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biTumeN SeleCTioN APPRoACh ASSeSSiNg iTS 
ReSiSTANCe To low TemPeRATuRe CRACKiNg

Judita Gražulytė, Audrius Vaitkus, Igoris Kravcovas
Vilnius Gediminas Technical University, Road Research Institute, Lithuania

Abstract

Low temperature cracking or thermal cracking is one of the most important distress in asphalt 
pavements located in cold regions. The development of it results in higher pavement rough-
ness, faster pavement deterioration and requires millions of euros of repair and maintenance 
annually. The proper bitumen selection for asphalt mixture production restricts the formation 
of low temperature cracking. However, most designers do not consider bitumen susceptibility 
to low temperature cracking, because it needs to carry out additional laboratory tests and it 
requires supplementary cost and time in asphalt mixture selection. Consequently, this paper 
is focused on approach how to select bitumen assessing its resistance to low temperature 
cracking in easy and fast way. First, 11 bitumens of which 6 bitumens were polymer modified 
bitumens, were investigated. The critical temperature of bitumen, below which low tempe-
rature cracking occurs in the pavement, was calculated based on bending beam rheometer 
(BBR) experimental data by American Association of State and Highway Transportation (AASH-
TO) specifications. The performance grades (PG) low limits of bitumens were also determined 
using 3 °C step. The performance grade low limit varied from -16 °C up to -28 °C. Four polymer 
modified bitumens were not prone to low temperature cracking even at -28 °C temperature. 
Second, Lithuania was divided into 3 zones according to minimum pavement temperature. It 
gave possibility for designers to choose bitumen assessing its resistance to low temperature 
cracking based on road location. The implementation of this procedure will restrict low tem-
perature cracking in asphalt pavements and will result in significant lower maintenance cost.

Keywords: bitumen, thermal cracking, low temperature cracking, bending beam rheometer 
(BBR), critical temperature, performance grade

1 Introduction

Low temperature cracking or thermal cracking is the dominant failure type in asphalt pave-
ments located in cold regions. The opening and development of this kind distresses increase 
pavement roughness and create the opportunity for water penetration into pavement. It leads 
to lower bearing capacity of base and subbase, especially through freeze-thaw cycles, and 
results in faster pavement deterioration. The repair and maintenance of these consequences 
require millions of euros annually.
Low temperature cracking occurs because asphalt pavements contract under severe tempera-
ture changes. The crack opens when the thermal stress induced at low temperature exceeds 
the tensile strength of the asphalt pavement. Many researches [1-5] improved that bitumen 
performance at low temperature correlates very well with asphalt mixture performance at 
low-temperature and can be a specification in restriction of low temperature cracking. Howe-
ver, most designers, especially in Lithuania, do not consider bitumen susceptibility to low 
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temperature cracking, because it needs to carry out additional laboratory tests and it takes 
supplementary cost and time in asphalt mixture design.
These problems are solved applying the Strategic Highway Research Program (SHRP) Per-
formance Grade (PG) specifications [4], which have being used in the USA since the 1990`s. 
There bitumens are classified on the basis of the rheological properties measured in the 
linear viscoelastic range at pavement service temperatures. The bitumen criterion for low 
temperature cracking is based on Readshaw`s work [3]. He concluded that low temperature 
cracking could be minimized by using bitumen which does not exceed 200 MPa stiffness after 
a loading time of 2 hours at the lowest pavement service temperature. SHRP research team 
adjusted this value up to 300 MPa and applied the time-temperature superposition principle. 
It means that bitumen stiffness at 60 seconds at T ˚C temperature is approximately equal to 
the stiffness at 2 hours at T-10 ˚C temperature [4]. Furthermore, the m-value was introduced 
as an additional parameter. It should not be lower than 0.3 at the lowest pavement service 
temperature. Otherwise, bitumen too slow relaxes the thermal stresses that build up at low 
temperatures. 
Bitumen susceptibility to low temperature cracking is assessing by its critical cracking tem-
perature, which is defined as the temperature, at which bitumen cannot withstand induced 
thermal stresses. The determination of critical cracking temperature depends on the test type 
and method [6-11]. According to current American Association State Highway and Transporta-
tion Officials (AASHTO) specification critical cracking temperature of bitumen is determined 
using data from the bending beam rheometer (BBR) and the direct tension tester (DTT). 
In Europe PG classification is not practically used. There bitumens are usually classified by 
penetration at 25 ˚C and softening point and there are not any requirements restricting low 
temperature cracking. The practice in Europe shows that the low temperature cracking might 
occur after 2-4 years since pavement construction even if bitumen meets requirements accor-
ding to EN standards. Researchers [12], [13] tried to assess the performance of bitumens at 
low temperature based on the data from BBR. The investigation revealed that critical cracking 
temperature of unmodified bitumens varies from -13 ̊ C up to -22 ̊ C depending on penetration 
at 25 ˚C which was from 20 mm-1 up to 70 mm-1. Modified bitumens represented lower critical 
cracking temperatures than unmodified bitumens. They were from -18 ˚C up to -29 ˚C. Howe-
ver, there were analysed only a small part of familiar bitumens usually using in Europe. The-
refore, there is a need to conduct a wider experiment and to suggest a reasonable approach 
of bitumen selection assessing its resistance to low temperature cracking.

