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EXECUTIVE SUMMARY 

This study was initiated to investigate the accuracy of the Binder Ignition System's 
capability for detennining the percent of asphalt cement in bituminous concrete mixtures. 
It was also set up to see if the final aggregate gradations could be used for specification 
compliance. 

At the onset of the study, it was believed that the percent absorption in an 
aggregate could effect the amount of aggregate degradation in the ignition ovens. 
Therefore the investigation was set up to use two coarse aggregates, one with high 
absorptivity and one with low absorptivity. 

As the study proceeded, it was found the percent absorption of an aggregate may 
not be the detennining variable that contributed to the amount of aggregate degradation. 
Instead, the percent chert seemed to be? Once the percent chert was thought to be the 
cause, further investigation was conducted on aggregates with different levels of chert 
content. 

Both the ASTM and AASHTO provisional test methods were evaluated in the 
study. The findings of the investigation indicated that the AASHTO provisional test 
method TP53-96, yielded the most accurate results. Therefore, it is recommended that the 
AASHTO provisional test method be used by MoDOT. 

The findings of this investigation are: the ignition systems are accurate in 
detennining the percent of asphalt cement in a bituminous mixture and they can be used 
for specification compliance. The absorptivity and percent chert content of an aggregate 
did not prove to be the core detennining factors in the amount of aggregate degradation 
in the ignition ovens. Instead, it is believed that the overall chemical and physical 
characteristics, its lithology, will dictate the amount of degradation. Since there are so 
many variables in the lithology of an aggregate, this study did not pursue the cause of 
aggregate degradation any further. 

Therefore, it is recommended that a gradation calibration be performed as part of 
the test method. This gradation calibration should be performed to ascertain the amount of 
.expected aggregate breakdown in the ignition ovens. It should be performed on every 
asphalt concrete mix design, at the same frequency as the aggregate calibration factor for 
detennining the amount of asphalt cement in the mixture. This would then allow the use of 
the final gradation for specification compliance. Without this type of gradation calibration, 
the final gradations should not be used for specification compliance. 
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ABSTRACT 

Investigation was conducted on the binder ignition system ovens and the 
provisional test methods, on bituminous mixes using materials that are native to Missouri . 
The investigation included an analysis on the accuracy of the percent of asphalt cement, 
which were calculated from the binder ignition ovens and the provisional test methods . 
The investigation also included an analysis of the aggregate, with respect to gradation and 
degradation, which was remaining from the procedure after the asphalt cement was burned 
off. 

Findings are presented on how chert and the percent of absorption of an aggregate 
affect the amount of degradation of the aggregate in the binder ignition ovens and, the 
final aggregate gradation from the ignition method use for specification compliance . 
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OBJECTIVE 

The objective ofthis study was to determine the accuracy of the binder ignition 
system method by evaluating multiple binder ignition systems. Comparing the results 
obtained from the binder ignition systems to each other, as well as to the solvent 
extraction method (AASHTO T164), the nuclear method (AASHTO T287), and to the 
components of the actual mix sample. 

Other objectives were, to evaluate and compare the current AASHTO and ASTM 
provisional test methods for their accuracy in determining the asphalt content in a 
bituminous mixture and, to analyze the remaining aggregate for gradation, degradation, 
and specification compliance. 
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INTRODUCTION 

Past research by the National Center For Asphalt Technology at Auburn 
University, Alabama, and the Alabama Department of Transportation has illustrated the 
accuracy of the ignition method. The Missouri Department of Transportation decided to 
investigate the binder ignition method on materials that are native to Missouri . The 
objective of this investigation was to try to find an accurate alternative to the solvent 
extraction method and the nuclear method. 

This research study was set up to compare the binder ignition method to the 
solvent extraction method, the nuclear method, and to the original components of the mix 
sample. The results obtained from the comparison can be used to verify the accuracy of 
the binder ignition system method on materials that are native to Missouri. 

The following is a brief summary of the investigation procedure. The detailed 
procedure is within the context of the report. The study was set up to investigate a high 
absorptive aggregate mix and a low absorptive aggregate mix, in an attempt to see if the 
final aggregate from the binder ignition oven was prone to degradation. A bituminous 
concrete surface mix (Type C Mix) was selected for evaluation in the study. These 
mixtures were composed of75% coarse aggregate, 23% natural sand as fine aggregate, 
and 2% mineral filler. Two Missouri limestone formations, one formation having a low to 
medium absorption of about 2% and the other formation having a high absorption of 
about 4 % were selected for the coarse aggregate. These two coarse aggregate fractions 
were selected because of their similar gradation characteristics and because of the wide 
variation in absorption. The same fine aggregate, mineral filler, and asphalt cement were 
used in both the high absorptive mix and the low absorptive mix. Three separate asphalt 
contents, by total weight of mixture, were employed in both the high and low absorptive 
mixtures. The three asphalt contents are 4.0%, 5.5%, and 7.0%. Therefore, the only 
variables, besides the varying percent of asphalt content, was thought to be the coarse 
aggregate absorption, specific gravity, and gradations. But, as the study proceeded, it was 
found that the percent chert in an aggregate fraction may play an important part in the 
amount of aggregate degradation in the ignition ovens. 
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INVESTIGA TION PROCEDURE 

PURCHASE AND INSTALLATION: 
From reviewing past research on the subject matter, a decision was made to 

conduct a research study on the binder ignition system. A plan was then formulated on 
how to conduct the research study to provide the needed data to prove or disprove the 
accuracy of the binder ignition method on materials native to Missouri. Once the decision 
was made and a detailed research plan was formulated, the purchase and installation of the 
NCAT and Gilson Binder Ignition systems was accomplished in October and November, 
1995. As the study progressed, both Troxler and Soil Test learned of the ongoing study 
and asked if their ignition systems could be included. Therefore, Troxler and Soil Test 
loaned the department their ignition systems and they were included in the study. 

SELECTION OF MIX AND MATERIALS: 
The mixes, one with high absorptive aggregate and one with low absorptive 

aggregate, are both a surface mix (Type C mix) with an aggregate blend of 75% coarse 
aggregate, 23% natural sand, 2% mineral filler, and an AC-20 asphalt cement. The same 
source of natural sand, mineral filler, and AC-20 binder was used in both of the mixes. 
Three separate asphalt cement contents were used in both the high and low absorption 
mixes. These asphalt cement contents, by weight of total mix, are 4.0%, 5.5%, and 7.0%. 
The only significant variables were thought to be the varying percent AC, the coarse 
aggregate absorption, the coarse aggregate specific gravity, and gradation. During the 
course of the investigation, the chert content in the coarse aggregate was thought to be an 
important variable which affects the amount of aggregate degradation. 

The gradation of the coarse aggregate will differ from one aggregate source to the 
next. This variable was minimized by selecting aggregate sources which have very similar 
gradations but different percent of absorption and specific gravity. In the binder ignition 
method, past research has found that the gradation is not critical to the aggregate 
calibration factor. 

The high absorption mix used a coarse aggregate from Doss & Harper # 1, West 
Plains, MO .. This aggregate has an absorption of 4.4%. (Note: this high of absorption is 
usually not employed in the departments bituminous mixtures but was used specifically for 
this study.) The low absorption mix used a coarse aggregate from Central Stone #4, Paris, 
MO .. This aggregate has an absorption of 2.0%. The natural sand was Missouri river sand 
from Capital #1 , Jefferson City, Mo., the mineral filler was from Quincy Carbonate, 
Quincy IL. , and the asphalt cement was AC-20 from Shell Oil Co., Wood River IL .. The 
needed materials were ordered from the Districts and the two Type C mix designs were 
developed by the Field Office. 
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MATERIAL CHARACTERISTICS: 
The material characteristics of the coarse aggregate, fine aggregate, mineral filler, 

and asphalt cement were determined in MoDOT's Central Laboratory and the results are 
listed in Table I and Table 2. The gradations of the coarse and fine aggregate fractions 
represents the gradations used to develop the initial combined aggregate gradations of the 
mix design. ASSHTO TIl was then performed on these initial combined gradations to 
wash and discard all of the -200 material that was clinging to the aggregate. This washed 
gradation was then dried back, recombined, and 2% mineral filler was then added. This 
procedure gave the resulting combined aggregate gradation that was used in the mixing 
and testing process. This procedure was used so as to know the most accurate amount of 
-200 in the mix before the mix was subjected to the binder ignition systems. 

TABLE 1 AGGREGATE CHARACTERISTICS OF EACH FRACTION 

CHARACTERISTIC SIEVE LOW ABS. HIGHABS. FINE MINERAL 
COARSE COARSE AGGR. AGGR FILLER 
AGGR. 

GRADATION 3/4" 100 100 
1/2" 98.1 98.0 
3/8" 81.4 81.7 100 
#4 35.1 37.3 99.6 
#8 11.2 9.0 96.3 
#16 4.5 4.9 85 .5 
#30 3.0 4.3 60.6 
#50 2.5 4.2 36.8 
#100 2.2 4.1 11.0 100 
#200 1.9 4.0 3.1 98 .5 

BULK SP. G. 2.550 2.493 2.618 2.727 
APPR. SP.G 2.686 2.798 2.651 
ABSORPTION 2.0 4.4 0.5 

DELETERIOUS 
DEL. ROCK 1.0% 1.2% 
SHALE 0.2% 0.1% 

CHERT 13.2% 1.3% 
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TABLE 2 ASPHALT CEMENT CHARACTERISTICS 

TEST METHOD DESCRIPTION RESULT 
ORIGINAL ASPHALT 

AASHTO T228 SPECIFIC GRAVITY (60/60F) 1.034 
AASHTO T44 BITUMEN (SOLUBLE IN TCE) PERCENT 99.98 
AASHTO T48 FLASH POINT (F) 500 + 
AASHTO T49 PENETRATION (77 F, 100 gm, 5 sec.) 65 
AASHTO T201 KINEMATIC VISCOSITY, (cs, 275 F) 395 
AASHTO T202 ABSOLUTE VISCOSITY, (poise @J 140 F & 300 mm Hg) 2,010 
AASHTO T179 % LOSS TFO TEST, (1/8", 325 F, 5 hrs.) -0.01 

TESTS ON RESIDUE (TFO) 
AASHTOT49 PENETRATION (77 F, 100 gm, 5 sec.) 49 

PERCENT OF ORIGINAL PENETRATION 75 .38 
AASHTO T151 DUCTILITY OF 77 F 75 
AASHTO T201 KINEMATIC VISCOSITY, (cs, 275 F) 596 
AASHTO T202 ABSOLUTE VISCOSITY, (poise~140 F & 300mm Hg) 5,778 

From the material characteristic results on the coarse aggregate fractions, it can be 
seen that the high absorption aggregate has an absorption of 4.4%. This high of absorption 
is generally not allowed in Missouri's bituminous concrete material, but for the sake of this 
study the material was selected to provide the contrast between the low and high 
absorptive mixes. Also, the material characteristics of the low absorption coarse 
aggregate shows a 13 .2% chert content, which was later thought to be the cause of the 
aggregate dispersion and degradation in the binder ignition ovens. 

GRADATIONS OF COMBINED AGGREGATE BLEND: 
Prior to the calibration of the nuclear gauge, calibration of the binder ignition 

systems, and mixing of the lIMA sample batches, the gradations of each aggregate blend 
were tested by AASHTO TIl and T27. Then, after the binder ignition method was 
performed, the gradations of the remaining aggregate were again tested by AASHTO TIl 
and T27 to check if there was any degradation of the aggregate caused by the ignition 
method. This was completed as follows; 
: combine coarse and fine aggregate fractions according to the mix design batch sheets 
: perform AASHTO TIl washed gradation on these two combined fractions 

(to remove the -200 which was clinging to the aggregates) 
: dry back combined fractions and perform AASHTO T27, 

so as to know an accurate percent passing of each sieve 
: combine sieves back and add the 2% mineral filler, (the Quincy Carbonate 

mineral filler was chosen because it has 98 .5% -200 material) 
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The 2% mineral filler was used to simulate the -200 material which was lost in 
performing of AASHTO TIl . This procedure allowed the study to know an accurate 
gradation of the combined aggregate blends before and after the binder ignition ovens. 
This also allowed us to see the most accurate change in the -200 material. The question 
was, would the -200 increase from the degradation of the aggregate or would it even 
possibly decrease due to possible inorganic impurities in the aggregate blend being burned 
off in the oven? 

NUCLEAR GAUGE CALIBRATION: 
Prior to testing the batches at the proposed mix design of 4%, 5.5%, and 7% 

asphalt cement content, the nuclear gauge was calibrated by mixing and testing of three 
separate batches at varying asphalt cement contents. For the calibration of the nuclear 
gauge, section 7.1.3 of AASHTO T 287 recommends that the three batches be prepared 
as follows : one at the mix design asphalt content, one at 1 % above the mix design, and 
one at 1 % below the mix design or, at other percentages as required to cover the range of 
the expected use. Therefore, to eliminate overlapping batches, this study opted to create 
batches at 0.75% above and below the three mix design asphalt contents. 

All batches were 8,000 ± grams. Approximately 400 ± grams were removed from 
each batch so as to perform the nuclear gauge calibration on a 7,600 ± gram batch. Then, 
the 400 ± grams were added back to the original batch from which it came. This provided 
seven 8,000 ± gram batches at the following asphalt cement contents: 

3.25% 4.00% 4.75% 5.50% 6.25% 7.00% 7.75% 
All of these 8,000 gram batches were labeled and stored. The samples were sealed in 
plastic bags and stored in loose mix boxes. Since the gradation and asphalt content of 
these nuclear calibration samples were known, they were stored for possible use later in 
the study. 

BINDER IGNITION SYSTEM CALIBRATION: 
In the AASHTO and ASTM provisional test methods, there are two aggregate 

calibration methods. (See APPENDIX A for the provisional test methods. Note the most 
recent AASHTO provisional has only the HMA calibration procedure, the aggregate 
calibration procedure was deleted.) One uses just a blank aggregate and the other uses an 
asphalt concrete mixture. Both the blank aggregate calibration procedure and the mixture 
calibration procedure was investigated to calculate the aggregate calibration factor. 

Three separate 2,000 gram combined blank aggregate samples were used to 
calculate the aggregate calibration factor. This was performed on both the high absorptive 
aggregate mix and the low absorptive aggregate mix. The gradation of these samples were 
recorded before and after they were subjected to the calibration process in the ovens. 
These aggregate samples were strictly aggregates only with no asphalt cement. 

Two seperate 2,000 gram mixture samples were also used to calculate the 
aggregate calibration factor. Again, this was performed on both the high absorptive 
aggregate mix and the low absorptive aggregate mix. The gradation of these samples were 
recorded before and after they were subjected to the calibration process in the ovens. 
These mixtures employed 5.5% asphalt cement by total weight of mix. 
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The labeling of these Binder Ignition Calibration samples were as follows : 

LABELING PROCEDURE FOR AGGREGATE CALmRA TION FACTORS 

C95-LABS-BIC I-NCAT 
C95-LABS-BIC2-NCAT 
C95-LABS-BIC3-NCAT 
C95-LABS-BIC I-GILS 
C95-LABS-BIC2-GILS 
C95-LABS-BIC3-GILS 
C95-LABS-BIC 1-TRXLR 
C95-LABS-BIC2-TRXLR 
C95-LABS-BIC3-TRXLR 
C95-LABS-BIC I-SOIL T 
C95-LABS-BIC2-S0IL T 
C95-LABS-BIC3-S0IL T 

NCAT = NCAT IGNITION SYSTEM 
BIC = BINDER IGNITION CALmRATION 
GILS = GILSON IGNITION SYSTEM 
TRXLR = TROXLER IGNITION SYSTEM 

C95-HABS-BICI-NCAT 
C95-HABS-BIC2-NCAT 
C95-HABS-BIC3-NCAT 
C95-HABS-BIC I-GILS 
C95-HABS-BIC2-GILS 
C95-HABS-BIC3-GILS 
C95-HABS-BIC 1-TRXLR 
C95-HABS-BIC2-TRXLR 
C95-HABS-BIC3-TRXLR 
C95-HABS-BIC I-SOIL T 
C95-HABS-BIC2-S0IL T 
C95-HABS-BIC3-S0IL T 

HABS = HIGH ABSORPTION 
LABS = LOW ABSORPTION 
SOIL T = SOIL TEST IGNITION 

SYSTEM 

Tables 3, 4, 5, and 6 are the gradations of the blank aggregate samples before and 
after they had been used in the aggregate calibration procedure of the binder ignition 
systems. Tables 7, 8,9, and 10 are the gradations of the aggregates from the mixture 
calibration samples before and after they were used in the aggregate calibration procedure. 

