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1.0 EXPERIMENT DESCRIPTION.

1.1 The objective of this experiment was to evaluate the
effects of asphalt characteristics on physical prop-
erties of asphalt-rubber mixtures.

1.2 A laboratory investigation which considered two
rubber types, two rubber concentrations, and four
asphalt types was performed.

1.2.1

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

[ ] Ambient grind tread peel crumb (TPO44)
& Ambient grind high natural rubber content
devulcanized crumb (GT274).

Each of the two rubber types studied was incor-
porated into asphalt-rubber mixtures at two con-
centrations - 20 and 25 percent by weight of
total mixture.

The four asphalt types studied were:

L ] AR4000 with 15 percent extender oil
@ AR4000 with 6 percent extender oil
@ AR4000 with 2 percent extender oil
@ AR1000

Details of asphalts and rubbers studied are con-
tained in the project Summary Report (1l).

Asphalt-rubber mixtures were all prepared using a
standard mixing procedure in the Arizona Torque-
Fork. Details of the mixing procedure are con-
tained in the project Summary Report (1).

1.3 Materials properties assessed in this study are:

Absolute viscogity 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

Viscosity during mixing at 375F (191C) using the

Ar izona Torque-~Fork

Viscosity during mixing at 375F (191C) using the

Haake Rotational Viscometer.



Using the testing procedures described above, a
total of 17 different parameters were evaluated,
analyzed and reported. Details of testing pro-

cedures 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.

2.1.1 The experimental matrix is presented in Figure 1.

2.1.2 This experiment utilized portions of data report-
ed in vVolume I, "Effects of Rubber Type, Concen-
tration, and Asphalt" of this project. Addi-
tional data generated for this experiment was
randomized by rubber type. Within each rubber
type, rubber concentration, asphalt cement, and
replication were randomized,

2.1.3 The fixed factor model is:
Yijkl = B+ Ry + Qj + A + (RQ)ij + (RA) ik
+ (QA) 4k + (RQA)jjk + e (ijk)1
where:

Yijkl = Response variable (viscositg, Schweyer
constants, etc.) for the ith level of
rubber type, jth level of rubber
concentration, kth level of asphalt
type and 1th replication.

H = Effect of overall mean.
Ry = Effect of rubber type.
Q5 = Effect of rubber concentration.
Ay = Effect of asphalt type.

(RQ) i 5

(RA) ik = Second order interactions.

(QRA) 3k

(ROA) j 4k =  Third order interaction.
€(ijk) 1 = Experimental error.
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2.1.4 Degrees of freedom for the analysis are as
follows:

Source Degrees of Freedom

Rj
Q.
AR
(RQ) j 4
(RA) 5k
(QA) 4k
(ROA) 4k
Brror 16
Total 31

WwwHWHH

2.1.5 Prior to analysis, homogeneity of variance was
tested by the Foster and Burr g-test (2). Appro-
priate data transformations were used when neces-
sary to comply with variance homogeneity con-
straints required for analysis of variance.

2.2 Levels of Independent Variables
2.2.,1 Rubber at two levels as follows:

@ TP044
é GT274

2.2.2 Rubber quantities at two levels, 20 and 25 per-
cent by weight of the asphalt-rubber mixture.

2.2.3 Asphalt at four levels:

® AR1000

® AR4000 + 2 percent Califlux by weight of
asphalt cement

@ AR4000 + 6 percent Califlux by weight of
asphalt cement

] AR4000 +15 percent Califlux by weight of
asphalt cement

2.3 Following ANOVA, significant effects were ranked
using the Newman Keuls multiple range test (3).



3.0 RESULTS AND DISCUSSIONS.

3.1 Absolute Viscosity.

3.1.1

3.1.3

Measured vacuum capillary absolute viscosity re-
sults at 140F (60C) are tabulated in Appendix A

in Table A-l1. Each value tabulated in Table A-1
is the average of viscosity values obtained from
several bulbs of one viscometer. Two viscosity

tests were performed for each matrix cell repli-
cation,

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-1. Analyzed data are
plotted in Appendix A, Figures Al through A3.

The ANOVA summary for absolute viscosity is tab-
ulated in Table A-3.

3.1.3.1 Concentration and asphalt were significant

effects at the 0.01 level. Rubber type and
all interactions were not significant at the
0.05 level.

Newman~Keuls ranking on data collapsed across
rubber type shows that mixtures containing 25
percent rubber and AR4000 with 2 percent Califlux
(147,178 poise average) have higher absolute vis-
cosities than all other mixtures. All other mix-
tures were not significantly different (42,110
poise average).

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.

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 B3.

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

3.2.3.1 WNone of the main effects or interactions were

significant at the 0.05 level.



3.2.4

Analysis indicates that shear suceptibility con-
stants measured in the G-tube of asphalt-rubber
mixtures tested were not influenced by component
materials. Overall average value was 0.62 indi--
cating that mixtures tested were pseudoplastic.

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 Figures Cl through C3.

Measured data did not require transformation to
provide for variance homogeneity for analysis.

The ANOVA summary for rheometer constant, F-tube,
is tabulated in Table C-=2.

3.3.3.1 The rubber-asphalt interaction was signifi-

cant at the 0.05 level but not at the 0.01.
Other interactions and main effects were not
significant at the 0.05 level.

