5004 053%

BC3 M, =6.8005 057!
BC4 \ . =9.5914 90547
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Different material Resilientmodul (MPa)

gives different Materiale 0=100 | 6=200 | 6=300 | =400
resilient modulus |\ kPa | kPa | kPa | kPa

\ AndalenXnust fjell 262 390 493 662
\0 — 32 mm

drum knustell 227 | 328 | 406 | 532
22 64 mm

Exemple : .
SteinskQgen knust fjell
from Norway |[22-64m 240 | 331 | 400 | 507

and Finland Andalen knust fjell
22 — 64 mm

255 362 445 577

N
Hordala 213 | 277 | 385

nd knust fjell
Stress ! o \ @
depe_ndant Andalen knust fje 219 | 320 398 526
resilient 0 — 32 mm (NGI pros.) —

modulus Andalen knust fiell : —
—{ 230 348 443 ( 602 )
22 — 64 mm (NGI pros.) \_
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Design Guide

Why is it difficult to use Design Guide?

e It do not take the real material
characteristics into consideration

* It makes separete calculations for each
month during 20 years, which means at
least 280 calculations. This takes a very
long time to run in a computer
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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 minutes on a working site.

" | Possible to model load
T / """"" e (wheel) configuration

WAt 1 mm
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re slantutning | T ;l -
SKIKT A Bundet linjart Tjocklek 110 [mm]
Hijd omgivande mark |5|:| [rarn] Densitet [2000 [kg/m?]
S . Poissons tal |0.36 [1]
aR2RTA P |Bundet linjart =
I 'I J Elasticitetsrnodul [10000 [mpa]
Tjocklek |110 [rarn]
SKIKT B Asfaltsgrus linjart  Tjocklel 130 [rnm]
SKIKTE Typ |Asfalt5grus linjért =] Densitet 2000 [1g/m?]
i | I
Tiocklel |130 [rnm] porssons tal 0.3 =
Elasticitetsmodul {9000 [MPa]
SKIKT C Typ —
I Obundet |Ir'IjEl.I"t J SKIKTC Obundet linjart Tiocklek 400 [mm]
Tjocklek [400 [mm] Densitet 2000 | [kg/m?)
Poissons tal |0.35 [1]
SKIKTD T
SRR L I Inget j Elasticitetsmodul [1000 | [Mpa]
Tjocklel |00 [rnrm]
SKIEKTD Inget Tjocklel 0 [mm]
SKIKTE Typ IDbur‘ldEt linjart j SKIKT E Obundet linjsrt
Densitet (2000 [ka/m=]
Lasthantering |Axe| med supersingle hjul j Poissons tal |0.35 [1]
Axellast I 10 ton 'I Elasticitetsmodul 1DDD| [rMPal
Dackbyck 1200 [lPa]
Placering B0 [mm] Komplett resultatfl r
Generera fil for permanent deformation [
el il s S Aterstall | FleljE | Starta berakningen Tillbaka till foregéende steg | Hijalp |




Projekt
Mamn pd berikningen

SEIKETC
Typ
Tjocklek

SKEIET D
Typ
Tjocklek

SKIKTE

Typ | Obundet linjart =]

2 Vigverket

2007-04-04

Swedish Road Administration
58

Testprojekt

Ber

Obundet linjart -]

Inget j

| [rnrm]
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Deflection beside the plate
at full load (compare FWD)
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VagFEM — Plate
Loading — Resilient

%?/ "f' \/ __________ ~ modulus

3.5

1.6 \“

< .

3.8 —

u, [mm]

4 ——
]
4.1 ===

4.2

-—..._‘__‘_‘_'

0 005 01 015 02 025 03 035 04 045 05
P [MPa]

Deflection under the plate
at various load steps
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; PLATTEMDRUCKUVERSUCH
| nach DIN 12134

—Test: Plate loadin

t
|Projekt:
| HEBERG/LAHGAS

iM=fistelle: N
| 8227083 U16.2 T25 I
|Datum: 0%, BF. 91 18:54 |
b il
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Result from Plate loading

60

o h .w  and simulation in VagFEM

iHormal—; Setzuns |
an= "'-_ﬂ"_|_-._!

