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1.0 EXPERIMENT DESCRIPTION

1.1 This experiment had the following objectives:

A, To evaluate the effects of major components,
rubber and asphalt, and related concentrations of
these components on several physical properties
of asphalt-rubber mixtures.

B. To evaluate the feasibility of using the testing
procedures employed in this investigation for
asphalt-rubber specification purposes.

1.2 A high degree of success was realized for objective A.

Success was realized for objective B in that several
parameters obtained from the force-ductility and
sliding plate microviscometer tests have low enough
testing variability to permit use in specifying
asphalt-rubber materials properties,

1.3 The laboratory investigation was conducted to deter-
mine the effects of constituent materials, rubber and
asphalt, on physical properties of asphalt-rubber
mixtures. 8Six different rubber types at four concen-
trations, and two asphalt types were studied.

1.3.1 Granulated rubber utilized was produced from two
different reclamation processes and materials:

@ Ambient grind tread peel crumb (Atlos)
L ] Ambient grind high natural rubber content
devulcanized crumb (U.S. Rubber Reclaiming)

1.3.2 Three different gradations (particle size distri-
butions) from each rubber production process were
used making the total of six different rubber
types as follows:

TPO44
TPO27
50/50 mix (by weight) of TPO27 and TPO27
GT274
USRF
50/50 mix (by weight) of GT274 and USRF



Each rubber type was incorporated into asphalt
rubber mixtures at four concentration levels -
15, 20, 25, and 30 percent by weight of total
mixture.

The two asphalts used in the study were Sahuaro
AR1000 and Arco AR4000 from sources commonly used
in commercial production of asphalt-rubber
mixtures. Two percent of an extender oil was
used in AR4000 mixtures. Details on materials
properties of asphalts and rubbers studied are
contained in the project Summary Report (1).

Asphalt-rubber mixtures were all prepared for
testing using a standard mixing procedure in the
Arizona Torque Fork as described in the project
Summary Report (1).

1.4 Materials properties assessed in this study are:

Absolute viscosity at 140F (60C)

Apparent viscosity and shear rate sensitivity by
the Schweyer Rheometer at 39.2F (4C)

Stress, strain, and creep compliance properties
at 39.2F (4C) using Force-Ductility

Apparent viscosity, creep, strain recovery, re-
bound and rheological characteristics at 32.0F
(0C) using the Sliding Plate Microviscometer
Viscosity during mixing at 375F (191C) using the
Arizona Torque Fork

Viscosity during mixing at 375F (191C) using the
Haake Rotational Viscometer.

Using the testing procedures described above, a
total of 31 different parameters were evaluated,
analyzed and reported. Testing details and
calculations are contained in the project Summary
Report (1).



2.0 EXPERIMENTAL DESIGN AND DATA ANALYSIS

2.1 The experiment was designed as a sequentially random-
ized, three factor fixed factorial model with two
replications per cell. The experimental matrix is
presented in Figure 1. The first randomization was
by rubber type. Within rubber type, rubber
concentration, asphalt cement, and replication were
randomized.

2.1.1 The fixed factor model is:

Yijkl = U+ Ry + Q4 + A + (RQ)ij T (RA) ik
+ (QA) 4k + (ROA)ijk + €(ijk)1l

where:

Yiyk1 = Response variable (viscositg, Schweyer
constants, etc.% for the ith jlevel of
rubber type, jth level of rubber con-
centration, kth level of asphalt type
and 1th replication.

U = Effect of overall mean.
Rj =  Effect of rubber type.
Q3 = Effect of rubber concentration.
Ay = Effect of asphalt type.

(RQ) 15

(RA) ik = Second order interactions.,

(QA) 5k

(ROA) 9k = Third order interaction.

€(ijk) 1 = Experimental error.

2.1.2 Degrees of freedom for the analysis are as

follows:

Source Degrees of Freedom
Rji 5
Q4 3
Ay 1

(RQ) j 4 15

(RA) ;1 k 5

(QA) 4k 3

(ROA) § 4§k 15

Error 48
Total 95
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Figure 1 Experimental Test Matrix




2.1.3 Data were analyzed using conventional three-way
analysis of variance techniques.

2.1.4 Prior to analysis, homogeneity of variance was
tested by the Foster and Burr g-test (2).
Appropriate data transformations were used when
necessary to comply with variance homogeneity
constraints required for analysis of variance.
It should be pointed out that due to the nature
of tests and variability of some asphalt-rubber
formulations, extensive use was made transformed
data.

2.2 Levels of Independent Variables
2.2.1 Rubber at six levels as follows:

TP044
TP027
50/50 mix (by weight) of TP027 and TP044
GT274
USRF
50/50 mix (by weight) of GT274 and USRF

2.2.2 Rubber quantities at four levels, 15, 20, 25, and
30 percent, by weight of the asphalt-rubber mix-
ture.

2.2.3 Asphalt at two levels - AR4000 and AR1000.
2.3 Analysis of Simple Main Effects.

2.3.1 Following completion of the three~way ANOVA, with
many of the experimental parameters, two-way
ANOVA on simple main effects were performed to
aid in data interpretation. Analyses were per-
formed for each rubber type, concentration, and
asphalt grade.

2.3.1.1 The analysis model for each rubber type is:
Yijk = U+ Aj + Q5 + (BQYij + E(ij)k
in which:
Yiqgk = Response variable for the ith level

of asphalt, the jth level of rubber
concentration, and kth replication



[0 = Effect of overall mean

Aj = Effect of asphalt type
Q4 = Effect of rubber concentration
(AQ) § 5 = Effect of asphalt-concentration
interaction
(ij)k = Experimental error

Degrees of freedom for this analysis model
are:

Source Degrees of Freedom

Aj

Q .
(AQ?ij
Error
Total

Gl
Utjee W w

2.3.1.2 The analysis model for each rubber concen-
tration is:

Yijk = B+ Aj + Ry + (AR)ij + ®(ij)k
in whichs
Yijk = Response variable for the ith level

of asphalt, the jth level of rubber
type, and the kthR replication.

H = Effect of overall mean
Aj = Effect of asphalt type
R = Effect of rubber type
(AR)ij = Effgct of asphalt-rubber type inter-
action
€(ij)k = Experimental error



2.3.1.3

Yijk

Degrees of freedom for this analysis model

ares
Source
Aj
R .
(AR] § 5
Error
Total

Degrees of Freedom

[~
wiro oo =

The analysis model for each asphalt grade is:

=W + Rj + Q5 + (RQ)ij + €ij)k

in which:

AYijk

Response variable for the ith level
of rubber type, the jth 1level of
rubber concentration, and the kth
replication.

Effect of overall mean

Effect of rubber type

Bffect of rubber concentration

Effect of rubber-concentration inter-
action

Experimental error

Degrees of freedom for this analysis model

are:
source
Rj
Q .
(RQ?ij
Error
Total

Degrees of Freedom




3.0 RESULTS AND DISCUSSIONS

3.1 Absolute Viscosity

3.1.1 Measured vacuum capillary absolute viscosity re-
sults at 140F (60C) are tabulated in Appendix A
in Table A-1l. Each value tabulated in Table A-1l
is the average of viscosity values obtained from
several bulbs of one viscometer. Two viscosity

tests were performed for each matrix cell repli-
cation.

3.1.1.1 Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 33.9 percent compared to 22.3 per-
cent for the U.S. Rubber Reclaiming rubber.

3.1.1.2 Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

@ TP044 - 63.4%

@ T™P027 - 13.5%

@ 50/50 TP044/TP027 - 24.8%

@ GT274 - 31.7% (16.8% if
one mea-
surement
not con-
sidered)

@ USRF - 18.6%
® 50/50 GT274/USRF 16.6%

3.1.1.3 Average coefficients of variation for each
rubber concentration for all rubber types and
both asphalts are:

@ 15% - 26.0%
® 20% - 26.0%
® 25% - 27.7%
@ 30% - 32.8%

3.1.1.4 Average coefficients of variation for all
mixtures containing AR4000 asphalt was 25.3
percent, and for the AR1000, 25.8 percent.



3.1.1.5 1In several cases (TP044, AR1000, with 20 and
25 percent rubber; and 50/50 GT274/USRF,
AR1000, with 25 percent rubber) large differ-
ences are noted between mean replicate val-
ues, but within replicates, variability was
low. This may be due to segregation of the
mixture during sampling, or in other words,
separation by drainage of asphalt. It is
interesting to note that these differences
are noted only with the AR1000 asphalt, and
not the AR4000 which would be less prone to
drain or separate due to its higher viscosity.

3.1.1.6 Variability of measured absolute viscosity as
indicated by coefficient of variation appears
to be:

é greater for larger rubber particles than
fine,

@ greater for higher rubber concentrations
than low, and

® not affected by asphalt grade.

3.1.2 The data which were statistically analyzed are
tabulated in Appendix A in Table A-2. Each value
tabulated in Table A-2 is the mean of the two
measured values in Table A-l. Analyzed data are
plotted in Appendix A in Figqures Al through Al3.

3.1.3 During data analysis, several attempts were made
to transform the data to comply with variance
homogeneity requirements, but success was not
realized due to the high variability of the TP044
data. Therefore, the data analysis were split
and two separate ANOVA performed - one for the
full factorial without TP044 and one for the
TP044 data only. Transformations were not re-
quired to satisfy variance homogeneity require-
ments. These ANOVA summaries are tabulated in
Tables A-3 and A-4.

3.1.3.1 For the analysis without TP044, rubber type,
concentration, rubber-concentration inter-
action, rubber-asphalt interaction, and the
rubber-concentration—~asphalt interaction are
significant effects at the 0.01 level. As-
phalt is significant at the 0.05 level but
not the 0.01, and the concentration-asphalt
interaction is not significant at the 0.05
level,



3.1.3.2

For the analysis with only TP044, concentra-
tion is a significant effect at the 0.05
level but not the 0.01 level. Asphalt and
asphalt-concentration interaction are not
significant at the 0.05 level.

3.1.4 Analyses of results show that rubber type, rubber
concentration, asphalt, and several interactions
influence the measured absolute viscosity of
asphalt-rubber mixtures at 140F(60C).

3.1.4.1

3.1.4.2

Effect of Rubber Type. Asphalt-rubber mix-
tures containing USRF rubber had the highest
absolute viscosity (225,7000 poise overall
average) while mixtures containing TPO44 and
GT274 rubber had the lowest (122,800 poise
and 122,600 poise respectively). Mixtures
containing Atlos rubber had approximately the
same average absolute viscosity values
(122,800 poise, TPO44; 127,900 poise, TPO27;
and 129,100 poise, 50/50 TPO44/TP0O27).

For mixtures containing U.S. Rubber Reclaim-
ing rubber, the smaller particle size, USRF
rubber, resulted in a higher average absolute
viscogity than the larger, GT274 (225,700
poise, USRF;:; 122,600 poise, GT274).

Effect of Rubber Concentration. Examination
of Figures A4 through A9 shows that for all
asphalt-rubber mixtures tested, as rubber
concentration increases, absolute viscosity
increases (20,600 poise overall average at 15
percent rubber compared to 374,600 poise at
30 percent). Two-way ANOVA by rubber type
shows that concentration is a significant
effect for all rubber types. Two-way ANOVA
by asphalt type shows that concentration is
also significant for both ARL000 and AR4000.
Two-way ANOVA by concentration shows that at
15 and 20 percent, differences in absolute
viscosity of mixtures exist due to asphalt
and rubber type. However, at 25 percent,
differences exist only due to rubber type,
and at 30 percent, differences are not noted
due to asphalt or rubber type.

10



Effect of Asphalt. Two-way ANOVA by rubber
type shows that asphalt is a significant ef-
fect for mixtures containing TPO27, GT274,
and USRF but not for TP044, 50/50 TPO44/
TPO27, or 50/50 GT274/USRF. Two-way ANOVA by
rubber concentration shows that asphalt is
significant at 15 and 20 percent, but not at
25 or 30 percent rubber. These trends can be
seen in Figures A4 through A9.

Absolute viscosity of asphalt-rubber mixtures
containing AR4000 is slightly higher than
that of mixtures containing AR1000 for all
rubber types except USRF at 25 and 30 percent
rubber. With these two mixtures, higher ab-
solute viscosities were measured with the
AR1000 asphalt as can be seen in Figure AS8.
These higher viscosities may be due to a
greater degree of rubber and asphalt reaction
resulting from the high surface area of the
rubber and the thinner asphalt which could
result in increased swelling of rubber
particles.

3.2 Schweyer Rheometer Constant, G-tube

3.2.1 Measured rheometer constants using the G-tube are
tabulated in Appendix B in Table B-1,

3.2.1.1

3.2.1.2

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 25.2 percent compared to 24.3 per-
cent for the U.S. Rubber Reclaiming rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 31.9%
é TP027 - 23.6%
@ 50/50 TP044/TP027 - 20.2%
@ GT274 - 19.2%
® USRF - 19.0%
e 50/50 GT274/USRF - 34.1%

11



3.2.1.3 Average coefficients of variation for each

rubber concentration for all rubber types and
both asphalts are:

® 15% - 23.4%
@ 20% - 28.3%
@ 25% - 25.8%
® 30% - 21.5%

3.2.1.4 Average coefficient of variation for all mix-

tures containing AR4000 asphalt was 23.1 per-
cent, and for the AR1000, 26.5 percent,

3.2.1.5 Variability of measured rheometer constant

G-tube data as indicated by coefficient of
variation does not appear to be influenced by
rubber particle size (although there is a
possible increase in variability with TP044),
rubber concentration, or asphalt grade.

The measured data did not require transformations
to provide for variance homogeneity prior to
analysis. Analyzed data are plotted in Appendix
B, Figures Bl through BLl2.

The ANOVA summary for rheometer constant G-tube
data is tabulated in Table B-2.

3.2.3.1 Rubber type was a significant effect at the

0.01 level. Concentration was significant at
the 0.05 level but not at the 0.01 level.
Asphalt and all interactions were not signif-
icant effects at the 0.05 level.

Analyses of results show that the type of rubber

and rubber concentration influence rheometer con-
stant C (shear susceptibility) measured with the

G-tube of asphalt-rubber mixtures at 39.2F(4C).

3.2.4.1 Effect of Rubber Type. Asphalt-rubber mix-

tures containing the 50/50 TPO44/TPO27 rubber
mixture had the highest shear susceptibility
constant in the G-tube, (0.76 overall aver-
age) while the USRF mixture had the lowest
(0.46 overall average).

12



3.2.4.2

3.2.4.3

3.2.4.4

Mean shear susceptibility constant for mix-
tures containing Atlos rubber was 0.74 and
for mixtures containing U.S. Rubber Reclaim-
ing rubber, 0.50. Therefore, it appears that
asphalt-rubber mixtures which contain U.S.
Rubber Reclaiming rubber are more pseudo-
plastic in behavior than are mixtures which
contain Atlos rubber.

Effect of Rubber Concentration. Average
overall shear susceptibility constant at 15
percent rubber is 0.70 and at 30 percent rub-
ber, 0.55. Examination of Figures B3 through
B8 shows that the mean shear susceptibility
constant slightly decreases as rubber concen-
tration increases for each rubber type.
Therefore, it appears that as rubber concen-
tration increases, the asphalt-rubber mix-
tures become more pseudoplastic in behavior.

Effect of Asphalt. Asphalt grade was found
not to have an effect on the shear suscepti-
bility constant of asphalt-rubber mixtures
tested in the G-tube.

With the exception of two mixtures (TPO44,
AR1000 with 15 and 25 percent rubber) all
mixtures had shear susceptiblity constants
which were less than 1.0 as shown in Figure
B2 indicating that the asphalt-rubber mix-
tures tested were pseudoplastic (viscosity
decreases as shear rate increases). Average
shear susceptibility constant measured using
the G-tube was 0.62.

3.3 Schweyer Rheometer Constant, F-tube

3.3.1 Measured rheometer constants using the F-tube are
tabulated in Appendix C in Table C-1 and plotted
in Pigures Cl through Cl2,

3.3.1.1

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 26.7 percent compared to 30.3 per-
cent for the U.S. Rubber Reclaiming rubber.
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3.3.1.2

3.3.1.3

3.3.1.4

3.3.1.5

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

@ TP044 - 35.4%
@ TP027 - 15.5%
® 50/50 TP044/TP027 - 29.3%
@ GT274 - 30.1%
@ USRF - 24.1%
@ 50/50 GT274/USRF - 36.8%

Average coefficients of variation for each
rubber concentration for all rubber types and
both asphalts are:

® 15% ~  26.8%
® 20% - 37.5%
® 25% -~  24.5%
® 303 -~ 25.3%

Average coefficient of variation for all mix-
tures containing AR4000 asphalt was 35.7 per-
cent, and for the AR1000, 21.4 percent.

Variability of measured rheometer constant
F-tube data as indicated by coefficient of
variation appears to be:

@ greater for larger rubber particle sizes,

@ greatest at a 20% rubber concentration,

® greater for AR4000 than for AR1I000 as-
phalt cement

3.3.2 In order to satisfy variance homogeneity require-
ments, arctangent transformations of data were
required prior to analysis. Arctangent trans-
formed data are tabulated in Appendix C in Table
C-2 and plotted in Figures Cl1l3 through C24.

3.3.3 The ANOVA summary for rheometer constant, F-tube,
is tabulated in Table C-3.

3.3.3.1

Rubber type, concentration, rubber-concentra-
tion interaction and, rubber-asphalt inter-
action were significant at the 0.01 level.
The rubber-concentration-asphalt interaction
was significant at the 0.05 level, but not at
0.01. Asphalt and the concentration-asphalt
interaction were not significant at the 0.05
level.
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3.3.4 Analyses of results show that rubber type, rubber
concentration, and several interactions influence
rheometer constant C (shear susceptibility) mea-
sured with the F-tube of asphalt-rubber mixtures
at 39.2F(4C).

3.3.4.1

3.3.4.2

3.3.4.3

Effect of Rubber Type. Asphalt-rubber mix-
tures containing TPO27 and the 50/50 TPO44/
TPO27 mixture had the highest shear suscepti-
bility constant in the F~tube (1.10 overall
average for TP027 and 1.09 for the 50/50
TPO44/TP0O27 mixture) while the USRF mixtures
had the lowest (0.82 overall average).

Mixtures containing Atlos rubber had higher
shear susceptibility constants in the F-tube
than mixtures containing U.S. Rubber Re-
claiming rubber (1.0l overall average for
Atlos compared to 0.87 overall average for
U.S. Rubber Reclaiming).

As indicated by the measured shear suscepti-
bility constant using the F~tube, asphalt-
rubber materials containing Atlos rubber tend
to be slightly dilatent in shear susceptibil-
ity behavior while mixtures containing U.S.
Rubber Reclaiming rubber are slightly pseudo-
plastic.

Bffect of Rubber Concentation. Examination
of Figures C3 through C8 shows that rubber
concentration appears to slightly influence
shear susceptibility constant values in the
FP-tube mixtures containing Atlos Rubber,
(1.30 average at 15 percent rubber compared
to 0.94 at 30 percent rubber).

Data indicate that as rubber concentration
increases, asphalt-rubber materials tend to
become slightly more pseudoplastic in be-
havior.

Effect of Asphalt. Asphalt grade was found
to not have an effect on shear susceptibility
constant of asphalt-rubber mixtures tested in
the PFP-tube.
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3.3.4.4

It is interesting to note that differences
exist in measured shear susceptibility con-
stant values depending on rheometer tube size
used (refer to sections 3.2.4.1 and
3.2.4.2). With the smaller tube size (F),
shear susceptibility values are greater than
with the larger tube (G). Considering the
increased particle interference to flow in
the smaller rheometer tube, asphalt-rubber
mixtures would be expected to be more dila-
tent in behavior with smaller tubes than with
larger tubes. This trend is indicated in the
data.

3.4 Schweyer Rheometer Apparent Viscosity (Mg.os5) at
39.2F (4C), G-tube :

3.4.1 Measured apparent viscosity data using the G-tube
are tabulated in Appendix D in Table D-1 and
plotted in Figures D1 through D12,

3.4.1.1

3.4.1.2

3.4.1.3

3.4.1.4

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 86.8 percent compared to 48.9 per-
cent for the U.S. Rubber Reclaiming rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

@ TP044 - 78.4%
L TPO27 - 97.0%
® 50/50 TP044/TP027 - 67.3%
@ GT274 - 41.1%
® USRF - 31.6%
@ 50/50 GT274/USRF - 73.7%

Average coefficients of variation for each
rubber concentration for all rubber types and
both asphalts are:

@ 15% - 74.2%
@ 20% - 76.1%
® 25% - 65.8%
@ 30% - 55.4%

Average coefficient of variation for all mix-
tures containing AR4000 asphalt was 71.3 per-
cent, and for the AR1000, 64.4 percent.
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3.4.1.5 Variability of measured apparent viscosity

3.4.3

G-tube data as indicated by coefficient of
variation appears to be:

] greater for Atlos rubber than for U.S.
Rubber Reclaiming rubber possibly due to
larger particle sizes of Atlos rubber,

@ greater for lower rubber concentrations,
and

L] not affected by asphalt type.

In order to satisfy variance homogeneity require-
ments, logarithmic transformations of the data
were required prior to analysis. Log transformed
data are tabulated in Appendix D in Table D-2 and
plotted in Figures D13 through D24.

The ANOVA summary f£or apparent viscosity, G-tube
is tabulated in Table D-3.

3.4.3.1 Rubber type was a significant effect at the

0.01 level. Asphalt was significant at the
0.05 level but not at 0.0l. Rubber concen-
tration and all interactions were not signif-
icant at the 0.05 level.

Analyses of results show that the type of rubber
and asphalt influence measured apparent viscosity
at a 0.05 sec~l shear rate of asphalt-rubber
mixtures at 39.2F(4C) using the G-tube.

3.4.4.1 Effect of Rubber Type. Asphalt-rubber mix-

tures containing the 50/50 TPO44/TPO27 mix-
ture had the highest average apparent viscos-
ity in the G-tube (231 x 100 pa-s overall
average) while mixtures containing USRF rub-
ber had the lowest (33 x 106 pa-s overall
average) .

Mixtures containing Atlos rubber had higher
viscosities than mixtures containing U.S.
Rubber Reclaiming rubber (184 x 106 pa-s
overall average for Atlos compared to 41 x
106 pa-s for U.S. Rubber Reclaiming).

3.4.4.2 Effect of Rubber Concentration. Rubber con-

centration was not found to influence appar-
ent viscosity in the G-tube. This can be
noted in Figures D3 through D8,
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3.4.4.3 Effects of Asphalt. Examination of Figures
D3 through D12 shows that mixtures containing
AR4000 asphalt generally have slightly higher
apparent viscosity in the G-tube than mix-
tures containing ARL000 (181 Pa-s overall
average for AR4000 compared to 12.6 Pa-s for
AR1000).

3.4.5 It is noted that for many of the asphalt-rubber
mixtures tested reporting the mixture viscosity
at a 0.05 sec~l shear rate required extrapola-
tion of the data in several cases by as much as 2
orders of magnitude which could be a contri-
buting factor to the high degree of variability
of apparent viscosity test results. More extra-
polation was required with Atlos than with U.S.
Rubber Reclaiming mixtures. Reporting viscosity
at a shear rate closer to the measured data may
decrease variability of results.

3.5 Schweyer Rheometer Apparent Viscosity (no 05) at
39.2F (4C), F-tube )

3.5.1 Measured apparent viscosity data using the F-tube
are tabulated in Appendix E in Table E-1 and
plotted in Figures ELl through El2.

3.5.1.1 Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 59.1 percent compared to 60.4 per-
cent for the U.S. Rubber Reclaiming rubber.

3.5.1.2 Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

L J TP044 - 70.3%
® TP027 - 39.5%
@ 50/50 TP044/TP027 - 67.5%
® GT274 = 59.9%
® USRF - 56.0%
@ 50/50 GT274/USRF - 53.7%

3.5.1.3 Average coefficients of variation for each
rubber concentration for all rubber types and
both asphalts are:

® 15% - 65.2%
® 20% - 68.0%
® 25% - 71.5%
® 30% - 34.3%
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3.5.1.4 Average coefficient of variation for all mix-

tures containing AR4000 asphalt was 73.8 per-
cent, and for the AR1000, 45.8 percent.

3.5.1.5 Variability of measured apparent viscosity

3.5.3

F-tube data as indicated by coefficient of
variation appears to be:

L ] greater for larger rubber particles,

] least at high rubber concentrations, and

® less for AR1000 than for AR4000 asphalt
cement

In order to satisfy variance homogeneity require-
ments, log log transformations of the data were
required prior to analysis. Log log transformed
data are tabulated in Appendix E in Table E-~2 and
plotted in Figures EL13 through E24.

The ANOVA summary for apparent viscosity, F-tube
is tabulated in Table E-3.

3.5.3.1 Rubber type, concentration, asphalt, rubber-

concentration interaction, and rubber-asphalt
interactions were significant effects at the

0.01 level. Other interactions were not sig-
nificant at the 0.05 level.

Analyses of results show that rubber type, rubber
concentration, asphalt, and several interactions
influence the measured apparent viscosity at a
0.05 sec~l shear rate of asphalt-rubber mix-
tures at 39.2F(4C) using the F-tube.

3.5.4.1 Effect of Rubber Type. Asphalt-rubber mix-

tures containing the 50/50 GT274/USRF mixture
had the highest avera%e apparent viscosity in
the F-tube (1583 x 10° pa-s overall aver-
age) and the USRF mixtures, the lowest (654 x
106 pa-s overall average). It should be
noted that averaged data are misleading due
to high variability and presence of several
extreme values,
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3.5.4.2

3.5.4.3

3.5.4.4

Effect of Rubber Concentration. Average data
show that for Atlos rubber mixtures contain-
ing 15 percent rubber, average apparent vis-
cosity is 1027 x 106 pa-s compared to 1618

x 106 pa-s at 30 percent rubber in the
F-tube. For mixtures containing U.S. Rubber
Reclaiming rubber, average apparent viscosity
is 11,675 x 106 pa-s at 15 percent rubber

and 85 x 106 pa-s for 30 percent rubber.
These data indicate that for Atlos mixtures,
as concentration increases, apparent viscos-
ity increases, and that for U.S. Rubber Re-
claiming mixtures, as concentration increas-
es, viscosity decreases. It is noted,
though, that presence of several extreme val-
ues and resulting high variability of data
may cause these observations to be misleading.

Effect of Asphalt. Overall average apparent
viscosity in the P-tube for AR4000 mixtures
was 2113 x 106 pPa-s compared to 655 x 106
Pa-s for ARL000 mixtures which tends to in-
dicate that AR4000 mixtures have a higher
apparent viscosity in the F-tube than ARL000
mixtures. Once again, this observation may
be misleading due to high variability.

It is interesting to note that the measured
apparent viscosity of asphalt-rubber mixtures
in the F-tube are higher than in the G-tube
(section 3.4.4.1). Additionally, testing
variability as indicated by coefficient of
variation is greater in the F-tube. It is
believed that the smaller capillary diameter
of the P-tube (4.65 mm compared to 9.700 mm
for the G-tube) is the cause of these dif-
ferences due to increased flow interference
from the rubber particles.

3.5.5 Again, as with apparent viscosity measured with
the G-tube, extrapolation of data was required to
report viscosity at a 0.05 sec~l shear rate
with many of the mixtures which may be causing
the high degree of testing variability.
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3.6 Force-Ductility Load at Failure at 39.2F (4C)

3.6.1 Measured force ductility load at failure data are
tabulated in Appendix F in Table F-1. Three mea-
surements were obtained for each matrix cell rep-
licate.

3.6.1.1

3.6.1.2

3.6.1.3

3.6.1.4

3.6.1.5

Average coefficient of variation for Atlos
rubber at all concentrations and both as-

phalts was 9.2 percent compared to 7.6 per-
cent for the U.S. Rubber Reclaiming rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

é TP044 - 10.1%
® TP027 - 11.3%
® 50/50 TP044/TP027 - 6.2%
® GT274 - 5.5%
® USRF - 6.2%
® 50/50 GT274/USRF - 11.0%

Average coefficients of variation for each
rubber concentration for all rubber types and
both asphalts are:

® 15% - 8.9%
® 20% - 7.8%
® 25% - 8.8%
@ 30% - 8.0%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 8.5
percent, and for the AR1000, 8.3 percent.

Variability of measured force ductility load
at failure data as indicated by coefficient
of variation does not appear to be effected
by rubber particle size, rubber concentra-
tion, or asphalt grade.

3.6.2 Analyzed load at failure data are tabulated in
Table F~2 and plotted in Figures Fl1 through Fl12,.
Each entry in Table F-2 is the mean of three mea-
surements from Table F-1.

3.6.3 The ANOVA summary for force ductility load at
failure is tabulated in Table F-3.
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3.6.3.1

All main effects and two-way interactions are
significant at the 0.01 level, and the
rubber~concentration-asphalt interaction is
significant at the 0.05 level but not at the
0.01.

3.6.4 Analyses of results show that rubber type, rubber
concentration, asphalt, and several interactions
influence load at failure in the force-ductility
test at 39.2F (4C).

3.6.4.1

3.6.4.2

EBffect of Rubber Type. Asphalt-rubber mix-
tures containing the 50/50 TPO44/TPO27 rubber
had the highest load at failure (24.6 pound
overall average) while mixtures containing
GT274 rubber had the lowest (13.8 pound over-
all average).

Mixtures containing Atlos rubber failed at
higher loads (18.6 pound overall average)
than mixtures containing U.S. Rubber Re-
claiming rubber (14.6 pound overall average).

It is interesting to note that for Atlos rub-
ber, the 50/50 mixture of TPO44 and TPO27
rubbers resulted in higher loads at failure
than either of the two individual rubbers.
This trend was not noted with the 50/50
GT274/USRF rubber mixture.

Effect of Rubber Concentration. Examination
of Figures F3, F4, and F5 shows that for
Atlos rubber mixtures, as rubber concentra-
tion increases, load at failure increases
(13.3 pound average at 15 percent rubber com-
pared to 25.1 pound average at 30 percent).
Two-way ANOVA by rubber type shows that for
each of the Atlos rubbers, concentration is a
gignificant effect.

Examination of Figures F6, F7, and F8 shows
that rubber concentration does not greatly
influence load at failure of U.S. Rubber Re-
claiming mixutres to the extent as with Atlos
rubber.
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3.6.4.3

Average loads at failure for U.S. Rubber Re-
claiming mixtures tend to increase slightly
as rubber concentration increases, reach a
maximum at 20 to 25 percent rubber, and then
drop slightly at 30 percent rubber (overall
average loads at failure of 13.2 pounds at 15
percent rubber, 16.2 pounds at 20 percent,
15.2 pounds at 25 percent, and 14.4 pounds at
30 percent). Two-way ANOVA by rubber type
shows that concentration is a significant
effect for GT274 mixtures, but not for USRF
or the 50/50 GT274/USRF mixtures,

Effect of Asphalt. Examination of Figures F3
through F12 shows that with only one excep-
tion, mean load at failure values are higher
for asphalt-rubber mixtures containing the
AR4000 asphalt than the AR1000 asphalt (19.9
pound overall average for AR4000 compared to
13.2 pounds for AR1000).

As rubber concentration increases, differ-
ences between loads at failure of AR4000 and
AR1000 mixtures are observed to decrease in-
dicating that at high rubber concentration
loadg at failure are influenced to a lesser
extent by asphalt characteristics than at low
rubber concentrations.

3.7 Force-Ductility Elongation at Failure at 39.2F (4C)

3.7.1 Measured force ductility elongation at failure
data are tabulated in Appendix G in Table G-1.
Three measurements were obtained for each matrix
cell replicate.

3.7.1.1

3.7.1.2

Average coefficient of variation for Atlos
rubber at all concentrations and both as-

phalts was 8.1 percent compared to 8.9 per-
cent for the U.S. Rubber Reclaiming rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

@ TP044 - 9.0%
@ TP027 - 7.5%
@ 50/50 TP044/TP027 - 7.8%
® GT274 - 6.0%
® USRF - 8.6%
® 50/50 GT274/USRF - 12.6%
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.1.3 Average coefficient of variation for each

rubber concentration for all rubber types and
both asphalts are:

@ 15% - 8.8%
@ 20% - 7.5%
® 25% - 8.4%
® 30% - 9.2%

3.7.1.4 Average coefficients of variation for all

mixtures containing AR4000 asphalt was 8.1
percent, and for the AR1000, 9.1 percent.

3.7.1.5 Variability of measured elongation at failure

3.7.4

data as indicated by coefficient of variation
does not appear to be affected by rubber par-
ticle size, rubber concentration, or asphalt
grade.

Reduced elongation at failure data are tabulated
in Table G-2 and plotted in Figures Gl through
Gl2. Each entry in Table G-2 is the mean of
three values from Table G-1.

In order to satisfy variance homogeneity require-
ments, logarithmic transformations of data were
required prior to analysis., Log transformed data
are tabulated in Appendix G in Table G-3 and
plotted in Figures G13 through G24.

The ANOVA summary for elongation at failure is
tabulated in Table G-4,

3.7.4.1 Rubber type, concentration, asphalt, rubber-

concentration interaction and concentration-
asphalt interaction are significant effects
at the 0.0l level. The rubber-concentration-
asphalt interaction is significant at the
0.05 level but not at 0.01l. The rubber-
asphalt interaction is not significant at the
0.05 level.

Analyses of results show that rubber type, rubber
concentration, asphalt, and several interactions
influence elongation at failure test results at
39.2F (4C) .
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3.7.5.1

3.7.5.2

3.705.3

Effect of Rubber Type. Asphalt-rubber mix-
tures containing GT274 rubber had the highest
elongation at failure (413 mm overall aver-
age) while TPO44 mixtures had the lowest (207
mm overall average).

Atlos rubber mixtures had lower elongations
at failure (268 mm average) than U.S. Rubber
Reclaiming mixtures (378 mm average).

For Atlos mixtures, data indicates that rub-
ber composed of small particles (TPO27) re-
sults in larger elongations at failure than
rubbers with larger particles (TPO44). This
trend is not noted with U.S. Rubber Reclaim-
ing rubbers as mixtures containing GT274
(larger particles) had higher elongations at
failure than those containing USRF (smaller
particles).

Effect of Rubber Concentration. Examination
of Figures G3, G4, and G5 shows that for
Atlos rubber mixtures as rubber concentration
increases, elongation at failure decreases
(316 mm average at 15 percent rubber compared
to 239 mm average at 30 percent). Two-way
ANOVA by rubber type for each Atlos rubber
indicates that concentration is a significant
effect.

Two-way ANOVA by rubber type for each of the
U.S. Rubber Reclaiming rubbers indicate that
concentration is significant with GT274 and
the 50/50 GT274/USRF mixture, but, is not
with USRF. These trends can be seen in
Figures G6, G7, and G8.

Effect of Asphalt. Except for four of the
asphalt-rubber mixtures investigated, mix-
tures containing AR1000 asphalt cement failed
at higher elongation values than mixtures
containing AR4000 (347 mm overall average for
AR1000 compared to 299 mm for AR4000). Exam-
ination of Figures G3 through G12 shows that
as rubber concentrations increase, differ-
ences in elongation at failure between mix-
tures containing AR4000 and AR1000 tend to
decrease indicating that at high rubber con-
centrations, elongations at failure are in-
fluenced to a lesser extent by asphalt char-
acteristics than at low rubber concentrations.
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3.8 PForce-Ductility Engineering Stress at Failure at
39.2F (4C)

3.8.1 Engineering stress at failure data are tabulated
in Appendix H in Table H-1. Three determinations
were obtained for each matrix cell replication.

3.8.1.1

3.8.1.2

3.8.1.3

3.8.1.4

3.8.1.5

Average coefficient of variation for Atlos
rubber at all concentrations and both as-

phalts was 9.3 percent compared to 7.6 per-
cent for the U.S. Rubber Reclaiming rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

@ TP044 - 10.1%
é TP027 - 11.4%
@ 50/50 TP044/TP027 - 6.2%
@ GT274 - 5.5%
@ USRF - 6.2%
@ 50/50 GT274/USRF - 10.9%

Average coefficients of variation for each
rubber concentration for all rubber types and
both asphalts are:

® 15% - 9.0%
@ 20% - 7.9%
@ 25% - 8.8%
® 30% - 8.0%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 8.5
percent, and for the AR1000, 8.3 percent.

Variability of measured engineering stress at
failure data as indicated by coefficient of
variation does not appear to be influenced by
rubber particle size, rubber concentration,
or asphalt grade

3.8.2 Analyzed engineering stress at failure data are
tabulated in Appendix H in Table H-2 and plotted
in Figures H1 through H12. Each entry in Table
H-2 is the mean of three values from Table H-1.

3.8.3 The ANOVA summary for engineering stress at fail-
ure is tabulated in Table H-3.
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3.8.3.1

Rubber, concentration, asphalt, rubber-
concentration interaction, rubber-asphalt
interaction, and concentration-asphalt in-
teraction are significant effects at the 0.01
level. The rubber-concentration-asphalt in-
teraction was not gsignificant at the 0.05
level.

3.8.4 Analyses indicate that rubber type, rubber con-
centration, asphalt, and several interactions
influence engineering stress at failure of
asphalt-rubber mixtures during the forceductility
test.

3.8.4.1

3.8.4.2

Effect of Rubber Type. Asphalt-rubber mix-
tures containing the 50-50 TPO44/TPO27 mix-
ture had the highest average engineering
stress at failure values (153.7 psi overall
average) while the GT274 mixtures had the
lowest (85.9 psi overall average).

Data indicate that mixtures containing Atlos
rubber had higher engineering stress at fail-
ure values (121.6 psi overall average) than
mixtures containing U.S. Rubber Reclaiming
rubber (91.3 psi overall average).

Additionally, it is noted that the mixture of
TPO44 and TPO27 rubber resulted in higher
engineering stress at failure values than
either of the individual rubbers alone.

Effect of Rubber Concentration. Examination
of Figures H3, H4, and H5 shows that for
asphalt—-rubber mixtures containing Atlos rub-
ber, as rubber concentration increases, en-
gineering stress at failure increases. En-
gineering stress at failure for asphalt-
rubber mixtures which contain U.S. Rubber
Reclaiming rubber, on the other hand, is not
influenced by rubber concentration to the
extent as mixtures containing Atlos rubber as
shown in Figures H6, H7, and H8. Two-way
ANOVA by rubber type indicates that rubber
concentration is a significant effect at the
0.01 level for all rubber types except USRF
and the 50-50 GT274/USRF mixture.
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3.9

3.8.4.3

Effect of Asphalt. Examination of Figures H3
through H8 shows that mixtures containing
AR4000 asphalt have higher engineering stress
at failure than mixtures containing AR1000
asphalt. This may be due to the greater vis-
cosity and stiffness of the AR4000 as com-
pared to the ARL000. Overall average engi-
neering stress at failure for mixtures con-
taining AR4000 is 129.3 psi compared to 83.6
psi for mixtures containing AR1000 asphalt.

Force-Ductility Engineering Strain at Failure at 39.2F

(4C)

3.9.1 Engineering strain at failure values are tabulat-
ed in Appendix I in Table I-1l. Three determina-
tions were obtained for each matrix cell replica-
tion.

3.9.1.1

3.9.1.2

3.9.1.3

3.9.1.4

Average coefficient of variation for Atlos
rubber at all concentrations and both as-

phalts was 7.4 percent compared to 7.8 per-
cent for the U.S. Rubber Reclaiming rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

TPO44 - 8.3%
TP0O27 - 8.0%
50/50 TP044/TPO27 - 5.8%
GT274 - 4.5%
USRF - 6.6%
50/50 GT274/USRF - 12.2%

Average coefficients of variation for each
rubber concentration for all rubber types and
both asphalts are:

] 15% - 7.5%
@ 20% - 6.3%
L 25% - 8.2%
@ 30% - 8.2%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 6.9
percent, and for the AR1000, 8.2 percent.
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3.9.1.5 Variability of measured engineering strain at

3.9.4

failure data as indicated by coefficient of
variation does not appear to be affected by
rubber particle size, concentration, or as-
phalt grade.

Reduced engineering strain at failure data are
tabulated in Appendix I in Table I-2 and plotted
in Figures I1 through I12. Each entry in Table
I-2 is the mean of three values from Table I-1l.

In order to satisfy variance homogeniety require-
ments, log transformations of the data were re-
quired prior to analysis. Log transformed data
are tabulated in Appendix I in Table I-3 and
plotted in Figures I13 through TI24.

The ANOVA summary for engineering strain at fail-
ure 1is tabulated in Table I-4.

3.9.,4.1 Rubber, concentration, asphalt, rubber-

3.9.5

concentration interaction, and concentration-
asphalt interaction are significant effects
at the 0.01 level. Rubber-concentration-
asphalt interaction is significant at the
0.05 level but not at the 0.0l. Rubber-
asphalt interaction is not significant at the
0.05 level.

Analyses indicate that rubber type, rubber con-
centration, asphalt, and several interactions
influence engineering strain at failure of
asphalt-rubber mixtures during the force-ductil-
ity test.

3.9.5.1 Effect of Rubber Type. Asphalt-rubber mix-

tures containing GT274 rubber had the highest
engineering strain at failure (8.12 mm/mm
overall average) and mixtures containing
TPO44 rubber, the lowest (3.92 mm/mm overall
average) .

Data indicates that for asphalt-rubber mix-
tures containing Atlos rubber, as particle
size increases, for all rubber concentra-
tions, engineering strain at failure decreas-
es (see Figures I9 through I112). For mix-
tures containing U.S. Rubber Reclaiming rub-
ber, GT274 rubber, the largest rubber of this
type investigated, resulted in highest aver-
age engineering strain at failure results
(8.12 mm/mm) ,
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3.9.5.2

3.9.5.3

Mixtures containing Atlos rubber failed at
lower average engineering strains (5.2 mm/mm
average) than those contaning U.S. Rubber
Reclaiming rubber (7.4 mm/mm average).

Effect of Rubber Concentration, Examination
of Figures I3 through I8 shows that as rubber
concentration increases, engineering strain
at failure decreases for all rubber types
except USRF. Two-way ANOVA performed by rub-
ber type indicate that rubber concentration
is a significant effect for all rubber types
except USRF. Overall average engineering
strain at failure for mixtures containing 15
percent rubber was 6.6 mm/mm and for 30 per-
cent rubber, 5.5 mm/mm.

Effect of Asphalt. Examination of Figures I3
through I12 shows that generally, at 15 and
20 percent rubber concentrations, mixtures
containing AR1000 asphalt failed at higher
engineering strains than mixtures containing
AR4000 asphalt.

At 25 and 30 percent rubber concentrations,
there are less differences in failure strains
between AR1000 and AR4000 mixtures than at 15
and 20 percent rubber. Two-way ANOVA by rub-
ber concentration shows that asphalt is a
significant effect at 15 and 20 percent rub-
ber, but not at 25 and 30 percent rubber.

3,10 Force-Ductility True Stress at Failure at 39.2F (4C)

3.10.1 PForce-ductility true stress at failure data are
tabulated in Appendix J in Table J-1. Three
determinations were obtained for each matrix
cell replication.

3.10.1.1

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 11.8 percent compared to 10.9
percent for the U.S. Rubber Reclaiming
rubber.
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3.10.).2 Average coefficients of variation for each

rubber type at all concentrations and for
both asphalts are:

® TP044 - 13.7%
@ TP027 - 13.4%
L 50/50 TP044/TP027 - 8.3%
@ GT274 - 9.1%
® USRF - 9.2%
@ 50/50 GT274/USRF - 14.3%

3.10.1.3 Average coefficients of variation for each

rubber concentration for all rubber types
and both asphalts are:

® 15% - 9.8%
@ 20% - 9.6%
® 25% - 12.3%
@ 30% - 13.6%

3.10.1.4 Average coefficient of variation for all

mixtures containing AR4000 asphalt was 11.8
percent, and for the AR1000, 10.8 percent.

3.10.1.5 vVariability of measured true stress at fail-

3.10.2

3.10.3

ure data as indicated by coefficient of var-
iation does not appear to be influenced by
rubber particle size or asphalt grade. In-
creasing rubber concentrations may slightly
increase variability.

Analyzed true stress at failure data are tabu-
lated in Appendix J in Table J-2 and plotted in
Figures J1 through J12.

The ANOVA summary for true stress at failure
data is tabulated in Table J-3.

3.10.3.1 Rubber, concentration, asphalt, rubber-

3.10.4

concentration interaction and concentration-
asphalt interaction are significant effects
at the 0.0l level. Rubber-asphalt and
rubber-concentration-asphalt interactions
are not significant at the 0.05 level.

Analyses indicate that rubber type, rubber con-
centration, asphalt, and several interactions
influence true stress at failure of asphalt-
rubber mixtures during the force-~ductility test.
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3.10.4.1

3.10.4.2

Effect of Rubber Type. Asphalt-rubber mix-
tures containing the 50/50 TP044/TPO27 rub-
ber had the highest true stress at failure
(878 psi overall average) while mixtures
containing TPO44 rubber had the lowest (532
psi overall average). For mixtures contain-
ing Atlos rubber, the smaller particle size
(TPO27) resulted in higher true stress at
failure than the TP044 (730 psi compared to
532 psi). The mixture of TPO44 and TPO27
resulted in higher true stress at failure
than either TP0O44 or TPO27.

Mixtures containing U.S. Rubber Reclaiming
rubber failed at approximately the same
average true stress values, 767 psi for
GT274, 786 psi for USRF, and 700 psi for the
GT274/USRF mixture,

Effect of Rubber Concentration. Examination
of Figures J3, J4, and J5 shows that for
asphalt-rubber mixtures containing Atlos
rubber, as concentration increases, true
stress at failure tends to increase (545 psi
at 15 percent rubber compared to 860 psi at
30 percent). Two-way ANOVA by rubber type
shows that for each of the Atlos rubbers,
concentration is a significant effect.

Figure J6 shows that for mixtures containing
GT274, as concentration increases, true
stress at failure increases, but then drops
when rubber concentration exceeds 25 per-
cent. Two-way ANOVA on GT274 mixtures in-
dicate that concentration is a significant
effect.

Two-way ANOVA on USRF and GT274/USRF mix-
tures, on the other hand shows that concen-
tration is not a significant effect. This
can be noted in Figures J7 and J8.

Two-way ANOVA performed by asphalt indicates
that concentration is a significant effect
for asphalt-rubber containing AR1000, but
not for mixtures containing AR4000.
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3.10.4.3

Effect of Asphalt. Examination of Figures
J3 through J12 shows that true stress at
failure for mixtures containing AR4000 as-
phalt is higher than for mixtures containing
AR1000 asphalt (854 psi overall average for
AR4000 compared to 610 psi for AR1000).
Two-way ANOVA by rubber type shows that as-
phalt is a significant effect. The same is
noted when ANOVA is performed by rubber
concentration.

3.11 TForce-~Ductility True Strain at Failure at 39.2F (4C)

3.11.1 True strain at failure data are tabulated in
Appendix K in Table K-1. Three determinations
were obtained for each matrix cell replication.

3.11.1.1

3.11.1.2

3.11.1.3

3.11.1.4

Average coefficients of variation for Atlos
rubber at all concentrations and both as-

phalts was 3.4 percent compared to 3.3 per-
cent for the U.S. Rubber Reclaiming rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

@ TP044 - 4.2%
@ TP027 - 3.3%
® 50/50 TP044/TP027 - 2.7%
® GT274 - 2.0%
® USRF - 2.8%
@ 50/50 GT274/USRF - 5.0%

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

@ 15% - 3.3%
® 20% - 2.7%
® 25% - 3.6%
@ 30% - 3.8%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 3.1
percent, and for the AR1000, 3.6 percent.
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3.11.1.5

Variability of measured true strain at fail-
ure data as indicated by coefficient of var-
iation is low ({(less than 5 percent based on
averages) and does not appear to be effected
by rubber particle size, concentration, or
asphalt grade.

3.11.2 Analyzed true strain at failure data are tabu-
lated in Appendix K in Table K-2 and plotted in
Figures K1 through K12,

3.11.3 The ANOVA summary for true strain at failure is
tabulated in Table K-3,.

3.11.3.1

Rubber, concentration, asphalt, rubber-
concentration interaction, and concentra-
tion-asphalt interaction are significant
effects at the 0.01 level. The rubber-
concentration-asphalt interaction is sig-
nificant at the 0.05 level but not at 0.01.
The rubber—-asphalt interaction is not sig-
nificant at the 0.05 level.

3.11.4 Analyses indicate that rubber type, rubber con-
centration, asphalt, and several interactions
influence true strain at failure of asphalt-
rubber mixtures during the force-ductility test.

3.11.4.1

Effect of Rubber Type. Asphalt-rubber mix-
tures containing GT274 rubber failed at
highest true strains (2.20 mm/mm overall
average) and mixtures containing TPO44, the
lowest (1.59 mm/mm overall average). For
mixtures containing Atlos rubber at all con-
centrations, the smaller rubber particle
size (TP0O27) resulted in higher true strain
at failure than for TPO44, the largest rub-
ber particle size (2.03 mm/mm compared to
1.59 mm/mm). This trend can be seen in
Figures K9 through K1l2.

