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CHAPTER 1
introduction

The Asphalt industry has undergone dramatic c_hangesbver the past several yeérs due to
tﬁe introduction and implementation of the Superpave system. This new technology has
changed both the way an asphalt binder is graded and the way Hot Mix Asphalt is
desighed. The change from aéphalt binder classification by a single viscosity test to
performance grading created a number of challenges for the State Highway Agencies
(S8HAs). Adjustments were needed in material acceptance procedures if the new
specifications were to be accorﬁmodated. The asphalt binder testing technicians had
very limited experience with the test equipment for the determination of the binder
properties used in the new performance grading. The early test resulis showed a large
variation in test results between asphalt binder testing laboratories. This variation‘cou]d :

cause substantial difficulties between asphalt suppliers and SHAs.

This project was initiated to improve the Performance Graded Asphalt Binder (PGAB)
testing which would in turh reduce _fhe between laboratory variation. This study did not

address issues relating to the Superpave Mixture but focused only on PGAB issues.

The scope of this study included the following tasks, all pointéd toward the goal of
improving the reproducibility of the binder test results:
- Development of a round robin testing program to identify the level of
variability occurring during testing. |
- Observation by the CAP Lab of the actual testing techniques being employed
by the SHA technicians.

- Dissemination of information on the techniques observed along with




recommended practices to the technicians through workshops where both
SHA technicians as well as private industry technicians could gather to learn
about changes to the .te'sting épeciﬁcations, discuss issues they felt were
importantAand to exchange techn_iquAes and ideas between the workshop -
participants. | |

- Convey information learned during this project through the use of the CAP
Lab website (www.caplab.uconn.edu). |

- 'Distribute copies of the reborts___of each activity to all of the participants of the
Round Robins as well as the workshops. o

- Providing telephone support for the SHA technicians.

The original research proposal is attached as Appendix 1. The followi_ng chapters |

summarize the activities undertaken by the CAP Lab for this project




 CHAPTER 2
Round Robin 98 performed in conjunction with NECEPT

Working with the Northeast Center of Excellence for Pavement Technology (NECEPT)
~ provided several benefits to this project. Interaction with the technical personnel at Penn
State who developed Performance Grading and were now part of NECEPT would lead to
early awareness of equipment and protocol changés. A second benefit was the increase
in the size of the pool of participating laboratories. - The SHA laboratories of New York, |
New Jersey, Pennsylva'nia, Maryland, Delaware and the supplier laboratories of the area
joined the New England SHAs forming a pool of 20 labs. The major revelation of the 98
Round Robin was the significant variation in test results between the various labs. A
detailed statistical analysis was carried out by NECEPT to estimate the variation of
coefficients for the components of variance. See the-attached draft report for a detailed

presentation and conclusions for the 98 Round Robin (Appendix {l).




CHAPTER 3
Pre-molded DSR Samples

Premolding the DSR samples was intended to remove the effects of differences in
handling times and temperatures from the test conditions. Unfortunately, there was no
way to énsure that the molds would remain in a horizontal position and because of this
some.of the samples slumped badly and required some re-handling. The two samples
were the same asphalt‘ binder. The raw overall G* average was 1.401 with a Standard
Deviation (St Dev) bf 0.121 and the raw average phase angle was 86.6 with a St bev of
0.9. G* for the second fest at lab 105 and both deltas for lab 122 are more than two
Standard Deviations from the éverages and should be deleted from the computations as
outliers._ The adjusted G* is then 1.420 with a St Dev of 0.085 and the average phase -
angle 86.9 with St Dev of 0.30. | |

Late sample delivery forced some labs to test a day late. The mid portion of Table 1
shows the effect of separating the results into two sets of data with the wild ones referred 1
fo above still deleted. One'day seems insigniﬁcant in the life of a binder but as the
samples were poured 7/27/98 it did add 50% to the time since major heating which would
.have destrbyed aﬁy steric .hardening which may have occurred. Statistical computations
must be looked at cautiously as the humber of data points with similaf conditions is small.
The G* of the late group was 0.096 or 6.9 % greater thah that of the on-time groﬁp with
little change in St Dev.- At that rate, a fwo day delay would have given results more than |
two St Dev greater than the on-time group. The timing did not affect the average phase

angle but did increase its variability.




Table 1 — Results from the Premolded DSR Samples

Lab# | G*#1, | Delta#1 | G*#2, | Delta¥#2
kPa " kPa

101 1.263 86.87 1.222 86.8

103 1.502 86.64 1.58 86.7

105 1.372 86.91 1.016 87.46

107 1.413 87.6 1.414 87.29

108 1.472 86.79 1.423 86.78

109 1.361 87.29 1.415 87.08

110 1.363 86.61 1.424 86.56

113 1414 87.16 1.389 87.2

121 1.448 86.55 1.402 86.68

122 1,504 83.6 1.466 84.6

123 1.651 86.28
Overall G* Average 1.401 G* Average without 105 #2 1.420
Overall G* Std Dev - 0421 G* Std Dev without 105 #2 0.085
Overall Phase Angle Average 86.6 Phase Angle Average without 122 86.9
Overall Phase Angle Std Dev 0.9 Phase Angte Std Dev without 122 0.3

Variations in Day of Testing
G* Avg Test Performed 7-29-98 1.396 G* Avg Test Performed 7-30-88 1.492
G* Std D Test Performed 7-28-98 0.075 G* Std D Test Performed 7-30-88 0.077
Note: Lab 122 Phase Angles not included in calculations o
Phase Angle Avg 7-29-98 - 86.9 Phase Angle Avg 7-30-98 88.9
Phase Angle Std Dev 7-29-98 0.3 Phase Angle Std Dev 7-30-98 0.5
Possible Equipment Variations
Note: Lab 105 G*#2 not used in the following calculations

G* Average ATS DSR 1.405 G* Average Ofher DSR Makers 1.438
G* Std Dev ATS DSR - 0.032 G* Std Dev Other DSR Makers 0.123
Phase Angle Average ATS DSR 87.1 Phase Angle Avg Other DSRs 86.1
Phase Angle Std Dev ATS DSR 0.3 Phase Angle Std D Other DSRs 1.2

The state labs and CAP Lab used ATS Rheologica DSRs while the other labs used DSRs

from different manufacturers. The boﬁom portion of the Table 1 looks at the effect of

instrument. Due to the small number of non ATS instruments used, no evaluation of




brands has been attempted. The average G* for the non-ATS group was slightly above
that of the ATS group aﬁd the phasé angle slightly below. The major difference was in
the magnitude of the standard deviations, which was approximately four times as great.
This implies that there was a difference between the units. Due to the small number of
tests no conclusions can be made as to whether. the difference was between or within a
brand. !ncidental!y the instrument used by the {ab whose Deltas were deleted was not an .

ATS and if retained would not increase the St Dev of that group.

Summary: The resulis for the ATS group had the least 8t Dev: Delays after pouring and -
prior to placiﬁg in the test insfrument appears to increase G* and the St Dev. This would
also impiy that the higher the temperaturesrduring handling the greater G*. The smaller
standard deviations obtained by ATS DSRs may be atiributable to the frequent
maintenance and célibration the machines are receiving from the manufacturer.

Additional details of the Pre-Molded Round Robin are attached as Appendix lil.




CHAPTER 4
Round Robin 99

After the Pre-Molded results were reviewed and distributed to all participants, it was.
decided that a Round Robin in which explicit instructions regarding saﬁwple handling
during specimen preparation and testing should be conducted. The report of this effort
known as Round Robin 99 is in Appendix IV. During all of the Roﬁnd Robins, the CAP
Lab monitored the test results and was able to notify several labs of problems they were

unaware of having with their equipment.

The reduction in the variation between laboratories indicates the need for tighter test
protocol specifications and ad_herehce to these specifications regarding sample handling
and specimen preparation. The current test protocols do not adequately address the
issue of sample handiing. For example, the test protocols currently state that the samples
should be heated until the material has the consistency'of SAE 10W30 motor oil.
Unfortunately, this leaves a lot of room for interpretation regarding heating temperatures
and length of time to heat samples, thus the samples have a vast difference in thermal

histories. This difference in thermal histories will cause variations in the test results.

The sample handling and testing procedure utilized for this round robin may not be
appropriate for routine testing. The handling procedures were developed to achieve the
greatest Llniformity of sample handling. The sample handling instructions are located in

Appendix V. Standardized heating temperatures and times need to be developed.




CHAPTER 5
Lab Visits - Observations

-The CAP Lab sent a person to five of the six New England State SHA’s and to the New
York State DOT to observe binder testing. These visits Were intended to note
departures from the testing protocols. Any techniques which would expedite the testing
were also noted provided the technigue did not adversely affect the test results. The
“results from the visits were reported anonyhous!y so as to not embarrass any -
individuals and encourage everyone to be more open as o the procedures routinely
followed. The lab visits indicated that there was very little deviation from lab to lab in
regards to the testing techniques. The largest deviation noted from the testing
procedure involved the BBR. Several labs were placing the BBR test specimens into
the supports and then adjusting the testing foads on the specirﬁens. ‘This caused the
beams to deflect before the test had actually begun. The test results did not include

any of this deflection and therefore the test results were inaccurate.

The CAP Lab also observed that some of the labs did not do a very good job tracking
the amount of time sarhp!es were in the Ré!ling Thin Film Oven (RTFO). This piece of
equipment does not have its own timing device on it. Therefore, it requires the operator
to track the amount of time the mate.r}ial has been in the oven manually. The AASHTO
sbeciﬁcaﬁon requires the material to be in the oven for 85 +/- 1 minute. The time limits
on this test are quite tight because of the rapid rate of aging occurring in the oven. Not
adhering to these strict time [imits will cause large diﬁere_nces in the material and.

erroneous fest results.




The use of glass cleaning ovens or ignition ovens for cleaning glassware was a major
time saver. _The glassware is cleaned by burning the asphalt off of the glass. This
method of cleaning the glassware is a major improvement from using solvents to
accomplish the same task. The glgss cleaning oven is faster than solvents and is more
environmentally friendly. Detailed visit Qbservations as circulgted to the participants can

be found in Appendix V.




CHAPTER 6
NETC Binder Technician Workshop

A one day binder technician workshop was held in January, 1999. The inteﬁt of the |
workshop was 1o update the binder technicians as to the progress being made during the
project. The workshop also presented an 'opportunity to inform t'he.technicians as to the
upcoming work being done as part of the project. The fopics discussed during the
workshop include: the Round Robin 98 which was performed in conjunction with
NECEPT, the _pre—mo!ded DSR samples, the lab visits where observations were made,I
the upcoming Round Robin 99 and the lab visits which were going to be made during the .
spring of 1999 fo run samples oﬁ the state iabs equipment. Additional material related to.
the January 1999 Binder Technician Workshop including slides used is attached as

Appendix VI. |
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CHAPTER 7
Lab Visits - Equipment Comparison

The CAP Lab followed up Round Robin 99 by visiting the asphalt binder testing labs
and runnmg samples on the labs eqt.upment The between laboratory variation found
in the round robin results can not be broken down into that caused by equipment
differences and that due to technician handling. The first visitations by CAP Lab
personnel to. the state laboratories monitored the technicians. A second series of visits
were undertaken in an attempt to determine what variability was assignable to the
equipment.. The purpose of the visits was to determine the degree of variability céused
by the testing equipment. If successful, the results could be combined with the Round
Robin 99 results to give a better picture of the between laboratory variation. The same
person was used to perform the testing at each facility. This was done to eliminate

variations which could be caused by multiple operators.

The CAP Lab prepared samples out of the same material used for Round Robin 99.
The samples for both the Round Robin 99 and the yisitations were all prepared at the
same time to ensure the materials were similar. The results obtained from the visits
ican not be directly compérecl to the Round Robin 99 resuits due to differences in
sample handling. The CAP Lab samples were prepared to ensure their uniformity. The
methods used to prepare the samples did not match the techniques used by the
laboratories dﬁring the unnd Robin testing. Each visitation sample was placed in its
own small heat resistant container to avoid repeated re-heating of the samples which

would change the properties of the material.

11




The festing during the visits ihciuded Dynamic Shear Rheometer (DSR) testing of
original binder and rolling thin film oven (RTFO) residue testing as well as préssure
aging vessel (PAV) .residue tested in the Bending Beam Rheometer. Both the RTFO
and the PAV conditioning of the visitation samples was done at the CAP Lab. The DSR
testing was performed at 58° C and 64° C for both the original binder and RTFO
residue using the 25 -mm‘ parallel plates. The testing performed using the BBR was
performed at —~18° C. To make the testing of the PAV residue.uniform throughout the
visits silicone béam molds were uéed. The same beam molds were used in each lab.
The silicone beam mo[ds were chosen because of théir éase 6f uée and cleanup. The
. CAP Lab brought their own tools for the trimming process so that the results would

apply to the basic test assemblies present at each lab.

All of the DSR testing performed by thel CAP Lab was done in the same six month
manufacturer calibration period as Round Robin 99 was performed. The manufacturer
calibratioﬁ -could change the settingé-on the DSR anq would make drawing conclusions
betwegn Round Robin 99 and the samples run on each lab’s equipment very difficuit.
The laboratories were asked to prepare both the DSR and BBR as they did for the
Round Robin samples. This included verifying the temperatures of the equipment in
the same manner as was done for the Round Robin. The labs were also asked fo '

calibrate their BBRs as they did for ‘Round Robin 99.

12




The CAP Lab ran two DSR original binder samples, two DSR RTFO samples and three
. pairs of beams on the BBR. Forthe DSR samp_!es_, two specimens were mounted in the
DSR. One specimen was mounted and tested at both 58° C and 64° C, the second
specimén was mounted and tested at 640 C only. Thié_testing regime was similar to the
one employed for Round Robin 99. The following pattern was repeated for all of the
sambles which were to be testéd in the DSR. The DSR samples were heated for 20
minutes at 135° C. Each specimen was mounted and tested as soon as possible. The
DSR spec-ime_nsawere trimmed using a heated trimming tool. The BBR samples were
heated for 45 minutes at 163° C before pouring. The beams were allowed to stand on
the countertop and cool for 45-50 minutes. The beams were then placed in an ice bath
for 5-7 minutes. An ice bath was used to ensure thermal history uniforrhity from lab to
lab. The beams were then soaked V'm the BBR bath at —18C for 60 minutes and then
tested. Figures 1 through 6 show the aQeraged values obtained at each of the state

binder labs.

Table 2 shows the %1S values for lab visits for the four New England States which
participated in both Round Robin 99 and the lab visits and the corresponding %18
values for the four states from Round Robin 89. The %1S value represents one

standard deviation as a pe'rce_ntage of the average.
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. : Table 2 :
Comparison of Round Robin 99 %1S values for selected states and %18 values for

Lab Visits
Four States Total
Round 1 12Lab
Robin 99 Round
Sample & Temperature . Lab Visits Robin
G*, Original Binder, %18, 4.51 4.83 4.90
58°C ,
G*, Original Binder, %1S, 6.70 4,74 5.71
' 64° C after 58° C
G*, Original Binder, %1S, 5.39 6.05 5.83
84° C new specimen ,
- G* RTFO, %18, 6.31 4.43 - 747
58°C
G* RTFO, %1S,64°C - 6.91 441 8.03
after 58° C
G*, RTFO, %1S,64°Cnew | - 8.12 5.68 8.48
specimen
Stiffness, %1S 3.64 4.19 5.65
m-value, %18 . 2.08 1.52 2.80

The values obtained for the. lab visits are clos.e to the values obtained from Round j
Robin 99; The smaller the %15 value the closér the test results were to each other.
The difference for the G* of the origihal material appears random with the visitation '
%1S greater for one sample and less for two. It would be expected that the RTFC %18
values would be lower for the CAP Lab visits due to homogenization of the samples
after the RTFO aging at the CAP Lab. For the Round Robin samples, which were
conditioned by each lab, greater variation in the material probably existed when the
specimens were poured. This greater variability of the Round Robin sarhples can not
be charged fo the equipment as the equipment did not change. The numer‘ical
difference in average G* value for the two éeries is due to the difference in conditioning
but the difference in %18 is probably due to differences in handling. The data from the

lab visits can be seen in Appendix VII. .

14




CHAPTER 8
Database of Binder Test Results

A portion of this project was intended to build a database where results for binders
supplied by the same sﬁipper to different states could be compared. This task could
not be completed because most of the states were not recording the supplier's lot
numbers with the binder test results from the 1998 construction season. This meant
that there was no guarantes that tests were actually on the same binder lot even

though the material had come from the same supplier on approximately the same day.

15




CHAPTER 9
Summary of Results

With the implementation of the new equipment, protocols and criteria of the Superpave
system, The New Englaﬁleransportaﬁon Consortium initiated this study to identify
possible causes for the 'between-'léboratory test variations and recommend solutions to
‘reduce these variations. The major goal was to assist the state agencies with

implementation of Superpave Performance Graded Asphalt Binder testing.

After some initial adjustments, the six states were conﬂparably equipped and round |
robins were conducted as a basis for determining what difficulties existed. Test results
by the different labs from Round Robin 98 differed substantially. For one of the tests,
the lowest result was approximately half of the highest. Such variation would make use
of the results for QC/QA very difficult, so a workshop was. held to look for differences in

the procedures used by the reporting iabs.

When the premolded DSR samples were processed, the variations between reporting
Iab_s were greatly reduced though not eliminated. One of the goals of premolded DSR
samples was to determine if the variations were due to handling by the technicians or
- equipment differences. Handling differences for the premoided sarhples were reduced
by preparing all samples for machine mounting by the CAP Lab prior to distribution.

The reduction in variation indicated sample handling was a factor.

At the end of the ensuing workshop, which stressed sampling handling, the last round
robin (Round Robin 99) was distributed with precise handling, temperature and timing

instructions. The detailed instructions included with the Round Robin 99 samples

16




attempted to eliminate problemé with sample handling discovered during the project.
The standard deviation_for the test results reported by the laboratories was small.
Table 3 contains the averages for the %1S (excluding outliers) for each of the testing
stages thfoughout this project. The A%'IS value is the ratio of the standard deviation for
that set of test results to the average for all of the test results expressed as a

percentage.

Table 3 — Average %18 for each set of Samples Sent out during this Project

Round Robin 98 | Premolded Samples | Round Robin 99
G*, Original 9.64% - 5.99% 5.48%
Phase Ang. Orig 0.86% 0.35% 0.51%
G*, RTFO 9.67% N/A 7.89%
Phase Ang. Orig. 0.83% | N/A ' 0.47%
m-value 4.04% N/A 2.80%
Stiffness 9.62% N/A 5.65%

The last effort was the identification of equipment differences. Identical samples were
packaged in salve cans at the CAP Lab and James Mahoney, manager of the CAP Lab
spent a day at each laboratory processing and testing the material. Very little
difference was observed from lab to lab. The results of these visits can be seen in

chapter 7.

Overall, the variation of test results for each Round Robin has decreased after each
workshop and each laboratory visit. The largest decrease in variation was brought
about by inciuding'explicit instructions regarding heating times, heating temperatures
and limiting the amount of time the specimens are allowed to stand prior.to testing. In
order to realize this reduction in test variation for production testing, explicit heating and

timing instructions need to be developed and followed.

17




It is very apparent that some form of continued effort will be necessary if the between
laboratory variation is to b.e contained when very small changes in test handling or
equipment can change results. This continued effort should include Round Robins as
well as technician workshops. The Round Robins are a good method to ensure testing
uniformity between laboratories as well as identifying equipment problems. The
technician workshops are an excellent forum for technicians to discuss issues with
changes in the test protocols, equipment changes and exchénge information they may

have acquired over the previous construction season.
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CHAPTER 10
Recommendations

The following recommendations are drawn from the major findings of this project. The
sources for these recommendations were from all aspects of the project. These
aspects include the lab observations, workshop discussions, Round Robin results and

discussions with testing agencies outside of the New England reglon

A number of recommendations are made concerning the techniques of carrying out
binder testing. Several other recommendatlons stress the need for precise tlmlng and
temperature control for steps in the testing process. Some of the recommendat:ons

provide guidance for steps inadequately described in the current testlng specifications.

The last fecommendaﬁons address somewhat different problems. Superpave binder
testing is a new endeavor. As with ahy new endeavor, many changes can be
expected to the tesfing procedures and these last recommendations attempt to
address problems brought forth by these changes. Table 4 provides a quick reference
as to the specification(s) each recommendation is referencing.

Table 4, AASHTO Protocols Referenced in NETC 96-1 Recommendations

_'AASHTO | ___Recommendation Number

Protocol* 718]9j10|11]12}13114[15{16 |17 |18

o

MP-1

PP-1

TP-1

TP-3

TP-5

X
PP-6 X

T-40 X

T-240 X X

AP B B P P PR

AR Pt B P P P e

S| D] K| <X XK | =

TP-48 X X

* MP-1 Specification for Performance Graded Asphait Binder
PP-1 Practice for Accelerated Aging of Asphalt Binder Using a PAV
TP-1  Method for Determining the Flexural Creep Stiffness of Asphalt

19




Binder Using the Bending Beam Rheometer

TP-3 Method for Determining the Fracture Properties of Asphalt Binder in
Direct Tension

TP-5  Method for Determining the Rheological Properties of Asphait

- Binder Using a Dynamic Shear Rheometer

PP-6 Practice for Grading or Verifying the Performance Grade of an
Asphalt Binder

T-40 Sampling Bituminous Material

T-240 Effect of Heat and Air on a Moving Film of Asphalf (RTFO Test)

PP-26 Practice for Certifying Suppliers of Performance Graded Asphalt
Binders -

TP-48 Method for Viscosily Determination of Asphalt Binder Using
Rotational Viscometer

Based upon the improvements made in the test deviations in the Round Robins,
improved standardized handlihg {time and temperature) procedures need to be
developed. Standardized handling procedures would help to reduce the amount

of variation occurring between laboratories.

Unlined paint cans should be used for sample containers. The lining used in
paint cans was never expected to stand oven temperatures and may melt into
the asphaft. Paint cans are easy to fill and most importantly are the easiest to.
stir for uniformity when re-heating the material for testing. | Stirring is important
. for all samples but will become an mcreasmgly Iarger issue as modified asphaits
become more common. This is also an issue as QC/QA becomes more widely
practiced. A state lab may have a way to stir samples in containers other than
paint cans but another lab which becomes involved in testing dispute resolution

may not have this capability.

Limit the amount of time the original sample is heated. As any heating causes
binder to age thus affecting test results, any heating beyond that necessary _for

easy stirring and pouring must be avoided. The length of heating time required

20




to completely melt the binder depends on the PG grade as well as any modifiers

that may be present.

When testing polymer modiﬁe'd binders, obtain sample heating instructions from
the manufacturer of the material. Binders which have been heavily modified with
polymers can be expected to require handling at higher temperatures than
binders which have not been modified. The manufacturer should be able to.
provide temperétures to which the modified binder can be heated without
damaging the polymer modifier. Over heating can damage some polymer
additives. Destruction of the polymer additives may cause the binder to appeaf

much softer than it is when handled properly.

All binder samples should be thoroughly stirred prior to testing to ensure their
homogeneity. Particular care should be given to homogenizing polymer modified

binders as some polymers tend to settle in the sample container.

Original binder, as it is in the rapid aging portion of the aging curve, is affected
by heat aging more than PAV samples and should be heated only once. For
minimum variation in test results, the original material sample should only be

heated until the material is able to be stirred and poured.

The amount of time DSR samples stand in the silicon rubber molds should be as
short as possible fimited to one hour. By allowing these samples to remain in the
molds, steric hardening can occur. The rate at which steric hardening occurs
varies greatly from binder to binder and variations of steric hardening are difficult |

to quantify. Avoid steric hardening by limiting time before mounting.

21




10.

11.

12.

Warm the testing plates to testing temperature before setting the zero gap on the
DSR. Once the zero gap is set, changing temperature greatly alters the

dimensions causing a false gap reading.

Trin'i DSR samples with a heated trimming tool. The use of room temperature
trimming tools may cause some of the binder material to be pulled out from
between the test plates. Since the material around the perimeter of the sample
has the largest moment arm, it is the most sensitive portion of the sample.
Therefore, a deficient quantity of material on the outside perimeter of the plates

can cause a substantial error in the measured complex shear modulus.

Most DSR instrumentation has an offset between the temperature sensor and
the true sample temperature. - Each lab should be equipped to measure the
temperature between the DSR plates. This can be pei_'formed witﬁ either a
thermistor or a therchouple. With either temperature measuring system, the
measuring device needs periodic ‘calibration against a certified temperature

measuring device.

When calibrating the temperature of the Rotational Viscometer, the spindle
should be in the sample and the spindle should be rotating. This will help to
reduce the temperature gradients présent in the sample. Caution should be

used fo prevent the thermocouple from beco'ming entangled with the spindle.

Care should be taken observing the length of time binder is left in the Roliing

Thin Film Oven'. At this stage in aging, the binder ages easily and a few minutes
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- 14.

" can cause significant aging. This is the only piece of equipment which does not

have an automatic timing system. This requires the operator to pay particular
attention to the length of time the sample material is left in the oven. This can be
difficult as the' operator is usually bhsy performing some of the many other tests.

A simple kitchen timer may be used as a reminder.

BBR beams must be cooled sufficiently for ease in de-molding without deforming

the Abeam. lce baths should bé used whenever pbssible. The ice bath provides
a uniform between laboratory temperature for de-molding specimens. Some
binders may not become stiff enough in an ice bath for demolding and will need

to be placed in a freezer.

The aluminum BBR molds should be lined with plastic strips. The use of the

glycerin-talc mixture as a bond breaker over ail of the beam mold parts will cause

~ the BBR bath fluid to need frequent changes as the glycerin-talc mixture will

cloud the fluid. Even more important, uneven application of this mixture to the

heam molds will cause uneven beam cross-sections and affect test results.

15. The use of straight alcohol in the BBR bath if allowed by safety codes is the most

16.

desirable fluid to use in the bath. The ethylene glycol, methano! and water
mixture while not flammable is dense causing the beams to float in the BBR
bath. This makes temperature conditioning difficuit and increases the chances

the beams will be damaged while placing them in testing supports.

The use of glass cleaning ovens or ignition ovens to clean glassware is a huge

improvement over cleaning the glassware with soivents. Cleaning glassware
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17.

with this techni'que is not nearly as labor intensive as using solvents and there is
no chance of contaminating the next binder sample with traces of solvents. Also,

with the ovens there are no solvents which need to be disposed.

Over the course of the year, sevéra[ test sampleé should be sent out to
laboratories for testing. The intention of these samples is to allow the laboratory
the opportunity to test with as little pressure as possible. The goal is to allow the
labs to test the samples as closely as possible to their standard testing
technique. Most labs prepare quite differently for testing "pedestal samples”
such as the AMRL Proficiency samples than they do for routiné testing. By
having samples which are not held as "pedestal samples”, each lab would have
an opportunity to discoyer potential problems which they otherwise may not be
able to detect. This can best be done by having samples where the labs identity
is held in confidence and the lab's results are compared to a large pool of data.
This also allows the technicians to readily compare their results with those of
others. With this concept, there is no penalty for poor performance by labs and

yet it would be a very powerful fool to diagnose problems which could exist.
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18.

As the specifications continue to change and the equipment evolves to meet
these changes, a forum for the binder technicians to learn aboUt these changes
needs to be maintained. The workshop participants have noted the importance

and need for the workshops. The workshops allowed the participants to learn

" about upcoming changes to the specifications and equipment. The workshops

also allowed the participants fo voice their concerns about problems they have
with the specifications. The feedback from the technicians performing the testing
is very important. This provides information as to which areas of the

specification may require additional scrutiny:
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Response to N E ébnsortium Project Number 96-1

SUPERPAVE Implementation

New England, like the rest of the United States, has used viscosity at 60 degrees C or penetration at
25 degrees C as the prime factor in binder classification. This did not permit comparisons of the
-performance in thin films as found on aggregate or at low winter temperatures. The SHRP binder
tests provides data for such comparisons. As SHRP test data is not available for pavements more
‘than a few years old, selection of design,values for the new tests have been based on accelerated
testing or extrapolation of short term performance. Each using agency feels the need for the
immediate collection of actual field performance data to verify the predicted performance. Every
state can be expected to collect field data but several years will pass before any one state has a
statistically sound quantity of data. As conditions tend to be similar through out New England,
pooling data will make sound statistical analysis possible much sooner.

Area wide pooling of data must be carried out with great care to ensure that the results collected by
different agencies have the same significance. Past experience with the application of AASHTO and
ASTM test methods has shown that different interpretations of a test method can occur for years
after the method has been published. This results both from differences in laboratory equipment and |
personnel background. As the SHRP program implements both new techniques and equipment,
careful control of laboratory work is essential. Round robin testing can be used to both identify
problem points in procedures and to determine the degree of conformity of individual laboratories.

Organization for "SUPERPAVE" Implementation:

This project will be under the supervision of the CAP Lab staff. Jack E. Stephens, the director and
James Mahoney, the laboratory manager will assign time to the project. Dr. Nonman Garrick, the
Civil Engineering Department professor responsible for bituminous studies will assist on computer
applications. A coordinating committee with a representative from each New England state will
advise the project. Research assistants at the laboratory supplemented by student labor will provide
additional support time as needed. The Lab has the available SHRP binder and mix equipment in
" duplicate so that equipment down time should not interfere with testing schedules.

Task 1;: Establish a WEB site oxi the Internet

The University of Connecticut has a well established computer center with long experience in
networking. Students at the five branches have networked with the main campus computer center
for some 40 years. The Computer Center conducts short courses on WEB site establishment.

Should any difficulties be experienced in setting up a web site, the staff of the computer center and
of the Engineering Computer Science Program would be available for counsel. The WEB site will
be set up through the Transportation Institute. All cooperating laboratories will be expected to
forward their SHRP testing results to the CAP Lab. Material for the WEB site will be prepared by a
research assistant and reviewed by the CAP Lab director or manager before placement at the WEB
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site. Relative linking to other pertinent WEB sites will be included. An information sheet will be
supplied all potential users.

Task 2; Develop Round Robin Testing Program

As literally all asphalt testing is related to state usage, the advisors from the states will be able to
supply a list of the laboratories equipped for SHRP binder testing. The Director will approach all
laboratories and request support through cooperation in a Round Robin testing program. When a
sufficient number have joined, the CAP Lab director as a member of the Northeast Users Producers
Group will contact the northeast suppliers of P G grade asphalts to secure binders for Round Robin
testing. It is anticipated that some suppliers will also be Round Robin testers. AMRL methodology
and practices for collecting and distributing samples will be followed as applicable and to the extent

practical. The range of grades wﬂl be determined by the application of SuperPave methodology to
the New England area. _

Once testing commences, each laboratory will be asked to bi-monthly fax reports to the CAP Lab.

Data at the Web site concemning the Round Robin testing will be presented in statistical format and.
updated bi-monthly. As SHRP testing is new to most laboritories, the first Round Robin can be
expected to show substantial deviations. Using analyse of the data to aid in correcting short
comings, successive Round Robins should show progressively better uniformity between laboratories

Task 3: Observe Operatmn of SERP Binder Equipment at State Highway Agency
Laboratories.

The CAP Lab Director or Manager will visit each SHA laboratory and observe calibration, sample
preparation and test procedures for the Rotational Viscosimeter, Dynamic Shear Rheometer, Rolling
Thin Film Oven, Pressure Aging Vessel and Bending Beam Rheometer. Any non-specification
procedure observed will be noted as an aid in weighting test results and possibly reducing data
scatter. Procedure deviations that appear to improve the efficiency or accuracy of the test method
- will be noted and distributed to the other states by posting at the WEB site. Each laboratory visited

will receive’ a report of the observations at that laboratory. The labortory observations will
compliment the Round Robin testing.

Task 4: Other Activities that Will Aid the State Highway Agencies (SHA) Laboratories.

As The New England States adopt PG Grading, test results of locally available binders should
become available. The Stastes will be encouraged to send in routine test results for posting at the
WEB-Site. . Contact will be made with SHAs, binder producers, University laboratories and User
Producer Groups across the country and-the Federal Materials group requesting reports or other
information as to improvements found in techniques for carrying out SHRP testing that would make

for more efficient use of equipment, methods or personnel. Any procedures found worthy would be
posted at the WEB site.
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Task 5. Final Report

A final report will be prepared including sections of statistical results of the round robin testing,
effectiveness of the current SHRP test methods and a summary of non-specification procedures that
would improve efficiency or accuracy of testing. Any short comings found in procedures that affect
interlab comparisons of data will be noted and corrections suggested.

