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ABSTRACT 

A 5-year study of newly constructed pavements showed that a reduction in in-situ air voids occurred 

both within- and between-wheel paths for highways with less than 1 0,000 ADT. Regardless of the 

level ofvoids immediately after construction, nlixtures in the upper 65 mm (2.5 in) within the wheel 

path showed a reduction in voids by 3 to 5 percent voids (e.g., ftom 10 to 6 percent voids), and 

between 2 to 4 percent between the wheel paths. Since only limited densification occurred below this 

depth for these lower traffic volume facilities, reducing the mix design level of air voids from 4 

percent to 2 percent for these lower lifts was suggested so that lower initial voids could be obtained 

during construction. An evaluation of older existing pavements indicated that moisture damage to 

the lower pavement layers was typical so this change in mix design procedures could also help 

improve durability by increasing the film thickness. 

Pavements with high traffic volumes (> 50,000 ADT) consistently showed an increase in voids 

with time in the upper lift (40 mm (1.5 in)), little change in the next 65 mm (2.5 in), and a decrease 

in the next 65 mm (2.5 in). The hypothesis suggested to explain these findings was that a loss of 

material in the upper lifts was occurring, most probably due to moisture damage as the upper, more 

permeable wear course commonly used in Minnesota, allowed water to be trapped at the wear and 

binder course (less permeable) interface. 

A hrther investigation of in-situ void changes on an interstate showed that for a pavement 

constructed with the same fine gradation in all lifts, traffic densified the mixtures in a similar manner 

as was seen for the low volume facilities. When the initial in-situ voids increased fiom around 7 
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percent to near 10 percent, the influence of traffic on the densification was substantially increased. 
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INTRODUiCTION 

A value of 4 percent air voids is commonly used as a mix design parameter for selecting the optimum 

asphalt content. This value is selected based on the traditional assumption that traffic densification 

eventually results in in-situ voids of about 4 percent (I).  This level of final in-situ voids is considered 

a compromi$e between low voids for limiting moisture and oxidation damage while providing room 

for the asphalt cement so that rutting and flushing are not a problem (2). In order to confirm this 

design void level for today's typical trafic considerations, the Minnesota Department of 

Transportation (MnlDOT) initiated a research program which periodically evaluated changes in in- 

situ air voids over the first five years after construction. Air voids more than 15 years after 

construction were also evaluated with the idea that a terminal level of air voids could be established. 

RESEARCH PROGRAM 

Objective 

The objectives of this research program were to: 

1. Determine if in-situ voids of around 4 percent were eventually achieved by trafic 

densification throughout the asphalt concrete pavement layers. 

2. Evaluate the influence of traffic levels on densification over time. 
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3 .  Recommend changes as needed to current mix design or construction practices. 

Scope 

Air voids fo~r each lif t  were measured immediately after construction and then once a year for five 

years after construction for 16 pro-jects completed in 1990. Projects were selected fiom seven of 

MnIDOT's eight districts so that trends throughout the state would be represented. While the 

majority of the pro-iects were overlays, some were either new construction or complete rehabilitation 

projects. Table 1 summarizes information such as district, project number, location, type of 

construction in 1990, and the average daily traffic (ADT). The average air voids both within- and 

between-wheel paths for each lift from each project were used to investigate changes in air voids with 

time. An additional limited study comparing two test cells from the Minnesota Road Research 

Project (MdROAD) was used to relate the level of initial in-situ voids to rutting. 

Cores were obtained from two locations on selected sections of low volume roads for each 

of four older pavements in each of 3 districts (total of eight sampling locations/district). This portion 

of the investigation was used in an attempt to establish the terminal level of air voids after an 

extended period of time. 

SAMPLING AND TESTING 

Unless other wise noted, all projects were sampled in a similar manner. Two cores were obtained 
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from the outside wheel path of the outside lane with two feet between each sampling location. 

Another tw4 cores were obtained from between the wheel paths in a transverse line with the first two 

cores. The closest cores were taken to a transverse crack was four feet. 

A N A L Y  SI$ 

Changes in A i r  Voids within the First Five Years After Construction 

Low Traffic Volume Facilities 

Table 2 presents the average within- and between-wheel path air voids for each lift from each project 

with less tham 10,000 ADT. Typical changes in voids with time for these low traffic volume facilities 

are shown in Figure 1. This figure shows that the majority of any densification by traffic took place 

within the first year after construction. Note that although the within-wheel path locations show the 

most densifmation, there was also a substantial decrease in the pavement density between the wheel 

paths in the fist year. 

