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Evaluation of Specialized Tests for 
Aggregates Used in Hot Mix Asphalt 
Pavements in Colorado 

TIM ASCHENBRENER AND RICHARD ZAMORA 

Because aggregates compose about 95 percent of the hot mix asphalt 
(HMA), properties of the aggregates have a significant impact on the 
performance of HMA pavement. Several specialized aggregate tests, 
some of which are commonly used in Europe, are evaluated. The tests 
include methylene blue, Rigden voids index, stiffening power, and dust 
coating on aggregates. The evaluation was conducted using aggregate 
sources from 20 projects with known field performance. The methylene 
blue, dust coating on aggregates, and Rigden voids index or stiffening 
power, when used with one another, accurately identified aggregate 
problems in the stripping pavements. The results of this study indicate 
that if an HMA fails a performance-related test, such as the Hamburg 
wheel tracking device, these aggregate tests can be used to isolate the 
potential problematic components of the HMA. 

Because aggregates compose about 95 percent of the hot mix 
asphalt (HMA), properties of the aggregates have a significant 
impact on the performance of HMA pavement. Historically, a wide 
variety of aggregate tests have been used and are recommended by 
the Asphalt Institute (J) and FHW A (2). 

In addition to the commonly used tests, there are some aggregate 
tests that are not routinely used in the United States. This report pre
sents evaluations of several of these aggregate tests, some of which 
are commonly used in Europe. The tests include methylene blue, 
Rigden voids index, stiffening power, and dust coating on aggre
gates. 

AGGREGATES FROM PAVEMENTS OF KNOWN 
FIELD PERFORMANCE 

The aggregate tests were evaluated using aggregates from 20 pave
ments of known field performance (3). These pavements had both 
good and poor stripping performance. Seven of the pavements had 
good performance (Sites 1 through 7). Five of the pavements (Sites 
8 through 12) required high levels of maintenance to keep them in 
service. Although these HMA pavements were still in service after 
3 to 5 years, the maintenance included skin patch overlays and 
numerous pothole patches. Eight pavements (Sites 13 through 20) 
lasted less than 1 year. The pavements that were built in layers 
(Sites 13 through 16) were separated from the pavements built in a 
single layer (Sites 17 through 20). 

Aggregates used to construct these 20 HMA pavements were 
obtained from the original sources. It was thought that some of the 
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specialized aggregate tests might identify potential causes for each 
HMA pavement's success or failure. 

TESTS AND SPECIFICATIONS 

Moisture Susceptibility 

The type of material passing the 75 µm (No. 200) sieve significantly 
influences the potential of an HMA pavement to be susceptible to 
moisture (4,5). To identify sources that may have deleterious 75 µm 
material and be susceptible to moisture damage, the French specify 
the methylene blue and sand equivalent tests. 

Methylene Blue 

The methylene blue test procedure is defined by the International 
Slurry Surfacing Association, Technical Bulletin 145 (6). In this 
test, 1 g of material passing the 75 µm sieve is combined with 30 g 
of distilled water to form a fine aggregated solution. A solution of 
methylene blue is titrated step-wise in 0.5-mL increments into the 
fine aggregate solution and stirred continuously. After 1 min, a 
small drop of the aggregate solution is placed on filter paper. If a 
halo around the drop is not observed, another 0.5 mL of methylene 
blue solution is titrated. This process continues until a halo is 
observed on the filter paper. 

The purpose of this test is to identify the presence of harmful 
clays of the smectite group (poor quality 75 µm material) and to pro
vide an indication of the surface activity of the aggregate. Active 75 
µm material is less moisture susceptible than 75 µm material with 
low surface activity. Results from the methylene blue test can be 
interpreted as a general rule-of-thumb as shown in Table 1. 

Sand Equivalent 

The purpose of this test is to quantify the cleanliness of the fine 
aggregates passing the 4.75-mm (No. 4) sieve and is performed 
according to the procedure described in AASHTO T 176. In this 
test, a sample of aggregate passing the 4.75-mm sieve is placed in 
a graduated cylinder with flocculating solution and agitated to 
loosen the clayey fines present in and coating the aggregate. The 
flocculating solution forces the clay material into suspension above 
the granular aggregate. After a period that allows settlement of the 
nonclay material, the cylinder height of suspended clay and sedi
mented sand is measured. The sand equivalent value is computed as 
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TABLE 1 Relationship of MBV and Anticipated Pavement Performance 
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a ratio of the sand to clay height readings, expressed as a percent
age. The higher the ratio is, the cleaner the material. 