Analysis indicates that shear susceptibility con-
stants measured in the F-tube of asphalt-rubber
mixtures tested were not influenced by component
materials except for a rubber-asphalt interac-
tion. Overall average value was 1.04 indicating
that mixtures tested were very close to being
Newtonian in behavior.

3.4 Schweyer Rheometer Apparent Viscosity (ng_gs) 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 D3.

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 D4 through D6.

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



3.4.3.1 Asphalt was significant at the 0.0l level.

All other main effects and interactions were
not significant at the 0.05 level.

Newman-Keuls ranking of apparent viscosity in the
G-tube data collapsed across rubber type and con-
centration shows that mixtures containing the
AR1000 asphalt and the AR4000 with 2 and 6 per-
cent Califlux were not different (62.0 x 106

Pa-s average) and had higher viscosities than
mixtures containing AR4000 with 15 percent Cali-
flux (11.8 x 106 pa-s).

3.5 Schweyer Rheometer Apparent Viscosity (Ng_g5) at
39.2F (4C), F-tube

3.5.1

305'3

Measured apparent viscosity data using the F-tube
are tabulated in Appendix E in Table E-1 and
plotted in Figures E1l through E3.

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 E in Table E-2 and
plotted in Figures E4 through E6.

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

3.5.3.1 Rubber type and asphalt were significant

effects at the 0.05 level. Concentration and

all interactions were not significant at the
0.05 level,

Newman-Keuls ranking on apparent viscosity in the
F-tube data collapsed across rubber concentration
shows the following ranking:

GT274 TPO44
AR4000 4+ 2%C* AR4000 + 63C
AR4000 + 6%C AR1000
AR1000 AR4000 + 2%C
AR4000 + 15%C AR4000 +15%C

*Note: C Califlux

signifies no significant differences



For GT274 mixtures, apparent viscosities in the
F-tube of AR4000 with 2 and 6 percent Califlux
were not different (876 x 106 pa-s average), of
the AR4000 with 6 percent Califlux and the AR1000
were not different (240 x 106 pa-s average),

and of the AR1000 and the AR4000 with 15 percent
Califlux were not different (67 x 106 Pa-s
average) .

For TPO44 mixtures containing the AR4000 with 2
and 6 percent Califlux and the AR1000, apparent
viscosities in the F-tube were not different 1723
x 106 pPa-s average) and were greater than for

the AR4000 with 15 percent Califlux (265 x 106
bPa-g) .

3.6 TForce-Ductility Load at Failure at 39.2F (4C)

3.6.3

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.

Analyzed load at failure data are tabulated in
Table F-2 and plotted in Figures Fl through F3.
Each entry in Table F-2 is the mean of three
measurements from Table F-1.

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

3.6.3.1 All main effects, the rubber-concentration

3.6.4

interaction, and the concentration-asphalt
interaction were significant at the 0.01
level. Other interactions were not signifi-
cant at the 0.05 level.

Newman-Keuls ranking shows that mixtures with
both rubbers containing the AR4000 with 2 percent
Califlux were not different and had the highest
loads at failure (20.3 pound average). For each
rubber type and concentration investigated, loads
at failure are ranked from highest to lowest and
are significantly different by asphalt in the
following order from highest to lowest:

AR4000 + 2% Califlux

AR4000 + 6% Califlux
AR1000

AR4000 +15% Califlux



except that the 20 percent GT274 mixtures con-
taining the AR4000 with 6 percent Califlux and
the AR1000 are not different.

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

3.7.1

3.7.2

3.7.3

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.

Elongation at failure data which were analyzed
are tabulated in Table G2 and plotted in Figures

Gl through G3. Each entry in Table G-2 is the
mean of two values from Table G-1.

The ANOVA summary for elongation at failure is
tabulated in Table G-3.

3.7.3.1 All main effects and interactions were sig-

nificant at the 0.0l level except for the
rubber-asphalt interaction which was not
significant at the 0.05 level,

Newman-Keuls ranking shows that the mixture of
AR4000 with 15 percent Califlux and 20 percent
GT274 rubber had the highest elongation at fail-
ure (623.2 mm). Elongations at failure of mix-
tures containing TPO44 rubber with all asphalts
and at both rubber concentrations were not sig-
nificantly different (209.6 mm average) but were
lower than for all GT274 mixtures,

An asphalt-concentration interaction exists with
GT274 rubber mixtures in that elongation at fail-
ure ranking orders are different at 20 and 25
percent rubber. Ranking orders from highest to
lowest are as follows for GT274 mixtures:

20% GT274 25% GT274
AR4000 + 15% Califlux AR1000
AR1000 AR4000 + 2% Califlux
AR4000 + 6% Califlux AR4000 + 6% Califlux
AR4000 + 2% Califlux AR4000 + 15% Califlux
*Note: signifies no significant difference

10



At 25 percent GT274, additions of Califlux from 2
to 15 percent to the AR4000 do not influence
elongation at failure, while with 20 percent
rubber, Califlux additions do influence results.

3.8 Force-Ductility Engineering Stress at Failure at
39.2F (4C)

3.8.1

3.8.3

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

Engineering stress at failure data which were
analyzed are tabulated in Table H-2 and plotted
in Figures H1 through H3. Each entry in Table
H-2 is the mean of three values in Table H-1.

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

3.8.3.1L Rubber-asphalt interaction and rubber-

concentration-asphalt interaction were not
gsignificant at the 0.05 level. All main
effects and other interactions were signif-
icant at the 0.01 level.