| mona. 1Unr 1]Une21Uhe 31 0 0,1 0,2 03 0,4 0,5

| H 1 H H

I

L} L] T T |
| HHen2 | a0l mm | 0,0 .

| |

I t t t
|  #%% Belastuna *¥%
a.83 | 721 |
6 | 114] |
4 | 14€] |
2z | 1751 |
8 | 198] |
S I

I 2271 |

d

Resilient Module

|
|
|
1
|
I
1
|
*% Entlastung #¥x |
I
|
|
I
!
|
|
|
1
|

W
+
3
%
R
*

Bodeneressuns (MHsm2) -3
a6

Deformaiton [mm]

Mr = k, 0k

15

N/
\/

16

\

Avlastning

1/

u, [mm]

ik

a7
38
|Er sebnisse: neuws GIN |
| Kurwee =l a2 | 415
11 .87 -3.83 |
4 |

ER
5 A4

IE'\-ﬁ‘ = 57.08 MN/m2|

— S

|Euz = 154, 44 MH-mZ|
|EvZ Eul = 324 I

41

=
] <

"H.._‘_\_\_\_‘

~

——

4.2

V]

Measured Mr, in subgrade is used as input
data in calculation of Mr, in subbase

P [MPa]

0 005 01 015 02 025 03 035 04 045 05
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TEST METHODS
bituminous bound layers
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- Compressive Dynamic MOdUIJI
\ and Phase angle (¢)

GoSinmt b

g,Sin(ot-0)
>
Time, t
O
Ex= 2 = ot
. ¢ = ot
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Dynamic Modulus Master Curve

DYNAMIC MODULUS
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1.0E+07
log(E*) = & =
0g =0 +
* o . +7 (logt
] 1_|_ eﬂ 7 (logt,)
N « SIGMOIDAL FUNCTION
1.0E+06 - A
®12F
X W40 F
A A70F
X100 F
X130 F
1.0E+05 -
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
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EModulus The influence of the

15000 1 Master Curve on the real
elasticity modulus
Asphalt A
10000
Asphalt B
polymer
=000 71 modified
1000

20 40 Temperature
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40° E Modulus 1 000 MPa

—T5° E Modulus 15 000 MPa | -

——————————————————————————————————————————
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Calculation
of rutting
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Elastic deflection from a heavy veicle
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Elastic deflection from a heavy veicle

L
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Elastic deflection from a heavy veicle
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Elastic deformation

€e = (hy-hy¥)/h,
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Permanent rutting from heavy vehcle

Ruts in the road after N
passages with heavy vehicle

v
7y

h2
3
v by
A

h4
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Permanent rutting from heavy vehicle

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

5 I vehicles— \\

; 5 / X =The sum
hy | | of all (h,-h_*)

Permanent deformation in
one layer €, = (h,-h,")/h,
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Triaxial test
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Carfining
ligquicd

9.

10
"‘HKH
12
e
7 0
2

! H
i
e i ]
- & 4
..-""H-FJ.__ 1
|| | 3
|
HHH—HE
o Tl 2
(]
(]
£
A 1]
=
= -
7] H.H ~ &
Tz
= 150 mm |
+ 10
2]

o T

2
Drainage

Fig 1 - The riaxia coll of the repeatbed load Faxia apparatus.

1. Specimen.
2 Mambirans.
3 Porous disc.
4 Call top.
5 Base.
G Fome sensor
7. Axia strain measuremeant dovice.
& Radal strain maasurameant device
2 Loading ram.
710 Trawia! call casing.
11. Prossuie Sonsm,
12 Displacament transducer fixings.
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Cyclic loadings

700
600

W BN
2 Q @ Q
L R R

Axial stress (kPa)

200
100
0

N =20 M= 50

/-
7 /ﬁ@ T
1]

/] /]

/W
7
yay

i

/] ]
7

60

Axial strain (10™)

Figure 1. Axial stress — axial strain cycles obtained in a cyclic triaxial test on a UGM.
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Ap
4 1
3T Hyperbolic modelled curve
— aNb
2 L 8p = aN
1 4
/ Number of loadings: N
, : : , —>
10 100 1000 10 000 100 000
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test — Real ruts |