Schedule of Activities |

First priority will be given to the establishment of the advisory committee. The committes members
will be asked to brmg 1o the first meeting lists of laboratories and suppliers.

A WEB site for New England will be estabhshed on the Internet where results of P G Binder routine -
testing can be posted.

The CAP Lab will immediately contact area laboratories for support of a Round Robin Testihg
Program using AASHTO provisional methods with any variations agreed to by the advisory panel.

The Director will then approach the suppliers for commitments of materials.

Samples will be distributed to laboratories.

As testing progfesses, visits will be made to the labofatoﬁes for obsél;vaﬁon of testing,
. As available, testing results will be posted at the WEB site.

Throughout the project, contacts with other agencies will be made and any material concerning
SHRP festing improvements or changes posted at the WEB site.

A final statistical analyses will be made and results distributed

Progress reports will be submitted to the Consortlum quarterly, A ﬁnal report will summarize the
work.
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- Work Schedule

Establish Project Committes

Committee Meetings

Task #1
Establish & Update WEB-Site
PG Binder Test Results

Task #2
-Contact AMRL for Round
Robhin Procedures

Contact Binder Supplisrs to
Collect Round Robin Samplss

Arrange with Lahs for Round
Robin Participation and
Distribute Samples

Feceive and Analyse data

Update Round Robin at WEB-Site

Task #3
OUbserve Testing at Labs

Post at WEB-Site promising
Procedure-technigue variations

Task #4
Contact non-New England Labs
snd others for Developements

Post Developements at WEB-Site

Task #5
Quarterly Reports

B

Final Report
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PG Binder Test Results

Task #2
Contact AMRL for Round
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Zrrange with Labs for Round
Robin Participation and
Distribute Samples

Receive and Analyse data

Update Round Robin at WEB-Site

Task #3 )
Observe Testing at Labs

Post at WEB promising
Procedurestechnique variations

Task #4
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Task #%5
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Professional Societies:
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University of Conn. Engineering Alunmi Zward, 1986:
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Professional Societies:
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Transportation Institute 1974-88;
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1098 NORTHEAST DSR-BBR ROUND ROBIN
A JOINT EFFORT BETWEEN: |

North East Center for Excellence for Pavement Technology |
Regional Pooled Fund Study Work Order 18, Task R3

New England Transportation Consbrtium |
Superpave implementation Project 96-1
Connecticut Advanced Pavement Laboratory

Workshops at both Penn State and UConn. .
Preliminary statistics and slides by CAP Lab

Round Robin distribution carried out jointly
Statistical Analysis by NECEPT
Draft Report prepared by NECEPT, assisted by CAP Lab
. Personnel: D. A. Anderson
J. Mahoney

M. O. Marasteanu
J. Stephens

Final Report expected by late summer.

DRAFT

Appendix II




10.

11.

12.

TABLE OF CONTENTS

Page
INTRODUCTION ...t cvivevrerieerenesesessessesesssiasessessisssiesssissssesssssensasstossatassessssssesnsssessassasssssssasssserssansones 1
BaCKGIOUNA ..ot s bt ssnsnen st asnves e s et 1
Scope of this REPOIT ... s s 2
MATERIALS AND TESTING PROGRAM ......cccovimiirccrriectnnctesiessnens Heerereererireeserscnsnensnearen 3
L B 0SS o L OO OTORUOT etrtneennreeerne 3
TESEINGE PROZTA c.evevveverreresrreeesresiessamsenseessssnssssssssssassssmsssss e s sasessesessssass ssesessesaessassesassssnsnsaisesensssares 3
TSt RESUIS wonvcrinicitirimssinnsi s s d
STATISTICAL ANALYSIS cvvenssenirsiissisnsiscssisisinans ettt et e a e b sn e ta e r bt 5
CONCLUSIONS AND RECOMMENDATIONS......conuisvviemrvcssmserssasmmnsssssossinssssesssssonessesssessessss 19
REFERENCES............ S L4444 42484144 R AR AR AR AR AR Rt R AR esram s 21
APPENDIX A Round Robin ANNOUNCEIMIEI 1.11vevvviresrenessevsasnssassssssrsasrasessosssssrssssrsesssssorsesseensesnses 23
APPENDIX B Testing Program......c.oocvvnnnnninscsnninnes wreerrasnraee st e s eaaans st 25
APPENDIX C Round Robin Test RESUIS.....c....ovvveerrssssersssssssessns SO w31
APPENDIX D Plots of Round Robint Test RESUIS ..eocervrevrserscereesesssrsssesssmessrseseessmesnres 55
APPENDIX E Slides Used in Dr. Jack Stephens’ Presentation........uevicniiniencinn. 91
APPENDIX F Statistical Analysis Details.......coviirintincnmmmiiini s sessssesess 101

Appendix i

vi




Figure D1.
Figure D2.
Figure D3.
Figure D4,.
Figure D3.
Figure D6.
Figure D7.
Figure D8,

Figure D9.

Figure D10.
Figure D11.
Figure D12.
Figure D13.
Figure D14.
Figure D15.
Figure D16.
Figure D17.
Figure D18.
Figure D19.
Figure D20.
Figure D21.
Figure D22.
Figure D23.

Figure D24.

LIST OF FIGURES

Page
Rotational viscosity data for unaged PSUL and PSU4 at 135°Cmninccninnsisisissssinssnnss 56
Rotational viscosity data for unag;ad PSU1 aNd PSUA 8t 165°Ccrumuvsumimmmmesermisensssssssssssesseesenes 57
Rotational viscosity data for unaged PSU2 and PSU3 at 135%Cniiirsvrersnsersrisseorsesnassssisnssans 58
Rotational viscosity data for ur;aged PSU2 and PSU3 at 165°C cuuureusuninisesssssssssessmsssssessrenns 59
G* data for unaged PSU1 and PSUA at T0°C.vvrvemrcvssmmsrssssssssssssssss B 60
G* data for unaged PSU1 apd PSU4A 8 T6%Curiririireererressssesssmmssssissssatsnsspasssssesssstsnsbasiessnsass 61
G* data for unaged PSU2 and PSU3 at 64°C....ninimmmmmcimnimimissiimi e 62
G* data for unaged PSU2 and PSU3 at 70°C...cvcniviinmininneniranne e 63
G* data for RTFOT PSUI and PSU4 at 70°C .cvvviimiiiinnenmssiimsaien s 64
G* data for RTFOT PSUT and PSU4 at 76°C ccvvvvrummmmmmmrssmsssscsssisssssassssssssmasmanmssssssisssssss e 65
G* data for RTFOT PSU2 and PSU3 at 64°C ...covvmimirimeimmsesinmeinnsionsnssasssen s 66
G* data for RTFOT PSUZ and PSU3 at 70°C ....cvuvrireesenmsmmonmmmmnmnmisn s 67
Stiffness data for PAV PSUL and PSU4 at -12°C.ciin s 68
m-value data for PAV PSU1 and PSU4 at -12°C............. IR 69
Stiffnoss data for PAV PSU2 and PSU3 8t -12°C uerrreenecesmmrsssmsesimmssssssssssssssssssssessees 70
m-value data for PAV PSU2 and PSU3 at =12°C...ciicersre s |
Stiffness data for PAV PSU1 and PSU4 at -18°C..c.cuvcniniinmniiiiin 72
mvalue data for PAV PSUL and PSUA 8t -187C...ooeervomsiomsrmmsimmrmnsssissssssssssns s 73
Stiffness data for PAV PSU2 and PSU3 at -18°C............. ereseeieerabte e s SRt e R e e renans 74
m-valie data for PAV PSU2 and PSU3 at -18°C..veiiiiiinmiiissiie: 75
Stiffness data for pre-PAV 1 and 4 at -18%C.vcicniincs e 76
m-value data for pre-PAV 1 and 4 at ~18°C...ciirnnciissssirssaniisssirsin 77
Stiffness data for pre-PAV 2 and 3 at -18°C ..cuuereoessnrmmmsmsesissssssstsssesninisssenssss 78
m-value data for pre-PAV 2 and 3 at -1 B0 o eesstesssessesseee s s s e smanas s bes Rt 79

vii




Figure D25.

Figure D26. Strain sweeps pﬁase angle data for unaged PSUT .....cceocorecrremnernenssinsesnscsesrssssssssssnsessans 81
Figure D27. Strain sweeps G* data for unaged PSUZ......cooiviniiininnnnnnnne e e s sere e e 82
Figure D28. Strain sweeps phase angle dat:;,l for unaged PSUZ ... cnnreciscenennesseseenscsssssse s 83
Figure D29. Strain sweeps G* data for unaged PSU3....cocorveevvemrenen. S e 84
Figure D30. Strain sweeps phase angle aata for unaged PSU3 ... resa s s rnt e 85
Figure D31. Strain sweeps G* data for unaged PSU4.......comecrrc st DR 86
Figure D32. Strain sweeps phase angle data for unaged PSU4.........cueevsvsenerssismsmsesssrssssmsssssssssmssseneons 87
Figure D33, Complex viscosity data for the reference fluid at 64°C .........oceuueee. et st geress O8
Figﬁre D34. Complex viscosity data for the reference fluid at 76°C ... ;...89
Figure D35. Complex viscosity versus capillary viscosity for the reference fluid at 64°C..........cconer000.. 90

Appendix [l

Strain sweeps G* data for unaged PSUT ot nsenissscsiessssenenens 80

viii




LIST OF TABLES

Page

Table 3.1. Variance components and correspdnding coefficients of variation
- obtained in the TOUNA TOBIM.....ieeririeririrererssesisstsstsrsrerssssmar st arees s sessssasrsbs s tra ot st s srens 9
Table 3.2. Summary of D18 and D28 values obtained in the round TOBIN 1 vrioveree e ceermee s 12
‘Table 3.3. Outliers omitted in the statistical analysis performed in the round TODIML 1evrvenerirrerseereneneennens 13
Table C.1. Rotational viscosity QAR s eeess e seesresssssesseentrsasbrs s s e e e rn e s br bR RS R ARt b s ere 3 2
Table C.2. G* test results for the unaged asphalt binder sAMPIEs. oveivvrcrnrmcciiin — 33
Table C.3. Phase angle test results for the unaged asphalt binder samples. ... 34
Table C.4. G* test results for the RTFOT asphalt binder samples. ... SO 35
Table C.5. Phase angle test results for the RTFOT asphalt binder samples. ......covceinniirennnn 36
Table C.6. Stiffness test results at -12°C for the PAV asphalt binder samples. ... mmmmmimmmnseniens 37
_ Table C.7. m-value test results at -12°C for the PAV asphalt binder samples. ..., .39
Table C.8. Stiffness test results at -18°C for the PAV asphalt binder samples. .....oovevricnininininnns 41
Table C.9. m-value test results at -18°C for the PAYV asphalt binder samples. .......ccoeimiemiiin. 43
Table C.10. Stiffuess test results at -18°C for the pre-PAV asphalt binder samples.......ocovvcnnccisineirinennn 45
Table C.11. m-value test resuits at -18°C for the pre;PAV asphalt binder samples.......ccovoinienisnnnennnne 47
Table C.12. Complex viscosity test results for the reference flid.. .. 49
Table C.13. G* strain sweeps test results for the unaged asphalt binder samples.....ccuceriniiisiniirinen. 50

Table C.14. Phase angle strain sweeps test results for the unaged asphalt binder samples.....cccoccriniinnn 32

ix




Appendix II




1. INTRODUCTION

Background

In 1996 a round robin was held in the Northeast to evaluate the repeatability and reproducibility of
| dynamic shear rheometer (DSR) measurements. This round robin is described in detail elsewhere. ° From
this round robin it was concluded that both the repeatability and reproducibility for the DSR were
unsatisfactory for specification purposes, regardless of the manufacturer, and that improvements in both

the repeatability and reproducibility of the DSR measurements were needed. M

Rather than simply conduct a second round robin as a follow-up to the first round robin, it was
decided that an effort should be made to identify current testing practice and to improve, if possible, that
practice. Therefore, prior to a second round robin, two Binder Technician 'Workshops were held in January
of 1998, one at the CAP Lab at the University of Connecticut and one at NECEPT at Penn State
University. At these binder technician workshops the techniques and procedures used by the laboratories in
the northeast were reviewed. A detailed descriptionr of the two two Binder Technician Workshops is given

elsewhere. @

Following the two workshops samples where sent to the workshop participants as part of the
second round robin (see Appendix A for round robin announcement). The main objective of this round
robin was to provide support for NECEPT work plan R-6 that addresses binder QC/QA issues. As a
consequence, the round robin included specification testing for both DSR and BBR, RTFOT aging
followed by PAV aging, as well as tests on the DSR reference fluid, DSR strain sweeps, and rotational

viscometer testing.

Twenty laboratories, including state agencies, asphalt binder suppliers, and private laboratories
participated in this round robin. A number of the participants were not able to send a complete set of
information due to equipment limitations and to busy schedules. Nevertheless, the statistical procedure

used with the test data allowed for a robust analysis of the resuls.
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David Anderson, Mihai Marasteanu, and Charles Antle developed the testing schedule and the
instructions sent to the round robin participants. Mihai Marasteanu was responsible for creating the Excel
files sent to the participants for data input. Mihai Marasteanu and Jim Mahoney were responsibie for
organizing the round robin data for further analysis. Charles Antle, Mihai Marasteanu, and David
Anderson were responsible for the statistical analysis. Jack Stephens and Mihai Marasteanu made

presentations on the round robin results at the workshops held at NECEPT and CAP Lab in January 1999.
Scope of This Report

This report documents the development and the results of the second round robin held in the northeast in.

spring-summer 1998. Specifically, this report includes:

I Instructions and testing schedule sent to participants.

2. Test results.
‘3. A commentary of the test résults and the statistical analysis ot; the round robin results.
4. Conclusions and recoﬁmendations. - |

The chapters that follow present these topics in detail. Supporting information is contained in the

appendices to this report.
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2. MATERIALS AND TESTING PROGRAM -

As mentioned in the previous chapter, the main objective of this round robin was to provide
support for NECEPT work plan R-6 that addresses binder QC/QA issues. As a consequence, the round
robin included specification testing for both DSR and BBR, RTFOT aging followed by PAV aging, as well

as tests on the DSR reference fluid, DSR strain sweeps, and rotational viscometer testing.
Materials

Two sets of asphalt binders were sent to the participants. The first set contained four asphalt
binder samples in the unaged condition. The four samples were labeled PSUI, PSU2, PSU3, and PSU4.
However, PSU1 was identical with PSU4 and PSU2 was identical with PSU3. The asphalt binder in the
PSU?2 and PSU3 samples was a plain PG 64 — 22, while the asphalt binder in the PSUI1 and PSU4 samples
was a modified PG 70 — 22. Each participant received enough material to be able to perform a complete
MP1 set of tests.

The second set contained four asphalt binders that have been previously aged in the PAV at the
CAPLab facility. The four samples were labeled 1,2, 3, 4, but similar to the previous set, samples 1 and 4
were identical and samples 2 and 3 were identical. These samples were used only for BBR testing at —
18°C. '

Testing Program

The testing program included specification testing for DSR including strain sweeps, BBR testing,
tests on the DSR reference ﬂuid,r and rotational viscometer testing. The 8-mm paraliel plate testing was not
included in the round robin. They will be soon replaced with the 12-mm plates and therefore there was no
benefit to include additional testing in the round robin. A detailed description of the testing program is.
given in Appendix B. No other special testing instructions were given; it was assumed that each laboratory

"was familiar with and used the current AASHTO test methods.
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Test Results

Each of the participating laboratories received, in addition to the samples to be tested and the
testing ﬁrogram, a floppy disk with specially formatted Excel files to input the test results. This approach
simplified considerably the handling of the large volume of data received frorﬁ the participants. The test
results from the participating Iaboratofies are tabulated in Appendix C, The identification of the
participants was coded and each participant received only their own individual code number. Plots of the

test results are given in Appeh-dix D. Additional interpretation of the test resuits is given in Dr. Jack
| Stephens’ presentation displayed in Appendix E. The tabulated data was further used to calculate the
variability within and between laboratories. A detailed descri;ﬁion of the s_tatisticél analysis performed in

this study is provided in the next chapter.

Appendix II ' Page -4-




3. STATISTICAL ANALYSIS

The testing program described in chapter 2 consisted of several scparate experiments performed on

each of the materials sent to the participants. Each of these experiments were by design nested

experiments. The analyses of the resulting data from these experiments were performed using the Nested

Procedure in the SAS statistical package. The SAS procedure provided estimates for the appropriate

variance components that were the basis for the evaluation of the sources of variation which occur with

each of the measurement processes. This approach is detailed in the subsequent paragraphs.

Two models were used for the analysis of variance. The first model was used with the data

obtained on the asphalt binder samples for which aging was not required:.

where

Y(ij)

LAB()

ERR(i.})

Y(ij,) = n + LAB() + ERR(j,) | M

the Y value measured by laboratofy i using sample j

. is the overall mean for Y(i,))

the laboratory effect for laboratory i in the study. This is the laboratory bias at
laboratory i under the conditions that were present when these measurements were
made. This bias may well depend upon conditions as well as materials; Thus, a
separate analysis was done for each material. The LAB(]) effects (bias) are
assumed to be normal random variables from some population with mean of zero
and variance of VAR(LAB). The VAR(LAB) or the coefficient of variation due
to the Lab, CV(Lab), is needed to establish a bias statement.

the final error component in the measured values and it is often called the
experimental error. It is better described as the within laboratory measurement
error. It is assumed to be from a normal population with mean of zero and
variance of VAR(ERR) with corresponding coefficient of variation of CV(ERR).
The CV(ERR) is fora Single measured value of a given item. The standard
de\;iation, which is equal to the sqﬁare root of the VAR(ERR), is the within

laboratory D18, an estimate of the "repeatability” used in the precision and bias
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statement.

The second model was used with the data obtained on the asphalt binder samples for which aging

was required:
G*ij,k) = i + LAB() + AGING(i,j) + ERR(ij k) 7))
where _ _ _ _
Y(ij.k) .= the Y value at LAB i using material from AGING run j (at LAB i) with sample k
‘ - (from AGING run j in LAB )
n .= n is the overall mean for Y(i,j, k)
LAB(i) = same as in the first model -

AGING(,)) = is the effect of run j of AGING at laboratory i and is assumed to aiéo be a normal
random variable with mean of zero and variance of VAR(AGING) with
corresponding coefficient of variation of CV(AGING). The CV(AGING) or
coefficient of variation due to replicate aging runs is needed in order to establish a

| precision and bias statement.

ERR(1,j,k) = same as in the first model.

A surhmary of the estimated variance components obtained by applying the two models described
above to the test data is given in table 3.1, Detailed descriptions of each of the analysis of variance
performed in this 's,tudy are given in Appendix F. Table 3.1 also includes the corresponding coefficients of
variation for the variance components, which are needed to make judgements and recommendations. 'fhe
coefficients of variation were calculated as a percentage of the overall mean for the measurement of
interest. Some important observations can be made based on the results_ summarized in table 3.1. For the
DSR based specification, G* dictates the amount of variation observed in G*/sin8. The phase angie 3 has
a very small coefficient of variation, typically less than 0.5%, and has almost no influence on the variability
of the specification values. An interesting trend is noticed in the DSR results on the aged materials. For
asphalt binders PSU1 and PSU4 (identical) the coefficients of variation due to laboratory effects, at both
test temperatures, were lower than the coefficients of variation due to aging. The opposite situation is
noticed for PSU2 and PSU3 (identical) for which the aging effects are lower than the laboratory effects.
This trend is not noticed in the BBR data. However, the BBR stiffness data on PAV-aged materials
revealed a different trend. . At the higher test temperatures, characterized by smaller stiffness values, the

laboratory effects are significantly lower than the laboratory effects at the lower temperatureé characterized
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by higher stiffness values. This observation is-valid for both PSU1&PSU4 and PSU2&PSU3. For the pre-
PAYV materials the laboratory coefficients of variation were similar with the coefficients of variation for the
PAYV materials at the lower tempefature. This suggests that the aging process, including both RTFOT and

PAV, is very repeatable from one laboratory to another.

The coefficients of variation that correspond to the appropriate sources of variation provide the
basis for the estimation of the D1S and D28 for both the within laboratory (repeatébility) and between
laboratories (reproducibility) sources of variability. In all cases the within laboratory D18 is simply the
within laboratory standard deviation, or if a percentage D18 is desired, it is the error coefficient of
variation CV(ERR). This represents the best estimate of the standard deviation for the repeated
measurements on a given material at a given laboratory. If we have two such measured values for the same'
material at a given laboratory, then the difference of the two measured values will be a fandom variable
with mean zero and a standard deviation of 1.414 DIS. It follows that this difference in absolute value
should be less than 2.8 D18, with a probability of 95%. This value of 2.8D1S represents the within
laboratory D2S value. - . | | '.

The measures for the reproducibility, i.e., the between Iaboratories D18 and D28 are not so simply
defined. The D18 in this case is the standard deviation of a random measurement of a given material if we
choose a laboratory at random, then choose an AGING run at random (if any aging is included), then |
perform the measurement on the sample. This entire process is to be repeated so that the set of éuch values
will have different laboratory effects, different AGING effects (if aging is rcquired),. and different
measurement effects. This standard deviation is a good indicator of the variation to be expected when
measured values are obtained from various laboratories. If two identical materials are sent to two different
laboratories, and each of these then age the samples and then measure a property of interest, the difference
in these two measurements should be less than 2.8D1S, with a probability of 95%. This value of 2.8D1S
represents the between laboratories D28 value. A summary of the D18 and D28 values obtained in this

study are given in table 3.2,

Tt should be mentioned here that the data from some laboratories were deleted from the analyses
when it became clear that their inclusion would have distorted the results in an unrea_sonabie manner.
Engineering judgement and consideration of means and standard deviations were used to select the outliers
that were omitted in the statistical calculations. All such omissions were noted in the extensive statistical
analyses presented in Appendix F. A summary of the laboratories that have data removed as outliers is

given in table 3.3. Please note that in the case of the DSR test data if one laboratory had its G* results
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removed as outliers its G*/sind results would be also removed as outliers. Discussions with the affected
laboratories made it clear that the data in these cases were not at all representative of their ability to carry
out these tests in the future. These extremes do, however, add to the evidence that there must be some
means for each laboratory to evaluate their own performance carefully in the future, with or without the aid

of outside help.

One of the means available for monitoring performance on the DSR 25-mm parallel plate testing is
Cannon Instrument Company viscosity standard (reference fluid) N27000008P. The fluid, a polybutene, is
considered to be Newtonian at 52°C and above, and as a consequence the viscosity written on the bottle is
approximateiy equal to the complex modulus G* divided by the measurement frequency in radians per
second, n = [G*//w. The fluid is linear over a wide range of strains and is significantly less temperature-
dependent than asphalt binders. This makes the fluid a good tool for verifying the calibration of a

rheometer, provided that the temperature measuring system of the rheometer is first properly calibrated.

In this round robin, the reference fluid was tested at two temperatures, 64°C and 76°C, using a
combination of two strain levels, 1% and 10%, and two frequencies, 1rad/s and 10rad/s. Each test wﬁs
replicated once. The results are summarized in figures 3.1 and 3.2 in Appendix D.- The statistical analysis
. performed on the reference fluid data indicated that at both test temperatures laboi‘atory, replicate,
frequency, and strain leve! had si.gniﬁcant effects on the reference fluid data. The effects were strénger for
laboratory, replicate and frequency, which were characterized by p-values of 0.0001, than the strain effect
characterized by a p-value of 0.05. However, this conclusion should be interpreted with caution as only 5
laboratories sent complete iﬁformation for the reference fluid testing. In addition, due to the limited
amount of test data available no outliers were eliminated from the set of data. Figure 3.3 in Appendix D'
shows the percent differences of the results from the viscosity value bf 264.5 Pa.s at 64°C. No reference

fluid viscosity value is given on the bottle for 76°C.

The strain sweeps performed in this round robin did not indicate any significant strain dependency
for the complex modulus and the phase angle. The results did indicate however increased levels of testing
noise, especially in the phase angle data. The noise is associated with the performance of the equipment
rather than tested material properties. The strain sweeps test results are displayed in graphic format in

Appendix D.
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4. CONCLUSIONS AND RECOMMENDATIONS

The round robin held in the northeast in 1998 provided an extensive set of data that was
statistically analyzed to identify and quantify the sources of variability in the testing of asphalt binders.
The experimental design of the round robin made possible the analysis of the contributions of both RTFOT

and PAV aging process in addition to the laboratory effects and the effects of the final measuring process. -

The magnitude of the various -sburces of variability and of the resulting D1S and D2S were
summarized in chapter 3, A detailed description of the statistical analysis performed is given in Appendix
F. A few important comments should be made here. All the components of variance have been estimated
with a very large degree of accuracy as evidenced by their large degrees of freedom. This is due to the
pooling of this information over the laboratories. That is why particular care was taken to exclude ail the
unreasonable outliers in the data set so that this pooling would not be affected by the inclusion of bad data
points. The laboratory component was estimated with the least accuracy. This is a characteristic of round

robin studies in general.

In this study, different ésphalt binders were tésted at different temperatures. It was very fortunate
that when the components of variance were evaluated for different temperatures or different materials it
was found that the corresponding coefficients of variance remained quite stable. This is important because
- the data can be further pooled to provide increased accuracy in the estimation of the components needed in

the development and evaluation of QA/QC plans.

The study also indicated that more research is needed to further investigate some of the issues
addressed in this study. One issue is the increased laboratory variance component observed in BBR tests
where higher stiffness values are measured. Another issue is the effect of frequency and strain level on the
reference fluid viscosity measured with the DSR equipment. The statistical analysis indicated that both
were significant, but the set of data was very limited due to the reduced number of laboratories that sent

. data. The testing program proposed in this study should be repeated in order to obtain a complete set of

data that would validate if strain level and frequency have a significant effect on the measured reference

fluid viscosity.
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ey ~ CAPLab
5o “ |

o3 Connecticut Advanced Pavements laboratory
~5

NEGEPT 'NEAU/PG

Northeast Asphalt User/Producer Group

ROUND ROBIN ANNOUNCEMENT

April 8, 1998

You are invited to participate in a round robin organized by NECEPT and the Connecticut Advanced
Pavements Laboratory (CAPLab). The round robin is a follow up of the two DSR/BBR Test Procedure
Workshops held in January. You will find enclosed the asphalt binders to be tested in the round robin

the testing instructions and a floppy disk containing an Excel 5.0 file to input the test resuits. If you
have any questlons please contact

Mihai Marasteanu
NECEPT
201 Research Office Building
The Pennsylvania Transportation institute

University Park, PA 16802
Tel. No. (814) 863-8010
FAX No. (814)865-3039
e-mail. mom1@psu.edu

After you finish all your testing, enter the test results in the Excel file contained in the provided floppy

disk and return the disk {o the above address. We expect to receive the floppy dISk with your results
between May 15" and May 31, 1998.

Thank you for your participation.
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ROUND ROBIN TESTING PROGRAM SENT TO PARTICIPANTS
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1. MATERIALS AND TESTING SCHEDULE

1.1. Reference Fluid

The reference fluid (viscosity fluid) is not supplied with the samples shipped to you. It must
be purchased separately from Canon Instrument. The part number for the viscosity standard
is: N2700000SP. Canon can be reached at Canon Instrument Company, PO Box 16, State
College, PA 16804, Tel: (814) 353-8000, Fax.: (814) 353-8007. When ordering the
material, ask for a 55ml container. The fluid should come with a calibration at 64°C (other
- temperatures, such as 58 and 70°C may be included but they are not needed in this work.) A
small amount of viscosity fluid will last for a considerable amount of time and there is a
definite expiration date for the fluid. It should not be used beyond the expiration date.

The objective in using the reference fluid s to test at two temperatures, two frequencies, and
two strain levels. Because different models and brands of rheometers vary in their sensitivity
it is difficult to recommend a common set of test conditions. Try to use the following
schedule: o ' '

¢ Mount the reference fluid between the 25-mm plates with the usual sample bulge and
start the testing at 64°C and 1 rad/s (if you cannot set your machine for 1.0 rad/s skip to
10 rad/s.) '

e Increase the stress or strain until you are in the lower limit of the range of stress or strain
_that can be reliably measured by the instrument. At this point the strain will likely be 0.5
to 2 percent. This will be your “low strain” measurement.

« Increase the stress or strain by a factor of 10 - 20 and obtain a second reading. This will
be your “high strain” measurement.

¢  With the same sample, increase the frequency to 10 rad/s and repeat the above.
» With the same sample, increase the temperature to 76°C and repeat the steps above.

The fluid is very linear in the 64 to 82°C range. You can vary your strain values from 0.5 to
60 percent when making measurements but also stay within the capabilities of you
instrument. Not all instruments can cover this range of strain values when testing the fluid.

If you want to validate the calibration of your rtheometer, your measured G* value in Pa (at
10 rad/s and 64°C) should be equal to ten times the 64°C viscosity value in Pa-s (printed on
the bottle). If the two values disagree by more than 3 to 4 percent the calibration of your DSR
may be suspect.
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1.2. Asphalt Binders for BBR Testing —No Aging Required

You will feceive four, three ounce cans of material for BBR testing. They are labeled as 1, 2,
3, and 4. The testing required is shown in Figure 1. Each can contains sufficient material for
preparing a set of two or three test beams. From each can, prepare one set of beams for
testing at —18°C. The beams should be poured simultaneously, not at different points in time.
If you prepare a set of three beams, report the values from the first two beams tested. Do not
test three beams and selectively report the data from two of the beams. Use the third beam in
the set only in the event that one of the first two beams break or is otherwise destroyed
during the testing operation. If possible, measure the thickness of the two mold end inserts
used to cast each beam and enter the average of the two measurements as the thickness of the
sample in the BBR software. - :

1.3. Asphalt Binders for Aging ~ RTFOT and PAV Aging Required

The asphalt binders in the one-quart cans labeled PSU 1 through PSU 4 are for RTFOT aging
followed by PAV aging. A flow diagram describing the aging and testing sequence for the
asphalt binders in the cans labeled PSU | through PSU 4 is shown in the attached figure.
The material is to be aged in the RTFOT (use all 8 bottles and mix them together before
pouring the material for the PAV and the DSR testing; mass loss is not required in this
experiment) followed by aging in the PAV. Use a separate PAV runs for the material in each
of the four cans. This will require four separate PAV runs. The schedule of testing for
samples PSU1 through PSU4 is as follows:

o Tank material - one viécosity test. Test the tank material in the rotational viscometer at
135°C and 165°C by increasing the temperature from 135°C to 165°C. :

o Tank material - two DSR tests using the 25-mm plate. This means mounting two separate
samples in the DSR. The two samples may be tested immediately one after the other.

o Tank material - one strain sweep. Once the grading temperature has been determined, if
your equipment permits, conduct strain sweeps on a sample from each can, PSU1 through
PSU4. See Section 1.3.1 for additional directions.

e RTFOT residue - two DSR tests using the 25-mm plate. Again, this means mounting two
separate samples in the DSR. The two samples may be tested immediately one after the
other. -

e PAV residue - two BBR beams at -12°C and two BBR beams at -18°C.

* Note: This round robin does not include any testing with the 8mm DSR plate.
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The above testing schedule must be repeated for each of the four cans, PSU1 through PS4.
Use 70°C as the starting temperature for PSU1 and PSU4. Use 64°C as the starting
temperature for PSU2 and PSU3.

1.3.1. Strain Sweeps

The current version of the AASHTO specification requires strain sweeps (AASHTO
Designation: TP5-93, Edition 1C, June 1997). Specific instructions for determining strain
sweeps are given in the specification. The strain sweep must be conducted on a newly
mounted sample at the grading temperature.

For the purposes of this round robin, conduct one strain sweep (four sweeps in total) on the
unaged material from cans PSUI through PSU 4. The strain sweep is conducted at the
grading temperature. A copy of the Annex to the specification that describes how strain
sweeps are to be measured is attached. If you do not know how to do a strain sweep please
contact your rheometer manufacturer. You may need new software in order to conduct the
strain sweep. If you are unable to conduct strain sweeps proceed with the other testmg and
omit the strain sweeps. : : :

2. REPORTING OF DATA

A 3.5 in floppy disk is included with this instruction sheet or with the test samples. The
floppy disk includes an Excel spreadsheet file for entering the data. The worksheets within
the file have been protected so that you do not have to worry about changing the format.
Please enter the data as directed on the spreadsheet. The floppy is to be returned to the
address printed on the floppy. Do not try to reformat the file. If the file format does not fit
the data, call Jim at 860-486-5956 (UConn) or Mihai at 814-863-8010 (NECEPT).