Newman-Keuls ranking shows that the mixture con-
taining AR4000 with 2 percent Califlux and 25
percent TPO44 rubber had the highest engineering
stress at failure (138 psi) while the 20 percent
GT274 mixture with AR4000 and 15 percent Califlux
had the lowest (31.2 psi). For each rubber type
and concentration investigated engineering stress
at failure means are ranked from highest to low=
est by asphalt in the following order:

AR4000 + 2% Califlux
AR4000 + 6% Califlux
AR1000

AR4000 + 15% Califlux

except that with GT274 mixtures, differences are
not noted between the AR4000 with 6 percent Cali-
flux and the AR1000 mixtures. With the 25 per-
cent TPO44 mixtures differences are not noted
between mixtures containing the AR4000 with 2 and
6 percent Califlux.

11



3.9 Force-Ductility Engineering Strain at Failure at 39.2F

(4C)
3.9.1

3.9.3

Calculated engineering strain at failure values
are tabulated in Appendix I in Table I-1. Three
determinations were obtained for each matrix cell
replication.

Engineering strain at failure data which were
analyzed are tabulated in Table I-2 and are
plotted in Figures Il through I3. Each entry in
Table I-2 is the mean of three values from Table
I-1.

The ANOVA summary £or engineering strain at fail-
ure is tabulated in Table I-3.

3.9.3.1 All main effects and interactions were sig-

nificant at the 0.01 level except for the
rubber-asphalt interaction which was signif-
icant at the 0.05 level but not at 0.01.

Newman-Keuls ranking shows that the mixture of
AR4000 with 15 percent Califlux and 20 percent
GT274 rubber had the highest engineering strain
at failure (10.47 mm/mm). Engineering strain at
failure of mixtures containing TPO44 rubber with
all asphalts and at both rubber concentrations
(4.01 mm/mm average) were lower than for all
GT274 mixtures. An asphalt-concentration inter-
action exists with GT274 rubber in that mean
engineering strain at failure ranking orders are
different at 20 and 25 percent rubbers. The in-
teraction is the same as discussed in Section
3.7.5 of this report.

3.10 PForce-Ductility True Stress at Failure at 39.2F (4C)

3.10.1

3.10.2

Calculated force-ductility true stress at fail-
ure data are tabulated in Appendix J in Table
J-1. Three determinations were obtained for
each matrix cell replication.

Analyzed true stress at failure data are tabu-
lated in Appendix J in Table J-2 and plotted in
Figures J1 through J3. Each entry in Table J-2
is the mean of three values from Table J-1.

12



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

3.10.3.1 All main effects and interactions were sig-
nificant at the 0.01 level except for the
rubber~concentration interaction which was
significant at the 0.05 level, but not at
0.01 and the three-way interaction which was
not significant at the 0.05 level.

3.10.4 Newman-Keuls ranking shows that AR4000 with 2
percent Califlux mixtures with 20 and 25 percent
GT274 rubber had the highest true stress at
failure (987 psi average) while the 20 percent
TPO44 mixture with AR4000 and 15 percent Cali-
flux had the lowest (258 psi). Mean ranking
orders from highest to lowest for each rubber
and concentration are:

GT274 TPO44

20% 25% 20% 25%
AR4000 +2%C* AR4000 +2%C AR4000 +2%C AR4000 +6%C
AR4000 +6% AR1000 AR4000 +6%C  AR4000 +2%C
AR1000 AR4000 +6&C  AR1000 AR1000

AR4000 +15%C AR1000 +15%C AR4000 +15%C AR4000 + 15%C

*Note: C Califlux

signifies no significant difference.

For each rubber type and concentration, AR4000
with 15 percent Califlux results in lowest true
stress at failure while AR4000 + 2 percent Cali-
flux results in the highest except for TPO44 at
25 percent for which AR4000 + 6 percent Califlux
resulted in the highest true stress at failure.
For the 25 percent TPO44 mixtures, differences
are not noted between the AR4000 with 6 percent
Califlux and the AR1000 mixtures.

3.11 Force-Ductility True Strain at Failure at 39.2F (4C)
3.11L.1 True strain at failure data are tabulated in

Appendix K in Table K-1. Three determinations
were obtained for each matrix cell replication.

13



3.11.2

3.11.3

Analyzed true strain at failure data are tabu-
lated in Appendix K in Table K-2 and plotted in
Figures K1 through K3. Each entry in Table K-2
is the mean of three values from Table R-1.

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

3.11.3.1 All main effects and interactions were sig-

3.11.4

nificant at the 0.01 level except for the
rubber-~concentration interaction which was
significant at the 0.05 level but not at the
0.01 and the rubber-asphalt interaction
which was not significant at the 0.05 level.

Newman-Keuls ranking shows that the 20 percent
GT274 mixture containing AR4000 with 15 percent
Califlux had the highest true strain at failure
(2.44 mm/mm) while the 25 percent TP0O44 mixture
containing AR4000 with 2 percent Califlux had
the lowest (1.51 mm/mm). Mixtures containing
TPO44 rubber with all asphalts and both concen-
trations had lower true strains at failure than
all GT274 mixtures. An asphalt-concentration
interaction exists for GT274 rubber in that mean
true strain at failure ranking orders are dif-
ferent at 20 and 25 percent rubbber. The inter-
action is the same as discussed in Section 3.7.5
of this report.