&.. = Permanent deformations

p
A

A

‘ |
Eo = Elas.tlc - -
deformations ! G e
|

: : |
I I |
| G, NG
! b < 1
I I 4 _ _
| O, / | ob : €, = Plastic
|

6,< 0,<0.< G,

deformations
ija/l/r/
1 i \d | >

N = Number of load cycles
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9 Véagverket

&, = Elastiska
deformationer

}% Permanent deformation ———

€, = (hy-hy")/h,

Real ruts

? Vagverket

Treaxial test — Verkliga spé

Sp = Permanenta deformationer

€, = Elastiska
deformationer

——— Elastisk deformation
€ = (hy-hy*)/h,
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Plastic DRESDEN-Model

B N B

N D~ L

e (N)=A:| — | +Cle '™ -1| 3

1000 =

\ ) &

Y 'S

Stable behaviour @

Range A ) £

Y S

Collapse %

g =
Y Load cycles log (N)

Range B and C

A, B, C, D = f(5, and o) (HUURMAN 1997)

Prof Frohmut Wellner
Sabine Werkmeister
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Calculation of permanent deformations — LCPC

No) |l Pa ) (oS _Gmax,

Pmax Pmax

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

2 2
Lmax = \/pmax T Umax

P, : reference pressure equal to 100 kPa;
811’“, 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 //* T .

// PUE P Y U A — % Max. experiment
E . i :

- —— .- - a--- Mean experiment

- = — —0& —— Min. experiment

—a—ORNIw =4 % +
s0il
/ Routine method

500000 1000000 1500000 2000000 2500000

Number of loads

Maximum rut depth (mm)
B o]
I:._!
N
\\
!
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Theoretical background

Original model for calculation
of permanent deformations,
Tseng and Lytton

je(sfgvh

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

5a(N): ﬂGB(?

r
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Modeling permanent deformation — Unboundlﬂr_nti

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

Granular
&)

log —j =0.80978-0.06626-W_ —0.003077 -0, +0.000003- E,
gr

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

Subgrade

1og[‘9°j =—1.69867+0.09121-W, —0.11921- 5, +0.91219-logE,
gr

log(5)=-0.9730—0.0000278-W_*c, +0.017165-5, —0.0000338-W_°o,
log(p)=11.009+0.00068-W o, —0.40260- o, +0.0000545-W_’c,
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“Modeling permanent
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Asphalt layer — Design Guide

88

Choose a,, a, and a;
with help of results
from triaxial test

— Accumulated plastic strain at N repetitions of load

&
P d, d;

gl’
&p
€, — 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 — Calibration to Mnroad

C,=-0.1039*h2 +2.4868*h _—17.342
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k, =(C, +C, *depth)*0.328196"*"

C, =0.0172*hZ —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 e
&)
€ 3 )
= 4
-
2 5 _—
N el
(]
s
™74
8

—=— Predicted —— Measured
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Test metods!

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

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




We can predict future performance today

* Rutting!
e Unevenness: MMOPP in Denmark

 Cracks? (Tensile strength and
fatigue)

Why don’t we do that?
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Calculations in practice

 Possible to use actual knowledge and
technique: Complete with new Excel
programs

 Use the technique of today, and improve it
e Help for understanding — education
* Help for implementation of new technique
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—Test: Plate loadin

9

Deformaiton [mm]

o [MPa]
0,2 03

0 0,1

I

04

and sim

0,5

Avlastning

d

2007-04-04
Swedish Road Administration

Result from Plate loading
ulation in VagFEM

93

Resilient Module

Mr = k,0Ok?

Measured Mr, in subgrade is used as input
data in calculation of Mr, in base material

u, [mm]

15

N/
\/

\\ A
3.6 -
37 \\ h f,(_k \
38 %*H -y 1/
39 H‘"““*»H ICN .
4 ‘-‘-"""'--.__‘_\_ S
T
4.1 =
e ) =
42

P [MPa]

0 005 01 015 02 025 03 035 04 045 05
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Calculate the resilient modulus in
the subgrade material?