From viewing these tables, it can be seen that the low absorption aggregate, which 
contained the high chert content of 13 .2%, appreciably degraded in all of the ignition 
systems. The amount of degradation was higher in the mixture calibration procedure. It is 
believed that this is due to the spike in oven temperatures when the asphalt ignites. The 
aggregate gradations, of the low absorption aggregate which contained the high chert 
content, had degraded to the extent where the end resultant gradations would not be 
usable for specification compliance. 
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TABLE 3 NCAT GRADATIONS BEFORE & AFTER BLANK AGGREGATE CALmRA TION 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 
LABS LABS LABS LABS LABS LABS 
BIC1 BIC1 BIC2 BIC2 BIC3 BIC3 AVG. 
NCAT NCAT *** NCAT NCAT *** NCAT NCAT *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 98.11 98.29 0.18 98.32 98.14 -0.18 97.81 97.99 0.18 0.06 
3/8" 86.60 87.08 0.48 86.23 86.88 0.65 86.48 86.30 -0.18 0.32 

#4 52.32 54.98 2.66 52.28 54.34 2.06 51.54 53.26 1. 72 2.15 
#8 32.21 35.96 3.75 32.39 36.14 3.75 32.36 35.04 2.68 3.39 

#16 24.03 28.06 4.03 24.08 27.55 3.47 24.14 27.22 3.08 3.53 
#30 17.94 21.39 3.45 17.35 20.56 3.21 17.77 20.58 2.81 3.16 
#50 11.70 14.93 3.23 11.18 14.08 2.90 11.65 14.15 2.50 2.88 

#100 5.15 7.33 2.18 4.97 6.94 1. 97 5.01 6.58 1.57 1.91 
#200 2.36 3.35 0.99 2.54 3.23 0.69 2.28 3.08 0.80 0.83 

I 

, 

BEFORE AFTER BEFORE AFTER BEFORE AFTER i 

HABS HABS HABS HABS HABS HABS 
BIC1 BIC1 BIC2 BIC2 BIC3 BIC3 AVG. 
NCAT NCAT *** NCAT NCAT *** NCAT NCAT *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 98.43 98.47 0.04 98.07 97.95 -0.12 98.44 98.27 -0.17 -0.08 
3/8" 85.86 85.44 -0.42 85.54 85.36 -0.18 86.26 85.96 -0.30 -0.30 

#4 52.36 52.32 -0.04 51.82 51.88 0.06 51.85 51.85 0.00 0.01 
#8 29.27 29.11 -0.16 29.22 29.22 0.00 29.21 29.12 -0.09 -0.08 

#16 23.15 23.04 -0.11 23.16 23.24 0.08 23.58 23.52 -0.06 -0.03 
#30 16.87 16.66 -0.21 16.95 16.89 -0.06 17.44 17.39 -0.05 .... -0. 1J. 
#50 10.79 10.65 -0.14 10.85 10.80 -0.05 11.40 11.31 -0.09 -0.09 

#100 4.56 4.48 -0.08 4.53 4.45 -0.08 5.00 4.76 -0.24 -0.13 
#200 2.07 2.10 0.03 2.10 2.20 0.10 2.43 2.46 0.03 0.05 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE FROM THE THREE 
CALIBRATION SAMPLES. 

13 



TABLE 4 GILSON GRADATIONS BEFORE & AFTER BLANK AGGREGATE CALIBRATION 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 
LABS LABS LABS LABS LABS LABS 
BIC1 BIC1 BIC2 BIC2 BIC3 BIC3 AVG. 
GILS GILS *** GILS GILS *** GILS GILS *** *** 

3/4 11 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2 11 98.51 98.29 -0.22 98.72 98.40 -0.32 98.41 98.60 0.19 -0.12 
3/8 11 85.78 86.47 0.69 86.57 86.59 0.02 85.95 86.93 0.98 0.56 

#4 51.34 53.94 2.60 52.63 54.43 1. 80 52.97 56.27 3.30 2.57 
#8 31. 83 35.72 3.89 32.12 35.67 3.55 31. 79 35.72 3.93 3.79 

#16 23.16 27.15 3.99 23.96 27.78 3.82 23.6.3 27.56 3.93 3.91 
#30 16.74 20.39 3.65 17.56 21.08 3.52 17.07 20.80 3.73 3.63 
#50 10.63 13.88 3.25 11.40 14.58 3.18 10.96 14.30 3.34 3.26 

#100 4.48 6.91 2.43 4.84 7.11 2.27 4.60 7.07 2.47 2.39 
#200 2.03 3.04 1. 01 2.06 3.24 1.18 1. 91 3.09 1.18 1.12 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 
HABS HABS HABS HABS HABS HABS 
BIC1 BIC1 BIC2 BIC2 BIC3 BIC3 AVG. 
GILS GILS *** GILS GILS *** GILS GILS *** *** 

3/4 11 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 98.54 98.22 -0.32 98.65 98.43 -0.22 98.33 98.63 0.30 -0.08 
3/8" 85.40 85.74 0.34 85.65 85.93 0.28 85.92 85.68 -0.24 0.13 

#4 52.10 52.00 -0.10 52.11 52.27 0.16 51.18 51. 38 0.20 0.09 
#8 29.34 29.39 0.05 29.13 29.22 0.09 28.91 29.05 0.14 0.09 

#16 23.63 23.81 0.18 23.31 23.52 0.21 23.70 23.91 0.21 0.20 
#30 17.55 17.70 0.15 17.17 17.25 0.08 17.91 18.09 0.18 0.14' 
#50 11.57 11.64 0.07 11.19 11.29 0.10 11.86 12.00 0.14 .... 0.10 

#100 5.24 5.27 0.03 5.00 5.01 0.01 5.18 5.29 0.11 0.05 
#200 2.50 2.87 0.37 2.48 2.82 0.34 2.59 2.72 0.13 0.28 

-~ ------ ~~ .. --~~~~ 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE FROM THE THREE 
CALIBRATION SAMPLES. 
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TABLE 5 TROXLER GRADATIONS BEFORE & AFTER BLANK AGGREGATE CALIBRATION 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 
LABS LABS LABS LABS LABS LABS 
BIC1 BIC1 BIC2 BIC2 BIC3 BIC3 AVG. 

TRXLR TRXLR *** TRXLR TRXLR *** TRXLR TRXLR *** *** 
3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 98.24 98.19 -0.05 98.52 98.66 0.14 98.36 98.66 0.30 0.13 
3/8" 86.26 86.83 0.57 86.08 87.03 0.95 86.08 86.98 0.90 0.81 

#4 51.40 54.06 2.66 51.02 53.88 2.86 51.02 53.18 2.16 2.56 
#8 31. 85 36.16 4.31 31.67 35.92 4.25 32.39 36.26 3.87 4.14 

#16 21.31 27.57 6.26 23.63 27.74 4.11 23.17 26.85 3.68 4.68 
#30 16.80 20.52 3.72 17.08 20.89 3.81 15.91 19.18 3.27 3.60 
#50 10.35 13.47 3.12 10.63 13.84 3.21 9.71 12.34 2.63 2.99 

#100 4.21 6.37 2.16 4.39 3.24 -1.15 4.29 6.01 1.72 0.91 
#200 2.10 3.13 1. 03 2.15 2.98 0.83 2.11 2.88 0.77 0.88 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 
HABS HABS HABS HABS HABS HABS 
BIC1 BIC1 BIC2 BIC2 BIC3 BIC3 AVG. 

TRXLR TRXLR *** TRXLR TRXLR *** TRXLR TRXLR *** *** 
3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 98.38 98.48 0.10 98.69 98.69 0.00 98.64 98.53 -0.11 0.00 
3/8" 86.42 86.32 -0.10 86.24 86.49 0.25 86.81 85.81 -1.00 -0.28 

#4 51.13 51.33 0.20 51.87 52.09 0.22 52.18 52.35 0.17 0.20 
#8 29.15 29.38 0.23 29.16 29.37 0.21 29.24 29.52 0.28 0.24 

#16 22.94 23.15 0.21 22.58 22.82 0.24 22.88 23.14 0.26 0.241 
#30 16.67 16.81 0.14 16.16 16.38 0.22 16.46 16.75 0.29 0.22! 
#50 10.35 10.47 0.12 10.00 10.15 0.15 10.20 10.52 0.32 0.20 

#100 4.30 4.34 0.04 4.31 4.34 0.03 4.21 4.55 0.34 0.14 
#200 2.23 2.35 0.12 2.19 2.35 0.16 2.30 2.40 0.10 0.13 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE FROM THE THREE 
CALIBRATION SAMPLES. 
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TABLE 6 SOIL TEST GRADATIONS BEFORE & AFTER BLANK AGGREGATE 
CALIBRA TION 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 
LABS LABS LABS LABS LABS LABS 
BIC1 BIC1 BIC2 BIC2 BIC3 BIC3 

SOILT SOILT *** SOILT SOILT *** SOILT SOILT *** 
3/4" 100 . 00 100.00 0.00 100.00 100 . 00 0 . 00 100.00 100 . 00 0.00 
1/2" 98.82 98.43 -0 . 39 98.24 98.18 -0 . 06 98.38 98.26 -0.12 
3/8" 85.91 86 . 81 0 . 90 84.88 85.68 0.80 86 . 57 86 . 93 0.36 

#4 50.02 52.59 2.57 47.73 49.65 1. 92 49.24 51.97 2.73 
#8 30.23 33.62 3.39 29.38 32.44 3.06 29.34 32.84 3.50 

#16 22.22 25.72 3.50 21.63 24 . 94 3.31 20.93 24.60 3 . 67 
#30 15.11 18.48 3.37 14.83 18.06 3.23 13.86 17.39 3.53 
#50 8.45 11.45 3.00 8.37 11.36 2.99 7.44 10.62 3 . 18 

#100 2.37 4.54 2.17 2.43 4.54 2.11 2 . 05 4.22 2.17 
#200 0.96 1. 62 0.66 1. 05 1. 87 0.82 0.07 1. 68 1.61 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 
HABS HABS HABS HABS HABS HABS 
BIC1 BIC1 BIC2 BIC2 BIC3 BIC3 

SOILT SOILT *** SOILT SOILT *** SOILT SOILT *** 
3/4" 100.00 100 . 00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 
1/2" 98.67 98.66 -0.01 98.67 98.33 -0.34 98.66 98.49 -0.17 
3/8" 87.94 87.96 0.02 84.58 84.73 0.15 86.17 86.90 0.73 

#4 53.28 53 . 76 0.48 49.81 49.88 0 . 07 50.67 51.18 0 . 51 
#8 28.89 29.02 0.13 26.42 26.24 -0.18 27.39 27.46 0.07 

#16 22.00 22 . 17 0 . 17 19.84 19 . 86 0 . 02 20.71 20.97 0.26 
#30 14.78 14.98 0.20 13.60 13.59 -0.01 13.99 14.10 0.11 
#50 8.11 8.30 0.19 7.79 7.88 0.09 7.85 7.99 0.14 

#100 2.44 2.56 0.12 2.54 2 . 60 0.06 2.56 2.68 0.12 
#200 __ ~. 04 1.11 0.07 1. 03 1.27 0.24 1.06 1.12 0.06 

AVG 
*** 
0.00 

-0.19 
0.69 
2.41 
3.32 
3.49 
3.38 
3.06 
2.15 
1.03 

AVG 
*** 
0.00 

-0.17 
0.30 

. 0.35 : 
0 . 01 
0.15 
0.10 
0.14 
0.10 
0.12. 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE FROM THE THREE 
CALIBRATION SAMPLES . 
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TABLE 7 NCAT GRADATIONS BEFORE & AFTER MIXTURE CALIBRATION 

BEFORE AFTER BEFORE AFTER 
LABS LABS LABS LABS 
BIC1 BIC1 BIC2 BIC2 AVG. 
NCAT NCAT *** NCAT NCAT *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 97.88 97.61 -0.27 97.64 97.40 -0.24 -0.25 
3/8" 85.07 86.43 1. 36 85.84 86.78 0.94 1.15 

#4 50.91 53.95 3.04 48.92 51. 89 2.97 3.01 
#8 30.99 36.24 5.25 29.14 33.82 4.68 4.97 

#16 22.18 27.19 5.01 21.55 26.31 4.76 4.88 
#30 14.50 19.28 4.78 14.86 19.36 4.50 4.64 
#50 7.69 11. 99 4.30 8.57 12.70 4.13 4.2~ 

#100 2.13 5.40 3.27 2.61 5.64 3.03 3.15 
#200 1. 00 2.38 1.38 1. 03 2.42 1. 39 1.39 

BEFORE AFTER BEFORE AFTER 
HABS HABS HABS HABS 
BIC1 BIC1 BIC2 BIC2 AVG. 
NCAT NCAT *** NCAT NCAT *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 99.03 99.18 0.15 98.51 99.82 1.31 0.73 
3/8" 86.20 86.56 0.36 87.44 87.46 0.02 0.19 

#4 50.71 51.38 0.67 52.91 53.32 0.41 0.54 
#8 26.69 27.02 0.33 28.99 29.52 0.53 0.43 

#16 20 . 30 20.77 0.47 22.52 23.22 0.70 0.58 
#30 13.92 14.30 0.38 15.74 16.40 0.66 0.52 
#50 7.81 8.26 0.45 9.03 9.76 0.73 0.59 

#100 2.40 2.93 0.53 2.67 3.63 0.96 .. 0.75 
#200 1.08 1. 57 0.49 1.22 1.61 0.39 0.44 

--- ----

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE FROM THE TWO 
CALIBRATION SAMPLES. 
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TABLE 8 GILSON GRADATIONS BEFORE & AFTER MIXTURE CALIBRATION 

BEFORE AFTER · BEFORE AFTER 
LABS LABS LABS LABS 
BIC1 BIC1 BIC2 BIC2 AVG. 
GILS GILS *** GILS GILS *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 98.20 98.47 0.27 98.24 98.45 0.21 0.24 
3/8" 85.12 86.92 1. 80 85.05 85.44 0.39 1..09 

#4 48.85 53.65 4.80 49.37 54.01 4.64 4.72 
#8 29.96 34.91 4.95 29.96 35.74 5.78 5.36 

#16 21. 79 27.16 5.37 22.02 27.61 5.59 5.48 
#30 15.22 20.14 4.92 15.01 20.03 5.02 4.97 
#50 9.04 13.35 4.31 8.56 13.06 4.50 4.41 

#100 2.87 6.05 3.18 2.66 5.92 3.26 3.22 
#200 1. 06 2.26 1.20 1. 04 2.37 1.33 1.26 

BEFORE AFTER BEFORE AFTER 
HABS HABS HABS HABS 
BIC1 BIC1 BIC2 BIC2 AVG. 
GILS GILS *** GILS GILS *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 99.69 99.50 -0.19 100.00 100.00 0.00 -0.09 
3/8" 88.29 87.90 -0.39 86.23 87.00 0.77 0.1.9 

#4 52.72 53.30 0.58 50.28 50.99 0.71 0.64 
#8 28.81 29.36 0.55 26.60 27.15 0.55 0.55 

#16 22.55 23.13 0.58 20.54 21.07 0.53 0.55 
#30 16.05 16.53 0.48 14.32 14.76 0.44 0.46 . 
#50 9.49 9.99 0.50 8.26 8.84 0.58 ·.··· 0.54 : 

#100 2.81 3.57 0.76 2.54 3.31 0.77 0.76 
#200 1.14 1.60 0.46 1. 09 1.54 0.45 0.46 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE FROM THE TWO 
CALIBRATION SAMPLES. 

18 



TABLE 9 TROXLER GRADATIONS BEFORE & AFTER MIXTURE CALIBRATION 

BEFORE AFTER BEFORE AFTER 
LABS LABS LABS LABS 
BIC1 BIC1 BIC2 BIC2 AVG. 

TROXLR TROXLR *** TROXLR TROXLR *** *** 
3/4" 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 98.66 98.76 0.10 97.74 97.95 0.21 0.16 
3/8" 85.99 87.10 1.11 85.92 86.02 0.10 0.60 

#4 49.48 53.33 3.85 50.05 54.72 4.67 4.26 
#8 29.21 34.77 5.56 29.20 35.06 5.86 5.71 

#16 20.28 25.63 5.35 20.34 25.89 5.55 5.45 
#30 13.14 17.89 4.75 12.86 18.00 5.14 4.95 
#50 6.89 11.16 4.27 6.70 11.26 4.56 4.42 

#100 1.92 4.93 3.01 1. 91 5.30 3.39 3.20 
#200 0.96 2.18 1.22 0.91 2.26 1.35 1.29 

BEFORE AFTER BEFORE AFTER 
HABS HABS HABS HABS 
BIC1 BIC1 BIC2 BIC2 AVG. 