3.12 Force-Ductility Engineering Creep Compliance at
Failure at 39.2F (4QC)

3.12.1

3.12.2

3.12.3

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

Engineering creep compliance at failure data
which were analyzed are tabulated in Table L-2
and plotted in Figures L1 through L3. Each
entry in Table L-2 is the mean of three values
from Table L-1.

The ANOVA summary for engineering creep compli-
ance at failure is tabulated in Table L-3.

3.12.3.1 All main effects and interactions were sig-

nificant at the 0.0l level.

14



3,12.4 Newman-Keuls ranking shows that the 20 percent

GT274 mixture containing AR4000 with 15 percent
Califlux had the highest engineering creep com-
pliance at failure (0.3389 psi“l) while the 25
percent TP044 mixtures containing the AR1I000 and
the AR4000 with 2 and 6 percent Califlux had the
lowest (0.0307 psi~l average). For each rub-
ber and concentration investigated, engineering
creep compliance at failure means are ranked
from highest to lowest by asphalt in the follow-
ing order:

AR4000 + 15% Califlux
AR1000

AR4000 + 6% Califlux
AR4000 + 2% Califlux

With GT274 mixtures at 20 percent, results dif-
fer significantly for each asphalt, while at 25
percent, AR4000 with 2 and 6 percent Califlux
give the same results. With TPO44 mixtures at
20 percent, AR4000 with 6 percent Califlux and
AR1000 give results which are not different
while at 25 percent, AR1000, and AR4000 with 2
and 6 percent Califlux give results which are
not different.

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

3.13.1

3.13.2

3.13.3

Calculated true creep compliance data are tabu-
lated in Appendix M in Table M-1. Three deter-
minations were made for each matrix cell repli-
cation.

Analyzed true creep compliance data are tabu-
lated in Table M-2 and plotted in Figures Ml
through M3. BEach entry in Table M-2 is the mean
of three values in Table M-1 times 100. Data
were multiplied by 100 for analysis to reduce
error due to truncation of very small numbers
during calculations.

The ANOVA summary for true creep compliance at
failure is tabulated in Table M-3.
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3.13.3.1 Except for rubber type, all main effects and

3.13.4

two-way interactions were significant at the
0.01 level. Rubber and the three-way inter-
action were not significant at the 0.05
level,

Newman-Keuls ranking on data collapsed across
rubber type shows that at each rubber concentra-
tion, mixtures containing the AR4000 with 15
percent Califlux had higher true creep compli-
ance at failure than mixtures containing the
other asphalts (0.006825 psi~l average at 20
percent rubber and 0.001886 psi~l at 25 per-
cent rubber). At 25 percent rubber, mixtures
containing the AR4000 with 6 and 2 percent Cali=-
flux and the AR1000 had engineering creep com-
pliance at failure values which were not differ-
ent (0.002658 psi~l average). At 20 percent
rubber, true creep compliance at failure for
AR1000 mixtures (0.003863 psi~-l average) were
higher than those of the AR4000 with 2 and 6
percent Califlux which were the same (0.002825
psi~l average).

3.14 Force-Ductility Maximum True Creep Compliance at 39.2F

(4C)
3.14.1

3.14.2

3.14.3

Maximum true creep compliance data are tabulated
in Appendix N in Table N-l1l. Three determina-
tions were made for each matrix cell replication.

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 £f£or maximum true creep compli-
ance data is tabulated in Table N-3.

3.14.3.1 All main effects and interactions were sig-

nificant at the 0.0l level except for the
three-way interaction which was not signif-
icant at the 0.05 level.
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3.14.4 Newman-Keuls ranking shows that the 20 percent
GT274 mixture containing the AR4000 with 15 per-
cent Califlux had the highest maximum true creep
compliance (0.0161 psi~l), while mixtures con-
taining 20 and 25 percent TPO44 rubber and
AR4000 with 2 percent Califlux which were not
different had the lowest (0.00356 psi~l aver~
age). For each rubber type and concentration,
mean maximum true creep compliance values are
ranked from highest to lowest by asphalt type as
follows:

AR4000 + 15% Califlux
AR1000

AR4000 + 6% Califlux
AR4000 + 2% Califlux

Within each rubber and concentration grouping,
mixtures with different asphalts are signifi-
cantly different from each other.

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-1. Three
determinations were made for each matrix cell
replication.,

3.15.2 Analyzed time to maximum true creep compliance
data are tabulated in Appendix N in Table 0-2
and plotted in Figures Ol 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 0O-3.

3.15.3.1 All main effects and the rubber-asphalt
interaction were gsignificant at the 0.01
level. Other interactions were not sig-
nificant at the 0.05 level.

3.15.4 Newman-Keuls ranking shows that the 20 percent
GT274 mixtures containing AR4000 with 2 and 6
percent Califlux were not different and had the
longest time to maximum true creep compliance
(12.9 minute average), while the 25 percent
TPO44 mixture with AR1000 had the shortest (7.15
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minutes). Ranking for each rubber and rubber
concentration from longest to shortest by
asphalt type is:

GT274 , TPO4 4

20% 25% 20% 25%
AR4000 +6%C* AR4000 +2%C AR4000 +15%C AR4000 +6%C
AR4000 +2% AR4000 +6%C AR4000 +2%C  AR4000 +2%C
AR1000 AR1000 AR4000 +6%C  AR4000 +15%C
AR4000 +15%C AR4000 +15%C  AR1000 AR1000
*Note: C Califlux

signifies no significant difference

3.16 Arizona Torque-Fork Viscosity During Mixing at 375F
(191C).

3.16.1

Measured mixing viscosity data at 15 minutes and
1 hour by the Torque-Fork are tabulated in
Appendix P in Table P-1 and plotted in Figures
Pl and P2. Since measurements were not repli-
cated, statistical analysis could not be per-
formed.

