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Abstract: This study analyses the effect of gradation in different Asphalt Concrete 

(AC) mixtures using the Hamburg Wheel Tracking Device (HWTD) destructive test. 

Eight Superpave III (SP III) mixtures with different gradations were collected in New 

Mexico and tested at three different temperatures (40 °C, 50 °C and 60 °C) and three 

different Air Voids (AV) contents range. Coarser and finer gradations were defined 

using the maximum density line. Three finer gradation and five coarser gradation 

mixtures were compared. Coarse gradation showed better results in all three different 

test temperatures and AV contents ranges. An AV contents range from 5 to 6.5 percent 

was considered as optimum for this study. A relation between AV contents and 

temperature test was not observed. 

 

INTRODUCTION 
 

   Hamburg Wheel Tracking Device (HWTD) test is a destructive method that 

determines the rutting resistance and moisture damage (stripping) of a certain asphalt 

mixture while a steel wheel rolls across an asphalt concrete surface in a hot water bath. 

Throughout many years, the use of HWTD in laboratory testing for moisture and 

rutting susceptibility has been extensively evaluated by some Department of 

Transportations (DOT�s). Cylindrical samples are commonly compacted in the 

Superpave Gyratory Compactor (SGC). Generally, four cylindrical specimens with a 

62±1 mm. (2.4 in.) height and a 150 mm. (6 in.) diameter are submerged in a water 

bath at 50 °C (122 °F). Two 158 lb. (702 N) wheels roll at approximately 52 

Revolutions per Minute (RPM) over two connected cylindrical samples. Each set of 

specimens is tested at 20,000 wheel load cycles or until 12.5 mm. (0.5 in.) deformation 

is reached. Some state agencies increase the maximum deformation criteria for 

research purposes.  
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other distresses were sensitive to AV contents. Tarefder and Zamman observed that 

AV contents and gradation are important rutting factors in AC mixtures using the 

asphalt pavement analyzer. Results showed an improvement in rutting resistance for 

lower AV contents and coarser gradations. Aschenbrener and Curier tested 4 types of 

mixtures at different AV contents using the HWTD. Based on the results, a 

recommendation of 5 to 7 percent AV contents range was defined. Kassem et al. stated 

that AV contents are less sensitive to HWTD results.   

 

MATERIALS AND SAMPLE PREPARATION 

 

   Materials used in this study were collected in the state of New Mexico. Eight 

HMA/WMA mixtures with SP III gradation were collected. Gradations with higher 

area above the maximum density line were considered as finer mixtures. Otherwise, 

were considered as coarser mixtures as shown in Figure 2.  

   AC mixtures were differenced in five coarser SP III and three finer SP III mixtures. 

 
FIG. 2.  Mixtures gradation according the maximum density line 

 

   HMA/WMA mixtures were collected in warm bulk condition from different sites. 

Samples were heated at plant mix temperature and SGC was used to compact 

cylindrical samples. Specimens were compacted at 150 mm in diameter and 62±1 mm 

height with target AV contents of 6±1 %. Theoretical Maximum Specific Gravity 

(Gmm), Bulks Specific Gravity (Gmb) and AV contents of each specimen were 

determined. 
 

HWTD TEST AND RESULTS 

 

   HMA/WMA mixtures were tested at three different temperatures (40 °C, 50° C and 

60°C) to observe the effect of temperature for the two different gradations. In addition, 

three ranges of AV contents were defined to observe the effect of this parameter in the 

tested samples. Range 1 (R1), Range 2 (R2) and Range 3 (R3) were defined as 5.0 - 

5.5 %, 5.5 � 6.5 % and 6.5 � 7.0 % AV contents accordingly. Rutting depth along 11 

points in each pair of specimen was measured; average of results from the fifth to the 
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ninth point was used. The following table shows HWTD results for finer and coarser 

gradations along with the respective AV contents range and test temperature. 