In general, all data shoulld be regorted to three significant digits, e.g. 64.1°C, 981, 0.000675,

ete. The only exception is the R” for the BBR, which should be entered as per the data sheet
for your BBR. . _ _
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~ Setofbeams al-18C

Set of beams at-18C

- Setof beams at-18 C

Set of beams at-18C

Testat 135and 165 C

Testal64,70C

Can No. PSU1 i P RTFOT Separate PAV Run  +—
. £ l . A
Rotational Visc. | 2DSR samples: 2 DSR samples: 1sctof beamsat -12 C
Testal 135and 165C Testat70,76 C Testat70,76 C 1sefofbeams at-18 C
Can No. PSU2 ' »  RTFOT Separate PAV Run  }—
l l 4
Rotational Visc. 2 DSR samples: 2 DSR samples: 1selofbeams at <12 C

Testat64, 70 C

1selof beams at-18 C

Can No, PSU3 '— P RTFOT Separate PAV Run
. £ 1 k4 A 2
Rotational Visc. ~ 2DSRsamples: 2 D8R samples: -1 setof beams at -12 C
Testat 135 and 165 C Testa{84,70C Testal64,70C 1 set of beams at- 18 C
Can No. PSU4 ' - P RTFOT Separate PAV Run
l l : v h 4
Rotational Visc. - 2 DSR samples: 2 DSR samples: 1 setofbeams at -12 C
Testat 135and 165C . Testat70,76 C Testat70,76 C ~1set of beams at-18 C

Note: In the above, 2 DSR samples” means to mount two separate samples in DSR and test one after other. A
“set of beams” mesans two BBR beams molded at same fime and tested one after the other.
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, APPENDIX C
'ROUND ROBIN TEST RESULTS

Page - 31 -




GOk

Gel YNSd
SoL

GEL £Nsd
g9l

SEl ZNsd
sal
gel NSd

Do
dwa] 189 |-ou uen

"ejep AJ1s00SIA [eUOnEICY 1D 9[qEl

Appendix Il



57 1 coL ] 0oL ] 608 | v00L ] OLL | 686 | 8LL | GOL | 62L ] 299 501 col | ZIZ ] ot8 | €€L | 518 ol
gzl GESL o9zt | #2) | tovL L it | ozer secl | sivt | osel srvi | sog) | SLvL 0L
162 19T vo | 2
161 2e8 oe | o5z | 1oz | s6L | €52 26 | 2L 80/ cos | 6L | 622 ol
voos | veer | sovs [ zzst [ 1ser | ozvt | zae | zovt | 61wl [ozel [eets [osol |ozel | 9sel | 2spl | eiel foevl | 25€l [ SOV 0L
562 L9¥Z vo - | 1 | ¥nsd
ey _ Tve ‘ oL
169 | 902 gz9 | 1ze | oos |vvoL | ooz | £29 | 6o | Ze9 ol9 | 9z. | g0z oz | 229 | z89 oL
Lyl cov) | 288L 0sst | g1z | e1pl | zest | ospL g6es | vovl | oevi | o890 | 2oyl | sovt [ sipt vo |z
62y 6ve oL
12l s69 | ses ooe | 152 | ge9 | 189 | 069 | zoz | 829 | €5z | ooz g0 | 129 | 19 0L
6wl | ezvl yors | osol [osiy |15t 11wt [oovt |ovvl [voey [ossr [y |6 |bivy osyy |6eps | Lev) | 2681 vo | 1 | ensd
oy gce oL
czs | oo | czo | sze | eeL | vvo | 106 | 9z2 | vo9 | ze9 | es9 oco | svz | 1eo | 59 | ozo | 89 | S99 oL
zevl | 18l 016z | g98) | ssvi | zovt | osel zoct | sevl | esel oev) | veel | veel vo | ¢
oL8 | oL
£08 | enL oco | ocz | 969 | Lo | 589 629 | 1o | gzL | 169 229 | avo | vi9 oL
osou | vewt | sevt Vezzy L asst | oszz | oswl | tovi [ eves {oeve | vrer | ssel | ozel | ezel [ eser | cost joev) | osel Loovt vo |1 | znsd
3oL | 16L | 62 | VLL | 088 | \vL | ¥96 | 0b8 | 8L | ¥2L | vL9 589 092 | 5L | 28L | 299 | esZ ol
sevl povl zoel | eLsi | zipL | 6svl | 0821 ozzi | zvel | zevs izvt | 92zt | eel ol
229z 66+ va | z
89/ 5Ll 169 | soz | ozz | ce8 | oz2 o6 | 269 252 222 | 629 | vaL o/
szt | uiws L oser Losvy [ ez {6621 | 1agt | 1owt | cag1 | ooer | zezt | ozal | eozt | vevs | vop1 | SoEl | vivl [ 6220 | LIvL oL
7192 092 vo | 1 | 1nsd
, De
oz |6t [ s |2t o st |w | o duigy |
mwlolslelzs]leotsirles)z]t o | vl a
_ Lobiel doy|ajdwes |

‘sojdures 1opuiq Jeydse podeun oy3 10§ SHUSSL 3593 O 7D QqeL



DLL | 6L { LAL [ L9L | 8L |\ VAL QLL | 9LL 12740 |88 | 98L gLL SLL|LBLCBL Y OLLYSLL 9l
26l 0'0L CGL[EVL]9GL| VOl | L9l GGl | 86L | 26. L'9L | 09l | 964 oL
£el L'vL 9 [4
LLL 6'9L 08LC8L)GLL|6LL]E8L L'6L | 8LL g'LL V8L |6 LL | 8LL 9L
GL|89L [ ¥GLJOGL|L'OL|09L |6GL|96L | 26L|99L|90L |66L|LGL|LSL|9GL|[99L|29L|9GL|LSL 04
L'E€L L'yl )4t I NsSd
ge8 o°gg , 9.
L'/8 | 588 2O2 | 988 (6.2 902 V2 ]6/8 2798 6.8 L8 |58 |9l 188 |e88 |2l | LR 0L
g'og ¥'98 | 648 l'eg | eGB | €98 | S98 | L 9¢8 £92 | ¥98 {98 998 { 1’98098 ¥9 <
£88 g'eg - 9L
§'.2 Lig|ele €l8 19/ )0/ 816,88 ]¢8e €06 |9L8|GL8]|9L8 gaeg | ele } gLle 0L
£'98 | 898 868 1898 |16G8 | +'98 | 292 | €98 (808 {998 |6/8|¢€92]vog]loe|s98]808 908 ¢E08 9 L | eNsd
L'l8 1’68 a/l
GL8 (988 |48 |998 .88 |698|998|VvL8]9o/i8 288 |08 Llg |68 |viglleg |ees | L | 948 0l
£eg 1’s8 1zglosg | ¥ie | vog | 898 yog | L'9g | L'98 1’98 | 2o | £98 9 A
£le : 9L
[AVA:S 908 L'18 1288 |v9g |58 |88 1’16 19°/816/8|6798 veg { €/18 9.2 0L
668 10/L21598]|/6810/8 [€+81€98|+v'98 |poR|892|098|282|c92|+o2]jcog|cos(,98]698]|z98 9 I | énsd
6LL | L8LIOBL|C8L|C6L|EZ8L169L|GLL1RLLIOBL]| G2 g8 gL yveL|o8L|2eL]|els 127
0'9L L'9L 09L | OvL | §GL|09L |99 £9L | 66L |29 €9L | yoLtLsL 0L
o'vL , rA 7 9 4
GLL 6'LL 8LLGLL|CLLIVLIL|OGL 6L ) 98L gLl QgL |28 | Vil 9L
9GL 1 09L [ 9GL | 09L 6L LoL|ooL|sGL|essigol|vor|oos|eor|ess|zoriveor|voLl|ser]sss oL
6L [ 74 ¥o - 4 INSd
Do
g 61l gl Ll ol St 143 €l 1 0l 6 8 L 9 g ¥ £ [ b duway ‘ou a—
1591 ‘doy m_ac_&
19fie g =
-

o

‘sojdures 1opuiq Jfeydse paSeun a3 10} S)Nsax 1593 9[Bue aseY ‘£ uSmW



SviZ | Svil 1202 000Z | €112 | €6L) | 8LLY | 0151 Fror 5601 0S61 | YoZt |06LL BB oL
yz6e 289 ozve | 618¢ | 18ze | 152€ | 0062 080¢ { 800 | $60€ szse | Lrze |osze || oL
e 2555 | vo |2
6961 seet | £261 | eviz | 091z | ozoz | szel | sozt | osot | Lol | sool joLs | eevt | s06L |osel eszr Bl oL
ezot | 65z | vvve | 6eot | szey | osty | 280t | zese | eoze | osoe | z1e | s00 | es0c | zrie | 999z [ evve | 6c2e | 82E | O
yLeL £215 vo | 1 | vnsd
ohL . oL
€091 | 19L1 2651 0szi | 9061 | 2651 | o5t | osst peyl | cest | Lost 905k |zzsh [pvsL | oL
yove yeee osie | esee | seee | sote | osze s60¢ | L91€ | Loce ooce | 208e fseee i vo | 2
2L | oL
2991 zov) | savi | v051 | 060z | 006t | ozs1 | 0evi | oosl | ases | sovs | evst | vush o6zt [erey | eSSt [ssshf oL
6zoe | veLc | zaos | voze | zeee | ozez | aces | zoze | ssze | ooee | 1use | 1eoe | seve | e6ze | ose [oeee [geie | wose ) | v | b | ENSd
YoL. oL
gvol | Lavl sevl 00zt | 661 | 5181 [ wLvi {009 6vsl | 2251 | eavt 6ovL [€Lsk | 1Sk | oL
yare 1918 osse | L2ov | zess | sose | osve soee | sele | eLie rzie |oves [osee || ve | 2
119 _ oL
2001 sest | 21eh | veor | ovzr | orzs [zror | 2wt [ ossy | seer [ oest | sest [sovy | Lver | veer |ovst zes ¢ oz
Live | suie | osee | szez | oose | ossr | ovee | sece | osze | osze | orsz | voze | esre | voze [oree |proclesielisee | | vo 1 1 120Sd
761 sac) 3Lt | Gv02 | S8LL | 129} | 000T T o68l 0z8l | Z6SL 858k | | SL
zise 112 ovee | Lve | siee | Leze | o6ge yeLz | o1ze | sese o6ze | zeez [sove || oL
~ |oes . oves| | o | 2
0061 asos | zavl | 1021 | o6Ls | e26s | 2vet | Lror |ooss | ssel | ezvl yiet | ovel | o621 |eooy 2581 L) o
s0se | zvve | sere | seaz | vaie | osze | eose [ ozee | zeoe | ovoe | evse | 629z | osze | sose | oove | Lsze | eo0e |osee | | OL
P 2165 | _ _ yo | 1 | insd
5
'd
oz e oo |||l ole|c|lo]s]rie|z]} ey | ou | a
1eBIeL ‘doy ] aiduies

‘sopdures xopurq eydse LOALY Uk 10§ SINSAI 159} 4O ¥ 2IqelL



A Z) AEARAGARA el Vel Vel |82l | LeL BF oL
969 ge0 | | zoL|voL|eoLfziL|se goL | zue | 8oL oL | vos [soL Bl oz |
249 | 769 vo | z
vzL oer | ess {one | e1e | vae |zes Ve [ voe | ve |oze | |recfese|zes |oes|ee i) oL
vor | ez | sor | vz | veo | es9 | zor |eor [ wve [vee | ove | oor | vue | wis [ ves [sor | v | ros b os
169 £'60 | yo | 1 | vnsd
258 | oL
ove | rve g'va e | ece | 1ve | 698 | ese ove | Lve | sve zee |eve [Lv8 | oL
9z8 LT8 zis | o8 |28 | zes | ees oce | sze | 128 oge |vee |ozs Ll v9 |
| ess | oL
ape ove | 1ve | zse | zes | ove | ve { 1o [ece | 1vie | 2ve |ove |ove | oas |1es|ove[sve 1 oo |
cze | oze | ozs | eze | oee | vie | 61e | 6za [ 1za | cen | eve | 628 |2z |oen |oco {62e[eza |ozg . w0 | 1 | ensd
Gog oL
Lve | vse 278 cve | 0ve [ ove | 6'v8 |6ve ove | 178 | 6v8 ces |evs [vvs 1] o2
128 628 619 |60 |oza |62e |aze |  |oze|eze|oes yee |oee |vze ] vo | z
6v8 o oL
I'v8 ave | ove | e |zve [eve [ zve | 1ae | ose [oze |sve |eve [ove | Los | ses jvve |vve | oL
sza | eee | 120 | eze | cen | vie | sz |gze |zee |oes|ovelcze |ezs |6zs|oes|veseoza|ves, | vo [ v |2nsd
0eL el EREAGAA AR el CAGAG
ror| &1L goL | 860 | LoL | viL | oks g1 |z | soL eu e lvor i or
269 | - | T ese| | vo |z
0eL AL A A AR LA RA AR zer |eer |ves |seerae 1 or
rol |z fove { o | ves | ool |eor | sor [ wic oz [ oz | oe e [ooL [zie e | s |sor ) ou
| 169 - | vee vo |+ | insd
. 5.
- —Q
|l |lslalalaln|laluw|lals|c]les|ls]v|es|z] we | 00| a@i=
_ : W day maEW
(%]

o
-sopdwres 1opuiq eqdse LOJLY SY) 10F SHNSAI 3593 S[3Ue 3SBY] "GO 03&.



I6 | L0

JLLL | LEL
Ueae

98l | L1Z
gzz | 192
_uz [ ye

YL | €01
cel | 6L | 60} | &gl

53]
ERbRBL e el

E
vl | sz | 86t | 18l | €61

181 | g9 | evZ | 8ZC
Lig | 8L 9.7 -
oL | 06

.w.&:.mm "w_wr._. b

ovl | 081

LLL

80¢g

b

69

M
gcl
691
10z

msd

| | alll .
oz |6 [ejo|o|simie|w|lo]|le]s}eo]stv|e]|c b msum.wj .awwmam"mw

‘sopdures 1opuiq jeydse AV 34 10J O,Z (- ¥e SHNSII 1591 SSOUPNS 90 2[qEL,



€8

9L

PIi 1 20l | 66 | ¥
S
gl | LLL | 1oL
¢ee | 21ie | 002
G9C | €52 | L¥2
28 98 WA
T T A M
e
cal 1 g8l | LLE | LSI
‘gez | 612 | 281
892 | 192 { ¥Ec rnsd
26 88 98
% R.ON. —‘..)v.". ...w. ". —.M 4 wa—.w.r 2% I ATT
ks e
00C | 68L | 061 | S8)
0se 6eC | L22
Log 692 | £22
Z8 g8 [4s]
ot Leor | izy 2 Lz |
Dl e
08 981 | 96l
yee veZ | §¥e
0.2 veZ | l6¢C £Nsd
‘ou al
0g 6l gl Ll al St 148 el I al 8 L 9 S 14 £ [4 I Bupeo “day s(dwes

"puod ‘sajdures aspurq Jeqdse Ay d OYi 10 D71~ e SINSaI 58] SSOUPNS "97) (e,

Appendix 1



¥8£°0
85¢°0

e

90£°0
08Z°0
1520
85e0
L¥E0

90¢°0
63270
£1Z°0

ek “M.S?Q..‘..y@
€ece’o
9620 A
2120 ) ’ ZNsd

62€°0
czed

4820
692°0
£62°0

880
gg Ol

Zhe0
Leed
862°0
£92'0
0,20

820
8620

geco

]
BUSUL

insd

oc

6l

Gl

swy  ‘ou a]
Bulpeo ~dey o|dwes

‘sojdures zopuxq jyeydse AV Y3 10F D71 T SNSaI 359} aneA-t /) 9[qEL



150|922 0 ove
0580 | pse0 0zt
ey 09
1060|6080 0g
0/2°0] 9820 51
ysz'0)992°0 g z
0620 ore
0zi
09
0¢
5l
8 L ¥nsd
0¥z
reolaseoligrol oz
s 09
10870 | £68°0 | 9280 0g
0820 |zLe0{ 86270 st
z9z'0|egz0lesz0 9 z
288 0(LI70|817 0 ove
98 0168C 011080 1Y 0zl
BegsER s s 09
c1e0|6650] 8860 0g
88z'0|5080 ] 11£0 g1
99z'0|082°0| L82°0 2 L ¢nsd
oz | e | g1 s~ ou - dl

Buipeo "dey sjdules

“pIu0o ‘sopdures ropurq jfeydse A4 9Ul JOF D71~ Y8 SINSOX 189} dn[es-wr /7Y J[qEL

Appendix i



Znsd

insd

_ 1 awn  -ou al
o IV T A BT AT T O B I O B O B B I 2 | L | pupeo dey eidwes

sopdues 1opuq reydse Ay d SUi 10F D 81~ ¥8 SHNSN 159) SSAUPNS 3D 9[QEL



447
gLl

e

161
LEC

s

ove

021

09

v9Z 0T
cee gl
08t 2 [4
vl ove
el 174
¥z mm
14344
9Z¢ 8- b YNsd
g9l a 0} 74
9ze | sz | vee | 0zl
R s 09
g2¢ | 98¢ { Lvb oe
68¢ | 29 | 1g9 Sl
QSvy £29 g Z
e JrAA 474
g9z 0Z1
e 09
88t 0¢
%14 Sl
rey 8 } £NsSd
aw  rou a =
0z Butpeo 'day s|dweg m
: a8
"pauoo ‘sopdures sopurq yeydse Ay d 943 101 D81~ 1 SHNsal 1831 SSSUPNS 8D J[qeL <



L92°012ec0

01128

S¥C0
1220

ojieco
FaRion
] e K

0L20|

£2g0

ELTAY
9ee0
6120

Gl

§92°0
1Al
YAl

148¢°0

GL20

0¥c’0

8 l  Nsd

61l

8l

Gl

o ewp ou al
fuipeo ‘dey eldwes

“sardures 1opuiq 1jeydse AV 9Y) J0J D8~ 18 SHNS2I 1$9) onfeA-uwl 67 S[qe),



GeE09ee0

vOE' 015087012820 (.L22°0 ¥2e0]9ce0isie’0 C | ¥PEO|EEE0|ECED 820 g Ove
00c'0|06z°0|90e'0|g0e'0|ozzo| ~ |soso]eoso|Loe 0|0 : gLe'0 |6
G071 5600155 6160 e [550Sou e S iRl
) 019920 2Tl 09Z°0
) 8ed’0 qeg’0
ele’Q A4 ¥4 <
6520 $ee0
$1€°0 .
el g
920
6eC°Q
m_‘N.O 1 ¥iNSd
g9¢'0
0ee0 | 1e€0} 12€°0 [6/2°0 ogeo|ereo]eveo see0 veeo|aten|zze0 logeo | g0e'0 | ozl
S SUIME OB S R DR B 09
0jeleo|oleojesTo ) ¥LZ2'0|202°0|8L2°0{ELC°0|292°0| 1 LC0(|98C°0 | Y50 ke 0F
8YZ0|¥¥20|6820 LGZ°01|282°0{.¥2°0]L¥20|SEC0|SPC 0| vIC 08220 EGL
£¢2'01022°0].22°0 Le2'0]1892°0|022°0]|€120i0LZ0i22C0|S¥e 016020 iR 4
1210 m.vm.o 0820 GEL0]180F0]|99E°0|SSC 01 LEL O PEE 0]{99€°01L0E°0 ove
gozo| 10 loeeo[ereo|vse0|szeo|6ze0leoso|1e0|esenlsezo | fozt
WMol SR e e
Gl2°0|998z20|eve0 ‘0184200270900 ¥L2°0|8L2°0|P9C0]{S9C°0|682°0|0v2°0 B 0E
e ojLyZ0i0e20 TR LA ) FANAVR R T AVE FATAVD FAZAVE ko AR S BT AV R T ¥l St
LA DAY AV R hAl] gegoleczoliveo|LeZoleeeolceeo|geeo|vee 06108 I ensd
oc 6l gl Ll gt St 14" gL Ll 4] g L g g b4 € Z L oull ou al

Buipeo -dey oydweg

“pauo2 ‘seydures 1opurq Jjeydse AV d S 10 DR~ T SHUSY 153} Sn[eA-WI "6 S[QBL

Appendix I



€8l | 261 L6l cll 181 ove

202 | vz | eve | soe | soe | | scz 0z}

sl o o b s o 09

Lig | 96t 6.C g6 /¢ (1)

vLE | viV | 65T $GE coy Sl
vey | 299 | 6£9 198 4 125" 8 rd

£51 681 002 o¥e

ve |est | | yve | g5z | 812 0Zh

canisies s e e 09

182 ze¢ Z6¢ | sce

e | yor ov | 60 | 62 | Lsv
85¢ Sys L 4
6
gLL
£81
gez
1.2 rA
€0L | Zil [ 2oL J ool | 6
pock | oL | bEL | BEL | ZLL
Lo e
6lc | ecz | 12z | 90z | 181
€z | 182 | 112 | e52 | 222
Lze | wve | oge | ooe | Loz L I

swn ou  q

A 6l 81 Ll 9l S 14 3 Zl L t]8 g L 9 Bupeo ‘dey aidwes

“seydures Jopuiq jreydse Avd-e1d oy} 103 ,8 - 12 SHNSSI 1593 SSAUPUS 01D S[qBL



6 | 10L ]| 96 | 66 | 0L
seh | eel | szt | ezt | Lel
e
161 | 81z | 60z | L0z | Y0z
vvz | 2i2 | 29z | ssz | 2sz
zee | gze | 11e
16
8zl
112
yoz
LlE L4
€8l
1 g2
e
m@L
Lvp
925
v0Z | 181
g9z | eee | eve w
e
Zwy | i8e | 2Le
ggv | scp | zvv
095 | SIS | LIS ¢
i
0z | 6L {81 | L1 , | Buipeo] ‘doy masm,m

Ap

puoo “soydures Iapuiq yeydse Avd-a1d a3 107 9,8 18 SHUSAL 1557 SSOUGNS 0] D slqe],



Z2L20
2960 [6€€°0| 51670 | Sve"
1620
920
0¥2 0220 N.mllm.o oyZ 0
8yYe 0¥’ L8E0
zegosre0leesoleee 0l vz see0|soe0oeeo[ 2000 [eseo|
B e LR e e
cl20|882°0l08c0tLLE0]|2SC 0 96¢°0
262016920182 0I5Sv20]59C0 1920
0z’ 0|eec0|vee0ice2 0|L8€0 e 4
LLED|66E0|2IP 019620 mmm.o 26¢°0
9sg0lereo) /880|150l iee0 0js980;
%@wgﬂ%@% o e
602°01612°0]882°0{02E'0|90C°0
g82'01262°01E1£°016962°0|56C 0
6920189200620 mmm.o 98¢0
262’0 OO 9820|920
FLE0 |zec0]oge 0]sze0
i e
ozZe'o ‘018080 F0L°0
cogo 8C0| L6200
0820 192701820 4
ou Q)
oz | et f el | 2L {9t | st v g Suipeo ‘doy sidures

-sapdures Jopurq jeydse AVd-oxd 341 JOF D § [~ Te SHusar 1891 snjea-w 110 SIGEL



GoL'0190F G LLY 019680
mwm.&._uwm.o .mmﬁm& 0 mo%.o ov;m 0
G R
PLEOJOEE 0 |B8EL0[SLEQ]O0L0
9620 |POE0|ELEQ18BZ' 06820
1820118201620 FO2°01EL20
SLyY'0|962°01292°0 0¥ 0|0 0|ELPO|S0Y 0PI O|00F 0

L5820

coro|Lovo|Livo|cee0|80¥0

X3

au

¥

2019880/ 060 6.0 ozt
§ £ \@m&w u“... 3 ] b .“"..“..v..wm : 09
. W«Q.o 610 s ot

60€°0[£62°0
$82°0 (692"

LOE'0 {CVE'D

SEBII oz
9820820 o

i€2°0092°0
602°0)5e2°0]|
962°0]£8¢€°0

et 0]25€01£980|1ve0 ONF

$82°0 o
552°0 5l
622°0 g b

swg ou QG
Suipeo ‘doy ojdwed
2

"puoo ‘sojdures zapurq eydse Ay g-oxd oy3 10 ), 78 SINSSI 159 2feA-LI '[{7) 2]qB]L

02 61 8 FASN 1 gl 14 £l Zl (3 0l 8 L 9 G




zsl teL | 21 | s¥i1 gzh | 8zl A ezl 0l 01 9l
¥el et | s2l | ¥PL ¥zl | 82t 02 trd ¥zl ol l oL
gel oyl 8zl 9cl 174N I ol 9L
a4} obi 8zl 1148 ¥l 1 L 9L
€2 2L2 | 982 | 882 6oz | ¥92 052 252 ol 0l ¥9
992 112 | 682 0Lz | 992 852 152 ¥52 oL 1 ¥9
082 262 _ 892 A T4 b ol ¥9
862 8.2 Z62 192 9.2 962 1 L ¥9 4
el | ozL ozl | eclL |.2eL | 221 | ok | S2l ecl | 1el Vizy 121 ol ol YA
peL | 92t pev | ser | e | 22y | 621 | L2y [ ozi | zeL | 2eb | 82L  Let oL I ol
gelL | g2l gel | €51 gzl | 8zt r44} 6zl L ol o/
oyl | 82l 661 1 LEL gzL | 621 gel 6ZL 821 1 L 9/
1.z | 292 19z | 99z | v2e | 192 | L92 ooz | g9z | esc  6SC oL 0! ¥9
9/Z | 6¥T gz | zre | voT | Log | oie Loz | 692 | 022 | 192 65 ol b $9
gLz | 042 | 292 ziz | 142 1i2 | ss2 892 0.2 292 1 0} ¥9
06z | 192 | 9.2 | ¢UZ ZLZ | 292 69¢ 9.2 29C I I ¥9 1
0z | 6L | 8 | LL | ¥L [ €L fHL | OL | 6 L 9 S 4 b SIPs! % eamwmQEQ ajeolday
- _ fousnbalyg | uiels . :
, 159} 196 :

“prgg uo:&omﬁ () 10] S} 1591 K008I Xo[dwo) ‘71D 9198L



YIPL 10171 1098t 1OLOL | atal | 98Lt | b2Et | €281 | 0651 |22eL | Lpy) | O¥EL | 060L | 0BEL | ZOVL 0¢

g/t | ourL | gost (ool | siel | st | e2et §viet | 0gsl | 62€L | SyvL | 61€L | 00LL 1.OGEL | EOVL 8¢

2291 Lowpy | 2281 1 ooot | aiey | 821 | Zset {62¢1 [ 095) | 6LEL | S¥¥L | L¥EL | 00LL [ O6EL | €OFL (o7

zavL | o1bL | 1ogs L oost | oiel | 6821 | sect | 6281 | 0251 | 61EL | bipL | L0E) | OLLL | 0BEL | ¥OVI e

1avL | oupt [ zest | ooot | oiet | #8LL | 60vL { 8288 | 0091|6281 | ThYL | 60EL [ 00LL | O6EL | 4OVL zz

corl | oLbt | p2oL [otoL | 218l | 18L) | pibl | L2E1 ) 0291 | bEEL | Mo¥L | ¥2EL | OLLL | OBEL | POVL 0z

v6vL | oovt J ossL | ozor | Z1ey {6221 | ot [ vict {0501 ( eeEt | 2hp) [ 2SEL| OLLE | 06EL [ ¥OVL 8L g

vevL | ooyt | zesL | otor [ wisl | 8221 | s6et | szes jozoL | 1eet | gpp) | L2EL [ OLLL | 00VL | SOFL gl

osvl | oovt | ge8L | 0zol | sier | 2221 | zest J ozet | 0651 { ogel | OvYL | L2EL | OZL1 | 0OFL | GOVL )

ogvL | otpt | zost | ozol | 1ie | 8221 | 16€i | 08el 0451 { 92EL | Lyl | Z1EL | OZLL | 0OV | 99VL 4!

zevl | oovt {osel. | ogol | 1iel | w221 | e6eL | 228t foL51 fs2eL [ ¥yl | OLEL [OLLL | 06EL | 4OVL ot

zev) | osel | z¥eL | ocol | o8l | 0221 | 68¢€t | €8cy | 0961 |oceL | 8¥PL | picl [OLLL | 0OFL | E9VL 8

savl | o6es | 6681 | 0goL | siet | soLL | ese) | veel | 0gst | cect | 6v¥lL | €2EL | OZLL | 0BEL | SOVL 9

vos) | oovs | 168t | oval | e1el | zosL | veel | 2ecL [ 06GL | vPEL | 8¥FL | L2EL | OEHE | 0BEL [ SOF) v

szoL | oovy | zver Lovor | zest [osz1 | sret [szel |otor | osel | ezl 190eL | OvEL | OBEL | ¥OVL gz 2Znsd

6ivlL | 0zvy | Lebl | 0691 | cool | 2Lzt |09zt | eevl | Oyl [ s92L [ 60€l | 88€L | OSTL | OEEL | OSEL 0

zvt L ozpl | 1ew) | osol | veot | w221 { 2921 | 26yl | o8yl | 2621 | oleL | 2ovi | 092L | OEE) | 2SEL 8z

vzvi | ozvh | zev) | 0oLt | 290t 1922t § 2221 | vevl | 0L¥) | 1921 fZLEL | 0OFL | 0921 | OSEL | PSEL oz

zzvl | ozvt | ozpl | oLzl | ool § 8221 | €9zt | L6V | 09vL | 2921 | VIEL | ¥ivL | 092} | OEEL | €GEL ve

ozvl | 0zvL | ocve | o1ze | 199t {6921 | 6821 | bOS) | 09¥L | 9921 | LLEL | 66€F [ 09C) | OEEL | LS€EL z2

gzvl | ozv) | zeve | ozt €901 | 8oLt | 262l | Z0g) | oovl | 2421 | O2EL | €6€L | 0LT) | OEEL | 9SEL 0z

ezvL | 0LbL | eevL | 0zzL {1 g901 | 691 | 062) | vOSL | 09vL | ¥L21 | 92l | @6€L | 0LT) | OEEL § LSEL gl

Lzvl Lol | bopr | osst | 909t | 9921 | 2821 | vOSL | 0L¥L | 0421 | 62€1 | EL¥L | 0L2) | OEEL [ BSEL 9l

gzvl [ oLyl | zovL | obLL | soo1 | oLl | 2ozl | zos) | o8yl | £92L | 8€) | €L¥L | 08TL | OFEL [ 29EL vl

vevl | oL | zevs | ovzL | ozor | 1ost | ZezL | pisy | os¥L {0421 | YL | SLPL | 062 | O¥EL | Z9EL 4}

verl | oLpL | eskL | ovLL | 8991 | 1924 | #82L | vISL | 00S) | ¥4Z) | 9vEL | SEVL | 0821 | 0SEL | 09EL 0l

cevt |oLpl | 16¥L | 052 | 0291 | 6541 | 8821 | Z1S) [ OLSL | vi2L | PSEL | 0ZPL | 06Z) | OEEL | BSEL g

ovp) | 01vL | vbbL L 0oLt | 699l | €521 | 882L | €151 | OLSE | 6221 | €5€4 | 8EPL | OOEE | OEEL | 29E) 9

evyL | oot | veel 0oLt | 6201 | vzl | e6zL | Lost | ozst |06z | Zzoct | kvt | 0OEL | OEEL | 8SEL %

LivL Loyl | ssvl [ 0oLl | 2291 tovLL | 2621 | 86vl | OpGL | 80EL | LOY) | L2¥L | 06CL | 0£€) | PSEL Z Insd

