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Abstract 

The bituminous sealants used in the maintenance of roadways sometimes fail due to the 

excessive deformation or flow under the shearing action of tires in summer temperatures.  

To address this issue, a small-scale tracking test was developed and applied to twenty-one 

sealants held at temperatures between 46°C and 82°C, typical temperature maxima in 

North America.  The results indicate that sealant shear deformation increase linearly or 

non-linearly with temperature, and that above a temperature threshold, sealants deform 

excessively and track.  The tracking temperature is readily identified.  Some sealants 

tracked at fairly low temperatures, 46°C to 64°C, but most sealants only tracked at 76°C 

or beyond.  It is concluded that the tracking temperature may be a suitable specification 

parameter to assist in the selection of sealants with resistance to tracking.   
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1. Introduction 

 

Bituminous sealants are most often used in the preventive maintenance of flexible 

pavements (Chong, 1990; Smith and Romine, 1999; Masson et al. 2003).  Ideally, 

sealants would perform their function of waterproofing the pavement surface for more 

than a decade (Masson et al, 2005), but sealants sometimes fail prematurely.  In hot 

weather, sealants can fail by tracking or by shear deformation in the wheel path. Tracking 

entails the running of sealants over a meter or two and it is for the most part limited to 

freshly applied sealants (Masson, 1992).  In contrast, shear deformation entails a 

deformation of a few centimeters over several months or years (Marino, 1995).  

Currently, sealant deformation is measured by a flow test that poorly represents field 

conditions (Masson et al., 2006).  For tracking and shear deformation to be properly 

addressed in a specification, their extent and variation with temperature must first be 

documented.  Ideally, this tracking and deformation would be measured in the field, but 

such measurements are time consuming, expensive, and require traffic control.  In 

addition, the field variables are difficult to control (Masson et al, 2006).   

 

To address sealant deformation quickly and inexpensively, the French Rut Tester was 

tested unsuccessfully, but a small-scale tracking test showed more promise (Masson et 

al., 2006).  Here, we report on the use of this tracking test to assess the propensity of 

sealants to deform and track under the shear of a rubber wheel between 46 °C and 82°C, 

thus providing data on pseudo-field behaviour in a range of summer temperatures typical 

of North America.     
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2. Experimental 

 

2.1 Small scale tracking test 

 

A Portland Cement Concrete (PCC) disc with a rout of sealant through its diameter was 

placed on a Taber abraser (Masson et al. 2006, ASTM D4060) where a wheel covered 

with a rubber band rotated over the sample in a circular path under a load of 250 g and a 

radius of 45 mm (figure 1).  This test was applied to twenty-one sealants available 

throughout North America.  All sealants were purported to meet or exceed the ASTM 

D1190 or D3405 specifications.  The test temperatures were 46ºC, 52ºC, 58ºC, 64ºC, 

70ºC, 76ºC, and 82ºC, the maximum pavement temperature in various North American 

locations as expressed in the performance grading of asphalt binders, i.e., ASTM D6373. 

 

[Insert figure 1 about here] 

2.2 Sample preparation 

A sample consisted of a PCC disc with a sealant in a rout.  The disc measured 

approximately 100 mm in diameter and 13 mm in thickness, and the rout was 10 mm 

wide and 5 mm deep.  To prevent the sealant from flowing off the disc when hot, cloth 

tape was applied on the circumference of the disc.  The sealant was heated to about 185 

ºC in a tin can and poured into the rout in one slow pass to prevent the entrapment of air 

bubbles.  The rout was filled until the sealant rose just above the surface of the disc.  The 

sealant was left to cure for 7 days.  The excess sealant was removed by means of a heated 
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blade, so that the sealant was flush with the disc surface.  To mimic field conditions, the 

sealant was covered with a fine layer of cement dust that prevented excessive tackiness. 

2.3 Test procedure 

Each sealant was subject to 15 cycles of the wheel circling the disc near the perimeter at 

about 60 rpm.   To control the temperature, the Taber abraser was placed in an oven.  

During the test, the temperature of the sample was monitored using another sample with a 

thermocouple embedded in the sealant.  The tracking test was performed when the 

thermocouple showed T ±0.4ºC, where T was the sought temperature.  The sample was 

left in the oven no longer than 15 minutes after it had reached the sought temperature.  

