
Feasibility and Performance of the Semi-circular Bending Test in Evaluating the 

Low-temperature Performance of Asphalt Mortar 

Abstract: Semi-circular Bending (SCB) test has been widely used to evaluate the 

fracture performance of asphalt mixtures, but its potential in evaluating the 

low-temperature performance of asphalt mixtures at mortar scale has been seldom 

investigated. This study aims to explore the feasibility and evaluate the performance 

of SCB tests in evaluating the low-temperature performance of asphalt mortar. To 

quantify the influence of the crushing and local creep at the top of the SCB test 

samples on testing results, the Digital Image Correlation (DIC) method was used to 

characterize the displacement field of mortar samples during the test under different 

loading rates at -10°C. The effects of binder film thickness, filler content, and aging 

condition on low-temperature performance of asphalt mortar were investigated by 

SCB test. The experimental design set a fixed nominal maximum aggregate size of 

4.75mm. The test matrix considered three binder film thicknesses (9, 10 and 11µm) 

and four filler contents (8.5%, 9.4%, 10.5% and 11%) at two aging conditions 

(short-term and long-term aging). Two cracking indexes including before-peak slope 

(Sbp) and fracture energy (Gf) were used to evaluate the low-temperature performance. 

According to the results of DIC analysis, the loading rate of 3mm/min was proposed 

to be the optimum for the SCB mortar test at -10°C. It was concluded that the SCB 

mortar test can effectively differentiate the low-temperature cracking performance of 

different asphalt mortars under different aging conditions. Thicker binder film 

thickness can significantly decrease the aging rate of asphalt mortar from short-term 

aging to long-term aging, whereas the effect of filler content on ageing rate is not 

statistically significant. 
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1. Introduction 

Asphalt mixtures can be analyzed in four different scales, including asphalt binder, 

mastic (binder and filler), mortar or Fine Aggregate Matrix (FAM) and asphalt 

mixtures [1][2]. Low-temperature cracking is one of the major distresses of asphalt 

pavement [3][4].  Based on the observation of the separated surface of the mineral 

aggregate within the asphalt mixtures at low temperature, the failure modes of the 

low-temperature cracking can fall into two categories: adhesion failure and cohesion 

failure [5]. The former refers to the separation between binder and mineral aggregate 

[6], while the latter refers to the separation within the asphalt binder itself [7]. Recent 

research has shown that the cohesive strength of asphalt mortars at low temperature 

can significantly affect the cracking resistance of asphalt pavement [8][9], because the 

fatigue cracks and thermal cracks propagate within mortar or FAM of asphalt 

mixtures [10][11].  

 

Compared with the fracture tests for asphalt mixture samples [12][13], the tests for 

asphalt mortar samples have some advantages, such as material saving, lower test 

variability, and easier sample preparation [14]. The mix design of mortar varies in 

terms of Nominal Maximum Aggregate Size （NMAS）, asphalt content and air void 

distribution based on different hypotheses. Also, the mechanical properties of the 

asphalt mortar are extremely sensitive to the volumetric changes [15]. However, when 

mortar is evaluated for comparison, it is not necessary to replicate them exactly same 

as that in the mixtures if the samples are fabricated following the same procedure [16]. 

Currently, most of the performance tests for asphalt mortar are performed by using 

Dynamic Shear Rheometer (DSR) or Bending Beam Rheometer (BBR). The mainly 

evaluated properties of mortar include viscoelastic properties through DSR 

strain/stress sweep tests [17], fatigue and healing characteristics through DSR time 

sweep and creep and recovery tests [18][19], and fracture/moisture damage resistance 

at low temperature through BBR tests [20]. The BBR test is usually used to capture 

the creep stiffness (S) and rate of relaxation (m-value) of the mortar samples in beam 

geometry [21][22]. Besides, to simulate the fracture process of the asphalt mortar at 



low temperature, the Single Edge Notched Bending (SENB) test has been developed 

by adding a notch on the BBR sample [23]. However, the fabrication of the beam 

samples by static compression in steel mold is complicated. In addition, when the 

NMAS of mortar is larger than 2.36mm, the fine aggregate particles become larger 

than half the size of the bending beam sample.  