2 Experimental research of bitumen performance at low temperature

In experimental research were analysed 11 different bitumens, which are widely used in Eu-
rope: 5 – unmodified bitumens (20/30, 35/50, 50/70, 70/100 and 100/150), 4 – polymer 
modified bitumens (PMB 10/40-65, PMB 25/55-60, PMB 45/80-55 and PMB 45/80-65) and 2 
– highly polymer modified bitumens (PMB 25/55-80 and PMB 45/80-80). Highly polymer mo-
dified bitumens are an innovation in road building materials industry and are not widely used.
All analysed bitumens were characterized by:

 • penetration at 25 ˚C temperature (EN 1426);
 • softening point (EN 1427);
 • elastic recovery (only polymer modified bitumens, EN 13398);
 • critical cracking temperature;
 • PG grade.

The critical cracking temperature was determined by data from BBR (EN 14771). The critical 
cracking temperature was a higher (less negative) temperature at which the creep stiffness 
at a loading time of 60 s was 300 MPa or m-value at a loading time of 60 s was 0.3 and 10 °C 
was subtracted due to used time-temperature superposition principle. Test temperature was 
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changed at 6 ˚C intervals such that S(60)≤300 MPa or m(60)>0.3 at T ˚C and S(60)>300 MPa 
or m(60) <0.3 at T-6˚C. All bitumens before BBR were short and long term aged according to 
RTFOT (EN 12607-1) and PAV (14769). The classification into PG grades was done on the basis 
of critical cracking temperature. PG grades changed at 3 ˚C intervals.

3 Results 

In experimental research determined characteristics of analysed bitumens are represented in 
Table 1. All analysed bitumens met European specification requirements of penetration at 25 
°C temperature (EN 12591 and EN 14023). Unmodified bitumen 20/30 (25.1∙mm-1) and polymer 
modified bitumen PMB 10/40–65 (26.9∙mm-1) showed the lowest penetration. Bitumens with 
low penetration are hard and become brittle at low temperature. In cold regions are preferable 
softer bitumens because they are less susceptible to low temperature cracking.
All analysed bitumens except bitumen 20/30 met European specification requirements of 
softening point (EN 12591 and EN 14023). The softening point of unmodified bitumen 20/30 
(63.6 °C) was higher than the European specification requirement (from 55 °C up to 63 °C).

Table 1  Characteristics of bitumens

Bitumen Penetration 
[mm1]

Softening 
point [˚C]

Elastic 
recovery [%]

Tlimiting-10 [˚C] Tcr [˚C] Low tem-
perature PGS(60) m(60)

20/30 25.1 63.6 – -24.73 -16.56 -16.56 -16
35/50 39.0 54.4 – -26.02 -23.25 -23.25 -22
50/70 59.7 49.6 – -26.98 -24.98 -24.98 -22
70/100 81.7 46.0 – -28.17 -27.60 -27.60 -25
100/150 123.0 42.3 – -28.81 -29.65 -28.81 -28
PMB 10/40–65 26.9 71.1 73 -26.86 -21.28 -21.28 -19
PMB 25/55–60 33.7 63.9 79 -26.64 -22.99 -22.99 -22
PMB 45/80–55 64.7 64.5 90 -28.58 -27.52 -27.52 -25
PMB 45/80–65 57.8 73.7 90 -28.83 -28.26 -28.26 -28
PMB 25/55–80 40.8 98.7 94 -28.97 -28.20 -28.20 -28
PMB 45/80–80 59.8 91.2 96 -30.09 -28.75 -28.75 -28