The wheel was changed as needed, to prevent the buildup of sealant on the rubber band, 

the need for which increased with temperature. 

 

After the sealant had been subjected to the test, the shear deformation was measured 

perpendicularly to the rout with a micrometer.  Figure 2 shows the deformation of a 

sealant at 70ºC.  The average deformation length of a sealant at a particular temperature 

was obtained by taking the arithmetic mean of four measurements – two measurements 

from each duplicate.  The temperature at which a sealant tracked was also noted.  A 

sealant was considered to track when >75% of the wheel path was covered with sealant 

(figure 3).   

[Insert figure 2 about here] 

[Insert figure 3 about here] 
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3. Results 

 

The shear deformation for the sealants after the tracking tests at various temperatures is 

found in table 1.  There was a great variation in the resistance of the sealants to deform.  

This is nicely shown in figure 4, for the lowest test temperature of 46ºC.  At this 

temperature the deformation ranged from 0 to 5.9 mm.   

[Insert table 1 about here] 

[Insert figure 4 about here] 

Sealant shear deformation often increased with temperature, but the increase was material 

dependant.  For example, both sealant L and G showed little to no deformation at 46ºC, 

but they showed a >15 mm difference in behaviour at 64ºC (table 1).  Over the whole 

temperature range, sealants differed in their resistance to deformation and they provided 

either for a linear or a non-linear increase in shear deformation with temperature. 

 

3.1 Linear increase in shear deformation with temperature 

Twelve sealants in twenty-one displayed a linear increase in deformation with 

temperature.  Six sealants showed no deformation at the lowest temperature of 46°C 

(figure 5).    On the graphs, the error bars show the standard deviations, whereas the 

circles indicate the temperature at which the tracking of the sealant over the concrete disk 

was observed.  A solid circle indicates the tracking over the duplicate samples at a given 

temperature, whereas a dotted circle indicates the tracking over one sample, bearing in 

mind the 75 % limit of surface coverage for sealant smearing to be identified as tracking. 
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[Insert figure 5 about here] 

 

The other six sealants with a linear increase in deformation with temperature showed 

some tracking at 46°C (figure 6).  These sealants would likely have shown no 

deformation had the temperature been below 46°C. At this temperature of 46°C, the 

deformation ranged from a low of 1.2 mm for sealant ZZ to a high of 3.0 mm for sealant 

VV, which showed the greatest deformation of all the sealants in this group, 18 mm at 

82ºC. 

[Insert figure 6 about here] 

 

The increase in shear deformation with temperature, i.e., the slope or the rate of 

deformation, varied from 0.1 mm/°C for sealant YY (figure 6) to 0.58°C/min for sealant 

G (figure 5), with several sealants with a rate near 0.3 °C/min (table 2).  As shown in 

figures 5 and 6, the extent of deformation at any temperature was affected by both the 

level of tracking at 46°C and the rate of tracking.  At 82°C, sealants G, J, WW and VV, 

showed large deformations, with sealant VV showing the largest one of all. 

 

[Insert table 2 about here] 
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It is noteworthy that the shear deformation of the sealants was not independent of 

tracking, indicated by the circles in figures. 5 and 6.  Sealants YY and VV, with fairly 

high deformations near 5 mm at 46°C also showed significant tracking at low 

temperatures.  Sealant VV showed tracking at nearly all the temperatures, whereas 

sealant YY (figure 6) showed tracking at ≥58°C. Sealants AB and F started tracking at 

70°C, and all sealants in this group showed tracking at 82°C, except for sealant L. 

 

3.2 Non-linear increase in shear deformation with temperature 

 

Six sealants showed a linear increase in shear deformation at low temperatures, before it 

leveled at a higher temperature (figure 7).  Sealants A, B, D, and M all showed 

deformations below 10 mm at any temperature, and by 52°C or 58ºC their deformation 

had reached their maximum. The fairly good resistance to shear deformation apparently 

also led to tracking resistance, as neither D nor M showed any tracking, even at 82°C.  

The resistance to shear deformation of sealants E and H was similar to those just 

described, with the difference that the plateau was at a higher deformation or at a higher 

temperature.  Sealant H had a fairly poor resistance to tracking at ≥64°C. 

