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Frost protection:

Entire thickness of pavement is dependent
on:

- frost penetration

- frost susceptibility of the soill
In combination with

- traffic load

-between 45 ... 90 cm
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Why

a new mechanistic approach
for pavement design ?
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Development of traffic
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1 load class ?

— Reality!

100

Load class [‘Bk + max. ESALS]
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Technical background:

- permanent increasing traffic load
- climate change

- limited resources

- quality and costs of raw material

Background by contract:

- change of empirical to fundamental
requirements in Germany

- Introduction of functional contracts
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Analytical Pavement

Design Guide + Software

Richtlinien

fiir die rechnerische Dimensionierung
des Oberbaus von Verkehrsflachen
mit Asphaltdeckschicht

RDO Asphalt 09

b4

Freie Dimensionierung von Verkehrsflachenbefestigungen
Lizensiert fur Prof.Dr.-Ing.F.\Wellner, TU Dresden

FBE ADtoPave I. =w|sl=l ﬂ
ADtoPave

Analysing and Dimensioning Tool for Pavements

e 2009

Release v1.00
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+ frost protection!

asphalt layers A
asphalt and O, 0rOy/0y,
cement treated
layers h ot
UGL O, or G,,0p
L G, or G,,0p

Y

subbase/soil
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Pavement Design

Frost protection according to
the RStO:

Entire thickness of pavement
IS depended on:

- frost penetration

- frost susceptibility of the soill
In combination with

- traffic load

Modeling/Calculation

New Definition
Mat. Properties/
Thickness

F

<_Fulfilled? = no

T
yes
A 4

Analysis Cement Treated Material
(Fatigue resistance)

e _\-""h-._h_\_
< Fulfilled? = no
—

.
yes
h J

Analysis GranularBase
(resistance plastic deformation)

_,--""_’_ . _-_H_"‘*—\._
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Analysis Solil ‘
(resistance plastic deformation)
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T
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e traffic load
e climatic conditions
e stiffness

o fatigue resistance
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nermitted traffic loads

heavy traffic: 3,5t .. 44 t weight of the vehicle

11,5t axle load = 5,75 t wheel

load
average of
wheel contact pressure: 0,6 ... 0,8 MPa
future:

axle load 11,5t = 13t (?77?)
wheel contact pressure 0,8 MPa = 1,0 MPa (?77?)

number of car/trucks increasing continuously
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Trucks Trucks with Trailer

96 97 98 99 105 107
No. = kind of vehicle
xXMI1 AMI5 OMI6

33 34 35 41 42

Exceed of permitted axle loads [%]

WIM, Federal Road Research Laboratory



TECHNISCHE . .
(L) oniversimar Traffic loads in Germany

DRESDEN

Fakultat Bauingenieurwesen ¢ Institut Stadtbauwesen und Stral3enbau ¢ Professur fur Stralenbau

25%
Traffic nextto cities
=1 20%
S,
> Continental traffic
O 15%
0 |
- / \ Mixed tra I— Overloaded
O 10%
o
z \\
5%
0%* T T T T T T T \-—r—-ﬂ—-—y—-—rﬂﬂ—.—r—*
T ¥y e«nN R @2 BT LS oA
ST 90T YO ™D ok ddd bbb DS =
s 898388388 s5 T T T T a9
< T N e ¥ 0w o 0295 Y
Axel load classes [t]
Input:  axle loads + frequency

of load classes
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e traffic load
e climatic conditions
e stiffness

o fatigue resistance
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Input:  temperature functions
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Temperature functions (examples) in the asphalt layers [MPa]

‘ ‘ Temperature [°C]
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: E=1(T) o
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E .........................................................
E. 160 X444}
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D 240 B S U R D I e e B A A 2
320 - e e
—_13’0 —_2’5 —2,5 —7’5 —12’5
—117,5 22,5 —21,5 32,5 37,5
42.5 —A47.5 -3
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Stiffness function

40.000
35.000
30.000
§ 25.000
Z
— 20.000
7p)
15.000
10.000
5.000
O bl T T T T T T T T T T T T
-20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50
Temperature [°C]

m?2]

Stiffnes
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Depth [mm]

27.000

24.000

Stiffness function according to the temperature
[MPa]

21.000 18.000 15.000 12.000 9.000 6.000 3.000 0

-\

AN I T |

N\

| A

Vi

—-125°C —-75°C

-25°C —25°C —75°C —125°C —175°C —225°C —2715°C —325°C

375°C —425°C —475°C

Based on this => calculation of stresses/strains

SB
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e traffic load
e climatic conditions
e stiffness

e fatigue resistance
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Triaxial test Direct tension Indirect tension
test

R, e

Four point bending beam
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-simple test

= -simple to make the sample
(laboratory + in situ!)