TROXLR TROXLR *** TROXLR TROXLR *** *** 
3/4" 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 98.05 98.50 0.45 98.85 98.54 -0.31 0.07 
3/8" 86.37 86.43 0.06 86.04 85.44 -0.60 -0.27 

#4 50.53 50.97 0.44 52.31 52.20 -0.11 0.16 
#8 27.39 27.81 0.42 27.83 28.13 0.30 / 0.36 

#16 21.15 21.55 0.40 21.17 21.51 0.34 0.37. 
#30 14.62 15.00 0.38 14.62 14.84 0.22 0.30 
#50 8.33 8.79 0.46 8.18 8.52 0.341 . 0040 

#100 2.60 3.16 0.56 2.44 2.72 0.28 0.42 
#200 1.26 1. 66 0.40 0.99 1.45 0.46 ·· 0.43 · 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE FROM THE TWO 
CALIBRATION SAMPLES. 
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TABLE 10 SOIL TEST GRADATIONS BEFORE & AFTER MIXTURE CALIBRATION 

BEFORE AFTER BEFORE AFTER 
LABS LABS LABS LABS 
BIC1 BIC1 BIC2 BIC2 AVG. 

SOILT SOILT *** SOILT SOILT *** *** 
3/4" 100.00 100.00 0.00 100.00 100.00 0.00 0.00 
1/2" 97.53 97.79 0.26 98.93 98.92 -0.01 0.13 
3/8" 85.47 86.61 1.14 85.09 86.70 1. 61 1.38 

#4 49.56 53.47 3.91 48.80 51.84 3.04 3.48 
#8 29.36 35.00 5.64 29.56 34.49 4.93 5.29 

#16 21.23 26.82 5.59 20.70 25.61 4.91 5.25 
#30 14.22 19.42 5.20 13.32 18.01 4.69 4.95 
#50 7.82 12.53 4.71 6.80 11.08 4.28 4.50 

#100 2.15 5.75 3.60 1.87 5 . 08 3.21 3.41 
#200 0.85 2.65 1.80 0.99 2.25 1.26 1.53 

BEFORE AFTER BEFORE AFTER 
HABS HABS HABS HABS 
BIC1 BIC1 BIC2 BIC2 AVG. 

SOILT SOILT *** SOILT SOILT *** *** 
3/4" 100.00 100.00 0.00 100.00 100.00 0.00 0 .. 00 
1/2" 98.88 98.88 0.00 98.55 98.60 0.05 ·.· .... :0 ... ··02 
3/8" 86.86 86.50 -0.36 86.34 85.88 -0.46 -0.41 

#4 51.25 51.67 0.42 50.68 51.02 0.34 0.38 
#8 28.20 28.57 0.37 27.81 28.16 0.35 ··· .. ·0 · ~· .3 ·6 

#16 21.52 21.86 0.34 21.67 22.04 0.37 0.35 
#30 14.53 14.90 0.37 15.19 15.45 0.26 0.32 
#50 8.08 8.60 0.52 8.65 8.97 0.32 0.42 

#100 2.39 3.06 0.67 2.57 2.85 0.28 0.48 
#200 1.03 1. 64 0.61 1. 05 1.45 0.40 0 . .50 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE FROM THE TWO 
CALIBRATION SAMPLES. 
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In the AASHTO and ASTM provisional test methods, there is a Method A and 
Method B for obtaining the calibration factor. (See APPENDIX A for the provisional test 
methods.) Method A is to be used by ignition systems which have internal weighing 
systems and Method B is used by ignition systems that are not equipped with internal 
weighing devices. In the aggregate only calibration procedure both of the provisional 
methods use the same equation to calculate the calibration factor. However, in the HMA 
mixture calibration procedure, the two provisional methods use different equations to 
calculate the calibration factors . These different equations yield slightly different 
calibration factors and therefore slightly different asphalt contents in the mix. 

The NCAT and the Troxler ignition ovens are equipped with the internal weighing 
devices and therefore Method A was used only for these two ignition systems. The Soil 
T est and the Gilson ignition ovens are not equipped with internal weighing devices and, 
therefore, Method B was used for these two ignition systems. Method B was also 
perfonned for the NCAT and Troxler so as to compare the calibration factors that were 
obtained using both the methods. The AASHTO provisional Method A uses the Method B 
equation to calculate the asphalt binder content. The internal software programs in the 
NCAT and Troxler employ the AASHTO equation in Method A of the HMA mixture 
calibration procedure. The ASTM values for Method A in Table 11 and 12 were hand 
calculated using the ASTM equation and values from the results of the print out from the 
NCAT and Troxler. 

The calibration factors are shown in Tables 11 and 12. The results indicate 
variability between the different types of ignition ovens, between Method A and Method 
B, and between the AASHTO and ASTM results using the different equations for 
Method A. 

TABLE 11 
LOW ABSORPTION BLANK AGGREGATE CALmRA TION FACTORS 
OVEN TYPE METHOD A METHODB 

GILSON 0.578 
NCAT 0.769 0.839 
TROXLER 0.580 0.570 
SOILTEST 0.489 

LOW ABSORPTION HMA MIXTURE CALmRATION FACTORS 
OVEN TYPE METHOD A METHOD A METHODB METHODB 

(AASHTO) (ASTM) (AASHTO) (ASTM) 

GILSON 0.5054 0.5354 
NCAT 0.5540 0.6885 0.6051 0.6420 
TROXLER 0.2829 0.4054 0.3853 0.4080 
SOILTEST 0.2481 0.2627 
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TABLE 11 

HIGH ABSORPTION BLANK AGGREGATE CALIBRATION FACTORS 
OVEN TYPE METHOD A METHODB 

GILSON 0.564 
NCAT 0.542 0.614 
TROXLER 0.441 0.496 
SOILTEST 0.560 

HIGH ABSORPTION HMA MIXTURE CALIBRATION FACTORS 
OVEN TYPE METHOD A METHOD A METHODB METHODB 

(AASHTO) (ASTM) (AASHTO) (ASTM) 

GILSON 0.2529 0.2679 
NCAT 0.6034 0.7136 0.6042 0.6403 
TROXLER 0.1518 0.2667 0.3312 0.3508 
SOILTEST 0.8098 0.8582 

MIXING AND LABELING OF THE ASPHALT CONCRETE BATCH SAMPLES: 
The combined aggregate gradation and the percent asphalt cement were that of the 

specified mix design. The combined aggregate gradation and its weight were recorded 
before it was mixed with the specified percent asphalt cement. The weight of the asphalt 
cement and it's percent of the total mix were also recorded at the time of mixing. The 
grams of asphalt cement, by weight of total mix, was calculated from the combined 
aggregate weight before the procedure of washing, drying, and the addition of mineral 
filler was perfonned. This resulted in asphalt contents that were not exactly 4%, 5.5%, and 
7. % by weight of total mix. 

Of the two mix designs, the low absorption mix designs were mixed and tested 
first. They were mixed at 4%, 5.5%, and 7% asphalt cement respectively. Then, the high 
absorption mix designs were mixed. They were also mixed at 4%, 5.5%, and 7% 
respectively. The weight of each batch was approximately 8,000 grams. After the 
components had been mixed, care was taken to clean the mixing beaters, bowl, and 
utensils so as to minimize the loss of material. 

The labeling for the sample identification was as follows . The low absorption 
Type C mixes were labeled C95-LABS and the high absorption Type C mixes were 
labeled C95-HABS. All batches were labeled and recorded so as to track the results and 
their procession through the study. 

C95-LABS4.0M = 4.0% AC Main 
C95-LABS5 .5M = 5.5% AC Main 
C95-LABS7.0M = 7.0% AC Main 

C95-HABS4.0M = 4.0% AC Main 
C95-HABS5.5M = 5.5% AC Main 
C95-HABS7.0M = 7.0% AC Main 
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PERFORMANCE OF THE NUCLEAR METHOD: 
The same nuclear density gauge was used through out the study. This eliminated 

any extraneous variables that could have been introduced by use of more than one gauge. 
Results from the nuclear method were recorded and compared to the results from 

the solvent extraction and binder ignition methods. After the nuclear method was 
performed, the batches were then quartered by AASHTO T248, Method B. 

QUARTERING AND LABELING OF THE QUARTERED SAMPLES: 
Quartering of the 8,000 gram sample (AASHTO T248, Method B). After the 

percent of asphalt cement had been determined by the nuclear method, the batches were 
then quartered. Whenever possible, this quartering proceeded directly after the nuclear 
gauge asphalt content was determined. If the mix was not hot enough to be quartered, it 
was re-heated to allow for quartering. 

The batch weight was recorded before the quartering, and the weight of each 
quarter was also recorded after the quartering. The quarters were labeled by placing aI, 
2, 3, and 4 at the end of the identification number of the batch. For example, if the 
identification number for the batch was C95-LABS4.0M, then the quartered samples were 
C95-LABS4.0Ml , C95-LABS4.0M2, C95-LABS4.0M3, and C95-LABS4.0M4 . 

PERFORMANCE OF THE SOL VENT EXTRACTION METHOD: 
Quantitative Extraction of Bitumen from Bituminous Paving Mixtures (AASHTO 

TI64). Best results are obtained when the test is made on mixtures shortly after their 
preparation. The nominal maximum aggregate size of the mix was 112", therefore a 
minimum sample size of 1,500 grams was required. The quartered batches yielded a more 
than ample batch size of 2,000 ± grams. Test specimens for the determination of moisture 
content were not required because the aggregates were dried before the mixing process. 

The solvent extraction method was performed on the quarter sample labeled 
quarter # 1. The weight of the sample, before and after the procedure was recorded and 
the percent of asphalt to the nearest one hundredth of a percent was also recorded. 
The gradations of the remaining aggregate sample were then determined by performing 
AASHTO TIl & T27. 
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PERFORMANCE OF THE BINDER IGNITION METHOD: 
Standard Test Method for Asphalt content of Hot Mix Asphalt by the Ignition 

Method (Proposed ASTM Provisional) and Standard Method of Test for Asphalt Content 
of Hot Mix Asphalt by the Ignition Method (Proposed AASHTO Provisional TP 53) 
were used in the perfonnance of the ignition method. The percent of asphalt cement was 
recorded to the nearest one hundredth of one percent. The NCAT Binder Ignition System 
was perfonned on quartered sample number 2, the Gilson Binder Ignition System was 
perfonned on quartered sample number 3, and the Troxler was perfonned on quartered 
sample number 4. As previously mentioned the Soil Test ignition system was entered late 
into the study. Therefore, the retained nuclear calibration samples were used for the Soil 
Test Ignition system. 

The gradations of the remaining aggregate were ascertained by performing 
AASHTO TIl & T27. 

ANALYSIS OF THE RESULTS : 
Percent of asphalt cement from the nuclear method, the solvent extraction method, 

and the binder ignition method are compared to each other, as well as the percent of 
asphalt cement in the as-mixed sample. The remaining aggregate gradations from the 
solvent extraction method, binder ignition systems, and the as-mixed gradations are also 
compared in the following tables. 
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TABLE 12 QUANTITATIVE EXTRACTION RESULTS. GRADATIONS AND PERCENT A.C. 

LOW ABSORPTIVE AGGREGATE 

QUANT. QUANT. QUANT. 
BATCH EXTR. BATCH EXTR. BATCH EXTR. 

SAMPLE METHOD (M1-M) SAMPLE METHOD (M1-M) SAMPLE METHOD (M1-M) AVG. 
4.0M 4.0M1 *** 5.5M 5.5M1 *** 7.0M 7.0M1 *** *** 

I 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.000 
1/2" 98.22 98.16 -0.06 98.56 97.64 -0.92 98.40 97.83 -0.57 -0.5l7 
3/8" 86.05 86.68 0.63 86.30 85.57 -0.73 86.08 85.42 -0.66 -0.253 

#4 51.26 51.53 0.27 51.15 50.96 -0.19 51.62 51.26 -0.36 -0.093 
#8 31.79 32.29 0.50 32.07 31.73 -0.34 31. 69 31.83 0.14 0.100 

#16 24.15 24.48 0.33 24.05 23.99 -0.06 23.58 23.65 0.07 0.113 
#30 16.79 17.39 0.60 17.02 17.09 0.07 16.31 16.68 0.37 0.347 
#50 10.54 10.86 0.32 10.54 10.66 0.12 9.88 10.29 0.41 0.283 

#100 4.17 4.64 0.47 4.24 4.65 0.41 3.84 4.64 0.80 0.560 
#200 2.26 2.29 0.03 2.24 2.40 0.16 2.20 2.32 0.12 0.103 

%AC. 4.219 4.15 -0.07 5.714 5.6 -0.11 7.222 7.03 -0.19 -0.125 

HIGH ABSORPTIVE AGGREGATE 

QUANT. QUANT. QUANT. 
BATCH EXTR. BATCH EXTR. BATCH EXTR. 

SAMPLE METHOD (M1-M) SAMPLE METHOD (M1-M) SAMPLE METHOD (M1-M) AVG. 
4.0M 4.0M1 *** 5.5M 5.5M1 *** 7.0M 7.0M1 *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.000 
1/2" 98.78 98.80 0.02 98.62 98.73 0.11 98.90 99.19 0.29 0.140 
3/8" 85.72 84.51 -1 . 21 86.05 83.71 -2.34 85.95 86.55 0.60 -0.983 

#4 52.10 52.03 -0.07 52.79 51.49 -1. 30 52.14 51.98 -0.16 -0.510 
#8 29.14 29.02 -0.12 29.31 29.17 -0.14 29.49 28.89 -0.60 -0.287 

#16 22.82 22.68 -0.14 22.53 22.49 -0.04 23.12 22.57 -0.55 -0.243 
#30 16.20 16.40 0.20 15.99 16.11 0.12 16.62 16.31 -0.31 0.003 
#50 10.09 10.23 0.14 10.00 10.06 0.06 10.37 10.16 -0.21 0.003 

#100 3.78 4.49 0.71 4.15 4.37 0.22 4.30 4.36 0.06 0.330 
#200 2.28 2.27 -0.01 2.30 2.24 -0.06 2.36 2.41 0.05 -0.007 

%AC. 4.201 4.01 -0.19 5.809 5.41 -0.40 7.342 7.03 -0.31 -0.301 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE SAMPLES. 
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TABLE 13 NeAT IGNITION SYSTEM RESULTS 

LOW ABSORPTIVE AGGREGATE GRADATIONS 

NCAT NCAT NCAT 
BATCH IGNIT. BATCH IGNIT. BATCH IGNIT. 

SAMPLE SYSTEM (M2-M) SAMPLE SYSTEM (M2-M) SAMPLE SYSTEM (M2-M) AVG. 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.000 
1/2" 98.22 97.44 -0.78 98.56 98.76 0.20 98.40 98.46 0.06 -0.l73 
3/8" 86.05 85.32 -0.73 86.30 88.58 2.28 86.08 88.32 2.24 1.263 

#4 51.26 53.25 1. 99 51.15 55.38 4.23 51.62 55.72 4.10 3.440 
#8 31. 79 36.57 4.78 32.07 37.83 5.76 31. 69 36.93 5.24 5.260 

#16 24.15 28.90 4.75 24.05 29.70 5.65 23.58 28.65 5.07 5.157 
#30 16.79 21.67 4.88 17.02 22.17 5.15 16.31 21.04 4.73 4.920 
#50 10.54 14.78 4.24 10.54 15.12 4.58 9.88 14.08 4.20 4.340 

#100 4.17 7.55 3.38 4.24 8.01 3.77 3.84 7.34 3.50 3.550 
#200 2.26 3.50 1 . 24 2.24 3.82 1. 58 2.20 3.67 1.47 1.430 

HIGH ABSORPTIVE AGGREGATE GRADATIONS 

NCAT NCAT NCAT 
BATCH IGNIT. BATCH IGNIT. BATCH IGNIT. 

SAMPLE SYSTEM (M2-M) SAMPLE SYSTEM (M2-M) SAMPLE SYSTEM (M2-M) AVG. 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.000' 
1/2" 98.78 98.56 -0.22 98.62 99.20 0.58 98.90 98.30 -0.60 -0.080 
3/8" 85.72 87.96 2.24 86.05 87.51 1.46 85.95 86.12 0.17 1.290 

#4 52.10 53.97 1. 87 52.79 53.59 0.80 52.14 50.75 -1.39 0.427 
#8 29.14 30.73 1. 59 29.31 29.41 0.10 29.49 28.64 -0.85 0.280 

#16 22.82 24.00 1 . 18 22.53 22.51 -0.02 23.12 22.47 -0.65 0.170 
#30 16.20 17.27 1. 07 15.99 16.19 0.20 16.62 16.35 -0.27 0.333. 
#50 10.09 10.87 0.78 10.00 10.20 0.20 10.37 10.35 -0.02 0.3201 

#100 3.78 5.02 1.24 4.15 4.61 0.46 4.30 4.78 0.48 « 0.727 
#200 2.28 2.98 0.70 2.30 2.73 0.43 2.36 2.78 0.42 " 0.517 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE 'AVERAGE DIFFERENCE OF THE THREE SAMPLES. 
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TABLE 13 NCAT IGNITION SYSTEM RESULTS 

LOW ABSORPTIVE AGGREGATE PERCENT A.C. 