Whille voids decreased both within and between the wheel paths. the magnitude of the 

decrease varied with both the horizontal (i.e., within and between the wheel paths) and vertical (i.e., 

depth) location. Voids in the upper 65 mm (2.5 in) within the wheel path decreased 3 to 5 percent 

while voids between the wheel paths decreased 2 to 3 percent. As shown in Figures l a  and I b, these 

observations were consistent, regardless of the initial in-situ void level. That is, when the original in- 
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situ voids were 8 percent, traffic reduced the within-wheel path voids to about 4 percent (Figure la). 

When the original in-situ voids were 9 percent, traffic reduced the voids to a b o ~ ~ t  6 percent. These 

results suggttst that if an in-situ void level of 4 percent within the wheel path after 1 year of traffic is 

desired, thelh voids immediately after construction need to be within 4 percent of this target. 

The typical variation in voids with depth for all pro-jects with less than 10.000 ADT is shown 

in Figure 2. Traffic had the most influence on the in-situ voids in the upper 65 mm (2.5 in) l i f t  and 

only a limited erect for lifts below this point. This suggests that if a level of 4 percent voids after I 

year of trafic is desired in lower pavement layers, then mix designs for these lifts should be altered 

to account for lack of traffic densification. One mix design change that wo~lld help obtain lower 

initial in-situ voids would be to lower the design air void level for lifts below the top 65 mm (2.5 in). 

This would effectively increase the optimum asphalt content, making the mix easier to compact. An 

additional advantage could be the improvement of the mixture durability d ~ ~ e  to increased film 

thickness at the higher asphalt content. 

High Truffic Volume Futilities 

Facilities with greater than 50,000 ADT (i.e., interstates) had significantly different changes in in-situ 

voids with t h e  (Figure 3). Air voids increased in the upper lift (wear course) LIP to two years after 

construction for these pavements while the lower pavement layers showed only slight to moderately 

increasing demification with depth. This was not only unexpected but opposite of the trend seen for 

the low traffic volume pavements and suggests that there must be some other factor influencing in- 
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situ densitieg. 

An examination of the mixture types used for each lift showed that the wear course was a 

somewhat more coarse gradation of 100 percent crushed material than the remainder of the 

underlying l~ifts (binder and base courses). A recent investigation of an early rutting problem on a 

pavement with similar types of mixtures showed the pavement distress was a result of severe moisture 

damage in tlhe lift immediately below the Type 2361 wear course. This suggests that the coarser 

mixture was allowing water to drain through the upper lift. where it was trapped at the interface of 

the two lift$ by the less permeable binder course. The moisture damage was substantially greater 

within the wheel path compared to between the wheel path suggesting that the primary mechanism 

for moisture damage was most likely hydraulic scour. 

Thisinvestigation led to the hypothesis that the increase in voids in the wear course was due 

to moisture damage which resulted in a loss of material. It was assumed that the loss of material was 

occurring at a faster rate than traffic densification for a net effect of increasing air voids with time. 

The approximately uniform void levels of the binder course was interpreted as representing a trade-off 

between loss of material (i.e., increase in voids) and traffic dcnsification. 

In-Situ Dedsity and Rutting 

Two of the 10-Year Mainline MnIROAD (3) test cells (cells 2 1 and 23) were used to evaluate 

changes in air voids for an interstate pavement when the same asphalt content and gradation was used 

for all lifts (i.e., no Type 2361 wear course). While cell 2 1 was constructed at the same time as 
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cells 14 through 22, cell 23 in the same section of roadway was constructed about 2 months later. 

This sectioo was constructed late in the season (end of September) and was not as closely 

monitored as was the construction of the cells 14 through 22. After 1 year of interstate traffic 

(ADT > 50,,000), there were ruts of about 11 mm (0.45 in) in cell 23 while cell 21 had ruts less 

than 2 mm (0.075 in). This led to an investigation into why the two cells were performing 

differently. 