1

Subgrade | Mr =K, OK?°
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the base material?

Calculate the resilient modulus in
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\ \
| \ \ . 7 /
\ \ N S__-" /
\ \ N .
\ \ = _ -
\ N -= -
\\
\ ~ -z
Mr = K,,OK2B S
1B .
~ -
S o _-
NNNNNN

Subgrade
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Master Curve in Asphalt

DYNAMIC MODULUS

Calculate the Dynamic Modulus

2007-04-04

Swedish Road Administration
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1.0E+07
X)) —
» log(E*) =0 +
+7 (logt
- 1_|_ eﬂ y (logt,)
78 « SIGMOIDAL FUNCTION
1.0E+06 - s
y o
1.0E+05 - "
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
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Iasticity

EModulus Calculate the correc

15000 modulus for each temperature
interval in asphalt
10000 Asphalt A
Asphalt B
polymer
5000 T modified
N~
1000
0 | | >

20 40 Temperature
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VagFEM

Calculate stress, strain and resilient
modulus with VagFEM

WAt 1 mm



Bituminous
bound
layers

< Végverket

: ?
I ,7 Elastic

strain: €

€

2007-04-04
Swedish Road Administration

Input data for
calculation of
permanent

deformations

_7/
_7/
_,/
7

Stress: O

Deviatoric
stress: q

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

Resilient
modulus: Mr
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Calculation of parameters from triaxial tests
ToF Site tests

J%) Vacuum G =0, SIN(@I)>7?
§i if/ Rubber membrane < l I < 7y =

N ICT-mould £ = &oSNwt- on drilled
. out cores
— Asphalt material
o~ _\Rings to fix the mould |
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 1 deformations, LCPC
riaxial —> LCPC

test —1 Elastic properties
results __| resilient modulus M
—1 Excel |~
program Parlamlett(_ers fc}r
—  calculation o
Dresden permanent

deformations,
Dresden
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Calculate future rutting with VagFEM

Parameters for Elastic response, resilient
calculation of permanent modulus, as digital output
deformations, LCPC \ data from VagFEM
Parameters for A \
calculation of permanent &« g \4
deformations, Dresden ~ o Excel programs for
Parameters for calculation R calculation of
of permanent deformations, future rutting

Design guide, unbound mtrl

=

BT - -
| [lmax | 1

Parameters for calculation WNo ) | L Pa] (qi_S _Omax,

Pmax Pmax

of permanent deformations,
Design guide, asphalt mtri . (N)=A(l)B+C i |
P 1000




Bituminous
bound
layers

® Vigverket

: >
I ,7 Elastic

strain: €.
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nsublayers

PD= ) ¢ -h
=1

_7/
_7/
_,/

7

Stress: O

Deviatoric
stress: q

Resilient
modulus: Mr

PD — Permanent
Deformation
Nsublayers — Number
of sublayers

g, — Total plastic strain
in sublayer i

h' — Thickness of
sublayer i
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Skikt A
. . Tjocklek 40 mm
Materialoyp Bundet
B Itu AL 1 2 cm Materialmodell Linjirt elastisk
bo un d Skikt B Materialparametrar:
Tiocklek 120 mm Denszitet (o) 2400 kg,/m3
Iaye rs Materialtyp Bundet Poissons tal (#)  0.35
Materialmodall Linjart elastisk E-modul (E) 3000.0 MPa
ﬁ Macerialparametrar:
5 . Densitet (p) 2400 kg/m?
h! Poissons tal (1) 0.35
A 4 E-modul {E) 4000.0 MPa 8 cm
Skikt C
80 cm 'Ijo-d{l_ek B0 mm
- Materialtyp Obundet
JSkikt D Matorialmodell Olinjéirt elastisk enligt a®®
e Tjocklek 800 mm MMaterialparametrar:
" Materialtyp Obundet De_r:sit.et (P 2000 kg /m?
Materialmodell Olinjért elastisk enligt g@®|  Poissons tal (v} 0.35
Materialparametrar: parameter 4 120000
Densitet () 2000 keg,/m? parameter b 0.4
Poissons tal (i) 0.35
DATAIMETEr O L0000
parameter b 0.5 1 2 ton
Skikt E _ ___
# Tjocklek 1060 mm Lastforutsittningar:
Materialivp Obundet i
Materialmodell Olinjirt elastisk enligt a©b Axeltyp Supersingle
Materialparametrar: Axelbredd (vttermdtc) 2500 mm
Densitet (p) 2000 kg/m® Asellast 12 ton
Poissons tal (1) 0.35 Dackstryck 100 kP2
parameter a ) 400.0 Placering (p) 3000 mm
Subqrade parameter b 0.2
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Results from VagFEM S

