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PRESENT ASPHALT
PAVEMENTS IN POLAND










2000

4 cm
SMA 0/11 B-50

8cm °
AC 0/20 B-50

17 cm
AC 0/25 B-50







2004

9cm
AC 20
PMB

4 cm
SMA 11

13 cm
AC ,,EME” 20
20/30







4 cm

2011
SMA 11
PMB 45/80-55
8 cm °
ACWMS 16
PMB 25/55-60 17 cm

AC WMS 16
20/30







Mind what you
have learned.

Save you It can.




LOW-TEMPERATURE
TESTING







,GET BACK TO THE LAB!”



TPA LAB, PRUSZKOW 2012



STIFFNESS VS. FATIGUE




STIFFNESS MODULUS
AND

FATIGUE
RESISTANCE

Stiffness modulus S

[MPda]

145

4PB-PR (10°C, 10 Hz)

min. 14 000 MPa

140

Resistance to
fatigue g4
[Lmm /mm]

ACWMS 16
20/30

min. 130 pe

186

205

340

ACWMS 16 ACWMS 16 ACWMS 16 ACWMS 16
50/70+DU PMB 25/55-60 PMB 25/55-60 PMB 45/80-70
HiMA POYGUM



Stiffness modulus 4PB-PR, MPa

FATIGUE TESTS ON AC WMS 16 (EME)

THE
STIFFER
THE
BETTER?

18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000

O 1 v 1 1 1 1 1
0 500000 1000000 1500000 2000000 2500000

Load cycles
——AC WMS PMB 25/55-60 = AC WMS PMB 25/55-60 WM —AC WMS PMB POLYGUM 45/80-70



FRENCH DESIGN
METHOD

FATIGUE CRITERION

am =)

2PB-TR (15°C, 10 Hz)

1000
E
E \
=
.§1oo .
] —b =-0,1
—b=-0,2
10 -

number of cycles N



Amplituda odksztatcenia [um/m)]

4PB-PR (10°C, 10 Hz) VS. 2PB-TR (15°C, 10 Hz)

1000
y = 1268,5x" "
1 8E -0,1612
I =1339,4x""

14 y

1 3\c. y= 1057,2x-0,1467

117 e Heea gy

100 | |

- -0,1809
100000 1000000 y=1430,2""" 40000000

—— AC WMS 16 PMB 25/55-60 4PB-PR
— = AC WMS 16 20/30 2PB-TR

w—— AC WMS 16 20/30 4PB-PR
= = AC WMS 16 PMB 25/55-60 2PB-TR

Modut sztywnosci, [MPa]

Trwato$¢ zmeczeniowa g [pmm/mm)]

20000

15000

10000

5000

300

200

100

16588
14489

4PB-PR, 10°C, 10 Hz 2PB-TR, 15°C, 10 Hz

mAC WMS 16, 20/30

RESISTANCE

mAC WMS 16, PMB 25/55-60

FATIGUE

4PB-PR, 10°C, 10 Hz
W AC WMS 16, 20/30

2PB-TR, 10°C, 25 Hz
H AC WMS 16, PMB 25/55-60



Amplituda odksztatcenia [um/m]

FATIGUE
RESISTANCE

20000 z 0
_ 16588 £
& 14489 £
S 15000 £
= =
Z p
3 8
1000 + < 10000 T T3 200
g g
3 N
§ 5000 g 139
s o
%)
8
0 ) . g 100
4PB-PR, 10°C, 10 Hz 2PB-TR, 15°C, 10 Hz s 4PBPR, 10°C, 10 Hz 2PB-TR, 10°C, 25 He
EACWMS 16,2030  mAC WMS 16, PMB 25/55-60 W AC WMS 16, 20/30 B AC WMS 16, PMB 25/55-60

186

145
139

117 S
100 = ——
! - -0,1809 !
100000 1000000 y = 1430,2x 10000000

AC WMS 16 PMB 25/55-60 4PB-PR AC WMS 16 20/30 4PB-PR
— =AC WMS 16 20/30 2PB-TR — =AC WMS 16 PMB 25/55-60 2PB-TR



AC WMS (EME)
PAVEMENT
DESIGN

TRAFFIC LOAD CLASS KR5

AC WMS USING 20/30 AND/OR PMB 25/55-60

200

100

fatigue criterion permanent deformation criterion




AC WMS (EME)
PAVEMENT
DESIGN

TRAFFIC LOAD CLASS KR5

AC WMS USING 20/30 AND/OR PMB 25/55-60

200

fatigue life
[min. 100 kN ESAL]

100

20/30
PMB

PMB PMB 20/30

PMB

20/30

20/30 20/30 PMB

Bl Ac wws 16 PMB 25/55-60
B Ac wwms 16 20/30



Perpetual pavement is ,,an asphalt
pavement designed and built to last

longer than 50 years without

requiring major structural
rehabilitation or reconstruction, and

needing only periodic surface
renewal (...)"

APA definition




TRADITIONAL ASPHALT PAVEMENT

CRITICAL STRAIN AT BOTTOM - FATIGUE FAILURE

smooth and save surface

rut resistant binder course

stiff base course

WEARING COURSE

BINDER COURSE

BASE
COURSE

SUBBASE

SUBGRADE

=
o)
2>



TRADITIONAL ASPHALT PAVEMENT

CRITICAL STRAIN AT BOTTOM - FATIGUE FAILURE

smooth and
save surface WEARING COURSE
rut resistant BINDER COURSE

binder course

BASE

stiff base COURSE

course

SUBBASE

SUBGRADE

=
&l
>



TRADITIONAL ASPHALT PAVEMENT

CRITICAL STRAIN AT BOTTOM - FATIGUE FAILURE

smooth and
save surface WEARING COURSE
rut resistant BINDER COURSE

binder course

BASE

stiff base COURSE

course

SUBBASE

SUBGRADE

=
&l
>



TRADITIONAL

WEARING COURSE

BINDER COURSE

BASE
COURSE

SUBBASE

SUBGRADE

VS

PERPETUAL

WEARING COURSE

STIFF BINDER COURSE

»ELASTIC”
BASE COURSE

SUBBASE

IMPROVED SUBGRADE

e.g. SMA, BBTM, PA, ...

e.g. EME...

