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How to make decisions

Suggestion
Example:
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Pen of core
before

Target min:
Pen 40

Target norm.:
Pen 47

Admix
70/100

Admix
70/100
RTFOT

Admix
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Admix
70/100
RTFOT

Admix
160/220

Admix
160/220
RTFOT

Admix
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Admix
160/220
RTFOT

V1500
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V1500
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Suggestion for decision making
Example (75 kg + 25 kg):
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Pen 39

Target min:
Pen 40

Target norm.:
Pen 47

Admix
70/100

Admix
70/100
RTFOT

Admix
70/100

Admix
70/100
RTFOT

-0,009

-0,360

-0,195

-0,292

0,024

0,042

0,107

0,182

It’s safe for
REMIX – we will
reach minimal
acceptable
performance
even if 0 g
rejuvenator fits

Both
rejuvenators are
going to allow to
reach target.

If Voids are overfilled, or high
bitumen content already –
choose V1500 to avoid
bleeding if possible.

kg/m2

V1500V1500 V1500V1500V1500

Suggestion
Example:
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Pen 25

Target min:
Pen 40

Target norm.:
Pen 47

Admix
70/100

Admix
70/100
RTFOT

Admix
70/100

Admix
70/100
RTFOT

Admix
160/220

Admix
160/220
RTFOT

Admix
160/220

Admix
160/220
RTFOT

0,040

0,116

0,144

0,231

-0,050

-0,087

0,004

0,006

0,244

0,384

0,304

0,464

0,144

0,239

0,188

0,306

650/900 will not be enough to reach desired minimum if rejuvenator cannot be added
V1500 is better choiceà adding it will not overly soften bitumen
If admixture 160/220 availableà safer to reach minimum target bitumen properties
à Make sure the aggregates/mixes are in line with traffic class of the pavement

V1500

650/900650/900

V1500

650/900

V1500

650/900650/900 650/900650/900 650/900
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Vision

The rut depth influences the amount of admixture
that can fill the rutà and required rejuvenator
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࣋ =

ࢂ

4cm*1m2*2780kg/m3=111 kg
111 kg *6% =6,66 kg bitumen

4cm*1m2*2500kg/m3=100 kg
100 kg *6% = 6,00 kg bitumen

• More amount of
admixture to fill rut

• More rejuvenation
required
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Aged: Pen 25
Density =2500
kg/m3

Addmix: Pen 40
density =2500
kg/m3

Target: Pen 40
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Based on those example calculations on the example of 2500
kg/m3 density the suggested choices would be to either:

• Announce that the pavement at 25 dmm with 25 kg/m2 and 250 g/m2 of
650/900 as a rejuvenator cannot restore the rheological properties to the
target, remove the material and overlay with fresh mixture, reuse RAP
elsewhere (esim. RC25)

• If profile allows choose 35 kg/m2 of admixture and allows for the rejuvenator
650/900 to be used (then the value between 150-250 g/m2 is required to
restore the rheological properties to desired)

• Choose 25 kg/m2 of admixture and allow for the V1500 to be used (between
100-200 g/m2)
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Aged: Pen 25
Density =2780
kg/m3

Addmix: Pen 40
density =2780
kg/m3

Target: Pen 40
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Aged: Pen 35
Density =2500
kg/m3

Addmix: Pen 40
density =2500
kg/m3

Target: Pen 40

Almost no rejuvenator required to reach
target, admixture is enough

22.11.2017
40

Aged: Pen 35
Density =2500
kg/m3

Addmix: Pen 40
density =2500
kg/m3

Target: Pen 47



11/22/2017

7

First step to thermal control of
the process (vision)

The iginition
problem
identified
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ASSESSMENT OF RISKS IN THE HOT
IN-PLACE RECYCLING IN FINLAND
DURING THE SUMMER OF 2016
Makowska M., Pellinen T., Solowski W.,
Baltic Road Conference 2017, 27-29
August 2017, Tallin, Estonia
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Solutions
are available
This solution is
presented for one
material
à Use of the same
heat/power*time/

