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1) Asphalt pavement maintenance on 
highways in Finland



Challenge of Highway’s maintenance
in Finland 
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Highways 2016: 78 100 km Traffic performance 2016: 37 800 mill. vehicle-km /year

Finnish Road statistics 2016
Katri Eskola



Wearing
caused by
studded
tyres on 
high-
volume
roads
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Foto: Timo Unhola, 
Massby, Vt 7, October 1985

Elinkaarikustannuslaskentoja ST-urakan arvonvähennysten määrittämiseksi. Tiehallinnon sisäisiä julkaisuja 25/ 2007

SMA



Average rutting rate based on road profile measurements
2010 - 2015  [When winter speed limit > 80 km/h]
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Suikki, Spoof: Uusiopintausmenetelmien kestoikäanalyysit. Liikenneviraston tutkimuksia ja selvityksiä 2018



Water in winter time causes a need of research
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Amount of freeze-thaw cycles is increasing

Laukkanen, Halonen, Pyy: Asfalttimassan kestävyys jäätymis-sulamista sekä veden ja kuormien yhteisvaikutusta vastaan. Liikenneviraston tutkimuksia ja selvityksiä 20/2012
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Foto: Miikka Himmi

Remixing (REM) = Hot-in-place recycling
on High volume roads in Finland

Suikki, Spoof: Uusiopintausmenetelmien kestoikäanalyysit. Liikenneviraston tutkimuksia ja selvityksiä 2018



Service life time comparison between
Remixed surface course (REM) and Overlay/Repaving

e.g. Highways with ADT 10 000 – 25 000: 
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Re-
pavingOverlay

Overlay Re-
paving

Difference (%) to Ref. Overlay

Service 
life Avg
(years)

Suikki, Spoof: Uusiopintausmenetelmien kestoikäanalyysit. Liikenneviraston tutkimuksia ja selvityksiä 2018 Maintenance cost (€/year)
Difference (%) to Ref. Overlay
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2) Research Program 2013 - 2017:

How to maintain service life of surface course ?
How to maintain Life Cycle of Surface course by Remixing ?

Execution 



Project 1(2):  Assessment of Asphalt pavement density
- How to measure that new asphalt layer is dense enough?  
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Research In Aalto University collaboration
between the Civil Engineering Department 
PI Prof. Terhi Pellinen and the Department 
of Electrical Engineering and Automation
Prof. Pekka Eskelinen

VNA

PFCR

Microwave radar

GPR

Core samples

CR



Project 1 (2):  Assessment of Asphalt pavement density
- Test sites and laboratory tests

●
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Test
sites

Year Laboratory
test
samples

Laboratory tests

Aalto

GPR and other site measurements

Contractors + Aalto

Vt 3
Vt 12

2013 36 cores
2 slabs
8 material
samples

VC of cores by
methods SSD & DIM

VNA measurements

GPR:
- Before
- Static: 4 points after 20 h
- After: (20 h, 6 days, 40 days, 2 years)

Vt 5 2014 16 cores VC of cores: SSD, 
DRY, DIM, Parafilm

Aggregate density
VNA measurements

Thermal camera during work
GPR 
Microwave radar

Mt 210 2014 24 cores VC of cores: SSD, 
DRY, DIM, Parafilm

Aggregate density 
VNA measurements

GPR
Microwave radar

Vt 7
Hamin
a

2014 10 cores 30 * VC of cores: 
SSD, DRY, DIM

Aggregate density
VNA measurements

GPR / surface layer
Microwave radar /each layer

Kosken 
kylä

2015 GPR 1 GHz & 2 GHz on crushed rock 
layer, metal plate and reference
material

(Number of ) samples made and tested in 
laboratory:
- Void content (SSD /DRY, Parafilm, CoreLok) ,
- Aggregate density ,
- Binder Content + Grading, 
- Volumetric properies: VMA, VFB 

Mitta Oy + Aalto 

CR

Asphalt
core
samples:
DRY/
Saturated
with water

Aalto

PFCR

Asphalt core
samples:
DRY /
Saturated
with water

Aalto

12 12 / 6 12 / 6

Test
sites

Year
2016

GPR
(km)

(Number of)  Core samples
tested in laboratory:
- Void content (SSD /DRY, 
Parafilm, CoreLok) ,
-Aggregate density ,
- Binder Content + Grading, -
Volumetric properies:
VMA, VFB 

Aalto + contractor

CR

Asphalt
core
samples

Aggregate
Core
samples

Aalto

PFCR

Asphalt core
samples

Agregate
core
samples

Aalto

12 299 50 + 36
Aggregate core sample density:

45

52

45

52

45
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Tie Nro Year
VT1 2013

Kt52 2015

VT4 2015
VT4 2016
VT5 2016

VT6 2016

VT7 2016
VT12 ja 
MT307-
KT57

2016

VT25 2017

TEST ROADS

Project 2 (2):  Remixing - Test sites and Laboratory tests 

Research in the Civil Engineering Department 
of Aalto University: PI Prof. Terhi Pellinen and 
Dr. Michalina Makowska

(Number of) Samples Aalto  Contractor Total
Core samples from the road 248 28 276

Samples made in the laboratory 64 - 64

Bitumen

Binder content and grading 112 15 127
Bitumen samples 42 5 47
Laboratory-blended bitumen
and rejuvenator

10 8 18

References (bitumen and 
rejuvenator)

13 4 17

Mechanical tests 228 - 228

Aggregate
Surface area 43 - 43
Density 67 - 67
Grading 112 20 132

FT-IR Bitumen and filler 4085 - 4085



New knowledge - New experts
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Aalto Open Learning 
Course home page:

● Open Access
● Open Learning
● Research documentation

https://openlearning.aalto.fi/course/view.php?id=31

https://openlearning.aalto.fi/course/view.php?id=31
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3) Research Program 2013 - 2017:

How to maintain service life of recycled surface course ?
How to maintain Life Cycle of surface course by Remixing ?