 

The above studies demonstrated that asphalt mortar plays a key role in the cracking 

resistance of asphalt mixtures. Thus, it can be valuable to the evaluation of the 

cracking resistance of asphalt mixtures. However, no quantitate model has been 

established between the mesoscopic indexes (or volumetric indexes of mortar) and the 

cohesive parameters of asphalt mortar at low temperature. Besides, the relationship 

between the mix design of mortar and the low-temperature cracking performance has 

not been clearly understood yet. Therefore, to extend the application range of the 

mortar testing and simplify the fabrication of the mortar samples, the SCB test 

configuration in a Universal Testing Machine (UTM) is proposed in this study to 

investigate the low-temperature performance of asphalt mortar [24]. The SCB 

samples were initially used to test mode I fracture toughness of rock and other brittle 

materials [25]. Afterwards, it has been widely used and improved to investigate the 

fracture flexibility and fatigue cracking of asphalt mixtures under monotonic or cyclic 

loading [26][27]. The effects of factors from both the external test conditions and 

material properties on the low-temperature cracking performance of asphalt mixtures 

have been extensively studied [28]. It was found that the fracture characteristic of 

asphalt mixtures is rate and temperature dependent in SCB test [29]. Also, the 

variation of fracture energy measured by SCB test at low temperature can be 

significantly affected by air void, type of aggregate and type of binder modifier [30]. 

In addition, the oxidation aging can influence the low-temperature cracking 

performance of asphalt mixtures significantly [31]. The more the pavement aged, the 

greater the incidence that thermal cracking would occur. Therefore, like the research 

of asphalt mixture samples, it is reasonable to investigate the factors that can 

significantly affect the low-temperature cracking of asphalt mortar samples from both 



the external test conditions and the material properties. Because asphalt mortar uses 

smaller NMAS, while remains the sample size level as asphalt mixture sample, 

asphalt mortar SCB sample is easy to meet the requirement of Representative Volume 

Element (RVE) size. Thus, it is expected that SCB test with asphalt mortar samples 

may capture the fracture energy with higher consistency.  

 

2. Objectives 

The main objectives of the study include: 

⚫ to validate the load-displacement curves from the SCB test at the mortar scale 

based on the DIC methods considering the variation of loading rates; 

⚫ to analyze the difference of the fracture energy and bending stiffness of the 

asphalt mortars with different combinations of binder film thickness, and filler 

content; and 

⚫ to investigate the influence of both binder film thickness and filler content on the 

aging rate of the asphalt mortar. 

 

3. Materials and Mortar Design 

A styrene–butadiene–styrene (SBS) polymer-modified asphalt binder (PG76-22) and 

the limestone filler (passing the 0.075mm size sieve) combined with fine granite 

aggregate (passing the 4.75mm size sieve) were used in this study to fabricate the 

asphalt mortar samples. As Figure 1 shows, the standard gradation of the mortar is 

converted from a common dense-graded gradation with a NMAS of 13mm. The filler 

content of the standard mortar gradation is 9.4% by weight of all mineral aggregate. 

Another three filler contents of 8.5%, 10.5% and 11% were also applied on the fixed 

gradation curve from 4.75mm to 0.075mm to evaluate the influence of filler contents 

on the cracking performance of asphalt mortar. At the same time, three different 

binder film thicknesses including 9, 10 and 11µm were selected to investigate the 

effect of binder content on the cracking of mortar. As defined in Equation 1 and 2, the 

specific surface areas (SA) and the effective binder content (Pbe) of each combination 

of the mortar with different filler contents and binder film thicknesses were calculated 



according to the Chinese specification of JTG F40-2004, “Technical Specifications for 

Construction of Highway Asphalt Pavements”. The detailed volumetric properties of 

different mortars are listed in Table 1. Two aging conditions were considered: Short 

Term Oven Aging (STOA) according to AASHTO R30 recommendation with four 

hours loose mixture aging at 135ºC, and Long-Term Oven Aging (LTOA) according 

to the procedure of 12 hours loose mixture aging at 135ºC. 
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where SA= the specific surface area, cm2/g; Pi = the corresponding passing percentage 

of sieve size i, %; Pbe = the effective binder content, %; T = the binder film thickness, 

µm; and γb = the specific density of the binder. 