: auy ai

oz | et | ZzL ot v | €L ot | g 6 L 9 g 4 € ! Burpeo m_a:_mm
<

‘sordures 1apurq Jreydse pafenn oi) 10 SINSI 1591 Sdoams Urens 40 ._mﬁ e . C:A



7o%4 |0scl | oGl | 0681 | 028l | 12G) | 992t | 18T1 zog | sovl | 9cek | #IEL {OLLL ele} 0e

z:v1 | ossL | 9951 | 068) | 1281 | 1ESL | 2LE) | V8L L1 Lie | 2ovL | veel | 12EL | OLLL Gl ac
ozvL | osel | 6551 | 0064 | 0281 | G254 | 8LCE 1021 | s1e |eovi | eg€l | L1€L [OLLL LLE} 9c
JobL | osel | LosL | 006l { €281 | 5251 | 8Tl pezl | 918 | 8oyl | se€l | leel | ObLL LIEL ¥Z
sovt | ovel | 2951 | o6l | €28l | L2S) | €6CL o6zl | 128 | eovl | 9cct | LLEL { OLLE 8.¢l A4
ei¥) | ovetl | 1851 | 0261 | 6281 | G251 | €01 pezi | 128 |2y | 8EEL | L2EL | OLLL 6l21 0z
11¥1 | ovel | €851 | 0€6) | ¥EBL | S2SI goct | 621 | Lo | LIl | 8EEL | Z2EL | O 3 osel 8t
6.¥1 | ovel | 2651 | 0861 | 928} | PRSL | €4EL | 00F L | sos sty |zvel | veelL | 021t oscl 18
o/v1 | oveL | 2851 J O¥6L | 6281 | ¥2S) | 60EL oot | 66L | 6LYL | 8cel | €€El | OCLE Zscl 145
zavl | ovel | 6651 | 0G6L | 6281 | E2S ‘gogi ool | 662 | 6LYL | SPEL | €EEL 1 OL L z8el 2l
zavl | ovel | 6291 | 0961 | 6€81 | 025L | 00EL | COEL nog | 61¥1 | 0SEL § €C€1 | OCLE £8el ol
a9 Lovel | v651 | 0961 | €€81 | 8151 | 6621 | cogl | Lo8 | 6Lyl | EYEL | €2EL [ OELE seel 8
yavl | ose1 | ozoL {0261 | 6281 | 916} | 9621 | 66C) yog | L2yl | e¥El | 92E) | OCEL 88¢el 9
asvl | ocel | osol | o261 [ 2z8L | 1151 | L62) | ¥OSL 608 | 9e¥) | 5L | 8CEL  OTLL 58¢€1 14
czsl | ocel | €091 | 086l | 6£81 | 6061 | 90SL | ¥62L 1 8 18 | osrl | gocl j0eEl | OCLL 68€1 Z YNSd
opvt | oeyl | 222z | 0ssL | cooe | 522z | vovl | ceel 0091 | azyl | 96€4 | LOSL | 02t | 06EL | LOVE 0t
eyl | oev | 1ezz | 0551 | 002 | o€z | SOVL {OSEL | O Lot | gerL | cect | 6281 | 0161 | 06EL | 8OV 8c
6byL | 0cyL 1 2222 | O¥S) | LOOZ | 822 § 8OVl | LeEl obol | 62F1 | €6€L | 64E1 | 0ZGL | 00VY 0¥l ¢
obvl | oSkl | 6222 | O¥S) | 9002 § 922T | vevl | LEEL oosl | szyl | vecl  96€L | 0251 | 0OFL | 60F] ye
svb) | ozvl | 5522 | ovSL § 6002 | €222 | ZEVL 62S1 | 0¥9L | 62ZF) | £6EL ggEl | 0261 | 00FL | 0LV [44
evvl | ozvl | #ozz | ovst | 110z | 0222 | 8evl | 621 | 02Ot ocvl | €6€L | 0OFL [ OLSL | OLPE ) LOVL 0Z
ssyl | ozvl | 6622 | obSL | LL0Z | 222z | Sevl | 6etl oool | Levl | 26€1 { 96EL | 02GL | OLYL | 60V 12

asyl | ozvl | g9zz | ovs) | vL0T | S1eT | €Tyl | 928l 0094 | 2e¥) | bOVL | 99€L | 0ZS] oiyl | 60%1 -9l

zevl | o1¥L | Lozz | 055L | 9LoZ | 912e | Cevl | L2Et otol | sevl | Loy) | 68EL § 08G) | OZYL | 607 ¥

sby) LoLyl | 0922 | 0551 | 2002 | €422 | 9L¥L | LEEL | OLOL gepl | Lo¥L | €8€L [ 02S) § 0TV | 6OVI Zi

osvl | oy | €82z | 095t | 2102 | 012 | 9L¥l | LEEL 1 0E9L 6yl | ZLb) | 1oe) | 0ESE | 0CVL | Livl ol

€SbL | 0LYL | ¥92C | 0951 | £ Loz | 80zz | otbi 1 9c€1 | 0G9L | 9S¥L | 0TV | S8EL 0ZSt | 0291 | LOVI 8

osyL | oot | og2z | o251 | ovoz | 1ozZ | Lovl | begl | Qo8l gebl | oevl | LoviL | 0251 | 0Z¥1 | €OFL 9 -

tovt L oirl | esee | o251 | Looz | geiz | 66€) | BZEL | 0191 | EGY L | 8c¥1 | 56€) | OESL | OE¥) | LOVL ¥

yoyl | oLyl | £€22 | 0251 | 6661 | LLIZ | ZOPL { LEEL | 06OL GlvL | 65vL | YOVl 1 OGS [ OLpL | SOFL 4 £NsSd

aun al

-pauos ‘sopdures 1opurq yeydse paSeun g} J0j SYNSIIL 153 sdoams urens .0 €1 sIqeL



y'o8 | 698 9'6g | 698 | 968 | 6'68 | 298 fegleogfcon|Los|Log]|lo8 oe

¥'og | 698 ece | 6oalogelgce|zos|Logjcos o8| Llog L9g | L'o8 92

o8 | 698 1caleos|9se [gse|zoes |98 |c98|6¢€8 |98 L'98 | 198 T4

y'og | 8'98 cge | go8 |s6e |gse |zog|89s|€98 €48 | L098 L'98 | 1’98 1 {4

98 | 8798 ocg | gog |9se |gse|zeg|89s|co8|vie|L98 L'98 | 1’98 (A4

y'98 | 898 oce | gog | 568 |gce 298 | 808 |coR|928|L98 L'98 | 092 oc

$'98 | 898 g6 | 998 | 568|868 | €98 | L98 €98 598 Log | Le8 |98 g}

98| 8°98 gcg | 908 | 9se | 8s8 | o8 |L98|vos|S98|L98 98 | 0’98 9i

o8 | Lo8 GG | 998 | G598 1868|298 L98 cog | bog |L98|L98|098 14

¥'98 | L'98 e'ge | 698 |668)8se|cos|.L98tsos|vos|Lo8 L98 | 198 A

¥ag | L'9o8 vce | 608 | 968 |88 |vos | 298 |tvos 198 ] L98 L'98 | 1'98 oL

798 | L'98 5go | 698 | g68 | 658 | 598 | 898 | €98 | €98 | 9'08 £98 1098 g8

98 | L'98 gge | 6708 | 9ge | 66a | 298|898 |L98|vos|Lo8 L'98 | 1’98 9

98 | L'98 cce loze | oce |ase |08 698|198 |¥o8 | Lo8 298 | ¥'98 4

598 | 198 geg |2ig | 1Ge | 6'68 | 0°88 L/g | 68| 998 | 698 | 118 | 298 [ Znsd
1oL feeLiesL|ooL eyl LvL{O0LL g6, 1 €9 | €9oL|69L|99L |85 0e

veL | oL | 86L190L | L¥L | LVL | OLL ggLizoL|eGLteol|S9L)ess 74
vorlzos|zoL|soL |8vL [ LVl |69 LsrleoL (g9l [89L |59 | LG 114

oL |zoL fveL SOl |8yl jLvL|BOL rsrizor)eor | gL leol|8sL ¥e

oL (1oL |esL|voL |8yl | Lyl |69l rsileer oL | 2oL | voL | 86L £

0oL {LeLivoL|veL Lyl |9Vl |89l rerlzos|zoL Lol jvoLy LSt oc

poL | Lol |esLivoL|LvL|ovL |8l TR R4 WAC R s v'olL | LSGL 8L

09l |09l |LGL|€EOL |8V | VL |8 g6l |zoL|ZoL|99L|voL|LSL 9l

9L | 0oL |zGsL)eoL|SvL|9vL| Lol ggL | voL | boL|goL |9l |88L 14

oL ool leL|eoL Lyl oVl Lol L6r lzoL|esL |99l |eal|LsL zl

0oL |96 [LGLleol |9vL | 9VL | LOL 96,002 |09L]99L €9 |IGL 04
ooL6sL|LsL|ToL|ovL |9Vl Lol g6L | 66L|09L |99l €L LSL . 8

09L | 6SL|VOL|TOL|8VL |9VL |89L 09L | 9oL |66L|99L | ¥oL|LSGL 9
o9L|eGL| 0oL |eoL|9VL | 9vL]8EL goL | €9L | 8SL|L9L|G9L |8EL ¥ .
00L | 6°GL 1 00L |G9L | VYL |LYL|VEL eLLfyoL | VoL | 0Ll | LeL} LSL 2 INsd

g 5l L) gl 145 gl 0l 6 8 9 g 14 g l own DW

Buipeo aduigs
womfypp—

Ap

‘sardures 1opurq jyeydse paSeun a1 .wou syynsa1 3801 sdeams urens o[due sseyq “p1D 9L



l'gl | s'eL 16/ 126L | esL|ogLjeLs|eoL|eoL|ssl eLL LsL oe

L'GL | 68 egr | osL | ZsL | osL | 6L gL |Tol | LSt TLL L'GL gc

L'GL | 6°9L avi loss | zsz |ssL|eLL|goL ol |8sL cLL LSl 9¢

9'6L | 89 162 |osztzsL|osL |6l | Lol | VoL |69L Vil 96 ¥e

96L | 89 zer losr | ver | ssL | 6Ll f L9l | 2OL | 6GL VLL LS [#4

9'¢6L | L'9L ver 6L | 1L | gGL 6Ll | Lol | Vel 86l | ViL 954 0z

9GL | L9l 6vL | v | Vezbess | oL |LoL| VoL ]SSt VAL 96l 8i

oGl Lol gps | vsL | vsL|ssL|gsL oL ool |66l 0L 9'GL 91

9L | 9'9L osL | vsL | veL | vsL|esL | ool [66L | 96L 0°LL 9'GL 14

9GL | 99L Iv. | esL i epL | vSL | 8LL | 99L |0OL | §5L 0’24 A7 A 4%

9GL | U rvrtese|vse | ysL 62l | 99L | 8SL | BSL 0L 9'5L ot

96l |99l zer | ez loss | vse joel |99l |€ol | 0OL oLl 9'GL 8

9'6L | §°9L 6vs |ess | evL {vsL|zeL| 9oL | ¥yoL|6GL 0lL 86l 9

96L ] 594 %L | €64 | OGL | ¥SL|98L | LOL §6L | GSL) VLL 9'6L 14

 ['GL | §'9L 0'GL | GGL | 8FL | 9GL | ¥BL 69, | 09L|96L | €LL 6'GL c ynsd

$'98 | 698 eye | 18 | LG8 | £68 Logleogl0os 698 |08 ;298 0¢

¥'98 | 698 ove | 028 | 2s8 | eg8 |2os | Log|ves |€98 |98 L'9g | 2o 274

98 | 698 epg |ozg | Lse |ese|zogfLogfvos|iog)qes L'98 | 298 4

o8 | 608 zve | 028|268 | €58 |2os |L98 |¢co8|¥98|S98 Log | o8 ¥e

¥'98 | 8'98 yve | oze | o8 | 58 | zos | L9g | vo8 | ¥'98 | 5708 L98 | 2’98 Z<

o8 | 898 geafose | 2ge|esa|zos|Log|ves|vos ) 598 |Lo8 298 oC

v'98 | 8'98 6cg |0z | osa |ese|zos]Los|cog|gos|sos)Llo8 2’98 gl

98 | 8'98 cvg | 029 | oge | ese|2os | Lo |€e98|¥o8|GO8 198 | 198 1

¥'o8 | 8'¢8 cpa | 0ze | 2se|eselzos|Los|eogleos|ges|Las 98 143

P98 | 8798 Zve o8 | esaless |cos| 298| €098 |€eo8|598 L'98 | ¢og [4%

98 | 8'98 ove | 028|668 | €58 | v98 |Lo8| Vo8 G'98 1G98 | L'98 | €98 ol

y'o8 | 8'98 ove | 128l ece|ese|gos| Lo |cos|0o8|Go8|Lo8 2’98 8

98 | 8798 ove | 1ze | gse | 58| oos|898| 298 |g98|598|898 c'o8 9

98 | 8°98 vve | zze |oea fese |oL8 | goe | 1og | 1’08 | 998 | 898 298 ¥

9’98 1 8°¢8 geg | vze | 09g | vee | oes | L8 |68 [Te8 898 |Li8|Ees Z eNSd

awn ai
0z 6l L gl ¥l £l /] 6 g 9 g 14 € Bupeo eydwes

“pauos ‘sejdures Jopuiq Jeydse pafeun Ay} 10 SHASII IS3) sdosms urens sySue aseyq &5 9qeL



APPENDIX D
PLOTS OF ROUND ROBIN TEST RESULTS

Appendix [l . Page - 5 5.




A T T T T T A T, L L I A I R IR

0 O R R I
M W " T I, e T " " T W W, " L W "W, W, M, ",
| e T A R LA R L L L T L AL AR L R R R
B i I R R IR I I I R R R L RO R

;S DU N S el S W N S S PR ey S Gl S R SO S S s Sk il Sl G S |
L I L T e e e e T L LT L N LTI L EY

A A A I R A W A A AR W R Y

] ----n--------—-------
| e — - I —— -
) S 7 W W W W W, L G "W ", "W, ", “H L i W W W "W L "W, T, T W . W
P S R T L L T T T T B T )
I e e i eSS e e A T R R R A A L R

A ESSRAERI AR AR L T e DL L LD

T T W T T T . W W " i, " T i Y e T W . T, W Y
L e o e e e e e e i e i e e el
T R A A O L A LA T L R IR U R Y

I EEN SN

-
»
3
H
.
.
=
-4
..
»
-
]
»
]
3

Lk T . Y W W
-

S Sy g M

Y
4
Yy
Y

T -

O O N
e e e M W, "I T T e e " T Y T W T T, " L L . T T W N T,
B T T T e et
B e e G e i ol e oo homleeliie he bl

‘llllllllllilllllll_lil‘lmi[i!l[liLLl_lj_llxil ITIIIIIT
. . Y . T, "W " " G W V. " o " W,

'\‘n T N, L T, T T L L R Y
\\\\\ I T T T T T A A T T R

AR N AR ARSI NN AN C A A AN AN R RN

[

-.-/

PSU1-2 EPSU1-3

'
—
-
v
0

HPSU4 -1 OPSU4-2 BPSU4-3

T T, I T T T L A R A R LR R R R R R LA L A R

O I T T C T TR L L E LT T L Y

N

AR I I TR AR AT A AR A AR R WO R RN,
E) - -

LA AU T R L A L AL R R A T L AT UL R L R R R RS

| P A AR R R R R AR R R R L R L LR R

T T LT L L e ] L etegiont e
o™ .

B Y - Y
e ettt i R LR LY,
| Ao O il WA, N s

B . . T T T T T W T T T W W "W . 7, . T VI T i Y Y e W
B R o e et ek \\\\\\\\\\\\\\\\\\\“
A R AT T TR A AR LR L LA AL U TR R R AR

N W R R T T T TR W, e i T Y W . Y
Ii\\\‘.\\\\\\ i T e e e e e e e e oSl gl el
| TR AL R A L L A U R R R U R R R,

e D L

[ AT A TR AT AT T AT A L AL LR R U L R
i

1600

1400

1200

1000 -
800 -
600 1
400 -
200 -

40 ‘ANSOISIA

19 20

16 17 18

14

13

g 10 M1
Laboratory

8

Figure D1. Rotational viscosity data for unaged PSU1 and PSUA4 at 135°C.
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Figure D3. Rotational viscosity data for unaged PSU2 and PSU3 at 135°C.
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Figure D4. Rotational viscosity data for unaged PSU2 and PSU3 at 165°C.
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Figure D5. G* data for unaged PSU1 and PSU4 at 70°C.
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Figure D6. G* data for unaged PSU1 and PSU4 at 76°C.
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Figure D7. G* data for unaged PSU2 and PSUS3 at 64°C.
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Figure DS. G* data for unaged PSU2 and PSU3 at 70°C.
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Figure D9. G* data for RTFOT PSU1 and PSU4 at 70°C.
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Figure D10, G* data for RTFOT PSU1 and PSU4 at 76°C.
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Figure D11. G* data for RTFOT PSU2 and PSU3 at 64°C.
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Figure D14. Stiffness data for PAV PSU2 and PSU3 at -12°C.
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Figure D16. m-value data for PAV PSU2 and PSU3 at -12°C.
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Figure D17. Stiffcss data for PAV PSU1 and PSU4 at -18°C.
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Figure D18. Stiffness data for PAV PSU2 and PSU3 at -18°C.
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Figure D19. m-value data for PAV PSU1 and PSU4 at -12°C.
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Figure D22. Sﬁfi_hess data for pre-PAV 2 and 3 at -18°C.
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Figure D23. m-value data for pre-PAV 1 and 4 at -18°C.
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Figure D24. m-value data for pre-PAV 2 and 3 at -18°C.
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Figure D33. Complex viscosity data for the reference fluid at 64°C.
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Figure D34. Complex viscosity data for the reference fluid at 76°C.
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NETC Project 96-1
Superpave Implementation

4 Binder Samples Were Sent

= g Samples 1A & 4A were the same

material

3 = Samples 2A & 3A were the same

materiai

» Pre-aged sampies 1 & 4 were the same

i = Pre-aged samples 2 & 3 were the same

DSR Testing

E w Performed on Original and RTFO -
' Material

M | (pand Atested at 70 & 76 C

E m 2A and 3Atested at64 & 70C

a Duplicate samples were run of each
. rpaterial at each temperature

: Figure 1

L w PSU 2A Original @ 70 C
. m Most data points are the average of two

G* values

. = More erratic on the high side

= G* ranges from 625 to 815 Pg,

3 m The average was 686 Pa
==t W Therangeis 28% of the average

Figure 1, G Original 2700
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®a pl-] 118 1733 " b3
Lab Kb

- Figure 1 Continued

= x Individual values of G* for PSU 2A
=1 m 15 Labs reported 2 values of G*
.; m Labs 107, 114, 118 & 123 G* values

appear high

= m | here were no outstanding low vaiues

for G*




} Figure 2
- mPSU3AG*@70C
2 ﬁ m Same material as PSU 2A

. m For Figures 1 & 2, 4 of the highs are #2

Figure 3

. ® Original PSU2A&3A@T70C
I m The second G* value was higher 17 out
. of the 21 times .

m Labs 17, 118 and 123 were high for
= both the first and second tests for both
2A and 3A

k Figure 4

| » G* Original 2A @ 64 C
3 = 34 out of 42 on line

m Range less at 64 C thanat 70 C

"w Labs 114, 118, 123 and 125 again out
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8 = Each Lab is in good agreement
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E Figure 6

F 4 G* Original 1A, 2A, 3Aand 4A @70 C
. m Labs 107 & 115 only reported one value
 forG

@ = Labs 107, 115, 118 and 123 tend to be
high - ’

' Figure 7

| = G Original 1A & 4A @ 70 C and 2A &
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i m Lab Pattern
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- Labs 108 and 124 are low
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m G* Original 2A and 3A @64 and 70 C
. m Look at Lab Differences -
! = Note 107, 118 and 123 are cansistently
= high '

- . Qutlier at 125

Figure 9

- w G*RTFO2A&3A @648 70C

 w Lab 105 and 115 G* values are low
 m Lab 123 G* continues to be high

L m Lab 125 Is erratic

| = 64 C is more consistent than 70 C

m Compare variation of 1500 Pa to 3300
Pa

| m Similar Percentages

Figure 10

- mG*RTFO 1A &4A @ 70 C and 2A & 3A
4 @64C
=3 m Average G* for materials about the
A8 same at the two temperatures
B w Lab 103, 105, 107, 109 and 115

= reported only one value for G*
- @ Second test could temper the
differences
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' Figure 11

u G* Original & RTFO 1A &4A @ 70C
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] g Only 11 Labs Participated

L @ For Lab 105, which data point is an
outlier? _

m Number 101 has two similar values but
both are low

_ _ Figure 18

» Pre-molded Samples Phase Angle
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APPENDIX F
STATISTICAL ANALYSIS DETAILS
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PRELIMINARY STATISTICAL ANALYSIS OF VISCOSITY DATA FOR
MATERIALS PSU1 AND PSU4 -

This experiment provides the data by which the noise in the measured viscosity of the
materials PSU1 and PSU4 may be assigned to the laboratory and the measurement errors.
Accordingly an appropriate model for the measured values is;

Y(ij) = Lab(i) + Error(i,j)

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables. The purpose ofa
components of variance analysis is to estimate each of the above standard deviations and fo
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given. Summaries which include the other quantities of interest will be
given in a later section. ‘

When the data in this experiment were first analyzed it was clear that two laboratories had
excessive within laboratory variation when tested at 135C and one of these also had
excessive within laboratory variation at 165C. With these omitted the estimated values for
the standard deviations, CV% and mean are given below. -

Temperature
135¢ 165C
STD CV% MEAN STD CV% MEAN
L.AB 717 7.1% '1013.6 38.0 133% 2845
ERROR 263 2.6% . 9.6  3.4%

The computer output is shown in the next page.
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THIS IS FOR the viscosity for PSUL AND PSU4 UNAGED
. SAMPLES FROM 10 are NOT USED at either temp.

SAMPLES FROM 17 are not used at temp 135

DUE TCO EXCESSIVE WITHIN LAB VARIATION

——————————————————————————————— TEMP=135 =wmmmmmmm o m mmm e

Wested Random Effects Analysis of Variance for Variable VISC

Degrees .
Variance of Sum of Error
Source . Freedom -’ Squares F Value Pr > F Term
TOTAL 3 175730 _
LAB _ 15 164642 15,832 0.0000 ERROR
ERROR 16 11088
Variance o ) o Variance Percent
Source Mean Square Component - of Total
TOTAL 5668.694677 5834.552104 7 100.0600
LAB 10976 5141.580229 ' 88,1230
ERROR 692,971875 £92.,971875 11.8770
Mean 1013.61250000
Standard error of mean 18.52037082

————————————————— mmmmrmmmm—m—ee TEMP=165 ~-msemmmme o mm e m

Nested Random Effects Bnalysis of Variance for Variable VISC

. Degrees
Variance of Sum of Error
Source Freedom Sguares F Value Pr > F - Term
TOTAL 33 ' 49223
LAR 16 ' 47653 32.247 0.0000 ERROR
ERROR i7 1570.110000 . .
Variance ' Variance Percent
Source Mean Square Component of Total
TOTAL - 1491.612692 1535.339357 - 100.0000
LAB 2978.319301 1442.979945 93.9844
ERROR 92.359412 . 92.359412 6.0156
Mean 284.49411765
Standard error of mean 9.35936037
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PRELIMINARY STATISTICAL ANALYSIS OF VISCOSITY DATA FOR
MATERIALS PSU2 AND PSU3

This experiment provides the data by which the noise in the measured viscosity of the
materials PSU2 and PSU3 may be assigned to the laboratory and the measurement errors.
Accordingly an appropriate model for the measured values is;

Y(i,j) = Lab(i) + Errox(ij).

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

Al components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to -
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given. Summaries which include the other quantities of interest will be
given in a later section.

When the data in this experiment were first analyzed it was clear that three laboratories had
excessive within laboratory variation when tested at 135C and three (two repeats, one
different) had excessive within laboratory variation at 165C. With these omitted the
estimated values for the standard deviations, CV% and means are given below.

Temperature
135C | 165C
STD ~ CV% MEAN SID CV% MEAN
LAB 87 86% 4502 136  108% 1262
ERROR 9.7 21% | 50 3%

The computer output is shown in the next page.
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THIS I5 FOR THE VISCOSITY FOR PSUZ AND PSU3 UNAGED

SAMPLES FROM 10,

DUE TO EXCESSIVE WITHIN LAB VARIATION

17,AND 1% ARE NOT USED AT TEMP 135

Nested Random Effects Analysis of Variance for Variable VISC

Variance
Source

TOTAL
LAB
ERRCR

- Variance
Source

TOTAL
LAB
ERROR

Standard error of mean

Degrees
of Sum of
Freedom Squares F Value Pr > F
29 44738
14 43334 33.078 0.0000°
15~ 1 1403.625000
- : Variance ~Percent
Mean Sguare Component of Total
1542.684195 1594.438095 100.0000
3095.301190 1500.863095 94,1312
23,575000 . 93,575000 --5.8688
Mean  450.21666667

10.15759353

THIS IS FOR THE VISCOSITY FOR PSU2 AND PSU3 UNAGED
SAMPLES FROM 9, 10 and 19 ARE NOT USED AT TEMP 165
DUE TO EXCESSIVE WITHIN LAB VARIATION

Error
Term

- ERROR

Nested Random Effects Analysis of Variance feor Variable VISC

Variance
Source

TOTAL
LAB
ERROR

Variance
Source

TOTAL

LAB
ERRCR

Appendix ||

Degrees
of
Freedom

29
14
15

Mean Square
204.184195
396.515476

24.675000

Mean

Standard error of mean

Sum of
Sguares ¥ Value Pr > F
5921.341667
5551.216667 16.070 0.0000
370.125000
Variance Percent
Component of Total
210.595238 100.,0000
185.920238 88.2832
11.71e8

24.675000

126.11666667
3.63554433
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PRELIMINARY STATISTICAL ANALYSIS OF G* EXPERIMENT WITH
UNAGED PSU1 & PSU4 |

1. This experiment provides the data by which the total noise in the measured values of G*
may be assigned to the Laboratory and the measurement error, Accordingly, an
appropriate model for the measured values is;

Y(i,j.k) = Lab(i) + Error(ij) where

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB),
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR).

All components are assumed to be independent random variables, The purpose of 2
components of variance analysis is to estimate each of the above standard deviations and fo

_provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18S, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given. ‘ B

~ When the data in this experiment were first analyzed it was clear that two laboratories had
excessive within laboratory variation. Accordingly, the data for these laboratories were
omitted for both temperatures. With these omitted the estimated values for the standard .
deviations, means, and coefficients of variation(%) are given below. A total of 17
laboratoties had acceptable data for temperature of 70 and 16 laboratories had acceptable
data for temperature of 76.

Temperature
70 76 7
STD CV% MEAN STD CV% MEAN
LAB 822 5.9% 13948 432 5.6% 765.1
ERROR 511 3.7% 284 3.7%

The analyses upon which the above were obtained are given in the next page.
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THIS IS FOR THE G STAR FOR UNAGED PSU 1&4

WE HAVE THE COMPONENTS DUE TO THE LABS AND THE ERROR
1ABS 14 AND 16 ARE REMOVED FROM THE DATA SET

DUE TO EXCESSIVE WITHIN LAB VARIATION '

——————————————————————————————— TEMP=T0 ——m e m m o e

Nested Random Effects Bnalysis of Variance for Variable GSTAR

. Degrees

Variance of Sum of Exrror
Source Freedom Sguares F Value - . Pr > F Term
TOTAL 57 515639 .

LAB _ 16 408787

ERROR : 41 106851

Variance Variance - Percent

Source Mean Square Component - of Total

TOTAL 9046.291591 9360.944251 100. 0000

LAB 25549 6754.816203 72.1596

ERROR '2606.12804¢ 2606.128049 27.8404

1394.75862069
21.69385178

Mean
Standard error of mean

'

e L | PEMP=76 mm e et st o _

" Nested Random Effects Rnalysis of Variance for Variable GSTAR

Degrees
Variance of Sum of Error
Source Freedom Sguares F Value Pr > F Term
TOTAL ' 53 136643
LAB 157 106018
ERROR . 38 30623
Variance Variance Percent
Source Mean Sguare Component of Total
TOTAL 2578.163005 2670.686984 100.0000
LAB 7067.965117 1864.814287 69.8253
ERROR 805.8726%7 . 805.872697 _ 30.17147
Mean 765.09629630
Standard error of mean 11.84346818
Appendix 11
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PRELIMINARY STATISTICAL ANALYSIS OF G* EXPERIMENT WITH
- UNAGED PSU2 & PSU3 : -

2. This experiment provides the data by which the total noise in the measured values of G*
may be assigned to the Laboratory and the measurement error. Accordingly, an
appropriate model for the measured values is;

Y(i,j) = Lab(i) + Error(i,j) where

Lab(i) isa random variable with mean of 0 and standard deviation of SIG(LAB),
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR).

" All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given,

When the data in this experiment were first analyzed it was clear that three laboratories had
excessive within laboratory variation. Accordingly, the data for these laboratories were
omitted for both temperatures, With these omitted the estimated values for the standard
deviations, means, and coefficients of variation (%) are given BELOW. Atotal of 16
laboratories had acceptable data for both temperatures. '

Temperature
64 70
STD CV% MEAN STD CV% MEAN
LAB 111.8  7.7% 1457.6 443 63% 7021

ERROR 554  3.8% 29.1 42%

The analyses upon which the above were obtained are given in the next page.

Page - 108 -




THIS IS FOR THE G STAR FOR UNAGED PSU 2&3

WE HAVE THE COMPONENTS DUE TO THE LABS AND THE ERROR
LABS 4, 14 AND 15 ARE REMOVED FOR BOTH TEMPERATURES
DUE TO EXCESSIVE WITHIN LAB VARIATION

e TEMP=64 o m oo o m it e e

Nested Random Effects Bnalysis of Variance for Variable GSTAR

~ Degrees

Variance of Sum of Error
Source Freedom Squares F Value “Pr > F . Term
TOTAL 53 . 791948

LAB <15 675315

ERROR 38 116631

Variance - Variance ' Percent

Source Mean Square Component of Total

TOTAL 14942 15562 100.000C0

LAB 45021 12493 " 80.2776

ERROR 3069.243421 " 3069.,243421 ., 19.7224

Mean © 1457.64814815

Standard error of mean . 29.94258749

Nested Random Effects Analysis of Variance for Variable GSTAR

Degrees .
Variance of Sum of ' Error
Source ) Freedom Squares F Value Pr > F Term
TOTAL .53 143984
LAB 15 111714
ERRCR 38 32270
Variance ‘ Variance Percent
Source Mean Square Component of Total
TOTAL 2716.6849086 ¢ 2814.177559 . 100.0000
LAB 7447,596000 1964.957558 69.8235
ERROR . 849,220000 . 849.220000 : - 30.1765
Mean ' 702.10000000
Standard error of mean 12.15736945%
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PRELIMINARY STATISTICAL ANALYSIS OF DELTA EXPERIMENT PA-U-
1&42 (UNAGED PSU1 & 4)

-3, This experiment provides the data by which the total noise in the measured values of
Delta may be assigned to the Laboratory and the measurement error. Accordingly, an
~ appropriate model for the measured values is;

Y(ij) = Mu + Lab(i) + Error(ij) where.

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB),
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR).

All components are assumed to be independent random variables. The purpose ofa
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D2S for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given. ' '

When the data in this experiment were first analyzed it was clear that one laboratory had
excessive within laboratory variation at both temperatures and an additional laboratory had
excessive within laboratory variation at a temperature of 76C. Accordingly, their data for the
appropriate temperatures were omitted. With these omitted the estimated values for the
standard deviations, means, and coefficients of variation (%) are given below. A total of 18
Jaboratories had acceptable data at 70C and 17 had acceptable data at 76C.

Temperature
70C 76C
STD CV% MEAN STD CV% MEAN
LAB 3357  .44% 75.856 4779 61% 78.00

ERROR .7979 L1% 3430 44%

The analyses upon which the above were obtained are given in the next page.
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THIS IS UNAGED PSUl AND PSU4,

DELTA AS THE VARIABLE.

WE HAVE THE COMPONENTS DUE TO THE LABS AND THE ERROR
LAB 17 REMCVED AT BOTH TEMP. LAB 16 REMOVED AT 76C
DUE TO EXCESSIVE WITHIN LAB VARIATION

e m e TEMP=T0 mm-—mmmmmm - e —_—

Nested Random Effects Analysis of Variance for Variable DELTA

Variance
Source

TOTAL
LAB
ERROR .

Variance
Source

TOTAL
LAB
ERROR

Degrees
of
Freedom

63
i8
- 45

Mean Square

0.744722
1.014722

0.636722

- Mean

- Sum of
Squares

46.917500
18.265000
28.652500

Variance
Component

10.749418
0.112696
0.636722

_Standard error of mean. .