For mixtures containing U.S. Rubber Reclaim-
ing rubber, smaller differences in average
results were noted than for the Atlos rubber
mixtures (2.20 mm/mm overall average for
GT274, 2.06 mm/mm for USRF, and 2.07 mm/mm
for 50-50 GT274/USRF) .
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3.11.4.2 Effect of Rubber Concentration. Examination
of Figures K3 through K8 shows that for all
rubber types except USRF, as concentration
increases, true strain at failure tends to
slightly decrease (2.08 mm/mm overall aver-
age for 15 percent rubber compared to 1.87
mm/mm for 30 percent rubber). Two~way ANOVA
by rubber type indicates that concentration
is a significant effect for all rubbers ex-
cept USRF.

3.11.4.3 Bffect of Asphalt. Examination of Figures
K3 through K12 shows that generally, true
strains at failure for mixtures containing
AR4000 asphalt are less than for ARL000 as-
phalt (1.90 mm/mm overall average for the
AR4000 compared to 2.01 mm/mm for AR1000
mixutres).

Additionally, it is noted that as rubber
concentration increases, true strains at
failure obtained for AR4000 and AR1000 mix-
tures tend to become closer for all rubber
types indicating that at higher rubber con-
centrations, asphalt characteristics have a
lesser effect on true strain at failure than
at lower rubber concentrations..

3.12 PForce-~Ductility Engineering Creep Compliance at
Failure at 39.2F (4C)

3.12.1 Engineering creep compliance data are tabulated
in Appendix L in Table L-1. Three determina-
tions were made for each matrix cell replication.

3.12.1.1 Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 11.0 percent compared to 10.4
percent for the U.S. Rubber Reclaiming
rubber.,

3.12.1.2 Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 12.3%
@ TP0O27 - 12.3%
@ 50/50 TP044/TP027 - 8.4%
® GT274 - 7.8%
@ USRF - 7.8%
® 50/50 GT274/USRF - 15.6%
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3.12.1.3 Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

@ 15% - 13.3%
® 20% - 9.1%
® 25% - 10.2%
® 30% - 9.6%

3.12.1.4 Average coefficient of variation for all
mixtures containing AR4000 asphalt was 9.6
percent, and for the AR1000, 11.8 percent.

3.12.1.5 Variability of engineering creep compliance
data as indicated by coefficient of varia-
tion does not appear to be influenced by
rubber type, rubber concentration, or
asphalt grade.

3.12.2 Reduced data are tabulated in Appendix L in
Table L—2 and plotted in Figures L1 through
L12. Each entry in Table L-2 is the mean of
three values in Table L-1.

3.12.3 1In order to satisfy variance homogeneity re-
quirements, log log arctangent sgquare root
transformations of the data were required prior
to analysis. Transformed data are tabulated in
Appendix I in Table L-3 and plotted in Figures
L13 through L24.

3.12.4 The ANOVA summary for engineering creep compli-
ance at failure is tabulated in Table L-4.

3.12.4.1 All main effects and interactions were sig-
nificant at the 0.01 level.

3.12.5 Analyses indicate that rubber type, rubber con-
centration, asphalt, and all interactions influ-
ence engineering creep compliance at failure of
asphalt-rubber mixtures during the force-
ductility test.

3.12.5.1 Effect of Rubber Type. Asphalt-rubber mix-
tures containing GT274 rubber had the high-
est engineering creep compliance at failure
(0.1042 psi~l overall average) and mix-
tures containing the 50-50 TPO44/TPO27 rub-
ber, the lowest (0.0398 psi~l overall
average).
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3.12.5.2

For asphalt-rubber mixtures containing Atlos
rubber, mixtures containing large rubber
particles (TPO44) have lower engineering
creep compliance values (0.0440 psi-l
overall average) than mixtures containin

the smaller TPO27 particles (0.0950 psi~
overall average). The mixture of TP0O44 and
TPO27 had lower values than mixtures con-
taining either of the two individual rubbers
(0.0398 psi-l overall average).

For mixtures containing U.S. Rubber Reclaim-
ing rubber, the small USRF particles result-
ed in lower engineering creep compliance
values (0.0744 ]_ossi““l overall average) than
mixtures containing the larger GT274 parti-
cles (0.1042 psi~l overall average). The
mixture of GT274 and USRF had average engi-
neering creep compliance at failure (0.0944
psi~l overall average) which was between
that obtained for GT274 and USRF.

Effect of Rubber Concentration. Examination
of Figures L3, L4, and L5 shows that for
asphalt-rubber mixtures containing AR1000
asphalt and Atlos rubber, as rubber concen-
tration increases, engineering creep compli-
ance at failure decreases. This effect is
present with Atlos mixtures containing
AR4000 asphalt, but differences are not as
great.

For asphalt-rubber mixtures containing U.S.
Rubber Reclaiming rubber and AR1000 asphalt,
as rubber concentration increases from 15 to
25 percent, engineering creep compliance at
failure decreases, but then tends to remain
the same at 30 percent rubber as seen in
Figures L6, L7, and L8. Engineering creep
compliance values for mixtures containing
AR4000 asphalt do not decrease as much as
for mixtures containing ARL000 asphalt as
rubber concentration increases.

Two-way ANOVA by rubber type shows that for
all rubbers investigated, rubber concentra-
tion is a significant effect on engineering
creep compliance at failure results., Two-
way ANOVA by asphalt type indicates that
concentration is significant for both AR1000
and AR4000 asphalt.
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3.12.5.3

Effect of Asphalt. Examination of Figures
L3 through L12 shows that with one excep-
tion, asphalt-rubber mixtures containing
AR1000 asphalt have higher mean engineering
creep compliance at failure values than mix-
tures containing AR4000 asphalt for all rub-
ber types investigated and all rubber con-
centrations. Differences in results between
asphalts decrease as rubber concentration
increases for all rubber types.

3.13 Force-Ductility True Creep Compliance at Failure at
39.2F (4C)

3.13.1 True creep compliance data are tabulated in
Appendix M in Table M-1. Three determinations
were made for each matrix cell replication.

3.13.1.1

3.13.1.2

3.13.1.3

3.13.1.4

Average coefficient of variation for Atlos
rubber at all concentrations and both as-

phalts was 9.9 percent compared to 8.3 per-
cent for the U.S. Rubber Reclaiming rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 11.4%
® Tr027 - 11.5%
® 50/50 TPO44/TPO27 - 6.7%
® GT274 - 5.4%
® USRF - 7.6%
® 50/50 GT274/USRF - 12.4%

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

® 15% - 8.8%
L ] 20% - 8.8%
® 25% - 9.5%
® 30% - 9.6%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 9.7
percent, and for the AR1000, 8.6 percent.

38



3.13.1.5

Variability of true creep compliance at
failure data as indicated by coefficient of
variation does not appear to be influenced
by rubber particle size, rubber concentra-
tion, or asphalt grade.

3.13.2 Analyzed true creep compliance at failure data
are tabulated in Appendix M in Table M-2 and
plotted in Figures M1l through M12. Each entry
in Table M-2 is the mean of three values from
Table M-1.

3.13.3 The ANOVA summary for true creep compliance at
failure data is tabulated in Table M-3,

3.13.3.1

All main effects and interactions are sig-
nificant at the 0.0l level.

3.13.4 Analyses indicate that rubber type, rubber con-
centration, asphalt, and all interactions in-
fluence true creep compliance at failure of
asphalt-rubber mixtures during the force-
ductility test.

3.13.4.1

Effect of Rubber Type. Asphalt-rubber mix-
tures containing the 50/50 GT274/USRF rubber
had the highest average true creep compli-
ance at failure values (0.00412 psi-1
overall average) while the 50/50 TPO44/TPO27
rubber had the lowest (0.00227 psi~l over-
all average).

For asphalt-rubber mixtures containing Atlos
rubber, TP0O44, and TPO27 mixtures had ap-
proximately the same average true creep com-
pliance values (0.00329 psi~l overall
average for TPO44 compared to 0.00331

psi~l for TPO27). The mixture of the two
rubbers resulted in a lower value (0.00227
psi~l) indicating a stiffer mixture.

The asphalt-rubber mixtures containing U.S.
Rubber Reclaiming rubber had approximately
the same average true creep compliance val-
ues (0.00308 psi~l overall average for
GT274, 0.00272 psi~! for USRF, and 0.00320
psi~l for the 50/50 GT274/USRF mixture).
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3.13.4.2 Effect of Rubber Concentration. Examination
of Figures M3, M4, and M5 shows that for
mixtures containing Atlos rubber, as concen-
tration increases, true creep compliance at
failure decreases. The effect is greater
with AR1000 than AR4000 asphalt.

For asphalt-rubber mixtures containing U.S.
Rubber Reclaiming rubber, as concentration
increases from 15 to 25 percent, true creep
compliance at failure decreases, but, then,
as seen in Figures M6, M7, and M8, tends to
remain the same or slightly increase at 30
percent rubber. As with Atlos rubber, the
effect is greater with AR1000 than the
AR4000 asphalt.

Two-way ANOVA by rubber type shows that for
all rubber types investigated, except for
the 50-50 GR274/USRF mixture, concentration
is a significant effect on true creep com-
pliance at failure. Two-way ANOVA by as-
phalt type indicates that concentration is a
significant effect for both AR1000 and
AR4000.

3.13.4.3 Effect of Asphalt. Examination of Figures
M3 through M12 shows that asphalt-rubber
mixtures containing ARL000 asphalt have
higher mean true creep compliance at failure
values than mixtures containing AR4000 as-
phalt for all rubber types and concentra-
tions. Differences in results decrease as
rubber concentration increases for all rub-
ber types indicating that at high rubber
concentration, asphalt characteristics have
a lesser effect on true creep compliance at
failure than at lower rubber concentrations.

3.14 PForce-Ductility Maximum True Creep Compliance at
39.2F (4C)

3.14.1 Maximum true creep compliance data are tabulated
in Appendix N in Table N-1. Three determina-
tions were made for each matrix cell replication.

3.14.1.1 Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 8.0 percent compared to 6.9 per-
cent for the U.S. Rubber Reclaiming rubber,
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3.14.1.2 Average coefficients of variation for each

rubber type at all concentrations and for
both asphalts are:

® TP044 - 8.8%
@ TP027 - 9.7%
é 50/50 TP044/TP027 - 5.6%
@ GT274 - 6.4%
@ USRF - 5.0%
® 50/50 GT274/USRF - 9.2%

3.14.1.3 Average coefficients of variation for each

rubber concentration for all rubber types
and both asphalts are:

@ 15% - 8.1%
® 20% - 7.2%
@ 25% - 7.4%
® 30% - 7.0%

3.14.1.4 Average coefficient of variation for all

mixtures containing AR4000 asphalt was 8.1
percent, and for the ARL000, 6.8 percent.

3.14.1.5 Variability of maximum true creep compliance

3.14.2

3.14.3

data as indicated by coefficient of varia-
tion does not appear to be influenced by
rubber particle size, rubber concentration,
or asphalt grade.

Analyzed maximum true creep compliance data are

tabulated in Appendix N in Table N-2 and plotted
in Figures N1 through N12. Each entry in Table

N-2 is the mean of three values in Table N-1,.

The ANOVA summary for maximum true creep com-
pliance data is tabulated in Table N-3.

3.14.3.1 All main effects and interactions are sig-

3.14.4

nificant at the 0.01 level.

Analyses indicate that rubber type, rubber con-
centration, asphalt, and all interactions influ-
ence maximum true creep compliance of asphalt-
rubber mixtures during the force-ductility test.
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3.14.4.1

3.14.4.2

Effect of Rubber Type. Asphalt-rubber mix-
tures containing GT274 and the 50/50 GT274/
USRF rubbers had the highest maximum true
creep compliance values (0.00812 psi-l
overall average for GT274 and 0.00814

psi~l for the 50/50 GT274/USRF mixture)
while the 50/50 TPO44/TPO27 mixture had the
lowest (0.00421 psi~l overall average).

For asphalt-rubber mixtures containing Atlos
rubber, TPO44 mixtures had lower average
maximum true creep compliance than TPO27
mixtures (0.00505 psi~+ overall average

for TPO44 compared to 0.00675 psi~l for
TPO27). The mixture of the two rubbers re-
sulted in a the lowest average maximum true
creep compliance (0.00421 psi—l overall

average) .

For asphalt-rubber mixtures containing U.S.
Rubber Reclaiming rubber, USRF mixtures had
slightly lower average maximum true creep
compliance (0.00730 psi~l overall average)
than the GT274 or 50/50 GT274/USRF rubbers
(0.00812 psi=l and 0.00814 psi~l overall
averages respectively).

Effect of Rubber Concentration. Examination
of Figures N3, N4, and N5 show that for
TPO44 and the 50/50 TPO44/TPO27 mixtures
with ARL000 asphalt, as rubber concentration
increases, maximum true creep compliance
tends to decrease., For mixtures containing
TPO27 rubber and AR1000 asphalt, maximum
true creep compliance decrease as rubber
concentration increases from 15 to 25 per-
cent, but then increases at 30 percent. For
mixtures containing AR4000 asphalt and Atlos
rubber, maximum true creep compliance tend
to remain constant or slightly increase as
rubber percentage increases.

For mixtures containing U.S. Rubber Reclaim-
ing rubber and AR1000 asphalt, as rubber
concentration increases, maximum true creep
compliance tend to remain approximately the
same. Slight increases are noted for GT274
and USRF mixtures at 30 percent rubber. On
the other hand, with AR4000 asphalt, as rub-
ber concentration increases, maximum true
creep compliance tends to increase.
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Two-way ANOVA by rubber type shows that con-
centration is a significant effect on maxi-
mum true creep compliance.

Two-way ANOVA by asphalt shows that concen-
tration is a gignificant effect for both
AR1000 and AR4000 mixtures.

3.14.4.3 Effect of Asphalt. Examination of Figures
N3 through N12 shows that with one excep-
tion, asphalt-rubber mixtures containing
AR1000 asphalt have higher mean maximum true
creep compliance than mixtures containing
AR4000 asphalt for all rubber types and con-
centrations. Differences between asphalt
types decrease as rubber concentration in-
creases for all rubber types indicating that
at higher rubber concentrations asphalt
characteristics have a lesser effect on max-
imum true creep compliance than at lower
concentrations.

Two-way ANOVA by rubber type shows that as-
phalt is a significant effect for all rubber
types.

Two-way ANOVA by concentration shows that
asphalt is a significant effect at all con-
centrations.

3.15 Force~Ductility Time to Maximum True Creep Compliance

3.15.1 Time to maximum true creep compliance data are
tabulated in Appendix O in Table O-1l. Three
determinations were made for each matrix cell
replication.

3.15.1.1 Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 4.5 percent compared to 5.3 per-
cent for the U.S. Rubber Reclaiming rubber.
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3.15.1.2 Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 6.1%
@ TP027 - 2.2%
@ 50/50 TP044/TP027 - 5.3%
@ GT274 - 3.9%
® USRF - 5.9%
® 50/50 GT274/USRF - 6.1%

3.15.1.3 Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

® 15% - 3.8%
® 20% - 4.3%
@ 25% - 5.1%
® 30% - 6.4%

3.15.1.4 Average coefficient of variation for all
mixtures containing AR4000 asphalt was 4.5
percent, and for the AR1000, 5.3 percent,

3.15.1.5 Variability of time to maximum true creep
compliance data as indicated by coefficient
of variation is low (4.9 percent overall
average) and does not appear to be influ-
enced by rubber particle size, rubber con-
centration, or asphalt grade.

3.15.2 Analyzed time to maximum true creep compliance
data are tabulated in Appendix N in Table 0-2
and plotted in Figures 0Ol through 012. Each
entry in Table 0-2 is the mean of three values
in Table 0O-1.

3.15.3 The ANOVA summary for time to maximum true creep
compliance data is tabulated in Table 0-3,

3.15.3.1 Rubber, concentration, asphalt, rubber-

: concentration interaction, and concentra-
tion-asphalt interaction are significant
effects at the 0.0l level. Rubber-asphalt
and rubber-concentration-asphalt interaction
are not significant at the 0.05 level.
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3.15.4 Analyses indicate that rubber type, rubber con-
centration, asphalt and several interactions
influence time to reach maximum true creep com-
pliance of asphalt-rubber mixtures during the
force~ductility test.

3.15.4.1

3.15.4.2

3.15.4.3

Effect of Rubber Type. Average time to max-
imum true creep compliance failure for
asphalt-rubber mixtures containing Atlos
rubber were approximately the same (9.3
minutes overall average for TPO44, 9.9 min-
utes for TPO27, and 9.4 minutes for the
50/50 TPO44/TP0O27 mixture). Average results
for U.S. Rubber Reclaiming mixtures were
also approximately the same (11.4 minutes
overall average for GT274, 1l.1 minutes for
USRF, and 11.3 minutes £for the 50/50 GT274/
USRF mixture).

Effect of Rubber Concentration. Examination
of Figures 03 through 08 shows for all rub-
ber types and both asphalts, that as rubber
concentration increases, time to maximum
true creep compliance decreases (13.2 min-
utes overall mean at 15 percent rubber com-
pared to 8.1 minutes for 30 percent rubber).

Two-way ANOVA by rubber type shows that con-
centration is a significant effect for all
rubber types investigated.

Two-way ANOVA by asphalt shows that concen-
tration is a significant effect for both
AR1000 and AR4000 asphalts.

Effect of Asphalt. Examination of Figures
03 through 012 shows that with one excep-
tion time to maximum true creep compliance
of asphalt-rubber mixtures containing AR4000
is slightly higher than for mixtures con-
taining AR1000 asphalt (10.9 minute overall
average for AR4000 asphalt compared to 9.9
minutes for the AR1000 mixtures).

Two-way ANOVA by rubber type shows that as-
phalt is a significant effect for all rubber
types except the 50/50 GT274/USRF mixture,
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Two-way ANOVA by concentration shows that
asphalt is a significant effect at all con-
centrations.

3.16 Sliding Plate Apparent Viscosity at 32F (0C)

3.16.1 Measured and analyzed sliding plate apparent
viscosity data are tabulated in Appendix P in
Table P-1 and plotted in Figures Pl through P12.

3.16.1.1

3.16.1.2

3.16.1.3

3.16.1.4

3.16.1.5

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 26.0 percent compared to 23.9
percent for the U.S. Rubber Reclaiming rub-
ber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 31.5%
é TPO27 - 20.1%
@ 50/50 TP044/TP027 - 25.9%
® GT274 - 16.7%
@ USRF - 30.6%
® 50/50 GT274/USRF - 24 .5%

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

® 15% - 16.9%
@ 20% - 30.7%
® 25% - 22.1%
® 30% - 30.0%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 24.2
percent, and for the AR1000, 25.7 percent.

Variability of measured sliding plate appar-
ent viscosity data as indicated by coeffi-
cient of variation does not appear to be
influenced by rubber particle size, rubber
concentration, or asphalt grade.

3.16.2 The ANOVA summary for sliding plate apparent
viscosity is tabulated in Table P-2.
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3.16.2.1

Rubber, asphalt, and all interactions are
significant effects at the 0.0l level. Con-
centration is significant at the 0.05 level
but not at 0.0L.

3.16.3 Analyses indicate that rubber type, rubber con-
centration, asphalt, and all interactions influ-
ence apparent viscosity of asphalt-rubber mix-
tures as measured by the sliding plate micro-
viscometers.

3.16.3.1

3.16.3.2

Effect of Rubber Type. Asphalt-rubber mix-
tures containing TPO44 rubber had the high-
est average apparent viscosity (6.21 x 109
poise overall average) while the 50/50
GT274/USRF rubber had the lowest (2.22 x
109 poise overall average). For asphalt-
rubber mixtures containing Atlos rubber,
data indicate that as particle size in-
creases, apparent viscosity increases (3.37
x 109 poise overall average for TPO27 com-
pared to 6.21 x 109 poise for TPO44).

For mixtures containing U.S. Rubber Reclaim-
ing rubber, average apparent viscosity is
not greatlg affected by rubber particle size
(2.29 x 10° poise overall average for

GT274, 2.63 x 109 poise for USRF, and 2.22
x 109 poise for the 50/50 GT274/USRF mix-
ture) .

Effect of Rubber Concentration. Examination
of Figures P3, P4, and P5 show for mixtures
containing AR1000 asphalt and Atlos rubber,
that as rubber concentration increases, ap-
parent viscosity tends to increase. This
trend is not noted with the AR4000 asphalt.

Examination of Figures P6, P7, and P8 indi-
cate for mixtures containing U.S. Rubber
Reclaiming rubber, that as rubber concentra-
tion increases, apparent viscosity remains
approximately the same for mixtures contain-
ing both asphalts.

Two~way ANOVA by rubber type shows that con-
centration is a significant effect for
TPO44, 50/50 TPO44/TPO27 mixture, GT274, and
the 50/50 GT274/0SRF mixture,
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Two-way ANOVA by asphalt shows that concen-
tration is a significant effect for both
AR1000 and AR4000 asphalts.

3.16.3.3 Effect of Asphalt. Examination of Figures
P3, P4, and P5 shows that for mixtures con-
taining Atlos rubber, those with AR4000 as-
phalt have higher apparent viscosity than
mixtures containing AR1000 asphalt (6.52 x
109 poise overall average for AR4000 com-
pared to 3.66 x 109 poise for ARL000).

Figures P6, P7, and P8 show that for mix-
tures containing U.S. Rubber Reclaiming rub-
ber, those with AR4000 asphalt have slightly
higher apparent viscosities than those con-
taining AR1000 asphalt (2.71 x 109 poise
overall average for AR4000 compared to 2.04
x 109 poise for AR1000).

Two-way ANOVA by rubber type shows that as-
phalt is a significant effect for all mix-

tures except those containing USRF and the

50/50 GT274/USRF mixture.

Two-way ANOVA by concentration shows that
asphalt is a significant effect at all con-
centrations investigated.

3.17 8liding Plate First Cycle Creep (30 min.) at 32F (0C)

3.17.1 Measured and analyzed sliding plate first cycle
creep data are tabulated in Appendix Q in Table
0-1 and plotted in Figures Q1 through Q12.

3.17.1.1 Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 13.2 percent compared to 15.1
percent for the U.S. Rubber Reclaiming
rubber.

3.17.1.2 Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

L J TP044 - 11.8%
@ TP027 - 14.3%
@ 50/50 TP044/TP027 - 13.6%
@ GT274 - 13.3%
® USRF - 23.7%
® 50/50 GT274/USRF - 8.4%
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3.17.1.3

3.17.1.4

3.17.1.5

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

® 15% - 15.7%
® 20% - 12.9%
@ 25% - 14.8%
@ 30% - 13.3%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 14.3
percent and for the AR1000, 13.2 percent.

Variability of measured sliding plate first
cycle creep (30 min.) data as indicated by

coefficient of variation does not appear to
be influenced by rubber particle size, rub-
ber concentration, or asphalt grade.

3.17.2 The ANOVA summary for sliding plate first cycle
creep (30 min.) is tabulated in Table Q-2.

3.17.2.1

Rubber, concentration, asphalt, rubber-
concentration interaction, and concentra-
tion-asphalt interaction are significant
effects at the 0.01 level. Rubber-asphalt
and rubber-concentration-asphalt inter-
actions are not significant at the 0.05
level.

3.17.3 Analyses indicate that rubber type, rubber con-
centration, asphalt and several interactions
influence first cycle sliding plate creep (30
min.) of asphalt-rubber mixtures.

3.17.3.1

Effect of Rubber Type. Asphalt-rubber mix-

tures containing the 50-50 GT274/USRF rubber
had the highest 30 minute first cycle creep
(648 microns overall average) while the
TPO44 mixtures had the lowest (305 micron
overall average). Data indicate that in
general, as rubber particle size increases,
for both Atlos and U.S. Rubber Reclaiming
rubber, 30 minute first cycle creep de-
creases.
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3.17.3.2

3.17.3.3

Effect of Rubber Concentration. The effects
of rubber concentration on 30 minute first
cycle creep vary depending on rubber type.
For TPO44 mixtures, first cycle creep does
not appear to be affected by rubber concen-
tration for either AR1000 or AR4000 as-
phalt. TPO27 mixtures containing AR4000
asphalt tend to creep more as rubber concen-
tration increases whereas mixtures contain-
ing AR1000 asphalt do not seem to be affect-
ed by concentration. The same trends noted
with TPO27 are noted for the 50/50 TPO44/
TPO27 rubber. Above trends can be seen in
Figures Q3, Q4, and Q5.

All mixtures containing U.S. Rubber Reclaim-
ing rubber and AR4000 asphalt tend to creep
more as rubber concentration increases (288
micron average at 15 percent rubber compared
to 779 microns at 30 percent rubber). U.S.
Rubber Reclaiming mixtures containing AR1000
asphalt exhibit the same trend (599 micron
overal average at 15 percent rubber, compar-
ed to 840 microns at 30 percent) but not to
the extent as with AR4000 mixtures. Above
trends can be seen in Figures Q6, Q7, and Q8.

Two-way ANOVA by rubber type shows that con-
centration is a significant effect for all
rubber types except TPO27.

Two-way ANOVA by asphalt type shows that
concentration is a significant effect for
both AR1000 and AR4000 asphalts.,

Bffect of Asphalt. Examination of Figures

03 through Q12 shows that with one excep-
tion mixtures containing AR4000 asphalt
experienced less 30 minute first cycle creep
than mixtures containing AR1000 asphalt (383
micron overall average for AR4000 compared
to 592 microns for AR1000).

Two-way ANOVA by rubber type shows that as-
phalt is a significant effect for all rubber
types investigated.

Two-way ANOVA by concentration shows that

asphalt is a significant effect for all con-
centrations investigated.
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3.18 Sliding Plate First Cycle Recovery (30 min.) at 32F
(0C)

3.18.1 Measured and analyzed sliding plate first cycle
recovery data are tabulated in Appendix R in
Table R-1 and plotted in Figures R1 through R12,.

3.18.1.1 Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 13.1 percent compared to 16.8
percent for the U.S. Rubber Reclaiming
rubber.

3.18.1.2 Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 11.1%
] TP027 - 15.5%
@ 50/50 TP044/TP027 - 20.0%
® GT274 - 15.4%
® USRF - 17.2%
L J 50/50 GT274/USRF - 16.43

3.18.1.3 Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

® 15% - 20.4%
® 20% - 15.6%
® 25% - 13.0%
@ 30% - 10.9%

3.18.1.4 Average coefficient of variation for all
mixtures containing AR4000 asphalt was 16.6
percent and for the AR1000, 19.2 percent.

3.18.1.5 Variability of measured sliding plate first
cycle recovery (30 min.) data as indicated
by coefficient of variation appears not to
be influenced by rubber particle size, less
for high rubber concentrations than for low,
and not influenced by asphalt grade.

3.18.2 The ANOVA summary for sliding plate first cycle
recovery (30 min.) is tabulated in Table R-2.
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3.18.2.1

Rubber, concentration, asphalt, and rubber-
concentration interaction, are significant
effects at the 0.01 level. All other inter-
actions are not significant at the 0.05
level.

3.18.3 Analyses indicate that rubber type, rubber con-
centration, apshalt, and the rubber-concentra-
tion interaction influence first cycle sliding
plate recovery (30 min.) of asphalt-rubber mix-
tures.

3.18.3.1

3.18.3.2

3.18.3.3

Effect of Rubber Type. Asphalt-rubber mix-
tures containing the 50/50 GT274/USRF rubber
had the highest average 30 minute first cy-
cle recovery (249 micron overall average)
while the 50/50 TPO44/TPO27 mixtures had the
lowest (140 micron overall average). Parti-
cle size within Atlos or U.S. Rubber Re-
claiming rubbers does not appear to influ-
ence 30 minute first cycle recovery. U.S.
Rubber Reclaiming mixtures had higher recov-
ery (240 micron overall average) than Atlos
mixtures (151 micron overall average).

Bffect of Rubber Concentration. Examination
of Figures R3 through R8 show that as rubber
concentration increases 30 minute first
cycle recovery increases for all rubber
types and both asphalts (128 micron overall
average at 15 percent rubber compared to 280
microns at 30 percent).

Two—-way ANOVA by rubber type shows that con-
centration is a significant effect for all
rubber types investigated.

Two-way ANOVA by asphalt shows that concen-
tration is a significant effect for both
AR1000 and AR4000 asphalts. :

Effect of Asphalt. Examination of Figures
R3 through R12 show that asphalt-rubber mix-
tures containing AR1000 asphalt experience
more 30 minute first cycle recovery than
mixtures containing AR4000 asphalt for all
rubber types and concentrations,
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Two-way ANOVA by rubber type shows that as-
phalt is a significant effect for all rubber
types.

Two-way ANOVA by concentration shows that
asphalt is a significant effect for all con-
centrations investigated.

3.19 sliding Plate Second Cycle Creep (30 min.) at 32F

(0C)

3.19.1 Measured and analyzed sliding plate second cycle
creep data are tabulated in Appendix S in Table
S~1 and plotted in Figures S1 through S12.

3.19.1.1

3.19.1.2

3.19.1.3

3.19.1.4

3.19.1.5

Average coefficient of variation for Atlos
rubber at all concentrations and both as~
phalts was 9.1 percent compared to 10.8 per-
cent for the U.S. Rubber Reclaiming rubber,

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 9.2%
L] TP027 - 7.8%
® 50/50 TP044/TP027 - 10.4%
@ GT274 - 10.2%
® USRF - 11.8%
® 50/50 GT274/USRF - 10.2%

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

@ 15% - 8.8%
@ 20% - 13.4%
® 25% - 12.0%
® 30% - 5.7%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 10.1
percent, and for the AR1000, 9.8 percent.

Variability of measured sliding plate second
cycle creep (30 min.) data as indicated by
coefficient of variation does not appear to
be influenced by rubber particle size, rub-
ber concentration, or asphalt grade.
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3.19.2 The ANOVA summary for sliding plate second cycle
creep (30 min.) is tabulated in Table S-2.

3.19.2.1

All main effects and interactions are sig-
nificant at the 0.0l level except for the
rubber-concentration-asphalt interaction
which is significant at the 0.05 level but
not at the 0.01l.

3.19.3 Analyses indicate that rubber type, rubber con-
centration, asphalt, and all interactions influ-
ence second cycle sliding plate creep (30 min.)
of asphalt-rubber mixtures.

3.19.3.1

3.19.3.2

Effect of Rubber Type. Asphalt-rubber mix-
tures containing 50/50 GT274/USRF rubber had
the highest average 30 minute second cycle
creep (479 micron overall average) while the
TPO44 mixtures had the lowest (230 micron
overall average). Data indicate that as
rubber particle size increases, for both
Atlos and U.S. Rubber Reclaiming rubbers, 30
minute second cycle creep may slightly de-
crease.

Effect of Rubber Concentration. Examination
of Figures 83, S4, and S5 indicates for
asphalt-rubber mixtures containing Atlos
rubber and AR4000 asphalt, that as rubber
concentration increases, 30 minute second
cycle creep increases, while with AR1000
asphalt, the amount of creep remains ap-
proximately the same at all rubber concen-
trations.

Examination of Figures 86, S7, and S8 shows
for asphalt-rubber mitures containing U.S.
Rubber Reclaiming rubber and both asphalts,
that as rubber concentration increases, 30
minute second cycle creep increases (320
micron overall average at 15 percent rubber
compared to 622 microns at 30 percent).

Two-way ANOVA by rubber type shows that con-

centration is a significant effect for all
rubber types except TPO44,.
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3.

3.19.3.3

Two-way ANOVA by asphalt shows that concen-
tration is a significant effect for both
AR1000 and AR4000 asphalts.

Effect of Asphalt. Examination of Figures
53 through S12 shows that with one excep-
tion mixtures containing AR4000 asphalt
experienced less 30 minute second cycle
creep than mixtures containing AR1000 as-~
phalt (265 micron overall average for AR4000
compared to 451 microns for AR1000).

Two-way ANOVA by rubber type indicates as-
phalt is a significant effect for all rubber
types.

Two-way ANOVA by concentration indicates
asphalt is a significant effect at all con-
centrations investigated.

20 Sliding Plate Second Cycle Recovery (30 min.) at 32F

(0C)

3.20.1 Measured and analyzed sliding plate second cycle
recovery (30 min.) data are tabulated in Appen-
dix T in Table T-1 and plotted in Figures Tl
through T12.

3.20.1.1

3.20.1.2

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 11.5 percent compared to 16.2
percent for the U.S. Rubber Reclaiming
rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 ~ 9.8%
® TP027 ~ 9.9%
@ 50/50 TP044/TP027 -  13.3%
® GT274 -~ 11.6%
® USRF -~ 13.8%
® 50/50 GT274/USRF - 20.0%
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3.20.1.3

3.20.1.4

3.20.1.5

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

] 15% - 16.5%
® 20% - 12.3%
@ 25% - 17.5%
é® 30% - 8.9%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 15.3
percent and for the AR1000 10.9 percent.

Variability of measured sliding plate second
cycle recovery (30 min.) data as indicated
by coefficient of variation appears to be:

] not influenced by particle size

@ possibly less for high rubber concentra-
tion than for low

] less for AR1000 than for AR4000 asphalt
cement

3.20.2 The ANOVA summary for sliding plate second cycle
recovery (30 min.) is tabulated in Table T-2.

3.20.2.1

Rubber, concentration, asphalt, and the
rubber-concentration interaction are sig-
nificant effects at the 0.0l level. The
rubber-concentration—-asphalt interaction is
significant at the 0.05 level but not at
0.01. Rubber-asphalt and concentration-as-
phalt interactions are not significant at
the 0.05 level,

3.20.3 Analyses indicate that rubber type, rubber con-
centration, asphalt, and several interactions
influence second cycle sliding plate recovery
(30 min.) of asphalt-rubber mixtures.

3.20.3.1

Effect of Rubber Type. Asphalt-rubber mix-
tures containing the 50~50 GT274/USRF rubber
had the highest average 30 minute second
cycle recovery (275 micron overall average)
while the TP044 mixtures had the lowest (141
micron overall average). Particle size
within Atlos or U.S. Rubber Reclaiming rub-
bers does not appear to affect 30 minute
second cycle recovery. U.S. Rubber Reclaim-
ing mixtures had higher recovery values (255
micron overall average) than Atlos mixtures
(156 micron overall average).
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3.20.3.2

3.20.3.3

Effect of Rubber Concentration. Examination
of Figures T3 through T8 shows that as rub-
ber concentration increases, 30 minute sec-
ond cycle recovery increases for all rubber
types and both asphalts (131 micron overall
average at 15 percent rubber compared to 295
microns at 30 percent).

Two-way ANOVA by rubber type shows that con-
centration is a significant effect for all
rubber types investigated.

Two-way ANOVA by asphalt shows that concen-
tration is a significant effect for both
AR1000 and AR4000 asphalts.

Effect of Asphalt. Examination of Figures
T3 through T12 show asphalt-rubber mixtures
containing AR1000 asphalt experience more 30
minute second cycle recovery than mixtures
containing AR4000 asphalt for all rubber
types and concentrations (144 micron overall
average for AR4000 compared to 266 microns
for AR1000).

Two-way ANOVA by rubber type shows that as-
phalt is a significant effect for all rubber
types investigated.

Two-way ANOVA by concentration shows that
asphalt is a significant effect for all con-
centrations investigated.

3.21 Sliding Plate Second Cycle Recovery (20 hour) at 32F

(0C)

3.21.1 Measured and analyzed sliding plate second cycle
recovery (20 hour) data are tabulated in Appen-
dix U in Table U~1 and plotted in Figures Ul
through Ul2,

3.21.1.1

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 21.3 percent compared to 29.2
percent for the U.S. Rubber Reclaiming
rubber,
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3.21.1.2

3.21.1.3

3.21.1.4

3.21.1.5

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 22.5%
@ TP027 - 19.0%
L 50/50 TP044/TP027 - 22.6%
L GT274 - 22.4%
@ USRF - 40.7%
@ 50/50 GT274/USRF - 24.5%

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

@ 15% - 39.0%
@ 20% - 31.5%
® 25% - 19.5%
® 30% - 13.0%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 31.4
percent and for the AR1000, 19.1 percent.

Variability of measured sliding plate second
cycle recovery (20 hour) data as indicated
by coefficient of variation appears to be:

@ not influenced by rubber particle size

® less for high rubber concentration than
for low

® less for the AR1000 than the AR4000 as-
phalt cement

3.21.2 The ANOVA summary for sliding plate second cycle
recovery (20 hour) is tabulated in Table U-2.

3.21.2.1

Rubber, concentration, asphalt, and rubber-
concentration interaction are significant
effects at the 0.0l level. The other inter-
actions are not significant at the 0.05
level.

3.21.3 Analyses indicate that rubber type, rubber con-
centration, asphalt and the rubber-concentration
interaction influence second cycle sliding plate
recovery (20 hour) of asphalt-rubber mixtures.
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3.21.3.1

3.21.3.2

3.21.3.3

Effect of Rubber Type. Asphalt~rubber mix-
tures containing USRF rubber had the highest
average 20 hour second cycle recovery (493
micron overall average) while the TPO44 and
50/50 TPO44/TPO27 rubbers had the lowest
(219 micron overall average for each). Par-
ticle size within Atlos rubber mixtures does
not appear to influence 20 hour recovery at
15 and 20 percent rubber concentrations, but
differences in mean values were noted at 25
and 30 percent concentrations.

For U.S. Rubber Reclaiming mixtures, as par-
ticle size increases 20 hour recovery de-
creases. U.S. Rubber Reclaiming mixtures
had higher 20 hour recovery values (438 mi-
cron overall average) than Atlos mixtures
(233 micron overall average).

Effect of Rubber Concentration. Examination
of Figures U3 through U8 shows that as rub-
ber concentration increases, 20 hour second
cycle recovery increases for all rubber
types and both asphalts (219 micron overall
average at 15 percent rubber compared to 459
microns at 30 percent).

Two-way ANOVA by rubber type shows that con-
centration is a gignificant effect for all
rubber types investigated.

Two-way ANOVA by asphalt shows that concen-
tration is a significant effect for both
AR1000 and AR4000 asphalts.

Effect of Asphalt. Examination of Figures
U3 through Ul2 shows that asphalt-rubber
mixtures containing ARL000 asphalt experi-
ence higher 20 hour second cycle recoveries
than mixtures containing AR4000 asphalt for
all rubber types and concentrations (252
micron overall average for AR4000 compared
to 418 microns for AR1000).

Two-way ANOVA by rubber type shows that as-
phalt is a significant effect for all rubber
types investigated.
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Two-way ANOVA by concentration shows that
asphalt is a significant effect at all con-
centrations investigated.

3.22 Sliding Plate Second Cycle Recovery (20 hour minus
30 min.,) at 32F (0C)

3.22.1 Measured and analyzed sliding plate second cycle
recovery (20 hour minus 30 min.) data are tabu-
lated in Appendix V in Table V-1 and plotted in
Figures V1 through V12.

3.22.1.1 Average coefficient of variation for Atlos
rubber at all concentrations and both as~
phalts was 61.9 percent compared to 61.6
percent for the U.S. Rubber Reclaiming
rubber.

3.22.1.2 Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 62.0%
® TP027 -~ 62.9%
® 50/50 TP044/TP027 -  60.8%
@ GCTr274 - 58.3%
® USRF - 71.9%
® 50/50 GT274/USRF -~ 54.7%

3.22.1.3 Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

® 15% - 95.0%
@ 20% - 62.7%
@ 25% - 53.7%
@ 30% - 35.6%

3.22.1.4 Average coefficient of variation for all
mixtures containing AR4000 asphalt was 68.9
percent and for the AR1000, 54.7 percent.
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3.22.1.5

Variability of measured sliding plate second
cycle recovery (20 hour minus 30 min.) data
as indicated by coefficient of variation
appears to be:

® not influenced by rubber particle size

@ less for high rubber concentrations than
for low

® less for the AR1000 than the AR4000 as-
phalt cement

3.22.2 The ANOVA summary for sliding plate second cycle
recovery (20 hour minus 30 min.) is tabulated in
Table V-2.

3.22.2.1

Rubber, concentration, and asphalt are sig-
nificant effects at the 0.0l level. Rubber-
concentration interaction is significant at
the 0.05 level but not at the 0.0l. The
other interactions are not significant at
the 0.05 level.

3.22.3 Analyses indicate that rubber type, rubber con-
centration, asphalt and the rubber-concentration
interaction influence second cycle sliding plate
recovery (20 hour minus 30 minute) of asphalt-
rubber mixtures.

3.22.3.1

Effect of Rubber Type. Asphalt-rubber mix-
tures containing USRF rubber had the highest
recovery between 30 minutes and 20 hours
(240 micron overall average) while the 50-50
TPO44/TPO27 rubber had the lowest (64 micron
overall average). Particle size within
Atlos rubber does not appear to affect

data. For U.S. Rubber Reclaiming mixtures,
as particle size increases, 20 hour minus 30
minute recovery appears to decrease (240
micron overall average for USRF mixtures
compared to 140 microns for GT274).

U.5. Rubber Reclaiming mixtures had higher
20 hour minus 30 minute recovery values (183
micron overall average) than Atlos mixtures
(78 micron overall average).
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3.22.3.2

3.22.3.3

Effect of Rubber Concentration. Examination
of Figures V3 through V12 shows that consis~
tent effects due to rubber concentration are
not noted. With several mixtures, as con-
centration increases, 20 hour minus 30 min-
ute recovery tends to increase, while with
other mixtures, recovery tends to decrease.

Two-way ANOVA by rubber type shows that con-
centration is a significant effect only for
TPO44 and 50/50 GT274/USRF rubbers.

Two-way ANOVA by asphalt shows that concen-
tration is a significant effect only for
AR4000 asphalt.

Effect of Asphalt. Examination of Figures
V3 through V12 shows, that for most asphalt-
rubber mixtures, mixtures which contained
AR1000 asphalt had higher 20 hour minus 30
minute second cycle recovery than mixtures
containing AR4000 asphalt (109 micron over-
all average for AR4000 compared to 153 mi-
crons for ARL000).

Two-way ANOVA by rubber type shows that as-
phalt is a significant effect only for TPO27
rubber.

Two-way ANOVA by concentration shows that
asphalt is a significant effect only at 20
percent rubber.

3.23 Sliding Plate Elastic Rebound at 32F (0C)

3.23.1 Measured and analyzed sliding plate elastic re-
bound data are tabulated in Appendix W in Table
W-1 and plotted in Figures W1l through W12,

3.23.1.1

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 10.6 percent compared to 19.0
percent for the U.S. Rubber Reclaiming
rubber.
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3.23.1.2

3.23.1.3

3.23.1.4

3.23.1.5

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 6.8%
L TP027 - 11.6%
@ 50/50 TP044/TP027 - 12.4%
@ GT274 - 17.6%
é USRF - 16.4%
@ 50/50 GT274/USRF - 15.1%

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

® 15% - 16.4%
® 20% - 13.2%
® 25% - 16.7%
@ 30% - 12.9%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 12.5
percent and for the AR1000, 14.2 percent.

Variability of measured sliding plate elas-
tic rebound data as indicated by coefficient
of variation appears to be:

L less for Atlos rubber than U.S. Rubber
Reclaiming,

@ not influenced by rubber concentration,
and

@ not influenced by asphalt cement,

3.23.2 The ANOVA summary for sliding plate elastic re-
bound is tabulated in Table W-2.

3.23.2.1

Rubber, concentration, and asphalt are sig-
nificant effects at the 0.01 level. All
two~way interactions are significant at the
0.05 level but not at 0.01. The three-way
interaction is not significant at the 0.05
level.

3.23.3 Analyses indicate that rubber type, rubber con-
centration, asphalt and several interactions
influence sliding plate elastic rebound of
asphalt~rubber mixtures.
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3.23.3.1

3.23.3.2

3.23.3.3

Effect of Rubber Type. Asphalt-rubber mix-
turesg containing TPO44 had the highest per-
cent rebound (47.8 percent average) while
mixtures containing U.S. Rubber Reclaiming
rubber had the lowest (36.0 percent average
for GT274, 36.6 percent for USRF, and 36.8
percent for the 50/50 GT274/USRF rubber).

For Atlos rubber, smaller rubber particles
(TP027) resulted in less rebound than the
largexr TPO44 rubber (40.4 percent for TPO27
compared to 47.8 percent for TPO44).

Bffect of Rubber Concentration. Examination
of Figures W3 through W8 shows that except
for the 50/50 TP0O44/TPO27 mixtures as rubber
concentration increases percent rebound
tends to increase (32.3 percent average at
15 percent rubber compared to 48.0 percent
at 30 percent).

Two~way ANOVA by rubber type shows that con-
centration is a significant effect for all
rubber types.

Effect of Asphalt. Examination of Figures
W3 through W12 shows that for mixtures con-
taining U.S. Rubber Reclaiming rubber,
AR1000 mixtures experience more rebound than
mixtures containing AR4000 asphalt (40.9
percent average for AR1000 compared to 32.0
percent for AR4000). For mixtures contain-
ing Atlos rubber, lesser differences exist
in percent rebound of mixtures containing
AR4000 and AR1000 asphalt (45.7 percent av-
erage for ARL000 compared to 43.9 percent
for AR4000).

Two-way ANOVA by rubber type shows that as-
phalt is a significant effect for all rub-
bers except TP0O44 and TPO27.

Two-way ANOVA by concentration shows that
asphalt is significant at 15 and 25 percent
rubber concentrations, but not at 20 and 30
percent.
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3.24 Sliding Plate First Cycle Creep Coefficient Sy

3.24.1

Calculated creep coefficient S, data are tabu-
lated in Appendix X in Table X-1.

3.24.1.1 Average coefficient of variation for Atlos

rubber at all concentrations and both as-
phalts was 30.0 percent compared to 30.5
percent for the U.S. Rubber Reclaiming
rubber.

3.24.1.2 Average coefficients of variation for each

rubber type at all concentrations and for
both asphalts are:

® TP044 - 40.2%
® TP027 - 17.5%
@ 50/50 TP044/TP027 - 37.6%
® GT274 - 19.5%
® USRF - 63.7%
@ 50/50 GT274/USRF - 14.9%

3.24.1.3 Average coefficients of variation for each

rubber concentration for all rubber types
and both asphalts are:

® 15% - 40.2%
® 20% - 26.2%
@ 25% - 22.3%
L J 30% - 32.4%

3.24.1.4 Average coefficient of variation for all

mixtures containing AR4000 asphalt was 41.7
percent and for the ARI000 22.8 percent.

3.24.1.5 Variability of calculated creep coeffi-

3.24.2

cient S, data as indicated by coefficient
of variation appears to vary widely with
rubber type and concentration, but without
exhibiting any trends with respect to
particle size or increasing concentration.
Variability of data for AR4000 mixtures is
greater than that of AR1000 mixtures.

Numerous attempts were made to transform the
creep coefficient Sy data in order to comply
with variance homogeneity requirements, but all
were unsuccessful. Therefore, ANOVA could not
be performed with the data. The following
discussion is based only on average data from
Table X-1. Data were not plotted.
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3.24.2.2

3.24.2.3

Average creep coefficient S for asphalt-
rubber mixtures containing Atlos rubber is
0.126 compared to 0.227 for U.S. Rubber Re-
claiming rubber mixtures. Average creep
coefficient Sy does not vary widely (Atlos
- 0.135 for TPO44, 0.127 for TPO27, and
0.115 for the 50/50 TPO44/TPO27 mixture;
U.S. Rub- ber Reclaiming - 0.200 for GT274,
0.264 for USRF, and 0.216 for the 50/50
GT274/USRF mixture).

For Atlos rubber mixtures, as rubber concen-
tration increases, creep coefficient Sp
tends to increase (0.099 overall average at
15 percent rubber compared to 0.187 at 30
percent rubber). Creep coefficients Sy

for asphalt-rubber mixtures containing U.S.
Rubber Reclaiming rubber do not appear to be
influenced by rubber concentration to the
extent as Atlos rubber mixtures (0.246 over-
all average at 15 percent rubber compared to
0.253 at 30 percent).

Average creep coefficient S, for mixtures
containing AR4000 is 0.157 compared to 0.195
for AR1000.

3.25 Sliding Plate First Cycle Creep Coefficient b

3.25.1 Calculated and analyzed creep coefficient b data
are tabulated in Appendix Y in Table Y-1.

3.25.1.1

3.25.1.2

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 27.5 percent compared to 37.6
percent for the U.S. Rubber Reclaiming
rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 14.8%
@ TP027 - 31.8%
® 50/50 TP044/TP027 - 36.3%
® GT274 - 37.8%
® USRF - 47 .8%
® 50/50 GT274/USRF - 27.2%
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3.25.1.3

3.25.1.4

3.25.1.5

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

6 15% - 48.0%
@ 20% - 34.5%
® 25% - 27.5%
@ 30% - 20.2%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 32.2
percent and for the AR1000, 33.1 percent.