 

TABLE 1. Summary of AC HWTD Results 

 

Gradation 
Temperature 

(° C) 
Tests 

Air Void 

Range 

Rutting Depth 

(mm) 

N° 

Passes 

Finer 

40 

1 R1 4.10 20,000 

2 R2 2.28 20,000 

3 R3 2.61 20,000 

50 

7 R1 11.11 16,823 

5 R2 8.92 17,561 

4 R3 15.83 13,915 

60 

4 R1 11.31 13,066 

1 R2 19.13 3,942 

1 R3 13.89 4,612 

Coarser 

40 

2 R1 1.24 20,000 

2 R2 1.41 20,000 

4 R3 1.98 20,000 

50 

3 R1 2.13 20,000 

18 R2 3.30 20,000 

10 R3 2.90 20,000 

60 

3 R1 7.81 16,638 

8 R2 6.00 18,350 

1 R3 3.94 20,000 

 
   Previous results showed higher rutting depth for finer mixtures than coarser mixtures 

in all three test temperatures. The effect of test temperature in finer mixtures showed 

significant effect with higher rutting depths at higher temperatures.  Finer mixtures 

tested at 40°C reached the 20,000 wheel passes with rutting depths not higher than 4.5 

mm. as shown in Figure 3(a).  The effect of AV contents showed lower rutting depths 

for R2. For this test temperature test, lower AV contents showed higher rutting depths.  

The number of test performed in R1 is a restriction to this assumption. From Figure 

3(a), the optimum AV contents range for finer mixtures tested at 40 °C is 6 to 7 

percent.  

   HWTD results of finer mixtures at 50 °C showed higher average rutting depths than 

mixtures tested at 40 °C. Mixtures in R1 and R2 did not reach the maximum rutting 

depth (12.5 mm) adopted for most of transportation agencies. Mixtures in R3 

performed the worst exceeding the maximum rutting depth. R2 showed better results 

in terms of rutting depth and number of wheel passes with non-significant difference 

between R1. In Figure 3(b) two regions of rutting depths were observed, rutting depths 

higher than 12 mm and lower than 8 mm. This difference can be related to the type of 

aggregate and binder PG in the mixtures. For this temperature, the optimum AV 

contents in the samples are 5 to 6 percent. Mixtures above this range collapsed earlier 

and showed higher impression.  
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   Finer mixtures tested at 60 °C rapidly collapsed and exceed the maximum rutting 

depth for R2 and R3. Impressions from 13 to 20 mm were observed at no more than 

5,000 passes. The effect of AV contents for R2 and R3 for finer mixtures is significant 

when samples are tested at 60°C as shown in Figure 3(c). Only one test was performed 

in these two ranges and results may behave differently if numbers of test are increased. 

R1 showed good results in relation to other ranges. A close gap to finish the test was 

observed and samples experienced impression not higher than 12 mm. The optimum 

AV contents for this test temperature are in R1. Excluding the effect of AV contents in 

AC mixtures at different temperatures, the effect of test temperature in finer mixtures 

is critical when water baths reaches the 50 °C temperature. From Figure 3(b) and (c) it 

can be observed that 15 test of 22 failed when temperature was 50 °C or higher.  

Whenever test temperature was between 50 °C and 60 °C results showed better 

performance of the samples when R1 was the AV contents range.  

 

 
(a) 

 
 

 
(b) 

 

 
(c) 

 

FIG. 3.  Rutting depths Vs air void contents for finer mixtures at different test 

temperatures (a) 40 °C (b) 50 °C (c) 60 °C 
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   Coarser mixtures showed a significant improvement in HWTD results compared to 

finer mixtures. As shown in Table 1, the critical effect of test temperature starts at 

temperatures higher than 60 °C. At lower temperatures, coarser mixtures reached the 

20,000 passes in all the tests and did not show impressions higher than 3.3 mm. In 

other words, coarser mixtures performed well at 40 °C and 50 °C as shown in Figure 

4. Coarser mixtures tested at 40 °C experienced rutting depths not higher than 2.5 mm. 

and 20,000 passes as shown in Figure 4(a). The effect of AV contents range is non-

significant due the low impression in the testing results. R1 and R2 showed better 

results than R3. The effect of this temperature in coarser mixtures is insignificant.  

