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The characterization of asphalt binder at low temperature 
is critical for selecting and designing asphalt materials 
used in regions withcold climates

Introduction

This is especially true for new technologies such as Warm 
Mix Asphalt (WMA), for which a reduction in the 
production temperature may potentially lead to 
substantial benefits in terms long-term aging



ÅLow temperature characterization of asphalt binder 
can be performed with the Bending Beam Rheometer.

ÅConventionally ethanol is used, but air was also 
proposed as cooling medium.

Introduction

Å Increased interest on aging phenomena as 
demonstrated by the activities of the RILEM TC 252-
CMB on chemo-mechanical characterization of 
bituminous materials.



Research objective 
Experimentally investigate the combined effect of 
aging temperature and cooling medium on the low 
temperature response of asphalt binder

Based on
ÅBending Beam Rheometer (BBR) Test
ÅAir and Ethanol as cooling medium
ÅDifferent short-term aging temperatures

Introduction



Materials and Testing

ÅFour 70/100 pen-gradedasphaltbinders:

B501, B502, B503 and B504

ÅEach asphalt binder were first short-term aged at 123ºC 

(B501_R_123), 143ºC, and at the standard 163ºC,and then 

long-term aged (B501_R&P_123)

ÅPG of the four asphalt binders is PG 70-22, PG 70-22, PG 70-

22and PG 64-22, respectively



aaa

Creep stiffness, S(t), and m(t), were obtained from BBR testing

Figure 1 BBR 

(a) BBR device

(b) ethanol 

(c) air
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TABLE 1  BBR experimental results for all asphalt binders S(60s) 

Results and Analysis

The stiffnessin air is higherthan that in ethanol, difference is between 
18.5% and 35.7% depending on temperature and binder type.



Results and Analysis

TABLE 2  BBR experimental results for all asphalt binders m(60s)

The m-valuein air is lower than that in ethanol, the difference is between 
19.2% and 29.8% depend on the temperature and binder type.



Results and Analysis

Figure 2  (a) S(60s) at low PG+10°C; (b) m-value at low PG+10°C

A difference of 20°C in the short-term aging temperature
does not appear to significantly affect the rheological 

properties of the asphalt binder.



Results and Analysis

Figure 3  (a) S(60s) at low PG+4°C; (b) m-value at low PG+4°C

A difference of 40°C in the short term aging temperature
seems to substantially change the low temperature 

response of the binder after long term aging.



D(t) - creep compliance 

Eқ - glassy modulus

-ɻ dimensionless constant

h, k - exponents such as 0<k<h<1 

t - time 

ɱ - gamma function

-̱ characteristic time varying with temperature

Huet(1963) model
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Figure 3 Huetmodel fitting of S(t) in ethanol and air at T=low PG+10°C

Results and Analysis



TABLE 3 Huetmodel parameters of S(t) in ethanol and air at 
T=low PG+10°C  for asphalt binder B504

The cooling medium strongly affects the behavior of asphalt binders
resulting in stiffer and brittle materials in air 

Results and Analysis

Asphalt binder Cooling medium EÐ (MPa) ŭ k h log(Ű0) R2 

B504_virgin 
Ethanol 3000 2.37 0.23 0.80 1.52 0.998 

Air  3000 1.68 0.20 0.56 2.09 0.996 

B504_R&P_123 
Ethanol 3000 4.86 0.24 0.80 1.67 0.999 

Air  3000 4.31 0.22 0.62 2.43 0.997 

B504_R&P_143 
Ethanol 3000 5.26 0.24 0.80 1.83 0.996 

Air  3000 4.80 0.21 0.62 2.46 0.994 

B504_R&P_163 
Ethanol 3000 6.70 0.27 0.80 1.97 0.994 

Air  3000 5.30 0.22 0.64 2.51 0.999 

 



Conclusions

ÅThe combined effecton different short term aging 
temperatures and cooling medium on the low temperature 
properties of asphalt binder were experimentally investigated.

ÅAir strongly affects the experimental measurements of asphalt 
binders, resulting in stiffer and more brittlematerials.

ÅA reduced short term aging temperature may be ultimately 
beneficial for the low temperature propertiesof asphalt 
materials at long-term aged level.
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