DETERMINED USING BLANK AGGREGATE CALIBRATION FACTORS 
BATCH NCAT (M2-M) BATCH NCAT (M2-M) BATCH NCAT 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 A 4.219 4.050 -0.169 5.714 5.580 -0.134 7.222 6.970 
2 A 4.070 -0.145 5.650 -0.064 7.080 
1 B 4.048 -0.171 5.725 0.011 7.095 
2 B 4.079 -0.140 5.768 0.054 7.144 

DETERMINED USING AASHTO HMA MIXTURE CALIBRATION FACTORS 
BATCH NCAT (M2-M) BATCH NCAT (M2-M) BATCH 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 

1 A 4.219 4.262 0.043 5.714 5.790 0.076 7.222 
2 A 4.278 0.059 5.816 0.102 
1 B 4.282 0.063 5.959 0.245 
2 B 4.304 0.085 5.990 0.276 

DETERMINED USING ASTM HMA MIXTURE CALIBRATION FACTORS 
BATCH NCAT (M2-M) 
4.0M 4.0M2 *** 

1 A 4.219 4.128 -0.091 
2 A 4.149 -0.070 
1 B 4.245 0.026 
2 B 4.269 0.050 

NOTE: 1A = AASHTO METHOD A 
2A = ASTM METHOD A 
1B = AASHTO METHOD B 
2B = ASTM METHOD B 

BATCH NCAT (M2-M) BATCH 
5.5M 5.5M2 *** 7.0M 

5.714 5.656 -0.058 7.222 
5.689 -0.025 
5.922 0.208 
5.955 0.241 

NCAT 
7.0M2 

7.181 
7.209 
7.329 
7.362 

NCAT 
7.0M2 

7.046 
7.084 
7.292 
7.328 

(M2-M) AVG. 
*** *** 

-0.252 0.185 
-0.142 0.117 
-0.127 0.103 
-0.078 0.091 I 

(M2-M) AVG. 
*** *** 

-0.041 0.053 
- 0.013 0.058 
0.107 0.138 
0.140 0.167 

(M2-M) AVG. 
*** *** 

-0.176 0.108 
-0.138 0.078 
0.070 0.101 
0.106 0.132 

THE *** COLUMN IS THE DIFFERENCE BETWEEN THE CALCULATED ASPHALT 
CONTENT AND THE ACTUAL ASPHALT CONTENT OF THE BATCH. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE BATCHES. 
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TABLE 13 NCAT IGNITION SYSTEM RESULTS 

HIGH ABSORPTIVE AGGREGATE PERCENT A.C. 

DETERMINED USING BLANK AGGREGATE CALIBRATION FACTORS 
BATCH NCAT (M2 -M) BATCH NCAT (M2 -M) BATCH NCAT 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 A 4.201 4.422 0.221 5.809 5.822 0.013 7.342 7.298 
2 A 4.446 0.245 5.854 0.045 7.338 
1 B 4.335 0.134 5.768 -0.041 7.205 
2 B 4.362 0.161 5.804 -0.005 7.249 

DETERMINED USING AASHTO HMA MIXTURE CALIBRATION FACTORS 
BATCH NCAT (M2-M) BATCH NCAT (M2-M) BATCH 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 

1 A 4.201 4.360 0.159 5.809 5.760 0.049 7.342 
2 A 4.387 0.186 5.796 -0.013 
1 B 4.345 0.144 5.778 -0.031 
2 B 4.371 0.170 5.813 0.004 

DETERMINED USING ASTM HMA MIXTURE CALIBRATION FACTORS 
BATCH NCAT (M2-M) 
4.0M 4.0M2 *** 

1 A 4.201 4.250 0.049 
2 A 4.281 0.080 
1 B 4.309 0.108 
2 B 4.336 0.135 

NOTE: 1A = AASHTO METHOD A 
2A = ASTM METHOD A 
1B = AASHTO METHOD B 
2B = ASTM METHOD B 

BATCH NCAT (M2-M) BATCH 
5.5M 5.5M2 *** 7.0M 

5.809 5.650 -0.159 7.342 
5.692 -0.117 
5.742 -0.067 
5.779 -0.030 

NCAT 
7.0M2 

7.237 
7.281 
7.214 
7.258 

NCAT 
7.0M2 

7.127 
7.178 
7.178 
7.225 

(M2-M) AVG. 
*** *** 

-0.044 0.093 
-0.004 0.098 
-0.137 0.104 
-0.093 0.086 

(M2 -MY AVG. 
*** .*** 

-0.105 0.104 
-0.061 0.087 
-0.128 0.101 
-0.084 0.086 

(M2 -M) AVG. 
*** *** 

-0.215 0.141 
-0.164 0.120 
-0.164 0.113 
-0.117 0.094: 

THE *** COLUMN IS THE DIFFERENCE BETWEEN THE CALCULATED ASPHALT 
CONTENT AND THE ACTUAL ASPHALT CONTENT OF THE BATCH. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE BATCHES. 
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TABLE 14 GILSON IGNITION SYSTEM RESULTS 

LOW ABSORPTIVE AGGREGATE 

GILSON GILSON GILSON 
BATCH IGNIT. BATCH IGNIT. BATCH IGNIT. 

SAMPLE SYSTEM (M3 -M) SAMPLE SYSTEM (M3 -M) SAMPLE SYSTEM (M3 -M) AVG. 
4.0M 4.0M3 *** 5.5M 5.5M3 *** 7.0M 7.0M3 *** *** 

3/4 11 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.000 
1/2" 98.22 97.51 -0.71 98.56 98.41 -0.15 98.40 98.35 -0.05 -0.303 
3/8" 86.05 85.85 -0.20 86.30 85.14 -1.16 86.08 87.29 1.21 -0.500 

#4 51.26 53.48 2.22 51.15 53.41 2.26 51.62 56.02 4.40 2.960 
#8 31.79 36.32 4.53 32.07 36.64 4.57 31. 69 36.80 5.11 4.737 

#16 24.15 28.82 4.67 24.05 28.96 4.91 23.58 28.36 4.78 4.787 
#30 16.79 21.48 4.69 17.02 21. 68 4.66 16.31 20.97 4.66 4.670 
#50 10.54 14.67 4.13 10.54 14.85 4.31 9.88 14.18 4.30 4.247 

#100 4.17 7.49 3.32 4.24 7.84 3.60 3.84 7.61 3.77 3.563 
#200 2.26 3.59 1.33 2.24 4.00 1. 76 2.20 3.83 1. 63 1.573 

-

HIGH ABSORPTIVE AGGREGATE 

GILSON GILSON GILSON 
BATCH IGNIT. BATCH IGNIT. BATCH IGNIT. 

SAMPLE SYSTEM (M3 -M) SAMPLE SYSTEM (M3-M) SAMPLE SYSTEM (M3 -M) AVG. 
4.0M 4.0M3 *** 5.5M 5.5M3 *** 7.0M 7.0M3 *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.000 
1/2" 98.78 98.64 -0.14 98.62 98.59 -0.03 98.90 98.94 0.04 -0.043 . 
3/8" 85.72 85.97 0.25 86.05 87.12 1. 07 85.95 86.24 0.29 0.537 

#4 52.10 51.79 -0.31 52.79 54.79 2.00 52.14 52.52 0.38 0.690 
#8 29.14 29.18 0.04 29.31 29.82 0.51 29.49 30.28 0.79 0.447 

#16 22.82 22.82 0.00 22.53 22.83 0.30 23.12 23.79 0.67 0.323 
#30 16.20 16.52 0.32 15.99 16.52 0.53 16.62 17.30 0.68 0.510 
#50 10.09 10.43 0.34 10.00 10.58 0.58 10.37 11.03 0.66 0.527 

#100 3.78 4.83 1.05 4.15 5.05 0.90 4.30 5.15 0.85 0.933 
#200 2.28 2.82 0.54 2.30 3.02 0.72 2.36 3.16 0.80 0.687 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE SAMPLES. 
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TABLE 14 GILSON IGNITION SYSTEM RESULTS 

LOW ABSORPTIVE AGGREGATE PERCENT A.C. 

DETERMINED USING BLANK AGGREGATE CALIBRATION FACTORS 
BATCH GILS (M2-M) BATCH GILS (M2-M) BATCH GILS 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 B 4.219 4.043 -0.176 5.714 5.312 -0.402 7.222 6.833 
2 B 4.067 -0.152 5.342 -0.372 6.873 

DETERMINED USING AASHTO HMA MIXTURE CALIBRATION FACTORS 
BATCH GILS (M2-M) BATCH GILS (M2-M) BATCH GILS 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 B 4.219 4.116 -0.103 5.714 5.384 -0.330 7.222 6.906 
2 B 4.137 -0.082 5.411 -0.303 6.941 

DETERMINED USING ASTM HMA MIXTURE CALIBRATION FACTORS 
BATCH GILS (M2 -M) BATCH GILS (M2-M) BATCH GILS 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 B 4.219 4.086 -0.133 5.714 5.354 -0.360 7.222 6.876 
2 B 4.108 -0.111 5.383 -0.331 6.913 

HIGH ABSORPTIVE AGGREGATE PERCENT A.C. 

DETERMINED USING BLANK AGGREGATE CALIBRATION FACTORS 
BATCH GILS (M2-M) BATCH GILS (M2 -M) BATCH GILS 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 B 4.201 4.091 -0.110 5.809 5.507 -0.302 7.342 6.928 
2 B 4.114 -0.087 5.539 -0.270 6.967 

DETERMINED USING AASHTO HMA MIXTURE CALIBRATION FACTORS 
BATCH GILS (M2-M) BATCH GILS (M2-M) BATCH 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 

1 B 4.201 4.402 0.201 5.809 5.819 0.010 7.342 
2 B 4.413 0.212 5.833 0.024 

DETERMINED USING ASTM HMA MIXTURE CALIBRATION FACTORS 
BATCH GILS (M2-M) 
4.0M 4.0M2 *** 

1 B 4.201 4.387 0.186 
2 B 4.399 0.198 

NOTE: 1B = AASHTO METHOD B 
2B = ASTM METHOD B 

BATCH GILS (M2-M) BATCH 
5.5M 5.5M2 *** 7.0M 

5.809 5.804 -0.005 7.342 
5.819 0.010 

GILS 
7.0M2 

7.239 
7.257 

GILS 
7.0M2 

7.224 
7.243 

(M2 -M) AVG. 
*** *** 

-0.389 0.322 
-0.349 0.291 

(M2-M) AVG. 
*** *** 

-0.316 0.250 
-0.281 0.222 

(M2-M) AVG. 
*** *** 

-0.346 0.280 
-0.309 0.250 

(M2-M) AVG. 
*** *** 

-0.414 0.275 i 
-0.375 0.244 I 

(M2-M) AVG. 
*** *** 

-0.103 0.105 
-0.085 o .107 i 

(M2-M) AVG. 
*** *** 

-0.118 0.103 
-0.099 0.102 

THE *** COLUMN IS THE DIFFERENCE BETWEEN THE CALCULATED ASPHALT 
CONTENT AND THE ACTUAL ASPHALT CONTENT OF THE BATCH. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE BATCHES. 
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TABLE 15 TROXLER IGNITION SYSTEM 

LOW ABSORPTIVE AGGREGATE 

TROXL. TROXL. TROXL. 
BATCH IGNIT. BATCH IGNIT. BATCH IGNIT. 

SAMPLE SYSTEM (M4-M) SAMPLE SYSTEM (M4 -M) SAMPLE SYSTEM (M4 -M) AVG. 
4.0M 4.0M4 *** 5.5M 5.5M4 *** 7.0M 7.0M4 *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.000 
1/2" 98.22 98.73 0.51 98.56 98.55 -0.01 98.40 98.96 0.56 0.353 
3/8" 86.05 88.67 2.62 86.30 89.01 2.71 86.08 87.42 1. 34 2.223 

#4 51. 26 56.95 5.69 51.15 55.96 4.81 51.62 55.73 4.11 4.870 
#8 31.79 38.48 6.69 32.07 38.26 6.19 31.69 37.17 5.48 6.120 

#16 24.15 30.07 5.92 24.05 29.78 5.73 23.58 28.81 5.23 5.627 
#30 16.79 22.53 5.74 17.02 22.24 5.22 16.31 21.24 4.93 5.297 
#50 10.54 15.33 4.79 10.54 15.19 4.65 9.88 14.22 4.34 4.593 

#100 4.17 8.02 3.85 4.24 7.98 3.74 3.84 7.38 3.54 3.710; 
#200 2.26 3.95 1. 69 2.24 3.82 1.58 2.20 3.72 1. 52 1.597 ! 

HIGH ABSORPTIVE AGGREGATE 

TROXL. TROXL. TROXL. 
I 

BATCH IGNIT. BATCH IGNIT . BATCH IGNIT. : 

SAMPLE SYSTEM (M4 -M) SAMPLE SYSTEM (M4-M) SAMPLE SYSTEM (M4 -M) AVG. 
4.0M 4.0M4 *** 5.5M 5.5M4 *** 7.0M 7.0M4 *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.000 
1/2" 98.78 98.20 -0.58 98.62 97.93 -0.69 98.90 98.53 -0.37 -0.547 
3/8" 85.72 86.04 0.32 86.05 86.24 0.19 85.95 86.46 0.51 0.340 

#4 52.10 51.49 -0.61 52.79 52.83 0.04 52.14 53.41 1.27 0.233 
#8 29.14 29.26 0.12 29.31 29.89 0.58 29.49 30.48 0.99 0.563 

#16 22.82 22.72 -0.10 22.53 22.77 0.24 23.12 23.60 0.48 0.207 
#30 16.20 16.56 0.36 15.99 16.42 0.43 16.62 17.10 0.48 0.423 
#50 10.09 10.51 0.42 10.00 10.30 0.30 10.37 10.75 0.38 0.367 

#100 3.78 4.85 1. 07 4.15 4.62 0.47 4.30 4.87 0.57 0.703 
#200 2.28 2.72 0.44 2.30 2.67 0.37 2.36 2.88 0.52 0.443 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE SAMPLES. 
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TABLE 15 TROXLER IGNITION SYSTEM RESULTS 

LOW ABSORPTIVE AGGREGATE PERCENT A.C. 

DETERMINED USING BLANK AGGREGATE CALIBRATION FACTORS 
BATCH TROX. (M2-M) BATCH TROX. (M2-M) BATCH TROX. 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 A 4.219 4.094 -0.125 5.714 5.597 -0.117 7.222 6.808 
2 A 4.118 -0.101 5.630 -0.084 6.847 
1 B 4.152 -0.067 5.555 -0.159 6.880 
2 B 4.175 -0.044 5.587 -0.127 6.919 

DETERMINED USING AASHTO HMA MIXTURE CALIBRATION FACTORS 
BATCH TROX. (M2-M) BATCH TROX. (M2-M) BATCH 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 

1 A 4.219 4.392 0.173 5.714 5.894 0.180 7.222 
2 A 4.404 0.185 5.911 0.197 
1 B 4.336 0.117 5.740 0.026 
2 B 4.353 0.134 5.762 0.048 , . --

DETERMINED USING ASTM HMA MIXTURE CALIBRATION FACTORS 
BATCH TROX. (M2-M) 
4.0M 4.0M2 *** 

1 A 4.219 4.269 0.050 
2 A 4.286 0.067 
1 B 4.314 0.095 
2 B 4.331 0.112 

NOTE: 1A = AASHTO METHOD A 
2A = ASTM METHOD A 
1B = AASHTO METHOD B 
2B = ASTM METHOD B 

BATCH TROX. (M2-M) BATCH 
5.5M 5.5M2 *** 7.0M 

5.714 5.772 0.058 7.222 
5.795 0.081 
5.717 0.003 
5.740 0.026 

TROX. 
7.0M2 

7.105 
7.125 
7.065 
7.092 
--- ----------

TROX. 
7.0M2 

6.982 
7.011 
7.042 
7.071 

(M2-M) AVG. 
*** *** 

-0.414 0.219 
-0.375 0.187 
-0.342 0.189 
-0.303 0.158 

(M2 -M) AVG. 
*** *** 

-0.117 0.157 
-0.097 0.160 
-0.157 0.100 
-0.130 0.107 

(M2 -M) AVG. 
*** *** 

-0.240 0.116 
-0.211 0.120 
-0.180 0.093 
-0.151 0.096 

THE *** COLUMN IS THE DIFFERENCE BETWEEN THE CALCULATED ASPHALT 
CONTENT AND THE ACTUAL ASPHALT CONTENT OF THE BATCH. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE BATCHES. 
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TABLE 15 TROXLER IGNITION SYSTEM RESULTS 

HIGH ABSORPTIVE AGGREGATE PERCENT A.C. 