The original in-situ air void content in cell 21 (Figure 4) were consistently around 6 

percent priok to traffic while cell 23 (Figure 5) had initial voids between 9 and 10 percent in all 

but the bottqm lift. Cores taken after one year showed the void content in the upper 100 mm (4 

in) had decreased to about 4 percent for cell 21 for a net change in void content of about 2 percent 

(Figure 4). There was little densification below 100 mm (4 in) in this cell. By contrast, Figure 

5 shows voids decreased substantially throughout the hot mix asphalt (HMA) for cell 23. The 

voids in the upper 150 mm (6 in) decreased to about 4 percent, for a net change of between 5 and 

6 percent. The between-wheel path voids also decreased for both test cells, although not to the 

level seen within the wheel paths. 

The influence of the pavement structure on these changes in voids was examined by using 

layered eladtic theory to compare the shear stress at the edge of a tire with depth for each cell. 

Figure 6 shows that while the structure of cells 21 and 23 differed, the HMA was the same mix 

(i.e., same asphalt grade, content, and aggregate gradation). A comparison of the mixture 

properties for each cell showed that maximum specific gravities, resilient modulus over a range 

of temperatqres, and tensile strengths were similar for the two cells confirmed this assumption (3 ) .  
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Figure 7 shows that the thinner HMA layer in cell 21 should experience slightly higher shear 

stresses tha~n cell 23.,  yet this was the cell with the least rutting. These findings suggest the 

rutting of the HMA in cell 23 was primarily due to the high initial voids which accentuated the 

subsequent consolidation by traffic throughout the full depth of the HMA.  

This limited study shows the importance of obtaining lower levels of initial in-situ voids. 

Lower initiql voids appear to limit traffic densification (and rutting) to the upper 100 mm (4 in) 

of the HMA while initial voids near 10 percent accentuate traffic densification over the full depth 

of the HMA which is readily seen as rutting. 

Air Voids ih Older Pavements 

The original reason for evaluating the in-situ voids of older pavements was to estimate the maximum 

densification (or terminal void level) due to low traffic volumes. Cores were taken from two sites 

for each of four pavement sections in three Minnesota counties and the air voids for each lift both 

within- and ktween-wheel paths were measured. These results, average daily traffic (ADT), and the 

year of construction are shown in Tables 4 through 6. Only portions of four of the 12 highways 

sampled were less than 8 years old. Most of the pavements were 1 5 to 30 years old. 

In thr majority of the cases, the deeper the lift, the higher the air voids. Voids of less than 12 

percent in the upper lift corresponded with mixtures that had been down less than 15 years (Dakota 

County). Below the top 50 mrn (2 in), voids were consistently greater than 12 percent for the Martin 

and Todd county pavements older than 1 5 year; voids typically ranged between 12 and 2 1 percent. 
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Photographs taken of all cores prior to testing showed that high air voids were associated with lifts 

that showed evidence of raveling and moisture damage. These findings suggest that after 1 5 years, 

the moist Minnesota environment and generally high water tables begins to substantially deteriorate 

lower pavement layers. This means that the long term durability of lower pavement lifts should be 

an important concern if long pavement life spans are expected. As mentioned previously, an 

increased asphalt content in the lower lifts may help the long term durability of Minnesota pavements. 

SUMMARY AND CONCLUSIONS 

The followi~~g conclusions can be drawn from this research: 

1. The majority of densification of HMA by traffic occurred within the first year after 

construction. 

2. Tra@c densification of HMA was limited primarily to the upper 65 mm (2.5 in) for pavements 

with less than 10,000 ADT. 

3. There was little densification below this depth for low traffic volume facilities. Therefore, if 

in-situ voids of 4 percent air are desired in the lower lifts, the in-situ voids immediately after 

construction should be close to this value to compensate for the lack of traffic densification. 

It  was suggested that reducing the mix design level of air voids from 4 to 2 percent would 

increase the optimum asphalt thereby making it easier to compact the mixture during 

construction. 

4. Minnesota pavements older than 15 years showed increasing evidence of moisture damage 
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which was reflected as increasing air voids with the age of the pavement. It was also 

suggested that a higher asphalt content in the lower lifts would help improve mixture 

durability by increasing the film thickness. 

~ r a $ c  densification on high traffic volume (>50,000 ADT) facilities occurred mostly in the 

upper 100 mm (4 in) when the initial air voids immediately after construction are around 6 

to 7 percent. When the initial voids were around 9 to 10 percent, traffic densification of the 

HMA occurred throughout the full depth of the HMA. This traffic densification was seen as 

increrased rutting in the latter case. 