 

 

Figure 1 Gradation curves of the asphalt mixtures and the corresponding mortar. 
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Table 1 Volumetric properties of the asphalt mortar. 

Mortar ID 

Binder film 

thickness, T 

(µm) 

Filler content 

(%) 

Specific surface 

area, SA (cm2/g) 

Effective Binder 

content, Pbe (%) 

F 8.5-T 9* 9 8.5 87.5 7.8 

F 8.5-T 10 10 8.5 87.5 8.9 

F 8.5-T 11 11 8.5 87.5 9.6 

F 9.4-T 9 9 9.4 92.4 8.3 

F 9.4-T 10 10 9.4 92.4 9.4 

F 9.4-T 11 11 9.4 92.4 10.2 

F 10.5-T 9 9 10.5 98.0 8.8 

F 10.5-T 10 10 10.5 98.0 10.0 

F 10.5-T 11 11 10.5 98.0 10.8 

F 11-T 9 9 11.0 100.8 9.1 

F 11-T 10 10 11.0 100.8 10.2 

F 11-T 11 11 11.0 100.8 11.1 

* F 8.5-T 9 means asphalt mortar with a filler content of 8.5% and binder film thickness of 9μm. 

 

4. Test Methods 

4.1 SCB test for mortar 

A Universal Testing Machine (UTM) equipped with 25kN load cell and an 

environment chamber was used to perform the SCB mortar test. The setup for the 

SCB mortar test consists of a loading ramp at the top center of the sample, and two 

supporting rollers at two sides of the bottom, with a distance of 80mm, which is 0.8 

times of the diameter of the mortar sample. During the SCB mortar test, a constant 

pre-defined displacement rate was applied to the sample until the cracking failure 

occurs. There were seven loading rates including 0.75, 1, 3, 15, 30, 50 and 80mm/min. 

The low testing temperature was set at -10°C. According to AASHTO TP105, the 

SCB test with PG76-22 binder needs to be performed at -24°C and -12°C. However, 

there are three reasons that this study chose to perform the SCB test at -10°C. First, it 

is exceedingly difficult for normal equipment to reach the low temperature as -24°C. 

The equipment used in this study cannot provide such low temperature in the 

environmental chamber. Second, this research studied the local material to support the 



local pavement construction in southern part of China, -10°C is the normally used 

temperature here to evaluate the low temperature performance of asphalt. Third, this 

research did not intend to study the influence of test temperature on SCB fracture test, 

but it would be interested to test asphalt mortar at lower temperature with upgraded 

equipment. In addition, since the inhomogeneous composite of the asphalt mortar 

consisting of aggregate particles with different sizes and binders with different 

thickness distribution, the size effect on the testing results might be amplified when 

the testing samples scale are small [32][33]. This study did not perform a RVE 

(Representative Volume Element) analysis regarding to the sample size effect. 

However, since gradation of asphalt mortar is fine, this study use 100mm diameter 

samples to control the variation of the test results. And smaller sample size can help 

with the sample frication. The thickness of the SCB sample was set at 33mm. No 

notch was applied to the samples. The notch configuration options for SCB test 

include but not limited to regular saw cut rectangular notch, pre-fatigue notch, 

semi-circular notch. Also, Non-notch is also an option. There are both advantages and 

disadvantages for each of the option. Pre-fatigue notch is perfect in fracture theory 

because it provides a sharp notch tip, however, it is not very practical in asphalt 

specimen mainly because it is easy to damage the specimen during the pre-fatigue 

process. A normal saw cut rectangular notch cannot provide a sharp notch tip, but it is 

relatively practical. While semi-circular notch configuration does not have a sharp tip 

to isolate the crack initiation, but it can control the notch initiation in the “semi-notch” 

area. Finally, non-notched sample does not provide notch tip at all. The disadvantage 

of non-notch is that the crack initiation cannot be controlled to occur at certain area. 

