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No standard procedure is available for low temperature asphalt binder testing in 

the Dynamic Shear Rheometer. In this study, an overview is given of the necessary 

equipment to use the 4 mm geometry for asphalt binder testing including an 

explanation of shear compliance correction. Furthermore, the testing conditions of 

4 mm geometry including specimen preparation, specimen conditions and test 

parameter are evaluated. Additionally, practical tips and screenshots on the 

implementation of recommended parameters and testing conditions in the software 

rSpace and RheoCompass are provided. Overall, this paper provides extended 

information and guidelines on how to use the 4 mm geometry and which testing 

conditions to consider for testing asphalt binder in the low temperature range. 
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1 Introduction 

The Dynamic Shear Rheometer (DSR) was introduced for asphalt binder testing by 

Anderson et al. (1994) as part of the Strategic Highway Research Program (SHRP) in the 

USA. Since then, many different sample geometries, test methods, and application 

possibilities have been and are still developed, while the availability of DSR in asphalt 

laboratories is constantly increasing. Different test methods have already been included 

in national technical standards for asphalt binder specification in various countries. 

Due to the high stiffness of asphalt binder at low temperatures (< 0 °C) the DSR testing 

geometry needs to be very small in order to comply with the measuring limitations of the 

instrument (Büchner et al., 2020a). For that reason, a cylindrical testing geometry with a 

diameter of 4 mm was introduced for asphalt binder testing in the low temperature range 

by Sui et al. in 2010. The new geometry has been used and enhanced by various 

researchers during the last years and its applicability was demonstrated (Büchner et al., 

2020a). However, the lack of a widely accepted standard procedure for application of the 

4 mm geometry leads to different results in different laboratories and to doubts in terms 

of practicability.  

Therefore, an interlaboratory study was initiated in 2019 to summarize and compare the 

test procedures and testing conditions regarding the 4 mm geometry of different European 

laboratories (Büchner et al., 2020b). Each participating laboratory tested the same asphalt 

binders (plain asphalt binder 50/70 and polymer modified asphalt binder 25/55-55) and 
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performed temperature-frequency sweeps with temperatures of -30, -20, -10, and 0 °C as 

well as frequencies of 0.1, 1.0, 1.59, and 10 Hz. There were no instructions or 

requirements on specimen preparation, specimen conditioning or testing parameters 

beforehand, so each laboratory used its typical test procedure based on previous 

experiences. The results of the interlaboratory study including all details on individual 

test procedures are available through the final report (see Büchner et al., 2020b). 

An extended parameter analysis including various graphics and statistical analysis based 

on the results of the 2019 interlaboratory study was performed by Büchner et al. (2020a). 

Exemplarily, Figure 1 displays the coefficient of variation under repeatability conditions 

(CV-r) and coefficient of variation under reproducibility conditions (CV-R) of the 

complex shear modulus for all temperature-frequency combinations. It can be observed 

that the discrepancy for the CV-r is very low with around 6 % (for both binders) compared 

to the CV-R with around 20 % for 50/70 and over 25 % for 25/55-55 binder. The same 

phenomena can be noticed for the repeatability and reproducibility analysis for the phase 

angle (Büchner et al., 2020a). These observations demonstrate the general applicability 

of the 4 mm geometry based on small repeatability values. However, the reproducibility 

values are currently not conclusive, because the test procedures (including specimen 

preparation, specimen conditioning, testing parameters) used in different laboratories 

vary widely. All in all, the interlaboratory study demonstrated that there are too many 

different methods and test procedures concerning the 4 mm parallel plate geometry which 

provoke different test results. Therefore, it is important to unify as well as standardize the 

testing conditions for 4 mm tests in order to improve the repeatability and reproducibility.  

 
Figure 1: Coefficient of variation under repeatability conditions (CV-r) and coefficient of variation 

under reproducibility conditions (CV-R) for the complex shear modulus (Büchner et al., 2020a). 

It was demonstrated that the choice of suitable testing conditions is essential to obtain 

correct and conclusive test results. But to date, many laboratories have no experience with 

the 4 mm geometry and do not know how to handle and how to test with the 4 mm 

geometry. Due to the variability of DSR measurements many influencing factors need to 

be considered for testing such as sample preparation, sample conditioning, sample 

geometry, and test parameters (summarized as testing conditions). 
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2 Objective 

Currently, there is no widely accepted and validated test procedure for using the 4 mm 

geometry of the DSR for asphalt binder testing in the low temperature range. This paper 

aims to summarize and explain most important testing conditions which need to be 

considered for application of the 4 mm geometry. Overall, this paper should provide 

extended information on how to use the 4 mm geometry, which parameter to consider 

and how to implement these parameters in the respective software. The following selected 

factors, parameters and conditions will be analyzed: 

• equipment necessary to use the 4 mm geometry, 

• correction of instrument compliance to produce significant rheological data, 

• specimen preparation including recommended specimen dimensions, 

• specimen conditioning and normal force compensation, 

• test parameters including settling time for oscillation tests. 