DETERMINED USING BLANK AGGREGATE CALIBRATION FACTORS 
BATCH TROX. (M2 -M) BATCH TROX. (M2-M) BATCH TROX. 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 A 4.201 4.413 0.212 5.809 6.116 0.307 7.342 7.345 
2 A 4.433 0.232 6.143 0.334 7.378 
1 B 4.306 0.105 6.019 0.210 7.251 
2 B 4.328 0.127 6.049 0.240 7.288 

DETERMINED USING AASHTO HMA MIXTURE CALIBRATION FACTORS 
BATCH TROX. (M2-M) BATCH TROX. (M2-M) BATCH 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 

1 A 4.201 4.702 0.501 5.809 6.405 0.596 7.342 
2 A 4.709 0.508 6.415 0.606 
1 B 4.471 0.270 6.184 0.375 
2 B 4.486 0.285 6.204 0.396 

DETERMINED USING ASTM HMA MIXTURE CALIBRATION FACTORS 
BATCH TROX. (M2-M) 
4.0M 4.0M2 *** 

1 A 4.201 4.587 0.386 
2 A 4.600 0.399 
1 B 4.451 0.250 
2 B 4.467 0.266 

NOTE: 1A = AASHTO METHOD A 
2A = ASTM METHOD A 
1B = AASHTO METHOD B 
2B = ASTM METHOD B 

BATCH TROX. (M2-M) BATCH 
5.5M 5.5M2 *** 7.0M 

5.809 6.290 0.481 7.342 
6.307 0.498 
6.164 0.356 
6.265 0.457 

TROX. 
7.0M2 

7.634 
7.646 
7.416 
7.441 

TROX. 
7.0M2 

7.520 
7.540 
7.397 
7.423 

(M2-M) AVG. 
*** *** 

0.003 0.174 
0.036 0.201 

-0.091 0.135 
-0.054 0.140 

(M2-M) AVG. 
*** *** 

0.292 0.463 
0.304 0.473 
0.074 0 . ~240 

0.099 O~260 

(M2 -M) AVG. 
*** *** 

0.177 0.348 ·.·· 
0.198 <0.365 
0.055 0.220 
0.081 0.255 

THE *** COLUMN IS THE DIFFERENCE BETWEEN THE CALCULATED ASPHALT 
CONTENT AND THE ACTUAL ASPHALT CONTENT OF THE BATCH. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE BATCHES 
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TABLE 16 SOIL TEST IGNITION SYSTEM 

LOW ABSORPTIVE AGGREGATE 

SOILT SOILT SOILT 
BATCH IGNIT. BATCH IGNIT. BATCH IGNIT. 

SAMPLE SYSTEM (N5-N) SAMPLE SYSTEM (N5 -N) SAMPLE SYSTEM (N5 -N) AVG 
4.0N 4.0N5 *** 5.5N 5.5N5 *** 7.0N 7.0N5 *** *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.000 
1/2" 98.81 97.51 -1.30 98.66 98.15 -0.51 98.59 98.63 0.04 -0.590 
3/8" 85.97 85.06 -0.91 86.07 87.93 1.86 85.76 87.10 1. 34 0.763 

#4 51.12 52.58 1.46 52.96 57.58 4.62 50.78 56.42 5.64 3.907 
#8 31.67 34.97 3.30 32.03 37.93 5.90 31.70 39.27 7.57 5.590 

#16 24.11 27.56 3.45 24.14 29.86 5.72 23.67 30.13 6.46 5.210 
#30 17.28 21. 05 3.77 17.26 22.61 5.35 16.67 22.32 5.65 4.923 
#50 10.94 14.55 3.61 10.77 15.66 4.89 10.58 15.29 4.71 4.403 

#100 4.50 7.33 2.83 4.40 8.36 3.96 4.35 7.85 3.50 3.430 
#200 2.21 3.31 1.10 2.15 3.98 1. 83 2.16 3.67 1.51 1.480 

HIGH ABSORPTIVE AGGREGATE 

SOILT SOILT SOILT 
BATCH IGNIT. BATCH IGNIT. BATCH IGNIT. 

SAMPLE SYSTEM (N5-N) SAMPLE SYSTEM (N5-N) SAMPLE SYSTEM (N5-N) AVG 
4.0N 4.0N5 *** 5.5N 5.5N5 *** 7.0N 7.0N5 *** *** 

i 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 0.0001 
1/2" 98.62 97.74 -0.88 98.73 98.09 -0.64 98.77 98.24 -0.53 -0.683 
3/8" 85.80 84.97 -0.83 86.12 85.75 -0.37 86.30 86.81 0.51 -0.230 

#4 51.38 50.41 ~0.97 51.18 50.58 -0.60 52.15 52.79 0.64 -0.310 
#8 29.08 28.74 -0.34 28.79 28.88 0.09 29.14 29.07 -0.07 -0.107 

#16 22.70 22.77 0.07 22.15 22.37 0.22 23.50 23.29 -0.21 0.027 
#30 16.53 16.75 0.22 15.89 16.15 0.26 17.66 17.50 -0.16 0.107 
#50 10.52 10.78 0.26 10.18 10.31 0.13 11.37 11.33 -0.04 0.117 

#100 4.02 4.76 0.74 4.23 4.59 0.36 4.61 4.93 0.32 0.473 
#200 2.30 2.51 0.21 2.24 2.35 0.11 2.23 2.41 0.18 0.167 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN BEFORE AND AFTER GRADATIONS. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE SAMPLES. 
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TABLE 16 SOIL TEST IGNITION SYSTEM RESULTS 

LOW ABSORPTIVE AGGREGATE PERCENT A.C. 

DETERMINED USING BLANK AGGREGATE CALIBRATION FACTORS 
BATCH SOILT (M2-M) BATCH SOILT (M2 -M) BATCH SOILT 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 B 4.219 3.848 -0.371 5.714 5.283 -0.431 7.222 7.103 
2 B 3.867 -0.352 5.309 -0.405 7.138 

--~-

DETERMINED USING AASHTO HMA MIXTURE CALIBRATION FACTORS 
BATCH SOILT (M2-M) BATCH SOILT (M2 -M) BATCH SOILT 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 B 4.219 4.089 -0.130 5.714 5.524 -0.190 7.222 7 . 344 
2 B 4.099 -0.120 5.337 -0.377 7.362 

DETERMINED USING ASTM HMA MIXTURE CALIBRATION FACTORS 
BATCH SOILT (M2 -M) BATCH SOILT (M2-M) BATCH SOILT 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 B 4.219 4.074 -0.145 5.714 5.509 -0.205 7.222 7.330 
2 B 4.085 -0.134 5.524 -0.190 7.349 

HIGH ABSORPTIVE AGGREGATE PERCENT A.C. 

DETERMINED USING BLANK AGGREGATE CALIBRATION FACTORS 
BATCH SOILT (M2-M) BATCH SOILT (M2-M) BATCH SOILT 
4.0M 4 . 0M2 *** 5.5M 5.5M2 *** 7.0M 7.0M2 

1 B 4.201 4.055 -0.146 5.809 6.047 0.239 7.342 6.932 
2 B 4.077 -0.124 6.081 0.273 6.971 

DETERMINED USING AASHTO HMA MIXTURE CALIBRATION FACTORS 
BATCH SOILT (M2-M) BATCH SOILT (M2-M) BATCH 
4.0M 4.0M2 *** 5.5M 5.5M2 *** 7.0M 

1 B 4.201 3.805 -0.396 5.809 5.797 -0.011 7.342 
2 B 3.836 -0.365 5.845 -0.036 

DETERMINED USING ASTM HMA MIXTURE CALIBRATION FACTORS 
BATCH SOILT (M2-M) 
4.0M 4.0M2 *** 

1 B 4.201 3.756 -0.445 
2 B 3.789 -0.412 

NOTE: 1B = AASHTO METHOD B 
2B = ASTM METHOD B 

BATCH SOILT (M2-M) BATCH 
5.5M 5.5M2 *** 7.0M 
5.809 5.749 -0.060 7.342 

5.799 -0.010 

SOILT 
7.0M2 
7.086 
7.144 

SOILT 
7.0M2 
7.038 
7.099 

------- --

(M2 -M) 
*** 

-0.119 
-0 . 084 

(M2-M) 
*** 

0.122 
0.140 

(M2-M) 
*** 

0.108 
0.127 

(M2-M) 
*** 

-0.410 
-0.371 

(M2 -M) 
*** 

-0.256 
-0.198 

(M2-M) 
*** 

-0.304 
-0.243 

THE *** COLUMN IS THE DIFFERENCE BETWEEN THE CALCULATED ASPHALT 
CONTENT AND THE ACTUAL ASPHALT CONTENT OF THE BATCH. 

AVG. 
*** 
0.307 
0.280 

AVG. 
*** 
0.l47 
0.212 

AVG. 
*** 
0.153 
0.150 

AVG. 
*** 
0.265 
0.256 

AVG. 
*** 
0.221 
0.200 

AVG. 
*** 
0.270 
0 .. 222 

THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE BATCHES. 
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TABLE 17 NUCLEAR GAUGE RESULTS, PERCENT ASPHALT CEMENT 

LOW ABSORPTIVE AGGREGATE 

BATCH NUC. *** BATCH NUC. *** BATCH NUC. *** *** 

4.0M 4.0M' (M'-M) 5.5M 5.5M' (M'-M) 7.0M 7.0M' (M'-M) AVG. 

4.219 4.20 -0.019 5.714 5.770 0.056 7.222 7.230 0.008 0.028 

HIGH ABSORPTIVE AGGREGATE 

BATCH NUC. *** BATCH NUC. *** BATCH NUC. *** *** 

4.0M 4.0M' (M'-M) 5.5M 5.5M' (M'-M) 7.0M 7.0M' (M'-M) AVG. 

4.201 4.440 0.239 5.809 5.900 0.091 7.342 7.410 0.068 0.133 

NOTE: THE *** COLUMN IS THE DIFFERENCE BETWEEN THE CALCULATED 
ASPHALT CONTENT AND THE ACTUAL ASPHALT CONTENT OF THE 
BATCH. 
THE SHADED COLUMN IS THE AVERAGE DIFFERENCE OF THE THREE 
BATCHES. 
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From viewing the results in Tables 12 through 17, the following general 
statements can be made. 

The aggregate calibration factor obtained from the asphalt concrete mixture 
procedure yielded the overall best results in the calculation of the percent of asphalt 
cement. In most instances, the most accurate asphalt contents were determined by using 
this calibration factor. Overall results indicate that the AASHTO provisional test method 
yielded the most accurate asphalt contents. 

Therefore, by using the aggregate calibration factor obtained from the asphalt 
concrete mixture procedure in the AASHTO provisional test method, and the AASHTO 
provisional's equation to calculate the asphalt content, the best results can be obtained. 

By using the AASHTO procedure, the NCAT ignition system proved to be the 
most accurate of the four ovens. It calculated the asphalt contents, for both the high and 
low absorption aggregate mixes, to within 0.058 to 0.104 percent of the actual mix 
content. The results from the Gilson oven yielded calculated asphalt contents, for both the 
high and low absorption aggregate mixes, to within 0.105 to 0.250 percent of the actual 
mix content. The results from the Soil Test oven yielded calculated asphalt contents, for 
both the high and low absorption aggregate mixes, to within 0.147 to 0.221 percent of the 
actual mix content. And the Troxler oven calculated the asphalt contents for low 
absorption aggregate mixes to within 0.157 and the high absorption mix to within 0.463 
percent of the actual mix content. 

In the quantitative extraction procedure, the asphalt content was, in the low 
absorption mix, calculated to within 0.125 percent of the actual mix content. And the 
asphalt content in the high absorption mix was calculated to within 0.301 percent of the 
actual mix content. In the nuclear method procedure, the asphalt content was, in the low 
absorption mix, calculated to within 0.028 percent of the actual mix content. And the 
asphalt content in the high absorption mix was calculated to within 0.133 percent of the 
actual mix content. 

The binder ignition systems can accurately determine the percent of asphalt cement 
in an asphalt concrete mixture. And, in some instances, are as good as, if not better, than 
the results from the solvent extraction method and the nuclear method. Therefore, the 
binder ignition systems can be used for determining the percent of asphalt cement for 
specification compliance. 

Without a gradation calibration factor, for each sieve to determine the amount of 
degradation to be expected during the bum off, the final gradations can not be used for 
specification compliance. 
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INVESTIGATION OF CHERT 

From analyzing the before and after gradations of the high and low absorptive 
mixes, it was ascertained that the low absorptive stone mixes appreciably degraded in the 
ignition ovens. The cause of the degradation was thought to be the high chert content of 
the coarse aggregate. It was then decided to further pursue the analysis of chert content in 
aggregates. 

The investigation of the chert content consisted of choosing six coarse aggregates 
with varying levels of chert content from zero to ten percent. Whenever possible, these 
aggregates were graded out to the same gradation. A 2,000 gram sample of each of these 
aggregates was then subjected to the blank aggregate calibration process in the ignition 
oven. The same ignition oven was employed throughout the chert investigation. The 
before and after gradations were then compared and analyzed for the amount of aggregate 
degradation in the ignition ovens. 

The results were unexpected. At the onset of the chert investigation, it was 
thought that the amount of degradation would increase as the chert content in the 
aggregate increased. This was found not to be necessarily true, so the analysis of the chert 
was somewhat inconclusive. Therefore, it seems that the amount of aggregate degradation 
does not solely hinge on the amount of chert content, but must also be affected by many 
other variables. These other variables maybe within the lithology of the aggregate. 

The results of the investigation are listed in Table 18. As can be seen, no clear 
conclusion can be determined from the results. It is therefore recommended that, during 
the aggregate calibration process, a gradation calibration should also be performed. This 
will give the amount of degradation that can be expected on the combined aggregate 
gradation of the asphalt concrete. Without some type of aggregate gradation calibration, 
the final gradations from the ignition ovens can not be used for specification compliance. 
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TABLE 18 CHERT ANALYSIS 

1.3% 1. 3% 3.2% 3.2% 4.4% 4.4% 
CHERT CHERT CHERT CHERT CHERT CHERT 

SIEVE BEFORE AFTER *** BEFORE AFTER *** BEFORE AFTER *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 
1/2" 97.93 97.25 -0.68 97.93 98.22 0.29 100.00 100.00 0.00 
3/8" 81.44 82.54 1.10 81.44 81.24 -0.20 91.64 93.24 1. 60 

#4 34.02 36.09 2.07 34.02 34.49 0.47 38.28 44.63 6.35 
#8 7.21 9.94 2.73 7.21 8.18 0.97 8.12 17.07 8.95 

#16 3.09 6.05 2.96 3.09 4.06 0.97 3.48 12.70 9.22 
#30 2.06 4.86 2.80 2.06 3.12 1.06 2.32 11.13 8.81 
#50 2.06 4.35 2.29 2. G6 2.91 0.85 2.32 9.67 7.35 

#100 1. 03 2.53 1.50 1. 03 1. 87 0.84 1.16 5.71 4.55 
#200 0.00 0.62 0.62 0.00 0.31 0.31 0.00 1.45 1.45 

DEL. 2.1 0.8 1.1 
SHALE 0.6 0 0 
CHERT 1.3 3.2 4.4 
ABS. 2.1 1.7 1.4 
BULK SP.G 2.64 2.671 2.59 
APP.SP. G 2.796 2.801 2.686 

5.3% 5.3% 8.4% 8.4% 10.0% 10.0% 
CHERT CHERT CHERT CHERT CHERT CHERT 

SIEVE BEFORE AFTER *** BEFORE AFTER *** BEFORE AFTER *** 

3/4" 100.00 100.00 0.00 100.00 100.00 0.00 100.00 100.00 0.00 
1/2" 97.93 97.18 -0.75 97.93 98.38 0.45 97.93 97.25 -0.68 
3/8" 81.44 80.94 -0.50 81.44 84.15 2.71 81.44 82.54 1.10 

#4 34.02 34.40 0.38 34.02 40.83 6.81 34.02 36.09 2.07 
#8 7.21 7.54 0.33 7.21 17.61 10.40 7.21 9.94 2.73 

#16 3.09 3.59 0.50 3.09 13.45 10.36 3.09 6.05 2.96 
#30 2.06 2.65 0.59 2.06 11.89 9.83 2.06 4.86 2.80 
#50 2.06 2.49 0.43 2.06 10.28 8.22 2.06 4.35 2.29 

#100 1.03 1.56 0.53 1. 03 6.23 5.20 1. 03 2.53 1. 50 
#200 0.00 0.20 0.20 0.00 1. 76 1.76 0.00 0.06 0.06 

DEL. 0 1 2.8 
SHALE 0.2 0 0 
CHERT 5.3 8.4 10 
ABS. 0.9 1.4 3.9 
BULK SP.G 2.728 2.591 2.425 
APP.SP. G 2.799 2.686 2.678 

NOTE: THE *** COLUMN REPRESENTS THE AMOUNT OF DEGRADATION 

39 



RESULTS AND CONCLUSIONS 

The findings of this investigation are: the ignition systems are accurate in 
determining the percent of asphalt cement in a bituminous mixture and they can be used 
for specification compliance. The absorption and percent chert content of an aggregate did 
not prove to be the core determining factors in the amount of aggregate degradation in 
the ignition ovens. Instead, it is believed that the overall chemical and physical 
characteristics, its lithology, will dictate the amount of degradation. Since there are so 
many variables in the lithology of an aggregate, this study did not further pursue the cause 
of aggregate degradation. 