Main results 



Assessment of Asphalt pavement density: 
Correlation in laboratory made samples

● No variation of aggregate’s permittivity
● Void content measured by dimensions (DIM/Parafilm)
● Density and permittivity is measured from core samples
● No water in sample
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LR= Calculated by
Lichtenecker-Rother-
model

CR



● Variation of Aggregate’s is included
● Changes in volumetric properties changes

Void content but is not seen in the asphalt’s
● Water is affecting to measurement results
● Representative volume element is not

equal in GPR and core sample used in 
calibration
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No correlation
in road cores

Assessment of Asphalt pavement density 
measurements on road by GPR
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https://julkaisut.liikennevirasto.fi/pdf8/lts_2017-01_paallysteen_lajittumavirheiden_web.pdf

The more efficient and reliable method is needed
to ensure the new asphalt layer is dense enough

New asphalt layer’s 
Homognity will be 
monitored by MPD 
measurements

New technologies will be guiding to and 
reporting the results of intelligent compaction ?  
- TEST SITE 2018

https://julkaisut.liikennevirasto.fi/pdf8/lts_2017-01_paallysteen_lajittumavirheiden_web.pdf


How to increase recycling and a service life ?  
- Better/new test methods are needed into use
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Block cracking

No cracking



How to increase recycling and a service life  ?
- Better Design is needed

1) Road measurements:

2) PRE-Testing:
● Void content

● Maximum Density

● Grading and Binder content

● QC of Recovered Binder (FT-IR) 

●Bitumen penetration >> Complex
Modulus and Phase Angle (DSR)
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MIN 5 samples / 7 km

● Rut Depth data 

● Rut volume dataFoto: Ramboll RST
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4) Research Program 2013 - 2017:

How to maintain service life of (remixed) surface course ?
How to maintain Life Cycle of Surface course by Remixing ?

Implementation of results 



Excel Tool for Remix Design : Road profile data 
is combined to bitumen rheological data

●Input: Rut volume data 
●Set the Rheological target (40 1

10 𝑚𝑚𝑚𝑚
, 47 1

10 𝑚𝑚𝑚𝑚
ja 76 1

10 𝑚𝑚𝑚𝑚
)

●Set the bitumen content (%) and density (𝑘𝑘𝑘𝑘
𝑚𝑚3) of admixture

●Set the bitumen content (%) and density (𝑘𝑘𝑘𝑘
𝑚𝑚3) of old surface 

course and working width (m)
●Set the Phase angle of old bitumen(°) [Phase Angle, δ; 0,01 Hz T=25°C]

●Set the Complex Modulus of old bitumen [G*] (Pa) [Complex 
Modulus ; 0,01 Hz T=25°C]

In Version 2 Penetration data can be used

Bitumen of admixture: 70/100

Input data (Example):

21



Excel Tool for Remix Design: Calculation results
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43

V1500 (laskennallinen lisämassa) 650/900 (laskennallinen lisämassa) 650/900 (35 kg lisämassalla)

Amount and type of soft bitumen can be 
estimated on different parts of road

Calculated by amount of admixture 
based on Rut volume

Fixed amount of admixture, 
e.g. 35 𝒌𝒌𝒌𝒌

𝒎𝒎𝟐𝟐

(as rejuvenator) (as rejuvenator) (as rejuvenator)

Output data 
(Example):

22



Better performance by Better process

23New Overlay New Overlay Time (years)https://www.liikennevirasto.fi/documents/20473/431718/Remix
_Digipilottiraportti.pdf/0f86c1c8-6aed-4307-8af0-ef7b1ca87cc4

Foto: NCC Industry Oy

Maximum rut depth, mm

https://www.liikennevirasto.fi/documents/20473/431718/Remix_Digipilottiraportti.pdf/0f86c1c8-6aed-4307-8af0-ef7b1ca87cc4


Estimated cost-savings by better design 
on High volume roads in Finland

24

- 8 %

- 20 %

0 €

5 000 000 €

10 000 000 €

15 000 000 €

20 000 000 €

25 000 000 €

30 000 000 €

35 000 000 €

40 000 000 €

present state 3*REM is used on 80 % of high
volume roads. REM is not used
on 20 % of high volume roads

3*REM is used on 80 % of high
volume roads. REM is not used
on 20 % of high volume roads.

Same service life REM and
overlay

Vu
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 [€

]
Asphalt pavement Maintenance cost (euros/year) 

on High-volume roads  (ADT > 5000)

ADT KVL 5 000 - 10 000

ADT 10 000 - 25 000

ADT > 25 000
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