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Expressway S8 in Poland 

PERPETUAL  

ASPHALT PAVEMENT 



WE DO NOT  

REINVENT 

THE WHEEL 



PAST AND 

PRESENT 



ROMAN ROADS 

VIA 

APPIA 
312 

B.C. 



2000 years 

later… 

 

   

 
E. Britannica ® 



Revolution in  

road constuction 



MACADAM ROAD 

CONSTRUCTION” 182

3 Control is  

important! 



PRESENT 

ASPHALT 

CONSTRUCTION 
200

0 Less control? 



PRESENT ASPHALT  

PAVEMENTS IN POLAND 



In  

km 

HIGHWAYS AND EXPRESSWAYS 
CONSTRUCTION IN POLAND 



WE HAVE BUILT THE LONGEST 
HIGHWAY IN POLAND IN THE 
SHORTEST TIME! 



WEARING COURSE, SMA 11 (0/12.8), 4CM (5 CM) 

BINDER COURSE, AC 20, 9CM (8 CM) 

ASPHALT BASE COURSE, AC 25, 16CM 

UNBOUND SUB-BASE OF CRUSHED  
AGGREGATE 0/31.5, 22CM 

SUB-BASE OF NATURAL AGGREGATE 0/31.5, 20CM 

FROST PROTECTION LAYER, 24CM 

SUBGRADE 

- 29 CM 

- 95 CM 15 mln 
115 kN 
ESALs 

All HMAs with binder D50 

TRADITIONAL 

ASPHALT PAVEMENT  200

1 

– CALCULATED OPERATION LIFE 20 YEARS 



WEARING COURSE SMA 11, 4CM 

BINDER COURSE, AC 20 WITH PMB, 9CM 

AC WMS (EME TYPE) 20 WITH 20/30 BINDER, 13CM 

UNBOUND SUB-BASE, CRUSHED AGGREGATE, 22CM 

CEMENT BOUND SUB-BASE, RM28 = 2.5 ÷ 5.0 MPA, 20CM 

FROST PROTECTION LAYER, 27CM 

SUBGRADE 

- 26 CM 

– REDUCED TOTAL THICKNESS OF ASPHALT LAYERS 
– INCREASED DURABILITY 

16.5 mln 
115 kN 
ESALs 

ASPHALT CONCRETE 

WITH HIGH 

STIFFNESS 

MODULUS 

200

4 



WEARING COURSE, SMA 11, 4CM 

BINDER COURSE, AC WMS 16 20/30, 8 CM 

ASPHALT BASE COURSE, AC WMS 16 20/30, 17 CM 

UNBOUND SUB-BASE OF CRUSHED AGGREGATE, 22CM 

CEMENT BOUND SUB-BASE, RM28 = 2.5 ÷ 5.0 MPA, 20CM 

FROST PROTECTION LAYER, 30CM 

SUBGRADE 

- 29 CM 

– REDUCED TOTAL THICKNESS OF ASPHALT LAYERS 
– CALCULATED OPERATION LIFE 30 YEARS 

54 mln 
115 kN 
ESALs 

ASPHALT CONCRETE 

WITH HIGH 

STIFFNESS MODULUS 

201

1 



cut too  
deep 201

2 

LOW TEMPERATURE  

CRACKING 



cracks at joints with 
sealants 

201

2 

LOW TEMPERATURE  

CRACKING 



uncontrolled „wild” 

crack 

LOW TEMPERATURE  

CRACKING 201

2 

Too stiff! 
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Authors during 
low-temperature testing 



BINDER 

SELECTION 

FOR EACH LAYER 



BINDER SELECTION 
FOR EACH LAYER 

PROPOSITION OF IMPLEMENTING 
THE PERFORMANCE GRADE (PG) 
SYSTEM IN POLAND  

Deckschicht 
h = 20 mm 

Wearing course  
h = 20 mm 

Binder course 
h = 90 mm 

Base course 
h = 200 mm 



AC WMS (HIGH 

MODULUS) MIXES 

WITH DIFERENT 

BINDERS  



LABORATORY WORKS IN TPA PRUSZKÓW 



Properties of tested binders  
after aging 
SOFTENING POINT ACC. PN-EN 1427, 
FRAASS BREAKING POINT ACC. PN-EN 12593 
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Low temperature cracking resistance 
TSRST acc. PN-EN 12697-46 
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THE MORE BINDER 

THE BETTER?! 