Therefore, it is recommended that a gradation calibration be perfonned as part of 
the test method. This gradation calibration should be perfonned to ascertain the amount of 
expected aggregate breakdown in the ignition ovens. It should be perfonned on every 
asphalt concrete mix design, along with the aggregate calibration factor for determining 
the amount of asphalt cement in the mixture. This would then allow the use of the final 
gradation for specification compliance. Without this type of gradation calibration, the final 
gradations should not be used for specification compliance. 

The aggregate calibration factor obtained from the asphalt concrete mixture 
procedure yielded the overall best results in the calculation of the percent of asphalt 
cement. And, the AASHTO provisional test method equation for determining the asphalt 
content proved to be the most accurate. Therefore, it is recommended that MoDOT use 
the AASHTO provisional test method. 

The NeAT ignition system proved to be the most accurate of the four ovens that 
were tested. 

From the investigation of chert, it was determined that the amount of degradation 
of an aggregate does not solely hinge on the percent of chert in the aggregate. Instead, it is 
believed that the lithology, overall chemical and physical characteristics of the aggregate, 
may dictate the amount of breakdown in the ignition ovens. Since there are so many 
variables in the lithology of an aggregate, it is recommended that a gradation calibration 
should also be perfonned for each asphalt concrete mixture. 

The provisional test methods are still being changed to reflect the best way to 
perfonn the procedure. It is recommended that MoDOT use the most current AASHTO 
provisional to perfonn the test. 
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1.1 This test method covers the detcrminatioo of asphalt content o(hot-mixed paviDC mixrures by 
icnition of the asphalt cement u53'·C (loooef) or less in a furnace. The aurqaIe n:majniu 
can be used (or sieve analysis using AASHTO Test Method no. 

1.2 The values in metric: units are to be regarded as the standard. 

1.3 This standard may involve hazardous maICrials. operations. and equipment. This mndard does 
not purport to addms all of the safety problems assoc:iated with its usc. It is !he mpoQsibility o( 
whoever uses this standard to consult and emblish appropriate safety and health praaiccs IDd 
determine the applicability of rquJacory limitations prior to usc. 

2. Rdeanmf Docpments 

2.1 AASHTO Standards 

n Sampling Ag:repteS 
no Mechanical Analysis ofE.xttacted Agregate 
T100 Moisture or Volatile Distillates in Bituminous Paving Mixtures 
T16& Sampling Bituminous PavinC Materials 
1'241 Reduc:iDC Field Samples o( AgrcCIlC to TestinS Size 

2.2 Manufacturer'S iDsuuc:tion manual 

3. Summa,.,. oCTat Metbods 

3.1 The asphalt c:ement in me pavinc mixture is icnited usmc the furnac:e equipment applicable 10 me 
partic:ular method. The aspbalt contenl is c:alc:ulated IS die c1iffe:mlc:e between the initiaJ mass of 
the asphalt paviDS mix'an and the mass o(die residual agrepte., die cah"~ fIaor IDd 
moisture conlent. The asphall c:oatenl is cxprased IS mass pen:cDl o( moisture-free mixDn. 

4. SiDiOan'c and U!C 

4.1 This method c:an be used (or quantitative detenninatioas of asphalt binder content and p.c.IaDoa ill 
hot-mixed pavinc mixtUres and pavement samples for quality c:ontrol. spec:ific:arion ~ 
and mixture evaluation INdies. This method does Dot require the use of solvents. A~pIC 
obcained by this test method may be used (or vacWion analysis acconiinC to AASHTO T 30. 

S. SampJinc 

S.1 Obtain samples of aggregate in acc:ordance with AASHTO Method n . 

S.2 Obtain samples offrahly produced hot-mix asphalt in ac:cordance with AASHTO Method T 16t. 
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5.3 The test specimen shaD be die cud mull or quanainc a 1ar&er sample taken in IC=rdance widl 
T 24'. 

5.4 If the mixture is not sufficiently soft to separue widl a spalUla or crewel place it in a ~ flat pill 

in an over &t 12$·C = 5-C (25r-F: ~F). 

5.5 The size or the test sample shall be lovcmed by the nominal maximum aurepte size ordle 
mixture and sbaH ~ to the mass requirement shown in Table 1. Wben the mass of the ~ 
specimen exceeds the capacity of the equipment used the test specimen may be divided iZIto 
suitable incmnena, acd. and die mults approprWdy combined for calc:ulation of the asphalt 
content (wei&htcd avcrqe). Specimen sizes sbaD DOt be more dian 400 , paICf' chan me 
minimum m:ommended specimen mass. 

Note A • Larae samples of fine mixes tend to resuJt ill incomplete illlition of asphalt. 

Table I 

----- - .~---- - - - -- --- -

Nomina! Max. Au. Siew Sizic Min. Mass Specimen. , 
./ S· , ac. mm 

4.7S No.4 1200 
9.$ 311 in. 1200 
12.$ I12iZ1. 1500 
19.0 3/4 in. 2000 
2$.0 lin. 3000 
37.$ I 112 in. 4000 

5.6 When considered necessary. obtain a teSt specimen for moisture determination accordin& to T217. 
Scaioas 3.l111d &.2. The specimen used for moisture determination shall DOt be ased for asphalt 
content determinatiOll. The specimen shall be conditioned in the same manner IS the specimen 
u.sed for asphalt COfUCDt determination. 

6. CalibratlQD 

6.1 This method may be atreaed by the type of aurqu: in the mixture. AccordinCty. to optimize 
accuracy, a calibruioa faaor will be emblisbed wdb the tcstinl of a set of calibnrioa SImples for 
each mix rYDI!.. This (!fOCedurc must be performed before any acceptance tesdD, is completed. _...,.._iD ... ........ay1ilp~6ci«~iod ........ 

. __. ,_ ......... brak.dowL sa mixes should tit ~inalalld •• 
iypicaDy41rC ~ 

L.", , - '--

6.2 The calibtUion should be repeated each time there is a chance in die mix inpoediena. desilft or. '­
required by dac cnPm. 

6.3 Accordinl to the requirements of Scction, 5.4, prepare a tOQI of six calibration specimens 11 die 
followin& asphalt ,omaus: 

At desip upbalt coateDt 
At design plus 0.$ percent aspbalt contmt 
At design minus 0.5 percent aspbaJt coateUt 

Total 

• 
• 
• 
• 

2 specimens 
2 specimens 
2 specimens 
6 specimens 
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Prepare a butter mix u the desicn asphalt contenl ' The purpose of the butter mix is to provide • 
coatin, of asphalt and fines in the bowL Mix and discard the buucr mix prior to maine any of 
the ulibration specimens to ensure an accurate lSphalt contenL AUJ"CPC used (or the 
calibration specimens shall be sampled from stockpiled material produced in the curran 
construction sea.soa and desipated to be used on the candicWc project. A1Jy method may be 
used to combine the aurcgateS. however, an additional "blank" specimen shall be batched and 
tested according to T 30. The washed ~tion shall fall within the mix design tolmnces. 

6.4 The freshly mixed specimens may be placed dimtJy in the sample bukcts. If allowed to coo~ the 
samples must be prtheared in. 12$-c O\'C12 for 15 miDw:s. 00 Dot prchal the sample baskets. 

.. . "_ ., . •• • '0. 

6.5 Test specimens in accordance with Section 1 (Test Method) or Section 9 (Test Method B). 

6.6 Perform I p.datioa analysis on the residual aggregate IS indicated in Scctioa 11. Compare dle 
gradation to the Jr1dation of the unburned. "blank" specimen to evaluate me amount of acgrque 
breakdown. 

6.1 Once all of the calibration specimens have been burned, determine the difference between the 
actual and measured asphalt contents for each sample. The QJibruion fiaDr is the average of 
the measured differences expressed in pcrceDt by weicht o(the asphalt mixlurc. 

6.8 If the calibration faaor exceeds 0..5 per=nt, lower the test tcmperan1R to ~5ec (900:8eF) 
and repeat test. If the calibration factor continues to exceed 0..5 permu.1ower the test 

temperaNre to 4272:jec (800:SeF) and repeat test. Continue to lower the teSt temperanzre mtil 
the calibration Uaor is less than 0..5 perccnl 

6.9 The tempcra~ (oncstinC HMA samples iii Section 8.1 and 10.1 shall be the same temperature 
selected for testing mixnlre calibration samples. 

TESTM£THODA -~~~....L 
7. AppantlJ' 

1.1 Ignition Furnace· A forced air ip1idon furDace, capable o(maintaininS the ICmpcmure u 57rc 
(IOn°F), wid1 an intcmal balanc:e thennally isoWed from the fumacc dwnbcr &eaD'aIC to 0.1 • . 
The balance sba1l be capable o( weisbinc a 3.500 aram sample in addiaon (0 the sample b&skcu. 
A data colleaioo sysrem will be included so that the weicht caD be auumaDally c:lctmrUDed IDd 
displayed durlDC the tat. The furnace shall bave a built in c:ompuICr pcoa;rllii 10 c:alcu1ate chance 
in mass of me sample baskets and provide for the input o( I comctioG fxzor for aurqatc loss. 
The furnace shall provide a printed delcet with the initiaJ spccimm mass. specimm mass loss, 
tempe~ compensation. c:orrection factor, comctcd aspbaJt CODte1U (%). Ilea time.1Dd test 
tcmpe~. Tbc furnace chamber dimensions shall 'oe adcquaIc 10 accommodate sample size of 
3.500 crams- T1ae ftmw:c shall provide III audible al&nn IDd indic:asor li&bt wbeD me sample 
mass loss docs DO( exceed 0.02 pcrccnt of the tocaI sample mass Cor cwo c:onsecarive minutes. 
The fumac:c door shaU be equipped so that the door cannOl be opened durinc the ignitioa test. A 
method for Rducing furnac:e emissions shall be provided. The furnac:e shall be vented into I bood 
or to the outSide and wben Set up properly shall have no noticeable odors escaping into dle 
laboratory. The furucc shall have a fan with capability to pull ait duoup !be furnace to expcdne 
the test and to rcduc:c the escape of smoke into the laboratory. 

7.1 Sample Basket· of appropriate size that allows the samples to be thinly spread and allows air to 
flow up chrouIh and around the sample panicles. Sets with cwo or more baskcu shall be nested. 
The sample shall be completely cnc:loscd with screen mesh or pcrfonled stainless steel plazc or 
other suiQble awcriaL 
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NOTE I • ScrmI mesh or ocbcr suitable matcriaJ widI maxim,,", and minimum opaliD, or2.36 
mm (No. ') and 600 microa.s (No. 30) rapectively bas becft round (g pcrfOt'lD wdl. . 

7.3 ~h Pan • or sufficient size to bold the sample baskct(s) so dw aurtlUC particles and meltinl 
asphalt binder falling dvouch the saecn mesh art c:auaht 

7.4 Oven· capable ormaintaininc 125:$-C (2.S7=~F). 

7 .s 8alan~ • of sufficient capacity IZJd cooformin& U) the requiremcms or M231 Class 02 for 
weichinl specimen in baska(s). 

7.6 Safety Equipment. safety ,lasses Of ~ shield. hich tcmpemure ,loves. lone slCCYC jacket, I 
heat resimnt surface capable of wUbstandina65oeC(1202-f) and I protecr:iw cace capable of 
surroundine the sample baskets durin, the coolinS period. 

7.7 Miscellaneous Equipment. a pan Laraer than the sample basket(s) for IrInSfmiD& samples after 
icnitioa. spwJas. bowls, and wire brushes. 

I . Tat PmmgTC 

a.1 Prchal the icnition furnace to 53rC (l000eF) or IS determined in Sectioa 6.7. Record the 
furnace tcmpermn (set point) prior to d\c initiation of d1c 1aL 

a.1 Enter the calibration factor for the specific mix U) be tested IS daermiDed in Sccrioa 6 in the 
ignition fumacc. 

a.3 Weigh and record the mass of the sample baske(s) aDd carch pan (with pards in placc). 

a.4 Prepare the sample as described in Section 5. Evenly distribule this sample ill me sample 
baslcet() ttw have been placed in the c:ardl pan. takiDa care (g keep cbe matcria.J away &om the 
edges of the basket. Use I spaula or trowel to level the specimCD. 

a.5 Weigh and record the totalma.ss or the sample. basker(s), c:a1d1 pan. aDd basket pards. Calc:ulalc 
and record me initial mass of the specimen (1OCIl mass • mass of cbc sample basket assembly). 

a.6 lDpuI the iniQaJ mass orthe sample specimen ill w\oIe ~ imo the icMioa furDace controUcr. 
V crify that me coma mass bas becIl entered. 

1.7 Open the c:hambcr door aDd place chc sample basket in me ftnacc. C10sc the chamber door IDd 
verify dw the sample mass ("mcludiDI chc basker(s» displayed 0I11hc ftzmacc ale equals the 
tocal mass recorded in Section U widliD %5 a. Oiffercnees palCr tbIZJ 5 JI'IIDS or failure of the 
furnace scale to Stabilize may indicate that the sample basker(s) are contaaiftC the furnace wall 
lnirialc the tal by pressinc me SQrt/stop button. This wil1lodc the sample chamber and start 1hc 
combustion blower. 

a.a Allow me test to continue until chc mle lisht and audible srable indic:atof indic:au the test is 
complete (the chance ill mass does Dot cx~ 0.02 percent (or two coOsec:urivc minates). Press 
che swtIstop butlOn. This Wlll unlock the sample chamber IDd cause the priIu.er 10 print out the 
test results. 

1.9 Open the chamber door. remove me sample basket(s) and aUow 10 cool to room temperwre 
(approxiDwcly 3Q minutes). 

. ~ ..... 



, 'btt 4- La 
, I • , ".."" 1#<'>'· I ...I.-

TPS3 ~j~So.p7 411/7 ~f IL8 

TEST METHOD B ". rw ~ta..vUL 
9.0 ApplrJDU 

9.1 Ignition Fum~ • A forad air icnition fumace, capable of maintaining the tempcruure at 57"C 
( I on-F). The funw:e ctwnber dimensions shall be adequate to accommodate a sample size of 
JJOO JrImS. The furnace door shall be ¢quipped so that the door c:annot be opened durin, !he 
ignition test. A method for reducing furnace emissions shall be provideci The furnace shall be 
vented into a hood or to the outside and when set up properly shall have no noticeable odors 
escaping into the Iaboraroty. The furnace shall have a fan with c:apability to pull air through the 
furnace to expedite the leSt and to reduce the escape of smoke into the laboratory. 

9.1 Sample Baskct(s) • of appropriate size that allows the samples to be thinly spread and allows air II) 
flow up through and around the sample particles. Sets with two or more baskets shall be nested. 
The sample shall be completely enclosed with screen mesh or perforated stainless Sleel plate or 
other suitable material 

NOTE 1 • Saecn mesh or other suitable material with maximum and minimum opeuinp ofU6 
mm (No. I) and 600 microns (No. 30) respectively has been found to perform well 

9.j Catch pan • of sufficient size to hold the sample basket(s) so that ag:regate particles and meltiDc 
asphalt binder falling through the sa=n mesh are caughL 

9.4 Oven· capable of maintaining 125=5-C (257:9-F). 

9.5 Balance· of sufficient c:apacity and conforming to the requirements M231, Class 02. 

9.6 Safety Equipment. safety psses or face shield, high temperature gloves, long sleeve jacJcet. a 
heat resiswtt surface capable of withstanding 650-C (l202-F) and a procetrive cage capable of 
surroundin& the sample baskets during the cooling period.. 

9.7 Miscellaneous Equipmem. pan larger than the sample basket (s) for zransferring samples after 
ignition, spwlas. bowls. and wire brushes. 

10. Tnt p[oadua 

10. 1 ~heat the ill1ition furnace II) 53rC(loooeF) or as determined in SecUon 6.1. 

10.1 Record the c:alibrarion factor (or the specific mix to be tested as determined in Scctioa 6. 

10j Weigh and record the mass o(the sample basket(s) and catch pan (with pards in place). 

10.4 Prepare the sample as described in Section 5. Place the sample baskets in the catch pan. Evcdy 
distribute rile sample in the baskct(s) taking care to keep the material away from the qes. 

10.5 Weigh and rttord the totalJDass of the sample, basket(s), catch pan. and basket ,uards. 
Calculate and record the initial mass of the sample specimen (total mass • the mass o( the 
sample basket assembly). 