~ 1 -low effort for sample pre

R [] ‘

paration [

W3d-11vd
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Stiffness-Modulus [MPa]

44000
42000
40000 f=10 Hz
38000
36000
34000
32000
30000
28000
26000
24000
22000
20000
18000
16000
14000
12000

'mm |- Function according to

S000 Francken/Verstraeten
2000

Function according to
test results

(indirect tensile test)

o
20°C 15T

Input:
Stiffness modulus - temperature functions
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Load cycles Fatigue functions
100.000.000 - -
10,000,000 |
' AL Sp-Asphalt 09
1.000.000 1
100.000
100.000
10.000 1 2.000
1.000
100 4
10 IN pu t:
1 | | —= fatigue functions
0,02%a 0,04 % 0 06%. 0,05%0,10%: 0, 20%. 0,40%a 060%. 0,80%1 00%

Initial elastic strain [%o]
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13 temperature conditions!| 1l 1lI 1V V... Xl

10...20 load classes | I Il IV V... X

13 (..200)* 10 (10...20) = 130 (000) Strain conditions

evaluation: permitted N = F(calculated ¢)
per condition

accumulation: Miner’s law
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(test results) (input data's)

! 1

5 j/e(l expN,  expN
T perN,  perN,  perl-

exp — expected Miner's law

per - permitted

1*100 = 100% = , Fatigue status"”
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150 % Similar approach for
e UGL, CTB...

120 %
110 % 4
100 %% 5
a0 %% 4
a0 %%
70 %
B0 %%
a0 %% 4
40 %%
30 % 4
20 % 4
10 % 4
O e )
o1 2 3 4 5 6 7 8 91011 1213 14 1516 17 18 19 20 21 22 23 24 25 26 2R 28 29 30
Required service life [years]

=
(7))
-]
o
@©
<+
(7))
@
-]
(@)
=
©
LL
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Design criterion

,Fatigue“
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Stiffness — determined by indirect tensile test

40.000
35.000
~ 30.000

ABC 3

25.000 ABC 1

N/mm?2

ABC 2

[
N
o
o
S
S

15.000

10.000

5.000

° 201520 5 0 5 10 15 20 25 30 35 40 45 50
Temperature [°C]

Stiffness
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g~ 30.000
E
g 25000
[l [l E
Fatigue functions - determn £ 2000
¢ 15.000
1.000.000 £ 10.000
(7))
5.000
'Z ABC 2 -20-15-10 -5 0 &5 10 15 20 25 30 35 40 45 50
" 100.000 Temperature [°C]
Q
O ABC 3
>
© 10.000 1
_8 .
o ABC 1
-l
1.000
100 ’
0,01 0,10 1,00

Initial elastic strain [%o]
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600
m origin A
500 - M origin B
O origin C
< 400 A
S 300 | 15 a
&
»
o 200
>
2
© 100
Ll
0

Level of fatigue of asphalt base course material with the same stone
material and sieving curve and Bitumen 50/70 with different origin
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Example 2 — traffic load

25%

20%

Traffic nextto cities

-
6
X

/\ \ Continentaltraffic

—
o
X

/ /\‘) \ Mixed traffic

Frequency [%0]

5%

N

0%

02:1-2

03: 2-3
04. 3-4
05: 4-5
06: 5-6
07. 6-7
16: 15-16
17:16-17
18:17-18
19: 18-19
20: 19-20
21: 20-21
22: 21-22

% 514415
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Effect on service life?

B > 32 Mio

] 4 cm SL 4 cm SL 4 cm SL 4 cm SL
- 8 cm BL - 8cm BL —-—“*“JL
. +200% . -50%
I 22 cm ABC — 90 a 22 cm ABC :15 a BC
I 44 o SBS 42 cm SBS 47 cm SBS —. 50 cm SBS
32 Mio 90 Mio 220 Mio
RSO 12 19t stda 10 t StdA 10 t StdA

<
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Example 3

Performance based mix design method
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- Number of asphalt mixes -

Grading curve Bitumen Producer No. of Bitumen content
medium 5
coarse 50/70 3

A

4
fine 30/45 3
50/70 B 3
> Asphalt mixes 18
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Jfine* ,coarse”

100 o 0
80 20
60 40
40 60
20 80

0 100
0,063 0,125 2 56 8 N L% Q
— (9" B ap]
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35.000 , , . . . : : :
Poly. (A111 - mKGV 3.5 M.% 50/70-A)
Poly. (A112 - mKGV 4.0 M.% 50/70-A)
20000 4 Poly. (A113 - mKGV 45 M.% 50/70-A)
) Poly. (A114 - mKGV 5.0 M.% 50/70-A)
Poly. (A115 - mKGV 5.5 M.% 50/70-A)
Poly. (A211 - gKGV 3.5 M.-% 50/70-A)
25000 A

Poly. (A213 - gKGV 4.5 M.-% 50/70-A) -
Poly. (A215 - gKGV 5.5 M.-% 50/70-A)
Poly. (A311 - fKGV 3.5 M.-% 50/70-A)
Poly. (A313 - fKGV 4,5 M.-% 50/70-A)
Poly. (A315 - fKGV 5.5 M.-% 50/70-A)
Poly. (A317 - fKGV 6,5 M.-% 50/70-A)
Poly. (A321 - fKGV 3.5 M.-% 30/45-A)

- — = Poly. (A323 - fKGV 4.5 M.-% 30/45-A)