Variability of calculated creep coefficient
b data as indicated by coefficient of vari-
ation is lowest for TPO44 mixtures, but
otherwise does not appear to be influenced
by rubber type, tends to decrease as rubber
concentration increases, and does not appear
to be influenced by asphalt type.

3.25.2 The ANOVA summary for creep coefficient b data
is tabulated in Table ¥Y-2.

3.25.2.1

Rubber and concentration are significant at
the 0.01 level. Rubber-concentration inter-
action and rubber-asphalt interaction are
significant at the 0.05 level but not at
0.01. Asphalt and other interactions are
not significant at the 0.05 level.

3.25.3 Analysis indicates that rubber type, concentra-
tion and two interactions influence creep coef-
ficient b data.

3.25.3.1

3.25.3.2

Effect of Rubber Type. Asphalt-rubber mix-
tures containing the 50/50 TPO44/TPO27 rub-
ber mixture had the highest creep coeffi-~
cient b (0.265 overall average) while GT274
mixtures had the lowest (0.157 overall aver-
age) .

Average creep coefficient b for Atlos rubber
mixtures was 0.228 compared to 0.171 for
U.S. Rubber Reclaiming mixtures.

Effect of Rubber Concentration. For Atlos
rubber mixtures lowest creep coefficient b
was at 25 percent rubber (0.130 average) and
highest at 30 percent rubber (0.262 average).
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3.25.3.3

For U.S. Rubber Reclaiming mixtures, as con-
centration increases, creep coefficient b
increases (0.139 average at 15 percent rub-
ber compared to 0.220 at 30 percent).

Effect of Asphalt. Asphalt grade was deter-
mined not to influence creep coefficient b
of asphalt-rubber mixtures tested.

3.26 Sliding Plate First Cycle Creep Coefficient n

3.26.1 Calculated and analyzed creep coefficient n data
is tabulated in Appendix 7 in Table 2-1.

3.26.1.1

3.26.1.2

3.26.1.3

3.26.1.4

3.26.1.5

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 14.3 percent compared to 12.0
percent for the U.S. Rubber Reclaiming
rubber .

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

@ TP044 - 13.9%
® TP0O27 - 10.2%
® 50/50 TP044/TP027 - 25.5%
® GT274 - 12.1%
® USRF - 12.6%
@ 50/50 GT274/USRF - 7.5%

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

@ 15% - 17.2%
@ 20% - 13.9%
@ 25% - 14.8%
® 30% - 6.7%

Average coefficient of variation for all
mixtures containing AR4000 asphalt was 14.9
percent and for the AR1000 11.2 percent.

Variability of calculated creep coefficient
n data as indicated by coefficient of vari-
ation does not appear to be influenced by

rubber type or asphalt grade, but tends to
decrease as rubber concentration increases.
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3.26.2 The ANOVA summary for creep coefficient n data
is tabulated in Table Z-2.

3.26.2.1

Concentration and the rubber-asphalt inter-
action are significant effects at the 0.01
level. All other main effects and inter-
actions are not significant.

3.26.3 Analysis indicates that rubber concentration and
the rubber-asphalt interaction influence creep
coefficient n data.

3.26.3.1

Effect of Rubber Concentration. Overall
average creep coefficient n for asphalt-
rubber mixtures tested is 0.725. The high-
est creep coefficient n value is obtained at
20 percent rubber (0.796 overall average)
and lowest at 30 percent rubber (0.674 over-
all average).

3.27 s8liding Plate First Cycle Recovery Coefficient Sy

3.27.1 Calculated recovery coefficient S, data are
tabulated in Appendix AA in Table AA-1l.

3.27.1.1

3.27.1.2

3.27.1.3

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 20.4 percent compared to 26.9
percent for the U.S. Rubber Reclaiming
rubber.,

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 - 29.7%
@ TP0O27 - 15.1%
@ 50/50 TP044/TP027 - 18.9%
® GT274 - 21.9%
® USRF - 26.2%
@ 50/50 GT274/USRF - 34.9%

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

@ 15% - 39.7%
@ 20% - 30.1%
® 25% - 10.9%
® 30% - 13.7%
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3.27.1.4 Average coefficient of variation for all

mixtures containing AR4000 asphalt was 28.5
percent and for the ARL000 20.6 percent.

3.27.1.5 Variability of calculated recovery coeffi-

3.27.2

cient S8y data as indicated by coefficient

of variation does not appear to be affected
by rubber type, tends to decrease as rubber
concentration increases, and may be less for
AR1000 than AR4000 asphalt.

Numerous attempts were made to transform recov-
ery coefficient Sp data in order to comply

with variance homogeneity requirements, but all
were unsuccessful. Therefore, ANOVA could not
be performed with the data. The following dis-
cussion is based only on average data from Table
AA-1. Data were not plotted.

3.27.2.1 Average recovery coefficient S, for Atlos

rubber mixtures is 0.079 compared to U.S.
Rubber Reclaiming mixtures, 0.130.

Within Atlos rubber mixtures average recov-
ery coefficient S, does not vary widely
(0.081 for TPO44, 0.80 for TPO27, and 0.075
for the 50/50 TPO44/TPO27 mixture). Recov-
ery coefficients Sy of U.S. Rubber Re-
claiming mixtures vary to a greater extent
(0.109 for GT274, 0.134 for USRF, and 0.148
for the 50/50 GT274/TPO27 mixtures).

3.27.2.2 For Atlos rubber mixtures, average recovery

coefficient 8y does not vary with rubber
concentration as much as with U.S. Rubber
Reclaiming mixtures,

For U.S. Rubber Reclaiming mixtures as rub-
ber concentration increases, average recov-
ery coefficient 8y increases (0.097 at 15
percent rubber compared to 0.181 at 30 per-
cent rubber).

3.27.2.3 For all rubber types and concentrations,

asphalt-rubber mixtures containing AR4000
asphalt have lower average recovery co-
efficients 8y than mixtures containing
AR1000 asphalt (0.078 overall average for
AR4000 compared to 0.131 for AR1000).
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3.28 Sliding Plate First Cycle Recovery Coefficient b

3.28.1 Calculated and analyzed recovery coefficient b
data are tabulated in Appendix BB in Table BB-1.

3.28.1.1

3.28.1.2

3.28.1.3

3.28.1.4

3.28.1.5

Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 22.7 percent compared to 24.1
percent for the U.S. Rubber Reclaiming
rubber.

Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

@ TP044 - 22.0%
@ TP027 - 26.2%
é 50/50 TP044/TP027 - 18.2%
® GT274 - 18.3%
® USRF - 30.0%
® 50/50 GT274/USRF - 25.4%

Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:

é® 15% - 39.0%
® 20% - 20.3%
@ 25% - 17.0%
® 30% - 17.3%

Averadge coefficient of variation for all
mixtures containing AR4000 asphalt was 19.8
percent and for the AR1000 27.6 percent.

Variability of calculated recovery coeffi-
cient b data as indicated by coefficient of
variation does not appear to be affected by
rubber type, decreases as rubber concentra-
tion increases, and is less for AR4000 mix-
tures than AR1000 mixtures.

3.28.2 The ANOVA summary for recovery coefficient b is
tabulated in Table BB-2.

3.28.2.1

Rubber type, concentration, and asphalt are
significant effects at the 0.0l level. The
rubber-concentration-asphalt interaction is
significant at the 0.05 level but not at
0.01. All two-way interactions are not sig-
nificant at the 0.05 level.
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3.

3.29
30

28.3 Analyses indicate that rubber type, rubber con-
centration, asphalt, and one interaction influ-
ence recovery coefficient b data.

3.28.3.1

3.28.3.2

3.28.3.3

Effect of Rubber Type. Asphalt-rubber mix-

tures containing the 50/50 TPO44/TPO27 mix-

ture had the highest average recovery coef-

ficient b (0.183 overall average) while the

GT274 mixtures had the lowest (0.125 overall
average) .

Mixtures containing Atlos rubber had higher
average recovery coefficient b (0.166 over-
all average) than U.S. Rubber Reclaiming
mixtures (0.130 overall average).

Within both Atlos and U.S. Rubber Reclaiming
rubber mixtures recovery coefficient b data
do not vary greatly with rubber size (Atlos
- 0.166 overall average for TPO44, 0.148 for
TPO27, and 0.183 for the 50/50 TP044/TPO27
mixture; U.S. Rubber Reclaiming - 0.125 for
GT274, 0.130 for USRF, 0.136 for the 50/50
GT274/USRF mixture).

Effect of Rubber Concentration. For
asphalt-rubber mixtures containing Atlos
rubber, as rubber concentration increases,
average recovery coefficient b tends to in-
crease (0.150 average at 15 percent rubber
as compared to 0.178 at 30 percent).

Average recovery coefficient b of mixtures
containing U.S. Rubber Reclaiming rubber
tends to increase to a greater extent as
rubber concentration increases (0.088 aver-
age at 15 percent rubber compared to 0.164
at 30 percent) than with Atlos rubber.

Effect of Asphalt. Average recovery coeffi-
cient b for mixtures containing AR4000 as-
phalt was lower than for mixtures containing
AR1000 (0.135 overall average for AR4000
compared to 0.161 for AR1000).

Sliding Plate First Cycle Recovery Coefficient n

29.1 cCalculated creep coefficient n data are tabu-
lated in Appendix CC in Table CC-1.
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3.29.1.1 Average coefficient of variation for Atlos
rubber at all concentrations and both as-
phalts was 15.6 percent compared to 19.5
percent for the U.S. Rubber Reclaiming
rubber.

3.29.1.2 Average coefficients of variation for each
rubber type at all concentrations and for
both asphalts are:

® TP044 -~ 13.3%
@ TP027 - 21.5%
® 50/50 TP044/TP027 -~ 12.5%
® Gr274 - 24.8%
® USRF - 13.5%
® 50/50 GT274/USRF -~ 20.0%

3.29.1.3 Average coefficients of variation for each
rubber concentration for all rubber types
and both asphalts are:s

L 15% - 32.8%
® 20% - 13.2%
L 25% - 11.9%
® 30% - 12.3%

3.29.1.4 Average coefficient of variation for all
mixtures containing AR4000 asphalt was 20.8
percent, and for the AR1000, 15.1 percent.

3.29.1.5 Variability of calculated recovery coeffi-
cient n data as indicated by coefficient of
variation does not appear to be greatly in-
fluenced by rubber type, or asphalt grade,
but appears to decrease as rubber concentra-
tion increases.

3.29.2 Numerous attempts were made to transform recov-
ery coefficient n data in order to comply with
variance homogeneity requirements, but all were
unsuccessful. Therefore, ANOVA could not be
performed on the data. The following discussion
is based only on average data from Table CC-1.
Data were not plotted.
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3.29.2.1 Average recovery coefficient n for Atlos

rubber mixtures is 0.767 compared to 0.740
for U.S. Rubber Reclaiming mixtures. Within
both Atlos and U.S. Rubber Reclaiming rubber
types, recovery coefficient n does not ap-
pear to vary with rubber size (Atlos - 0.783
average for TPO44, 0.779 for TPO27, and
0.738 for the 50/50 TPO44/TPO27 mixtures;
U.S. Rubber Reclaiming - 0.767 for GT274,
0.783 for USRF, and 0.672 for the 50/50
GT274/USRF mixture).

3.29.2.2 Average recovery coefficient n data do not

appear to vary with rubber concentration for
either Atlos or U.S. Rubber Reclaiming mix-
tures (0.735 overall average at 15 percent
rubber compared to 0.753 at 30 percent).

3.29.2.3 Average recovery coefficient n data do not

appear to vary with asphalt grade (0.768
overall average for AR4000 compared to 0.739
for AR1000).

3.30 Arizona Torque Fork Viscosity During Mixing at 375F
(191C)

3.30.1

3.30.2

3.30.3

Measured mixing viscosity data at 15 minutes and
1 hour by the Torque Fork are tabulated in
Appendix DD in Table DD-1., Since mixtures were
not replicated, statistical analysis could not
be performed.

Measured mixing viscosity data are plotted in
Appendix DD in Figures DD1 through DD12.

From Figures DDl through DD6, it can be seen
that as rubber concentration increases for all
rubber types and both asphalts, viscosity as
measured by the Torque-Fork at both 15 minutes
and 1 hour of mixing increases. These viscosity
increases are the result of increased internal
friction in the mixture due to increased par-
ticle-to~-particle contact as rubber concentra-
tion increases. Average viscosities at 15 min-
utes are 13.2 poise at 15 percent rubber
compared to 87.3 poise at 30 percent rubber.
Average one hour viscosities are 15.3 poise at
15 percent rubber compared to 154.3 poise at 30
percent.
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3.30.4

Examination of Figures DD7 through DD12 shows
that for all mixtures investigated wviscosities
at 1 hour of mixing were higher than at 15
minutes indicating that mixtures become thicker
during extended periods of mixing at 375F.
Greater increases in viscosity between 15 min-
utes and 1 hour of mixing are noted at higher
rubber concentrations than low. Asphalt-rubber
mixtures containing U. S. Rubber reclaiming rub-
bers experienced greater viscosity increases at
25 and 30 percent rubber than mixtures contain-
ing Atlos rubber.

3.31 Haake Viscosity During Mixing at 375F (191C)

3.31.1

3.31.2

3.31.3

3.31.4

Measured mixing viscosity data at 15 minutes and
1 hour by the Haake viscometer are tabulated in
Appendix EE in Table EE-1. Since readings were
not replicated, statistical analyses could not
be performed,

Measured mixing viscosity data are plotted in
Appendix EE in Figures EEl through EEL2.

From Figures EE1 through EE6, it can be seen
that as rubber concentration increases for all
rubber types and both asphalts, viscosity as
measured by the Haake viscometer at both 15 min-
utes and 1 hour of mixing increases. Increases
in viscosity is due to increased interval fric-
tion as rubber concentration increases. Average
Haake viscosity at 15 minutes mixing are 9.8
poise for 15 percent rubber compared to 260
poise for 30 percent rubber. After one hour of
mixing, average Haake viscosity at 15 percent
rubber is 18.9 poise compared to 294 poise at
one hour,

Examination of Figures EE7 through EEl2 shows,
that with several exceptions, Haake viscosities
increase between 15 minutes and one hour of
mixing. Additionally, it is noted that the
highest viscosities during mixing are obtained
with U.S. Rubber Reclaiming rubbers than with
Atlos rubbers.
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3.31.5

3.31.6

Figure 8 is a plot of mixture viscosity as
measured by the Torque-Fork versus viscosity as
measured by the Haake viscometer. Data at both
15 minutes and 1 hour is plotted. From Figure
8, it is noted that the Haake viscometer
measures a higher viscosity than the Torque-
Fork. Linear regression of the data yields the
following relationship:

H= =-6.53 4+ 2.62 (TF)
in which

H

Haake viscosity at 375F, Poise

TF

Torque-Fork viscosity at 375F and 500 RPM,
Poise

The r2 value for this fit is 0.72. The fit,
as indicated by the F test, is highly signifi-
cant at the 0.01 level.

Differences which exist in viscosities as
measured by the Torgue-Fork and Haake may be due
to the different rotational speeds of the two
devices (500 RPM for the Torque-~Fork and 62.5
RPM for the Haake.
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4.0 CONCLUSIONS

4.1

A summary of three-way ANOVA results is tabulated in
Table 1. This table indicates independent variables
and interactions which were found to significantly
affect test parameters studied during this investi-
gation. From Table 1 it is easily seen that consti-
tuent materials in an asphalt—-rubber mixture, rubber
type and concentration, and asphalt, significantly
influence many of the test parameters considered in
this study.

The following specific conclusions are based on test
results, statistical analyses, and interpretation
performed during this study.

4.2.1 Results indicate that the absolute viscosity at

140F (60C) of asphalt-rubber mixtures is differ-
ent for mixtures containing different rubber
types and particle sizes, different rubber con-
centrations, and different asphalt grades. Var-
iability of test results is high (coefficients
of variation of 20 percent were common during
testing) even with the large capillary tube bore
sizes utilized. Data generated tend to indi-
cate that increasing rubber particle size and
concentration may increase testing variability.

Test results varied from a low of 7,636 poises
to a high of 691,256 poises for different
formulations,

4.2.2 Shear susceptibility and apparent viscosity of

asphalt-rubber mixtures as measured by the
Schweyer Rheometer at 39.2F (4C) were found to
be different for different rubber types and
sizes and concentration. Asphalt grade did not
influence shear susceptibility, but did influ-
ence apparent viscosity.

Testing variability for the parameters consider-
ed was high (many coefficients of variation in
excess of 25 percent for shear susceptibility
and 50 percent for apparent viscosity). Data
indicate that rubber particle size may influ-
ence testing variability. Test results for
larger rubbers (TPO44) are more variable than
with smaller rubbers (USRF). These differences
may be due to increased flow interference as
particle size increases.
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Table - 1 Summary of Three-Way ANOVA Results
at the 0.05 Level of Significance

TEST PARAMETER

EFFECT
R Q A RQ [ RA |
l ABSOLUTE VISCOSITY (140F) Y* Y Y Y Y
R
SCHWEYER RHEOMETER (39.2F) u i
Constant (C) , G-tube Y Y - - - - , -
Constant(C), F-tube Y v - Y v - v
App. Viscosity, G-tube Y - Y - - - -
App. Viscosity, FP-tube Y Y Y Y Y - -
R
FORCE DUCTILITY (39.2F)
ILoad at Failure Y Y Y Y Y Y Y
Elongation at Failure Y Y Y Y - Y Y
Eng. Stress at Failure v v Y Y Y Y -
Eng. Strain at Failure Y Y Y Y - Y Y
True Stress at Failure Y Y Y Y - Y -
True Strain at Failure Y Y Y Y - Y Y
Eng. Creep Compliance Y Y Y Y Y Y Y
True Creep Compliance Y Y Y Y Y Y Y
Max.True Creep Compliance Y Y Y Y Y Y Y
T . T L. Y Y Y Y - Y -
ime to Max (heep(kmg )
SLIDING PLATE MICRO-
VISCOMETER (32F)
App. Viscosity Y Y Y Y Y Y Y
1st Cycle 30 min. Creep Y v Y Y - Y -
1st Cycle 30 min.Recovery Y Y v 4 - - -
2nd Cycle 30 min. Creep Y Y Y Y Y N4 Y
2nd Cycle 30 min.Recovery Y Y Y Y - - Y
2nd Cycle 20 hr. Recovery Y Y Y Y - - -
2nd Cyc.20 hr.30 min.Recovl Y Y Y Y - - -
1st Cycle % Rebound Y Y Y Y Y Y -
1st Cylcle b Y Y - Y Y - -
§ 1st Cycle n - Y - - Y - -
2nd Cycle b Y Y Y - - - 4 ]]

*NOI'E: Y = Significant at the 0.05 level
= Not significant at the 0.05 level
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Asphalt-rubber mixtures tested tended to be more
pseudoplastic in nature than dilatent as indi-
cated by the Schwever Rheometer.

Viscosity of mixtures tested varied from a low
of 17.5 x 10% Pa-s to a high of 55,210 x 100
Pa-s for different formulations.

Stress, strain, and creep compliance character-
istics of asphalt-rubber mixtures, as measured
by the force-~ductility test at 39.2F (4C) were
found to be different for mixtures containing
different rubber types and particle sizes, dif-
ferent rubber concentrations, and different
asphalt grades. Testing variability for many of
the parameters considered was rather low, coef-
ficients of variation were generally less than
10 percent, when compared to other test types
considered. It is suggested that lower testing
variability is related to the unconfined tensile
nature of the test which would not result in
rubber particle interference with testing appa-
ratus as with absolute viscosity, Schweyer
Rheometer, or sliding plate microviscometer
testing.

True stress at failure varied from a low of 296
psi to a high of 1279 psi while true strain at
failure varied from 1.41 mm/mm to 2.46 mm/mm for
different formulations.

Apparent viscosity, creep, recovery, and rebound
charcteristics of asphalt-rubber mixtures, as
measured by the sliding plate microviscometer,
were found to be different for different rubber
types and particle sizes, different rubber con-
centrations, and different asphalts. Inter-
actions between mixture components were iden-
tified by several of the measurements. Testing
variability was rather low (less than 15 percent
coefficients of variation) for several of the
parameters - second cycle creep and recovery,
and first cycle percent rebound and creep, but
high (coefficients of variation between 15 and
50 percent) for others.
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Viscogity during mixing at 375F (191C) as
measured to Arizona Torgue-Fork or Haake Vig-
cometer of asphalt-rubber varies depending on
rubber types, rubber concentration, and asphalt
type. The reaction between rubber and asphalt
can be monitored during mixing using either
device by monitoring mixture viscosity changes.
A significant relationship between Haake and

Torque-Fork viscosity measurements was found to
exist,

4.3 The following general conclusions were reached based
on results of this study.

4.3.1

4.3.2

Physical properties of asphalt-rubber mixtures
from 32F (0C) to 375F (1l91C) can vary widely and
depend on the type of rubber utilized, rubber
concentration, and asphalt grade.

The force-ductility test is the most sensitive

to changes in mixture components and is the
least variable test investigated in this study.
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USE OF APPENDICES

Data generated during this portion of the experiment are
presented in both tabular and graphical form. Due to the
size of the test matrix (Figure 1), data are tabulated and
summarized by rubber type in each appendix in a format shown
in FPigure 9. Data are summarized by computing the cell mean
(X), cell standard deviation (s), and cell coefficient of
variation (cv). At the bottom of each page of tables, a
small reproduction of the overal test matrix is shown with
the position of the rubber type for which data are presented
heavily outlined.

Data which are tabulated and summarized are:

® Measured data which may consist of up to three observa-
tions per cell replication.

® Reduced data which consist of averages of measured obser-
vations for each cell replication.

® Analyzed data which are the data for input for analyses
of variance. In many cases, transformations were requir-
ed,

Due to the number of measured data observations and trans-
formation requirements, in many cases, measured data are the
same as reduced data, and possibly even analyzed data.
Tables are numbered by data type presented, and carry the
same number for each of the six rubber types. Therefore,
each table which presents data is six pages in length.
Analysis of variance summaries for the analyzed data are the
last tables presented in each appendix.

Reduced data and, transformed data (when present) are
plotted as follows:

® Full test matrix, means plus and minus two standard
deviations

® Full test matrix, means only

@ Data for each rubber type, means plus and minus two
standard deviations

® Data for each rubber concentration, means plus and minus
two standard deviations.
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Asphalt Type (A)

-Percent Rubber (Q) .
Rubber Type (R)

a. Measured Data

TP 044
15% 208 25% 30%
A
R
4
0
Q
0
A
A
R
1
0
0
0
Asphalt Type (A)
Percent Rubber (Q)
Rubber Type (R)
b. Summary
TP 044
15% 20% 25% 30%
A X
R e
4 s
0 g
0
0 lcv
A X
R g
1 s
0 S
0
0 cv

FIGURE 9 Data Presentation Format
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APPENDIX A

VACUUM CAPILLARY ABSOLUTE
VISCOSITY AT 140F (60C)
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Table A-1 Absolute Viscosity (140F),
a. Measured Data
TPO 44
153 20% 25% 308
N 5,559 99,636 122,329 1,033,052
ﬁ 8,473 21,892 92,521 127,915
0
g 7,371 37,639 160,806 235,391
9,331 38,442 215,266 107,498
A 6,255 23,766 18,262 165,411
? 10,846 26,401 20,545 606,500
8 5,979 7,805 110,166 45,592
0 10,772 9,084 125,270 412,964
b. Summary
TPO44
15% 20% 25% 30%
A -
R x 7684 y 49402 147731 375964
4 s
0 1833.19 37783.58 59654.07 449819.24
0 =
0 evi 23.86 76.48 40.38 119.64
A x 8463 16764 68561 310117
é S| 2365.36 9037.66 52005.89 277461.29
0
cv
0 27.95 53.91 75.85 89.47

ABPHALT TYPEIAY

PERCENT RUBSER (0]
v——- RusaRh YYPE{R)
Traee

SoRk TPa4s
50%_teo2r

. arama

U8 Autter Pine

T
0% RFies

18| 20]28 | so] 18 [20] 28 30] 13 (20 28 |30 ] 18 | 20

2s]s0] 18 j20) an 30 s | 20

ooomar | cooRI>
1
1
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Table A-1 Absolute Viscosity (140F), Poise
a. Measured Data
TPO 27
20% 25% 30%
N 13,413 36,668 134,355 479,333
i 12,460 40,387 132,946 374,524
0
0 16,660 35,271 137,474 392,809
0
19,444 35,416 140,170 370,771
A 7,684 30,057 88,444 276,687
i* 7,554 29,503 134,792 334,791
0
0 7,895 24,143 79,420 295,017
0
7,409 21,709 66,047 309,811
b. Summary
TP0O27
15% 203 25% 308
A - 1 -
R | % | 5494 36936 13236 404359
4 s ’
0 3394.22 2486.38 3510.86 52761.13
0 -
0
ev] 21,91 6.73 2.58 13.05
A X
R 7636 26353 92176 304077
é s 236.20 4057.13 33410.07 28238.54
A ,
3.09 15.40 36.25 - 9.29

Asvuart Tysgial

suacony atab ’
‘——lv"u tvenim

on Thees CIOL

[ reorr vt ann fonnsea e | Hrstemg

wlslmingn|mlnir]ujojiuiofn|c|u|miuin{n|nln|w|nle

woaosr | cooren
[
]
|
1
|
i
|
|
]
i
i
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Table A-1 Absolute Viscosity (140F), Poise
a. Measured Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
a 10,859 58,043 91,724 557,059
f: 15,518 78,353 107,232 293,415
0
¢] 19,883 63,660 118,567 403,089
0
24,475 40,905 95,976 210,458
a 9,745 32,251 78,287 333,427
JIT 9,211 50,957 90,483 273,118
0
g 8,425 35,499 86,563 469,984
7,996 29,188 83,542 343,975
b. Summary
50% TPO44 & 50% TPO27
15% 20% 25% 30%
l}; % 17684 60240 103375 366005
by
8 s 6617.38 18199.73 13045.70 168448.09
o -
0 cv 37.42 30.21 12.62 46.02
A x 8844 36974 84719 355126
R ]
1 S 850.01 10579.73 5927.26 55676.88
0 T
0 cv :
0 9.61 28.61 7.00 26.94

ASPRALY TYRR IR}

PUACEHT RUCHIR (6)
\———- AuseEA TYPEIR)
101 17044
Troas o1y ton tronr

v erare

orare

Y EI R EIEY £ [T ETRES] £

w|m{so]u|rwjesjmin|s|nin




Table A-1 Absolute Viscosity (140F), Poise
a. Measured Data
GT 274
15% 20% 25% 30%
a 219,174 57,678 148,695 355,810
§ 23,118 59,360 139,532 - 379,741
0
g 19,959 58,363 149,752 391,745
22,597 63,662 148,516 299,739
A 17,128 30,421 96,104 230,175
? 19,274 35,608 112,326 219,715
0
1} 15,760 42,063 85,615 218,015
0
15,643 23,686 27,257 195,420
b. Summary
GT274
15% 20% 25% 30%
. ] A
R x 71212 y 59766 146624 356759
g s 96818.49 2908.22 4966.92 44714,92
o -
0 cv 135.96 4.87 3.39 12.53
A x 16951 32945 80326 215831
R e
1 1764.67 8931.22 41343.53 16890.93
4}
0 cv!
0 10.41 27.11 51.47 7.83

ASPRALT TERR 1A}
PERCEHT RUDBER (O)
AUOREA TYPFE(R)

worine
oL 4

wn|raleslw]iol el

*c0~3s | cacemr
|
|
|
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i
!
i
|
|
i
|
t
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Table A-1 Absolute Viscosity (140F), Poise
a. Measured Data
U. S. Rubber Fine
153 20% 25% 303
A 26,799 150,360 219,088 468,908
A 28,048 103,492 148,282 373,261
0
g 31,460 98,467 275,744 302,123
35,808 104,884 284,599 380,522
R 14,814 79,735 256,926 693,332
? 19,735 46,529 238,427 633,694
0
0 20,419 66,305 312,602 668,291
0
17,999 67,381 286,213 769,707
b. Summary
U. S. RUBBER FINE
153 203 258 30%
x % 30529 |, 114301 231928 381204
g S 1 4378.37 25220.00 66250.06 81057.51
- 0 -
0 cv 14.34 22.06 28.56 21.26
A x 18242 64988 273542 691256
R e
1 s| 2724.03 16138.12 36049.05 66102.32
0 s
0 cv
0 14.93 24.83 13.18 9.56

niay
PEACERY RUORRE 6)

r——-— BueaNn Yyeg i)

Troee Trerr

wivofs]|sfuw|se]as|sofrsizafanfsa]mjse{rafrodrstre]re| ] uisafsalse

areirte
YA

eoo-ar | cooans
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Table A-1 Absolute Viscosity (140F), Poise
a. Measured Data
50% GT 274 & 50% U.S5. Rubber Fine
15% 20% 25% 30%
A 28,156 65,415 232,064 365,024
) i 28,452 60,449 215,537 352,473
0
0 29,439 83,961 148,237 463,143
0
27,685 72,315 146,220 349,019
A 17,721 41,338 192,904 281,463
? 17,258 43,183 211,064 289,109
0]
0 15,263 45,403 93,172 394,542
0 .
14,272 45,724 98, 305 452,334
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 30%
A -—
R x 28433 70535 185515 382415
. X
4 s
0o 741.31 11426.83 41720.18 55464.26
o -
0
cv 2.61 16.20 22.49 14.50
g X 16129 43912 - 148861 354362
(])- s 1676.21 2131.60 57295.51 83043.31
0 cv
0 10.39 4.85 38.49 23.43

ABPRALT TYPQIA)
rIRCUNT RUaREA (e}
avecta Yreg (8)

=

avatre

ronnrme 4

| e 18|20

woo-ar | coosan
1
|
!
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Table A-2 Absolute Viscosity (140F), Poise

a. Analyzed Data

TPO 44
15% 208 258 303

A

R 7,016 60,764 107,425 580,484

4

0

0

0 8,351 38,041 188,036 171,445

A

? 8,551 25,084 19,404 385,956

0

0

0 8,376 8,445 117,718 229,278

b. "Summary
TP044
15% 20% 25% 30%

A % 7,683 49,402 147,730 375,964
R R ERENE
4 s 1,182 20,132 71,421 362,408
FE -
0 cv 15.38 40.75 48.35 96.39
A X 8,463 16,765 - 68,561 307,617
R T
1 s 164 14,742 87,106 138,816
0 -
0
0 cv 1.94 87.94 127 45.13

asonaLy vesnta)
PERCENT AUSDER (D)

V——-wuu Terata)
o 1996 w@rarr

Troae o1t 0 orvre  fusamen resp D100y

wisofasisalwlmefss{olulrininialrnin|o|u]n| nin]einiein

s
H
H
H
3
R
H
i
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Table A-2 Absolute Viscosity (140F), Poise

a. Analyzed Data

TPO 27
153 208 253 308

A

R 12,937 38,528 133,651 426,929

)

0

0 18,052 35,344 138,822 381,790

2 7,619 29,780 111,618 305,739

1

0

0 ,

0 7,652 22,926 72,734 302,414

b. Summary
TP027
15% 20% 258 30%

A % 15,494 36,936 136,236 404,359
3 s 4,531 2,821 1,588 39,993
A -
0 cv 29.24 7.64 3.4 9.9
A pr 7,636 26,353 92,176 304,076
R Lo
1 s 29.2 6,072 34,451 29,046
0 e
PO IS 0.4 23.04 37.4 1.0

AspnaLy Yesx {4y

PEACINT wuNSEN 10}
r——uvuu trea el
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ese eear poddiiteet) BENEIHITINN PTERL O] Bty
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[T g
!
i
t
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i
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Table A-2 Absolute Viscosity (140F), Poise

a. Analyzed Data

50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
A
R 13,189 68,198 99,478 425,237
4
0
0
0 22,179 52,283 107,272 306,774
A
R 9,478 41,604 84,385 303,273
0
0
0 8,211 32,344 85,053 406,980
b. Summary
50% TP044 & 50% TP027
15% 20% 25% 30%
A % 17,684 60,240 103,375 366,005
R e
4 s 7,965 14,100 6,905 104,958
- 8 PR
0 ov 45.04 23.4 6.7 28.7
A z 8,845 36,974 84,719 355,127
R S
1 s 1,123 8,204 592 91,884
0 ST
9 fov 12.7 22.2 0.7 25.9
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Table A-2 Absolute Viscosity (140F), Poise
a. Analyzed Data
GT 274
15% 20% 25% 30%

A

§ 121,146 58,519 144,114 367,776

0

0

0 21,278 61,013 149,134 345,742

p:N

R 18,201 33,015 104,215 224,945

1

0

0 .

0 15,702 32,875 56,436 206,718

b. Summarv
GT274
15% 20% 25% 308

A % 71,212 59,766 146,624 356,759
R
4 s 88,483 2,209 4,447 19,522
0
o =
0 v 1.24 3.70 3.0 5.5
a % 16,951 32,945 80,326 215,831
R R =
1 s 2,214 124 42,332 16,149
0 bR
g cv 13.0 0.4 52.7 7.5

atpuaLy tyreta)
suncant suBsER (@)
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Table A-2 Absolute Viscosity (140F), Poise

a. Analyzed Data

U. S. Rubber Fine
15% 208 253 30%

A ’ !

R 27,424 126,926 183,685 421,085

4

0

0

0 33,634 101,676 280,172 341,323

A 17,275 63,132 247,677 663,513

1

0

0

p 19,209 66,843 299,408 718,999

b. Summary
U. 5. RUBBER FINE
15% 20% 25% 308

A s 30,529 114,301 231,928 381,204
R P
4 s 5,502 22,371 85,487 70,669
O S
0 ov 18.0 19.6 36.86 18.54
A z 18,242 64,689 273,542 691,256
R PR
1 s 1,714 3,289 45,833 49,160
0 o
4 ov 9.4 5.1 16.8 7.1

ABPHALT TYRE(A)

PRACERT AUSETA (8] !
‘—ﬂlllll TYPR IR}

on e ] e
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Table A-2 Absolute Viscosity (140F), Poise
a. Analyzed Data
50% GT 274 & 50% U.S. Rubber Fine
153 203 25% 30%
A
Y 28,304 62,932 223,801 358,749
4 N
0
0
b 28,562 78,138 147,229 406,081
2 17,490 42,261 201,984 285,286
1
0
0 14,768 45,564 95,739 423,438
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 253 30%
A | 28,433 70,535 185,515 382,415
R R
4 s 228 13,473 67,843 41,936
- g e
O el 0.8 19.1 36.6 11.0
A x! 16,129 43,913 148,862 354,362
R e
1 s 2,411 2,926 94,133 | 122,403
0 e
: ov 15.0 6.7 63.2 4.5
ABPHALY TYPEIA)
v PENCUATY AUBRERN (O}
Y—l'llll PR IR}

woae

n

EETS B R R ETS ™

XA
KA

wisels|s0
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Table A-3 Anova Summary, Absolute Visgcosity
(140F), TPO44 Removed
ANOVA
SOURCE [+§3 88 MS F F.05 | F.01
R 4 118586010256 29646502564 23.05 2.61 |3.83
Q 1571951624825 523983874942 407.37 2.84 4.31
A 5316294225 5316294225 4.13 1.08 }7.31
RQ 12; 95282599929 7940216661 6.17 2,00 §2.66
RA 46751218687 11687804672 9.09 2.61 |3.83
QA 3487598107 1162532702 .90 2.84 4.31
RQA 12 89051156017 7420929668 5.77 2.00 |2.66
Error, 40 51450312511 1286257813
TOTAL 79 1981876814557
Table A-4 Anova Summary, Absolute Viscosity
(140F), TPO44 Only
ANOVA
SQURCE at SS Ms F F.05 | F.01
A 1 8043847647 8043847647 .62 5.32 J11.26
Q 3 277531651876 92510550625 7.09 4.07 7.59
AQ 3 3961190266 1320396755 .10 4.07 7.59
Error 8 104409839506 13051229938
TOTAL 15 393946529297
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APPENDIX B
SCHWEYER RHEOMETER CONSTANT

(C), G-TUBE
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Table B-1 Schweyer Rheometer Constant (C), G-tube
a. Measured and Analyzed Data
TPO 44
15% 20% 25% 303
A
R .69 .52 .54 .50
4
0
0 .64 .91 .61 .54
0
g .84 .74 1.5 .54
1
0
0 1.2 .29 .74 .64
0
b. Summary
TP044
15% 203 25% 30%
2 % .67 . .72 ..58 .52
4 s
0 .044 .346 .062 .035
0 . .
0
cv 6.57 48.06 10.69 6.73
A x 1.02 .52 1.12 .59
% s ~.'319 .399 .-.673 .089
0 _—
0 31.27 76.73 60.09 15.08
ABFRALY YYRRLA)
FERCANT RUOBER (B)
‘————-lllll'l YRR iR}

coooms | cooans
i
I
{

107




Table B-1 Schweyer Rheometer Constant (C), G-tube

a. Measured and Analyzed Data

TPO 27
15% 20% 25% 303
A .82 .61 .72 .66
R
4
O ]
g .63 .91 .98 .67
A .51 1.0 .69 .58
R
1
0 }
g .92 .69 .71 .70
b. Summary
TPG27
15% 20% 25% 308
A -
R % 6.73 , 0.76 0.85 0.67
4 s
5 0.168 0.266 0.230 .009
- 0 o
0 ev| 23.01 35.00 27.06 1.34
A x 0.72 .845 0.70 0.64
R )
1 s 6.363 0.275 .018 0.106
0 -
o cv
0 50.42 32.54 2.57 16.56
agrnary rvegial
PERCENT RUBEEA (Q)
RUNBTR YYPE IR}
I D N )

ol lmasfrclwitola|sofwitoimizafwisalre]sa]raiseles|en

aen—as | cesare
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Table B-1 Schweyer Rheometer Constant (C), G-tube
a. Measured and Analyzed Data
50% TPO 44 & 50% TPO 27
15% 203 25% 30%
A 1.1 .59 .58 .55
R
4 -
0
0
ps .68 .82 .57 .85
a .84 .91 .73 .56
R
1 -
0
Y .97 1.0 $80 .63
0
b. Summary
50% TP044 & 50% TP027
15% 20% 25% © 30%
A % 0.89 , 0.71 0.58 0.70
R
g s 0.372 0.204 .009 0.266
0 —
0 eVl 41.80 28.73 3.28 38.00
A X 0.91 0.95 0.77 0.60
R - sz
(1) . s J115 0.080 . 062 .062
0 ov 8
0 12.64 -39 8.05 10.33

ASPNALY VYR 14y
PURCERY AUBLER (@)
AVREEN TYPRIR)

Tox 1eie,
3oy 1r02)

tareTrTe
591 8 pug

{1 salsnlz|i]e
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Table B-=1 Schweyer Rheometer Constant (C), G-tube
a. Measured and Analyzed Data
GT 274
153 203 253 30%
- A .72 .44 .48 .74
R
4
0
0
0 .74 .41 .46 .37
a .60 .57 .43 .49
R
1 gy
0
g .79 .61 71 .53
b. Summary
GT274
15% 203 25% 30%
A -
& X 0.73 , 0.43 0.47 0.56
4 s
0 .018 .027 .018 0.328
-0 .
0 e 2.47 6.28 3.83 58.57
A x 0.70 0.59 0.57 0.51
R e
1 s 0.168 .035 0.248 .035
0 S
0 cv 43.52
0 26.57 5.93 - 6.86
ARPHALY YRPRIA)
[———— PIACENT AUESES ()
‘————I'Illl AALTTLT)
[Tl ol Te 1 1

oeumr | coonmr

IS
1
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Table B-1 Schweyer Rheometer Constant (C), G-tube

a. Measured and Analyzed Data

U. S. Rubber Fine
153 203 25% 303

A

R .53 .42 .31 .36

4

0

0

0 .58 .49 .43 .50

a .55 .37 .41 .47

R

1

0

0 . :

0 .48 .38 .34 .63

b. Summary
U. S. RUBBER FINE
153 20% 25% 308

. _ ,
R x 0.56 0.46 0.37 0.43

i ¥
4 s
0 .044 .062 0.106 0.124
0
0

v 7.86 13.48 28.65 28.84
a x 0.52 0.38 0.38 0.55
R e
3 s .062 .009 .062 0.142
¢ cv
0 11.92 23.68 16.31 25.82

AVPHALY TYRR L)
PERCENY AuNEEA ta)
RUSOER TYPR (R}

IR XN
Proa
vrorr o tronnt orrre Jun ases pospaiuar

w{rafsfrfmo]wirejin]ofn|rofsa]so]u]rejrix]ulwinin
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Table B-1 Schweyer Rheometer Constant (C),
a. Measured and Analyzed Data
50% GT 274 & 50% U.S. Rubber Fine
15% 20% 253 308
A .39" .42 .41 .34
R
4
0
g .75 .35 .63 .26
N .46 .43 .29 .58
R
1
0
0 .52 .64 .66 .43
0
b. Summary
© 50% GT274 & 50% U. S. RUBBER FINE
15% 20% 258 303
A % 0.57 0.39 0.52 0.30
R e
g s 0.319 .062 0.195 .071
“ _
0 o]  55.96 15.90 37.50 23.67
A x
2 0.40 0.54 0.48 0.51
3 1 .063 0.186 0.328 0.133
0o o
0 10.82 34.44 68.33 26.08

CIS UL
e

TS

woas [eoaras
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Table B-2 Anova Summary, Schweyer Rheometer
Constant (C), G-tube
ANOVA
SOURCE df SS MS F F.05 F.01
5 1.49267 0.2985350 10.75 2.43 3.48
Q 3 .31642 0.1054736 3.79 2.82 4.27
A 1. .08050 0.0805042 2.89 4.06 7.27
RQ 15 .39266 0.0261777 0.94 1.90 2.49
RA 5 .11450 0.0229016 0.82 2.43 3.48
QA 3 .02097 0.0069902 0.25 2.82 4.27
RQA 15 .50561 0.0337077 1.21 1.90 2.49
Error 48 1.33270 0.0277645
TOTAL 95 4.25606
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APPENDIX C
SCHWEYER RHEOMETER CONSTANT

(C), F-TUBE
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Table C-1 Schweyer Rheometer Constant (C), F-tube

a. Measured Data

TPO 44
15% 203 25% 308
A 1.1 .68 1.1 .68
R
4
0
0
0 -88 .59 .70 -46
A 1.3 .13 1.1 .68
R
1
0
0
s 1.3 .98 .98 1.0
b. Summary
TPO44
15% 20% 25% 308
A -
2 % 0.99 . 0.64 0.90 0.56
4
o s 0.19 .08 0.35 0.18
A .
0 ev] 19.69 12.56 39.38 31.64
g x 1.30 0.56 1.04 0.84
é s 0 0,75 0.11 0.28
0
0 cv
0 135.69 10.22 33.75
ASPNALT TYPRIA)
PEACERTY AUVDOER (@)
AUSEER YYERIR)
wor | BT i Jos meerme ] SR ST

sof s fsofaefsfra|rofos|rofrisa|mjse)m|s]sn|nfulse) njmn

ccouun | cooeas |
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Table C-1 Schweyer Rheometer Constant (C), F-tube

a. Measured Data

TPO 27
15% 20% 25% 30%
A 1.1 .50 .61
A 1.6
4
0
0
0 1.3 .76 .88 1.4
A 1.5 1.1 1.2 88
1
0
0
0 1.7 .98 1.1 .88
b. Summary
TP027
15% 20% 25% 30%
A p '
R 1.20 0.63 0.75 1.50
4 S
. 0 0.18 0.23 0.24 0.18
0o
0 [ea74
14.77 36.57 32.11 11.81
A %
) 1.60 1.04 1.15 0.88
1l s - ~
o 0.18 0.11 .09 0
: ov
11.08 10.22 7.70 0
AGPHALY TYPR 1A)
PEACEUT RURONRA {0}
Y——IU!IIQ ryeaind
Trone o | St e Juanasa | RS

DRI RO R BN LRI R VR ELR R R B £ £ KON R R LA RS PR R LY e

ooaaar | coaamn
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Table C-1 Schweyer Rheometer Constant (C), F-tube

a. Measured Data

50% TPO 44 & 50% TPO 27
153 208 253 308
a 1.2 .72 .87 .38
R
4
0
8 1.1 .65 .37 .47
A 1.6 .97 1.1
A 1.5
1
0
0
9 1.5 2.6 .97 1.4
b. Summary
50% TP044 & 50% TP027
15% 20% 25% 303
A —
R (x| _1.15 ; 0.69 0.62 0.43
4 s
0 .09 .06 0.44 .08
o e
0
cv 7.70 9.05 71.45 18.76
1}; x 1.55 1.79 1.04 1.45
é s .09 1.44 0.12 0.09
0 ov -
0 5.72 80.91 11.13 6.11
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PEACENT AUEBIR (B}
AuRGEA TYFR AL

304 1P04e o eiate
P
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|
|
|
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1
i
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Table C=1 Schweyer Rheometer Constant (C), F-tube

a. Measured Data

GT 274
15% 20% 25% 308
a 1.4 .90 1.1 .37
R
4
0
0
0 2.3 1.7 1.5 .80
A 1.1 1.1 75 .53
R
1
0
O .
0 .90 .92 .82 .59
b. Summary
GT274
15% 20% 253 30%
A % 1.85
A % . ., 1.30 1.30 0.59
4 s
5 0.80 0.71 0.35 0.38
= 0 pemrand
0 ov 43.10 54.52 27.26 65.12
a % -
R 1.00 1.01 0.79 0.56
1 s -
o 0.18 0.16 .06 .05
g cv
17.72 15.79, 7.90 9.49

AOFHALY TYRRIA}
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Table C=1 Schweyer Rheometer Constant (C), F-tube

a. Measured Data

U. S. Rubber Fine
153 20% 253 30%
- A .93 1.7 .84 .60
R
4
0
0
0 .51 1.3 .60 .74
A .60 .73 .66 .62
R
1
0
0 . :
0 .83 .99 .75 .60
b. Summary
U. S. RUBBER FINE
153 20% 258 303
A -_—
R x 0.72 . 1.50 0.72 0.67
4 s
0 0.37 0.35 0.21 0.12
“ o -
0
cv 51.68 23.63 29.53 18.51
g * 0.72 0.86 0.71 0.61
é s 0.20 0.23 .08 .02
by
g cv
28.50 26.79 11.31 2.90
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Table C-1 Schweyer Rheometer Constant (C), F-tube

a. Measured Data

50% GT 274 & 50% U.S. Rubber Fine
158 20% 25% 30%
A .79
. .0 .
x 86 1 1.0
4
0
0
0 .24 .67 .70 .93
2 1.2 .80 .64 .59
1
0
0 .
0 .94 .72 .76 .67
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 203 25% 30%
A x
R | * | 0.55 ' 0.84 0.85 0.57
4 s
0 0.55 0.29 0.27 0.40
0 SRR -
0 cv
.9988 35.02 31.27 70.57
A x
R L 1.07 0.76 0.70 0.63
1 s
o . 0.23 07 0.11 07
I
21.53 9.33 15.19 11.25
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Table C-2 Schweyer Rheometer, Arctan
Constant (C), F-tube

a. Analyzed Data

TPO 44
153 20% 25% 308
g 47.72631 34.21570 - 47.72631 33.42481
4
0
0
0 41.34778 30.54060 35.99202 24.70243
g 52.43141 7.40691 47.72631 34.21570
1
0
0 .
0 52.43141 44.42127 44,42127 45.00000
b. Summary
TP044
15% 20% 25% 308
A -
R x 44.53704 F , 32.37815 41.35917 29.06362
4 s
0 5.65138 3.25614 11.28258 7.72803
T
0
cv 12.69 10.06 27.28 26.59
g x 52.43141 25.91409 46.07379 39.60785
3 s 0 32.79473 2.92826 9.55489
g ov
0 i 126.55 6.36 24.12
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Table C-2 Schweyer Rheometer, Arctan
Constant (C), F-tube

a. Analyzed Data

TPO 27
15% 20% 253 30%
g 47.72631 26.56505 31.38319 57.99462
4
0
0
0 52.43141 37.23483 41.34778 54.46232
g 56.30993 47.72631 50.19443 41.34778
1
0
g 59.53446 44.,42127 47.72631 41.34778
b. Summary
TP0O27
15% 20% 25% 30%
A -
R _fn 50.07886 31.89994 36.36548 56.22847
4 s
0 4.16872 9.45343 8.82862 3.12961
o R
0
cv 8.32 79.63 24.28 5.57
A x 57.92219 46.07379 48.96037 41.34778
R _
1 s 2.85693 2.92826 2.18675 0
0 e
g cv
4.93 6.36 4.47 0
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Table C-2 Schweyer Rheometer, Arctan
Constant (C), F-tube
a. Analyzed Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
g 50.19443 35.75389 41.02327 20.80679
4
0
0
0 47.72631 33.02387 20.30447 25.17352
g 57.99462 44.12754 47.72631 56.30993
1
0
0 s
0 56.30993 68.96249 44.12754 54.46232
b. Summary
50% TP044 & 50% TP027
15% 20% 253 30%
; x 48.96037 ,34.38888 30.66387 22.99016
4 s
0 - 2.18675 2.41880 18.35685 3.86893
- 0 Rt
0
cv 4.47 7.03 59.86 6.83
A X 57.15227 56.54501 45.92693 55.38613
R e
3 s 1.49263 22.00376 3.18851 1.63698
0 cv
Y 2.61 38.91 6.94 2.96
ARPRALY TYPd (A}
PERCENT RUBOER (0]
\——lullll TYPRin)