Differences in viscosity due to asphalt type are
noted in Figures Pl and P2 for each rubber type
and concentration investigated. For GT274 mix-
tures, at both 20 and 25 percent rubber, ARL000
and AR4000 with 2 percent Califlux give higher
mixing viscogities as measured by the Torque-
Fork than the AR4000 with 6 or 15 percent Cali-
flux. For 20 percent TP044 mixtures, AR1000
gave the lowest mixing viscosity while at 25
percent rubber, AR1000 resulted in the highest
mixing viscosity which may indicate a concentra-
tion—-asphalt interaction.

3.17 Haake Viscosity During Mixing at 375F (191C).

3.17.1

3.17.2

Measured mixing viscosity data at 15 minutes and
1 hour by the Haake viscometer are tabulated in
Appendix Q in Table Q-1 and plotted in Figures
Q1 and Q2. Since measurements were not repli-
cated statistical analysis could not be per-
formed.

Differences in viscosity due to asphalt type are
noted in Figures Q1 and Q2 for each rubber type
and concentration investigated. Greater differ-
ences due to asphalt are noted with GT274 rubber
than with TPO44 rubber.
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4.0

4.1

4.7

CONCLUSIONS

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. From Table 1 it is
noted that except for shear susceptibility constants
obtained from the Schweyer Rheometer, different
asphalt cements resulted in asphalt-rubber mixtures
with significantly different physical properties.

With many of the parameters investigated only slight
or no differences were noted with results obtained
from the AR1000 and the AR4000 with 6 percent
Califlux.

Apparent viscosity as measured by the Schweyer Rhe-
ometer is less for asphalt-rubber mixtures contain-
ing the AR4000 with 15 percent Califlux than for the
other asphalts.

In the force-ductility test, load and stress at
failure are highest for the stiffest asphalt (AR4000
with 2 percent Califlux) and lowest for the least
viscous asphalt (AR4000 with 15 percent Califlux)
for all but one mixture.

In the force-ductility test, elongation or strain at
failure for TPO44 mixtures is not influenced by
asphalt as much as for GT274 mixtures. An asphalt-
concentration interaction exists for GT274 mixtures
in that at 20 percent rubber, less viscous asphalts
result in higher failure strains or elongations,
while, at 25 percent rubber, the least viscous
asphalt (AR4000 with 15 percent Califlux) resulted
in the lowest failure strain and elongation.

Creep compliance as determined in the force-ductil-
ity test was highest for the asphalt-rubber mixtures
containing the least viscous asphalt (AR4000 with 15
percent Califlux) and lowest for the stiffest
(AR4000 with 2 percent Califlux).

Viscosities during mixing at 375F as measured by the
Torque=Fork or Haake viscometer are generally lower
for the lower viscosity asphalts but several inter-
actions between asphalt, rubber type, and rubber
concentration appear to exist.
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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 | QA RQA1

IABSOLUI‘E VISCOSITY (140F) _* Y Y - - - - j

e

SCHWEYER RHECMETER (39.2F) . _ H

Constant (C), G-tube - - - - - - _
* Constant(C) , F-tube I - -, Y -
App. Viscosity, G-tube - - Y - - - -
App. Viscosity, F-tube Y '

<
H
I
I
i

FORCE DUCTTLITY (39.2F)

Load at Failure
Elongation at Failure
Eng. Stress at Failure

Eng. Strain at Failure
True Stress at Failure
True Strain at Failure
Eng. Creep Compliance
True Creep Compliance

Max.True Creep Campliance
Time to Max.T.Creep Compl.

Pl fefr

KKK KK R

<R R R R IR K R

§.<

D P [ T ) R P S A

o A I A I

R P [P %

N I B I
]

=<

*Notes Y Significant at the 0.05 level

Not significant at the 0.05 level
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APPENDIX A
VACUUM CAPILLARY ABSOLUTE

VISCOSITY AT 140F (60C)
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TABLE A-3
ANOVA Summary, Absolute Viscosity (140F)

ANOVA
SOURCE df SS MS F F.05 F.01
R 1 493757456 493757456 .79 4.49 | 8.53
Q 1 20942294988 20942294988 33.41 4.49-[ 8.53
A 3 24102248214 8034082738 12.82 3.24 | 5.29
RQ 1 13275416 13275416 .02 4.49 | 8.53
RA 3 128936183 42978727 .07 3.24 | 5.29
0A 3 5152706063 1717568687 2.74 3.24 | 5.29
ROA 3 311313075 103771025 .17 3.24 | 5.29
Error 16 10029880674 626867542
TOTAL 31 61174412073
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APPENDIX B
SCHWEYER RHEOMETER CONSTANT