4,8 % 5,0 % 5,4 % 

4,8 % 5,0 % 5,4 % 

Low temperature cracking resistance 
AC WMS WITH DIFFERENT AMOUNTS OF BINDER 20/30 
(TSRST) ACC. EN 12697-46 

4,8 % 5,0 % 5,4 % 
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4,8 % 5,0 % 5,4 % 



YES AND NO 
 

IT DEPENDS ON THE 

TYPE OF BINDER 

! 
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FRAASS BREAKING POINT [⁰C] 

AC WMS SMA BBTM AC

y = 1,2641x-7,8704 
R2 = 0,9152 

CORRELATION BETWEEN BINDER AND MIX 
PROPERTIES? 



y = 1,3098x - 7,2726
R² = 0,9481
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BETWEEN BINDER AND MIX PROPERTIES 
(FRAASS vs. TSRST) 
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The higher the 

stiffness the 

better? 



Stiffness modulus and fatigue resistance 
4PB-PR (10⁰C, 10 Hz) 

16588 
14489 14604 

12669 

7255 

0

5000

10000

15000

20000

AC WMS 16 20/30 AC WMS 16 PMB 25/55-60 AC WMS 16 50/70+DU AC WMS 16 PMB 25/55-60 WM AC WMS 16 PMB 45/80-80 SM

St
iff

ne
ss

 m
od

ul
us

 4
PB

-P
R

  [
M

Pa
] 

145 

186 

140 

205 

340 

100

200

300

400

AC WMS 16 20/30 AC WMS 16 PMB 25/55-60 AC WMS 16 50/70+DU AC WMS 16 PMB 25/55-60 WM AC WMS 16 PMB 45/80-80 SMS
tra

in
 ε

6 a
t m

ill
io

n 
lo

ad
 c

yc
le

s 
[μ

m
m

/m
m

] 

min. 14 000 MPa 

min. 130 με 



Decrease of stiffness modulus by 50 %  
FATIGUE RESISTANCE 
AT  210 με 4PB-PR, 10 °C, 10 HZ 
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number of cycles 

AC WMS 16 PMB 25/55-60 AC WMS 16 PMB 25/55-60 WM AC WMS 16 PMB 45/80-80 SM



FATIGUE LIFE OF AC WMS 

MIXES  

WITH VARIOUS BINDERS  
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Fatigue diagram 
4PB-PR (10 °c, 10 hz) nach PN-EN 12697-24 



Fatigue 
criterion 

French method of pavement design 

Fatigue criterion 
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20/30 

AC WMS 16 PMB 25/55-60  
AC WMS 16 20/30 

PMB 

PMB 
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Kryterium zmęczeniowe w-w asf. Kryterium zmęczeniowe ze względu na def. trwałe