338 1PoI4
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st nrmg &
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eto-un | sosems

135




Table C-2 Schweyer Rheometer, Arctan
Constant (C), F-=tube
a. Analyzed Data
GT 274
15% 20% 25% 30%
g 54.46232 41.98721 47.72631 20.30447
4
¢}
g 66.50143 59.53446 56.30993 38.65981
2 47.72631 47.72631 36.86990 27.92359
R
1
0
0 41.98721 42.61406 39.35175 30.54060
0
b. Summary
GT274
15% 20% 25% 30%
% x 60.48188 50.76083 52.01812 29.48214
g 5 10.66665 15.54686 7.60509 16.26282
0 PR =
0 ov] 17.64 30.63 14.62 55.16
A X 44,85676 45.17018 38.11083 29.23210
O
1 s 5.08484 4.52946 2.19892 2.31868
[¢] —
0 v
0 11.34 10.03 5.77 7.93
i
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Table C-2 Schweyer Rheometer, Arctan
Constant (C), F-=tube
a. Analyzed Data
‘U. S. Rubber Fine
15% 20% 258 30%
ﬁ 42,92283 | 59.53446 40.03026 30.96376
4
0 .
0 27.02158 | 52.43141 30.96376 36.50144
0
A
R 30.96376 | 36.12944 33.42481 31.79891
1
0
0 39.69267 | 44.71208 36.86990 30.96376
0
b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
g b 34.97220 _ 55.98293 35.49700 33.73260
4 s '
0 14.08850 6.29330 8.03292 4.90639
0 )
0 cv
40.28 11.24 22.63 14.54
g _:_ 35.32821 40.42076 35.14735 31.38133
é _f; 7.73382 7.60421 3.05235 0.73994
g cv
21.89 18.81 8.68 2.35
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Table C-2 Schweyer Rheometer, Arctan
Constant (C), F-tube

a. Analyzed Data

50% GT 274 & 50% U.S. Rubber Fine
15% 20% 25% 308
g 40.69553 | 45.00000 45.00000 38.30874
4
0
0
0 13.49573 | 33.82209 34.99202 42.92283
A 50.19443 | 38.65981 32.61924 30.54060
R
1
0
8 43.22853 | 35.75389 37.23483 33.82209
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 308
A = S
R x 27.09563 39.41104 39.99601 40.61578
4 s :
0 24.09902 9.90363 8.86707 4.08808
0 _
0
cvl  88.94 25.13 22.17 10.07
A x 46.71148 37.20685 34.92704 32.18135
é s 6.17179 2.57465 4.08941 2.90740
0
cv
C 13.21 6.92 11.71 9.03
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Table C-3 Anova Summary, Schweyer Rheometer,
' Arctan Constant (C), F-tube

Anova
SOURCE df SS MS F F.05 F.01
R 5 1129.84 225.96 3.77 2.43 3.48
Q 3 1213.54 404.5 6.75 2.82 4.27
A 1 176.34 176.34 2.94 4.06 7.27
RQ 15 2626.48 175.09 2.92 1.90 2.49
RA 5 1908.69 381.73 6.37 2.42 3.48
QA 3 41.52 13.84 0.23 2.82 4.27
RQA 15 1797.20 119.81 1.99 1.90 2.49
Exror 48 2876.06 59.91
TOTAL 95 11769.70
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APPENDIX D
VISCOSITY (n, o5) BY SCHWEYER

RHEOMETER AT 39.2F (4C), G-TUBE
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Table D-1 Schweyer Rheometer Apparent Viscosity,
6

n 10 "Pa-s, G-tube
0.05,
a. Measured Data
TPO 44
15% 20% 25% 30%
A
R 150 24 130 42
4
0
0
Y 68 410 150 140
A 56 95 2500 76
R
1
0
0
0 400 8.8 230 69
b. Summary
TP044
15% 20% 25% 30%
A -
R x 109.0 217.0 140.0 91.0
. ¥
4 s
0 72.65 342.00 17.92 86.83
o -
0 cv 66.65 157.60 12.66 95.42
a x 228.0 51.9 1365.0 72.5
R -
1 s 304.78 76.37 2011.2 6.20
0 o)
0 cv
0 133.68 147.15 147.34 8.55
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Table D-1 Schweyer Rheometer Apparent Viscosity,
6

n 10 "Pa-s, G-tube
. 0.05,
a. Measured Data
TRPO 27
153% 20% " T25g 303
A
R 330 130 110 84
4 .
0
0
0
59 520 780 130
A
R 9 260 100 39
1
0
0
0
87 52 79 100
b. Summary
TP027
15% 203 25% 30%
A _ )
R X 194.5 325.0 445.0 107.0
4 s
o 240.11 345.54 593.62 40.76
-0 —
0 ov 137.60 106.32 133.40 38.09
a x 48.0 156.0 89.5 69.5
R e ;
1 s 69.11 184.29 18.61 54.05
0 -
0 cv
0 143.98 118.13 20.79 77.77
ABPHALY TYPR (A}
PENCENT AVAREA {O)
AURSER TYPE M)
\—— v 1

08 yrarr 6% 8 7ma

|-numu-n[;-lnunnun-unnuun-n
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Table D-1 Schweyer Rheometer Apparent Viscosity,
6

n 10 "Pa-s, G-tube
0.05,
a. Measured Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
A
R 810 100 110 120
4
0
0
0
170 340 150 730
A
R 69 120 150 100
1
0
0
0 130 300 160 150
b. Summary
50% TP044 & 50% TPO27
15% 20% 253 303
g % 490.0 220.0 130.0 425.0
oo § ¥ =
4 s
o 567.04 212.64 35.44 540.46
o )
0 cv 115.72 96.65 27.26 127.17
A x 99.5 210.0 155.0 125.0
R et
1 s 54.05 159.48 8.86 44.30
0 -
0 ov :
0 54.27 75.94 5.72 35.44
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Table D-1 Schweyer Rheometer Apparent Viscosity,

106Paqs, G-tube

"o.05,
a. Measured Data
GT 274
15% 203 253 30%
A
? 140 34 34 27
0
0
0
120 21 49 17
A
R 30 35 16 21
1
0
0
4] .
60 42 91 20
b. Summary
GT274
153 - 20% 253 308
g b 130.0 1.27.5 41.5 22.0
e ¥
4 s 17.72 11.52
5 . . 13.29 8.86
0 -
0 cv 13.63 41.89 32.02 40,27
A pr 45.0 38.5 53.5 20.5
R e :
1 s 26.58 6.20 66.45 0.89
0 e
0 cv
0 59.07 16.10 124.21 4.34
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e ey C SIS pueerrra PP (1T L N
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Table D-1 Schweyer Rheometer Apparent Viscosity,
6

n 10 "Pa-s, G-tube
0.05,
a. Measured Data
U. S. Rubber Fine
15% 20% 25% 303
A
R 68 49 16 20
4
0
0
0 74 58 33 37
A
2 25 18 25 12
1
0
0
0 21 17 23 36
b. Summary
U. S. RUBBER FINE
15% 203 25% 30%
A _—
R x 71.0 53.5 24.5 28.5
. ]
4 s
0 5.32 7.97 15.06 15.06
0 -
0 cv 7.49 14.90 61.47 52.84
A % 23.0 17.5 24.0 24.0
1 s 3.54 0.89 1.77 21.26
0 .
0 o :
0 15.3) 5.09 7.38 88.58
ABPHALY Tree {A) :
PERCENT NURREA (Q)
AUBRERR TYRE(N)
wrous R T e
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Viscosity,

Table D-1 Schweyer Rheometer Apparent
6
n 10 "Pa-s, G-tube
0.05,
a. Measured Data
50% GT 274 & 50% U.S. Rubber Fine
15% 20% 25% 30%
A
R 37 47 23 20
4
0
0
0 220 20 80 13
A .
R 19 29 11 26
1
0
S
0 23 . 60 56 13
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
153% 208 25% 30%
g % 128.5 3.5 51.5 16.5
- )
4 s
5 162.14 23.92 50.50 6.20
o -
0 cv 126.18 71.40 98.06 37.58
A x 21.0 44.5 33.5 19.5
R ]
1 s 3.54 27.47 39.87 11.52
4] ]
o cv
0 16.86 61.73 119.01 59.08
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Table D-2 Schweyer Rheometer, Log Apparent
. 6
Viscosity, n 10 "Pa~s, G-tube
0.05,
a. Analyzed Data
TPO 44
153 203 253 308
A
R 2.17609 1.38021 2.11394 1.62325
4
0
0
0 1.83251 2.61278 2.17609 2.14613
g 1.74819 1.97772 3.39794 1.88081
1
[
0 R
0 2.60206 0.94448 2.36173 1.83885
b. Summary
TP0O44
15% 20% 25% 30%
g 2.00430 1.99650 2.14502 1.88469
g . 30441 y 1.09206 .05506 .46327
[¢]
0 15.19 54.70 2.57 24.58
A 2.17512 1.46110 2.87983 1.85983
R
1 .75653 .91545 .91808 .03718
0
0
0 34.78 62.65 31.88 2.00

ASPHALY TYPR tA)
PERCANT NUBDEA (0}
AuseEa TYreim)

EEESEY

Alcl Thade

rear .
| sox vearr t

5

nnunuulnnu

X0
598 8 e

ol T[]
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Table D-2 Schweyer Rheometer, Log Apparent
Viscosity, n lO6Pa“s, G-tube
0.05,

a. Analyzed Data

TPO 27
15% 20% - 25% 30%

% 2.51851 2.11394 2,04139 1.92428

4

0

0 .

0 1.77085 2.71600 2,89209 2.11394

A 0.95424 2.41497 "2.00000 1.59106

R

1

0

0 ) -

0 1.93952 1.71600 1.89763 2.00000

b. Summary
TP027
15% 20% 25% 30%

A —
R X 2.14468 2.41497 2.46674 2.01991
4 s Y
0 .66243 .53343 .75372 .16804
0 ] ;
0 CVE 30.89 22.09 “§ 30.56 8.32
A x 1.44688 2.06549 1.94881 1.79553
R Lo
1 S .87296 .61929 .09070 .26232
0. s
0 p ,
0 60.33 29.98 4.65 20.18

ANPNALY Tyou fa}
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nareizalzalre|sofes[eafralsolesfea
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Table D-2 Schweyer Rheometer, Log Apparent
6
Viscosity, n 10 "Pa-s, G-tube
0.05,
a. Analyzed Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
A -
1‘; 2.90849 2.00000 2.04139 2.07918
]
[
0 2.23045 2.53148 2.17609 2.86332
A 1.83885 2.07918 -2.17609 2.00000
R
1
0
[} . .
0 2.11394 2.47712 2.20412 2.17609
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% 30%
11; x 2.56947 R 2.26574 2.10874 2.47125
4 s :
0 .60074 .47089 .11934 .69475
P S
0 cvi 23.38 20.78 5.66 28.11
A x 1.97640 2.27815 2.19011 2.08805
I .
1 s .24373 . 35257 .02483 .15602
0 ——
0 v
0 12.33 15.48 1.13 7.47

ALPRALY TYoR tA)
PERCERT RUEASR {0}
AUBRIR TYFR(R)

[ eITTT

0% 1#0IT !

v arire
P
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Table D=2 Schweyer Rheometer, Log Apparent
. . 6
Viscosity, n 10" pPa~s, G-tube
0.05,
a. Analyzed Data
GT 274
15% 20% 25% 30%
g 2.14613 1.53148 1.53148 1.43136
4
0
0
0 2.07918 1.32221 1.69020 1.23045
A 1.47712 1.54407 1.20412 1.32222
R
1
0
0
0 1.77815 1.63325 1.95904 1.30103
b. Summary
GT274
15% 20% 25% 303
% X 2.11265 1142685 1.61084 1.33091
g s .05931 .18540 .14062 .17801
o I
0 cvif 2.81 12.99 8.73 13.38
'A x 1.62764 1.58366 1.58158 1.31162
Rl
1 5 .26671 .07015 .66886 .01877
0 . S
0 cv
0 16.39 4.43 42,29 1.43

aspraLY tYPEish

PARCERT AUSAER [O)
‘—-—nv-u- TreRiR)
WY Thoas W erTe
Troas rar ton trorr * orira Jus masmrue | 20000 Sy

unnmunumﬂnumnn-nunnnu-u-
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Table D-2 Schweyer Rheometer, Log Apparent
. . 6
Viscosity, n 10 Pa~s, G-tube
0.05,
a. Analyzed Data
U. S. Rubber Fine
15% 20% 25% 30%
A R
R 1.83251 1.65020 1.20412 1.30103
4
0
0
0 1.86923 1.76343 1.51851 1.56820
g 1.39794 1.25527 1.39794 1.07918
1
0
o . .
0 1.32222 1.23045 1.36173 1.55630
b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
A % 1.85087 1.72681 1.36132 1.43462
R {ERRL !
4 s .03254 .06488 .27855 .23671
0
RO .
0 v 1.76 3.76 20.46 16.50
a *f - 1.36008 1.24286 1.37983 1.31774
R [
1 s .06709 .02199 .03208 -42273
0 -
0 cv
0 4.93 1.77 2.33 32.08

ASPHALT TYeR(a)
FERCENT NUSDEN (G}

RUBSER YYPER(A}

[N

Tron 0% trosr

sa[n[safai{mfr)sofas|ae

VB Rottar #aa

werarere

wyare b

9 jsa el
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Table D-2 Schweyer Rheometer, Log Apparent
Viscosity, n 106Paws, G-tube
0.05,

a. Analyzed Data

50% GT 274 & 50% U.S. Rubber Fine
153 20% 25% 30%

g 1.56820 1.67210 1.36173 1.30103

4

0

0

0 2.34242 1.30103 1.90309 1.11394

A 1.27875 1.46240 1.04139 1.41497

R

1

0

0

0 1.36173 1.77815 1.74819 1.11394

b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 253 303
g X 1.95531 | 1.48656 1.63241 1.20749
g S .68596 .32877 .47965 .16576
o )
0 o] 35.08 22.12 23.38 13.73
g X 1.32024 1.62027 1.39479 1.26416
3 s .07352 .27976 .62622 - .26671
g ov
5.51 17.27 44.90 21.09

AGPNALY TYRR (A}

PEREIHT AUBSER (0}
V————llllll TYPR N}
Prrgrary 3
e troar toatrrr 8] orer Jusmmsans 2L R,

wltepalao| s fofseim]u]n|n 1| 50|18 ||

2
]
3
L3
3
2
3
3
3
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Table D-3 Anova Summary, Schweyer Rheometer,
Log Apparent Viscosity, G-tube

ANOVA
SOURCE af ss MS F F.05 F.01
5 9.3175265 1.8635 14.085 2.43 3.48
0 .7782100 .2594 1.960 2.82 4.28
A 1 .8279806 .8279 6.258 4.07 7.27
RQ 15 2.3895041 .1593 1.204 1.91 2.49
RA 5 .6361470 1272 .961 2.43 3.48
QA 3 .6889810 .2297 1.736 2.82 4.28
RQA 15 1.3670319 .09114 .689 1.91 2.49
Error 48 6.3507064 .1323064
TOTAL 95 22.3560875
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APPENDIX E

VISCOSITY (0 ) BY SCHWEYER RHEOMETER

0.05
AT 39.2F (4C), F-TUBE
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Table E-1 Schweyer Rheometer Apparent Viscosity,

106Pa?s, F-tube

No.05,
a. Measured Data
TPO 44
15% 203 253 30%
A 1300 290 3200 380
R
4
0
g 660 280 310 170
A 570 1500 910 150
R
1
0
0 490 420 510 870
0
b. Summary
TPO44
15% 203 253 303
N i —
A x| o980 285 17s5 275
4 s
: 567.04 8.86 2560. 54 186.06
: ..
0 cv 57.86 3.11 145.90 67.65
A X 530.0 960.0 710.0 510.0
R b
1 s 70.88 956.88 354.40 637.92
0
0 cv
0 13.37 99.68 49.92 125.08

ABPRALY TYPR(A)
PENCINT RVOOER ()

\——— RUSENR YYPu (A}

won Trous enarsre
.
Troe Treay sor tearr orn  ua mase i | 2R AT

SO i d Bl LR B EUIEE RTTECTETE 23 ER £ 2 FUY P Y O FOY I 1Y I Y IS ey

173



Viscosity,

Table E-1 Schweyer Rheometer Apparent
6
n 10 "Pa~s, F-tube
0.05,
a. Measured Data
TPO 27
15% 203 25% 30%
A 1300 170 310 8300
R
4
0
8 2200 510 950 1600
A 570 260 740 230
R
1
0
o .
0 740 250 480 250
b. Summary
TPO27
15% 208 25% 30%
g xf 1750 ., 340 630 4950
4 s
o 797.40 301.24 567.04 5936.20
0 ]
0 cv 45.51 88.60 90.01 19.92
A % 655.0 255.0 610.0 240.0
R e
1 s 150.62 8.86 230.36 17.72
0 fed
0 cv
0 23.00 3.47 37.76 7.38

AUPBALY YYog ia)
e PIGLEUT AUNOER {Q)

[ e i

- [
W[l |w e ]| | <Tw]oTn| T wT= [ w]a =

sx Treae ] tavarss
0% TrOI7 9% 8 ey

]

esesr | evesns
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Table E-1 Schweyer Rheometer Apparent Viscosity,
p

n 10 " pPa-s, F-tube
0.05, )
a. Measured Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
A
2 1800 400 880 100
4
0
0
0 1100 300 100 170
A 590 240 580
h 2300
1
0
0 .
0 1000 13000 280 2500
b. Summary
50% TP044 & 50% TP027
15% 20% 25% 30%
g x| 1450.0 , 350.0 490.0 135.0
3 s 620.2 88.60 691.08 62.02
- 0 .,
0 ov 42.77 25.31 141.04 45.94
g x 795.0 6620.0 430.0 2400.0
é s 363.26 11305.36 265.80 177.20
o ov
0 45,69 170.78 61.81 7.38

aerHaALY YYeu tA)
FIRCINT AuOBLA (B}
#uRBER TYesia)

on TPoes Iy
sov trarr 918 v

esecrs | sceans
|
1
1
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Table E-1 Schweyer Rheometer Apparent Viscosity,

106Pa—s, F=-tube

"o.05,
a. Measured Data
GT 274
15% 20% 25% 30%
g 2300 370 400 160
4
0
0
0 26000 2700 200 120
g 150 160 55 27
1
0
0 .
0 97 97 69 43
b. Summary
GT274
15% 20% 25% 30%
g x| 14150.0 , 1535.0 300.0 140.0
4 s 88
o 20998.20 2064.38 .6 35.44
0 e
¢ cv 148.40 134.49 29.50 25.31
A x 123.50 128.50 62.0 35.0
R e
1 s 46.96 55.82 12.40 14.18
0 -
o cv
0 38.02 43,44 20.00 40.51

AusnaLy vera ta)
PEACENY BVACER (B)
avasen Trraial

I 8av resas WueTete
» arste »
tre 3 S VS Rsdes Proa .ty

R
a
3
[
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Table E-1 Schweyer Rheometer Apparent Viscosity,

106Pa—s, F-tube

No.05,
a. Measured Data
U. S. Rubber Fine
15% 20% 253 30%
A
R 480 6700 150 86
4
0
0
0 160 2100 110 110
A
R 47 56 49 30
1
0
0
0 93 160 110 31
b. Summary
U. S. RUBBER FINE
153 20% 253 303
A % 320.0 4400.0 130.0 98.0
R g
g s 283.52 4075.60 35,44 21.26
- -
0 v 88.60 92.63 27.26 21.69
A prd 70.0 108.0 75.5 30.5
R -
1 s 40.76 92.14 54.05 || 0.89
0 -
0
p cv 58.23 85.31 71.59 2.92

anpuaLt vrrgisy
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Schweyer Rheometer Apparent Viscosity,

Table E-1
n 106Pars, F=tube
0.05,
a. Measured Data
50% GT 274 & 50% U.S. Rubber Fine
153 20% 25% 30%
A
R 420 660 200 120
4
0
0
Y 110000 340 99 200
A
R 220 99 59 48
1
0
0 .
0 130 86 84 46
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 303
A % 55210.0 500.0 149.5 160.0
R ¥
g S 1 97087.88 283.52 89.49 70.88
0 _—
0 ov ;
175.85 56.70 59.86 44.30
g x 175.0 92,5 71.5 47.0
g s 79.74 11.52 22.15 1.77
0 cv
Y 45.57 12.45 30.98 3.77

aeruaLt yroria)
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Ruasea ryeaia)
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Table E-2 Schweyer Rheometer, Log Log Apparent
. . 6
Viscosity, n 10 "pPa-s, F-tube
0.05,
a. Analyzed Data
TPO 44
153 20% 25% 30%
g .49331 .39136 .54471 .41158
4
o]
-0
0 .45018 .38866 .39644 .34839
A .44026 .50189 .47115 . 33768
R
1
0
[¢] .
0 .42978 .41884 .43258 .46828
b. Summary
TP044
15% 20% 25% 30%
g x .47174 .39001 .47057 . 37999
4 s .
0 . 03821 .00239 .13137 .00560
0
0 cv 8.10 0.61 27.92 14.73
A x .43502 .46037 .45187 .40298
R L]
1 s . 00928 .07359 .03417 .11571
0 —
0 v R
0 2.13 15.98 7.56 28.71
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Table E-2 Schweyer Rheometer, Log Log Apparent
. . 6
Viscosity, Ng.05 10 "Pa—-s, F-tube
'0.05,
a. Analyzed Data
TP0 27
15% 20% 25% "30%
A
R .49331 234839 .39644 .59318
4
0
0
0 .52406 .43258 .47388 .50571
: .44026 .38291 .45777 .37323
1
0
0 .
0 .45777 .37984 .42834 .37984
b. Summary
TP027
15% 20% 25% 30%
A -
R % .50869 .39049 .43516 .54945
4 s
0 . 02725 .07459 . 06862 .07750
0 )
0 cv| s5.36 19.10 15.77 14.11
A x .44901 .38138 .44305 .37653
R e
1 s . 01551 . 00272 .02607 .00586
N .
I
0 3.45 0.71 5.89 1.55
AgPRALY TYPE (A)
rv(acl-v RUAGEN (8)
ausatk TyrRint »
\ =

winixlafrofw{ninie|n|n]u|n|n|winlw|nln

o Sl

PUSIRN oy
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t
1
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Table E-2 Schweyer Rheometer, Log Log Apparent
106Pa—s, F-tube

Viscosit
Yr Ng.05,
a. Analyzed Data
503 TPO 44 & 50% TPO 27
15% 20% 25% 303
A .51259 41532 .46901 .30103
4
.0
0
0 .48307 .39395 .30103 .34839
A . 44261 .37662 . 44145 .52656
R
1
0
8 .47712 .61426 .38866 .53122
b. Summary
50% TP044 & 50% TPO27
153 20% 25% 30%
g % .49783 .40463 .38502 .32471
4 s 0261 .
5 . 5 .01893 .14883 .04196
0 v
0 cvl .25 4.68 38.66 12.92
g x .45987 .49544 .41506 .52889
-
1 s 0 )
o .03057 .21055 .04677 .00412
8 cv
' 6.65 42.50 11.27 0.78
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Table E-2 Schweyer Rheometer, Log Log Apparent
. 6
Viscosity, Ng.05 10 "Pa~s, F-tube
° 14
a. Analyzed Data
GT 274
15% 203 25 308
A .52656 .40963 .41532 .34324
R
4
0
0
0 .
.64493 .53547 .51865 .31789
A
R .33768 .34324 .24064 .15575
1
0
0
0 .29815 .29815 .26455 .21311
b. Summary
GT274
153 20% 253 30%
A % . . 58575 .47255° 46698 . 33056
R
4 S .
0 .10487 3y .11149 . 08155 . 02245
o
0 cvi 17.90 23.59 19.61 6.79
2 x .31791 .32069 .25259 .18443
% s . 03502 . 03995 . 02118 .05082
.
. cv
0 12.02 12.46 8.39 27.56
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Table E-2 Schweyer Rheometer, Log Log Apparent
. . 6
Viscosity, n 10 "Pa~s, F-tube
0.05,
a. Analyzed Data
U. S. Rubber Fine
15% 20% 258 30%
A
R .42824 .58275 .33768 .28657
4
0
0
0 .34324 .52143 .30993 .30993
ﬁ . 22326 .24259 .22794 .16942
1
0
0
0 .29413 .34324 .30993 .17358
b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
R ~ .
R X .38579 [+ .55209 .32380 .29825
4 s
0 .07540 .05433 .02459 .02070
0 e
0
vl 19.54 9.84 7.59 6.94
ﬁ x .25870 .29291 .26893 .17150
é s . 06279 .08917 .07264 . 00369
0 cv
Y 24,27 30.44 27.01 2.15
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Log Log Apparent
F-tube

Table E-2 Schweyer Rheometer,
: . 6
Viscosity, n 10 pPa-s,
0.05,
a. Analyzed Data
50% GT 274 & 50% U.S. Rubber Fine
153 20% 25% 303
2 .41884 .45018 .36192 .31789
4
o]
0
0 .70255 .40337 .30008 .36192
A
3 .36967 .30008 .24818 .22563
0
0
0 .32509 .28657 .28427 .22083
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
153 20% 25% 30%
A -—
R x .56070 .42678 .33100 .33991
R Ry
4 s
0 .25137 L 04147 .05479 .03901
o - .
0
cvi 44.83 9.72 16.55 11.48
A x .34738 .29332 .26623 .22323
R B
é s .03949 . 01197 . 03197 .00425
: ov
11.37 4.08 12.01 1.91
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Table E-3 Anova Summary, Schweyer Rheometer,
: Log Log Apparent Viscosity, F-tube
ANOVA
SOURCE af ss Ms F F.05 F.0l
R .2273379 . 0455 12.710 2.43 3.48
Q .1251344 L0417 11.660 2.82 4.28
A .1327817 .13278 37.116 4.07 7.27
RQ 15 .1468480 .0098 2.737 1.91 2.49
RA 5 .2044303 .04089 11.429 2.43 3.48
QA 3 .0200466 .00668 1.868 2.82 4.28
RQA 15 .0814745 .00543 1.518 1.91 2.49
Error 48 .1717174 .0035774
TOTAL 95 1.1097708
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APPENDIX F
FORCE-DUCTILITY LOAD AT

FAILURE AT 39.2F (4C)
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Table F-1 Load at Failure, pounds

a. Measured Data

TPO 44
15% 20% 253 30%
19.19 23.04 23.71 23.12
g 18.90 21.62 23.47 25,38
4 18.33 18.79 21.29 25.65
g 15.56 21.64 23.20 24.87
o 18.71 20.89 22.13 28.18
18,82 19.89 18.87 27.61
6.07 9.27 17.18 22.23
A 8.09 13.28 18.68 20.65
5 8.03 10.12 20.24 17.82
2 8.33 13.79 16.21 17.66
0 7.20 12.74 16.37 17.07
7.71 12.10 14,19 16.56
b. Summary
TP044
15% © 20% 25% 30%
A X
R | *8  18.25 20.98 22.11 25.80
4 s
0 1.348 1.489 1.831 1.854
0
0
ov 7.39 7.10 8.28 7.19
g x 7.57 11.88 17.15 18.67
é s .833 1.806 2.104 2.252
0 -
0 cv
11.00 15.20 12.27 12.06

AOGPRALY TYPE(a)

PEACERT Avesea (a)
Y— Avezan Tveein)
o8 Traia wreTIn
Thoes Trear Son tranr ] 01 [uamasara [ SR 0TIN,

SR ERES RN EA R EL) RUTECTETE ER DO P YR RS PHIETE P0) PP P

000an | coasar |




Table F-1

Load at Failure,

pounds

a. Measured Data
TPO 27

15% 208 253 30%

15.30 18.95 28.58 23.44

a 15.81 18.95 25,03 23.17

? 14.73 17.10 30.97 24.06

g 21.48 19.45 22.34 21.78

0 16.02 19.11 21.70 20.08

10,94 18.82 19.33 29.81

4.75 10.43 13.25 18.50

A 4.97 9.54 12.55 17.34

R

1 4.54 9.24 12.44 17.61

g .4.92 10.99 20.35 16.51

0 4.89 11.58 14.30 16.69

4.51 10.11 13.84 16.08

b. Summary
TP027

15% 20% 253 30%

2 2f 15.71 18.73 24.66 22.06
‘mmm—

g St 3,385 .829 4.424 1.800
o -

0 ov] 21.54 4.43 17.94 8.16

A x 4.76 10.32 14.46 17.12
R fd

3 s .199 .880 2.976 .875
0 cv

0 4.17 8.53 20.59 5.11

witjn

»

ABPHALY TYPR(A)
PANCENT puCEIR (G}

earr

R{Eif"u""um

[

rnre b
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Table F-1

Load at Failure,

pounds

a. Measured Data
50% TPO 44 & 50% TPO 27
153 208 253 303
23.26 30.41 28.82 34.71
A 25,49 28.66 30.33 35.65
R .
4 24.44 27.18 30.03 35,22
g 22.61 24.25 30.52 37.86
0 22.53 25.30 32.80 38.53
22.39 25,43 34,07 41,95
. 10.11 14.95 21.32 29.14
g 10.45 15.56 22.48 30.54
1 10,02 15.59 23.07 28 60
8 9.67 15.89 23.15 28.07
I 9.81 15.91 23.44 29,47
8.01 17.04 23,26 32.08
b. Summary
50% TP044 & 503 TP027
'15% 20% 253 30%
N .
R x 23.46 26.87 31.10 37.32
4 s
- 1.261 2.334 1.949 2.728
R 0 J—
0 cv 5.38 8.69 6.27 7.31
g x 9.68 15.82 22.79 29.67
-
é s .860 690 .789 1.443
0 cv
-0 8.89 4.36 3.146 4.86

3oU 1e0et
0% 13y

By
tormru b

ninjnie

so|sofeminm

eco-un | cocans
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Table F-1

Load at Failure,

a. Measured Data

pounds

GT 274
15% 20% 25% 303
14.97 18.1 18.17 15.62
g 15.46 18.98 18.93 13.47
4 17.31 19.0 19.22 16.02
S 13.55 19.95 19.30 15.40
0 14.03 19.41 19.41 13.25
14,03 18.25 18.98 13.09
8.3 11.1 12.66 10.27
g 7.8 10.6 12.58 9.99
1 7.34 10.8 13.90 10.83
g 9.06 10.0 13.7 10.78
0 8.28 10.27 14.0 10.72
g, 49 10,94 12.7 10.94
b. Summary
GT274
153 20% 253 30%
A -
R x? 14.89 18.95 19.00 14.48
4 s .
0 1.376 .697 . 447 1.340
0 ]
0
cv 9.24 3.68 2.35 9.26
2 x 8.21 10.62 13.26 10.59
é s .590 .418 .676 .373
0 ov .
0 7.18 3.93 5.10 3.52

AtpuaLT Trruta)

sancant aussen (8}
\———-nvnu Terging
oV Thoee o
I [
e err ox vrorr arsre Jus (2% Bodpaiin

Y B R B T
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Table F-1

Load at Failure,

pounds

a. Measured Data

U. 5. Rubber Fine

15% 20% 25% 308
17.93 21.40 13.95 17.80
A 18.41 21,94 13.84 17.58
ﬁ 19.38 22.83 14.65 18.28
g 19.65 16.72 16.75 18.52
0 19.30 17.37 16.18 18.66
19.8] 20.49 16.08 18.85
10.97 14.68- 18.60 13.22
g 11.37 14.46 15.05 13.95
1 11,34 15,27 15,25 12.47
g 10.37 15.11 16.02 12.39
0 10.45 15.16 15.46 12.23
10.32 15.40 15.32 11.34
b. Summary
U. S. RUBBER FINE
15% 203 25% 308
A -
R X 19.08 20.13 15.24 18.28
4 s
0 .744 .2512 1.252 .500
0 [
0 ov 3.90 12.48 8.22 2.73
g x 10.80 15.01 15.95 12.60
1 s
o ] 486 .364 1.339 .894
.
4.50 2.43 8.39 7.09

I
saxnrms b
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Table P-1

Load at Failure,

pounds

a. Measured Data
50% GT 274 & 50% U.S. Rubber Pine
15% 20% 253 308
18.90 23.23 12.42 12.23
A 17.53 23.71 14.95 13.47
i 17.64 23.36 14.11 14.22
g 18.39 18.93 13.84 19.09
0 20.03 19.68 15.38 18.01
18,60 18.07 14.19 16.61
9.06 10.91 14.35 12.15
A 8.87 10.03 13.33 12.18
? 8.65 10.51 14.11 11.91
0 6.13 12.77 12.74 12.39
8 6.48 12.53 13.06 10.94
6.15 13.12 12.77 9.00
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 253% 308
g ¥l 18.52 21.16 14.15 .15.61
) - ki tali
g s .906 2.543 1.024 2.713
o -
0
ov 4.89 12.02 7.24 17.39
2 x 7.56 11.65 13.39 11.43
é st 1.439 1.316 .6869 1.294
0 o
Y 19.04 11.30 5.13 11.33

ASPHALY TYRR tA)

PERCENT RUEDER {9}
\-—-lvllll TYra LA}
Fav Trods
Teoas rosr joddaeiiy

R Ere

WSV

.
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Table F-2

Load at Failure,

pounds

a. Analyzed Data
TPO 44
15% 20% 25% 303
A
R 18.807 21.150 22.823 24.717
4
0
0
0 17.697 20.807 21.400 26.887
A
R 7.397 10.890 18.700 20.233
1
0
0
0
7.747 12.877 15.590 17.097
b. Summary
TPO44
15% 20% 25% 30%
A -
R x 18.252 20.979 22.112 25.802
g s .983 .304 1.261 1.923
- _—
0
v 5.39 1.45 5.70 7.45
g x 7.572 11.884 17.145 18.665
1 s
o 310 1.760 2.755 2.778
0
0 v 4.10 14.81 16.07 14.89
ABPRALY TYPE (A}
PENCERT RUSSEA (O
\——— AVORER TYPERIR)

von

*0% yroed
0% reon ® arare

soretie
[T

0

| n

BRI ETR ] EF PR E

of|mlelisjsn]|wieisin
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Table F-2 Load at Failure, pounds
a. Analyzed Data
TPO 27
158 203 25% 308
A
R 15.280 18.333 28.193 23.557
4
0
0
0 16.147 19.130 21.123 20.557
A
R 4.753 9.737 12.747 17.817
1
0
0
0 .
4.773 10.893 16.163 16.427
b. Summary
TP027
15% 20% 253 308
Q X 15.714 18.732 24.658 22.057
4 s
0 .768 .7061 6.264 2.658
0 e
0 ov 4.89 3.77 25.40 12.05
2 x 4.763 10.315 14.455 17.122
3 s 018 1.024 3.027 1.231
g cv
.37 9.93 20.94 7.19

ASPHALY TYRL(R)
PERCENTY AVAREA (0}

Treain)

o8 Trass

trorr 5O% TPORT

sonarire
ey

wire|mfe
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Table F-2 Load at Failure, pounds
a. Analyzed Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 308
A
i 24.413 28.750 29.727 35.193
0
0
0
22.510 24.993 32.463 39.447
A
R 10.193 15.367 22.290 29.457
1
0
0
0 9.163 16.280 23.283 29.873
b. Summary
50% TPO44 & 50% TPO27
15% 20% 253 30%
g x 23.462 26.872 31.095 37.320
4 s
0 1.686 3.329 2.424 3.769
0 _—
0
cv 7.19 12.39 7.80 10.10
g x 9.678 15.824 22.787 29.665
é s 913 .809 .880 .369
0 cv
0 9.43 5.11 3.86 1.24
ARPHALY YYpRiA)
f———— FEACERT AUSORR (G}
‘-—IUIIII TYrRin)
THO4a hio il fox 1roas arre U R Adsdor Pras s otere

sov troar *

oy are.

w]|se]ts]m

ﬂwumunnlﬂqunx‘\lnnnunuw
b

000w | moonde
|
i
[
|
|
}
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Table F-2

Load at Failure,

pounds

a. Analyzed Data
GT 274
15% 208 25% 30%
A .
R 15.913 18.693 18.773 15.037
4
0
0
0 13.870 19.203 19.230 13.913
A
R 7.813 10.833 13.047 10.363
1
0
0 .
0
8.610 10.403 13.467 10.813
b. Summary
GT274
153 20% 25% 30%
Q % 14.892 18.948 19.002 14.475
4 s
0 1.81 .452 .405 .996
0 ===
0 cv 12.16 2.38 2.13 6.88
A x 8.212 10.618 13.257 10.588
R [l
é s .706 381 .372 .399
0 cv
0 8.60 3.59 2.81 3.77
AGPUALY TYPE EA)
T PERCENT NUBOEN (G}
‘-——lullll TYraia) L
1 19 1O o i £ PP P s P e P 1 1 P

[Ty pre—y
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Table FP-2

Load at Failure, pounds

a. #nalyzed Data

U. S. Rubber Fine

15% 203 253 30%
A
‘R 18.573 22.057 14.147 17.887
4
0
0
0
19.587 18.193 16.337 18.677
A
? 11.227 14.803 16.300 13.213
0
0
0 A
10.380 15.223 15.600 11.987
b. Summary
U. &. RUBBER FINE
15% 20% 253 30%
a _
2 % 19.080 20.125 15.242 18.282
g s .898 3.424 1.940 .700
o
0
cv 4.71 17.01 12.73 3.83
A x 10.804 15.013 15.950 12.600
é s .750 .372 .620 1.086
0 cv
0 6.95 2.48 3.89 8.62

AUPNALY TYREiA)
PEACENT AUERER {G)

K{:::w"""um
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Table FP=2 Load at Failure, pounds
a. Analyzed Data
50% GT 274 & 50% U.S. Rubber Fine
15% 20% 253 30%

A

? 18.040 23.433 13.827 13.307

0

0

0

19.007 18.893 14.470 17.903

A

? 8.860 10.483 13.930 12.080

0

0

0 : :

6.253 12.807 12.857 10.957
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
153 20% 258 30%
A —~
R x 18.524 21.163 14.149 15.605
4 s .
0 .857 4.022 .570 4.07
0 _—
0 cv 4.63 19.01 4.03 26.09
g x 7.557 11.645 13.394 11.519
g s 2.310 2.059 .951 . .995
0
cv

0 30.57 17.68 7.10 8.64

ASPHALY TYRE 14)
¥ RvasER (6}
vreginr

350 roes
| BT o
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Table F-3 Anova Summary, Load at Failure

Avova
SOURCE df s8s MS F F.05 F.01
R 5 1267.15740 253.43148 101.30 2.43 3.48
o 3 559.13589 186.37863 74.50 2.82 4.27
A 1 1278.92350 1278.92350 511.24 4.069 7.27
RQ }5 616.58407 41.10560 16.43 1.90 2.49
RA S 81.50148 16.30029 6.51 2.43 3.48
QA 3 112.62153 37.54051 15.00 2.82 4.27
RQA 15 72.20719 4.81381 "1.92 1.90 2.49
Error 48 120.07600 2.50158
TOTAL 95 4108.20708
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APPENDIX G
FORCE DUCTILITY ELONGATION AT

FAILURE AT 39.2F(4Q)
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Table G-1 Elongation at Failure, mm

a. Measured Data

TPO 44
15% 20% 25% 30%
225 201 178 155
A 212 193 . 203 171
§ 230 205 175 181
8 208 202 174 125
o 217 189 192 192
205 210 244 192
307 253 181 185
A 347 235 183 187
3 271 240 184 177
g 253 280 189 167
0 242 209 202 179
232 239 174 177
b. Summary
TP044
15% 20% 253 308
A = -
R x 216 200 194 169
4 s
0 9.8 7.7 26.8 25.8
0
0
vl 4.52 3.87 13.81 15.25
A x 275 243 186 ‘ 179
R _——
3 s 43.9 23.3 9.4 7.1
0
0 cv
15.95 9.60 5.09 3.97

won Teoea wLeTITe
50y trorr R E e

vlwore|30{rmjso|saise] e rel2o]|]ra}sasajre]

cooeas | BooamE
|
1
|
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Table G-1 Elongation at Failure, mm

a. Measured Data

TPO 27
159 20% 259 30%
380 319 324 311
A 374 321 289 313
? 360° 320 267 359
0 326 319 321 296
g 327 309 272 296
363 314 237 288
471 410 255 331
A 463 455 259 337
? 466 459 317 325
0 461 381 300 295
8 534 374 329 303
474 408 328 352
b. Summary
TPO27
15% 20% 253% 30%
A _ ,
2 % 355 317 285 311
4 s 2
o 3.2 4.6 33.5 25.6
o -
0 i 6.55 1.45 11.7 8.26
g _f- 478 415 298 324
é s 27.8 35.9 33 21.4
g cv
5.81 8.66 11.23 6.60

HT RUBEER (@)
® tyruin)

CIRIIN serarITe
L} sox rearr 0. b

wisolasisol teleo|ansof oo ss|so|a|re|esfsefin|sofss]ss
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Table G-1 Elongation at Failure, mm
a. Measured Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
225 226 211 245
. g 259 247 220 236
4 249 233 235 222
8 246 222 203 244
0 267 244 213 239
292 209 242 256
310 287 234 208
A 279 294 248 261
? 341 281 275 210
g 319 246 268 169
0 331 279 228 210
335 274 252 183
b. Summary
50% TP044 & 50% TP027
15% 20% 25% 308
A —
R _:‘_ 256 230 221 240
4 s
0 22.5 14.2 15.0 11.3
o g
0
ol 8.78 6.19 6.79 4.70
g x 319 277 251 208
é s 22.6 16.6 18.4 31.9
g ov
7.10 6.00 7.34 15.30

ARPUHALY TYPR (A}
PERCANT AURSER 10)
AUBGER TYPELAL

3o% P04
104 Tr037
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EIXNED
ey 8 re,

B

ece—an | eoarzw
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Table G-1 Elongation at Failure, mm

a. Measured Data

GT 274
153 20% 253 308
369 387 358 413
a 352 378 351 398
§ 399 388 376 389
g 416 357 367 401
0 405 392 397 410
384 412 346 357
446 499 451 372
A 557 452 421 426
? 511 462 445 411
g 493 409 425 423
0 477 394 406 417
472 463 406 380
b. Summary
GT274
15% 20% 25% 308
2 % 388 386 366 395
SSEREER ¥
é s 23.9 18.0 18.7 20.4
o i
0 ol 6.18 4.67 5.12 5.16
ﬁ x 493 447 426 408
1 s
o L] 383 38.6 19.0 25.5
3 ov
7.77 8.65 4.47 6.24

Aspuacy Tregia)

PYACEnT nysua tO)

\—-— AUSEER TYPEIRY
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Table G-1 Elongation at Failure, mm

a. Measured Data

U. S. Rubber Fine
15% 20% 253 30%
284 338 422 272
A 293 335 355 327
ﬁ 371 324 412 304
g 365 257 374 379
0 347 279 388 321
374 325 380 353
426 403 357 415
a 421 407 341 371
? 406 421 308 368
g 397 378 358 378
0 371 347 359 476
395 420 360 428
b. Summary
U. S. RUBBER FINE
15% 20% 25% 308
A % 339 310 389
R X 326
s
4 s
0 40.3 33.5 . 24.8 37.3
0 -
0 ol 11.89 10.81 6.39 11.45
Q x 403 396 347 406
1 s
o 19.9 28.6 20.4 42.2
0 .
0 Y 4.95 7.23 5.89 10.40

ASPHALY TYRQ A}
PERCENT AUBEEA (0}
AvERER TYPE (R}
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Table G-1 Elongation at Failure, mm

a. Measured Data

50% GT 274 & 50% U.S. Rubber Fine
15% 20% 25% 30%
355 365 345 247
g 390 359 308 260
4 351 316 302 356
g 371 283 262 311
0 330 330 333 269
409 311 308 280
442 348 397 317
A 451 410 411 254
R
1 479 302 375 340
g 701 437 312 288
0 548 415 291 237
599 351 362 251
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 30%
A —_—
r x 368 327 310 287
4 s
0 28.5 30.9 . 28.7 40.1
0 ]
0 ol 7.77 9.46 9.28 13.96
N -
R * 537 377 358 281
é SE 100.6 51.5 47.4 40.9
0 cv
0 18.75 13.66 13.24 14.57
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Table G-2 Elongation at Failure, mm

a. Reduced Data

TPO 44
158 20% 253% 303
A
5 222.3 199.7 185.3 169.0
()}
0
0
210.0 200.3 203.3 169.7
A
R 308.3 242.7 182.7 183.0
1
0
0
0 242.3 242.7 188.3 174.3
b. Summary
TE044
15% 20% 25% 30%
A -
R x 216.2 200.0 194.3 169.4
—
4 s
o 10,898 .532 15.948 .620
0 R
o
cv 5.04 .27 8.21 .37
A x 275.3 242.7 185.5 178.7
1 s 58.476 0 4.962 7.708
0 S—
¢ cv
0 21.24 0 2.67 4.31
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Table G-2 Elongation at Failure, mm

a. Reduced Data

i TPO 27
15% 20% 25% 30%
A .
§ 371.3 320.0 293.3 327.7
0
0
0
338.7 314.0 276.7 293.3
A
i 466.7 441.3 277.0 331.0
0
0 .
0
489.7 387.7 319.0 316.7
b. Summary
TP027
15% 20% 25% 30%
A -
R X 355.0 - 317.0 285.0 310.5
4 s : '
0 28.884 5.316 14.708 30.478
b )
0 ov 8.14 1.68 5.16 9.82
g X 478.2 414.5 298.0 323.9
é sl 20.378 47.490 37.21 12.670
o ] .
0 4.26 11.46 12,49 3.91
ABPHALY TYPEIA)
PENCENT RUBATA (0)
T———lnllll Trepiay
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Table G-2 Elongation at Failure, mm
a. Reduced Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
A
R 244.3 235.3 222.0 234.3
4
0
0
0 268.3 225.0 219.3 246.3
A
? 310.0 287.3 252.3 229.3
0
0 .
0 328.3 266.3 249.3 187.3
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% 30%
A .
R | x| _256.3 230.2 220.7 240.3
4
o 21.264 9.126 2.392 10.632
o -
0 v 8.30 3.97 1.08 4.42
g 319.2 276.8 250.8 208.3
é 16.214 18.606 2.658 37.212
0 -
cv
0 5,08 6.72 i.06 17.86
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Elongation at Failure, mm

Table G=2
a. Reduced Data
GT 274
15% 20% 25% 303
A
§ 373.3 384.3 361.7 400.0
0
0
0
401.7 387.0 370.0 389.3
A
? 504.7 471.0 439.0 409.7
0
0
0
480.7 422.0 412.3 406.7
b. Summary
GT274
153 20% 25% 30%
A -
R x 387.5 385.7 365.9 394.7
4 s
0 25.162 2.392 7.354 9.480
0 -
0 ov 6.49 .62 2.01 2.40
% x 492.7 446.5 425.7 408.2
1 s]| 21.264 43.41 23.65 2.658
0 —
0 cv
0 4.32 9.72 5.56 .65

AUrnaLY Yepeial

(em—a—— PARCERT AURSEA (€}

\———— RUBRER TYPE(R)

troes

ol fmininele|n]n

(XU
218

oooans | cocems
]
f

230




Table G-2 Elongation at Failure, mm.
a. Reduced Data
U. S. Rubber Fine
15% 20% 253 30%
A
& 316.0 332.3 396.3 301.0
0
0
0
362.0 287.0 380.7 351.0
A
R 417.7 410.3 335.3 384.7
1
4]
4]
0 387.7 381.7 359.0 427.3
b. Summary
U. S; RUBBER FINE
15% 20% 25% 30%
A - . .
R x 339.0 309.7 388.5 ° 326 .0
4 s
0 40.756 40.13¢ 13.822 44.300
0 PR
0
cv 12.02 12.96 3.56 13.59
Q x 402.7 396.0 347.2 406.0
3 sl 26.580 25.340 20.998 37.744
g ov
6.600 6.40 6.05 9.30

sepnact Yesuca)
rencent nuanza to)
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0880 &
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Table G=2 Elongation at Failure, mm
a. Reduced Data
50% GT 274 & 50% U.S. Rubber Fine
153 20% 25% 308
A
}42 365.3 346.7 318.3 287.7
0
0
0
370.0 308.0 301.0 286.7
A
? 457.3 353.3 394.3 303.7
0
0
0 .
616.0 401.0 321.7 258.7
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 30%
A —
R x 367.7 327.4 309.7 287.2
4 s
0 4.164 34.288 15.328 .886
0 _—
0 .
cv 1.13 10.47 4.95 .31
a x 536.7 377.2 358.0 281.2
é s | 140.608 42.262 64.324 39.870
0 cv
o 26.20 11.21 17.97 14.18
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Table G-3