What happens
when the material
changes?
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k = 1.2 [W/mK]
ρ = 2790 [kg/m3]

k = 1.2 [W/mK]
ρ = 2450 [kg/m3]

k = 2.44 [W/mK]
ρ = 2790 [kg/m3]

k = 2.44 [W/mK]
ρ = 2450 [kg/m3]

ρ 2790 kg/m3 2450 kg/m3

Cp 879 J/kgK 850 J/kgK
k 1,2 W/mK 2,44 W/mK 1,2 W/mK 2,44 W/mK
H 12 cm 20 cm 12 cm 20 cm 12 cm 20 cm 12 cm 20 cm
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For low thermal
conductivity, the
temperature
accumulates on
the surface

à Increased risk
of ignition
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end of heating
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ρ 2790 kg/m3 2450 kg/m3

Cp 879 J/kgK 850 J/kgK
k 1,2 W/mK 2,44 W/mK 1,2 W/mK 2,44 W/mK
H 12 cm 20 cm 12 cm 20 cm 12 cm 20 cm 12 cm 20 cm
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Maximum temperature at the bottom of structure
k = 1.2 [W/mK]
ρ = 2790 [kg/m3]
Cp =879 [J/kgK]

k = 2.44 [W/mK]
ρ = 2790 [kg/m3]
Cp =879 [J/kgK]

k = 1.2 [W/mK]
ρ = 2450 [kg/m3]
Cp =850 [J/kgK]

k = 2.44 [W/mK]
ρ = 2450 [kg/m3]
Cp =850 [J/kgK]

12 cm
20 cm
reference

risk of permanent deformation
at the bottom of the structure

Conclusion

Important
properties to
follow:
1. The depth of the structure
2. The maximum density
3. The heat capacity
4. The thermal conductivity

For high thermal conductivity, thin bituminous layer
and low densityà risk of base course rutting
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Discussion
regarding sampling

22.11.2017
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What should be? The mean of 5 samples is to
be reported for bitumen and
aggregate properties.
1 core = ca. 500 g

800g *5à aggregate
(50*D = 800 g for SMA16à 1 sample)

1666g *5à bitumen Pen
(1666 g * 6% = 99,96 g bitumen à 1 sample)

=>16 cores per feedstock

2000 000 kg /80 kg/m2 /3,5 m width =>
7,1 km length or 25  000 m2

à At least 1 sample per
7,1 km or 25 000 m2 at 80
kg/m2 aged pavement
assumption

Assure no presence of DCM!!!
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Currently…. 1 bitumen per construction site
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7,1 km length
25 000 m2

How can we benefit from more frequent
sampling? Example of rut depth and rheology combination (Highway no. 1, 26 km length)
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Using the Global Aging System (GAS) we can predict that for Pen 27, 33 and 40
after the REMIX the time to reach the damage zone (Pen 21) it will take 15, 28 and
36 months. (Input value is ZSV at 70 deg C)
Let’s improve GAS for Finland (database+air voids)!

Mirza, M. W. & Witczak, M. W., 1995. Development of a Global Aaging System for Short and Long
Term Aging of Asphalt Cement. Journal of the association of Asphalt Paving Technologists, Volume 64,
pp. 393-430.
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The planning-execution-quality control
process

PRE-
sample

Design
process

Execution

POST-
sample

Aging
process
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In the future this
can be predicted
or simulated,
choice of PRE-
sampling sites
based on POST-
sampling

Quality control,
gathering of the data

First approximation
from ELY

Fine tunning by
contractor

Historical
database and
other NDT

Conclusions regarding sampling

1 bitumen sample per 7,1 km minimum
- Check if the DCM is present (is the result real?)

Maximum density is important for estimation of bitumen ratio between
fresh and aged pavement

In the future – the estimation of required heat

• Air voids may play a role in the aging of the bitumen and should be also
gathered in the database along the rheological properties.

Rest is suggested to remain unchanged.
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