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ABSTRACT
Due to the hazardous nature of chemical asphalt extraction agents,
nuclear gauges have become an increasingly popular method of deter-~

mining the asphalt content of a bituminous mix.

This report details the results of comparisons made between in-
tended, tank stick, extracted, and nuclear.asphalt content determi-
nations. A total of 315 sets of comparisons were made on samples
that represented 110 individual mix designs and 99 paving projects.

All samples were taken from 1987 construction projects.

In addition to the comparisons made, seventeen asphalt cement sam-
ples were recovered for determination of penetration and viscosity.
Results were compared to similar tests performed on the asphalt as-
surance samples in an attempt to determine the amount of asphalt

hardening that can be expected due to the hot mix process.
Conclusions of the report are:

1. Compared to the reflux extraction procedure, nuclear asphalt
content gauges determine asphalt content of bituminous mixes

with much greater accuracy and comparable precision.

2. As a means for determining asphalt content, the nuclear proce-
dure should be used as an alternate to chemical extractions

whenever possible.
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Based on penetration and viscosity results, softer grade as-
phalts undergo a greater degree.of hardening due to hot mix
processing than do harder grades, and asphalt viscosity changes

caused by the mixing process are subject to much more variabil-

ity than are changes in penetration.

Based on changes in penetration and viscosity, the Thin Film
Oven Test provides a reasonable means of estimating how much
asphalt hardening can be anticipated due to exposure to the hot

mix processing environment.
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INTRODUCTION

In 1985, personnel from the Iowa Department of Transportation Cen-
tral Materials Laboratory investigated the effectiveness of a
Troxler 3241-B nuclear asphalt content gauge for determining as-
phalt cement content of bituminous mixes. The objective was to
find a safe and effective alternate to methylene chloride vacuum
extractions for asphalt content determination of a bituminous mix
sample. Results of the investigation confirmed that the Troxlex
3241~B asphalt content gauge can safely and rapidly determine as-~
phalt content within limits specified in ASTM D2172~81 "Quantita-

tive Extraction of Bitumen From Bituminous Paving Mixtures" (1).

Six additional gauges were purchased in 1986 for use in the Dis-
trict Materials Laboratories. Calibration procedures were devel-
oped and reported in MLR-87-2, and operatiocnal procedures were
specified in Office of Materials Instructional Memorandum 355 (3).
The nuclear asphalt determination method has been used by the Dis~
trict Laboratories for project monitoring purposes since the begin-

ning of the 1987 construction season.

Use of methylene chloride vacuum extractions was eliminated after
1987, and District Laboratories became equipped to perform reflux
extractions using 1-1-1 trichloroethane for the 1987 construction
season., Although not as toxic as methylene chloride and not iden-
tified as a carcinogen, 1-1-1 trichloroethane is considered hazard-
ous and its use requires special handling and disposal procédures.

Efforts are being made to develop specifications and procedures
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that will reduce, if not eliminate, the necessity for even this

type of extraction.

Asphalt content determinations are needed so a monetary value of a
guantity of milled asphalt mix or recycled asphalt product (RAP)
can be estimated based on the amount of asphalt cement it contains.
Agphalt content and aggregate gradation information is also neceg-
sary for proper design of asphalt mixes utilizing RAP as one of the
components. Payment for asphalt added to a mix on a paving project
ig pased not on extractions, but on tank stick measurements, where
the bulk amount of asphalt added to the mix is physically measured

and determined on a daily basis.

Due to the elimination of methylene chloride vacuum extractions and
the reduction of 1-1~1 trichlorocethane reflux extractions, future
emphasis will be focused on nuclear asphalt content determination

results for asphalt content monitoring purposes.

Ag emphasis on asphalt content determinations shifts from ex-
traction to nuclear methods, it becomes increasingly important that
the nuclear procedure is performed properly, and that valid nuclear
mix calibrations are being used at all times. Experience gained
through utilization of asphalt content gauges for two construction
seasons has shown that steps can be taken that will improve preci-
sion of the nuclear method. District personnel should develop
three-point calibrations {0.995 minimum correlation factor} for ev-

ery mix used in their District regardless of whether the mix was
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designed in their lab or in the Central lab. Use of actual cold
feed production samples and project asphalt will yield the most ac-
curate calibration possible and eliminate error caused by gradation
differences between mix design aggregate and the actual final hot
mix product. Development of mix nuclear calibrations in District
labs will also eliminate the degree of error introduced by trans-
ferring a calibration from the Central lab gauge to a District
gauge. If all calibrations are not performed in the District labs,
then, at a minimum, validity of the calibration transferred to the
District should be verified by adding a known asphalt amount to a
cold feed sample and then measuring asphalit content with the gauge.
If the reading is off by 15% or more, the calibration should be
considered invalid, and a new three point calibration should be

prepared using cold feed samples.

Nuclear test results that appear later in this report were obtained
without the benefit of some of the precision enhancing activities
described in the previous paragraph. Future implementation of

these measures may be considered at a later date.

PROBLEM STATEMENT

With the emphasis of asphalt content determination shifting from
extraction to nuclear methods, it would be beneficial to evaluate
the performance and effectiveness of the nuclear asphalt content

gauges operating in the District Laboratories over an entire con-

struction season.
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The primary objective of this study was to evaluate nuclear asphalt
content gauge determination results by examining comparisons made
between Central Lab and District nuclear determinations, reflux ex-
traction determinations, tank stick measurements, and the intended

asphalt contents for a large number and variety of mix samples.

0Of secondary interest in this study is a cursory investigation of
the amount of hardening undergone by the asphalt cement due to
oxidation from exposure to high temperatures in the asphalt plant.
Information of this type from actual projects will be of value when
selecting asphalt grades for particular applications and field con-

ditions.

PROCEDURE & SCOPE

This study was performed in conjunction with MLR-88-2, "Gradation
Analysis of Cold Feed and Extracted Bituminous Mix Samples”, in
which a series of extracted gradations were compared with cold feed
gradations to determine the magnitude of any changes that occur
from drying, mixing, and laydown {2). The asphalt content data

From those extractions formed the basis for this report.

Hot mix box samples for this study were collected by District per=-
sonnel from 1987 bituminous paving projects and delivered to the

Central Materials Laboratory.
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Information provided with each sample, pertinent to this study, in-

cluded:

Material Description

Project No.

County

Contractor

Mix Design No.

Date Sampled

Percent Asphalt Intended

Percent Asphalt (Tank Stick)

Percent Asphalt (District nuclear determination)

Sampling was to be distributed over the project length as evenly as
possible. For project mix quantities greater than 10,000 tons,
five samples were submitted, and three samples were submitted for
project mix quantities under 10,000 tons. For the cold feed grada-
tion study, 396 samples representing 110 mix designs and 99
projects were received and processed by the Central Materials
Bituminous Section. The processing involved a 1-1-1
trichloroethane reflux extraction for gradation and asphalt content
determination, a nuclear asphalt determination on those samples fox
which a nuclear calibration was available, and asphalt recovery by
the Abson Method for which penetration and viscosity of the residue
was determined. Recoveries were performed on seventeen of the 396

samples.

In order that mathematical data developed from the study is mean-
ingful, only complete data sets, those that include intended as-
phalt content, tank stick, extracted asphalt content, and District

and Central Laboratory nuclear asphalt determinations, have been
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congldered for this study. Of the 396 samples processed under
MLR-88-2, 315 samples representing 95 mix designs had complete as-

phalt content data sets and were included for this study.

The mix information, along with all test results, was entered into
a Lotus 1-2-3 Version I data base. In this format, as shown in Ap-
pendix A, the data for each complete sample set is displayed and
calculations are performed. Differences between each of the four
asphalt determinations and the intended asphalt content are calcu-
lated for each sample. Comparisons are made based on averages,

standard deviations and standard errors of the differences.

The nuclear and extraction results are also compared to tank stick
measurements in the same fashion. 8Since tank stick measurements

yield the actual average daily asphalt added to the mix, these com-
parisons are more meaningful than when simply comparing determined

asphalt percentages to the intended content.