Log Elongatibn at Failure, mm

a. Analyzed Data
TPO 44
15% 20% 25% 30%
a
? 2.347 2.300 2.268 2.228
0
0
0
2.322 2.308 2.308 2.230
A
? 2.489 2.385 2.262 2.262
0
0
0
2.384 2.385 2.275 2.241
b. Summary
TPO44
158 20% 25% 30%
A -
R X 2.33 2.30 2.29 2.23
4 s
o .022 007 .035 .002
0 == :
0 cv .95 .31 1.55 .08
A x 2.44 2.39 2.27 2.25
R S—
1 s .093 0 . 012 .002
0 ..
.0 o
0 3.82 0 .51 .83
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Table G-3 Log Elongation at Failure, mm

a. Analyzed Data

TPO 27
158 20% 258 308
A
f 2.570 2.505 2.467 2.515
0
0
0
2.530 2.497 2.442 2.467
A
fl‘ 2.669 2.645 2.442 2.520
0
Q
0
2,690 2.588 2.504 2.501
b. Summary
TP027
15% 20% 253 30%
A _ .
R P 2.55 2.50 2.45 2.49
R
4 s
0 .035 007 .022 .043
0 P
0 cv 1.39 .28 .90 1.71
A x 2.68 2.62 2.47 2,51
R L]
1 s .019 .051 -, 055 .017
0 -
0 cv
0 .69 1.93 2.22 .67
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Table G-3 Log -Elongation at Failure, mm

a. Analyzed Data

50% TPO 44 & 50% TPO 27
15% 20% 253 303
A
? 2.388 2.372 2.346 2.370
0
0
0
2.429 2.352 2.341 2.391
A
? 2.491 2.458 2.402 2.360
0
0
0
2.516 2.425 2.397 2.273
b. Summary
50% TP044 & 50% TP027
158 20% 25% 30%
A -—
R x 2.41 2.36 2,34 2.38
4 s
0 .036 .018 . 004 .019
o .
0
cv 1.51 .75 .19 .78
2 X 2.50 2.44 2.40 2.32
3 s .022 .029 . 004 .077
0 cv
0 .88 1.20 .18 3.33
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Table G-3 Log Elongation at Failure, mm

a. Analyzed Data

GT 274
15% 20% 25% 303
A
R 2.572 2.585 2.588 2.602
4
0
0
0
2.604 2.588 2.568 2.590
A
? 2.703 2.673 2.642 2.612
0
0
0
2.682 2.625 2.615 2.609
b. Summary
GT274
15% 20% 25% 30%
A —
R x 2.59 2.59 2.58 2.60
4 ‘s -
0 .028 .003 .0l18 .011
0 )
0 .
cv 1.10 .10 .69 .41
2 x 2.69 2.65 2.63 2.61
)
g s .019 . 043 .024 .003
R
0
cv
0 .69 1.61 .91 .10
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Log Elongation at Failure, mm

Table G-3
a. Analyzed Data
U. S. Rubber Fine
153 20% 25% 30%
A
R 2.500 2.522 2.567 2.479
4
0
0
0 2.559 2.458 2.581 2.545
A
R 2.620 2.613 2.525 2.585
1 P
0
0 .
0 2.582 2.582 2.55% 2.631
b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
A -—
R % 2.53 2.49 2.57 2.51
4 s
0 .052 .057 .012 .058
0 R
0 v 2.07 2.28 .48 2.33
A x 2.60 2.60 2.54 2.61
R )
1 s .034 .027 .027 . 041
0 -
0 cv
0 1.29 1.06 1.05 1.56
AIPAALY TrpR iA)
PENCERT muBasA (G)
AVSCAR TYRE(R)
R IS R frevem e
8 g o4 8 Y o O o ey o g v B 1 o P
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Table G-3 Log Elongation at Failure, mm

a. Analyzed Data

50% GT 274 & 50% U.S. Rubber Fine
158 208 25% 308
A
§ 2.563 2.540 2.503 2,459
5 .
0
0
2.568 2.489 2.479 2.457
A
R 2.660 2.548 2.596 2.482
1
0
O .
0 2.790 2.603 2.507 2.413
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 30%
A -
R % 2.57 2.51 2.49 2.46
g S .004 .045 .021 .002
0 -
0 ov .17 1.80 .85 .072
A X 2.73 2.58 2.55 2.45
R SRR
g s 115 .049 .079 .061
0 cv
0 4.23 1.89 3.09 2.50
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Table G-4

Anova Summary,

at Failure, mm

Log Elongation

ANOVA
SOURCE af ss MS F F.05 F.01
R 1.0501501396} .21003002792 ] 210.36 2.43 3.48
Q .1436355708| .0478785236 47.96 2.82 4.28
A .0802915833| .0802915833 80.42 4.07 7.27
RQ 15 .0674333594| .00449555729 4.50 1.91 2.49
RA 5 .0025956817) .00051913634 .52 2.43 3.48
QA 3 .0413423009( .0137807669 13.80 2.82 4.28
RQA 15 .0291211961 .00194141307 1.94 1.91 2.49
Error a8 .0479234501| .00099840521
TOTAL 95 |1.4624932819
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APPENDIX H
FORCE~DUCTILITY ENGINEERING

STRESS AT FAILURE AT 39.2F (4C)
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Table H-1 Engineering Stress at Failure, psi

a. Measured Data

TPO 44
15% 20% 25% 308
120.0 144.0 148.2 144.5
g 118.1 135.1 146.7 158.6
4 114.6 117.4 | 133.1 160.3
g 97.3 135.3 145.0 155.4
0 116.9 130.6 138.3 176.1
117.6 124.3 118.0 172.6
52.1 57.9 107.4 139.0
g 45.0 83.0 116.8 129.0
1 48,2 63.2 126,5 111.4
8 37.9 86.2 101.3 110.4
0 50.6 79.6 102.3 106.7
50.2 75.6 88.7 103.5
b. Summary
Pp044
15% 20% 25% 308
2 xl 114.08 131.12 138.22 161.25
g s 8.407 9.1319 11.424 11.594
0 -
0 cv 7.37 7.11 8.27 7.19
A X 47.33 74.25 107.17 116.67
R e
. .076
é s - 11.307 13.159 14.07
0
0 Y 11.05 15.23 12.28 12.06
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Table H-1

Engineering Stress at Failure, psi

a. Measured Data
TPO 27
153 20% 253 303
95.6 118.5 178.6 146.5
A 98.8 118.5 156.4 144.8
i 92.1 106.9 193.6 150.4
g 134.3 121.6 139.6 136.1
0 100.1 119.5 135.6 125.5
68,4 117,6 120.8 123.8
27.9 65.2 82.8 115.6
A 31.1 59.6 78.5 108.4
X 28.4 57.8 77.8 110.1
0 30.7 68.7 127.3 103.2
9 30.6 72.4 89.4 104.3
28.2 63.2 86.5 100.5
b. Summary
TP027
15% 20% 255 30%
A —_
R % 98.22 117.10 154.10 137.85
4 s
0 21.162 5.181 27.667 11.257
A -
0
vl  21.55 4.43 17.95 8.17
A X 29.48 64.48 90.37 107.02
é s 1.461 5.498 18.593 5.468
0
cv
0 4.95 8.53 20.58 5.11
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Table H-1 Engineering Stress at Failure, psi

a. Measured Data

50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
145.3 190.1 180.1 216.9
2 159.3 179.1 189.6 222.8
4 153.1 169.9 187.7 220.1
g 141.3 151.6 190.7 236.6
0 140.8 158.1 205.0 240.8
140.0 159.0 212.9 262.2
63.2 93.4 133.2 182.2
A 65.3 97.3 140.5 190.9
? 62.7 97.4 144.2 179.3
g 60.5 99.3 144.7 175.4
0 61.3 99.5 146.5 184.2
50.0 106.5 145.3 200.5
b. Summary
50% TP044 & 50% TP027
15% 20% 25% 303
g x 146.63 167.97 194.33 233.23
4 s
0 7.881 14.582 12.171 17.063
o _— -
0 ov 5.37 8.68 6.26 7.32
g x 60.50 98.90 142.40 185.42
1 s
o 5.405 4.321 4.940 9.024
o o
8.93 4.37 3.47 4.87
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Table H-1 Engineering Stress at Failure, psi

a. Measured Data
GT 274
15% 208 25% 30%
93.6 113.4 113.6 97.6
A 96.6 118.6 118.3 84.2
i 108.2 118.5 120.1 100.1
g 84.7 124.7 120.6 96.3
0 87.7 121.3 121.3 82.8
87.7 114.1 118.6 81.8
52,1 69.2 79.1 64.2
g 48.7 66.2 78.6 62.5
1 i5.8 67.5 86,9 67,7
g 56.6 62.5 85.8 67.4
0 51.7 64.2 87.5 67.0
53.1 68.2 79.1 68.4
b. Summary
GT274
153 20% 25% 30%
g % 93.08 118.43 118.75 90.47
4 s
0 8.595 4.281 2.775 8.377
o
0 cv 9.23 3.62 2.34 9.26
A X 51.33 66.30 82.83 66.20
R -
1 s 3.718 2.542 4.311 2.318
0 e
0 CcvV
0 7.24 3.84 5.20 3.50

wreTite
0% AP

256




Table H-1 Engineering Stress at Failure, psi

a. Measured Data

U. S. Rubber Fine
15% 20% 25% 30%
112.1 133.7 87.2 111.2
A 115.1 137.1 86.5 109.9
v 121.1 142.7 91.6 114.3
3 122.8 104.5 104.7 115.8
0 120.6 108.5 101.1 116.6
123.8 128.0 100.5 117.8
68.5 91.7 116.3 82.7
a 71.1 90.4 94.1 87.2
? 70.9 95.4 98.5 77.9
g 64.8 94.4 100.1 77.4
0 65.3 94.8 96.6 76.4
64.5 96.3 95 .8 70,9
b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
R j .
R x 119.25 125.75 95.27 114.27
4 S
0 4.624 15.707 7.820 3.123
o -
0
cv 3.88 12.49 8.21 2.73
A x 67.52 © 93.83 100.23 78.76
3 s 3.055 - 2,286 8.144 5.60
0 cv
0 4,52 2.44 8.13 7.11
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Table H-1 Engineering Stress at Failure, psi

a. Measured Data

i 50% GT 274 & 50% U.S. Rubber Fine
15% 208 25% 30%
118.1 145.2 77.6 76.4
g 109.9 148.2 - 93.4 84.2
4 110.2 146.0 88.2 88.9
8 114.9 118.3 86.5 119.3
0 125.2 123.0 96.1 112.6
116.3 112.9 88.7 103.8
56.6 68.2 89.7 75.9
a 55.4 62.7 83.3 76.1
111 54.1 65.7 88.2 74.4
0 38.3 79.8 79.6 77.4
g 40.5 78.3 81.6 68.4
38.5 82.0 79.8 56.3
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 253 30%
A _
R | x| 115.77 132.27 88.42 97.53
4 S
0 5.672 15.911 6.398 16.965
0 -
0 ,
cv 4.90 12.03 7.24 17.39 |
ﬁ X 47.23 71.95 83.70 71.42
3 s 8.978 7.591 4.309 8.054
0 cv
U 19.01 10.55 5.15 11.28
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Table H=-2 Engineering Stress at Failure, psi

a. Analyzed Data

TPO 44
15% 20% 25% 30%
g 117.57 132.17 142.47 154.47
4
0
0
0 110.60 130.07 133.77 168.03
A 48.43 68.03 116.90 126.47
R
1
0
0 .
0 46.23 80.47 97.43 106.87
b. Summary
TPO44
15% 20% 25% 30%
g x ] 114.09 131.12 138.12 161.25
g s 6.18 1.86 7.71 12.01
o e
0 ov 5.42 1.42 5.58 7.45
A X 47.33 74.25 107.17 116.67
R -
1 s 1.95 11.02 17.25 17.37
0 e
0 cv
0 4.12 14.84 16.10 14.89
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Table H-2 Engineering Stress at Failure, psi

a. Analyzed Data

- TPO 27
15% 20% 253 308
A 95.50 114.63 176.20 147.23
R .
4
0
9 100.93 119.57 132.00 128.47
A 29.13 60.87 75.70 111.37
R .
1
0
0 }
0 29.83 68.10 1061.03 102.67
b. Summary
TPO27
15% 20% 25% 30%
g ] 98.22 117.10 154.10 137.85
5 s 4.81 4.38 39.16 16.62
0 TR =
0 cv 4.90 3.74 25.41 12.06
g xR 29.48 64.49 90.37 107.02
1 s 0.62 6.41 18.50 7.71
0 By
0
cv
0 2.10 9.94 20.91 7.20
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Table H-2 Engineering Stress at Failure, psi

a. Analyzed Data

50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
g 152.57 179.70 185.80 219.93
4
0
0
0 140.70 156.23 202.87 246.53
a 63.73 96.03 139.30 184.13
R
1
0
g 57.27 101.77 145.50 186.70
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% 302
g x| 146.64 167.97 194.34 233.23
4 s
5 10.52 20.79 15.12 23.57
o —
0 cv 7.17 12.38 7.78 10.11
g x 60.50 98.90 142.40 185.42
3 s 5.72 5:09 5.49 2.28
0
cv
Y 9.45 5.15 3.86 1.23
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Table H-2 Engineering Stress at Failure, psi

a. Analyzed Data

GT 274
15% 20% 25% 30%
‘A 99.47 116.83 117.33 93.97
R N
4
0
0
‘o 86.70 120.03 120.17 86.97
A 48.87 67.63 81.53 64.80
R
1 .
0
8 53.80 64.97 84.13 67.60
b. Summary
GT274
15% 20% 25% 30%
ﬁ % 93.09 118.43 118.75 90.47
g s 11.31 2.84 2.52 6.20
T
0 ov 12.15 2.40 2.12 6.85
A x} 51.34 66.30 82.83 66.20
1 s 4.37 2:36 2.30 2.48
0 _—
0 cv
Y 8.51 3.56 2.78 3.75
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Table H-2 Engineering Stress at Failure, psi

a. Analyzed Data

- U. S. Rubber Fine
15% 203 25% 30%
A 116.10 137.83 88.43 111.80
R
4
0
g 122.40 113.67 102.10 116.73
A 70.17 92.50 102.97 82.60
R
1
0
8 64.87 95,17 97.50 74.90
b. Summary
U. 8. RUBBER FINE
15% 20% 25% 30%
g %) 119.25 125.75 95.27 114.27
g s 5.58 21.41 12.11 4.37
0 ===
0 ov 4.68 17.03 12.71 3.82
ﬁ X 67.52 93.84 100.24 78.75
g s 4.70 2.37 4.85 6.82
0 cv
0 6.96 2,53 4.84 8.66
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Table H=2 Engineering Stress at Failure, psi

a. Analyzed Data

50% GT 274 & 50% U.S. Rubber Fine
15% 20% 253 308
’ g 112.73 146.47 86.40 83.17
4
0
0
0 118.80 118.07 90.43 111.90
a 55.37 65.53 87.07 75.47
R
1
0
g 39.10 80.03 80.33 67.37
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 30%
; x| 115.77 132.27 88.42 97.54
g s 5.38 25.16 3.51 25.45
0 s ;
0 ov 4.65 19.02 4.04 26.09
A x 47.24 72.78 83.70 71.42
R P
g s 14.42 12.85 5.97 7.18
g cv
30.52 17.66 7.13 10.05
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Table H-3 Anova Summary, Engineering Stress
at Failure
ANOQVA
SOURCE af SS MS F F.05 F.01
R 5 49369.85 9873.97 99.83 2.43 3.48
Q 3 21651.87 7217.29 72.97 2.82 4.27
50154.38 50154.38 507.08 4.06 7.27
RQ 15 24177.44 1611.82 16.29 1.90 2.49
RA 5 3169.05 633.81 6.40 2.43 3.48
QA 3 4491.85 1497.28 15.13 2.82 4.27
ROA 15 2759.02 183.93 1.85 1.90 2.49
Error 48 4747.55 98.90
TOTAL 95 160521.05
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APPENDIX T
FORCE-DUCTILITY ENGINEERING STRAIN

AT FAILURE AT 39.2F (4C)
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Table I-1 Engineering Strain at Failure, mm/mm

a. Measured Data

TPO 44
153 20% 25% 303
4.25 3.94 3.42 2.87
g 4.08 3.86 3.90 3.23
4 4.34 3.94 3,24 3.42
g 4.00 3.81 3.55 2.36
0 4.25 3.57 3.52 3.15
3.94 3.89 3.54 3.69
5.79 4.87 3.35 3.56
A 6.43 4.43 3.62 3:53
R
1 5.11 4,53 4,69 3.40
g 5.49 4.96 3.50 3.27
0 4.10 4.75 . 3.81 3.51
4.69 4.38 3.35 3.40
b. Summary
TPO44
15% 20% 25% 30%
A -
R | * | 4.14 3.84 3.53 3.12
4 s
0 .160. .139 .216 .462
] 0 e
0
av 3.85 3.62 6.13 14.81
g x 5.27 4.65 3.72 3.45
3 s .824 $241 .506 .109
0 - ‘
o 15.64 5.18 13.61 3.16
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Table I-1 Engineering Strain at Failure, mm /mn

a. Measured Data

TPO 27
15% 20% 25% 30%
7.31 6.13 6.48 5.98
A 7.06 6.06 5.78 6.26
f 6.92 5.93 5.34 6.77
g 7.09 6.02 6.06 5.69
0 6.29 5.94 5.23 5.69
6.85 6.16 4.56 5.54
8.39 7.88 4.81 6.25
A 9.26 8.58 5.29 6.36
? 9.14 8.83 6.90 6.02
Y 8.70 7.33 5.66 5.67
8 10.08 7.19 6.45 5.32
9.29 7.85 6.56 6.90
b. Summary
TPO27
15% 20% 25% 30%
A -
R X 6.92 6.04 5.58 5.99
' 4 s
0 .347 9.529 .678 .461
o ]
0 cv 5.02 1.58 12.17 7.70
A x 9.14 7.94 5.95 6.09
é s .579 .655 .818 +553
0
cv
0 6.33 8.25 13.76 9.08
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Table I-1 Engineering Strain at Failure, mm/mm

a. Measured Data

) 50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
_ 4.79 4.84 4.06 4.38
A 4.98 4.41 4.15 4.37
§ 5.19 4.48 4.52 4.35
0
0 4.82 4.93 3.83 4.69
0 5.13 5.08 3.87 4.51
5,21 4.35 4.57 4.57
6.20 6.11 4.59 4.08
ﬁ 5.37 6.00 5.17 4,58
1 6.56 5,62 5.19 4.47
g 5.80 5.47 5.06 3.67
0 6.13 6.07 4.65 3.82
5.88 5.83 5.04 3.81
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% 30%
A _
R x 5.02 4.68 _4.17 4,48
4 s
0 .185 .307 .316 .136
0 =
0
v 3.69 6.55 7.59 3.03
g x 5.99 5.85 4.95 4.07
é s . 405 .259 .263 377
0 cv
Y 6.77 4.43 5.31 9.26
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Table I-1

Engineering Strain at Failure, mm/mm

a. Measured Data
GT 274
15% 20% 25% 308
7.53 7.76 7.16 7.79
A 7.33 7.41 6.75 7.65
R
4 7.82 7.30 7.09 7.63
g 8.00 7.29 7.06 7.71
0 7.79 7.54 7.49 8.20
7.68 g8.24 6.78 7.14
8.92 9.42 8.67 7.59
a 10.71 8.86 8.25 8.19
? 10.22 9.24 8.24 8.29
g 10.49 8.18 8.02 8.13
o 9.54 8.38 7.81 8.18
9,44 9.08 7.96 7.60
b. Summary
GT274
15% 20% 258 308
A -
R % 7.69 7.59 7.055 7.69
4 5]
0 .236 .363 .272 340
0
0
cv 3.07 4.79 3.86 4.42
g x 9.89 8.86 8.16 8.00
é s .694 ..490 .302 .315
0 -
0 i 7.02 5.53 3.70 3.94
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Table I-1 Engineering Strain at Failure, mm/mm
a. Measured Data
U. S. Rubber Fine
15% 203 25% 30%
5.46 6.63 8.44 5.67
g 5.98 6.70 7.40 6.54
4 7.13 6.35 7.49 6.20
g 7.02 5.14 7.48 7.29
0 6.55 5.81 7.76 6.55
6.93 6.13 7.60 6.92
7.89 7.60 6.61 7.41
A 7.94 7.68 6.43 6.75
R
1 7.81 7.52 6.04 6,69
g 7.63 7.13 6.88 7.27
0 7.27 7.06 6.65 8.00
7.75 7.64 6.79 8.08
b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
Jﬁ % 6.51 6.13 7.70 6.53
g s .664 .584 .386 .562
0 e
0 cv 10.20 9.53 5.01 8.61
A x 7.72 7.44 6.57 7.37
R -
1 s .244 .272 .301 .593
0 e :
0
0 < 3.16 3.66 4.58 8.05
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Table I-1 Engineering Strain at Failure, mm/mm

a. Measured Data

50% GT 274 & 50% U.S. Rubber Fine
15% 20% 253 30%
7.10 7.02 7.04 4.94
g 7.80 7.04 6.16 5.42
4 7.02 6.58 5.92 7.12
8 7.73 5.28 5.14 6.35
0 6.60 6.60 6.66 5.60
8.02 6.22 5.92 5.83
8.84 7.40 7.35 6.10
A 9.20 8.20 7.90 5.18
‘i‘ 9.58 6.16 7.65 6.67
0 13.23 8.74 6.12 6.00
g 10.96 8.47 5.82 4.65
12.74 7.16 7.10 5.02
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 30%
g % 7.38 | 6.46 6.14 5.88
g s .552 .653 .660 .766
0 =
0 v 7.49 10.12 10.75 13.04
A x
R 10.76 7.69 6.99 5.60
3 5 1.88 .967 .840 L771
0 cv
0 17.43 12.58 12.02 13.76
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Table I-2

Engineering Strain at Failure, mm/mm

a. Reduced Data
TPO 44
15% 20% 25% 30%
A
§ 4.223 3.913 3.520 3.173
0
]
0
4.063 3.757 3.537 3.097
A
? 5.777 4.610 3.067 3.497
0
0
0
4,760 4.697 3.553 3,393
b. Summary
TP044
15% 20% 25% 30%
A -
R X 4.14 3.84 3.53 3.14
4 s
0 .142 .14 .02 .07
0 -
0
cv 3.42 3.60 .43 2.15
A x
R | 5.27 4.65 3.31 3.45
1 s
0 .90 .08 .43 .09
S ov
17.10 1.66 13.01 2.67
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Table I-2 Engineering Strain at Failure, mm/mm

a. Reduced Data

TPO 27
15% 20% 25% 30%
A
R 7.097 6.040 5.867 6.337
4
0
0
0
6.743 6.040 5.283 5.640
A
? 8.930 8.430 5.667 6.210
0
0
0
9.357 7.457 6.223 5.963
b. Summary
TPO27
15% 20% 253 308
A -
R % 6.92 6.04 5.58 5.99
g s 31 0 .52 62
0 ==
0 cv 4.53 0 9.28 10.31
2 X 9.14 7.94 5.95 6.09
-
é s .378 .86 .49 .22
S O '
4.14 10.85 8.29 3.60
ABPHALY TYPE(A)
PERCENT AUORER (O}
AVSEER TYPEIN)
\ o
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Table I-2 Engineering Strain at Failure, mm/mm

a. Reduced Data

50% TPO 44 & 50% TPO 27
15% 20% 25% 303
a
R 4.987 4.577 4,243 4.367
4
0
0
0
5.053 4.787 4.090 4.590
A
R 6.043 5.910 4.983 4.377
1
0
o .
0 5.937 5.790 4.917 3.767
b. Summary
50% TP044 & 50% TPO27
153 20% 253 308
A %
R | * | 5.02 4.68 4.17 4.48
4 s
0 .06 .19 .14 .20
0 S
0 cv
1.16 3.97 3.25 4.41
A x 5.99 5.85 4.95
2 . . . 4.07
é s .09 11 .06 .54
g cv
1.57 1.82 1.18 13.27
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Table I-2 Engineering Strain at Failure mm/mm
a. Reduced Data
GT 274
153 20% 25% 30%
N ,
R 7.560 7.490 7.000 7.690
4
0
0
(4}
7.823 7.690 7.110 7.683
A
R 9.950 9.173 8.387 8.023
1
0
0
0
9.823 8.547 7.930 7.970
b. Summary
GT274
15% 20% 25% 30%
A _
R X 7.69 7.59 7.06 7.69
4 s
0 .23 .18 .10 .06
0 S
0
cv 3.03 2.33 1.38 .08
A x
R - 9.89 8.86 8.16 8.00
1 s
0 ] .11 .55 .40 .05
9 ov
1.14 6.26 4.96 .59
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Table I-2 Engineering Strain at Failure mm/mm

a. Reduced Data

U. S. Rubber Fine

15% 20% 25% 30%
A
i 6.190 6.560 7.777 6.137
0
0
0

6.833 5.693 7.613 6.920
A
R 7.880 7.600 6.360 6.950
1
0
0 .
0 7.550 7.277 6.773 7.783

b. Summary

U. S. RUBBER FINE

15% 20% 259 30%
a _
2 % 6.51 6.13 7.70 6.53
4 s
o .57 .77 .15 .69
o .
0 cv 8.75 12.54 1.89 10.63
g x 7.72 7.44 6.57 7.37
é s .29 .29 .37 .74
g cv

3.79 3.85 5.57 10.02
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Table I-2 Engineering Strain at Failure, mm/mm

a. Reduced Data

50% GT 274 & 50% U.S. Rubber Fine
153 208 254 308
a
R 7.307 6.880 6.373 5.827
4
0
0
0
7.450 6.033 5.907 5,927
A
R 9.207 7.253 7.633 5.983
l .
0
0 _
0 12.310 8.123 6.347 5,223
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
159 20% 253 30%
A _
2 X 7.38 6.46 6.14 5.88
g N .13 .75 .41 .09
S .
0 cv 1.72 11.62 6.72 1.51
A x 10.76 7.69 6.99 5.60
R s
g s 2.75 77 1.14 67
8 ov
25.55 10.03 16.30 12.02
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Table I-3 Log Engineering Strain at Failure, mm/mm
a. Analyzed Data
- TPO 44
15% 20% 25% 30%
g .62562 .59251 .54654 .50147
4
0
0
o .60885 .057484 .54654 .49094
2 .76170 .66370 .48671 .54370
1
0
0
0 .66761 .67182 .55060 .53058
b. Summary
TP044
15% 20% 25% 30%
Q X 0.61723 0.58368 0.54759 0.49621
4 s
0 . 01486 . 01565 .00185 .00933
0 =
0
cv 2.41 2.68 0.34 1.88
& x 0.71965 0.66776 0.51865 0.53392
R Y R
g s .07451 .07194 .05660 .01733
0
cv
0 10.35 10.77 10.91 3.25
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Log Engineering Strain at Failure, mm/mm

Table I-3
a. Analyzed Data
TPO 27
158 20% 25% 30%

A .85107 .78104 .76842 .80188

R

4

0

0

0 .82885 .78104 .72288 .75128

A .95085 .92583 .75335 7.9309

R

1

0

0

0 -97114 .87256 .79400 .77546

b. Summary
TPO27
15% 20% 25% 30%

A -
R x| 0.83996 0.78104 0.74565 0.77658
4 s
0 .01969 0 .04034 .04484
0 -
0 cv 2.34 0 5.41 5.77
a X 0.96099 0.89920 0.77369 0.78428
R .
é s 201797 . 04719 .03601 . 015617
0 cv
0 18.70 5.25 4.65 1.99

v aTITe
N Mg b
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Table I-3 Log Engineering Strain at Failure, mm/mm
a. Analyzed Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
1}: .69784 .66058 .62767 .64018
4
]
0
0 .70355 .68006 .61172 .66181
A .78125 .77159 .69749 .64118
R
1
0
0
0 .77357 .76268 .69170 .57600
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% 30%
A -~ .
R X 0.70069 , 0.67032 0.61970 0.65100
4 s
0 .00506 .01726 .01413 .01916
- 0 SRR
0 cv
0.72 2.57 2.28 2.94
A x 0.77741 0.76713 0.69460 0.60859
R S
1 s .00681 .00789 .00513 .05775
0 ol
S ov
0.88 1.03 0.74 9.49
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Table I~3 Log Engineering Strain at Failure, mm/mm

a. Analyzed Data

GT 274
15% 203 25% 308
a .87852 .87448 .84510 .88593
R
4
0
0
0 .89337 .88593 .85187 .88553
ﬁ .99782 .96251 .92361 .90434
1
0
0 .
0 .99224 .93181 .89927 .90146
b. Summary
GT274
15% 20% 25% 30%
g P 0.88595 0.88020 0.84848 0.88573
4 s
0 .01316 .01014 .00600 .00035
0 ==
0
cv 1.49 1.15 0.71 0.04
2 x 0.99503 0.94716 0.911440 0.90290
é s .04943 .02720 .02156 .00255
0
cv
0 4.97 2.87 2.37 0.28
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Log Engineering Strain at Failure, mm/mm

Table I-3
a. Analyzed Data
U. S. Rubber Fine
15% 20% 25% 308
a .79169 .81690 .89081 .78796
a i
4
0
0
0 .83778 7.5534 .88156 .84011
a .89653 .88081 .80346 .84198
R
1
4]
8 87795 .86195 .83078 .89115
.b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
A % .
R | * | 0.81315§" 0.7g8612 0.88618 0.81403
4 s
0 .03803 . 05454 .00820 .04620
0 )
0 cv
4.68 6.94 0.93 5.68
A x 0.88724 0.87138 0.81712 0.86657
R SRR
1 s .01646 01671 .02421 .04356
O R
0 cv
0 1.86 1.92 2.96 5.03
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Table I-3 Log Engineering Strain at Failure, mm/mm

a. Analyzed Data

50% GT 274 & 50% U.S. Rubber Fine
15% 208 25 30%

g .86374 . 83759 .80434 .76545

4

0

g

0 .87216 .78053 .77137 .77283

A .96412 .86052 .88270 .77692

R

1

0

8 1.09026 .90972 .80257 .71792

b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 308

A - . '
h x 0.86795 0.80906 0.78786 0.76914
4 s
0 .00746 .05055 .02922 . 00654
o -
0 ov .01 0.05 0.03 .01
g X 1.02719 0.88512 0.84263 0.74742
é s .11176 . 04359 .07099 .05227
0 cv
0 1.08 0.04 .07 .05

agruaLy Yvseta)

L AHT RUSORA (B)
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¥ pais XAl
vea 448 1aas Tare Y Rusda P .
trese v pigheel Y SIEYH sorsres
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296



Table I-4 Anova Summary, Log Engineering
Strain at Failure

ANOVA

SOURCE daf sS MS F F.05 F.01
R 5 1.1523090 0.230461800 | 293.99 2.43 3.48
9 .1631693 0.054389767 69.38 2.82 4.27
A 1 0753979 0.00753979 96.18 4.06 7.27
RQ 15 .0658106 0.004387373 5.59 1.90 2.49
RA 5 .0033545 0.000670900 0.85 2.43 3.48
QA 3 . 0424257 0.014141900 18.04 2.82 4.27

ROA 15 .0263276 0.001755173 2.23 1.90 2.49

Error 48 .0376266 0.000783888

TOTAL 95 1.5664211
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APPENDIX J
PORCE-DUCTILITY TRUE STRESS AT

FAILURE AT 39.2F (4C)
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Table J-1 True Stress at Failure, psi
a. Measured Data
TPO 44
153 20% 253 303
629.3 711.5 655.5 559.3
a 599.7 656.6 719.3 670.4
? 611.9 580.5 564.3 707.8
0 486.4 650.8 659.7 522.0
S 614.5 596.1 625.0 730.4
581.3 607.9 535,3 809.8
353.6 339.9 466.6 633.3
A 334.2 451.0 539.8 584.3
? 294.,7 349.2 720.2 490.6
0 248.3 513.7 455.9 471.8
0
0 257.7 457.5 492.3 481.1
285.5 406.5 385.5 455.8
b. Stumnaryfv
TP044
15% 20% 25% 30%
A -—
R x] s87.2 633.9 626.5 666.6
4 s
0 51.92 48.54 67.44 108.36
o _—
0 ol  g.42 7.66 10.77 16.26
A x§ 295.7 419.6 510.1 519.5
R e
1 s§ 41.55 67.46 114.63 71.82
0 -
0 o 3
0 14.05 16.08 22.47 13.83
ASPRALY TR (A}
PERCENT AVOBLA {O)
Y—--u."' TYPRIR)

son 150

rasr §O% TP

m
17 .

argre |us rsso moe

teretire
2% 4 P

wofrsfwfuirnln

EEEI R ES R E Y
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Table J-1 True Stress at Failure, psi
a. Measured Data
TPO 27
15% 20% 25% 30%
794.2 845.1 1336.1 1022.8
A 795.9 835.9 1060.7 1051.6
. 729.5 740.1 1227.3 1169.1
0 1085.7 853.8 985.3 910.8
8 729.8 829.3 844,9 840.0
536.6 841.7 671.4 809.7
278.9 579.1 481.3 837.5
A 318.6 571.5 493.1 797.4
? 287.6 567.8 551,9 772.4
0 297.9 572.1 847.2 688.4
8 338.4 593.1 665.9 659.0
290.3 558.7 654.1 793.9
b. Summary
TP027
153 20% 25% 30%
A -
R X 778.6 . 824.3 1021.0 967.33
4 s
0 177.88 42.08 244.10 137.95
- 0 ROy
0 cv
22.85 5.11 23.91 14.26
g X 302.0 - °573,7 615.6 758.1
PR
1 s 22 11.60
0 ] - 34 -60. 137.66 69.30
o o
7.40 2.02 22.36 9.14

ABPuaLy vyon 4}

PERCERT BUSHER (O}
T—- AuRoEn TYPatA)
1% Theea
o ooy o teonr &

IO
ovare b

CYEIETEES RUYFUI PO £ 1Y
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Table J-1 True Stress at Failure, psi
a. Measured Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
841.2 1109.2 911.1 1166.1
A 952.7 969.2 976.4 1196.7
i 947.2 931.1 1036.0 1178.4
g 822.9 899.3 921.2 1346.9
0 863.8 961.9 999.0 1326.7
869.8 851.1 1185.1 1460.6
454.7 663.8 744.6 925.1
A 415.9 680.9 866.2 1065.0
ll‘ 473.5 645.1 892.2 980.6
g 411.2 642.1 876.2 820.0
0 437.1 702.7 828.3 887.4
344,2 727.5 877.9 964,8
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% 30%
A -
R x 882.93 ;  953.63 1004.80 1279.23
4 s
0 54.556 87.732 100.090 117.902
p .
0
ov 6.18 9.20 9.96 9.22
A x
R 422.77 677.02 847.57 940.438
1 s
o 45,062 33.573 54.868 83.995
g ov
10.66 4.96 6.47 8.93

ASPHALY TYPE{A)
PERTERT RURNEA (O
RUSEER Tragia)

308 15054
301 1eorr

ToraTETe
s0v 0o

v pr—
1
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Table J-1 True Stress at Failure, psi
a. Measured Data
GT 274
15% 20% 25% 30%
798.3 993.5 926.8 858.3
A 805.0 997.8 916.7 728.4
§ 954.,7 983,4 972.4 863.9
0 762.0 1033.0 972.1 615.3
g 770.7 1035.8 1030.6 615.0
761.2 1054.1 923.4 588.0
516.5 720.8 765.4 551.3
A 570.4 652.7 727.6 574.4
R 514.4 691.7 802.6 628.8
1
0 650.3 573.6 774.2 838.6
g 545,2 602.1 770.9 762.0
554.1 689.0 709.0 666.0
b. Summary
GT274
15% 20% 258 30%
g % 808.65 ,1016.27 957.00 - 711.48
vg s 73.918 - 28.399 43.697 125.603
- O g
0
cv 9.14 2.79 4.57 17.65
ﬁ x 558.48 654.98 758.28 670.18
3 s 49.948 57.030 34.051 111.205
0 cv
0 8.94 8.71 4.49 16.59

ASPHALT TePRin)
PERCanY RuaLR (8)
RUBRER TYIRIN)

wyeTnne
ot B pa

"
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Table J-1 True Stress at Faillure, psi
a. Measured Data
U. S. Rubber Fine
15% 20% 25% 30%
724.1 1020.2 823.1 741.5
A 803.3 1055.8 726.4 828.5
R .
4 985.5 1048.9 777.4 ©823.1
8 985.0" 641.7 887.6 959.5
0 910.5 739.4 886.0 880.5
981.5 913.2 864.0 933.0
609.2 789.2 884.9 695.1
2 635.5 784.5 699,4 675.3
? 624.4 812.8 693.0 599.5
0 559,9 767.8 789.5 640.4
g 540.7 763.4 738.8 687.9
564.1 831.4 746.2 643.4
b. Summary
U. S. RUBBER FINE
15% 208 253 30%
A = ' ' ’
R x 898.32 y903.20 827.42 861.02
4 s ‘
0 110.96 175.224 64.988 "80.049
0 —_—
0 .
cv 12.35 19.40 7.85 9.30
A x| s588.97 791.52 758.63 656.93
g s 39.047 26.273 71.078 36.078
¢ -
cv
0 6.63 3.32 9.37 5.49
ARPHALY Tyor {4}
FURCANT NUDBAR (8)
AUBBER TYPR (R}
e

1t
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Table J-1

True Stress at Failure, psi

a. Measured Data

50% GT 274 & 50% U.S. Rubber Fine
15% 203 25% 30%
956.8 1107.3 624.1 454.0
g 967.0 1191.4 668.8 540.1
4 884.0 1164.2 610.5 721 .6
8 1003.2 804.4 531.0 876.5
0 951.3 934.7 736.1 743.4
1048.7 815.2 614.1 709.5
557.0 573.2 749.3 538.8
A 565.6 576.4 741.9 470.6
? 572.2 470.5 763.2 570.5
0 544.6 777.2 566.8 542.1
g 484.0 741.3 556.8 386.1
528.5 669.2 646.2 338.7
b. Summary
i
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 30%
A : _ .
R 968.50 , 1002.37 630.77 674.18
g 55,157 174.890 68.159 152.104
0 ]
0 5.70 17.45 10.81 22.56
g 541.98 634.63 670.70 474.47
é 32.395 115.761 93,992 94,012
0
0 5.98 18.24 14.01 19.81

AUPRALY Tyon (A}

(- PERCEAT PUBNEA (R)
AVEEER TYREIR)

N GTTFE
9% h e

Wit |0l isofa(sefm{solisiso]n|w|uinl{m|n|u|xlnlnlaln

Goowur | sovens
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Table J-2 True Stress at Failure, psi
a. Analyzed Data
TPO 44
15% 20% 253 30%
a 613.63 649.53 646.37 645.83
R .
4
0 _
8 560.70 618.27 606.67 687.40
A 327.50 380.03 575.53 569.40
R
1.
0
0
0 263.83 459.23 444.57 469.57
b. Summary
TP044
15% 20% 25% 30%
g %1 587.17 633.90 626.52 666.62
g s 46.90 27.70 35.17 36.83
0 ) =
0 ov 7.99 4.31 5.61 5.52
2 x| 295.67 419.63 510.05 519.49
3 s 56.41 70,17 116.03 88.45
0
0 19.08 16.72 22.75 17.03

ASPHALT TYPR (A}
PEACRHUT RUBSEA (A}
AUNSER TTRR (A}

#oy trote
Wy TraIr

VB Rater Pi a

I
3% # Ping

R R EARTRE ] RTY ELTETRECY RN RS T LT ST AT B

[evyen
1
1
i

soa—zm
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Table J-2 True Stress at Failure, psi

a. Analyzed Data

TPO 27
15% 20% 253 308
A 773.20 807.03 1208.03 1081.17
R
4
0 ]
8 784.03 841.60 833.87 853.50
a 295.03 572.80 508.77 802.43
R .
1
0
3 308.87 574.63 722.40 713.77
b. Summary
TP027
153 20% 253 30%
g %} 778.62 824.32 1020.95 967.34
e )
g s 9.60 30.63 331.51° 201.72
0 ===
0 v 1.23 3.72 32.47 20.85
A x 1 301.95 573.72 615.59
A . . ) 758.10
_—
é s 12.26 1.62 189.28 78.55
e [+] " -
4.06 0.28 30.75 10.36
AUPHALY TYPE (A)
PENCRUT RUBHEA (G}
\‘ﬁlullll 1YPRIiN)
o il D R )

Wheogts (o fee fsafasgoc] e |2ofsais0fn|se|sa[ra]s|re|ra|s0]i]re]sa]s]

ooo-ms | cocann
t
i
|
!
|
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i
i
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i
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i
|
{
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Table J=2 True Stress at Failure, psi

a. Analyzed Data

50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
g 913.70 1003.17 974,50 1180.40
4
0
0
0 852.17 904.10 1035.10 1378.07
a 448.03 663.27 834.33 990.23
R .
1
0
0 -
0 397.50 690.77 860.80 890.73
b. sSummary
50% TP044 & 50% TP027
15% 20% 258 30%
ﬁ %1 882.94 ,953.64 1004.80 1297.24
4 N -] - :
. 54.52 87.78 53.69 175.14
0 =
o ov 6.17 ~ o 9.20 5.34 13.50
2 X1 422.77 677.02 847.57 940.48
1 s ; ) .
. 44.77 24.37 23.45 88.16
R
o e ‘
10.59 3.60 2.77 9.37

AIPHALY TYPR (A}
PERCENT RUSER (@)
\————-— RURSER TYPE (R}

Sou 17044 e eirte
1r04e 1ro1y Jox o ® orre  fusmsewref BB 0y

EEESIERE ] ATR ECTRTEECY T3 FLNETR BT RURE LR VY Po% BTN ETFTT B3 R EEY E A 1

B N

ooa—us | cocane
[
|
]
i
]
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Table J-2 True Stress at Faillure, psi

a. Analyzed Data

GT 274
15% 20% 25% 30%
A 852.67 991.57 938.63 816.87
R :
4
0 ,
8 764.63 1040.97 975:37 606.10
A 533.77 688.40 765.20 584.83
R
1.
0 .
8 ' 583.20 621.57 751.37 755.53
b. Summary
GT274
15% 20% 25% © 30%
ﬁ x| 808.65 Lol6.27 957.00 711.49
g s 78.00 43.77 32.55 186.74
0 _—
0 ov 1.65 4.31 3.40 26.25
A %1 558.49 654.99 758.29 670.18
R -
1 s 43.79 59,21 12.25 151.24
0 .
0
0 cv 7.84 9.04 1.63 22.57

ASPHALY TYPu ()

PERCENT RUSHER ()
Y* RUBSER TYPR N}
oy rane Po BT
[ Il D R S R
b o

SARUEAES EREI R E AT ELI TR £ BN EY oY SN P RTY BRI R 3 £
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Table J-2 True Stress at Faillure, psi
a. Analyzed Data
U. S. Rubber Fine
15% 20% 25% 30%
g 837.63 1041.63 775.63 797.70
4
0
0
0 959.00 764.77 879.20 924.33
A 623.03 795.50 759.10 656.63
R .
1
0
0 .
0 554,90 787.53 758.17 657.23
b. sSummary
U. S. RUBBER FINE
15% 20% 253 30%
A =1 898.32 903.20 827.42 861,01
R
4 . -Is| 107.53 245,30 91.76" 112.19
g e T
0 o 11.97 27.16 11.08 13.03
g *| s88.97 791.52 758.64 656.93
(1> s 60.36 7.06 0.82 0.53
EERARAERE
g ov
10.25 0.89 0.11 0.08
ARPNALY TYPU A}
PRNCEMT RUBBEA (G}
[~ AVDRARN TYPR (A}
i\(— T B ) R
STatnlalaTala oy 1 oy o B

;u;..n..;,h.'

000mr | covens
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Table

True Stress at Failure, psi

J=2
a. Analyzed Data
50% GT 274 & 50% U.S. Rubber Fine
15% 20% 25% 30%

g 935.93 1154.30 634.47 571.90

4

0

0

0 1001.07 850.43 62707 776.47

a 564.93 547.03 751.47 526.63

R N

1.