I. Roberts, F.L., Kandhal, P.S., Brown, E.R., Lee, D., Kennedy, T.W.. Hot Mix Asphalt 

Materials, Mixture Design, and Construction, NAPA Education Foundation, Lanham, 

Maryland, 199 1. 

2. The Asphalt Institute, Manual Series No. 2, 

3.  S troup-Gardiner, M, Newcomb, D., "Materials Characterization of MnIROAD Asphalt 

Mixtures, Minnesota Department of Transportation (to be published). 1997. 
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TABLE 1. Projects Used to Evaluate the Change of Air Voids With Time. 

Traffic (ADT) 

3,200 

3.929 

1,050 

1,600 

8.000 

Not Available 

52,175 

69,000 

20,100 

52,000 

2,000 

1,300 

4,150 

4,350 

4,800 

9,400 

Type of Construct~on 

89 mrn overlay 

50 rnm overlay 

64 mm ovel lay 

50 mrn overlay 

75 mm overlay 

127 rnrn overlay 

50 mm overlay 

76 rnm over lay 

Not Ava~lable 

280 mrn new 

constl uct 

89 mm overlay 

76 nim overlay 

Not Ava~lable 

127 mrn overlay 

241 rnm new 

construct 
- 

343 rnrn new 

construct. 

Distrlct 

(Project No.) 

l(0910-25) 

l(l601-38) 

3 (770 1-28) 

3 (4904-25) 

4 (0301 -38) 

4 (2101-28) 

9 (1198s- I 16) 

9 (6283- 139) 

5 (0202-64) 

5 (2'785-254) 

6 (45 12-06) 

6(191 1-18) 

7 (7205- 19) 

7 (4203-73) 

8 (3404-47) 

8 (4302-37) 

Roadway 

TH210from213.038to213145 

TH 6 1 from 76.930 to 76.030 

TH 2 10 from 83.720 to 83.520 

TH 27 from 120.5 10 to 120.710 

TH I0 from 4 1.252 too 4 1.260 

TH 27 from 70 550 to 70.558 

1-494 from 66.040 to 66.078 

1-94 from 245.635 too 245.673 

TH 10 from 2 16.388 to 2 16.396 

1-494 ftom 20.603 to 20.6 10 

TH 247 from 5.603 to 5.6 1 1 

TH 56 from 82.383 to 82.389 

TH 19 from 1 13.000 to 1 13.600 

TH 14 from 1 19.300 to 1 19.900 

TH 12 from 87.450 to 87.490 

- 

TH 7 from 142.520 to 142.557 
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TABLE 2 (Continued). Change in Air Voids with Time (First 5 Years After Construction). 

NA:  Cores not taken 
---: Data not reported 

I3lstrict 
(Project No.) 