The second part of this study investigates the relationship between
asphalt penetration and viscosity data determined both before and
after mixing. To accomplish this, asphalt recoveries were per-
formed on seventeen hot mix box samples using the Abson recovery
method (AASHTO T-170-84}. On the recovered asphalt, penetration
(100 grams for 5 seconds at 77°F) and absolute viscosity (140°F and
300 MMHg) are determined and compared to the same information on
the assurance test report for the original asphalt and the Thin

Film Oven Test (TFOT) residue. Percent changes in penetration and
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viscosity are determined and categorized according to asphalt
viscosity grade. The ratios should indicate the amount of harden-
ing caused by processing through the hot mix plant. The TFOT was
developed to imitate the effects of heat and oxidation on the ag-~
phalt caused by asphalt plant mixing processed, and is used to pre-
dict whether a particular asphalt will react satisfactorily. The
comparisons made in this study will provide an indication of the

effectiveness of this test in performing its intended function.
Penetration and viscosity data was obtained on seventeen mixes from
seven different asphalt sources. The seventeen asphalts consisted

of six AC-5's, eight AC-10's, and three AC-20's.

RESULTS: ASPHALT CONTENT

A summary of the results of the asphalt contents, as compared to
the intended contents, is shown in Table I. The complete table of
individual sample results and comparisons can be found in Appendix

A,

All results in Table I are based on comparisons with the intended
asphalt content for the date the box sample was taken. Table II
summarizes result of comparisons made to tank stick determinations
using the same set of samples. The complete results for these com-

parisons are found in Appendix B.

From Table I, it can be seen that the average intended asphalt con-

tent for all 315 mix samples in this study is 5.70%. Average tank



THELE I:

ASPHALT COMTEMT DETERMINATION WMETHOO:
COMPARISON TO INTEMDED RSPHALY COMTEWT

Asphalt Content Determiration Method

i Analysis -, )
; Category : : : i Masbrick i Central Lab:
i : Intended i Esbracted i Tamk Stick | Nus. Bauge 1 Nuc. Gauge |
Average HAsphalt Cortent 5.0 5.558 3.73 a.68 5.63
Bwerage Diff. From Intended -0, 15 a.az ~-3.02 -Q.07¥
Stdd. Deviation of Uifferences .25 .13 0.z27 8,24
Standard Error 0.0a14 0.0G7 3,015 L0114
TRBLE TI:
ASPHALT CONTEMT DETERMIMATION HETHOD:
COMPARISON TG TAMK STICK ASPHALT COMTENMT
T T iiimmnjwwmimnswmzw Oeterminabion Method 4
Analysis 5 o

Category H v Diskrich i Cenbral Lab
Tark 5tick i  Ewbracted @ MNuc. Bauge  Muc. Bauge
Average Asphalt Cormbtent 5,73 3.55 5.68 5.638
Hwg. DifEF. From Tanlk Stick .18 -13.05 -0 10
Std. Deviation of Differences .89 . =F .24

Standard Error {.014 0ok g.014

0L 3%vd
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stick asphalt content is 5.73%, average extraction content is

5.55%, average District nuclear content is 5.68%, and average Cen-—

tral Lab nuclear content is 5.63%.

The proximity of the tank stick average to the intended average is
not unexpected since this measurement is physically made, and re-
presents an overall average content for asphalt metered into the
mix for a days production. As such, tank stick determinations are
not subject to the asphalt content variability which occurs from
batch to batch or truckload to truckload during the normal course
of a day's mix production. The standard deviation of the differ-
ence between tank stick and intended asphalt content of 0.13 indi-
cates overall reasonably good control by contractors of adding

asphalt to the mix.

Due to the reduction of chlorinated solvent extractions and in-
creased reliance on nuclear gauges, a close examination of the per-
formance of these two procedures is warranted. The average
extracted asphalt content of 5.55% is (.15% less than the intended
average. It is not unusual for an extracted asphalt content to be
several tenthg of a percent lower than the actual asphalt content
of the sample due to the difficulty of removing 100% of the ab-
sorbed asphalt. Action of the chemical solvent and agitation of
the sample during refluxing is normally insufficient to remove all
the asphalt from absorptive aggregate. The result of -0.15% for
this study should be considered reasonable for the reflux ex-

traction procedure.
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Although reflux results in the study are considered reasonable and
acceptable, nuclear gauge results were even better. Compared to
the average intended asphalt content, the District Nuclear average
of 5.68% is excellent, and for all practical purposes, the average
difference of -0.02% is insignificant. The Central Lab nuclear av-
erage of 5.63% and ~0.07% resulting average difference was also su-
perior to the extraction results. Standard deviation of the
differences of 0.25, 0.27, and 0.24 for extraction, District nu-
clear, and Central lab nuclear results respectively, are essen-
tially the same, indicating that approximately the same amount of
variability can be expected with each of the three methods. It
should be pointed out that the variability represented by the
standard deviations is not strictly a function of the test method,
but is a combination of material and testing variability. If as-
phalt content variability of the samples were somehow eliminated,
the anticipated standard deviations would be even smaller, result-
ing in greater testing precision than indicated from the above

data.

Standard error, which is calculated by dividing the standard devi-
ation by the number of items being considered, is another indicator
of the precision of the method. The smaller the standard error,
the greater is the precision of the procedure. A review of the
standard error of the three methods indicates no significant dif-

ferences in precision.
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In summarizing Table I results, accuracy of the methods, as com-
pared to the intended asphalt content, is greatest using the Dis-
trict nuclear gauges (5.68% ac). Tank stick determination is next
at 5.73%, followed by the Central Lab nuclear gauge (5.63%), and
finally the reflux extraction method at 5.55% average asphalt con-
tent. Precision of extraction and nuclear methods is the same.
Precision of the tank stick method is much greater since it is not
subject to variability induced by mix production and material sam-

pling and handling.

Table II was developed based on the concept of the tank stick as-
phalt content, as opposed to intended content, being the actual as-

phalt content of the mix.

When compared to the tank stick average of 5.73%, the extracted as-
phalt content average of 5.55% is .18% less. The District nuclear
content was again most accurate at 5.68% and the Central Lab nu-
clear average was next at 5.63%. Standard deviation and standard

error are the same as in Table I.

RESULTS: ASPHALT CHARACTERISTICS

Results of asphalt penetration and viscosity tests, as categorized

and averaged by asphalt viscosity grade, are reported in Table III.

Penetration and viscosity for the six AC-5 asphalt assurance sam-
ples averaged 175 (.1lmm) and 510 poises respectively, while the

penetration and viscosity for the recovered asphalt averaged 87 and



COMPARISON OF ASPHALT PROPERTIES:

TABLE 111

ASSURANCE SAMPLE, TFOT RESIDUE, AND RECOVERED ASPHALT SAMPLES

Project Mix . Plant Asphalt Asphalt  Assurance Recovery Recov vs Assur, Thin Film Oven Test TFOT vs Recov.
No. Description Type Source Grade Pen. Visc. Pen. Visc. %P %V Pen Visc. %P %V
SN-4906(4) FY YA TR Drum Amoco/Linweod AC-5 160 485 68 1397 42,5 288.1 82 1250 128,86 89.5
Fi-46(8) /4" B CY 1 Drum Koch/bBubuque AC-5 200 520 a7 1507 48,5  289.8 98 1460 101.0  96.9
FM-11{10) 3/4* B CY 11 Drum Jebro/Sioux City AC-5 176 536 74 2276 42,0 424.6 80 16980 168.1  74.3
SN-217(8) 3/4" 8 €1 I Drum Jebro/Sioux City AC-5 i69 486 87 1608 51.% 330.¢ 74 1480 86.1 92.0
SN-4689(9) 3/ B C1 Il Drum Bmoco/Linwood AC-5 160 496 76 1449 47.5  292.1 -- 1240 -- 85.6
SN-3362(2) 34" B £1 1 Contin. B.M.S5./Algona AC-5 184 539 120 10656 65.2 197.8 95 1350 79,2 126.8

AC-5  Avg. 175 510 87 1551 48,7 3041 86 1412 96.4 91.0
FM-07 (10595 172" A Batch Koch/Dubgue AC-10 117 1010 60 3457 51.3 342.3 65 2600 108.3 75.2
SN-1684{1) /4" B C1 1 Brum B.M.S./Algona AC-10 128 933 70 2481 54,7  265.9 69 2440 98.6  98.3
SN-B036(56} /4" B i I Batch Amoco/Davenport  AC-10 122 598 73 2420 6.8 242.5 67 2470 91.8 1g2.1
Fi-3-2{21} 3/4" B CY I Drum B.M.S./Algona AC-10 126 927 14 2276 58.7  245.5 69 2290 93.2 160.6
5P-607-0(3} 3/4" B CY I Contin. Kech/Omaha AC-10 ile 1100 66 2606 60.0  236.9 54 2600 97.0 9%.8
FR-63-8(13) 3/4" 8 C1 1 Drum Koch/Dubuque AC-10 129 920 58 3909 45,0 4249 73 2280 125.9  56.3
$P-685-0(1) 3/4" B 01 1 Contin. B.M.S5./Algona AC-10 137 503 88 1814 64,2 200.9 72 238C 81.8 131.2
FM-23(6) 374 8 (1 1 Drum Amoco/Linwood AC-10 134 974 88 1811 65.7 185.9 71 2548 §0.7 140.3