? Value

- Pr > F

Percent

~ of Total,

100.0000
15.0378
84,9622

75.85625000
. 0.12779647

Error
Term

Nested Random Effects Rnalysis of Variance for Variable DELTA

Variance
Source

TOTAL
LAB
ERROR

Variance
Source

TOTAL

- LAB
© ERROR

Appendix Il

Degrees
of
Freedom

57
16
41

Mean Square
0.335426
0.893394
0.117683

Mean

Sum of
Sguares

19.119310
14,294310
4.825000

Variance
Component

0.346065
0.228382
1 0.117683

Standard error of mean
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F Value

Pr > F .

Percent
of Total

100.0C00
65,9940
34.0060

78.00344828
0.12814719

Error

- Term




PRELIMINARY STATISTICAL ANALYSIS OF DELTA EXPERIMENT PA-U-
2&32 (UNAGED PSU2 & 3)

4. This experiment provides the data by which the total noise in the measured values of
Delta may be assigned to the Laboratory and the measurement error. Accordingly, an
appropriate modet for the measured values is; '

Y(i,5) = Mu + Lab(i) + Error(i,j) where

Lab(i) is'a random variable with meai of 0 and standard deviation of SIG(LAB),
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR).

~ All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D1S, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given.

When the data in this experiment were first analyzed it was clear that one laboratory had
excessive within laboratory variation at a temperature of 64C. A different laboratory had
excessive within laboratory variation at a temperature of 70C. Accordingly, their data for the
appropriate temperatures were omitted. With these omitted the estimated values for the -
standard deviations, means, and coefficients of variation (%) are given below. For each of
the temperatures a total of 17 laboratories had acceptable data for these analyses.

Temperature
64 70
STD CV% MEAN' STD CV% MEAN
LAB 4098 47% 86413 7348 .84% 8775
ERROR 2809 33% L2741 31%

_ The analyses upon which the above were obtained are given in the next page.
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THIS IS UNAGED PSU2 AND PSU3, DELTA AS THE VARIABLE.
WE HAVE THE COMPONENTS DUE TO THE LABS AND THE ERROR

LABS 14 (AT 70),

DUE TO EXCESSIVE WITHIN LAB VARIATION

15 (AT 64) ARE REMOVED FROM THE.DATA SET

-------- e m et e TEMP=GA  —m e m

Nested Random Effects BAnalysis of Variance for Variable DELTA

Variance
Source

TOTAL
LABE
ERROR

Variance
Source

TOTAL
LAB
ERROR

------------------------------- TEMP=70 =wmmmmmmm e e e

- Degrees

of
Freedom

58
17
42

Mean Square
0.239480
0.636137
0.078929

Mean

Sum of
Squares

14.129333

 10.814333

3.315000

Variance

Component

0.246882
0.167953
10.078929

Standard. error of mean

F Value

Pr > F

Percent
- of Total

100.0000
68.0298
31.9702

86.41333333
0.10673638

- EBrror
Term

Nested Random Effects Analysis of Variance for Variable DELTA

Variance
Source

TOTAL
LAB
- ERROR

Variance
Source

TOTAL

LAB
ERROR

Appendix Il

Degrees
of
Freedom

58
17
42

Mean Squafe
0.591353
1.866755

0.075118

Mean

Sum of
Sguares

34.889833
31.734833
3.155009

Variance
Component

0.615151
0.540032

0.075119

Standard error of mean
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F Value

Pr >.F

Percent
of Total

100.0000
87.7885
12,2115

87.75166667
0.18345002

Exror
Term




PRELIMINARY STATISTICAL ANALYSIS OF G*/SIN(DELTA) EXPERIMENT
(UNAGED PSU1 & 4)

5. This experiment provides the data by which the total noise in the measured values of
G*/Sin(Delta) may be assigned to the Laboratory and the measurement error.
Accordingly, an appropriate model for the measured values is;

Y(,j) = Mu + Lab(i) + Error(i,j) where

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB),
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR).

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given.

When the data in this experiment were first analyzed it was clear that two laboratories had
excessive within laboratory variation at both temperatures. - Accordingly, their data were
omitted. With these omitted the estimated values for the standard deviations, means, and
coefficients of variation (%) are given below. A total of 17 laboratories had acceptable data
at 70C and 16 had acceptable data at 76C.

| Temperature
720C | 76C
SID CV% MEAN STD CV%. MEAN
LAB 86.81 6.0% 1438.6 4409 5.6% 78213

ERROR 5448 3.8% _ 2944  3.8%

The analyses upon which the above were obtained are given in the next page.
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TYIS IS UNRGED PSULl- AND PSU4. GDBSD IS G*/SIN(DELTA) °
WE HAVE THE COMPONENTS DUE TO THE LABS AND THE ERROR
LABS 14 AND 16 REMOVED AT BOTH TEMP.

DUE TO EXCESSIVE WITHIN LAB VARIATION

------------------------------- TEMP=T0 == mmmmmm s orom oot o e

Nested Random Effects Analysis of Variance for Variable GDBSD

) Degrees ) _
Variance of Sum of Error
Source Freedom : Squares F Value . Pr > F Term
TOTAL 57 578706
LAB 16 . 457003
ERROR 41 . 121704
Variance Variance Percent
Source’ Mean Sguare Component _ of Total
TOTAL 10153 10504 100.0000
LAB . ' 28563 7535.370342 . 71.7398
ERROR 2868.383074 2968.383074 28.2602
Mean 1438.55399774
Standard error of mean 22.93599072

——————————————————————————————— TEMP=76 -—mmmm=mm == mmmm e

Nested Random Effects Analysis of Variance for Variable GDBSD

_ Degrees .
Variance of . Sum of Error
Source Freedom Squares F Value Pr > F Term
TOTAL 53 143850
LAB ' 15 110909
ERROR 38 32941
Variance Variance Percent
Source Mean Square Component _ of Total
TOTAL 2714.147134 2810.586535 100.0000
LAB 7393.9482%0 - 1943,729331 69.1574
ERROR 866.857203 866,857203 30.8426
Mean ) 782.13495209
Standard error of mean 12.11203471
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PRELIMINARY STATISTICAL ANALYSIS OF G* EXPERIMENT FOR RTFOT
PSU 1&4 , :

This experiment provides the data by which the total noise in the measured values of G* may
be assigned to the Laboratory, the thin film oven aging, and the. measurement error.
Accordingly, an appropriate model for the measured values is;

Y(i,j,k) = Lab()) + RTFO(,j) + Error(ijk) where

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB),
RTOF(,j) is a random variable with mean of 0 and standard deviation of SIG(RTFO),
Error(ij,k) is 2 random variable with mean of 0 and standard deviation of SIG(ERROR).

All components are assumed to be independent random variables. The purpose ofa
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given. - ' '

When the data in this experiment were first analyzed it was clear that two laboratories had
excessive within laboratory variation. Accordingly, the data for one laboratory were omitted
for both temperatures and the data for the other laboratory were eliminated for the
‘temperature of 76, With these omitted the estimated values for the standard deviations are
given below. : '

Temperature
70 76
STD CV% MEAN STD CV% MEAN
LAB 95.7 2.9% 32985 68.9 39% 17836
RTFO . 248.0 7.5% : 1501 84%

ERROR 1456 4.4% 652 3.7%

The analyses upon which the above were obtained are given in the next page. -
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THIS I3 FOR THE RTFOT G STAR FOR RTFOQOT PSUL&4

ALL DATA POINTS FOR 16 WERE OMITTED AND FOR 15 THE DATA POINTS AT 76
DUE TO EXCESSIVE NOISE WITHIN THE LAB

WE HAVE THE COMPONENTS DUE TC THE LABS THE RTFOF AND THE ERR

Nested Random Effects Analysis of Variance for Variable GSTAR

Pegrees
Variance of Sum of Errox
Source Freedom Squares F Value Pr > F - Term
TOTAL .. 5% 5342599
LAB ’ 16 2585459
RTFOF ) 17 . 2206008
ERROR ' 26 - 551133
Variance ) ) Variance Percent
Source Mean Sguare - Component . L of Total
TOTAL - . 90553 | 91881 100.0000
LAB .161591 9161.533452 S . 9.9711
RTFOFX 129765 61522 66,9583
ERROR 21197 21197 ’ o 23,0706
Mean 3298.51666667
Standard error of mean . 53.26678511

Nested Random Effects Analysis'of Variance for Variable GSTAR

Degrees

Variance - of Sum of Error
Source Freedom Squares F Value Pr > F Texrm
TOTAL 50 1543934

LAB ' 14 827594

RTFOF ' 14 622842

ERROR 22 93498

Variance Variance Percent

Source Mean Sguare Component of Total

TOTAL 30879 31524 100.0000

LAB . 59114 4740.410149 15.0374

RTFOF 44489 22534 71.4811

ERROR 4249,886364 4249.886364 13.4814

Mean 1783.64705882

Standard error of mean - ' 35.36695327
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PRELIMINARY STATISTICAL ANALYSIS OF DELTA EXPERIMENT
(RTFO AGED PSU1L & 4) | |

6. This experiment provides the data by which the total noise in the measured values of
Delta may be assigned to the Laboratory, the RTFO aging, and the measurement etror.
‘Accordingly, an appropriate model for the measured values is;

Y(i,3K) = Mu + Lab(i) + RTFO(L) Error(i,j.k) where

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB),
RTFO(i,j)} is a random variable with mean of 0 and standard deviation of SIG(RTFO),
Error(i,j,k) is a random variable with mean of 0 and standard deviation of SIG(ERROR).

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D2S for the between and within Laboratoties variation. In this
preliminary analysis only the estimated standard deviafions and associated coefficients of
variation will be given. :

When the data in this experiment were first analyzed it was clear that one laboratory had
excessive within laboratory variation at both temperatures. Accordingly, their data were
omitted. With these omitted the estimated values for the standard deviations, means, and
coefficients of variation(%) are given below. At 70C 15 laboratories had acceptable data
and at 76C 16 laboratories had acceptable data. '

Temperature
70C | | ' 76C
STD CV% MEAN '~ STD CV% MEAN
LAB 3203 .46% 7098 3413 47% T34
RTFO 4225 .60% 4561 62%

ERROR 3954 .56% 3997 55%

The analyses upon which the above were obtained are given in the next page.
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INDIV AGED PSUl & PSU4 VARIABLE DELTA
WE HAVE THE COMPONENTS DUE TO THE LABS, RTFO, AND THE ERROR

LAB 16 REMOVED AT BOTH TEMP.

DUE TO EXCESSIVE WITHIN LAB VARIATION

Nested Random Effects Analysis of Variance for Variable DELTA

Variance
Source

TOTAL
LaB
RTFO
ERROR

Variance
Source.

TOTAL
LAB
RTFO
ERRCR

Pegrees
" of
Freedom

5% .

le

17

- 26
Mean Square
'0.435650
0.851615
0.471324
0.156346

Mean

Sum of
Squares

25.703333

:13.625833

8.012500
4,065000

Variance
Component

0.44329¢6
0.108463

. 0.178487

0.156346

Standard error of mean

F Value

Pr > F

~ Brror
Term .

-Percent

of Total

100.0000
24.4674
40.2636

. 35.2690

70.98333333
0.122008634

Nested Random Effects Analysis of Variance for Variable DELTA

Variance
Source

TOTAL
LAB
RTFO
ERROR

Variance
Source

TOTAL
LAB
RTFO
ERROR

Appendix il

Degrees
of
Freedom

54
15
15
24

Mean Square

. 474997
. 820155
. 534167
.159792

oo o

Mean

Sum of
- Squares

25.649818
13.802318
8.012500
3.835000

Variance
Compenent

0.484240
0.1le462
0.207986
0.159792

Standard errcr of mean
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F vValue

Pr > F

Percent
of Total

100.0000
24,0505
42.9510
32.9984

73.23818182
0.13371470

Error
Term




PRELIMINARY- STATISTICAL ANALYSIS OF G*/SIN(DELTA) EXPERIMENT
(INDIV RTFO AGED PSUL & 4)

This experiment provides the data by which the total noise in the measured values of
G*/Sin(Delta) may be assigned to the Laboratory, the RTFO aging, and the measurement
error. Accordingly, an appropriate model for the measured values is;

Y(i,j.k) = Mu+Lab(i) +RTFO(,j) Error(i,j,k) where

Lab(i) isa random variable with mean of 0 and standard deviation of SIG(LAB),
- RTFO(i,j) is a random variable with mean of 0 and standard deviation of SIG(RTFO),
Error(i,j,k) is a random variable with mean of 0 and standard deviation of SIG(ERROR).

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D2S for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given. ‘

When the data in this experiment were first analyzed it was clear that one laboratory had
excessive within laboratory variation at both temperatures. Another laboratory had excessive
within laboratory variation at 76C. Accordingly, their data were omitted. With these omitted
the estimated values for the standard deviations, means, and coefficients of variation (%) are
given below. For each temperature, a total of 15 laboratories had acceptable data.

Temperature
70C | 76C
STD CV% MEAN STD CV% MEAN
LAB 1061 3.0% 3490.2 735  39% 1863.1
RTFO 270.8 7.8% 1603 8.6%
ERROR 1599 4.6% 70.3 - 3.8%

The analyses upon which the above were obtained are given in the next page.
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TINDIV AGED PSUl & PSU4 VARIABLE GDBSD IS G*/SIN({DELTA)

WE HAVE THE COMPONENTS DUE TO THE LABS, RTFO, AND THE ERROR
LAB 16 REMOVED AT BOTH TEMP. 15 out at 76C K '
DUE TO EXCESSIVE WITHIN LAB VARIATION

s TEMP=70 ~~-====~~ e

Nested Random Effects Analysis of Variance for Variable GDBSD

Degrees _ _ ‘
Variance of Sum of - i Error
Source . Freedon ' Squares F Value . . 'Pxr >.F = Term
TOTAL : 59 6406249
LAB 16 _ 3106347
RTFO 17 2635147
ERRCR 26 - 1 664754
Variance : Variance Percent
" Source Mean Sguare Component . of Total
TOTAL 108580 . 110180 ©100.0000
L.AR 194147 11262 10.2217
RTFO 155009 © 13350 . 66.5731
ERROR 25567 . . 25567 23.2053
Mean _ 3490.22731348
Standard error cof mean ‘58.3856582¢

——————————————————————————————— TEMP=76 —=mmmmmmm————————mmmmmmmmem

Nested Random Effects Analysis of Variance for Variable GDBSD

Degrees
Variance _of Sum of Error
Source Freedom Squares F Valuer =~ Pr > F Term
TOTAL 50 1766178
LAB ! 14 945307
RTFO 14 711764
ERROR 22 109107
Variance Variance Percent
Source Mean Square Component of Total
TOTAL 35324 36060 100.0000
LAB : 67522 5406.787909 . 14.9941
RTFC 50840 . 25693 71.2526
ERROR 4959.396801 4959.396801 13.7534

Mean ' ' 1863.12102859

Standard error of mean 37.79625831

Appendix |l Page - 121 -




PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU1 AND PSU4 WHEN AGED BY THE RTFOT AND THE PAV AND TESTED AT
-12C

This experiment provides the data by which the noise in the measured stiffness of the
bending beam at 60 seconds (S60) may be assigned to the Laboratory, the Aging and the
measurement errors. Accordingly an appropriate model for the measured values is;

Y(,j.k) = Lab(@) + PAV(ij) + Error(i,j,k)
Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LARB)
PAV(i,j) is a random variable with mean of 0 and standard deviation of SIG(PAV)
Error(i,j,k) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation, In this
preliminary analysxs only the estimated standard deviations and associated coefficients of
variation will be given.

When the data in this experiment were first analyzed it was clear that one laboratory had
 excessive within laboratory variation. Accordingly, the data for one laboratory were omitted.

With these oritted the estimated values for the standard dev1at10ns, CV% and mean are
given below.

: _Temperature
-12C
STD  CV% MEAN
LAB 83  62% 1344
PAV 62 4.6%
ERROR 46 3.4%

The analyses upon which the above were obtained are given in the next page.
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THIS IS FOR THE BENDING BEAM WITH PAV AGED PSUL & PSU4
BALL DATA POINTS FOR 15 WERE OMITTED

DUE TO EXCESSIVE NOISE WITHIN THE LAB
THIS IS FCR THE BBR AT TEMP -12C AND STIFFNESS AT 60 SECONDS

Source
LAB

PAV
ERROR

Nested Random Effects Analysis of Variance for Variable S60

Variance
Source

TOTAL
LAB
PAV
ERROR

Variance
Source

TOTAL
LAB
PAV
ERROR

Appendix i

- Coefficients of Expected Mean Squares

3.940298507
0.000000000
0.000000000

Degrees
of

- Freedom

66
16
217
33

Mean Sguare

125.,037087
369.720693
97.112745
20.787879

Mean

Sum of
Squares

1.580098502
'1.860784314
0.000000000

8252.447761

5915.531095

1650.916667
686.000000

Standard error of mean
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PAV ERROR

F Value  Pr > F
Variance Percent
Component of Total
128.707341 100.0000
69.993781 53.6052
38.925682 30.2436
20.787879 16.1513

134.43283582
2.35297243

1.000000000
1.000000000
1.000000000

. Brroxr

Term




PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU1 AND PSU4 WHEN AGED BY THE RTFOT AND THE PAV AND TESTED AT
~12C (m60)

This experiment provides the data by which the noise in the measured m(60) of the bending
“beam at 60 seconds (m60) may be assigned to the Laboratory, the Aging and the
" measurement errors. Accordingly an appropriate model for the measured values is;

Yk = MU +Lab(i) + PAV(i,j) + Error(ij,K)
Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
PAV(i,j) is a random variable with mean of 0 and standard deviation of SIG(PAV)
Error(i,j,k) is a random variable with mean of 0 and standard deviation of SIG(ERROR) -
'All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analyszs only the estamated standard deviations and associated coefficients of
variation will be given.
When the data in this experiment were first analyzed it was clear that no laboratory had

excessive within laboratory variation. Accordingly no data were omitted. The estimated
values for the standard deviations, CV% and mean for m(60) are given below.

Temperature
-12C

STD  CV% MEAN
LAB 008118  2.5% 3268
PAV 005158 1.6%
ERROR  .005718 1.7%

The analyses from which the above were obtained are given in the next page.
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THIS IS FOR THE BENDING BEAM WITH IND PAV AGED P3Ul & PSU4
THIS IS FOR THE BBR AT TEMP -12C AND m{60)
NO OUTLIERS NEEDED TO BE COMITTED

Coefficients of Expected Mean Squares

Source LAB PAV ERROR
LAB 3.943661972 1.981220657 1.000000000
PAV 0.000000000 1.962962963 1.000000000
ERROR

0.000000000 0.000000000 1.000000000

Nested Random Effects Analysis of Variance for Variable M60

Degrees .
Variance of Sum of ‘Error
Source Freedom Sguares F Value Pr > F Term
TOTAL ' .70 0.008555
LAB 17 0.005876
PAV 18 0.001532
ERROR 35 0.001147
Variance Variance Percent
Source Mean Square Component of Total
TOTAL 0.000122 0.000125 100.0000
. LAB 0.0003456 0.000065940 52.5921"
_PAV 0.000085106 0.000026654 21.2587
ERROR 0.000032786 0.000032786 . 26.1492
Mean 0.32680282
Standard error of mean 0.00220974
Appendix Il
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PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU2 AND PSU3 WHEN AGED BY THE RTFOT AND THE PAV AND TESTED AT
-12C '

This experiment provides the data by which the noise in the measured stiffness of the
bending beam at 60 seconds (S60) may be assigned to the Laboratory, the Aging and the
measurement errors. Accordingly an appropriate model for the measured values is;

Y(i,j,k) = MU + Lab(i) + PAV(i)) + Error(i,j,k)
Lab(i) isa randorh variable with mean of 0 and standard deviation of SIG(LAB)
PAV(i,j) is a random variable with mean of 0 and standard deviation of SIG(PAV)
Error(i,j,k) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given.

When the data in this experiment were first analyzed it was clear that one laboratory had
excessive within laboratory variation. Accordingly, the data for one laboratory were omitted.

With these omitted the estimated values for the standard deviations, CV% and mean are
given below.

Temperature .
-12C

STD CV% MEAN
LAB 63 42% 149.0
PAV 59 4.0%

ERROR 62 42%

The analyses from which the above were obtained are given in the next page.
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THIS IS FOR THE BENDING BEAM WITH PAV AGED PSUZ & PSU3

ALL DATA POINTS FOR 15 WERE OMITTED

DUE TO EXCESSIVE NOISE WITHIN THE LAB

THIS IS FOR THE BBR AT TEMP -12C AND STIFFNESS AT 60 SECONDS

Coefficients of Expected Mean Sguares

Source LAB PAV ERROR
LAB 4 2 1
PAV _ 0 : 2 1

0 ] B 1

 ERROR

Nested Random Effects Analysis of Variance for Variable $60

Degrees

Variance of ~ Sum of . . " Errox
Source- Freedom Squares F Value Pr > F - - Term
 TOTAL 67 7425.941176
LAB 16 4271.441176 2.465 0.0369 PAV
PAV : 17 1841.500000 2.805 0.0051 ‘ERRCR
ERROR 34 1313.000000
Variance . Variance Percent
Source Mean Square Component of Total
TOTAL 110.834943 113.130974 100.0000
LAB 266.965074 39.660386 35,0871
BAV 108.32352% 34.852941 30.8076
ERROR - 38.617647 38.617647 34.1353
Mean 148.97058824
Standard error of mean ) 1.98140278
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PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU2 AND PSU3 WHEN AGED BY THE RTFOT AND THE PAV AND TESTED AT
~12C (m60)

This experiment provides the data by which the noise in the measured stiffness of the
bending beam at 60 seconds (m60) may be assigned to the Laboratory, the Aging and the
measurement errors. Accordingly an appropriate model for the measured values is;

Y(i,j,k) = MU + Lab(i) + PAV(i,j) + Error(i,,k)
Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
PAV(i,j) is a random variable with mean of 0 and standard deviation of SIG(PAV)
Error(i,j,k) is a random variable with mean of 0 and standard deviation of SIG(ERROR)
All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given.
When the data in this experiment were first analyzed it was clear that no laboratory had

excessive within laboratory variation. Accordingly no data were omitted. The estimated
values for the standard deviations, CV% and mean for m(60) are given below.

Temperature
-12C

STD CV% MEAN
LAB 0104 3.0% .3514
PAV 00367 1.0%

ERROR 00697 2.0%

The analyses from which the above were obtained are given in the next page.
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THIS IS FOR THE RBENDING BEAM WITH IND PAV AGED PSUZ & PSU3
THIS IS FOR THE BBR AT TEMP -12C AND m(60)
NO OUTLIERS NEEDED TO BE CMITTED

Source

LAB
PAV
ERROR

Nested Random Effects Analysis of Variance for Variable M60

Variance
Source

TOTAL
LAB
PAV
ERRCR

- Variance
Source

TOTAL
LAB
PRV
ERRCOR

Appendix Il

Coefficients of Expected Mean Squares

3.943661972
0.000000000
0.000000000

Degrees
of
Freedom

70
17
18
35

Mean Square

0.000166

0.000505
0.000075194
0.000048614

Mean

LAB - ' PAV

1.981220657
1.962962963
‘0.000000000

~Sum of
Squares F Value
“0.011635
0.008580
0.001353
0.001701
Variance
Component
0.000171
0.000108%

0.000013541
0.000048614

ERROR

1.000000000
1.000000000
1.000000000

Pr > F.

Percent
of Total

100.0000
63.6527
7.9184
28.4288

 0.35139437

Standard error of mean
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PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU1 AND PSU4 WHEN AGED BY THE RTFOT AND THE PAV AND TESTED AT
-18C

This experiment provides the data by which the noise in the measured stiffness of the
bending beam at 60 seconds (860) may be assigned to the Laboratory, the Aging and the
measurement errors. Accordingly an appropriate model for the measured values is;

Y(@,j,k) = MU + Lab(i) + PAV(i,)) + Error(i,j,k)

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
PAV(i;j) is a random variable with mean of 0 and standard deviation of SIG(PAV)
Error(i,j,k) is a random variable with mean of (0 and standard deviation of SIG(ERROR)

Al components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D1S, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given,

When the data in this experiment were first analyzed it was clear that two laboratories had
excessive within laboratory variation, Accordingly, the data for two laboratories were

omitted. ‘With these omitted the estimated values for the standard deviations, CV% and mean
are given below.

Temperature
-18C

STD CV% MEAN
LAB 282 10.0% 2793
PAV 71 2.5%

ERROR 107 3.8%

The analyses from which the above were obtained are given in the next page.
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THIS IS FOR THE BENDING BEAM WITH PAV AGED P5Ul1 & PSU4 -

ALL DATA POINTS FOR PECA AND VTRC WERE OMITTED

DUE TO EXCESSIVE NOISE WITHIN THE LABS
THIS IS FOR THE BBR AT TEMP -18C AND STIFFNESS AT 60 SECONDS

Source

LAB
PAV

ERROR

Coefficients of Expected Mean Squares

LAB

3.936507937
0.0000600000
£ 0.000000000

1.978835979
1.958333333
.0.00000000Q0

PAV . BRROR

1.000000000
11.000000000
1.000000000

Nested Random Effects Analysis of Variance for Variable 860

Variance
Source

TOTAL
LAB
PRV
ERROR .

Variance
Source

TOTAL
1AB
PAV
ERRCR

Appendix I

Degrees
of " Sum of : . Exror
Freedom Squares F ‘Value Pr > F Term
62 57025
15 50033
16 3411.916667
31 3580.500000 -
Variance Percent
Mean Sguare Component of Total
919.762417 958.311796 100.0000
3335.523545 792,899562 82.7392
213.244792 49.912234 5.,2084
115.500000 115.500000 12,0524
Mean 279.30158730

Standard error of mean
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PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU1 AND PSU4 WHEN AGED BY THE RTFOT AND THE PAV AND TESTED AT
~18C (m60)

This experiment provides the data by which the noise in the measured m(60) of the bending
beam at 60 seconds (m60) may be assigned to the Laboratory, the Aging and the
measurement errors. Accordingly an appropriate model for the measured values is;

Y(i,j,k) = MU+ Lab(i) + PAV(ij) + Error(ij,k)
Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
PAV(,j) is a random variable with mean of 0 and standard deviation of SIG(PAYV)
Error(i,j,k) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables, The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given. ‘

When the data in this experiment were first analyzed it was clear that one laboratory had
excessive within laboratory variation. Accordingly the data from that laboratory were

omitted. The estimated values for the standard deviations, CV% and mean for m(60) are
given below.

Temperature
-18C

STD CV% MEAN
LAB 009418 3.3% .2813
PAYV 003225 1.1%

ERROR 004099  1.5%

The analyses from which the above were obtained are given in the next page.
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THIS IS FOR THE BENDING BEAM WITH IND PAV AGED PSUl & PSU4
THIS IS FOR THE BBR.AT TEMP -18C AND M(60)
LAB VTRC CMITTED DUE TO EXCESSIVE WITHIN LAB NOISE

Source
LAB

PAV
ERRCR

Nested Random Effects Analysis of Variance for Variable M60

Variance
Source

TOTAL
LAB
PAV
ERROR

Variance
Source

TOTAL
LAB
PAV
ERROR

Appendix Il

Coefficients of Expected Mean Squares

LAB PAV
3.940298507 1.980099502
0.000000000  ~  1.960784314

0.000000C00 0.000000000

Degrees
of
Freedom

66
16
17
33

Mean Square
0.000112
0.000387

0.000037382

0.000016864

‘Mean

Sum of )
Sguares F Value

0.007389
0.006197
0.000635
$.00055¢6

Variance
Component

{0.000116
.000088758
0.000010465
0.000016864

Standard error of mean
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ERROR

1.000000000
1.000000000
1.000000000

Pr > F

Percent
of Total

100.0000
76.4588
9.0144
14.5268

0.28134328
0.00240862

Error

Term




PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU2 AND PSU3 WHEN AGED BY THE RTFOT AND THE PAV AND TESTED AT
-18C

This experiment provides the data by which the noise in the measured stiffness of the
bending beam at 60 seconds (S60) may be assigned to the Laboratory, the Aging and the
measurement errors. Accordingly an appropriate model for the measured values is;

Y(i,jk) = MU + Lab(i) + PAV(ij) + Error(ij,K)

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
PAV(i,j) is a random variable with mean of 0 and standard deviation of SIG(PAYV)
Error(i,j,k) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given.

When the data in this experiment were first analyzed it was clear that one laboratory had
excessive within laboratory variation. Accordingly, the data for two laboratories were

omitted. With these omitted the estimated values for the standard deviations, CV% and mean
are given below. '

Temperature
-18C

. STD CV% MEAN
LAB 313 97% 3226
PAV 8.6  2.7%

ERROR 1.1 3.4%

The analyses from which the above were obtained are given in the next page.
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THIS IS FOR THE BENDING BEAM WITH PAV AGED P5U2 & PSU3
ALL DATA POINTS FOR 15 AND 20 WERE OMITTED

DUE TO EXCESSIVE NOISE WITHIN THE LARS

THIS IS FOR THE BBR AT TEMP -18C AND STIFFNESS AT 60 SECONDS

Coefficients of Expected Mean Squares

Source LAB
LAB 3.873118280
PAV C0.000000000

ERROR ©0.000000000

Nested Random Effects Analysis of Variance for Variable $60

PAV

1.957706093
1.916666667

0.0C¢0000000

Degrees
Variance of Sum of
Source Freedon Squares  F Value
TOTAL : 61 : - 68871
LAB 15 60939
PAV . _ 16 4238.4166867
ERROR 30 3694.000000
Variance ' Variance
Source Mean Sguare Component
TOTAL 1125.036753 1176.839841
LAB 4062.588351 979,.740747
PAV 264.901042 73.9865761
ERROR 123.133333 123.133333
Mean

Standard error of mean

ERRCOR

1.000000000
©1.600000000

Pr > F

Percent
of Total

100.0000
83.2518
6.2851
10.4630

322.56451613
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PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU2 AND PSU3 WHEN AGED BY THE RTFOT AND THE PAV AND TESTED AT
~18C (m60)

This experiment provides the data by which the noise in the measured m(60) of the bending
beam at 60 seconds (m60) may be assigned to the Laboratory, the Aging and the
measurement errors. Accordingly an appropriate model for the measured values is;

Y(ijk) = MU +Lab(i) + PAV(ij) + Error(ij %)

Lab(i) isarandom variable with mean of 0 and standard deviation of SIG(LAB)
PAV(i,j) is a random variable with mean of 0 and standard deviation of SIG(PAV)
Error(i,j,k) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of .
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given. ' :

When the data in this experiment were first analyzed it was clear that one laboratory had
excessive within laboratory variation. Accordingly the data from that laboratory were -

omitted. The estimated values for the standard deviations, CV% and mean for m(60) are
given below.

Temperature
-18C

STD  CV% MEAN
LAB 01483 5.1% 2931
PAV 003912 1.3%

ERROR 006557 2.2%

The analyses from which the above were obtained are given in the next page.
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THIS IS FOR THE BENDING BEAM WITH IND PAV AGED PAUZ2 & PSU3
THIS IS FOR THE BBR AT TEMP -18C AND M{60)
LAB 3 OMITTED DUE TC EXCESSIVE WITHIN LAB NOISE

Source

LAB
PAV

‘ERRCR

Coefficients of Expected Mean Sguares

LAB PAV
3.821153846 1.940384615
0.000000000 1.882352941

0.000000000 0.000000000

ERROR

1.000000000
1.,000000000
1.000000000

Nested Randem Effects Analysis of Variance for Variable MEQ

Variance
Source

TOTAL
LAB
PAV
ERROR

Variance
Source

TOTAL
LAB
PAV
ERROR

Appendix Ii

Degrees
of
Freedom

64
16
17
31

Mean Square

0,000268
0.000912
0.000071902
0.,000043065

Mean

Sum of
Squares F Value
0.017142
0.014585
0.001222
0.001335
Variance
Component
0.000278
0.000220

0.000015320
0.000043065

Standard error of mean
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Pr > F

Percent
of Total

100.0000
78,9901
5.5129
15.4969

0.25310769
0.00376344

Error
Term




PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU1 AND PSU4 WHEN PREAGED AND TESTED AT -18C (560)

This experiment provides the data by which the noise in the measured s(60) of the bending
beam at 60 seconds (s60) may be assigned to the Laboratory and the measurement errors.
Accordingly an appropriate model for the measured values is;

Y(i,j) = MU + Lab(i) + Error(i,j)

Lab(i) is.a random variable with mean.of 0 and standard deviation of SIG(LAB)
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
variation will be given.