All analysed modified bitumens represented higher than 63.5°C softening point. Highly mo-
dified bitumen PMB 25/55–80 showed the best result (98.7 °C). 
According to the European specification requirements (EN 14023), there is required not less 
than 50% elastic recovery of polymer modified bitumen. All analysed polymer modified bitu-
mens recovered more than 70%. Highly modified bitumen PMB 25/55–80 and PMB 45/80–80 
demonstrated even 94% and 96% elastic recovery. 
In 90.9% cases, limiting temperature determined by m-value at 60 s was higher than limiting 
temperature determined by stiffness at 60 s. Thus, m-value was a decisive factor determining 
critical cracking temperature.
The determined critical cracking temperature and PG grade for analysed bitumens showed 
their reasonable usage. Unmodified bitumen 100/150, polymer modified bitumen PMB 45/80-
65 and highly polymer modified bitumen PMB 25/55-80 and PMB 45/80-80 are not prone 
to low temperature cracking at higher than -28 °C pavement temperature. Meanwhile, the 
bitumen 20/30 can be used only at higher than -16 °C pavement temperature.
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4 Bitumen selection for asphalt mixture production

Low temperature cracking in asphalt pavements is minimized ensuring critical cracking tem-
perature lower than minimum pavement design temperature. Minimum pavement design 
temperature is 1-day-minimum pavement temperature measured at the pavement surface at 
the project location. Usually temperature at the pavement surface is measured in Road We-
ather Stations (RWSs). If there is available data of meteorological stations, air temperatures 
have to be converted to the pavement temperatures at the pavement surface.
The determination of minimum pavement design temperature at any project location is sim-
plified if mapping is done. The country is zoned considering to long period (10, 20 or more 
years) data of 1-day-minimum pavement temperature measured at the pavement surface in 
the RWSs. Typically, the intervals change in the same high as for PG grades.
In Lithuania RWSs were started to install in 1999. RWSs have temperature sensors at the pave-
ment surface. Therefore, the lowest temperatures at the pavement surface of 2005–2015 years 
were analysed. The temperature repeatability in each interval of 2.5 ˚C below -15 ˚C was also 
analysed. It enabled to eliminate errors. For example, in RWS “Seirijai” the lowest temperature 
during 2005–2015 period was -26 ˚C in 2012. However, this temperature was recorded only 
one time and other low temperatures are higher than -20 ˚C. Thus, -19 ˚C that was recorded 
in 2014 was assumed as the lowest temperature during 2005–2015 period instead of -26 ˚C. 

Figure 1 Lithuanian mapping according to minimum pavement design temperature

The lowest temperatures in 29 RWSs during 2005–2015 period are represented in Table 2. 
Lithuania was mapped using Autocad Civil 3D. The surface was smoothed using the Kriging 
method which provides spherical semivariogram model. Lithuania was zoned into 3 zones 
(Fig. 1). The highest low temperature zone (-19 ̊ C) is in the North-east of Lithuania (in Ukmergė 
and Rokiškis region). The highest part of Lithuania (along coastal, Samogitian Highlands and 
the West-east of Lithuania) belongs to zone of -22 ˚C. The lowest pavement temperatures (up 
to -25 ˚C) are in the North-east of Midstream Lithuanian Lowland and in Pabradė, Vilnius, and 
Druskininkai region. The low temperature in RWS “Kryžkalnis” was significantly lower than 
in surrounding area. Thus, we referred this point to zone of -25 ˚C. However, the temperature 
data and conditions that may influence the results have to be detailed because pavement 
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temperature lower than -25 ˚C was recorded more than 120 times during 2005–2015 period. If 
the correctness of such low temperature (<-25 ˚C) in “Kryžkalnis” is proved, the adjustment of 
map has to be done. Furthermore, the map has to be updated yearly if any significant changes 
in the lowest pavement temperature appear.
In each zone has to be used bitumen which low critical cracking temperature is lower than 
minimum pavement design temperature. The reasonable selection of analysed bitumen for 
asphalt mixture production according to zone is represented in Table 3. 