AC-10 Avg. 125 971 72 2597 57.5  267.5 69 2440 95.8 94,0
IR-35-3(47)87 172" A Drum B.M.S./Tama AC-20 69 2160 50 5155 72.5  238.7 42 5630 B4.G 109.2
IR-80-3(52)99 3/4" A Batch Koch/Omaha AC-20 17 2150 56 35940 72,7 183.3 45 5320 82.1 127.4
F-20-9({85) 172" A Cantin. Xoch/Bubugue AC-20 78 2118 72 2751 92,3 130.9 64 5230 88.9 189.4

AC-20 Avg. 75 2140 59 3952 79.4 184.7 51 5293 86.4 133.9

L 39vd
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1551 poises. This equated to nearly a 50% decrease in asphalt pen-
etration and more than a 300% viscosity increase due to processing
through the asphalt plant. A look at individual penetration num-
bers reveals a reasonably close grouping around the 50% level, with
an exception being the AC-5 from the Bituminous Materials Supply
(B.M.8.) terminal at Tama, Iowa, which retained 65% of its ori-
ginal penetration. Of the individual viscosity results, four were
close to the 300% increase level, a Jebro/Sioux City sample showed
an increase of nearly 425%, and the B.M.S./Tama viscosity increase
was only 198%. Results on Thin Film Oven Test (TFOT) residue
showed an average penetration (based on five samples) of 86 and av-
erage viscosity of 1412 poises. Compared to results of tests per-
formed on recovered asphalt, TFOT penetration and viscosity
averages of 96.4% and 91.0% respectively, indicate that for AC-5's,
a reasonable estimate of asphalt hardening due to the hot mix oper-

ation can be made based on TFOT results,

Penetration and viscosity averages for eight AC-10 assurance sam-
ples were 125 and 971 poises respectively. Penetrations which
ranged from 110 to 137, and viscosities ranging from 903 to 1100
poises demonstrate reasonable consistency in the initial properties
of the samples. Recovery penetrations averaged 72 with a range of
30, representing 57.5% of the assurance penetration. Recovery
viscosities averaged 2597 poises, representing a 267% average in-
crease from the assurance sample results. The viscosities ranged
from 1811 to 3090, a difference of 2098 poises, and increases

ranged from 185.9% to 424.5%., TFOT penetration and viscosity re-
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sults averaged 69 and 2440 with ranges of 9 and 400 poises respec~
tively. 7TFOT results, as a percentage of recovery results, were
95.8 for penetration and 94.0 for viscosity. With the exception of
Koch/Dubugue FR-63-8(13) sample, the individual percent pene-
trations were reasonably consistent, however for viscosity, the

percentages ranged from 75.2 to 140.3.

The third group of asphalts consists of three AC-20's from three
different sources. Assurance penetration and viscosity averaged 75
and 2140 poises, while recovery penetration and viscosity averaged
59 and 3952 respectively. Recovery viscosity results demonstrated
little consistency compared to assurance samples, as shown by per-
centages ranging from 130.9 to 238.7. TFOT results averaged 51 for
penetration and 5293 poises for viscosity, representing 86.4 and

133.9 percent of recovery results.

CONCLUSIONS: ASPHALT CONTENT

Referring to results summarized in Tables I & II, tank stick meas-
urements still appear to be an excellent means of closely control-
ling and monitoring the asphalt content of mixes. When compared to
average intended asphalt content, the average difference of +0.03%
and difference standard deviation of 0.13% indicate the asphalt
pavers perform well at hitting the daily asphalt content target on

a regular basis.

Regardless of whether being compared to intended asphalt content or

tank stick measurements, District nuclear gauge readings were most
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accurate, followed by Central Lab nuclear gauge readings, and
finally, reflux extraction results. The standard deviations for
nuclear and extraction methods were all around the 0.25 level, in-
dicating no significant difference in precision of the methods.
However, since 1987 was the first vear nuclear gauges were widely
used in the materials labs, and results are extremely dependent on
proper sample preparation and operating procedure, it is reasonable
to expect that method precision will continue to improve as opera-
tors become more proficient and knowledgeable regarding nuclear

gauge use.

The District nuclear gauge average asphalt content of 5.68% is only
0.02% less than intended and 0.05% less than the tank stick aver-
age. These are excellent results which cannot expect to be
egualled by currently used extraction methods under even the most
ideal conditions. 8Since nuclear asphalt content gauges provide re-~
sults of equal precision but much greater accuracy than extraction
methods, and since it is desirable to reduce employee exposure to
hazardous chemical solvents, nuclear asphalt content gauges should

be used as an alternate to chemical extractions whenever possible.

CONCLUSIONS: ASPHALT PROPERTIES

From a review of the results reported on the Comparison of Asphalt

Properties found in Table III, the following general statements can

be concluded:
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Recovery penetration, as a percentage of assurance sample pene-~
tration, increases as the asphalt viscosity grade increases.
Conversely, recovery viscosity, as a percentage of assurance
sample viscosity, decreases as asphalt viscosity grade in-

creages.

Recovery penetration, as a percentage of assurance sample pene-
tration, was approximately 50% for AC-5, 60% for AC-10, and 80%
for AC-20. Recovery viscosity, as a percentage of assurance
sample viscosity, averaged approximately 300% for AC-5, 270%
for AC~10, and 185% for AC-~20. In summary, softer asphalts un-
dergo a greater degree of hardening from the hot mix process

than do the harder grade asphalts.

From examining individual recovery penetration and viscosity
results, it appears that hot mix processing conditions affect
vigcosity with much greater variability than penetration for

all three grades of asphalt tested.

Based on changes in penetration and viscosity, the Thin Film
Oven Test provides a reasonable estimate of how much asphalt
hardening can be anticipated due to exposure to the hot mix
processing environment. On average, TFOT residue penetration
and viscosity will be lower than for recovery samples. The
only exception cobserved was the AC-20 viscosities, of which all

were greater than 100%.



PAGE 19

REFERENCES

1. "An Evaluation of the Troxler 3241-B Nuclear Asphalt Content
Gauge", MLR-85-11, K. Jones, 1986, Iowa Department of Transpor-
tation

2. "Gradation Analysis of Cold Feed and Extracted Bituminous Mix
Samples", MLR-88-2, J. F. Adam, 1988, Iowa Department of Trans-
portation

3. "Calibration and Reliability of the Nuclear Asphalt Content
Gauge", MLR~87-2, J. F. Adam, 1987, Iowa Department of Trans-
portation.



PAGE 20

Appendix A
Comparisons to Intended Asphalt Content
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ASPHALT CEMENT COMTEMT DETERMIMATION