0

g 519.03 729.23 589.93 422.30

b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 208 253 - 30%

Q | 968.50 1002, 37 630.77 674.19

RREER ¢
4 s 57.71 269
. . .23 6.56 181.25
O R »
0 ov 5.96 26.86 1.04 26.88
A x| s41.908 634.63 670.70 474.47
R -
1 s 40.67 167.°63 143.12 92.44
0 L
e cv
0 7.50 26.41 21.34 19.88

aco~ar | cocans

ASPHALY Tysn Al

PEACENT RUBREA ()
e RYRBER TYP4 (R}
o veais
trore troar ok tran

NG
SR N rma &

0| (mfre{sfaefsofulm]
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Table J-3 Anova Summary, True Stress at Failure

ANOVA
SOURCE df ss Ms F F.05 F.01
R 5 1052084.89 210416.97 25.56 2.43 3.48
Q . 294503.39 98167.79 11.92 2.82 4,27
A 1 1422733.98 1422733.98 172.88 4.06 7.27
RQ L5 720135.22 48009.01 5.83 1.90 2.49
RA 5 84507.58 16901.51 2.05 2.43 3.48
QA 3 165411.20 55137.06 6.69 2.82 4.27
RQA 15 166789.92 11119.32 1.35 1.90 2.49
Error 48 395020.12 8229.58
TOTAL 95 4301186.35
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APPENDIX K

FORCE-DUCTILITY TRUE STRAIN

AT FAILURE AT 39.2F (4C)
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Table K-1 True Strain at Failure, mm,/mm

a. Measured Data

TPO 44
15% 20% 253 308
1.66 1.60 1.49 1.35
g 1.62 1.58 - 1.59 1.44
4 1.68 1.60 - 1.44 "~ 1.49
8 1.60 .1.57 1.51 1.21
0 1.66 1.52 1.51 1.42
1.68 1.59 1.51 1.55
1.92 1,77 1.47 1.52
? 2.00 1.69 1.53 1.51
1 1.8] 1,71 1. 74 1.48
8 1.87 1.79 1.50 1.45
0 1.63 1.75 '1.57 1.51
1.74 1.68 1.47 1.48
b. Summary
TPO44
158 " 20% 25% 30%
A _ )
R X 1.65 . 1.58 1.51 1.41
.4 s . .
0 .033 .030 .048 .119
o -
0
ov 1.99 1.91 3.20 8.43
g x 1.83 1.73 1.55 1.49
3 s .132 045 .102 . 026
0 cv
Y 7.22 2.59 6.60 1.77

ASPHALY TYPR ()
PERCHHT RURDER (6)

r——lllllll TerR iR

3|20 sk | miniwln]nlole|nfmin]a)n|win]a]nluele

1a% TPoas waorEre
sox yron * Qrire Uk Rt b ] ey §
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Table K~1 True Strain at Failure, mm/mm

a. Measured Data

" TPO 27
158 20% 253 308
2.12 1.96 2.01 1.94
i 2.09 1.95 1.91 1.98
p 2.07 1.94 1.85 - 3.95
g 2.09 . 1.95 1.95 1.90
0 1.99 1.94 1.83 1.90
2.06 1.97 1.72 1.88
2.24 2.18 - 1.76 1.98
2 2.33 2.26 1.84 2.00
1 2.32 2.29 1,96 1,95
g 2.27 2.12 1.90 1.90
0 2.40 2.10 2.01 1.84
2.33 2 18 2.0 2,07
b. Summary
TP027
15% - 208 25% 30%
A % 2.07 1.95 1.88 1.94
3 1° .044 .012 .102 .064
0 ==
0 ov 2.14 .60 5.41 3.30
A x 2.32 2.19 1.92 1.96
R L]
é s .055 075 .102 .080
0 ol .
0 2.39 3.43 5.32 4.10

ASPHALY TYPT (A}

serceat nusern (8) :
RUSOEA TYrain}
‘ D
o Theas IR
oot -ttt IEUEN [T TN

Bl bad Bid 8 Bl B RS2 R L1 P2Y Y ES Y ™Y PR S 1 P

00cuar | coarar
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Table K-1 True Strain at Failure, mm/mm
a. Measured Data
.'50% TPO 44 & 50% TPO 27
15% 20% 25% 308
1.76 1.76 1.62 1.68
A 1.79 1.69 1.64 1.68
§ 1.82 1.70 1.71 " 1.68
0 1.76 178 1.57 1.74
g 1.81 1.81 1.58 1.71
1.83 1.68 1.72 1.72
1.97 1.96 1.72 1.63
A 1.85 1.95 1.82 1.72
? 2.02 1.89 1.82 1,70
: 1.92 1.87 1.80 1.54
0 1.96 1.96 1.73 1.57
1.93 1,92 1,80 1.57
b. Summary
50% TP044 & 50% TP027
15% 20% 253 30%
g . B 1.80 1.74 T 1.64 1.70
g s 1030 .054 .064 .026
5 e
o cv 1.68 3.10 3.88 1.51
g x 1.94 1.93 1.78 1.61
é s .057 .038 045 064
Y cv
0 2.94 1.99 2.52 3.76
LT TYRRIA)
ENY RUBOER (Q)
AURDERN TyrE (R}
\—— YR

"

Tov Troee
0% Tro2r

Iog
s arme &

wfwlu]w :Elzm ne

00z | ccoss
i
]

______1‘__
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Table K-~1 True Strain at Failure, mm/mm

a. Measured Data

GT 274
15% 208 258 303
2.14 2.17 2.10 2.17
: 2.12 2.13 2.05 2.16
4 2.18 2.12 2.09 2.15
8 2.20 2,11 2.09 2.16
0 2.17 2.14 2:14 2.22
2,16 2.22 2.05 2.10
2.29 2.34 2.27 2.15
A 2.46 2.39 2.23 2.22
? 2.42 2.33 2.22 2.23
g 2.22 2.22 2.20 2.21
0 2.36 2.24 2.18 - 2.22
2.35 2.31 2.19 2.15
b. Summary
© GT274
153 20% 25% 30%
A B .
R X 2.16 X 2.15 2.09 2.16
4 - s : .
0 .029 .034 .034 .039
0
0
cv 1.32 1.58 1.62 1.78
2 x 2.35 2.31 2.22 2.20
é s .087 5,064 .033 .037
0 . cv
0 3.69 2.78 1.48 1.67
AEPHMALY TYPE (A}
e PIRCANT AVOILN {6}
\————nunn trra e} ) N

o reon? 1000

inin(nlwim|w|nfoinie|nloielnlwfuien]|nefn|sanl

[ v
t
1
1
]
i
i
[
|
J
1
1
]
[
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Table K~1 True Strain at Failure, mm/mm

a. Measured Data

U. S. Rubber Fine
15% 20% 25% 30%
1.87 2.03 2.24 1.90
a 1.94 2.04 2.13 2.02
. 2.10 2.00 2.14 - 1.97
0 2.08 .1.84 2.14 2.11
g 2.02 1.92 2.17 2.02
2.07 1.96 2.15 2.07
2.18 2.15 . 2.03 2.13
A 2.19 2.16 2.01 2.05
1; 2.18 2.14 .1.95 2.04
g 2.16 2.10 2.06 2.11
0 2.11 2.09 '2.03 2.20
2.17 2.16 2.05 2.21
b. Summary
U. S. RUBBER FINE
15% 20% 253 30%
A _ .
R x 2.01 1.96 2.16 2.02
.4 s ) s
0 .091 .086 .041 .074
0 )
0 )
cv 4.51 4.39 1.88 3.67
g x 2.17 2.13 2.03 2.12
g s .029 . 031 . 032 .072
0 cv
0 1.33 1.44 1.59 3.39

. orere fue msse re

TR CIang
say trosr v e

wireinjnin|n|mn{nia|nn|ofelnlinie
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i i mm/mm
Table K-1 True Strain at Failure, /
a. Measured Data
50% GT 274 & 50% U.S. Rubber Fine
158 20% 25% 308
2.09 2.08 2.08 1.78
A 2.17 2.08 1.97 1.86
? 2.08 2.03 1.93 2.09
8 2.17 1.91 1.81 1.99
0 2.03 2.03 204 1.89
2.20 1.98 1.93 1.92
2.29 2.13 2.12 1.96
2 2.32 2.22 2.19 1.82
1 2.36 1,97 2.1z 204
g 2.66 2.28 1.96 1.95
0 2.48 2.25 1.92 1.73
I 2.62 2.10 2.09 1,80
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 253 30%
A - :
R x 2.12 2.02 1.96 1.92
4 s -
0 . 066 . 065 .095 .108
o ]
o
cv 3.12 3.21 4.85 5.60
A x 2.45 2.16 2.07 1.88
é s .158 116 .110 .118
o o _
0 6.42 5.35 5.28 6.25

ASPHALY rsn i}

RYBIRA TYPEIR)

=

Tox 1eoue
0% TPO3r

Cg
©rnru

\
W]l
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Table K-2 True Strain at Failure, mm/mm
a. Analyzed Data
TPO 44
15% 20% 25% 30%
a 1.653 1.593 1.507 1.427
R .
4
0 .
g 1.647 1.560 1.510 1.393
‘A 1.910 1.723 1.580 1.580
R .
1.
0 .
g 1.747 1.740 1.513 1.480
b. Summary
TP044
15% 20% 25% 308
A P
R LE] 1.65 , 1.58 1.51 1.41
4 s
0 .06532 .0292 . 00266 .0301
0 ]
0
ov 0.32 1.84 0.18 2.13
A x 1.83 1.73 1.55 1.49
L]
% s 0.14 0151 .0594 .0204
o Il
0 7.65 0.87 3.83 1.37
ABPRALY TYREIA)
PERCENT RUDRER (Q)
r——lnll'ﬂ Tvrein}
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Table K-2 True Strain at Failure, mm/mm
a. Analyzed Data
TPO 27
15% 20% 25% 303
2 2.093 1.950 1.923 1.990
4
0
0
o 2.047 .1953 .1833 1.893
A 2.297 2.243 1.853 1.977
R
1.
0
g 2.333 2.133 1.977 1.937
b. Summary
TPO27
158 20% 25% 303
A_
R X | 2.07 . 1.95 1.88 1.94
4 . .fs
0 .0408 .0266 L0797 .0859
0 —
0 cv 1.97 1.36 4.24 4.43
g x 2.32 2.19 1.92 1.96
1 s L0319 0975 0.11 .0354
0 -
e ‘
1.38 4.45 5.73 1.81

AOPHALY TYoR (A)
PERCERT AUSEER (O}
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son trocs
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Table K-2 True Strain at Failure, mm/mm
a. Analyzed Data
50% TPO 44 & 50% TPO 27
15% 208 258 30%
a 1.790 1.717 1.657 1.680
R
4
)
0
0 1.800 1.757 1.623 1.723
A 1.947 1.933 1.787 1.683
R .
1 . G
0
g 1.937 1.917 1.777 1.560
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% - 30%
2 Py 1.80 1.74 1.64 1.70
TP 1)
g s .00886 .0354 L0301 .0381
0 )
0 v 0.49 2.03 1.84 2.24
2 x 1.94 1.93 1.78 1.62
3 s .00886 50142 .00886 0.11
0 o :
0 0.46 0.74 0.50 6.79
ASPHALY TYPRIA)
PERCERY AUDBEA [B)
RUSBER YYFR(R)
1y ::: :::;:x otere UL Aose P l‘:":,'_'_:‘
Y i o 4 1 ) 1 g oy o v o e o i o

[}
f
|
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Table K-2 True Strain at Failure, mm/mm
a. Analyzed Data
GT 274
15% 20% 258 30%
a 2.147 2.140 2.080 2.160
R
4
0 _ ,
g 2.177 2.157 2.093 2.160
A 2.390 2.353 2.240 2.200
R .
1 - )
0
9 2.310 2.257 2.190 2.193
b. Summary
GT274
15% 203 258 303
ﬁ % 2.16 . 2.15 2.09 2.16
g s .0266 .0151 .0115 0
-
0 v 1.23 0.70 0.55 0
A x 2.35 2.31 2.22 2.20
R _
1 s .0709 . 0851 .0443 .00620
o e
0 cv
0 3.02 3.68 2.00 0.28
ABPMALY YYpR (8)
[ PARCENT SUSDAR {G)
r—lvlll. TerRin} N
et o [ it [ o Jovnme ] i

F— ~
wlwin

5 |

eco-mr | cocemr
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Table K-2 True Strain at Failure, mm/mm

a. Analyzed Data

- U. S. Rubber Fine
15% 203 25% 30%
a 1.970 2.023 2.170 1.963
R
4
0
0
0 2.057 1.897 2.153 2.067
A 2,183 2.150 1.997 2.073
R A
1.
0
9 2.147 2.117 2.047 2.173
b. Summary
U. S. RUBBER- FINE
15% 20% 25% 30%
2 % 2.01 1.96 2.16 2.02
R T 4 ¥
g s L0771 0.11 .0151 L0921
-0 e
0 P 0.35 5.61 0.70 4.56
A x 2.17 2.13 2.02 2.12
R —
é s .0319 50292 .0443 .0886
g ov
1.47 1.37 2.19 4.18
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Table K=-2 True Strain at Failure, mm/mm
a. Analyzed Data
50% GT 274 & 50% U.S. Rubber Fine
153 20% 25% 30%
A 2.113 2.063 1.993 1.910
R
4
0 ,
8 2.133 1.973 1.927 1.933
A 2.323 2.107 2.157 1.940
R
1
0
g 2,587 2.210 1.990 1.827
b. Summary
50% GI274 & 50% U. S. RUBBER FINE
15% "20% 25% 30%
A -
A % 2.12 . 2.02 1.96 1.92
4 s
. L0177 .0797 .0585 .0204
0 -
0 ov 0.83 3.95 2.98 1.06
2 X 2.46 2.16 2.07 1.88
1 s ot
o 0.23 <0913 0.15 0.10
.
0
0 v 9.35 4.23 7.25 5.32
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Table K-3 Anova Summary, True Strain at Failure

ANOVA
SOURCE daf Sss Ms ‘P F.05 F.01
R 5 4.1782891 -835657820 | 260.66 2.43 3.48
Q. 3 .6083994 .202799800 63.25 2.82 4.27
A 1 .3116760 .3116760 97;21 4.06 7.27
RQ 15 .2625505 017503367 5.45 1.90 2.49
RA 5 .0118266 .002365320 0.73 2.43 3.48
QA 3 .1487234 .049574467 15.46 2.82 4.27
RQA 15 .0989810 | .006598733 2.05 1.90 2.49
Error 48 .1538840 .03205917
TOTAL 95 5.7743300
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3.0

A %+2s
AR4000 Ax
. VX—Zs

X423
AR1000 13

X-2s
A 15%Rubber

2.5

E B 20%Rubber 0)
E § C 25%Rubber

£ 4 D 30%Rubber
% A g A4 1A
2 44 i TN
< 2.0 i é .
£ * ) Ay ﬁ& 1 14
n er g : ¥ \
W 110 v % v
Z :
=3 §

1.5 - é
10171717 T TT T 11 TTT1 T T T TTT1
ABCD ABCD ABCD ABCD ABCD ABCD
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3.0
A X+2s
AR4000 Ax
o 'VX—?.s
R+2s
AR1000 %)x
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< 2.0
[
=
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1.0 T T T T
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FIG. K3 " TPO44
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3.0 ~
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APPENDIX L
FORCE-DUCTILITY ENGINEERING

CREEP COMPLIANCE AT 39.2F (4C)
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Table L-1 Engineering Creep Compliance
at Failure, psi
a. Measured Data
TPO 44
15% 208 25% 30%
_ .0345 .0274 L0231 .0199
A .0345 .0286- L0266 .0203
R .
4 .0379 .0336 .0244 .0213
g L0411 .0282 .0245 .0152
0 .0364 L0273 .0254 L0179
.0335 .0313 .0300 _.0214
.111 .0840 .0312 .0256
a .143 .0534 .0310 L0273
}f .106 L0717 L0371 .0306
0 .145 L0576 .0346 L0279
8 L0811 .0596 ©.0373 .0329
.0933 .0579 .0377 .0329
b. Summary
TPO44
15% 20% 25% 30%
R _’_: .0363 .0294 . 0257 .0193
.. 4 s
0 .00283 .00252 .00242 .00239
0 =
o -
cv 7.78 8.57 9.43 12.36
g x L1132 L0641 .0348 .0295
é s .0260 L01171 .00308 . 00306
0 cv
0 22.98 18.26 8.84 10.37

ARPReLY YYRR fAY
PERCTUY BUBDER (B)

\——Iu!lll P800

CITOL

s aree b

345




Table L-1 Engineering Creep Compliance
at Failure, psi
a. Measured Data
TPO 27
15% 202 253% 30%
.0764 .0518 .0363 .0408
g L0714 L0511 .0369 .0432
4 0752 .0555 .0276 . 0450
g .0528 0495 .0434 .0418
0 . .0628 .0497 .0386 .0454
.1000 ., 0524 .0377 L0447
.282 .12098 .0581 .0540
ﬁ .398 .14397 .0674 .0587
1 2322 ,153 0784 0347
g .283 .1070 .0445 .0550
0 .330 .0993 L0772 .0510
.330 .1240 .0758 .0687
b. Summary
TPO27
153 202 253 30%
A _ . i . -
R x .0731 v .0517 .0368 .0435
.4 s - ’
0 .0159 .00220 .00515 .00187
0 -
0
cv 21.72 4.25 14.01 4.31
2 x .3075 .1247 .0661 L0570
1 s = ' :
o 02264 .02071 .01277 . 00623
0 ol )
0 7.36 16.61 19.32 10.93

asrnaLy TYRgial
sEacany nusse (@)
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Povery
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t
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Table L-1 Engineering Creep Compliance
-1
at Failure, psi

a. Measured Data

508 TPO 44 & 50% TPO 27
15% 208 25% 30%
] .0329 .0255 .0224 .0202
g .0313 .0246 .0219 .0196
4 .0339 L0264 .0241 0198
g .0341 .0326 .0201 .0198
0 .0365 .0322 .0189 .0187
.0373 .0274 .0215 .0174
.0982 .0654 . -] 0344 .0224
A .0821 L0617 .0368 L0240
? .105 L0577 .0360 .0249
8 .0959 L0551 .0350 | .0209
0 .100 L0600 .0318 .0207
117 .0547 .0347 0190
b. Summary
50% TPO44 & 50% TPO27
15% 20% 25% 303
A = ' ' PSSR I .
R X .0343  f, .0281 .0215 .0193
4 s o
0 00223 .00345 .00182 .00103
0 =
0 cv 6.51 12.26 8.49 5.38
A x .0997 .0591 .0348 .0220
R o
g s .01144 .004113 .00171 .00221
0 o .
Y 11.47 6.96 4.92 10.06
ABPHALY TYPQ(AY
PERCENY AUBANA (O)
LIS (L1}
‘—-— VEORA YYPRE

ian Thaen v eirie
Poa. Rosom P
troae rary son 1eonr d erire fua torarm b

wirwlas)solis frfrelsolisfoo]re[sofo|sefmlmfiefrefse|ss|in]smlomn

esom | sooans
|
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Table L-1 Engineering Creep Compliance
at Failure, psi
a. Measured Data
GT 274
15% 20% 25% 30%
.0805 .068 .0630 .0798
2 .0759 .063 L0571 . .0909
4 .0723 .062 .0591 L0762
g .0945 .0584 .0585 .0801
0 .0888 L0621 L0618 .0990
.0876 .0722 L0572 .0873
.171 .136 .110 .118
A .220 .134 .105 .131
3 .223 137 .0949 .122
g .151 .131 .093 L121
0 .184 .131 .089 .122
.178 .133 101 117
b. Summary
| GT274
15% - 20% 25% 30%
A % : ' .
R x§ - .0833 , 0643 .0595 .0856
4 s g '
0 .00846 .00495 ,00244 .00852
0
0
cv 10.16 7.71 4.10 9.96
A x
R | | __.1878 .1337 .0988 .1208
. Sq .o2836 .00250 -00792 -00649
8, cv
15.10 1.87 8.02 5.38

AgsnaLY YYAQ A}

seacant nusorr i)
‘__.-vuu treuin)
193 T0ae .
Treae rasy vtena] e fud mese re

s erere
3% 8 e
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Table L-1 Engineering Creep Compliance

at Failure, psi_l

a. Measured Data

U. S. Rubber Fine
15% 20% 25% - 30%
.0487 .0496 .0968 L0510
A .0520 .0489 .0850 .0595
R ; v
4 . 0589 .0445 .0818 0543
g L0572 :0492 .0715 L0630
0 .0543 .0536 L0767 .0562
.0559 .0479 .0756 .0538
.115 .0829 - .0569 .0897
A .112 .0850 .0684 .0774
? .110 .0788 L0613 L0858
g .118 .0755 .0688 L0939
0 .111 .0745 .0688 .105
.120 .0793 .0709 114
b. Summary
U. S. RUBBER FINE
15% ©20% 25% 30%
A _ . ] . -
R x .05450 . 04895 .0813 .0571
4 ..]s ' ) -
0 .00370 .00293 . 00903 . 00423
0 ==
0 cv 6.79 5.99 11.10 7.40
g x .1143 .0793 L0659 .0943
é s .00403 .00408 .00548 . 01328
g v
3.53 5.14 8.32 14.08

€AY avEoER (Q)
R Teea in)

arste
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Table L-1 Engineering Creep Compliance
. =1
at Failure, psi
a. Measured Data
50% GT 274 & 50% U.S. Rubber Fine
15% 203 253 30%
.0601 .0451 .0907 .0646
g 0710 .0475 .0660 L0644
4 . 0637 .0483 0671 0801
g .0673 0488 .0594 .0532
0 L0527 .0537 10693 .0498
0690 0551 0668 .0562
.156 .109 .0820 .0803
g .166 .131 .0949 .0681
1 .177 .0938 .0868 .0900
g .346 .110 .0768 .0775
0 271 .108 L0713 .0680
.332 .0874 .0890 .0892
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 203 253 30%
A = : ~ -
R . 0640 ’ .0498 .0699 L0614
4 s -
0 100675 .00384 .01073 .01093
0 -
0
ov 10.55 7.73 15.36 17.81
g x .2413 .1065 .0835 .0789
1 s v ; )
. .08620 .01515 .00857 . 00968
I -
35.72 14.22 10.27 12.28
ASPRALY YYPE A
PERCENY RVESER (D)
\—lvllll'1"|ll
W T o Jramn e [ R
Y P 10 1 e g B 4 o v A[w]u]m
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Table L-2 Engineering Creep Compliance
, ~1
at Fallure, psi
a. Reduced Data
TPO 44
153 20% 25% 308
a : .
2 .03563 .02987 .02470 .02050
4
0
0
0 .03700 .02893 .02663 .01817
A . .
a .12000 .06970 .03310 .02783
1.
0
0 : -
0 .10647 .05837 .03653 .03123
b. Summary
ﬁ‘ TP044
15% 20% 25% 30%
A %
R .0363 ¢ .0294 .0257 .0193
e
4 s
0 . 0012 .0008 .0017 .0021
0
0 o :
3.3425 2.8328 6.6627 10.6769
ﬁ x .1132 L0640 .0348 .0295
pEREaRe
3 s 0120 10100 .0030 . 0030
g ov
10.5865 15.6764 8.7289 10.2012
AOPRALY YYPR LA}
resCUNT avagna (6]
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Trots fu— ton Trsas arne Jusmesw e | B2 O,
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Table L-2 Engineering Creep Compliance

at Failure, psi

a. Reduced Data

TPO 27
15% 20% 25% 30%
g .07433 .05280 .03360 . 04300
4
0
0
0. .07187 .05053 .03990 .04397
N .
R .30067 .13932 .06797 .05580
1
0 <
0 "
0 .31433 .11010 .06417 .05823
b. Summary
TPO27
15% 20% 25% 30%
A z .
R X | .0731 , .0517 .0368 .0435
4 . s
0 .0022 .0020 .0056 .0009
N -
Y cv
2.9816 3.8928 15.1886 1.9764
A X .3075 .1247 L0661 .0570
R pPes R
é S L0121 L0259 .0034 L0022
N ,
3.9359 20.7593 5.0958 3.7762
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Table L-2 Engineering Creep Compliance

. =1
at Failure, psi

a. Reduced Data

| 50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
A : .
R .03270 .02550 .02283 ..01987
4
0
0 . -
0 .03597 .03073 .02017 .01863
A
§ .09510 .06160 .03573 .02377
o .
0
0
.10430 .05660 .03383 .02020
b. Summary
50% TPO44 & 50% TPO27
15% 20% 25% 30%
A B .
R _f‘ .0343 ' . 0281 .0215 .0193
4 . .Es )
0 .0029 .0046 .0024 L0011
T 0
OCV
8.4381 16.4815 10.9617 5.7072
A X .0997 .0591 .0348 L0220
R—
1 s K
.0082 70044 L0017 .0031
0
0 | |
8.1757 7.4958 4.8401 14.3842
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Table L~2  Engineering Creep Compliance
at Failure, psi
a. Reduced Data
GT 274
153 208 25% 30%
A . :
Y .07623 .06433 .05973 .08230
4
0
0
0 .09030 .06423 .05917 .08880
A _
R .20467 .13567 .10330 .12367
1
0 N
0 .
0 .17100 .13167 .00433 .11800
b. Summary
GT274
153 20% 253 30%
A x
R | * ] .0833 .0643 . 0595 . 0856
4 s
0 .0125 .0001 .0005 .0058
o -
0
vl 14.9715 .1378 .8346 6.7317
A x .1878 .1337 .0988 .1208
R ]
1 s .0298 £0035 .0079 .0050
0 -
0
cv
0 15.8818 2.6513 8.0427 4.1574
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Table L-2 Engineering Creep Compliance

at Failure, psi

a. Reduced Data

- U. S. Rubber Fine
15% 20% 25% 30%
A - .
? .05320 . 04767 . 08803 .05493
0
0 R
0
_ .05580 .05023 .07460 .05933
A
? .11233 .08223 .06220 .08430
0 .
0
o .
.11633 .07643 .06950 .10430
b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
A —
R x L0545 | ¢ . 0490 L0813 L0571
4 s
0 .0023 L0023 L0119 .0039
0 R
0
cv 4.,2267 4.6336 14.6332 6.8237
A x L1143 .0793 L0659 .0943
R S—
1 s .0035 40051 .0065 L0177
0 —
0
cv
0 3.0998 6.4778 9.8220 18.7911
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Table L~2

Engineering Creep Compliance

. =1
at Failure, psi

a. Reduced Data

50% GT ‘274 & 50% U.S. Rubber Fine

20%

15% 25% 30%
A .
§ .06493 . 04697 .07460 . 06970
0
0
0 .
.06300 -.05253 .06517 .05307
A .
? .16633 .11127 .08790 .07947
0 R
0
0 .
.31633 .10180 .07903 .07823
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 303
A _ .
R X . 0640 . 0498 .0699 .06139
4 s
0 .0017 .0049 .0084 .0147
-0 —
0
cv 2.6733 9.9018 11.9553 24.0029
g x .2413 .1065 . 0835 .0789
é s .1329 20083 .0079" .0011
0
cv
0 55.0698 7.8751 9.4157 1.3933
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Table L-3

Log Log Arctan ¥ Engineering

Compliance at Failure, psi

Creep

a. Analyzed Data
TPO 44
15% 20% 25% 30%
g ,.01240 -.00372 =.02185 -.04045
4 P )
0
0
0 .01575 -.00671 ~.01457 -.05296
A .10761 .06817 .00574 -.01038
R
1
o]
0 -
0 .09933 .05422 .01462 .00041
b. Summary
. TP044
15% 20% 25% 30%
A _ .
R X . 01408 r -.00522 ~-.01821 ~.04671
-
4 s
.0 .00298 .00265 .00645 .01108
0 |
0
cv 21.16 -50.77 -35.42 -23.72
A x .10347 .06119 .01018 -.00498
R ]
1 s .00734 ..01235 .00787 . 00955
0 R
0
cv
0 7.09 20.18 77.31 =191.77
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Creep

Table L-3 Log Log Arctan ¥ Engineering
Compliance at Failure, psi
a. Analyzed Data
TPO 27
15% 20% 25% 30%
A .07309 .04609 .00710 .02887
R
4
0 v .
g .07052 .04247 .02240 .03078
A 1.6389 11763 06622 .05059
R
1
4]
g 1.6629 .10167 .06174 .05403
b. Summary
TP027
15% 20% 25% 30%
N _ .
R X .07180- §, . 04428 .01475 .02983
4 s
0 .00227 .00321 . 01:355 .00169
SR .
0
cv 3.16 7.25 91.86 5.67
11; X .16509 .10965 .06398 .05231
3 s . 00213 .01414 ..00398 .00303
0 ov .
0 1.29 12.90 6.22 5.79
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Table L-3 Log Log Arctan ¥ Engineering Creep

. L =1
Compliance at Failure, psi

a. Analyzed Data

. 50% TPO 44 & 50% TPO 27
15% 203 253 30%
A .00463 ~.01875 -.02960 ~. 04366
R .
4
0 .
8 .01325 -.00108 ~.04212 -.05034
N .09131 .05851 .01264 -.02561
R
1
0 -
0 .09789 .05174 .00773 -.04196 .
0 .
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% 308
A % ) )
R .00894 §°, ~.00992 -.03586 -.04700
4 s
0 .00763 .01566 .01108 .00592
- -
0 cv
85.35 -157.86 -30.90 -12.60
2 x . 09460 .05513 .01018 ~.03379
PR
1 s 00583 00600 004
5 . . .00436 .01449
g cv
6.16 10.88 42.79 -42.88
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Table L-3 Log Log Arctan ¥ Engineering Creep

Compliance at Failure, psit

a. Analyzed Data

GT 274
15% 20% 25% 30%
A .07500 .06193 .05606 .08074
R
4
0
0
o .08756 .06181 .05531 .08634
a .14187 .11587 .09720 .10966
R
1
4] .
g .13082 .11388 .09072 .10646
b. Summary
GT274
15% 20% 25% 30%
N _ . .
R x .08128 .06187 .05569 .08354
4 s
0 .01113 .00011 .00067 .00496
-0 o
0
cv 13.69 .18 1.20 5.94
A x .13635 .11488 .09397 .10806
R _—
1 s .00979 .00177 .00574 .00283
0 —_—
0
cv
0 7.18 1.54 6.11 2.62

[l weaiere
arrre Ut anow P a
oy 1eorr ! 0% 0

EYES TS 1 ERY P B Y R RO R T Y Y B

366



Table L-3 Log Log Arctan ¥ Engineering Creep
. . . =1
Compliance at Failure, psi
a. Analyzed Data
“U. S. Rubber Fine
15% 20% 25% 30%
A .04531 .03762 .08570 .04932
R
4
0 .
8 .05059 .04198 .07336 " .05553
ﬁ .10307 .08068 .05928 .08252
1
0 .
0 N
0 .10548 .07520 06794 .09789
b. Summary
U. 8. RUBBER FINE
15% 20% 25% 30%
a _
R X .04795 .03980 .07953 .05242
4 s
0 .00468 .00386 .01093 .00550
RO -
0 cv 9.76 9.70 13.74 10.49
2 x .10428 .07799 .06361 -09020
é s .00214 .00493 .00768 .01361
0
cv
0 2.05 6.32 12.07 15.09
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Table L-3 Log Log Arctan ¥ Engineering Creep
. . =1
Compliance at Failure, psi
a. Analyzed Data
50% GT 274 & 50% U.S. Rubber Fine
15% 20% 25% 30%
A .06265 .03638 .07336 .06817
R
4
0
g .06029 .04567 .06294 .04651
A .12908 -10241 .08559 .07813
R
l PR
0
0 .16663 .09617 07771 .07695
0
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 30%
A -~
R X .06147 .04102 .06815 .05734
R . —
4 s
0 .0021¢0 .00823 .00923 .01919
A .
0
cv 3.42 20.06 13.54 33.47
g x .14786 .09929 . 08165 .07754
% s .03327 .00533 .00698 .00105
0 cv
0 22,50 5.37 8.55 1.35
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Table L-4 Anova Summary, Log Log Arctan .V
Engineering Creep Compliance at
at Failure, psi_l

ANOVA
SOURCE df ss MS F F.05 F.01
R .1038968 .0207793 373.47 2.43 3.48
o} .0385068 .0128356 230.70 2.82 4.28
A .0533724 .0533724 959,28 4.07 7.27
RQ 15 .0207387 .0013825 24.84 1.91 2.49
RA 5 .0023092 .0004618 8.30 2.43 3.48
QA 3 .0113209 .0037736 67.82 2.82 4.28
RQA 15 .0033763 .0002250 4.04 1.91 2.49
Error 48 .0026706 .0000556
TOTAL 95 .2361916
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APPENDIX M
FORCE~DUCTILITY TRUE CREEP

COMPLIANCE AT FAILURE AT 39.2F (4CQC)
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Table M-1 True Creep Compliance at Failure, psi

a. Measured Data

TPO 44
15% 20% 25% 30%
.0026 .0022 .00227 .00242
A .0027 .0024 .00221 .00215
? L0027 .0028 .00256 ©.00210
0 .0033 .00241 .0023 .0023
3 .0027 .00255 .0024 L0019
.0027 .00261 .0028 .0019
.00542 .00521 . .00315 .00239
A .00600 .00375 .00284 .00258
R .00614 .00490 .00241 .00301
é G076 00348 00330 L0031
g L0063 ©.00382 +00319 L0031
L0061 .00414 .00381 L0033
b. Summary
‘TP044
15% 20% 253 30%
A . —_— . " ) e
R x .003 . .003 .002 .002
.4 s )
o .,0003 .0002 .0002 L0002
S0
0 .
v 9.21 8.26 9.14 9.86
A x .
R -~ .006 . 004 .003 .003
1 s . . :
o - . 0007 10007 . 0005 . 0004
o | |
11.54 16.35 15.03 12.02 -
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True Creep Compliance at Failure, psi—

Table M-1
a. Measured Data
TPO 27
15% 20% 25% 30%
.00267 .00233 .00151 .00190
A .00262 .00234 .00151 .00189
? .00284 .00261 .00150 . .00175
0 ~00103 00234 00108 .00209
g .00272 .00228 .00217 .00226
.00384 .00234 .00255 .00232
.00803 .00377 .00366 .00236
A .00731 .00395 .00373 .00250
? .00805 .00402 .00355 .00252
0 .00763 .00370 .00224 .00276
‘g .00711 .00355 ;00302 .00280
.00803 .00390 .00309 .00260
b. Summary .
TP027
15% 203 25% 303
R B _ -
R x .003 v .002 . 002 .002
4 ] . -
0 .0006 L0001 L0004 .0002
0 _
0
v 22.20 4.98 19,97 11.11
A x .008 .004 .003 .003
é s . 0004 L0001 .0006 .0002
4] .
cv
0 5.34 4.59 17.48 6.14
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PENCENT RUSBER (0}
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19o4s
5o trorr

v eTiTe
v e b
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vlnnEuunxIlnun‘lmununu-
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Table M-1 True Creep Compliance at Failure, psi—

a. Measured Data

50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
.00209 .00159 .00178 .00144
A .00188 .00174 .00168 .00140
2 .00192 .00183 .00165 .00142
g .00214 .00198 .00171 .00129
0 .00210 .00188 .00159 .00129
.00210 .00197 .00145 .00118
.00434 .00295 - .00231 .00176
A .00445 .00286 .00210 .00161
R .
1 .00427 .00293 .00204 .00173
g .00466 .00291 .00206 .00188
0 .00278 .00209 .060177 .00177
.00560 .00264 .00205 .00163
b. Summary
50% TPO44 & 50% TP027
15% 20% 25% 30%
A % : ‘ i 2 .
R .002 , .002 .002 . 001
] - ,
4 ..0s !
o .0001 .0002 L0001 .0001
0. :
]
cv 5.36 8.11 6.92 7.52
A X .005 .003 .002 .002
g s .0005 L0001 .0001 .0001
o Jo ]
0 10.60 4.13 4.81 5.75
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Table M-1 True Creep Compliance at Failure, psi

a. Measured Data

Gr 274
15% 20% 25% 308

.00269 .00218 .00227 .00253

A .00263 .00213 .00223 .00296

3 .00228 .00215 , .00215 .00249

0 00288 00205 00215 .00258

g .00282 .00207 .00208 00291

.00284 .00311 .00222 .00315

.00444 .00325 - .00296 .00390

A 00431 00351 .00306 100386

? .00470 .00336 .00277 00354

0 .00458 .00387 .00284 .00360

g .00432 .00372 . 00282 .00360

.00423 .00325 .00309 .00366

b. Summary
©GT274
15% - 208 253% 30%
g % .003 .002 .002 .003
4 s - o

5 .0002 .00005 . 00007 .0003
o -

0 v 8.24 2.31 3.17 9.85

g x .004 .004 .003 . 004

1 s .0002 0002 . 0001 .0002
0 e
g. ov

4.06 6.85 _ 4.56 4.06
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at Failure, psi—

Table M-1 True Creep Compliance
a. Measured Data
U. S. Rubber Finé
15% 20% 25% 30%
.00258 .00199 .00273 .00256
A .00242 .00193 .00293 .00244
? .00213 .00190 .00275 .00240
g .00211 .00283 .00241 .00220
0 .00222 .00259 .00245 .00230
' .00211 .00215 .00249 .00222
.00359 .00273 .00229 .00306
A .00345 .00275 .00287 .00303
? .00348 .00264 .00282 .00340
0 ~00385 .00273. .00262 .00330
g .00891 .00273 .00275 .00319
.00384 .00259 .00275 .00343
b. Summary
U. S. RUBBER FINE
158 20% 25% 30%
A - % . : .
iy | x| .00226 ,  .00223 .00263 .00235
.4 s i L
0 .0002 .0004 .00602 .0001
0 -
o ]
cv
8.65 17.38 7.89 5,90
A x 00369 00270
o i . . 00268 . 00324
1 s 0002 h
; M . .00006 .0002 .0002
8 cv
5.53 2.39 7.84 5,25
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Table M-1 True Creep Compliance at Failure, psi—

a. Measured Data

50% GT 274 & 50% U.S. Rubber Fine
15% 20% 25% 30%
.00219 .00179 .00334 .00392
. Q .00225 .00175 .00294 .00344
4 .00236 .00183 .00317 .00290
g .00216 .00239 .00342 .00228
0 .00213 .00217 .00277 .00254
.00210 .00243 .00315 .00271
.00411 .00371 .00283 .00364
a .00411 .00385 .00295 .00387
? .00412 .00419 .00283 .00357
0 .00488 .00293 .00346 .00359
g .00513 .00303 .00345 .00448
.00496 .00314 .00324 .00530
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
153 20% 25% 303
R | % 00220 .00206 .00313 .00297
. t i
4 s -
0 00001 .0003 .0002 .0006
0 -
0 -
cv 4.30 . 15.04 7.77 20.55
2 x . 00455 .00348 .00313 .00408
1 s .0005 <0005 . 0003 L0007
0 )
0
0 v :
10.70 14.75 9.44 16.95
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at Failure, psi"l

Table M=-2 True Creep Compliance
a. Analyzed Data
TPO 44
15% 20% 253 30%

A .00267 .00247 .00235 .00222

R

4

0 .

0

o .00290 .00252 .00250 .00203

a .00585 .00462 .00280 .00266

R .

1.

0 .

g .00667 .00381 .00343 .00317

b. Summary
TPO44
15% 20% 25% 30%

g X .00279 1 .00250 .00243 .00213

SR
g s .00020 .00004 .00013 .00002
0 e
0 cv 7.17 1.60 5.35 0.94
a X .00626 .00422 .00312 .00292
R -
1 s .00073 00072 .00056 .00045
0 ]
0 cv
0 11.66 17.06 17.95 15.41

—
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Table M-2 True Creep Compliance at Failure, psi
a. Analyzed Data
TPO 27
15% 20% 25% 30%
g .00271 .00243 .00160 .00185
4
0 .
0
0 .00283 .00232 .00223 .00222
A .00780 .00391 .00365 .00246
R .
1
0
8 .00759 .00372 .00278 .00276
b. Summary
TP0O27
15% 20% 258 - 30%
A = . -
R x .00277 .00238 .00192 .00204
s
4 s .
0 .00011 .00010 .00056 .00033
0 -
0
ov 3.97 4.20 29.17 16.18
A x .00770 .00382 .00322 .00261
R rseraa §
3 s .00019 . 00017 .00077 .00027
o [
0 7.04 4.45 23.91 10.34
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sav trods
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SN
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True Creep Compliance at Failure, psi

Table M=2
a. Analyzed Data
508 TPO 44 & 50% TPO 27
15% 20% 25% 30%
g .00196 .00172 .00170 .00142
R .
0
0
0 .00211 .00194 .00158 .00125
a .00435 .00291 .00215 .00170
R .
1.
0
g .00492 .00278 .00207 .00176
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% 303
A % .00204 ©.00183 ©.00164 .00134
R R
4 s
5 .00013 .00019 .00011 .00015
0 - :
o cv 6.37 10.38 6.71 11.19
A p .00464 .00285 .00211 .00173
R ]
1 s .00051 .00012 .00007 .00005
0 -
0 cv
0 10.49 4.21 3.32 2.89
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wyene
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Table M~2 True Creep Compliance at Failure, psi
a. Analyzed Data
GT 274
15% 20% 25% 30%

A .00253 .00215 .00222 .002646

R

4

0 .

g .00285 .00208 .00215 .00288

a .00448 .00337 .00293 .00377

R

1.

0

g .00438 .00365 .00292 .00362

b. Summary
GT274
15% 20% 25% 30%

2 !i .00269 ) .00212 00219 . 00277
g s .00028 00006 . 00006 .00019
'0 ot
0 ovli 10.41 2.83 2.74 6.86
A % .00443 .00351 .00293 .00370
R R
é s 100009 .00025 .00001 .00013
0 cv
0 2.03 7.13 0.34 3.51
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Table M-2 True Creep Compliance at Failure, psi~

a. Analyzed Data

U. S. Rubber Finé
15% 20% 25% 30%
.00258 .00199 .00273 .00256
a .00242 .00193 .00293 .00244
? .00213 .00190 .00275 .00240
g .00211 .00283 .00241 .00220
0 .00222 .00259 .00245 .00230
00211 .00215 .00249 .00222
.00359 .00273 .00229 .00306
A .00345 .00275 .00287 .00303
? .00348 .00264 _.00282 .00340
0 00385 .00273. .00262 .00330
g .00891 .00273 .00275 .00319
.00384 .00259 .00275 .00343
b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
a. f-= : - .
R | *§ _-00226 ,  .00223 .00263 .00235
4 s ) e
0 .0002 .0004 © T .0602 .0001
0 —
0 - .
cv
8.65 17.38 7.89 5.90
a X ) )
r. Lol _-oo0360 .00270 .00268 .00324
1 s . ’
. M .0002 .00006 .0002 .0002
3 cv
5.53 2.39 7.84 5.25
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Table M-2 True Creep Compliance at Failure, psi
a. Analyzed Data
50% GT 274 & 50% U.S. Rubber Fine
153 20% 25% 30%
.00219 .00179 .00334 .00392
a .00225 .00175 .00294 .00344
4 .00236 .00183 .00317 .00290
g .00216 .00239 .00342 .00228
0 .00213 .00217 .00277 .00254
.00210 .00243 .00315 .00271
.00411 .00371 ,00283 00364
A .00411 .00385 .00295 .00387
R .00412 .00419 .00283 .00357
0 .00488 .00293 .00346 .00359
° .00513 .00303 00345 .00448
.00496 .00314 .00324 .00530
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
158 20% 253 30%
A = ; . R
R x| _.00220 . 00206 .00313 .00297
N t i
o4 s B
0 .00001 . 0003 .0002 .0006
O .
0 . .
ov 4.30 15.04 7.77 20.55
A 1 .o00455 .00348 .00313 .00408
3 s .0005 0005 .0003 .0007
0
0 i :
10.70 14.75 9.44 16.95

—
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wrsies t
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Table M=-3 Anova Summary, True Creep
Compliance at Failure

ANOvA
SOURCE af SS MS F F.05 F.01
R 5 .0000132 .000002640 29.47 2.43 3.48
Q 3 .0000244 .000008133 90.79 2.82 4,28
A 1 .0000424 .0000424 473.30 4,07 7.27
RQ 15 .0000178 .000001187 13.25 1.91 2.49
RA 5 .0000044 .000000880 9.82 2.43 3.48
QA 3 .0000177 .000005900 65.86 2.82 4.30
RQA 15 .0000063 .000000420 4.69 1.91 2.49
Error 48 .0000043 .000000090
TOTAL 95 .0001305
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APPENDIX N
FORCE-DUCTILITY MAXIMUM TRUE CREEP

COMPLIANCE AT 39.2F (4C)
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Table N-1 Maximum True Creep Compliance, psi
a. Measured Data
TPO 44
15% 20% 253 303
.00350 .0033 .00336 .00378
a .0034 .0034 . % .00348 .00373
? .0035 .0037 .00376 .00382
g .0045 .00343 .0037 .0031
0 .0037 .00338 .0035 .0032
.0037 .00346 . 0043 .0034
.00691 .00744 .00621 .00539
A .00802 .00562 .00538 .00566
§ .00769 .00678 .00496 .00627
0 L0071 .00565 .00604 .0063
g .0079 .00583 .00598 .0065
.0076 .00615 .00642 .0064
b. Summary
TPO44
15% 20% 25% 30%
A —
R x . 0037 .0034 .0037 .0035
4 s
o .00040 .00014 . 00034 .00031
0 =
0
cv 10.82 3.95 9.13 8.96
g x .0078 .0062 . 0058 .0061
% s1 .o00071 .00073 . 00055 .00045
o cv
0 9.10 11.64 9.45 7.40
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Table N-1 Maximum True Creep Compliance, psi

a. Measured Data

TPO 27
15% 20% 25% 30%
.00477 .00469 .00469 .00607
A .00442 .00458 .00423 .00640
R .
4 .00452 .00512 .00371 .00605
g .00314 .00465 .00493 .00625
0 .00421 .00454 .00513 .00672
.00698 .00458 .00527 .00674
.0106 .00762 .00736 .00772
A .0100 .00767 .00776 .00801
? L0109 .00819 .00747 .00787
g .0108 .00738 .00696 .00886
0 .0103 .00718 .00707 .00838
L0119 .00768 .00527 .00527
b. Summary
TP027
15% © 208 25% 308
A _ v
R x . 0047 . 0047 L0047 . 0064
4 s :
0 .00126 .00022 .00059 .00031
0 .
]
cv 27.04 4.60 12.71 4.80
A X .0108 . 0076 .0070 00825
3 s| .00065 . 00034 .00089 .00046
0
cv
Y 6.08 4.47 12.69 5.55
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Table N-=1 Maximum True Creep Compliance, psi
a. Measured Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
.00273 .00282 .00322 .00361
A .002438 .00289 .00322 .00366
§ .00251 .00304 .00328 .00364
0 .00277 .00337 .00321 .00379
g .00283 .00327 ..00290 .00365
.00285 .00327 .00298 .00332
.00662 .00579 .00507 .00415
A .00648 .00545 .00520 .00409
? .00655 .00549 .00492 .00467
g .00679 .00549 .00455 .00391
0 .00686 .00530 .00461 .00380
.00717 .00507 .00462 .00379
b. Summary
50% TP044 & 50% TPO27
15% 20% 25% 30%
A - ) : .
R X .0027 .0031 .0031 .0036
S
4 s
0 .00016 .00023 .00016 .00016
0 PR =
o cv
5.97 7.28 4.95 4.32
A x
) .0067 .0054 .0048 .0041
-
1 s -
0 .00025 .00024 .00027 .00033
0
0 v :
3.75 4.39 5.69 8.11

anenaLy treaiay

Pencent ausana (o)
\__._uuu Teenim
Trots N T e
i o veorr
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1
t

saveiste
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wimlmiwinlnlainie
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Maximum True Creep Compliance, psi

Table N-1
a. Measured Data
GT 274
15% 20% 25% 30%
.00420 ..00512 .00694 .00868
a .00409 .00509 .00659 .01030
? .00364 .00493 .00649 .00880
0 .00485 .00435 .00688 .00866
g .00455 .00452 .00657 .01070
. 00461 .00501 .00680 .01050
L00911 L00931 .00938 01204
a .00892 .00981 .00977 .01303
§ .01010 .00939 .00838 .01187
g .00816 .00990 .00948 .0116
0 .00909 .00993 .00875 .0126
.00926 .00924 .00968 L0115
b. Summary
GT274
153 20% 25% 30%
i
A B .
R | X | .0043 .0048 L0067 .0096
4 s .
0 - .00044 .00033 .00019 .00099
0 )
0
cov 10.07 6.83 2.77 10.28
2 x L0091 .0096 L0092 .0121
é s . 00062 .00032 .00055 . 00060
0 . [a474
0 6.84 3.30 5.99 4.93
ASPRALY TYPE (A
SERCIUT AVARIR {®)
‘———lullll rrRin) o
P ey £ oy o P o B P 1t B Pt 1 e P P P

1
|
|

400
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Table N-1  Maximum True Creep Compliance, psi

a. Measured Data

U. S. Rubber Fine
15% 20% 25% 30%
.00371 ..00459 .00924 .00744
A .00357 .00451 .00936 .00760
f .00392 .00442 .00852 .00748
0 .00370 .00515 .00782 .00742
8 .00382 .00535 .00831 .00735
.00365 .00443 .00820 .00732
.00802 .00773 .00743 .00934
A .00774 .00809 .00786 .00938
R
1 .00737 00785 .00754 . 01080
8 .00793 .00768 .00794 .0105
0 .00825 .00762 .00802 L0115
.00767 .00750 .00812 L0117
b. Summary
U. S. RUBBER FINE
15% - 20% . 25% 30%
a _ )
R X L0037 .0047 .0086 .0074
4 .§s .
0 .00012 .00040 . 00061 .00010
o R =
0 cv 3.34 ~ 8.51 © 7.08 1.34
A % L0078 .0077 .0078 .0105
R —
3 s .00031 .00021 .00027 .00101
0 cv
0 3.91 2.65 3.51 9.61

ABPHALY YYrg Ay
Ny ruEoen (0}

a% Wrous weoTiTe
ra
tos rront b srare Jun maea i
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Table N-1  Maximum True Creep Compliance, psi_

a. Measured Data

7 50% GT 274 & 50% U.S. Rubber Fine
15% 20% 25% 308
.00372 .00423 .00881 .00882
ﬁ .00385 .00409 - .00925 .00911
4 .00386 .00404 00966 . 00901
g .00377 .00518 .00791 .00720
0 .00351 .00526 .00787 . 00694
.00363 .00541 .00825 .00784
.00924 01077 .00856 .01028
A .00924 .01217 .00969 .00998
§ .00977 .01046 .00927 .01049
0 01067 .00858 00914 .0L07
g .01073 .00886 .00928 .01038
.01023 .00844 .00981 .01214
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 208 253 30%
A = » :
th % .0037 .0047 .0088 .0082
g s .0001 . 0006 .0009 . 0020
0 ]
0 ev 3.63 . 13.71 10.32 11.73
A x .0100 .0099 .0093 .0107
R L] :
1 s .0007 .0015 .0004 .0008
0 - '
0 cv
0 6.71 "15.13° 4.78 7.15

ASPHALY Yyouta)
PERCENT AVESER ()

\———— suseea Tred in}

[oTolu el a el a [ (o] a [ [o[o ] e[ ]= { [ =] =]

P rode XU
st ote 1 oryre fusmasesms | 2200V,
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Table N=-2 Maximum True Creep Compliance,
a. Analyzed Data
) TPO 44
15% 20% 25% 30%
A .00347 .00347 .00353 .00378
R . .
4 \
0
0 -
0 .00397 .00342 .00383 .00323
A .00754 .00661 .00552 .00577
R .
1 PR
0 .
8 .00820 .00588 .00615 .00640
b. Summary
TP044
15% 20% 25% 30%
ﬁ X .00372 .00345 .00368 .00351
g s . 00044 .00004 .00027 .00049
0 -
0 ev| 11.83 1.16 7.34 13.96
A x .00787 .00625 .00584 .00609
R - ‘
1 s .00058 .00065 .00056 .00056
0 —_——
0 cv
0 7.37 10.40 9.59 9.20
ABFHALY YYPR IR)
PEACERT RUSOEA{Q)
RUGEER TYPR (R}
—

IO
[l

w|nlwjuinin|ois

wosafsfreisafreisefu
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Table N-2  Maximum True Creep Compliance,
a. Analyzed Data
- TPO 27
15% 20% 25% 30%
A .00457 .00480 .00421 .00617
R .
4
0
0
] .00478 .00459 .00511 .00657
A .01050 .00783 .00753 .00787
R .
1
o}
g .01100 .00741 .00643 .00864
b. Summary
‘ TP027
15% 20% 25% 30%
. ) ,
R X .00468 .00470 .00460 .00637
4 s .
0 .00019 .00019 .00080 .00035
o .
0 cv 4.06 4.04 17.39 5.49
AR X .01075 .00762 .00698 . 00826
é S .00044 .00037 .00097 .00068
0 cv
0 4.09 4.86 13.90 8.23

ASPRALY Tyed tA)
FERCORT BUTREA (O}

\—.nvuu Trouiny

Troar

v Teoar,
o8 1eaye

waerere
rornray

wwitofse(sofs|ea

n

wco-un | cosamm
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Table N-2 Maximum True Creep Compliance, ps
a. Analyzed Data
50% TPO 44 & 50% TPO 27
15% 20% 25% 30%
g .00257 .00292 .00324 .00364
4
0
o]
0 .00282 .00330 .00303 .00359
A .00655 .00558 .00506 .00430
R .
1.
0
g .00694 .00529 .00459 .00383
b. Summary
50% TP044 & 50% TP027
15% 20% 25% 30%
a - ,
R X .00270 .00311 .00314 .00362
4 s
0 . 00022 .00034 . 00019 .00004
0 -
0 cv 8.15 10.93 6.05 1.10
A x .00675 .00544 .00483 .00407
R L
3 s .00035 .00026 .00042 .00042
0
cv
0 5.19 4.78 8.70 10.32

PYLTTYS R ATY AT
PEACERT AURBEA (2}
HuBesn TYPRIM)

o8 1en41

haiid tos yeon ¢
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. . —1
Maximum True Creep Compliance, psi

Table N=2
a. Analyzed Data
GT 274
15% 20% 25% 30%
A .00398 .00505 .00667 .00926
R
4
0 .
g .00467 .00465 .00675 .00995
A .00938 .00950 .00918 .01231
R .
1
0
g .00884 .00969 .00930 ,01190
b. Summary
GT274
153 203 25% 30%
A % .00433 .00485 .00671 .00961
R -
3 s .00061 .00035 . 00607 .00061
o -
0
cvi  14.09 7.22 1.04 6.35
A X .00911 .00945 .00924 .01211
R —_—
g s .00048 .00010 .00011 .00036
g ov
5.27 1.06 1.19 2.97

tarergre
oY b
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Table N-2 Maximum True Creep Compliance, psi
a. Analyzed Data
U. S. Rubber Fine
15% 20% 25% 30%
A .00373 {00451 .00904 .00751
R S
4
0 .
8 .00372 .00498 .00811 .00736
A .00771 .00789 .00761 .00984
R N
1
0
S .00795 .00760 .00803 .01123
b. Summary
U. S. RUBBER FINE
153 20% 25% 30%
; % .00373 .00475 .00858 .00744
g s .00001 .00042 .00082 .00013
0 —
Y cv 0.27 8.84 9.56 1.75
g x .00783 .00775 .00782 .01054
é s ..00021 .00026 .00037 .00123
g cv
7.68 3.35 4.73 11.67

wreTITe
wLare
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. =1
Table N-2 Maximum True Creep Compliance, psi

a. Analyzed Data

50% GT 274 & 50% U.S. Rubber Fine
158 203 25% 302
A .00381 .00412 .00961 .00898
R
4
0 ,
g .00364 .00528 .00801 .00733
A .00942 .01113 .00917 .01025
R
1
0
8 .01054 .00863 .00941 .01107
b. Summary
50% GT274 & 50% U. S. RUBBER FINE .
15% 20% 25% -30%
g p .00373 .00470 .00881 .00816
4 s )
0 .00015 .00103 .00140 .00146
o _—
0
cv 4.02 - 21.91 15.89 17.89
g X .00998 .00980 .00929 .01066
é s .00099 .00222 .00021 .00073
0 cv
0 9.92 22.65 2.26 6.85

AUPHALY TYRR 1A}

PEACEHTY AVIREA (D)
Y_“"" TyruiR)
Pyt Ly
W race v | 28 N
o Tvoar Yo pronr arere |us asse padenpian

aec-un | socese
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Table N-3 Anova Summary, Maximum True
Creep Compliance
ANOVA
SOURCE daft S5 MS F F.05 F.01l
R 5 .0002167 .000043340 157.60 2.43 3.48
Q 3 .0000325 .000010833 39.39 3.82 4.27
a .0002141 .0002141 778.54 4.06 7.27
RQ 15 .0000713 .000004753 17.28 1.90 2.49
RA 5 .0000080 .000001600 5.81 2.43 3.48
QA 3 .0000425 .000014167 51.51 2.82 4.27
ROA 15 .0000162 .000001080 3.92 1.90 2.49
Error 48 .0000132 .000000275
TOTAL, 95 .0006146
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MAXIMUM TRUE CREEP COMPLIANCE, 10%psi™?