9 (1985-1 16) 
Wear 

9 (6283- 139) 
Wear 
Level 

5 (0202-64) 
Wear 
Base 

5 (2785-254) 
Wear 

Binder 
Base 

6 (55 12-06) 
Wear 
Base 

6 (191 1-18) 
Wear 

Binder 
Base 

h-4y A& 

Within 

3.1 

--- 
4.2 

--- 
7.7 

7.4 
6.6 
5.9 

8.5 
--- 

8.9 
--- 
--- 

Construction 

Between 

--- 

--- 

4.3 

--- 
7.7 

7.4 
6.6 
5.9 

8.5 
--- 

8.9 
--- 
--- 

5 Years ~~ t Yeat- 

Within 

NA 

8.4 
3 .O 

6.2 
3.2 

10.5 
5.1 
4.0 

3.6 
10.4 

6.5 
8.6 
8.4 

Within 

3.7 

--- 
2.9 

--- 
3.4 

--- 
5.8 
4.1 

4.2 
--- 

5.9 
--- 
--- 

Between 

N A 

10.5 
2.7 

9.1 
5.5 

9.9 
6.2 
3.7 

3.7 
10.7 

8.0 
9.1 
9.4 

Between 

6.9 

--- 
2.6 

--- 
5.3 

--- 
5.8 
4.3 

5.6 
--- 

7.7 
--- 
--- 

2 Years 4 Years 

Within 

3.7 

7.9 
2.7 

7.4 
3.9 

10.0 
5.6 
3.9 

3.5 
7.6 

6.2 
7.2 
8.1 

3 Years 

Within 

4.2 

8.8 
3 .O 

5.9 
3.1 

10.3 
5.3 
3.8 

3.1 
10.4 

6.6 
8.1 
8.8 

Between 

6.9 

9.5 
2.6 

9.4 
5.0 

9.0 
4.5 
4. I 

5.3 
9.4 

8.2 
9.1 
7.6 

Within 

4.2 

8.5 
3.3 

6.1 
3.1 

10.1 
5.3 
4.0 

3.5 
9.6 

6.2 
7.9 
8.9 

Between 

8.0 

10.7 
2.5 

8.8 
5.9 

10.0 
6.0 
4.2 

4.1 
9.8 

7.9 
8.7 
9.4 

Between 

6.1 

10.6 
2.9 

9.2 
5.3 

10.8 
5.9 
4.3 

3.9 
10.6 

8.5 
9.4 
9.7 
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TABLE 2 (Continued). Change in Air Voids with Time (First 5 Years After Construction). 

NA: Cores not taken 
---: Data not reported 

District 
(Project No.) 

7 (7205- 19) 
Wear 
Binder 
Base 

7 (5203-73) 
Wear 

Binder 
Base 

8 (3404-47) 
Wear 
Base 

Binder 

8 (4302-37) 
Wear 
Base 

Binder 

-a8gI. 
Construction 

5 'fears 

Within 

--- 
9.3 
8.8 

--- 

9.3 
8.5 

NA 

13.7 
10.8 
10.3 

Within 

8.3 
7.9 
8.4 

6.4 
6.5 
9.2 

8.0 
8.3 
8.4 

11.4 
8.2 
11.1 

Between 

--- 
9.3 
8.7 

--- 
9.3 
8.5 

NA 

14.4 
9.2 
10.5 

Between 

9.7 
7.9 
9.1 

7.4 
7.0 
9.3 

9.5 
9.9 
8.7 

12.1 
8.0 
10.3 

~- 1 Y e s  

Within 

NA 

6.4 
6.1 
8.1 

8.3 
8.7 
9.1 

N A 

Between 

NA 

9.3 
6.8 
10.1 

9.6 
8.7 
9.3 

N A 

4 Y-ears 2 Yews 3 J f m s  

Within 

8.2 
7.1 
6.8 

5.9 
6.1 
8.6 

8.2 
8.8 
8.9 

10.6 
7.5 
10.3 

Within 

9.1 
7.3 
8.5 

6.0 
6.0 
7.7 

7.4 
7.6 
8.3 

10.3 
7.0 
10.0 

Within 

8.9 
7.2 
7.4 

5.9 
5.2 
7.4 

7.1 
7.8 
9.2 

12.0 
8.4 
11.7 

Between 

9.9 
6.5 
7.5 

8.5 
7.0 
10.0 

10.6 
9.5 
9.4 

11.4 
9.0 
9.2 

Between 

10.7 
7.5 
8.3 

8.7 
6.3 
8.6 

9.3 
8.7 
8.9 

11.2 
8.1 
8.2 

Between 

9.2 
7.2 
6.8 

8.9 
6.9 
8.2 

8.8 
8.7 
8.4 

11.5 
9.8 
10.2 
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TABLE 3. 'Test Results for Dakota County Projects. 

Year Lift 
Constructed 

1993 

Ave 
[]ally 

Traffic 

2,000 

County 
Hlghway 

No 

I 

I 
48 I 

S ~ t e  No 

I 

Lift No 

I 

I 

80 

4 7 

1 1979 1 
2 

I 

2 

I 

2 

~ I 

i 
2 

2 

3 

I 

2 

3 

1 

2 

1 

2 

I 

2 

3 

4 

1 

2 

3 

4 

I 

2 

3 

1 

2 

3 

He~ght, In 

1 22 

630 

1993 

1979 

1988 

2 13 

1 69 

1 3 5  

2 10 

1 38 

1 66 
- - 

1 78 

1 72 

2 19 

1 69 

1.78 

1 17 

2.06 

1 69 

2 20 

1 50 

1 80 

1 50 

1 85 

1 53 

1 60 

1.56 

1.88 

Air 

W ~ t h ~ n  
Wheel Path 

8 3 

Volds, % 

Between 
Wheel 
Path 

1 1  9 

u 

6 6 

9 9 

8 6 

7 9 

10 3 

9 4 

9 9 

8 7 

9 3 

3 5 

5 9 

4 4 

5 0 

3 2 

7 3 

7 4 

6.8 

4 6 

6 7 

7 6 

8 1 

8 0 

9 2 

1,700 

7 0 

9 5 

10 5 

7 8 

10 5 

10 6 

12 1 

9 8 

10 6 

6 4 

10 4 

6 6 

6 0 

6 7 

1 1  4 

9 1 

6 2 

7 8 

8 2 

9 3 

1 1  6 

9 8 

10 3 

1988 

1989 

1979 

1970 

F l  

< 500 

1989 

1979 

1970 

1959 

199 1 

PI 
1991 

198 1 
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TABLE 4. Test Results for Todd County Projects. 