MIX ' FROJECT- : MATERIAL TYRE : :
BESIGH MNO. . MNUMBER (SIAE TYRE ICL 0 B D IMT. 0 EXT. 0 OIFF. ¢ T.5. 3 DIFF. § OMG. ¢ DIFF. 3§ ONG. @ DOIFF. |
ABDF-146  FH-30-9442 Ied B i & &.20 G&.88 -L.3g e.10 -010 .08 - 12 BH.9% 0.2
HEOFP-146  FH-30-30443 Ird B I L 6.20 6.18 0028 &6.241 {.a1 n.3éd 0.7 .18 0.0
REO7-146  FM-30-90443 374 B I LS 6.20 5.%2 ~0.28 5.41 0.4l bold -8 .13 0,07
ABP-146  FM-30-24442 a4 B I B .20 5.98 022 6.2 0.0 .12 0,07 S.9% 0,24
ABO7-146  FH-30-3d44) 374 B I R .20 610 -8.10 6,180 -0.10 .08 0,12 &£.02 2 -0.18
RBOT-129  IR-29-4{33)72-12-43 34 R .00 b.1B g.1¢ 4.99 -0.01 3. 11 f.11 4.62  -0.38
BBOF-129  IR-29-4{23372-12-43 34 R L.ono 4.88 0012 4.98 0 -0.02 B.13 .13 4.383  -0.67
RBOP-129  [R-29-4{33)72-12-43 34 A L.OG  5.08 g.08  4.85 ~-0.15  5.14 .14 4.76 0,24
ABOP-133  IR-35-3047) & 4450} 374 B I L.OOG  b.l6 ~0.34 L.EE .02 5.47 -0B.03  b.31 g.01
REBOF-133  IR-350-3047) & 4455 344 B I 5.00 b.23 .2V 5.2 g 5.47  -Q.03 5.49 -0.01
REBOF-133  IR-35-3447) & 4455) 374 B I 5.50 5H.22 -4.28 5.mO .00 5.43 -0.01 5.46 -0.04
RBEOF-133  IR-35-3¢4F) & 44585y 34 B I 5.80  4.9¢ 4.5 5.5 a.0s  5.42  -B.08 5.4 0,04
ABOVP-133  IR-35-3(47) & 4400y 394 B I 5.50  5.21 -8.29 5.bhe g.oe H.42  -0.08 5.52 0.0z
IRoF-3 SHN-323805 3s4 B i £.10  5.8%3 -0O.28 &9 -0.18 5.91 -0.12 5.89 -0.21
8073 SH-323805 I B il .10 5.63 0047 B.32 0.22 Bolb noe  &.06 .04
apnF-3 SN-3238C55 I B i .10 &5.00 -G.10 &£.33 0.23 n.29 i B.26 Q.16
2BOF-3 Sih-32EE0S Jfe B i .10 H.88  -4O.2¢ .02 008 &.22 o.12  s.88 0.2
aBny-3 SH-3208CR I4 B 1§ .10 5.%3 0017 6.1V g.o0¢ .84 0,16 5.95 Q.15
GBI FH-22-3031) 172 R 5.10 5.640 G.5G  5.19 .02 4.8 -0.24 9,10 .04
eBOF 6 FM—22-3{312 if2 R 5.10 5.20 g.10  &.10 .00 5000 -Doig 513 0.03
BEOF-B FH—22-3031% 172 R .10 5.33 .22 5.21 a.11 4.5 -.11 5.4 -G08
RBOF-6E  FN-H-7I312 52 A [ 5.10  5.03  -0.0F7  5.28 g.18 5.:23 g.iz L5058 -0.02
ABOF-6E  FN-6-¥{(313 2B R .10 5,09 -0.41 5.24 .14 504 -QL06 5.0%  -0.01
ABOF—E&  FM-B-v(d1> 72 R K S0 806 -0.04 B.lg g.0s L.00 -010 508 002
ABOF-137  IR-35-4(558) 172 A .00 LB .02 A O 620 .20  B.13 a. iz
ARDF-137  IR-3%-4(55) 172 8 .80 H.pd -Oois 5.83 0.o3  &.12 g.32  S.84 0,15
ABDY-137  IR-3db-4085) 172 8 .80 &7 -0.04 5.85 o.og 6,37 0.5¥  &.08 g.28
ABOF-53 F-20-34652 /2 8 S.BO  h.eB -0.12 5.80 nLoo 5.88 o.06 5.81 0.4a1
ABROF-162  5P-631-0042 is2 B i S.80  B.a90 Q.o 5095 0.0% -4.18 a.2g  &.14 0.24
ABOV-162  SE-531-043 172 B I .90 5.85 -0.05 5.90 0.00 A.38 .48 5.96 .06
AB07-162  SP-531-0042 /2 B I 5.90  5.9%9 g.o9 LUEF o.0¢v  s.40 .50  6.34 . 44
4H07-1 SR-530244 ) 152 B I 6.2 &.06 -0.19 &.43 .20 &.01 0.3 e.08 Q.17
071 SR-S30EL 42 Irgd B I 25 Bl o.agy 6.29 0,04 B.41 0.1  &.95 -0.30
AMOF--1 SR-HI0EC4 2 78 B I b.dh B.AF g.22  5.36 0.11 B 47 0.22 6.35 g. 1o
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MATERIAL TYPE

MIX ' PROJECT - 1 FASPHALT CEMENT CONTENT DETERMIMRTIONS :
OESIGH MO. : MUMBER 5IZE (TYPE €L ¢ R OINT. EXT. OIFF. BIFF. OIFfF. OIFF.
2R7F-12 FH-46(82 374 B I E.2%  6.18 -0.0¢7  e.22 4003 6.40 .15  &.46 0.21
2piy-12  Fr-4608) Ir4 B i .25 B.22 0.0 6B.28 a.03 5.34 o.03  e.22  -0.03
2B0F-12  FH-46(8) 74 B i B.28 G4l .16 ©.28 g.03  6.34 .09 6.4% 0,24
ABOV-29  BR-810-0(L1D I*4 B I 5,00 5.17 g.1¢¥  5.16 g.is 5.21 .21 L.10 a.10
ARDY-29  BR-810-0(S512 34 B I 5.80 5.354 -8.16 §5.74 g.24 L.42 0,08 5.4 ~0.01
ARDF-29  BR-810-0(B12 I*4 B I .50 .50 .00 5.43  -0.0F 5.75 0.25 a.3% ~0.14
ABDF~-212  SR-7R43CE i7/2 B i 6,10 5.96 -0.14 &.15 0.05  6.14 .64 6.12 0.0z
ABOF-212  SR-704307) is2 B i &.10 5.8 -O.28 6.11 a.01 a8 -0.062 6.04 -0.06
ABOV-Z12 SR-FE43(72 i/ B I Bl 5.VE -0.38 .07 -0.02 ob.04 -0.06 6B.14 0.04
ABOF-212  SR-FE43C7) iv2 B I £.10  5.83 -0.2F 6.17 a.G¥ 6.35 .28 B.12 g.oz
AROF-212 SE-Fa43072 ivg B I B.10 610 8.0 6.13 4.3 5.8 ~0.28 08 000
ABOV-208  SP-eG7-0<412 /2 B H 5.75%  H.e9 -0.06 5.7¥ g.a2  SH.d4e 029 565 0010
ABOFP-2058 SP-e87-0O012 i/2 B I 5.¥78 8.y -Lig GUFF .02 .82 g 5.8 -0018
ABOV-208  LR-e87-0013 152 B 1 5.75 4.4 0. a.78 3.3 SB.52 -0.22 5.63 012
ABDV-198 IR-35-2019%) 44 R 4.50 4.88 0.38  4.58 a.og  4.57¢ 0.7 4.6% 0.19
ABOY-198  IR-35-2019%) a‘4 R 4.50  4.83 0.13  4.44 -0 4.68 g.ig 4,49 0.1
AROY-198 IR-35-2{18%) ded H 5.10 5.08 -0.» 5.4 -0 L.UD -QLOG 40880 Ul 11
REOF-198  IR-35-2419%93 a4 A 5.10  B.ZH n.is &0z 4.0 L5017 .07 5015 0. 05
oBOF-15 FH-230(63 a4 B i &.55 .09 0.34 B.74 g.12 F.03 g.48 7.03 .48
&EOF-15  FM-23d62 34 B I 6.55 6.84 .29 5.78 .23 7.2b 0.71 7.06 .51
BBOF-15 FH-23{8) 344 B i £.595  6.11 -U.44  B.OO 0585 6.31 .24 6.15 0,40
ABOF-7Fa  FR-130-14{1%2 i/ B i £.106  bB.18 o.0s s.080 -G.10 .30 0.3 £.30 .20
ABRDF~-FE  FN-130-101%92 is2 B i .10 5.93 0.1 A8 -0.02  &.01 -0.08 bh.83 -0.1F
ABF-149 IR-E0-3{G3»359——123-253¢4 H ES 4,79 4.7% Q.00 4.53 0.18 4.688 0.1 4.79 0.4
ARDV-1492  IR-QO-3(52 959 iqummJa& 3] 2 4,75 4.54 0.2 .66 0,09 476 2.4a1 4.79 0.04
ABOV-14%  IR-80-3{53 9% R a 4,75 4.60 -0.1% 4,66 -0.0%  4.F8 n.al 4. 84 g.09
2B0¥- MP-111-2012 iv2 B I V.28 B.¥R 0,489 F.38 g.13  F.a¥ g.o2 .31 .86
ZBOv-3 HP~-111-2¢12 152 B I F.253 &.6G6 -0.5% F.22 -0.03 V.43 g.18 F.34 0.a9
28073 MP-111-2C1% /2 B I R R =T Y 8.3z F.08 .08 s.9% -0.04 £.94 -~0.00
ARDY-55  MP-5-4{13 »ﬂm A .30 5.03 -~3.2F h.28 -0.02 5.8 0.3 5012 ~L1g
ABDF-56  MP-HB-4{12 1A H 5.30 4.53 -3.77 5.24 -0.06 5.41 0,11 4.80 ~0.740
ABDY-be  MP-o4dLX Mmm B 5.30  4.87F ~[.43  5.40 0,16 5.36 oo 5.0 -0.30
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HIx : PROJECT- ; HMATERIAL TYPE : ASPHALT CERENT CONTENT UETERMIMATIONS

OESIGH NO. S NUMBER SIZE ITYPE ICL 0 R T OINT. | EXT. ¢ DIFF. | T.5. ¢ BIFF. | BNG. | DIFF. | CHG. | DIFF.