[Insert figure 7 about here] 

 

Sealants AD, EE and C showed other non-linear trends in their shear deformation with 

temperature (figure 8).  Sealants AD and EE were nearly unaffected by temperature of 

46°C to 64°C, but their deformation increased very rapidly beyond 64ºC.  At 82ºC, their 

deformation was the highest of all the sealants tested, which also correlated with tracking.  
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And finally, sealant C showed a trend in shear deformation like no other sealant, but it 

did show, like many others, tracking at 76°C.  

 

[Insert figure 8 about here] 

 

4. Discussion 

The tracking test highlighted two sealant failure modes under pseudo-field conditions: 

deformation and tracking. The wheel covered with an elastic band of natural rubber was 

much like a truck tire, which is 65% natural rubber (Rouse, 1997), and the temperatures 

were those encountered across North America.  Of course, there were differences with 

true field conditions, possibly the most obvious being the difference in the shear forces 

provided by the circular motion of the wheel and the load applied to the sealant.  On this 

basis, the results of tracking, which affect the very surface of sealants and for which 

temperature is an important parameter while the load is not as important, may be a more 

reliable indicator of performance than the shear deformation. 

 

The tracking of sealants was easy to identify and it allowed for sealant differentiation. As 

shown in table 3, only one sealant tracked at 46°C, another tracked at 58 and 64°C, and 

the greater the rise in temperature, the greater the number of sealants that tracked.  Three 

sealants did not track at any of the test temperatures, as indicated by >82°C in table 3  

Tracking resistance may thus be a promising specification parameter. 

 

[Insert table 3 about here] 
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The shear deformation under the test conditions also allowed for sealant differentiation.  

The trends in the resistance to deformation with temperature allowed for the 

identification of two main groups of sealants, but except maybe for the sudden and rapid 

rise in deformation of sealants AD and EE past 70°C (figure 8), failure may be more 

difficult to define in terms of simple shear deformation.  As a result, it may be more 

difficult to define a specification parameter to account for this sealant characteristic.  

 

5. Conclusion 

 

Sealants used to maintain roadways sometimes fail in summer.  In an effort to 

characterize the behaviour of sealants under the shearing action of tires in summer 

temperatures, a small-scale tracking test was devised, the test temperatures meant to 

reproduce maxima across North America.  The test allowed for the characterization of 

twenty-one sealants, each of which with a unique behaviour.  Sealants could be grouped 

based on their shear deformation, which either increased linearly or non-linearly with 

temperature.  The temperature at which sealants began to track was also monitored.  

Some sealants tracked at fairly low temperatures, 46°C to 64°C, but most sealants only 

tracked at 76°C or beyond.  The resistance to tracking was found to be a better criterion 

to characterize sealants than shear deformation.  
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Captions 

 

 

Table 1. Mean sealant deformation in mm, and standard deviation (S.D.) 

Table 2.   Linear rates of sealant deformations (mm/°C) 

Table 3.  Onset temperatures for sealant tracking 

 

Figure 1.   Set-up for the small-scale tracking test. 

Figure 2. A sealant before (left) and after some shear deformation. PCC disk rotation was 

counter-clockwise. 

Figure 3.  Tracking of a sealant at 70°C 

Figure 4. Average sealant deformation at 46ºC.  The deformation of sealant VV exceeded 

3 mm (see Table 1).  

Figure 5. Linear increases in shear deformation for sealants without a deformation at 

46°C.  

Figure 6. Linear increases in shear deformation for sealants with some deformation at 

46°C.  

Figure 7.  Increase in sealant shear deformation up to a plateau. 

Figure 8.   Non-linear increase in sealant shear deformation with temperature. 
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Table 1. Mean sealant deformation in mm, and standard deviation (S.D.) 