When the data in this ekperiment were first analyzed it was clear that one laboratory had
excessive within laboratory variation. Accordingly the data from that laboratory were

omitted. The estimated values for the standard deviations, CV% and mean for m(60) are
given below. '

Temperature
-18C

' STD  CV% MEAN
LAB 16.15  9.8% 164.26
ERROR 7348  4.5%

The ahalyses from which the above were obtained are given in the next page.
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THIS IS FOR THE BENDING BEAM WITH PRE AGED PSUI & PSU4
THIS IS FOR THE BBR AT TEMP -18C AND S({60)
LAB 15 CMITTED DUE TQO EXCESSIVE WITHIN LAB NOISE

Coefficients of Expecﬁed Mean Sqguares
Source - LAB ERROR

LAB 3.887394958
ERROR 0.600000000

1.000000000
1.000000000

Nested Random Effects Bnalysis of Variance for Variable 3560

Degrees

Variance of Sum of o Error
Source Freedom " Squares F Value Pr > F ‘Term
TOTAL 69 20955
LAB -’ 17 T 18148
ERROR 52 2807.416667
Variance Varilance Percent
Source Mean Sguare Component of Total
TOTAL 303.701035 314.712989 100.0000
LAB 1067.526751 260.724207 82.8451
ERROR 53.988782 53.988782 17.154¢9
Mean o 164.25714286
Standard exrror of mean 3.91797656
Appendix |l
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PRELIMINARY STATISTICAL ANALYSIS OF m(60s) DATA FOR PREAGED
MATERIALS PSU1 AND PSU4

This experiment provides the data by which the noise in the measured m(60s) at temperature
of ~18¢ of the preaged materials PSU1 and PSU4 may be assigned to the laboratory and the
measurement errors. Accordingly an appropriate model for the measured values is;

Y(i,j) = MU+ Lab(i) + Error(i,j)

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to -
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D1S, D2S for the between and within Laboratories variation. In this
preliminary analysis only the estimated standard deviations and associated coefficients of
-variation will be given.

None of the laboratories were judged to be outliers. The estimated values for the standard
deviations, CV% and means are given below. '

STD CV% MEAN
LAB 01307 3.7% 352

ERROR 005822 1.7%

The analyses from which the above were obtained are given in the next page.
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THIS IS FOR PREAGED PSUl AND PSU4 PREAGED S(60S)
TEMPERATURE OF -18C
NO OUTLIERS REMOVED
PREAGED MATERIALS WERE SENT TO LABS

Nested Random Effects Analysis of Variance for Variable M60

Variance
- Source

TOTAL
LAB
ERROR

Variance
Source

TOTAL

LAB
ERROR

Appendix li

Coefficients of Expected Mean Squares

Source

LAR
ERROR

Degrees
of
Freedom

73
18
55

Mean Square
0.000198
0.0006%9

0.000033924

Mean

LAB ERROR
3.893383393 1.000000GQ0

0.000000000 1.000000000

Sum of
Squares F Value
0.014454
0.012588
0.001866
Variancs
Component
0.000205
0.000171

0.000033924

Standard error of mean
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Pr > F

Percent
of Total

100.0000
83.4380
16.5620

0.35231081
0.00308373

Error
.. Term




PRELIMINARY STATISTICAL ANALYSIS OF BBR DATA FOR MATERIALS
PSU2 AND PSU3 WHEN PREAGED AND TESTED AT -18C (S60)

This experiment provides the data by which the noise in the measured s(60) of the bending
beam at 60 seconds (s60) may be assigned to the Laboratory and the measurement errors.
Accordingly an appropriate model for the measured values is;

Y(i,j) = MU+ Lab(i) + Error(i,j)

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D18, D28 for the between and within Laboratories variation. In this
preliminary ana1y31s only the estimated standard deviations and associated coefficients of
variation will be given.

When the data in this experiment were first analyzed it was clear that two laboratories had
excessive within laboratory variation. Accordingly the data from those laboratories were

omitted. The estimated values for the standard dev1at10ns, CV% and mean for m(60) are
given below.

Temperature
-18C

STD  CV% MEAN
LAB 3226 10.9% 296.54
. ERROR 9880  3.3%

The analyses from which the above were obtained are given in the next page.
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THIS IS FOR THE BENDING BEAM WITH PRE AGED PSU2 & PSU3
THIS IS FOR THE BBR AT TEMP -18C AND S(60)
LABS 15 AND 16 OMITTED DUE TO EXCESSIVE WITHIN LAB NOISE

Coefficdients of Expected Mean 3quares

Source

LAB
ERROR

LAR

3.878787879
0.000000000

ERROR

1.000000000
1.000000000

Nested Random Effects Analysis of Variance for Variable-$60

Variance
Source

TOTRL
LAB
ERROR -

Variance
Source

TOTAL

LAB
ERROR

Appendix Il

Degrees
of
Freedom

65

186

49
Mean Square

1091.205594

.4133,538352

97.790816

Mean

Sum of Error

Squares F Value. =~ Pr > F - Term
70928

© 66137

4791.750000

‘Variance
Component

1138.256978
.104¢.466162
87.790816

Standard error of mean

Page - 143 -

Percent
of Total

100.0000
91.4087
8.5813

296.54545455
7.97400788




PRELIMINARY STATISTICAL ANALYSIS OF m(60s) DATA FOR PREAGED
MATERIALS PSU2 AND PSU3

This experiment provides the data by which the noise in the measured m(60s) at temperature
of —18c of the preaged materials PSU2 and PSU3 may be assigned to the laboratory and the
measurement errors. Accordingly an appropriate model for the measured values is;

Y(@ij) = MU+ Lab(i) + Error(i,j)

Lab(i) is a random variable with mean of 0 and standard deviation of SIG(LAB)
Error(i,j) is a random variable with mean of 0 and standard deviation of SIG(ERROR)

All components are assumed to be independent random variables. The purpose of a
components of variance analysis is to estimate each of the above standard deviations and to
provide the basis for the estimation of other important quantities such as the coefficients of
variation, the usual D1S, D2S for the between and within Laboratories variation. In this
preliminary analysxs only the estimated standard dev1at10ns and associated coefficients of
variation will be given.

None of the laboratories were judged to be outliers. The estimated values for the standard
deviations, CV% and means are given below.

STD CV% MEAN
LAB 0173 5.6% 310

ERROR 00713 2.3%

The analyses from which the above were obtained are given in thé attached files
BEAM12.LST and OUT12.LST.
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THIS IS FOR BBR m({60s)FOR PSU2 AND PSU3 PREAGED
TEMPERATURE OF -18C :

NO OUTLIERS REMOVED
PREAGED MATERIALS WERE SENT TC LABS

Coefficients of Expected Mean Squares

" Spurce

LAB
ERROR

LAB ERROR
3.891891892 1.000000000

0.0000C000Q0 1.000000000

Nested Random Effects Analysis of Variance for Variable m60 -

Variance
Source

TOTAL
LABE
ERROR

Variance
_3ource

TOTAﬁ

LAB
ERROR

Appendix |l

Degrees
of Sum of
Freedom Squares F Value  Pr>F
73 0.024783
18 0.021982
55 0.002801
Variance Percent
Mean Square Component of Total
0.000339 0.000352 100.0000
0.001221 0.000301 85.5170
0.000050827 0.000050927 14.4830
Mean 0.30962162

Standard error of mean 0.00408937
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PRELIMINARY STATISTICAL ANALYSIS OF THE REFERENCE FLUID DATA
AT 64C ' '

Number of observations in data set = 112

NOTE: Due to missing values, only 69 cbservations can be used in this
analysis. '

RESULTS FOR TEMP = 64, AVERAGE OF 264.% USED
General Linear Models Procedure-

Dependent Variable: DIFF

Sum of Mean
Source DF Squares . Square F Value Pr > F
Model 26 6590.5028 253.4809 12.67 0.0001

Error- 42 - 840.1413 . 20.0034

Corrected Total 68 7430.6441

R-Square C.V. Root MSE DIFF Mean
0.8868306 99,68130 4.4725 4,4868
Source - DF Type I SS Mean Square F Value Pr > ¥
" LAB 13 4745.8415 365.0647  18.25  0.0001
REP (LAB) 10 1343.4050 134.3405 6.72 0.0001
FREQ 1 © 405.5552 405.5552 20.27 0.0001
STRAIN . 1 76.4586 76,4586 3.82 0.0573
FREQ*STRAIN 1 19.2424 19,2424 0.96 0.3323
Source bF Type III 858 Mean Square F Value Pr > F
LAB 13 . 4747.5826 365.1987  18.26  0.0001
REP (LAB) 10 1315.2283 131.5228 6.58 0.0001
FREQ 1 392.1439 392.1439% 19.60 0.0001
STRAIN ) 1 84.9672 84.96%72 4,25 0.0455
FREQ*STRAIN i 19.2424 19.2424 0.96 0.3323
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- PRELIMINARY STATISTICAL ANALYSIS OF THE REFERENCE FLUID DATA
AT 76C

Number of observations in data set = 112

NOTE: Due to missing values, only 69 observations can be used in this
' analysis.

RESULTS FOR TEMP = 76C. AVERAGE OF 130.87 USED FOR REF

General Linear Models Procedure

Dependent Vériable: DIFF

Page - 147 -

. Sum of Mean

Source - DF Squares Sqguare F Value Pr > F
Model .25 2465.,44011 98.6160 18.39 0.0001
Error 43 230.5418 5.3614
Corrected Total 68 2695.9429

R-Square C.V. Root MSE DIFF Mean

0.9144886 9999,9% 2.3155 0.0068
Source DF Type I S8 Mean Square F Value Pr > F
‘LAB 13 2139.4437 164.5726 30.70 0.0001
REP (LAR) 9 240.14867 26.6830 4.98 0.0001
FREQ 1 53,5739 53.5739 9.99 C.0029
STRAIN 1 30,2951 30.2951 5.65 0.0220
FREQ*STRAIN 1 1.9417 1.9417 0.36 0.5505
Source- DF Type III SS§ Mean Square F Value Pr > F
LAB 13 1960.2640 150.7895 28.12 0.0001
REP {LAB) 9 228.5273 25.3919 4,74 0.0002
FREQ 1 51.1113 51.1113 9.53 0.0035
STRAIN 1 32,688 32.1688 6.00 0.0185
FREQ*STRAIN 1 1.8417 1.9417 0.36 0.5505
Appendix ||
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Pre-molded DSR Samples Information




Pre-molded DSR Sample Instructions

July 29,1998
2 Pre-molded samples will arrive by express mail. Please store samples at
room temperature in their molds, until the samples are placed in the DSR.

All testing will be performed at 64 C

Testing will be performed between 1:00 PM and 3:00 PM on July 29, 1998.
Late Morﬁing

Set DSR software for original binder (12% Strain and 10 rad/sec).

Set the equilibrium time to 900 sec (15 minutes). Preheat the DSR to 64 C

with upper spindle loose s0 as not to create pressure on the machine as it

warms to the test temperature. Start preheating DSR at such a time so that

the DSR is ready to test at 1:00 PM. :

- 1:00 PM :
On data sheet please note room temperature in space provided.

110 PM
Set zero gap at 64 C

1:15PM ,
With sample still in mold mount sample #1 at room temperature in DSR.

Note time sample mounted in DSR on data sheet |
Compress sample to 1.05 mm

Trim sample immediately with heated trimming tool
Compress sample to 1.00 mm

Note time on data sheet

Start test using 900 second equilibrium time

After test, printout results

Clean up machine and preheat as before to 64 C

Appendix il




1:50 PM
Reset zero gap at 64 C

Note room temperature on data sheet

-2:00 PM
With sample still in mold transfer second sample to DSR

Note time mounted on data sheet
Compress sample to 1.05 mm
Trim immediately with heated trimming tool
Compress sample to 1.00 mm
Note time on data sheet
Start test using 900 second equilibrium
After test, print out results
After testing please fax or mail the data sheets as well as the printouts from your
tests back to the CAP Lab (fax 860-486-2399)
Jim Mahoney
University of Connecticut
CAP Lab - Transportation Institute

- 179 Middle Turnpike, U 202
Storrs, CT 06269-5202
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Pre-Molded Sample Data Sheet

Laboratory Name

Date & Time Sample Arrived at Lab

Sample #1

Room Temperature

Time Mounted in Machine

Time Sample Compressed to 1.00 mm _

Sample #2

Room Temperature

Time Mounted in Machine

Time Sample Compressed to 1.00 mm

How did you heat your trimming tool?

DSR Manufactured by?

Any irregularities while testing?

Please mail or fax (860) 486 - 2399 this sheet along with copies of your DSR test

printouts.

Jim Mahoney

University of Connecticut

CAP Lab - Transportation Institute
179 Middle Turnpike, U 202
Storrs, CT 06269-5202
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NETC
Pre-molded DSR Sample Participants

New-Hampshiré DOT
Vermont AOT

Mass Highwéy Debartment
Rhode Island DOT
New _York State DOT
Connecticut DOT
Delaware DOT
Hudson Asphalt

Sun Company
NECEPT

CAP Lab
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Round Robin 99 Report




New England Transportation Consortium Project 96-1
Superpave Implementation

- Report oh
PG Graded Binder Round Robin 99

Prepared by:
James Mahoney and Jack Stephens
From
The Connecticut Advanced Pavement Laboratory -

June 7, 1999
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NETC Round Robin 89

The Connecticut Advanced Pavement Laboratory as part of a New
England Transportation Consortium research project conducted a Round Robin
of Asphalt Binder Samples. The samples were distributed to the six New
England State Departments of Transportation, the New York State Department of .
. Transportation and to the asphalt binder suppliers active in the New England
area.

" The Round Robin consisted of four binder samples in 1-quart paint cans.
Detailed handling instructions were submitted with the samples. The instructions
were intended to reduce the variability of sample handling. The participants were
also asked to document, on the enclosed data sheets, the time each step was
completed. A floppy disk was also included with the samples on which the
participants would enter the test and time data and return to the CAP Lab. ‘ The
instructions and sample data sheets are included in Appendix A.

The four asphalt rsamples used during this Round Robin were identical to each
other. This was done to evaluate the reproducibility of the equipment and the - -
operator. . S

Dynamic Shear Rheometer (DSR)

DSR testing on the samples was performed for this Round Robin on both original
and RTFO material. This testing was performed using the 25 millimeter parallel
plate configuration for the DSR. Testing was not performed on the 8 millimeter
plates due to the uncertain future of this configuration. The binder used for the
Round Robin was a borderline PG 64-28. The testing was concentrated on this
grade since it is the predominate grade used throughout New England.

The Round Robin participants were asked to mount two DSR specimens from
the same sample. - The first specimen was to be tested at both 58° C and 64° C.
The second sample was to be tested at 64° C only. There were several
purposes for this sequence of testing. The first reason for this sequence of
testing was to investigate the effects of the bulge disappearing during the testing
process. The bulge is created by squeezing the specimen by 50 microns after
the sample is trimmed. It has been observed that during the testing process that
the bulge was tending to creep down the plates. The extended time that the
sample tested at 58° C and 64° C was held at the warmer temperature was
-assumed to be enough to cause the bulge to creep. The second purpose for this
testing was to determine if there were differences caused by determining the
zero gap space between the 256 mm plates at different temperatures.

The raw data from the Round Robin is shown in Appendix B. For data analysis,
values that deviated from the average more than three standard deviations were
dropped from the analysis. AMRL utilizes three standard deviations for




eliminating outliers. The data after removing the outliers can be seen in
Appendix C. None of the 142 reported G* or phase angle values for the original
binder were dropped from the analysis. DSR values of G* for the RTFO material
have a larger spread of values. Only 3 of the 143 reported RTFO G* values
exceeded the three standard deviation allowance. Forthe RTFO DSR phase
angle data, the three phase angle values corresponding to the dropped G*
values also exceeded three standard deviations. This increase in G* values can
be seen in figure 1.

The increase in the spread of the data for the DSR values of G* for the RTFC
material would be best accounted for by the increase in the handling of the
material. The material tested as DSR-RTFO material had undergone several
extra handling steps as well as an aging process. This allowed for the increase
in the variability of the test data. Another measure of the spread in test data is
the percentage of the average represented by one standard deviation (%18S).
The %18 G* value for the original binder using all of the data reported can be
seen in Table 1. The values for the %1S G* values after the outliers have been
removed can also be seen in Table 1. Both sets of %1S G* values for the RTFO
materia_l can be seen in Table 2. The RTFO material has a %1S G* value about

1.6% higher than the original material, after the outliers have been removed from
the computations. The RTFO material has a %1S G* value about 4.95% higher
than the original material when all of the test results are used.

Table 1 — DSR Original Material %1S G* Values

Temperature Tested %18 including Outliers %1S excluding Outliers
58" C 4.90% No Outliers Found
64~ C after 58" C testing | 5.71% No Qutliers Found
64°C . ' 5.83% - . No Outliers Found
Table 2 — DSR RTFO Material %18 G* Values
Temperature Tested - %1S including Outliers %1S excluding Outliers
- 58°C : 10.03% 717%
64" C after 58" C testing ~ 10.36% | 8.03%
64°C. 10.85% - 8.48%

The %1S values for G* obtained for this Round Robin are smaller than those
gathered from the latest published data from AMRL’s proficiency samples.

The majority of the effort for the data analysis was placed upon the complex
modulus G* due to its very large impact upon the test results. While the phase
angle is important, the amount of variation in test results caused by the phase
angle is limited. Table 3 shows the %18 DSR phase angle data for the onglnal
binder samples. _ _ _
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Table 3 — DSR Original Binder %1S Phase Angle Values

Temperature Tested %18 including Outliers %18 excluding Outliers
58~ C 0.25% No Outliers Found

64" C after 58" C testing 0.54% No Outliers Found
64°C 0.75% No OQutliers Found

Table 4 shows the %18 DSR phase angle data for the RTFO material.

Table 4 — DSR RTFO Material %1S Phase Angle Values

Temperature Tested %1S including Outliers %1S excluding Outliers
' 58°C 0 0.82% - 047%
64~ C after-58" C testing 0.74% 0.47%
64°C 0.72% 0.46%

The %1S phase angle data collected for this Round Robin is considerably lower
than that collected by AMRL during their latest published proficiency sample
results. The multilaboratory precision as measured by %1S for AMRL proficiency
samples 169 and 170, for phase angle of the DSR original material was
approx:mately 1.25% and for G* approximately 1.05%.(Ref. #2) The average G*
at 64° C for the second sample of original material was 0.012 kPa higher than
the average G* for the material tested at 64° C after 58° C. 8 of the labs had
higher averages for the specimen tested at 64° C only. The average values for
G* at 64° C of the RTFO material were virtually the same for both specimens.
The extra holding time in the silicone molds did not appear to have any effect on
the G* va!ues of the RTFO materlal

Figures 2-9 show the G* vaiues and phase angles for the original and RTFO
material. The phase angle figures demonstrate how close the phase angle

. results are to each other. Thus, the majority of the variability in the test results
appears in the complex dynamic modulus — G*.

The coefficients of variability for the DSR and BBR testing performed by each lab
for this Round Robin can be seen in Table 5. The DSR coefficients were
computed by determining the coefficient of variability for each test temperature
and then averaging the three coefficients. The BBR coefficients were computed
by comparing all of the m-value data for each lab with itself. The coefficient for
the Stiffness was determined in a manner similar to the m-value. The coefficient
of variability of G* increased for the RTFO material for 8 labs and decreased for
only 3 labs. The magnitude of the coefficient of variability increases far outwelgh
the decreases which were observed '
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Table 5 — Average Coefficients of Vanablhty for DSR and BBR Testing

Original RTFO
Lab Original Material, RTFO Material BBR BBR
Number ! Material Phase Material . Phase m-value, % | Stiffness, % |
' G*, % Angle % G*, % Angle, %
101 1.80 0.07 3.39 0.07 1.21 2.58
102 242 0.15 2.10 0.26 0.92 1.10
103 4.73 0.09 8.44 0.28 5.51 3.45
104 5.61 1.10 10.99 0.99 17.60 9.95
107 1.50 0.08 9.61 0.66 1.33 2.74
109 - 3.42 0.12 30.00 2.1 1.33 2.74
110 - 4,22 0.03 3.38 0.09 3.42 6.17
111 1.71 0.05 4.44 0.23 2.00 2.04
113 1.35 - 0.07 3.05 0.15 1.43 3.26
119 1.82° 0.54 3.27 0.16 1.25 3.04
121 416 0.25 9.36 0.38 1.31 3.55
130 2.29 0.04 1.85 0.14

Figures 10-13 show the coefficients of variability for the various stages of testing.

Bending Beam Rheometer (BBR)

The testing performed using the BBR was performed at one temperature —18° C.
The testing was performed at this temperature because it correlates with PG
Grades of =28° C. The material tested was subjected to aging in the RTFO and
the Pressure Aging Vessel (PAV). Vacuum degassing was not used for this
round robin. The BBRs had not been upgraded with the new supports at the tlme
this Round Robin was performed E ,

The Round Robin par’ticipants were asked to use only the data from the first two
beams tested. Data from any extra beams tested was not to be included as long
as data was collected from the first two beams. The participants also were to
use the aluminum beam molds with the appropriate plastic strips.

BBR data from lab 109 was excluded in all of the data analysis. Upon
investigation it was determined that their BBR was not functioning properly.

Table 6 shows the results from the %18 BBR data. Figures 14 and 15 show the
m-value averages and the stiffness averages for each lab. A three standard
deviation cutoff was used for eliminating oufliers. All of the outliers for the BBR
data occurred from the same lab. Two of the eliminated data points were m-
values and the third point eliminated was a stifiness value.

The %18 value obtained for the m-value for this Round Robin after dropping 2
outliers was one-third lower than the published values from AMRL for their latest

Appendix IV : 13




| eudle O4iNM - [eLeleW [BUBHOME ;

0L

JaquinN
qgeq

L9}l 041y _u:m [ewiblIQ 10} 9 IO} UonEleA JO JualsIye0) abelaAy
66 UIOY punoy L3N - 0} 24nbig

ol

gl

0¢

|74

0g

1

(%6) “©

14

Appendix IV



Lzl

BUSIEN OALU M [eHelN [PuBLOmE

€0l 2al L0

6LL el m oLl

Jagquinn
qe

leuajely 041y pue E:_mzo aibuy eseyd 1o} UOIELIEA JO JUaIOIJ90) abeIsAY
66 UIqoy punoy 913N~ L1 2nbid

g0

St

(%) 81Buy aseyd

15

Appendix IV



ogL

Joquuny

201 gen

Leb 6L1 €Ll LLL

anjeA-w Yg g 10 UOHBLIEA JO JUBIDIYI0D
66 UIQOY punoy J13N -2l aanbiy

ol

cl

vl

9l

g1

0c

(%) enjeA w

Appendix 1V

16 -



ocl

|74

LU 801

2ol

LOL

Jaquiny
aen

zl

SSOUYS Ydd 10) UOHELIBA JO JUDIOII0D
66 UIqoy punoy JLIAN - ¢} 2unbiy

[{s]
(%) sseupns
17

ot

Appendix |V



Auo Do m
Bunsay 08s Je)e OY9E

ogl Lel 61 4 91 LLL oLl 601 20} b0) €0l 2ol 101

#qe

o

o<

oe

09

04

08

06

%9 Je [eualeiy O41M 104 sonjep sjbuy aseyd wmm._w><
66 UIGOY punoy DL3N - 6 24nBid

saalbag ejbuy aseyd ‘0 #9

12

Appendix IV



L2k

60} 0l

10k

# den

G0°0

10

- S1°0

anjeA w

18

62’0

GE0

g}~ Je Bunsa)| yag 10} an[ea-w aberaAy
66 ulqoy punoy 13N - vi ainbiy

Appendix IV



0} 0l

oLt 60}

20l

981- Je Bunsa] Mg 10} sseuyns aberaay
66 UIqoY punoy HL3AN - §I anbiy

0s

001

0S|

edN ‘sSAULNS
19

002

052

00

Appendix IV



proficiency samples. Table 6 shows the %18 for the m-value for this Round
Robin, The average pub[:shed value of the %1S for AMRL samples number 169
and 170 is 4.15%.

Table 6 - BBR %1S for m-value

Temperature Tested %18 including Outliers %18 excluding Outliers

-18°C - 6.38% 2.80%

The %18 value obtained for the BBR stiffness is in Table 7. Again these values
are lower than the published AMRL proficiency sample values for AMRL samples
169 and 170. The published %18 value for samples 169 and 170 is 10.85%.

Table 7 — BBR %18 for Stiffness

Temperature Tested %18 including Qutliers %18 excluding Outliers
-18°C 6.10% 5.65%
Conclusions -

. There appeared to be virtually no difference in DSR G* values for material tested
over two temperatures versus a freshly mounted specimen. This would tend to
indicate that the meltdown of the bulge does not adversely affect the resuits.
Also, with no apparent differences in test results between the specimen tested at
both 68C and 64C and the specimen tested only at 64C, the difference in setting
the gap, 58C versus 64C does not appear to matter.

The results obtained during this round robin are more consistent than those
obtained from the AMRL proficiency samples. This is due in part to the very
specific instructions which were provided to the participants. Following such
detailed handling instructions would not be practical, but some improvement in

sample handllng uniformity from lab to lab may decrease the variation between
labs. _

The variation observed in the BBR results will more than likely improve with the
introduction of the vacuum degassing oven. The procedure used for this will
standardize the sample handling. As the current AASHTO specification is
currently written, there is a lot of room for interpretation as to how to determine
the proper amount of heatmg time to remove entrapped air in the Pressure Aging
Vessel (PAV) residue. The procedure for vacuum degassing the PAV residue is
very specific as to heating times and length of time the material should be
exposed to the vacuum. This should reduce variability caused by different
techniques currently in use to remove entrapped air.
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NETC Round Robin 1999

There are four 1-quart cans containing asphalt samplés. They are labeled 99A,
99B, 99C and 99D. These sample should be subjected to the full battery of PG
binder tests with the exception of the flash point. Below are the detailed
instructions regarding the handling procedures for these samples. Please
adhere to these instructions as closely as possible and note deviations from the
instructions. We are trying to determine the effect of handling by different labs on
the asphalt samples, so adhering to the instructions as closely as possible is
critical. Please note: there are better handling procedures available, but for
consistency please follow the instructions as given. : :

For each sample the following tests will be performed:

1 Rotational Viscosity (Original Binder 135 C

1 DSR Original (58 Cand 64 C) .. :

1 DSR Original (64 C only)

1 Rotational Viscosity (RTFO Residue 165 C)

1 DSR RTFO (58 C and 64 C)

1 DSR RTFO (64 C only)

1 BBR Test (-18 C) 2 Beams per test on PAV material

The data should be entered into the spreadsheets provided. Please also record
the time data in the provided time data sheets. The time data may allow us to
discover why some data is more scattered than other data. ‘

Before beginning any testing, please verify the temperature calibrations for both
the DSR and BBR. |f during the testing of the 4 samples you have to change the

temperature calibrations, please note when you did it on the spreadsheet
provided. R :

instructions for testing:
Please test only one sample at a time.

All equipment should be brdught to temperature far enough in advance so as not
to effect the timing of the testing.

Original Binder Material

- . loosen lid on quart can but do not remove.

- Place can with loose lid in 135 C oven.

- Allow can to heat for 1 hour 45 minutes

- Stir sample : .

- Pour a minimum of 3 DSR original samples, 1 Rotational Viscosity Sample
and 8 RTFO botties (35 g +/- 0.5 g). '

~ Appendix IV




Cover DSR samples to prevent dust or other contaminates from getting

into the samples. '

Begin testing DSR samples as soon as possible.

- Before loading each DSR sample please warm the DSR to the
loading temperature and zero the gap with warm plates not room
temperature plates.

- ‘Use the standard DSR testing parameters for original binder such
as 12% strain, 10 rad/sec oscillation frequency, 1 mm thick sample
‘and creating the bulge by squeezing the sample 0.050 mm.

- Use the equilibrium time you normally use for your equipment
The trimming tool should be heated prior to trimming sample.

Load and trim one sample at 58 C and test it at both 58 C and 64 C.

Load and trim second sample at 64 C and test it at 64 C only.

Please complete DSR original testing within 2 hours of pouring the

samples.

Place the Rotational Viscosity sample into the conditioning chamber as

soon as possible after pouring and begin testing sample at 135 C.

Allow the RTFO bottles to stand for 30 minutes in desicator after pouring

and then place bottles into RTFO oven and run for 85 minutes.

RTFO Material

After running the RTFO for 85 minutes remove boftles and combine all of |

the RTFO residue into a single container. Do not scrape bottles!!

While material in the container is still warm, piace container into 163 C

oven for 20 minutes.

Remove container from oven and stir. '

Pour a minimum of 3 DSR RTFQ samples, 1 Rotatlonal V:scos:ty and as

many PAV pans as possible.

Begin the DSR RTFO testing as soon as possible.

- Before loading each sample please zero the gap with plates
warmed to the loading temperature.

- Use standard DSR testing parameters for RTFO material such as
10% strain, 10 rad/sec osciilation frequency, 1 mm thick sample
and creating the bulge by squeezing the sample 0.050 mm.

- Use the equilibrium time you normally use for your equipment
Trimming too! should be heated prior to trimming sample.

Load and trim one of the DSR samples at 58 C and test it at both 58 C

and 64 C.

Load and trim the second DSR sample at 64 C and fest it at 64 C only.

Please complete the DSR RTFO within 2 hours of pouring samples. ,

Place the rotational viscosity sample in the sampie condztaomng chamber

as soon after pouring as possible.

Begin testing material at 165 C.

Cover the PAV pans (1 gallon paint can lids work nlcely) and allow the

PAV pans to cool on the countertop fer a minimum of 30 minutes.

Appendix IV




PAV Material :

- PAV should already be preheated and the PAV pan rack should be preheated in
the PAV '

- Place samples into PAV pan rack and place into the PAV.

- Start PAV. '

- When PAV is finished allow it to depressurize in 9+/~1 minutes.

- Place PAV pans into 163 C oven for 15 minutes. '

- .Combine contents of PAV pans into a single container. -

- Place covered container back into 163 C oven for 1 hour - stirring every
twenty minutes. - .

- Remove from oven and stir once more.

- Pour a minimum of 2 asphalt beam specimens. _

- Allow asphalt beams to stand on countertop for 45-60 minutes.

- Trim beams. S , :

- Place beams into freezer no colder than -8 C (if possible, if not please
note on spread sheet) or ice bath with 10 minutes time separation
between beams. | - |

- Allow beams to stay in freezer or ice bath for 7 minutes.

- At this time, the BBR bath should be at-18C. o

- De-moid and place beams into BBR bath and allow each of them to soak
for exactly 60 minutes. _ ' P C

- Set standard test loads on the non-compliant beam. No load adjustment
should be made once an asphalt beam is placed in the supports.

- If your BBR has trouble maintaining the test loads for the duration
of the testing — please forward a copy of the printout for each beam
with your data. : |

- Test beams. If more than three beams are poured only use data from the
first two beams tested — unless there is a malfunction of the equipment.
Do not choose the data from the two beams with the closest values.