- = = Poly. (A325 - fKGV 5.5 M.-% 30/45-A)

Poly. (B311 - fKGV 3.5 M.-% 50/70-B)

~ -~ Poly. (B313 - fKGV 4.5 M_-% 50/70-B)

( )

20000 +------------ m o

15.000 MPa
15000 | M S

9.000 MPa

Stiffness [°"MPa]

10000 - ,
( ; ' ' Poly. (B315 - fKGV 5,5 M_-% 50/70-B
5000 R e s | e . e fromemmn e
0 E i '
30 20 10 0 10 20 30 40 50 60

Temperature [°C]
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1.000.000 e
®A111 - mKGV 3,5 M-% 50/70-A |
PR T T —— +AT12 - mKGV 4,0 M-% 50/70-A -
; RE=0.9724 1y =F125 Ugﬁgérnzﬁs‘““, AA113 - mKGV 4,5 M-% 50/70-A |
_____________________________________ B - ® - - i
RSty 7 F= A114 - mKGV 5,0 M.-% 50/70-A
. Re=0,9764 L / /FREJSUB??';fz' *A115 - mKGV 5.5 M.-% 50/70-A
S L ] * =, |
100.000 : S N T ®A211 - gKGV 3,5 M-% 50/70A
4 'RQ’E%U?E?'U — AL y= 523,_3%0;%“2“ AA213 - gKGV 4.5 M.-% 50/70A
D / : TR +A215 - gKGV 5,5 M-% 50/70A |
____________ . LY '!f = . e N
Q 15 OOO CyC|eS N R® = 0,9564 ® A3 - FKGV 3,5 M-% 50/70-A
rx N -3ty NG A ! AA313 - fKGV 45 M-% 5070-A
O ! y = 46189052048 ’
>> 10,000 + B, N AR A7 RE=09671 | #A315-fKGV 55 M-% 5070-A
& - o N : WA3TT - KGV 6,5 M-% 5070-A
I ST N b WY S N P 23821 ]
=T 2 OOO CyCIeS R ORI oAzt - GV 35 % 3045 A
© < e Zu,sa00 RN xy : AA323 - FKGV 45 M-% 3045-A
o TR . #A325 - FKGV 5,5 M-% 3045-A |
—J ' R2=0,9538 X!
B311 - fKGV 3,5 M.-% 50/70-B
] N
1.000 V=664 2T R i S ~ AB313 - fKGV 45 M-% 5070-B
R0 | RN B315 - fKGV 5,5 M-% 50/70-B
- NN - > M- B ]
y= 1165132485 _— [ i ; ;
2 =0,9872 ! " SN —
13 — _2m/ f Y= 206711
y= X + Re = 0,8962
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B =32 Mio ESALSs

4 cm SL
8 cm BC

22 cm ABC

56 cm UGL

RStO 12
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& Kosten gkGV 50/70-A fir 1 m® in erf. Schichtdicke

050§ ®KostenfKGV 50/70-A fiir 1 min erf. Schichtdicke M| n | mum = 4’5 % |

B Kosten fKGY 30/45-A far 1 m2 in erf. Schichtdick
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Dynamic
shear test
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Example 3 - Layer bond
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Results — Layer bond
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Improve the models to describe the material behavior:

- Asphalt: viscos-elastic (complex modulus) + plastic
behavior

- Unbound materials: nonlinear-elastic + plastic
behavior

- more detailed temperature functions
- Finite element method instead of multi layer theory

- probabilistic instead of deterministic predictions
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Thank you for your attention !



	Lysbildenummer 1
	Lysbildenummer 2
	Lysbildenummer 3
	Lysbildenummer 4
	Lysbildenummer 5
	Lysbildenummer 6
	Lysbildenummer 7
	Lysbildenummer 8
	Lysbildenummer 9
	Lysbildenummer 10
	Lysbildenummer 11
	Lysbildenummer 12
	Lysbildenummer 13
	Lysbildenummer 14
	Lysbildenummer 15
	Lysbildenummer 16
	Lysbildenummer 17
	Lysbildenummer 18
	Lysbildenummer 19
	Lysbildenummer 20
	Lysbildenummer 21
	Lysbildenummer 22
	Lysbildenummer 23
	Lysbildenummer 24
	Lysbildenummer 25
	Lysbildenummer 26
	Lysbildenummer 27
	Lysbildenummer 28
	Lysbildenummer 29
	Lysbildenummer 30
	Lysbildenummer 31
	Lysbildenummer 32
	 
	Lysbildenummer 34
	Lysbildenummer 35
	Lysbildenummer 36
	Lysbildenummer 37
	Lysbildenummer 38
	Lysbildenummer 39
	Lysbildenummer 40
	Lysbildenummer 41
	Lysbildenummer 42
	Lysbildenummer 43
	Lysbildenummer 44
	Lysbildenummer 45
	Lysbildenummer 46
	Lysbildenummer 47
	Example 3 - Layer bond
	Example 3 - Layer bond
	Results – Layer bond
	Lysbildenummer 51
	Lysbildenummer 52
	Lysbildenummer 53
	Lysbildenummer 54