=
°
3>



PERPETUAL PAVEMENT

renewable
WEARING COURSE 30-40 MM (e.g. SMA)

100 — 160 mm
area of high compression
and shear

stiff, rut resistant

STIFF BINDER COURSE 100-175 MM (e.g. EME)

BASE COU . anti-fatigue“ layer

C=o (¥

. tensile strain

SUBBASE

IMPROVED SUBGRADE

=
°
>



Strain [um/m]

4PB-PR (10°C, 10 HZ) ACC. PN-EN 12697-24

[
o \ = y = 653.12X'0'047
300
202 y=772.889x00% | | | |
186
y =1268.518x0-139

145 bain. 130
140 -----------------*-- -y=1,339_400X-0.161’--- :
100 y =1 343.990x0-164 L

0 i

100,000 1,000,000 10,000,000

Cycle numbers N

® AC WMS 16 PMB 25/55-60 *AC WMS 16 20/30 = AC WMS 16 PMB 25/55-60 WM

m AC MWS 16 PMB 45/80-80 SM AAC WMS 16 50/70+DU



BACK TO THE REALITY




HVS

(Heavy Vehicle Simulator)

PRUSZKOW

2008



HVS

(Heavy Vehicle Simulator)

PRUSZKOW




HVS

(Heavy Vehicle Simulator)

PRUSZKOW




SPENS
RESEARCH

2008 PROGRAM

TESTED PAVEMENT TYPES

A B C D

12 cm

— ) ) ) )
Mini ,Perpetual Pavement



FATIGUE DAMAGE
| LIFE
2008

50

Fatigue damage

Fatigue life

100

AC WMS traditional AC composite pavement Perpetual



PARP €3 2013

Perpetual Pavement

PROJECT PARTICIPANTS:



FIRST PERPETUAL

PAVEMENT IN EUROPE










perpetual 2015
pavement

traditional
pavement




TRIAL SECTION

ANTI-FATIGUE

LAYER

(150 m)

2014



TRIAL SECTION

ANTI-FATIGUE

LAYER

(150 m)

2014



2014



2014






~GESTRATA”
SITE-SEEING

2014



~GESTRATA”
SITE-SEEING

2014



LONG LIVE
50 YEARS

2015






50 Réznice migdzy drogq z nawierzchnig
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AND THE STORY

GOES ON...




2017

©TPA, 14.03.2018



3cm
SMA 8 ARB

17 cm
ACWMS 16
PMB 25/55-60

6cm
AC AF (anti-fatigue) 16
PMB 45/55-80 HIMA

2017



2018



3cm
SMA 8 ARB

12 cm
ACWMS 16 W
PMB 25/55-60

7 cm
AC AF (anti-fatigue) 16
PMB 45/80-80 HIMA

2018



AND THE STORY

GOES ON...




GDANSK
RAFINERY

2018



68 cm

ASPHALT

TENDER (TRAFFIC LOAD CLASS KR4)

CONCRETE

4 A
cm AC 23 cm concrete

6 cm AC

10 cm AC 8 cm AC

10 cm unbound base 0/63 10 cm unbound base 0/63

79 cm

38 cm unbound lower base 0/63

38 cm unbound lower base 0/63
with geogrid

with geogrid

seperation layer, geotextile

seperation layer, geotextile



LOAD
TRAFFIC LOAD CLASS KR4, BUT... ANALYSIS

Speed

¢ Load



...HEAVY LOAD AND MAX 20 KM/H

I Load

HEAVY
DUTY
PAVEMENT

Speed















COMPLEX MODULUS E* VS TEMPERATURE
SMA 16 vs AC AF 16

AASHTO T-342
100000 -
|
f\
10000 -

E*, MPa

—SMA 16 P PMB 45/80-80

1000 -

—ACAF 16 PMB 45/80-80

1
-10 -5 0 5 10 15 20 25 30 35 40

Temperature, °C



COMPLEX MODULUS E* VS TEMPERATURE which
SMA 16 AND SMA 22 GRADING

AASHTO T-342

E*, MPa

——SMA 16 PMB 45/80-80

- --SMA 22 PMB 45/80-80

=~ -
-~
-
- -
-

2000 -

(=]

-10 -5 0 5 10 15 20 25 30 35 40

Temperature, °C



MASTER CURVES E* which
SMA 16 AND SMA 22 GRADING

AASHTO T-342

4000 A

3500 1

3000 -

2500 A

2000 A

E*, ksi

1000 { <

500-4

0 +—"T

0.0000001 0.000001 0.00001 0.0001 0.001 0.01 0.1 1 10 100 1000 10000 100000 1000000

Reduced frequency, Hz

Reduced Frequency, Hz



NEW!

TRIPLE SMA

SMA 16 PMB 45/80-80
5CM

SMA 22 PMB 25/55-80
9 CM

SMA 16 PMB 45/80-80
6 CM







AND THE STORY

GOES ON...?




FOR HOW LONG

SMA8or11 PMB

AC 16, 35/50 or PMB

AC 22, 35/50




You must
unlearn what

you have
learned.