But the stress in non-notch sample can concentrate at the weakest defect to initiate a 

crack. The non-notched fracture test may represent how crack initiates in the field 

most closely, but this assumption needs to be proved by research. This research did 

not study the influence of the notch configuration and choose to use the non-notched 

SCB test for its advantages. All samples tested in this study were produced by the 

Superpave Gyratory Compactor (SGC) with a target air void content of 4±0.5%. As 

illustrated in Figure 2(a), the cylindrical samples with a diameter of 100mm and a 



height of 100mm were fabricated first. Then two mortar circles with a target thickness 

of 33mm were cut from the middle of the original sample by a masonry saw. After 

that, the circle was cut into two halves along the diameter. The volumetric properties 

of each half were tested, and the air void content of the samples was controlled within 

the range from 3.5% to 4.5%. The load-displacement relation was captured by a 

vertically Linear Variable Differential Transformer (LVDT) mounted on the top of the 

sample. Three replicates were prepared for each SCB mortar test. 

 

4.2 Incorporation of the DIC system 

The DIC method was used to obtain the full-field displacements and strains of the 

front surface of the sample by taking continuous images of the surface by a 

high-speed industry camera, which collects 8-bit grey scale images with 18-megapixel 

resolution. The frame rate of the camera was set at 14 fps. Before the implementation 

of the DIC instrument, a series of surface treatments on sample surface was applied. 

First, as shown in Figure 2 (b) and (c), the surface of the samples were painted 

uniformly matt white coupled with random black dots on it, which can provide a 

random and uniform speckle pattern on the front surface of the sample. Thus, the 

displacement/strain of each black dot during the loading can be captured based on the 

measurement and analysis of the continuous images. A camera was placed carefully to 

make sure the captured images of the sample are clear. The frame rate was set at 5 fps 

in the SCB mortar test. Two white lights were mounted on both sides of the sample to 

improve the illumination. A post image analysis was conducted to capture the 

displacements/strain field on the sample surface. The Gauss-Newton algorithm [34] 

was used as a sub-pixel registration algorithm in the displacement measurement. A 

numerical differentiation process was used to obtain the strain considering the noise 

contained in the computed displacement [35].  

In this study, the DIC method was mainly applied to verify the vertical deformation of 

the mortar sample during the SCB test, due to the fact that significant local 

deformation can be observed near the loading strip on the top of the sample as shown 



in Figure 2(d). As seen in Figure 2(e), the vertical displacements of the five points 

located on the sample surface (start from the top edge on the center axis of the sample 

with an interval of 1cm,designated as point 1, point 2, point 3, point 4 and point 5), 

were measured in the test. The displacement of each point and the relative 

displacement between any two points can be captured. 

 

Figure 2 Setup of the SCB mortar test with DIC system: (a) SGC samples; (b) surface 

treatment; (c) speckle pattern of the front surface; (d) the cracked sample; and (e) 

measurement point locations. 

 

4.3 Definition of the cracking indexes 

Figure 3 demonstrates a typical load-displacement curve of the SCB motor test 

performed at a low temperature. With a certain vertical displacement rate, the vertical 

load increases with increasing growth rate, and then decreases sharply. A polynomial 

equation with a degree of three shown in Equation 3 was used to fit the before-peak 

curve of the SCB mortar test. Two independent indexes were defined to characterize 

the load-displacement curve including the before-peak slope (Sbp) and the fracture 

energy (Gf). In terms of the before peak slope (Sbp), it was defined as the slope of the 

load-displacement curve at the inflection point before the peak load. AASHTO TP124 
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defines the post-peak slope as one input for the flexibility index, or FI. This study 

used the before-peak slope instead of the specification defined post-peak slope for the 