FIG. N
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APPENDIX O

FORCE DUCTILITY TIME TO MAXIMUM
TRUE CREEP COMPLIANCE AT 39.2F (4C)
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Table 0-1 - Time to Maximum True Creep Compliance

a. Measured Data

TPO 44
15% 208 253 - 30%
13 10 9 7
g 14 - 10 9 7
4 13 11 9 7
8 12 11 9 7
0 12 11 3 8
13 11 10 8
11 9 7 6
A 11 8 7
R .
1 12 i 5
g 14 7 6
0 11 10 7 6
12 9 7 6
b. Summary
TPO44
© 15% 20% 253 30%
A _ ,
R % 12.83 10.67 9.17 7.33
g s .75 .52 .41 .52
0 s
0 o 5.85 4.81 4.47 7.09
A x 11.83 9.17 7.17 6.17
R _—
3 s 1.17 .41 .41 .41
o []
0 9.89 4.47 5.72 6.65

AspmaLy Yvoo i)
PENCERT AUSILA (O)
Aussea TYre il

% Teeds D)
s tranr - ]

B R LR R PR T N EA I R R Y P R T ) )
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Table 0O-1 Time to Maximum True Creep Compliance

a. Measured Data

TPO 27
15% 20% 25% 30%
13 11 9 8
A 13 11 9 7
E 13 11 9 7
0 13 S 11 9 7
: 13 11 -9 8
13 11 9 8
14 10 8 7
a 13 10 8 7
i 14 9 8 7
0 14 10 8 7
8 13 10 8 7
14 11 8 7
b. Summary
TP027
15% 20% 253 308
A f-= - ' o
R % 13.00 11.00 9.00 7.50
3 ° 0 0 0 .55
o Loz it
0
cv 0 0 () 7.33
g % 13.67 10.00 8.00 7.00
3 s .52 ,63 0 0
o ]
0 3.80 6 30 0 0
AUPHALY YYPER (A}
PAACRAT AURSRA (&)
r———lv'!ll TYen (R} ‘
e S D D ) R
(wwliafo ] o]} a[w]u || wTTalm] Tl wwaTnl = ]m

woo—un | cosnme
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Table 0O-1 Time to Maximum True Creep Compliance

a. Measured Data

- 50% TPO 44 & 50% TPO 27
15% 20% 253 30%
14 11 9 8 .
A 14 11 9 7
5 13 11 8 7
0 13 .10 9 7
8 13 10 9 7
13 10 9 8
12 9 8 7
a 12 9 7 7
R .
1 i2 9 7 6
0 13 9 8 7
g 13 9 8 7
11 9 7 6
b. Summary
50% TPO44 & 50% TP027
15% 20% 253 30%
g % 13.33 10.50 8.83 7.33
A s )
g s .52 .55 .41 .52
0
0 cv 3.90 5.24 4.64 7.09
A % 12.17 9.00 7.50 6.67
R _—
1 s .75 0 .55 0.52
0 _—
0 cv
0 6.16 0 7.33 7.80

suvnart vyeg (Al
PanCeay pussEn (g}

[ i

19044 rorr

So% Ve5es savoTITe
son trour o nrm b
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Table 0-1 Time to Maximum True Creep Compliance

a. Measured Data

GT 274
15% 20% 253 30%
14 12 11 10
g 14 13 11 10
p 14 13 11 -9
0
0 14 - 13 11 10
0 14 13 11 9
14 13 11 9
14 12 . 10 9
A 14 12 9 10
R N
1 i3 12 9 9
0 14 11 10 9
0 . ’
0 14 12 11 8
14 11 10 9
b. Summary
GT274
153 20% 25% 30%
A z 14 ’ '
a = .0 12.83 11.00 © 9,50
4 s
o 0 .41 0 .55
0 o)
0 0
ov 3.20 0 5.79
A x
A 13.83 11.67 9.83. 9.00
1 s » : )
: .41 .52 .75 .63
9 ov
2.96 4.46 7.63 7.00
ASPHALY TYPR 1A}
[ PUNCENT RUBOEIR (D}
\——IVIIII Tyegta)
| T [ T | S
wlwjs|m|winin|s]wlnjwiwiolrelnlofairjiuie|u|n|a|n
]

|
[
i
[
|
l
|
t

420



Table 0-1 Time to Maximum True Creep Compliance

a. Measured Data

U. S. Rubber Fine
15% 20% 25% 30%
14 12 11 10
A 12 12 11 10
fz( 14 12 12 10
0 14 .13 12 9
’ 14 13 10 9
13 13 11 10
14 11 9 7
g 13 11 9 8
1 13 10 10 8
g 13 12 10 9
0 13 10 10 9
13 11 10 8
b. Summary
U. S. RUBBER FINE
15% 20% 25% 30%
Q % 13.33 12.50 11.17 9.67
4 s
0 .82 .55 .75 .52
0 .
0
cv 6.15 4.40 6.71 5.38
A x 13.17 10.83 9.67 8.17
R ey
3 s .41 .75 .52 .75
0 cv
0 3.11 6.93 5.38 9.18

ASPRALY YYsE LAY
PERCERT AVseMa (@)
y———— RYIDARA TYPA (R}

- oy Thoud
troan Trorr odghdent} arrre

llnunllnununuuvlu-u
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Table O-1 Time to Maximum True Creep Compliance

a. Measured Data

’ 50% 'GT' 274 & 50% U.S. Rubber Pine
15% 203 25% cos
14 13 9 11
1; 14 3 9 11
) 14 13 9 10
8 14 .12 11 9
0 14 12 2 10
14 13 11 9
13 11 ) 11 9
A 14 10 10 9
111 13 10 9 9
0 14 12 10 9
g 14 12 10 9
14 11 10 8
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
153 20% 253 30%
2 % 14.00 12.67 10.17 10.00
g s 0 .52 ©1.33 .89
o -
o cv 0 4.10 13.08 8.90
A X 13.67 11.00 10.00 8.83
R e
é s .52 .89 .63 .41
8 cv
3.80 8.09 6.30 4.64

agPRALY TYOg iA)

PERCEHT RUBFER(B)
h—_ RUSSEA TYPE IR}
3a% 1rode XM
hods =
O S s B Tt

20}

oeoces Tamernn

422



Table 0-2 Time to Maximum True Creep Compliance

a. Analyzed Data

TPO 44
15% 20% 253 30%
A -
R 13.3 10.3 9.0 7.0
4
0
0
0 12.3 11.0 9.3 7.7
g 11.3 9.0 7.3 6.7
1
0
0 :
0
12.3 9.3 7.0 6.0
b. Summary
TPO44
153 20% 253 303
A- = )
R X 12.8 10.7 9.2 7.4
4 . s
o .89 .62 .27 .62
0
0 cv
; 6.92 5.82 2.90 8.44
A x 11.8 9.2 7.2 6.4
R
% s .89 .27 .27 .62
g cv
7.51 2.90 3.72 9.77
ACPRALY YYPa IA)
PEACIET RUDDEA ()
‘—lvnlll TYPEin)
T D IR S

1| elmlc]uin|n|n|ulnnin{ein|njnuln|n|n]n]n|n)es
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Table 0-2 Time to MaximumlTrue Creep Compliance

a. Analyzed Data

N . TPO 27
15% 208 25% 30%
A .
R 13.0 11.0 9.0 7.3
4
0
0
0. S 13.0 11.0 9.0 7.7
A ' :
R 13.7 9.7 8.0 7.0
1
0
0
0 13.7° 10.3 8.0 7.0
b. Summary
TPO27
153 - 20% 25% 30%
R ) ;
A prd 13.0 11.0 9.0 7.5
4 s |
; 0 0 0 .35
0
0
- o 0 0 4.73
A x 13.7 10.0 8.0 7.0
R -
1 s 0 N 53 0 0
4} SR
g cv
0 5.32 0 0
BUesEn YYoR iR}
rroir E :::: orere VR R P :::::“

L RREI R RO ECIETR T ER AR EOY P2Y TR R PR P8 O 8 Y
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Table 0-2 Time to Maximum True Creep Compliance
a. Analyzed Data
50% TPO 44 & 50% TPO 27
15% 208 253 303
A
R 13.7 11.0 8.7 7.3
4
0
0
O 1. 130 10.0 9.0 7.3
A
R 12.0 9.0 7.3 6.7
1 2
0
0
0 .
12.3 9.0 7.7 6.7
b. Summary
50% TPO44 & 50% TP027
15% 20% 25% 308
- A % . . . : .
R | *§ 13.4 10.5 8.9 7.3
4 s
0 .62 .89 27 0
o b=
0
vl  4.65 8.44 3.00 0
A x 12.2 9.0 7.5 6.7
1 S .27 0 .35 0
0 L
0 cv
0 2.19 0 4.73 0
ASPHALY TYeQ (A} (
PERCENT RUBGEA {Q)
\—— auessn tregint
ot Y
; AEEEREENE N _
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Time to Maximum True Creep Compliance

Table 0-2
a. Analyzed Data
GT 274
15% 203 25% 303
A
? 14.0 12.7 11.0 9.7
0
0
S .
14.0 13.0 11.0 9.3
A .
R 13.7 12.0 9.3 9.3
1
0
0
0 14.0 11.3 10.3 8.7
b. Summary
GT274
15% 20% 25% 30%
A —_—
R x 14.0 12.9 11.0 9.5
.4 s
o 0 .27 0 .35
s _—
0 ov 0 2.07 0 3.73
A x 13.9 11.7 9.8 9.0
R __
1 s .27 .62 .89 .53
0 _—
0 ov .
0" 1.92 5.32 9.04 5.91
ABPRALY YYPR i)
T RUSOER {8)
TTeRin)
AR RE ] RTY Blw|wins|Risjr|n|wofe|win|win|ele
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Table 0-2 Time to Maximum True Creep Compliance

a. Analyzed Data

U. S. Rubber Fine
158 20% 253 303
- A
? 13.3 12.0 11.3 10.0
0
0
0
13.3 13.0 11.0 9.3
A
? 13.3 10.7 9.3 7.7
0
0
0
13.0 11.0 10.0 8.7
b. Summary
U. S. RUBBER FINE
152 20% 25% . 30%
R % 13.3 12.5 11.2 9.7
4 s V
. 0 .89 .27 .62
.- -
0
_ cv 0 7.09 2.38 6.43
a % 13.2 10.9 9.7 8.2
R —
é s .27 .27 .62 .89
0 cv
0 2.02 2.45 6.43 10.80

ASPAALY TrrRia)
PERCINT BUsHEA (@)
AURSER TYRE(0)

ot Thoue pom
o sy rropr b arare V8 Ruttar S osarme ¥

B gy 21 gy -
s [sefses]fse[se ] f o [ra]se] s e[ e o] T sa] oo

eco-ar | coosms
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Table O-2 Time to«Maximum,True'Creep~Compliance

a. Analyzed Data

50% GT 274 & 50% U.S. Rubber Fine
15% 20% 253 30%
A _
1;\ 14.0 13.0 9.0 10.7
0
0
0
14,0 12.3 11.3 9.3
A .
}1{ 13.3 10.3 10.0 9.0
0
0
0 .
14.0 11.7 10.0 8.7
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
152 203 253 30%
A = .
» % 14.0 L1207 10.2 10.0
g s 0 .62 2.04 1.24
0 -
0 cv 0 . 4.90 20.08 12.40
A x 13.7 11.0 10.0 8.9
R -
1 s .62 1.24 0 .27
0 e
o cv
0 4.54 11.28 0 3.00

Y—.uu-- rerging
el Vv BTN
e tecar " LTI CTXVERTEES Sotuhptad

K wise|mlm|n|m|w]win]ee|m]w

3

Py g
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Table 0-3

Anova Summary, . Time to Maximum
True Creep Compliance

ANOVA
SOURCE daf ss MS F F.05 F.01
R 76.1084375| 15.2216875 67.00 2.43 3.48
Q 355.3194792{118.4398264 521.33 2.82 4.28
A 22.1376042¢ 22.1376042 97.44 4.07 7.27
RQ 15 8.5536458 .5702431 2.51 1.91 2.49
RA 5 2.3292708 .4658542 2.05 2.43 3.48
[0): 3 3.8211458 1.2737153 5.61 2.82 4.28
RQA 15 3.0144792 .2009653 .88 1.91 2.49
Error 48 10.905 .2271875
TOTAL 95 482.1890625
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APPENDIX P
APPARENT VISCOSITY AT 32.CF (0C)

BY SLIDING PLATE MICROVISCOMETER
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Table P-1 Sliding Plate Apparent Viscosity,
i 9 .
32.0F, 10 Poise
a. Measured and Analyzed Data
TPO 44
15% 20% 25% 30%
A No
Zl 4,98 7.60 Movement 8.50
0
g . No
4.41 5.28 Movement 13.04
A
R 2.06 4.36 13.75 2.81
1
0
0
0 2.18 2.76 7.66 5.34
b. Summary
TP044
15% 20% 25% 30%
S % 4,70 §,  6.44 - 10.77
g s 505 2.056 - 4.022
0 PR
0 ol 10.76 ©31.92 - 37.35
A x 2.12 3.56 10.71 4.08
R S
1 s .106 1.418 5.396 . 2.242
0 - .
0 cv
0 5.02 39.82 50.40 55.01

ASPRALY YYRE LAY
PEACYNT RUBRIR (9)
evosEn Tvea(R)

RGN wrovere
san tearr oamre ¢

solw)nin|nluinn|w|eleieinisio|n|elsinio|ae
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Table P-1 Sliding Plate Apparent Viscosity,
32.0F, 10° Poise

a. Measured and Analyzed Data

- ) TPO 27
15% 20% 25% 30%
A
R 4.3 4.5 4.0 3.4
4
0
0
0
3.5 7.0 4.2 2.4
A
R 1.6 2.2 2.6 3.7
1
0
0
0
1.9 1.8 3.5 3.3
b. Summary
TPO27
15% 20% 25% 30%
2 b 3.90 5.75 4.10 2.90
4 s :
0 .709 2.215 .177 .886
0 -
o .
cv 18.17 - 38.52 4,32 30.55
A x 1.75 2.00 3.05 3.50
R SE—
g s .266 .354 .797 .354
0
cv
0 15.19 17.72 26.14 10.13
ABORALY TYeg (A} .
FERCENT AUBATA (O}
&uesER TYPRIM)
i ' .
; 1rece o | it wnine Josneen v ] mrine
9 9 Y IS P o o P o g g g oy o g oy oy oy 1
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Table P~1 Sliding Plate Apparent Viscosity,
32.0F 109 Poise

a. Measured and Analyzed Data

’ 50% TPO 44 & 50% TPO 27
15% 20% 253 30%
A
R 7.8 4.6 4.7 14.8
4
0
0
0
9.5 6.9 4.4 12.1
a
R 2.1 3.6 2.2 3.1
1
0
0
0 2.5 3.0 3.3 6.6
b. Summary
50% TP044 & 50% TPO27
1
15% 208 25% 30%
S X 8.65 f  5.75 4.55 13.45
4 5
: 1.506 2,038 .266 2.392
o -
0 v 17.41 - 35.44 5.84 17.79
A x 2.30 3.30 2.75 4.85
R PR
1 s .354 .532 .975 3.101
0 _—
0 cv
I 15.41 16.11 35.44 63.94
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B
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Sliding Plate Apparent Viscosity,

Table P-1 5
32.0F, 10~ Poise
a. Measured and Analyzed Data
GT 274
158 203 253 303
A
5 3.0 2.3 3.9 1.9
0
0
0
2.2 2.9 3.2 2.9
A
R 2.1 1.3 2.6 1.5
1
0
0
0
2.1 1.3 2.1 1.3
b. Summary
GT274
15% 20% 253 308
R ) v
2 X 2.60 2.60 3.55 2.40
g s .709 .532 .620 886
0
0 ol 27.26 20.45 17.47 36.92
g X 2.10 1.30 2.35 1.40
1 s 0 0 .443 .177
0 -
0 cv
Y 0 0 18.85 12.66

YR
LRI

i
|
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Table P-1 Sliding Plate Apparent Viscosity,
32, 0F, 109 Poise

a. Measured and Analyzed Data

U. S. Rubber Fine
15% 20% 25% 30%
A
R 3.4 2.8 2.5 2.9
4
0
0
0
4.4 1.7 2.8 1.8
A
R 3.0 3.1 2.3 2.3
1
0
0
0
2.0 1.6 3.3 2.2
b. Summary
U. S. RUBBER FINE
¥
15% 20% 25% 30%
a _
R x 3.90 ‘ 2.25 2.65 2.35
4 s
0 .886 .975 .266 .975
P e,
0 cv 22.71 T 43.32 10.03 41.47
A X 2.50 2.35 2.80 2.25
R _—
g s .886 1.329 .886 .089
0 o
] 35.44 56.55 31.64 3.94
ASPRALY tyogia)
PERCERT BUNSEN (Q)
—e—— RUOPER 17PF (B}
[ rreae el S B e
PO 50 8 o ot N B e o o ot 8 i
ol g ot 0 1 o i

|
i
|
{
1
t
|

|
]
1
i
i
1
|
t
|
|
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Sliding Plate Apparent Viscosity,

Table P-1
9 .
32.0F; 1l0” Poise
a. Measured and Analyzed Data
50% GT 274 & 50% U.S. Rubber Fine
15% 203 25% 308
A
? 3.5 3.1 2.1 1.5
0
0
0
2.5 4.9 1.7 1.2
A
R 1.4 2.5 1.8 2.7
1
0
0
0
1.5 1.8 1.4 1.9
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 253 308
A -—
R x 3.00 4.00 1.90 1.35
4 s
o .886 1.595 .354 .266
0 -
0 .
cv 29.53 39.87 18.65 19.68
g x 1.45 2.15 1.60 2.30
1 s .089 .620 .354 - .709
0 -
g v
6.11 28.85 22.15 30.82
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Table P-=2 Anova Summary, Sliding Plate
Apparent Viscosity

ANOVA
SOURCE af SS MS F | F.o5 F.0l
R 5 190.50 38.10 28.71 2.43 3.48
Q 3 16.92 5.64 4.25 2.82 4.28
A 1 51.03 51.03 38.45 4.07 7.27
RQ 15 97.90 6.53 4.92 1.91 2.49
RA 5 58.02 11.60 8.74 2.43 3.48
QK 3 52.44 17.48 13.17 2.82 4.28
RQA 15 169.73 11.32 8.53 1.91 2.49 -
Error 48 63.71 1.33
TOTAL 95 "~ 700.24
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APPEMDIX Q
FIRST CYCLE CREEP (30 MIN) AT 32.0F

(0C) BY SLIDING PLATE MICROVISCOMETER
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Table Q-1 Sliding Plate First Cycle Creep
(30 min.), microns

a. Measured and Analyzed Data

TPO 44
15% 20% 25% 303
A
E 252 ' 229 193 225
0
0
0
190 190 203, 207
A
? 466 458 323 444
0
0
0 )
415 400 308 377
b. Summary
TPO44
r
15% 20% 25% 30%
g x§ 221.00 309.50 198.00 216.00
R ¢
4 s ’
0 54.932 34.554 8.860 15.948
o AT
0 cvy  24.86 16.49 4.47 7.38
A x| 440.50 429.00 315.50 410.50
R T
1 ] 45.186 51.388 13.290 59,362
o R
0 cv
0 10.26 11.98 4,21 14.46
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Table Q-1 Sliding Plate First.Cycle Creep
(30 min.), microns

a. Measured and Analyzed Data

TPO 27
153 203 25% 308
A
R 270 284 314 384
4
0
0
0 242 230 351 511
a
R 564 619 472 547
1
0
0
0 435 533 403 541
b. Summary
TPO27
15% 20% 259 30%
A %§ 256.00 ,257.00 332.50 447.50
4 s
0 24.808 47.844 32.782 112.522
0
0 cv 9.69 18.62 9.86 25.14
a x ¥ 499.50 576.00 437.50 544,00
R —
1 s 114.204 76.196 61.134 5.316
0 _
0 .
0 22.88 13.23 13.97 .98
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Table Q-1 Sliding Plate First Cycle Creep
(30 min.), microns

a. Measured and Analyzed Data

50% TPO 44 & 50% TPO 27
15% 203 25% 30%

A

R 163 211 231 322

4 o

0

0

0 117 197 317 290

g 433 364 512 520

1

0

0 .

0 405 365 608 437

b, Summary
50% TP044 & 50% TPO27
¥
15% 20% 25% 30%

g %1 140.00 ) 204.00 274.00 306.00
g s 40.756 12.404 76.196 28.352
o -
0 cv 29.11 6.08 27.81 9.27
A xF 419,00 364.50 560.00 478.50
R
1 s 24.808 .886 85.056 73.538
0 S
0
0 cv 5.92 .24 15.19 15.37
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Table Q-1 Sliding Plate First Cycle Creep

(30 min.), microns

a. Measured and Analyzed Data
GT 274
15% 20% 25% 30%
A
R 288 454 414 718
4
0
0
0 297 391 412 592
A
R 513 651 663 739
1
0
0 .
0 642 929 772 812
b. Summary
GT274
153 208 253 303
ﬁ X§ 292.50 , 422.50 413.00 655.00
4 s
5 7.974 55.818 1.772 111.636
0
0 v 2.73 13.21 .43 17.04
2 x1 s77.50 790.00 717.50 775.50
R SRR
1 s| 114.294 246.308 96.574 64.678
0 e
0 cv
0 19.79 31.18 13.46 8.34
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Table Q-1 Sliding Plate First Cycle Creep
(30 min.), microns

a. Measured and Analyzed Data

M U. S. Rubber Fine
15% 208 25% 308

A

R 242 380 575 920

4

0

0

0 319 549 623 600

A

R 523 717 825 872

1

0

0

0 727 742 465 944

b. Summary
U. S. RUBBER FINE
¥
15% 20% 25% 308

g %0 280.50 464.50 599.00 760.00
g SH  -68.222 149,734 42.528 283.520
o -
0 ov 24.32 32.24 7.10 37.31
A x| s25.00 729.50 645.00 908.00
R —
1 s{| 180.744 22.150 | 318.960 63.792
0 e
¢ cv
0 28.92 3.04 49.45 7.03
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Table Q-1 Sliding Plate First Cycle Creep

(30 min.), microns

a. Measured and Analyzed Data
’ 50% GT 274 & 50% U.S. Rubber Fine
15% 20% 25% 30%

A

R 276 355 566 879

4

o}

0

0 303 380 689 965

A

R 587 648 818 793

1

0

0 .

0 600 667 957 880

b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 30%

A —
R X { 289.50 ; 367.50 627.50 922,50
4 s
o 23.922 22.150 108.978 76.196
p e
0 ov 8.26 6.03 17.37 8.26
g x| 593,50 657.50 887.50 836.50
1 s 11.518 16.834 123.154 77.082
0 R
o

cv
0 1.94 2.56 13.88 9.21

e,
toy 1

EIRE RN S ETN B
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Table Q-2 Anova Summary, Sliding Plate First
Cycle Creep (30 min.)

ANOVA
SOURCE daf ss MS F F.05 F.0L
R 5 1799039.18 359807.84 58.28 2.43 3.48
Q 605308.78 201769.59 32.68 2.82 4.28
A 1 1067871.09 | 1067871.09 | 172.96 4.07 7.27
RQ 1 15 467609.78 31173.99 5.05 1.91 2.49
RA 5 19956.84 3991.37 .65 2.43 3.48
QA 3 116576.53 38858.84 6.29 2.82 4.28
RQA 15 128009.78 8533.99 1.38 1.91 2.49
Error 48 296352.50 6174.01
TOTAL 95 4500724.49
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APPENDIX R
FIRST CYCLE RECOVERY (30 MIN) AT 32.0F

(0C) BY SLIDING PLATE MICROVISCOMETER
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Table R-1 Sliding Plate First Cycle Recovery
(30 min.), microns
a. Measured and Analyzed Data
i TPO 44
15% 20% 25% 308
A
R 97 93 99 124
4
0
0 ,
0 65 77 107 116
A
R 182 172 196 236
1
0
0 .
0 148 178 191 238
b. Summary
TP044
b
15% 20% 25% 30%
; X 81.00 . 85.00 103.00 120.00
4 s .
0 28.352 14.176 7.088 7.088
0 e
0 vl  35.00 16.68 6.88 5.91
A xf 165.00 175.00 193.50 237.00
R sy
1 s| 30.124 5.316 '4.430 1.772
0 ey
0 v
0 18.26 3.04 2,29 .75
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Table R-1

Sliding Plate First Cycle Recovery
(30 min.), microns
a. Measured and Analyzed Data
TPO 27
15% 208 253 30%
A N
R 81 100 127 161
4
0
O .
0 67 115 159 216
A
2 167 203 240 293
1
0
0
0 149 177 227 228
b. Summary
TPO27
15% 20% 25% 30%
g' % 74.00 107.50 143.00 188.50
4 s ' ' )
5 12.404 13.290 28.352 48.730
0 -
0 ] 16.76 12.36 19.83 25.85
A x 1 158.00 190.00 233.50 260.50
R o
1 s 15.948 23.036 11.518 57.590
0 o
0
0 10.09 12.12 4.93 22.11
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Table R-1 Sliding Plate First Cycle Recovery
(30 min.), microns
a. Measured and Analyzed Data
50% TPO 44 & 50% TPO 27
15% 20% 253 308
A .
R 75 97 102 155
4
0
0 .
0 44 113 126 157
A
R 164 166 217 264
1
0
o .
0 179 151 279 257
b. Summary
50% TP044 & 50% TP0O27
15% 20% 25% 308
A 59.50 , 105.00 114.00 156.00
g 27.466 14.176 21.264 1.772
0
0 46.16 13.50 18.65 1.14
A 171.50 158.50 248.00 260.50
R
1 13.290 13.290 54.932 6.202
0
0
o 7.75 8.38 22.15 2.38
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Table R-1

Sliding Plate First Cycle Recovery
(30 min.), microns
a. Measured and Analyzed Data
GT 274
15% 20% 253 30%
A
R 54 112 160 279
4
0
0
0 46 130 141 296
A
R 181 195 297 385
1
0
0 .
0 193 393 334 352
b. Summary
GT274
15% 20% 25% 30%
A _ .
R x 50.00 , 121.00 150.50 287.50
4 s .
0 7.088 15.948 16.834 15.062
B -
0 cvl 14.18 13.18 11.19 5.24
g x{ 187.00 294.00 315.50 368.50
% s 10.632 175.428 32.782 . 29,238
0 cv
0 5.69 59.67 10.39 7.93
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Table R—l Sliding Plate First Cycle Recovery
(30 min.), microns

a. Measured and Analyzed Data

g - U. S. Rubber Fine
15% 20% 253% 30%

A

R 54 96 212 357

4

0

0

0 68 98 230 285

A v

R 286 283 375 425

1

0

0 ) :

0 214 247 230 469

b. Summary
U. S. RUBBER FINE
15% 20% 253 308

A % 61.00
A % . , 97.00 221.00 321.00
4 s
. 12.404 1.772 15.948 63.792
0 )
0 ov 20.33 1.83 7.22 19.87
A x§ 250.00 265.00 302.50 447.00
R e
1 s 63.792 31.896 128.470 . 38.984
0 -
e v
0 25.52 12.04 42.47 8.72

AOPEALY TYeg fat
PaRCEHT AVNOTA ()
nussLR Trag(n}

v iecid PAYITIN
s #100
oy Yoy tean s fun hdgabiart

wialm|is|r]w]sein|nl

S

'
|
!
]
1
0
t
|
1
l

[
|
[
|
]
1
|
1
|
1

469



Table R-1 Sliding Plate First Cycle Recovery
(30 min.), microns

a. Measured and Analyzed Data

N 50% GT 274 & 50% U.S. Rubber Fine
15% 203 253 30%

A

R 53 112 206 331

4

0

0

0 71 159 247 393

A

R 233 253 403 387

1

0

0 :

0 188 243 386 322

b. Summary
'
50% GT274 & 50% U. S. RUBBER FINE
H
153 20% 253 30%

g % 62.00 135.50 226.50 362.00
g s 15.948 41.642 36.326 54,932
0
¢ cv 25.72 30.73 16.04 15.17
A x B 210.50 248.00 394.50 354.50
R e
1 s 39.870 8.860 15.062 57.590
0 -
o ov ‘
0 18.94 3.57 3.82 16.25
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Table R-2 Anova Summary, Sliding Plate
First Cycle Recovery (30 min.)

ANOVA

SOURCE as ss MS F F.05 F.01
R 5 | 169473.18 33894.64 29.23 2.43 3.48
Q 319821.95 106607.32 91.93 2.82 4.28

294041.34 294041.34 253,57 4,07 7.27

RO |, 15 79174.11 5278.27 4.55 1.91 2.49
RA 5 11573.09 2314.62 2.00 2.43 3.48
oA 3 6993.61 2331.20 2.01 2.82 4.28

ROA 15 27882,20 1858.81 1.60 1.91 2.49

Error 48 55661.50 1159.61

TOTAL 95 | 964620.99
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APPENDIX S
SECOND CYCLE CREEP (30 MIN) AT 32.0F

(0C) BY SLIDING PLATE MICROVISCOMETER
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Table s-1 Sliding Plate Second Cycle Creep
' (30 min.), microns

a. Measured and Analyzed Data

TPO 44
153 20% 25% 308
A .
R 125 163 146 173
4
0
0 )
0 129 130 156 168
A
R 385 311 238 330
1
0
0 ,
0 335 285 295 317
b. Summary
TP044
1]
15% 20% 25% 308
g %1 127.00 146.50 151.00 170.50
Ry '
4 s i 3 7
. .544 29.238 8.860 4.430
0 e
0 ov 2.79 19.96 5.87 2.60
A x| 360.00 298.00 266.50 323.50
R sy
1 s 44.300 23.036 50.502 11.518
0 s '
0 cv
0 12.31 7.73 18.95 3.56
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Table S-1 Sliding Plate Second Cycle Creep
. : - (30 min.), microns

a. Measured and Analyzed Data

TPO 27
153 20% 25% 30%
A
R 148 169 196 286
4
0
0
0 152 188 220 332
A
R 397 381 377 453
1
0
0 .
0 353 334 357 451
b. Summary
TP027
153 - 208 25% 30%
g %§ 150.00 , 178.50 208.00 309.00
pasnsn ¢
4 s )
5 3.544 16.834 21.264 40.756
-0 -
0 ov 2.36 9.43 10.22 13.19
A Xf 375.00 357.50 367.00 452,00
R e
1 s 38.984 41.642 11.720 1.772
0 -
0 cv
0 10.40 11.65 4.83 .39
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Table S-1 $liding Plate Second Cycle Creep
(30 min.), microns
a. Measured and Analyzed Data
50% TPO 44 & 50% TPO 27
15% 208 25% 30%
A
R 123 160 169 219
4
0
0
0 100 132 178 209
A
R 333 269 325 361
1
0
0 .
0 322 300 400 329
b. Summary
50% TP044 & 50% TP027
153 20% 25% 303
g xf 111.50 , 146.00 173.50 214.00
4 sl
p 20.378 24.808 7.974 8.860
o -
0 ovi 18.28 16.99 4.60 4.14
A x| 327.50 284,50 362.50 345,00
R LY,
1 s 9.746 27.466 66.450 . 28.352
o -
0 cv
0 2.98 9.65 18.33 8.22
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= PERCENT RUSRTN (O}
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Table S-1 Sliding Plate Second Cycle Creep
{30 min.), microns
a. Measured and Analyzed Data
GT 274
15% 20% 25% 30%
A
R 163 278 294 483
4
0
0
0 188 249 263 476
A
R 426 505 514 676
1
0
0 4
0 473 658 604 666
b. Summary
GT274
153 20% 25% 30%
g b 175.50 , 263.50 278.50 479.50
4 s 722 150
: . 25.694 27.466 6,202
=~ 0 SRR
e cvl 12.62 9.75 9.86 1.29
A x | 449.50 581.50 559.00 671.00
R =
1 sl 41.642 135.558 79.740 . 8.860
0 -
0 cv
0 9.26 23.31 14.26 1.32
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Table S-1 Slldlng Plate Second Cycle Creep
(30 min.), microns

a. Measured and Analyzed Data

U. S. Rubber Fine
15% 208 253 30%
A
R 180 274 396 595
B ;
0
O .
0 211 377 404 655
A
R 422 542 568 706
1
o
0
0 464 512 427 736
b. Summary
U. S. RUBBER FINE
152 20% 25% 30%
g x{ 195.50 325.50 400.00 625.00
g ¥
g s 27.466 91.258 7.088 53.160
- e
o cv 14.05 28.04 1.77 8.51
A xl 443.00 527.00 497.50 721.00
R e
1 s 37.212 26.580 124.926 . 26.580
o -
0 cvr
0 8.40 5.04 25.11 3.69
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Table S~-1 Sliding Plate Second Cycle Creep
(30 min.), microns

a. Measured and Analyzed Data

50% GT 274 & 50% U.S. Rubber Fine
15% 208 25% 30%
A
R 183 226 435 648
4
0
0
0
200 258 531 589
A
R 454 483 667 570
1
0
0 .
0
474 523 769 658
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
15% 20% 25% 303
A z# 191.50 242,00 483.00 618.50
R g !
g s 15.062 28,352 85.056 52.274
)
o v 7.87 11.72 17.61 8.45
A x| 464.00 503.00 718.00 614.00
R _—
1 s 17.720 35.440 90.372 . 77.968
0 RS
0 cv
0 3.82 7.05 12.59 12.70

AUFHMLT TYr laY
vancear nussentel
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Table S5-2 Anova Summary, Sliding Plate Second
Cycle Creep (30 min.)

ANOVA
SOURCE af ss Ms F F.05 “F.01
R 5 1030192.08 206038.42 147.83 2.43 3.48
Q 439355.21 146451.74 105.08 | 2.82 4.28
A 1 845250.67 845250.67 606.47 | 4.07 7.27
RQ v 15 290429.17 19361.94 13.89] 1.91 2.49
RA 5 31847.71 6369.54 4.57| 2.43 3.48
QA 3 51287.08 17095.69 | 12.27| 2.82 4.28
RQOA 15 42477.04 2831.80 2.03} Ll.91 2.49
Error 48 66899.00 1393.73
TOTAL 95 2797737.96
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APPENDIX T
SECOND CYCLE RECOVERY (30 MIN) AT 32.0F

(0C) BY SLIDING PLATE MICROVISCOMETER

492



Table T-1 Sliding Plate Second Cycle Recovery
(30 min.), microns

a. Measured and Analyzed Data
i

TPO 44
15% 20% 253 308
A
R 68 84 72 114
4
0
0 .
0 62 75 108 114
A .
R 180 200 177 228
1
0
0 .
0 153 197 182 246
, .
b. Summary
TP044
15% 208 25% 30%
A % 65.00 79.50 90.00 114.00
R SRR b
g s 5.316 7.974 31.896 0
0 —
0 cv 8.18 10.03 35.44 0
A X[ 166.50 198.50 179.50 237.00
R e
1 s 23.922 2.658 4.430 15,948
0 SRR
0 o ,
0 14.37 1.34 2.47 6.73
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Table T-1 Sliding Plate Second Cycle Recovery
(30 min.), microns

a. Measured and Analyzed Data

TPO 27
15% 20% 25% 30%
A
R 77 84 166 186
4
0
0 - .
0
64 89 145 194
A
R 173 206 213 303
1
]
0
0 159 185 235 252
b. Summary
TPO027
15% 20% 25% 30%
11‘\( X 70.50 . 86.50 155.50 190.00
4 ] )
0 11.518 4.430 18.606 7.088
0
0 cv 16.34 5.12 11.97 3.73
A X 166.00 195.50 224.00 277.50
R _—
1 s 12.404 18.606 19.492 45.186
0 —
0 cv
0 7.47 9.52 8.70 16.28
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Table T-1 Sliding Plate Second Cycle Recovery
(30 min.), microns

a. Measured and Analyzed Data

50% TPO 44 & 50% TPO 27
15% 20% 25% 308
A .
R 65 87 . 86 172
4
0
0
0 39 84 115 152
A
R 185 162 219 255
1
0
0
0 176 173 248 258
b. Summary
50% TP044 & 50% TPO27
158 20% 258 30%
g % 52.00 85.50 100. 50 162.00
4 s ’ .
0 23.036 2.658 25.694 17.720
o _—
0 cv 44.30 3.11 25.57 10.94
A x ¥ 180.50 167.50 233.50 256.50
R —
1 s 7.974 9.746 25.694 2.658
0 _—
0 cv
0 4,42 5.82 1l1.00 1.04
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Table T-1 Sliding Plate Second Cycle Recovery
(30 min.), microns
a. Measured and Analyzed Data
GT 274
15% 208 25% 303
A
R 52 131 151 314
4
0
0 }
0 57 126 159 347
A
a 187 273 305 406
1
o]
0 .
0 232 328 377 348
b. Summary
GT274
15% 20% 25% 308
A P 54,50 128.50 155.00 330.50
G 13
4 s .
h 4.430 4.430 7.088 29.238
0
0 ov 8.13 3.45 4.57 8.85
A x|} 209.50 300.50 341.00 377.00
R s
1 sf 39.870 48.730 63.792 51,388
0l
0 cv
0 19.03 16.22 18.71 13.63
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Table T-1 Sliding Plate Second Cycle Recovery
(30 min.), microns

a. Measured and Analyzed Data

U. S. Rubber Fine
15% 208 25% 308
A
R 60 115 210 353
4
0
0
0 72 98 254 293
A
R 267 310 320 471
1
0
0
0 223 293 239 468
b. Summary
U. S. RUBBER FINE
1
15% 20% 25% 308
% = 66.00 106.50 232.00 323.00
3 s 10.632 15.062 38.984 53,160
o e,
0 P 16.11 14.14 16.80 16.46
A x{ 245.00 301.50 279.50 469.50
R —_—
1 s 38.984 15.062 71.766 2.658
0 e
0 cv
0 15.91 5.00 25.68 .57
?
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Table T-1 Sliding Plate Second Cycle Recovery
(30 min.), microns
a. Measured and Analyzed Data
. 50% GT 274 & 50% U.S. Rubber Fine
153 208 253 308
A
R 58 106 238 339
4
0
0
0 75 216 289 329
A
R 249 272 397 401
1
0
0 .
0 221 235 431 540
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
T
15% 20% 25% 30%
ﬁ % 66.50 161.00 263.50 334.00
SRR ¥
4 s
. 15.062 97.460 45.186 8.860
o ..
Y ov 22.65 60.53 17.15 2.65
A x| 235.00 253.50 414.00 470.50
R R
1 s 24.808 32.782 30.124 123.154
o )
0
0 10.56 12.93 7.28 26.18
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Table T-2 Anova Summary, Sliding Plate Second
Cycle Recovery (30 min.)
ANOVA
SOURCE df SS MS F F.05 F.01
R 5 255219.83 51043.97 63.49 2.43 3.48
Q 358164.21 119388.07 148.49 2.82 4.28
A 352110.38 352110.38 437,95 4.07 7.27
RQ 15 94816.42 6321.09 7.86 1.91 2.49
RA 5 9205.00 1841.00 2.29 2.43 3.48
fe). 3 3877.88 1292.63 1l.61 2.82 4.28
RQA 15 27997.25 1866.48 2.32 1.91 2.49
Error 48 38592.00 804.00
TOTAL 95 1139982.96
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SLIDING PLATE SECOND CYCLE RECOVERY
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APPENDIX U
SECOND CYCLE RECOVERY (20 HOUR) AT 32.0F

(0C) BY SLIDING PLATE MICROVISCOMETER
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Sliding Plate Second Cycle Recovery

Table U-1
(20 hour), microns
a. Measured and Analyzed Data
TPO 44
15% 20% 25% 30%
A
i 104 182 275 170
. .
0 )
0
62 75 311 190
A
R 254 274 298 255
1
0
0
0 196 299 286 273
b, Summary
TP044
15% 20% 25% 30%
g 83.00 128.50 293.00 180.00
g 37.212 94.802 31.896 17.720
0 :
0 44.83 73.78 10.89 9.84
a x| 225.00 286.50 292.00 264.00
R e
1 s 51,388 22.150 10.632 15.948
0 - :
0 o .
0 22.84 7.73 3.64 6.04
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CIOIR]
o2 m e

ton froaa
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Table U-1 Sliding Plate Second Cycle Recovery
(20 hour), microns

a. Measured and Analyzed Data

TPO 27
15% 20% 253 30%
A
R 150 158 166 251
4
0
0 -
Y 81 174 204 261
A
R 280 412 285 474
1
0
0
0 204 276 288 501
b. Summary
TPO27
153 203 25% 30%
g x| 115.50 , 166.00 185.00 256.00
4 S
o 61.134 14.176 33.668 8.860
0 -
0 ovl] 52,93 8.54 18.20 3.46
a X[ 242.00 344.00 286.50 487.50
R —
1 s 67.336 120.496 2.658 23,922
0 o
0 cv
0 27.82 35.03 .93 4.91

agsnaLy VYRR (Al

Pencent ausatn (6} ’
‘_lutul renin
o8 Troes W eTin
trose [ ton rontd]| 0Tre Jusessare | MRET,
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Table U-1 Sliding Plate Second Cycle Recovery
(20 hour), microns

a. Measured and Analyzed Data

. 50% TPO 44 & 50% TPO 27
158 203 25% 30%
a
R 101 87 107 326
4
0
0
0 85 84 176 273
A
R 205 182 248 322
3 B
0
0
0 215 272 439 380
b. Summary
50% TP044 & 508 TPO2Y
158 20% 25% 30%
g % 93.00 85.50 141.50 299.50
)
4 s 14.176
: . 2.658 61.134 46.958
° .
0 cv 15.24 3.11 43,20 15.68
A x| 210.00 227.00 343.50 351.00
R - .
1 s 8.860 79.740 169.226 51.388
0 -
0 Ccv
0 4.22 35.13 49,27 14.64
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Table U-1 Sliding Plate Second Cycle Recovery
(20 hour), microns
a. Measured and Analyzed Data
GT 274
15% 20% 25% 308
A
R 149 254 327 474
4
0
0
0 66 203 256 475
A
R 362 363 555 461
1
0
0
0 518 513 565 491
b. Summary
GT274
15% 20% 25% 30%
a =1 107.50 228.50 291.50 474.50
R ATy ¥
g s 73.538 45.186 62.906 .886
o )
0 cv 68.41 19.78 21.58 .19
a %1 440.00 438.00 560.00 476.00
R’ SRR
1 s | 138.216 132.900 8.860 . 26.580
0 S
0
0 cv 31.41 30.34 1.58 5.58
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Table U-1 Sliding Plate Second Cycle Recovery
(20 hour), microns
a. Measured and Analyzed Data
U. S. Rubber Fine
153 . 20% 253 30%
A
R 126 270 428 863
4
0
0 -
0 288 99 506 506
A
R 377 703 647 783
1
0
0 .
0 565 492 405 832
b. Summary
U. 5. RUBBER FINE
15% 203 25% 308
ﬁ 207.00 | 184.50 467.00 684.50
g 143.532 151.506 69.108 316.302
0
0 69.34 82.12 14.80 46.21
A 471.00 597.50 526.00 807.50
R
1 166.568 186.946 214.412 43.414
0 Ry
0
0 35.36 31.29 40.76 5.38

ABTRALY Yrru ta)
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o troad et

oy ere t
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Table U-1

Sliding Plate Second Cycle Recovery
(20 hour), microns

a. Measured and Analyzed Data

50% GT 274 & 50% U.S. Rubber Fine
15% 208 253 303

A

R 178 197 410 641

4

0

0 .