(C), G-TUBE

27



Z1°09 Ty LL TSUEY 10°9 AD
€29° 66¢€° 8vz” SE0° s | oooTuyY
TR
211 A Ls* 65" X
6L°0T €€ 87 LLg $Z°9 nd TIO
TBpUDIKY
z90° 9ve " 810" L20" s§ sz +
RIS
88" 4 Ly A7 X | 0007uY
0 856 09°¢ 8%°ST AD 110
b jelichlle
0 TLO" LTO0" 080" st 59 +
9L" vLe 8% * Al X | o00vuvY
18°v2 L6°CT iaad 2 L8°62 nd 7o
ISPUSIXT
g4 080" 629" €eT" s§esT +
06° Z9° G8* Sye X | 000vavY
352 %02 35T %02
vr0dl vLTI9
Axeummsg g

agni-9 ‘(D) IULISUO) IojowodYY IoAkomUosg
T-9 HTdV.L

vL 6C° - 19°
000TdY
S 1 vee £V LS~
* 16° 9y - 1A
B TIO0 "3%xd
3C +
0007dY
s (4 8v - vy
9L 0L 6% ° 96"
110 *3*¥d
39 +
oL 8L" 9y Ly- 00099Y
Ls* 99° 6% ° (4
TTO °3Xd
3ST +
L
£y " LS Z2°1 Le” oooyayY
%5¢ %0C 39T 302
Pv0dL YLILD

iR PozZATRUY pPUB PSINSEOR

‘e

28



TABLE B-2

ANOVA - Summary, Schweyer Rheometer Constant

(C) ’ G"tube
ANOVA
SOURCE daf SS MS F F.05 F.01l
1 .1815031 .1815031 3.66 4.49 8.53
0 1 .0712531 .0712531 1.44 4,49 © 8.53
) 3 .0957344 .0319110 .64 3.24 5.29
RQ 1 .0000281 .0000281 .00057 4.49 8.53
RA 3 .1546844 .0515600 1.04 3.24 5.29
oA 3 .1451844 .0483948 .98 3.24 5.29
ROA 3 .3468094 .1156031 2,33 3.24 5.29
Error 16 .7940500 .0496281
TOTAL 31 1.7892469
O O 20% GT274
El 2.0 ® 25% GT274
st
é A 20% TPO44
- A 25% TPO44
~~
Q
st
iy
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APPENDIX C
SCHWEYER RHEOMETER CONSTANT

(C), F=-TUBE
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ANOVA Summary,

TABLE C-2

Schweyer Rheometer Constant

(C) ’ F-tube
ANOVA
SOURCE af ss MS F F.05 F.OL
R 1 .0091125 .0091125 .10 4.49 . 8.53
Q 1 .0002000 .0002000 .002 4.49 ' 8.53
A 3 .4003125 .1334375 1.43 3.24 5.29
RQ 1 .0648000 .0648000 .69 4.49 8.53
RA 3 1.2192625 .4064208 4,34 3.24 5.29
(o)1 3 .1792750 .0597583 .64 3.24 5.29
RQA 3 .2974250 .0991417 1.06 3.24 5.29
Error 16 1.4970000 .0935625
TOTAL 3L 3.6673875
o
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APPENDIX D
VISCOSITY (7, ,5) BY SCHWEYER

RHEOMETER AT 39.2F (4C), G-TUBE
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ANOVA Summary,

TABLE D-3

Schweyer Rheometer,

Log

Apparent Viscosity, G-tube

ANOVA
SOURCE df SS MS F F.05 F.O0Ll
R 1 .4576231 .4576231 3.55 4.49 - B8.53
Q 1 .0364338 .0364338 .28 4.49 © 8.53
A 3 4.4456033 1.4818677 11.50 3.24 5.29
RQ 1 .2376465 .2376465 1.85 4.49 8.53
RA 3 .3702865 .1234288 .96 3.24 5.29
QA 3 .5901563 .1967188 1.53 3.24 5.29
RQA 3 .2109931 .0703310 .55 3.24 5.29
Error 16 2.0611420 .1288214
TOTAL 31 8.4098845
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APPENDIX E
VISCOSITY (no 05) BY SCHWEYER RHEOMETER

AT 39.2F (4C), F-TUBE
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ANOVA Summary,

TABLE E-3

Schweyer Rheometer,

Log
Apparent Viscosity, F-tube

ANOVA
SOURCE daf ss MS F F.05 F.OIJ
R 1 2.2986574 2.2987 11.98 4.49 | 8.53
Q 1 .0007642 .0008 .004 | 4.49 8.53
A 3 4.3476362 1.4492 7.55 3.24 5.29
RQ 1 .0745849 .0746 .39 4.49 8.53
RA 3 1.7688956 .5896 3.07 3.24 5.29
QA 3 .2101843 .0701 .38 3.24 5.29
RQA 3 .1350180 .0450 .25 3.24 5.29
Error 16 3.0700961 .1919
TOTAL 31 11.9058367
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APPENDIX F
FORCE~-DUCTILITY LOAD AT

FAILURE AT 39.2F (4C)
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TABLE F-3
ANOVA Summary,

Load at Failure

ANOVA
SOURCE [ daf SS MS F F.05 F.0L
R 1 88.48490 88.4849 140.45 4.49 - 8.53
o] 1 83.45674 83.4567 132.47 4.49 8.53
A 3 621.33565 207.1119 328.74 3.24 5.29
RQ 1 10.02848 10.0285 15.92 4.49 8.53
RA 3 5.67412 1.8913 3.002 3.24 5.29
QA 3 19.00285 6.3343 10.05 3.24 5.29
RQOA 3 .91049 .6300 .48 3.24 5.29
Error 16 10.08043
TOTAL 31 838.97368
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APPENDIX G
FORCE DUCTILITY ELONGATION AT