following three reasons. First, this study intended to reduce the creep damage at SCB 

sample top, thus, the loading rate selected in this study was relatively high. Therefore, 

most of the fracture tests were quite brittle and the load-displacement curve were not 

softening curve, and the post-peak slope is infinite. Second, the before-peak slope 

represents the stiffness of the material that can characterize the crack initiation of the 

material. Compare to the crack propagation, the initiation is relatively more important 

because once the crack initiates, the crack usually propagates fast and the pavement 

must be treated. Third, flexibility index is normally measured at intermediate 

temperature but tests in this study were run at low temperature. 

 

The fracture energy (Gf) calculation is shown in Equation 4. Higher Sbp indicates 

stiffer or more brittle mortar, and higher Gf indicates that the mortar needs to consume 

more energy to form a crack [36]. 

3 2

1 2 3 4( )bpF u c u c u c u c=  +  +  +                       (3) 

f
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H T
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
                              (4) 

where Fbp = load of before-peak stage, kN; u = vertical displacement, mm; c1, c2, c3, c4 

= fit coefficient of the polynomial equation; Gf = fracture energy, J/m2; Wf = the total 

area within the load-displacement curve, J; H = sample height, m; and T = sample 

thickness, m.  



 

Figure 3 Definition of the fracture indexes based on the SCB mortar test. 

 

5. Discussion of Test Results 

5.1 Analysis of the vertical deformation in SCB test 

5.1.1 Quantification of the creep curves 

Based on the DIC system, the full-displacement, and strain on the front surface of 

samples can be captured. The plots of displacement versus image (or time) number of 

certain locations illustrated in Figure 2(e) could be obtained. The corresponding 

displacement versus time/image number of the loading roller was recorded by the 

vertically LVDT mounted on the top of the edge simultaneously. Figure 4 

demonstrates the vertical deformation of the pre-defined five points calculated by the 

DIC system and the corresponding vertical deformation captured by the LVDT. It was 

found that the vertical displacement measured by LVDT and the calculated 

deformation of DIC (point 1) overlapped with each other, which indicates that this 

DIC system can achieve acceptable accuracy in deformation measurement. The 

deformation measured by point 1 was significantly different from the deformation 

measured by other points. The deformation curves of point2, point 3, point 4 and 

point 5 almost overlapped with each other. Thus, this result indicates that most of the 

compressive creep deformation occurs within the local region between point 1 and 

point 2, which is the top 1cm area next to the top roller in the vertical direction. It 
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could also be observed that the relative difference between deformation curves of 

point 1 (or LVDT) and point 2 was negligible when the vertical deformation was low 

(less than 1mm in Figure 4), but the difference accumulated fast when the vertical 

deformation increased.  

 

Figure 4 Vertical deformation of a mortar sample at the loading rate 3mm/min. 

 

Figure 5(a) illustrates the visualized local deformation of the mortar sample after the 

monotonic loading with different loading rates. Three typical loading rates, including 

0.075, 3 and 30mm/min, were selected for the comparison. At each loading rate, the 

images before loading and before cracking were used to analyze the local deformation 

caused by the monotonic load from the upper roller. It could be found that crushing 

occurred under the narrow loading strip when the loading rate was 0.075mm/min, 

while no obvious crushing occurred at the loading rate of 3 and 30mm/min. In 

addition, local deformation could still be observed under the loading strip when 

loading rate was 3mm/min, whereas no obvious deformation occurred under the 

loading rate of 30mm/min. To quantify the local deformation of the mortar samples 

under varying loading rates, the creep curves were calculated by subtracting the 

load-displacement curves measured from LVDT and point 2. As Figure 5(b) shows, 

the local deformation of mortar samples at the loading rate of 0.075mm/min was 

approximately 1.5mm, while only approximately 0.3mm at the loading rate of 
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3mm/min, and approximately 0.1mm at the loading rate of 30mm/min. 