ABEF-179  FhN-34-9d540 34 A .00 5.04 a.4  5.15 .15 bH.Z8 .28 olle 0. 16
ABD7-179  FH-34-9¢54) 34 A S.40  5.3@ -Q.10  L.h4 .14 5.82 #.42 5.3% ~0.0%
FAEOF-179  FH-34-9{54) a4 A S.40  5.24 .06 LH.4A? .07 5.e0 ga.2 .29 ~0.11
ABOV-17¥3  FH-34-2054) 34 R 540 5.1V -4O.23 L. ~0.13 5.31 -3.09 5.28% -4.1¥
HBOF-130 FH-14-8(162 3”4 R 53.30 5.82 0.22 5.44 a.14 5,23 -0.0F  B8.59 .29
ABO7-130 FN-14-6(162 374 A .30 5H.36 .06 3.47 g.1¥  5.10 -0.20 B.42 f.i2
RBOF-130 FHN-14-6(162 Ir4t A 5.38  5.11 .13 D.bd a.24 5.7F1 0.41 L.22 -0.08
ABO7-3193  FM-14-6(162 374 A 6.16 5.5¢ -0.56 &.053 -0.05 6.30 g.20 &H.7v9  -4.31
HBOF-48 IR—80-20(1142 is2 A B s.¥5 S.40 0,35 5.7V8 0,0z S5.68  -0.06 5.88 .13
HEBO?-48 IR-8-2¢114) i’ A B 5.7 5.6l -0.14 h.GB& .1l 4.3% -1.36 5.93 i.18
HBO7-48 IR-80-2(114) 172 H B 3.5 5.7 .00 5.82 0.7 Lol -0.14  &.04 0.2%
RBO7-48 IR-80-2{1143 172 H B S.¥0 G.eb 0.1 5.90 0,15 5.9l O.1e  6.04 0.29
ABOG-40  FH-114102 ¥4 B 1l &.50  5.93 0.8 &.38 -0.12  6.21 ~-h29 &.03 -~0.458
ABDe—-40  SR-3238dn) 3“4 B iI 6.530 6£.36 -0.14 &.¥6 .98 6.7 .24  6.57 a.av
ABOe-40  SR-3238d&2 3’4 B Il G.850 B.2Y  -0.22  L.4¢ -0.03 0 6.4 0,01 g.45 ~0.05
ABDE-40  SR-32384(62 374 B i1 £.50 6.34 -J.26 &.5¢ 0.0¢¥ k.44 0,06 6.50 4. 00
ZHOF-19047FSR-3362(2) @4 B I .50 5.58 0.08  S5.41 -g.09 528 0021 8.76 .25
207194 FEN-J36212 3 @4 B 1 5.80 B.EF -f.22  &5.de -0.04 5.79 8,29 5.865 0.15
207194 FEN-3362020 a4t B I 5.50 L.0¢v -0B.43 A.66 g.le  bB.15 -0.35 5.4% -0.401
SMF-1904FSN~33622 3’4 B I S.4900  5.53 .02 5.8 0.18 5.63 0.13  5.V5 0.25
IBOF-9 SN~21F{&2 344 B 1T 5.70 5.98 g.28 5.8 g.16  6.12 .43 6.00 0.30
ZBOV-9 SN-21F(E: I’4 B i1 8.70 5.786 g.0s 5.84 g.14 &5 .45 5.8% 8.139
3IBOF-3 Sh-Z1¥{83 374 B 11 3.70 b5.84 ga.14  5.81 g.11 5.949 g.29  58.%1 g.21
IBOF-9 SN-2170EY I B 11 5.70 bodd -00¥6 5.VH .08 S.88 0.2 5.89 .19
38079 SH-21FdE 34 B 1 a.dg 5.vg g.02  5.7% 0.05 B.90 0.2 .87 (.47
AEDF-199  SP-e05-001) Fed B 11 B.50 6.1V 0033 642 008 B8 .38  6.7&6 - 28
ABOF-199  SP-&05-0013 ¥4 B I 5,380 &.03 -0.2¢ 5.35 0.08 &.86 Q.36 .88 2.38
ABOF-199  SP-aU0-0012 = R8T II 6.3 &.23 -0.08 6.3 0.0t 6.53 8,22 B6.41 0.10
ABOF-199  SP-R0L-0017 3~ B iI .30 H.83  -0.4F B6.34 .04 &£.38 .08  6.61 {4.31
RBEOF-93 Fi-117-10162 It M 5.685 5.73 0.08 B.65 g.00  5.38  ~0.2F  5.47 0 -0.18
FBRF-95 FN-117-1d182 344 A 5.30 5.4% g.1% 5.30 0.00  5.48 0.18 5.41 g.11
ABDY-95  FN-117-1{l&2 It A 5.3¢ 5.6 .32 5.30 agn 5015 -0.15 5.31 0.0t
ABDF-186 FR-20-145) 34 A B 4.70 4.%2 -0.18 4,69 -0.01 4.63 -0.07 4.87 g.1¥
ABOF-186 FR-30-14{522 344 R B 4.70 4.47 -0.23 4.62 -0.08 4,45 -0.25 4,46 0,24
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ASPHALT CEMENT COWTENT DETERMIMRTIONS ;

HMIx ; PROJECT- MATERIAL TWPE

1
H
3
1

DESIGN HO. HUMBER SIFE (TYWPE €L 1 R IMNT.  EXT. § DIFF. 1 T.5. | OIFF. | DMG. § OIFF. | CHG. § DIFF.