Table 2  The lowest pavement temperature in RWSs during 2005–2015 period

RWS No. RWS name The lowest pavement temperature [˚C]
981 Šventoji -21.5
989 Skirsnemunė -21.5
1012 Bubiai -25.2
1015 Panemunė -25.9
1042 Pirčiupiai -20.8
1063 Druskininkai -23.2
1066 Telšiai -21.9
1068 Dieveniškės -19.6
1071 Puskelniai -20.0
1104 Pabradė -25.6
1123 Rokiškis -14.7
1125 Daugailiai -19.4
1129 Saločiai 23.7
1132 Maišiagala -18.5
1134 Širvintos -19.1
1135 Ukmergė -15.4
1138 Kučgalys -16.8
1140 Seirijai -19.0
1143 Šėta -23.4
1164 Didžiulio ež. -24.2
1168 Šilagalys -23.5
1181 Rumšiškės -17.9
1183 Gynėvė -22.1
1185 Kryžkalnis -28.2
1187 Klaipėda -21.0
1206 Babtai -17.0
1208 Bačkonys -23.7
1209 AMV -22.0
1222 Užventis -16.4

Table 3  Bitumen usage according to zone

Zone Bitumen
-19 35/50, 50/70, 70/100, 100/150 

PMB 10/40–65, PMB 25/55–60, PMB 45/80–55, PMB 45/80–65, PMB 25/55–80, PMB 45/80–80
-22 35/50, 50/70, 70/100, 100/150

PMB 25/55–60, PMB 45/80–55, PMB 45/80–65, PMB 25/55–80, PMB 45/80–80
-25 70/100, 100/150 

PMB 45/80–55, PMB 45/80–65, PMB 25/55–80, PMB 45/80–80



CoNSTRuCTioN ANd mAiNTeNANCe648
cetra 2016 – 4th International Conference on Road and Rail Infrastructure

5 Conclusions 

Bitumen classification by penetration and softening point does not represent bitumen perfor-
mance at low temperatures. There is a need to classify bitumens based on the performance 
parameter that could restrict low temperature cracking. Critical cracking temperature, which 
is defined as the temperature at which bitumen cannot withstand induced thermal stresses, 
could be the key assessing its resistance to low temperature cracking. 
All analysed bitumens met European specification requirements of penetration at 25 °C tem-
perature and softening point except unmodified bitumen 20/30 that had 0.6 °C higher sof-
tening point. However, softening point is not a decisive factor in low temperature cracking. 
The determined critical cracking temperature by BBR data varied from -16.56 ˚C to -28.81 ˚C. 
Maximum difference is 12.25 ˚C. It confirms the hypothesis that bitumen for asphalt mixture 
production has to be selected assessing its resistance to low temperature cracking.
In 90.9% cases, limiting temperature determined by m-value at 60 s was higher than limiting 
temperature determined by stiffness at 60 s. Thus, m-value was a decisive factor determining 
critical cracking temperature.
Based on the lowest temperatures from 29 RWSs during 2005–2015 period Lithuanian terri-
tory divided to three regions. The highest low temperature zone (-19 ˚C) is in the North-east of 
Lithuania. The lowest pavement temperatures (from -22 ˚C to -25 ˚C) are in the North-east of 
Midstream Lithuanian Lowland and in Pabradė, Vilnius, and Druskininkai region. The medium 
low temperature zone (-22 ˚C) is in the rest part of Lithuania. 
Setting low temperature regions of the country data has to be analysed after each winter and 
if lower pavement temperature was recorded in comparison with the introduced values in 29 
RWSs, the map has to be updated.
In zone of -19 ˚C can be used all analysed bitumens except unmodified bitumen 20/30. This 
bitumen is not appropriate for Lithuanian climate on the basis of BBR test. In zone of –22 °C 
unmodified bitumen 20/30 and polymer modified bitumen PMB 10/40–65 tend to low tem-
perature cracking. In zone of -25 ˚C zone only unmodified bitumen 70/100, 100/150, polymer 
modified bitumen PMB 45/80-55 and PMB 45/80-65, and highly polymer modified bitumen 
PMB 25/55-80 and PMB 45/80-80 can be used. Critical cracking temperature for all analysed 
bitumens was determined by data from BBR on the basis of m-value and stiffness at 60 s after 
1 h conditioning. This experimental research has to be extended carrying out direct tension 
test and applying other methods for critical cracking temperature determination.
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