 

(a) 

 

(b) 

Figure 5 Observation and quantification of the local deformation during the 

monotonic loading: (a) images recorded by the camera; (b) creep curves. 
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different loading rates from 0.075 to 80mm/min. Since asphalt binder is a 

viscous-elastic material followed the time-temperature principle [37], similar to the 

SCB test conducted on asphalt mixtures, it is reasonable to assume that loading time 

or temperature can also significantly influence the testing results of asphalt mortar. In 

Figure 6(a), as the loading rate increases, the Sbp of the mortar samples from 

load-displacement curves by both LVDT data and DIC data increase. However, the 

Sbp calculated by DIC data (point 2) is always higher than the Sbp calculated by LVDT 

data due to the extraction of the local creep deformation. The relative error of Sbp 

between two data sets from point 2 and LVDT decreases sharply when the loading 

rate increases from 0.075mm/min to 3mm/min. Then, the error remains at the low 

level when the loading rate is higher than 3mm/min. As can be seen in Figure 6(b), 

with the increment of the loading rate, the Gf firstly increases then decreases. Gf 

reaches its peak value when the loading rate is 3mm/min. The Gf calculated by 

load-displacement curves from point 2 is always lower than that from the LVDT due 

to the extraction of the dissipated energy caused by creep deformation. The relative 

error of Gf between two data sets from point 2 and LVDT decreases sharply when the 

loading rate increases. Besides, the coefficient variation (COV) of the relative errors 

of both Sbp and Gf are lower than 5% when the loading rate is higher than 3mm/min. 

The results of Sbp and Gf show higher variance when the loading rate is 0.075 or 1 

mm/min. Considering both the relative error and variation of the error, the loading 

rate of 3mm/min is finally recommended to be one acceptable loading rate for the 

mortar SCB test at testing temperature of -10ºC. Since the relative errors of both the 

Sbp and Gf caused by the local deformation are less than 10%, and the variation of the 

relative errors caused by the local compressive creep are less than 5%, the error 

caused by the local deformation is considered as steady and predictable.  



 

(a) 

 

(b) 

Figure 6 Cracking indexes and relative errors calculated by load-displacement curve 

from LVDT and Point 2 at different loading rates: (a) Sbp; (b) Gf. 

 

5.2 Influence of the materials’ factors 

5.2.1 Effect of the binder film thickness and filler content on stiffness and fracture 

energy 

According to the experimental matrix design, three levels of binder film thickness and 

four levels of filler content were prepared for the testing. Figure 7 shows the 

calculated low-temperature performance indicators including Sbp and Gf. As Figure 
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mortar under ST aging condition is lower. When it comes to the LT aging condition, 

as can be seen in Figure 7(b), asphalt mortars with higher binder film thickness still 

exhibit lower Sbp at each filler content. However, the Sbp of mortars with a filler 

content of 10.5% and 11% become close to each other. As illustrated in Figure 7(c) 

and (d), the fracture energy (Gf) is higher in value if the binder film thickness is 

thicker when the filler content is fixed. Additionally, it is worth noting that when the 

filler content increases from 10.5% to 11%, the Gf of mortar at ST aging condition has 

no increment, but even exhibits a slight decreasing trend, which indicates that there is 

an optimal filler content to reach the highest fracture energy for the asphalt mortar. 

  

(a) ST aging (b) LT aging 

  

(c) ST aging (d) LT aging 

Figure 7 Sbp of asphalt mortar under short-term (a) and long-term (b) aging conditions 

and Gf under both short-term (c) and long-term (d) aging conditions. 
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by ST aging and LT aging. It was found that the peak load and the area under the 

load-displacement curve decrease significantly after LT aging. Also, it was noticed 

that the Sbp of the mortar sample decreases from ST aging to LT aging, which 

indicates that LT aging may change the stiffness of asphalt mortar at low temperature. 
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Normally, the oxidation aging leads to increment of the stiffness of asphalt binder and 

make it more brittle and harder caused by the loss of oily components by volatility or 

absorption. But, when it comes to LT oxidation aging, the mechanism of the aging 

effect becomes more complicated considering the changes in composition or 

molecular structure and the interface between binder and aggregate. 