A minimum test result recommended by the FHWA (2) is 45. the 
French vary the requirements with traffic loading. Cleanliness val
ues greater than 60, 50, and 40 are required for high, medium, and 
low traffic, respectively. SHRP (7) has also recommended mini
mum test results ranging from 40 to 50 as a function of traffic. 

Stiffening 

The reaction of the asphalt cement and aggregate, in particular the 
material passing the 75 µm (No. 200) sieve, could be examined to 
provide additional insight into the expected performance of the 
HMA. When an excellent asphalt cement is combined with a poor 
aggregate; stiffening effects can be detrimental. Short-term prob
lems can create difficulty in achieving compaction (8-11), and 
long-term problems could result in a brittle HMA that could poten
tially be more susceptible to fatigue (8) and thermal (12) cracking. 
The stiffening may also affect moisture susceptibility (4). 

Stiffening effects can be measured directly by the change in 
either viscosity or ring and ball softening point between the neat 
asphalt cement and a blend of 75 µm material and the same asphalt 
cement. The stiffening can also be measured indirectly by using the 
Rigden voids index test. These test results can be used to set maxi
mum dust-to-asphalt cement ratios. 

Stiffening Power 

An asphalt cement is stiffened by the material passing the 75 µm 
(No. 200) sieve. The stiffening power is a measure of the actual 
stiffening created by the 75 µm material. The stiffening power can 
be measured as the ratio of the absolute viscosities (AASHTO T 
202) of an asphalt cement blended with the 75 µm material to the 
neat asphalt cement. In addition, the stiffening power can be mea
sured as the difference in the ring and ball softening point 
(AASHTO T 53) temperatures between the neat asphalt cement and 
the same asphalt cement blended with the 75 µm material. In Ger
many an increase is required in the ring and ball stiffening point 
between l0°C and 20°C, with a sample having a dust-to-asphalt 
ratio of 1.5 by weight. 

The dust-to-asphalt ratio can be varied to determine the highest 
acceptable level of stiffening of asphalt cement. Kandhal ( 4) noted 
that the stiffening of the asphalt cement began to increase dramati
cally after an increase of 11 °C (20°F) using AASHTO T 53 or .a 
stiffening ratio of 11.5 using AASHTO T 202. Anderson and Chris
mer (J 3) recommend a maximum stiffening ratio of 10 using 
AASHTO T 202. Increases in stiffening beyond these values are 
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unacceptable. The maximum dust-to-asphalt ratio should be deter
mined so that the 75 µm material creates lower amounts of stiffen
ing to the asphalt cement. 

Rigden Voids 

The Rigden voids index test was developed by Rigden (J 4) and fur
ther explained by Heukelom (J 1). The test was later modified by 
Anderson (9). The original test developed by Rigden (14) is used in 
France and Germany; the test method as modified by Anderson (9) 
was used in this study. 

In this test, a 1-g sample of material passing the 75 µm sieve is 
compacted in a mold with 25 blows of a 100-g drop hammer. The 
bulk density and air voids of the compacted sample are then calcu
lated using the specific gravity of the 75 µm material (ASTM C 188 
or ASTM D 854). 

The bulk volume of the compacted 75 µm material contains air 
voids and solids as shown in Figure 1. The air voids in the com
pacted 75 µm material is equal to the "fixed asphalt cement." The 
fixed asphalt cement is the asphalt cement demand of the 75 µm 
material. A 75 µm material that requires minimal fixed asphalt 
cement is desirable, so maximum values are specified .. The French 
specify a maximum of 40 percent voids as measured by the Rigden 
voids index test. 

The difference between the fixed asphalt cement required by the 
75 µm material and the total asphalt cement in the HMA is the free 
asphalt cement. The free asphalt cem,ent is available to the aggre
gates retained on the 75 µm (No. 200) sieve. When the asphalt 
cement content is known, the Rigden voids index can be used to cal
culate the quantity of free asphalt cement available to the entire 
HMA when a particular type of 75 µm material is used. The free 
asphalt cement can be calculated from Equation 1 [Anderson (9)] 
with the Rigden voids index test results. 
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Av 

where 

%VAFR = volume of free asphalt cement in a dust-asphalt mixture 
expressed as a percentage of total mixture volume, 

D!Av =dust (75 µm material) to asphalt ratio by volume, 
Gos = specific gravity of dust solids, 

"Yw = density of water, and 
'Yon = bulk density of compacted 75 µm material from Rigden 

voids index test. 
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VA= Volume of Asphalt VAFR = Volume of Free Asphalt 

Vos = Volume of P200 Solids VAFx = Volume of Fixed Asphalt 

V 08 = Bulk Volume of Compacted P200 

FIGURE 1 Definition of parameters used to describe voids in 
compacted 75 µm material and asphalt cement mastic. 