10.6 Bum the HMA sample in dle nuuace for ax least 45 minUlC!:. 

10.7 Remove the sample from the furnace after ignition and allow it to cool to approximately room 
tempef'2M"C (at least 30 minutes). 
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10.1 Weich and recOC'd d\e InISS (W,J o(the sample after i&nition to the nwest O. I 1fW. 

10.9 Place the sample back into che furnace. 

10.10 After the fumace reaches d\e set tempemurt, bum the sample (or It least I S minutes. 

10. I I Remove the sample f'rocn me furnace and allow it to cool to approximately room c.empcmure (al 
least 30 minuteS). 

10. 12 Weigh and rtCOrd the mass (W,J o(the sample after icnition. 

10.13 Repeat these steps until the c:ban&e in measured mass (W ,J o( the sample after ipitiOD does 
not exceed 0.02 pcrca1t oCme initial sample mass (Ws) .. 

10.14 Record the last value obtained for (W ~ as the mass (W,J o(the sample after ipition. 

10.1 S Calculate the asphalt coru.cnt of the sample as foUows: 

fnJ 

where: 

A(9/. • 

W • " Ws • 
C, • 

II . GradatiOn 

[ 
(Ws·W.d ] 

AC % • X 100 - C, 
Ws 

the measured (correacd) asphalt content pcrtent by weicht ofme 
HMAsamplc. 
the UKIl weicht o( agreptc mnaininc after icnition. 
dle tocal weicht of the liMA sample prior to icnition, aad 
calibration factor, permit by wcicht o( HMA sample 

11.1 Allow the specimen to cool to room tcmpcrmsre in dle sample basketS. 

11.2 Empty the CODIaU of me baskca into I flar pan. Use a small wire sieve brush to CDS\IrC 

that any residual fiDes are removed from Ibe baskftS. 

11.3 Perform Ibc pdaDon maIysis accordill, to AASHTO T 30. 

12. &luI.a 

12.1 Always report Ihe leSt mdhod. corrected asphalt content. mix correaioa factor, 
temperature compensation faaor, total pcrccut loss. sample mass, and test rempcruure. 
Attacb the qi:nal printed ticket to the report for units with internal balances. 

13. PmUiOD Ind Bias 

13.1 Precision and Bias were determined in an NCA T Round-Robin study (or surface mixes usmc 
Test Method A. Preocisioft aDd Bias bas Dot yet been determined (or Test Metlaod B. 

, 
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AJphalt Content 
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Standard Deviation, ~ • 

Single- Operator Precision 0.04 
Multi laboratory Precision 0.06 

7S-2c 
4Jreit' 12~ 

AcupWlc lUn,e of Two 
Test Resu Its. % 

0.11 
0.17 

Note: These precision statements are based on 4 aggregate types. 4 replicates, and 12 Iabo~ories 
panicipating with 0 laboratory results deleted as outlying observations. All' aurelms were tested in 
surface mixes and had relatively low absorption values. 
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liTEM \ ASTM Draft No .4 
(July 2, 1996) 

1. Scope 

Standard Test Method for 
Asphalt Content of Hot Mix Asphalt by the 
Ignition Method 

1.1 This test method covers the detennination of asphalt content of hot mix asphalt (HMA) 
paving mixtures and pavement samples by removing the asphalt cement at 538°C (lOOO°F) or less 
by ignition in a furnace . Aggregate obtained by the test method may be used for sieve analysis . 

1.2 The values stated in SI units are to be regarded as the standard. The values given in 
parentheses are for infonnation only. 

1.3 This standard does not purport to address all of the safety problems, if any, associated 
with its use. It is the responsibility of the user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 566 Total Moisture Content of Aggregate by Drying 
C 670 Preparing Precision and Bias Statements for Test Methods for Construction 

Materials 
C 702 Reducing Field Samples of Aggregate to Testing Size 
D 75 
D 140· 
D979 
D 1461 

Sampling Aggregates 
Sampling Bituminous Materials 
Sampling Bituminous Paving Mixtures 
Moisture or Volatile Distillates in Bituminous Paving Mixtures 

D 4753 Specifications for Evaluating, Selecting and Specifying Balances and Scales for Use 
in Testing Soils, Rock and Related Construction Materials 

2.2 Furnace manufacturer' s instruction manual 

3. Summary of Test ~1ethods 

3.1 The asphalt cement in the paving _mixture is ignited using the furnace equipment 
applicable to the panicular method. The asphalt content is calculated by difference from the mass 
of the residual aggregate and moisTUre content. The asphalt content is expressed as mass percent of 
moisture-free mixtures . ~thod A is intended for furnaces with an internal, automated weighin!t 
system. Method B is intended for furnaces without an internal weighing system. 

TBIS ~ IS lIOT AN ~'lM S~; IT IS UNDER CONSID~TIOtI WITHIN AN ~1M n;CBNICAL CCH'fi'T"n:I: 
BUT BAS lIOT JU;C%IVED 1.LL APPiIOVAl-S JlZQt1IRED TO BE~ AN ~'lM S~· IT sULL lIOT BE n,PJ\OOuao 
OR CI~ ~ QUOTED. IN WBOIZ OR IN PAAl' . OUTSIDE OF AS'lM c:cH-aT"1'E:E ACTIVITIES ZXt%PT WIT!! THE 
1\RPPD'nJ,. OF THE CBAI~ OF THE ca-t'!I'T"n:I: BAVING Jt1lUSDICTION AND nEE PRESIOENT OF TBE sCX:U:TY· 
c;opnutiBT.AS"l)f. 100 JUlO! JLUmOR IlUVJ:, faST o;Jf(SBOBOCKEB, PA 1J42B-2'!'.AU ~t:trrS "SDWD . 
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4. Significance and Use 

4.1 This method can be used for quantitative detenninations of asphalt content in hot mix 
asphalt (Th\1A) paving mixtures and pavement samples for quality control, specification acceptance, 
and mixture evaluation studies. This method does not require the use of solvents . 

5. Apparatus 

5.1 Balance, readable to 0.1 gram, and capable of mea~uring the mass of sample, sample 
trays and catch pan. The balance shall confonn to the requirement of ASTM D 4753 , Class GP2. 

5.2 Sample Tray(s), of appropriate size that allows the samples to be thinly spread and allows 
air to flow up through and around the sample particles. The sample shall be completely enclosed 
\\ith screen mesh or perforated stainless steel plate or other suitable material. 

NOTE I • Screen mesh or other suitable material with maximum and minimum openings of2.36 mm (No. 
8) and 600 microns (No. 30) respectively has been found to perform well. 

5.3 Catch Pan, will be used having sufficient size to hold the sample trays so that aggregate 
particles and melting asphalt binder falling through the screen mesh are caught. 

5.4 Catch Pan/Sample Tray(s) Handling Apparatus, suitable for inserting catch pan and 
sample tray(s) into furnace and removing hot catch pan and sample tray(s) from furnace. 

5.5 Assorted spatulas. pans. bowls and wire brushes for preparing hot-mix asphalt mixtures 
and removing aggregate from sample tray(s) and catch pan. 

5.6 Protective Gloves, well insulated and capable of withstanding 578°C (1072°F). 

5.7 Ovens--Mechanical oven, convection or forced draft, shall be provided for drying 
agg:egates and HMA mixtures, and preheating HMA mixtures prior to ignition testing. 

6. Sampling 

6.1 Obtain samples of aggregate in accordance with ASTM Method D 75. 

6.2 Obtain samples of hot mix asphalt in accordance \\ith ASTM Method 
D 979. 

6.3 Prepararion o/Tesr Specimens: 

6.3. 1 If the mixture is not soft enough to separate with a spatula or trowel, place it in a large. 
flat pan and warm in an oven set at 11 0=5°C (230±9°F) until it can be handled or mixed. Split or 

z 
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quaner the material in accordance with ASTM Method C702 until the mass of material'required for 
the test is obtained. 

6.32 The size of the test sample shall be governed by the nominal maximum aggregate size 
of the mixture and shall confonn to the mass requirement sho\VO in Table 1 (Note 2): 

NOTE 2 - \\/hen the mass of the test specimen exceeds the capacity of the equipment used (for a particular 
method), the test specimen may be divided into suitable increments. tested. and the results appropriately combined for 
calculation of asphalt content (Sections 10 or 13). 

6.4 Obtain samples of asphalt cement in accordance vlith ASTM Method D 140. 

Nominal Maximum 
Aggregate Size Standard. 

mm 

4.75 
9.5 

.t 12.5 
~ 19.0 

25.0 
37.5 

7. Hazards 

TABLE 1 Size of Sample 

Sieve Size 

No. 4 
3/8 in. 
112 in. 
3/4 in . 
1 in . 
1~ in. 

fAinimym Mass of Sample, 
kg 

0.5 
1 

1.5 
2 
3 
4 

7.1 The temperature of the furnace, sample, sample tray(s) and catch pan after removal from 
the furnace is extremely high. Caution, therefore, must be exercised at all times when handling these 
items as failure to do so could result in serious injury, severe bums or fire . The sample, sample 
tray(s) and catch pan should be placed inside a safety cage and should not be allowed to cool near 
":fly materials which are subject to ignition at the high temperatures used in this procedure. 

TEST METHOD A 

8. Apparatus 

8.1 In addition to the apparatus listed in Section 5, the follov,ing apparatus is required for 
Test Method A: 

8.1.1 Furnace, having a temperature capability of 578°C (lOi2°F) and having an internal 
weighing system capable of measuring the mass of sample sizes of at least 2500 grams. The furnace 
chamber shall be of sufficient size to accommodate sample sizes of at least 2500 grams. A data 
collection system shall also be included so that the sample mass loss can be automatically 
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detennined to an accuracy of 0.1 gram and displayed during a test . Ibe test is deemed complete 
when the measured mass loss does not exceed 0.0 I percent of the sa.I!!ple mass for three consecutive 
one minute intervals. The equipment shall provide a printout of the test results. A filter capable of -reducing furnace emissions to. an acceptable level shall also be incorporated in the furnace . The 
furnace shall be vented into. a heod or to the eutside and when set up properly v.ill have no 
noticea~le oders escaping into the laboratory. Furnace will have fan with capability to. pull air 
through the furnace to expedite the test and to reduce escape of smeke into laberatery . The furnace 
shall be equipped so that the deer cannot be opened during the ignitien test. 

8.1.2 Filters. if required, ef the type specified by the furnace manufacturer. 

9. Calibration 

9.1 The results ef this test method may be affected by the type of aggregate in the mixture 
because different aggregates lese mass on ignition to varying degrees. Accordingly, to eptimize 
accuracy, a calibration factor shall be established by testing two calibration samples fer each mix 
type. ~ibration can be perfonned on the aggreQate blend er on a prepared sample of asphalt 
mixture . 

. 9.2 Aggregate Calibratiej 

9.2.1 Obtain samples of blended aggregate to be used in HMA in accordance v.ith Section 
6.1 . The sample should be approximately the same size and ~radation as that to be used for the HMA 
test sample (Section 10.1). 

l'OTE 3 - When the mass of the test specimen exceeds the capacity of the equipment. the t::s: specimen rna; 
be d ivid~d into suitable increments in accordance with ASTM C 702. The specimens may then be teste: and the results 
appropriately combined for calculation of a calibration factor (Section 9.2.10). 

9.2.2 Oven-cir\' the aggregate calibration samples to. a constant mass or determine moisture 
centent of samples according to ASTM C 566 so that measured mass less can be cerrected for 
meisture. 

9.2 .3 Set the temperature of the furnace to. 578±5°C (1072=8°F) for cal ibration uSing 
aggregate o.nly . 

NOTE 4 - The increase in temperature when burning an asphalt mixture is approximately 40°C and depends 
upon the amount of material and location of the temperature measuring probe. Therefore. the temperatu~e for calib.@llon 

is increased~o~(~?~IOn°D. 

9.2.4 Detennine and record the mass of the sample tray(s) and catch pan. 

9.2.5 Evenly distribute the aggregate sample in the sample tray(s) . 

9.2.6 Detennine the mass o.f the sample , sample tray(s) and catch pan to the nearest 0.1 
Qram. Calculate and recerd the initial mass o.f the sample (M,). - - -

a ... 



9.2.7 ~ the aggregate ca1jJJra~o_~ple in the furnace at 578=5°C (l072:::8°F) until the 
change in mass of the sample over a three minute interval does not exceed 0.01 percent of the initial 
samplemaSs(M

I
). ·'---- -- E~ ... ~ · ~o..."~ ,~~,,,> .~ = 

,v(j 

9.2.8 ~easure and record the mass of the sample after heating CMJ to the n~_ar~st O. lJtram. 
The ma:;s can be obtalne-d immediately upon completion of the test from the printout or display. 

9.2.9 Calculate the measured percent mass loss (Cs) as follows : 

where : 

c = s 
M,-M

L
_

100 
M, 

Cs = the measured mass loss (percent) of the calibration sample by mass of aggregate, 
MI = the mass of the aggregate calibration sample prior to heating in furnace, and 
ML = the mass of the aggregate calibration sample after heating. 

9.2.10 Repeat these steps for two aggregate calibration samples. The reported calibration 
'factor (CF) is calculated as follows: 

where: 
CF = 

C 
c·c 

F = S, S1 

2 

the average measured mass loss (percent) of the calibration samples by 
mass of total mixture, and 

CSI ' CS2 = the measured mass loss (percent) of calibration samples nwnber 1 and 
number 2. respectively, by mass of aggregate. 

9.2.11 Ifthe ,~ifference be~~en samples CSI and CS2 exceeds 0.15 percent. r~t the two 
tests, and average the four results. If the average me,asured mass loss exceed~O.5 p~_~nL..lowe.r the 
ie'st ter!1J~erature !Q.5,£'J~~oC (972±8°F) and rep~,at test . If the mass l,oss _~ontinues to exceed 0.5 
percent, lo~ ... er th_~ _~~~.!emperature-io 467±~C(~73:f;.8~land repeat test. Use'the c'alibratioraactor 
(CF) determined from thlsste-pto calibrate the measured asphalt content (Section 10). 

9.2.12 Jhe temp~.r:arure for ~uming aggregate ~~lib...r~ti.Q.D~arn~is increased 40°C above 
the temperature for ,~YmiI!g _aIl aspt@lLm.ixllJL~_Tberefore.jL th~ temp.era1Ure,.Jor.calibrati~n is 
decr~ased. the ,test temperature for burning the asphalt_mixwre (Section 10.3) should be 40°C lower 
than that used for cali.br.~tion. -.. " - - - ,-

'f" " 

. 9.3 Mixture Calibration 
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9.3.1 Obtain samples of blended aggregate to be used in HMA in accordance with Section 
6.1. The sample should be approximately the same size and gradation as that to be used for the HMA 
test sample (Section 10.1). 

NOTE 5 - When the mass of the test specimen exceeds the capacity of the equipment, the test specimen may 
be divided into suitable increments. The specimens may then be tested and the results appropriately combined for 
calculation of a calibration factor (Section 9.3 .14). 

9.3 .2 gbtain samples of asphalt cement to be used in HMA in accordance v.ith Section 6.4 . 

9.3.3 Oven-dry the aggregate samples to a constant mass. 

9.3.4 Set the furnace temperature to 53 8±5°C (1 000±8°F) for calibration using mixrures only. 

9.3.5 Heat the aggregates and asphalt cement to approximately 150°C (300°F). Heat all 
mixing bowls and tools to approximately 150°C (300°F). 

9.3 .6 Prior to mixing of calibration samples, an initial or "butter" mix is required to 
cC?ndition the mixinQ equipment. Remove and discard the "butter" mix from the bowl by scraping, 
leaving a uniform coating of asphalt mix residue. 

NOTE 6 - The "buner" mix prevents calibration samples from being biased by residual asphalt mix retained 
in the mixing bowl. 

9.3 .7 Prepare two calibration samples at the design asphalt cement content. 

9.3.8 Determine and record the mass of the sample tray( s) and catch pan to the nearest 0.1_ 
gram. 

9.3.9 Evenly distribute the sample in the sample tray(s). 

9.3.10 Determine the mass of the sample, sample tray(s) and catch pan to the.Ee~~st 0.1 
gram. Calculate and record the initial mass of the sample (Ma. 

9.3 .11 }leat the calibration sample in the furnace at 538±5°C (lOO0±8°F) until the change 
in I1?assof the san:pl~ over a three I11i~ute inter-'a! does not exceed 0.01 percent of the sample mass 
(M,). 

9.3 .12 Measure and record the mass (ML) of the sample after ignition to the nearest 0.1 gram. 
The mass can be obtained immediately upon completion of the test from printout or display. 

9.3 .13 Calculat~_h_e ~~asured percent mass loss (C 5) as follo\\"s : 

(' 

\) 
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M~l-AC)-ML 
C :; -100 

s Mp -AC) 

where: 
C5 = measured mass loss (percent) of the calibration sample by mass of aggregate, 
Ml = total mass of the mixture calibration sample after ignition, 
MI = total mass of the mixture calibration sample prior to ignition, and 
AC = percentage of asphalt cement in the mix by mass of the total mix expressed as a 

fraction. 