Additionally, the methodology of the subsequent interlaboratory test under 

reproducibility conditions (ILS 4 mm 2020) will be presented and compared to the 

previous parameter analysis. 

3 Equipment 

For low temperature testing in the DSR there are several accessories necessary. First of 

all, the 4 mm geometry, which is available for Netzsch, Anton Paar and Texas Instrument 

devices, consisting of two parts: the lower parallel plate with a diameter of 4 mm and the 

upper geometry which has the identical diameter and is connected to the rheometer drive 

system. In Figure 2 the two parts of the 4 mm geometry are presented for an Anton Paar 

MCR 702 with Peltier-Hood (Figure 2, left) and for an Netzsch Kinexus (Figure 2, right). 

 
Figure 2. Lower and upper 4 mm parallel plate geometry for Anton Paar MCR with Peltier-Hood 

(left) and for Netzsch Kinexus (right). 

In addition to the geometry, suitable temperature conditioning equipment is needed which 

encloses the testing geometry holding the test specimen. There are different possibilities 

depending on the rheometer model including an active temperature hood or a temperature 

oven using convection technology or liquid nitrogen for cooling. When using a 

temperature oven, the geometry is different from the one presented in Figure 2. Most 

Ø 4 mm 
Ø 4 mm 
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commonly, active hoods are used in combination with DSR internal Peltier elements as 

they are easy to handle and can reach temperatures down to -40 °C which is typically 

enough to test significant low temperature properties of asphalt binders. The active hood 

for Anton Paar MCR rheometers is called H-PTD200 and shown in Figure 3, left while 

the active hood for Netzsch Kinexus is shown in Figure 3, right. 

 
Figure 3. Active hood for Anton Paar MCR (left) and for Netzsch Kinexus (right) rheometers.  

Furthermore, appropriate external heat exchangers are necessary for counter cooling the 

conditioning equipment. Suitable heat exchangers that are used are for instance Julabo 

CF41, Julabo FP50 or Viscotherm VT2 (Büchner et al., 2020b). As cooling liquids, 

typically mixtures of water and glycol or trivalent alcohols are being used (Büchner et 

al., 2020a). 

4 Compliance correction 

Because of the high material stiffness, the instrument shear compliance needs to be 

considered for low temperature asphalt binder testing. The shear compliance represents 

angular displacement from the rheometer drive system and the test fixture as a function 

of the applied torque in rad/Nm. Modern rheometer software (e. g. rSpace and 

RheoCompass) usually automatically corrects rheological test results regarding the 

corresponding shear compliance without notifying the user (Büchner et al., 2020a). The 

shear compliance is also called torsional compliance and is individual for each measuring 

geometry. It can be reviewed and changed in the respective software settings (Figure 4). 

The values are typically provided by the instrument manufacturer, but can also manually 

be determined and changed.  
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Figure 4. Compliance correction values for Anton Paar MCR using RheoCompass (left) and Netzsch 

Kinexus DSR using rSpace (right). 

5 Specimen Preparation 

In the low temperature range it is recommended to test with a high gap between the two 

parallel plates and a small diameter in order to keep the torque within the limits of the 

rheometer and to keep the influence of instrument shear compliance as low as possible 

(Büchner et al., 2020a). As the diameter is prescribed by the rheometer geometry (4 mm) 

only the gap can be varied by the operator. Gap sizes are being chosen between 1 mm and 

3 mm (Büchner et al., 2020a) as already included in a draft of prEN 14770 which is 

currently under revision. While a gap of 3 mm is considered critical in terms of specimen 

preparation (radial trimming) and a gap of 1 mm might be critical due to limited torque 

and shear compliance, a gap of 2 mm seems like a good compromise which is already 

used by some laboratories (Büchner et al., 2020b). Theoretically, the proposed gap of 

1.75 mm by Farrar et al. (2015) is also appropriate but there seems to be no physical 

background or convincing reason on why to use this decimal value. 