Higher levels of free asphalt cement are desirable. Anderson and 
Chrismer (13) recommended a minimum of 45 percent free asphalt 
cement. Later, Anderson (8) recommended a minimum of 40 per
cent free asphalt cement. Kandhal ( 4) recommended a minimum 
between 40 percent and 50 percent; however, if the results were 
below 50 percent, then the actual stiffening should be measured. 

Dust-to-Asphalt Ratio 

The dust-to-asphalt ratio is defined as the percentage of aggregate 
passing the 75 µm (No. 200) sieve size by weight of aggregate to 
the percentage of asphalt cement by weight of aggregate. Although 
the ratio was originally expressed on a volume basis, it is expressed 
by weight in this report. 

To be a true ratio, the percentage of dust and asphalt must be 
measured from the same reference, (i.e., either weight of aggregate 
or weight of mix). Some administrations do not calculate the ratio 
based on the same reference. They calculate the dust by weight of 
aggregate and asphalt cement by weight of mix. Therefore, by def
inition, these administrations do not obtain a true dust-to-asphalt 
ratio but a dust-to-asphalt number. It is strongly encouraged to use 
the same reference when calculating the dust-to-asphalt ratio. 

The quantity of 75 µm material that creates a given amount of 
stiffening in the asphalt cement can be used to set a maximum dust
to-asphalt ratio. The stiffening can be measured directly from the 
stiffening power or indirectly from the Rigden voids index test. 

The maximum dust-to-asphalt ratio, by weight, recommended by 
the FHW A is 1.2 (2). It should be recognized that some types of 75 
µm material are less harmful to HMA and asphalt cement than other 
types of 75 µm material. Dust-to-asphalt ratios, by weight, have 
been recommended as high as 1.5 by Anderson (9) and 1.3 by 
Huschek and Angst (12). It appears that the maximum dust-to
asphalt ratio should be variable, depending on the actual 75 µm 
material used in a particular HMA. 

Dust Coating on Aggregates 

Dust coating on aggregates is believed to be detrimental to the per
formance of the HMA pavement. Obtaining a bond between the 

asphalt cement and aggregate could be difficult when the aggregate 
has thick coatings of dust. 

Maupin (15) measured the dust coating on the aggregate as the 
difference in quantity of material passing the 75 µm (No. 200) sieve 
between dry and wet sieving. In this study, the dust coating was 
measured differently. Material retained on the 4.75 mm (No. 4) 
sieve was obtained by dry sieving. The material was then washed 
over a 4.75 mm (No. 4) sieve. The dust coating was defined as the 
difference in quantity of material retained on the 4.75 mm (No. 4) 
sieve between dry and wet sieving. At the time of this study, there 
were neither standard test procedures nor known acceptable or 
unacceptable test results. 

TEST RESULTS AND DISCUSSION 

Some of these tests involved only the 75 µm material. It is difficult 
to obtain representative samples of the 75 µm material. Dry siev
ing does not secure all of the 75 µm material because some may 
remain on the larger aggregates. Obtaining the 75 µm material by 
wet sieving and then drying the material might cause the 75 µm to 
agglomerate. The material tested in this study was obtained by dry 
sieving. 

For each of the 20 pavements studied, the 75 µm material from 
each aggregate source was blended in the same proportion as used 
during the actual construction. The methylene blue, sand equiva
lent, Rigden voids, and stiffening power tests were performed on 
the blended 75 µm portion of the aggregates. The dust coating on 
the aggregates was measured on the blended portion of the material 
retained on the 4.75 mm (No. 4) sieve. A summary of these test 
results is shown in Table 2. 

Moisture Susceptibility 

As can be seen in Table 2, nearly all pavements have acceptable 
sand equivalent values. A ranked order plot (Figure 2) shows there 
is poor correlation between the sand equivalent value and field per
formance with respect to stripping. 