FAILURE AT 39.2F(40Q)
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TABLE G-3

ANOVA Summary, Elongation at Failure

ANOVA
SOURCE af SS MS F F.05 F.0l
R 1 316251.045 316251.045 1067.95 4.49 . -8.53
Q 1 19870.211 19870.211 67.10 4.49 © 8.53
A 3 9835.576 3278.525 11.07 3.24 5.29
RQ 1 4167.845 4167.845 14.07 4.49 8.53
RA 3 2773.182 924.394 3.12 3.24 5.29
QA 3 10099.026 3366.342 11.37 3.24 5.29
ROA 3 8729.432 2909.811 9.83 3.24 5.29
Error 16 4738.080 296.130
TOTAL 31 376464.398
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APPENDIX H
FORCE~-DUCTILITY ENGINEERING

STRESS AT FAILURE AT 39.2F (4C)
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ANOVA Summary,

TABLE H-3

Engineering Stress at Failure

ANOVA
SOURCE dat Ss MS F F.05 F.01
1 3482.7858 | 3482.7858 139.57 4.49 -8.53
0 1 3232.4820 | 3232.4820 129.54 4,49 8.53
A 3 24240.5694 | 8080.1898 323.80 3.24 5.29
RQ 1 399.5965 399.5965 16.01 4.49 8.53
RA 3 232.3011 77.4437 3.10 3.24 5.29
QA 3 735.8522 245,2841 9.83 3.24 5.29
ROA 3 37.2353 12.4118 .50 3.24 5.29
Error 16 399.2719 24.9545
TOTAL 31 32760.0941
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APPENDIX I
FORCE-DUCTILITY ENGINEERING STRAIN

AT FAILURE AT 39.2F (4CQC)
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TABLE I-3

ANOVA Summary, Engineering Strain at Failure
ANOVA
SOURCE af 8S MS P F.05 F.0Ll
R 1 129.8546701 129.8547 1338.12 4.49 .8.53
0 1 9.4112911 9.4113 96.98 4.49 © 8.53
A 3 5.0212808 1.6738 17.25 3.24 5.29
RQ 1 1.9090580 1.9091 19.67 4.49 8.53
RA 3 1.1923611 .3975 4.10 3.24 5.29
OA 3 3.0259816 1.0087 10.39 3.24 5.29
ROA 3 3.4331988 1.1444 11.79 3.24 5.29
Error 16 1.5526780 .0970
TOTAL 31 155.4005195
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TABLE J-3

ANOVA Summary, True Stress at Failure

ANOVA
SOURCE af SS MS F F.05 F.01
R 1 318525.7020{ 318525.7020 | 183.73 4.49 -8.53
Q 1 35997.8112 35997.8112 20.76 4.49 " 8.53
A 3 906525.5157| 302175.1719 | 174.30 3.24 5.29
RQ 1 13112.2818 13112.2818 7.56 4.49 8.53
RA 3 101715.4257 33905.1419 19.56 3.24 5.29
QA 3 27686.7597 9228.9199 5.32 3.24 5.29
RQA 3 8773.1549 2924.3850 1.69 3.24 5.29
Error 16 27739.0745 1733.6922
TOTAL 31 1440075.7256
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FORCE-DUCTILITY TRUE STRAIN

AT FAILURE AT 39.2F (4C)
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TABLE K-3

ANOVA Summary, True Strain at Failure

ANOVA
SOURCE df SS MS F F.05 F.01
R 1 2.6444250 2.64442 1293.97 4.49 ‘8.53
o} 1 .1472888 .14729 72.07 4,49 ‘ 8.53
A 3 .0934938 .03116 15.25 3.24 5.29
RO 1 .0126803 .01268 6.21 4.49 8.53
RA 3 .0069116 .00230 1.13 3.24 5.29
QA 3 .0371688 .01239 6.06 3.24 5.29
ROA 3 .0373858 .01246 6.10 3.24 5.29
Error 16 .0326985 .00204
TOTAL 31 3.0120527
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APPENDIX L
FORCE~-DUCTILITY ENGINEERING

CREEP COMPLIANCE AT 39.2F (4C)
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TABLE L-3

ANOVA Summary, Engineering Creep Compliance
at Failure

ANOVA
SOURCE af ss MS F F.05 F.O0l
1 .0525447 .05255 1115.01} 4.49 8.53
Q 1 .0172506 .01725 366.06 | 4.49 8.53
a 3 .0621398 .02071 439.54 3.24 5.29
RO 1 .0036885 .003688 78.27| 4.49 8.53
RA 3 .0194808 .00649 137.80 | 3.24 5.29
QA 3 .0160545 .00535 113.56 | 3.24 5,29
ROA 3 .0060301 .002010 42.65| 3.24 5.29
Error 16 .0007540 .00005
TOTAL 31 .1779430
0.04
T B O 20% GT274
@ O @ 25% GT274
< 0.03— A 20% TPO44
£ A 25% TPO44
o
o o
£
5
[
w
=~  0.02-
w
Q
Z
3 1 @
g o ©
o a A
o 0.0t ©
o ©
1 é) A
] 4 A
o A A
O A ad
0.00 T T T T
AR4000 AR4000 AR4000 AR1000
plus 15% plus 6% plus 2%
FIG L1 extender oit extender oil extender oil