0 107 313 479 438

A

R 249 530 618 648

1

0

0 N

0 343 471 737 729

b. Summary -
50% GT274 & 50% U. S. RUBBER FINE
15% 208 25% 303

g %] 142.50 , 255.00 444.50 539.50
g s 62.906 102.776 61.134 179.858
0 )
0 vl 44.14 40.30 13.75 33.34
A x| 296.00 500.50 677.50 688.50
R -
1 s 83.284 52.274 105.434 71.766
0 -
0 cv
0 28.14 10.44 15.56 10.42

agenaLY Teouia)
T AvSeLA (9)
vyputa)

3an teose Gt
o trure e

YIRS BN ST R Y Y B T R R R R R b

powry o
1
i
1
i
i
1
i
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Table U-2 Anova Summary, Sliding Plate Second
Cycle Recovery (20 hour)

ANOVA
SOURCE af ss Ms F F.05 F.0l
R 5 1135207.47 227041.49 36.54 2.43 3.48
Q 785594.53 261864.84 42.14 2.82 4.28
A 1 661510.01 661510.01 106.46 4.97 7.27
RQ 15 294557.16 19637.14 3.16 1.91 2.49
RA 5 44096.30 8819.26 1.42 2.43 3.48
QA 3 47613.28 15871.09 2.55 2.82 4.28
RQA 15 133452.16 8896.81 1.43 1.91 2.49
Error 48 298269.50 6213.95
TOTAL 95 3400300.41
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SLIDING PLATE SECOND CYCLE RECOVERY
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SLIDING PLATE SECOND CYCLE RECOVERY
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APPENDIX V
SECOND CYCLE RECOVERY (20 HOUR MINUS 30 MIN)

AT 32.0F (0C) BY SLIDING PLATE MICROVISCOMETER
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Table V-1 Sliding Plate Second Cycle Recovery
(20 hr. minus 30 min.), microns

a. Measured and Analyzed Data

TPO 44
15% 208 25% 30%
a B
R 36 98 273 56
4
0
0
0 0 0 203 76
A
R 74 74 121 27
l . " T _
0
0 .
it 43 102 104 27
b. Summary
TP044
¥
15% 20% 258 30%
g % 18.00 , 49.00 238.00 66.00
g S1 31.895 86.828 62.020 17.720 §
0 cvi 177.20 177.20 26.06 26.85
A P 58.50 88.00 112.50 27.00
R e
1 s 27.466 24.808 15.062 0
0 SR g
0 cv
0 46.95 28.19 13.39 0
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Sliding Plate Secoﬁd Cycle Recovery'

Table V-1
(20 hr. minus 30 min.), microns
a. Measured and Analyzed Data
- - TPO 27
15% 209 25% 30%
A
R 73 74 0 65
4
0
0 .
0 17 85 59 67
A
R 107 206 72 171
1
0
0 .
0 45 91 53 249
b. Summary
TP027
15% - 20% 25% 30%
A -
A % 45,00 , 79.50 29.50 66.00
4 s .
b - 49.616 9.746 52,274 1.772
B 0 pemEETR
0 cv{ 110.26 12.26 177.20 2.68
A X 76.00 148.50 62.50 210.00
R s
1 s 54.932 101.89 16.834 69.108
1] g
0 o .
o 72.28 68.61 26.93 32.91
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1 regpr
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wyera b
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wco-nr | cosean
|
1
|
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Table V-1 Sliding Plate Second Cyclg Recovery
(20 hr. minus 30 min.), microns

a. Measured and Analyzed Data

50% TPO 44 & 50% TPO 27
15% 20% 253 30%

A ‘

R 36 0 21 154

4

0

0 - .

0 46 0 61 121

a

R 20 20 29 67

1

0

0 N .

0 39 99 191 122

b. Summary
50% TP044 & 50% TPG27
158 20% 25% 30%

A % 41.00 0 © 41.00 137.50
R TRy
4 s 8.860 0 35.440 29.238
g -
0 ov 21.61 0 86.44 21.26
A X 29.50 59.50 110.00 94.50
R by
1 s 16.834 69.994 143.532 48,730
0 ]
0 cv
0 57.06 117.64 130.48 51.57

ABPUHALY YYegla)

PRACRAT AUBSEN {0} )

. \__-nu- Trenn
0% 1704 wovartre
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“sleoransofin [z aefso i (sclis(rafmfisafa o] osfsofis|s0]m|m

ecewr | coness
]
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]
i
]
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Sliding Plate Second Cycle Recovery

Table V-1 : ) :
(20 hr. minus 30 min.), microns
a. Measured and Analyzed Data
GT 274
15% 20% 25% 30%
A i
R 97 123 176 160
4
0
0
0 9 77 97 128
A
R 175 90 250 55
1
0
0 A
0 286 185 188 143
b. Summary
GT274
1)
153 208 253 308
ﬁ b 53.00 100.00 136.50 144.00
4 s
: 77.968 40.756 69.994 28.352
o
0 or) 147.11 40.76 51.28 19.69
A %] 230.50 137.50 219,00 99.00
R g
1 s} 98.345 84.170 54.932 77.968
0 — '
o cv
o 42.67 61.21 25,08 78.76
LRI
Wl fo Lo LT o) * [T = e =l ]
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Table V-1 Sliding Plate Second Cycle Recovery
(20 hr. minus 30 min.), microns

‘a. Measured and Analyzed Data

‘U. S. Rubber Fine
15% 208 253 30%
. A -

R 66 155 218 510

4

0

0 o

0 216 1 252 213

A

R 110 393 327 312

1

0

4] .

0 342 199 166 364

b. Summary
U. S. RUBBER FINE
1
15% 208 253 30%
; % 141.00 "78.00 235.00 361.50
o ¥

g s 132.900 136.444 30.124 263.142
o -
0 v 94.26 174,93 12.82 72.79
A x{ 226.00 296.00 246.50 338.00
R sy
1 s| 205.552 171.884 142.646 46.072
0 -
0 cv
0 90.95 58.07 57.87 13.63

AornaLY vvretay

FERCIRT susnen Q)
[ AVEsAA TYPQ IR}
.. et irose wrerine
Teoes eory toy tron d]  ovne [unmeswra eI,
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R
i
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Table V-1 Sliding Plate Second Cyclg Recovery
(20 hr. minus 30 min.), microns

a. Measured and Analyzed Data

) 50% GT 274 & 50% U.S. Rubber Fine
15% 20% 258 303
A
? 120 91 172 302
0
0 .
0
32 97 190 109
A .
? 0 258 221 247
0
0
0 .
122 236 306 189
b. Summary
50% GT274 & 50% U. S. RUBBER FINE
H
15% 20% 25% 30%
A x 76.00 94.00 181.00 205.50
R R -
g 51 .77.968 5.316 15.948 170.998
. 0 -
0 el 102.59 5.66 8.81 83.21
A X 61.00 247.00 263.50 218.00
R TR
1 s | 108.092 19.492 75.310 51.388
0 SRR
0 cv
0 177.20 7.89 28.58 23.57

asPnaLY YYeata)

PasCANT AvoReR (6)
Yow 1rede CIS UK
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Table V-2 Anova Summary, Sliding Plate Second
Cycle Recovery (20 hr minus 30 min)

ANOVA

SOURCE df ss MS F F.05 F.0l
R 5 351607.21 70321.44 14.54 2.43 3.48
Q 92097.61 30699.20 6.35 2.82 4.28
A 1 45283.59 45283.59 9.37 4.07 7.27
RQ » 15 | 138324.32 9221.62 1.91 1.91 2.49
RA 5 27755.47 5551.09 1.15 2.43 3.48
QA 3 29679.28 9893.10 2.05 2.82 4.28

RQA 15 83317.41 5554.49 1.15 1.91 2.49

Error 48 232092.50 4835.26

TOTAL 95 ]1000157.39
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SLIDING PLATE SECOND CYCLE RECOVERY
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APPENDIX W

FIRST CYCLE PERCENT REBOUND AT 32.0F (0C)
BY SLIDING PLATE MICROVISCOMETER
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Table W-1 Sliding Plate First Cycle Rebound, %

a. Measured and Analyzed Data
TPO44
153 203 25% 303
A
R 38.5 40.6 51.3 55.1
4
0
0
0
34.2 40.5 52.7 56.0
A
R
1 39.1 - 37.6 60.7 53.2
0
0
0
35.7 44.5 62.0 63.1
b. Summary
TPO44
153 20% 25% 30%
g x 36.35 40.55 52.00 55.55
4
g s 3.81 11 1.24 .80
0
cv 10.48 .28 2.38 1.44
g X 37.40 |} 41.0s 61.35 58.15
1
0 s 3.01 6.11 1.15 8.77
(0) o, g
cv 8.05 14.89 1.88 15.08
ASPRALY TYPQ t8)
PEACENT BUEDEA (Q)
r——— Rudaed TYpeing
s il T N T

SR ERES BT R £ RHE LT VR BY R MY PR Y B P E Y (Y I
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Table W-1 Sliding Plate First Cycle Rebound,

a. Measured and Analyzed Data

TPO27
15% 208 25% . 303
A
? 30.0 35.2 40.4 41.9
0
0
0
27.7 50.0 45.3 42.3
A
R .
1 29.6 32.8 50.8 53.6
0
0
0
34.2 33.2 56.3 - 4201
b. Summary
TPO27
15% 20% 25% 30%
2 x 28.85 42.60 42.85 42.10
4
g s 2.04 13.11 4.34 .35
0 i
cv 7.06 30.78 10.13 .84
g x 31.90 33.00 53.55 47.85
1
0 s 4.08 .35 4.87 10.19
O et nd "
0
cv 12.78 1.07 9.10 21.29
AOPRALY YYPR (A}
T AUSSER Q)
rreg(nt
o | BVimi] e Jotmmmem| mra,
[e]aaTnle| alwn]= [eTolnle] aTnn]=] ] ~]u]"

]
1
|
1
i
t
i
Il
i
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1
|
|
)

536



Table W-1 Sliding Plate First Cycle Rebound,

a. Measured and Analyzed Data

50% TPO44 & 50% TPO27
15% 203 25% . 30%
A
ﬁ 46.0 46.0 44.2 48.1
0
0
0
37.6 57.4 39.7 54.1
A
R N
é 37.9 45.6 42.4 50.8
0
0
44,2  41.a 45.9 58.8
b. Summary
50% TPO44 & 50% TPO27
153 20% 25% 302
i 41.80 51.70 41.95 51.10
4
N 7.44 10.10 4.08 5.32
0
cv 17.80 19.54 9.72 10.40
A x
2 41.05 | 43.50 44.15 54.80
1
g s 5.58 3.72 3.10 7.09
R R
0
eV 13.60 8.55 7.02 12.93
ABPRALY TYPR (A)
PERCERT AUBDER (@)
v——.“llll TYreia)

wiwlas o) fse|2eisofu|se]se scfalsofra{safre]sa|remfe

ol e
]
t
i
i
]
!
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Table W-1 Sliding Plate First Cycle Rebound,

a. Measured and Analyzed Data
GT274
15% 20% 25% 303
A
? 18.7 24.7 38.6 39.0
0
0
0
15.5 33.2 34.2 50.0
a
R ,
1 35.3 30.0 44.8 52,1
0
0
0
30.1 42.3 43.3 43.3
b. Summary
GT274
15% 20% 253 308
2 x 17.10 28.95 36.40 44.50
4
g s 2.84 7.53 3..90 9.75
0
cv 16.58 26.01 10.71 21.90
g x 32.70 36.15 44.05 47,70
1
g s 4.61 10.90 1.33 8.80
PREERE, "R
0
cv 14.09 30.15 3.02 18.45

agvaaLy Teseial

Peecant avesta (0} .
‘_.nunu tren(m
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Trore reasy o teort ortra Jut meswrma | R HI,
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Table W-1 Sliding Plate First Cycle Rebound,

a. Measured and Analyzed Data
U. S. Rubber Fine
15% 208 25% . 303
A
R 22.3 25.3 36.9 38.8
4
0
0
0
21.3 17.8 36.9 47.5
a
R
1 54.7 39.5 45.5 48.7
5 .
0
0
29.4 33.3 49.5 49.7
b. Summary
U. S. Rubber Fine
153 203 25% 308
g X 21.80 21.55 36.90 43.15
4
g S .89 6.64 - 7.71
0
cv 4.06 30.84 - 18.29
g x 42.05 | 36.40 47.50 49,20
1
0 S 22.42 5.49 3.54 .89
0 PR s Yy
0
cv 53.31 15.09 7.46 1.81

wrorie
1 »
sirre VR maser e e

wir{sslmia{m|mjrlelsnlnin
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Table W-1

Sliding Plate

First Cycle Rebound,

[

IBES|
3
a1

XL

|
!
!
t
|

eacenr | eomrmn
T

540

a. Measured and Analyzed Data
50% GT274 & 50% U.S. Rubber Fine
15% 203 25% 30%
A
f 19.2 31.5 36.4 37.7
0
0
0
23.4 41.8 35.8 40.7
A .
R
1 39.7 39.0 49.3 48.8
! .
0
0
31.3 36.4 40.3 36.6
b. Summary
50% GT274 & 50% U. S. Rubber Fine
15% 208 258 30%
g x 21.30 36.65 36.10 39.20
4
8 s 3.72 9.13 0.53 2.66
0
cv 17.47 24.90 1.47 6.78
g X 35.50 37.70 44.80 42.70
1
0 s 7.44 2.30 7.97 10.81
O &
0
cv 20.96 6.11 17.80 25.31
ASPRALY YYPUR (A)
» T RUSSER (D}
; ‘—-——— [ n Trrd(n)
eae ooy ;;‘_‘;"_.l erEre VA& Base ¥ savdiire
o g o o st o g o P Tels

%



Table W-2 ANOVA Summary, Sliding Plate
Percent Rebound

ANOVA

SOURCE as ss MS P F.05 F.0l
R 5 2097.81 419.56 14.63 2.43 3.48
o] . 3865.61 1228.54 42.85 2.82 4.28
A 1 739.26 739.26 25.78 4.07 7.27
RQ 15 936.13 62.41 2.18 1.91 2.49
RA 5 474.10 94.82 3.31 2.43 3.48
oA 3 247.55 ° 82.52 2.88 2.82 4.28
ROA 15 404.16 26.94 .94 1.91 2.49

Exrror 48 1376.20 28.67

TOTAL 95 9960.83
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APPENDIX X

FIRST CYCLE CREEP RHEOLOGICAL COEFFICIENT Sm
AT 32.0F (0C) BY SLIDING PLATE MICROVISCOMETER
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Table X-1 First Cycle Creep Coefficient Sm

a. Calculated Data

TPG44
15% 203 253 . 30%
A
R .068 .080 .136 .080
4
0
0
0 .045 . 044 .103 673
A .
R .124 117 .126 .144
1 .
0
0
.089 .117 .102 .112
b. Summary
TPO44
153 202 25¢ 308
g x .0565 .0620 .120 .377
4
g s .0204 .0319 029 .525
0
A VIR 51.4 24.5 139.5
g * .107 117 .114 .128
1
g s .031 .0 021 .028
0 et T
Vol o291 .0 18.7 22.2
aAglnaLY TYea (a)
PENCERT RUSDER (@)
\—— avssen YYpein)
" el T N T
:"Mﬁll“ﬂ”””";-“--H-”.H--.
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Table X-1 First Cycle Creep Coefficient Sm

a. €alculated Data

TPO27
153 20% 25% 30%
A
f; .082 .077 .088 .118
0
0
0
.056 .088 - .139
A
’i‘ J141 - .202 .143 .213
L .
0
0
.107 .160 .126 .198
b. Summary
TPO27
15% 20% 25% 30%
A X .069 088
R I -083 - .129
4
0 s -
0 : .023 .010 019
0
cv 33.4 11.8 - 14.5
g X .124 .181 .135 .206
1
g S .030 .037 .015 .013
.o el
0
cv 24.3 20.6 11.2 6.5

ARPRALY TYRQ (A)

PERCIRT PUSBLA (O} )
[ AUSIES TYPEIRI
v Teeae wrenaTe
»
1roae tror on reoerd O116 fus meem i | SRRV,
Tl o e T T o

aco-3n | cossse
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Table X-1 First Cycle Creep Coefficient S
a. Calculated Data
50% TPO44 & 50% TPO27
15% 20% 25% 303
A
4R .057 .054 .057 .119
0
0
0
.029 - .094 .119
A
? .113 .107 .160 .154
! .
0
0
.278 .096 .174 .166
b. Summary
50% TPO44 & 50% TPO27
15% 20% 253 30%
A X 043 - .076 L119
R R
4
o s 025 - .033 0.00
0 .
0
cv 57.7 .054 43.4 0.00
A X .196 - .167 160
R
1
0 s .146 - .012 011
0 i g
0 .
cv 74.8 9.6 7.4 6.7
ASPHALY TYPE (A)
= PURCERT AUSSEA (O}
BUBRER TYPR AN
—
i_‘_ Rl o Bt S S SSUNS NN UG DY DO NN N M
i‘____ —1~1=I-1~{={=f =] =)=]=|=f <] =) =11
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Table X-1 First Cycle Creep Coefficient Sm

a. Calculated Data

GT274
152 20% 253 . 308
A
5 .083 .144 .178 .232
0
0
0
.058 .105 .114 .212
A
R
1 .345 - .161 .241 .245
1 .
0
0
.360 .232 .257 .222
b. Summary
GT274
15% 208 259 30%
i .071 .125 .146 . 222
4
g s .022 .035 .057 .018
0
v 31.4 27.8 38.8 8.0
2 | =
N .353 .197 .249 .234
1
0 s
0 .013 063 .0l4 .020
PRSI "
0
cv
3.8 32.0 5.7 8.7

sercany
‘—_llllll v
TR CIXUR
Treae razy » oirre Jutmsem rmaf 2RI,

T A T RN Y
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Table X-1

First Cycle Creep Coefficient S

a. Calculated Data

U. S. Rubber Fine
153% 203 253 308
A
N 088 .118 .198 .374
0
0
0
1.067 172 .260 .159
A
R
1 .234 .291 .289 .331
1 .
0
0
,255 .137 .149 .388
b. Summary
U. S. Rubber Fine
15% 203 253 30%
2 x .578 145 .229 267
4
8 s .867 048 055 .190
0
eV 150.2 33.0 24.0 71.5
i * .245 214 .219 .210
1
0 s
0 .019 136 124 .215
i
0
e 7.6 63.8 56.6 102.8

ararin
28 rm

»
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Table X-1

First Cycle Creep Coefficient S

woe-nr | sooens

a. Calculated Data
50% GT274 & 50% U.S. Rubber Fine
158 208 25% 30%
A
E .082 .102 .197 .336
0
0
0
.070 .162 .213 262
A
? .135 .236 .328 286
0
0
0
.170 .222 .364 283
b. Summary
50% GT274 & 50% U. S. Rubber Fine
15% 20% 25% 30%
P .076 .132 .205 .299
4
0 s
0 . .011 .053 .014 066
0
cv
14.0 40.3 6.9 21.9
4
A X
R .153 .229 .346 .285
1
0 s
0 7 .031 .012 .032 .003
pasite ] “wERny
0
cv
20.3 5.4 9.2 0.9
AGPRALY Yyou A}
”" ut AuseER (@)
\———lvllll TYrFg(n}
; reoes tecay ;"_'-""—'. erara YA Rt Vi “‘611"-
TTelelE A TeTaTe Al s = | aTeTale T wle o o ]
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APPENDIX Y

FIRST CYCLE CREEP RHEOLOGICAL COEFFICIENT b
AT 32.0F(0C) BY SLIDING PLATE MICROVISCOMETER

555



Table Y-1

First Cycle Creep Coefficient b

a. Calculated and Analyzed Data
TPO44
153 208 25% 303
A
z .272 .236 .104 .210
o
0
0
0
.344 .270 .125 237
A
? .161 .130 .174 .281
0
0
0
.127 .173 .156 272
b. Summary
TPO44
15% 208 25% 308
g X .308 .253 .115 224
4
g 8 .064 .030 .019 .024
0 4
eV 20.7 11.9 16.3 10.7
i .144 152 .165 .277
1
- .030 .038 .016 .008
b g Yy
0
v 20.9 25.2 9.7 2.9

R AUSSLE 19)
n vYsuiny

oy Troaa
s trer

CIXI)
sonarm ¢

I I C1 Y Y
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Table Y-1 First Cycle Creep Coefficient b
a. Calculated and Analyzed Data
TPO27
153 208 25% 308
A
i .208 .275 271 .252
0
0
0
.213 .098 - . 346
A
§ .133 . 245 .271 .221
1 .
0
0
.114 .173 .181 .170
b. Summary
TPO27
159 20% 253 308
g x .211 .187 - .299
4
g s .004 157 - .083
0
cv 2.1 84.1 -271 27.9
o 124 .209 - .196
1
g s .017 .064 . - .045
e
0
v 13.6 30.5° 35.3 23.1
AUPHALY TYPR (A}
PERCERT RUBAEALD)

tearr

troas
E.,......n..nn

- s |]

[T
]
[
t
[
i
1
i
1
|
[
|
!
|
[
1
|
1
|
t
i
|
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Table Y-1  First Cycle Creep Coefficient b

a. Calculated and Analyzed Data

50% TPO44 & 50% TPO27
153 20% 253 . 30%
A
R .201 .140 .247 .206
4
0
0
0
.188 - .379 .190
A
R .281 . .223 .635 .428
0
0
0
.091 .223 .339 .323
b. Summary
50% TPO44 & 50% TPO27
15% 208 258 30%
2 LF -195 - .313 .198
4
g s .012 - 117 .014
0
cv 5.9 <140 37.4 7.2
g x .186 - .487 .376
K . — |
A .168 - .262 .093
s yem
0
cv " 90.5 0 53.9 24.8

PYLITIS R 27NN
PERCERT AUIRER (0}
aUSSIN Trer il

tayenite
o a e b

3
P

Ssoarr | wcesns
!
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Table Y-1 First Cycle Creep Coefficient b
a. Calculated and Analyzed Data
GT274 41
153 20s 25% 30%
A
? .113 .072 .096 .188
0
0
0
.153 .191 .223 .186
A
? .047 .211 .119 183
0
0
0
.094 .186 .130 .310
b. Summary
GT274
15% 20% 25% 30%
L 133 132 .160 .187
R
4
0 1= .035 .105 .113 .002
0 .
0
cv 26.7 80.2 70.6 1.0
% x .071 .199 .125 .247
1
o .042 .022 .010 .113
0
ev 59.1 11.2 7.8 45.7
ARPMALY TYPE 14D
FARCAAT AVROER (8)
; Y__ RVEEAA TYPRIA)

"inin

eoe—sr | comnmr |

niniolinininin

5

59



Table Y-1 First Cycle Creep Coefficient b

a. Calculated and Analyzed Data

U. 5. Rubber Fine
153 20% 253 . 30%
a
f .134 .167 .142 .223
0
0
0
.015 .096 .170 .275
A
R
1 .082 - .150 .337 .204
5 .
0
0 .
.252 .204 .223 .192
b. Summary
U. S. Rubber Fine
15% 203 25% . 30%
A X .075 .132 .156 .249
4
g s .105 .063 .025 . 046
0
cv 141.5 47.8 15.9 18.5
g x .167 | 177 .280 .198
1
o 1= 151 .048 .101 .011
0 pRERLEY "Ny
0
cv 90.2 27.0 36.1 5.4

ey arite

19330 b
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Table Y-1  First Cycle Creep Coefficient P
a. Calculated and Analyzed Data
50% GT274 & 50% U.S. Rubber Fine ]
153 203 25% 308
A
? .134 .167 .183 .162
0
0
0
.169 .150 L171 .317
A
R
8 .350 .128 .129 .223
L .
0
0
.124 L113 .114 .183
b. Summary
50% GT274 & 50% U. S. Rubber Fine
15% 203 25% 30%
A 3 .152 .159 .177 .240
R N
4
0 s .031 .015 .011 .137
0 .
0
cv 20.5 9.5 6.0 57.3
A I'Xx .237 121 L122 .203
R
1
0 s .200 .013 .013 .035
0
0
cv 84.5 11.0 10.9 17.5
AGPHALY TYPE (A)
¥ AvandA (@}
r_—" 2R YYPRIN)
; = mer | BT an Jeeneeerm [ EROT
[aTwla]=]w [l n]n[a]=]w]= | s [o]ala ] a]m]w]=|w[=] =]

wae-nr | sowsns
[
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Table Y-2 Anova Summary, First Cycle Creep
Coefficient b
ANOVA
SOURCE 4af SS MS F F.05 F.0L1
R 5 .11735 .02347 5.398 2.43 3.48
Q .09015 .03005 6.911 2.82 4,28
A .00253 .00253 .582 4.07 7.27
RQ 15 .15624 .01042 2,396 1.91 2.49
RA 5 .07258 .01451 3.339 2.43 3.48
QA 3 .01115 .00372 . 855 2.82 4.28
RQA 15 .10079 .00672 1.545 1.91 2.49
Error 48 .20869 .00435
TOTAL 95 .75947
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APPENDIX 7

FIRST CYCLE CREEP RHEOLOGICAL COEFFICIENT n
AT 32.0F (0C) BY SLIDING PLATE MICROVISCOMETER
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Table Z-1 First Cycle Creep Coefficient n

a. Calculated and Analyzed Data

TPO44
15% 20% 25% . 30%
A
R
4 -748 .622 .590 .675
0
0
0
.568 .698 .695 .684
A
R
1 -743 .934 : .726 .659
0 .
0
0
.963 .957 .752 .692
b. Summary
TPO44
15% 20% 25% 30%
L .658 .795 .643 .680
R
4
0 ¢ .159 .307 .093 .008
0 ' )
0
cv 24.2 38.6 14.5 1.2
A | x .853 .946 .739 .676
R
1
0 s .195 .020 .023 .029
0
0
eV 22.9 2.2 3.1 4.3
LY TYrR (4)
PERCEETY AUEOEA (G)
Y——lﬂllll yrrainy
Trods Trsar oidiaart EEPUTTRRN PPN [N

A EJEIE] R AR ES TR T E X EY Y P R ER I Y P T A
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Table Z-1 First Cycle Creep Coefficient n
a. Calculated and Analyzed Data
TPO27
15% 20% 25% 30%
A
f; .731 .735 .682 .624
0
0
0
.652 .765 - .692
A
1; .856 .631 .657 588
0
0
0
.833 823 .738 .676
b. Summary
TPO27
15% 20% 25% 30%
A X .692 750 - .658
R
4
g s .070 .027 - .060
0
cv 10.1 3.5 .682 9.2
A x . 845 .727 - .632
R
1
g s .020 .170 - .078
0
cv 2.4 23.4 10.3 12.3

ABPHALY TYPR 1A

renceat evseentay
r—_-vuu Trenim
rose s

LIS
ounrm b

R I I I )

woa-nr | coerme
1
[
!
|
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Table Z-1 First Cycle Creep Coefficient n

a. Calculated and Analyzed Data

50% TPO44 & 50% TPO27 4]
15% 203 258 . 308
A
f} .604 .854 .723 .787
0
0
0
.918 - .782 .713
A
? .563 . .698 .390 .584
1 .
0
0
.530 .793 .766 .591
b. Summary
50% TPO44 & 50% TPO27
15% 208 253 30%
% .854
g x . 761 8 .753 .750
4
1 .278 - .052 .066
0
eV 36.6 - 7.0 8.7
% .5
Pl 47 .746 .578 .588
: 092
8 s , .084 .333 .006
e, e
0
oV 5.3 11.3 57.6 1.1
—— aePNALY Tree ta) :
T—!IICI.’IUIII“Q'
\———— GUBBEN TYPEIN)
(] o] [T T o 0 8
i I
e-—-——-————-——~ —f—f =]
!..___.__.___“_- P Y O
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Table Z-1 First Cycle Creep Coefficient n

a. Calculated and Analyzed Data

GT274
152 20% 253 . 30%
A
§ .903 1.154 .734 724
0
0
0
L771 718 759 713
A
R ,
1 .703 .778 .808 .637
L .
0
0
.594 .694 .710 .642
b. Summary
Gr274
153 20% 253 30%
g x .837 .936 747 .719
4
g s 117 .386 .022 .010
0
v 14.0 41.3 3.0 1.4
A X
A .649 .736 .759 .640
1
0 s 097 .074 .087 .004
o FERIAK, "R
0
eV 14.9 10.1 11.4 0.7

aavuaLY tTRg LA}

avsTene
oy mray 4

R EAR B AU ELI RN TS HR ELR RS R R P P T Y )

567



Table Z-1 First Cycle Creep Coefficient n

a. Calculated and Analyzed Data

U. S. Rubber Fine
15% 20% 253 . 30%
A
? .812 .722 .787 .632
0
0
0
.551 .857 . 645 .731
A .
? .792 . 746 .570 .688
0
0
0
.604 . 744 L7117 .636
b. Summary
U. S. Rubber Fine
15% 203 25% 309
A x .682 .790 .716 .682
R
4
g 8 .231 .120 .126 .088
0
cv 33.9 15.2 17.6 12.9
g x .698 .745 .644 .662
1
0 s .167 .002 .130 .046
O R VR,
0
ev 23.9 0.2 20.2 7.0

ARPRALY TrER {A)
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Table Z-1 First Cycle Creep Coefficient n

a. Calculated and Analyzed Data

50% GT274 & 50% U.S. Rubber Fine
153 20% 258 . 30%
A
. .790 .773 .668 .647
0
0
0
.748 .738 .739 .787
A
i 656 .766 .694 .662
0
0
0
.770 .776 .738 .695
b. Summary
50% GT274 & 50% U. S. Rubber Fine
15% 20% 253 308
A X .769 .756 .704 717
4
g s .037 .031 .063 124
0
cv 4.8 4.1 8.9 17.3
g X 713 L771 .716 .679
1
g 8 .101 .009 .039 .029
0
cv 14.2 1.2 5.5 4.3

CIXI

ron e b

win|winln|nlnjoio]mn)n|x

569



Table Z-2 Anova Summary, First Cycle
Creep Coefficient n

ANOVA
SOURCE daf sS MS F F.05 F.01
R 3 .03536 .00707 772 2.43 3.48
Q 3 .16470 .05490 5.995 2.82 4.28
A 1 .01545 .01545 1.688 4.07 7.27
RQ 15 .05218 .00348 .380 1.91 2.49
RA 5 .23556 .04711 5.145 2.43 3.48
QA 3 .00708 .00236 .258 2.82 4.28
RQA 15 .10510 .00701 .765 1.91 2.49
Error 48 .43954
TOTAL 95 1.05498
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APPENDIX AA

FIRST CYCLE RECOVERY RHEOLOGICAL COEFFICIENT Sm
AT 32.0F (0C) BY SLIDING PLATE MICROVISCOMETER
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Table AA-1 First Cycle Recovery Coefficient Sm

a. Calculated Data
TPO44
15% 203 253 303
A
4R .052 .040 .039 .063
0
0
0
.292 034 .043 .052
A .
ll‘ .104 079 .083 .105
0
0
0
061 .075 .078 .086
b. Summary
TPO44
153 203 253 30%
1; X .172 .037 .041 .058
4
g s .213 .005 .004 .010
0
cv 123.6 14.4 8.6 17.0
A X .083 077 .081 .096
1
0 s .038 004 .004 .017
0 s, R
0
cv 46.2 4.6 5.5 17.6

IR

n r|rjsnlninjnle

i
|
t
|
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Table AA-1 First Cycle Recovery Coefficient Sm

a. Calculated Data

TPO27
15% 208 25% 30%
A
R .037 .048 .055 .068
4
0
0
0
.039 .091 - .092
A
R .079 . .098 .103 .136
1 )
0
0
0
.083 .087 .104 .096
b. Summary
TP0O27
15% 20% 25% 30%
A X .038 .070 - .080
R .
4
g s .002 .038 - .021
0
cv 4.6 54.8 - 26.6
g X .081 .093 .104 .116
1
0 s .004 .010 .001 .035
0 g e oo .
0
cv 4.4 10.5 .856 3.6

ARPRALY TYRE [A)

vEncent ausEeA L)

SEE;:"uuunm

Teorr

v
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|
1
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Table AA-1 First Cycle Recovery Coefficient Sm
a. Calculated Data
50% TPO44 & 50% TPO27
158 20% 25% . 30%
A
4R .037 .042 .045 .065
0
0
0
.020 - - .082
A
lf 094 .065 .108 .112
! .
0
0
097 .077 .121 .128
b. Summary
50% TPO44 & 50% TPO27
153 20% 25% 308
A X - -
2 b .029 .074
. .
I 015 - - .015
0
eV 52.9 - - 20.5
o 096 .071 .115 .120
1
8 s 003 .011 .012 .014
i
0
eV 2,8 15.0 10.1 11.8

e ABPUALY TYPR (A}

PERCENT AURSER (o}
\—-uuu Teruial
rorr Sov tenee,
50 teoyr

FAEIEIES

v e rny ¢

cacem | coonms
{
i
|
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Table AA-1 First Cycle Recovery Coefficient S
m

a. Calculated Data

GT274
153 208 25% . 308
A
i .026 .051 L071 .139
0
0
0
.020 .086 .102 .145
A
? .097 . .091 .146 .176
0
0
0
.095 .187 .141 .167
b. Summary
Gr274
158 20% 258 308
A X .023 . 069 .087 .142
4 ¥
g 8 .005 .031 .027 .005
0
cv 23.1 45,3 31.8 3.7
g X .096 .139 .144 .172
1
L .002 .085 .004 .008
0 e
0
cv 1.9 61.2 3.1 4.7
ABPRALY TYPN (4)
PERCENT BUSOEAR tO)
WEVBIER TYPL M)

218 T

R ENEY Y RTE E R P Y 4

[ p——
I
[
i
|
i
1
!
t
1
1
[
i
!
H
1
]
!
1
|
[
i
]
|
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Table AA-1 First Cycle Recovery Coefficient Sm

a. Calculated Data

U. S. Rubber Fine
153 208 253 30%
A
4R .024 .053 .109 .171
0
0
0
.037 .055 .106 .133
A
2
1 .213 .137 .184 .211
! ,
0
0
.129 .201 .107 .264
b. Summary
U. S. Rubber Fine
153 20% 25% 303
g X .031 .054 .108 .152
4 T
g s .012 . 002 .003 .034
0
cv 37.8 3.3 2.5 22.2
g x .171 .169 .146 .238
1
- 074 .057 .068 .047
G
0
v 43.5 33.6 46.9 19.8

APNALY Yergia)

w@vstire
VA taer P
* 0y arm b

wiu|wjnjrfe]m{nle
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Table AA-1 First Cycle Recovery Coefficient Sm

a. Calculated Data

50% GT274 & 50% U.s. Rubber Fine 7
15% 20% 25% . 303
A
4R .034 .073 .120 .186
0
0
0
.049 .146 .109 .198
A
? .348 . .120 .193 .190
. .
0
0
.091 .120 .192 .190
. b. Summary
50% GT274 & 50% U. S. Rubber Fine
15% 20% 253 30%
rg x .042 .110 .115 .192
4
g s .013 .065 .010 .011
0
cv 32.0 59.1 8.5 5.5
ﬁ x .220 .120 .193 .190
1
g s .228 0 .001 0
0
cv 103.7 0 -460 0

agenacy Tyeqtal
* nusena (0}

EIX

ronase !

relm || m

woo-sr | acosaw
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APPENDIX BB

FIRST CYCLE RECOVERY COEFFICIENT b AT 32.0F (0C)
BY SLIDING PLATE MICROVISCOMETER
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Table BB~1 First Cycle Recovery Coefficient b

a. Calculated and Analyzed Data

TPO44
153 208 258 - 30%
A
4R .094 .129 .158 .220
0
0
0
.183 .105 .169 .166
A
R
1 222 - .230 .172 .135
!
0
0
L171 .218 .188 .092
b. Summary
TPO44
15% 20% 25% 308
_ g X .139 L117 .l64 .193
4
8 s .079 .021 .010 .048
0
cv 56.9 18.2 6.0 24.8
2 X .197 .224 .180 .114
1
0 1s .045 011 014 .038
0 ¥
0
cv 23.9 4.8 7.9 33.6

sov teode overire
sas yroir et

safrormnfso|nirafsafmfmsa)rs|s0]re|sofre|e
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Table BB-1 First Cycle Recovery Coefficient b

a. Calculated and Analyzed Data

TPO27
153 20% 253 30%
A
R
: .095 .106 117 151
0
0
0
.114 114 - .235
A
R .
1 .149 .183 .094 .147
1 .
0
0
.133 .170 .199 .238
b. Summary
TPO27
15% 208 253 30%
S .105 .110 - .193
4
8 S 017 007 - .074
0
v 16.1 6.4 - 38.7
A X
R 141 177 .147 .193
1
0 s
0 .0l4 012 .093 .081
b
0
cv
10.1 6.5 63.5 41.9
ABPMALY TYPE (A}
- PIACENT RUNBEN (D)
V—IH'.II TYPEIRE
™ S D D T I

Ln-n.nkunnnunnnunnnun--

ooo-ur | cooems |
|
|
|
i
i
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Table BB-1 First Cycle RecoVery Coefficient b

a. Calculated and Analyzed Data
508 TPO44 & 50% TPO27
158 203 253 308
A
5 .122 .188 .183 .154
0
0
0
.116 - - .175
A
? .247 .247 .202 .185
0
0
0
.153 .154 .183 .232
b. Summary
50% TPO44 & 50% TPO27
158 20% 253 308 .z
I§ X .119 —_— bl . 165
4
g s .005 - - -019
0
cv 4.5 - - 11.3
2 x .200 .201 .193 209
1
0 1s .083 .082 017 042
0 et Bl NGl
0
cv 41.6 41.1 8.8 20.0
e ABPHALY TYPE (A)
PIRCINTY AURELR (O)
\—hlullll TYreing

Tr04s

rar ox 1eaet

[T gy
!

I
sormen, &
-

afe|vofan|m|in|seiein
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Table BB-1 First Cycle Recovery Coefficient b

a. Calculated and Analyzed Data

GT274
158 20% 253 . 30%
A
? .055 .150 .100 .156 ;
0
0
0 :
.102 .128 .092 .134
A B
? .112 . .125 .154 .165
0
0
O _ -
L111 .071 .165 .170
b. Summary
GT274
15% 20% 25% 30%
A X
R .079 .139 .096 .145
4
0 s :
0 . .042 .019 .007 .019
0
cv
53.1 14.0 7.4 13.4
A x - :
R L112 .098 .160 .168
1
0 s - -
0 .001 .048 .010 .004
el Gy
0
cv
0.8 48.8 6.1 2.7
ARPHALY YYrR (A}
PRRCERT RUBBEN (6)
BUBSEA TYPRIN)
w LTl ol [ T =T e =

[
I
!
1}
i
!
[
f
1
1
|
[
i
|
1
1
|
1
|
{
|
t
!
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Table BB~1 First Cycle Recovery Coefficient b

. Calculated and Analyzed Data

U. S. Rubber Fine
153 20% 258 . 303
A
§ .055 .113 .140 .156
0
0
0
127 .129 .138 .150
A
R
T .039 - .150 .151 .183
L .
0
0 ,
.091 .074 .186 192
b. Summary
U. S. Rubber Fine
153 203 253 308
2 091 121 .139 .153
4
8 s .064 .014 .002 .005
0
eV 70.1 11.7 1.3 3.5
g X .065 112 .169 .188
1
0 s
o .046 067 031 .008
AL
0
cv
70.9 60.1 18.4 4.3

s iroee Coan
[OveiyIv
sas reonr e ue oL s b
mjselmlw

wirafan ||

| 131z
T8
2
ki

1
}
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i
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Table BB-1l First Cycle Recovery Coefficient b

a. Calculated and Anélyzed Data

50% GT274 & 50% U.S. Rubber Fine
153 20% 25% . 30%
A
{: .091 .093 .150 .141°
0
0
0
.075 .086 .208 .133
A
? .041 - .133 .165 .202
1 .
0
0
.153 .149 .165 .185
b. Summary
50% GT274 & 50% U. S. Rubber Fine
153 20% 25% 30%
2 x .083 .090 .179 .137
4
g s .014 .006 .051 .007
0
cv 17.1 6.9 28.7 5.2
2 x .097 .141 .165 .194
1
0 s .099 .014 - .015
0 e
0
cv 102.3 10.1 - 7.8

aspmarLy TYrafal
PARCONT RUSEER (O]
ayERen IO IR)

P ST
enare Ya Ao ornres b

rlsefraisalrefra]refmnfen|ssfmn
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Table BB-2

Anova Summary, First Cycle

Recovery Coefficient b

ANOVA

SOURCE af SS MS F F.05 F.01
R 5 .04030 .00859 7.547 2.43 3.48
Q 3 .03556 .01185 11.101 2.82 4.28
a 1 .01480 .01480 13.859 4.07 7.27
RO 15 .02662 .00177 1.662 1.91 2.49
RA 5 .00221 .00044 .413 2.43 3.48
oA 3 .00151 .00050 .471 2.82 4.28
ROA 15 .03462 .00231 2.161 1.91 2.49

Error ag .05126 .00107

TOTAL 95 .20688
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APPENDIX CC

FIRST CYCLE RECOVERY COEFFICIENT n AT 32.0F (0C)
BY SLIDING PLATE MICROVISCOMETER
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Table CC-1 First Cycle Recovery Coefficient n

a. Calculated Data

TPO44
153 208 25% 308
A
? .786 . 850 .871 .577
0
0
0
.734 .887 .831 .772
A
? .494 .647 .762 .964
0
0
0
.809 677 717 1.138
b. Summary
TPO44
153 20% 253 303
o .760 .869 .851 .675
4
I .046 .033 .035 173
0
hd 6.1 3.8 4.2 25.6
A X
R .652 .662 .740 1.051
1
0 s
0 .279 .027 . 040 .154
A R
0
cv
42.8 4.0 5.4 14.7
ABPHALY YYPR(A)
PEACENT RUSSER (D)
RUSEER TYPRIRY
A 10y rrode aryra U R Rt Fam sas ¢rore

o yrore wn e,

IR I R BT S DAY T EY BT E R R R YR Y f

oco-mv | coaear
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Table CC-1 First Cycle Recovery Coefficient n

a. Calculated Data
TPO27
153 208 253 308
A
R
P 979 .818 .851 .889
0
0
0
.707 429 - .763
A
R
1 .726 .704 1.055 . 746
0
0
0
.684 .801 .704 .752
b. Summary
TP0O27
15% 20% 25% 30%
A Ix .843 624 - .826
"R -
4
g s .241 . 345 - 112
0
cv 28.6 55.3 - 13.5
A x .705 .753 880 749
1
0 & 037 .086 311 005
0 L, "N
0
cv 5.3 11.4 35.4 .710
ABPMALY YYeg fa)
PERCERT RUSEEA (O]
‘——llll'll TYPRIRE
; o i Jormm o] i

1 13
¥

t
|
1
[

00c-er | cosens |
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Table CC-1 First Cycle Recovery Coefficient n

a. Calculated Data

50% TPO44 & 50% TPO27
153 203 25% 303
A
2" .837 .765 .748 .841
0
0
0
.912 - - .658
A
T 622 - .693 .663 .748
0
0
0
.693 .803 .700 .608
b. sSummary
50% TPO44 & 50% TPO27
153 203 25% 308
A x
N .875 - _ .750
4
8 s 066 - - 162
0
cv 7.6 - - 21.6
g x .658 .748 .682 .678
1
g s .063 .097 .033 124
BRI, R
0
cv 9.6 13.0 4.8 18.3

———— ARPHALY YYPE (A
PERCERT AURRER ()

V——-—nuuu Trrein)
SO Traed wrerite
2 ey B
1r027 Ton trors st fua ” hodpaidirt

wiaimisofufsejalsofuim|min

cooawe | Booane
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Table CC-1 First Cycle Recovery Coefficient n

a. Calculated Data
GT274
15% 208 253 302
A
R
4 171 .777 .903 724
0
0
0
.932 .881 .610 .756
A
R
1 .779 .890 .726 829
0
0
0
.817 .944 786 737
b. Summary
GT274
152 20% 253 302
P .552 829 757 .740
4
8 N .674 .092 . 260 .028
0
cv 122.3 . 11.1 34.3 3.8
i .798 .917 .756 .783
1
g s 034 .048 053 .082
P NG
0
v 4.2 5.2 7.0 10.4
adeuaLt vern i)
PERCENT RUGNEA (O]
RUBREA TYPLiIN)
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Table CC-1 First Cycle Recovery Coefficient n

a. Calculated Data

U. S. Rubber Fine
153 208 253 . 30%
A
R
P 1.173 .759 o .733 . 749
0
0
0
.749 .749 .856 .787
A !
R
1 988 . 768 .723 .696
! A
0
0
.779 . 681 .742 .581
% b. Summary
U. S. Rubber Fine
153 20% 25% 308
”g x .961 .754 .795 .768
4
g s .376 .009 .109 .034
0
cv 39.1 1.2 13.7 4.4
2 ¥ .884 725 .733 .639
1
g 8 .185 .077 .017 .102
(RN "R
0
v 21.0 10.6 2.3 16.0

T AUSSER (0}
(LRLIYTT]

Wyenin
Aaver Foan

ve 01 e b
sorare
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"
refsa] e froelan]s] alsa]sa|0
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i
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|
]
i
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Table CC-1

First Cycle Recovery Coefficient n

a. Calculated Data
50% GT274 & 50% U.S. Rubber Fine
153 208 253 308
A
4R .717 704 .706 .669
0
0
0
.744 .573 .763 767
A .
R
1 .632 .795 .743 .627
L A
0 =
0
.167 .737 .716 .678
b. Summary
50% GT274 & 50% U. S. Rubber Fine
158 20% 258 308
,g x 731 .639 .735 .718
4 =
g s 024 .116 051 .087
0
cv 3.3 18.2 6.9 12.1
i .400 .766 730 .653
1
0 s 412 .051 024 .045
0 e G
0
cv 103.1 6.7 3.3 6.9
AQPHALY TYPE LA}
PARCERT RUSOEA (D)
AVBRER TYPR IR}
1] ;;‘—1;“:.. aryre Vi st fua oy 8T
sex

592



APPENDIX DD

TORQUE~FORK VISCOSITY
DURING MIXING AT 375F(191C),
AND 500 RPM
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Table DD-1 Torque-Fork Viscosity During
Mixing at 375F(191C), Poises

TP044
152 20% 25% 30%
15 -
1}; min 11.9 15.8 23.6 36.0
4
F
0 hr 13.0 19.9 35.2 44.9
15
A min 5.3 9.9 33.1 51.3
R
1
0
0 1
0 hr 6.1 13.5 39.0 62.0
TP027
15% 20% 25% 30%
15
A . 11.4 l4.6 49,7 111.3
min .
R 1
4
0 .
0 1
0 hr 12.5 13.0 57.8 121.5
15
A min 11.9 19.9 32.4 22.4
R
1
0
0 1 .
0 hr 13.0 24.3 40.4 21.8
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Table DD-1 Torque-Fork Viscosity During
Mixing at 375F(191C), Poises

50% TP044 & 50% TPO27
15% 20% 25% 30%
15
A min 12.5 18.1 30.3 64.6
R
4
B
0 hr 14.1 22.0 45.7 80.5
15
A min 11.9 19.9 36.0 47.3
R .
1
0 .
0 1 .
0 hr 13.0 23.0 47.3 76.9
GT274
155 20% 25% 30%
15 ‘
g min 4.1 27.6 : 60.3 123.6
4
o |
0 hr 16.3 37.4 91.7 192.4
15
A min 14.1 28.9 61.1 109.3
R
1
0
0 1 p
0 hr 16.3 34.5 81.4 158.0
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Table DD-1 Torque-Fork Viscosity Du;ing
Mixing at 375F(191C), Poises

U.S. Rubber Fine
153 20% 258 302
15
A i 15.8 32.4 101.4 132.0
min
R
4
0 .
1
. 8 hr 20.5 49.7 115.4 365.0%
15
A min] 16.3 38.2 64.6 113.3
R
1
0
0 1 21.1 52.9 133.0 - 246.8%
0 hr
50% GT274/50% U.S. Rubber Fine
152 20% 258 30%
15 ' -
A min 17.5 31.7 © 98,5 125.7
R
4
o |1 »
0 hr 19.3 45,0 158.0 161.4
15
A min 15.2 36.7 89.8 110.3
R
1
0 .
0 L 18.7 48.1 106.3 320.6%
0 hr . . . .
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150

100 -

TORQUE-FORK VISCOSITY
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APPENDIX EE

HAAKE VISCOSITY DURING MIXING
AT 375F(191C)
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Table EE-1 Haake Viscosity During Mixing
’ at 375F(191C), Poises
TP0O44
158 20% 25% 308
15
2 | 4 12 28 45
min
R
4
e
0 hr 6 18 38 75
15
ﬁ min 1.25 3.75 22.50 115
1
O Y
0 1
0 hr 2,00 7.50 70 100°
TPO27
158 20% 25% 30%
15
‘; ‘min 9.5 42 175 150
4
o |t
0 hr 12 60 150 300
15
ﬁ min 7 35 100 300
1
0 Y
0 1
0 hr 9 55 150 300
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Table EE-1 Haake Viscosity During Mixing
at 375F(191C), Poises
50% TPO44 & 50% TPO27
15% 20% 25% 30%
15
A loun 6 18 50 150
R
4
o |1
0 hr 7.50 30 100 150
15
A min 5 20 60 100
R
1
0 o
0 1
0 hr 3.5 28 75 175
GT274
15% 20% 25% 30%
15
A . No
R min 12 65 100 Reading
4
o |7
hr
0 20 125 225 350
15
A min
P 9.10 75 100 150
1
O \
0 1 _
0 hr 20 90 240 250
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Table EE-1 Haake Viscosity Dgring Mixing
at 375F(191C), Poises

U.S. Rubber Fine
155 20% 25% 309
15
A s
R min lé 5 325 600
4
0 -
0 lj:xr No
0 55 Reading 275 375
15
g min 23 90 200 500
1
0 =
0 1 A
0 hr 46 190 400 500
50% GT274/50% U.S. Rubber Fine
154 20% 25% 303
15
2 Jmin 18 140 300 450
4
0 .
0 hr
0 35 175 275 500
15
A min
R 7 120 275 300
1
0 [
0 1 N
0 10.2 o I
hr Reading 300 450
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