A guideline for interpreting the methylene blue value (MBV) and 
anticipated pavement performance is given in Table 1. A ranked-



TABLE2 Properties of Aggregates from Pavements of Known Field Performance 

Sand Methylene Rigden 
Equivalent Blue Voids 

Site (%) (mg/g) (3Vm:) 

1 31 6.8 48.1 
2 60 9.5 47.6 
3 75 2.5 47.8 
4 69 6.4 41.5 
5 56 5.0 45.7 
6 66 (12.6) 38.7 
7 87 (11.9) 43.6 
8 33 (13.0) 48.5 
9 69 (10.6) 46:3 
10 91 8.7 44.3 
11 55 4.3 46.3 
12 88 8.3 43.9 
13 55 (>20) 47.3 
14 35 (>20) 46.8 
15 47 (>20) 44.8 
16 64 (14.2) 45.3 
17 65 (>20) 46.4 
18 80 6.6 51.0 
19 69 (>20) 54.0 
20 32 (>20) 50.7 

( ) - Indicates Unacceptable Test Result 
NT - Not Tested 
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Dust:Asphalt Dust 
Ratio Coating 

Stiffening Actual (%) 
Power 

(..1110C) 

1.17 (2.01) 0.3 
1.18 (1.40) 0.6 
1.17 1.05 0.2 
1.34 0.99 0.2 
1.21 (l.35) 0.4 
1.48 0.92 0.3 
1.29 0.78 0.1 
1.14 (1.67) NT 
1.21 0.97 0.7 
1.32 (1.63) 0.2 
1.24 (l.69) 0.7 
1.35 (l.60) 0.2 
1.19 0.94 o._5 
1.23 (l.38) 1.9 
1.20 (l.26) NT 
1.29 (1.45) 0.3 
1.24 1.23 (3.8) 
1.08 (1.21) (2.8) 
0.96 (2.01) NT 
1.10 0 .21) 0.5 
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FIGURE 2 Ranked order of sand equivalent values. 
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order plot (Figure 3) shows a good correlation exists between the 
methylene blue value and stripping performance. 

All of the MBVs for the good and high maintenance pavements 
fall within the excellent to marginally acceptable category in Table 
1. All of the complete rehabilitation and disintegrated pavements 
have unacceptable MBVs, except Site 18. One possible explanation 
for the poor stripping performance of Site 18 is the presence of a 
thick dust coating on the coarse aggregates obtained from this 
source. 

Although the MBVs were unable to identify problems with the 
high maintenance pavements, they did identify aggregate problems 
with the complete rehabilitation and disintegrated pavements. 

Stiffening 

The Rigden voids index test was performed to determine the fixed 
asphalt cement from the bulk density of the compacted dust. The 
free asphalt cement was calculated using Equation 1. Very little, if 
any, correlation exists between the fixed asphalt cement and field 
stripping performance. The fixed asphalt cement may relate more to 
cracking than stripping. 

The maximum dust-to-asphalt ratio, by weight, was calculated 
for each HMA assuming a minimum free asphalt cement of 40 per
cent, as is recommended by Anderson (8). The theoretical maxi
mum dust-to-asphalt ratio was plotted against the actual dust-to
asphalt ratio in an attempt to explain the stripping performance of 
each site. As can be seen in Figure 4, most pavements with good 
performance had dust-to-asphalt ratios lower than the maximum 
determined with the Rigden voids index test. Most of the high main
tenance, complete rehabilitation and disintegrator pavements had 
dust-to-asphalt ratios greater than the theoretical maximum. 
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A previous study (16) has found that the Rigden voids index of 
40 percent is approximately equivalent to an increase in the ring and 
ball stiffening point of 15°C (27°F). 

The ring and ball softening point test was performed to determine 
the dust-to-asphalt ratio. When plotted, the test results show an 
11 °C (20°F) increase in the ring and ball softening point from the 
neat asphalt cement and to a blend of 75 µm material with the same 
asphalt cement. Most of the pavements with good performance had 
dust-to-asphalt ratios lower than that determined by the ring and ball 
softening point test. Most of the poorer performing pavements had 
dust-to-asphalt ratios greater than that determined by the ring and 
ball softening point test. 

Similar comparisons of actual and maximum dust-to-asphalt 
ratios were obtained with indirect and direct measurements of stiff
ening. Stiffening was measured indirectly with the Rigden voids 
index test and directly with the ring and ball softening point test. It 
is recommended to use the Rigden voids index test because it is eas
ier to perform. 