ABOE—4¥  FM-0OF{102 374 A 5.20 $.77 -0.43 5.21 a.oi 4.58 -0.62 4.5F -0.63
ABOE-47  SH-46809{1) 34 AR 5.20 4.8 -0.40 5.20 0.0 4.78 -0.42 S5.0¢7  -0.12
ABOS-47  SH-4R0901) a4 A 5.20 4.9¢% -0.23 5.21 a.ul 4.98 -.22 5.13 -0.4G7
AEOT-20  SH-<4a0901% 12 A £.10 5.99 —.11 5.08 -0.02 5.80 ~0.BO0 5,94 -0.16
AEOF-20  SH-4803012 is2 A 6.16 &.08 -0.02 808 -0.02 e.08 -~0.02 5.95% -O0.15
REOV-20 Sh-45253(%52 /2 H 6,10  &.0F -0.03 609 0,01 &.03 -Q.07 .92 0,18
BHOF-18  FM-23(62 172 B I k.25 5.92 0.2 5.99 -G.5% 5.86 ~0.89 5.78 -O.7F
2H07-14  SH-168441) If4 B I 65.¥0 5.50 -0.20 b5.95 g.z5 6.46 -0.24 6.53 -0.17
2B07-14  SH-1684(13 x4 B 1 B.¥0  &.80 g.10 e.86 -0.04 .81 g.11 &, 35 0.29
ZB07-14  SN-1684013 as4 B I .70  &.3¥ -0.33 &.F6 g.06 6.40 ~0.30 2 &.2F -0.43
ZBO7-14  SH-1684{13 354 B I .70 &.43  AULZF &. 83 a.12  A.71 Q.01 6.6 -0.01
2007 -14  SH-168401% asdt B I 6.70 ©6.38 -0.32 G.e6d 006 B.57 ~0.12 &.5 U012
5072 SR-FEE31 374 B I .30 5.428 0,48 Q.97 a.0¢ 6.1 0.22 5.64 0026
SRRV -2 SGR-FEEsC1) 34 B I .10 5.79% ~1.31 6. 1% .02 0¥ -0.pz 573 -0UTF
SBoP-2 SR-FEE9(1 IS4 B I 6.1 5.88 0.2F b, 18 a.08 k.10 .00 6.10 .00
SEOF-2 SR-FEERCL 37 B I 6.1 5.85 -0.25 B2 .l 5.80 -0.20 B.I7 8. 0¥
oEnP-2 GR-FEES(1 3748 I Q.90 h.e& 0.2 .98 a.og  5.e0 o.oo0 5.80 0.ac
ABEBF-94  FN-3~5{44) F#4 B i H 2.00 6.0% Q.05 6.10 0.10 .05 a.0s6 S.74  -0.26
ABOP-94 FH-3~L{44> 34 B 1 B 5.50 .44 .06 5,56 g.06 S5.14 -0.36 5.08 -O.42
FBOF-34  FH-3-5{44) 3.4 B I = G.50 a.4n -0.05  5.54 g.04  5.51 a.o1 a.4¢ ~0.48
ABOP-94  FN-3-5(44) 3f4 B H B .00 .10 0,40 5.6l g.11 5.31 -0.19 523 -0.2¢
ABOF-94  FN-3-hl442 IS4 B i K 2.0 bL.@4 0,326 5.88 0.05 s.28 -0.22 50150 -40.35
2ABOF-2 Fr-32{& 34 B Il . 6.31 0.1l .21 0.1 . 0,15 &.28 a.o8
SRE0OF-2  FH-32052 a4 B I 6.20 £.35 0.158  5.33 .13 6.41 .21 G. 6% Q.49
2AB07-2 FH-32d5) 3’4 8 Ii g.20  H.88 -0.51 &. £ a.de 5.9 ~3.285  B.&7 0.0v¥
2AB0F-2 FH-J2453 =P S = i1 B.20  5.94 -0.76 &. 30 .14 b.33 2,13 6.52 Q.32
SRR FM-32¢53 IS B i &.28 B.03  -0.17 &.49 8,29  6.60 .40 B6.74 0.04
RBOF~1258  FH-&7-10(702 a4 A 5.00 5.2 22 5. 16 0.1 b.ODb 2.058 4.3 006
ABOF-123 FN-&F-14703 I*4 R .00  4.9%2  -0.01 5.03 d.0z2 4.8 018 467 ~U0.33
RBOF-125 FH-GF-14702 3t H 5.00 5.08 a.08 4.9 -0.t4 .82 ~0.11 4.81 -{1. 19
RBOF—122 FN-Z—hl44) 52 R R 5.90 b.83 -0.07  5.90 008 S.b8  -0.32 .80 ~0.10
ABOV-122  FN-3-Gd4d43 is2 R B 5.80 5.51 ~.0% &.54 -0.058 5.41 ~0.12  5.42 -0.18
ABOV-122  FH-3-5dd4d2 is<e AR H a.80 5.4Y 0013 b.Bd g.04 5,40 0,20 .36 -O.04
ABOY-122  FH-3-5{442 is2 R R .60 5.33 -0.2F 5.5V 8.47 5bH.41 -G.18  S5.3p ~0.22
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ASPHALT CEMENT CONTENT DETERMINATIONS

MIXK : PROJECT- : MATERIAL TYPE ; :
DESTEH MO. HUMBER iS5IZE TTYRE CL 3 B 0 INT. ¢ EXT. 1 OIFF. 1 T.5. ¢ OIFF. © DMG. © OIFF. 3 CNB. o DIFF. |
RBOA-8L F-20-3¢h) 344 R 5.70  H.45 0.0 5.81 g.11 5.58 0012 H.4d4 0026
FBOF-B5  F—20-%hX Is4 R 5.70 5.28 0045 L.41 -3.28  5.12  -A.n8 b.74 0.04
RBOZP-05  F-20-3(h3 34 AR 5.70 5.5+ -0.16 5.6l ~0.09 5.84 -H.06 5.3 ~0.324
ABOF-86 F-20-9(52 as4 A .70 5.28 -0.34 5.2 -0.08 SH.e0 010 3,08 -LB2
aBOY-05 F-20-9(52 374 A @70 5.¥9 .09 L.75 G.45 5.80 .18 G.44 0,26
AROY-53 FN-130-14192 374 B 1 &.40 &.01 -0.33  5.40 g.¢cd e.20¢ 014 B.10 -0L.30
ABOA-D FN-130-1(193% 34 B I &£.40 6.38 -0.02 6.49 .09 &.40 a.00 e.09 —-0.31
ABOZ-22 FR-130-1(193 374 B 1 6.40 &.856 .46 6.37 -0.08 &.79 .29  &.72 0. a2
ABO7-H3 FN-130-1{19% IF4 B 1 .40  B.VFS 0.35  6.41 . 6.85 .45  6.63 .23
ABOA-09 FN-130-1(192 A4 B 1 G.40 643 0.0z 6.3F7 -0.03  6.81 a2l o.48 (1. 08
ABROV -0l FH-92-30142 34 B I .70 5.51 -0.19 5.58 -0.12 5.8l 8,02 .22 -U0.48
ARNY-hHh1 FN-92-30142 34 B I Z.70 5.34 -0.36 5.3 -0O.07 5.59 -0.01 5.25 -0.45
ABOF-G1 FN-92-30142 I B I 5.80 5.9 .19 &.04 .24 5.48 -~0.32 S5.48% 0,31
AROF~51 FH-92-30142 34 g I .80 &.04 0.24 6.03 0.25 5.3F7 ~0.43 &.¥F -0.43
18079 FH-940115 3rsd B I 5.30 4.98 -0.32  5.49 d.1% 5.9 .61 S.260  -0.04
iBOy-9 FM-24C112 SRS I 5.30 4.94  -0.36  5.32 g.0g2 4,99 -0.31 .24 -0.06
1g0v-3 FR-94(11> 3’ B I 5.30 4.94  -0.36  5.43 0.13 5.6 g.26 G.12  -0.18
18073 FH-94C113 a4 B I S.20  4.91 —-0.29  5.Z1 .01 5.23 g.03  5.21 Q.01
18073 FH-34(11 344 & I a.20 S.n2 4.1 5.23 g.03  5.21 g.4a1 Q.10 0,10
ABODY—41 FH-92-3(14) if2 H 5.40 bH.Z8  -O0L012 B.3F .03 n.eR .22 5.79 4.39
ARG -41 FH-92~3014) is2 A 5.40 4.94 -O.46 5.36 -0.04 .53 g.13 5.1 -0.21
ABDY-41 FN-92-3¢142 lv2  H 5.40  S.1n -0.21 S.60 0.200  4.83 -0.5¥  G.Z21 -0.1% =

A

&
M. OF ITEMS 3Fn.00 315.00 315.00 315.00 315.00
AVERAGES 5.¥0  B.AE -1 L.V3 g.¢3 568 002 S.e3 007

STD. OEV. OF DIFFERENCES 0.20 g.13 a.zv QHM&
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Appendix B
Comparisons to Tank Stick Measurements