   HWTD results for coarser mixtures tested at 50°C shown in Figure 4(b) experienced 

rutting depths oscillating from 1.3 to 6 mm. and none of the tests collapsed before the 

20,000 passes. R1 showed better result but the amount of tests performed at this range 

may be a restriction. A difference of 0.4 mm was observed for rutting depths between 

R2 and R3. In Figure 4(b), two ranges of rutting depths were observed in the three 

ranges. Ranges oscillate from 2 to 4 mm and 4 to 6mm. with 26 test in the first range 

and 5 in the second. Due the amount of tests and results in the first region, coarser 

mixtures at 50 °C performed well and non-signs of stripping were observed. As shown 

in Figure 4(b) and the number of test performed R3 is the best region of AV contents 

for this temperature.  

   The effect of test temperature at 60 °C showed high variability in the results 

depicted in Figure 4(c). Coarse mixtures experienced high rutting depths in 3 of the 12 

tests. In terms of wheel passes, two tests did not reach the 20,000 passes and 

impressions above 17 mm were observed. These results can be related to a change in 

properties in the mixtures design such as type of aggregate, binder PG and so on. 

Rutting depths between 1.8 and 4 mm were the most representative HWTD results at 

this test temperature. From this 9 test, no difference was observed in the three AV 

contents ranges but 6 of the 9 test were in R2. Excluding the three test above the 10 

mm, coarse mixtures at 60 °C did not show critical performance in the HWTD test. 

Due the amount of test in R2 and the HWTD results obtained, R2 is the optimum 

range of AV contents for coarser mixtures. 
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(b) 

 

 
(c) 

 

FIG. 4.  Rutting depths Vs air void contents for coarser mixtures at different test 

temperatures (a) 40 °C (b) 50 °C (c) 60 °C 

 

 

  The effect of test temperatures is mostly related to the gradation of the mixtures. 

From Figure 3 and Figure 4, HWTD results shown that finer mixtures collapsed easily 

and rapidly at different temperatures. When temperature of the test increases the 

results are critical and the tendency of reach stripping is higher. In addition, AV 

contents in range 1 performed better for this gradation. Difference between finer and 

coarser mixtures rutting depths at 40 °C was not significant. The effect of this 

temperature did not show signs of stripping for finer gradation and coarser mixtures 

performed better and barely rut. For 50 °C test temperature, finer mixtures showed 

stripping and rutting depths reached the maximum rutting depth defined by most of the 

transportation agencies. Coarser mixtures did not show a considerable increment in 

rutting at this temperature. Finally, HWTD results showed that finer mixtures poorly 

performed at 60 °C and this gradation is not adequate. Differently, coarse mixtures 

showed good results at this test temperature.  
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CONCLUSIONS 

 

From this study the following conclusion can be drawn: 

• Coarser gradations perform better than finer gradation in HWTD for 

different test temperatures. This finding may be related to the stone-stone 

contact in coarse aggregate particles.  

• Finer gradations and coarser gradations showed better results for AV 

contents in range 1 and range 2 (5.0 � 6.5 %). 

• No relationship between AV contents and test temperature was observed. 
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Abstract: Porous concrete due to its high porosity and permeability is considered as 

an alternative to tunnel pavements base. Based on orthogonal test method, an 

optimized coarse aggregates gradation with good packing state and uniformity is put 

forward. Three factors of cement content, sand ratio and water-cement ratio are 

considered in an orthogonal test with four levels adopted in every factor. The results 

show the most effective factor affecting 7-day compression strength is cement content, 

then sand ratio and water-cement ratio. The most effective factor affecting effective 

porosity is cement content, then water-cement ratio, the least effective factor is sand 

ratio. A series of regression relationships of 7-day compression strength and effective 

porosity of porous concrete base are derived on the basis of range analysis of the test 

results. According to the orthogonal test, the optimum proportion of porous concrete 

base in tunnel pavement is determined. 

INTRODUCTION 

In recent years, with the rapid development of highway construction in China, the 

number of highway tunnels continuously increase. In southern China, there are 

universal water damages in the tunnel pavements serviced several years. Humid 

climate and heavy rainfall contribute abundant underground water in tunnels. The 

water that entered in the pavement structure and could not be drained out is the main 

reason that causes water damage of the pavements. In view of this, it is proposed to set 

permeable base in tunnel pavements to discharge underground water from both sides 
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