Traffic load class KR5  

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



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 

Traditionelle Asphaltkonstruktionen  
– herkömmlicher Aufbau 

100 – 160 mm 
hohe Druck- und 
Scherspannung 

max. Dehnungsverformungen 
im unteren Bereich der 
Asphaltkonstruktion 

max. Druckverformung 

DECKSCHICHT 15-60 MM 

BINDERSCHICHT 50-80 MM 

TRAGSCHICHT 70-180 MM 

UNTERE TRAGSCHICHT 

UNTERGRUND 

Deckschicht 

verformungsresistante  
Binderschicht 

steife  
Tragschicht 

YEARS 



Traditional flexible pavement structure 
– conventional approach 

100 – 160 mm  
area of high compression 
and shear 

max. tensile strain 

max. compressive strain 

WEARING COURSE 15-60 MM 

BINDER COURSE 50-80 MM 

ASPHALT BASE COURSE 
70-180 MM 

SUBBASE 

SUBGRADE 

wearing course 

rut resistant 
binder course 

stiff base course 

„Langlebige Asphaltkonstruktionen 
sind so konzipiert und gebaut, dass 
sie mehr als 50 Jahre ohne ernsten 
Reparaturen an der Konstruktion 
gebraucht werden können.  
An Konstruktionen dieser Art sind 
lediglich periodische Erneuerungen 
der Deckschicht notwendig.” 
 
Definition APA 



WEARING COURSE 30-40 MM 

STIFF LAYER             100-175 MM 

ELASTIC LAYER   75-100 MM 

SUBBASE 

SUBGRADE 

100 – 160 mm  
area of high compression 
and shear 

max. tensile strain 
≤ 70 (÷ 100) μm/m 

max. compressive strain 
≤ 200 μm/m 

renewable wearing course 
(SMA, PA, …) 

stiff layer resistant to 
rutting  
(AC WMS) 

elastic, fatigue  
resistant layer  
„ANTI FATIGUE“ 

Perpetual pavement 

lit. e.g.: Newcomb at all, 2000 



PRELUDE: 
HEAVY VEHICLE 
SIMULATOR (HVS)  
IN POLAND 2008 



A 
B 

C 
D 

PRELUDE: 
HEAVY VEHICLE 
SIMULATOR (HVS)  
IN POLAND 2008 
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Mini „Perpetual Pavement 

A B C D 

SPENS Research Program, 2008 
TESTED PAVEMENT TYPES 

HEAVY VEHICLE 
SIMULATOR HVS  
IN POLEN 2008 



SPENS Research Program, 2008 
COMPARISON OF THE HVS FATIGUE DAMAGE AND 
CALCULATED RESIDUAL FATIGUE LIFE  
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~ 1 250 000 
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AC WMS traditional AC composite 
pavement 

Perpetual 



FROM IDEA TO 

IMPLEMETATION 



the moment of truth 





FIRST 

PERPETUAL 

PAVEMENT IN 

POLAND 

S8 CLOSE 

WARSAW 



S
8 

Design & 

Build 



TRADITIONAL PAVEMENT (TENDER) 

SERVICE LIFE = 32 M   100KN ESAL 

PERPETUAL PAVEMENT 

SERVICE LIFE = 142 M  100 KN ESAL  

 

improved subgrade 

15 cm  binder course with high stiffness modulus 
AC WMS 16 with PMB 25/55-60 
 

8 cm base course with high fatigue resistance  
AC AF 16 with special binder PMB POLYGUM 45/80-70  
   

3 cm wearing course SMA 8 with PMB 45/80-55 
 

20 cm subbase course 0/31,5 mm  

20 cm cement treated subbase course  
compressive strength after 28 days = 5 MPa 

3 cm wearing course SMA 8 with PMB 45/80-55 
 
7 cm binder course  
AC 16  with binder 35/50 
 

21 cm base course  
AC 22  with binder 35/50 
 

20 cm subbase course 0/31,5 mm  

15 cm cement treated subbase course  
compressive strength after 28 days = 5 MPa 
 
improved subgrade 

Comparison of 
designs 
tender / perpetual 

S8  
Opacz 

18 
YEARS 

10 
YEARS 



FIRST 

SAMPLING 
201

3 



TRIAL SECTION (150 

M) 

„ANTI-FATIGUE“ 

LAYER  
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NEWS OF THE DAY 
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VISIT OF THE 

GESTRATA  

FROM AUSTRIA 

201
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LONG LIVE 50 YEARS! 

201

5 



AND THE 

STORY GOES 

ON… 