FSPHRLT COMTEHT AMALYSIS:
TAMK STICK V5. EXTRACTED, DISTRICT MUCLERR, & CEMTRAL MUCLERR DETERMIMATIONS

HMIX H PROJECT~ MATERIAL TYPE ASPHLY COMTEWT DETEEMIMATIONS

DESIGH M. 5 HLMBER SEEE TTYRPE 2L DIFF. MG, CHE. @ DIFF,

ABOF-12F  IR-35-3:0473 172 H 6. 14 S.93 ~0.21 5.489 5.6 .42
ABOF-13F  TR-35-3447) 12 AR 5.95 5.91 -0.04 606 2.82 -0.13
ABLRF-13F IR-I5-3447) i/2 A &.04 5. 19 0.15 6.16 &.10 2.06
ABD7P-137 IR-35-347) iv2 H 6.74 5.9 -0.09 6.16 .08 0.04
ABOA-137 IR-35-3447) ir2 & 5.69 S.eF  -0.02 5.85 5.94 8.25
BREF-3 FH-28L75 & <20 irg2 B 6.76 .41 -0.35 6.56 .45 —8.31
sHEV-3 FR-28673 & 45 172 B 6.85 H.66 .19 6.71 675  -O.10
SHEA -3 FH-28L73 & 29 172 B 6.67 %.51 -Li6 6.58 .52 012
BAR -3 FU-20173 & 90 1i/2 B 6.69 5.34 L35 6.60 B.42 -L27
6ABF-3 FH-28473 & (93 i/2 B 6.71 6.5 0.2t 6.73 b.42 -0.29
IBOF-i0 L-RES-T-73-60 122 B 6.33 &.10 -0.23 5£.00 6. 5il g.17
3pOP-10 L-EES-3-73-60 172 B 65.39 6.13 -O.26 6.07 6. 58 g.132
I/BOF-1D L-EES-Z-73-61 172 B 6.33 b.IZ3 -0.23 &.24 G.29 Q.04
IBOP-5 SR-4241% o/4 B 6.00 5.74 -3.26 56.04 . 06 8.06
2BOF-6 SR-F 13 34 B 5.72 5.2 -0.37 5.85 5.79 117
FIBOFG SR-62L40 314 B 5.80 a.82  ~0.28 5.€5 S5.¥6 ~0.04
B0V SH-133414> 74 B S5.82 S9.2%% .63 5.9 .72 .16
38076 S5R-74¢12 /4 B 5.64 9.3 26 5.69 S.52 -0.12
076 L~9-E8-73-84 34 B 5.1} Hh.ig .12 5.53 545 0.45
ABOF~-1%  IR-35-4455) 3/4 H 4.56 4.2¢ -0.29% 5.00 4. 566 0.1
ABO-124 IR-35-4455) 344 R 4.58 4.64 0.0 4.78 4.73 .15
ABLY-194 IR-35-4(553 4 R 4.52 4.4 ~L09 4.76 4.30 0.3
1ABE 1 SH-46H3{ 93 /% B 1 5.96 5.5 -0.38 6.11 15 &80 -B.1s
1RBOF-1  SH-4689<9) 34 B I 5.86 5.4 -0.46 5.13 3 B.eE -L21
IABEF-1 SH-4689{9) 374 B 1 5.59 5.66 0.0¢ 5.90 31 &.15 .56
AR -1 SH-4889{9) 374 B I 6.06 .88 -0.18 6.35 29 LB.79 27
IRBOF-1 SHN-4683{93 374 B I 6.30 6.0 -0.23 6.36 g6 6.24 -0.06
ABO7-182 FH-18-61232 i/Z2 B I R 5.70 5.01 0.81 5.42 28 S.eg8 .02
ABOA-102 FH-18-6{232 172 B I B 5.65 5.3 ~0.28 5.24 -0.31 545 ~020
ABDF 182 FH-18-6423) i7/2 B 1 B 5.6 .24 ~L26 5.40 Q.28 5.22 .38

¢t 39vd
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Mix ; PROJESCT- MATERIA. TYPE ACPHALT COMTENT DETERMINATIONS

DESIEM 0. 5 HHBER SIZE JTYPE L T R 1 OT.S. e, © OIFF, CHE, DIFF.

A1 SE-RIEIZC4) 142 B I . 45 6. 06 .01 -B.44 608 357
4071 SH-GI2C 4 1572 B 1 G, 25 G.32 .41 g8.12 5.9 .34
AHF-1 SR-6302(47 152 B 1 . 25 5. 47 6.47 #5.11  6.35 0.0
ABO7P~-198 IR-35-2{19% 4 A 4.5 4.¥1 4.62 8.11 4.42 -B.09
IPOA-ILOISR-12441) 4 B il G 12 B.46 . 37 .25 6.01 ~G.11
BBROF-ICEONSR-13441 3 34 B i1 G &1 5. 75 6.13 -0.38 610 ~0.41
B I SR-~13441) 4 B Iz . 23 D, Fon t.41 0.20 6.47 .26
SBEOF-CROSE-134412 4 B Iz 2.6 5. 26 . 2F 0.58 .87 f. 18
SBOF-H LI SR~-13441 2 4 B Iz 6. 26 5. 06 6. 34 g.08 .11 -0.15
2BUF-6 SR-141415 I B 1 2. 559 S.12 0,77 G.e3 .26 B.40  -0.49
2BOF-5 SR-143413 4 B I S. 8540 5.29 -0.51 .69 -0.11 &B&7 0.1z
280756 S8-141¢12 4 B i 5. 82 S.0%2 0,73 .40 2 -0.42 S.36 -0.46
ABOV—-143 SH-BU3E(6T If4 B I 5. 9 S.92 2 -Lg4 G.Y2 0.2 5,55 -~0.42
ABDY-143 SM-BO3RL6) 4 B I 5.78 .66 2 0.13 5.3 -0.45 5.53 -0.25
ABOF~143 SH-BU36L6 4 B i . 32 F.2¢f .06 S04 0 -0.29 5,11 -0.22
ABhf-143  SH-BO3G6) Is4 B I 5.32 .28 007 5.2 -0.06 5.2% -0.07
ABY-143  SH-B036L65 344 B I . 410 5.30 -~0.10 5.43 8.3 5.42 6.0
1BO7-5 SE-448443 52 8 1 G 4 5.8 e .74 0 -0.72 5.93 .53
1B -8 SR-Z448445 ise B I .31 515 ~0.16 6.04 -0.27 6.07 -~0.24
1BDF-8 SR-3448{45 172 B I .15 .10 0.5 5.73 0 -~0.42 .07 ~.02
1BF-8 SH-3448445 72 B 1 . S Bl -0 573 2 ~46 6.16 009
1BU -8 SR-3448<4 % 72 B I B. 23 5.9T 0.3 5.9 -~0.33 G.90 2 -03.33
4B 4 SH-3192011% 72 B I &. ¥ b.41 .14 %.20 .07 &.15 2 -0.09
AR —4 SH-31924113 2 B 1 . S k.12 0,97 &.12 .08 s&.00 2 -0.20
4804 SH-3192¢11% 152 B 1 5. 82 5.98 oLie 5.81 -0.01 577 405
4B -4 SH-3192¢113 /2 B I 6.0 5.% .06 S.68 -0.34 .81 421
iBhA—7 SH-464115 I B I 5.5 5.68 015 %13 -0.40 5.52 401
B4 Sh-460113 I B 1 5.52 5.5% 0.gr 5.3 -0.16 5.48 -0.04
1BIE—7 SH-46¢112 374 B 1 H.44 5. 70 .26 5.52 0.09 5.50 0. 06
6B -9 Sh-495 4 1752 B 1 5.21 5.91 -D.3m &.1F 010 601 k20
cHLIA -3 SH-4T05C4 172 B 1 . 24 597 OL3IF 602 -0.31 &.20 14
B9 SH-4706442 12 B I H. I3 5.%1 ~0.48B S.94 045 5.71 0.6
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1 : PROJECT- : MATERIAL. TYPE : FEPHAELT COMTENT DETERMIMNATIONMNS ¥
DESIGH W | HUMEER ISIZE STWPE ICL VR 1 T.5. ¢ EHT. DIFF. § [ @ DIFF, @ CcHE, | OIFF.
28073 HP-134-2013 172 8 I ¥ 6.7 ez F.27 Q.11 7.l a7
2BU7-2 MP-111-2015 172 8 1 V.22 b.66 0.5 F.43 0.28  F.34 .12
28073 WP-113-2013 172 B8 I V.0 G.R¢ -O.41 6.9 0.12 &6.94 -L14
ABDA-56 MP-H6-4413 172 A 5. 28 5.02 ~1.25 5.66 g.38 5.12 216
ABl-D6 MP-E-4013 72 8 5. 24 4.53 ~0.F71  H.41 0.1¥ 4.60 ~O.54
A5 HP-H-4013 72 8B 5.40 4,87 ~0.53 &3 0.4 2S00 .40
ABDA-20  FR-150-3(360 /2 8 G. P B.04 .0 5,00 .4 B2 -0.01
ABIA-20 FR-150-34 363 2 B 5.88 602 0.4 5.7 .13 5.8% -0.03
ABUS-20  FR-1SE0-34(363 172 A 5. 82 5.9%3 0.4 .63 .00 5.8 A3
ABD7-65  FH-6—74313 F74 B I B = 0 4.9 005 F.09 .06 5.13 8210
ABUF-63 FH-H-Fe31} A4 B I & 4.9 4.61 0.3 4.7 -0.20 4.67 .29
ABOY-114 FH-65—-44157 374 B B. 47 5.43 -0.04 5.50 .oz 5.45 602
AB07-114 FH-65-4715) 374 B G262 5.53 ~-L.07 5.48 O.14 5.24 -8.328
ABL/-178  FH-415-1(255 irvZ2 W 5.35 5.42 G.08 5.41 g.0e 551 {16
ABUV-178 FH-415-1(25) 172 A 5.24 5.91 .17y B.53 g8.19 5.52 i 18
ABOF-178  FH-415-10250 is2 @A 5. 50 518 ~fLis 5.3 8.0 5.32 4.2
ABIY—19  SR-6061<47 12 B 1 R 6. 20 &.36 f.is &.24 D.4 640 f1.20
ZABD7-18  SH-1544433 4 B I 5.89 5.92 .4 602 Eiz  6.16 .27
2RELF-18  SH-1544402 354 B 1 5. 06 5.92 ~0.14 LH.63 ~G.43 5.8 -0.20
ZABOF-18  SH-15444{35 374 B i 5.9¢ 5. 97 068 &.01 0.4 603 .06
2BES-18  SH-154443) a54 B i 5. 849 B.79  -O.ig .62 -R.ZF 5B ~8.231
ZRBIF-18  SH-1544{33 34 B i 5. 82 5. 93 g0.1: %.72 HLog  &.02 3.20
ABDA~16F IR-35-3147) IF4 H 5. 28 4.98 .22 5140 -G.1g 4.9 L3z
ABOY-167  IR-35-34472 44 R 4.92 4.39 .53 4.78 .14 4.29 ~.e3
ABD7-16F IR-35-3{47% e I 4. 9F 4.34 ~0.03 477 ~8.20 475 .22
ABDA-16F IR-35-3{473 374 R . [ 4.78 -0.22 4.7 -0.13  4.82 018
ABOV-167  IR-35-3{47% F4 8 4.94 4.50 ~L.44 4.7 ~0.1F 4.38 -0.556
ABD7P-117 FH-59-64173 374 B I B 5.21 4.9 ~0.23 B.1F  -0.04 S.11 0L 10
ABLY-117  FR-59-51173 374 B I B 5.32 5.02 0.2 4.9 2037 2 5.14 2 -0.12
ABUP-128  IR-29-44335 34 H 5. 15 5.04 011 5,27 012 B.20 3.05
ABOF-128  IB-29-4433) 4 H 5.29 .11 818 5.79 .50 5.3 g0
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Hix ; PRLIEC T~ MATERIAL. TYPE ASPHALT COMTENT CETERRIMHATIONS