 

Temp. 46ºC  52ºC 58ºC 64ºC 70ºC 76ºC 82ºC 

Sealant Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

A 0.0 0.0 1.6 0.8 5.6 1.1 5.8 2.4 9.3 3.9 15.1 2.1 6.5 2.4 

B 0.0 0.0 1.5 2.1 6.0 1.0 2.8 0.6 6.9 4.2 6.3 4.2 8.5 2.4 

C 0.0 0.0 1.0 2.0 3.0 1.7 7.7 1.4 11.3 2.3 11.1 6.9 7.1 1.0 

D 0.1 0.1 5.8 4.7 5.1 2.2 4.2 2.4 5.1 0.8 5.7 1.4 6.8 3.0 

E 0.1 0.1 0.4 0.7 2.3 0.0 2.4 2.1 9.6 0.6 14.2 10.6 6.4 1.7 

F 1.8 1.8 3.4 1.2 5.3 1.8 5.7 2.6 4.1 1.4 4.8 2.1 8.5 1.2 

G 0.0 0.0 2.7 0.8 10.1 0.2 18.1 2.8 10.5 1.9 26.9 7.1 16.2 2.5 

H 1.0 1.1 8.1 4.6 5.2 0.5 18.1 2.8 14.2 2.8 15.8 6.0 12.6 4.0 

J 0.0 0.0 7.4 2.8 4.9 0.5 7.8 2.2 5.7 1.8 11.8 2.2 14.0 3.3 

K 0.1 0.1 2.2 0.9 7.1 1.4 8.0 3.7 4.3 0.9 11.4 8.0 9.1 1.8 

L 0.1 0.1 1.5 0.8 3.9 2.0 2.6 1.8 6.2 1.7 9.9 3.4 11.9 1.6 

M 0.1 0.0 0.0 0.0 5.4 1.6 5.2 3.2 4.8 1.2 3.8 1.6 7.0 2.8 

AB 2.4 1.1 2.4 1.3 3.7 1.3 3.5 1.8 7.8 1.4 9.0 0.9 7.1 1.3 

AD 2.4 2.3 2.7 0.4 1.9 0.8 1.5 0.9 3.2 1.0 11.1 3.0 25.7 5.5 

DD 1.8 0.7 3.2 1.2 1.9 0.5 4.2 3.2 4.4 1.4 7.1 2.1 7.3 0.5 

EE 1.3 1.4 1.5 1.3 3.3 1.9 2.9 0.4 9.2 2.1 n.d. n.d. 29.1 5.8 

QQ 0.2 0.2 1.0 0.6 3.1 1.9 7.2 2.4 n.d. n.d. 12.1 3.0 11.4 3.4 

VV 5.9 0.6 6.1 1.3 9.3 1.6 10.3 2.4 13.5 4.0 10.8 4.5 18.2 5.0 

WW 1.0 0.8 6.2 1.1 3.5 0.9 4.7 3.2 10.6 3.2 10.0 5.5 13.0 2.6 

YY 3.0 0.6 5.9 0.7 4.5 1.2 5.7 1.1 6.9 1.3 7.4 1.7 6.7 1.4 

ZZ 1.2 0.4 2.7 0.8 2.7 1.8 3.7 2.1 5.8 2.8 8.1 5.1 5.2 3.5 

n.d.: not determined. 
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Table 2.   Linear rates of sealant deformations (mm/°C) 

 

Sealant Rate Sealant Rate 

YY 0.10 VV 0.30 

F 0.13 WW 0.30 

ZZ 0.15 J 0.31 

DD 0.16 L 0.32 

AB 0.19 QQ 0.36 

K 0.25 G 0.58 

 

 

Table 3.  Onset temperatures for sealant tracking 

 

46°C 58°C 64°C 70°C 76°C 82°C > 82°C 

VV YY H AB, DD, 

F, 

A, C, E, 

G, AD, 

ZZ 

B, J, K,  

EE, UU, 

QQ,  

D, L, M,  
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Figure 1.   Set-up for the small-scale tracking test. 

 

 

 

Figure 2. A sealant before (left) and after some shear deformation. PCC disk rotation was 

counter-clockwise. 
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Figure 3.  Tracking of a sealant at 70°C. 
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Figure 4. Average sealant deformation at 46ºC.  The deformation of sealant VV exceeded 

3 mm (see Table 1).  
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Figure 5. Linear increases in shear deformation for sealants without a deformation at 

46°C.  
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Figure 6. Linear increases in shear deformation for sealants with some deformation at 

46°C.  
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Figure 7.  Increase in sealant shear deformation up to a plateau. 
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Figure 8.   Non-linear increase in sealant shear deformation with temperature. 
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