Repeat these instructions for each of the four samples. If you have any
questions please contact Jim Mahoney at 860-486-5956. o
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Appendix B

The Raw Data from Round Robin 99

Appendix IV




NETC Round Robin 99 - Raw Data
G* Values for DSR - Original Testing

Lab Averages Including Outhers Average Coefficient
: Single specimen mounted | New specimen{ _ Single specimen mounted New specimen of Variability
[Lab# [ Sample #]G" 58 C, kPa |G 64 C, kPa |G 64C,kPa |G"58C, kPa |G*84C.kPa [G*64C.kPa for each lab, %
101 994 2477 1.157 1177 2531} 1,175} 1.161] 1.80 |
101 998 2.517 1.169 1:188
101 98C 2.581 1.186 1,520
1™ =) 2,547 1178 1.160
102 294, 2.371 1.125 1.122 2.411] 1.152] 1,184] 242 1
102 998 2.44% 1165 1,202
102 99C 2.388 1,156 1.222
102 99D 2.443 1.163 1.230
103 99A 2,516 1.167 1.155 2,679} 1.245] 1.250| 4.73 |
103 1 998 2709 1.262 1,235
103 FES 2714 1.273 1.274
103 99D 2778 1.290 1.278
104 G9A 2.764 1.246 1.406 2.595] 1.202| 1.318] 5.61 ]
104 | - 99B 2.526 4.161 1,321 ‘
104 99C 2.590 1.272 1.350
104 5D 2.489 1.130 1.199
107 99A, 2.701 1,315 1.297 2.716] 1.326] 1.244] 1,50 ]
107 | 998 2.769 1.357 1,338
107 93¢ 2.705 1.322 1.296
107 agh 2.689 1.313 1.323
109 994 2470 1116 1.147 2.585] 1.184] 1.475] 3.42 1
109 398 2.501 1.188 1,184
108 93¢ 2682 1,188 1.179
109 99D 2,607 1.242 1.207
110 994 2.593  1.187 1.162 2.548| 4.145] 1.180] 4.22 i
110 998 2.380 1.048 1.161
110 99C 2.688 1,160 1.205
110 99D 2.534 1.185 1,180
111 994 2.690 1.258 1.320 2.741] 1.263] 1283} 1.71 ]
111 | 998 2.691 1.247 1264
114 gaC 2.768 1.267 4.279
111 99D 2814 1.278 1,292
113 B9A 1,250 4,228 2.783] 1.250 1.238] 1.35
113 S98 2518 1.273 1.266
113 99C 2.778 "1.243 1.232
113 29D 2754 1.233 1,226
119 S9A 2.745 T 1.262 1.305] - 2.740] 1.256] 1.285] 1,82
119 998 2,701 1.237 1.272
119 95C 2.777 1.301 1.302
119 990 2,736 1.225 1.263
121 994 2.660 ) 1.102 2.600] 1.157] 1.167] 4.16 |
121 998 2,580 1.189 1.165
121 [ 2.444 1117 1477
121 R 2.116 1.156 1.225
130 99A 2.485 1.098 4.128 2.571] 1.1285] 1.442] 229 |
130 $9B 2513 1,109 1,152 .
130 84C 2.692 1.158 1.145
130 99D 2.594 1,137 1.141
[ Average 2.620 1.208 1.227
[Standard Deviation 0.128 0,068 0.072
{Std. Dev % of Avg.| 4.50] 5.7 583
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NETC Round Robin 99 - Raw Data
Phase Angte Values for DSR - Original Testing

Lab Averages Induding Outliers
Single specimen mounted | New specimen|  Single specimen mounted | New specimen | Average Coefficient
S8C, Phase | 64 C, Phase | 64 C, Phase | 68C, Phase | 84 C,Phase | 84 G, Phase of Variabitity
Lab # [ Sample # | Angle Degrees | Angle Degrees| Angle Degrees| Angle Degrees Angle Degrees| Angle Degrees|  foreachlab, %
104 99A 85.54 86.93 86.97 85.51] 85.92] 85.88] 0.07
101 998 25.50] 86.91 85.73
101 95C 85.53 86.95 86.92
101 990 85.45 86.87 £6.80
02 |99 3540 37.00 3700 85.63] 87.90] 26.88] 515
102 98B 85.70 87.20 86,90
102 99C 85.70 87.00 86.70
102 990 85.70 87.20 £5.90
103 99A 85.75 £6.85 86,53 85.60| 86.941 87,00] 0.03
103 FEE] 85.55 4699 87.10
103 99C 85.58 86.92 87.02
103 ) 85.50 86.90 86.94
104 99A ~ 84.70 84,70 85,83} 86.73] 85.43] $.10
104 998 85.80 ~ 87.40 34.60
104 $8C 85.70 87.40 87.40
104 o) 86.00 87.40 85.00] -
107 S9A 85.71 - 87.24 - §7.22 85.69]. 87.20] 87.24] 0.08
107 998 _ 8562 - 87,13 87.15
107 99C 85.65 87.15 87.29
407 39D 85.78 87.28 8728
109 | 99A asosl- - - 87.62 87.73 85.87] 87.554 87.66{ 0.42
109 998 §5.81 -~ B7.52 87.68 '
109 99C 85.75 --87.35 87.60
| 109 990 85.91 87.70 67.63
110 99A 85.42 - 86.93 §6.98 85.41] 86.92] 26.95] 0,03
110 998 85.40 85.97 86.93
110 Bac 85.39 £6.85 86.96
110 930 85.43 86.91 86.94
111 99A 85.61 8713 87.09 85.57] 87.14] 87.15] 0.05
111 998 8558 87,13 8745
111 39C 85611 - - 8T:AF - 87.20 .
114 58D 85.49 8742 8715
113 59A, 87.12 §7.05 85.42] 87.09} 67.07] 0.07
143 ‘938 85,33 87.03 86.98]
113 95C 85,44 87.08 87.08
113 99D 85.49 87.13 87.14
149 Q9A B5.60 - 85.70 87.00 35,53 86.851 86.40] 0.54
419 998 B5.60 - 86.70 87.00
118 3¢ £5.50 - 8100 84.70
119 83D 85.40 87.00 £6.90
121 99A 85.30 85.90 85.10] 86.13] 85.85] 0.25
121 298 - 85.30 85.20 £5.50
121 S6C 84.80 86.40 85.90
121 98D 84.90 85.30 85.70
130 99A 85.53 §7.13] 87.08 85,571 87.11} 87.12] 0,04
130 598 85.58 87.09 87.13
130 93C 85.53 87,41 87.14
130 99D 85.65 87.12 87.14
.| Average 85.56 §6,99 86.80
[Standard Deviatio 0.22 0.47 0.75
f5td. Dev % of Avg.| 0.25] 0.54] 6.85|

Appendix 1V




NETC Round Robin 99 - Raw Data
G* Values for DSR - RTFO Testing

Lab Averages Inclyding Outliers Average Coefficient
Single specimen mounted | New specimen}  Single specimen mounted | New specimen of Variability
{Lab# [Sample #]G* 88 C.kPa_1G'84C. kPa_ |G B4 C. kPa [G"58C, kPa |G 64C. kPa |G"64C. kPa | foreachlab, %
101 904 6,435 2,897 2.744 6.126] 2.737] 2.713] 3.39
101 998 8081 - 2,672 2671 i
101 930 5.794 2.628 2.769
101 99D 6.194] - 2749 2.698
102 S0A 6.178 2738 2.75% 6.299] 2.838( 2.835] 2.10
102 398 5.405 T 2934 2.868} -
102 $5C 6.264 2.830 2877
102 990 6.350 2.849 2.837
103 99A 5.988 3.132 _3.059 7.084] 3,198} 3.278] 8.44
103 98B - 7.082] 3245 3.143
103 4sC 7,930 _ 3,589 3.624
103 e 6.374 2.886 3,287
104 S9A 7.046 3.155 3.168 5.632| 2.956] 2.883] . 10,89
504 998 6.000 2748 2.367 -
104 | 99C 7.360 3.270 2908
104 53D 6.120 2,630 3.097 )
107 994 7.748 3.608 3.634 6.909] 3.260] 3.279] 9.61
107 858 6695 - 3.150 3.084
107 98C 5.957 3.355 3.499
107 ) 6.224 2916 2.899
106 | %A 3.556 3671 1623]  6.253] 2.878] 5.860] 30.00
109 998 6.824 3.297 3.253] .
109 95C - 7.802 3,805 3872
109 99D 6.731 2937 2,892
110 99A, 7.393 - 3.2 2.673 8.089] 3,077] 2.967] 3.38 ]
110 998 6.830 2.983 2.905
110 99C 6.952 3.030 3010
110 $9D 6.781 2998 2.877
111 99A, §.704 3160 3.081 6.961} 3.181] 3.183] 4.44
111 S9B - 6.734 3.058 3.058
111 99C 7.002 3170 3223
114 990 7.403 3.335 3.409
113 99A 3,177 3.083 6.721] 2,994} 2.983] 3.05
113 9B 6.655 2883 2913
113 9aC 6.886] 2988 3012
113 990 6.621 2929 2,924
119 9SA 5.624 2989 2920 6.758] 2.965] 3.033) 3.27
119 958 6.968 " 3.040 3.214
119 98C 6.847] 2939 2.895
119 980 6.592 2,894 3.104
121 99A 6.817 2912 2,849 6.875] 29841 2.902] 9.36
121 998 6.327 T 2844 2797
123 99C 6.750 2912 2.951
121 ) 7.508 3,466 3.373
130 B9A 6.962 T 3045 2.935 7.031] 3.043] 3.073] 1.85
130 998 7.012 2,668 3.105 ‘
130 99C 7.095 3.082 3.002
130 99D 7.055 3.076 3.190
[ Average 6,720 3.006 3.007]includes Outier
[Standard Deviation 0.874 0.312 0.326]Includes Qutiier
[Std. Dev % of Avg.| 10.03} 40.36] 10.85}Includes Outlier
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NETC Round Robin 99 - Raw Data
. Phase Angie Values for DSR - RTFO Testing

Lab Averages Including Quiliers
Single specimen mounted | New specimen| Singie specimen-mounted | New specimen| Average Coafficient
. | 58 C,Phase | 64 C, Phase B4 C, Phase | 55 C, Phase | 64 C, Phase | 64 C, Phase of Variabilty
Lab# I Sampie # | Angie DegreesiAngle Degrees| Angle Degrees Angle Degrees| Angle DegreesiAngie Degrees for each lab, %
301 99A 5120 8355 83.73 81.28] 83.57] B3.76] 0.07 ]
101 S9B 81.2¢ "83.73 83,72
101 95C 81.36 83.68 83.77
101 990 81.27 83.86 83.82|
102 S9A 81.40 TE3.60 83.70 81.23( 83.70] 83.60] 0.26 }
102 998 81.00 83.50 83.60 '
102 93C 81.40 54.00 83.30
102 99D §1.10 83.70 53.30
103 99A 80.96 83.20 8360 80.89] 83.29] 83.37] 0.28 |
103 998 80.95 83.42 83.41
103 2C 80.50 83.07 83.02
103 $80. 81.11 - 8347 83.46
104 99A 80.60 82.30} 82.30 81.43{ 83.33] 83.53| 698 |
104 99B 81.80 83.00 84.60
104 [ 81.40 .. B3.60 £3,90
104 99D 81.90 84.40 83.30
107 99A 80.32] - 8289 82.90 §0.98] 83.39] 83.43} 0.66 ]
107 998 81.26 83641 83.73
107 99C 80.65| . 83.08 83.08
107 49D 84.68 83.95 84.01
109 Q9A 8474] - - 86.73 85.66 81.86] 84,26} 84.29{ 2.11 1
103 998 gi.16] - — 8380 '83.50 .
169 2gC 80.22 - 8295 83.09
[ 109 98D 81.32 83.85 83.92
110 S9A, 80,93F - - 83.41 83.42 80.78| 83.33] 83.36] 0.09 ]
110 998 80.77 -~ 83.32] - 83.39 :
110 $9C 80.69 83.30 83.3¢
110 99D B0.72] - 8328 £3.30
111 99A 81.10 83,62 83.83 80.97] - 8351 83.48] 0.23 |
111 998 §1.16 - 83.66 83.63 :
111 93C 80.93 83.47 8344
111 S50 30.68 8327 8324
113 99A T 83.42 83,33 81.08] 83,58 83.58] 0.15 1
113 958 . 8115 83,68 83.87
113 %ac 80.9s] - - 83.55| 83.61
113 990 81.14 83.68 83.69
119 [ 99A T B1.20] - - 83.40[ 83.80 51,10} 83.35] 83.68] 0.16 _|'
119 998 80.80 83.20 83.50 -
119 293¢ 81.20 83.40 83.80
118 850 81.10 - 8340 8350
121 93A 81.00 - 8260 83.00 80.70] 82.73] 82.90] 0.38 1
121 998 ~80.30 - 82.70 63,10
121 99C go90] - - 8320 82.70
121 93D 80.40] - - 8240 82.80
756 | 99A T 8387 3553 30.67] 8333 33.36] X
130 998 8062] - 8342 33.24
130 95C 80.75f -~ 8338 83.43
130 %aD 80.53] - 83.23 83.22
) [ Average £1.08 83.45 83.53]Includes Outlier
[Standard Deviatic 0.66 0.62 0.60] Incfudes Outlier
[5td. Dev % of Avg.| 0.82} 0.74] 0.72]Includes Qutlier
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NETC Round Robin 88 - Raw Data

BBR Values
verage Coefficient [ Average Coetficient
of Varability of Varability
Beam 1- Beam 2 Lab Average for each lab, % for each tab, %
[ Lab# TSample#| m-value | Stiffness, MPa | m-value | Stiffness, MPa | m-value | Sfiffness mevalue Stiffness
101 A 0.301 2320]  0.301 229.0 0.302] 2248 1.2 2,83
101 908 4.301 223.0 0.301 227.0
1 93C 0.297 216.0  0.303 228.0
101 98D 0.310 21701 0.302 226.0
102 98A 0.284 252.0] 0,233 253.0 0.293] 252 8] 0.92 1,10
102 938 0.293 256.0] 0288 248.0
102 8sC 0.293 - 2510 o292 252.0
102 95D 0.256 2540[ 0287 255.0
103 S9A 0.301 239.0 0.303 2550 0.292] 240.1} 5.51 3.45
103 598 0.295 246.0] 0294 2270
103 98C 0.253 234.0]  ©0.299 242.0
103 38D 0.295 2520] 0296} - 228.0
104 S9A 0.308 199.0 0.288 210.0 0.324} 207 9] 17.60 3.95
104 SSE 0.408 206.0] 0408 213.0
104 98C 0.250 213.0 -
104 83D 0.288] 189.0 0.282] 219.0]
107 "99A | 0305 245.1 0.310 244.2 0.309] 241.3] 133 1 2.74
107 998 0.302] - 2381 0.311 238.1 :
107 99C 0.305] - - 2588] 0311 243.1
107 asD 0.314 —241.5]  0.311 218
109 3.42 617
109
109
109
110 99A .31 2505 0310 248.2 0.303} 242.9] 2.00 2.04
110 9SB 0.303] - - 2378 0.303 240.7 i
110 93¢ 0,294 - 2441 0.295 2330
110 930 0,300 2433 6.305 2332.4
111 SSA 0.298 259.0 0,304 250.0 0.208{ 248.5] 1.43 3.26
111 8gB 0.295 232.0 0.284 240.0
114 95C 0.2% 25101 0300 255.0
111 98D 0.294 - 2800 0305 241.0
113 894, 0.209 243.2 0.295] 25011 0.360] 237.3] 1.25 3.04
113 998 0.305 242.7
113 959G 0.298 228.2 0.302 228.7
113 99D 0.304 2384 0.297 229.2
118 93A 0.301 - 2449 0.280 2207 0.297] 235.0] 1.31 3.55
119 99B 0.295 230.2 0.284 248.4
119 99C 0.300 238.9 0.259 2211
119 93D 0.301 231.6 0.293 244.5
121 S9A 0.285 254 029 254.0 0.292] 246.4} 0.57 2.13
124 98B 0.293 248.0 0.291 239.0
121 %5C - 0.291 247.0] - 0.292 237.0
121 99D 0.293 240.0] ~ 0.292 251.0
Qverall Average|Std. Dev.
m-value 0.301 0.019]Inciudes Qutliers
Stiffness, MPa - 238.077]  14.532)includes Outliers
[ Std. Dev % of Avg.|m value 6.38]includes Outiiers
Stiffness 6.10}Includes Qutlers

IR £ cvipment not functioning property, excluded form overall average

Appendix IV

B-5




Appendix C

Amended Data for Round Robin_99
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NETC Round Robin 99 - Refined
Phase Angle Values for DSR - Original Testing

L ab Averages Exduding Qulliers
Single specimen mounted [ New specimen| _ Single specimen mounted | New specimen:
58 C, Phase | 64 C, Phase | 64 C, Phase | 58 G, Phase | 64 C,Phase | 64 C, Phase
Lab # | Sample # | Angle Degrees] Angle Degrees| Angle DegreesfAngle Degrees| Angle Degrees| Angle Degrees
101 | 99A 85.54 86.93! . 86.97 8551 | - 8692 | 8688 |
101 898 85.50 86.91 8673
101 95C 85.53 86.95] 86.92
161 95D 8546 86.87 86.80
102 99A B5.40 87.00 47,00 8563 | 8710 | s688 |
102 598 85.70 87.20 86.90
102 95C 85.70 87.00] - 85.70
102 99D 85.70 87.20 £6.90
103 S9A 85.75 85,96 £6.93 8580 | 8694 | 8700 |
103 998 85.55 88,99 £7.10
103 8eC 85.58 86.92 87.02
103 99D . 85.50 86.90 86.94
104 99A 84.70 84.70 8583 | 8673 [ 8543
104 598 85.80 © §7.40 84.60
104 9sC 85.70 87.40 87.40
104 88D 85.00 “87.40( 85.00
107 98A 85.71 -87.24 87.22 8568 | 8720 | 8724 |
107 S8 85.62 87.13 87.15| -
107 95C 85.65 87.15 87,29
107 8D B85.78 87.28] - 87.28
109 99A -~ B589 §7.62 87.73 8587 | 8785 | 8766 |
108 998 85.81 87,52 a7.68] -
108 93C B5.75 87.35 87.60
109 990 85.91 87,70 87.63
110 EEIN 85,42 85.93 86.98 8541 | 86982 | 8595 |
110 998 85.40 85.97 £6.93
110 99C 85.39 86.85 86.95
110 58D 85.43 86.94 86.94
111 SOA 8561 87.13 87.09 8557 | 8714 | 8715 |
111 998 T 8558 87.13 87.15
111 esC 85.61 87.17 87.20
111 ) 85.49 87.12 87.15 _
T3 | . S9A B7.12 A T I T T
113 988 3533 87.03 85.98
113 94C . 85.44 87.08 £7.08
113 8eD 8549] . - 8713 87.14
L) 99A 85.80 86,70 87.00 8563 | B6S8S |  BBdA0 |
119 998 85.60 86.70 87.00
119 99C 85.50 " 87.00 84.70
119 99D 85.40 87.00 86.90
121 99A 85,30 : 85901 8510 1 8643 | 8585 |
121 998 85.30 §6.20 85.50
121 e 84.50 86.40 85.90
121 990 $4.50 §5.80 85.70
130 93A 85.53 8713 87.08 8557 | 8741 | &r42 |
130 938 85.58 87.08{ 37.13
130 99C 85.53 8741 8744
130 99D 85.65 87.12 87.14
["Average 85.56 86.98) 86.80
[Standard Deviation 0.221 0.47 0.75
{Std. Bev % of Avg.| 0.25] 0.54] 0.86)
SEET Excluded from average because it differed from the average by mare than 3 Standard Deviations
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NETC Round Robin 99 - Refined
G* Values for DSR - Original Testing

Lab Averages Excluding Cutliers
Single specimen mounted | Mew specimen]  Single specimén mounted New specimen

[Leb# [ Sample #|G" 58 C kPa |G 64C, kPa |G- 64 C, kPa_|G*58C. kPa |G"64C.kPa {G*64C. kPa
01 SOA 2477 1157 1.177 25831 | 1175 [ 118t ]
161 998 2517 1.169 1.188 :
101 99C | 2581 1.196 1.120
101 9906 | 2.547 +.178] 1,160
102 S9A 2,371 1,125 S faz 2411 | 1162 | 1494 |
102 998 2,441 1.165 1.202
102 93C 2,388 1.455 1,222
102 99D 2.443 1.163 1,230
103 9%A 2.516 1.157 1,355 2679 | 1246 | 1250 |
103 998 2709 1.262 1.285
103 59C 2.714 1.273 1.274
103 990 2.778 1.290 1.276
104 SSA 2764 1.246 1.405 2805 | 1202 | 1319 |
104 398 2.526 1.161 1.321
104 98C 2,560 3272 1.350
104 ) 2468 — 1130 1,199
107 I 2701 1.315 1.287 2716 | 1326 | 1314 |
107 998 2769 ... 1357 1.339
107 93C 2.705 1322 1.296
107 980 2.689 _.. 1311} 1.323
109 GOA 2470 . 1A46] t.147] . 2565 | .84 | 1179 |
109 298 2501 .. . _1.188 1,184
109 99C 2,682 . 1488 . 1179 ¢
108 ) 2,607 L t242l 1.207
110 99A - 2.593 ERLH 1,162 2548 | 3445 ] 1180 1
110 598 2.380 L 1.048 1.16t
110 93C 2.688 1.180] 1.205
110 99D 2.534 1.185 1.190
111 §9A 2,690 7.258] 1320 2741 ] 1283 -1 1289 |
111 | "99B8 2.691 1.247 1264
191 $5C 27681 1.:267] 1.279
11 %30 2814] . 1.279 1.202
113 95A _ . 1.250 1.228 2783 | 1250 | 1238 |
113 998 2818] 1273 1.285
113 93¢ 2,778 1243 1.232
113 99D 2754 1.233 1.226
118 994 2.745 1.262 1.305 2740 | 1286 | 1285 |
119 998 2701 1.237 1.272
119 g8C 2777 1.301 1,302
119 990 2.736 1225 1.263
21| 99A 2660] 1102] =600 | 157 ] 67
121 $9B 2.580 . 4.199 1.165
121 [ 2444 1117 1,177
121 99D 2,716 1.156 1.226
130 334 2485 1.099 1128] 2571 T 14286 | 1142 |
130 998 2,513 1.109 1.152
130 §9C 2692 1158 1.145
130 930 2.594 1.137 1941

§ Average 2.620 . 1.208 1.227
[Standard Deviation] 0.128 0.069 0.072
[5td. Dev % of Ava.] 4.90] - 5.71] 583}

S Evduded frem averags because # differed from the average by more than 3 Standard Deviations
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NETC Round Robin 99 - Refined
Phase Angle Values for DSR - RTFO Testing

Lab Averages Including Oulliers
Single specimen mounted  [New specimen]  Single specimen mounted | New specimen|
58 C, Phase | 64 C, Phase | 64 C,Phase | 58 C, Phase | 64 C,Phase | 64 C, Phase
Lab # | Sample # |Angle Degrees| Angle Degrees] Angle Degrees| Angle Degrees| Angle Degrees| Angle Degrees
101 9%A — 81.20 83.59 83.73 * 81.28] 83.67] 83.76|
101 998 81.29 83,73 83.72
101 99C 81.36 83,69 8377
101 $9D 81.27 83.66 83.82
102 oA 81.40 83,60 83.70 81.23] 83.70] 83.60]
102 a6B 81.00 83.50 83.60
102 95C 81.40 84.00 83.80
102 ) 81,10 83.70 83.30
05 [ S8 | 8046 8320 5380]  e0.89] 53.29] 5337
103 938 80.59 83.42 83.41 } :
103 93C 80.50 83.07 8302
103 9sD 81.11 83.47 8346
104 98A 80.60 82.30 82,30 81.43] 83.33] 83.53|
104 998 81.80 83.00 84.60
104 93C 8140 83.60 83.80
104 93D §1.80 84.40 #3.30
107 S9A 80.32 8289 82.90 £0.98] 83.39] 83.43}
167 SoB 81.25 83.64 83.73
07 95C 80.65 83.08 63.08
107 () 81.68 83.95 84,01
158 | 99A  |Eenseads z T 80.90]_ 33.44] £3.50]
109 998 81.16 83,50 83.50 "
109 83C 80.22 ~ 8295 83.09
109 93D 81.32 - -83.86 83.92|
110 90A 80.93 -- - 83.41 83.42 80.781 83.33] 83.36)
110 9498 80.77 -~ 83.32 8338 -
110 90 80.6% 83.30 83,34
110 990 80.72 -83.28 83.30
11 S9A 8110 8362 83.53 80.97] £3.51] 83.48]
111 SSB 81.18 83.66 83.63 -
111 93C 80,93 -~ 83.47 8344
111 49D £0.88 — 8327 83.24 7
113 | S9A 8342 53.53 81.09] 83.58] £3.58)
113 998 81.15 a3.58 - 8387
113 99C 80.89 83.55 83.61
113 990 §1.14 -83.86 3369
119 '] 99A 81.20 83.40] 83.80] . 81.10] 83.35] 83.68]
119 993 80.90] - 83.20 83.60
118 93C at.20l - 8340 £3.80
119 950 81.10 83.40 83.50
121 924 81.00 §2.60 83.00 80,70 82.73] 82.80
121 998 80.80 82.70 83.10
121 23C 80.80 83.20 82.70
121 =D 80.10 82.40 8280
130 S9A 80771 83,27 83,53} 80.67] 83.33] 83.36|
130 998 - 80.62 83.42 83.24
130 osC 80.75 83.38 8343
130 | %D - 80.53 - 83.23 83.22
[ “Average 81.00 FRE] 83.46|Exciudes Outlier
[Standard Deviatio 0.38] 0.39 039} Excludes Outlier
[Bid. Dev % of Avg. 0.47] 0.47] 0.46]Exciudes Outlier
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NETC Round Robin 99 - Refined

G* Values for DSR - RTFO Testing

. Eab Averages Exduding Cutliers
Singie specimen mounted | New specimen| _Single specimen mounted New specimen
[Can# [Semple# |G 58 C.kPa JG" 64 C,kPa_|G'84 C.kPa |GTBEC, KPa JG* B84 C,kPa_{G' 64 C. kP2
104 99A 5.435 2.897 2714l . 6.126] 2.737] 2.713]
701 98§ 6.081 2.672 2,671
101 93¢ 5794 2.628 2.769
101 59D 6.194 2749 2.598
192 99A 6.178 2,739 2.75% 6.311] 2.838] 2.835]
102 998 6.405 2.934 2.858|
102 99C 6.264 2.830 2.877
102 95D 6.350 2,849 2.837
103 99A 5,988 FA32] 3.059 7.094] 3.198} 3.278]
103 338 7.082 3215 3.143 .
103 99C ~ 7.930 3.559 3.624
103 ) 6.374 2.886 3.257
04 | 99A 7.046 EXES 3368 5632] 2.056] 5483)|
104 998 6.000 2749 2.367
104 99C 7.360 3.270 2,500
104 99D 5,120 2.650 3.097|
107 S0A 7.748 3.608 3.634 6.909] 3.260] 3.275)
107 93B 6.695 3.150 3.084
107 99C 6.967 3.365% 3499}
107 990 6.224 2916 2899
102 99A° R 156 % 7.317] 3,271} 3.232]
109 998 6824 3.297 3.353 o
109 98¢ 7.802 __3.605 3572
108 %D 6.731 2.937 2892
110 99A 7.393 3291 2973 6.985] 3.077] 2.567]
110 998 6.830 2,989 2.9061 "
110 93¢ 5,952 3.030 3.010
110 $9D 6.781 2.998 2.977
717 | S9A 5764 3160 3.081 5.961] 3181 3.193)
111 898 6.734 . 3058 3.058 .
111 99C 7.002 3,170 3225
111 9$D 7.403 3.335 3409
193 ] %A 3477 3585 721 2.634] 2953
113 988 6.655 2883 2513
113 93¢ 6,886 2986 3012
113 390 ~ 6621 2929 2324
139 %A 6.624 3989 2520 6.758] 2.865] 3,033]
119 398 6.968 3.040 3.214
119 99C 6.847 2939 2505
119 49D 6.592 2884 3104
121 95A 6.817 2.512] 2.849 6.875] 2.584] 2692]
121 998 6,327 2.644 2.757
121 85C 6.750 2812 2.951
123 93D 7.606 3.466 3.373
130 S9A, 6.962 ~3.045 2.685 7,031} 3,043] 3.073]
130 998 7.0i2 2.968 3105 :
130 93¢ 7.085 3082 3.002
130 990 7.055 3.076 3190
[ Average 6.789 3038 " 3.057|Excludes Outliers
[Standard Deviation 0487 . 0.244 0.557|Excludes Qutliers
[5td. Dev % of Ava. | 7.47] - 8.08] 8.48]Exciudes Outliers

S5 Excluded from average because it differed fom the average by more than 3 Standard Deviations
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NETC Round Robin 99 - Refined

BBR Data
Beam1 - | Beam 2 ‘ Lab Average
[(leb# |Sample#| mvalue |Stifiness, MP2| m-value | Stiffness, MPa |_m-value | Stiffness
401 S9A 0,301 -232.0 0.201 229.0 0.302| 224.9]
101 998 0.301 223.0 0.301 237.0
101 [T 0.297 2180 0.203 220.0
101 ) 0.310 T217.0[ L 0302 226.0
102 99A 0.294/ 252.0 0.293 253.0 0.293] 252.6]
102 998 0.293 256.0 0.288 248.0
102 99C 0.283 251.0 0,202 252.0
102 530 0.296 254.0 0.297 255.0
103 S9A 0.301 238.0 0.303 255.0 0,292] 240.1]
103 9B 0.295 246.0 0284] 227.0
103 53¢ 0,253 2234.0 0.289 242.0
103 990 0,285 252.0 0.296 226.0
104 9%A | 0308 189.0]-  0.288] 210.0 0.291] 211.0]
104 998 S0908] - 206.0|EEI0Z06 2130
104 99C 0.250 219.0
104 29D 0.288 ; 7ol  0.282] 219.0}
107 [ 99A 0.305 2454 0.310 244.2 0.309] 241.3]
107 998 0302] 234 0311 238.1
107 99C 0.2305F - ---258.60 0.311 2431
107 $50 0.314 2415 0.311 2218
103
109
109
109
110 GIA -0.311] - -250,5F - 0.310 - 2492 0.303] . 242.9]
110 998 0.303] - 237.8 0.303 240.7
110 99C C0.284) - 24414 - 0296 2380
110 ) 0,300] - 243.3] - 0.305 239.4
111 S9A 0.295 259.0 0.304 2500 0.298] . 248.5]
111 998 0.296] 232.0 0.294 240.0
111 99C 0208 - 2510 0300 255.0
111 99D 0.294 260.0 0.305 241.0
113 SIA T 0.205] 2503 0.300] 237.3]
113 998 0.305] - 2427
113 99C 0.298] - -229.2 0.202 2287
113 93D 0.304] - 2381 0.297 229.2
118 98A 0,301 - 2449 0.290 220.7 0.287] - 235.0|
119 e 0295 - - 230,2 0.294 248.4
119 99C 0.300] - - 2388 0.299 2211
118 3gD 0.301 231.8 0,288 244.5
121 394 0.296 255.0 0.254 254.0 0.253] 246.4]
121 998 0.293 243.0 0.291 239.0
121 98¢ 0,28 247.0 0.292 237.0
124 ) 0,283 240.0 0.292 251.0
Overall Avera-[Sid. Dev.
m-value 0.2981 - 0.008|Excludes Outliers
Siifiness, MPa ‘238.714]  13.486|Exciudes Culliers
I Std. Dev % of Avg,|m-value 2 80 Excludes Outliers
Stiffness 5.65]Excludes Outliers

Exciuded from average because it differed from the average by more than 3 Standard Deviations

IR = ipment ot functioning properly, excluded form overall average
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Round Robin 89 Participants
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NETC
Round Robin 99 Participants

- Maine DOT

New Hampshire DOT
Vermont AOT

Mass Highway Department
Rhode Island DOT
New York State DOT
Hudson Asphait

Sun Company
Chevron

. Citgo

Bitumar

CAP Lab
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Appendix V

‘Lab Visits — Observations




State DOT Binder Lab Visits

Visits have been made to all of the New England State Departments of
Transportation except Massachusetts. A visit was also made to the New York
State Department of Transportation. The visit was made to NYSDOT since they
are a “Lead State” for the implementation of Superpave. A visit to
Massachusetts has not yet been scheduled since they are still in the process of
installing the Superpave binder testing equipment.

These visits were intended to identify variations in testing techniques which might
account for some of the variations observed in recent round robins. Emphasis
was placed on trying to observe lab personnel performing binder testing as they
would normally. Observations were also made during the visits for techniques
which may save time. |n order to protect the confidentiality of labs performing
tests improperly, this information will be reported in a list form only — no agency
names will be assigned to this list.

Bending Beam Rheometer

1. -Using silicone rubber molds rather than the aluminum molds.

2. Adjusting loads on asphalt beams rather than the steel beams. The test
should begin immediately after placing asphalt beam in supports and lowering
the load nose.

3. One BBR was modified signiﬁcﬁantly. It is not clear whether or not this is
affecting the test results. :

4. Using the glycerin-talc mixture over the entire inside of the aluminum beam
molds rather than using the plastic strips.

5. Covering the end-spacers WIth Vaseline rather than the'glycerin-talc mixture.
6. No thermometer capable of measuring the temperature of the BBR bath.

7. The cooling unit for the BBR bath should not be placed on the same counter
top as the BBR due to vibrations.

8. Using the AASHTO Fluid (methanol, water and ethylene glycol) causes the
beams to float. If the beams are not submerged in the fluid and are allowed
to float around the surface of the fluid, the beams are probably not at the test
temperature.
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Rolling Thin Film Oven (RTFO)

1. Not using the RTFO and instead using the Thin Film Oven.

2. Losing track of amount of time samples stayed in the RTFO.

3. Only one state scrapes their RTFO bottles.

Pressure Aging Vessel (PAV)

1.