DESIEH MO. . MUMBER 1.5, s, « DEFF. . DIFF.

ABOF-385 FH-117-14163 H 3.65 5.73 g.08 5.2 ~0.ZF LH.47 .18
BEDF-95 FR-1I7-14163 H 5.30 5.4 0.15 5.48 g.18 5.41 g.11
ABL7-9% FE-117-14165 A 5.30 b g.32 5.1 -L15  5.31 g.oi
ABDF-186 FR-ZO-1C523 13 4.69 4.52 017 4.8 ~LO& 4.87 o.1s
ABOF-19% FR-3O-14520 13! 4. 62 4.47 0,15 4.45 .17 4.46 .16
FABLIF—148 FH-3-24213 B 1 . 52 5.55 0.03 6.65 i.z32 5.82 g.21
ABLIF-148 FR-3-24210 B I 5.11 4.45 ~l.o& D.19 H.om 4.7 0036
ABOA-148 FH-3-24213 B 1 4.71 4.60 .11 5.43 0.72  4.74 0.0z
ABLF-118  FH-B0-T( 113 H B 5. 14 5.18 0.0 5.54 .40 5.36 g.22
ABDP-111  FH-B0-ZC113 B B 5.11 503 -0.08 5.0 0 -0.11 4.91 -0.20
ABfF-11F  FR-60-3C1103 # B 5.20 4.93 ~0.2F7 5.2% f.0e  4.92 -4.28
ABOF—11EF FH-RO-3C113 H B 5.20 5.02 0,18 5.6 G.x 4.8 -0.32
ABOP-118  FM-SO-31130 A R 5.16 5.4 0 -0.12 5.3 g2 5.09 -9.07
ABDF-72  FH-GO-3C15% [ g 5.17 4.76 5.0 0 -0.12 4.92  -0.24
AROP-72 FH-RO-3C113 R B 5.43 5.25 5.2¢ -0D.1&6 5.0z ~-0.40
ABOR-72  FH-S-24110 R B 5. 18 5.27 5.7 $2.18 4.89 -0.29
ABOF-72  FH-GO-24113 R B 5.15 &1 5.31 g.ie 4.93 -0.16
RBOF-72  FH-B0-3C113 A B 5.13 5.97 5.23 G.1& 4.20 -0.23
ABOA-B2  FH-188-1422—21-60 B 1 B. 56 GB. 29 f. 64 0.08 B.24 -0.32
ABIF-82  FH-188-1{2 231608 B I 5.75 5.39 5.74 0.0 5.5 -0.22
ABDF-g2  FR-I02-1{20—-21-60 B8 I 5.67 5.04 5.89 g.z22 557 -0.10
ABIF-82  FH-182-1(20—21-50 B I 5. 73 5.56 S. BN g.i2 5.6 -0.07
ABOF-B2  FR-1E2-1{2—21-60 B 1 5. 78 5.51 & OF 8.22 5.49 AHLZ29
ABDY-12%  IR-29-4(3E 72 B B 5.22 5. 14 5.1¢¥  -O.05 5.32 g.10
ABF—-126 IR-29-4C3E072 B 2] 4.64 5.05 5.61 8.77 5B.16 0.32
ABDA-132  FH-14-ad{1ad f 5.46 5.7 5. 66 g.21 5.29 -0O.17
ABRDF-132 FH-14-6{163 a8 3. 26 4.98 5.8 -~B.06 5.11 0015
RBOF-132 FH-14-6{162 A 6.26 4. 86 .28 1.0 5.12 -1.14
240719 FH-294 1655599 B I 5.37¢ 5.10 2.13  -~0.24 5.48 .11
2iF—19 FH-994165 5593 B I 5.51 5. 57 5.3 -G.28 5.43 -0.08
2407-19  FH-994 1635599 B 1 5.60 5,34 5.5 -0.05 5.57 2 -0.03
ABLY 185 FR-H3-BL133 3} 5.78 5.82 5.2 -0.482 5.66 2 -0.12
RBOF-185% FR-GBC135 A 5.73 5.2 8.11 -0.&62 5.87 a.14
RBOF-185 FR-(I-BCIED a 3. 87 5.7 5.1F7 -~0.70 B.76 -0.11
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HIx PROJELCT~ MATERIFL TYFE FSFMALT COMTENT DETERMIMATIONS

OESIGH HO. SITE JTYPE ICL ) R b . aIFr, CHE.
ABLA-120  FH-67-14700 4 R G b h.22 8.0 5.0 .11 4.94
ABLF-120  FH-G7-14700 x4 A 5.0 4.9% -0.04 4.82 -0.21 4.7
RBOF-12%  FH-57-10703 4 B 4,99 5.08 8.9 4.89 ~0.i0  4.81
FBEOP-122 FH-3-5C447 52 R B .o 5.89 ~0.15 5.58 -0.40 5.80
ABD7—122 FH-3-D{44> 152 ® B 5. 54 5.5%1 .02 5.41 13 5,42
ABOV-12e FH-3-5{443 2 @A B S.64 5.4F -0.17 5.40 2 O.24 5.56
ABOF-122 FH-3-50445 12 H B D87 H.a3 —B.b4  5.41 46 5.38
eBOP-12 L-RACCLEY 172 B i B, 9 .2 064 6.29 HLES 6.44
&B07-12  L-RACCLOES 152 B I 6.7 G.22 .52 6.48 -0.24 657
6B0F-12 L-RACLL>ET i/2 B I 6.74 S.87 0.8 5.20 .54 6G.16
ABOF~128 FH-18-3{59> 172 0 5.0 5.34 020 S5.05 43 515
ABOF--128  FH-18-3{593 i/2 M 44 .38 1% 4.9 ~0.48 511
ABLY-138  FH-18-34553 172 f 5.3 iz 5.12 -0.35  5.23
ABA 1238 FR-18-3(592 172 B 5.3 D19 531 -0.2F 5.15
fBLY-96 MP-I46-201% et H 5.58 -0.29 5.5 ~0.3%T 5.70
ABLF-95 MP-246-2010 U S.88 -0.12 5S.88 .12 5.85
AROF~96 MP-I4e-2(13 Fed H 5.3 -0.13 5.71 -~0.78 G.00
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