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The roads aren’t ready for climate change ?!

Fewer, but heavier vehicles on the road? 



Softening Point (EN 1427)

Test the behavior of bitumen at 
elevated service temperatures

Needle Penetration (EN 1426)

Test the behavior of bitumen at 
intermediate service temperatures



Measurements and 

predictions of bitumen 

performance must 

furthermore include a wider 

range of test temperatures 

and loading time

Norway leads the way!

Dynamic Shear Rheometer

(EN 14770)

(Handbook N200 Road Construction)
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Study I: Sample preparation techniques on DSR testing: 

round-robin tests on bitumen  

https://doi.org/10.1080/14680629.2023.2213775

Petroleum Standardization Bureau

(Bureau de Normalisation du Pétrole)



Aim Material & Method Results & Findings

Study I. Aim
Identify the sample preparation phases that are crucial to achieving consistent results and
underline the importance of employing the same sample preparation and test conditioning
approaches because of the possible impact on the outcome.

Study I. Material Test Temperatures (°C) and 
parallel plate dimensions (PPmm)

SP (°C)
EN 1427

PEN (0.1mm)
EN 1426

Material type

15, 20 and 25°C (PP08) 
40, 45 and 50°C (PP25)

545850/70

35, 30, 25 and 20°C (PP08)
20, 25, 30,35, 55, 60, and 65°C (PP25)

60.43120/30

20, 15 and 10°C (PP08)
10, 15, 20, 40, 45 and 50°C (PP25)

58.45145/80-55

20, 15 and 10°C (PP08)
40, 50 and 60°C (PP25)

614945/80-55



Study I: Results and Findings

Aim Material & Method Results & Finding 

The investigated steps 

of DSR test method

Repeatability and reproducibility for |G*| and δ 

Equipment

Sample manufacturing

Waiting time between mfg. of sample and test start (storage time)

Sample bonding (mounting) temperatures

Pre-heating time and temperature for manufacturing sample

Duration of Equilibrium time



Reproducibility coefficient of variation 

G*: 10% and : 5% (14770:2012)

G*: 30% and : 4° (14770:2023)

Reproducibility coefficient of variation 

G*: (7-20%) and : (1-2)°

Repeatability coefficient of variation

G*: (2-12%) and : (1-3)°

|G*|





In most test combinations, the 

equipment brand and manufacturing 

method had negligible impact on the 

results; 

a higher G with Anton Paar & sheet, 

while a higher δ with Malvern & mould. 



None of the studied bitumen 

was significantly affected by 

waiting times of less than 2 h 

or longer than 72 h;

waiting time ≥ 72 h 
(a higher G & a lower δ value)

waiting time ≤ 2h 
(a lower G & a higher δ value)



• Heating temperature of (SP+100°C) for  PMB, yielded more accurate results in terms of 
coefficient of variation and standard deviation for G* and δ, respectively.

• The bonding temperature and sample manufacturing temperature had a significant 
association in more test combinations than other sample preparation processes.

• PP08: Equilibrium durations of 5–15 min (a lower G*) 

PP25: Equilibrium durations of 15–30 min (a lower G*) 

In most test conditions,  value increased by equilibrium durationthe



Study II: Effects of Various DSR Testing Methods on the 

Measured Rheological Properties of Bitumen

https://doi.org/10.3390/ma16072745



Aim Material & Method Results & Findings

Study II. Aim

Determine whether and under what conditions the heating temperature (HT) for sample 
manufacturing, bonding temperature (BT), and radial trimming (Trim) of the sample on DSR 
testing have a significant impact on the results. 

Study II. Material and Method
Density

kg/m3

SP (°C)

EN 1427

PEN (0.1mm)

EN 1426
Material type

103048.46150/70

102246.07770/100

100041.2160160/220_I 

101339.5161160/220_II



Study II: Results and Findings

Aim Material & Method Results & Finding 

The main and interaction effect

of three selected factors

1. Trim

2. temperature at which bond sample onto rheometer (BT)

3. pre-heating temperature for manufacturing sample (HT)

Main Effects
Trim
BT
HT
Two-factor interactions
Trim:HT
Trim:BT
BT:HT
Three-factor
interactions
Trim:BT:HT



• A significant difference in trimmed and untrimmed samples 
when PP08 is applied. 

• The BT and HT take on varying degrees of significance 
depending on the materials and tested temperatures. The 
variation in HT strongly affected the results of the 160/220_I 
contrary to all other studied materials.

• For G*, the two-way interaction Trim:BT has the strongest 
effect on almost all tested materials and temperatures

• For , the two-way interaction Trim:BT has the strongest 
effect for 70/100 and 160/220_II 

• The study showed that G* and  have been affected by studied 
factors, most for 160/220. 



Study 
III: Assessing the effect of specimen preparation methods on 

DSR testing of bitumen using factorial design analysis

Density

kg/m3

SP (°C)

EN 1427

PEN (0.1mm)

EN 1426
Material type

102546.86150/70
100041.2160100/160
101945.68570/100

101567.23970/100+ 4% SBS

101479.03370/100+ 4% Wax



Study findings underline 

the importance of employing the 
same sample preparation and test 
conditioning approaches because 

of the possible impact on the 
outcome.

Bitumen Future?
Future research?