 

Figure 8 Load-displacement curves of F 9.4-T 10 mortar after ST and LT aging. 

 

In this paper, to simplify the expression of the aging effect, the changing rate of 

fracture energy (Gf) after LT aging was considered to quantify the aging rate as 

defined in Equation 5. It does not necessarily mean that the material exhibits a better 

crack resistance or not if you have a higher aging rate. Higher aging rate indicates the 

long-term aging changed the fracture energy of the sample more.   
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−
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where Gf (ST) = the fracture energy of asphalt mortar at low temperature after 4h 

loose mix aging, J/mm2; and Gf (LT) = the fracture energy of asphalt mortar at low 

temperature after 4h loose mix aging, J/mm2. 

 

As illustrated in Figure 9, the aging rate of different mortar samples with the same 

filler content decrease significantly with the increasing of binder film thickness, 
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which means that the LT oxidation aging impacts the fracture energy more when the 

binder film thickness is thinner. The influence of filler contents on the aging rate is 

not remarkable compared to the influence of binder film thickness. 

 

Figure 9 Aging rate of different asphalt mortars with different filler contents and 

binder film thicknesses. 

 

To further evaluate whether the effects of filler content and film thickness on aging 

rate are statistically significant, a two-way Analysis of Variance (ANOVA)) with a 95% 

confidence was performed. The ANOVA results are presented in Table 2. The p-value 

of the factor of binder film thickness is less than 0.05, which indicates that binder film 

thickness significantly affects the aging rate. However, it is not clear how the filler 

content impact the low temperature performance of asphalt mortar based on currently 

collected data.    

0%

4%

8%

12%

16%

20%

8.5% 9.4% 10.5% 11%

A
g

in
g

 r
at

e

Filler content

9µm 10µm 11µm



Table 2 Summary of ANOVA results. 

Source Factor Degree of freedom Sum of squares F value P-value 

Aging 

rate 

Filler 

content 
3 0.000066 0.20 0.89587 

Binder film 

thickness 
2 0.013763 40.74 0.00032 

 

6. Findings and Conclusions 

In this study, the SCB test was proposed to evaluate the low-temperature performance 

of asphalt mixture at the mortar scale. The DIC method was used to analyze the creep 

deformation in the SCB test, and furtherly verify the validation of the testing results. 

The effects of various factors, including binder film thickness, filler content, and 

aging condition (short-term aging and long-term aging), on the cracking indexes were 

investigated. The following major findings and conclusions were obtained: 

1) Based on the basic shape of the load-displacement curve from the SCB mortar test, 

two cracking indexes, before-peak slope (Sbp) and fracture energy (Gf), were 

found to be suitable for evaluating the low-temperature cracking performance of 

asphalt mortar. Higher Sbp indicates stiffer asphalt mortar, and higher Gf indicates 

better cracking resistance of asphalt mortar.  

2) According to the results of DIC analysis, most of the local creep deformations at 

all loading rates are within a 1cm area close the top of the SCB sample. More 

obvious local creep deformation can be found when the loading rate is lower and 

even crushing can be observed when the loading rate is 0.075mm/min. 

3) With the increase of the loading rate, the relative errors of both cracking indexes 

(Sbp and Gf) from the load-displacement curves with or without the creep 

deformation decrease sharply. The loading rate of 3mm/min is acceptable at the 

temperature of -10ºC for the SCB mortar test. Since the relative errors in both the 

Sbp and Gf caused by the local deformation are less than 10%, and the variations of 

the relative errors caused by the local compressive creep are less than 5%, the 



error caused by the local deformation is considered predictable and controllable. 

4) According to the results of SCB mortar test in this study, higher binder film 

thickness and filler content in general result in lower Sbp and higher Gf of asphalt 

mortar. Besides, the statistical analysis shows that the aging rate of asphalt mortar 

is affected significantly by the binder film thickness, but the effect of the filler 

content is not statistically significant.  
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