TPO44 & GT274

82




0.04 —1
T
7]
o
5 0.03 R¥2s
= TN\ 20% TPO44
=
o i MET
.g x A 25% TPO44
= %-2s L
5] K
~  0.02— .
Ll
Q
2
_<_£ -
aed
S
O 0.01- 7
(&)
i
Z 3 i
3] & a8
0.00 T T T T
AR4000 AR4000 AR4000 AR1000
plus 15% plus 6% plus 2% ]
FIG L2 extender oil extender oil extender oil TPO44
0.04 - %425
R% 20% GT274
- 7 LM
o S
@ (o) T
o x¢ 25% GT274
>  0.03- x-2s L
£
om
[«H]
Q, -4
£
o)
o
w
0. —]
w 02
Q -
=4 I
< .
= ¢
= + Q
o 01
O 0.
i
1 _ o
e}
(&]
0.00 T T T T
AR4000 AR4000 AR4000 AR1000
plus 15% plus 6% plus 2%
FIG L3 extender oil extender oil extender oil GT274

83




APPENDIX M
FORCE-DUCTILITY TRUE CREEP

COMPLIANCE AT FAILURE AT 39.2F (4C)
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TABLE M-3

ANOVA Summary, True Creep Compliance

at Failure

ANOVA
SOURCE af ss MS F F.05 F.0l
R 1 .0000578 .0000578 .10 4.49 .8.53
Q 1 .0606390 .0606390 106.59 4.49 8.53
A 3 .5703488 .1901163 334.18 3.24 5.29
RQ 1 .0086133 .0086133 15.14 4.49 8.53
RA 3 .0177738 .0059246 10.41 3.24 5.29
oA 3 . 0388781 .0129594 22.78 3.24 5.29
ROA 3 .0046753 . .0015584 2.74 3.24 5.29
Error 16 .0091025 .0005689
TOTAL 31 .7100887 '
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APPENDIX N
FORCE-DUCTILITY MAXIMUM TRUE CREEP

COMPLIANCE AT 39.2F (4C)

89
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TABLE N-3
ANOVA Summary, Maximum True Creep Compliance

ANOVA
SOURCE af ss MS F F.05 F.01
i .0001213 .0001213 1492.92 4.49 -8.53
Q 1 .0000014 .0000014 17.23 4.49 8.53
A 3 .0002168 .0000723 889.44 3.24 5.29
RQ 1 .0000010 .0000010 12.31 4.49 8.53
RA 3 .0000269 .0000090 110.36 3.24 5.29
oA 3 .0000097 .0000032 39.75 3.24 5.29
ROA 3 .0000006 .0000002 2.46 3.24 5.29
Error 16 .0000013 .00000008
TOTAL 31 .0003789
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APPENDIX O

FORCE DUCTILITY TIME TO MAXIMUM
TRUE CREEP COMPLIANCE AT 39.2F(4C)
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TABLE 0O-3
ANOVA Summary, Time to Maximum True Creep
Compliance
ANOVA
SOURCE af ss MS F F.05 F.0l
R 1 26.28125 26.28125 188.57 4.49 . 8.53
Q 1 29.26125 29.26125 209.95 4.49 " 8.53
A 3 12.98375 4.32792 31.05 3.24 5.29
RO 1 .03125 .03125 .22 4.49 8.53
RA 3 3.64375 1.12458 8.72 3.24 5.29
oA 3 .41375 .13792 .99 3.24 5.29
ROA 3 1.06375 .35458 2.54 3.24 5.29
Erroxr 16 2.23000 .13938
TOTAL 31 75.90875
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APPENDIX P

TORQUE~-FORK VISCOSITY DURING
MIXING AT 375F (191C) AND 500 RPM, POISES

99



Torque—-Fork Viscosity During Mixing at 375F (191C)

TABLE P-1

and 500 RPM, Poises

GT274 TPQ44
20% 25% 20% 25
S
AR4000 15
min. 17.5 43.4 13.0 22.4
+ 153
1
Extender
0il hr. 22.4 S56.1 18.7 38.9
ara000 f§ 10
min. 18.7 38.9 14.1 19.9
* 6%
1
Extender 22.4 49,7 18.7 3.1
0il hr. 3
AR4000 15 i
min. 27.6 60.3- 15.8 23.6
4+ 28
1
Extender . 37.4 91.7 19.9 35.2
01l min.
15
, 28.9 61.1 9.9 33.1
mne.
AR1000
1
34.5 81.4 13.5 39.0
hr.
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APPENDIX Q

HAAKE VISCOSITY DURING MIXING
AT 375F (191C), POISES
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TABLE Q-1 .
Haake Viscosity During Mixing at 375F (191C),

Poises
GT274 TPQ44
20% 25% 20% 25%
AR4000 15
min. 30 120 8 18
+ 15%
1
Extender
01l hr. 47 180 14 36
AR4000 § °
min. 32 110 8 19
+ 6%
1
Extender
0il hr. 45 140 15 80
AR4000 15
. 65 100 12 28
min.
+ 2%
1
Extender ) 125 225 18 38
0il min.
15 75 100 .8 22
min.
AR1000
1
90 240 .5 70
hr.
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