NA: Information not available 

2 --- --- 8 1 NA 

Avg Dally 
TI atlic 
(A DT) 

2 72 

252 

3 78 

525 

County 
Hlghway 

No 

1 

I '  

I 

I I 

14 

12 

Year Llfi 
Constructed 

1981 

NA 

198 1 

NA 

NA 

1980 

NA 

NA 

1980 

NA 

1978 

NA 

1978 

NA 

NA 

NA 

1977 

N A 

NA 

1977 

A I ~  

Wlth~n 
Wheel 
Path 

6 5 

16 2 

7 4 

1 1  8 

13 2 

6 1 

10 2 

14 2 

8 0 

--- 

6 8 

1 1  9 

4 2 

9 0 

I0 0 

1 1  9 

6 1 

10 3 

10 2 --- 
6 8 

Slte No 

2 

I 

2 

I 

I 
I 

2 

Volds. O/o 

Between 
Wheel 
Path 

7 4 

1 1  6 

9 5 

14 0 

12 5 

7 0 

9 4 

13  6 

9 1 

14 5 

7 1 

10 1 

3 0 

8 0 

9 2 

10 2 

7 9 

12 5 

10 1 

9 0 

L ~ f i  No 

1 

2 

I 

2 

3 

I 

2 

3 

I 

2 

I 

2 

I 

2 

3 

4 

I 

2 

3 

1 

He~ght, In 

1 47 

3 39 

153  

2 95 

191 

2 07 

1 28 

1 60 

19 3 

--- 

2 52 

1 79 

1 35 

1 5  

2 1 1  

1 42 

131 

1 I I  

161 

1 84 
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FIGURE la. Change in Within-Wheel Path Air Voids Over Time. 

(SP 0910-25, TH 210, Upper 65 n1n1 (2.5 in)). 

FIGURE 1 b. Change in Within-Wheel Path Air Voids Over Time. 

(SP 7701-28, TH 2 10, Upper 65 mm(2.5 in)). 

FIGURE 2. Typical Change in Within- Wheel Path Air Voids Over Time for Low Traffic 

Volume Facilities (SP 0301-38, TH 10). 

FIGURE 3. Typical Change in Within-Wheel Path Air Voids Over Time for High Traffic Volun~e 

Facilities (SP 2785-254, I 494). 

FIGURE 4. In-Situ Air Voids for MnIROAD TestCell21. 

FIGURE 5. In-Situ Air Voids for M R O A D  Test Cell 23. 

FIGURE 6. M R O A D  Test kcells 21 and 23. 

FIGURE 7. Shear Stress at Edge of Tire (ELYSMS). 



District I 
SP 091 0-25, TH 2 10 Level 

Alr Vo~ds. % 

F w h e e l  Path +Between Wheel p a t h 1  
l2 r--- 

Years After Construction 

Figure l a .  Change in Within-Wheel Path Air Voids Over Time 
(SP 0910-25. TH 210, Upper 65 rnrn (2.5 in). 

District 3 
SP 7701-28, TH210, Wear 

Air Vo~ds, % 

l2 ,r + - ~ i t h m  Wheel Path -Between Wheel Path 

Years After Construction 

Figure I b. Change in Within-Wheel Path Air Voids Over Time 
(SP 770t-28, TH 210, Upper 65 rnm (2.5 in). 





SP 2785-254, 1-494, Within Wheel Path 
Air Voids, % 

1 2 - 1  
--- / * ~ e a r  + Binder + ~ a s d  
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Type 2361, 25 mm 

Binder 
Type 2341, 75 m m  

Base 
Type 2331, 180 mm 
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I\ 
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I - - rn 
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0 

Figure 3. Typical Change in Within-Wheel Path Air Voids Over Time for High 
Traffic Volume Facilities (SP 2785-254, 1-494) 

Traffic: 52,000 ADT 
Structure: 