Permanent deformation v.s. number of load
repetitions.
0.2 —— layer A Centre
—— layer A Edge
0,15 Y g
layer B Centre
0.1 layer B Edge
’ —— layer C Centre
— layer C Ed
0,05 |/ Yer ™ BE9e
—— layer D Centre
——layer D Edge
O —— ‘ | ‘ [ layer E Centre
0 20000 40000 60000 80000 100000 120000 i
0.05 layer E Edge
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So, why do we not use
this knowledge, test
methods and models?
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Future
development

NordFoU

Sweden, Norway, Denmark and Island



Tensile stress in the bottom of
unbound layers?

c,.press
Base
cytensile
Subgrade
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Tensile stress in the bottom of

unbound layers?
Which is the real stress distibution?

Pavement
! o.press

Base

Samie

Subgrade

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

Gpress
Base
M,=600 MPa
Gtensile
Subgrade M =40 MPa
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Unbound layers with large difference -

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

c,.press
Base M. =600 MP
O'tensile - a
f M =150 MPa
Subgrade M,=40 MPa
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Difference/connection between Sti and
dynamic resilient modulus?

\ \ !

1 \ Q N 7 / I} 1
\ \ N S__-" / / 1
\ \ N . / !
\ \ \\~ ’/ Vi /
\ \ - /
\ Mo ’

\ ~ & ’

~
S~ __ -~ -

N e
~ 7
~ ”
\\ ’/
\\\\\\

Subgrade




Horisontal stress depending on
compaction and traffic ?

Pavement

(o) ' c,.press

ress
Base ' '

cytensile |

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

-
S -

~ -
-~ -
N —m———

Base M =400 MPa

Subgrade




Material models different for
crushed and uncrushed material?

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 , Vag6.00 5 — 6 year - >

20060223, 16.58 Stracka: 79000 - 99000, Korfalt: 10, Riktning: Framat, Sida for vagdata: 1
O B B B Y Y T B B

79000 83000 87000 91000 95000 99000

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

Tung raf(ADT)  [1)  [2) [3)  [4) [1000 5) [770 6 [ |
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 7 Torp
1) 20T s vogcjromi 1 g, o+JABS16Q0,4)40ABS1601,5)45ABS
6)40%81605,7)40A881T1,

Spardjup

(mm)

Ojamnhet

IRI(mm/m)

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

FuUpph.BST

2007-04-04
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Plate loading: ca 90 MPa 250 - 500 MPa ca 150 MPa
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Adjust the
compactors
vibrators for

compaction on a
certain deepth

~Compaction technique

-
-—
-

Base layer

2007-04-04
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Possible to
measure response
in different levels

Vertical or/and horisontal

vibrations with different
amplitude and frequency
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Connection between aggregate
characteristics etc. and
permanent rutting?

e Grain maximum size
 Aggregate gradation
 Rock material, Geology
 Moisture content
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M., Model Including Moisture and Density

Moisture? Pore volume? K,

Ks

pa Pa

b—a

1+EXP@n( bj+k (S—SwJ]

|:moisture =a+t
| V4
|:density o (
7/d max

Design Guide
USA

j”

a

Is it possible
to simplify:
k; =-0.2

Where: S = degree of saturation

¥y = dry unit weight

ks, K, = regression constants

a,b = constants (function of soil type)
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Asphalt slah
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3 Point of inflection
é 10/
12 . i R | o Test Etﬂp |
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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THANK YOU FOR
YOUR ATTENTION

Anders Huvstig
Swedish Road Administration (SRA)
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