Anyway, there are many different specimen preparation methods regarding the shape and 

size of the specimen because there is no standardized procedure available. Usually, the 

same procedure is applied as for 8 mm and 25 mm diameter geometry according to EN 

14770 (2012): silicone molds with a cylindrical shape are used for pouring the specimen 

(Figure 5, left) and let them cool down to room temperature. These specimens are then 

mounted into the DSR and excess material is trimmed with a suitable trimming tool using 

a trimming gap of 5 % higher than the final testing gap (Figure 4, right). It was found 

helpful to use a stainless steel spatula heated to approximately 90 °C for radial trimming 

of the specimen. Another important factor is the specimen mounting and trimming 

temperature. From the interlaboratory study it can be concluded that the temperatures are 

in average slightly smaller than for using 8 mm or 25 mm geometry (Büchner et al., 

2020a). A temperature between 50 and 60 °C seems to be expedient for application of an 

asphalt binder with a penetration grade of 50/70 (Büchner et al., 2020a) which is around 

20 °C below the recommended temperature of EN 14770 (2012) for this type of binder. 
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Figure 5. Silicone molds with a cylindrical cavity of 4 mm diameter filled with asphalt binder (left) 

and radial trimming of excess material using a stainless steel spatula (right). 

Additionally to the specimen preparation procedure derived from EN 14770 (2012), 

different authors have published alternative procedures. Sometimes, the liquid binder is 

directly mounted onto the DSR geometry with or without further trimming (Büchner et 

al., 2020b). Büchner et al. (2019) and Wang et al. (2019) proposed a special silicone mold 

for specimen installation using top trimming instead of radial trimming, resulting in a 

variable specimen height of 3.1 ± 0.15 mm. Although this mold is considered as very 

functional, it is not very practical and regular silicone mold with careful radial trimming 

is resulting in identical accuracy of rheological test result. Another alternative for sample 

preparation is to remove the upper plate from the rheometer (only possible for Anton Paar 

instruments), heat it up externally and press or pour the specimen on the pre-heated plate 

using different silicon molds as proposed by Lu et al. (2017) or Grazulyte et al. (2019). 

It can be concluded that many efforts and trials have been made to come up with suitable 

specimen preparations methods. The two most critical factors for specimen preparation 

are the installation temperature to achieve good adhesion and the correct diameter of the 

specimen biased by the radial trimming. 

6 Specimen Conditioning 

After preparation, the specimen is conditioned to the first test temperature. For low 

temperature testing with 4 mm geometry this temperature reduction will result in 

shrinkage of the specimen. When the gap between the two parallel plates is kept constant, 

axial forces might emerge as a consequence of specimen shrinkage which can influence 

rheological measurements in shear direction (Büchner et al., 2019). These axial forces 

can be recorded as normal forces in the DSR.  

During specimen conditioning at low temperatures the formation of normal forces should 

be avoided by applying gap compensation using the normal force controlled mode of the 

DSR (Büchner et al., 2019). Specifically, the shrinkage of the specimen is compensated 

by automatically adjusting the gap between the two parallel plates and consequently the 

specimen height to maintain zero normal force. During actual testing the gap should be 

kept constant using the DSR gap-controlled mode to allow occurring normal forces as a 

consequence of the shear loading. This procedure was already applied by the majority of 

participants of the interlaboratory study (Büchner et al., 2020a). 

Figure 6 demonstrates how to apply gap compensation using rSpace software. Before the 

actual temperature conditioning the normal force-controlled mode is activated using the 

software feature ‘set normal force’ to maintain zero normal force specified with a very 
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slow movement speed of the DSR lift and a timeout of one second. Then, the temperature 

conditioning starts while still maintaining zero normal force. After the target temperature 

is reached and the equilibrium time passed, the gap-controlled mode is activated using 

the software feature ‘set gap’ specified with a defined relative movement of 0.0 mm. 

Consequently, the gap does not change anymore and the rheological measurement can 

start. 

 

   
Figure 6. Software settings for normal force compensation during low temperature conditioning 

using rSpace software. 

For RheoCompass software the gap compensation can be activated by either specifying 

and activating two individual moving profiles or by including the demanded normal force 

as a variable into a  measuring block. The latter is easier to implement and more 

practicable. Respective software settings of the measuring block are exemplarily 

displayed in Figure 7 consisting of three different intervals. During the first interval the 

temperature of the climate chamber is linearly reduced from 20 to 0 °C while conditioning 

the external heat exchanger (T[2]) to 10 °C and specifying a normal force of 0 N. In the 

second interval the target temperature is kept constant for 15 minutes while still keeping 

the normal force zero. Finally, in the third interval the normal force is not specified 

anymore and the rheological measurement is carried out. 
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Figure 7. Software settings for normal force compensation during low temperature conditioning 

using RheoCompass software. 