9.3 .1 4 Repeat the~Sl~s for two calibration samples. The reported calibration factor (CF) 

is calculated as follows : 

where: 
CF = 

C51 , C51 = 

C :; 
F 

Cs/","Cs: 

2 

the average measured mass loss (percent) of the calibration samples by 
mass of total aggregate, and 
the measured mass loss (percent) of calibration samples number 1 and 
number 2, respectively, by mass of total aggregate. 

9.3 .15 If the_ diffe:r:~Ilc~_hetweeD samples-.Cs-, .aILd C$2 exceeds~ li.Percent, repeat the two 
tests, and averag; the fqur results. If the average measured mass loss exceeds 0.5 J?erc.~nt.lowei the _ --- --- ,r - - - - -- _ __ _ 

test temperature to 482±5°C (900±8°F) and repeat test. If the mass loss continues to exceed 0.5 
percent, lower the test temperature to 427±5°C (800±8°F) and repeat test. Use the calibration factor 
(CF) determined from this step to calibrate the measured asphalt content (Section 10). 

9.3.16 The temperature for testing HMA samples in Section 10.3 shall be the same 
temperature selected for testing mixture calibration samples. 

~ lO. Procedure ... -
10.1 Obtain an HMA sample in accordance with Section 6.2. 

10.2 Oven-dry the HMA sample !Q consta.o1J:nass~ta temperatuJ~ o( 105=5°C C221±9°F) or 
determine the moisture conte-nto-[ samyles according to ASTM 0 1461 so that the measured mass 
loss-cailoe -correctecCfor mo-isture.- - - -
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10.3 Set the furnace tempe!atl:JIe to 538±5°C (l000±8°F) or as determined in Section 9.2.12 
or 9.3.15 . Samples can be placed in the furnace at significantly lowertemperature since the furnace 
\\111 quiCkly heat to the desired temperature once the sample begins to burn. The furnace temperature 
is likely to increase during the ignition phase of the test. 

10.4 Determine and record the mass of the sample tray(s) and catch pan to the nearest 0.1 
gram. 

10.5 Evenly distribute the sample over the entire area of the sample tray(s). 

10.6 Determine the mass of the sample, sample tray(s) and catch pan to the nearest 0.1 
gram. Calculate and record the initial mass of the sample (Ms). 

10.7 Heat the sample in the furnace at the specifie.9_ temperature until the change in mass of 
¢e sample o~'er a three minuteUinterval does not exceed O.O-I-percent of the sample mass (Ms). ---------- ----- ---- ------ -

10.8 Measure and record the aggregate mass (MA) of the sample after ignition to the nearest 
0.1 gram. The r1.1ass can be obtained immediately upon completion oftests by subtracting the mass 
loss measured by the furnace from the initial mass of the mix (Ms). 

10.9 Calculate the corrected asphalt content as follows : 

M", 
- -c 
M ' 

%AC = 6 -100 
(l-C F) 

where: 
AC = measured asphalt content percent by mass of the oven-dry HMA sample 
MA = total mass of aggregate remaining after ignition, 
Ms = total mass of the HMA sample prior to ignition, and 
CF = calibration factor obtained in Section 9 expressed as a fraction. 

TEST METHOD i 
~ 

11. Apparatus 

11 .1 In addition to the apparatus listed in Section 5. the following apparatus is required for 
Test Method B: 

11.1.1 Furnace. having a temperature capability of 578°C (1 On°F) and equipped with a fan 
capable of pulling air through the furnace to expedite the test and to reduce escape of smoke into the 

,-e 

'. 



laboratory . The furnace chamber shall be of sufficient size to accommodate samples sizes of at least 
2500 grams. A filtering system capable of reducing furnace emissions to an acceptable level shall 
also be incorporated in the furnace . The furnace shall be vented into a hood or to the outside and 
when set up properly 'will have no noticeable odors escaping into the laboratory. The furnace shall 
be equipped so that the door cannot be opened during the ignition test. 

11 .1.2 Fillers, if required, of the type specified by the furnace manufacturer. 

12. Calibration 

12.1 The results of this test method may be affected by the type of aggregate in the mixture 
because different aggregates lose mass on ignition to varying degrees . Accordingly, to optimize 
accuracy, a calibration factor shall be established by testing two calibration samples for each mix 
type. 1h~ cal i brali9!l can be performed o!lJh~_ aggregate_bl~~~_ ~r _on a s~ple of prepar~d asphalt 
Jrux.rure. 

12.2 Aggregate Calibration 

12.2.1 Obtain samples of blended aggregate to be used in HMA in accordance \\1th Section 
6.1. The5ample should be approximately the same size and gradation as that to be used for the HMA 

. test sample (Section 13 .1). 

NOTE 7 - When the mass of the test specimen exceeds the capacity of the equipment. the test specimen may 
be divided into suitable increments in accordance with ASTM C 702. The specimens may then be tested and the results 
appropriately combined for calculation of a calibration factor (Section 12.2.10). 

12.2.2 D~th~ aggre..,gate calibration samples to a constant mass or determine moisture 
content of samples according to ASTM C 566 so that measured mass loss can be corrected for 
moisture. 

12.2.3 ~t!I~_~~Il!p~r~!.ure ~f the ~as..~Jo 578±5°C (]07/~8°F) fOLcal ibration using 
aggregate only . 

NOTE 8 - The increase in temperature when burning an asphalt mix'tUre is approximately ~O°c. Therefore. 

the temperature for calibration is increased by 40·C from 538°C (1 OOO°F) to 578°C (1 072e F) 

12.2.4 Determine and record the mass of the sample tray(s) and catch pan to the nearest 0.1 
gram. 

12.2.5 Evenly distribute the aggregate sample in the sample tray(s) . 

12.2.6 Determine the mass of the aggregate sample, sample tray(s) and catch pan to the 
nearest 0.1 eram. Calculate and record the initial mass of the sample (M,) . 

12.2.7 .Heat the aggregate calibration sample in the furnace at 578~5°C (lOn-8°n for at 

least 45 minutes . 
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12.2.8 Remove the sample from the furnace and allow it to cool to approximately room 
temperature . 

12.2.9 M~as~e and recor~Uh~ass (ML) of the sample after heating in the furnace to the 
nearest 0.1 gram. ----- -- -

12.2.1 0 ~Iace th~s.MTIple back into the furnace . 

12.2.11 ~_eLthe furnace reaches the set point temperature, heat the calibration sample for 
t~_ miruges. 

12.2.12 Remove the sample from the furnace and allow it to cool to approximately room 
- ._ - - . - --------

temperature . 

12.2.13 Me.,!sur~ and 1~~9JQJll~!I1a~~~f ~e sample after heating (MJ to the nearest ,O.l 
gram. 

12.2.14 R~~~th~se steps_until the change in measured mass (ML) of the sample after 
hea~~n¥_~~e.~ .not exceed 0.01 percent of the initial sample mass (M!). 

12.2.15 ~e~ord the last value .obtained for eM! ) as the mass (MJ of the sample after heating 
in the furnace . 

12.2.16 Calculat~Jhe m.easur~llercent mass loss (Cs) as follows: 

where : 

c = s 
M-M 

_1_L -100 
Ml 

Cs = the measured mass loss (percent) of the calibration sample by mass of aggregate, 
M! = the mass of the aggregate calibration sample prior to heating in the furnace , and 
ML = the mass of the aggregate calibration sample after heating in the furnace . 

12.2.17 Repeat these steps for two aggregate calibration samples. The reported calibration 
factor (C F) is calculated as follows : 

C
F 

= CS I -CS~ 
2 
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where : 
Cf = 

CSI ' Cs:! = 

the average measured mass loss (percent) of the calibration samples by 
mass of total mixture, and 
the measured mass loss (percent) of calibration samples number 1 and 
number 2, respectively, by mass of aggregate . 

12.2.18 If the difference between samples Cs I and Cs' exceeds 0.15 percent. repeat the two 
tests an~~verag; the four results. If th~Jl.verag~d meas~ed m3?s loss exceeds 0 5 percent, lower the 
tesY temperature~5°C (972=8°F) and repeat test. If the mass loss continues to exceed 0.5 
percent, lower the test temperature to 467±5°C (873±8°F) and repeat test. Use the calibration factor 
(CF) determined from this step to calibrate the measured asphalt content (Section 13). 

12.2.19 The temperature for burning aggregate calibration samples is increased 40°C above 
the temperature for burning an asphalt mixture. Therefore, if the temperature for calibration is 
decreased, the test temperature for burning the asphalt mixture (Section 12.3) should be 40°C lower 
than that used for calibration. 

12.3 Mixture Calibratiog 

12.3 .1 Obtain samples of blended aggregate to be used in HMA in accordance \\ith Section 
6.1. The sam'ple should be approximately the same size and gradation as that to be used for the J-I.\-l.!.. 
test sample (Section 9.1). 

NOTE 9 - When the mass of the test specimen exceeds the capacity of the equipment, the test specimen may 
be divided into suitable increments. The specimens may then be tested and the results appropriately combined for 
calculation of a calibration factor (Section 12.3.21). 

12.3.2 Obtain samples of asphalt cement to be used in HMA in accordanc~ \\ith Section 6.4 . 

12.3.3 Dry the aggregate samples to a constant mass. 

12.3.4 Set the furnace temperature to 538±5°C (l000=8°F) for calibration using mixtures 
Qnly. 

12.3.5 Heat the aggregates and asphalt cement to approximately 150°C (300°F). Heat all 
mixing bowls and 100ls to approximately 150°C (300°F) . 

12.3.6 Prior to mixing of calibration samples, an initial or "buner" mix should be required 
to condition the mixing equipment. Remove the "butter" mix .from the bowl by scraping, leaving 
a uniform coating of asphalt mix residue . 

1"OTE 10 - Tne "buner" mix prevents calibration samples from being biased by residual asphalt mi.'c; retained 
in the mixing bowl. 

12.3 .7 Prepare two calibration samples at the design asphalt cement content. 

11 



12.3.8 Determine and record the mass of the sample tray(s) and catch pan to the nearest 0.1 
gram. 

12.3 .9 Evenly distribute the sample over the entire area of the sample tray(s) . 

1.2.3.10 Determine the mass of the sample, sample tray(s) and catch pan to the nearest 0.1 
gram. Calculate and record the initial mass of the sample eM1) . 

12.3 .11 Heat the calibration sample in ~~. f~I11~Ge at 538=5°UlQQO±8?F) for at-kastAS 
minutes. 

12.3 .12 Remove the sample from the furnace and a.liQw it to cool to approximately room --temperature . 

12.3.13 Measure and record the mass U..,1 L) of the sample after ignition to the nearest 0.1 
gram. 

12.3.14 Place the sample back into the furnace . 

12.3 .15 After the furnace reaches the set point temperature, heat the calibration sample for 
15 minutes. -

12.3.16 Remove the sample from the furnace and allow it to cool to approximately room 
tern perature. 

12.3 .17 Me~~e Ci!l~ln~.cQrcLthe-mass1~t) of the sample after ignition to the nearest 0.1 
gram. 

12.3 .18 R~eat these steps untiLthe~hange in measured mass JML) of the sample after 
ignition does not exc~c:ed 0.01 pereerit 'o{the initial sample mass eMl) ' 

12.3.19 Record the last value obtained for (ML) as the mass (M J of the sample after ignition. 

12.3.20 Calculate the measured percent mass loss (Cs) as follows : 

where : 

C = 
I 

M (1 -AC)-M 
I L -100 
M J.1-AC) 

Cs = measured mass loss (percent) of the calibration sample by mass of aggregate, 
ML = total mass of the calibration sample after ignition. 
0.1 1 = total mass of the calibration sample prior to ignition. and 
AC = percentage of asphalt in the mix by mass of the total mix expressed as a fraction. 

it 



12.3.21 ~p0Qr two ~alibrati<?~~~l'ks . The reponed calibration factor (CF) 

is calculated as follows : 

where: 
CF = 

CS1' CS~ = 

c = F 

C 51 ~C 51 

2 

the average measured mass loss (percent) of the calibration samples by 
mass of total aggregate, and 
the measured mass loss (percent) of calibration samples number 1 and 
number 2 respectively by mass of total aggregate. 

12.3.22 If the difference between samples CSI and Cs' exceeds 0.15 percent, repeat the two 
.!:sts and average the four results. If the average measured mass loss exceeds 0.5 percent, lower the 
test temperature to 482±5°C (900:=SOF) and repeat test. If the mass loss continues to exceed 0.5 
percent, lower the test temperature to 427=5°C (SOO:=SOF) and repeat test. Use the calibration factor 
(CF) determined from this step to calibrate the measured asphalt content (Section 13). 

12.3.23 The temperature for testing HMA samples in Section 13.3 shall be the same 
temperature selected for testing mixture calibration samples. 

13. C Proc:edure .. 
13.1 Obtain an HMA sample in accordance with Section 6.2. 

13.2 Oven-dry the HMA sample to constant mass at a temperature of 105=5°C (22l:::9°F) 
or detennine the moisture content of samples according to ASTM D 1461 so that the measured mass 
loss can be corrected for moisture . 

13.3 Se!..the ~~ce temperaDlre to 538·5°C QQ9Q±~~F) or as determined in Section 12.2.19 
or 12.3.22. Samples can be placed in the furnace at significantly lower temperarures since the 
furnace \ViII quickly heat to the desired temperature once the sample begins to burn. The furnace 
temperature is likely to increase during the ignition phase of the test. 

13.4 Determine and record the mass of the sample tray( s) and catch pan to the nearest 0.1 
gram. 

13.5 Evenly distribute the sample in the sample tray(s). 

13 .6 Determine the mass of the sample. sample tray(s) and catch pan to the nearest 0.1 
gram. Calculate and record the initial mass of the sample (Ms) · 

13 .7 Heat the H~lA sample in the furnace at 538=5°C (1 000=8°f) for at least 45 minutes . 
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13.8 ~~th~-.Sample from the furnace after ignition and allow it to coo~o approximately 
room temperature. 

13.9 Measure and record the mass (MJ of the sample after ignition to the nearest 0.1 gram. _ . -. . __ .------_ .. _----

13.10 Place the sample back into the furnace. 

13.11 After the furnace reaches the set point temperature, heat the sample for at least 15 
minutes. 

13.12 Remove the sample f!"om the furnace and allow it to cool to approximately room 
temperature. ---- . 

13.13 Measure and record the mass (MA) of the sample after ignition to the nearest 0.1 gram. 

13 .14 R~at_th~~e steps until the change in measured mass CM .. ) of the sample after ignition 
do~ J~9t exceed 0.01_ percenLoflhe--initial samP.re-m~1..cMe). 

13 .15 Record the last value obtained for (MJ as the mass (MJ of the sample after ignition. -
13 .16 Calculate the corrected asphalt content as follows: 

--.- ---- -

M 
- ~ - C

F 

M. .100 
%,,4 C = (1 -c F) 

where: 
AC = measured asphalt content percent by mass of the oven-dry HMA sample, 
MA = total mass of aggregate remaining after ignition, 
Me = total mass of the HMA sample prior to ignition, and 
CF = calibration factor, obtained in Section 12 expressed as a fraction . 

14. Report 

14.1 The report shall inel ude the following: 

14.1.1 Date, 

14.1.2 Identification of aggregate and mix type, 

14.1.3 Test number, 

1.:i ..JL. _ 



... 

14.1.4 Calibration data, 

14.1.5 Mass of HMA sample before and after ignition (nearest 0.1 gram), 

14.1.6 Measured asphalt content (nearest 0.01%), and 

14.1.7 Aggregate gradation, if performed. 

15. Precision and Bias 

15.1 ~ single-laboratory standard deviation for asphalt content has been found to be 
0.04%. Therefore, results of two ro rly conducted tests by the same operator on the same aliquot 
samples ofHMA. should not differ by more . ;0 Notes I , 12 and 13). 

E 

15.2 The multi-laboratory standard deviation for asphalt content has been found to be 0.06%. 
Therefore, the results of two properly conducted tests from two different laboratories on HM"­
samples from the same batch should not differ by more than 0.17% (Notes 11 , 12 and 13). 

15.3 The bias for this test method is currently under development. 

NOTE II - These nwnbers represent. respectively the (15) and (D25) limits as described in Recommended 
Practice A5TM C 670. 

NOTE 12 - These precision statements are based on 4 aggregate types, 4 replicates, and 12 laboratories 
panicipating with no laboratory results deleted as outlying observations. All four aggregates had relatively low 
absorption values (water absorption values ranging from 0.5% to 0.8%). 

NOTE 13 - These precision statements are applicable to Test Method A only, using laboratory prepared 
mixrures (not plant-mixed pavement samples). The precision of Test Method B has not been detennined. 

16. 
.-
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