Dust Coating on Aggregates 

The dust coating on the coarse aggregates was less than 1 percent 
in most cases. The dust coating on the coarse aggregates in 
Sites 17 and 18 was approximately 3 and almost 2 percent in Site 
14. The most interesting result was the high quantity of dust 
coating on the coarse aggregate in Site 18. The material from 
Site 18 passed every aggregate test in the study, except that it had 
very high dust coatings. It is possible that the dust coating on the 
coarse aggregate could have contributed to the p_oor performance 
of Site 18 by preventing adhesion of the asphalt cement and 
aggregate. When dust coating on the coarse aggregate approaches 
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or exceeds 3 percent, there may be problems with field per
formance. 

Combination of Results 

If an aggregate passes the methylene blue, dust coating on aggre
gate, and stiffening power or Rigden voids index, the possibility of 
failure due to stripping is minimized, as shown in Table 3. If an 
aggregate fails two of the three tests, the probability of performance 
problems is high. 

An effort was made to determine whether a correlation exists 
between the sand equivalent and the MBV. Poor correlation exists 
between these two tests. The sand equivalent test is more a measure 
of quantity than quality of the 75 µm material. The methylene blue 
test measures the quality of the 75 µm material. Attempts were also 
made to correlate the fixed asphalt cement with the MBV and sand 
equivalent tests but the correlation was poor. 

CONCLUSIONS 

The performance of HMA pavements greatly depends on the inter
action between the asphalt cement and aggregates and the quality of 
the aggregate components in the HMA. If an HMA fails perfor
mance-related tests, such as the Hamburg wheel-tracking device, 
testing the asphalt cement and aggregate portions of the mix can 
indicate areas for potential improvement. 

The following are conclusions drawn from the aggregates tested 
in this study: 

• The methylene blue test is a measure of the quality of the 75 
µm material and can give insight to potential stripping problems. 
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The rule-of-thumb guidelines for expected performance are useful 
in predicting the potential stripping performance of an HMA. 

• The MBV related closely with the known performance. The 
sand equivalent test was not a consistently good predictor of strip
ping performance. The sand equivalent test measures the quantity, 
not the quality, of 75 µm material in an aggregate. 

• The Rigden voids index test and the ring and ball softening 
point test can be used to determine the maximum allowable dust-to
asphalt ratios. A minimum free asphalt cement of 40 percent from 
the Rigden voids index test or a maximum stiffening power of 15°C 
from the ring and ball stiffening point test (AASHTO T 53) is rec
ommended. The dust-to-asphalt ratios determined by these tests 
should not be exceeded to minimize potential problems with pave
ment performance. 

• The dust coating on most aggregates in Colorado is less than 1 
percent. When dust coatings approach or exceed 3 percent, there 
may be problems with field performance. It is likely that the asphalt 
cement cannot bond effectively to the aggregate. 

• The methylene blue, dust coating on aggregates, and Rigden 
voids index or stiffening power tests, when used with one another, 
accurately identified aggregate problems in the stripping pave
ments. When an HMA fails a performance-related stripping test, the 
methylene blue, dust coating on aggregates, and Rigden voids index 
or stiffening power tests can be used to identify some of the prob
lematic components of the HMA. 
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TABLE 3 Ability of Methylene Blue and Rigden Voids Index Tests To Predict 
Stripping Performance 

Sites of Known Performance 

Methylene Blue 
Dust:Asphalt Ratio 
Dust Coating 

Pass All 3 
Fail 1 of 3 
Fail 2 of 3 
Fail All 3 

Good 

2 
5 
0 
0 

Benja Bemelen of the Colorado Department of Transportation 
(CDOT) Staff Materials Branch. The research study panel included 
Byron Lord and Kevin Stuart of the FHWA Turner Fairbank High
way Research Center; Doyt Bolling of FHWA-Region 8; Jerry 
Cloud of FHWA-Colorado Division, Denis Donnelly, Steve Hor
ton, and Bob Laforce of the CDOT Staff Materials Branch; Ken 
Wood of CDOT Region 4 Materials; and Donna Harmelink of 
CDOT Research Branch. The panel of Colorado experts included 
Bud Brakey of Brakey Consulting Engineers, Jim Fife ofWestern 
Colorado Testing, Joe Proctor of Morton International, Scott 
Shuler of CAPA, and Eric West of Western Mobile. Insight into 
the specialized procedures was provided by Jaques Bellanger of 
LCPC; Berghard Herr of Elf Bitumen Deutschland GMBH; and 
Mickey Hines, Gayle King, and Bill Ballou of Koch Materials 
Company. 
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