During temperature conditioning at test temperatures below 0 °C ice crystals may evolve 

at the interface of the upper geometry and the temperature hood (as reported by Büchner 

et al., 2019; Grazulyte et al., 2019; Laukkanen et al., 2018). Dry air with a pressure dew 

point below test temperature or dry/liquid nitrogen can be used to prevent ice formation, 

as reported by Büchner et al., 2020a. 

When testing different temperatures, the operator can choose between an increasing or 

decreasing temperature trend. Most participants from the interlaboratory study used 

decreasing temperature trend for test temperatures between -30 and 0 °C (Büchner et al., 

2020a). More importantly, suitable conditioning times need to be selected in order to 

achieve thermal and mechanical equilibrium in the specimen. For low temperature testing 

extended equilibrium times are necessary in comparison to 8 mm or 25 mm measurements 

because the asphalt binder needs more time to achieve that equilibrium. However, 

necessary equilibrium times differ depending on the rheometer type and on the 

temperature conditioning setup (Büchner et al., 2019). Approximate equilibrium times 

around 20 to 30 minutes seem to be suitable for temperatures between -30 and 0 °C 

(Büchner et al., 2020a). 

7 Test Parameters 

Oscillation measurements are typically used for asphalt binder characterization in the low 

temperature range. The sinusoidal oscillation can either be controlled by a defined shear 

stress amplitude or a defined shear strain amplitude. Depending on the rheometer and the 
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setup of the drive system one control mode can be advantageous compared to the other. 

In the intermediate and high temperature range (8 mm and 25 mm specimen diameters) 

strain-controlled mode is typically chosen with strain amplitudes ranging from 0.1 to 10 

%. For low temperature testing even lower strain values might be necessary to test within 

the linear viscoelastic range of the asphalt binder. For some rheometers the stress-

controlled mode is preferred in that case because the load can be applied faster and more 

precisely. E. g., strain values between 0.01 and 0.1 % seem to be satisfactory for testing 

a penetration graded 50/70 asphalt binder in the range from -30 to 0 °C while stress values 

should be in the range of 10 to 100 kPa (Büchner et al., 2020a). 

In addition to the chosen amplitude the defined time to generate and calculate rheological 

values is crucial. When starting the measurement, the DSR needs some adjustment time 

for the sinusoidal oscillation to achieve the pre-defined amplitude values. In Figure 8 the 

adjustment time for a strain-controlled oscillation with a strain of 0.1 % is exemplarily 

presented for different frequencies. It can be observed that the torque amplitude is slowly 

increasing until a steady amplitude is reached after around 10 sinusoidal periods 

considering 0.1 and 1.0 Hz and after around 40 periods considering 10 Hz. The time to 

achieve a steady oscillation needs to be considered, which significantly depends upon the 

frequency and can be between 5 and 120 s. After waiting for the steady oscillation, the 

measuring interval needs to be chosen within which rheological parameters are 

calculated. This measuring interval should also be chosen based on the frequency to 

include a defined number of, for example, ten sinusoidal oscillation periods. 
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Figure 8. Adjustment time for sinusoidal oscillations for frequencies of 0.1, 1.0 and 10 Hz at 0 °C for 

an asphalt binder 50/70. 

8 Interlaboratory study initiated in 2020 

From the interlaboratory study (ILS) regarding 4 mm geometry in 2019 it was concluded 

that the testing conditions need to be unified in order to achieve better reproducibility 

between different laboratories (cp. section 1). Therefore, a subsequent interlaboratory 

study was initiated in 2020 using identical asphalt binders. However, compared to the 

first interlaboratory study the test procedure (including specimen preparation, specimen 

geometry, specimen conditioning and testing) was specified in much more detail based 

on the findings of the previous interlaboratory study from 2019. In addition, detailed test 

sequences for rSpace (Netzsch) software and RheoCompass (Anton Paar) software were 

provided. The specifications and instructions for the interlaboratory study 2020 are 

presented in the following in regard to the testing conditions which were discussed 

beforehand. 
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8.1 Specimen preparation  

The two different asphalt binders (50/70 and 25/55-55, identical to the material from ILS 

2019) are supposed to be heated as a sub sample of approximately 20 g in the oven at 

150 °C for 60 minutes. After homogenization, the fluid asphalt binder should be poured 

in silicone molds with a prepared diameter of 4 mm (cp. section 5). Alternatively, silicone 

molds with a diameter of 8 mm or sheet materials can be used. The specimen will then 

stored at room temperature for a duration between 2 hours and 72 hours for 50/70 and 

between 12 hours and 72 hours for 25/55-55 according to EN 14770 (2012).  