2.

The press'ure regulator set either foo low or too high.

The amount of time to de-air samples after removing samples from the PAV
~ varies from 30 minutes to 120 minutes at 163 °C for similar materials.

Temperature which the de-airing was performed was close to 180 °C.

About half the labs visited de-aired their samples in the PAV pans while the
other half of the labs transferred the samples (as soon as the samples were
heated to pourable state) to a container which could be covered while it is in
the oven. . ' ' o '

Rotational Viscometer

1.

Only 1 Paar Physica Rotational Viscometer was observed to still be in service
in the New England Region. :

Labs only utilizing the #27 Brookfield Spindle can not usually achieved the
torque required by the Brookfield Viscometer for high resolution of the
viscosity at 20 RPM. This can be corrected by utilizing the #21 Brookfield
Spindle. By increasing the spindle the viscosity reading will be better defined
— although for the most part — most asphalts do not approach the failure
criteria defined by AASHTO MP-1. | o

" Dynamic Shear Rheometer (DSR) |

Note: Work performed with the 8mm DSR plates was not emphasized
since they will be replaced with the 12 mm plates.

. One lab did not have any ability to measure the temperature between the

plates.

. Daily temperature calibration to adjust for wide temperature fluctuations

within a lab probably did not improve the equipment's temperature accuracy
since the calibration was performed early in the morning and it was never
rechecked as the room temperature increased.
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3. Strong air drafts across the DSR, even with the oven closed on the machine,
can effect the sampie temperature. ' '

4. Trimming of samples in DSR - many places tended to leave a ragged front
side to the sample.

5. Amount of time sample was allowed to stand in the silicone mold. Some
samples were allowed to stand open in the lab for several hours. These
samples had the opportunity to be contaminated with dust or other impurities.
It takes very little dust to begin to alter the properties of the asphalt on the
DSR.

6. Cleaning the DSR plates With a solvent and then not rinsing the solvent off of
the plates.

7. Zeronng the gap on the DSR and then removing the Spindle to mount the
sample.

8. Zeroing the gap on the DSR without first warming the DSR plates.
9. About half of the labs used a heated trimming tool for trimming DSR samples

of neat asphalts. All labs used a heated trimming tool for modified asphalts.

Time Saving Technigues

1. Glass cleaning ovens are being used for their RTFO bottles. Ignition ovens
are also employed to burn out the RTFO bottles. This technique appears to
work very well as long as the-bottles are allowed to warm up with the ovens.
Placing the room temperature bottles into a hot oven has created some
problems. Burning the contents out of the botiles tends to leave only a small
amount of ash in the bottles which can be rinsed out with water. New
‘Hampshire's glass cleaning oven had the largest capacity of any lab visited
and it appeared to do the best job. The ignition ovens appeared to work
adequately - although some modification may be required to hold the bottles
properly. Maine has created a rack which sets on top of their baskets for their
Thermolyne Ignition oven.

"2. The plastic strips in BBR aluminum molds which are too tall can be trimmed
down to size using a razor blade. :

3. The plastic strips for the BBR molds can be sized by photocopy:ng lines onto
the plastic sheets for guides to cut the straps :
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4. One lab does not use solvent for their BBR molds. Instead of soaking the
molds, they scrape the excess binder off of the molds using a razor blade.
This is performed immediately after the beam has been demolded and placed
into the bath. The binder is still stiff from being frozen and is easily removed.
Care must be used to avoid gouging the aluminum with the razor blade.

5. Rather than preheating rotational viscosity spindles in the machine — they can
be preheated in an oven.

8. Placing ovens on timers so that they can be preheated before anyone arrives
in the morning will save time. '

7. The use of straight alcohol in the BBR will save time (If allowed by your
regulations) because it changes temperature much quicker than the AASHTO
Mixiure does. '

How particular things are beinq handled

Solvents being Utilized

Soivent # of States using

Toluene 1

Xylene 2

Citrus 3

BBR Bath Fluids
Fluid # of States using

Methanol 1
Ethanol 3
AASHTO Mix 2

Conclusions

For the most part, the labs visited were complying with the requirements of the
AASHTO Standards. The largest recommendation | can make would be the use
of time log sheets. On these sheets, the time is recorded for the beginning of
each step of the test process. This would help to reduce uncertainties regarding
the length of time samples are in each step. This may help to reduce questions
which arise about certain samples. :
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NETC Binder Technician Workshops Presentations




1999 NETC Binder Technician Workshop
‘ - Executive Summary = . -

February 8, 1999

NETC Project 96-1 “Superpave Implementation”

Dear Technical Committee Member,

On January 19, 1999, the CAP Lab hosted a one-day NETC Binder Technician
Workshop. On January 20-21, 1999, the CAP Lab hosted a NECEPT/CAP Lab Binder
Technician Workshop. The NETC Binder Technician Workshop focused on the progress
that has been made so far during this NETC project. The NECEPT/CAP Lab Workshop '
focused on the Binder Technician Certification program under development jointly
between the CAP Lab and NECEPT. - : _ S '

NETC Binder Technician Workshop

During the NETC Binder Technician Workshop, presentations were made by Dr. Jack E.
Stephens and James Mahoney. These presentations included data on the Round Robin
#2 (March 1998), Pre-molded DSR samples, Observations made during lab visits, the
'99 Round Robin and the Purpose of the 1999 Lab Visits to be made by the CAP Lab in
Late February/March. 1have included the presentations which were made during the
workshop. | have also included a floppy disk containing all of the presentations — the
graphs are much easier to see on the computer rather than the printouts. The ,
presentations were made on PowerPoint/Windows 97. | have tried to save them in a
lower format and all of the formatting ends up lost and makes the slides difficult to
understand. 1 have also included print outs of all the data from Round Robin #2.

Round Robin #2 has been a joint effort between the CAP Lab and NECEPT. This was
done to increase the number of participants and to increase the statistical value of the
data. The final report on Round Robin #2 will be a joint effort between the CAP Lab and
NECEPT since the entire Round Robin has been a joint effort. The CAP Lab has
submitted information to NECEPT to assist in the preparation of the final report for. .
Round Robin #2 and edit the final report as it is compiled. =
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Information regarding the Pre-Molded DSR samples was already circulated to all of the
participants and to the Technical Committee members. The amount of data collected
during the testing was small but it was the inspiration of the NETC 99 Round Robin. The
samples used in the testing were prepared identically and the spread of the data was
greatly reduced. '

“The presentation of the observations made during visits to the state labs were an
opportunity to share what the different state DOT’s were doing (both good and bad)
without embarrassing anyone, since the observations were reported anonymously.
Several participants commented that they appreciated the ability to share their technique .
problems with others while remaining anonymous,

The ‘99 NETC Round Robin testing procedures were discussed and samples distributed
to the participants present. Samples and a detailed set of sample handiing instructions
were mailed to the participants unable to attend the workshop. The goals of the 99
Round Robin will be discussed following the submission of the data. This Round Robin
is being handled solely by the CAP Lab as a NETC function. The goal is to be able to
present results of the 99 Round Robin before the construction season gets too far
underway. :

The 99 Lab visits are in conjunction with the NETC 89 Round Robin. The CAP Lab will
- send Jim Mahoney out to each of the New England State DOT's with identical samples
prepared at the CAP Lab. Jim Mahoney will run these samples on each DOT’s
equipment. The idea of these visits is to try o separate the differences between
equipment and the differences caused by different operators of the equipment during the
99 Round Robin. These visits shouid commence in Late February/March, The CAP Lab
would like to run these samples on each DOT's Dynamic Shear Rheometer prior fo the
DSR'’s 6 month preventive maintenance. This will enable the CAP Lab to better
differentiate where the sources of variation are occurring.

NECEPT/CAP Lab Bin_de_r Technician Workshop

This warkshop was held in duplicate at the CAP Lab facility in Storrs, CT and at the
NECEPT facility at Penn State University. During this workshop, presentations were
made by Dr. Jack Stephens and Dr. David Anderson. The focus of this workshop was
the binder technician certification program. The presentations made during this
workshop were made mainly from the Manual of Practice which is being written by
NECEPT. This Manual of Practice will be used to better clarify testing procedures for
technician certification. The manual is in the process of being revised following the
workshops. When the revision of the manual has been completed, a copy will be
forwarded to the members of the technical comimittee for NETC Project 96-1.

Also during the NECEPT/CAP Lab Workshops, changes to binder testing specifications
were discussed by Dr. David Anderson. The largest change proposed to the binder
testing specification at this point is the need to vacuum de-gas the PAV residue. This
change should come in the 1998 AASHTO revisions to the PAV specification. The
equipment requirements are in the manual of practice.
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The RTFO Specification will also see changes. In the future, the RTFO bottles will have
to be scraped in order to remove at least 90% of the material in the bottles. The bottles
will also have to be stored in a horizontal position immediately after pouring so that
modified binders will have a better chance to coat the sides of the bottle.

Improved methods for making temperature measurements were discussed. The use of
a laboratory standard against which temperature measuring devices could be calibrated
was discussed as being the method of preference. The exact specifications for these
laboratory standards has yet to be finalized. The Direct Tension was also discussed.
The use of the Direct Tension is coming. There was speculation that the Direct Tension
could be in use by next winter. -

Several issues that were discussed with no conclusion include the use of the ignition or
glass cleaning ovens to clean the RTFO bottles. Some places reported having the
bottles turn a milky white color. NECEPT has requested that several of the labs having
these problems send them a bottle so that they can have the milky color analyzed to
determine if this discoloration would affect the test results. The temperature controller
for the Brookfield Rotational Viscometer appears to not be able to maintain temperature
as closely as the temperature specification requires. Further investigation is required to
clarify this issue. _ _ : - ' _

cC: -
Michael Byrne Rhode Island DOT
Reid Kiniry Vermont AOT
Paul Matthews New Hampshire DOT
Nellie Perlov _ Mass Highway
Nelio Rodrigues Connecticut DOT
Bruce Yeaton Maine DOT
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NETC Binder Technician Workshop Agenda
~“January 19, 1999 — CAP Lab
' Storr_s, Connecticut -

10:30 - 11:00 Registration

11:00-11:15 - Welcome

11:15 - 12:00 . Discussion of March 1998 Round Robin Resul;:s_

12:00 - 1:00 | Lunch (Provided)

1.00-1:30 Discussion of Pre-molded DSR Sample Resu!t§

1:30 - 2:45 Discussion of Lab Observations from visits '

2:45-3:00 ~ Break

3:00 - 3:30 | Explanation of NETC Round Robin 1999 and diétribuﬁon of
~ samples

3:30 -4:00 Lab visits from CAP Lab during February-March 1999




NETC Binder Technician Workshop

A one-day NETC Binder Technician Workshop will be held on January 19, 1999
at 11:00 AM. This workshop will only be held at the CAP Lab in Storrs, CT.
(There will be a joint CAP Lab/NECEPT binder technician workshop held on
January 20-21 at the CAP Lab. Details on the NECEPT/CAP Lab workshop will
~ follow.) Topics to be discussed at the NETC workshop include: Resuits from the
Second Round Robin (March 1998), the Pre-Molded DSR Sample Resulits,
Observations from the Lab Visits to New England State DOTs, Lab Visits from
the CAP Lab with Asphalt Binder Samples (February-March 1999) and
instructions for the January '99 Round Robin.

The registration fee for the NETC workshop is $20.00. Lunch and refreshments
are included. This fee will be waived for New England State DOT employees. In

“order to limit the size of the group (to allow for better participation) registration is
limited to 2 technicians from each company or agency.

To register for this workshop, please fax or mail this form back to Jim Mahoney
at: :
CAP Lab
179 Middle Turnpike, U-202
. Storrs, CT 06269-5202
. Phone 860-486-5956 Fax 860-486-2399

Registrant1t

 Registrant2

Company or Agency

Address

Town - State Zip

Work Phone Fax

Home Phone (In the event of inclement weather)
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Observations from Visits
to New England State DOT
Bmder Labs |

‘\" ‘7“"‘& ‘ﬁ“' ..,:v—s-,_ PoeE] (.;“'"_ -’ T et eI e A B N -
= TR S "3v V‘,_—“‘s-;,"_i*,'?«*ﬁ e e TS T S ] e DA e il

New England
Transportation Consortium
Project 96-1 .

Labs VlSlted |

B 5 of the 6 DOT Binder Labs in New
England were visited

B New York State DOT was also observed
since they are a lead state for Superpave
Implementation
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Objectlves of VlSlts o

R Attempt to tdentlfy sources of variat:on
observed in Round Robins

- I Observe actual techniques bemg utilized
by testing agencies

N Look for problems with testing techniques

1 Look for techniques which may save time
or increase reproducibility

Overall Observatlons o

E Overall, labs were performing the testing
in accordance with the AASHTO
Specifications

B There were some deviations or
interpretations of the specifications

i There also were some procedures being
performed which could be altered or
eliminated to save time
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. time saving procedures

Overall Observations
conhnued

¥ E x e e Rt Cxg
_..Am 1%}.’,,#-.‘, SEER ‘_ ek e et S o s

I Some facilities have created some good

1 Every facility visited was very open to
discuss their procedures and each wanted
to improve their methods anyway possible

Rotational Vlscometer

: - » 2 i et A
-n=-‘-=—'=--s\»:_~.%’2'1‘§'?§=~=’-5':5¢5' u}?c_.‘«:,g R _ S e T e U e ey e e
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Rotatlonal Vlscometer .

1 Majority of States have switched to the
Brookfield Viscometer
R Brookfield Viscometers should have at
least two different spindles sizes available
1 #21 and #27 spindles

1 Larger spindles allow machine to develop
larger torques at slower speeds - This
increases the machine’s data resolution

Rotatlonal_Vlscometer' -

I Spindles may be heated to the testing
temperature in an oven prior to testing -
this will decrease the amount of time
required to heat sample

I Temperature calibration should be
performed while the spmdle or bob is
spinning
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Dynamrc Shear Rheometer

JRE «‘a.wﬂ-ﬂaxazwé s
T R i A R e

DSR Temperature

T

nh:f- o -G‘-'w ....Lhm e e e e S ’
_3..4,—;_.,-:— e e S m% _3?’ M‘Q#AWL—'-E—"‘ Dt 3

I Strong air currents across plates can
cause wide fluctuations in sample
temperature

B One facility did not have the ability to

measure the temperature between the
plates

i Daily calibration of the temperature for
the DSR was being performed early in
the morning because of the variations
in room temperature - temperature was
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DSR Plates

o “L‘W 2z e TP R, -
EEEIETTRE T %-"‘iw,*ﬂﬁ‘fkwmg,,& R 4 e e i

A R e T e e SR s

E The DSR plates were being cleaned with a
solvent and then not being rinsed

I Zeroing the gap Without warming the
plates

1 Zeroing the gap and then removing the
upper spindle to'.mount_ sample on it

DSR Trlmmmg N

B Most people do a very good job trimming
the sample in all locations except for the
very front of the sample

K About half of the labs visited used a
heated trimming tool for all binders. All
labs used a heated tool for modifi ed
binders.
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DSR Mlscellaneous |

B The amount of time the sample was -
allowed to stand in the silicone mold
varied greatly from location to location.
The samples in most cases were not
covered. This allowed contaminants such
as dust to get into samples. It does not
take much dust to get a substantial
increase in the stiffness of the binder.

Rolllng Thm Fllm Oven
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RTFO

e Amwégwwﬂ,,,.ﬁ ST — ""4“3‘ —

SRR o R

B Using the Thin Film Oven rather than the
Rolling Thing Film Oven -

1 Not accurately tracking length of time
samples are in the RTFO

I Only one state scrapes their RTFO bottles

I One facility uses bottled compressed air
rather than house air

Pressure Agmg Vessel |

O v @A@trz%ﬂrm? T
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1 Pressure regulator was set to high or too
- low - can cause timing troubles for PAV

B All states have the same ATS Pressure
Aging Vessel Ovens

PAV De""“g s

in oven varied from 30 minutes to 2
~ hours at the same temperature

R Samples were being de-aired at a
temperature close to 180 C

E About half of the labs de-aired in the
PAV pans and the others heated the
material until they could combine

residue into a larger covered container
and then de-aired

i Length of tlme 'Ia'bsare plam ter;al
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BBR Observatlons |

BBR Molds

I Using Vaseline on end spacers rather than
the glycerin-talc mixture

i Using glycerin-talc mixture over entire
mold and not using plastic strips

I Using silicone rubber molds rather than
the aluminum molds

- 1 silicone rubber molds are no longer allowed in
AASHTO TP1
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BBR Molds CIeanmg

ﬁm £ _,_?‘_., .7,_.: -" _A—‘_. "‘ﬁ.i‘""""’"-'f—"‘-’-‘-‘-w" AR

R I et AL R Ty

I One facmty does not use a solvent to
clean their molds - they use a razor
blade to clean the beam molds.

Caution must be used not to gouge soft
aluminum with razor blade

B The beam mold parts can be soaked in
a can with holes in it.  This can is
allowed to stand in a larger can of
solvent and then removed - the solvent
drains out of holes in smaller can.

'BBR Test Procedures

St e ey ot

- B Adjusting testing loads on the
asphalt beam just pnor to startlng
test
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BBR Mlscellaneous o

e s Tttt
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. l One BBR was 51gnn° cantly modified -
unsure if this affected the test results

1 No thermometer capable of measuring the
temperature of the BBR bath

1 Cooling unit placed upon the same shelf
asthe BBR '

1 If you use the AASHTO fluid mixture you
- must ensure beams are submerged

BBR Bath Flmds o

B 1Stateis using Methanol
R 3 States are using Ethanol
" 1 2 States are using the AASHTO Mixture

1 Fluid level in bath does not have to be to
the top of bath - just need sufficient fluid
to cover samples

Appendix Vi
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E The use of straight alcohol in the BBR will
reduce the amount of time required to
bring the temperature bath down to test
temperature

BBR Bath Flulds Contmued

B Plastic Strips which extend above the
aluminum molds once the molds are
already assembled can be trimmed down
to the correct size with a razor blade

B Lines for cutting the plastic strips can be
photocopied onto the plastlc sheets prlor
to cutting

BBR Plastlc Strlps S
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Round Robin 2 (March 98)

NETC Project 96-1
Superpave Implementation

4 Binder Samples Were Sent

m Samples 1A & 4A were the same
material

m Samples 2A & 3A were the same
material - o

m Pre-aged samples 1 & 4 were the same
m Pre-aged samples 2 & 3 were the same
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Appendix VI

DSR Testing

N Performed on Ortgmal and RTFO
Material

= 1A and 4A tested at 70 & 76 C
. m2A and 3A tested at 64 & 70 C

m Duplicate samples were run of each
material at each temperature

Figure 1

m PSU 2A Original @ 70 C |

= Most data points are the average of two
G* values

m More erratic on the high side

m G* ranges from 625 to 815 Pa,

m The average was 686 Pa |

. ® The range is 28% of the average




Figure 1, G* Orlginal 2A70C
1600
900
800 . R
rardi=aa il
500 VA
"‘E. 500 ~a=2A Flrs{ Test
b —o—2A Second Test
400
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300
200
100.
8 e —————r Tt
100 105 110 115 120 125
Lab Number

Figure 1 Continued

x Individual values of G* for PSU 2A
m 15 Labs reported 2 values of G*

m Labs 107, 114, 118 & 123 G* values
appear high |

m There were no outstanding low values
for G*
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Figure 2
mPSUSAG*@70C
u Same material as PSU 2A

m For Figures 1 & 2, 4 of the highs are #2

Figure 2, G* Original 3A70C
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o . .
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o ~—o—3A Sscond Test

400
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Figure 3

m Original PSU2A&3A@ 70C

m The second G* value was hlgher 17 out
of the 21 times

m Labs 17, 118 and 123 were high for
both the first and second tests for both
2A and 3A

Figure 3, Original PSU 283 @70C
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Figure 4 .

m G* Original 2A @ 64 C
m 34 out of 42 on line |
m Labs 114, 118, 123 and 125 again out -
m Range less at 64 Cthanat 70 C

: Figt_lre 4, G* Original 2A 64C
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. Figure 5

m G* Original 1A&4A @ 70 & 76 C
m Each Lab is in good agreement

Figure 5, G* Original 1A & 4A @ 70 and 76C
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Figure 6

m G* Original 1A, 2A, 3Aand4A @ 70 C

~ . m|abs 107 & 115 only reported one value
for G* ~

m Labs 107, 115, 118 and 123 tend to be
high | |

Figurs 8, G* Original Al, A2, A& M @ T0C
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Figure 7

m G* Original 1A & 4A @ 70 C and 2A &
3A @ 64 C |

m Lab Pattern

m Labs 107, 115, 118 and 123
Consistently High

m Labs 108 and 124 are low
m Discard outlier at 125

Figure 7, G* Original 1A & 4A@ 70C 2A & 3A @ 64C
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Appendix VI

Figure 3

m G* Original 2ZAand 3A@ 64 and 70 C
= Look at Lab Differences

high
u Outlier at 125

m Note 107, 118 and 123 are consistently .

Figuro &, G* Original A & 3A@ 84 and 70C
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Figure 9

EG*RTFO2A&3A @ 64 & 70C

m Lab 105 and 115 G* values are low
m Lab 123 G* continues to be high

m Lab 125 is erratic |

m 64 C is more consistent than 70 C

m Compare variation of 1500 Pa to 3300
Pa

m Similar Percentages

Figure 9, G* RTFO for 2A & 3A@ 64 and 70C
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=

Figure 10

B G*RTFO1A&4A @ 70 C and 2A & 3A
@64C

m Average G* for materials about the
same at the two temperatures

m Lab 103, 105, 107, 109 and 115
reported only one value for G*

m Second test could temper the
differences

Figure 10, G* RTFO 1A & JA@70C 2A & 3A @64 C
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Figure 11

m G* Original & RTFO 1A & 4A @ 70C
m Why is G* Original much more
consistent than G* RTFO?

m Labs 107, 115, 118 and 123 still tend to

be high

——IARTFO70C

E & 00 ——4ARTFOT0C
= b <N v - 1A ORIG T0C
: 4~ 4A ORIGT0C

Figure 11, G* Original & RTFO A1 & A4 @ T0C
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Fi gurez 12

x G* at Lowest Test Temp. per Sample
Stage |

Lab 105, 107, 108, 109 and 115 only
. reported one value |

For RTFO Material Lab 105 tend to be
. low and Lab 123 tend to be High

*'m For Original Material Lab 107, 118 and
123 tend to be high-and Lab 108 and
124 tend to be low

Figure 12, Lowest Test Temps Per Sample Staga
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Figure 13

m PSU 2A @ 70 C First and Second
Phase Angles '

m Twelve Labs have less than 0.5 degree

difference

m Lab 115 appears as outlier but is only
3.5 degrees from the average

Figure 13, Phase Angle, Original 2A @ 70C
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Figure 14

m PSU 3A, First and Second Phase
Angles

m Eleven Labs with less than 0.5 Degree -

Difference

m Lab Number 115 appears as an outlier
- butis only 2.5 degrees from the
average ’

Figure 14, Phase Angle, Original 3A @ 70C
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Figure 15

m PSU 2A & 3A @ 70C Average of both
reported values - if two were reported

m Nineteen Labs with less than 0.5 degree
difference
m Lab 115, only one test for each point

Figure 16, Phase Angle, Original2A&3A@ 70C
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Figure 16, Phase Angle, Original Avg 1A B 4A Avg 2ZA & 3A
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. Figure 17

m Pre-molded Sample G*
m Only 11 Labs Participated

m For Lab 105, which data point is an
outlier?

m Number 101 has two similar values but
both are low

Figure 17, Premolded Sample G*
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Figure 18

m Pre-molded Samples Phase Angle
m Both results from Lab Number 122 are
Quite Low | o |

Figure 18, Pre-moided samples Phase Angle
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~ Summary Table

Summation of all G* for All Samples
- including the pre-molded samples

- least 3 labs with G* more than 1
standard deviation away from the
average - pre-molded samples had 1

1 Every Round Robin sample had at least
i one lab more than 2 standard deviations
. away from the average - pre-molded

. none. |

1 All of the round robin samples hadat

DSR Results Summary

m Average G* of Pre-molded samples

. approximately the same as original 1A
t &4A @ 70 C and RTFO 2A and 3A -
Y standard deviation of pre-molded

i samples less than any of these

1 Repeated similarities in lab versus

. property curves indicate equipment
differences. -

=8 Random Differences Indicate Technique
£ ¢ Differences
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Figure 19

B BBR Stiffness 1A & 4A-18C @ 60 s

labs 109, 114 and 125

m Data very similar between labs except'

é‘ﬂl‘-‘FNESS, MPa
8

Figure 19, PSU 1A & 4A - BBR -1B@60S (Stiffness)
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Figure 20

m BBR Average m-value PSU 2A & 3A -
12C ‘

m Differences between labs very
consistent

m For example lab 113 & 114 are low
while lab 118 is high

m At -18C the within lab difference is small
as well

Figure 20, Average m-value PSU 2A%3A - BBR -12 @605
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Figure 21

m BBR Stiffness 1A, 2A, 3A & 4A -12C @
. 60s | |

* 101toLab110& 1150124

m Note Similarity of curve shape from Lab

Figure 21, Stiffness 1A, 2A, A& 4A @ -12C
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Figure 22

m BBR Stiffness 1A, 2A, 3A and 4A 12C
@ 60s |

. m Differences between labs is similar

throughout graph

Figure 22, Stiffness 1A, 2A, 3A & 4A -18C
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Figure 23

m BBR Stiffness Pre-aged Samples -18C
@60s

m Again lab-to-lab differences similar for
all | |

Figure 23, Preaged BBR Samples ~18C

—+—Preaged t
200 ~&—Preaged 4

s Preaged 2
B == Pr d3
153 :

100 105 110 115 120 125
Lah Number

26




Appendix VI

m-value
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Figure 24, Average m-value 1A, 2A, 3A & 4A @ -18C

\

NN Al AR
WA
¥/

126

——PSU1A-18C
—o—PSU2A 18C
—+~PSU3A 180
=#—PSU4A 180

27




Name
Alan Lugg

Nancy Tkach
Raymond Dulac
Dave Clark .
Valerie Baselice
Nelio Rodrigues
Karissa Mooney
Patrick J. Mitchell
Denis Burt

Tom Waters
Pete Hennessy
Merlin Williams

Joséph Varhue

Lee C. Del Valle
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NETC Binder Technician Workshop

January 19, 1999

Storrs, CT Attendance List

Agency
NH DOT

NH DOT
RI DOT
RI DOT
Sunoco

CTDOT

* Hudson

Hudson
Citgo
Citgo
NYS DOT
ME DOT
CTDOT

CAP Lab

Phone
603-271-7932

Email

603-271-7932 . -

401-222-2524
X 4153

401-222-2524
X4153

. 610-859-1896

860-258-0325
401-781-5200
401-781-5200

609-224-7420

609-224-7420
518-457-5615
207-941-4540
860-258-0341
860-486-5956

rdulac@dot.state.ri.us

'delark@dot.state.ri.us -

valeriema_‘baseiice@sunoil.com
nelio.rodrigues@po.state.ct.us -
hudson@hudsoncompanies.com
hudson@hudsoncompanies.com

dburt@citgo.com

rmahoney@gw.dot.state.dot.ny.us

merlin.r.wiliams@state.me.us
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Lab Visits — Equipment Comparisons Test Data-




CAP Lab Testing - Original Binder G*

Original Original Original
G* @ 58C G* @ 64C after 58C G* @ 64 only
VT 2.976 1.298 1.218
2.756 1.209 1.2569
NH 2.951 1.305 1.259
3.099 1.347 1.330
ME 3.162 1.41 1.369
2975 1.344 1.408
RI . 2.784 1.354 1.347
2.858 1.395 1.452
CT 3.221 1.402 1419
3.164 1.398 1.302
Excluding CT
Average 2.945 1.333 1.330
St Dev 0.142 0.063 0.081
% Average 4.835 4,738 6.054
including CT
Average 2,995 1.346 1.336
St Dev 0.164 0.063 0.077
% Average 5470 5781

4.643
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CAP Lab Testing - Original Binder Phase Angle

Criginal Original Original
delta @ 58C delta @ 64C aftér 58C delta @ 64 only
VT 85.64 B7.52 87.7
85.80 - 87.66 87.77
NH 85.02 86.62 86.81
84.59 86.56 86.56
ME 85.20 86.85 86.86
85.28 86.90 86.91
RI 85.61 87.11 87.19
85.56 87.13 86.92
CT 85.05 86.71 86.70
85.01 86.68 85.77
Excluding CT
Average 85.34 87.04 87.09
St Dev 0.40 0.38 0.43
% Average 0.47 0.45 0.50
Including CT
Average 85.28 86.97 . 86.92
St Dev 0.37 0.38 0.57
% Average 0.44 0.43 0.66

Appendix VI




CAP Lab Testing - RTFO Residue G*

RTFO RTFO RTFO
G* @ 58C G* @ 64C after 58C G* @ 64 only
VT 6.260 2771 2.805
6.637 2.893 2,734
NH 7.002 3.104 2.929
6.843 2,993 3.015
ME 7.123 3.183 3.259
7.122 3.097 3.13
RI 6.564 3.043 3.022
6.604 3.096 3.066
CT 7.741 3.361 3.248
8.032 3.534 3.486
Excluding CT
Average 6.781 3.023 2.995
St Dev 0.301 0.133 0.170
% Average 4434 4.415 5.681
including CT
Average - 7.002 3.108 3.069
St Dev 0.541 0.218 0.224
% Average 7.723 7.023 7.299
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CAP Lab Testing - RTFO Residue Phase Angle

RTFO RTFO RTFO
delta @ 58C delta @ 64C after 58C delta @ 64 only
\'al 81.39 83.96 84.04
81.23 83.83 84.05
NH 80.58 - 83.19 83.29
80.68 - 83.23 83.32
ME 80.78 83.35 83.38
80.86 834 83.37
IRI 81.37 83.72 83.77
81.24 83.6 83.68
CT 80.47 83.13 - 83.27
80.27 82.93 82.98
Excluding CT , ‘
Average 81.02 83.54 83.61
St Dev 0.33 0.29 0.32
% Average 0.40 0.34 0.38
Including CT
Average 80.89 83.43 83.52
St Dev 0.40 0.33 0.356
% Average 0.49 - 0.40 0.42
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CAP Lab Testing - BBR Testing

Beam 1 Beam 1 Beam 2 Beam 2
- Stiffness, MPa m-value Stiffness, MPa m-value
VT 224.095 0.311] 217.53] " 0.315
218.39
221.15 0.316] 224.04] 0.320
NH 220,62 0.311 240.27 0.313
198.91 0.313
218.33 0.309
ME 223.09 0.310 2144 0.307
230.99 0.311 228.75 0.308
213.45 0.308 224.58 0.307
RI 215.43 0.209 223.06 0.316
230.34 0.312 220.49 0.306
212.55 0.310 200.38 0.302
CT 210.89 0.298 195 0.306
203.8 0.314 190.14 0.309
199.29 0.305} 199.86| 0.313
Excluding CT ,
Average 219.53 0.310 224 14 0.312
St Dev 8.76 0.004 7.88 0.005
% Average 3.99 1421 . 3.52 1.618
Inctuding CT :
Average 216.08 0.309 214.88 0.310
St Dev 9.91 0.005 15.27 0.005
% Average 4.59 1.647 7.10 _ 1,632

Appendix VH




	Title Page

	Technical Report Documentation Page

	Acknowledgements

	Table of Contents

	List of Tables

	Chapter 1 Introduction

	Chapter 2 Round Robin 98 Performed in Conjunction With NECEPT

	Chapter 3 Pre-molded DSR 
Samples 
	Chapter 4 Round Robin 99

	Chapter 5 Lab Visits - Observations

	Chapter 6 NETC Binder Technician Workshop

	Chapter 7 Lab Visits - Equipment Comparison

	Chapter 8 Database of Binder Test Results

	Chapter 9 Summary of Results

	Chapter 10 Recommendations

	References

	Appendix I Original Proposal

	Appendix II Round Robin 98 Report in Conjunction with NECEPT

	Appendix III Pre-molded DSR Samples Information

	Appendix IV Round Robin 99 Report

	Appendix V Lab Visits - Observations

	Appendix VI NETC Binder Technician Workshop Presentation

	Appendix VII Lab Visits - Equipment Comparisons Test Data