The participants are supposed to set the zero gap with both parallel plates at ambient 

temperature before starting the test. The specimen installation temperature is specified by 

50 °C for 50/70 and 60 °C for 25/55-55. Both plates are to be heated to the installation 

temperature and the temperature has to be kept constant for five minutes. Then, the 

specimen should be mounted between the rheometer plates and the gap set to 2.1 mm for 

trimming the specimen (cp. section 5). After 30 seconds the radial surface of the specimen 

needs to be trimmed with a heated aluminum or stainless steel trimming tool (~ 90 °C) in 

order to remove excess material. At last, the final gap of 2 mm is set. 

8.2 Sample conditioning 

Identical to the interlaboratory study 2019 a temperature-frequency-sweep will be carried 

out on both asphalt binders including test temperature of -30, -20, -10 and 0 °C as well as 

frequencies of 0.1, 1.0, 1.59 and 10 Hz. A decreasing trend is chosen for subsequent test 

temperatures starting with a test temperature of 0 °C. The equilibrium time to ensure 

thermal and mechanical equilibrium within the sample is 15 minutes for 0 and 10 °C, 20 

minutes for -20 °C and 30 minutes for -30 °C (cp. section 6). The normal force needs to 

be kept zero during temperature conditioning for each of the test temperature using gap 

compensation (cp. section 6). For testing, the gap has to be kept constant using the gap-

controlled mode of the DSR (cp. section 6). 

8.3 Test parameters 

Strain-controlled mode was chosen for all participants with identical strain amplitudes for 

both asphalt binders. The strain is supposed to be 0.1 % for the test temperatures 0, -10 

and -20 °C and 0.05 % for the test temperature -30 °C. The measurement duration for 

each data point is pre-defined based on the frequency to ensure correct measuring results 

including a least 10 individual oscillation periods (cp. section 7). The measurement 

duration is 120 seconds for 0.1 Hz, 20 seconds for 1.0 Hz and 10 seconds for 1.59 as well 

as 10 Hz. Only one individual measurement result for each temperature-frequency 

combination is requested while each participant should perform three repetitions of the 

T-f-Sweep for both asphalt binders. As already pointed out in section 4, it is important 

that the compliance correction is applied to the results and participants were instructed to 

check and report their instruments’ shear compliance values. 
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9 Summary and Conclusion 

Asphalt binder testing in the low temperature range using Dynamic Shear Rheometer 

(DSR) with 4 mm diameter parallel plates is gaining more and more interest. However, 

there is no standard procedure on how to use the 4 mm geometry. An interlaboratory 

study in 2019 demonstrated the problems in terms of reproducibility with different 

procedures of 4 mm testing being used in different laboratories. The choice of suitable 

testing conditions is therefore essential to obtain correct and conclusive test results. 

In this study, an overview is given of the necessary equipment to use the 4 mm geometry 

for asphalt binder testing including an explanation of shear compliance correction. 

Furthermore, the testing conditions of 4 mm geometry including specimen preparation, 

specimen conditions and test parameter are evaluated in detail. Finally, the procedure of 

the second interlaboratory study with 4 mm geometry is presented which is expected to 

give further insight into repeatability and reproducibility of the test method. The main 

outcomes include: 

• For low temperature asphalt binder testing the 4 mm geometry, including an upper 

and a lower plate, as well as appropriate temperature conditioning equipment like 

an active temperature hood or a temperature oven is needed. Additionally, an 

external heat exchanger with a suitable cooling liquid is necessary. 

• Due to the high material stiffness of asphalt binder at low temperature the test 

results need to be corrected in regard to the instrument shear compliance. 

• A gap size of 2 mm is recommended using appropriate silicon molds for specimen 

preparation. The specimen installation temperature should be around 20 °C lower 

than for regular DSR testing. The specimen should be trimmed with a heated 

stainless steel trimming tool. 

• Normal force-controlled mode should be used to compensate specimen shrinking 

at low temperatures by adjusting the gap to keep the normal force zero. 

• The oscillation needs some frequency dependent adjustment time to achieve the 

pre-defined amplitude values before the actual measurement can start. 

Additionally, practical tips and screenshots about the implementation of recommended 

parameters and testing conditions in the software rSpace and the software RheoCompass 

are provided. Overall, this paper provides extended information and guidelines on how to 

use the 4 mm geometry and which testing conditions to consider for testing asphalt binder 

in the low temperature range. 
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